AS4C128M16D3LF

Revision History
2Gb (128Mx16) DDR3L AS4C128M16D3LF 96ball FBGA PACKAGE

Revision | Details Date

Rev 1.0 Initial release March. 2026

Confidential -10 158- Rev.1.0 March . 2026



AS4C128M16D3LF

16M x 8 BANKS x 16 BIT DDR3L SDRAM

Table of Contents-

1. GENERAL DESCRIPTION ...ttt ettt sttt sttt st e e smteesn b e e amteesnb e e anseesabeeanneennnes 6
2. FEATURES ...ttt ettt ettt ettt e bt et e e a bt et e e e a bt e et e e eab e e e beeeabe e e beeenbeeebeeenneean 6
3. ORDER INFORMATION ...ttt ettt sttt si e sttt ettt e sen e e s e eaneenanis 7
4. KEY PARAMETERS ...ttt ettt ettt ettt e nab e e e teenaneean 8
5. BALL CONFIGURATION ...ttt sttt ettt ettt e ettt een e e st e eneenere s 10
6. BALL DESCRIPTION ...ttt ettt ettt sttt st et st e et e e st e e bt e s ab e e e mbeesmbeeeabeesnbeeenneennnes 11
7. BLOGCK DIAGRAM ...ttt ettt ettt et e et e e ea bt e et e esa bt e e mb e e eebe e smteesabeesmbeesabeesnneesaneas 13
8. FUNCTIONAL DESCRIPTION ... .oeiiitiitiiitte ittt sttt sttt ne e ene e 14
8.1 BasiC FUNCHONAIILY ...t e e e et e e e e e e sneree s 14

8.2 RESET and Initialization ProCeAUIE ..........cocuuiiiiiiii e 14
8.2.1 Power-up Initialization SEQUENCE ............ooiiiiiiii e 14

8.2.2 Reset Initialization with Stable POWETr ...........cooiiiiiii e 16

8.3 Programming the Mode REGISIEIS. ... ...ooi e a e e 17
8.3.1 Mode ReGISter MRO ..........oiiiiiiiiiiie e e 19

8.3.1.1 Burst Length, Type and OFder.........cuoiiiiiiieeiiee e 20

8.3.1.2 (07 NS 1K= 1 (=Y oo /SRR 20

8.3.1.3 TESE MO 21

8.3.14 DLL RESEL. ...ttt ettt ettt e et e et st eeneeennes 21

8.3.1.5 WIIE RECOVETY ..ottt ettt 21

8.3.1.6 Precharge PD DLL ......cooiiiiiiie ettt 21

8.3.2 Mode Register MR ... et e e e e e e e e 22

8.3.2.1 DLL ENabIe/DisSable.........coouiiiiiiiiii et 22

8.3.2.2 Output Driver Impedance Control..............ooeeiiiiiiiiiiee e 23

8.3.2.3 ODT RTT VAIUES ...ttt ettt 23

8.3.24 Additive LatenCy (AL) ....ooveieiieeiii e e 23

8.3.25 WIIE IEVEIING ...t 23

8.3.2.6 OUIPUE DiISADIE ...t 23

8.3.3 Mode ReGISter MR2 .........ooiiii e 24

8.3.3.1 Partial Array Self Refresh (PASR) ......cooi i 25

8.3.3.2 CAS Write LatenCy (CWL) ....coieeie ettt e e e e e 25

8.3.3.3 Auto Self Refresh (ASR) and Self Refresh Temperature (SRT) ......ccocceeeeiiirenee 25

8.3.34 Extended Temperature USAge..........couii it e e 25

8.3.3.5 Dynamic ODT (RE_WRY) ..cueiiiiiiiiie et 27

8.34 Mode ReGisSter MR3 ... ..o et 27

8.3.4.1 Multi Purpose Register (MPR) .......occuiiiiiiiii e 27

8.4 No OPeration (NOP) COMMEANG.........ciiiuiiiiiiiiie ittt et sb e e e st e e s ebae e e nneees 28

8.5 DeSeleCt COMMEANG.........uiiiiiiiie ettt e e et e e e e e s nre e e s anne e e e nnneeesanneeenn 28

8.6 DLL-OFf IMOTE ...ttt st s e st et e s s it e e e sane e 28

8.7 DLL on/off SWItChiNG PrOCEAUIE ........ooiiii ettt e et e e e e et e e e e e e e e enneeeeeeaeeeaannees 28
8.7.1 DLL “oOn” to DLL “Off” ProCeAUIE......ccooiiieiiii ettt 28

8.7.2 DLL “Off” t0 DLL “ON” PrOCEAUIE......cciiitiiiiiiiiie ittt 30

8.8 Input clock freqQUENCY ChANGE ......coiiiiii et 31
8.8.1 Frequency change during Self-Refresh....... ... 31

8.8.2 Frequency change during Precharge POwer-down ...........ccccooueeiiiiiieiiieee e 31

8.9 L1 SR Y1 5T [ OSSP 33

Confidential -20 158- Rev.1.0 March . 2026



AS4C128M16D3LF

8.9.1 DRAM setting for write leveling & DRAM termination function in that mode .................... 34
8.9.2 Write Leveling ProCeAUIE.........oc.uiiiiiie et 34
8.9.3 Write Leveling Mode EXit ........oooiiiiiiii e 36

8.10  Multi PUIPOSE REGISIEN ...ttt e e e e e e e e e e eanenee 37
8.10.1 MPR FUNCtioNal DESCIIPLION.........uuiiiiiiiii ittt 38
8.10.2 MPR Register Address Definition............cooiiiiiiiiii e 39
8.10.3 Relevant Timing Parameters...........cooo e 39
8.10.4 ProtoCOl EXAMPIE ......coiiiiiiiiiii e 39

8.11  ACTIVE COMMENG..... ittt ettt e e e e e ettt e e e e e e e e s aeteeeaeeesasaseeeeaaeeaannssseeaaaeaaannnseeeaaaeaaannnes 45
8.12  PRECHARGE COMMANG......ceiitiiiitiiiiie ittt ettt e et e bt e s bt e aabeesabeesaneesabeeanseesnbeesnseesnbeeanneene 45
8.13  READ OPEIAtiON .......eiviiiiiiie e ettt e ettt e et e e e e e e et e e e e e e e e et b e e e eeeeeseaataaeeeeaeesaaanrreeeeeeeeaannaes 46
8.13.1 READ BUrst Operation ...........uuviiiiiiiiiiieeeee ettt e e e e st ae e e e e e e e e enees 46
8.13.2 READ Timing DefinitioNsS..........oiiiiiiiiiie e e 47
8.13.2.1 READ Timing; Clock to Data Strobe relationship...........ccccovviiiiiieiiiiec e 48

8.13.2.2 READ Timing; Data Strobe to Data relationship.........c.ccccoeviiiiiiiieiee e 49

8.13.2.3 tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation ............cccceevviineeriiieneeenen 50

8.13.24 tRPRE CalCUlatioNn ..........eiieiiiee et e e nneee e 51

8.13.2.5 tRPST CalCUlation .........eiiiiiiieieiee e ee e e e e e e enee 51

8.13.2.6 Burst Read Operation followed by a Precharge............cccccoviiiiineiiiiii e 57

8.14  WRITE OPEIatiON.......eieiiiiiii ettt ettt sttt e et e e ettt e et e e e rab e e e aabne e e nnneas 59
8.14 1 DDR3BL BUrst Operation ..........c..uuiiiiiiiiiiiiiiiee et e e et aeee e e 59
8.14.2 WRITE Timing VIOIGtIONS ....cccoiiiiiiiiiii et 59
8.14.21 MOBIVALION ..t e e e e 59

8.14.2.2 Data Setup and Hold Violations..............ooooiiiiiiiiii e 59

8.14.2.3 Strobe to Strobe and Strobe to Clock Violations............cooccoviiiiiiiiieeeee e 59

8.14.2.4 Write Timing Parameters ... ... 59

8.14.3 WIItE Data MasK......cooueiiiiieeie e 60
8.14.4 tWPRE CalCUIALION. .....cctiiiiiieiie ettt ettt et et ne e et e e naeeeees 61
8.14.5 EWPST CalCUIAtION ...ttt et e ae e et e e e 61

8.15  RefTeSh COMMEANG ......ooiiiiiii ittt e et e st e e e st e e et e e nneeas 68
8.16  Self-RefreSh OPEration .........ccooiiiiiiiii e e e e e e e et e e e e e e e s eanbaeeeeaeeeaannees 70
8.17  POWEr-DOWN IMOGES ......coiiiitiiiitiee ittt ettt e ettt st e e e s e bt e e ettt e e sbb e e e e anbeeeeanes 72
8.171 Power-Down Entry @nd EXit .........ccoooiiiiiiiiii e 72
8.17.2 Power-Down clarifications - Cas@ 1 .......oeeiiiiiieiie et e 78
8.17.3 Power-Down clarifications - CaSE 2 .......ooviiiiiieiiiie e 78
8.17.4 Power-Down clarifications - Cas 3 .......oooiiiiiiiiiiiie e 79

8.18  ZQ Calibration COMMANGS.........oiiiiiiieiitiie ettt e e et e e et e e e e e e e asaeeeenneeeesnneeeeansneeesneeas 80
8.18.1 A @ @21 1{o] =1 (o] oI T=TTo1 4 o] (1] o S 80
8.18.2 ZQ Calibration TiMING .....ooueei ettt e e s 81
8.18.3 ZQ External Resistor Value, Tolerance, and Capacitive loading............cccocveveiieeeinnnenn. 81

8.19  On-Die TerminNation (ODT ) ....iiieiiiciiiiieeeeeeieitte e e e e sttt e e e e s e ae e e e e e e s e asataeeeaeeseassssaeeeaaesaasnnsseeeeaeeaans 82
8.19.1 ODT Mode Register and ODT Truth Table ..........cccocuiiiiiiiiiiiiiieeeeeeeee e 82
8.19.2 SYNChroNOUS ODT MOGE......cooiiiiiiiiiieie ettt e e e e et e e e e e e e nnneeeeeas 83
8.19.2.1 ODT Latency and Posted ODT ...t eeeee e 83

8.19.2.2 TimMING Parameters ... 83

8.19.2.3 ODT dUNNG REAAS........eeiiiiiiiie e 85

8.19.3 (Y= 1 (o2 ] PRSPPI 86
8.19.3.1 Functional DeSCriPHiON: ........oiiiiiii e 86

8.19.3.2 ODT TimiNg DIiagrams .........uuuiiiiie it eee e et e e e e e e s e e e e e e s ennneaeeeens 87

Confidential -30 158- Rev.1.0 March . 2026



AS4C128M16D3LF

8.19.4 ASYNChronous ODT MOGE ........cociiiiiiiiiiiie et 91
8.19.41 Synchronous to Asynchronous ODT Mode Transitions ..........ccccccooiieiieeienicineeen. 92
8.19.4.2 Synchronous to Asynchronous ODT Mode Transition during Power-Down Entry ..92
8.19.4.3 Asynchronous to Synchronous ODT Mode Transition during Power-Down Exit.....95
8.19.4.4 Asynchronous to Synchronous ODT Mode during short CKE high and short CKE low
periods 96

9. OPERATION MODE ... ..ttt ettt ettt st e bt e e bt e e be e e bt e e beeeabeeebeeenbeeabeesnneeans 97
9.1 Command Truth TADIE .........ooiiie e e e e e e 97

9.2 CKE TrUN T@DIE ...ttt ekt b e bt b e ekt e ae e e be e e nneeesbeeenneeenee 99

9.3 Simplified State DIagram.........cooueiiiiiiie e e e e et e e e et e e e st e e e e e e e en e e e aneeeean 100

10. ELECTRICAL CHARACTERISTICS ... .ottt bbb st eenneean 101
10.1  Absolute Maximum RatINGS ......cooiiiiiiiii e 101
10.2  Operating Temperature CONAItION ...........oiiiiiiiiiiie e e e e e e e e e e enneeas 101
10.3 DC & AC Operating CONAItIONS ........eeiiiiiieiiieee et et e et e e e et e e e e e e snaeeeeeneeeeenneas 101
10.3.1 Recommended DC Operating Conditions ...........coueiiiiieeiiiree e 101

10.4  Input and Output Leakage CUIMENTS ........ccoiiiiiiiiiiiii it 102
10.5  Interface TeSt CONAILIONS .........iiiiiiiiiiiiie ittt st e s e steesaneeaa 102
10.6 DC and AC Input Measurement LEVEIS ...........coiiiiiiiiiiiiiee e 103

10.6.1 DC and AC Input Levels for Single-Ended Command and Address Signals.................. 103

10.6.2 DC and AC Input Levels for Single-Ended Data Signals............cccooceeeiriiieicieeeeiiieene 103

10.6.3 Differential swing requirements for clock (CK - CK#) and strobe (DQS - DQS#) ........... 105

10.6.4 Single-ended requirements for differential signals .............ccccoviiiiiiiie i 106

10.6.5 Differential Input Cross Point VOIAGE ..........oeiiiiiiriieeee e 107

10.6.6 Slew Rate Definitions for Single-Ended Input Signals.............ccccccooiiiiiiineen 108

10.6.7 Slew Rate Definitions for Differential Input Signals ... 108

10.7 DC and AC Output Measurement LEVEIS .........coouiiiiiiiiiiiiec et 109

10.7.1 Output Slew Rate Definition and Requirements............ccccooiviiiiiiiiiiiieecee e 109
10.7.11 Single Ended Output SIEW Rate .......c..oiiiiiiiiiiee e 110
10.7.1.2 Differential Output SIEW Rate ............cooiiiiiiiiiiiiie e 111

10.8  Output Driver DC Electrical CharacteristiCs .............ooiiiiiiiiiiiiiiec e 112

10.8.1 Output Driver Temperature and Voltage sensitivity ..........ccccocveeriiiiviceeeee e 114

10.9 On-Die Termination (ODT) Levels and CharacteristiCs ..........coccvviiriiiieiiiii e 115

10.9.1 ODT Levels and |-V CharacteristiCs ..........cuuuiiiiriieiiieieeic e 115

10.9.2 ODT DC Electrical CharacCteriStiCs ..........couvuiiiiiiiiiiiiiee et 116

10.9.3 ODT Temperature and Voltage SeNnSitivity ...........ccccoiiieiiiiiiiii e 116

10.9.4 Design guide lines for RTTPU @Nd RTTPD «..cuveieiiiiieiiiiee ettt 117

10.10 ODT Timing DefiNItIONS. ....ceieieieiiiie et e et e e e e e e e e e s nnee e e e aneeeeennnee 118
10.10.1 Test Load fOr ODT TiMNGS ....c.uveeeeiieieiiieie ettt e e sbb e s eneeas 118
10.10.2 ODT Timing DefiNItIONS ......eeeeiiiiie e e e e 118

10.11 INPU/OULPUL CaPACIHANCE ... e e e e 122

10.12 Overshoot and Undershoot SpecCifiCations...........c.oiiiiiiiiiiiiii e 123
10.121 AC Overshoot /Undershoot Specification for Address and Control Pins: ....................... 123
10.12.2 AC Overshoot /Undershoot Specification for Clock, Data, Strobe and Mask Pins: ........ 123

10.13 IDD and IDDQ Specification Parameters and Test Conditions ............cccceeiieiiiiiieineiens 124
10.13.1 IDD and IDDQ Measurement CONAitioNS ...........ceiiiiiieiiiiieiiieie e 124
10.13.2 IDD Current SPECIfiCatiONS ........uuiiiiiiiie e e 134

10.14 ClOCK SPECIfICALION ...ttt et e e et e e e e neeas 135

10.15 SPEEA BINS ...t e e b e e e nbe e 136
10.15.1 DDR3L-1333 Speed Bin and Operating Conditions .............coooiviiiiiiiiniiie e 136
10.15.2 DDR3L-1600 Speed Bin and Operating Conditions .............ccooiiiiiiiiiiiiiieiieiee e 137

Confidential -4 158- Rev.1.0 March . 2026



AS4C128M16D3LF

10.15.3 Speed Bin General NOES .........coouiiiiiiiiii it 138

10.16 AC CharaCteriSTICS ... .cuveeiutieeitie ittt sttt ear et eeab et eean et e e eane e 139
10.16.1 AC Timing and Operating Condition for -12/-15 speed grades...........c.cccceevvieeeiniiirennne 139

10.16.2 TiMING Parameter NOES .........c.ooveieeeeeeeeee ettt eaeeneas 143

10.16.3 Address / Command Setup, Hold and Derating ..............c.cooeeeeeeieeeereieeieeceeeee e 146

10.16.4 Data Setup, Hold and Slew Rate Derating ...............cccvoviveieueiieiereeeeete e 153

11. Backward Compatible to 1.5V DDR3 SDRAM VDD/VDDQ Requirements .........ccccooeiiieieeeeeeniieneee. 155
111 INPU/OULPUL FUNCHONEL ...ttt e et e et e e nneeas 155
11.2 Recommended DC Operating Conditions - DDR3L (1.35V) operation............cccceiviiiiieiiie e, 155
11.3 Recommended DC Operating Conditions - DDR3 (1.5V) operation...........cccocceeeiiieieiiiiee e 155
11.4 VDD/VDDAQ Voltage Switch between DDR3L and DDRS3............cooiiiiiiiiiiiireee e 155

12. PACKAGE SPECIFICATION ...ttt sttt ettt nbne e e 157
13. PART NUMBERING SYSTEM ... ..ottt ettt ettt st sbb e sae e e seneesane e e 158

Confidential -50 158- Rev.1.0 March . 2026



AS4C128M16D3LF

1. GENERAL DESCRIPTION

The AS4C128M16D3LF is a 2G bits DDR3L SDRAM, organized as 16,777,216 words x 8
banks x 16 bits. This device achieves high speed transfer rates up to
1600 MT/s (DDR3L-1600) for various applications. This device is sorted into the following speed
grades: -12.

The -12 speed grades are compliant to the DDR3L-1600 (11-11-11) specification, The commercial
grade which is guaranteed to support 0°C < TCASE < 95°C.

The AS4C128M16D3LF is designed to comply with the following key DDR3L SDRAM
features such as posted CAS#, programmable CAS# Write Latency (CWL), ZQ calibration,
on die termination and asynchronous reset. All of the control and address inputs are
synchronized with a pair of externally supplied differential clocks. Inputs are latched at the
cross point of differential clocks (CK rising and CK# falling). All 1/0Os are synchronized
with a differential DQS-DQS# pair in a source synchronous fashion.

2. FEATURES
e Power Supply: 1.35V (typ.), VDD, VDDQ = 1.283V to 1.45V

e Backward compatible to VDD, VDDQ = 1.5V £ 0.075V

o Double Data Rate architecture: two data transfers per clock cycle
o Eight internal banks for concurrent operation

¢ 8 bit prefetch architecture

e CAS Latency: 5,6, 7, 8,9, 10, 11

e Burst length 8 (BL8) and burst chop 4 (BC4) modes: fixed via mode register (MRS) or selectable On-
The-Fly (OTF)

e Programmable read burst ordering: interleaved or nibble sequential

¢ Bi-directional, differential data strobes (DQS and DQS#) are transmitted / received with data
o Edge-aligned with read data and center-aligned with write data

o DLL aligns DQ and DQS transitions with clock

o Differential clock inputs (CK and CK#)

o« Commands entered on each positive CK edge, data and data mask are referenced to both edges of
a differential data strobe pair (double data rate)

e Posted CAS with programmable additive latency (AL = 0, CL - 1 and CL - 2) for improved command,
address and data bus efficiency

o Read Latency = Additive Latency plus CAS Latency (RL = AL + CL)
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o Auto-precharge operation for read and write bursts

o Refresh, Self-Refresh, Auto Self-refresh (ASR) and Partial array self refresh (PASR)

o Precharged Power Down and Active Power Down

o Data masks (DM) for write data

e Programmable CAS Write Latency (CWL) per operating frequency

o Write Latency WL = AL + CWL

o Multi purpose register (MPR) for readout a predefined system timing calibration bit sequence
o System level timing calibration support via write leveling and MPR read pattern

¢ ZQ Calibration for output driver and ODT using external reference resistor to ground

o Asynchronous RESET# pin for Power-up initialization sequence and reset function

« Programmable on-die termination (ODT) for data, data mask and differential strobe pairs

o Dynamic ODT mode for improved signal integrity and preselectable termination impedances during
writes

o 2K Byte page size
o Packaged in VFBGA 96 Ball (7.5 x13 mm? with thickness of 1.0 mm) - (Window BGA Type), using
lead free materials with RoHS compliant

3. ORDER INFORMATION

Part Number Speed Grade Operating Temperature
AS4C128M16D3LF-12BCN DDR3-1600 (11-11-11) 0°C < TCASE £95°C

Confidential -70 158- Rev.1.0 March . 2026



4. KEY PARAMETERS

AS4C128M16D3LF

Speed Bin DDR3L-1600 | DDR3L-1333
Unit
CL-nRCD-nRP 11-11-11 9-9-9
Parameter Sym. | Min. | Max. | Min. | Max.
Maximum operating frequency using
maximum allowed settings for Sup_CL | fCKMAX - 800 - 667 MHz
and Sup_CWL
. 13.75 13.5
Internal read command to first data taA (13.125) 20 (131251 20 nS
ACT to internal read or write delay 13.75 13.5
time tRCD (13.125)*° N (13.125) h nS
. 13.75 13.5
PRE command period tRP (13125 = lasazmyps| T nS
. 48.75 49.5
ACT to ACT or REF command period tRC (48125 - (49.125)° - nS
ACT to PRE command period tRAS 35 9 * tREFI 36 9 * tREFI nS
CL=5 CWL=5 |tcKAvG)| 3.0 33 3.0 33 nS
CL=6 CWL=5 [tCK(AVG)| 25 33 25 3.3 nS
CL=7 CWL=6 [tCK(AVG)| 1.875 <25 1.875 <25 nS
CL=8 CWL=6 |[tcKAVG)| 1.875 | <25 | 1875 | <25 nS
CL=9 CWL=7 |tcK(AVG)| 15 |<1875| 15 |[<1875| nS
CL=10 CWL =7 |[tCK(AVG) 1.5 <1.875 1.5 <1.875 nS
CL=11 CWL=8 |[tcKAVG)| 125 | <15 Reserved nS
CL=13 CWL =9 [tCK(AVG) Reserved Reserved nS
CL=14 CWL =10 [tCK(AVG) Reserved Reserved nS
Supported CL Settings Sup_CL 586, (171) 8,(9.10.1 56,(7),8910 | ncK
Supported CWL Settings Sup_CWL 56,7,8 56,7 nCK
Average periodic | 0°C < TCASE < 85°C - 7.8%23 _ 7.8*23 uS
refresh Interval | g5°C < TcASE < 95°C tREF B 3.9+ - 3.9% us
Operating One Bank 120 110
Active-Precharge Current Iboo - - mA
Operating One Bank Active- 145 130
Read-Precharge Current DD - - mA
Operating Burst Read Current IDD4R _ 190 - 165 mA
Operating Burst Write Current IDD4W - 210 - 185 mA
Burst Refresh Current IDD5B - 180 - 175 mA
Normal Temperature 1 1
Self-Refresh Current Iboe - - mA
Operating Bank Interleave Current IbD7 _ 235 _ 205 mA
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Notes: (Field value contents in blue font or parentheses are optional AC parameter and CL setting)

1.

All speed grades support 0°C < TCASE < 85°C with full JEDEC AC and DC specifications.

2. The -12 speed grades, -40°C < TCASE < 0°C is not available.
3.
4. The -12speed grades, TCASE is able to extend to 95°C. They are with doubling Auto Refresh commands in frequency to a 32 mS

The -12 speed grades support 0°C < TCASE < 85°C with full JEDEC AC and DC specifications.

period ( tREFI = 3.9 uS), it is mandatory to either use the Manual Self-Refresh mode with Extended Temperature Range capability
(MR2 A6 = Opand MR2 A7 = 1,) or enable the Auto Self-Refresh mode (ASR) (MR2 A6 = 1,, MR2 A7 is don't care).

. For devices supporting optional down binning to CL=7 and CL=9, taa/tRcb/tRP min must be 13.125 nS or lower. SPD settings must be

programmed to match. For example, DDR3L-1333 (9-9-9) devices supporting down binning to DDR3L-1066 (7-7-7) should program
13.125 nS in SPD bytes for taamin (Byte 16), trReomin (Byte 18), and trpmin (Byte 20). DDR3L-1600 (11-11-11) devices supporting
down binning to DDR3L-1333 (9-9-9) or DDR3L-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin (Byte16), tRcomin
(Byte 18), and trRpmin (Byte 20). Once trp (Byte 20) is programmed to 13.125 nS, trcmin (Byte 21, 23) also should be programmed
accordingly. For example, 49.125nS (tRAsmin + tRpmin = 36 nS + 13.125 nS) for DDR3L-1333 (9-9-9) and 48.125 nS (trRASmMin +
trpmin = 35 nS + 13.125 nS) for DDR3L-1600 (11-11-11).

. For devices supporting optional down binning to CL=11, CL=9 and CL=7, taa/tRcD/tRP min must be 13.125 nS. SPD settings must be

programmed to match. For example, DDR3L-1600 (11-11-11) devices supporting down binning to DDR3L-1333 (9-9-9) or
DDR3L-1066 (7-7-7) should program 13.125 nS in SPD bytes for taamin (Byte 16), tRcomin (Byte 18), and tRpmin (Byte 20). Once trP
(Byte 20) is programmed to 13.125 nS, trcmin (Byte 21, 23) also should be programmed accordingly. For example, 47.125nS
(tRAsmin + tRPmin = 34 nS + 13.125 nS).
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AS4C128M16D3LF
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6. BALL DESCRIPTION

AS4C128M16D3LF

Ball Number

Symbol

Type

Description

J7, K7

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#.

K9

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 VRErFcA 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.

L2

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.

K1

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination
resistance internal to the DDR3L SDRAM. When enabled, ODT is
applied to each DQ, DQSU, DQSU#, DQSL, DQSL#, DMU, and DML
signal. The ODT signal will be ignored if Mode Registers MR1 and MR2
are programmed to disable ODT and during Self Refresh.

J3, K3, L3

RASH#, CAS#,
WE#

Input

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

D3, E7

DMU, DML

Input

Input Data Mask: DMU and DML are the input mask signals control the
lower or upper bytes for write data. Input data is masked when
DMU/DML is sampled HIGH coincident with that input data during a
Write access. DM is sampled on both edges of DQS.

M2, N8, M3

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.

N3, P7, P3, N2, P8,
P2, R8, R2, T8,
R3, L7, R7,N7,T3

AO0-A13

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 command.

Row address: A0-A13.
Column address: A0-A9.

L7

A10/AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to
determine whether Auto-precharge should be performed to the
accessed bank after the Read/Write operation.

(HIGH: Auto-precharge; LOW: no Auto-precharge). 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.

N7

A12/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 section
9.1 “Command Truth Table” on page 97 for details.

T2

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 VDD, RESET# active is destructive to
data contents.
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E3, F7, F2, F8, H3,

H8 G2. H7 DQLO-DQL7 Input/Output Data Input/Output: Lower byte of Bi-directional data bus.
D7, iz %g ig AT, DQUO-DQU7 Input/Output Data Input/Output: Upper byte of Bi-directional data bus.
Lower byte data Strobe: Data Strobe output with read data, input with
write data of DQL[7:0]. Edge-aligned with read data, centered in write
data. DQSL is paired with DQSL# to provide differential pair signaling
F3, G3 DQSL, DasL# Input/Output to the system during read and write data transfer. DDR3L SDRAM
supports differential data strobe only and does not support single-
ended.
Upper byte data Strobe: Data Strobe output with read data, input with
write data of DQU[7:0]. Edge-aligned with read data, centered in write
data. DQSU is paired with DQSU# to provide differential pair signaling
C7, 87 DQSU, basu# Input/Output to the system during read and write data transfer. DDR3L SDRAM
supports differential data strobe only and does not support single-
ended.
B2, D9, G7, K2, K8, VDD Supol Power Supply: 1.35V(1.283V to 1.45V) or 1.5V(1.425V to 1.575V)
N1, N9, R1, R9 PRy operational.
A9, B3, E1, G8, J2,
Jg, M1, M9, P1, P9, Vss Supply Ground.
T1,T9
A1, A8, C1, C9, D2, DQ Power Supply: 1.35V(1.283V to 1.45V) or 1.5V(1.425V to 1.575V)
E9, F1, H2, HO vbbQ Supply operational.
B1, B9, D1, D8, E2,
ES, F9. G1, G9 VssaQ Supply DQ Ground.
H1 VREFDQ Supply Reference voltage for DQ.
M8 VREFCA Supply Reference voltage for Control, Command and Address inputs.
External reference ball for output drive and On-Die Termination
L8 zQ Suppl Impedance calibration: This ball needs an external 240 Q + 1% external
PRl resistor (RZQ), connected from this ball to ground to perform ZQ
calibration.
i JM97 L.Ij7 L9, NC No Connect: No internal electrical connection is present.

Note:

Input only balls (BAO-BA2, A0-A13, RAS#, CAS#, WE#, CS#, CKE, ODT and RESET#) do not supply termination.
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8. FUNCTIONAL DESCRIPTION

8.1 Basic Functionality

The DDR3L SDRAM is a high-speed dynamic random-access memory internally configured as an eight-
bank DRAM. The DDR3L SDRAM uses an 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 DDR3L SDRAM consists of a single 8n-bit
wide, four clock data transfer at the internal DRAM core and eight corresponding n-bit wide, one-half
clock cycle data transfers at the 1/O pins.

Read and write operation to the DDR3L SDRAM are burst oriented, start at a selected location, and
continue for a burst length of eight or a ‘chopped’ burst of four 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-BA2 select the bank; A0-A13 select the row). 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 DDR3L 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.

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

1. Apply power (RESET# is recommended to be maintained below 0.2 * VDD; all other inputs may be
undefined). RESET# needs to be maintained for minimum 200 yS with stable power. CKE is pulled
“Low” any time before RESET# being de-asserted (min. time 10 nS). The power voltage ramp time
between 300 mV to VDD min. 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
VVDDQ 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 equal to
VVDDQ and VDD on one side and must be larger than or equal to Vssa and Vss on the other side.

2. After RESET# is de-asserted, wait for another 500 puS until CKE becomes active. During this time,
the DRAM will start internal state initialization; this will be done independently of external clocks.

3. 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 corresponding set up time to clock (tIS)
must be met. Also, a NOP or Deselect command must be registered (with tis set up time to clock)
before CKE goes active. Once the CKE is registered “High” after Reset, CKE needs to be
continuously registered “High” until the initialization sequence is finished, including expiration of tDLLK
and tzQinit.
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4. The DDR3L SDRAM keeps its on-die termination in high-impedance state as long as RESET# is
asserted. Further, the SDRAM keeps its on-die termination in high impedance state after RESET#
deassertion until CKE is registered HIGH. The ODT input signal may be in undefined state until tis
before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal may be statically
held at either LOW or HIGH. If Rtt_Nom is to be enabled in MR1, the ODT input signal must be
statically held LOW. In all cases, the ODT input signal remains static until the power up initialization
sequence is finished, including the expiration of tDLLK and tzQinit.

5. After CKE is 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 * tCK)

6. Issue MRS Command to load MR2 with all application settings. (To issue MRS command for MR2,
provide “Low” to BAO and BA2, “High” to BA1.)

7. Issue MRS Command to load MR3 with all application settings. (To issue MRS command for MR3,
provide “Low” to BA2, “High” to BAO and BA1.)

8. 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).

9. 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).

10.Issue ZQCL command to starting ZQ calibration.
11.Wait for both tbLLK and tzaQinit completed.
12.The DDR3L SDRAM is now ready for normal operation.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
1 1
- - - - - = = ==
CK, CK# /ﬂg/ @,,J o o o __J o o X
tCKSRX
C C C C C C C C C
VDD, VDDQ S N S R S S S S S S S
T =200 ps " T=500ps
C C C C C C C C
RESET# > > > > > S > >
Tmin [ 10ns &S
4 V4 4 4 4 4 £
ke 2. AN A A A R G G O
%% ; =%
tDLLK N
tXPR tMRD tMRD tMRD tMOD tzQinit
Command 1 YA CAS AL A rs YA
% PR A AR
g (-~ €
B .7 , 7 D am,
z ya ya
oDT /V /K/ \\ Static LOW in case Rtt_Nom is enabled at time Tg. Otherwise static HIGH or LOW K K
) v} v} 7 ‘ 7 7 7 v} v}
C C C C C C C C C
RTT S S ST ST 5 —T1T—§5—71—5§ S S
€ TiME BREAK DON'T CARE

Note:
1. From time point “Td” until “Tk” NOP or DES commands must be applied between MRS and ZQCL commands.

