Nanya Technology Corp.

NT5CB(C)512M8CN / NT5CB(C)256M16CP

Commercial, Industrial and Automotive DDR3(L) 4Gb SDRAN

Features

JEDEC DDR3 Compliant

- 8n Prefetch Architecture

- Differential Clock(CK/C K and Data Strobe(DQS/D Q B
- Double-data rate on DQs, DQS and DM

Data Integrity

- Auto Self Refresh (ASR) by DRAM built-in TS

- Auto Refresh and Self Refresh Modes

Power Saving Mode

- Partial Array Self Refresh (PASR)l

- Power Down Mode

Options

Signal Integrity
- Configurable DS for system compatibility
- Configurable On-Die Termination

- ZQ Calibration for DS/ODT impedance accuracy via
external ZQ pad (240 ohm * 1%)

Signal Synchronization

- Write Leveling via MR settings ’

- Read Leveling via MPR

Interface and Power Supply

- SSTL_15 for DDR3:VDD/VDDQ=1.5V(+0.075V)

- SSTL_135" for DDR3L:VDD/VDDQ=1.35V(-0.067/+0.1V)

>

Speed Grade (CL -TRCD-TRP) 23 A
- 2133 Mbps / 14-14-14
- 1866 Mbps / 13-13-13

- 1600 Mbps / 11-11-11

Temperature Range ( T¢) °

- Commercial Grade = 0¢ ~95¢

- Industrial Grade (-I) = -40¢ ~95¢

- Automotive Grade 2 (-H) = -40¢ ~105¢
- Automotive Grade 3 (-A) = -40¢ ~95¢

Programmable Functions

> > > > > >

CAS Latency (5/6/7/8/9/10/11/12/13/14) A
CAS Write Latency (5/6/7/8/9/10) A
Additive Latency ( 0/CL-1/CL-2) A
Write Recovery Time (5/6/7/8/10/12/14/16) A

A

Burst Type ( Sequential/Interleave d)
Burst Length (BL8/BC4/BC4 or 8 on the fly)

Self RefreshTemperature Range(Normal/Extended)
Output Driver Impedance (34/40)

On-Die Termination of Rtt_Nom(20/30/40/60/120)
On-Die Termination of Rtt_ WR(60/120)

Precharge Power Down (slow/fast)

Packages / Density Information

Lead-free RoHS compliance and Halogen -free Density and Addressing
) . Organization 512Mb x 8 256Mb x 16
4Gb Length x Width  Ball pitch 9
(Org. / Package) (mm) (mm) Bank Address BAO T BA2 BAO T BA2
Auto precharge A10/AP A10/AP
78-ball BL switch on the fly Al2/BC Al2/BC
512Mbx8 TFRGA 9.00 x 10.50 0.80 e, S AOT AL5 AOT Ald
Column Address AOT A9 A0 A9
Page Size 1KB 2KB
96-ball 5
256Mbx16 9.00 x 13.00 0.80 tREFI(us) Tc<=85¢ :7.8, Tc>85¢ :3.9
TFBGA 5
tRFC(ns) 260ns
NOTE 1 Default state of PASR is disabed. This is enabled by using an electrical fuse. Please contact with NTC for the demand.
NOTE 2 The timing specification of high speed bin is backward compatible with low speed bin.
NOTE 3 Please refer to ordering information for the deailts (DDR3, DDR3L, DDR3L RS).
NOTE 4 SSTL_135 compatible to SSTL_15. That means 1.35V DDR3L are backward compatible to 1.5V DDR3 parts. 1.35V DDR3L-RS parts are exceptional
and unallowable to be compatible to 1.35V DDR3L and 1.5V DDR3 parts.
NOTE 5 If Tc exceeds 85°C, the DRAM must be refreshed externally at 2x refresh, which is a 3.9us interval refresh rate. Extended SRT or ASR must be enabled.
NOTE 6 Violating tRFC specification will induce malfunction.
NOTE 7 Only Support prime DQ& feedback for each byte lane.
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NT5CB(C)512M8CN / NT5CB(C)256M16CP NANYA
Fundamental AC Specifications 1 Core Timing
DDR3-2133, DDR3(L)-1866, DDR3(L)-1600 and DDR3(L)-1333
DDR3-2133 DDR3(L)-1866 | DDR3(L)-1600 DDR3(L)-1333
Speed Bins
14-14-14 13-13-13 11-11-11 9-9-9 10-10-10 Unit
Parameter Min Max Min Max Min Max Min Max Min Max
tAA 13.09 20 13.91 20 13.75 20 135 20 15 20 ns
tRCD 13.09 - 13.91 13.75 135 - 15 - ns
tRP 13.09 - 13.91 13.75 135 - 15 - ns
tRC 46.09 - 47.91 48.75 495 - 51 - ns
tRAS 33 9*tREFI 34 9*tREFI 35 9*tREFI 36 9*tREFI 36 9%REFI | ns
DDR3(L)-1066 and DDR3(L)-800
DDR3(L)-1066 DDR3(L)-800
Speed Bins
7-7-7 8-8-8 5-5-5 6-6-6 Unit
Parameter Min Max Min Max Min Max Min Max
tAA 13.125 20 15 20 12.5 20 15 20 ns
tRCD 13.125 15 12.5 - 15 ns
tRP 13.125 15 12.5 - 15 ns
tRC 50.625 52.5 50 - 525 ns
tRAS 375 |9%REFI| 37.5 |9*%REFI| 37.5 |9*%REFI| 37.5 |9%REFI| ns
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Description s

The 4Gb Double-Data-Rate-3 (DDR3(L)) DRAM is a high-speed CMOS SDRAM containing 4,294,967,296 bits.

It is internally configured as an octal-bank DRAM.

The 4Gb chip is organized as 64Mbit x 8 I/O x 8 banks and 32Mbit x16 1/0 x 8 banks. These synchronous

devices achieve high speed double-data-rate transfer rates of up to 2133 Mb/sec/pin for general applications.

The chip is designed to comply with all key DDR3(L) DRAM key features and 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 C Kfalling). All I/Os are synchronized with a single ended DQS or

differential DQS pair in a source synchronous fashion.

These devices operate with a single 1.5V £ 0.075V or 1.35V -0.067V/+0.1V power supply and are available in
BGA packages.

Version 1.7 3 Nanya Technology Cooperation ©
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Ordering Information

Speed?®
Organization Part Number Package Clock Data Rate CL-TRCD-TRP
(MHz) (Mbrs)
DDR3 Commercial Grade
NT5CB512M8CN-DI 800 DDR3-1600 11-11-11
512M x 8 NT5CB512M8CN-EK 78-Ball 933 DDR3-1866 13-13-13
NT5CB512M8CN-FL 1066 DDR3-2133 14-14-14
NT5CB256M16CP-DI 800 DDR3-1600 11-11-11
256M x 16 NT5CB256M16CP-EK 96-Ball 933 DDR3-1866 13-13-13
NT5CB256M16CP-FL 1066 DDR3-2133 14-14-14
DDR3L Commercial Grade
Speed”®
Organization Part Number Package Clock Data Rate CL-TRCD-TRP
(MHz) (Mbrs)
NT5CC512M8CN-DI 800 DDR3L-1600 * 11-11-11
512M x 8 NT5CC512M8CN-DIB* 78-Ball 800 DDR3L RS-1600 11-11-11
NT5CC512M8CN-EK 933 DDR3L-1866 * 13-13-13
NT5CC256M16CP-DI 800 DDR3L-1600 * 11-11-11
256M x 16 NT5CC256M16CP-DIB* 96-Ball 800 DDR3L RS-1600 11-11-11
NT5CC256M16CP-EK 933 DDR3L-1866 * 13-13-13
DDR3(L) Industrial Grade
NT5CB512M8CN-DII 800 DDR3-1600 11-11-11
512M x 8 78-Ball
NT5CC512M8CN-DI| 800 DDR3L-1600 * 11-11-11
NT5CB256M16CP-DII 800 DDR3-1600 11-11-11
256M x 16 96-Ball
NT5CC256M16CP-DlI 800 DDR3L-1600 * 11-11-11
DDR3 Automotive Grade 2 *
256M x 16 NT5CB256M16CP-DIH 96-Ball 800 DDR3-1600 11-11-11
DDR3 Automotive Grade 3 °
256M x 16 NT5CB256M16CP-DIA 96-Ball 800 DDR3-1600 11-11-11

NOTE 1 Reduced Standby

NOTE 2 Please confirm with NTC for the available schedule.

NOTE 3 The timing specification of high speed bin is backward compatible with low speed bin.

