eorex EM47EM1688MBD/SBD

Description

TheEM47EM1688MB a4Gb DDR3L SDRAM consisting2adfib x 8 banks x 16 bits I/O. DDR3L 1.354 low
voltage version of DDR3 1.58W47EM1688BD TheEM47EM1688MBD/SBD is packaged Bx@3mm 96 Balls
FBGA.

Features
Power Supply: MD: 1.35V-0.065/+0.1V or 1.5V &.075V

Vb= 1.35\40.065/+0.1V or 1.5V @075V

Functionality and operations comypiith the DDR3L SDRAMtandards
8 internal banks

1rank

Speed -125isDDR3L-1600 and-107 isDDR3L-1866

Data transfer rates: PER80Q and PC34900
Bi-Directional Differential Data Strobe

8 bit prefetch

Burst Length (BL) switch @he-fly BL8 or BC4 (Burst Chop)
OnDie Termination (ODT)

Programmable CAS (READ) latency (CL)

Programmable posted CAS additive latency (AL)
Programmable CAS (WRITE) latency (CWL)

This product is in copliance with the RoHS directive
Operatingtemperature -55°C to +13C

¢64ms, 819zycle refresh at55C to +85°C

¢32ms at +85°C to #05°C

¢8ms at 405°C to 425°C
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Revision History

Revision Update

Revision 1 (Aug2021) First release

Part Numbering

EM 47 EM 16 M B
EOREX Memory J
DDR3 SDRAM
Operating temperature
(Blank)= Commercial
Density | =Industrial
CM =64 Mb X=Extreme
DM =128 Mb
EM = 256Mb Speed
FM = 51Mb 93=2133MHz
107=1866MHz
Organization 125=1600MHz
08 =8 hits 150=1333MHz
16= 16 bit
32= 32 bit
Die version
A=1"version
R_EfreSh B = 2 version
8=8K X
Bank
o ?8 bank Package
=oban B=BGA
C=BGA 2CS
Interface
S=1.5V
M =1.35V
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Ordering Information

Part No Organization | Voltage Max. Frequency Package Grade
EM47EM1688MBR07 256M x 16 1.35V DDR311866 (1313-13) | FBGAIB | Commercial
EM47EM1688MBROT7 256M x 16 1.35V DDR3L1866 (1313-13) | FBGAJ6B Industrial
EM47EM1688MBRO7X 256M x 16 1.35V DDR311866 (1313-13) | FBGAJ6B Extreme
EM47EM1688MB25 256\ x 16 1.35V DDR31600 (1311-11) | FBGA96B | Commercial
EM47EM1688MBD25| 256\ x 16 1.35V DDR3t1600 (1111-11) | FBGA9%6B Industrial
EM47EM1688MBD25X 256M x 16 1.35V DDR3t1600 (1311-11) | FBGAY6B Extreme
EM47EM1688BD-107 256M x 16 1.5V DDR31866 (1313-13) | FBGAIB | Commercial
EM47EM16888D-107I 256M x 16 1.5V DDR31866 (1313-13) | FBGAJ6B Industrial
EM47EM1688BD-107X 256\ x 16 1.5V DDR31866 (1313-13) | FBGAY%B Extreme
EM47EM1688BD-125 256\ x 16 1.5V DDR31600 (1111-11) | FBGA96B | Commercial
EM47EM1688BD-125I 256M x 16 1.5V DDR31600 (1311-11) | FBGAY6B Industrial
EM47EM1688BD-125X 256M x 16 1.5V DDR31600 (1111-11) FBGAO6B Extreme

Note: Speed {CK*) is in order of ERCERP
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Ball Assignment
Top view
1 2 3 7 8 9
VDDQ DQ13 DQ15 A DQ12 VDDQ VSS
VSSQ VDD VSS B /UDQS DQ14 VSSQ
VDDQ DQ11 DQ9 C UDQS DQ10 VDDQ
VSSQ VDDQ UDM D DQS8 VSSQ VDD
VSS VSSQ DQO E LDM VSSQ VvDDQ
VDDQ DQ2 UDM F DQ1 DQ3 VSSQ
VSSQ DQ6 DQO G VDD VSS VSSQ
VREFDQ| VDDQ LDQS H DQ7 DQ5 VDDQ
NC VSS /LDQS J CK VSS NC
oDT VDD DQ4 K ICK VDD CKE
NC ICS IRAS L A10/AP ZQ NC
VSS BAO ICAS M NC VREFCA VSS
VDD A3 /WE N Al12/BC BA1 VDD
VSS A5 BA2 P Al A4 VSS
VDD A7 A9 R All A6 VDD
VSS IRESET A13 T Al4 A8 VSS
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Ball Description

Symbol Type Function

Clock: CKand /CK are differential clockinputs. All addressand cortrol input signals
CK,/CK Input are sampledon the crossingof the positive edgeof CKand negativeedge of /CK.
Output (read)data is referencedto the crossingsf CKand /CK

ClockEnable: CKEHIGHactivates,and CKELow deactivates,internal clock signals
and device input buffers and output drivers. TakingCKH.owprovidesPrecharge
PowerDownand SelfRefreshoperation(all banksidle), or Active PowerDown (Row
Activein any bank). CKEs asynchronoudor selfrefresh exit. After VREFCAas
CKE Input becomestable during the power on and initialization sequence,it must be
maintainedduringall operations (including SelfRefresh). CKEmust be maintained
high throughout read and write accessednput buffers, excludingCK,/CK, ODTand
CKEare disabledduring PowerDown. Input buffers, excludingCKEare disabled
during SelfRefresh.

Chip Select:All commandsare maskedwhen /CSis registered HIGH./CS provides
/ICS Input for external Rankselection on systemswith multiple Ranks/CSis consideredpart
of the commandcode.

On Die Termination: ODT(registeredHIGH)enablestermination resistanceinternal
to the DDR3L SDRAM. Whenenabled,ODTis only appliedto each DQ, DQS,

oot Input / DQSand DM. The ODTpin will be ignoredif the Mode Register (MR1)is
programmedto disableODT.
JRAS/CAS,/WE Input Commandinputs: /RAS/CASand /WE (alongwith /CS)define the commandbeing

entered.

Input DataMask: DM is an input masksignalfor write data. Input data is masked
UDM,LDM Input when DM is sampledHIGHcoincidentwith that input data duringa Write access.
DM is sampledon both edgesof DQS.

Bank Address Inputs: BAGBA2 definethe bankto which an Active, Read Write or
BAO-BA? Input Pre-chargecommandis beingapplied. Bank addressalso determinesif the mode
register or extended mode register is to be accessedduring a MRScycle.

Addresslnputs: Providethe row addressfor Activecommandsand the column
addressfor Read/Writecommandgo selectone location out of the memoryarrayin

AO~-Al4 Input the respectivebank.The addressinputs also provide the op-code during Mode
RegisteiSet commands (A10/APand A12/BChave additional functions,see below)
Auto Precharge A10is sampledduring Read/Writecommandsto determine
whether Auto pre-chargeshould be performed to the accessedank after the
Read/Write operation(HIGHAuto pre-charge LOW:No Auto pre-charge) A10is
A10/ AP Input

sampledduring a Precharge commandto determine whether the Prechargeapplies
to one bank (A10LOW)or all banks(A10HIGH).If only one bankis to be pre-
chargel, the bankis selectedby bank addresses.

Burst Chop:Al2is sampled duringRead and Write commandsto determineif
Al12/ BC Input burst chop(on-the-fly) will be performed. (HIGH no burst chop,LOW burst chopped).
Seecommandtruth table for details
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Symbol Type Function

Input Reset /RESET is an active LOW CMOS input referencesigdMe/RESET input
/IRESET Input receiver is a CMOS input defined as at@iN> A £ aA 3yt ¢ PDhdad BY
[ h2 X DD®WRESET assertion and desertion are asynchronous.

DQO~ D@5 /0 Datalnput/ Output: Bidirectionaldata bus.

UDQS/UDQS Data Strobe: Output with read data, input with write data. Edgealigned with read data,
LDQS, /LDQS /10 centered in write data. DDR3L SDRAMsupports differential data strobe only and does
' not support singleended.