Figure 1 — Reset and Initialization Sequence at Power-on Ramping
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8.22 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 steps 2 to 11.
3. The Reset sequence is now completed; DDR3L SDRAM is ready for normal operation.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
1 1
- - - - - = = ==
CK, CK# W @,,J o o o __J o o X
tCKSRX
C C C C C C C C C
VDD, VDDQ S S S S S S S S S
T=100ns T =500 ps
S S S S S S S S
RESET# g
. tis]
Tmin=10ns
4 V4 4 4 4 4 £
CKE J?WWWWWWM”D
%% c =%
tDLLK
tXPR tMRD tMRD tMRD tMoD tzQinit
Command /X/
7
BA X 7
7
[
z ya ya ya
oDT X XA \|  staticLow in case Rt_Nom s enabled at ime Tg. Othenwise static HIGH or LOW \
) v} v} 7 7 7 7 v} v}
C C C C C C C C C
RTT § S S 5 5 5 § S S
€ TiME BREAK DON'T CARE
Note:

1. From time point “Td” until “Tk” NOP or DES commands must be applied between MRS and ZQCL commands.

Figure 2 — Reset Procedure at Power Stable Condition
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8.3 Programming the Mode Registers

For application flexibility, various functions, features, and modes are programmable in four Mode
Registers, provided by the DDR3L 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 mean 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 3.

Address @(

CKE :-_f;_f.ar/

Settings | Old settings \\ “ Updating Settings “ New Settings

Rtt_Nom ENABLED prior and/or after MRS command

I

Rtt_Nom DISABLED prior and/or after MRS command

ODT @ VALID @( VALID >@< VALID % VALID @ VALID VALID >@< VALID >@< VALID VALID >@< VALID @( VALID >@

g TIME BREAK DON'T CARE

|
ODTLoff+1

Figure 3 — tMRD Timing
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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 a MRS command to a non-MRS command
excluding NOP and DES shown in Figure 4.

TO T1 T2 Ta0 Ta1 Ta2 Ta3 Tad TbO Tb1 Tb2
CK# ————~
CK
Command [Z2 S YK NN 7, G ) G R,
Address [/77X o X7 o )X XX om0 Yo e 2K e XK KD o X2 e X2
CKELL] | X | N W\’M\‘QZ/W@%WW%
Settings | Old settings 1l Updating Settings I New Settings |
I
Rtt_Nom ENABLED prior and/or after MRS command #MOD \
oDT VALID VALID ODTLoff+1 \ f;’_ 4_: ;( VALID
Rtt_Nom DISABLED prior and/or after MRS command
| | |
ODT@( VALID )@( VALID )@( VALID % VALID >@( VALID >@( VALID >@< VALID )@( VALID VALID )@( VALID )@( VALID >@
g TIME BREAK DON'T CARE

Figure 4 — 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. If the
Rtt_ Nom Feature is enabled in the Mode Register prior and/or after a MRS command, the ODT signal
must continuously be registered LOW ensuring RTT is in an off state prior to the MRS command. The
ODT signal may be registered high after tMOD has expired. If the Rtt_Nom feature is disabled in the
Mode Register prior and after a MRS command, the ODT signal can be registered either LOW or HIGH
before, during and after the MRS command. The mode registers are divided into various fields
depending on the functionality and/or modes.
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8.3.1 Mode Register MRO

The mode register MRO stores the data for controlling various operating modes of DDR3L 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 DDR3L 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 the Figure 5 below.

[BA2]BA1]BAOJAIB]A2]ATT A0 Ao [AB JA7T [ A6 [ A5 A4 A3 [ A2] AT ] A0 ] Address Field

h 4 \ 4 A4 A 4 A 4 A 4 A 4 4 A 4 A4 A4 A4 A4 A4 \ 4 \ 4 \ 4
[0 T o T o Jot]pPPD] WR [DLL] ™ ] cL [RBT]cL] BL | Mode Register0
v
A8 | DLL Reset v Burst Length
0 No A7 Mode A3 | Read Burst Type A1 | A0 BL
1 Yes 0 Normal 0 | Nibble Sequential 0 0 8 (Fixed)
v 1 Test 1 Interloave 0 1 |BC4or8 (?n the fly)
BA1 | BAO MRS mode 1 0 BC4 (Fixed)
0 0 MRO + 1 1 Reserved
(1) (1) ’\,\:2; Write recovery for Auto precharge CAS Latency
1 1 VIR3 A11 | A10 | A9 |WR(cycles) A6 | A5 | AA | A2 Latency
v 0 0 0 Reserved 0 0 0 0 Reserved
A12 | DLL Control for Precharge PD 8 ? :) 22 8 (1) (1) 8 2
0 Slow exit (DLL off) 0 1 1 72 0 1 1 0 7
1 Fast exit (DLL on)
1 0 0 82 1 0 0 0 8
1 0 1 102 1 0 1 0 9
1 1 0 122 1 1 0 0 10
1 1 1 1472 1 1 1 0 11
0 0 0 1 Reserved
0 0 1 1 Reserved
0 1 0 1 Reserved
0 1 1 1 Reserved
1 0 0 1 Reserved
1 0 1 1 Reserved
1 1 0 1 Reserved
1 1 1 1 Reserved

Notes:
1. BA2 and A13 is reserved for future use and must be programmed to “0” during MRS.

2. 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(avg)[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.

3. The table only shows the encodings for a given Cas Latency. For actual supported CAS Latency, please refer to “Speed
Bins” tables for each frequency.
4. The table only shows the encodings for Write Recovery. For actual Write recovery timing, please refer to AC timing table.

Figure 5 — MRO Definition
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8.3.1.1 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 5. The ordering of accesses within a burst is determined by the
burst length, burst type, and the starting column address as shown in Table 1. The burst length is defined
by bits A0-A1. Burst length options include fixed BC4, fixed BL8 and ‘on the fly’ which allows BC4 or
BL8 to be selected coincident with the registration of a Read or Write command via A12/BC#.

Table 1 — Burst Type and Burst Order

Burst READ/ Starting Column Address Burst t)((::;r: :lt;uential Burst tx:zz;::;rleaved NOTES
Length WRITE (A2, A1, AO) A3=0 A3 =1
000 0,1,23TTTT 01,23 TTTT 12,3
001 1,230TTTT 1,03,2TTTT 12,3
010 2,3,01,T,T,TT 23,01,TTTT 12,3
. 011 3,01,2T,TTT 32,1,0TTTT 1,2,3
4 100 4,56,7,T,T,T,T 4,56,7,T,1T,T,T 1.2,3
Chop 101 56,7,4TTTT 54,76 TTTT 1,2,3
110 6,7,4,5T1,T1,T 6,7,45TTTT 1,2,3
111 7,456TTTT 7,654TTTT 1.2,3
i 0VV 0,1,2,3X,X,X,X 0,1,2,3,X,X,X,X 1,2,4,5
1,V,V 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,245
000 0,1,2,3,4,5,6,7 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 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 2
011 3,0,12,7,4,56 3,2,1,0,7,6,54 2
8 READ 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 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 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 2
WRITE YAVAY; 0,1,2,3,4,56,7 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. 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.

8.3.1.2 CAS Latency

The CAS Latency is defined by MRO (bits A2, A4, A5 and A6) as shown in Figure 5. CAS Latency is the
delay, in clock cycles, between the internal Read command and the availability of the first bit of output
data. DDR3L 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 section 10.15 “Speed
Bins” on page 136. For detailed Read operation refer to section 8.13 “READ Operation” on page 46.
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8.3.1.3 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 5. Programming bit A7 to a ‘1’ places the DDR3L SDRAM into a test mode that is only
used by the DRAM Manufacturer and should NOT be used. No operations or functionality is specified if
A7 =1.

8.3.1.4 DLL Reset

The DLL Reset bit is self-clearing, meaning that 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 that 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).

8.3.1.5 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(avg) (in nS) and rounding up to the next integer: WRmin[cycles] =
Roundup(twR[nS]/tCK(avg)[nS]). The WR must be programmed to be equal to or larger than twR(min).

8.3.1.6 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 tXPDLL 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.
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8.3.2 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 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 the Figure 6 below.

| BA2 | BA1 | BAO | A13 | A12 | A11 | A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | AO | Address Field
A4 A4 A4 A4 A4 A4 A4 A\ 4 A\ 4 A4 A4 A4 A4 A4 A4 A4 A4
| 0 | 0 | 1 | 0t | Qoff| 0% | ox |RtLNom| or | Level |Rtt7Nom| D_I_Cl WRAL |Rtt7Nom| D.I.Cl DLL | Mode Register 1
v v v
BALl | BAO | MR Select A9 A6 A2 Rtt_Nom'? A0 DLL Enable
0 0 MRO 0 0 0 | Rtt_Nom disabled Enable
0 1 MR1 0 0 1 RZQ/4 ! Disable
1 0 MR2 0 1 0 RZQ/2 v
Output Driver
1 1 MR3 0 ! ! RzQ/8 A5 Al Impedance Control
1 0 0 RZQ/12* o 5 RZO6
*4
| A7 Write leveling enable 1 0 1 Rzass 0 1 RzQ/7
0 Disabled 1 1 0 Reserved 1 0 Reserved
1 Enabled ! ! ! Reserved 1 1 Reserved
Note: RZQ = 240 ohms Note: RZQ = 240 ohms
» AL2 Qoff? v
A4 A3 |Additive Lat

0 Output buffer enabled ftive Latency
1| Output buffer disabled™ 0 0 | O(ALdisabled)

0 1 CL-1

1 0 cL-2

1 1 Reserved

Notes:
1. BA2, A8, A10,A11 and A13 are reserved for future use and must be programmed to “0” during MRS.
2. Outputs disabled - DQs, DQSs, DQS#s.

3. In Write leveling Mode (MR1 A[7] = 1) with MR1 A[12]=1, all Rtt_Nom settings are allowed; in Write Leveling Mode (MR1
A[7] = 1) with MR1 A[12]=0, only Rtt_Nom settings of RZQ/2, RZQ/4 and RZQ/6 are allowed.

4. If Rtt_Nom is used during Writes, only the values RZQ/2, RZQ/4 and RZQ/6 are allowed.

Figure 6 — MR1 Definition
8.3.2.1 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. DDR3L SDRAM does not require DLL for any Write operation, except when Rtt. WR is
enabled and the DLL is required for proper ODT operation. For more detailed information on DLL
Disable operation refer to section 8.6 “DLL-off Mode” on page 28.

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.

Confidential -220 158- Rev.1.0 March . 2026



AS4C128M16D3LF

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.

8.3.2.2 Output Driver Impedance Control

The output driver impedance of the DDR3L SDRAM device is selected by MR1 (bits A1 and A5) as
shown in Figure 6.

8.3.2.3 ODT RTT Values

DDR3L SDRAM is capable of providing two different termination values (Rtt_ Nom and Rtt. WR). The
nominal termination value Rtt Nom is programmed in MR1. A separate value (Rtt. WR) may be
programmed in MR2 to enable a unique RTT value when ODT is enabled during writes. The Rtt. WR
value can be applied during writes even when Rtt_Nom is disabled.

8.3.2.4 Additive Latency (AL)

Additive Latency (AL) operation is supported to make command and data bus efficient for sustainable
bandwidths in DDR3L SDRAM. In this operation, the DDR3L 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 2.

Table 2 — 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.

8.3.2.5 Write leveling

For better signal integrity, DDR3L memory module adopted fly-by topology for the commands,
addresses, control signals, and clocks. The fly-by topology has the benefit of reducing the number of
stubs and their length, but it also causes flight time skew between clock and strobe at every DRAM on
the DIMM. This makes it difficult for the controller to maintain tDQss, tDSS, and tDSH specification.
Therefore, the DDR3L SDRAM supports a ‘write leveling’ feature to allow the controller to compensate
for skew. See section 8.9 “Write Leveling” on page 33 for more details.

8.3.2.6 Output Disable

The DDR3L SDRAM outputs may be enabled/disabled by MR1 (bit A12) as shown in Figure 6. When
this feature is enabled (A12 = 1), all output pins (DQs, DQS, DQS#, etc.) are disconnected from the
device, thus 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’.
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The Mode Register MR2 stores the data for controlling refresh related features, Rit. 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

Figure 7 below.

| BA2 | BA1 | BAO | A13 | A2 | A1 | A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0 | Address Field
h 4 h 4 v v h 4 v v v v v v v v \ 4 \ 4 \ 4 h 4
| 01 | 1 | 0 | 01 | Rt_WR | on | SRT | ASR | cWL | PASR | Mode Register 2
v 4
BA1l | BAO [ MR Select A2 Al | AO Partial Array Self Refresh for 8 Banks
0 0 MRO 0 0 0 Full array
0 1 MR1
Half A BA[2:0]= 1,01 11
1 0 MR2 0 0 1 alf Array (BA[2:0]=000,001,010 & 011)
1 1 MR3 0 1 0 Quarter Array (BA[2:0]=000 & 001)
L] A6 | Auto self Refresh (ASR) ol ! 1/8th Array (BA[2:01=000)
0 [Manual SR Reference (SRT) 1 0 0 3/4 Array (BA[2:0]=010,011,100,101,110 & 111)
! ASR enable 1 0 1 Half Array (BA[2:0]=100,101,110 & 111)
» A7 | Self Refresh Temperature (SRT) Range 1 1 0 Quarter Array (BA[2:0]=110 & 111)
0 Normal operating temperature range 1 1 1 1/8th Array (BA[2:0]=111)
1 Extended operating temperature range
v
A5 A4 A3 CAS write Latency (CWL)
» A10 | A9 Rtt_WR*2 5 5 5 G Py
vg) = 2.5,
Dynamic ODT off )
0 0 (Write does not affect Rt value) 0 0 1 6 (2.5nS > tck(avg) 2 1.875n8S)
o | 1 RZQ/4 o | 1 0 7 (1.875nS > toqag) 2 1.508)
1 0 RzQ/2 0 1 1 8 (1.5nS > tck(avg) 2 1.25n8S)
1 1 Reserved 1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Notes:

1. BA2, A8, A11~A13 are reserved for future use and must be programmed to “0” during MRS.
2. The Rtt_WR value can be applied during writes even when Rtt_Nom is disabled. During write leveling, Dynamic ODT is not

available.

Figure 7 — MR2 Definition
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8.3.3.1 Partial Array Self Refresh (PASR)

If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the specified
address range shown in Figure 7 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.

8.3.3.2 CAS Write Latency (CWL)

The CAS Write Latency is defined by MR2 (bits A3-A5), as shown in Figure 7. CAS Write Latency is
the delay, in clock cycles, between the internal Write command and the availability of the first bit of
input data.

DDR3L 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 section
10.15 “Speed Bins” on page 136. For detailed Write operation refer to section 8.14 “WRITE
Operation” on page 59.

8.3.3.3 Auto Self Refresh (ASR) and Self Refresh Temperature (SRT)

DDR3L SDRAM must support Self Refresh operation at all supported temperatures. Applications
requiring Self Refresh operation in the Extended Temperature Range must use the ASR function or
program the SRT bit appropriately.

When ASR enabled, DDR3L SDRAM automatically provides Self Refresh power management
functions for all supported operating temperature values. If not enabled, the SRT bit must be
programmed to indicate TOPER during subsequent Self Refresh operation.

ASR = 0, Self Refresh rate is determined by SRT bit A7 in MR2.
ASR = 1, Self Refresh rate is determined by on-die thermal sensor. SRT bit A7 in MR2 is don't care.

8.3.3.4 Extended Temperature Usage
The DDR3L SDRAM supports the following options or requirements referred to in this material:
a) Auto Self-refresh supported

b) Extended Temperature Range supported
c) Multiples refresh required for operation in the Extended Temperature Range

Field Bits Description

Auto Self-Refresh (ASR)

When enabled, DDR3L SDRAM automatically provides Self-Refresh power management functions
ASR MR2 (A6) for all supported operating temperature values. If not enabled, the SRT bit must be programmed to
indicate ToPeR during subsequent Self-Refresh operation

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

Self-Refresh Temperature (SRT) Range

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

If ASR =1, SRT bit A7 in MR2 is don't care
0 = Normal operating temperature range
1 = Extended operating temperature range

SRT | MR2 (A7)
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Self-Refresh mode summary

MR2 | MR2 Self-Refresh operation Allowed Operating Temperature
A[6] | A[7] P Range for Self-Refresh Mode
0 0 Self-refresh rate appropriate for the Normal Temperature Range Normal™
0 1 Self-refresh rate appropriate for either the Normal or Extended Normal and Extended™
Temperature Ranges.
Don't ASR enabled (for devices supporting ASR and Normal or
1 care Extended Temperature Range). Self-Refresh power consumption | Normal™ and Extended™
is temperature dependent
Notes:

1. Normal operating temperature range support of below grades.
- The -12 commercial grades (0°C < TCASE < 85°C)

2. Extended operating temperature range support of below grades.
- The -12 commercial grades (85°C < TCASE < 95°C)
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8.3.3.5 Dynamic ODT (Rtt_WR)

DDR3L 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 DDR3L
SDRAM can be changed without issuing an MRS command. MR2 Register locations A9 and A10
configure the Dynamic ODT settings. In Write leveling mode, only Rtt_Nom is available. For details on
Dynamic ODT operation, refer to section 8.19.3 “Dynamic ODT” on page 86.

8.34 Mode Register MR3

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 Figure 8 below.

| BA2 | BA1 | BAO | A13 | A12 | A1 | A10 | A9 | A8 | A7 | A6 | A5 | Ad | A3 | A2 | Al | A0 | Address Field
v v v v A4 A4 A4 A4 A4 v v v v v v A4 A4
| o | ! | ! | 0*1 |MPR| MPR Loc | Mode Register 3
|
v MPR Address !
BAL | BAO | MR Select MPR Operation y Al | Ao MPR location
0 0 MRO A2 MPR 0 0 Predefined pattern
0 1 MR1 0 Normal operation™ 0 1 RFU
1 0 MR2 1 Dataflow from MPR 1 0 RFU
1 1 MR3 1 1 RFU

Notes:

1. BA2, A3~A13 are reserved for future use 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 8 — MR3 Definition

8.3.4.1 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 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 section 8.10 “Multi Purpose Register” on page 36.
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8.4 No OPeration (NOP) Command

The No OPeration (NOP) command is used to instruct the selected DDR3L 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.

8.5 Deselect Command

The DESELECT function (CS# HIGH) prevents new commands from being executed by the DDR3L
SDRAM. The DDR3L SDRAM is effectively deselected. Operations already in progress are not affected.

8.6 DLL-off Mode

DDR3L DLL-off mode is entered by setting MR1 bit A0 to “1”; this will disable the DLL for subsequent
operations until A0 bit is set back to “0”. The MR1 AO bit for DLL control can be switched either during
initialization or later. Refer to section 8.8 “Input clock frequency change” on page 31.

The DLL-off Mode operations listed below are an optional feature for DDR3L. The maximum clock
frequency for DLL-off Mode is specified by the parameter tCK(DLL_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 (tbQsck), 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 tbQsck starts (AL+CL - 1) cycles after the read command. Another
difference is that tbQsck may not be small compared to tcK (it might even be larger than tck) and the
difference between tbQscK min and tDQSCK max is significantly larger than in DLL-on mode.

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

RL (DLL_on) = AL + CL = 6 (CL = 6, AL = 0)
cL=6

DQS,DQSH# (DLL_on)

DQ (DLL_on)

[¢————————— RL(DLL offy=AL+(CL-1) =5

DQS,DQSH# (DLL_off)

\ // Dout \-7 Dout \-/ Dout \;/ Dout i/ Dout \:/ Dout \:7/ Dout \ 7/ Dout \\
DQ (DLL_off) b )( b1 )I b+2 ) b+3 > b4 ) b5 ) b6 ) b7
tDQSCK(DLL_on)_max

== i

DQS,DQS# (DLL_off)

DQ (DLL_off) N ER I EENENE),
Note:

The tDQSCK is used here for DQS, DQS# and DQ to have a simplified;
the DLL_off shift will affect both timings in the same way and the skew

between all DQ, and DQS, DQS# signals will still be tDQSQ. TRANSITIONING DATA ﬂ DON'T CARE

Figure 9 — DLL-off mode READ Timing Operation
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8.7 DLL on/off switching procedure

DDR3L DLL-off mode is entered by setting MR1 bit A0 to “1”; this will disable the DLL for subsequent
operations until AO bit is set back to “0”.

8.71 DLL “on” to DLL “off’ Procedure

To switch from DLL “on” to DLL “off” requires the frequency to be changed during Self-Refresh, as
outlined in the following procedure:

1.

N o o bk~ 0D

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

Set MR1 bit A0 to “1” to disable the DLL.

Wait tMOD.

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

Change frequency, in guidance with section 8.8 “Input clock frequency change” on page 31.
Wait until a stable clock is available for at least (tckSRX) at DRAM inputs.

Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until all
tMoD timings from any MRS command are satisfied. In addition, if any ODT features were enabled
in the mode registers when Self Refresh mode was entered, the ODT signal must continuously be
registered LOW until all tMoD timings from any MRS command are satisfied. If both ODT features
were disabled in the mode registers when Self Refresh mode was entered, ODT signal can be
registered LOW or HIGH.

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).

Wait for tMoD, then DRAM is ready for next command.

TO T TcO Td0 Td1 TeO Te1 TfO
CK#t————~ r—— ( @’—\(——-\ - (——-\ -= ——- /
CK '____\_>!__./ P __./J!__./ __./J!__./ [
KelZZ7 | T o |
Command [/} MRS X772 X NoP WX SRE® X72X NoP X sRxs XX NoP XeAPX MRS X2 X NoP XA X vaLID Y]

*1 tmop tCKSRE *4 tCKSRX™® txs tmop
tCcKESR
oDT A VALID* X
ODT: Static LOW in case Rtt_Nom and Rtt_WR is enabled, otherwise static Low or High
Notes:
1. Starting with Idle state, RTT in Hi-Z state g P .
2. Disable DLL by setting MR1 Bit A0 to 1 TIME BREAK DONT CARE
3. Enter SR

4. Change Frequency

5. Clock must be stable tCKSRx

6. Exit SR

7. Update Mode register with DLL off parameters setting
8. Any valid command

Figure 10 — DLL Switch Sequence from DLL-on to DLL-off
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8.7.2 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 Termination
resistors (RTT) must be in high impedance state before Self-Refresh mode is entered.)

Enter Self Refresh Mode, wait until tCKSRE satisfied.
Change frequency, in guidance with section 8.8 “Input clock frequency change” on page 31.

Wait until a stable clock is available for at least (tckSRX) at DRAM inputs.

ok~ DN

Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK
timing from subsequent DLL Reset command is satisfied. In addition, if any ODT features were
enabled in the mode registers when Self Refresh mode was entered, the ODT signal must
continuously be registered LOW until tDLLK timings from subsequent DLL Reset command is
satisfied. If both ODT features are disabled in the mode registers when Self Refresh mode was
entered, ODT signal can be registered LOW or HIGH.

6. Wait txs, then set MR1 bit A0 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 command, 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.

T0 Ta0 Ta1 TbO I TcO Tel TdO TeO Tf1 Tg0 ThO
CK#t ————— - ,—— - ,—— - - A A A .
S S . S 77777 S0 S G . S S . - - - -
ore 27 7 % AN 7RG 7 NG
toLLK
Command [Z7 NoP )@F( SRE? W7 X NOP X, o Y srx® MRS WA MRS” MRS® VALID®
*1 ODTLoff + 1 x oK tCKSRE *3 teksrx txs tMRD tMRD
} tCKESR
OoDT | / : 2 5\

ODT: Static LOW in case Rtt_Nom and Rtt_WR is enabled, otherwise static Low or High

Notes:

1. Starti ith idle stat; r

2 EnatelrngF\tNl dle state g TIME BREAK DON'T CARE
3. Change Frequency

4. Clock must be stable tcKsRx

5. Exit SR

6. Set DLL on by MR1 A0 =0

7. Update Mode registers

8. Any valid command

Figure 11 — DLL Switch Sequence from DLL Off to DLL On
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8.8 Input clock frequency change

Once the DDR3L SDRAM is initialized, the DDR3L SDRAM requires the clock to be “stable” during
almost all states of normal operation. This means that, 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.

8.8.1 Frequency change during Self-Refresh

For the first condition, once the DDR3L SDRAM has been successfully placed in to Self-Refresh mode
and tCKSRE 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 tCKSRX. 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 section 8.16 “Self-Refresh
Operation” on page 70.

The DDR3L 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 section 8.7 “DLL on/off switching procedure” on page 28.

8.8.2 Frequency change during Precharge Power-down

The second condition is when the DDR3L SDRAM is in Precharge Power-down mode (either fast exit
mode or slow exit mode). If the Rtt_Nom feature was enabled in the mode register prior to entering
Precharge power down mode, the ODT signal must continuously be registered LOW ensuring RTT is in
an off state. If the Rtt_Nom feature was disabled in the mode register prior to entering Precharge power
down mode, RTT will remain in the off state. The ODT signal can be registered either LOW or HIGH in
this case. A minimum of tCKSRE must occur after CKE goes LOW before the clock frequency may change.
The DDR3L 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 tCKSRX before Precharge Power-down may be exited; after
Precharge Power-down is exited and txpP 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 12 on page 32.
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Previous clock frequency New clock frequency
TO T
CK# ————— - ST i
CK \ — /| ——
teH | toL teH, teL, tcH, N toL,
téK ek, IC‘KD
teKsRx
qt‘_Hy‘ }LS; tiH
ore 277 W77
tcPDED \\ \\ tis
Command [ NoP YA Nop WX Nop YAP A “X_NOP NoP XoZAX w
| | | | |
Address V /;H?/ //ﬂ;/ W /@(DLL
tAOFPD / tAOF o " txp
oDT
0as, Dask (L7770 — v
DQ [0 o — Hiahz // // // //
ou | gy 7z ¥ 4
‘ oLk
Enter PRECHARGE Frequency Exit PRECHARGE
Power-Down Mode Change Power-Down Mode

g TIME BREAK  [£] DON'T cARE

Notes:
1. Applicable for both SLOW EXIT and FAST EXIT Precharge Power-down.
2. tAOFPD and tAOF must be satisfied and outputs High-Z prior to T1; refer to ODT timing section for exact requirements.

3. If the Rtt_Nom feature was enabled in the mode register prior to entering Precharge power down mode, the ODT signal must
continuously be registered LOW ensuring RTT is in an off state, as shown in Figure 9. If the Rtt_Nom feature was disabled in
the mode register prior to entering Precharge power down mode, RTT will remain in the off state. The ODT signal can be
registered either LOW or HIGH in this case.

Figure 12 — Change Frequency during Precharge Power-down
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8.9 Write Leveling

For better signal integrity, the DDR3L 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 it also causes flight time skew between clock and strobe at every DRAM on the
DIMM. This makes it difficult for the Controller to maintain tDQss, tDSs, and tDSH specification. Therefore,
the DDR3L SDRAM supports a ‘write leveling’ feature to allow the controller to compensate for skew.

The memory controller can use the ‘write leveling’ feature and feedback from the DDR3L SDRAM to
adjust the DQS - DQS# to CK - CK# relationship. The memory controller involved in the leveling must
have adjustable delay setting on DQS - DQS# to align the rising edge of DQS - DQS# with that of the
clock at the DRAM pin. The DRAM asynchronously feeds back CK - CK#, sampled with the rising edge
of DQS - DQS#, through the DQ bus. The controller repeatedly delays DQS - DQS# until a transition
from 0 to 1 is detected. The DQS - DQS# delay established though this exercise would ensure tDQss
specification.

Besides tDQsS, tDSs and tDSH specification also needs to be fulfilled. One way to achieve this is to
combine the actual tbass in the application with an appropriate duty cycle and jitter on the DQS - DQS#
signals. Depending on the actual tbQss in the application, the actual values for tDQsL and tbQsH may
have to be better than the absolute limits provided in section 10.16 “AC Characteristics” in order to
satisfy tDSS and tDSH specification. A conceptual timing of this scheme is shown in Figure 13.

T0 T1 T2 T3 T4 T5 T6 T7

Diff_ DQS

Destination ¢

Diff_DQS
DQ| Oor 1 I o X 0 X 0
Dlﬁ_DQS Push D?;':Zit?ssture 0-1 X/_\ /_\ /_\
DQ | 0or1 X 1 X 1 X 1

Figure 13 — Write Leveling Concept

DQS - DQS# 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. On an 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.
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8.9.1 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 3). Note that in write leveling mode, only
DQS/DQS# terminations are activated and deactivated via ODT pin, unlike normal operation (Table 4).

Table 3 — MR setting involved in the leveling procedure

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) A12 0 1

Table 4 — DRAM termination function in the leveling mode

ODT pin @DRAM DQS/DQS# termination DQs termination
De-asserted Off Off
Asserted On Off

Note:

In Write Leveling Mode with its output buffer disabled (MR1 A[7] = 1 with MR1 A[12] = 1) all Rtt_Nom settings are allowed; in
Write Leveling Mode with its output buffer enabled (MR1 A[7] = 1 with MR1 A[12] = 0) only Rtt_Nom settings of RZQ/2, RZQ/4
and RZQ/6 are allowed.

8.9.2 Write Leveling Procedure

The Memory controller initiates Leveling mode of all DRAMs by setting bit 7 of MR1 to 1. When entering
write leveling mode, the DQ pins are in undefined driving mode. During write leveling mode, only NOP
or DESELECT commands are allowed, as well as an MRS command to change Qoff bit (MR1[A12])
and an MRS command to exit write leveling (MR1[A7]). Upon exiting write leveling mode, the MRS
command performing the exit (MR1[A7]=0) may also change MR1 bits of A12, A9, A6, A5, A2 and A1.
Since the controller levels one rank at a time, the output of other ranks must be disabled by setting MR1
bit A12 to 1. The Controller may assert ODT after tMoD, at which time the DRAM is ready to accept the
ODT signal.

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

DRAM samples CK - CK# status with rising edge of DQS - DQS# and provides feedback on all the DQ
bits asynchronously after twLo timing. Either one or all data bits ("prime DQ bit(s)") provide the leveling
feedback. The DRAM's remaining DQ bits are driven Low statically after the first sampling procedure.
There is a DQ output uncertainty of twLOE defined to allow mismatch on DQ bits. The twLOE period is
defined from the transition of the earliest DQ bit to the corresponding transition of the latest DQ bit.
There are no read strobes (DQS/DQS#) needed for these DQs. Controller samples incoming DQ and
decides to increment or decrement DQS - 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 - DQS# delay setting and write leveling is achieved for the device. Figure 14 describes the timing
diagram and parameters for the overall Write Leveling procedure.
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Command MRS NOP™ NOP NOP NOP

ooT [\ v g g

tWLDQSEN I tpasL®

Diff_DQS™ k

R
e

tWLMRD tWLO \\ N twLo

[ wo | \\
[

twio " twioe ‘
»

One Prime DQ:

Prime DQ"'

Late Remaining DQs

Early Remaining DQs

All DQs are Prime:
tWLMRD twLO twLO

Late Prime DQs"'

Early Prime DQs” 4( /;l { /4/ /// tWLOE
‘ wo ]| o wio || ™

D UNDEFINED DRIVING MODE g TIME BREAK z DON'T CARE

Notes:

1. 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 throughout the leveling
procedure.

2. MRS: Load MR1 to enter write leveling mode.
NOP: NOP or Deselect.

4. 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.

5. CK, CK#: CK is shown with solid dark line, whereas CK# is drawn with dotted line.

6. DQS, 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.

w

Figure 14 — Timing details of Write leveling sequence [DQS - DQS# is capturing CK - CK# low at
T1 and CK - CK# high at T2]
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8.9.3 Write Leveling Mode Exit
The following sequence describes how the Write Leveling Mode should be exited:

1. After the last rising strobe edge (see ~T0), stop driving the strobe signals (see ~Tc0). Note: From
now on, DQ pins are in undefined driving mode, and will remain undefined, until tMoD after the
respective MR command (Te1).