NOTE 4 1.35V DDR3L are backward compatible to 1.5V DDR3 parts. 1.35V DDR3L-RS parts are exceptional and
unallowable to be compatible to 1.35V DDR3L and 1.5V DDRS3 parts.

Version 1.7 4 Nanya Technology Cooperation ©
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NANYA

NANYA Component Part Numbering Guide

NT | | 5C @ 512M8 @ N| = DI
NANYA - Special Type Option
Technology NA = Commercial Grade
| = Industrial Grade
H = Automotive Grade2
) A = Automotive Grade3
Product Family < B = Reduced Standby
5C = DDR3 SDRAM
Interface & Power (VDD & VDDQ) < — Speed
B = SSTLIS (L5V.15V) DI =DDR3 2[63503 lelRlA;vll
C = SSTL_135(1.35V,1.35) EK = DDR3- 1866 1313-13
FL = DDR3- 2133 14-14-14
Organization (Depth , Width) <
256M 16 =512M8 = 4Gb
Note: M=Mono
Device Versi Package Code
el"cf ersion »  RoHS + Halogen Free
€ =37 Version N=78 -Ball BGA
P=96 -Ball BGA
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Ball Configuration T 78 Ball BGA Package ( X8)

<TOP View>
See the balls through the package

1 2 3 456 7 8 9
Aéééij—iég% A| VSS VDD NC NUTDQS VSS VDD | A
8000+++000 B VSS VSSQ DQO DM, TDQS  VSSQ VvDDQ |B
CO00+++000 c| vDDQ DQ2 DQS DQ1 DQ3 VSSQ | C
DOO00+++000 D| VSSQ DQ6 DQS VDD VSS VSSQ |D
EQOO+++000 E| VREFDQ | VDDQ DQ4 DQ7 DQ5 vDDQ | E
FOOO+++000 F NC VSS RAS CK VSS NC F
GO00+++000 G oDT VDD CAS CK VDD CKE G
HOOO+++000 H NC (S WE A10/AP ZQ NC H
JOOO+++000 VSS BAO BA2 Al5 VREFCA VSS J
KOOO+4+4+000 K VDD A3 A0 A12/B C BA1 VDD K
LOOO+++000 L VSS A5 A2 Al A4 VSS L
MOOO+++000 ™| vDD A7 A9 A1l A6 VDD | M
NOOO+++000 N| vss RESET Al3 Al4 A8 vss | N
1 2 3 4 56 7 8 9
Moz, 0.20
Unit: mm
@ = 7 |
[ ] f =
Ry D-ID‘:] L‘_A—J =i 010 * BS@BasicPacing betweerCenter)
BOTTON VLW o T10P VIEW
|
"'_En‘ég) B%:Src_.__ Wi 025 |. FIN &1 IMDEX
' Mox D40 1
Do CO¢ nlZ 4
oo SRR S [
o000 O 0OO [y
2 C0O0 COC { o
o = ONORS] SRORS] Ly =
LA =}
¢ 1°925N\\533 i K
o = = 3 + - - 4 - -
© | coo OO0 b g
o 00 o OO =
00 SRORS o
SO0 SRR S
o000 O 0OO
o900 G O 78 X ab 17
Mir, 0,40 |
300 +/- 0.10 Mox. 030 |
[ [Vax 0.0
Version 1.7 6 Nanya Technology Cooperation ©

04/2015 All Rights Reserved.



DDR3(L) 4Gb SDRAM

@

NT5CB(C)512M8CN / NT5CB(C)256M16CP NANYANA
Ball Configuration 1 96 Ball BGA Package ( X16)
<TOP View>
See the balls through the package
1 2 3 456 7 8 9
A| VvDDQ DQUS5 DQU7 DQUA4 VDDQ VSS | A
1234567889 gl yggg VDD VSS DQSU DQU6 VSSQ | B
~A000+++000 . VDDQ DQU3 DQU1 DQSU DQU2 vDDQ |C
BOOO+++000
c ooo+++°°° D VSSQ VDDQ DMU DQUO VSSQ VDD D
DOOO+++000 E| Vss VSSQ DQLO DML VSSQ VvDDQ | E
EQOC+++000C F| VvDDQ DQL2 DQSL DQL1 DQL3 VSSQ | F
FOOO+4+4++000 G| vsso DQL6 DQSL VDD VSS VSSQ |G
cGO000+++000 | vrRerDQ VDDQ DQL4 DQL7 DQL5 VDDQ | H
HO000+++000 NC VSS RAS CK VSS NC J
égggiiiggg K oDT VDD CAS CK VDD CKE K
LOOO+++000 © NC CSs WE A10/AP ZQ NC L
MOOO+++000 M| vss BAO BA2 NC VREFCA  VSS M
NOOO+++000 N| VDD A3 A0 Al2/B C BAL VDD N
POOO+4+4+000 p| vss A5 A2 Al A4 vss | P
ROOO+++000 | ypp A7 A9 ALl A6 VDD |R
TO0OO0+++000 | g5 RESET A13 Al4 A8 vVss | T
1 2 3 456 7 8 9
Max. 0.20
7 — 7 Unit: mm
[N ==
i D.JU—:] L— .
mm _—1 [:_m'm 010 ? * BSGBasicacing betweerCenter)
BOTTOM VIEW TOP VIEW
€40 BSC F==—Max, 1.20
= e [
& o SYSYCAN 7 Qg |
OO o 0O |
r SRR 00 ‘
g (SRR D00 ]
=| QCOC C0O0 q |
= 0oCco 'sYole) iy 2 ‘
= ORSRe. OO0 ] = |
o Q0O e oke) 4 L 1 _ * I
= 0o o SO0 H +
o 0Co Q00 & = !
Q00 c00 o |
Qoo o0DO |
QCo o 0D0 ‘
0OCo 'siele)
] [ORONS SO0 i
000 O O g MY |
| N Heas |
! 9,00 +/- 010 ™ Mox 050 !
=2 [mox 0.10]
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Ball Description s
Symbol Type Function

Clock: CK and C Kare differential clock inputs. All address and control input signals are sampled
CK, CK Input

on the crossing of the positive edge of CK and negative edge of C K
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
synchronous for power down entry and exit and for Self-Refresh entry. CKE is asynchronous for
CKE Input Self-Refresh exit. After VREF has become stable during the power on and initialization sequence,
it must be maintained for proper operation of the CKE receiver. For proper self-refresh entry and
exit, VREF must maintain to this input. CKE must be maintained high throughout read and write
accesses. Input buffers, excluding CK, C KODT and CKE are disabled during Power Down. Input

buffers, excluding CKE, are disabled during Self-Refresh.

Chip Select: All commands are masked when C Sis registered high. C Sprovides for external
Ccs Input rank selection on systems with multiple memory ranks. C Sis considered part of the command

code.
RA SCASWE Input Command Inputs: R A SC A @ind WE (along with C § define the command being entered.

For 8, Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM is

DM sampled HIGH coincident with that input data during a Write access. DM is sampled on both

Input
For x 16, edges of DQS. For x8 device, the function of DM or TDQS/T D QiS enabled by Mode Register

DMU, DML Al1 setting in MR1.

Bank Address Inputs: BAO, BA1, and BA2 define to which bank an Active, Read, Write or
BAO - BA2 Input Precharge command is being applied. Bank address also determines which mode register is to be

accessed during a MRS cycle.

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

A10/AP Input Autoprecharge; LOW: no Autoprecharge). A10 is sampled during a Precharge command to
determine whether the Precharge applies to one bank (A10 LOW) or all banks (A10 HIGH). If only
one bank is to be precharged, the bank is selected by bank addresses.

For 8, Address Inputs: Provide the row address for Activate commands and the column address for

AOT Al5 Input Read/Write commands to select one location out of the memory array in the respective bank.

For x 16, (A10/AP and A12/B Chave additional function as below.) The address inputs also provide the

A0T Al4 op-code during Mode Register Set commands.

Burst Chop: A12/B As sampled during Read and Write commands to determine if burst chop
Al2/B C Input

(on the fly) will be performed. (HIGH - no burst chop; LOW - burst chopped).

On Die Terminati on: ODT (registered HIGH) enables termination resistance internal to the
oDT Input DDR3 SDRAM. When enabled, ODT is applied to each DQ, DQS, D Q &nd DM/TDQS, NU/T D Q
(when TDQS is enabled via Mode Register A11=1 in MR1) signal for x8 configurations. The ODT

pin will be ignored if Mode-registers, MR1and MR2, are programmed to disable RTT.