VDDQ Supply DQPower Supply:1.35V- 0.065+0.1Vor 1.5V +/- 0.075V
VsSsQ Supply DQ Ground
VDD Supply Power Supply:1.35V-0.065+0.1Vor 1.5V +/- 0.075V
Vss Supply Ground
VREFDQ Reference Referencevoltage for DQ Pins
VREFCA Reference Referencevoltage for Command, Control, and Address Pins
ZQ Reference ReferencePin for ZQ calibration: series 24 resistor to \6S
NC - Not Connected Internally.

Note: Input only pins (BAGBA2,A0-A15,/RAS,/CAS/WE, /CS,CKEODTand /RESET)o not supplytermination.

All Datasheets Are Subject to Change Without Noti
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Absolute Maximum Rating

Symbol Item Rating Units
VIN, VOUT Input, Output Voltage -0.4 ~ +1.975 \Y;
VDD Power Supply Voltage -0.4 ~ +1.975 Y,
VDDQ Power Supply Voltage -0.4 ~ +1.975 Vv
Commercial 0~ 495 C
TOP Operating Temperature Range Industrial -40~ 495 C
Extreme -55~ 425 C
TSTG Storage Temperature Range -55 ~ +125 C
VREFCA Reference Voltage for Control -0.4 ~ 0.6xVDD \%
VREFDQ Reference Voltage for DQ -0.4 ~ 0.6xVDDQ \Y;

Note: Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification.

Recommended DC Operating Conditions
(VDD VDDQ=1.35V-0.065/+0.1V)

-107 -125
Max

Parameter& TestConditions Units

Symbad

Operating One Bank Active-ReadPre-charge Current:

CKEHigh;Externalclock:On;tck NRChRASNRCDCL seetiming used table; BL:81; AL:0;
/CS:Highbetween ACT RDand PRECommand, Address DatalO: partially toggling; DM:
stableat 0; BankActivity: Cycling with one bankactiveat a time; Output Bufferand RTT:
Enabledn Mode RegistersOQDTSignalstableat O

46 45 mA

IDD

Pre-chargePowerDown Current FastEXxit:

CKELow; Externalclock: On; tck CL:seetiming usedtable; BL:8; AL: 0;/CS:stableat 1;
Command,Address:stable at 0; Data |O: FLOATIN@M: stableat 0; BankActivity: all
banksclosed;Output Bufferand RTTEnabledn Mode Registers;ODT Signal:stable at
0; Precharge Power Down Mode: FastExit

12 12 mA

IDDypy

Precharge StandbyCurrent:

CKEHigh;Externalclock: On;tckx CL:seetiming usedtable; BL:8; AL:0;/CS:stableat 1;
CommandAddresspartially toggling; DatalO: FLOATINGDM: stableat 0; BankActivity:
all banksclosed;Output Bufferand RTT:Enabledin Mode RegistersODTSignal:stableat O

17 17 mA

IDDon

Active PowerDown Current:

CKELow; Externalclock:On;tck CL:seetiming usedtable; BL:8; AL:0;/CS:stableat 1,
CommandAddressstableat 0; DatalO: FLOATINGM: stableat 0; BankActivity: all
banksopen; Output Bufferand RTT Enabledin Mode RegistersODTSignal:stableat 0

17 17 mA

IDDsp

Operating Burst Write Current:

CKEHigh; Externalclock: On; tck CL:seetiming usedtable; BL:8; AL:0;/CS:High
between WR; Command Addresspartially toggling; DatalO: seamlesswrite data burst
with different data betweenone burst and the next one; DM: stable at 0; Bank Activity:
all banks open, WR commandscycling through banks:0,0,1,1,2,2,...Output Buffer and
RTTEnabledin Mode RegistersODTSignal:stableat HIGH

130 125 mA

IDDywy
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Symbad Parameter& TestConditions -107 -125 | Units
Burst RefreshCurrent:
CKEHigh; Externalclock: On; tcx CL,nRFCseetiming usedtable; BL:8; AL:0; /CS:High

IDDyg between REFCommand,Address:partially toggling; Data 10: FLOATINGDM: stable at 0; 156 152 mA

BankActivity: REFcommandevery nRFC;Output Bufferand RTTEnabledn Mode
RegistersODTSignalsstableat 0

SelfRefresh Current: Normal Temperature Range;
Tc 0-85C; Auto SelRefresh (ASR): Disabled; $&#fresh Temperature Range (SRT): Norn
CKE: Low; External clock: Off; CK and /CK: LOW; CL: see timing used table; BICS, AL:
Command, Address, Data 10: FLOATING; DM: stable at 0; Bank ActivRefrgsti

operation; Output Buffer and RTT: Enabled in Mode Registers; ODT Signal: FLOATING 15 15 mA

IDDy 15 15 mA

IDDy_rs

Operating BankInterleave ReadCurrent;

CKE: High; External clock: Qg;tRC, nRAS, nRCD, nRRD, nFAW, CL: see timing used t
IDD, BL: 8; AL: GL; CS: High between ACT and RDA; Command, Address: partially toggling;
10: read data bursts with different data between one burst and the negt BiM: stable at O;
Bank Activity: two times interleaved cycling through banks (0, 1, ...7) with different
addressing; Output Buffer and RTT: Enabled in Mode Regi&BESignalstableat 0

147 140 mA

Note 1: BurstLength:BL8fixed by MRS:set MROA[1,0]=00B

Note 2: Output Buffer Enable:set MR1A[12]=0B;set MR1A[5,1] =01B;RTT_Nonenable:setMR1A[9, 6, 2] = 011B;
RTT_Wenable:set MR2A[10,9] =10B

Note 3: PrechargePowerDown Mode: set MROA12=0Bfor SlowExitor MROA12=1Bfor FastExit

Note 4: Auto SelfRefresh(ASR)set MR2A6 =0Bto disableor 1Bto enablefeature

Note 5: SelfRefreshTemperatureRangg(SRT)set MR2A7 =0Bfor normal or 1Bfor extendedtemperature
range

Note 6: Referto DRAMsupplierdata sheetand/or SPXo determineif optional featuresor requirements are
supportedby DDR3L SDRAM

Note 7: ReadBursttype: Nibble Sequentialset MROA[3]=0B

All Datasheets Are Subject to Change Without Noti
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Simplified State Diagram

Power

applied
pp_— Power

Fromany RESET—'

state

ACT = ACTIVATE

MPR = Multipurpose register
MRS = Mode register set
PDE = Power-down entry
PDX = Power-down exit
PRE = PRECHARGE

PREA = PRECHARGE ALL

READ = RD, RDS4, RDS8

READ AP = RDAP, RDAPS4, RDAPS8
REF = REFRESH

RESET = START RESET PROCEDURE
SRE = Self refresh entry

CKE L
MRS, MP
Initialization write re?rzlsfh
leveling
R
Refreshing
Activating
Bank
active S
WRITE WRITE .- ~..._ READ READ
C\ " WRITEAP /D
s READ / ;
Writing WRITE Reading
WRITE AP READ AP
— ~
WRITE AP | READ AP
PRE, PREA
Writing PRE, PREA PRE, PREA Reading
\ % =
. N
......................................... Precharging . Automatic
sequence
Command
sequence

SRX = Self refresh exit

WRITE = WR, WRS4, WRS8

WRITE AP = WRAP, WRAPS4, WRAPS8
ZQCL = ZQ LONG CALIBRATION

ZQCS = ZQ SHORT CALIBRATION
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Reset and Power up Initialization Sequence
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NOTE 1. From time point “Td" until “Tk” NOP or DES commands must be applied between MRS and ZQCL commands. TIME BREAK ,/A DON'T CARE

Mode Register Setting

Mode Register 0 (MRO)

The base register, mode register O (MRO0), is used to define vibiDRBL SDRAM modes of operation. These
definitions include the selection of a burst length, burst type, CAS latency, operating mode, DLWRIESET,
recovery, and preharge powerdown mode

Burst Length

Burstlengthisdefinedby MRO[1:0].Readandwrite accesset the DDRBLSDRANMire burst-oriented, with
the burst length beingprogrammableto 4 (chop)mode, 8 (fixed) mode, or selectableusingA12duringa
READ/WRITeébmmand(on-the-fly). Theburst length determinesthe maximumnumber of column
locationsthat canbe accessedor agivenREADrWRITEommandWhenMRO[1:0Jissetto 01duringa
READ/WRITEBommand,f A12=0,then BC4modeisselectedlf A12=1,then BL8modeis selected.Jecific
timing diagrams and turnaround between READ/WRITEre shownin the READ/WRIT&ectionof this
document.