2. Drive ODT pin low (tiIs must be satisfied) and continue registering low. (see Tb0).
3. After the RTT is switched off, disable Write Level Mode via MRS command (see Tc2).

4. After tMoD is satisfied (Te1), any valid command may be registered. (MR commands may be issued
after tMRD (Td1).

Command

B2 2K op YK 0P Yz Nop P

Address V

tis tMOD

77 77/ /7 . 7 v%f&H/ 22 mﬁ)\@\ V7 N 7.
\\
))

> tAOFmin

RTT_DQS_DQS# | Rit_Nom I

tAOFmax

pas_pas# X

RTT_DQ

twLOo

k,‘{
|
¢ I

DQ | I [ ] S

l:‘ UNDEFINED DRIVING MODE TRANSITIONING g TIME BREAK DON'T CARE

Note:
1. The DQ result = 1 between Ta0 and TcO is a result of the DQS, DQS# signals capturing CK high just after the TO state.

Figure 15 — Timing details of Write leveling exit
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8.10 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 16.

Memory Core
(all banks precharged)

AN

MR3 [A2]

Multipurpose register
Pre-defined data for Reads
e -7
7

/
/
/

DA 4

DQ, DM, DQS, DQS#

Figure 16 — 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 5. Prior to issuing the MRS command, all banks must be in the idle state (all
banks precharged and tRP 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 6. 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). Note that in MPR mode RDA has the same functionality as a READ
command which means the auto precharge part of RDA is ignored. 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 5 — MPR Functional Description of MR3 Bits

MR3 A[2] MR3 A[1:0] Function
MPR MPR-Loc
, Normal operation, no MPR transaction
don't care .
0b (Ob or 1b) All subsequent Reads will come from DRAM array
All subsequent Write will go to DRAM array
1b See Table 6 Enable MPR mode, subsequent RD/RDA commands defined by MR3 A[1:0]
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8.10.1 MPR Functional Description
« One bit wide logical interface via all DQ pins during READ operation.

« Register Read:
— DQL[0] and DQUI[O0] drive information from MPR
— DQL[7:1] and DQU[7:1] 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]: A[2] selects the burst order
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
— A11 and A13 : Don't care
— A12/BC#: Selects burst chop mode on-the-fly, if enabled within MRO
« 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 DDR3L SDRAM

— Regular 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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8.10.2 MPR Register Address Definition

Table 6 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 6 — MPR Readouts and Burst Order Bit Mapping

MR3 A[2] | MR3 A[1:0] Function L'i‘r'l;sttrl AE;:edss Burst Order and Data Pattern
[2:0]
Burst order 0,1,2,3,4,5,6,7
BL8 000b Pre-defined Data Pattern [0,1,0,1,0,1,0,1]
1o 000 | ayeom Catbraton” | BS | 0000 | et Patem 01,01
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 O is assigned to LSB and the burst order bit 7 is assigned to MSB of the selected MPR agent.

8.10.3 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 section 10.16 “AC Characteristics” on page 139.

8.10.4 Protocol Example
Protocol Example (This is one example):

Read out pre-determined read-calibration pattern.

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

Protocol Steps:
« Precharge All.
o Wait until tRP is satisfied.
« Set MRS, “MR3 A[2] = 1b” and “MR3 A[1:0] = 00b”.
This redirects all subsequent reads and load pre-defined pattern into Multi Purpose Register.

« Wait until tMRD and tmMOD are satisfied (Multi Purpose Register is then ready to be read). During the
period MR3 A[2] =1, no data write operation is allowed.
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o Read:
A[1:0] = ‘00’b (Data burst order is fixed starting at nibble, always 00b here)
A[2] = ‘O’b (For BL=8, burst order is fixed as 0,1,2,3,4,5,6,7)
A12/BC# = 1 (use regular burst length of 8)
All other address pins (including BA[2:0] and A10/AP): don't care
o After RL = AL + CL, DRAM bursts out the pre-defined Read Calibration Pattern.

« Memory controller repeats these calibration reads until read data capture at memory controller is
optimized.

« After end of last MPR read burst, wait until tMPRR is satisfied.
o Set MRS, “MR3 A[2] = 0b” and “MR3 A[1:0] = don't care” to the normal DRAM state.

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

o Continue with “regular’” DRAM commands, like activate a memory bank for regular read or write
access,...
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Figure 17 — MPR Readout of pre-defined pattern, BL8 fixed burst order, single readout
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Figure 18 — MPR Readout of pre-defined pattern, BL8 fixed burst order, back-to-back readout
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Figure 19 — MPR Readout pre-defined pattern, BC4, lower nibble then upper nibble
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Figure 20 — MPR Readout of pre-defined pattern, BC4, upper nibble then lower nibble
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8.11 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-BA2 inputs selects the bank, and the address provided on inputs AO-
A13 selects the row. This row remains active (or opens) 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.

8.12 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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8.13 READ Operation

8.13.1 READ Burst Operation

During a READ or WRITE command, DDR3L 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)
A12=1,BL8

A12 is used only for burst length control, not as a column address.

T7 T8 T9 T10

bbb

Command*3@< READ @ NOP W NOP >@< NOP @ NOP @( NOP >@< N(‘JP @( N‘OP @( NC‘)P >@< NC‘)P @( NOP >@

x4 Bank
T T I T
| | | |
tRPRE | | | | tRPST
* > | | | I
****** A I~ =\ I~ =\ I~ ==
DQS, DQS# <—1\_/(—\f\_/(—\f\_/
- |70 T T T
| | | |
DQ:Z Dout ‘ Dout -7 Dout 7 Dout .-/ Dot ‘ Dout X7 Dout 7 Dout
n -\ n+1 LN\ n+2 fo\ n+3 A\ n+d Lo\ ntS [\ n+6 fi\ n+T
CL=6
RL=AL+CL

TRANSITIONING DATA DON'T CARE

Notes:

1. BL8, RL=6,AL =0, CL=6.

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 A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

Figure 21 — READ Burst Operation RL = 6 (AL = 0, CL = 6, BL8)

CK#t———— -
CK A -
I
|
Command*® @( READ >@< NOP
x4 Bank
Address** [727%" Bk
DQS, DQS#
. . \ .
DQ"Z Dout \:-7 Dout \.7 Dout \-7 Dout \:-/ Dout \-7 Dout \,-7 Dout \-/ Dout
n - 1 A\ n+2 LN\ n+3 f\ n+d LI\ n+5 f\ n+6 [-\ n+T
AL=5 cL=6 R
RL= AL + CL
f f
g& TIME BREAK TRANSITIONING DATA DON'T CARE

Notes:

1. BL8, RL=11,AL=(CL-1),CL=6.

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. BLS8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

Figure 22 — READ Burst Operation RL =11 (AL = 5, CL = 6, BL8)
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8.13.2 READ Timing Definitions
Read timing is shown in Figure 23 and is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:

tbasck 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#.
tasH describes the DQS, DQS# differential output high time.

tbQsQ 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:
tasL describes the DQS, DQS# differential output low time.

tbasa 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.

CK# -_——— ,____\(7
A
CK |

\

tDQSCK(min) tDQsCK(min)
PANER PANER
tDQSCK(max) | tDQSCK(max)
Ll I Ll
PR PR

Rising Strobe
Region

Rising Strobe
Region

tbasck

/ tbasck

l—=

Associated
DQ Pins

Figure 23 — READ Timing Definition
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8.13.2.1 READ Timing; Clock to Data Strobe relationship

Clock to Data Strobe relationship is shown in Figure 24 and is applied when the DLL is enabled and
locked.

Rising data strobe edge parameters:

tbQsck 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#.
tasH describes the data strobe high pulse width.

Falling data strobe edge parameters:

tasL describes the data strobe low pulse width.

tLz(DQs), tHz(DQS) for preamble/postamble (see section 8.13.2.3 and Figure 26).

RL Measured

to this point
r—_—— —_— —_— —_— -_——
I D S S S G S G S S
_— = — _— _— \
tDQSCK| m|n) tDQSCK min) tDQSCK m|n) tDQSCcK(min)
—>] [«— le— —> [€— tHZ(DQS)min
tLz(DQs)min tQSH tasL tasH  tasL tasH  tasL
e «— < > > »le >l
DQS, DQS# v T T T \ TV T\ ‘\ -0
Erly Strobe W I/ W — - — - — -
tRPST
" tRPRE _
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
—> [— tHZ(DQS)max
tDQSCK(max) tDQSCcK(max) tDQSCK(max) tbasck(max)
tLz(bQS)max —p [— —> < —» <+ —> < —> <+
tRPST
DQS, DQS# vy T T T T / — — TN TN -
Late Strobe - _ ) - -
TtasH | tast | tasn | tast | tasH | tast
tRPRE
Bit0 Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit6 Bit 7

Notes:

1.

2.

»

© N O

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).

Not with standing note 1, a rising strobe edge with tDQSCK(max) at T(n) cannot be immediately followed by a rising strobe
edge with tDQSCK(min) at T(n+1). This is because other timing relationships (tQSH, tQSL) exist:

if tDQSCK(n+1) < 0:
tbQSCK(n) < 1.0 tCK - (tQSHmMIn + tQSLmMin) - | tDQSCK(n+1)

The DQS, DQS# differential output high time is defined by tQSH and the DQS, DQS# differential output low time is defined by
tQsL.

Likewise, tLZ(DQS)min and tHZ(DQS)min are not tied to tDQSCK,min (early strobe case) and tLZ(DQS)max and tHZ(DQS)max
are not tied to tDQSCK,max (late strobe case).

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

The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZDSQ(max) on the right side.
The minimum pulse width of read postamble is defined by tRPST(min).

The maximum read preamble is bound by tLZDQS(min) on the left side and tDQSCK(max) on the right side.

Figure 24 — Clock to Data Strobe Relationship
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8.13.2.2 READ Timing; Data Strobe to Data relationship

The Data Strobe to Data relationship is shown in Figure 25 and is applied when the DLL is enabled and
locked.

Rising data strobe edge parameters:

« tDQsa 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:

« tDQsaq describes the latest valid transition of the associated DQ pins.
« tQH describes the earliest invalid transition of the associated DQ pins.

tbQsQ; both rising/falling edges of DQS, no tAC defined.

Address** V//’ A

DQS, DQS#

tRPRE

DQ*2 (Last data valid)

DQ*2 (first data no longer valid)

@) —
TRANSITIONING DATA VA DON'T CARE

All DQs collectively

Notes:

1. BL=8, RL=6 (AL=0, CL =6).

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. BLS8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
5. Output timings are referenced to VDDQ/2, and DLL on for locking.

6. tDQSQ defines the skew between DQS, DQS# to Data and does not define DQS, DQS# to Clock.

7

. Early Data transitions may not always happen at the same DQ. Data transitions of a DQ can vary (either early or late) within
a burst.

Figure 25 — Data Strobe to Data Relationship
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8.13.2.3 tLz(DaQs), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHz and tLz transitions occur in the same time window as valid data transitions. These parameters are
referenced to a specific voltage level that specifies when the device output is no longer driving tHz(DQS)
and tHz(DQ), or begins driving tLz(DQS), tLz(DQ). Figure 26 shows a method to calculate the point when
the device is no longer driving tHz(DQS) and tHz(DQ), or begins driving tLZ(DQS), t{LZ(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.
. i ; tHz(DQS), tHZz(DQ) with BL8: CK — CK# rising crossing at RL + 4 nCK
tLz(d@s): CK — CK# rising crossing at RL - 1 . ; o )
12(DQ): CK — CK# rising crossing at RL tHz(DQS), tHZ(DQ) with BC4: CK — CK# rising crossing at RL + 2 nCK
CK CK
CK# CK#
tLz [ tHZ
VIT+2xmV-——————+--—4¢ e VOH - x mV
/
VIT+ X MV-— == == —— // 77777777 VOH - 2x mV
- -tLz(DQS), tLZ(DQ) tHz(DQs), tHz\fDQ)
\
VIT-xmV-—-—-----— A~ N | S VoL + 2x mV
VIT-2xmV--—-------©=~ NS VoL +xmV
tLZ(DQS), tLZ(DQ) begin point =2 * T1 - T2 tHz(DQS), tHz(DQ) end point =2 * T1 - T2

Figure 26 — tLz and tHZ method for calculating transitions and endpoints

Confidential

-5000 158-

Rev.1.0 March . 2026




AS4C128M16D3LF

8.13.2.4 tRPRE Calculation
The method for calculating differential pulse widths for tRPRE is shown in Figure 27.

CK# &

DQS §
Single ended signal, provided
as background information

tc 4 to
DSt § N oL o ————— VIT — — —
Single ended signal, provided
as background information S
t1
tRPRE_begin
tRPRE

DQS - DQS# §

_______ 0———-
Resulting differential signal,
relevant for tRPRE specification t2

tRPRE_end

Figure 27 — Method for calculating tRPRE transitions and endpoints

8.13.2.5 tRPST Calculation
The method for calculating differential pulse widths for tRPST is shown in Figure 28.

bes - - __ ___ [l __ & VIT———

Single ended signal, provided
as background information

t
DQS#——————————— — — — | - § VIT— — —
Single ended signal, provided

as background information

DQS-DQS# —————4————— — G —0———

Resulting differential signal,
relevant for tRPST specification

tRPST_begin

tRPST_end

Figure 28 — Method for calculating tRPST transitions and endpoints
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T1
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3 T14
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T @No.:@w@

NOP

)@( NOP

tcco

Address” @(

Bank
Coln

X}“’ o,

A fiX S A

// // /’

GAIIIIIY.

DQS, DQS#

DQ™

-

tRPST
le—>|

CTXLZKTXLLKT}CLKTXLL(f}ilr——

NOTES:

RL=6

| |
Dout}( Dout _( Dout >< Dout ( Dout )_{ Dout )( Dout >:< Dout
n+1 £\ n+2 £\ n+3 /o n+4 /) n+5 AN nt+6 -\ n+7

| | | |
( Dou!):{ Dout ( Dout ):( Dout >< Dout )_( Dout }( Dout >< Dou!)
N b b+1 /:\ b+2 £\ b+3 £\ b+d /-\ b+5 AN b+6 [\ b+7

1.BL8,RL=6 (CL=6, AL =0).
2. Dout n (or b) = data-out from column

RL =

6

n (or column b).

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ commands at TO and T4.

A4

TRANSITIONING DATA DON'T CARE

Figure 29 — READ (BL8) to READ (BLS)

DQS, DQS#*®

T13 T14 T15
|—— |—— |—— - |,—— |—— |—— |——
\__/] N — I N — I N — | N — I N N — I - — -
| | | | | |
NOP )@( NOP >@<READ )@( NOP )@( NOP NOP NOP )@( NOP NOP

tccp=5

o )(msﬁ

i

tRPRE

S

A

DQ™

I G

CTYLL

X0

Dout \,?/' Dout
n_f'\ n+1

Dout Dout
n+2 n+3 f*

|
Dout \.7/ Dout
n+6 [*\ n+7

X

N — —  _  /
|

[(EED)

QI W QIS W GNS W
N—— N — N——

| tRPST
|

(X O—

| | |
Dout \+/ Dout \ o/ Dout ./ Dout \* /" Dout \. /' Dout \
b /A b+t f\ b+2 /) b+3 /N b+d [\ b+5 /.

A
S

v

RL

=6

|
Dout \+/ Dout
b+6 f.\ b+7

NOTES: 1.BL8,RL=6(CL=6,AL=0),tcCD=5.

2. Dout n (or b) = data-out from colum

n n (or column b).

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ commands at TO and T5.
5. DQS-DQSH# is held logic low at T10.

v

gg TIME BREAK TRANSITIONING DATA [©] DON'T CARE

Figure 30 — Nonconsecutive READ (BL8) to READ (BL8), tccb=5
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DQS, DQS#

DQ2

S

e

o

tRPRE

— - ="

. A I~ — |
G S G G

RL=6

NOTES: 1.BC4,RL =6 (CL=6, AL=0)
2. Dout n (or b) = data-out from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by either MRO A[1:0] = 10 or MRO A[1:0] = 01 and A12 = 0 during READ commands at TO and T4.

b+2 /-

| {RPST

+/ Dout

b+3 /'

tRPST. tRPRE
- = - - - /"
Dout \* / Dout \ -/ Dout Dout
=\ nt1 £\ n+2 £ nt3 / b
RL=6

TRANSITIONING DATA [.7] DON'T CARE

Figure 31 — READ (BC4) to READ (BC4)

-8G1 JESg-

Address™ @(

DQS, DQS#

DQ?

READ to WRITE Command Delay = RL + tCCD + 2tcK - WL

tWR

y

¢ tWTR

]

A
A4

-

X

X

| tRPST

XD

)

¢

Dout >< Dout } {
n+4 [\ n+5 /-

T

NOTES: 1.BL8,RL=6(CL=6, AL =0), WL=5(CWL=5, AL =0)
2. Dout n = data-out from column, Din b = data-in from column b.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and WRITE command at T7.

F Dout)(
ANVA
l«

WL=5

tWPRE

-
4 \-

)

| twesT

EEAIEDIER

Din
b+7

Dout):{ Dout>—( Din >_<
n+6 /-\ n+7 b /.
N

s

)7

gg TIME BREAK TRANSITIONING DATA [#] DON'T CARE

9¢0¢ " UYdIeN 0'L'ASY

Figure 32 — READ (BL8) to WRITE (BL8)
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|
Command” @(READ)@( NOP NoP XX NoP WA w

READ to WRITE Command Delay =RL +tccD / 2 + 2tck - WL

v N BN A7 77777 BN

tRPRE

-+ P |—>] <+ |e—>]
oas, pas XN W X N NN 77777777777 7777777
pa* THEGERE DT" D6,

RL=6
< Tl > WL =
‘ »

NOTES: 1.BC4, RL=6 (CL=6, AL=0), WL=5(CWL =5, AL =0)
2. Dout n = data-out from column, DIN b = data-in 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 A[1:0] = 01 and A12 = 0 during READ command at T0 and WRITE command at T5. % TIME BREAK TRANSITIONING DATA DON'T CARE

Figure 33 — READ (BC4) to WRITE (BC4) OTF

T0 T1 T2 T3 T4 T5 T6 T T12 T13 T14

CKt ==~ Ir =\ — -- -- -- -- -- L—— |
\ \ \p—; \p—— \ — — \__,I \__,I \__,I __/I \__/I N — - — -
Command @(Rm@ NoP X (WoP @NOP @READ@ = VX = @mp >@< oP @Nc)p @(No.: >@< e >@< o N D 7 D

tccD | |
1 1 |

Address’ w s N )le”// / o S 7 /’/ ,f”/ ,// S )

tRPRE {RPST,
| | | I JREST,

e |- — |- — - - R
Das, Das# SRR SR D NN Gl GH W SHD WD SN S SN
1 . L _ 1 1 L

bQ* A S e e 2zs‘>:|< R,

RL=6
- g RL=6

NOTES: 1.RL=6(CL=6,AL=0).
2. Dout n (or b) = data-out from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at T4. TRANSITIONING DATA /] DONT CARE

Figure 34 — READ (BL8) to READ (BC4) OTF
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Command’3 @(READ)@( NOP @ NOP )@( NOP )@(READ)@( NOP )@( NOP

tccb

Address™ @(

Bank

X S M%%W

1
|
<
I3
[
L

7z
|
L

Coln
| tRPRE__| |
___T I _ (g I —_—___2
DQS, DQS# YR ¢ ; D
M _ _— | N
bQ? L ENEIE),
- RL=6 -~
h M > RL=6 R
NOTES: 1.RL=6(CL=6,AL=0)

Dout ) _< Dout

b+1

|
}( Dout )( Dout
*\ b+2 /.\ b+3

R

Dout

( Dout >< Dout)
=\ b+6 £\ b+7

b+5

2. Dout n (or b) = data-out from column n (or 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 A[1:0] = 01 and A12 = 0 during READ command at TO.

BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at T4.

TRANSITIONING DATA DON'T CARE

Figure 35 — READ (BC4) to READ (BL8) OTF

e n

NOP )@( NOP )@( NOP )@

READ to WRITE Command Delay = RL + tccD/ 2 + 2tck - WL

4 clocks

»l

A A

tWTR

Address™ @(

* 1
N o R

z

e

|
o

.

Vs,

tRPRE T tRPST tWPRE T
— - e p . I _ I _
DQs, Das# | X XA XXX
bQ* ] T e e (O K e (5%
< i - > WL=5 J
M 1
NOTES: 1.RL =6 (CL = 6, AL = 0), WL = 5 (CWL = 5, AL = 0)

TtwpsT

. LA

LGN

Din
b+5

REDIED

2. Dout n = data-out from column, Din b = data-in 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 A[1:0] =

01 and A12 = 0 during READ command at TO.

BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T5.

gg TIME BREAK TRANSITIONING DATA [] DON'T CARE

Figure 36 — READ (BC4) to WRITE (BL8) OTF
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Address @( Coln X""r ,-""“/ ,./,X Colb ,-/// //zl
\\ tRPRE | | | | trpsT tWPRE | | twpsT
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(X0 X X OO XXl - X O X X X A
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N 11 Re-6 > !< We=s N

NOTES: 1.RL=6 (CL=6, AL=0), WL=5(CWL =5, AL=0)
2. Dout n = data-out from column, Din b = data-in from column b.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.

BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T7. gﬂ TIME BREAK TRANSITIONING DATA [7] DON'T CARE

Figure 37 — READ (BL8) to WRITE (BC4) OTF
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8.13.2.6 Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP being the Internal Read Command
to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS.MIN must be satisfied as well. The minimum value for the Internal Read
Command to Precharge Command Delay is given by tRTP.MIN = max(4 x nCK, 7.5 nS). A new bank active command may be issued to the same bank if the
following two conditions are satisfied simultaneously:

1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.

2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.

Examples of Read commands followed by Precharge are show in Figure 38 and Figure 39.

DQS, DQs#
DQ

DQS, DQS#
DQ

NOTES: 1.RL=9 (CL=9,AL=0)
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. The example assumes tRAS.MIN is satisfied at Precharge command time (T5) and that tRC.MIN is satisfied at the next Active command time (T14).

I I
Address 7 XX 77 7 77 77 . . . (s 7]
tRTP R tRP I I I I s
~ l T T T T '|
« RL=AL+CL=9 N : : : :
| | | |
) | | | |
BL4 Operation: ——=—=A ~—A| -— | |
Tﬁ\—/\ — -1 | |
(o }i{ e 0 );( s ) : :
| | | |
) | | | |
BL8 Operation: —-_——— - —-— —-— - —
R RN ER )

TRANSITIONING DATA DON'T CARE

Figure 38 — READ to PRECHARGE (RL =9, AL =0, CL =9, tRTP =4, tRP = 9)
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DQ i 1 i N E ENEEEE) 1

NOTES: 1.RL=26 (CL=14,AL=CL-2)
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. The example assumes tRAS.MIN is satisfied at Precharge command time (T21) and that tRC.MIN is satisfied at the next Active command time (T35). gg TIME BREAK TRANSITIONING DATA DON'T CARE

9¢0¢ " UYdIeN 0'L'ASY

Figure 39 — READ to PRECHARGE (RL = 26, AL = CL-2, CL = 14, tRTP = 8, tRP = 14)
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8.14 WRITE Operation

8.14.1 DDR3L Burst Operation

During a READ or WRITE command, DDR3L 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)

A12=1,BL8

A12 is used only for burst length control, not as a column address.

8.14.2 WRITE Timing Violations
8.14.2.1 Motivation

Generally, if timing parameters are violated, a complete reset/initialization procedure has to be initiated
to make sure that the DRAM works properly. However, it is desirable; for certain minor violations, that
the DRAM is guaranteed not to “hang up”, and that errors are limited to that particular operation.

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

8.14.2.2 Data Setup and Hold Violations

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

In the example (Figure 40 on page 60), 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.

8.14.2.3 Strobe to Strobe and Strobe to Clock Violations

Should the strobe timing requirements (tbQsH, tbQsL, 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 wiill
work properly otherwise.

In the example (Figure 48 on page 64) the relevant strobe edges for Write burst n 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.

8.14.2.4 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).
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TRANSITIONING DATA DON'T CARE
Notes:

1. 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.

BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.
tDQSS must be met at each rising clock edge.

o krwbd

Figure 40 — Write Timing Definition and Parameters

8.14.3 Write Data Mask

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR3L SDRAMs,
consistent with the implementation on DDR2 SDRAMSs. It has identical timings on write operations as
the data bits as shown in Figure 40, and though used in a unidirectional manner, is internally loaded
identically to data bits to ensure matched system timing. DM is not used during read cycles.
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8.14.4 twpre Calculation
The method for calculating differential pulse widths for twPRE is shown in Figure 41.

t1
tWPRE_begin

DQS-DQS# § — — — — Ue—) — — — — — — — — oV — — —
tWPRE
t2

tWPRE_end

Resulting differential signal,
relevant for tWPRE specification

Figure 41 — Method for calculating twPRE transitions and endpoints

8.14.5 twpsT Calculation
The method for calculating differential pulse widths for twPST is shown in Figure 42.

TN
R VA U AU 7 — V= =

tWPST

DQS-DQS# —————

Resulting differential signal,
relevant for twPST specification

t1
tWPST_begin

t2
tWPST_end

Figure 42 — Method for calculating twPsT transitions and endpoints
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WL = AL + CWL

Address™ '//,j

DQs, DQS# [

DQ?

tWPRE

Notes:

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

2. Din n = data-in from column n.

3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4

. BLS8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.

Figure 43 — WRITE Burst Operation WL =5 (AL =0, CWL =5, BL8)

i I 0
| twPsT | |
I |
T I I
I I I
I I I
7/ Din
n+7
-
TRANSITIONING DATA DON'T CARE
T4 TI5
I I o
__ J— —
I I I
NOP NOP
T T i
I I I
I I I
i I 0
1 twPsT |
|
I i
I I
I I
Din Din
n+6 n+7.
-
TRANSITIONING DATA DON'T CARE

T0 T1 T5 T6 T9 T10
CK# ————~ V- - - -
CK w1 - J——) ——
I I I
Command™ WRITE NOP NOP NOP NOP NOP
AL=5 N cWL=5 N
« e »
Address™ Sank
DQs, DQS# [
DQ?2 Din
WL = AL + CWL N
Notes:

1. BL8, WL=10; AL=CL-1,CL=6, CWL=5.

2. Din n = data-in from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4

. BLS8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.

Figure 44 — WRITE Burst Operation WL = 10 (AL = CL-1, CWL =5, BLS8)
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DQs, DQs# [ a 7
DQ*
WL =5 RL=6
gg TIME BREAK TRANSITIONING DATA DON'T CARE
Notes:

1. BC4, WL=5,RL=6.

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 A[1:0] = 10 during WRITE command at TO and READ command at Tn.
5

. 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.

Figure 45 — WRITE (BC4) to READ (BC4) Operation

}tWPST
[¢——————
Das, Das# [ ,,f”(,—,}\:}ﬂ 7

2 Din \./ D \;¢ Din 7 Din
DQ n /N 0+t A\ ne2 /A ne3

WL=5 |

gg TIME BREAK TRANSITIONING DATA z DON'T CARE

Notes:

1. BC4, WL=5,RL=6.

2. 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 A[1:0] = 10 during WRITE command at TO.

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 46 — WRITE (BC4) to PRECHARGE Operation

o~ w
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TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 Ta0 Ta1 T14
oKt ————f—}lr—-*—L _*7'(——
N N — N — \ — N — — . — —_ —_ RN
|
@ww@ R 2 @zx @ @ @ R o0 2 e 2 L0 2 1 a3 2 B 7 e
I

I 4 clocks | tWR'S

s 77X %|:r: 7 T e

bas, pas# [ v v RS CI:("_“)C@V . L v v 7
pa : — VIR, I

NOTES: 1.BC4 on the fly, WL = 5 (CWL = 5, AL = 0)

2. Din n (or b) = data-in from column n.

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

4. BC4 on the fly setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at TO. gg TIME BREAK TRANSITIONING DATA E DON'T CARE
5

. The write recovery time (tWR) starts at the rising clock edge T9 (4 clocks from T5).

Figure 47 — WRITE (BC4) OTF to PRECHARGE Operation

TO T T2 T3 T4 T5 T13 T14
o T ;ﬁ;ﬁ;ﬁ;ﬁ;ﬁaﬁ;ﬁ“
CcK —_— . — I (p—l | . — I . — I (p—l | . — I \——r| N — I - ——-
Command'3 @(wmm)@( NOP )@( NOP )@( NOP )@(WRWE)@( NOP NOP NOP NOP XX NoP X
y tcep N | | I I < ' 1 4 Cklmks | I »> IxTR
| | | | | | | |
Address™ Bank X B N 77
 WPRE i i i i i i i TtwpsT

ba — GG NN IR I EA G NI GALENIED,

< »
< >

P WL=5 |

NOTES: 1.BL8, WL=5(CWL =5, AL =0)
2. Din n (or b) = data-in from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO and T4.
5. The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last write data shown at T13. TRANSITIONING DATA IEJ DON'T CARE

Figure 48 — WRITE (BL8) to WRITE (BL8)
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CK#
CK
Command"?
< tccb | | « | | 4 cki)cks N P
| | | |
Address™ @( o X ) S
o tWPRE N i | twPsST L tWPRE N i i twpsT
Das, Das# [ ﬁm“m m“m«” A
1
0 — CRERERE) EDEDIDIED,
N < : WL=5 >
NOTES: 1.BC4,WL=5(CWL=5,AL=0)
2. Din n (or b) = data-in from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setti tivated by MRO A[1:0] = 01 and A12 = 0 during WRITE d at TO and T4. \
5. The V\S/(reit;nr%::v:; Timey(tWR) and write tiri?ng parametel:'rz?\?VTR) are (r;gfr:rrzsgedafrom?:e first rising clock edge at T13 (4 clocks from T9). TRANSITIONING DATA EE DONT CARE
Figure 49 — WRITE (BC4) to WRITE (BC4) OTF
TO T
CK#t ———— Ir—-
i -
Command® @(wmm)@( NOP )@( NOP )@( NOP )@( NOP )@( NOP
| | | | <
1 1 1 1
Address™ 7 & X L L e o S?;."E A
_ twPRE | | | | | twPST
p -—A |- — I~ — l-— (I
Das, Das# [ L SR e ) D S S -]
0a° <axaxmxmxmxmxm_m>

WL=5 RL=6

NOTES: RL=6(CL=6,AL=0), WL=5(CWL=5,AL=0)

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.

BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.

READ command at T13 can be either BC4 or BL8 depending on MRO A[1:0] and A12 status at T13.

PN~

TRANSITIONING DATA [] DON'T CARE

Figure 50 — WRITE (BL8) to READ (BC4/BL8) OTF
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TO
CK# ————'r—>lr—-
CK \__, \__, \ — \ — \ \ —
Command'3 @(WRITE)@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@(READ)@( NOP )@
" | 4 clocks tWTR
R : | "‘
Address'* O T S o 77X E?iFE X7 2
 twPRE | | twpsT
— - — I-— I~ —
DQs, bas# [ A )TX_‘/_X_‘/_X_)G” e s ]
DQ? { "n X 5’1? EED E’:% )
B WL=5 ‘ RL=6
NOTES: 1.RL=6(CL=6,AL=0), WL=5 (CWL =5, AL = 0)
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 A[1:0] = 01 and A12 = 0 during WRITE command at TO. TRANSITIONING DATA E] DON'T CARE
READ command at T13 can be either BC4 or BL8 depending on MRO A[1:0] and A12 status at T13.
Figure 51 — WRITE (BC4) to READ (BC4/BL8) OTF
TO T1
CK#t ———~— lr—= -
CK 4{1
Command’® @(wmm)@( NOP )@( NOP )@( NOP )@( NOP )@( NOP
| | <
Address™ mw ,-'/// ,-""!// ,-// .-"'X g;“i >< ,-"/// f-"'1
tWPRE N | | tWPST
p -—A |- — l-—
DQs, bas# [ S __ "_X_\/_X_)Cf’ S e ]
DQ? { “’n X = FED = )

NOTES:

WL=5

RL =6 (CL =6, AL = 0), WL = 5 (CWL =5, AL = 0)

PN~

BC4 setting activated by MRO A[1:0] = 10.

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.