Version 1.7 8 Nanya Technology Cooperation ©
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NT5CB(C)512M8CN / NT5CB(C)256M16CP NANYANA

Symbol Type Function

Active Low Asynchronous Reset:  Reset is active when R E S BST.OW, and inactive when
RESET Input R E S BSHIGH. R E S Hnilist be HIGH during normal operation. R E STHEs a CMOS rail to rail
signal with DC high and low at 80% and 20% of VDD, i.e. 1.20V for DC high and 0.30V.

Data Inputs/Output:  Bi-directional data bus. DQO is the prime DQ in a low byte lane of

DQ Input/output | x4/x8/x16 configuration and DQ8 is the prime DQ in a high byte lane of x16 configuration for write
leveling.
For x8, Data Strobe: output with read data, input with write data. Edge aligned with read data, centered
DQS, (DQF with write data. The data strobes DQS, DQSL, DQSU are paired with differential signals D Q £
D D Q S,UWespectively, to provide differential pair signaling to the system during both reads
For x16, Input/output esbQ P y P P 9 9 y g
and writes. DDR3 SDRAM supports differential data strobe only and does not support
DQSL,(D Q9L

single-ended.
DQSU,(D Q S)U

Termination Data Strobe: TDQS/T D QiS applicable for X8 DRAMSs only. When enabled via

Mode Register A11=1 in MR1, DRAM will enable the same termination resistance function on

For x
TDQ; (T&D 9s Output | TDQS/T D QtRat is applied to DQS/D Q SWhen disabled via mode register A11=0 in MR1,
DMIT D Qwill provide the data mask function and T D QIS not used. x16 DRAMs must disable the
TDQS function via mode register A11=0 in MR1.
NC - No Connect: No internal electrical connection is present.
Vobg Supply DQ Power Supply: 1.35V -0.067V/+0.1V or 1.5V + 0.075V
Vop Supply Power Supply: 1.35V -0.067V/+0.1V or 1.5V + 0.075V
Vsso Supply DQ Ground
Vss Supply Ground
VREFcA Supply Reference voltage for CA
VRerpQ Supply Reference voltage for DQ
ZQ Supply Reference pin for ZQ calibration.
Notes:

1. Input only pins (BAO-BA2, A0-A15, R A SC A SWE, C S CKE, ODT, and R E S Edb not supply termination.
2. The signal may show up in a different symbol but it indicates the same thing. e.g., /CK = CK# = C K= CKb, /DQS = DQS# =
D Q S DQSb, /CS =CS# =C S=CSbh.

Version 1.7 9 Nanya Technology Cooperation ©
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Simplified State Diagram

:Ovlvi‘e?:j MRS, MPR
pP IREEEG Initialization W".te. Self Refresh
Procedure Levelizing
From any
State RESET
7777777777777 Refreshing
/// Precharge
e Power
/// Down
[ Active
Power
| Down
I .
| Reading
Automatic |
- —> Sequence |
I
Command |
Sequence | Reading
| ——————————————————————————— Precharging
State Diagram Command Definitions
Abbr . Function Abbr . Function Abbr . Function
ACT Active Read RD, RDS4, RDS8 PDE Enter Power-down
PRE Precharge Read A RDA, RDAS4, RDASS8 PDX Exit Power-down
PREA Precharge All Write WR, WRS4, WRS8 SRE Self-Refresh entry
MRS Mode Register Set Write A WRA, WRAS4, WRAS8 SRX Self-Refresh exit
REF Refresh RESET Start RESET Procedure MPR Multi-Purpose Register
ZQCL ZQ Calibration Long | ZQCS ZQ Calibration Short - =
Version 1.7 10 Nanya Technology Cooperation ©
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Basic Functionality

The DDR3(L) SDRAM is a high-speed dynamic random access memory internally configured as an eight-bank DRAM.
The DDR3(L) 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/O pins. A single read or write
operation for the DDR3(L) SDRAM consists of a single 8n-bit wide, four clock data transfer at the internal DRAM core and

two corresponding n-bit wide, one-half clock cycle data transfers at the 1/0 pins.

Read and write operation to the DDR3(L) SDRAM are burst oriented, start at a selected location, and continue for a burst

l ength of eight or a échoppedd burst of four in a prcivgr ammed

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 (BA0O-BA2 select the bank; A0-A15 select the row). The

address bit 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 BC4orBL8 mode 6on

flyé (via Al12) ifegseenabl ed in the mode

Prior to normal operation, the DDR3(L) 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.

RESET and Initialization Procedure
Power -up Initialization sequence
The Following sequence is required for POWER UP and Initialization

1. Apply power (R E S HsTrecommended to be maintained below 0.2 x VDD, all other inputs may be undefined). RESET
needs to be maintained for minimum 200es wi t h st abl e power. CKE | RE $Hbdng ed
de-asserted (min. time 10ns). The power voltage ramp time between 300mV to VDDin must be no greater than 200ms;
and during the ramp, VDD>VDDQ and (VDD-VDDQ) <0.3 Volts.

- VDD and VDDQ are driven from a single power converter output, AND

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

- Vet tracks VDDQ/2.
OR

- 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 & Vier.

- The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to VDDQ and VDD on one
side and must be larger than or equal to VSSQ and VSS on the other side.

2. After R E S EsTde-asserted, wait for another 500us until CKE become active. During this time, the DRAM will start
internal state initialization; this will be done independently of external clocks.

3. Clock (CK, C K need to be started and stabilized for at least 10ns or 5tCK (which is larger) before CKE goes active.
Since CKE is a synchronous signal, the corresponding set up time to clock (tis) must be meeting. Also a NOP or

Version 1.7 11 Nanya Technology Cooperation ©
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Deselect command must be registered (with t;s set up time to clock) before CKE goes active. Once the CKE registered
AHIi gho after Reset, CKE needs to be continuously register:
including expiration of tpLix and tzqinit.

4. The DDR3(L) DRAM will keep its on-die termination in high impedance state as long as R E S EsTasserted. Further,
the DRAM keeps its on-die termination in high impedance state after R E S El&-assertion 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 being registered high, wait minimum of Reset CKE Exit time, tXPR, before issuing the first MRS command
to load mode register. [TXPR=max (tXS, 5tCK)]

6. Issue MRS command to load MR2 with a | | application settings. (To issue MRS c
BAO and BA2, AHigho to BA1l)

7.1 ssue MRS command to | oad MR3 with all application settings
BA2, fHighd to BAO and BAL1l)

8.Issue MRSCo mmand to | oad MR1 with all application settings and
provi de ALowo to AO, AHigho to BAO and ALowd to BA1l and BA2)

991ssue MRS Command to | oad MRO with all appl i seatommand, set t i nc
provide AHigho to-BA22 and ALowd to BAO

10. Issue ZQCL command to starting ZQ calibration.
11. Wait for both tpLix and tzqginit completed.

12. The DDR3 (L) SDRAM is now ready for normal operation.

Version 1.7 12 Nanya Technology Cooperation ©
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Reset and Initialization Sequence at Power -onRamping ( Cont 6d)

= O O
e O 1 o B A

o B SEEEEEEERRE) S8
opT // K " sic LOW”;’r'ncaseR‘TT_li\llom isenebld n/rlé{eTg, ot‘herwise,sliétic HIGH or L(/)Il\’N /LX vaid %

Command //

S ) e /
o, ] / / 171 / / 17

tDLLK:
T=200us T=500us tXPR tMRD tMRD tMRD tMOD ‘ tZQinit.

it

Do Not // Time break
Care

* From time point Td until Tk. NOP or DES commands must be applied between MRS and ZQcal commnads.

Reset Procedure at Stable Power ( Cont 6d)

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
mai ntained for minimum 100ns. CKE iassertpdyrir.tend 10his).owdo bef ore RE.

2. Follow Power-up Initialization Sequence step 2 to 11.

3. The Reset sequence is now completed. DDR3 (L) SDRAM is ready for normal operation.

Reset Procedure at Power Stable Condition

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
tCK SRX

RESET

I | T T T T T T T T TG
oDT _// D %l Static LOW ;:’l case RTT_ll\iom isenabled at time Tg, otherwise StlatiC HI(I;H or LOI\IN L>< Valid

| I I R B |
Command // D NOP* >7§L< M ‘RS H/L< M‘RS H/L< MI‘QS H/L< M I‘?S >—//L< ZQCL H/L< NOP* H/L< Valid
BAO-BA2 // /K—\i /;l/l MR2 H/%< MR3 H/L< MR1 H/I—< MRO H/l {l;/ Vvalid
M / I I I I I Il /
T=100ns T=500us tXPR tMRD tMRD tMRD tMOD ‘ tZQinit.