When a READ or WRITE command is issued, a block of columns equal to the burst length is effectively
selected. All accesses for that burst take place within this block, meaning that the burst will wrap within the
block if a boundary is reached. The blocurigquely selected by A[i:2] when the burst length is set to 4 and

by A[i:3] when the burst length is set to 8, where Ai is the most significant column address bit for a given
configuration. The remaining (least significant) address bit(s) is (are) usetetd the starting location

within the block. The programmed burst length applies to both READ and WRITE bursts.

All Datasheets Are Subject to Change Without Noti
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Mode Register 0 (MRO) Definitions

| BA2| BAL | BAO| A15]| A14] A13] A12 | A11[ A10] A9 | A8 [ A7[ A6 | A5 | A4 | A3 [ A2 | AL | AO | Address bus
$ 8 % & & 08 $ 8 & & % $ s $ $ & $ $ s

[ 0 | MRselect | 0 | PrD| WR | DLL[ T™M|  CASlatency |RBT| CL| BL | Mode registero
! o— L — !
BA1| BAO| MR select Al12 PPD A8 DLL Reset A3 | Read Burst Typ Al A0 BL
0 0 MRO 0 [ Slow exit(DLL off 0 No 0 [Nibble Sequenti 0 0 8 (Fixed)
1 | Fastexit(DLLon 1 Yes 1 Interleave 0 1 |[BC4or8(onthefl
1 0 BC4 (Fixed)
1 1 Reserved
v v v
All | A10 A9 WR A7 Mode A6 A5 Ad A2 | CAS Latenc
0 0 0 16 0 Normal 0 0 0 0 Reserved
0 0 1 5 1 Test 0 0 1 0 Reserved
0 1 0 6 0 1 0 0 6
0 1 1 7 0 1 1 0 7
1 0 0 8 1 0 0 0 8
1 0 1 10 1 0 1 0 9
1 1 0 12 1 1 0 0 10
1 1 1 14 1 1 1 0 11
0 0 0 1 Reserved
0 0 1 1 13
0 1 0 1 14
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

Note:
1. MRO[1815:13,7] arereservedfor future useandmustbe programmedto 0

Burst Type

Accessesvithin a given burst can be programmed titheer a sequential or an intégaved order. The burst

type is selected via MRO[3]. The ordering of accesses within a burst is determined by the burst Ilength, the
burst type, and the starting column addreS&3DR3L only supports 4bit burst chop and &it burst access

modes. Full interleave address ordering is supported for READs, while WRITESs are restricted to nibble (BC4)
or word (BL8) boundaries.
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Aug. 2021 11 eet oW eorex.com


http://www.eorex.com/

eorex

EM47EM1688MBD/SBD

Burst Order
Starting i
Burst | READ/ Burst Type = Sequentia Burst Type = Interleaved
Length | WRITE Column Address (Decimal) (Decimal) Notes
(Al2, 1, 0])
4(chop)| READ 000 0,1,2,3,2,2,2,Z 0,1,2,3,2,2,2,7 1,23
001 1,2,3,0,2,2,72,7 1,2,3,0,2,2,2,2 1,23
010 2,3,0,1,72,2,72,Z 2,3,0,1,2,2,2,Z 1,23
011 3,0,1,2,2,72,2,Z 3,0,1,2,2,2,2,Z 1,23
100 4,5,6,7,2,2,2,Z 4,5,6,7,2,2,2,Z 1,23
101 56,7,4,2,2,2,Z 56,7,4,2,2,Z2,Z 1,23
110 6,7,4,5,2,2,2,Z 6,7,4,5,2,2,2,Z 1,23
111 7,4,5,6,2,2,2,2 7,4,5,6,2,2,2,2 1,23
WRITE ovyv 0,1,2,3 X X, X, X 0,1,2,3, X, X, X,X | 1,24,5
1VvVV 4,5,6,7, X, X, X, X 4,5,6,7, X, X, X, X | 1,2,4,5
8 READ 000 0,12,3,4,5,6,7 0,1,2,3,4,5,6,7 2
(fixed) 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 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 2
100 4,5,6,7,0,1,2,3 4,5,6,70, 1, 2, 2
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2 2
110 6,7,4,5,2,3,0,1 6,7,4,52,3,0,1 2
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 2
WRITE VVV 0,1,2,3,4,56,7 0,1,2,3,4,56,7 2,4
Notes:

1. Internal READ and WRITE operations start at the same point in time for BC4 as they do for BL8.
2. Z = Data and strobe output drivers are indrate.
3. V = Avalid logic level (0 or 1), but the respective input buffer ignoresdenvielput pins.

4. Xr
DLL Reset

DLL RESET is defined by MRO[8]. Programming MRO[8] to 1 activates the DLL RESET function. MRO[8] is se

a52yai

[ I NB o

clearing, meaning it returns to a value of 0 after the DLL RESET function has been initiated.
Anytime the DLL RESET function is initiated, CKE must be HIGH and the clock held 2&®({tDfiok K) clock

cycles before a READ command can be issued. This is to allow time for the internal clock to be synchronized

with the external clock. Failing to wdor synchronization can result in invalid output timing specifications,
such as tDQSCK timings.

Write Recovery

WRITE recovery time is defined by MRO[11:9]. Write recovery values of 5, 6, 7, 8, 10, or 12 can be used by

programming MRQ[1:9]. The user is required to program the correct value of write recovery, which is
calculated by dividing tWR (ns) by tCK (ns) and roundingngm-integer value to the next integer:
WR (cycles) = roundup (tWR (ns)/tCK (ns)).

Pre-charge Power-Down (Pre-charge PD)

The precharge powerdown (precharge PD) bit apjgs only when preeharge powetdown mode is being
used. When MRO[12] is set to O, the DLL is off durinechexge powerdown, providing a lower standby
current mode;however, tXPDLL must be sfitd when exiting. When MRO[12] is set to 1, the DLL
continues to run during preharge powetrdown mode to enable a faster exit of polharge poweidown
mode; however, tXP must be satisfied when exiting.
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CAS Latency (CL)

CAS latency (CL) is defined by MF4). CAS latency is the delay, in clock cycles, between the internal READ
command and the availability of the first bit of output data. CL can be set to 5 throudhOR3L SDRAM do
not support halfclock latencies.

If an internal READ commandégistered at clock edge n, and the CAS latency is m clocks, the data will be
available nominally coincident with clock edge n + m. See Speed Bin Tables for the CLs supported at various
operating frequencies.

Mode Register 1 (MR1)

The mode register 1 (MR&pntrols additional functions and features not available in the other mode
registers: Q OFF (OUTPUT DISABLE), TDQS (for the x8 configuration only), DLL ENABLE/DLL DISABLE, R’
value (ODT), WRITE LEVELING, POSTED

CAS ADDITIVE latency, and OUTPUT BRRENTH. These functions are contied via the bits. The MR1
register is programmed via the MRS command and retains the stored informationtustieprogrammed,
until /REETgoes LOW, or until the device loses power. Reprogramming the MR1 regiteotvalter the
contents of the memory array, provided it is performed correctly.

The MR1 register must be loaded when all banks are idle and no bursts are in progress. The controller must
satisfy the specified timing parameters tMRD and tMi@dTore initiating a subsequent operation.