RL=6

TRANSITIONING DATA [] DON'T CARE

Figure 52 — WRITE (BC4) to READ (BC4)
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CK# ————f—\r—-
CK ——

T7 T8 T9 T10 T11 T12 T13 T14
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l, l, y -
. _ p—— N — I p—— N — I — A

. — — N — N — — N — — —- — -
|
Command’? @wmm)@( NOP NOP )@( NOP wnamz)@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@
" tcco N | | | | P | | 4 C|(:JCkS N WR
) ! | | | | N C > TR
pssess LZXEDLZ BN 7777 77 7777 T P 7 70 7o 7 Z
tWPRE twpsT
< » | | | | | [+—>
pas, past [ T % SRD G G S D G U T G SR G S G % o 7

L : : 1 - 1 - 1
DQ? — (EDIED 6N 1 D I
1

< P

WL=5

»!
»

A

NOTES: 1.WL=5(CWL=5,AL=0)
2. Din n (or b) = data-in from column n (or column b).
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.

4. BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO. TRANSITIONING DATA [] DON'T CARE
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T4.

Figure 53 — WRITE (BL8) to WRITE (BC4) OTF

-8G1 019~
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CK - N N N — 1 N _ I N _ i \ _ _l -

Command®? @WRITE)@( NOP NOP )@( NOP WR|TE)@< NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@( NOP )@

tceo | | | | 4 C|(!JCkS | | R
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tWPRE T Ttwest tWPRE f T T T twpsT
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pas, past 77 /w%?aziqcztjczamﬂadﬁczd?ﬁ3i?pziﬁﬁziﬂczazﬂaﬁm
DQ? CyC R ) DD ENEREAEDED)

WL=5

< N
1

WL=5

NOTES: 1.WL=5(CWL=5,AL=0)
2. Din n (or b) = data-in from column n (or 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 A[1:0] = 01 and A12 = 0 during WRITE command at TO. TRANSITIONING DATA DON'T CARE
BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T4.

9¢0¢ " UYdIeN 0'L'ASY

Figure 54 — WRITE (BC4) to WRITE (BL8) OTF
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8.15 Refresh Command

The Refresh command (REF) is used during normal operation of the DDR3L SDRAMSs. This command
is non persistent, so it must be issued each time a refresh is required. The DDR3L SDRAM requires
Refresh cycles at an average periodic interval of tREFI. When CS#, RAS# and CAS# are held Low and
WE# High at the rising edge of the clock, the chip enters a Refresh cycle. All banks of the SDRAM must
be precharged and idle for a minimum of the precharge time tRP(min) before the Refresh Command can
be applied. The refresh addressing is generated by the internal refresh controller. This makes the
address bits “Don't Care” during a Refresh command. An internal address counter supplies the
addresses during the refresh cycle. No control of the external address bus is required once this cycle
has started. When the refresh cycle has completed, all banks of the SDRAM will be in the precharged
(idle) state. A delay between the Refresh Command and the next valid command, except NOP or DES,
must be greater than or equal to the minimum Refresh cycle time tRFC(min) as shown in Figure 55. Note
that the tRFC timing parameter depends on memory density.

In general, a Refresh command needs to be issued to the DDR3L SDRAM regularly every tREFI interval.
To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the
absolute refresh interval is provided. A maximum of 8 Refresh commands can be postponed during
operation of the DDR3L SDRAM, meaning that at no point in time more than a total of 8 Refresh
commands are allowed to be postponed. In case that 8 Refresh commands are postponed in a row, the
resulting maximum interval between the surrounding Refresh commands is limited to 9 x tREFI (see
Figure 56). A maximum of 8 additional Refresh commands can be issued in advance (“pulled in”), with
each one reducing the number of regular Refresh commands required later by one. Note that pulling in
more than 8 Refresh commands in advance does not further reduce the number of regular Refresh
commands required later, so that the resulting maximum interval between two surrounding Refresh
commands is limited to 9 x tREFI (see Figure 57). At any given time, a maximum of 16 REF commands
can be issued within 2 x tReFI. Self-Refresh Mode may be entered with a maximum of eight Refresh
commands being postponed. After exiting Self-Refresh Mode with one or more Refresh commands
postponed, additional Refresh commands may be postponed to the extent that the total number of
postponed Refresh commands (before and after the Self-Refresh) will never exceed eight. During Self-
Refresh Mode, the number of postponed or pulled-in REF commands does not change.

tREFI (max. 9 x tREFI)

DRAM must be idle DRAM must be idle

NOTES: 1. Only NOP/DES commands allowed after Refresh command registered until tRFc(min) expires.
2. Time interval between two Refresh commands may be extended to a maximum of 9 x tREFI. gg TIME BREAK Z DON'T CARE

Figure 55 — Refresh Command Timing
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4

==t L]
Pt
tRFC

8 REF-Commands postponed

Figure 56 — Postponing Refresh Commands (Example)

A

IR —
)

tRFC

T

8 REF-Commands pulled-in

Figure 57 — Pulling-in Refresh Commands (Example)
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8.16 Self-Refresh Operation

The Self-Refresh command can be used to retain data in the DDR3L SDRAM, even if the rest of the
system is powered down. When in the Self-Refresh mode, the DDR3L SDRAM retains data without
external clocking. The DDR3L 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 DDR3L SDRAM must be idle with all bank
precharge state with tRP satisfied. ‘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, tzacs, etc.) 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
(A0 = 0), the DLL is automatically disabled upon entering Self-Refresh and is automatically enabled
(including a DLL-Reset) upon exiting Self-Refresh.

When the DDR3L SDRAM has entered Self-Refresh mode, all of the external control signals, except
CKE and RESET#, 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. VREFDQ supply may be turned
OFF and VREFDQ may take any value between Vss and VDD during Self Refresh operation, provided
that VREFDQ is valid and stable prior to CKE going back High and that first Write operation or first Write
Leveling Activity may not occur earlier than 512 nCK after exit from Self Refresh. 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 DDR3L SDRAM must remain in Self-Refresh mode is tCKESR. 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 that requires a locked DLL can be applied, a delay of at least
tXsDLL must be satisfied.

Depending on the system environment and the amount of time spent in Self-Refresh, ZQ calibration
commands may be required to compensate for the voltage and temperature drift as described in
section 8.18 “ZQ Calibration Commands” on page 80. To issue ZQ calibration commands,
applicable timing requirements must be satisfied (See Figure 72 - “ZQ Calibration Timing” on page
81).

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 DDR3L 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 deselect commands must be registered on each positive clock edge during the Self-
Refresh exit interval txs. ODT must be turned off during tXSDLL.
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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 DDR3L
SDRAM requires a minimum of one extra refresh command before it is put back into Self-Refresh Mode.

TO T1 T2 TeO TfO
P SR D G S G
{CKSRE | " toksrx
E tCPDED (( // //
CKE ZZ? VALID VA@@
tCKESR )) >> WC
tis /
oz | A 2/ RN A | e
== j j j j
‘ [ %
Command NOP SRE Yo7 o ) N X SRX NOP'! VALID? VAL@@
)
/A
Address o X m@LID VAI@Q
tRP ) txs
tXsDLL
Enter Self Refresh Exit Self Refresh

gg TIME BREAK Z DON'T CARE

Notes:

1. Only NOP or DES command.

2. Valid commands not requiring a locked DLL.
3. Valid commands requiring a locked DLL.

Figure 58 — Self-Refresh Entry/Exit Timing
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8.17 Power-Down Modes
8.17.1 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
Figure 59 through Figure 71 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 as 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 7 — Power-Down Entry Definitions

Status of DRAM MRS bit A12 DLL PD Exit | Relevant Parameters

Active
(A bank or more Open)

Don't Care On Fast tXP to any valid command

tXP to any valid command. Since it is in precharge state,

Precharged 0 Off Slow commands here will be ACT, REF, MRS, PRE or PREA.
(All banks Precharged) tXPDLL to commands that need the DLL to operate, such
as RD, RDA or ODT control line.

Precharged

1 On Fast tXP to any valid command
(All banks Precharged) y

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 DDR3L
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 in section 10.16 “AC Characteristics” on page 139.

Active Power Down Entry and Exit timing diagram example is shown in Figure 59. Timing Diagrams for
CKE with PD Entry, PD Exit with Read and Read with Auto Precharge, Write, Write with Auto Precharge,
Activate, Precharge, Refresh, and MRS are shown in Figure 60 through Figure 68. Additional
clarifications are shown in Figure 69 through Figure 71.
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TO T T2 Tal Ta1
CK#t ——— —* -= - - -—
CK - -x — _X — - _X N
Command E E a( VA@@( NOP )@( NOP ,._..-:_'_X NOP
< tPD >
CKE tis tiH
>
tiH tis .
Address J_,.XVALIDX-‘y
tCPDED P
Enter Exit
Power-Down Power-Down
Mode Mode

E DON'T CARE

gg TIME BREAK

Note:

1. VALID command at TO is ACT, NOP, DES or PRE with still one bank remaining open after completion of the precharge

command.

Figure 59 — Active Power-Down Entry and Exit Timing Diagram

TO T Ta0 Ta1 Ta2 Ta3 Ta4 Ta5 Tab6 Ta7 Ta8 TbO
CK# —==—~
CK
Command
| tcPDED
|
|
ke [/ N X X
|
|
!
Address {77 Va0 )7
RL=AL+CL } } } } tPD
—————— == == == ==
DQS, DQS# __X N N __ )
DQ BL8
paBcs e
tRDPDEN

Power-Down
Entery

gg TIME BREAK TRANSITIONING DATA DON'T CARE

Figure 60 — Power-Down Entry after Read and Read with Auto Precharge
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tcPDED

Address @@m g
T
N AR, ‘ 7|

WL = AL + CWL WR™ [ [ 70 [

bas, Das# [7 2

pQBL8 @ N 6D,

Start Internal

Precharge
DQ BC4 I
tWRAPDEN
1L 1L
Power-Down
Entery
SS TIME BREAK TRANSITIONING DATA z DON'T CARE
Note:

1. tWR is programmed through MRO.
Figure 61 — Power-Down Entry after Write with Auto Precharge

tcPDED

CKE fﬁ/
Address @(E@V
a0 7 | ‘ 7]

WL = AL + CWL twr { tPD {

I
— - o o I " il
DQS, Das# [ X XXX __ ) Z
pQBLs |G EN ENEN N EN I
pQ Bo4 D 1
WRPDEN
T 1
Power-Down
Entery
( e BrREAK TRANSITIONING DATA  [/] DON'T CARE

Figure 62 — Power-Down Entry after Write
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TO T T2 Tao Ta1l
CK# ———— - - - -

CK W —_— — —_— a—

Command ,-""XVA"'D@ NOP )@( nop W “ X NOP

tCPDED

y
A 4
A

tis tiH
CKE
tis |
P tPD |
Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK @ DON'T CARE

Figure 63 — Precharge Power-Down (Fast Exit Mode) Entry and Exit

T0 ™ T2 Ta0

tCPDED

tis
CKE A
P tPD
X " tXPDLL
Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK DON'T CARE

Figure 64 — Precharge Power-Down (Slow Exit Mode) Entry and Exit
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TO T1 T2

T3

Command ’_,.-""‘-V/XVALID X-"f}_,cx REF X"/‘_‘_,.-X NOP M NOP X-"" NOP X:\-' : i>< VA%

Address /_//X VALID >€:-*7)< VALID X7 /"'//"""--r

o

o vm.m)@

tCPDED

»
»

<

ts |

tPD

A
A

e 727 | X [ D

tREFPDEN

gg TIME BREAK @ DON'T CARE

Figure 65 — Refresh Command to Power-Down Entry

TO T1 T2

T3

Ta0 Ta1

Command ‘__,-"';f";,-XVALID WJ/,XACTIVEW;-:X NOP W NOP X-"" NOP X:\-: i i X VA%

Address J_,--";,-::X VALID >€:"f-"9< YAl W /"'/,--""'-'r f’f

AN vm.m)@

{CPDED

»
»

tis

tPD

oKe L | X | X2

| tACTPDEN
< »

gg TIME BREAK DON'T CARE

Figure 66 — Active Command to Power-Down Entry
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—_—_——— =

T2

T3

Command ’_,.-""-V/XVALID WAPF’FI;EEXFWKX NOP M NOP Xw"

Address /_//X VALID W VA

LD M

o

o

tCPDED

<

tis

»
»

tPD

CKE fi'_/;'/

A

%

A

- tPREPDEN
<

gg TIME BREAK @ DON'T CARE

Figure 67 — Precharge / Precharge all Command to Power-Down Entry

TO

Ta0

Ta1

Command /A MRS X/"’A NOP Xf‘

ANOPV‘#{XNOPXJ

Address /{,{:X VALID W};’ff

7

L

o

CKE ii;

Y

tCPDED

tis

tPD

tMRSPDEN

A4

A

gg TIME BREAK @ DON'T CARE

Figure 68 — MRS Command to Power-Down Entry
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8.17.2 Power-Down clarifications - Case 1

When CKE is registered low for power-down entry, tPD(min) must be satisfied before CKE can be
registered high for power-down exit. The minimum value of parameter tPD(min) is equal to the
minimum value of parameter tCKE(min) as shown in section 10.16 “AC Characteristics” on page 139.
A detailed example of Case 1 is shown in Figure 69.

Command ;XVAUD)@( NOP )@( NOP
< tPD
CKE tIs W tIs
X /[
tiH tis ] tCKE |
Address 77 XVALDY", T 7
tCPDED

tCPDED

Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode

§ mmeBrREAK [ DONTCARE

Figure 69 — Power-Down Entry/Exit Clarifications - Case 1

8.17.3 Power-Down clarifications - Case 2

For certain CKE intensive operations, for example, repeated ‘PD Exit - Refresh - PD Entry’ sequences,
the number of clock cycles between PD Exit and PD Entry may be insufficient to keep the DLL updated.
Therefore, the following conditions must be met in addition to tCKE in order to maintain proper DRAM
operation when the Refresh command is issued between PD Exit and PD Entry. Power-down mode can
be used in conjunction with the Refresh command if the following conditions are met: 1) txr must be
satisfied before issuing the command.

2) txPDLL must be satisfied (referenced to the registration of PD Exit) before the next power-down can
be entered. A detailed example of Case 2 is shown in Figure 70.

tis

tiH

P tCKE .
Address < XVALID) = T 7
_ tcPDED - txp N

. tXPDLL ' N
o | 1 g

Enter Exit Enter

Power-Down Power-Down Power-Down
Mode Mode Mode

§ mmeBreak [ DoNTCARE

Figure 70 — Power-Down Entry/Exit Clarifications - Case 2
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8.17.4 Power-Down clarifications - Case 3

If an early PD Entry is issued after a Refresh command, once PD Exit is issued, NOP or DES with CKE
High must be issued until tRFc(min) from the Refresh command is satisfied. This means CKE cannot be
registered low twice within a tRFC(min) window. A detailed example of Case 3 is shown in Figure 71.

TO T T2 Ta0 Ta1l ThO Tb1 TcO T TdO
CK# ———
CK --
Command
CKE
tiH tis B tokE R
Address s T "]
_ tCPDED < txp =|
M ) " tRFC(min) ' R
N ] 1 | 1 g
Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode

§ mmeBreak [ DoNTCARE

Figure 71 — Power-Down Entry/Exit Clarifications - Case 3
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8.18 ZQ Calibration Commands
8.18.1 ZQ Calibration Description

ZQ Calibration command is used to calibrate DRAM RON & ODT values over PVT (process, voltage
and temperature). An external resistor (RzQ) between the DRAM ZQ pin and ground is used as a
calibration reference. DDR3L SDRAM needs longer time to calibrate output driver and on-die
termination circuits after power-up and/or any reset, medium time for a full calibration during normal
operation (e.g. after self-refresh exit) and relatively smaller time to perform periodic update calibrations.

ZQCL (ZQ Calibration Long) 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 the calibration engine to DRAM 10,
which gets reflected as updated output driver and on-die termination 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 are allowed a timing period of tzQoper.

ZQCS (ZQ Calibration Short) command is used to perform periodic calibrations to account for voltage
and temperature variations. A shorter timing window is provided to perform the calibration and transfer
of values as defined by timing parameter tzacs. One ZQCS command can effectively correct a minimum
of 0.5 % (ZQ Correction) of RON and RTT impedance error within 64 nCK for all speed bins assuming
the maximum sensitivities specified in the ‘Output Driver Voltage and Temperature Sensitivity’ and
‘ODT Voltage and Temperature Sensitivity’ tables. The appropriate interval between ZQCS
commands can be determined from these tables and other application-specific parameters. One method
for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and voltage
(Vdriftrate) drift rates that the SDRAM is subject to in the application, is illustrated. The interval could be
defined by the following formula:

ZQCorrection
(TSensx Tdriftrate) + (VSensx Vdriftrate)
where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM
temperature and voltage sensitivities.
For example, if TSens = 1.5%/°C, VSens = 0.15%/mV, Tdriftrate = 1 °C/sec and Vdriftrate = 15 mV/sec,
then the interval between ZQCS commands is calculated as:
0.5
(1.5%1)+(0.15%15)

No other activities should be performed on the DRAM channel by the controller for the duration of tzQinit,
tzQoper, or tzacs. The quiet time on the DRAM channel allows accurate calibration of output driver and
on-die termination values. Once DRAM calibration is achieved, the DRAM should disable ZQ current
consumption path to reduce power.

=0.133 = 128mS

All banks must be precharged and tRP met before ZQCL or ZQCS commands are issued by the
controller. See section 9.1 “Command Truth Table” on page 97 for a description of the ZQCL and
ZQCS commands.

ZQ calibration commands can also be issued in parallel to DLL lock time when coming out of self refresh.
Upon Self-Refresh exit, DDR3L SDRAM will not perform an 10 calibration without an explicit ZQ
calibration command. The earliest possible time for ZQ Calibration command (ZQCS or ZQCL) after self
refresh exit is txs.

In systems that share the ZQ resistor between devices, the controller must not allow any overlap of
tzQoper, tzQinit, or tzQcs between the devices.
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8.18.2 ZQ Calibration Timing

0 T Ta0 Tai Ta2 Ta3
CK# ——— - - r— r— r—
CK —J - - - - -
Command " +XzacLX"~X NOP ) NOP NOP VALID VALID
Address VALID, VALID)
A10 AN VALID VALID
CKE “ Y | X A 7 VALID VALID
opT T2 | A LTI LA VALID VALID
DQ Bus ) Hi-Z ACTIVITIES *3 Hi-Z ACTIVITIES
tzQinit or tZQoper N tzacs _
« > < / »

§ TmEBREAK [ DONTCARE

Notes:

1. CKE must be continuously registered high during the calibration procedure.

2. On-die termination must be disabled via the ODT signal or MRS during the calibration procedure.
3. All devices connected to the DQ bus should be high impedance during the calibration procedure.

Figure 72 — ZQ Calibration Timing

8.18.3 ZQ External Resistor Value, Tolerance, and Capacitive loading

In order to use the ZQ Calibration function, a 240 ohm + 1% tolerance external resistor must be
connected between the ZQ pin and ground. The single resistor can be used for each SDRAM or one
resistor can be shared between two SDRAMs if the ZQ calibration timings for each SDRAM do not
overlap. The total capacitive loading on the ZQ pin must be limited (See section 10.11 “Input/Output
Capacitance” on page 122).
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8.19 On-Die Termination (ODT)

ODT (On-Die Termination) is a feature of the DDR3L SDRAM that allows the DRAM to turn on/off
termination resistance for 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:

« The ODT control modes are described in section 8.19.1

o The ODT synchronous mode is described in section 8.19.2
o The dynamic ODT feature is described in section 8.19.3

« The ODT asynchronous mode is described in section 8.19.4

« The transitions between ODT synchronous and asynchronous are described in section 8.19.4.1
through section 8.19.4.4

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 Figure 73.

|

| ODT VDDQ/ 2 |

| |

To other| |  RTT |

circuitry I I

like | Swtich |

RCV,.. | | !
: } o DQ, DQS, DM

|

| |

Figure 73 — 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 6 - MR1 Definition and Figure 7 - MR2 Definition). The ODT pin will be ignored if the Mode
Registers MR1 and MR2 are programmed to disable ODT, and in self-refresh mode.

8.19.1 ODT Mode Register and ODT Truth Table

The ODT Mode is enabled if any of MR1 {A9, A6, A2} or MR2 {A10, A9} are non zero. In this case, the
value of RTT is determined by the settings of those bits (see Figure 6 on page 22).

Application: Controller sends WR command together with ODT asserted.

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

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

o The Termination Truth Table is shown in Table 8.

Table 8 — Termination Truth Table

ODT pin DRAM Termination State
0 OFF
1 ON, (OFF, if disabled by MR1 {A9, A6, A2} and MR2 {A10, A9} in general)
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8.19.2 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

o Refresh with CKE high

« Idle 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.

8.19.2.1 ODT Latency and Posted ODT

In Synchronous ODT Mode, the Additive Latency (AL) programmed into the Mode Register (MR 1) 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 more details refer to the ODT timing parameters in section 10.16 “AC
Characteristics” on page 139.

Table 9 — ODT Latency

Symbol Parameter DDR3L-1333/1600 Unit
ODTLon ODT turn on Latency WL-2=CWL+AL-2 oK

n
ODTLoff ODT turn off Latency WL-2=CWL+AL-2

8.19.2.2 Timing Parameters
In synchronous ODT mode, the following timing parameters apply (see also Figures 74):
ODTLon, ODTLoff, tAON,min,max, tAOF,min,max.

Minimum RTT turn-on time (tAONmin) 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 (tAOFmin) is the point in time when the device starts to turn off the ODT
resistance. Maximum RTT turn off time (tAOFmax) 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 ODTH4 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 75). ODTH4 and ODTH8 are measured from ODT registered high
to ODT registered low or from the registration of a Write command until ODT is registered low.

ODT must be held high for at least ODTH4 after assertion (T1); ODT must be kept high ODTH4 (BL =
4) or ODTHS8 (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.
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TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15
CK#t ———~ -— - - - - - - - - - - - - - -
pA __ _2 _2 X XX X XD _2 D _ _ _ XXX
CKE A /A AR A VA B VAR A B A VA A S A A VA A B A
* AL=3 > N AL=3 e CWL -2 g
ooT /77 | T N N N | XY S | A
A ODTH4min > - ODTLoff = CWL + AL - 2 >
* ODTLon = CWL +AL - 2 > )
tAONmIn |:: [ tAOFmin
DRAM_RTT el Rtt_Nom m
tAONmax
tAOFmax
TRANSITIONING [7] DON'T CARE
Figure 74 — Synchronous ODT Timing (AL = 3; CWL = 5; ODTLon = AL + CWL -2 = 6; ODTLoff = AL + CWL -2 = 6)
TO ™ T2 T3 T4 T5 T6 T7 T8 T9 T10 T T12 T13 T14 T15 T16 T17
CK# ——— -— -— -— -— - -— -— -— -— -— -—
oK C_ _ _ _ IR SR SRR SHEE B Uk SR ER SN
CKE ST T NS XN T S X N S
Command (X NoP ¥~ X NoP Y7 X NoP XX NoP Y=Y NoP " A NoP X=X NOP X WRsa ¥ A NOP Y A NoP Y= X NoP Y7 NoP ¥~ A Nop %= X Nop X=X Nop XX NoP WA Nop Y~ XNop X~
N ODTH4 > < B ODTH4min > R
- ODTH4 "
obT 7T T N X XA LT | T T N AL A FA N LA FA | FA
* ODTLoff = WL - 2 e N ODTLoff = WL - 2 >
) ODTLon =WL -2 > ODTLon=WL -2 >
tAONmin |4—} tAOFmin — tAONmax 4| tAOFmin
DRAM_RTT '{:::;:::; Rit_Nom E
—I:) tAONmax tAONmin
tAOFmax

TRANSITIONING  [] DON'T CARE

Figure 75 — Synchronous ODT (BL =4, WL =7)
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8.19.2.3 ODT during Reads

As the DDR3L SDRAM cannot 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 not be enabled until the end of the post-amble as shown in the example below. As shown in Figure 76 below, at
cycle T15, DRAM turns on the termination when it stops driving, which is determined by tHz. If DRAM stops driving early (i.e., tHz is early), then tAONmin
timing may apply. If DRAM stops driving late (i.e., tHz is late), then DRAM complies with tAONmax timing. Note that ODT may be disabled earlier before the
Read and enabled later after the Read than shown in this example in Figure 76.

-— -— -— -— -— -— -

/_F/_F, 7 _ _ _

Command READ NOP NoP XY NoP WA NoP XX Nop Y X Nop NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP
VALID =

Address . L £ . . s < <

ODTLon = CWL +AL -2

A 4

ODTTLoff = CWL + AL-2

ooT 7 [NA LA LN LA\ A FA 7 S N T[T X T T S

|4 tAOFmin
RTT | RI_Nom Qa0 g Er Rit_Nom |
m’ tAONmax
. RL=AL +CL N
Das, Das# ( f XX XX
DQ Gl G G G GG,

TRANSITIONING DON'T CARE

Figure 76 — ODT must be disabled externally during Reads by driving ODT low.
(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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8.19.3 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 DDR3L SDRAM can be changed without issuing an MRS command. This
requirement is supported by the “Dynamic ODT” feature as described as follows:

8.19.3.1 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:

o 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 Rit_Nom is selected.
- Termination on/off timing is controlled via ODT pin and latencies ODTLon and ODTLoff.

o When a write command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is registered, and if Dynamic
ODT is enabled, the termination is controlled as follows:

- Alatency 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 10 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 ODTH4 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 77). ODTH4 and ODTH8 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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Table 10 — Latencies and timing parameters relevant for Dynamic ODT

Definition for all DDR3L

Name and Description Abbr. Defined from Defined to speed bins Unit
ODT turn-on Latency ODTLon R%}Iijs_lt_egiiggaelx;?graal Turning termination on ODTLon =WL -2 tCK
ODT turn-off Latency ODTLoff Regg?;‘%%:ﬁgx‘a' Turning termination off ODTLoff = WL - 2 tck

ODT Latency for changing ODTLenw Registering external | Change RTT strength from ODTLenw = WL - 2 tck

from Rtt_Nom to Rtt. WR write command Rtt_Nom to Rtt_ WR

ODT Latency for change from ODTLcwn4 Registering external | Change RTT strength from

Rtt_WR to Rtt_Nom (BL = 4) write command | Rtt WR to Rtt_Nom ODTLcwn4 =4 + ODTLoff | tcK

ODT Latency for change from ODTLcwn8 Registering external | Change RTT strength from

ODTLcwn8 = 6 + ODTLoff | tCK(avg)

Rtt_WR to Rtt_Nom (BL = 8) write command Rtt_WR to Rtt_Nom

Mi”im“ggTD;sgfr't‘i;i;“e after | opTH4 Regisfg;g oot ODT registered low ODTH4 = 4 tcK(avg)

Mi”im“rcvﬁ’t?(;ﬂg:h f,ri)me after | opTHa Registerng r‘]’i\é fte ODT registered low ODTH4 =4 tCK(avg)

e BLng) - o' | ODTHS R oD ODT registered low ODTH4 =6 {CK(avg)
RTT change skew tADC ggltim RTT valid 3222:2)1%?7**t§:§?av\2) tCK(avg)

Note: tAOFnom and tADCnom are 0.5 tCK (effectively adding half a clock cycle to ODTLoff, ODTcnw and ODTLcwn)

8.19.3.2 ODT Timing Diagrams
The following pages provide exemplary timing diagrams as described in Table 11:
Table 11 — Timing Diagrams for “Dynamic ODT”

Figure and Page Description
Figure 77 on page 88 Figure 77, Dynamic ODT: Behavior with ODT being asserted before and after the write
Figure 78 on page 89 Figure 78, Dynamic ODT: Behavior without write command, AL = 0, CWL =5

Figure 79, Dynamic ODT: Behavior with ODT pin being asserted together with write command for duration of

Figure 79 on page 89 6 clock cycles

Figure 80, Dynamic ODT: Behavior with ODT pin being asserted together with write command for duration of

Figure 80 on page 90 6 clock cycles, example for BC4 (via MRS or OTF), AL=0,CWL =5

Figure 81, Dynamic ODT: Behavior with ODT pin being asserted together with write command for duration of

Figure 81 on page 90 4 clock cycles
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< ODTH4 N [ ODTLoff
< ~ >l ODTH4 . ™
or[FA AT\ O\ | N T T X X [T XA LA FAFA | FA K]
. ODTLon o ODTLcwn4 -
tAONMiIn |7—_: tADCmin || tADCmin ¥ tAOFmin
RTT £ Rit_Nom ) RU_WR o0k, Rit_Nom GRn, E—
l4»| tAONmax < » |<_>
< ODTLenw »| tADCmax tADCmax tAOFmax

DS, DS# [T . . TEX N L N AN AT .

. A

0o CIRERERE

< >

NOTES: 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. [Z] TRANSITIONING
In this example, ODTH4 would be satisfied if ODT went low at T8 (4 clocks after the Write command).

[Z] DON'T CARE

Figure 77 — Dynamic ODT: Behavior with ODT being asserted before and after the write
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(-

Address = o IS

<

ODTH4

<

ODTLon

ODTLoff

ot PN T NI T T

tAONmin ﬁ
=

A4

tAOFmin

RTT Rtt_Nom
R—I:: tAONmax
tAOFmax
DQS, DQS# - = o e e I
DQ i i i r ' '

TRANSITIONING

] ponTcare

Notes:

1. ODTH4 is defined from ODT registered high to ODT registered low, so in this example, ODTH4 is satisfied.
2. ODT registered low at T5 would also be legal.
Figure 78 — Dynamic ODT: Behavior without write command, AL =0, CWL =5

CK#
CK
Command [
Address
b ODTLon | M ODTLoff N
ooT [\ L7 |V Vo VS| ¥ ¥F [ VA FN FN FA|FN Fl
tAONmin I:—: [ tAOFmin
RTT ,\_a RILWR 00
|tADCmax |
P ODTLcwn8 R <_>IAOFmax
< N
bas.pas# 2.7 < £ £ XX A XA XA X A X K777
le - < — — — —
" WL
DQ
TRANSITIONING DON'T CARE

Note:

1. Example for BL8 (via MRS or OTF), AL = 0, CWL = 5. In this example, ODTHS8 = 6 is exactly satisfied.

Figure 79 — Dynamic ODT: Behavior with ODT pin being asserted together with write command
for duration of 6 clock cycles
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CK#
CK
Command [
Address
OoDT
w ODTLon -
tAONmIn [ tADCmin [ tAOFmin [¢H]
RTT RS Rit WR SO Rtt Nom Yei-ioopb——
—k:l tADCmax < >
ODTLcwn4 . |[tADCmax tAOFmax
Das, DAs# 77 = il 7 XX f_x A_x X e .
le — N -
2 WL |n D D Din
DQ GG

TRANSITIONING [] ponTcare

Notes:
1. ODTH4 is defined from ODT registered high to ODT registered low, so in this example, ODTH4 is satisfied.
2. ODT registered low at T5 would also be legal.
Figure 80 — Dynamic ODT: Behavior with ODT pin being asserted together with write command
for duration of 6 clock cycles, example for BC4 (via MRS or OTF), AL=0,CWL =5

CK#
CK
Command [
Address
P ODTH4 . ODTLoff |
< > >
oot [N F7 T YJ YT | YT YT [ XA FA | FA FAN FA Fi
L ODTLon -
tAONmIn [ tAOFmin [¢]
RTT RN { Rt WR
l:’l tADCmax < P
ODTLcwn4 . [tAOFmax
DQs, Dast 7 { - - X _ XA XA _x & 7
B WL ;in Din
DQ DGR

[=] TransmioninG ['] obonTcare

Note:

1. Example for BC4 (via MRS or OTF), AL = 0, CWL = 5. In this example, ODTH4 = 4 is exactly satisfied.

Figure 81 — Dynamic ODT: Behavior with ODT pin being asserted together with write command
for duration of 4 clock cycles
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8.19.4 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 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 82): tAONPD,min,max, tAOFPD,min,max.

Minimum RTT turn-on time (tAONPDMiInN) 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 (tAONPDmMax) is the point in time when the ODT resistance is fully on.

tAONPDmMIN and tAONPDmMax are measured from ODT being sampled high.

Minimum RTT turn-off time (tAOFPDminN) is the point in time when the devices termination circuit starts to turn off the ODT resistance. Maximum ODT turn off
time (tAOFPDmax) is the point in time when the on-die termination has reached high impedance. tAOFPDmin and tAOFPDmax are measured from ODT being
sampled low.