Do Not // Time break

Care * From time point Td until Tk. NOP or DES commands must be applied between MRS and ZQcal commnads.
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VDDQ/VDDQ Voltage Switch Between DDR3L and DDR3

Ta

Th Ti

et~}
———

=

.....

—

P o

i
o

Ta Tk Tc Td Ta
ra " 77—( tI N L k '$|| !.
A (s ,rfﬁ- A A ‘21.
KSR
Tinin = 10rs
VOO NODG (DRRZ s 5 .:l.- E‘r r.]
VDD, VDD (DDR3LY l; { I;lgl {fl
Trin = 10m
Twin = 200ps
T = 500ps
— — ! i
RESETa . !
. us
Tmin = 1ons = L
ae [ /i xl\ i :f?ﬁr‘f

145 |
commann ZT .f-%&/?"'é-yf’ﬁ' }’:’:-’;’Q'?éjjd(

o T

oo T AN K

RTT

4

U

Q7

\% i‘y

1DLLE

kPR

tMRD

e

115

f

Ll

baRD

oo

L

AT we G XX w4

L

[

Static LOW incase RTT_Mam iz enabled ot tima Tg, stharwize static HIGH or LOW

A AP A
v TN

i

t2init

E
g

1

{4

]

T
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L
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i
L
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i
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MOTE 1. From tima point “Td® until *Tk™ MOP or DES commands must be applied between MRS and Z0CL commands.
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Register Definition
Programming the Mode Registers

For application flexibility, various functions, features, and modes are programmable in four Mode Registers, provided by the
DDR3 (L) 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, turp iS required to complete the write operation to the mode register and is the

minimum time required between two MRS commands shown as below.

tMRrD Tlmlng
CK Vil
=X
CK ’
oo DO YD
ADDR VAL ><
CKE‘
Do not //Timebreak
Care

The MRS command to Non-MRS command delay, tvop, is require for the DRAM to update the features except DLL reset,
and is the minimum time required from an MRS command to a non-MRS command excluding NOP and DES shown as the

following figure.
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tmop Timing

CK

CKE ‘

<

A
\4

Programming the Mode Registers (Conto6d)

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

functionality and/or modes.

Mode Register MRO

The mode-register MRO stores data for controlling various operating modes of DDR3 (L) SDRAM. It controls burst length,
read burst type, CAS latency, test mode, DLL reset, WR, and DLL control for precharge Power-Down, which include
various vendor specific options to make DDR3(L) SDRAM useful for various applications. The mode register is written by
asserting low on C S R A SC A SWE, BAO, BA1, and BA2, while controlling the states of address pins according to the

following figure.
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MRO Definition
[BA2 [BAL[BAO| A15-A13 [Aar2[aa|Aaol A | s Aar ][ s m a3 Ao al] A

dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz  dz
[ 0 [ MRselect ] 0 | PPD | WR [DLL] TM [ CASLatency [RBT] CL [ BL ]
\ 4
Al2 PPD A8 | DLL Reset A3 | Read Burst Type
0 | Slow exit(DLL off) 0 No 0 |Nibble Sequential
1 Fast exit(DLL on) 1 Yes 1 Interleave
A 4
BAl | BAO | MR select A7 mode [«
0 0 MRO 0 Normal v
0 1 MR1 1 Test Al A0 BL
1 0 MR2 0 0 8(Fixed)
1 1 MR3 0 1 BC4 or 8 (on the fly)
1 0 BC4(Fixed)
All [ A10 | A9 WR 1 1 Reserved
0 0 0 16
0 0 1 5
0 1 0 6
0 1 1 7
1 0 0 8
1 0 1 10
1 1 0 12
1 1 1 14
v
A6 | A5 | M | A2 CAS Latency
0 0 0 0 Reserved
0 0 1 0 5
0 1 0 0 6
0 1 1 0 7
1 0 0 0 8
1 0 1 0 9
1 1 0 0 10
1 1 1 0 11
0 0 0 1 12
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

*1: BA2 and A13~A15 are RFU and must be programmed to O during MRS.

*2: WR (write recovery for autoprecharge)min in clock cycles is calculated by dividing tWR(in ns) by tCK(in meuadohg up to the next
integer: WRmin[cycles] = Roundup(tWR([ns] / tCK[ns]). The WR value in the mode register must be programmed to be eqerttariarg
WRmin. The programmed WR value is used with tRP to determine tDAL.

*3: The table only shows the esdings for a given Cas Latency. For actual supported Cas Latency, please refer to speedbin tabldssfipuesanh

*4: The table only shows the encodings for Write Recovery. For actual Write recovery timing, please refer to AC timingtable.
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Burst Length, Type, and Order
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Accesses within a given burst may be programmed to sequential or interleaved order. The burst type is selected via bit A3

as shown in the MRO Definition as above figure. The ordering of access within a burst is determined by the burst length,

burst type, and the starting column address. The burst length is defined by bits AO-A1. Burst lengths options include fix BC4,

fixed BL8, and on the fly which allow BC4 or BL8 to be selected coincident with the registration of a Read or Write

command via A12/B C

Burst Type and Burst Order

Starting Burst type : Burst type :
Burst Read Column Sequential Interleaved Note
Length Write Address (decimal) (decimal)
(A2,A1,A0) A3=0 A3=1
0,0,0 0,1,2,3,T,T,T,T 0,1,2,3,T,T,T,T
0,0,1 1,2,3,0,T,T,T,T 1,0,32,T,T,T,T
0,1,0 23,01, TTTT 2,3,01TTTT
0,11 3,0,1,2,T,T,T,T 3,2,1,0,T, T, T, T
4 Read 1,0,0 4,56,7,TTTT 456,7TTTT 123
Chop 10,1 56,74, TTTT 54,76,TTTT
1,1,0 6,7,45TTTT 6,7,4,5TTTT
1,1,1 7,456,TTTT 7,6,54T1TTT
. o,V,v 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X
write 1,vV,v 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1.245
0,0,0 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0,0,1 1,2,3,05,6,7,4 1,0,3,254,7,6
0,1,0 2,3,0,16,7,4,5 2,3,0,16,7,4,5
0,11 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
8 Read 1,0,0 456,7,0,123 456,7,0,12,3 2
10,1 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2
1,1,0 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1
1,11 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0
Write V.,V,V 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 2,4
Note:
1. In case of burst length being fixed to 4 by MRO setting, the internal write operation starts two clock cycles earlier than 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/B Cthe 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: Do not Care.
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CAS Latency

The CAS Latency is defined by MRO (bit A2, A4~A6) as shown in the MRO Definition figure. CAS Latency is the delay, in
clock cycles, between the internal Read command and the availability of the first bit of output data. DDR3(L) 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.

Test Mode

The normal operating mode is selected by MRO (bit7=0) and all other bits set to the desired values shown in the MRO
definition figure. Programming bit A7 to a 06106 places the DD

manufacturer and should not be used. No operations or functionality is guaranteed if A7=1.

DLL Reset

The DLL Resetbitisself-c| eari ng, meaning it returns back to the value of
Once the DLL is enabled, a subsequent DLL Reset should be applied. Anytime 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.)

Write Recovery

The programmed WR value MRO(bits A9, A10, and A11l) 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(ns) by tCK(ns)
and rounding up to the next integer: WRmin[cycles] = Roundup(tWR[ns]/tCK[ns]). The WR must be programmed to be

equal or larger than tWR (min).

Precharge PD DLL

MRO (bit A12) is used to select the DLL usage during precharge power-d o wn mode. When MRO-ekALB=0),
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) , o-exiotf@stthe DLL is maintained a

power-down and upon exiting power-down requires tXP to be met prior to the next valid command.
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Mode Register MR1

The Mode Register MR1 stores the data for enabling or disabling the DLL, output strength, Rtt_Nom impedance, additive
latency, WRITE leveling enable and Qoff. The Mode Register 1 is written by asserting low on C SR A SC A SWE high on

BAO and low on BA1 and BA2, while controlling the states of address pins according to the following figure.

MR1 Definition

[BA2 [BAL [BAO| A15-A13 [A12 [ A1 |[A0| Ao | As ] Aam ] | a5 [ M| A3 A2 Al A0
dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz
[0 [ MRselect | 0 [ Qoff [TbQs] 0 [renom] 0 |Lere||Rn,Nom|D.|.c| AL [Rinom|[D..C| DLL |

i !
All TDQS [* A | A6 | A2 Rtt_Nom A | A3 AL
0 Disabled 0 0 0 Disabled 0 0 Disabled
1 Enabled 0 0 1 RzQ/4 0 1 CL-1
0 1 0 RZQ/2 1 0 CL-2
BA1 | BAO | MR select 0 1 1 RzQ/6 1 1 Reserved
0 0 MRO 1 0 0 RzQ/12
0 1 MR1 1 0 1 RZQ/8 A0 (DLL Enable e
1 0 MR2 1 1 0 Reserved 0 Enable
1 1 MR3 1 1 1 Reserved 1 Disable
\ 4 \ 4
A7 Write Leveling enable A5 | Al |Output Driver Impedance
0 Disabled 0 0 RZQ/6
1 Enabled 0 1 RZQ/7
1 0 Reserved
v 1 1 Reserved
Al2 Qoff
0 Output buffer enabled
1 Output buffer disabled

*1:BA2 and A8, A10, and A13 Al5 are RFU and must be programmed to 0 during MRS.