Mode Register 1 (MR1) Definition

[BA2] BAL| BAO[ A15[ A14| A13] A12 [ A11] A10] A9 | A8 [ A7| A6 [ A5 [ A4 | A3 | A2 | AL | AO | addressbus
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 3

[ 0 [ MRselect | 0 | Qoff [TDQY 0 [rawon{ 0 [Leve| runom [ DLC] AL [RiNon| D.LC| DLL| Mode register
| | 5 ] |
BA1| BAO| MRselect A12 Qoff All TDQS A4 A3 AL AO | DLL Enable
0 |Output buffer enable| 0 Disabled 0 0 Disabled 0 Enabled
0 1 MR1 1 Putput buffer disablg 1 Enabled 0 1 CL-1 1 Disabled
1 0 CL-2
1 1 [Reserve
v v v
A9 A6 A2 Rtt_Nom A7 |Write Leveling enab A5 A4 |Output Driver Impedand
0 0 0 Disabled 0 Disabled 0 0 RZQ/6
0 0 1 RZQ/4 1 Enabled 0 1 RzZQ/7
0 1 0 RZQ/2 1 0 Reserved
0 1 1 RZQ/6 1 1 Reserved
1 0 0 RzQ/12
1 0 1 RZQ/8
1 1 0 Reserved
1 1 1 Reserved
Notes

1. MR1[18, 15:13, 10, 8] are reserved for future use and must be programmed to 0.
2. During write leveling, if MR1[7] and MR1[12] are 1, then all RTT,nom values are avaitakse.f
3. During write leveling, if MR1[7] is a 1, but MR1[12] is a 0, then only RTT,nom write values are available for use.
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DLL Enable/ DLL Disable

The DLL may be enabled or disabled by programming MR1[0] during the LOAD MODE command. The DLL
must beenabled for normal operation. DLL enable is required during pawpdnitialization andipon

returning to nomal operation after having disabled the DLL for the purpose of debugging or evaluation.
Enabling the DLL should always be followed by resettingpthe using the appropriate LOAD MODE

command.

If the DLL is enabled prior to entering self refresh mode, the DLL is automatically disabled when entering SEL
REFRESH operation and is automaticatgnabled and reset upon exit of SELF REFRESH opefatierDLL

is disabled prior to entering self refresh mode, the DLL remains disabled even upon exit of SELF REFRESH
operation until it is reenabled and reset.

The DRAM is not tested to cheairmal mode timings or functionality when the DLL is disablecatfempt
has been made to have the DRAM operate in the normal mode where reasonably possible when the DLL has
been disabled; however, by industry standard, a few known exceptions are defined:

ODT is not allowed to be used
The output data is no longer edgdigned to the clock
CL and CWL can only be six clocks

5

When the DLL is disabled, timing and functionality can vary from the normal operation specifications when
the DLL is enabled. Disabling the DLL also implies the need to change the clock frequency.

Output Drive Strength

TheDDR3LSDRAM uses a programmable impedance output buffer. The drive strength mode register setting
Ad RSTAYSR o0& awmMopX MB® w¥®%vkT d6onm wbh®BRBL Aa {KSE
SDRAM devices. To calibrate theput driver impedance, an external precision resistor (RZQ) is connected

0SG6SSy (KS %v olff YR x{{vd ¢KS @IfdzS 2F (KS NE

The output impedance is set during initialization. Adidial impedance calibration wates do not affect

device operation, and all data sheet timings and current specifications are met during an updateset the

onm ALISOAFAOINIGAZ2Y X (GKS 2dzildzi RNAGS aAd0NBy3IGK Ydza
output driver impedance after poweup, the DDR3/LSDRAM needs a calibration command that is part of the
initialization and reset procedure

Output Enable/ Disable

The OUTPUT ENABLE function is defined by MR1[12]. When enabled (MR1[12] = 0), all outputs (DQ, DQS,
/DQS function when in thenormal mode of operation. When disabled (MR1[12] = 1)DBIR3/LSDRAM

outputs (DQ and DQAYQS are tristated. The output disable feature is intended to be used during IDD
characterization of the READ current and during tDQSS margining (write lewaling)

TDQS Enable

Termination data strobe (TDQS) is a feature of th®K&R3/LSDRAM configuration that provides termination
resistance (RTT) and may be useful in some system configurations. TDQS is not supported in x4 or x16
configurations. When enableda the mode register (MR1[11]), the RTT that is applied to DQ#&dp8is

also applied to TDQS an@DQS In contrast to the RDQS function of DDR2 SDRANR3/Qa ¢ 5 v { LINZ ¢
the termination resistance RTT only. The OUTPUT DATA STROBE functionisih@Dg&vided by TDQS;

thus, RON does not apply to TDQS AAdQS The TDQS and DM functions share the same ball. When the
TDQS function is enabled via the mode register, the DM function is not supported. When the TDQS function i
disabled, the DM funabn is provided, and thd TDQSball is not used. The TDQS function is available in the x8
DDR3/LSDRAM configuration only and must be disabled via the mode register for the x4 and x16
configurations.
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On-Die Termination

ODT resistance RTT,ndésrdefined by MR1[9, 6, 2]. The RTT termination value applies to the DQ, DM, DQS,
/DQS and TDQS,TDQalls.DDR3/Lsupports multiple RTT termination values based on RZQ/n where n can
60S HE nNX c¢cX yX 2NIMH YR w¥%v Aad Hnam®d

Unlike DDRZDDR3/LODT must béurned off prior to reading data out and must remain off during a READ
burst. RTT,nom termination is allowed any time after the DRAM is initialized, calibrated, and not performing
read access, or when it is not in self refresh mode. Additionally, writesses with dynamic ODTT(RWR))
enabled temporarily rplaces RTT,nom with RTT(WR).

The actual effective termination, RTT(EFF), may be different from the RTT targeted due to nonlinearity of the
termination. For RTT(EFF) values and calculations (s&&edmermination (ODT)'he ODT feature is

designed to improve signal integrity of the memory channel by enablin@R3/LSDRAM controller to
independently turn on/off ODT for any or all devices. The ODT input control pin is used to determine when
RTT is ttned on (ODTL on) and off (ODTL off ), assuming ODT has been enabled via MR1][9, 6, 2].Timings fot
ODT are detailed in Gdie Termination (ODT).

Write Leveling

The WRITE LEVELING function is enabled by MR1[7]. Write leveling is used (during ini)iatzbestew

the DQS strobe to clock offset as a result obfjytopology designs. For better signal integrithe
EM47EM1688MBD/SB&dlopted flyby topology for the commands, addresses, control signals, and clocks.
The flyby topology benefits from aeduced number of stubs and their lengths. Howeverpfytopology
induces flight time skews between the clock and DQS strobe (and DQ) at each@RByEeon the
EM47EM1688MBD/SBontrollers will have a difficult time maintainilgQS3$DSS, antDSH

specifications without supporting write leveling in systems which usbkyltopology.

Posted CAS Additive Latency

POSTED CAS ADDITIVE latency (AL) is supported to make the command and data bus efficient for sustainal
bandwidths inDDR3/LSDRAM. MR1[48] define the value of AL. MR1[4, 3] enable the user to program the
DDR3/LSDRAMuvith AL = 0, CL1, or Cl- 2.

Mode Register 2 (MR2)

The mode registe?2 (MR2) controls additional functions and features not available in the other mode

registers. These additional functioneeaCAS WRITE latency (CWL)@QWGELF REFRESH (ASR), SELF REFRESI
TEMPERATURE (SRT), and DYNAMIROD(WR)he MR2 is programmeda the MRS command and will

retain the stored information until it is programmed again or until the device loses power. Reprogramming

the MR2 register will not alter the contents of the memory array, provided it is performed correctly. The MR2
register must be loaded when all banks are idle and no data bursts are in progress, and the controller must
wait the specified timéMRD anl tMOD before initiating a stdequent operation.
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Mode Register 2 (MR2) Definition

| BA2| BAL[ BAO|AI5| A14 [A13[A12]AL1]| AL0[ A9 | A8 [ A7 | A6 | A5 | A4 [ A3 | A2 | AL | AD |Addresstus
$ § $ $ $§ $ ¢ $§ $ ¢ $ $§ $ $ $ $ $ $ 8

| 0 [ MRselect | 0 | RtWR | 0 |SRT| AR | cwL | 0 | Mot regiser2
| | !
BAL | BAO| MR select A7 | Self Refresh Temperaturg A5 | A4 | A3 | CAS Write Latency (CW
0 0 MRO 0 Normal (0C to 85C) 0 0 0 5 CK (tCK 2.5ns)
0 1 MR1 1 Extended (0C to 95C) 0 0 1 6 CK (2.5ns > tCKL.875ns)
1 0 MR2 0 1 | 0 | 7CK(1.875ns>tCKL5ns)
1 1 MR3 0 | 1| 1 | 8CK(L5ns>tCKL.25ns)
v 1 0 0 9 CK (1.25ns > tCKL.07ns)
o | e Dynamic ODT i Auto Sglf Refresh 1 0 1 |10CK (1.07ns > tCK.938ns)
(RTT(WR) ) (Optional) 1 1] 0 Reserved
0 0 RTT(WR) disabled 0 Disabled: Manual 1 1 1 Reserved
0 1 RZQ/4 1 Enabled: Automatic
1 0 RZQ2
1 1 Reserved
Note:

1.MR2[18, 15:11, 8, and 2:0] areserved for future use and must all be programmed to 0.