T0 T T2 T3 T13 T14 T15 T16 T17

CK# — — —
CK

CKE [FA [N [N FA | LA | [N FAN FA [N N FA LA | A

tIH tIs tiH tIs
b b e
A | T X7 & T X T XA L LD FA A [N A A

tAONPDmMIn [ tAOFPDmMin |¢y

RTT RRRRRARARNANANRRROND RTT (RRARRARARERARSAREARD
tAONPDmax [ tAOFPDmax .
! >

FA [\ [N FA [ [7]

ooT FA N FA LA

A

[Z3 TRANSITIONING [Z] DON'T CARE

Figure 82 — Asynchronous ODT Timings on DDR3L 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 12 — Asynchronous ODT Timing Parameters for all Speed Bins

Symbol | Description Min. Max. Unit
tAONPD Asynchronous RTT turn-on delay (Power-Down with DLL frozen) 2 8.5 nS
tAOFPD Asynchronous RTT turn-off delay (Power-Down with DLL frozen) 2 8.5 nS

1€A9LINBCLOVSY




AS4C128M16D3LF

8.19.4.1 Synchronous to Asynchronous ODT Mode Transitions
Table 13 — ODT timing parameters for Power Down (with DLL frozen) entry and exit transition period

Description Min. Max.
ODT to RTT turn- | Min{ ODTLon * tCK(avg) + tAONmin; tAONPDmin } | max{ ODTLon * tCK(avg) + tAONmax; tAONPDmMax }
on delay min{ (WL - 2) * tCK(avg) + tAONmin; tAONPDmiIn } | max{ (WL - 2) * tCK(avg) + tAONmax; tAONPDmax }
ODT to RTT turn- min{ ODTLoff * tCK(avg) +tAOFmin; tAOFPDmin } | max{ ODTLoff * tCK(avg) + tAOFmax; tAOFPDmax }
off delay min{ (WL - 2) * tCK(avg) +tAOFmin; tAOFPDmin } | max{ (WL - 2) * tCK(avg) + tAOFmax; tAOFPDmax }
tANPD WL -1

8.19.4.2 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 DDR3L SDRAM may show either
synchronous or asynchronous ODT behavior.

The transition period is defined by the parameters tANPD and tCPDED(min). tANPD is equal to (WL -1) and
is counted backwards in time from the clock cycle where CKE is first registered low. tCPDED(min) starts
with the clock cycle where CKE is first registered low. The transition period begins with the starting point
of tANPD and terminates at the end point of tCPDED(min), as shown in Figure 83. If there is a Refresh
command in progress while CKE goes low, then the transition period ends at the later one of tRFC(min)
after the Refresh command and the end point of tcPDED(min), as shown in Figure 84. Please note that
the actual starting point at taNPD is excluded from the transition period, and the actual end points at
tcPDED(min) and tRFC(min), respectively, are included in the transition period.

ODT assertion during the transition period may result in an RTT change as early as the smaller of
taoNPDmMIN and (ODTLon * tCK(avg) + tAONmin) and as late as the larger of tAONPDmMax and (ODTLon *
tCK(avg) + tAONmax). ODT de-assertion during the transition period may result in an RTT change as early
as the smaller of tAOFPDmIn and (ODTLoff * tCK(avg) + tAOFmin) and as late as the larger of tAOFPDmMax
and (ODTLoff * tCK(avg) + tAOFmax). See Table 13.

Note that, if AL has a large value, the range where RTT is uncertain becomes quite large. Figure 83
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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CK# ————
CK
CKE K/ NN /5 N 7 N /7 N 7 Y 5 N /|
Command 77X NOP X7 NOP X7 ZX NOP )X NOP /X NOP )7/X NOP )(ZX NOP X7} NOP XZ-ZX NOP X7 X NOP XZ X NOP X 2 i
tCPDED
tANPD tCPDEDmIn )
PD entry transition period
Lastsyne, ODT [/ Nef X/ N& L2 Y/ N YN /7
tAOFmin
RTT [ RTT )
ODTLoff tAOFmax

tAOFPDmax |

ODTLoff + tAOFmin ﬂ
Syncorasyne, ODT (777 X f T | F T A | LN F | A LN PN [

T
<—>‘ tAOFPDmin
RTT | RTT X :
‘ ODTLoff + tAOFmax
I

First async, ODT [7/77 g T T N N /s N /7 /.

RTT | RTT

‘ PD entry transition period ‘ ‘ tAOFPDmax
| |

TRANSITIONING DATA ~ [7] DONT CARE

Figure 83 — Synchronous to asynchronous transition during Precharge Power Down
(with DLL frozen) entry (AL = 0; CWL = 5; tANPD = WL -1 =4)
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Figure 84 — Synchronous to asynchronous transition after Refresh command (AL = 0; CWL = 5; taNpD = WL -1 =4)
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8.19.4.3 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 “0”, 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 DDR3L SDRAM.

This transition period starts tANPD before CKE is first registered high, and ends txpPDLL 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 tAONPDmMIn and (ODTLon*tCK(avg) + tAONmin) and as late
as the larger of tAONPDmMax and (ODTLon*tCK(avg) + tAONmax). ODT de-assertion during the transition period may result in an RTT change as early as the
smaller of tAoFPDmiIn and (ODTLoff*tCK(avg) + tAOFmin) and as late as the larger of tAOFPDmax and (ODTLoff*tCK(avg) + tAOFmax). See Table 13.

Note that, if AL has a large value, the range where RTT is uncertain becomes quite large. Figure 85 shows the three different cases: ODT_C, asynchronous
response before taNPD; 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.

T0 ™ T2 Ta0 Ta1 Ta2 Ta3 Tad Tab Ta6 TbO Tb1 Tb2 TcO Tcl Tc2 Td0 Td1

CK#
CK

CKE

/X7
[X(voP ¥ XNop X
tXPDLL

Command

tANPD

PD exit transition period

Lastsync, ODT [/ oA | A7\ A LN AL LN A [N A FN A LA\ A N LA N VN A
HI!AOFPDmin
RTT | RTT ) SRR
[« - ODTLoff + tAOFmin N
™ tAoFPDmax « v
< tAOFPDMax >
Syncorasync, ODT [~/ N7 ./ ‘q Y/ AL LN A [N A ™\ /A N LA [ A [
4—>|tAOFPDmin
RTT [ RTT ) S O O N | RO RO

ODTLoff _ | thoFmax

Fistasyne, ODT [£/7 7 ¥/ 7 ¥/ W ¥/ W ¥/ W W/ W ¥/ W VA /A AL A L F]

tAOFmIn

RTT | RTT Il Koo

§ TIME BREAK TRANSITIONING  [#] DON'T CARE

Figure 85 — Asynchronous to synchronous transition during Precharge Power Down
(with DLL frozen) exit (CL = 6; AL =CL -1; CWL = 5; taNPD = WL -1 =9)
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8.19.4.4 Asynchronous to Synchronous ODT Mode during short CKE high and short CKE low periods

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 86). In this
case, the response of the DDR3L 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 DDR3L SDRAMs 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 86 it is assumed that there was no Refresh command in progress when Ildle state was entered.

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14
ckt — — — - - - -
CK —’ —— —— —— —— ——
command [ X ReF WA Nop WX Nop WA NoP XX Nop WX Nor XX Nop X W Nor WA Nor WX Nop LA nor XX NoP WA nor WX Nop WA o XA
cke o7 | VS | X S YT XA FT VA YA VA I ARV A
< tANPD >
< tRFC(min) P
< PD entry transition period P

|¢———— PD exit transition period

Yy v

< tANPD tXPDLL

A 4
A

< short CKE low transition period

A 4

S % NN 7 N . N s N 4 A | AN | LA LN FA LA\ F

tANPD >
short CKE high transition period
|1 tXPDLL

A A

v

A4

§ TIMEBREAK  [] TRANSITIONING [ bONT cARE

Figure 86 — Transition period for short CKE cycles, entry and exit period overlapping (AL = 0, WL = 5, tANPD = WL - 1 = 4)
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9. OPERATION MODE

9.1 Command Truth Table

Notes 1, 2, 3 and 4 apply to the entire Command Truth Table.
Note 5 Applies to all Read/Write commands.
[BA=Bank Address, RA=Row Address, CA=Column Address, BC#=Burst Chop, X=Don't Care, V=Valid]

Table 14 —- Command Truth Table

CKE
COMMAND Abb Cs#| Ras# | casi | wes| BAY | aqg | A12 | A0 | G0t o
I | Previous | Current BA2 BC# | AP | 0%
Cycle Cycle
Mode Register Set MRS H H L L L L BA OP Code
Refresh REF H H L L L H \ \Y \Y \Y \%
Self Refresh Entry SRE H L L L L H Vv \Y \Y \Y \Y 7,9,12
H X X X X X X X X
Self Refresh Exit SRX L H 7,8,9,12
L H H H \ \Y \Y \Y \Y
Single Bank Precharge PRE H H L L H L BA \% \% L \%
Precharge all Banks PREA H H L L H L \ \Y \Y 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 \Y 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 .Wlth Auto Precharge WRA H H L H L L BA RFU H CA 5
(Fixed BL8 or BC4)
Write with Auto Precharge
WRAS4 H H L H L L BA | RFU L H CA 5
(BC4, on the Fly)
Write with Auto Precharge WRASS H H L H L L BA RFU H H CA 5
(BL8, on the Fly)
Read (Fixed BL8 or BC4) RD L L BA | RFU \Y L CA 5
Read (BC4, on the Fly) RDS4 L L BA | RFU L CA
Read (BL8, on the Fly) RDS8 H H L H L H BA | RFU H L CA 5
Read with Auto Precharge
RDA H H L H L H BA | RFU \Y H CA 5
(Fixed BL8 or BC4)
Read with Auto Precharge
RDAS4 H H L H L H BA | RFU L H CA 5
(BC4, on the Fly)
Read with Auto Precharge
RDASS8 H H L H L H BA | RFU H H CA 5
(BL8, on the Fly)
No Operation NOP L H H H \Y \% \% \% \% 10
Device Deselected DES H H H X X X X X X X X 11
L H H H \" \Y \Y \Y \Y
Power Down Entry PDE H L 6,12
H X X X X X X X X
L H H H \" \Y \Y \Y \Y
Power Down Exit PDX L H 6,12
H X X X X X X X X
ZQ Calibration Long ZQCL L H H L X X X H X
ZQ Calibration Short ZQCS H H L H H L X X X L X
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Notes:

1. All DDR3L 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 dependent.

RESET# is Low enable command which will be used only for asynchronous reset so must be maintained 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. VREFDQ supply may be turned OFF
and VREFDQ may take any value between VSS and VDD during Self Refresh operation, provided that VREFDQ is valid and
stable prior to CKE going back High and that first Write operation or first Write Leveling Activity may not occur earlier than
512 nCK after exit from Self Refresh.

10. The No Operation command should be used in cases when the DDR3L SDRAM is in an idle or wait state. The purpose of
the No Operation command (NOP) is to prevent the DDR3L SDRAM from registering 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.

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

12. Refer to the CKE Truth Table for more detail with CKE transition.

N

© ® N OA®
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9.2 CKE Truth Table

Notes 1-7 apply to the entire CKE Truth Table.

For Power-down entry and exit parameters See 8.17 “Power-Down Modes” on page 72.

CKE low is allowed only if tMRD and tMOD are satisfied.

Table 15 — CKE Truth Table

CKE Command (N)3
Current State’ "preyious Cycle ' | Current Cycle ' RAS#, CAS#, WE#, CS# Action (N)° Notes
(N-1) (N)
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 Precharge Power Down Entry 11
H L DESELECT or NOP Precharge Power Down Entry 11,13,14,18
All Banks Idle
H L REFRESH Self Refresh 9,13,18
Any other state | Refer to section 9.1 “Command Truth Table” on page 97 for more detail with all command signals 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 DDR3L 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.

o

tCKEmin being satisfied (at which time CKE may transition again).
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 cannot be entered during Read or Write operations. For a detailed list of restrictions See section 8.16 “Self-
Refresh Operation” on page 70 and See section 8.17 “Power-Down Modes” on page 72.

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

The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
6. During any CKE transition (registration of CKE H->L or CKE L->H) the CKE level must be maintained until 1nCK prior to

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 VREFDQ and VREFCA) must be maintained during Self Refresh operation. VREFDQ supply may be turned OFF and
VREFDQ may take any value between VSS and VDD during Self Refresh operation, provided that VREFDQ is valid and stable
prior to CKE going back High and that first Write operation or first Write Leveling Activity may not occur earlier than 512 nCK
after exit from Self Refresh.

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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9.3 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.
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Precharging/™~ _______ p Automatic sequence

——» Command sequence

Figure 87 — Simplified State Diagram
Table 16 — 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, RDAS8 PDX Exit Power-down
PREA Precharge All Write WR, WRS4, WRS8 SRE Self-Refresh entry

. . WRA, WRAS4, .
MRS Mode Register Set Write A WRAS8 SRX Self-Refresh exit
REF Refresh RESET Start RESET MPR Multi-Purpose
Procedure Register
ZQCL ZQ Calibration Long ZQCS ZQ Calibration Short - -
NOTE: See “Command Truth Table” on page 97 for more details
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10. ELECTRICAL CHARACTERISTICS
10.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit Notes
Voltage on VDD pin relative to VSS VDD -0.4 ~1.975 \% 1,3
Voltage on VDDQ pin relative to VSS VDDQ -0.4 ~1.975 \Y, 1,3
Voltage on any pin relative to VSS VIN, VOUT -0.4 ~1.975 V 1
Storage Temperature TSTG -55 ~150 °C 1,2

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. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.

2. Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions,
please refer to JESD51-2 standard.

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

10.2 Operating Temperature Condition

Parameter Symbol Rating Unit Notes

Operating temperature range TOPER 0~95 °C 1,2,3,4

Notes:

1. Operating Temperature TOPER 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. During operation, the DRAM case temperature must be maintained between 0 to 95°C for Commercial parts under all
specification parameters.

3. Some applications require operation of the 85°C < TCASE < 95°C operating temperature. Full specifications are provided in
this range, but the following additional conditions apply:

(a) Refresh commands have to be doubled in frequency, therefore reducing the Refresh interval tREFI to 3.9 pS.

(b) If Self-Refresh operation is required in 85°C < TCASE < 95°C operating temperature range, than 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 Auto Self-Refresh mode (ASR) (MR2 A6 = 1,, MR2 A7 is don't care).

4. All parts list in ordering information table (section 3) will not guarantee to meet functional and AC specification if operating
temperature out of range mentioned in order information table.

10.3 DC & AC Operating Conditions
10.3.1 Recommended DC Operating Conditions

Symbol Parameter 0\7::;2(;" Min. Typ. Max. Unit | Notes
VoD | Supply Volage v Trazs is i | v i
VDDQ | Supply Voltage for Output ! 1'.355\>/ 1 ‘2122 ! 1'?55 11.'54755 x 1 ;
Rzq | £Xierma bC;'I“t’;agtmrEfSiStor connected | 1 1‘_3550/ 237.6 | 2400 | 2424 | Q 3
Notes:

1. Under all conditions VDDQ must be less than or equal to VDD.

2. VDDA tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.

3. The external calibration resistor RZQ can be time-shared among DRAMs in special applications.

4. All parts list in ordering information table (section 3) will not guarantee to meet functional and AC specification if the DC
operation conditions out of range mentioned in above table.
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10.4 Input and Output Leakage Currents

Symbol Parameter Min. Max. Unit Notes

m Input Leakage Current 5 9 A 1
(OV < VIN < VDD) H

Output Leakage Current
loL . -5 5 MA 2
(Output disabled, 0V < VOUT < VDDQ)

Notes:
1. All other balls not under test =0 V.
2. All DQ, DQS and DQS# are in high-impedance mode.

10.5 Interface Test Conditions

Figure 88 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.

vDDQ

CK, CK# DQ

DUT pas ——AAN\/N\— VTT=VvDDQ2

DQS# 250

v

Timing reference point

Figure 88 — Reference Load for AC Timings and Output Slew Rates

The Timing Reference Points are the idealized input and output nodes / terminals on the outside of the
packaged SDRAM device as they would appear in a schematic or an IBIS model.
The output timing reference voltage level for single ended signals is the cross point with VTT.

The output timing reference voltage level for differential signals is the cross point of the true (e.g. DQSL,
DQSU) and the complement (e.g. DQSL#, DQSU#) signal.
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10.6 DC and AC Input Measurement Levels
10.6.1 DC and AC Input Levels for Single-Ended Command and Address Signals
Table 17 — Single-Ended DC and AC Input Levels for Command and Address

Parameter Symbol DPR3L-1333/1 600 Unit Notes
Min. Max.

DC input logic high VIH.CA(DC90) VREF + 0.09 VDD Y 1,5
DC input logic low VIL.CA(DC90) Vss VREF - 0.09 \% 1,6
AC input logic high VIH.CA(AC160) | VREF + 0.160 Note 2 \ 1,2,7
AC input logic low VIL.CA(AC160) Note 2 VREF - 0.160 \% 1,2,8
AC input logic high VIH.CA(AC135) | VREF +0.135 Note 2 \ 1,2,7
AC input logic low VIL.CA(AC135) Note 2 VREF - 0.135 \% 1,2,8
AC input logic high VIH.CA(AC125) - - \ 1,2,7
AC input logic low VIL.CA(AC125) - - \ 1,2,8
Rf{ggf‘cceM\g"itnaSﬁsfor VREFCA(DC) | 049xVDD | 051xVbD | V 3,4,9

Notes:
For input only pins except RESET#. VREF = VREFCA(DC).

9.

10.6.2 DC and AC Input Levels for Single-Ended Data Signals

See section 10.12 “Overshoot and Undershoot Specifications” on page 123.

The AC peak noise on VREF may not allow VREF to deviate from VREFCA(DC) by more than + 1% VDD (for reference:

approx. + 13.5 mV).

For reference: approx. VDD/2 + 13.5 mV.

VIH(DC) is used as a simplified symbol for VIH.CA(DC90).
VIL(DC) is used as a simplified symbol for VIL.CA(DC90).

VIH(AC) is used as a simplified symbol for VIH.CA(AC160), VIH.CA(AC135) and VIH.CA(AC125); VIH.CA(AC160) value is used

when VREF + 0.16V is referenced, VIH.CA(AC135) value is used when VREF + 0.135V is referenced and VIH.CA(AC125) value
is used when VREF + 0.125V is referenced.
VIL(AC) is used as a simplified symbol for VIL.CA(AC160), VIL.CA(AC135) and VIL.CA(AC125); VIL.CA(AC160) value is used when
VREF - 0.16V is referenced, VIL.CA(AC135) value is used when VREF - 0.135V is referenced and VIL.CA(AC125) value is used
when VREF - 0.125V is referenced.
VREFCA(DC) is measured relative to VDD at the same point in time on the same device.

Table 18 — Single-Ended DC and AC Input Levels for DQ and DM

Parameter Symbol DPR3L-1333/1 600 Unit Notes
Min. Max.

DC input logic high | VIH.DQ(DC90) | VREF + 0.09 VDD \Y 1,5
DC input logic low VIL.DQ(DC90) Vss VREF - 0.09 \% 1,6
AC input logic high | VIH.DQ(AC135) | VREF + 0.135 Note 2 \'% 1,2,7
AC input logic low | VIL.DQ(AC135) Note 2 VREF - 0.135 \% 1,2,8
AC input logic high | VIH.DQ(AC130) - - \% 1,2,7
AC input logic low | VIL.DQ(AC130) - - \% 1,2,8
?oerf%rgﬁ%eMVﬂ;igt’: VREFDQ(DC) | 0.49 x VDD 0.51 x VDD v 3,4,9

Notes:

. VREF = VREFDQ(DC).

See section 10.12 “Overshoot and Undershoot Specifications” on page 123.

The AC peak noise on VREF may not allow VREF to deviate from VREFDQ(DC) by more than + 1% VDD (for reference: approx.
+13.5mV).

For reference: approx. VDD/2 £ 13.5 mV.

VIH(DC) is used as a simplified symbol for VIH.DQ(DC90).

. VIL(DC) is used as a simplified symbol for VIL.DQ(DC90).
. VIH(AC) is used as a simplified symbol for VIH.DQ(AC135) and VIH.DQ(AC130); VIH.DQ(AC135) value is used when VREF + 0.135V

is referenced and VIH.DQ(AC130) value is used when VREF + 0.13V is referenced.

. VIL(AC) is used as a simplified symbol for VIL.DQ(AC135) and VIL.DQ(AC130); VIL.DQ(AC135) value is used when VREF - 0.135V is

referenced and VIL.DQ(AC130) value is used when VREF - 0.13V is referenced.

. VREFDQ(DC) is measured relative to VDD at the same point in time on the same device.
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The DC-tolerance limits and AC-noise limits for the reference voltages VREFCA and VREFDQ are
illustrated in Figure 89. It shows a valid reference voltage VREF(t) as a function of time. (VREF stands for
VREFCA and VREFDQ likewise).

VREF(DC) is the linear average of VREF(t) over a very long period of time (e.g., 1 sec). This average has
to meet the min/max requirements in Table 17. Furthermore VREF(t) may temporarily deviate from
VREF(DC) by no more than £ 1% VDD.

4 voltage

VDD

)
(

VREF AC-noise VREF(t)

VREF(DC)max

VREF(D
VDD/2
VREF(DC)miIn
=
Vss
timé

Figure 89 — lllustration of VREF(DC) tolerance and VREF AC-noise limits

The voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC), and VIL(DC) are
dependent on VREF.

“VREF” shall be understood as VREF(DC), as defined in Figure 89.

This clarifies that DC-variations of VREF 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 VREF(DC) 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 VREF AC-noise. Timing and voltage effects due to AC-noise on VREF up to the
specified limit (+ 1% of VDD) are included in DRAM timings and their associated deratings.
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10.6.3 Differential swing requirements for clock (CK - CK#) and strobe (DQS - DQS#)
Table 19 — Differential DC and AC Input Level

DDR3L-1333/1600 .
Parameter Symbol - Unit Notes
Min. Max.
Differential input high VIH.DIFF +0.180 Note 3 \% 1
Differential input low VIL.DIFF Note 3 -0.180 \% 1
Differential input high AC VIH.DIFF(AC) 2 x (VIH(AC) - VREF) Note 3 \ 2
Differential input low AC VIL.DIFF(AC) Note 3 2 x (VIL(AC) - VREF) \% 2

Notes:

1. Used to define a differential signal slew-rate.

2. For CK - CK# use VIH.CA(AC)/VIL.CA(AC) of ADD/CMD and VREFCA; for DQSL, DQSL#, DQSU , DQSU# use
VIH.DQ(AC)/VIL.DQ(AC) of DQs and VREFDQ; if a reduced AC-high or AC-low level is used for a signal group, then the
reduced level applies also here.

3. These values are not defined; however, the single-ended signals CK, CK#, DQSL, DQSL#, DQSU, DQSU# need to be
within the respective limits (VIH(DC) max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to section 10.12 “Overshoot and Undershoot Specifications” on page 123.

A
_>: :4_ tovac
VIHDIFFAC)mn ———fF X ——————————— ———— — — — — — — —
X
4
(@]
X
(@]
)
g VIHDIFFmin —f ———— — >~ —— -} ——————— — — — — — — — -
(@)
|
<)
a 07
[} I Half cycle
= <
)
o
8
g VIDIFFmax — — — — — — — — — — — — — —
=
o
£
8
c
o
—
)
E
a] VILDIFF(AC)MaX — — — — — — e e —
time

Figure 90 — Definition of differential ac-swing and “time above AC-level” tDvAcC
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Table 20 — Allowed time before ringback (tbvAc) for CK - CK# and DQS - DQS#

DDR3L-1333/1600
s e | |[PSEE® [ e leele
320mV 270mV
Min. Max. Min. Max.
>4.0 189 - 201 -
4.0 189 - 201 -
3.0 162 - 179 -
2.0 109 - 134 -
1.8 91 - 119 -
1.6 69 - 100 -
1.4 40 - 76 -
1.2 Note - 44 -
1.0 Note - Note -
<1.0 Note - Note -

Note:

Rising input signal shall become equal to or greater than VIH(AC) level and Falling input signal shall become equal to or less than
VIL(AC) level.

10.6.4 Single-ended requirements for differential signals

Each individual component of a differential signal (CK, DQSL, DQSU, CK#, DQSL#, DQSU#) has also
to comply with certain requirements for single-ended signals.

CK and CK# have to approximately reach VSEHmin / VSELmax (approximately equal to the AC-levels
(VIH.CA(AC) / VIL.CA(AC) ) for ADD/CMD signals) in every half-cycle.

DQSL, DQSU, DQSL#, DQSU# have to reach VSEHmIn / VSELmax (approximately the AC-levels
(VIH.DQ(AC) / VIL.DQ(AC) ) for DQ signals) in every half-cycle preceding and following a valid transition.

Note that the applicable ac-levels for ADD/CMD and DQ’s might be different per speed-bin etc. E.g., if
VIH.CA(AC135)/VIL.CA(AC135) is used for ADD/CMD signals, then these AC-levels apply also for the single-
ended signals CK and CK#.

Table 21 - Single-ended levels for CK, DQSL, DQSU, CK#, DQSL# or DQSU#

DDR3L-1333/1600
Parameter Symbol Unit Notes
Min. Max.
Single-ended high level for strobes VSEH (vDD/2) + 0.160 Note 3 \Y 1,
Single-ended high level for CK, CK# (vDD/2) + 0.160 Note 3 \Y 1,
Single-ended low level for strobes VSEL Note 3 (VDD/2) - 0.160 \Y 1,
Single-ended low level for CK, CK# Note 3 (vDD/2) - 0.160 \Y 1,

Notes:

1. For CK, CK# use VIH.CA(AC) / VIL..CA(AC) of ADD/CMD; for strobes (DQSL, DQSL#, DQSU, DQSU#) use VIH.DQ(AC) /
VIL.DQ(AC) of DQs.

2. VIH.DQ(AC)/ VIL.DQ(AC) for DQs is based on VREFDQ; VIH.CA(AC)/ VIL.CA(AC) for ADD/CMD is based on VREFCA; if a
reduced AC-high or AC-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined; however, the single-ended signals CK, CK#, DQSL, DQSL#, DQSU, DQSU# need to be
within the respective limits (VIH(DC) max, VIL(DC)min) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to section 10.12 “Overshoot and Undershoot Specifications” on page 123.
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VoD or VbbQ

VSEHMIN

VDD/2 or VbDaQ/2

VSELmax

Vss or Vssa

» time

Figure 91 — Single-ended requirement for differential signals

Note that, while ADD/CMD and DQ signal requirements are with respect to VREF, the single-ended
components of differential signals have a requirement with respect to VDD/2; this is nominally the same.
The transition of single-ended signals through the AC-levels is used to measure setup time. For single-
ended components of differential signals the requirement to reach VSELmax, VSEHmIn has no bearing
on timing, but adds a restriction on the common mode characteristics of these signals.

10.6.5 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 22. The differential input cross point voltage Vix is measured from the actual
cross point of true and complement signals to the midlevel between of VDD and Vss.

VbD
— —_———— r ——— CK#, DQS#
/ \ /
/ \ /
/ \ /
/ \
/ l ViX //
/4 Y o # VbD/2
, Vix \ / Vix
/
/ \ /
/ \ /
/ \ /
— C——— CK, DQS
V/'SEH VSEL
= Vss

Figure 92 — ViX Definition

Confidential

-1070 158- Rev.1.0 March . 2026



AS4C128M16D3LF

Table 22 — Cross point voltage for differential input signals (CK, DQS)

DDR3L-1 1
Parameter Symbol 3L-1333/1600 Unit Notes
Min. Max.
Differential Input Cross Point Voltage
relative to VDD/2 for CK, CK# VIX(EK) 150 150 mv !
Differential Input Cross Point Voltage VIX(DQS 150 150 v
relative to VDD/2 for DQS, DQSH# (bas) ) m

Note:

1. The relation between VIX Min/Max and VSEL/VSEH should satisfy following.

(VDD/2) + VIX (Min) - VSEL 2 25mV

VSEH - ((VDD/2) + VIX (Max)) = 25mV

10.6.6 Slew Rate Definitions for Single-Ended Input Signals

See section 10.16.3 “Address / Command Setup, Hold and Derating” on page 146 for single-ended
slew rate definitions for address and command signals.

See section 10.16.4 “Data Setup, Hold and Slew Rate Derating” on page 153 for single-ended slew

rate definitions for data signals.

10.6.7 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 23 and Figure 93.

Table 23 — Differential Input Slew Rate Definition

Measured
Description ; : Defined by
rom o
Differential input slew rate for rising edge . .
(CK - CK# and DQS - DQSH#) VIL.DIFFmax | VIH.DIFFmin | [VIH.DIFFmin - VIL.DIFFmax] / ATR.DIFF
Differential input slew rate for falling edge . .
(CK - CK# and DQS - DQS#) VIH.DIFFmin | VIL.DIFFmax | [VIH.DIFFmin - VIL.DIFFmax] / ATF.DIFF

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

ATR.DIFF
|

I

Differential input voltage (DQS - DQS#; CK - CK#)

|
ATF.DIFF

— VIH.DIFFmiIn

— — — — VIL.DIFFmax

Figure 93 — Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#
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10.7 DC and AC Output Measurement Levels
Table 24 — Single-ended DC and AC Output Levels

Parameter Symbol Value Unit | Notes
DC output high measurement level (for IV curve linearity) VOH(DC) 0.8 x Vbba \Y,
DC output mid measurement level (for IV curve linearity) VOM(DC) 0.5 x Vbba \Y,
DC output low measurement level (for IV curve linearity) VoL(DC) 0.2 x Vbba \Y
AC output high measurement level (for output slew rate) VOH(AC) V1T + 0.1 x VDDQ \Y 1
AC output low measurement level (for output slew rate) VOL(AC) VTT-0.1 xVDDQ \Y, 1

Note:

1. The swing of £ 0.1 x VDDQ is based on approximately 50% of the static single-ended output high or low swing with a
driver impedance of 34 Q and an effective test load of 25 Q to VTT = VDDQ/2.

Table 25 — Differential DC and AC Output Levels

Parameter Symbol Value Unit | Notes
AC differential output high measurement level (for output VOH.DIFF(AC) +0.2 x VbDQ Vv 1
slew rate)
AC differential output low measurement level (for output VOL DIFF(AC) 0.2 x VbbQ Vv 1
slew rate)
Note:

1. The swing of £ 0.2 x VDDQ is based on approximately 50% of the static single-ended output high or low swing with a
driver impedance of 34 Q and an effective test load of 25 Q to VTT = VDDQ/2 at each of the differential outputs.

10.7.1 Output Slew Rate Definition and Requirements

The slew rate definition depends if the signal is single-ended or differential. For the relevant AC output
reference levels see above Table 24 and Table 25.

Table 26 — Output Slew Rate

DDR3L-1333/1600
Parameter Symbol Unit Notes
Min. Max.
Single-ended Output Slew Rate SRQse 1.75 51 V/nS 1,2,3
Differential Output Slew Rate SRQdiff 3.5 12 VinS 2,3

Notes:
1. In two cases, a maximum slew rate of 6 V/nS applies for a single DQ signal within a byte lane.
- Case 1 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high
to low or low to high) while all remaining DQ signals in the same byte lane are static (i.e they stay at either high or low).
- Case 2 is defined for a single DQ signal within a byte lane which is switching into a certain direction (either from high
to low or low to high) while all remaining DQ signals in the same byte lane are switching into the opposite direction (i.e.
from low to high or high to low respectively). For the remaining DQ signal switching into the opposite direction, the
regular maximum limit of 5 V/nS applies.
2. Background for Symbol Nomenclature: SR: Slew Rate; Q: Query Output (like in DQ, which stands for Data-in, Query-
Output); se: Single-ended Signals; diff: Differential Signals.