*2: Outputs disabled DQs, DQSsP Q S

*3: RZQ = 240

*4: In Write leveling Mode (MR1[bit7] = 1) wittMR1[bit12]=1, all RTT_Nom settings are allowed;Write Leveling Mode (MR1[bit7] = 1) with
MR1[bit12]=0, only RTT_Nom settings of RZQ/RZQ/4 and RZQ/6 are allowed.

*5: If RTT_Nom is sed during Writes, only thealues RZQ/2, RZQ/4 and RZQ/6 are allowed.
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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-enable upon exit of Self-Refresh
operation. Any time the DLL is enabled and subsequently reset, tDLLK clock cycles must occur before a Read or
synchronous ODT command can be issued to allow time for the internal clock to be synchronized with the external clock.
Failing to wait for synchronization to occur may result in a violation of the tDQSCK, tAON, or tAOF parameters. During
tDLLK, CKE must continuously be registered high. DDR3(L) SDRAM does not require DLL for any Write operation, expect
when RTT_WR is enabled and the DLL is required for proper ODT operation. For more detailed information on DLL Disable

operation in DLL-off Mode.

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

set command during DLL-off mode.

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

={0, 0}, to disable Dynamic ODT externally.

Output Driver Impedance Control

The output driver impedance of the DDR3(L) SDRAM device is selected by MR1 (bit A1 and A5) as shown in MR1 definition

figure.

ODT Rtt Values

DDR3(L) SDRAM is capable of providing two different termination values (Rtt_Nom and Rtt. WR). The nominal termination
value Rtt_Nom is programmable in MR1. A separate value (Rtt_WR) may be programmable 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.

Version 1.7 21 Nanya Technology Cooperation ©
04/2015 All Rights Reserved.



DDR3(L) 4Gb SDRAM

NT5CB(C)512M8CN / NT5CB(C)256M16CP

Additive Latency (AL)
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Additive Latency (AL) operation is supported to make command and data bus efficient for sustainable bandwidth in DDR3(L)

SDRAM. In this operation, the DDR3(L) 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 as the following table.

Additive Latency (AL) Settings

A4 A3 AL
0 0 0, (AL Disable)
0 1 CL-1
1 0 CL-2
1 1 Reserved
Version 1.7 22
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Write leveling

For better signal integrity, DDR3(L) memory module adopted fly by topology for the commands, addresses, control signals,
and clocks. The fly by topology has benefits from reducing number of stubs and their length but in other aspect, causes
flight time skew between clock and strobe at every DRAM on DIMM. It makes difficult for the Controller to maintain tDQSS,
t DSS, and tDSH specification. Ther eefvoerle,ngtéh e nc oDiDXR30(ILI)e rS DsRhAOMI

for skew.

Output Disable

The DDR3(L) SDRAM outputs maybe enable/disabled by MR1 (bit12) as shown in MR1 definition. When this feature is
enabled (A12=1) all output pins (DQs, DQS, D Q Setc.) are disconnected from the device removing any loading of the

output drivers. This feature may be useful when measuring modules power for example. For normal operation A12 should

be set to 60606.

TDQS, T DG

TDQS (Termination Data Strobe) is a feature of x8 DDR3(L) SDRAM that provides additional termination resistance outputs

that may be useful in some system configurations.

When enabled via the mode register, the same termination resistance function is applied to be TDQS/T D Q 8ns that are

applied to the DQS/D Q ins.

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

The TDQS and DM functions share the same pin. When the TDQS function is enabled via the mode register, the DM

function is not supported. When the TDQS function is disabled, the DM function is provided and the T D Q8n is not used.

The TDQS function is available in x8 DDR3(L) SDRAM only and must be disabled via the mode register A11=0 in MR1 for

x16 configurations.

TDQS, T D QBunction Matrix

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

Note:
1. If TDQS is enabled, the DM function is disabled.

2. When not used, TDQS function can be disabled to save termination power.

3. TDQS function is only available for x8 DRAM and must be disabled for x16.
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Mode Register MR2

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

MR2 Definition

[BA2 [BAL[BAO| Al5-A13 [Aar2[mrfAaol A [ A Aar]as ] s M a3 ] a] A
dz dz2 dz2 @ dz 2 dz dz dz dz dz dz dz dz dz dz dz dz dz

[ 0 [ MRselect | 0 | Rt WR | 0 |SRT|ASR| CWL [ PASR |
I
J v
A6 ASR A2 | Al | AO PASR
0 [|Manual SR Reference (SRT) 0 0 0 Full Array
1 ASR enable 0 0 1 HalfArray (BA[2:0]=000,001,010, &011)
0 1 0 Quarter Array (BA[2:0]=000, & 001)
l 0 1 1 1/8th Array (BA[2:0] = 000)
1 0 0 |3/4 Array (BA[2:0] =010,011,100,101,110, & 111)
A10 [ A9 Rtt WR 1 0 1 HalfArray (BA[2:0] = 100, 101, 110, &111)
0 0 | Dynamic ODT off 1 1 0 Quarter Array (BA[2:0]=110, &111)
0 1 RzQ/4 1 1 1 1/8th Array (BA[2:0]=111)
1 0 RZQ/2
1 1 Reserved
A5 | M | A3 CWL —
0 0 0 5 (tCK(avg)>=2.5ns)
A7 SRT < 0 0 1 6 (2.5ns>=tCK(avg)>=1.875ns)
0 Normal operating 0 1 0 7 (1.875ns>=tCK(avg)>=1.5ns)
temperature range 0 1 1 8 (1.5ns>=tCK(avg)>=1.25ns)
1 Extended operating 1 0 0 9 (1.25ns>=tCK(avg)>=1.07ns)
temperature range 1 0 1 10 (1.07ns>=tCK(avg)>=0.935ns)
v 1 1 0 RFU
BAl | BAO MR select 1 1 1 RFU
0 0 MRO
0 1 MR1
1 0 MR2
1 1 MR3

* 1 : Default state of PASR is disabed. This is enabledsing an electrical fuse. Please contact with NTGHerdemand.
* 2:BA2, A5, A8, A1l ~ Al15 are RFU and must be programmed to O during MRS.

* 3: The Rtt_WR value can be applied during writes even when Rtt_Nom is dis@blatg write leveling, Dynamic ODT is not available.
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CAS Write Latency (CWL)

The CAS Write Latency is defined by MR2 (bits A3-A5) shown in MR2. CAS Write Latency is the delay, in clock cycles,
between the internal Write command and the availability of the first bit of input data. DDR3(L) DRAM 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.

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

DDR3(L) 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.

Optional in DDR3(L) SDRAM: Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if
DDR3(L) SDRAM devices support the following options or requirements referred to in this material. For more details refer to
AExtended Temperature Us ag support 2BRefdsh gperaBdd RtAMsuppantadstemperatures.
Applications requiring Self-Refresh operation in the Extended Temperature Range must use the optional ASR function or

program the SRT bit appropriately.

Dynamic ODT (Rtt_WR)

DDR3(L) SDRAM intrord uces a new feature fADynamic ODTO. I n certain app
integrity on the data bus, it is desirable that the termination strength of the DDR3(L) SDRAM can be changed without
issuing an MRS command. MR2 Register locations A9 and A10 configure the Dynamic ODT settings. In Write leveling

mod e, only RTT_Nom is available. For det aiODg.0on Dynamic ODT
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Mode Register MR3

The Mode Register MR3 controls Multi-purpose registers. The Mode Register 3 is written by assertinglowonCSRA A S

WE high on BA1 and BAO, and low on BA2 while controlling the states of address pins according to the table below.

MR3 Definition

[BA2 [BAL [BAO| A15-A13 [A12]Aaa|Aaol A | s Aam ] e[ [ m a3 A Aal] A
dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz dz
[ 0 [ MRselect ] 0 [MPR] MPR Loc ]

A2 MPR Al A0 MPR Loc
0 Normal operation 0 0 Predefined pattern
1 Dataflow from MPR 0 1 Reserved
\4 1 0 Reserved
BAl | BAO | MR select 1 1 Reserved
0 0 MRO
0 1 MR1
1 0 MR2
1 1 MR3

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

The Multi Purpose Register (MPR) function is used to Read out a predefined system timing calibration bit sequence.