Mode Register 3 (MR3)

The mode register 3 (MR3) controls additional functions and features not available in the other mode
registers. Currently defined is the MULTIPURPOSE REGISTER (MPR)tidihis ftorttrolled via the bits.

The MR3 is programmed via the LOAD MODE command and retains the stored information until it is
programmed again or until the device loses power. Reprogramming the MR3 register will not alter the
contents of the memory arrgyprovided it is performed correctly. The MR3 register must be loaded when all
banks are idle and no data bursts are in progress, and the controller must wait the specifidd/fiRbeand
tMOD before initiating a sig®quent operation.
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Mode Register 3 (MR3) Definition

| BA2| BAL | BAO| A15] A14 | A13[ A12[A11] AL0| A9 | A8 | AT A6 | AS [ A4 | A3 | A2 | AL | AD|Addressbus
$ § $ § §$§ §$ § $§ $ $§ § § §$§ $§ § $§ §$§ § §

| 0 | MR select | 0 | MPR| MPR_RF| Mode register 3
i |
BAl1 [ BAO| MR select A2 MPR Enable Al | AO MPR READ Function
0 Normal DRAM operatiofis 0 0 Predefined patterf
1 Dataflow from MPR 0 1 Reserved
1 0 Reserved
1 1 MR3 1 1 Reserved
Notes :

1.MR3[18 and 15:3] are reserved for future use and must all be programmed to 0.
2.When MPR control is set for normal DRAM operation, MR3[1, 0] will be ignored.
3. Intended to be used for READ synchronization.

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
A2 = 1. Prior to issuing the MRSmmand, all banks must be in the idle state (all banksgtr@rged and tRP

met). Once the MPR is enabled, any subsequent RD or RDA commands will be redirected to the Multi Purpos
Register. When the MPR is enabled, only RD or RDA commands are allowadsubsequent MRS

command is issued with the MPR disabled (MR3 bit A2 = 0). Rinvar mode, selrefresh and any other
non-RD/RDA command is not allowed during MPR enable mode. The RESET function is supported during MF
enable mode.
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DDR3/L-1600MHz Speed Bins

SpeedBin DDR3L-1600
CltReptrp 11-11-11
Parameter Symbol Min Max Unit
Internalreadcommancdto first data 'AA 13.75 - ns
ACTto internalreador write delay time 'rRcD 13.75 - ns
PRE commangeriod 'RP 13.75 - ns
ACTto ACTor REFEommandperiod 'RC 48.75 - ns
ACTto PRE commangeriod 'RAS 35 9x 'REFI ns
CWL=5 'CK(AVG) 3.0 33 ns
CL=5 :
CWL=67, 8 CK(AVG) Reserved Reserved ns
CWL=5 'CK(AVG) 25 3.3 ns
CL=6 CWL=6 tCK(AVG) Reserved Reserved ns
CWL=78 tCK(AVG) Reserved Reserved ns
CWL=5 tCK(AVG) Reserved Reserved ns
CWL=6 ‘CK(AVG) 1.875 <25 ns
CL=7
CWL=7 'CK(AVG) Reserved Reserved ns
CwWL8 tCK(AVG) Reserved Reserved ns
CWL=5 tCK(AVG) Reserved Reserved ns
CWL=6 'CK(AVG) 1.875 <25 ns
CL=8
CWL=7 tc:}(AVG) Reserved Reserved ns
CwL38 tCK(AVG) Reserved Reserved ns
CWL=56 tCK(AVG) Reserved Reserved ns
CcL=9 CWL7 'CK(AVG) 15 <1.875 ns
CwLs8 tCK(AVG) Reserved Reserved ns
CWL=56 tCK(AVG) Reserved Reserved ns
CL=10 CWL? 'CK(AVG) 15 <1.875 ns
CwLS8 tCK(AVG) Reserved Reserved ns
CWL=56, 7 tCK(AVG) Reserved Reserved ns
CL=11
cwLs 'CK(AVG) 125 <15 ns
SupportedCLSettings 5,6,7,8,9,10,11 nCK
SupportedCWLSettings 5,6,7,8 nCK
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DDR3/L-1866MHz Speed Bins

SpeedBin DDR3L-1866
Cltreotre 13-13-13
Parameter Symbol Min Max Unit
Internalreadcommandto first data ‘AA 1391 20 ns
ACTo internalread or write delay time 'RcD 1391 - ns
PRE commangeriod 'RP 1391 - ns
ACTto ACTor REFEommandperiod 'RC 47.91 - ns
ACTio PREEommandperiod ‘RAS 34 9x'REFI ns
CWL=5 'CK(AVG) 3.0 3.3 ns
CL=5
CWL=67, 8 tCK(AVG) Reserved Reserved ns
CWL=5 'CK(AVG) 25 33 ns
CL=6
CWL=67, 8,9 'CK(AVG) Reserved Reserved ns
CWL=57,8, 9 tCK(AVG) Reserved Reserved ns
CL=7
CWL=6 'CKAVG) 1.875 <25 ns
CWL=58, 9 tCK(AVG) Reserved Reserved ns
cL=8 CWL=6 'CK(AVG) 1.875 <25 ns
CWL=7 'CK(AVG) Reserved Reserved ns
CWL=56, 8, 9 tCK(AVG) Reserved Reserved ns
CL=9
CWLZ 'CK(AVG) 15 <1.875 ns
CWL=56, 9 tCK(AVG) Reserved Reserved ns
CL=10 CWLZ 'CK(AVG) 15 <1.875 ns
CwLs8 tCK(AVG) Reserved Reserved ns
CWL=56, 7 tCK(AVG) Reserved Reserved ns
cL=11 CWLS 'CK(AVG) 125 <15 ns
CwL9 tCK(AVG) Reserved Reserved ns
CWL=56,7, 8 tCK(AVG) Reserved Reserved ns
CL=2
CwL9 tCK(AVG) Reserved Reserved ns
CWL=56, 7, 8 'CK(AVG) Reserved Reserved ns
CL=38
cwLe 'CK(AVG) 107 <125 ns
SupportedCLSettings 5,6,7,8,9,10,113 nCK
SupportedCWLSettings 5,6,7,89 nCK
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Electrical Characteristics and AC Operating Conditions -1

DDR?3L-1866 DDR3L-1600 .
Parameter Symbol : : Unit | Notes
Min ‘ Max Min Max
ClockTiming

Tc=-55Cto 85°C 8 7800 8 7800 ns 9,42

Clockperiod average: TC: >85Cto 95C 8 3900 8 3900 ns 42
period averag {CK(DLL_DIS)

DLLdisablemode Tc=>95Cto 105C 8 3900 8 3900 ns 42

Tc=>105Cto 125C 8 3900 8 3900 ns 42
ock period average:DLLenable mode {CK(AVG) SeeSpeedinTabledor {CKrangeallowedns 10,11
Highpulsewidthaverage {CHAVG) 0.47 0.53 0.47 0.53 CK 12
Lowpulsewidth average {CL(AVG) 0.47 0.53 0.47 0.53 CK 12