3. For RON = RZQ/7 settings only.
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10.7.1.1 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 VoL(AC) and VOH(AC) for single ended signals as shown in Table 27 and Figure
94,

Table 27 - Single-ended Output Slew Rate Definition

Measured
Description Defined by
from to
Single-ended output slew rate for rising edge VOL(AC) VOH(AC) [VOH(AC) - VOL(AC)] / ATRse
Single-ended output slew rate for falling edge VOH(AC) VOL(AC) [VOH(AC) - VOL(AC)] / ATFse

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

________________ — — VOH(AC)

VTT

————— F——-Q ——————————————— VOL(AC)

Single-ended Output Voltage (i.e. DQ)

ATFse

Figure 94 —Single-ended Output Slew Rate Definition
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10.7.1.2 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined
and measured between VOL.DIFFAC) and VOH.DIFF(AC) for differential signals as shown in Table 28 and

AS4C128M16D3LF

Figure 95.
Table 28 - Differential Output Slew Rate Definition
L. Measured .
Description Defined by
from to
Differential output slew rate for rising edge VOL.DIFF(AC) VOH.DIFF(AC) [VOH.DIFF(AC) - VOL.DIFF(AC)] / ATRdiff
Differential output slew rate for falling edge VOH.DIFF(AC) VOL.DIFF(AC) [VOH.DIFF(AC) - VOL.DIFF(AC)] / ATFdiff

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

_____________ +- — - VOH.DIFF(AC)

ATRAdiff
le—>!

Differential Outut Voltage (DQS - DQS#)

>
ATFdiff

VOL.DIFF(AC)

Figure 95 — Differential Output Slew Rate Definition
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10.8 Output Driver DC Electrical Characteristics

A functional representation of the output buffer is shown in Figure 96. Output driver impedance RON is
selected by bits “D.I.C" A1 and A5 in the MR1 Register. Two different values can be selected via MR1
settings:

RONas4 = Rza / 7 (nominal 34.3 Q £10% with nominal Rza = 240 Q)
RONa4o = Rza / 6 (nominal 40.0 Q £10% with nominal Rza = 240 Q)

The individual pull-up and pull-down resistors (RONpuy and RONpq) are defined as follows:

VDDQ - VOut

RONpy = under the condition that RONpq is turned off

||Out|

under the condition that RONpy is turned off

Chip in Drive Mode
Output Driver
________ |

t T O VDDQ
| Ipu |
| |
| |
| |
| RONpu I
| |
| |

To other : :

circuitry T I — ©0DQ

like RCV, ... | I lout

| |
| |
: RONpd : Vout
| |
|
| |pd :
I | \
I | O Vssa

Figure 96 — Output Driver: Definition of Voltages and Currents
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Table 29 — Output Driver DC Electrical Characteristics, assuming RZQ = 240 Q; entire operating

temperature range; after proper ZQ calibration

RONNom Resistor VouTt MIN. | NOM. | MAX. | UNIT | NOTES
VoLbc = 0.2 x VDDQ 0.6 1.0 1.15 RZQ/7 1,2,3
RON34Pd Vombc = 0.5 x VDDQ 0.9 1.0 1.15 RzQ/7 1,2,3
VoHrbc = 0.8 x VDDQ 0.9 1.0 1.45 RzZQ/7 1,2,3
uo VoLpc = 0.2 x VDDQ 0.9 1.0 1.45 RZQ/7 1,2,3
RON34Pu Vompc = 0.5 x VDDQ 0.9 1.0 1.15 RzQ/7 1,2,3
VoHpc = 0.8 x VDDQ 0.6 1.0 1.15 RZQ/7 1,2,3
VoLbc = 0.2 x VDDQ 0.6 1.0 1.15 RZQ/6 1,2,3
RON40Pd Vombc = 0.5 x VDDQ 0.9 1.0 1.15 RZQ/6 1,2,3
VoHpc = 0.8 x VDDQ 0.9 1.0 1.45 RZQ/6 1,2,3
400 VoLbc = 0.2 x VDDQ 0.9 1.0 1.45 RZQ/6 1,2,3
RON40Pu Vombc = 0.5 x VDDQ 0.9 1.0 1.15 RzQ/6 1,2,3
VoHrbc = 0.8 x VDDQ 0.6 1.0 1.15 RZQ/6 1,2,3
Mi'\s/lr;wuit(::h between pull-up and pull-down, Vompe = 0.5 x VDDQ 10 +10 % 1,24
Notes:

1.

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

The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSS.

Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x VDDQ. Other calibration
schemes may be used to achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ and 0.8 x VDDQ.
Measurement definition for mismatch between pull-up and pull-down, MMPuPd:

Measure RONPu and RONPd, both at 0.5 * VDDQ:

RON,, - RON,,
MMPpupd = x 100%
RON

Nom
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10.8.1 Output Driver Temperature and Voltage sensitivity

AS4C128M16D3LF

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 30

and Table 31.

AT =T - T(@calibration); AV= VDDQ - VDDQ(@calibration); VDD = VDDQ

Note: dRondT and dRondV are not subject to production test but are verified by design and characterization.

Table 30 — Output Driver Sensitivity Definition

Min. Max. Unit
RONPu@ VoHpc 0.6 - dRondTH*|AT| - dRondVH*|AV| | 1.1 + dRondTH*|AT| + dRondVH*|AV| | RZQ/7
RON@ Vowmpc 0.9 - dRond TM*|AT| - dRondVM*|AV] | 1.1 + dRond TM*|AT| + dRondVM*|AV] | RZQ/7
RONPb@ VoLbc 0.6 - dRondTL*|AT| - dRondVL*|AV| 1.1 + dRondTL*|AT| + dRondVL*|AV| | RZQ/7

Table 31 — Output Driver Voltage and Temperature Sensitivity

Speed Bin DDR3L-1333 DDR3L-1600 Unit
Min. Max. Min. Max.
dRondTM 0 1.5 0 1.5 %/°C
dRondVM 0 0.15 0 0.13 %/mV
dRondTL 0 1.5 0 1.5 %/°C
dRondVL 0 0.15 0 0.13 Y%/mV
dRondTH 0 1.5 0 1.5 %/°C
dRondVH 0 0.15 0 0.13 Y%/mV

Note: These parameters may not be subject to production test. They are verified by design and characterization.
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10.9 On-Die Termination (ODT) Levels and Characteristics

10.9.1 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 and DQS/DQS# pins.

A functional representation of the on-die termination is shown in Figure 97. The individual pull-up and

pull-down resistors (RTTpu and RTTrq) are defined as follows:

VDDQ -VOut

RTTpu = under the condition that RTTrq is turned off

||Out|

V
RTTpg = — 2=

under the condition that RTTpy is turned off

IOut|

Chip in Termination Mode
OoDT

r———————-- |
1 T O VDbDQ
| Ipu |
| |
| |
| |
I RTTpu I lout = IPd - IPu
| |
| |

To other : :

circuitry T I <—© DQ

like RCV, | | lout

| |
| |
: RTTpd : Vout
| |
| |
| lpd |
| | \/
I | O Vssa

Figure 97 — On-Die Termination: Definition of Voltages and Currents
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10.9.2 ODT DC Electrical Characteristics
An overview about the specification requirements for RTT and AVM is provided in Table 32.

Table 32 — ODT DC Impedance and Mid-Level Requirements

MR1 A9, A6, A2 RTT | Resistor Vout Min. | Nom. | Max. Unit Notes
0,1,0 120 Q | RTT120 0.9 1.0 1.65 | RzQ/2 1,2,3,4
0,0, 1 60 Q RTTeo 0.9 1.0 1.65 | RzQ/4 1,2,3,4
0,1,1 40 Q RTT40 | VIL(AC)to VIH(AC) 0.9 1.0 1.65 | RzQ/6 1,2,3,4
1,0,1 30Q RTT30 0.9 1.0 1.65 | RzaQ/8 1,2,3,4
1,0,0 200Q RTT20 0.9 1.0 1.65 | RzQ/12 1,2,3,4
Deviation of VM with respect to VDDQ/2, AVM -5 +5 % 1,2,3,4,5
Notes:

1. With RZQ =240 Q.

2. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance
limits if temperature or voltage changes after calibration, see the following section ODT temperature and voltage sensitivity.

3. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSS.
4. Measurement definition for RTT :
Apply VIH(AC) to pin under test and measure current I(VIH(AC)), then apply VIL(AC) to pin under test and measure current
I(VIL(AC)) respectively. Calculate RTT as follows:
RTT = [VIH(AC) - VIL(AC)] / [I (VIH(AC)) - | (VIL(AC))]
5. Measurement definition for VM and AVM:
Measure voltage (VM) at test pin (midpoint) with no load. Calculate AVM as follows:
AVM = (2 xVM/VDDQ - 1) x 100%.

10.9.3 ODT Temperature and Voltage sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table 33
and Table 34. The following definitions are used:

AT =T - T (@calibration);AV = VDDQ- VDDQ (@calibration); VDD = VDDQ

Table 33 — ODT Sensitivity Definition

Symbol Min. Max. Unit

RTT 0.9 - dRrrdT x |AT| - dRrrdV x |AV| | 1.6 + dRrrdT x |AT| + dRrrdV x |AV| | RZQ/2,4,6,8,12

Table 34 — ODT Voltage and Temperature Sensitivity

Symbol Min. Max. Unit
dRrrdT 0 15 %/°C
dRrrdV 0 0.15 Y%/mV

Note: These parameters may not be subject to production test. They are verified by design and characterization
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10.9.4 Design guide lines for RTTru and RTTro

Table 35 provides an overview of the ODT DC electrical pull-up and pull-down characteristics. The
values are not specification requirements, but can be used as design guide lines.

Table 35 — ODT DC Electrical Pull-Down and Pull-Up Characteristics, assuming Rza =240 Q £ 1%
entire operating temperature range; after proper ZQ calibration

MR1 A9, A6, A2 | RTT Resistor Vout Min. | Nom. | Max. Unit Notes
0,1,0 120 Q, | RTT120rp240, | VoLoc = 0.2 x Vppa | 0.6 1.0 1.15 | Rza/TISFprurp (1, 2, 3, 4, 5
0,0,1 60 Q, |RTTsorp120, Vompoc = 0.5 x Vppa | 0.9 1.0 1.15 | Rza/TISFprurp (1, 2, 3, 4, 5
0,1,1 40 Q, |RTT4orbso, Vonpc = 0.8 x Vppa | 0.9 1.0 1.45 | Rza/TISFpurp (1, 2, 3, 4, 5
1,0, 1 30 Q, | RTT3oppeo,

1,0,0 20 Q |RTT20pp40
RTT120pu240, | Vowpc =0.2 x Vppa | 0.9 1.0 1.45 | Rza/TISFpruprp (1, 2, 3, 4, 5
RTTsopu120, Vompc = 0.5 x Vppa | 0.9 1.0 1.15 | Rza/TISFprurp (1, 2, 3, 4, 5
RTTa4opuso, Vorpc = 0.8 x Vppa | 0.6 1.0 | 1.15 | Rza/TISFpurp |1, 2, 3,4, 5
RTT3opuso,
RTT20pu40
Notes:

1. TISFpypp: Termination Impedance Scaling Factor for Pull-Up and Pull-Down path:
TISFpurp = 1 for RTT120pupp240
TISFeupo = 2 for RTTeopurpi20
TISFpupp = 3 for RTT4opurpso
TISFpupp = 4 for RTTaopurpso
TISFeupp = 6 for RTT20puppa0

2. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance
limits if temperature or voltage changes after calibration, see the above section ODT temperature and voltage sensitivity.

3. The tolerance limits are specified under the condition that VDDQ = VDD and that VSsQ = Vss.

4. Pull-down and pull-up ODT resistors are recommended to be calibrated at 0.5 x VDDQ. Other calibration schemes may be
used to achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ and 0.8 x VDDQ.

5. Not a specification requirement, but a design guide line.
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10.10 ODT Timing Definitions

10.10.1 Test Load for ODT Timings
Different than for timing measurements, the reference load for ODT timings is defined in Figure 98.

AS4C128M16D3LF

CK, CK#

vDDQ

DUT

DQ, DM

H—AN\\—VTT=Vssa
DQs, Das#

RTT =25Q

L

VvssQ

Timing reference point

10.10.2 ODT Timing Definitions

Definitions for tAON, tAONPD, tAOF, tAOFPD and tADC are provided in Table 36 and subsequent figures.
Measurement reference settings are provided in Table 37.

Table 36 — ODT Timing Definitions

Figure 98 — ODT Timing Reference Load

Symbol Begin Point Definition End Point Definition Figure
Rising edge of CK - CK# defined by the end . .
tAON point of ODTLon Extrapolated point at VSSQ Figure 99
Rising edge of CK - CK# with ODT being first . .
tAONPD registered high Extrapolated point at VSSQ Figure 100
Rising edge of CK - CK# defined by the end _— . .
tAOF point of ODTLoff End point: Extrapolated point at VRtt_Nom Figure 101
tAOFPD Ris_ing edge of CK - CK# with ODT being first End point: Extrapolated point at VRtt_Nom Figure 102
registered low
tADC Rising edge of CK - CK# defined by the end | End point: Extrapolated point at VRtt. WR and Fiqure 103
point of ODTLcnw, ODTLcwn4 or ODTLcwn8 VRtt_Nom respectively 9
Table 37 — Reference Settings for ODT Timing Measurements
Measured Parameter Rtt_Nom Setting Rtt_WR Setting Vswi1 [V] Vsw2 [V]
RzQ/4 NA 0.05 0.10
tAON
RzaQ/12 NA 0.10 0.20
Rza/4 NA 0.05 0.10
tAONPD
RzaQ/12 NA 0.10 0.20
Rza/4 NA 0.05 0.10
tAOF
Rza/12 NA 0.10 0.20
RzQ/4 NA 0.05 0.10
tAOFPD
Rza/12 NA 0.10 0.20
tADC RzaQ/12 RzQ/2 0.20 0.25
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Begin point: Rising edge of CK — CK#
defined by the end point of ODTL on

DQ, DM
DQS, DQS#

End point: Extrapolated point at Vssa

Figure 99 — Definition of tAON

Begin point: Rising edge of CK - CK# with
ODT being first registered high

DQ, DM
DQS, DQS#

End point: Extrapolated point at Vssa

Figure 100 — Definition of tAONPD
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Begin point: Rising edge of CK - CK#
defined by the end point of ODTLoff
|

DQ, DM
DQS, DQS#

le—>] tAOF

' End point: Extrapolated point at VRtt._ Nom
VRtt_Nom |

Figure 101 — Definition of tAOF

Begin point: Rising edge of CK — CK# with
ODT being first registered low

DQS, DQS#

Figure 102 — Definition of tAOFPD

Confidential

-1200 158- Rev.1.0 March . 2026




AS4C128M16D3LF

DQ, DM
DQS, DQS#

End point: Extrapolated point at VRtt_Nom

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

VRtt_Nom

VRtt_WR End point: Extrapolated point at VRtt_ WR

Vssaq—

Figure 103 — Definition of tADC
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10.11 Input/Output Capacitance

AS4C128M16D3LF

Parameter Symbol DE_’R3L-1 333 DPRSL-1 600 Unit Notes
Min. | Max. | Min. | Max.
1.35V
'?Sét,/ %Jﬁzuégas‘fagg‘sr‘g)" cio 14 | 23 | 14 | 22 | pF 1,2,3
'”E’é‘:(":rf;cc“;;;’e CeK 08 | 14 | 08 | 14 | pF 2,3
Delta ?é;?‘;‘;t d"g&i‘;itance CocK o [ 015 | 0 | 015 | pF 2,3,4
Delta of ('Sg‘glg:épggﬁgfdtance Ccopas o | o015 | o | o015 | pF 2,3,5
(CTRL, A%%J,téiﬂpgﬁgzﬂiimy pins) c 075 | 1.3 | 075 | 1.2 | pF 23,6
?ﬁ:%?;‘[‘ﬁ’#;jfgﬁﬁ/‘ts;‘g COLCTRL | -04 | 02 | 04 | 02 | pF 2,3,7,8
AL ADDICMD econToos) | CoLADD.CMD| 04 | 04 | 0.4 | 04 | pF | 23,910
De'ta(gg?gﬁf’gtggf ‘Efgg‘;;a”ce CDIO 05 | 03 | 05| 03 | pF 2,3, 11
Input/output capacitance of ZQ signal CzaQ - 3 - 3 pF 2,3,12
15V
'?g‘ét,/ %J;Xuég?agggg cio 14 | 25 | 14 | 23 | pF 1,2,3
'”fg&cjf:‘gt;;fe Cek 08 | 14 | 08 | 14 | pF 2,3
Delta ‘(’é;;“;‘r‘f dcgfg)“a”ce Cock o | o015 | o | 015 | pF 2,3,4
Delta of ('Sg‘glgﬁép;g’ggfdtance copas o | o015 | o | 015 | pF 2,3,5
(CTRL, A[B%{%i/l%ﬂ?ﬂ?—inly pins) c 075 | 13 | 075 | 13 | pF 23,6
?ﬁ:%?;‘[‘?:;jf‘gﬁ@tsacse) ColctRL | 04 | 02 | 04 | 02 | pF 2,3,7,8
( AE?E?D%?A%‘E::E?S:?;;% o coLapp.cmp| 04 | 04 | 04 | 04 | pF 2,3,9,10
De'ta(gf()'f‘gﬁf’gtopg "Daggg;ance coio 05 | 03 | 05| 03 | pF 2,3, 11
Input/output capacitance of ZQ signal CzQ - 3 - 3 pF 2,3,12

Notes:
Although the DM signals have different functions, the loading matches DQ and DQS.
This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured according
to JEP147 (Procedure for measuring input capacitance using a vector network analyzer (VNA) with VDD, VDDQ, VSS, VSSQ applied
and all other pins floating (except the ball under test, CKE, RESET# and ODT as necessary). VDD=VDDQ=1.35V or 1.5V,

1.
2.

® N O AW

9.

12. Maximum external load capacitance on ZQ signal: 5 pF.

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 CCK-CCK#.

Absolute value of CIO(DQS)-CIO(DQSH#).

Cl applies to ODT, CS#, CKE, A0-A13, BA0-BA2, RAS#, CAS#, WE#.
CDI_CTRL applies to ODT, CS# and CKE.
CDI_CTRL=CI(CTRL)-0.5*(CI(CLK)+CI(CLK#)).
CDI_ADD_CMD applies to A0-A13, BA0-BA2, RAS#, CAS# and WE#.
10. CDI_ADD_CMD=CI(ADD_CMD) - 0.5%(CI(CLK)+CI(CLK#)).

11. CDIO=CIO(DQ,DM) - 0.5*(CIO(DQS)+CIO(DQSH)).

Confidential

-1220 158-

Rev.1.0 March . 2026



AS4C128M16D3LF

10.12 Overshoot and Undershoot Specifications
10.12.1 AC Overshoot /Undershoot Specification for Address and Control Pins:
Applies to A0-A13, BA0-BA2, CS#, RAS#, CAS#, WE#, CKE, ODT

Parameter DI1D?§33L D?&%" Unit
Maximum peak amplitude allowed for overshoot area 0.4 0.4 \Y,
Maximum peak amplitude allowed for undershoot area 0.4 0.4 \%
Maximum overshoot area above VDD 0.4 0.33 V-nS
Maximum undershoot area below VSS 0.4 0.33 V-nS

Notes:
1. The sum of applied voltage (VDD) and peak amplitude overshoot voltage is not to exceed absolute maximum DC ratings.
2. The sum of applied voltage (VDD) and peak amplitude undershoot voltage is not to exceed absolute maximum DC ratings.

10.12.2 AC Overshoot /Undershoot Specification for Clock, Data, Strobe and Mask Pins:
Applies to CK, CK#, DQ, DQS, DQS#, DM

Parameter D?;?;L D?&%" Unit
Maximum peak amplitude allowed for overshoot area 0.4 0.4 \%
Maximum peak amplitude allowed for undershoot area 0.4 04 V
Maximum overshoot area above VDDQ 0.15 0.13 V-nS
Maximum undershoot area below VSsSQ 0.15 0.13 V-nS

Notes:
1. The sum of applied voltage (VDD) and peak amplitude overshoot voltage is not to exceed absolute maximum DC ratings.
2. The sum of applied voltage (VDD) and peak amplitude undershoot voltage is not to exceed absolute maximum DC ratings.

Maximum Amplitude

:: Overshoot Area

Vbb/Vbba

Volts (V)

Vss/Vssa

Maximum Amplitude Undershoot Area

>
>

Time (nS)

Figure 104 — AC Overshoot and Undershoot Definition
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10.13 IDD and IDDQ Specification Parameters and Test Conditions

10.13.1 Ipb and Ipba Measurement Conditions

In this section, IDD and IDDQ measurement conditions such as test load and patterns are defined. Figure

105 shows the setup and test load for IDD and IDDQ measurements.

« IDD currents (such as IDDo, IDD1, IDD2N, IDD2NT, IDD2P0, IDD2P1, IDD2Q, IDD3N, IDD3P, IDD4R, IDD4W,
IDD5B, IDD6, IDD6ET and IDD7) are measured as time-averaged currents with all VDD balls of the
DDR3L SDRAM under test tied together. Any IDDQ current is not included in IDD currents.

« IDDQ currents (such as IDDQ2NT and IDDQ4R) are measured as time-averaged currents with all VDDQ
balls of the DDR3L SDRAM under test tied together. Any IDD current is not included in IDDQ currents.
Attention: IDDQ values cannot be directly used to calculate 10 power of the DDR3L SDRAM.
They can be used to support correlation of simulated 10 power to actual 10 power as outlined
in Figure 106. In DRAM module application, IDDQ cannot be measured separately since VDD
and VDDQ are using one merged-power layer in Module PCB.

For IDD and IDDQ measurements, the following definitions apply:

o “0”and “LOW” is defined as VIN < VILAC(max).

o “1”and “HIGH"” is defined as VIN = VIHAC(min).

o “MID-LEVEL" is defined as inputs are VREF = VDD / 2.

« Timings used for IDD and IDDQ Measurement-Loop Patterns are provided in Table 38.

« Basic IDD and IDDQ Measurement Conditions are described in Table 39.

« Detailed IDD and IDDQ Measurement-Loop Patterns are described in Table 40 through Table 47.

- IDD Measurements are done after properly initializing the DDR3L SDRAM. This includes but is not
limited to setting

RON = RZQ/7 (34 Ohm in MR1);

Qoff = Oy (Output Buffer enabled in MR1);
Rtt_Nom = RZQ/6 (40 Ohm in MR1);
Rtt. WR = RZQ/2 (120 Ohm in MR2);

« Attention: The IDD and IDDQ Measurement-Loop Patterns need to be executed at least one time
before actual IDD or IDDQ measurement is started.

. Define D = {CS#, RAS#, CAS#, WE# } := {HIGH, LOW, LOW, LOW}
. Define D# = {CS#, RAS#, CAS#, WE# } := {HIGH, HIGH, HIGH, HIGH}

Table 38 — Timings used for IDD and IDDQ Measurement-Loop Patterns

Speed Bin DDR3L-1333 | DDR3L-1600 Unit
CL-nRCD-nRP 9-9-9 11-11-11
tCK 15 1.25 nS
cL 9 11 nCK
nRCD 9 11 nCK
nRC 33 39 nCK
NRAS 24 28 nCK
nRP 9 11 nCK
nFAW 30 32 nCK
nRRD 5 6 nCK
nRFC 2 Gb 107 128 nCK
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(optional)
IbD Ibba

VDD VVbbQ

RESET# DDR3
CKICK# SDRAM

il

CKE RTT=250Q

CS# DQS, DQS#, DQ, DM bo—{—1— Vopa/ 2
RASH, CAS#, WE#

A, BA
oDT
ZQ

Py 717°¢

Vss Vssa

|||—0

NOTE: DIMM level Output test load condition may be different from above.

Figure 105 — Measurement Setup and Test Load for IDD and IDDQ (optional) Measurements

Application specific
memory channel

environment Ibba Test Load
Ch;n\rlwvelrlo Ibba IbbQ
owe Simulation Measurement
simulation
Correlation

><4

Correlation

A\

Channel IO Power
Number

Figure 106 — Correlation from simulated Channel 10 Power to actual Channel 10 Power
supported by IDDQ Measurement
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Table 39 — Basic IDD and IDDQ Measurement Conditions

Symbol | Description

Operating One Bank Active-Precharge Current

CKE: High; External clock: On; tCK, nRC, nRAS, CL: see Table 38; BL: 8("); AL: 0; CS#: High
between ACT and PRE; Command, Address, Bank Address Inputs: partially toggling
according to Table 40; Data 10: MID-LEVEL; DM: stable at 0; Bank Activity: Cycling with one
bank active at a time: 0,0,1,1,2,2,... (see Table 40); Output Buffer and RTT: Enabled in Mode
Registers(®; ODT Signal: stable at 0; Pattern Details: see Table 40

IDDO

Operating One Bank Active-Read-Precharge Current

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL.: see Table 38; BL: 8(16); AL: 0;
CS#: High between ACT, RD and PRE; Command, Address, Bank Address Inputs, Data 10:
partially toggling according to Table 41; DM: stable at 0; Bank Activity: Cycling with one bank
active at a time: 0,0,1,1,2,2,... (see Table 41); Output Buffer and RTT: Enabled in Mode
Registers?; ODT Signal: stable at 0; Pattern Details: see Table 41

Precharge Standby Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;

IDD2N Command, Address, Bank Address Inputs: partially toggling according to Table 42; Data 1O:
MID-LEVEL; DM: stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled
in Mode Registers®; ODT Signal: stable at 0; Pattern Details: see Table 42

Precharge Standby ODT Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;
IDD2NT | Command, Address, Bank Address Inputs: partially toggling according to Table 43; Data 10:
MID-LEVEL; DM: stable at 0; Bank Activity: all banks closed; Output Buffer and RTT: Enabled
in Mode Registers®; ODT Signal: toggling according to Table 43; Pattern Details: see Table 43

Precharge Standby ODT IDDQ Current
Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current

IDD1

IDDQ2NT

Precharge Power-Down Current Slow Exit

CKE: Low; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;

IDD2P0 | Command, Address, Bank Address Inputs: stable at 0; Data 10: MID-LEVEL; DM: stable at O;
Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers®®; ODT
Signal: stable at 0; Precharge Power Down Mode: Slow Exit(®)

Precharge Power-Down Current Fast Exit

CKE: Low; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;

IDD2P1 Command, Address, Bank Address Inputs: stable at 0; Data 10: MID-LEVEL; DM: stable at 0;
Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers®®; ODT
Signal: stable at 0; Precharge Power Down Mode: Fast Exit(®)

Precharge Quiet Standby Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;

IDD2Q Command, Address, Bank Address Inputs: stable at 0; Data 10: MID-LEVEL; DM: stable at 0;
Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers®®; ODT
Signal: stable at 0

Active Standby Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;
IDD3N Command, Address, Bank Address Inputs: partially toggling according to Table 42; Data 1O:
MID-LEVEL; DM: stable at 0; Bank Activity: all banks open; Output Buffer and RTT: Enabled
in Mode Registers@; ODT Signal: stable at 0; Pattern Details: see Table 42

Active Power-Down Current

CKE: Low; External clock: On; tCK, CL: see Table 38; BL: 8("); AL: 0; CS#: stable at 1;

IDD3P Command, Address, Bank Address Inputs: stable at 0; Data 10: MID-LEVEL; DM: stable at 0;
Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0
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Basic IDD and IDDQ Measurement Conditions, continued

Symbol

Description

IDD4R

Operating Burst Read Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8(1'9; AL: 0; CS#: High between RD;
Command, Address, Bank Address Inputs: partially toggling according to Table 44; Data 10O:
seamless read data burst with different data between one burst and the next one according to Table
44; DM: stable at 0; Bank Activity: all banks open, RD commands cycling through banks:
0,0,1,1,2,2,... (see Table 44); Output Buffer and RTT: Enabled in Mode Registers®®; ODT Signal:
stable at O; Pattern Details: see Table 44

IDDQ4R

Operating Burst Read IDDQ Current
Same definition like for IDD4R, however measuring IDDQ current instead of IDD current

IDD4W

Operating Burst Write Current

CKE: High; External clock: On; tCK, CL: see Table 38; BL: 8(); AL: 0; CS#: High between WR;
Command, Address, Bank Address Inputs: partially toggling according to Table 45; Data 10:
seamless write data burst with different data between one burst and the next one according to Table
45; DM: stable at 0; Bank Activity: all banks open, WR commands cycling through banks:
0,0,1,1,2,2,... (see Table 45); Output Buffer and RTT: Enabled in Mode Registers®®; ODT Signal:
stable at HIGH; Pattern Details: see Table 45

IDD5B

Burst Refresh Current

CKE: High; External clock: On; tCK, CL, nRFC: see Table 38; BL: 8("); AL: 0; CS#: High between
REF; Command, Address, Bank Address Inputs: partially toggling according to Table 46; Data
10: MID-LEVEL; DM: stable at 0; Bank Activity: REF command every nRFC (see Table 46);
Output Buffer and RTT: Enabled in Mode Registers®); ODT Signal: stable at 0; Pattern Details:
see Table 46

IDD6

Self Refresh Current: Normal Temperature Range

Auto Self-Refresh (ASR): Disabled®; Self-Refresh Temperature Range (SRT): Normal®); CKE:
Low; External clock: Off; CK and CK#: LOW; CL: see Table 38; BL: 8("); AL: 0; CS#, Command,
Address, Bank Address, Data 10: MID-LEVEL; DM: stable at 0; Bank Activity: Self-Refresh
operation; Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal: MID-LEVEL

IDD6ET

Self-Refresh Current: Extended Temperature Range

Auto Self-Refresh (ASR): Disabled); Self-Refresh Temperature Range (SRT): Extended®; CKE:
Low; External clock: Off; CK and CK#: LOW; CL: see Table 38; BL: 8("); AL: 0; CS#, Command,
Address, Bank Address, Data 10: MID-LEVEL; DM: stable at 0; Bank Activity: Extended
Temperature Self-Refresh operation; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: MID-LEVEL

IDD7

Operating Bank Interleave Read Current

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Table 38; BL:
8(16): AL: CL-1; CS#: High between ACT and RDA; Command, Address, Bank Address Inputs:
partially toggling according to Table 47; Data 10: read data bursts with different data between one
burst and the next one according to Table 47; DM: stable at 0; Bank Activity: two times interleaved
cycling through banks (0, 1, ...7) with different addressing, see Table 47; Output Buffer and RTT:
Enabled in Mode Registers®®; ODT Signal: stable at 0; Pattern Details: see Table 47

IDD8

RESET# Low Current
RESET#: Low; External clock: Off; CK and CK#: Low; CKE: FLOATING; CS#, Command,
Address, Bank Address, Data 10: FLOATING; ODT Signal: FLOATING

RESET# Low current reading is valid once power is stable and RESET has been Low for at least
1mS

Notes:
Burst Length: BL8 fixed by MRS: set MRO A[1,0]=00b.

Output Buffer Enable: set MR1 A[12] = Ob; set MR1 A[5,1] = 01b; Rtt_Nom enable: set MR1 A[9,6,2] = 011b; Rtt WR
enable: set MR2 A[10,9] = 10b.

Precharge Power Down Mode: set MRO A12=0b for Slow Exit or MRO A12=1b for Fast Exit.

Auto Self-Refresh (ASR): set MR2 A6 = 0b to disable or 1b to enable feature.

Self-Refresh Temperature Range (SRT): set MR2 A7=0b for normal or 1b for extended temperature range.
Read Burst Type: Nibble Sequential, set MRO A[3] = Ob.