Fig. 1: MPR Block Diagram

Memory Core
(all banks precharged)

N

MR3 [A2]

::>0/7 Multipurpose register
Pre-defined data for Reads

-
-

N |
DQ, DM, DQS, DQS#

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. 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. 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.
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MPR MR3 Register Definition

MR3 A[2] MR3 A[1:0]
Function
MPR MPR-Loc
Normal operation, no MPR transaction.
Ob don't care (Ob or 1b) All subsequent Reads will come from DRAM array.
All subsequent Write will go to DRAM array.
1b See MR3 Table Enable MPR mode, subsequent RD/RDA commands defined by MR3 A[1:0].

MPR Functional Description

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

ARegister Read on x8:

ADQI0] drives information from MPR.

ADQ[7:1] either drive the same information as DQ [0], or they drive Ob.

ARegister Read on x16:

ADQL[0] and DQUI0] drive information from MPR.

ADQL[7:1] and DQUI[7:1] either drive the same information as DQL [0], or they drive Ob.
AAddressing during for Multi Purpose Register reads for all MPR agents:

ABA [2:0]: donét care

AA[1:0: Al 1: 0] must be equal t o innibiedstixed Data read burst order

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

AA[9:3] : dondt care

AA10/ AP: donét care

AA12/BC: Selects burst chop mode on-the-fly, if enabled within MRO.

AA11, A13... (if available): donét care
ARegular interface functionality during register reads:

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

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

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

ARegular read latencies and AC timings apply.

ADLL 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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NANYANA

Read Address

Burst O rder

MR3 A[2] MR3 A[1:0] Function Burst Length
A[2:0] and Data Pattern
Burst order 0,1,2,3,4,5,6,7
BLS 000b urstorder
Read Predefined Pre-defined Data Pattern [0,1,0,1,0,1,0,1]
1b 00b Pattern for System BC4 000b Burst order 0.1,2.3
Pre-defined Data Pattern [0,1,0,1]
Calibration BC4 100b Burst order 4,5,6,7
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
BC4 000b
1b 10b REU Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 11b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7

NOTE: Burst order bit 0 is assigned to LSB and the burst order bit 7 is assigned to MSB of the selected MPR agent.
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DDR3(L) SDRAM Command Description and Operation
Command Truth Table

CKE AO-
: BAO- A13-|Al2- A10-

Function Abbr . Prg;/(i:cl):s Cg;j:t CSRACA{WE e AAi)1 NOTES

Mode Register Set MRS H H L L L L BA OP Code

Refresh REF H H L L L H \Y \Y% \Y \Y% \Y%

Self Refresh Entry SRE H L L L L H \ \Y \% \% v | 7,912
H | X X | X X X X X X

Self Refresh Exit SRX L H 7,8,9,12
L H|  H|H \Y vV |V |V \%

Single Bank Precharge PRE H H L L H L BA \Y \% L \%

Precharge all Banks PREA H H L L H L \% 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| V L CA

Write (BC4, on the Fly) WRS4 H H L|H|L|L| BA|RU L |L|cCA

Write (BLS8, on the Fly) WRSS8 H H L| | H|L|L| BA |RFU H|L|cCA

Write with Auto Precharge (Fixed BL8 or BC4) | WRA H H L H L L BA |RFU| V H | CA

Write with Auto Precharge (BC4, on the Fly) WRAS4 H H L H L L BA |RFU| L H | CA

Write with Auto Precharge (BL8, on the Fly) WRASS8 H H L H L L BA |RFU| H H | CA

Read (Fixed BL8 or BC4) RD H H L H L H BA |RFU| V L | CA

Read (BC4, on the Fly RDS4 H H L H L H BA |RFU| L L CA

Read (BL8, on the Fly) RDS8 H H L | H L | H BA |RFU| H L | CA

Read with Auto Precharge (Fixed BL8 or BC4) | RDA H H L H L H BA |RFU| V H | CA

Read with Auto Precharge (BC4, on the Fly) RDAS4 H H L H L H BA |RFU| L H | CA

Read with Auto Precharge (BL8, on the Fly) RDASS8 H H L H L H BA |RFU| H H | CA

No Operation NOP H H L H H H \% \Y \% \Y% \Y% 10

Device Deselected DES H H H | X X X X X X X X 11
L H|  H|H \% vV |V |V \Y

Power Down Entry PDE H L 6,12
H | X X | X X X X X X
L H|  H|H \% vV |V |V \Y

Power Down Exit PDX L H 6,12
H | X X | X X X X X X

ZQ Calibration Long ZQCL H H L H H L X X X H X

ZQ Calibration Short ZQCSs H H L H H L X X X L X
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DDR3(L) SDRAM Command Description and Operation

Command Truth Table (Conti.)
NOTEL. All DDR3(L) SDRAM commands are defined by states of C SR A SC A SWE and CKE at the rising edge of the clock. The MSB of

BA, RA and CA are device density and configuration dependant.
NOTE2. R E S EsTLow enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.
NOTES. Bank addresses (BA) determine which bank is to be operated upon. For (E)MRS BA selects an (Extended) Mode Register.
NOTE4. fAVO means fAH or L (but a defined logic |level)o .and AX0 means
NOTES. Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.
NOTES6. The Power-Down Mode does not perform any refresh operation.
NOTE?Y. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
NOTES. Self Refresh Exit is asynchronous.
NOTE9. VREF (Both VrefDQ and VrefCA) must be maintained during Self Refresh operation.
NOTE10. The No Operation command should be used in cases when the DDR3(L) SDRAM is in an idle or wait state. The purpose of the
No Operation command (NOP) is to prevent the DDR3(L) 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.
NOTEL11. The Deselect command performs the same function as No Operation command.

NOTE12. Refer to the CKE Truth Table for more detail with CKE transition.
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CKE Truth Table

CKE
Current State i command (N) Action (N) Notes
Previous Cycle | Current Cycle RS CAS WES
(N-1) (N)
L L X Maintain Power-Down 14,15
Power -Down
L H DESELECT or NOP Power-Down Exit 11,14
L L X Maintain Self-Refresh 15,16
Self-Refresh
L H DESELECT or NOP Self-Refresh Exit 8,12,16
Bank(s) Active H L DESELECT or NOP Active Power-Down Entry 11,13,14
Reading H L DESELECT or NOP Power-Down Entry 11,13,14,17
Writing H L DESELECT or NOP Power-Down Entry 11,13,14,17
Precharging H L DESELECT or NOP Power-Down Entry 11,13,14,17
Refreshing H L DESELECT or NOP 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

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

NOTE 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.

NOTE 4 All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
NOTE 5 The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.

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

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

NOTE 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.

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

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

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

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

NOTE 13 Self-Refresh cannot be entered during Read or Write operations.

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

NOTE15fi X0 means fAdondét cared(i ncl uRefreshgandPoverabownnlgalsaapmies iodddked® RiRs) i
NOTE 16 VREF (Both Vref_DQ and Vref_CA) must be maintained during Self-Refresh operation.

NOTE 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.

NOTE186 1 dl e stated is defined as all banks are cl| os &€HEighgRBndallt D
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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No Operation (NOP) Command

The No operation (NOP) command is used to instruct the selected DDR3(L) SDRAM to perform a NOP (C Slowand RA S
C A sand WE high). This prevents unwanted commands from being registered during idle or wait states. Operations

already in progress are not affected.

Deselect Command

The Deselect function (C SHIGH) prevents new commands from being executed by the DDR3(L) SDRAM. The DDR3(L)

SDRAM is effectively deselected. Operations already in progress are not affected.

DLL- Off Mode

DDR3(L)DLL-of f mode is entered by setting MR1 bit AO0O to filo; this
bt set back to A0O. The MR1 AO bit for DLL control can be swi

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

refresh interval, tREFI.

Due to latency counter and timing restrictions, only one value of CAS Latency (CL) in MRO and CAS Write Latency (CWL)

in MR2 are supported. The DLL-off mode is only required to support setting of both CL=6 and CWL=6.

DLL-off mode will affect the Read data Clock to Data Strobe relationship (tDQSCK) but not the data Strobe to Data

relationship (tDQSQ, tQH). Special attention is needed to line up Read data to controller time domain.

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

significantly larger than in DLL-on mode.