DLUocked Ul Tper c60 60 c70 70 ps 13
Clockperiodjitter

DLUocking QI Tpejfick ¢50 50 ¢60 60 ps 13
Clockabsolut iod {CK(ABS MIN =CK(AVG)MIN + JITperMIN; <

ocrabsoluteperio (ABS) MAX = (CK(AVG)MAX+JITpeMAX P

Clockabsolutehigh pulsewidth 'CH(ABS) 0.43 G 0.43 C ICKAVG)| 14
Clockabsolutelow pulsewidth 'CL(ABS) 0.43 C 0.43 C ICKAVG)| 15

DLUocked YITcc 120 140 ps 16
Cycleto-cyclgitter

DLUocking JITEc,Ick 100 120 ps 16
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Electrical characteristics and AC timing specification -2

Parameter Symbol D-DR3L-1866 D_DR3 L1600 Unit | Notes
Min Max Min Max

2cycles 'ERR2per ¢88 88 ¢103 103 ps 17
3cycles 'ERR3per ¢105 105 ¢l22 122 ps 17
4cycles 'ERR4per cl17 117 c136 136 ps 17
5cycles 'ERR5per ¢126 126 ql47 147 ps 17
6cycles 'ERR6per q133 133 ¢155 155 ps 17
7cycles 'ERR7per ¢139 139 ¢163 163 ps 17

Cumulativeerroracross| 8cycles 'ERR8per ¢145 145 ¢169 169 ps 17
9cycles 'ERR9per ¢150 150 cl75 175 ps 17
10cycles 'ERR10per| ¢154 154 ¢180 180 ps 17
11cycles 'ERR11per| ¢158 158 ¢l184 184 ps 17
12cycles 'ERR12per| ¢161 161 ¢188 188 ps 17
e1310. a0 socis | ‘ERper | (SERSUNCGIOSIIDOTOONN | g | 7

DQInput Timing

Datasetuptime to Base(specificationd 2 V/ns (DS(AC130 70 C ps 18,19

DQSIDQS Veer@ 2 Vins 135 C ps | 19,20

Datasetuptime to Base(specification 2 V/ns (DSACES) 25 G

DQsIDQS Vier@ 1 Vins 160 C

Data hold time from Base(specification 2 V/ns ‘OH 75 <

DQSIDQS @2 Vins S0 10 C

Datahold time from Base(specification 1V/ns {DH(DC90) 55 C ps 18,19

DQSIDQS Vrer@ 1 Vins 145 C ps | 19,20

Minimumdatapulsewidth DIPW 320 C 360 C ps 41

DQOutput Timing

DQS/DQSo DQskew peraccess 'DQSQ q 85 C 100 ps

DQoutput holdtime from DQS/DQS 'QH 0.38 q 0.38 C ICKAVG) 21

DQLow-Ztime from CK/CK 'LZDQ ¢390 195 ¢450 225 ps 22,23

DQHighZtime from CK/CK 'HZDQ q 195 G 225 ps 22,23

DQStrobe Input Timing
DQS/DQSisingto CK/CKrising 'DQSS ¢0.27 0.27 ¢0.27 0.27 CK 25
DQS/DQdifferential input low pulsewidth 'DQSL 0.45 0.55 0.45 0.55 CK
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Electrical characteristics and AC timing specification -3

Parameter symbol PDR3L—1866 PDR3 L1600 Unit | Notes
Min Max Min Max
Vl?lgtsh,/DQS differential input high pulse {DOSH 0.45 0.55 0.45 0.55 oK
DQS/DQalling setupto CK/ CKrising DSS 0.18 C 0.18 C CK 25
DQS/DQSallingholdfrom CK/CKirising DSH 0.18 C 0.18 C CK 25
DQS/IDQSlifferential WRITpreamble "WPRE 0.9 C 0.9 C CK
DQS/DQSlifferentialWRITPpostamble YWPST 0.3 C 0.3 C CK
DQStrobe Output Timing
DQS/DQSrisingto/from risingCK/CK 'DQSCK ¢l95 195 225 225 ps 23
DQS,/DQSrising to/from rising CK,/CK| 'DQSCK
wgen DL(Eis disagled ’ (D?L_DIS) L 10 L 10 ns 26
DQS/DQddifferential output hightime 'QSH 0.40 C 0.40 C CK 21
DQS/DQsdifferential output low time 'QSL 0.40 C 0.40 C CK 21
DQS/DQ3 owZtime (RL-1) 'LZDQS ¢390 195 ¢450 225 ps 22,23
DQS/DQ™Highztime (RL+BL/2) 'HzZDQS C 195 C 225 ps 22,23
DQS/DQslifferentialREApreamble 'RPRE 0.9 Note 24 0.9 Note 24 CK 23,24
DQS/DQslifferentialREApostamble RPST 0.3 Note 27 0.3 Note 27 CK 23,27
Commandand AddressTiming
DLUockingtime DLLK 512 C 512 C CK 28
;:;E;%Ng( A/I(D:DKR Base(specification) YS(ACEO) 60 G ps 3394 4
' Veee@ 1 Vins 220 C ps 20,30
CTRLCMD,ADDR Base(specification) 65 C 185 C ps 29,30,
setuptoCK, /CK 1IS(AC135) 44
VrRer@ 1 Vins 200 C 320 C ps 20,30
S;E;%M& A/Dc?}? Base(specification) 4S(AC125) 150 C C ps 3(2)94 4
' Vrer@ 1 Vins 275 C 4 ps 20,30
CTRLCMDADDR Base(specification) YH (DC90) 110 C 130 C ps 29,30
holdfrom CK/CK | vi.cc@ 1 Vins 200 C 220 C ps | 20,30
MinimumCTRLCMD ADDPRulsewidth Hpw 535 C 560 C ps 41
ACTMTRointernalREADRrWRITHelay | 'RCD SeeSpeedBinTablesfor '(RCD ns 31
PRECHARGE&mmanderiod RP SeeSpeedBinTablesfor {RP ns 31
ACTIATEto-PRECHARGEO Mmandperiod | 'RAS SeeSpeedinTablesfor 'RAS ns 31,32
ACTI¥TEto-ACTIXTEcommandperiod ‘RC SeeSpeedBinTablesfor tRC ns 31,43
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Electrical characteristics and AC timing specification -4

DDR3L-1866 DDR3L-1600 .
Parameter Symbol : : Unit | Notes
Min ‘ Max Min Max
ACTIVAF®-ACTIVAEMinimum | x4/x8/x16 'RRD MIN =greaterof MIN =greaterof 4CKor CK 31
command peiod (2KBpagesize) 4CKor 6ns 7.5ns
. X4/x8/x16 ¢
FourACTI¥XTEwindows (2KBpagesize) FAW 35 C 40 C ns 31
Write recoverytime 'WR MIN=15ns;MAX=N/A ns 3313’3
Delayfrom start of internal WRITEBransadion to
. 'WTR MIN =greaterof 4CKor 7.5ns;MAX=N/A CK | 31,34
internal READzommand
REARo-PRECHARGEMe RTP MIN =greaterof 4CKor 7.5ns;MAX=N/A CK | 31,32
/CASto-/CAScommanddelay tcch MIN=4CKMAX=N/A CK
Auto pre-chargewrite recovery+ pre-chargetime DAL MIN = WR+RPICK(AVG);MAX=N/A CK
MODEREGISTEETommandycleime ‘MRD MIN=4CKMAX=N/A CK
MODEREGISTEBETommandipdatedelay tMOD MIN =greaterof 12CKor 15ns;MAX=N/A CK
MUI._TIPURPOSEEG.ISTEREADb.urst enq to mode MPRR | MIN=1CKMAX=N/A cK
registersetfor multipurposeregisterexit
CalibrationTiming
POWERJPand oo _ _
ZQClcommand:Long RESEToperation ZQinit | MAX=N/AMIN = MAX(512nCK§40ns) CK
libration ti
calibration fime Normaloperation | tZQoper | MAX=N/AMIN = MAX(256nCK320ns) cK
ZQCsommand:Shortcalibrationtime 'ZQCS MAX=N/A MIN = MAX(64nCK80ns) CK
Initialization and ResetTiming
Exitresetfrom CKEHIGHo avalidcommand XPR MIN =greaterof 5CKor 'tRFG-10ns;MAX=N/A CK
Beginpower supplyrampto power suppliesstable 'WDDPR | MIN=N/A; MAX=200 ms
/RESEIOWo powersuppliestable 'RPS MIN=0; MAX=200 ms
/RESELOWo I/0 andRrrHighZ 10z MIN =N/A; MAX=20 ns 35
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Electrical characteristics and AC timing specification -5