1.
2.

i
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Table 40 — IpDo Measurement-Loop Pattern’

§m§o§ E*##*._SE-—-E'WS
Sl 83| $5 | £ |8 2|2/ %5 5 E 2 g gE o
o a z S o <
0 ACT 0 0 1 1 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 -
3,4 D#,D# | 1 1 1 1 0 0 0 0 0 -
Repeat pattern 1...4 until nRAS - 1, truncate if necessary
NRAS PRE [0 |o]1]ofofoflofo]o|o]o]| -
Repeat pattern 1...4 until nRC - 1, truncate if necessary
0 1*nRC+0 ACT 0 0 1 1 0 0 0 0 0 F 0 -
1*nRC+1, 2 D,D 1 0 0 0 0 0 0 0 0 F 0 -
o| B 1*nRC+3, 4 D# D# | 1 1 1 1 0 0 0 0 0 F 0 -
é E Repeat pattern nRC + 1,...,4 until nRC + nRAS - 1, truncate if necessary
£ 2 tmRc+nRAS | PRE [0 [ o |1 [ofofo]ofo|o[F]o] -
Repeat pattern nRC + 1,...,4 until 2*nRC - 1, truncate if necessary
1 2*nRC Repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4*nRC Repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6*nRC Repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8*nRC Repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10*nRC Repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12*nRC Repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14*nRC Repeat Sub-Loop 0, use BA[2:0] = 7 instead
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DAQ signals are MID-LEVEL.
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Table 41 — IDD1 Measurement-Loop Pattern’

€y § o 8 g | o3| g S| T = = = =
Ol x| 4 SE E | @ 2| w 5| & 5| 2 'g__i. 3; & Data?
0 ACT 0 0 1 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 -
3,4 D# D# | 1 1 1 1 0 0 0 0 0 0 0 -
Repeat pattern 1...4 until nRCD - 1, truncate if necessary
nRCD RO [ o[ 1]o[1]o]of[o]o]o]o] o oooooo00
Repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE [o[o|1]ofoJo]ofJoJo]o]o]| -
Repeat pattern 1...4 until nRC - 1, truncate if necessary
0 1*nRC+0 ACT 0 0 1 1 0 0 0 0 0 F 0 -
1*nRC+1, 2 D,D 1 0 0 0 0 0 0 0 0 F 0 -
o| © 1*nRC+3, 4 D# D# | 1 1 1 1 0 0 0 0 0 F 0 -
% fI_i Repeat pattern nRC + 1,...,4 until nRC + nRCD - 1, truncate if necessary
2| Z 1nRc+nRCD | RD [ o [ 1 o[ 1] oo |o]o]o]|F]o]oot10011
Repeat pattern nRC + 1,...,4 until NnRC + nRAS - 1, truncate if necessary
1nRc+nRAS | PRE [0 Jo [ 1 |ofo]ofofo]o[F|o] -
Repeat pattern nRC + 1,...,4 until 2*nRC - 1, truncate if necessary
1 2*nRC Repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4*nRC Repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6*nRC Repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8*nRC Repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10*nRC Repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12*nRC Repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14*nRC Repeat Sub-Loop 0, use BA[2:0] = 7 instead
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to RD Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.
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Table 42 — IDD2N and IDD3N Measurement-Loop Pattern’

< w § o8 g R I O VO R I =l B I~ I
S8/ 2] 8% | £ |8 2|8 58|5| g g el o
5 3 o ; 8 (&} P T < < < <
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
o E, 1 4-7 Repeat Sub-Loop 0, use BA[2:0] = 1 instead
% E 2 8-11 Repeat Sub-Loop 0, use BA[2:0] = 2 instead
21 2|3 12-15 Repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 16-19 Repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 20-23 Repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 24-27 Repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 28-31 Repeat Sub-Loop 0, use BA[2:0] = 7 instead
Notes:
1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
Table 43 — IDD2NT and IDDQ2NT Measurement-Loop Pattern’
| & e - O B O I e e
o 5| 3| &% E 18| 2|3 88 %22 eleg| v
S 5 > 8 o < < < <
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
o jg-, 1 4-7 Repeat Sub-Loop 0, but ODT = 0 and BA[2:0] =1
% é 2 8-11 Repeat Sub-Loop 0, but ODT = 1 and BA[2:0] = 2
21 2l 3 12-15 Repeat Sub-Loop 0, but ODT = 1 and BA[2:0] = 3
4 16-19 Repeat Sub-Loop 0, but ODT = 0 and BA[2:0] = 4
5 20-23 Repeat Sub-Loop 0, but ODT = 0 and BA[2:0] = 5
6 24-27 Repeat Sub-Loop 0, but ODT =1 and BA[2:0] = 6
7 28-31 Repeat Sub-Loop 0, but ODT =1 and BA[2:0] =7
Notes:
1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.
2. DQ signals are MID-LEVEL.
-1300 158- Rev.1.0 March . 2026
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Table 44 — IDD4R and IDDQ4R Measurement-Loop Pattern’

A § o 8 g R I O VO R I =l B I~ I
S8/ 2] 8% | £ |8 2|8 58|5| g g el o
5 05) o ; 8 (&} P T < < < <
0 RD 0 1 0 1 0 0 0 0 0 0 0 | 00000000
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2,3 D# D# | 1 1 1 1 0 0 0 0 0 0 0 -
0 4 RD 0 1 0 1 0 0 0 0 0 F 0 | 00110011
5 D 1 0 0 0 0 0 0 0 0 F 0 -
o| © 6,7 D# D# | 1 1 1 1 0 0 0 0 0 F 0 -
% fI_i 1 8-15 Repeat Sub-Loop 0, but BA[2:0] =1
=l 212 16-23 Repeat Sub-Loop 0, but BA[2:0] = 2
3 24-31 Repeat Sub-Loop 0, but BA[2:0] = 3
4 32-39 Repeat Sub-Loop 0, but BA[2:0] = 4
5 40-47 Repeat Sub-Loop 0, but BA[2:0] = 5
6 48-55 Repeat Sub-Loop 0, but BA[2:0] = 6
7 56-63 Repeat Sub-Loop 0, but BA[2:0] =7
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to RD Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.

Table 45 — IDD4aw Measurement-Loop Pattern’

| .| 8| o3 S lalalasl =l o S| alslals
J18|2 85 | B B3 B8 g g % g g o
5 u:; o 2 8 (&) o z < < < <
0 WR 0 1 0 1 0 0 0 0 0 0 00000000
1 D 1 0 0 1 0 0 0 0 0 0 -
2,3 D#,D# | 1 1 1 1 0 0 0 0 0 0 -
0 4 WR 0 1 0 0 1 0 0 0 0 F 0 00110011
5 D 1 0 0 0 1 0 0 0 0 F 0 -
o| ® 6,7 D# D# | 1 1 1 1 1 0 0 0 0 F 0 -
%3 fI_i 1 8-15 Repeat Sub-Loop 0, but BA[2:0] =1
=l 212 16-23 Repeat Sub-Loop 0, but BA[2:0] = 2
3 24-31 Repeat Sub-Loop 0, but BA[2:0] = 3
4 32-39 Repeat Sub-Loop 0, but BA[2:0] = 4
5 40-47 Repeat Sub-Loop 0, but BA[2:0] = 5
6 48-55 Repeat Sub-Loop 0, but BA[2:0] = 6
7 56-63 Repeat Sub-Loop 0, but BA[2:0] =7
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to WR Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Write Command. Outside burst operation, DQ signals are MID-LEVEL.
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Table 46 — IDD5B Measurement-Loop Pattern’

< w § o8 g R I O VO R I =l B I~ I
Ol x| 4 B Eggﬁgg%égégﬁDataz
5 o ug) G'3 § 3] 5| 3 | | €| <
0 REF 0 0 0 1 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 -
3,4 D# D# | 1 1 1 1 0 0 0 F 0 -
5..8 Repeat cycles 1...4, but BA[2:0] =1
o| B 9..12 Repeat cycles 1...4, but BA[2:0] = 2
% E 1 13...16 Repeat cycles 1...4, but BA[2:0] = 3
=3 17...20 Repeat cycles 1...4, but BA[2:0] = 4
21..24 Repeat cycles 1...4, but BA[2:0] =5
25...28 Repeat cycles 1...4, but BA[2:0] = 6
29...32 Repeat cycles 1...4, but BA[2:0] =7
2 33..nNRFC -1 | Repeat Sub-Loop 1, until nRFC - 1. Truncate, if necessary
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are MID-LEVEL.

2. DQ signals are MID-LEVEL.
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Table 47 — IDD7 Measurement-Loop Pattern’
ATTENTION: Sub-Loops 10-19 have inverse A[6:3] Pattern and Data Pattern than Sub-Loops 0-9

Q -]
€l ul 8 08 E |lu| 2|l %] «| | T T 5|l &|=
:l 82 &S 8|8 8|8|8|% 2 2|eely o
:é 5 o é 8 o P T < < < <

0 ACT | O 0 1 1 0 0 0 -
0 RDA | O 1 0 1 0 00000000
2 D 1 0 0 0 0 0 0 0 0 -
Repeat above D Command until NnRRD - 1
nRRD ACT | O 0 1 1 0 1 0 0 -
1 nRRD+1 RDA | 0 1 0 1 0 1 00110011
nRRD+2 D 1 0 0 0 0 1 0 0 -
Repeat above D Command until 2 * nRRD -1
2*nRRD Repeat Sub-Loop 0, but BA[2:0] = 2
3*nRRD Repeat Sub-Loop 1, but BA[2:0] = 3
D [1][ofofofof[3s]o]o]o|F|[o] -
4 4*nRRD
Assert and repeat above D Command until nNFAW - 1, if necessary

5 nFAW Repeat Sub-Loop 0, but BA[2:0] = 4

6 nFAW+nRRD Repeat Sub-Loop 1, but BA[2:0] = 5

7 nFAW+2*nRRD Repeat Sub-Loop 0, but BA[2:0] = 6

8 nFAW+3*nRRD Repeat Sub-Loop 1, but BA[2:0] =7

. o [1]oJoJofo]7 o]oJolF o] -
ol | 9 nFAW+4*nRRD - -
£ T Assert and repeat above D Command until 2 * nFAW - 1, if necessary
D o
g "§ 2*nFAW+0 ACT | O 0 1 1 0 0 0 0 0 F -
@ 10 2*nFAW+1 RDA | O 1 0 1 0 0 0 1 0 F 00110011
D 1 0 0 0 0 0 0 0 0 F -
2*nFAW+2
Repeat above D Command until 2 * nFAW + nRRD - 1
2*nFAW+nRRD ACT | O 0 1 1 0 1 0 0 -
1" 2*nFAW+nRRD+1 | RDA | 0 1 0 1 0 1 0 1 00000000
D 1 0 0 0 0 1 0 0 -
2*nFAW+nRRD+2
Repeat above D Command until 2 * nFAW + 2 * nRRD -1
12 | 2*nFAW+2*nRRD | Repeat Sub-Loop 10, but BA[2:0] = 2
13 | 2*nFAW+3*nRRD | Repeat Sub-Loop 11, but BA[2:0] = 3
D [1[ofofofo[s]o]o]o|o]o]|] -
14 | 2*nFAW+4*nRRD - -
Assert and repeat above D Command until 3 * nFAW - 1, if necessary

15 3*nFAW Repeat Sub-Loop 10, but BA[2:0] = 4

16 3*nFAW+nRRD Repeat Sub-Loop 11, but BA[2:0] = 5

17 | 3*nFAW+2*nRRD | Repeat Sub-Loop 10, but BA[2:0] = 6

18 | 3*nFAW+3*nRRD | Repeat Sub-Loop 11, but BA[2:0] =7

D [1]ofJofofof[7]o]o]lofo]o] -

19 | 3*nFAW+4*nRRD

Assert and repeat above D Command until 4 * nFAW - 1, if necessary
Notes:

1. DM must be driven LOW all the time. DQS, DQS# are used according to RD Commands, otherwise MID-LEVEL.
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.

Confidential

-1330 158-

Rev.1.0 March . 2026




10.13.2 Ipp Current Specifications

AS4C128M16D3LF

Symbol Speed Bin DDR3L-1333| DDR3L-1600

Unit
Definition Max. Max.
1DDO gsz::itng One Bank Active-Precharge 110 120 mA
IDD1 g:)eir;;i%ge %r::rz:tnk Active-Read- 130 145 mA
IDD2N Precharge Standby Current 80 85 mA
IDD2NT | Precharge Standby ODT Current 95 105 mA
IDD2P0 | Precharge Power Down Current Slow Exit 16 16 mA
IDD2P1 Precharge Power Down Current Fast Exit 45 50 mA
IDD2Q Precharge Quiet Standby Current 80 85 mA
IDD3N Active Standby Current 85 95 mA
IDD3P Active Power Down Current 55 60 mA
IDD4R Operating Burst Read Current 165 190 mA
IDD4W | Operating Burst Write Current 185 210 mA
IDD5B Burst Refresh Current 175 180 mA
IDD6*3 Normal Temperature Self-Refresh Current 11 11 mA
IDDBET* I(E:)L(ltr?-::fd Temperature Self-Refresh 13 13 mA
IDD7 Operating Bank Interleave Read Current 205 235 mA
IDD8 RESET# Low Current 10 10 mA
Notes:

1. Max. values for IDD currents consider worst case conditions of process, temperature and voltage.

2. The below IDD parameters value must be derated (increased) when operating temperature TCASE > 85°C:
(@) When TCASE > 85°C: IDDO, IDD1, IDD2N, IDD2NT, IDD2Q, IDD3N, IDD3P, IDD4R, IDD4W, and IDD5B must be derated by
10%; and IDD2PO, IDD2P1, IDD8 must be derated by 30%.
(b) When TCASE > 95°C: IDD6ET must be derated by 30%.
3. Set MR2 A[6] = Ob, Auto Self-Refresh (ASR) disable; Set MR2 A[7] = Ob, Self-Refresh Temperature Range (SRT) disable for
normal temperature range.
4. Set MR2 A[6] = Ob, ASR disable; Set MR2 A[7] = 1b, SRT enable for extended temperature range.
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10.14 Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max
values may result in malfunction of the DDR3L SDRAM device.

Definition for tCK(avg)

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each
clock period is calculated from rising edge to rising edge.

N
tck(avg) = LZtCKJ.J/ N
j=1

where N =200

Definition for tCK(abs)

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next
consecutive rising edge. tCK(abs) is not subject to production test.

Definition for tCH(avg) and tCL(avg)

tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high
pulses.

tCH(avg) = {itCH jJ/ (N x tck(avg))
=1
where N =200

tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.
N
tcL(avg) = {ZtCLjJ/ (N x tck(avg))
j=1

where N =200

Definition for tJIT(per) and tJIT(per,lck)
tIT(per) is defined as the largest deviation of any signal tck from tCK(avg).

tJIT(per) = Min/max of {tCKi - tCK(avg) where i = 1 to 200}.
tJIT(per) defines the single period jitter when the DLL is already locked.
tJIT(per,Ick) uses the same definition for single period jitter, during the DLL locking period only.

tJIT(per) and tJiT(per,ick) are not subject to production test.
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Definition for tJIT(cc) and tJIT(cc,Ick)
tJIT(cc) is defined as the absolute difference in clock period between two consecutive clock cycles.

tJIT(cc) = Max of [{tCK; +1 - tCK}|.
tJIT(cc) defines the cycle to cycle jitter when the DLL is already locked.
tJIT(cc,Ick) uses the same definition for cycle to cycle jitter, during the DLL locking period only.

tJIT(ce) and tJIT(cc,Ick) are not subject to production test.
Definition for tERR(nper)

tERR is defined as the cumulative error across n multiple consecutive cycles from tCK(avg). tERR is not
subject to production test.

10.15 Speed Bins
DDR3L SDRAM Speed Bins include tck, tRCD, tRP, tRC and tRAS for each corresponding bin.
10.15.1 DDR3L-1333 Speed Bin and Operating Conditions

Speed Bin DDR3L-1333
CL-nRCD-nRP 9-9-9 Unit Notes
Parameter Symbol Min. Max.
e e e i o T ™ | rows || e |
Internal read command to first data tAA (13'1132'2)*8 20 nS
ACT to internal read or write delay time tRCD 135 - nS
(13.125)*8
PRE command period trRP 135 - nS
(13.125)*8
ACT to ACT or REF command period trC 49.5 - nS
(49.125)*8
ACT to PRE command period tRAS 36 9 * tREFI nS
CL=5 CWL=5 tCK(AVG) 3.0 3.3 nS 1,2,3,4,6
CWL=6,7 tCK(AVG) Reserved nS 5
Lot CWL=5 {CK(AVG) 25 | 33 nS [1,2,3,4,6
CWL=6,7 tCK(AVG) Reserved nS 5
CWL=5 tCK(AVG) Reserved nS 5
B _ 1875 | <25 nS
CL=7 CWL=6 tCK(AVG) - 1,2,3,4,6
(Optional)*® nS
CwL=7 {CK(AVG) Reserved nS 5
CWL=5 tCK(AVG) Reserved nS 5
CL=8 CWL=6 tCK(AVG) 1.875 | <25 nS 1,2,3,4,6
CwWL=7 tCK(AVG) Reserved nS 5
cL=9 CWL=5,6 {CK(AVG) Reserved nS 5
CWL=7 tCK(AVG) 15 | <1875 nS 1,2,3,4
CL=10 CWL=5,6 tCK(AVG) Reserved nS 5
CWL=7 tCK(AVG) 1.5 | <1.875 nS 1,2,3,4
Supported CL Settings Sup_CL 5,6,(7),8,9,10 nCK
Supported CWL Settings Sup_CWL 56,7 nCK

Note:
Field value contents in blue font or parentheses are optional AC parameter and CL setting. Detail descriptions refer to note 10.
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10.15.2 DDR3L-1600 Speed Bin and Operating Conditions

Speed Bin DDR3L-1600
CL-nRCD-nRP 11-11-11 Unit Notes
Symbol Min. Max.
e epeeing feaeny (S o™ | wowx | - | w0 | whe
Internal read command to first data tAA 13.75 20 nS
(13.125)*8
ACT to internal read or write delay time tRCD 13.75 - nS
(13.125)*8
PRE command period tRP (1;':15'2755;*8 - nS
ACT to ACT or REF command period tRC 48.75 - nS
(48.125)*8
ACT to PRE command period tRAS 35 9 * tREFI nS
oL CWL=5 tCK(AVG) 3.0 3.3 nS 1,2,3,4,7
CWL=6,7,8 tCK(AVG) Reserved nS 5
oL CWL=5 {CK(AVG) 25 | 33 nS |1,234,7
CWL=6,7,8 tCK(AVG) Reserved nS 5
CwWL=5 {CK(AVG) Reserved nS 5
oL WLt oG 1875 | <25 nS |1,234,7
(Optional)*8 nS 5
CWL=7,8 tCK(AVG) Reserved nS 5
CWL=5 tCK(AVG) Reserved nS 5
cL CWL =6 tckave) | 1875 | <25 nS [1,234,7
CWL=7,8 tCK(AVG) Reserved nS 5
CWL=5,6 tCK(AVG) Reserved nS 5
CL CWL=7 tCK(AVG) 15 ‘ <1875 nS >
(Optional)*® nS 1,2,3,4,7
CWL=8 tCK(AVG) Reserved nS 5
CWL=5,6 tCK(AVG) Reserved nS 5
CL =10 CWL=7 tCK(AVG) 1.5 | <1.875 nS 1,2,3,4,7
CWL=8 tCK(AVG) Reserved nS 5
oL =11 CWL=5,6,7 {CK(AVG) Reserved nS 5
CWL =8 {CK(AVG) 125 | <15 nS | 1,234
Supported CL Settings Sup CL 5,6, (7), 8, (9), 10, 11 nCK
Supported CWL Settings Sup_CWL 5,6,7,8 nCK

Note:

Field value contents in blue font or parentheses are optional AC parameter and CL setting. Detail descriptions refer to note 10.
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10.15.3 Speed Bin General Notes

The absolute specification for all speed bins is TOPER and VDD = VDDQ = 1.35V(1.283V to 1.45V) and
1.5V(1.425V to 1.575V). In addition the following general notes apply.

1.
2.

10.

Max. limits are exclusive. E.g. if tCK(AVG).MAX value is 2.5 nS, tCK(AVG) needs to be < 2.5 nS.

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 fulfilled: Requirements from CL setting as well as
requirements from CWL setting.

. tcK(AvVG).MIN limits: Since CAS Latency is not purely analog - data and strobe output are

synchronized by the DLL - all possible intermediate frequencies may not be guaranteed. An
application should use the next smaller standard tCK(AvVG) value (3.0, 2.5, 1.875, 1.5, 1.25, 1.07 or
0.938 nS) when calculating CL [nCK] = tAA [nS] / tCK(AVG) [nS], rounding up to the next ‘Supported
CL.

. tCK(AVG).MAX limits: Calculate tCK(AVG) = tAA.MAX / CL SELECTED and round the resulting tCK(AVG)

down to the next valid speed bin (i.e. 3.3 nS or 2.5 nS or 1.875 nS or 1.5 nS or 1.25 nS or 1.07 nS).
This result is tCK(AVG).MAX corresponding to CL SELECTED.

. ‘Reserved’ settings are not allowed. User must program a different value.
. Any DDR3L-1333 speed bin also supports functional operation at lower frequencies as shown in the

table which are not subject to Production Tests but verified by Design/Characterization.

. Any DDR3L-1600 speed bin also supports functional operation at lower frequencies as shown in the

table which are not subject to Production Tests but verified by Design/Characterization.

. For devices supporting optional down binning to CL=7 and CL=9, tAA/tRCD/tRP min must be 13.125

nS. SPD settings must be programmed to match. For example, DDR3L-1333 (9-9-9) devices
supporting down binning to DDR3L-1066 (7-7-7) should program 13.125 nS in SPD bytes for tAamin
(Byte 16), tRcDmin (Byte 18), and tRPmin (Byte 20). DDR3L-1600 (11-11-11) devices supporting
down binning to DDR3L-1333 (9-9-9) or DDR3L-1066 (7-7-7) should program 13.125 nS in SPD
bytes for tAamin (Byte16), tRcDmin (Byte 18), and tRPmin (Byte 20). Once trRP (Byte 20) is
programmed to 13.125 nS, tRCmin (Byte 21, 23) also should be programmed accordingly. For
example, 49.125nS (tRASmIn + tRPmin = 36 nS + 13.125 nS) for DDR3L-1333 (9-9-9) and 48.125 nS
(tRASmMIn + tRPmMin = 35 nS + 13.125 nS) for DDR3L-1600 (11-11-11).

. For devices supporting optional down binning to CL=11, CL=9 and CL=7, tAA/ARCD/tRP min must be

13.125 nS. SPD settings must be programmed to match. For example, DDR3L-1600 (11-11-11)
devices supporting down binning to DDR3L-1333 (9-9-9) or DDR3L-1066 (7-7-7) should program
13.125 nS in SPD bytes for tAAmin (Byte 16), tRCDmin (Byte 18), and tRPmin (Byte 20). Once tRP
(Byte 20) is programmed to 13.125 nS, tRCmin (Byte 21, 23) also should be programmed
accordingly. For example, 47.125nS (tRASmin + tRPmin = 34 nS + 13.125 nS).

All parts list in ordering information table (section 3) will not guarantee to meet functional and AC
specification if the tCK(AVG) out of range mentioned in 10.15.1 to 10.15.4 speed bin and operating
conditions tables.
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10.16 AC Characteristics
10.16.1 AC Timing and Operating Condition for -12/-15 speed grades

AS4C128M16D3LF

Speed Grade DDR3L-1600 DDR3L-1333
Symbol (-12) (-15) Unit | Notes
Parameter Min. l Max. Min. | Max.
Common Notes 1,2,3,4
Clock Input Timing
tCK(DLL-off) | Minimum clock cycle time (DLL-off mode) 8 l - 8 | - nS 45
tCK(avg) |Average Clock Period S%i“s:;:?gn” Sii?;ge:?%n" pS
tCH(avg) |Average CK/CK# high pulse width 0.47 0.53 0.47 0.53 tCK(avg)
tCL(avg) |Average CK/CK# low pulse width 0.47 0.53 0.47 0.53 tCK(avg)
tCK(abs) | Absolute Clock Period m:‘;:ttcc}ﬁ(aav\?g);: ZQ:J:\ISI_TZZ:::% pS 37
tCH(abs) | Absolute CK/CK# high pulse width 0.43 - 0.43 - tCK(avg) 38
tCL(abs) | Absolute CK/CK# low pulse width 0.43 - 0.43 - tCK(avg) 39
tJIT(per) | Clock Period Jitter -70 70 -80 80 pS
tJIT(per,Ick) | Clock Period Jitter during DLL locking period -60 60 -70 70 pS
tJIT(cc) Cycle to Cycle Period Jitter 140 160 pS
tIT(co,Ick) [C)Ié/rci;l)edto Cycle Period Jitter during DLL locking 120 140 0S
tJIT(duty) | Clock Duty Cycle Jitter Already included in tCH(abs) and tCL(abs) pS
tERR(2per) | Cumulative error across 2 cycles -103 103 -118 118 pS
tERR(3per) | Cumulative error across 3 cycles -122 122 -140 140 pS
tERR(4per) | Cumulative error across 4 cycles -136 136 -155 155 pS
tERR(5per) | Cumulative error across 5 cycles -147 147 -168 168 pS
tERR(6per) | Cumulative error across 6 cycles -155 155 -177 177 pS
tERR(7per) | Cumulative error across 7 cycles -163 163 -186 186 pS
tERR(8per) | Cumulative error across 8 cycles -169 169 -193 193 pS
tERR(9per) | Cumulative error across 9 cycles -175 175 -200 200 pS
tERR(10per) | Cumulative error across 10 cycles -180 180 -205 205 pS
tERR(11per) | Cumulative error across 11 cycles -184 184 -210 210 pS
tERR(12per) | Cumulative error across 12 cycles -188 188 -215 215 pS
{ERR(nper) Cumulative error across n = 13, 14...49, 50 Min.: tIT(per)min * (1 + 0.68 * In(n)) pS 7

cycles

Max.: tJIT(per)max * (1 + 0.68 * In(n))
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AC Timing and Operating Condition for -12/-15 speed grades, continued

Speed Grade DDR3L-1600 DDR3L-1333
Symbol (-12) (-15) Unit | Notes
Parameter Min. Max. Min. Max.
Data Timing
tbQsQ DQS, DQS# to DQ skew, per group, per access - 100 - 125 pS 23
tQH DQ output hold time from DQS, DQS# 0.38 - 0.38 - tCK(avg) | 18, 23
tLZ(DQ) DQ low impedance time from CK, CK# -450 225 -500 250 pS 17, 23, 24
tHZ(DQ) DQ high impedance time from CK, CK# - 225 - 250 pS 17, 23, 24
{DS(AC135) Data setup time to Base specification 25 45 pS 11,40
DQs, DQs# VREF @ 1V/nS 160 180 pS |11, 40, 42
i Base specification 55 75 S 11, 40
{DH(DCS0) ng'hggst;?e e VREF @p 1VInS 145 165 ZS 11, 40, 42
tDIPW DQ and DM input pulse width for each input 360 - 400 - pS 10
Data Strobe Timing
tRPRE DQS,DQS# differential READ Preamble 0.9 Note 21 0.9 Note 21 | tCK(avg) (18, 21, 23
tRPST DQS,DQS# differential READ Postamble 0.3 Note 22 0.3 Note 22 | tCK(avg) (18, 22, 23
tQSH DQS,DQS# differential output high time 0.4 - 0.4 - tCK(avg) | 18, 23
tQsL DQS,DQS# differential output low time 0.4 - 0.4 - tCK(avg) | 18, 23
tWPRE DQS,DQS# differential WRITE Preamble 0.9 - 0.9 - tCK(avg) 46
twPST DQS,DQS# differential WRITE Postamble 0.3 - 0.3 - tCK(avg) 46
tDQSCK EI)SQI%%?(Sé:;mg edge output access time from 295 205 255 255 bS 17,23
NZ00S) | O orks (Retorensed fammL o 1y 450 | 225 500 | 250 | ps [17,23,24
vaoas |BRSEa D0 Nobmpeae e on || s | - | 20 | ps |masas
tDQSL DQS,DQS# differential input low pulse width 0.45 0.55 0.45 0.55 | tCK(avg) | 12,14
tDQSH DQS,DQS# differential input high pulse width 0.45 0.55 0.45 0.55 | tCK(avg) | 13,14
tDQss DQS,DQSH# rising edge to CK,CK# rising edge -0.27 0.27 -0.25 0.25 | tCK(avg) 16
tDSS ESCIJnSgE;SgS: falling edge setup time to CK,CK# 018 B 0.2 B tck(avg) | 15, 16
tDSH ESCIJnSgE;SgS: falling edge hold time from CK,CK# 018 3 0.2 3 tcK(avg) | 15, 16
Command and Address Timing
tAA Internal read command to first data nS 8
tRCD ACT to internal read or write delay time nS 8
tRP PRE command period Se(;“s;;:??’%n” Seoen}?;ge:?%n" nS 8
tRC ACT to ACT or REF command period nS 8
tRAS ACT to PRE command period nS 8
tDLLK DLL locking time 512 - 512 - nCK
{RTP Internal READ Command to PRECHARGE max(4nCK, B max(4nCK, B 8
Command delay 7.5n8) 7.5n8)
WTR _Delay from start of internal write transaction to  |[max(4nCK, _ max(4nCK, _ 8 26
internal read command 7.5n8) 7.5n8) ’
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AC Timing and Operating Condition for -12/-15 speed grades, continued

DDR3L-1600 DDR3L-1333
Speed Grade
Symbol (-12) (-15) Unit | Notes
Parameter Min. ‘ Max. Min. ‘ Max.
Command and Address Timing
tWR WRITE recovery time 15 - 15 - nS 8, 26
tMRD Mode Register Set command cycle time 4 - 4 - nCK
tMOD Mode Register Set command update delay ma>1<(51nZSn)C K, - ma>1<(51nZSn)C K, -
tccb CAS# to CAS# command delay 4 - 4 - nCK
tDAL(min) ﬁ;‘g precharge write recovery + precharge WR + roundup(tRP(min)/ tCK(avg)) nCK 6
tMPRR | Multi-Purpose Register Recovery Time 1 - 1 - nCK 29
{RRD ACTIVI_E to ACTIVE command period for 2KB max(4nCK, _ max(4nCK, _ 8
page size 7.5n8) 7.5n8)
tFAW Four activate window for 2KB page size 40 - 45 - nS 8
HIS(AC160) Commgnd and Address | Base specification 60 80 pS 9, 41
setup time to CK, CK# | VREF @ 1 V/nS 220 240 pS |9, 41,42
HS(AC135) Commgnd and Address | Base specification 185 205 pS 9, 41
setup time to CK, CK# | VREF @ 1 V/nS 320 340 pS |9,41,42
HH(DCo0) Command and Address | Base specification 130 150 pS 9, 41
hold time from CK, CK# | VREF @ 1 V/nS 220 240 pS |9,41,42
tPW fC(:)?r:;?;lﬁ ?:F?L:?ss and control input pulse width 560 _ 620 _ 0S 10
Calibration Timing
tzQinit | Power-up and RESET calibration time ma>é(4501nZSn)CK, - magf(;fsn)CK, -
tzQoper | Normal operation Full calibration time mag(ZZSSSn)CK, - ma§(22§>r?sn)CK, -
tzQCs | Normal operation Short calibration time mag(g:g)CK, - mag(és:sn)CK, - 33
Reset Timing
IXPR Exit Reset from CKE HIGH to a valid max(5nCK, _ max(5nCK, _
command 170nS) 170nS)
Self Refresh Timing
txs Exit Self Refresh to commands not requiring a | max(5nCK, _ max(5nCK, _ 34
locked DLL 170nS) 170nS)
tXSDLL E)’é'it(esdegfffresr‘ to commands requiring a tDLLK(min) - tDLLK(min) - nCK 35
tCKESR Minimum QKE low width for Self Refresh entry | tCKE(min) + _ tCKE(min) + _
to exit timing 1nCK 1nCK
{tCKSRE Valid Clock Requirement after Self Refresh max(5 nCK, 3 max(5 nCK, 3
Entry (SRE) 10nS) 10nS)
{tCKSRX Va_Iid Clock Requirement before Self Refresh max(5 nCK, 3 max(5 nCK, B
Exit (SRX) 10nS) 10nS)
Refresh Timing
tRFC REF command to ACT or REF command time 160 - 160 - nS 36
{REFI Average periodic 0°C< TCASE < 85°C* - 7.8 - 7.8 uS
refresh Interval 85°C < TCASE < 95°C - 3.9 - 3.9 usS
* 0°C < TCASE < 85°C is available for 12, 15 grade parts only.
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AC Timing and Operating Condition for -12/-15 speed grades, continued

DDR3L-1600 DDR3L-1333
Speed Grade 12 15 .
Symbol (-12) (-15) Unit | Notes
Parameter Min. ‘ Max. Min. ‘ Max.
Power Down Timing
Exit Power Down with DLL on to any valid
txXP command; Exit Precharge Power Down with DLL max(3nCK, - max(3nCK, - 34
L 6nS) 6nS)
frozen to commands not requiring a locked DLL
XPDLL Exit Precharge Power Down with DLL frozen to max(10nCK, max(10nCK, 35
commands requiring a locked DLL 24nS) B 24nS) B
- . max(3nCK, max(3nCK,
tCKE CKE minimum pulse width 5nS) - 5.625nS) -
tCPDED | Command pass disable delay 1 - 1 - nCK
tPD Power Down Entry to Exit Timing tCKE(min) |9 * tREFI| tCKE(min) |9 * tREFI 25
tACTPDEN | Timing of ACT command to Power Down entry 1 - 1 - nCK 27
tPRPDEN Timing of PRE or PREA command to Power Down 1 _ 1 _ nCK 27
entry
tRDPDEN | Timing of RD/RDA command to Power Down entry| RL +4 + 1 - RL+4 +1 - nCK
Timing of WR command to Power Down entry Min.: WL + 4 + roundup (twR(min)/ tCK(avg))
tWRPDEN | 3| 80TF, BLSBMRS, BCAOTF) Max.: — nCK 20
Timing of WRA command to Power Down entry Min. WL+4+ WR+1
tWRAPDEN | 3 5TF, BLBMRS, BC4OTF) Max.: — nCck |19
Timing of WR command to Power Down entry Min.: WL + 2 + roundup (tWR(min)/ tCK(avg))
tWRPDEN (BCAMRS) Max.: — nCK 20
Timing of WRA command to Power Down entry Min.WL+2+ WR+1
tWRAPDEN (BC4MRS) Max.: — nCK 19
tREFPDEN | Timing of REF command to Power Down entry 1 - 1 - nCK 27,28
tMRSPDEN | Timing of MRS command to Power Down entry tMOD(min) - tMOD(min) -
ODT Timing
ODTH4 ODT high time without write command or with write 4 _ 4 _ nCK 30
command and burst chop 4
ODTHS ODT high time with Write command and burst 6 _ 6 _ nCK 31
length 8
tAONPD A_synchronous RTT turn-on delay (Power Down 5 85 9 85 ns 32
with DLL frozen)
tAOFPD A_synchronous RTT turn-off delay (Power Down 5 85 9 85 ns 32
with DLL frozen)
tAON RTT turn-on -225 225 -250 250 pS 17,43
tAOF Rtt_Nom and Rtt_WR turn-off time from ODTLoff 0.3 07 03 0.7 |tokavg)| 17, 44
reference
tADC RTT dynamic change skew 0.3 0.7 0.3 0.7 |tCK(avg) 17
Write Leveling Timing
{WLMRD First D_QS/DQS# rising edge after write leveling 40 _ 40 _ nCK 5
mode is programmed
AWLDQSEN DQS/DQS# delay after write leveling mode is o5 _ 25 _ nCK 5
programmed
Write leveling setup time from (CK, CK#) zero
twis crossing to rising (DQS, DQS#) zero crossing 165 B 195 B pS
Write leveling hold time from rising (DQS, DQS#)
WLH zero crossing to (CK, CK#) zero crossing 165 B 195 B pS
twLO | Write leveling output delay 0 7.5 0 9 nS
tWLOE | Write leveling output error 0 2 0 2 nS
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10.16.2 Timing Parameter Notes

1. Unit ‘tckavg)’ 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.

For example, 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 (which is smaller than 4 x tck(avg)).