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

CMD

Address

DQSdiff_DLL_on

Bank, Col b

DQ_DLL_on

= A
/
N
S ——

Din Din

DQSdiff_DLL_off

DQ DLL_off

RL(DLL_off) = AL+(CL-1) =5
/T . !
\
L
Din\/ Di
b /\ bt

DQSdiff_DLL_off

DQ_DLL_off

b b+l

| tDQSCKDLL_diff_min

-1 ~
/
ﬂ
L
n Din Di
+1 /\ b+2 b
~TA
/
U
-/ o

_/
<—J tDQSCKDLL_diff_max

Din\/ Din \/ Din Dinx/ﬁn Din \/ Din\/Din
b+1 N\ b+2 /\ b+3 /\ b4 /\ b+5 /\ b+6 /* b+7
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£3 A\ bra A bt5 A\ b6 S b7
\ l
N AN

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

way and the skew between all DQ, DQS, and D Q Signals will still be tDQSQ.
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DLL on/off switching procedure

DDR3(L)DLL-of f mode is entered by setting MR1 bit AO to Alo; this

set back to A0O.

DLL fiondod to DLL fnHnoffo Procedure

To switch from DLL &stheftequeney tdbe thanfesd Huring Selfdrgfresh outlined in the following

procedure:

1. Starting from Idle state (all banks pre-charged, all timing 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 AO to filo to disable the DLL.

Wait tMOD.

Enter Self Refresh Mode; wait until ({CKSRE) satisfied.

Change frequency, in guidance with #Alnput Clock Frequency C

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

N o g kM w0 DN

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.

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

9. Wait for tMOD, and then DRAM is ready for next command.
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DLL Switch Sequence from DLL-on to DLL -off

CKE

I
q

aw

[tCKSRX 5

0

d

[e—tXS

rre- ==\ —— ~—\
v Y ¥ Y

\ \ \
[Spp— N [Ny | - -

NANYA

OB

fE9-o

MI;;7))—( "’\\‘A(,)P )_SR val 8))-

oDT

|\
§

(WA

o [ o
SS brgak il

Note:

e

ODT: Static LOW in case RTT_Nom and RTT_WR is enabled, otherwise static Low or High

1) Starting with Idle State, RTT in Hi-Z State.

2) Disable DLL by setting MR1 Bit AO to 1.

3) Enter SR.

4) Change Frequency.

5) Clock must be stable at least tCKSRX.

6) Exit SR.

7) Update Mode registers with DLL off parameters setting.
)

8) Any valid command.
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DLL fnoffo to DLL Aono Procedur e

To switch from DLL Aoffod to DLL fAono-Réfresht h requires frequenc:
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 Alnput c¢clock frequency <c

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

o 0 0w N

Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK timing from subse-

guent 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 AO to A0O0 to enable the DLL.

7. Wait t MRD, then set MRO Bit A8 to Al0 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 s ready for next command (remember to wait tDLLK after DLL Reset before applying

command requiring a locked DLL!). In addition, wait also for tZQoper in case a ZQCL command was issued.
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DLL Switch Sequence from DLL -off to DLL -on

TO Ta0 Tal ThO

\ ’ffﬂ‘/— ——
CK /vt \\.__ K

oo —y{vor )SH Eg : e e Sﬁﬁ? f(-{ae)
"I TR | AT T TWes
b e

oDT

§ e T gl gl gl
) e %

ODT: Static LOW in case RTT_Nom and RTT_WR is enabled, otherwise static Low or High
1) Starting from Idle State.

2) Enter SR.

3) Change Frequency.

4) Clock must be stable at least tCKSRX.

5) Exit SR.

6) Set DLL-on by MR1 AO="0"

7) Start DLL Reset

8) Any valid command
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Input Clock frequency change

Once the DDR3(L) SDRAM is initialized, the DDR3(L) SDRAM requires t he c¢cl ock to be fAstabled du
nor mal operation. This means once the clock frequency has be

not allowed to deviate except for what is allowed for by the clock jitter and SSC (spread spectrum clocking) specification.

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

frequency.

For the first condition, once the DDR3(L) SDRAM has been successfully placed in to Self-Refresh mode and tCKSRE has
been satisfied, the state of the cl ock becomegeensyispeanséiie, car e.
provided the new clock frequency is stable prior to tCKSRX. When entering and exiting Self-Refresh mode of the sole
purpose of changing the clock frequency. The DDR3(L) SDRAM input clock frequency is allowed to change only within the

minimum and maximum operating frequency specified for the particular speed grade.

The second condition is when the DDR3(L) 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 DDR3(L) 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 tXP has
expired, the DLL must be RESET via MRS. Depending on the new clock frequency additional MRS commands may need to
be issued to appropriately set the WR, CL, and CWL with CKE continuously registered high. During DLL re-lock period,
ODT must remain LOW and CKE must remain HIGH. After the DLL lock time, the DRAM is ready to operate with new clock

frequency.
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Change Frequency during Precharge Power -down

<«—Previous Clock Frequeney New Clock Frequeney >
TO T1 Ta0 Tdo Tdl Ted Tel
— [—tCK—>
/ \;/,_ N Y '___‘(—D /==
\\__/ N \\__/ \\.__ / \__./I \\___ll \\
t———CKSRE—| | |
tIH‘ 1S
> <> «—{CPDED—»|
< {CKE
Command NOP NOP NOP
l l
Address
T
———tAOFPDItAOF—>|
obT
DQS ' High-
505 4> High-Z
\ — | —tDLLK——>
DQ . High-Z
l
y | |
T I / ) I / 7 I I T
Enter Precharge Exit Precharge
PowerDown mode Frequency PowerDown mode
Change
NOTES:

1. Applicable for both SLOW EXIT and FAST EXIT Precharge Power-down

2. tAOFPD and tAOF must be statisfied 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. 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.
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Write Leveling

For better signal integrity, DDR3(L) memory adopted fly by topology for the commands, addresses, control signals, and
clocks. The fly by topology has benefits from reducing number of stubs and their length but in other aspect, causes flight

time skew between clock and strobe at every DRAM on DIMM. It makes it difficult for the Controller to maintain tDQSS,

t DSS, and tDSH specification. Therteéoreveltihegacoinhr DDR2¢LE h8D

the skew.

The memory controller can use the fAwrite levelingo feature

D Q So CK - C Krelationship. The memory controller involved in the leveling must have adjustable delay setting on DQS -
D Q o align the rising edge of DQS - D Q Svith that of the clock at the DRAM pin. DRAM asynchronously feeds back CK -
C K sampled with the rising edge of DQS - D Q Sthrough the DQ bus. The controller repeatedly delays DQS - D Q Sintil a

transition from 0 to 1 is detected. The DQS - D Q Slelay established though this exercise would ensure tDQSS specification.

Besides tDQSS, tDSS, and tDSH specification also needs to be fulfiled. One way to achieve this is to combine the actual
tDQSS in the application with an appropriate duty cycle and jitter on the DQS- D Q Signals. Depending on the actual

tDQSS in the application, the actual values for tDQSL and tDQSH may have to be better than the absolute limits provided in

AAC Timing Parameterso section in order to satisfy tDSS

show as below figure.

Write Leveling Concept

Diff _CK
Source
Diff _DQS
Diff _CK
Destination
Diff _ DQS \
DQ Oor 1 \ (] (6]
v
Push DQS to capture >
0 -1 transition
DQ 0O or1l 1 1

DQS/D Q Siriven by the controller during leveling mode must be determined by the DRAM based on ranks populated.

Similarly, the DQ bus driven by the DRAM must also be terminated at the controller.

A separated feedback mechanism should be able for each byte lane. The low byte lane& prime DQ, DQO, carries the
leveling feedback to the controller across the DRAM configurations x4/x8 whereas DQO indicates the lower diff_DQS
(diff_LDQS) to clock relationship. The high byte lane& prime DQ, DQ8, provides the feedback of the upper diff_DQS
(diff_UDQS) to clock relationship.
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DRAM setting for write leveling and DRAM termination unction in that mode

DRAM enters into Write | eveling mode if A7 in MR1 set f@AHigho
mode i f A7 in MR1 set ALowo. Not e tDhQIermihationsrareiadtivated aadvdeakctivated mo d e ,

via ODT pin not like normal operation.

MR setting involved in the leveling procedure

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) Al12 0 1

DRAM termination function in the leveling mode

ODT pin at DRAM DQS/D Q Sermination DQs termination
De-asserted off off
Asserted on off

Note: In write leveling mode with its output buffer disabled (MR1[bit7]=1 with MR1[bit12]=1) all RTT_Nom settings are allowed; in Write
Leveling Mode with its output buffer enabled (MR1[bit7]=1 with MR1[bit12]=0) only RTT_Nom settings of RZQ/2, RZQ/4, and RZQ/6 are

allowed.