DDR3L-1866 DDR3L-1600 .
Parameter Symbol - - Unit |Notes
Min | Max Min Max
RefreshTiming
REFRESH-ACTIVAEor REFRESHommandperiod | ‘RFC MIN =260; MAX=70,200 ns
TeHB5C 64 (1X) ms 36
Maximumrefresh period Tc>85C C 32 (2X) ms 36
Tc>105C 8(8X) ms 36
TcHB5C 7.8(64ms/8192) us 36
Maximum averag@eriodic
Tc>85C 'REFI 3.9(32ms/8192) us 36
refresh
Tc>105C 0.977(8ms/8192) us 36
SelfRefreshTiming
Exitselfrefreshto commandsnot requiringa
XS MIN =greaterof 5CKor'tRFG-10ns;MAX=N/A CK
lockedDLL
Exit selfrefreshto commandsequiringalocked
D’E'L seiretres gequinng tXSDLL | MIN=!DLLKMIN); MAX=N/A cK | 28
Minimum CKHow pulsewidth for selfre fresh
e {CKESR MIN=tCKEMIN)+CKMAX=N/A CK
entryto selfrefreshexittiming
Validclocksafterselfrefreshentryor power-
ICKSRE MIN =greaterof 5CKor 10ns;MAX=N/A CK
downentry
Validclocksbefore selfrefreshexit, power-
. . ICKSRX MIN =greaterof 5CKor 10ns;MAX=N/A CK
downexit, or resetexit
PowerDownTiming
CKE MIN pulse width 'ICKEMIN) | Greaterof 3CKor 5ns CK
Command pass disable delay 'CPDED MIN=2; MAX=N/A MIN=1; MAX=N/A CK
Powerdown entry to powerdown exit timing tPD MIN=!CKEMIN); MAX=9 x'REFI CK
Begin powerdown period prior to CKE
- 'ANPD WL- 1CK CK
registered HIGH
Powerdown entry period: ODT either Greaterof tANPDor tRFG REFREStdmmandto
PDE . CK
synchronous or asynchronous CKEOWime
Powerdown exit period: ODT either
PDX 'ANPDHXPDLL CK

synchronous or asynchronous
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Electrical characteristics and AC timing specification -6

DDR3L-1866 DDR3L-1600 .
Parameter Symbol Unit | Notes
Min ‘ Max Min Max
PowerDown Entry Minimum Timing
ACTIMTEcommandto power-down entry 'ACTPDEN| MIN=2 MIN=1 CK
PRECHARGE/PREHARGELLcommandto
'PRPDEN | MIN=2 MIN=1 CK
power-down entry
REFRESidmmando power-downentry 'REFPDEN | MIN=2 MIN=1 CK 37
MRScommandto power-down entry 'MRSPDEN MIN=tMOD (MIN) CK
READ/REAWIth autopre-chargecommand
'‘RDPDEN | MIN=RL+4+1 CK
to power-down entry
BL8(OTF MRS)
WRITEommando BCAOTE 'WRPDEN | MIN=WL+4 +'WRLCK(AVG) CK
power-down entry
BC4MRS 'WRPDEN | MIN=WL+2 +'WRICK(AVG) CK
; BL8(OTF, MRS
chargecommando C40
power-downentry BC4MRS 'WRAPDEN MIN=WL+2+WR+1 CK
PowerDownEXxitTiming
DLLon, anyvalidcommand,or DLLoff to
y . tXp MIN =greaterof 3CKor 6ns;MAX=N/A CK
commandsot requiringlockedDLL
Prechargepower-downwith DLLoff to
L. XPDLL MIN =greaterof 10CKor 24ns;MAX=N/A CK 28
commandgequiringalockedDLL
ODTTiming
Rrr synchronougurn-on delay ODTlon CWL+AL-2CK CK 38
Rrrsynchronougurn-off delay ODTloff CWL+AL-2CK CK 40
Rrrturn-onfrom ODTlon reference tAON ¢195 195 G225 225 ps 23,38
Rrrturn-off from ODTLoff reference AOF 0.3 0.7 0.3 0.7 CK 39,40
Asynchronou&rrturn-ondelay (power ; . _
down with DLLoff) AONPD MIN =2; MAX=8.5 ns 38
Asynchronou®rrturn-off delay (power ) .. _
down with DLLoff) AOFPD MIN=2; MAX=8.5 ns 40
ODTHIGHtime with WRITEcommandand
ODTHS8 MIN =6; MAX=N/A CK

BL8
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Electrical characteristics and AC timing specification -7

DDR3L-1866 DDR3L-1600 .
Parameter Symbol : : Unit |Notes
Min | Max Min Max
ODTHIGHime without WRITEommandor ODTH4 MIN=4: MAX=N/A CK
with WRITEommandandBC4 7 -
DynamicODTTiming
Rrinonrto-Rrrawrichangeskew ODTLcnw | WL-2CK CK
Rrrwryto-Rrrnom changeskew- BC4 ODTLcwn4 4CK+ ODTLoff CK
Rrrwrto-Rrrnom changeskew- BL8 ODTLcwn§ 6CK+ODTLoff CK
Rrrdynamiachangeskew 'ADC 0.3 ‘ 0.7 ‘ 0.3 ‘ 0.7 CK 39
Write LevelingTiming
FirstDQS/DQSrisingedge 'WLMRD 40 C 40 C CK
DQS/DQSdelay '"WLDQSEN 25 C 25 C CK
Write leveling setup from rising CK, /CK WLS 140 165
crossingorisingDQS/DQSrossing S G ps
Write leveling hold from rising DQS,/DQS \WLH 140 165
crossingorisingCK/CKcrossing ¢ ¢ ps
Write levelingoutput delay 'WLO 0 7.5 0 7.5 ns
Write levelingoutput error 'WLOE 0 2.0 0 2.0 ns

Notes:

1. AC timing parameters are valid from specifigdIN to T MAX values.

2. All voltages are referenced tg:y

3. Output timings are only valid for RON34 output buffer selection.

4. The unit'CK (AVGYepresents the actuaCK (AV&f the input clock under operatiorhe unit CK represents one
clock cycle of the input clock, counting the actual clock edges.

5. AC timing and IDD tests may use atdil/IH swing of pto 900mV in the test environent, but input timing is still
referenced to Me<(except'lS,'IH,'DS, andDH use the AC/DC trip points and #and DQSDQSuse their
crossing points). The minimum slew rate for the input signals used to test the device is 1 V/ns feesiteglenputs
(DQs are at 2V/ns fdPDR3L-1866 andDDR3L-2133) and 2 V/ns for differential inputs in the range betweeqiny
and Vg

6. All timings that use timéased values (ns, us, ms) should @€ (AVG)o determine the correct number of clocks. In
the case of noninteger results, all minimum limits are to be rounded up to the nearest whole integer, and all
maximum limits are to be rounded down to the nearest whole integer.

7. Strobe or DQSdIff refets the DQS andDQSdifferential crossing point when DQS is the rising edge. Clock or CK
refers to the CK antCK differential crossing point when CK is the rising edge.

8. This output load is used for all AC timing (except ODT reference timing) anthsds. The actual test load may be
different. The output signal voltage reference point jp¥2 for singleended signals and the crossing point for
differential signals.

9. When operating in DLL disable motlee DRAM is nolvarranted incompliancewith normal mode timings or
functionality.

10. ¢ KS O'€re(AVGRtae average clock over any 200 consecutive clock$GH@AVGYIN is the smallest clock rate
allowed, with the exception of a deviation due to clock jitter. Input clock jitterlesad provided it does not exceed
values specified and must be of a random Gaussian distribution in nature.