2. Timing that is not specified is illegal and after such an event, in order to provide proper operation, the
DRAM must be resetted or powered down and then restarted through the specified initialization
sequence before normal operation can continue.

3. The CK/CK# input reference level (for timing reference to CK / CK#) is the point at which CK and CK#
Cross.

The DQS/DQS# input reference level is the point at which DQS and DQS# cross;

The input reference level for signals other than CK/CK#, DQS/DQS# and RESET# is VREFCA and
VREFDQ respectively.

4. Inputs are not recognized as valid until VREFCA stabilizes within specified limits.
5. The max values are system dependent.

6. tck(avg) refers to the actual application clock period. WR refers to the WR parameter stored in mode
register MRO.

7. n=from 13 cycles to 50 cycles. This row defines 38 parameters.

8. For these parameters, the DDR3L SDRAM device supports tnPARAM [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 tnRP = RU{tRP / tCK(avg)}, which is in clock cycles, if all input clock
jitter specifications are met. This means: For DDR3L-1333 (9-9-9), of which tRP = 13.5nS, the device will
support tnRP = RU{tRP / tCK(avg)} = 9, as long as the input clock jitter specifications are met, i.e.
Precharge command at Tm and Active command at Tm+9 is valid even if (Tm+9 - Tm) is less than
13.5nS due to input clock jitter.

9. These parameters are measured from a command/address signal (CKE, CS#, RAS#, CAS#, WE#,
ODT, BAO, A0, A1, 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.

10.Pulse width of a input signal is defined as the width between the first crossing of VREF(DC) and the
consecutive crossing of VREF(DC).

11.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)#) crossing.

12.tbQsL describes the instantaneous differential input low pulse width on DQS - DQS#, as measured from
one falling edge to the next consecutive rising edge.

13.tDQsH describes the instantaneous differential input high pulse width on DQS - DQS#, as measured
from one rising edge to the next consecutive falling edge.

14.tDQSH,act + tbQsL,act = 1 tCK,act ; with tXyz,act being the actual measured value of the respective timing
parameter in the application.

15.tDSH,act + tDss,act = 1 tCK,act ; with tXyz,act being the actual measured value of the respective timing
parameter in the application.

16.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. tJiIT(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.
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17. When the device is operated with input clock jitter, this parameter needs to be derated by the actual
tERR(mper),act of the input clock, where 2 < m < 12. (Output deratings are relative to the actual SDRAM
input clock.)

For example, if the measured jitter into a DDR3L-1333 SDRAM has tERR(mper),act,min = - 138 pS and
tERR(mper),act,max = + 155 pS, then

tbasck,min(derated) = tbQsck,min - tERR(mper),act,max = - 255 pS - 155 pS = - 410 pS and
tbasck,max(derated) = tbQSCK,max - tERR(mper),act,min = 255 pS + 138 pS = + 393 pS.

Similarly, tLz(bQ) for DDR3L-1333 derates to tLz(DQ),min(derated) = - 500 pS - 155 pS = - 655 pS and
tLz(bQ),max(derated) = 250 pS + 138 pS = + 388 pS. (Caution on the min/max usage!)

Note that tERR(mper),act,min is the minimum measured value of tERR(nper) where 2 <n < 12, and
tERR(mper),act,max is the maximum measured value of tERR(nper) where 2 < n < 12.

18.When the device is operated with input clock jitter, this parameter needs to be derated by the actual
tuiT(per),act of the input clock. (Output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR3L-1333 SDRAM has tck(avg),act = 1500 pS,
tIIT(per),act,min = - 58 pS and tIT(per),act,max = + 74 pS, then

tRPRE,min(derated) = tRPRE,min + tJIT(per),act,min = 0.9 x tCK(avg),act + tJIT(per),act,min = 0.9 x 1500 pS
-58 pS =+ 1292 pS.

Similarly, taH,min(derated) = tQH,min + tyiT(per),act,min = 0.38 x tck(avg),act + tJIT(per),act,min = 0.38 x
1500 pS - 58 pS = + 512 pS. (Caution on the min/max usage!).

19.WR in clock cycles as programmed in mode register MRO.

20.twRr(min) is defined in nS, for calculation of twWRPDEN it is necessary to round up twR(min)/tCK(avg) to the
next integer value.

21.The maximum read preamble is bound by tLz(DQS)min on the left side and tbQsck(max) on the right side.
See Figure 24 - “READ Timing; Clock to Data Strobe relationship” on page 48.

22.The maximum read postamble is bound by tbQsck(min) plus tasH(min) on the left side and tHz(DQS)max
on the right side. See Figure 24 - “READ Timing; Clock to Data Strobe relationship” on page 48.

23.Value is only valid for RON34.

24.Single ended signal parameter.

25.tREFI depends on TOPER.

26.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.

27.CKE is allowed to be registered low while operations such as row activation, precharge, auto-precharge
or refresh are in progress, but power down IDD spec will not be applied until finishing those operations.

28.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 tXxPDLL(min) is also required. See section 8.17.3
“Power-Down clarifications - Case 2” on page 78.

29.Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

30.0ODTH4 is measured from ODT first registered high (without a Write command) to ODT first registered
low, or from ODT registered high together with a Write command with burst length 4 to ODT registered
low.

31.0DTHS8 is measured from ODT registered high together with a Write command with burst length 8 to
ODT registered low.

32.This parameter applies upon entry and during precharge power down mode with DLL frozen.
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33.0ne ZQCS command can effectively correct a minimum of 0.5 % (ZQ Correction) of RON and RTT
impedance error within 64 nCK for all speed bins assuming the maximum sensitivities specified in the
‘Output Driver Voltage and Temperature Sensitivity’ and ‘ODT Voltage and Temperature Sensitivity’
tables. The appropriate interval between ZQCS commands can be determined from these tables and
other application-specific parameters.
One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate)
and voltage (Vdriftrate) drift rates that the SDRAM is subject to in the application, is illustrated. The
interval could be defined by the following formula:

ZQCorrection
(TSensx Tdriftrate) + (VSensx Vdriftrate)

where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM
temperature and voltage sensitivities.

For example, if TSens = 1.5% / °C, VSens = 0.15% / mV, Tdriftrate = 1 °C / sec and Vdriftrate = 15
mV/sec, then the interval between ZQCS commands is calculated as:

0.5
(1.5x1) + (0.15x15)

34.Commands not requiring a locked DLL are all commands except Read, Read with Auto-Precharge and
Synchronous ODT.

35.Commands requiring a locked DLL are Read, Read with Auto-Precharge and Synchronous ODT.

36. A maximum of one regular plus eight posted refresh commands can be issued to any given DDR3L
SDRAM device meaning that the maximum absolute interval between any refresh command and the
next refresh command is 9 xtREFI.

37.Parameter tcK(avg) is specified per its average value. However, it is understood that the relationship
between the average timing tcK(avg) and the respective absolute instantaneous timing tck(abs) holds
all times.

38.tcH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the
following falling edge.

39.tcL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the
following rising edge.

40.tDs(base) and tDH(base) values are for a single-ended 1V/nS slew rate DQs 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 section 10.16.4 “Data Setup, Hold and Slew Rate Derating”
on page 153.

41.t1s(base) and tiH(base) values are for 1V/nS CMD/ADD single-ended slew rate and 2V/nS 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 section 10.16.3 “Address / Command Setup, Hold and
Derating” on page 146.

42.The setup and hold times are listed converting the base specification values (to which derating tables
apply) to VREF when the slew rate is 1 V/nS . These values, with a slew rate of 1 V/nS , are for
reference only.

43.For definition of RTT turn-on time tAON See 8.19.2.2 “Timing Parameters” on page 83.

44 For definition of RTT turn-off time tAOF See 8.19.2.2 “Timing Parameters” on page 83.

45.There is no maximum cycle time limit besides the need to satisfy the refresh interval, tREFI.

46. Actual value dependent upon measurement level definitions See Figure 41 - “Method for calculating

twPRE transitions and endpoints” on page 61 and See Figure 42 - “Method for calculating twPsT
transitions and endpoints” on page 61.

=0.133 = 128mS
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10.16.3 Address / Command Setup, Hold and Derating

For all input signals the total tIS (setup time) and tiH (hold time) required is calculated by adding the
datasheet tiS(base) and tiH(base) value (see Table 48) to the Atis and AtiH derating value (see Table 49
to Table 50) 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
VREF(DC) and the first crossing of VIH(AC)min. Setup (tIS) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of VREF(DC) and the first crossing of ViL(aAC)max. If the actual
signal is always earlier than the nominal slew rate line between shaded ‘VREF(DC) to AC region’, use
nominal slew rate for derating value (see Figure 107). If the actual signal is later than the nominal slew
rate line anywhere between shaded ‘VREF(DC) to AC region’, the slew rate of a tangent line to the actual
signal from the AC level to VREF(DC) level is used for derating value (see Figure 109).

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 VREF(DC). 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 VREF(DC). If the actual
signal is always later than the nominal slew rate line between shaded ‘DC to VREF(DC) region’, use
nominal slew rate for derating value (see Figure 108). If the actual signal is earlier than the nominal slew
rate line anywhere between shaded ‘DC to VREF(DC) region’, the slew rate of a tangent line to the actual
signal from the DC level to VREF(DC) level is used for derating value (see Figure 110).

For a valid transition the input signal has to remain above/below VIH/IL(AC) for some time tvAC (see Table
51).
Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have

reached VIH/IL(AC) at the time of the rising clock transition, a valid input signal is still required to complete
the transition and reach VIH/IL(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 48 — ADD/CMD Setup and Hold Base-Values for 1V/nS

Symbol Reference DDR3L-1333 | DDR3L-1600 | Unit | Note
tIS(base) AC160 | VIH/L(AC) : SR=1 V/nS 80 60 pS 1
tIS(base) AC135 | VIH/L(AC) : SR=1 V/nS 205 185 pS | 1,2
tIS(base) AC125 | VIH/L(AC) : SR=1V/nS - - pS | 1,3
tIH(base) DC90 | VIH/L(DC) : SR=1 V/nS 150 130 pS 1

Notes:

1. (AC/DC referenced for 1V/nS Address/Command slew rate and 2 V/nS differential CK-CK# slew rate)

2. The tiIS(base) AC135 specifications are adjusted from the tIS(base) AC160 specification by adding an additional 100pS for
DDR3L-1333/1600 of derating to accommodate for the lower alternate threshold of 135 mV and another 25 pS to account
for the earlier reference point [(160 mV - 135 mV) / 1 V/nS].

3. The tIS(base) AC125 specifications are adjusted from the tIS(base) AC135 specification for the lower alternate threshold of
125 mV and another 10 pS to account for the earlier reference point [(135 mV - 125 mV) / 1 V/nS].

Confidential -1460 158- Rev.1.0 March . 2026



AS4C128M16D3LF

Table 49 — Derating values DDR3L-1333/1600 tis/tiH - AC/DC based

AtlIS, AtlH derating in [pS] AC/DC based

iMDB/ AC160 Threshold -> VIH(AC)=VREF(DC)+160mV, VIL(AC)=VREF(DC)-160mV

Slew CK, CK# Differential Slew Rate

(\’,7:; ) 4.0 VInS 3.0 VInS 2.0 VInS 1.8 VInS 1.6 VInS 1.4 VInS 1.2VInS 1.0 VInS

AtlS | AtIH | AtIS | AtiH | AtIS | AtlH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtiH | AtIS | AtiH

2.0 80 | 45 | 80 | 45 | 80 | 45 | 88 | 53 | 96 | 61 | 104 | 69 | 112 | 79 | 120 | 95
1.5 53 | 30 | 53 | 30 | 53 | 30 | 61 | 38 | 69 | 46 | 77 | 54 | 8 | 64 | 93 | 80
1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
0.9 -1 3 -1 3 -1 3 7 5 15 | 13 | 23 | 21 | 31 | 31 | 39 | 47
0.8 -3 -8 3 | -8 -3 -8 5 1 13 9 21 | 17 | 29 | 27 | 37 | 43
0.7 5 | 13| 5 | 13| -5 | 13| 3 5 | 11 3 19 | 11 | 27 | 21 | 35 | 37
0.6 8 |-20| 8| -20| -8 |-21] 0 |-12] 8 4 | 16 4 24 | 14 | 32 | 30
05 | 20 | 30 | 20 | 30 | 20 | -30 | 12 | 22 | 4 | 14 | 4 6 | 12 4 20 | 20
04 | -40 | 45 | 40 | -45 | 40 | 45 | -32 | 37 | 24 | 29 | 16 | -21 | -8 | -11 0 5

Table 50 — Derating values DDR3L-1333/1600 tis/tiH - AC/DC based - Alternate AC135 Threshold

AtlIS, AtlH derating in [pS] AC/DC based

i"lgg/ Alternate AC135 Threshold -> VIH(AC)=VREF(DC)+135mV, VIL(AC)=VREF(DC)-135mV

Slew CK, CK# Differential Slew Rate

(\;7:; )| 40Vms | 30VinS | 20VinS | 18VinS | 16VinS | 14VnS | 12VnS | 1.0VinS

AtlS | AtiH | atis | AtiH | AtS | AtH | atis | atiH | ats | atH | atis | atiH | Ats | atH | atis | AtiH
20 | 68 | 45 | 68 | 45 | 68 | 45 | 76 | 53 | 84 | 61 | 92 | 69 | 100 | 79 | 108 | 95
15 | 45 | 30 | 45 | 30 | 45 | 30 | 53 | 38 | 61 | 46 | 69 | 54 | 77 | 64 | 85 | 80
1.0 olo | o|o]lo| o)l s | 8 |16 | 16| 24|24 ]|32]34] 4 |50
0.9 2 | 3| 2| 3] 2] 3|10 5 |18 | 13| 26| 21| 34|31 | 42|47
0.8 3 | 8| 3| 8| 3| 8|11 1 |19] 927|173 |27/ 43]| a3
0.7 6 | 13| 6 | 13| 6 | 13| 14| 5 | 22| 3 |30 11|38 ] 21] 4| 37
06 | 9 | 20| 9 |20 o | 20|17 |12 25| 4 |33 ] 4 | a1 | 14] a9 ] 30
o5 | 5 |30 | 5 |30 | 5 [ 30|13 |22]21| 14| 2| 637|442
04 | 3 | 45| 3 | 45| 3 | 45| 6 |37 | 14| 20| 22 |-21]30|-11]3] 5
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Table 51 — Required time tvAc above VIH(AC) {below VIL(AC)} for valid ADD/CMD transition

DDR3L-1333/1600
S'R‘,"I’n"‘;"i‘te tVAC @ 160mV [pS] | tVAC @ 135mV [pS]
Min. Max. Min. Max.
>2.0 200 - 213 -
2.0 200 - 213 -
1.5 173 - 190 -
1.0 120 - 145 -
0.9 102 - 130 -
0.8 80 - 111 -
0.7 51 - 87 -
0.6 13 - 55 -
0.5 Note - 10 -
<0.5 Note - 10 -

Note: Rising input signal shall become equal to or greater than VIH(AC) level and Falling input signal shall become equal to or
less than VIL(AC) level.
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Note: Clock and Strobe are drawn
on a different time scale.

vbbQ - - - - - ———f -~ — =~ —————— T ————
VIHAC)MIN ————————
VREF to AC
region
VIHDC)MIin ————————

nominal
slew rate

VRerDC) ~Nt-—-———F71-—-——""""—"H""4+HHH-——"—""-—-——""—"""—"—"—"———
nominal
slew rate
ViLpcmax ——|-- \\®%¥r—-—————f——%$¥r————"—7—"—"—"—"—"—"—"—"——————
VREF to AC
ViLAcmax ——|-————R-—"—"—"—"—"—f " —F1—"—"—"—"—FJ—"—F——————— regon
Vs - |- - —— """ ——————— -
S © ATR
Setup Slew Rate _ VREF(DC) — VIL(AC)max Setup Slew Rate _ VIH(AC)min - VREF(DC)
Falling Signal ~ ATF Rising Signal ~ ATR

Figure 107 — lllustration of nominal slew rate and tvAc for setup time tbs (for DQ with respect to
strobe) and tis (for ADD/CMD with respect to clock)
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Note: Clock and Strobe are drawn
on a different time scale.

VIHAC)MIN — — — — — — — —{

VIHDC)MiN ————————1
DC to VREF

region

nominal
slew rate

VREF(DC) - \——————FT """} —-"P-————"——"——————— 1 8 -
nominal
slew rate DC to VREF
region
ViLpc)max ———— N\ ——Ft———————— -t F—4——-
ViLacmax - - - - - - - ---——-——-———-f--t+--1+--—-——-—-—---—--—-————- F————-
Vs - ——————————————— — — -t —————————— — — 1 -4 ——-
ATR ATF
Hold Slew Rate _ VREF(DC) — VIL(DC)max Hold Slew Rate _ VIH(DC)min - VREF(DC)
Rising Signal ~ ATR Falling Signal ~ ATF

Figure 108 — lllustration of nominal slew rate for hold time tbH (for DQ with respect to strobe)
and tiH (for ADD/CMD with respect to clock)
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Note: Clock and Strobe are drawn
on a different time scale.

nominal
lin

VIHAC)MIN TS AG T T
region

VIHDC)Min - —=————————————————
\tangent
line
VREF(DC) + coojpooooooooo|EEfrroqosssssssss
tangent
L~
&~ line
ViLpcymax ————-f—%YY-f--—-——""""—"—-"P - —"—"FT-—"—""1—"—"—""""~"~—"~—"~—~"~—~"~—"———"-
VREF to AC
region
VILACMmax = — 7/ — -~~~ A~~~ ="
nominal
line PEENY
tvAC ATR
VSs ———— ] e
< > t t line [VIH(AC)min - VREF(DC
b ATE v Setup Slew Rate _ angent line [VIH(AC)min @]

Rising Signal ~ ATR

Setup Slew Rate tangent line [VREF(DC) - VIL(AC)max]

Falling Signal ~ ATF

Figure 109 - lllustration of tangent line for setup time tbs (for DQ with respect to strobe) and tis
(for ADD/CMD with respect to clock)
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Rising Signal

Note: Clock and Strobe are drawn
on a different time scale.

VIHAC)MIN — — — — ——— — —

VREF(DC) = ————————|- == —————— -

DC to VREF
region
DC to VREF
region
ViL(DC)max = —————
VILAC)max — — — — — — — —

tangent/'

line

ATR

Hold Slew Rate _ tangent line [VREF(DC) - VIL(DC)maXx]

ATR

Hold Slew Rate _ tangent line [VIH(DC)min - VREF(DC)]

\ /
\ /
e | —_——_——_—— e — —
tos |, toH _ _tps |, tDH _

VHDC)MN m=——————~|-~>>~—~—~" " ~——————— _JL—

tangent

line

nominal
line

—

Falling Signal ~

ATF

Figure 110 - lllustration of tangent line for hold time tbH (for DQ with respect to strobe) and tiH

(for ADD/CMD with respect to clock)
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10.16.4 Data Setup, Hold and Slew Rate Derating

For all input signals the total tDs (setup time) and tbH (hold time) required is calculated by adding the
data sheet tDS(base) and tDH(base) value (see Table 52) to the AtDS and AtDH (see Table 53) derating
value respectively. Example: tbs (total setup time) = tDS(base) + AtDS.

Setup (tbs) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(DC) and the first crossing of VIH(AC)min. Setup (tDS) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of VREF(DC) and the first crossing of VIL(AC)max (see Figure
107). If the actual signal is always earlier than the nominal slew rate line between shaded ‘VREF(DC) 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 ‘VREF(DC) to AC region’, the slew rate of a tangent line to the actual
signal from the AC level to VREF(DC) level is used for derating value (see Figure 109).

Hold (tbH) 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(DC). Hold (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(DC) (see Figure
108). If the actual signal is always later than the nominal slew rate line between shaded ‘DC level to
VREF(DC) 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 VREF(DC) region’, the slew rate of a tangent line to the
actual signal from the DC level to VREF(DC) level is used for derating value (see Figure 110).

For a valid transition the input signal has to remain above/below VIH/IL(AC) for some time tVAC (see Table
54).
Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have

reached VIH/IL(AC) at the time of the rising clock transition) a valid input signal is still required to complete
the transition and reach VIH/IL(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 52 — Data Setup and Hold Base-Values

Symbol Reference | DDR3L-1333 | DDR3L-1600 | Unit Notes
tDS(base) AC135 g/F'i’ '](C%S 45 25 pS 1
tDS(base) AC130 g/;{H:/ ;(C%S - - pS 2
tDH(base) DCO0 g/'RHz/ ﬁ(?ffﬁs 75 55 pS 1
tDH(base) DC0 g;';:’ Ii(?/%s - - pS 2

Notes:
1. (AC/DC referenced for 1V/nS DQ-slew rate and 2 V/nS DQS slew rate)
2. (AC/DC referenced for 2V/nS DQ-slew rate and 4 V/nS DQS slew rate).
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Table 53 — Derating values for DDR3L-1333/1600 tDs/tbH - (AC135)

AtDS, AtDH derating in [pS] AC/DC based’

DQ Alternate AC135 Threshold -> VIH(AC)=VREF(DC)+135mV, VIL(AC)=VREF(DC)-135mV

Slew DQS, DQS# Differential Slew Rate

(\r,?;‘;) 4.0 VInS 3.0 VinS 2.0 VInS 1.8 VinS 1.6 VinS 1.4 VinS 1.2 VinS 1.0 VinS

AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH

2.0 68 | 45 | 68 | 45 | 68 | 45 ; ; ; ; ; ; ; - ; -
15 45 | 30 | 45 | 30 | 45 | 30 | 53 | 38 ; ; - ; - - - -
1.0 0 0 0 0 0 0 8 8 16 | 16 - ) - R ; R
0.9 - ; 2 -3 2 3 10 5 18 | 13 | 26 | 21 - R ; R
0.8 ; - ; - 3 -8 11 1 19 9 27 | 17 | 35 | 27 ; ;
0.7 ; - ; - ; ; 14 | 5 | 22 3 30 | 11 | 38 | 21 | 46 | 37
0.6 ; - ; - - ; - 25 | 4 | 33 4 41 14 | 49 | 30
0.5 - - - - - - - - - - 29 | 6 | 37 4 45 | 20
0.4 - ; - ; ; - ; - ; - - - 30 | 11 | 38 5

Note: Cell contents ‘-’ are defined as not supported.

Table 54 — Required time tvAC above VIH(AC) {below VIL(AC)} for valid transition

DDR3L-1333/1600 (AC 135)
Slew Rate [V/nS] tvAC [pS]
Min. Max.

>20 113 -
2.0 113 -
15 90 -
1.0 45 -
0.9 30 -
0.8 11 -
0.7 Note -
0.6 Note -
0.5 Note -
<0.5 Note -

Note: Rising input signal shall become equal to or greater than VIH(AC) level and Falling input signal shall become equal to or less than

VIL(AC) level.
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1. Backward Compatible to 1.5V DDR3 SDRAM VDD/VDDQ Requirements

11.1 Input/Output Functional

Symbol Type Function

Power Supply: DDR3L operation = 1.283V to 1.45V;

VBD | SupRlY | ppr3 operation = 1.425V to 1.575V

DQ Power Supply: DDR3L operation = 1.283V to 1.45V,;

voba | Suppl
UPPY | DDR3 operation = 1.425V to 1.575V

11.2 Recommended DC Operating Conditions - DDR3L (1.35V) operation
Symbol | Parameter/Condition Min. Typ. Max. Unit Notes
VDD Supply Voltage 1.283 1.35 1.45 V 1,2,3,4
VDDQ Supply Voltage for Output 1.283 1.35 1.45 \Y 1,2,3,4
Notes:

1.

2.
3.
4.

Maximum DC value may not be greater than 1.425V. The DC value is the linear average of VDD/VDDQ(t) over a very long
period of time (e.g., 1 sec).

If maximum limit is exceeded, input levels shall be governed by DDR3 specifications.

Under these supply voltages, the device operates to this DDR3L specification.

Once initialized for DDR3L operation, DDR3 operation may only be used if the device is in reset while VDD and VDDQ are
changed for DDRS3 operation (see Figure 111).

11.3 Recommended DC Operating Conditions - DDR3 (1.5V) operation
Symbol | Parameter/Condition Min. Typ. Max. Unit Notes
VDD Supply Voltage 1.425 1.5 1.575 \Y, 1,2,3
VDDQ Supply Voltage for Output 1.425 1.5 1.575 \% 1,2,3
Notes:

1.
2.

3.

If minimum limit is exceeded, input levels shall be governed by DDR3L specifications.

Under 1.5 V operation, this DDR3L device operates to the DDR3 specifications under the same speed timings as defined for
this device.

Once initialized for DDR3 operation, DDR3L operation may only be used if the device is in reset while VDD and VDDQ are
changed for DDR3L operation (see Figure 111).

11.4 Vbb/Vbba Voltage Switch between DDR3L and DDR3

If the SDRAM is powered up and initialized for the 1.35V operating voltage range, voltage can be
increased to the 1.5V operating range provided that:

Just prior to increasing the 1.35V operating voltages, no further commands are issued, other than
NOPs or COMMAND INHIBITs, and all banks are in the precharge state.

The 1.5V operating voltages are stable prior to issuing new commands, other than NOPs or
COMMAND INHIBITSs.

The DLL is reset and relocked after the 1.5V operating voltages are stable and prior to any READ
command.

The ZQ calibration is performed. tzQinit must be satisfied after the 1.5V operating voltages are stable
and prior to any READ command.
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If the SDRAM is powered up and initialized for the 1.5V operating voltage range, voltage can be reduced
to the 1.35V operating range provided that:

Just prior to reducing the 1.5V operating voltages, no further commands are issued, other than NOPs
or COMMAND INHIBITs, and all banks are in the precharge state.

The 1.35V operating voltages are stable prior to issuing new commands, other than NOPs or
COMMAND INHIBITSs.

The DLL is reset and relocked after the 1.35V operating voltages are stable and prior to any READ
command.

The ZQ calibration is performed. tzQinit must be satisfied after the 1.35V operating voltages are
stable and prior to any READ command.

After the DDR3L DRAM is powered up and initialized, the power supply can be altered between the
DDR3L and DDR3 levels, provided the sequence in Figure 111 is maintained.

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk

| — A A A A A A o

tCKSRX

VDD, VDDQ (DDR3) ez iors
VDD, VDDQ (DDR3L) \ (& \ \ \ \ § (g\ (g\
‘Tmini 10 ns Tmin = 200 s

v

v

v
A
A
v
YA

RESET#
tis|

CKE
tDLLK N
tXPR tMRD tMRD tMRD tMOD tzaQinit
tIs
[
7 A
Ve V4 V4 Ve
7 A A 7 A A
o) tis
z p 7 pa pa pa z 7 7 [
oDT /Jy/ /){/ \\ Static LOW in case Rtt_Nom is enabled at time Tg, Otherwise static HIGH or LOW \\ \ VA@@
7 7 7 7 7 7 T 7 7
(@ (@ C C C C (@ C C
RTT S S S S 5 S S S S

g TIME BREAK DON'T CARE

Note:

1.

From time point “Td” until “Tk” NOP or DES commands must be applied between MRS and ZQCL commands.
Figure 111 -VDD/VDDQ Voltage Switch between DDR3L and DDR3
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12. PACKAGE SPECIFICATION
Package Outline VFBGA96 Ball (7.5x13 mm?, ball pitch: 0.8mm) — (Window BGA Type)

AS4C128M16D3LF

O ]aaa] c[4X]
e A [TTEIE] E1
¢ » A1 q eE PIN A1 INDEX
(Al PIN A1 INDEX e - ;’
76 5 4 3 2
o > 1. 580 000
D “’TB——O (ON@) O0O0
D c|O0OO0 O0O0
D D|OOO O0O0
D E[OOO O0O0
D FIO OO OO0
D G|O OO OO0
a D - H{O OO O OO0
N =)
» J1O OO O0O0
» K|O OO O0O0
D LIOOO O0O0
D M|O OO OO0O0
D N|O OO O0O0
B PO OO OO0
D R|O OO O0O0
D ¥ O & O ‘-{— O0O0
L /1 tHE wiNDOW-SIDE
ald b ENCAPSULANT
LSEATING PLANE SOLDER BALL DIAMETER REFERS.
TO POST REFLOW CONDITION.
ddd@|[c[A]B]
$ eee@ C
DIMENSION DIMENSION
SYMBOL (MM) (INCH)
MIN. | NoMm. | MAX. | mIN. | Nom. | max. e——— BALL LAND —)
A 1.00 0.039
Al 0.25 040 | 0.010 0.016
b 0.40 050 | 0.016 0.020
D 12.90 | 13.00 | 13.10 | 0.508 | 0.512 | 0.516
E 740 | 750 | 760 | 0291 | 0295 | 0.299 L | I
D1 12.00 BSC. 0.472 BSC. \_/
E1 6.40 BSC. 0.252 BSC.
eE 0.80 BSC. 0.032 BSC.
eD 0.80 BSC. 0.032 BSC. A
asa — T o015 — T 0006 BALL OPENING
o ol ot
cee - - 1. Ball land: 0.5mm, Ball opening: 0.4mm,
ddd 0.15 0.008 PCB Ball land ted < 0.4
pves 0.08 0.003 all land suggested < 0.4mm
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13.PART NUMBERING SYSTEM

AS4C |128M16D3LF -12 B C N XX
_ . Packing Type
128M16=128Mx16 C=Commercial :
DRAM | D3L=DDR3L | 12=800MHz | B=FBGA (0° C~+95° C) Indicates Pband|  \5neTray
F=F die version Halogen Free TR-Reel
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