11. Spread spectrum is not included in the jitter specification values. However, the input clock can accommodate spread

spectrum at a sweep rate the range of 260 kHz with an additional 1% ‘@K (AVG) as a loteym jitter
component; however, the spread spectrum may not use a clock rate BEIKSWAVG) MIN.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.
25.

26.
27.
28.
29.

30.

31.

32.

33.

¢ KS OErR(@VGHaNCL (AVG) are the average hadfck period over any 200 csecutive clocks and is the
smallest clock half period allaa, with the exception of a deation due to clock jitter. Input clock jitter is allowed
provided it does not exceed values specified and must be of a random Gadssrdrution in nature.

The period jitter {01 Tper) is the maximum deviation in the clock period from the average or nominal clock. It is
allowed in either the positive or negative direction.

'CH (ABS) is the absolute instantaneous clock high pide as measured from one rising edge to the following
falling edge.

'CL (ABS) is the absolute instantaneous clock low piitith s measured from one faly edge to the following
rising edge.

The cycleo-cycle jitter'JITcc is the amount thetock period can deviate from one cycle to the next. It is important to
keep cycleto-cycle jitter at a minimum during the DLL locking time.

The cumulative jitter errofERRnper, where n is the number of clocks between 2 and 50, is the amount dfroleck
allowed to accumulate consecutively away from the average clock over n number of clock cycles.

'DS (base) an®H (base) values are for a singleded 1 V/ns slew rate DQs (DQs are ¥fr#s forDDR3L-1866 and
DDR3/E2133) and 2 V/ns slew rate differential DQ3QS when DQ singlended slew rate is 2V/ns, the DQS
differential slew rate is 4V/ns.

These parameters are measured from a data signal @M), DQ1, and so forth) tratish edge to its respective
data drobe signal (DQ3DQS9 crossing.

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 (DQs are at 2V/n<¥DIR3L-1866 andDDR3L-2133). These values, withslew rate of
1 V/ns (DQs are at 2V/iisr DDR3L-1866 andDDR3/E2133), are for reference only.

When the device is operated with input clock jitter, this parameter needs to be derated by the S¢Tyr (larger
of 'JITper (MIN) oWITper (MAX)fdahe input clock (output deratings are relative to the SDRAM input clock).
Singleended signal parameter.

The DRAM output timing is aligned to the nominahwerage clock. Most output pameters must be derated by the
actual jitter error when inpt clock jitter is present, even when within specification. This results in eacimetea
becoming larger. The folwing parameters are required to be derated by subtracting tERR10per (NXQSCK
(MIN),'LZDQS (MIN,ZDQ (MIN), andON (MIN). The flwing parameters are iguired to be derated by
subtracting ERR10per (MINYDQSCK (MAXHZ (MAX)'LZDQS (MAX),ZDQ (MAX), andON (MAX). The
parameter'RPRE (MIN) is derated by snalating'JITper (MAX), whil®PRE (MAX) is derated by subtractiper
(MIN).

The maximum preamble is bound bZDQS (MAX).

These parameters are measured from a data strobe si@@5/DQS) crossing to itsspective clock signal (CKK
crossing. The specification values are not affected by the amouwlbcdk jitter applied, as these are relative to the
clock signal crossing. These parameters should be met whether clock jitter is present.

The'DQSCK (DLL_DIS) parameter begins CL}dycles after the READ command.

The maximum postamble is bod by'HZDQS (MAX).

Commands requiring a locked DLL are: READR&®#dP) and synchronous ODT omnds. In addition, after any
change of latency tXPDLL, timing must be met.

'IS (base) antH (base) values are for a singleded 1 V/ns control/commad/address slew rate and 2 V/ns &K
differential slew rate.

These parameters are measured from a command/address signal transition edge to its respective cl@i (CK,
signal crossing. The specification values are not affected by the amountkfjitter applied as the setup and hold
times are relative to the clock signal crossing that latches the command/address. These parameters should be met
whether clock jitter is present.

For these parameters, theDR3L SDRAM device suppoftsPARAM (6K) = RIRARAM [ns]CK[AVG] [ns]),
assuming all input clock jitter speciiions are satisfied. For exane, the device will suppofhRP (nCK) =
RU(RPJ/CKJAVG]) ll input clock jitter specifiations are met. This means that DDR3/E800 66-6, of which tRP =
5ns, the device will suppomRP = RIRP/CK[AVG]) = 6 as long as the input clock jitter specifications are met. That is,
the PRECHARGEommand at TO and the ACTIVATE command at TO + 6 are valid even if six clocks are16sstha
due to input clock jitter.

During READs and WRITEs with guescharge the DDR3L SDRAM will hold off the iernal PRECHARGEommand
until ‘'RAS (MIN) has been satisfied.

When operating in DLL disable mode, the greater of 5CK or 15nsfgedafor tWR.
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34. The start of the write recovery time is defined as follows:
wFor BL8 (fixed by MRS or OTF): Rising clock edge four clock cycles after WL
wFor BC4 (OTF): Rising clock edge four clock cycles after WL
wFor BC4 (fixed by MRS): Risttark edge two clock cycles after WL

35. /RESES$hould be LOW as soon as power starts to ramp to ensure thutaiaire in Higz. Until/ RESEIE LOW, the
outputs are at risk of dving and could result in excgise current, depending on bus activity.

36. The refresh period is 64ms when TC is less than or equal to 85°C. This equates to an¥rBdes a K NI G S
However, nine REFRESH commands should be asseftef bta i 2y OS S@OSNE Tndo>ad 2
refresh period is 32m&VhenTC is greater than 105°C, the refresh period is 8ms.

37. Although CKE is allowed to be registered LOW after a REFRESH commalREMRDEN (MIN) is satisfied, there are
cases where additional time such'¥®DLL (MIN) is required.

38. ODT turron time MIN is when the device leaves Higland ODT resistance begins to turn on. ODT-ourtime
maximum is when the ODT resistance is fullyTdns output load is used for ODT timinBgsigns that were created
prior to JEDEC tightening the mxim limit from 9ns to 8.5ns will be allowed to have a 9ns maximum.

39. Halfclock output parameters must be derated by the actual tERR10pelJéhdty when input clock jitter is present.
This results in each pararee becoming larger. The pararnees'ADC (MIN) and BF (MIN) are each required to be
derated by subtracting botiEERR10per (MAX) ahHiTdty (MAX). The parametéADC (MAX) andOF (MAX) are
required to be derated by subtracting boEBRR10per (MAX) ahHi Tdty (MAX).

40. ODT turnroff time minimum is whenhe device starts to turn off ODT resistance. ODT-uffrtime maximum is
when the DRAM buffer is in High

41. Pulse width of a input signal is defined as the width between the first crossing:ghnd the consecutive crossing
of Vrere)

42. Should the clock rate be larger thARFC (MIN), an AUTO REFRESH command khwaldt least one NOP
command between it and arther AUTO REFRE&Hnmand. Aditionally, if the clock rate is slower than 40ns (25
MHz), all REFRESH commands should be followe®BEaHARGELL command.

43. DRAM devices should be evenly addressed whemgbatgessed. Disproportionatecsses to a particular row
address may reduin a reduction of REFRESH characteristics or product lifetime.

44. When two \yacvalues (and two corresponding Mcyvalues) are listed for a specific speed bin, the user may choose
either value for the input AC level. Whichever value is usedatiseciated setup time for that AC level must also be
used. Additionally, one\acyvalue may be used for address/command inputs and the other VIH(AC) value may be
used for data inputs.

2
KS

For example, foDDR3L-800, two input AC levels are defined;Xczs)minand Munacisoymi{corresponding Vaci7s)min
and Vi ac1s0,mh FOrDDR3L-800, the address/ command inputs must use eithgga¥¢17smin withtIS(A0175) of
200ps or Vyac1so),miwith 'IS(AC150) of 350ps; independently, the data inputstrass either Wiac17s),miwvith
'DS(AC175) of 75ps of¥c1s0),mivith 'DS(AC150) of 125ps.
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Package Description: 96Ball-FBGA (8x13 mm)

96X @0.45
Dimensions apply to solder Ball A1 1D
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