Procedure Description

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

accept the ODT signal.

Controller may drive DQS low and D Q Shigh after a delay of tWLDQSEN, at which time DRAM has applied on-die
termination on these signals. After tDQSL and tWLMRD controller provides a single DQS, D Q ®dge which is used by the

DRAM to sample CK i C Kdriven from controller. tWLMRD (max) timing is controller dependent.

DRAM samples CK - C }  status with rising edge of DQS and provides feedback on all the DQ bits asynchronously after
tWLO timing. There is a DQ output uncertainty of tWLOE defined to allow mismatch on DQ bits; there are no read strobes
(DQS/DQS) needed for these DQs. Controller samples incoming DQ and decides to increment or decrement DQST D QS
delay setting and launches the next DQS/D Q $ulse after some time, which is controller dependent. Once a0 to 1
transition is detected, the controller locks DQS i D Q $lelay setting and write leveling is achieved for the device. The

following figure describes the timing diagram and parameters for the overall Write leveling procedure.
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Timing details of Write leveling sequence  (For Information. Only Support prim e DQ)
DQS-DQS$scapturingCK -CKlowatTland CK -C}t highatT2

Dif_DQS

OnePine DQ
PrimeDQ

fWLMR D

Late
Remaining
DQs
Ealy
Remaining
DQs

AlDQsap Pime
Late
Remaining
DQs
Ealy
Remaining
DQs

Undefined
Driving Mode
Note:

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
through out the leveling procedure.

2. MRS: Load MR1 to enter write leveling mode

3. NOP: NOP or deselect

4. diff_DQS is the differential data strobe (DQS, D Q $ Timing reference points are the zero crossings. DQS
is shown with solid line, D Q $s shown with dotted line.

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

Write Leveling Mode Exit

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

1. After the last rising strobe edge (see ~TO0), 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 (Tel).
2. Drive ODT pin low (tIS must be satisfied) and keep it low (see Tb0).
3. After the RTT is switched off, disable Write Level Mode via MRS command (see Tc2).

4. After tMOD is satisfied (Tel), any valid command may be registered. (MR commands may be issued after tMRD (Td1).
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Timing detail of Write Leveling exit

tAOFmin
'O\DTLOH—» ’47

RTNo \ >D
e J =0
‘/] >/7 Result=1 \< >7

J /

. . Undefined
Sg Time Break D Transitioning |:| Do not Care D Driving Mode

RTT_DQS DQS

DQ

Extended Temperature Usage

Nanya®& DDR3(L) SDRAM supports the optional extended temperature range of 0°C to +95°C, TC. Thus, the SRT and ASR
options must be used at a minimum. The extended temperature range DRAM must be refreshed externally at 2X (double
refresh) anytime the case temperature is above +85°C (in supporting temperature range). The external refreshing
requirement is accomplished by reducing the refresh period from 64ms to 32ms. However, self refresh mode requires either
ASR or SRT to support the extended temperature. Thus either ASR or SRT must be enabled when TC is above +85°C or

self refresh cannot be used until the case temperature is at or below +85°C.

Mode Register Description
Field Bits Description

Auto Self -Refresh (ASR)

When enabled, DDR3(L) 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
ASR MR2(A6) | 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 t b t to O.
SRT | MR2(A7) ft must be setto
0 = Normal operating temperature range
1 = Extended operating temperature range
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Auto Self -Refresh mode - ASR mode

DDR3(L) SDRAM provides an Auto-Refresh mode (ASR) for application ease. ASR mode is enabled by setting MR2 bit
A6=1 and MR2 bit A7=0. The DRAM will manage Self-Refresh entry in either the Normal or Extended Temperature Ranges.
In this mode, the DRAM will also manage Self-Refresh power consumption when the DRAM operating temperature
changes, lower at low temperatures and higher at high temperatures. If the ASR option is not supported by DRAM, MR2 bit
A6 must set to 0. If the ASR option is not enabled (MR2 bit A6=0), the SRT bit (MR2 bit A7) must be manually programmed
with the operating temperature range required during Self-Refresh operation. Support of the ASR option does not

automatically imply support of the Extended Temperature Range.

Self-Refresh Temperature Range - SRT

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

Ranges. The value of the SRT bit can effect self-refresh power consumption, please refer to IDD table for details.

Self-Refresh mode summary

Allowed Operating

MR2 MR2 .
Al6] A[7] Self-Refresh operation Temperature Range for
Self-Refresh mode
0 0 Self-Refresh rate appropriate for the Normal Temperature Range Normal *
Self-Refresh appropriate for either the Normal or Extended Temperature Ranges.
0 1 The DRAM must support Extended Temperature Range. The value of the SRT bit can | Normal and Extended

effect self-refresh power consumption, please refer to the IDD table for details.

ASR enabled (for devices supporting ASR and Normal Temperature Range).
1 0 ( pporting p ge) Normal *

Self-Refresh power consumption is temperature dependent.

ASR enabled (for devices supporting ASR and Extended Temperature Range).
1 0 ( pporting P ge) Normal and Extended 2
Self-Refresh power consumption is temperature dependent.

1 1 lllegal
NOTES:

1. The Normal range depends on product& grade.
- Commercial Grade = 0¢ ~85¢
- Industrial Grade (-I) = -40¢ ~85¢
- Automotive Grade 2 (-H) = -40¢ ~85¢
- Automotive Grade 3 (-A) = -40¢ ~85¢

2. The Normal and Extended range depends on product& grade.

- Commercial Grade = 0¢ ~95¢

- Industrial Grade (-l) = -40¢ ~95¢

- Automotive Grade 2 (-H) = -40¢ ~105¢
- Automotive Grade 3 (-A) = -40¢ ~95¢
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MPR MR3 Register Definition
MR3 A[2] MR3 A[1:0] Function

. Normal operation, no MPR transaction.
don't care )
0 (©or1) All subsequent Reads will come from DRAM array.
All subsequent Writes will go to DRAM array.

1 See the following table | Enable MPR mode, subsequent RD/RDA commands defined by MR3 A[1:0].

MPR Functional Description
One bit wide logical interface via all DQ pins during READ operation.
Register Read on x8:
DQ [0] drives information from MPR.
DQ [7:1] either drive the same information as DQ [0], or they drive 0.
Addressing during for Multi Purpose Register reads for all MPR agents:
BA [2:0]: dondét <care.
Afl: 0]: A [1:0] must be equal to A0O0O0. Data read burst order
A[2]: For BL=8, A[2] must be equal to 0, 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]=0, burst order: 0,1,2,3, A[2]=1, burst order: 4,5,6,7. *)
A [9:3]: donét care.
A10/ AP: dono6t care.
A12/BC: Selects burst chop mode on-the-fly, if enabled within MRO
All, A13: donét care.
Regular interface functionality during register reads:
Support two Burst Ordering which are switched with A2 and A[1:0]=00.
Support of read burst chop (MRS and on-the-fly via A12/BC).
All other address bits (remaining column addresses bits including A10, all bank address bits) will be ignored by the
DDR3(L) 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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MPR Register Address Definition

The following table provide an overview of the available data location, 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.

MPR MR3 Register Definition

. Burst Read Add ress
MR3 A[2] MR3 A[1:0] Function Burst Order and Data Pattern
Length AJ2:0]
Burst order 0,1,2,3,4,5,6,7
Read BL8 000
Pre-defined Data Pattern [0,1,0,1,0,1,0,1]
Predefined
Burst order 0,1,2,3
1 00 Pattern for BC4 000
Pre-defined Data Pattern [0,1,0,1]
System
Burst order 4,5,6,7
Calibration BC4 100
Pre-defined Data Pattern [0,1,0,1]
BL8 000 Burst order 0,1,2,3,4,5,6,7
1 01 RFU BC4 000 Burst order 0,1,2,3
BC4 100 Burst order 4,5,6,7
BL8 000 Burst order 0,1,2,3,4,5,6,7
1 10 RFU BC4 000 Burst order 0,1,2,3
BC4 100 Burst order 4,5,6,7
BL8 000 Burst order 0,1,2,3,4,5,6,7
1 11 RFU BC4 000 Burst order 0,1,2,3
BC4 100 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.

ACTIVE Comman d

The ACTIVE command is used to open (or activate) a row in a particular bank for subsequent access. The value on the
BAO-BAZ2 inputs selects the bank, and the addresses provided on inputs A0-A15 selects the row. These rows remain active
(or open) for accesses until a precharge command is issued to that bank. A PRECHARGE command must be issued before

opening a different row in the same bank.

Version 1.7 47 Nanya Technology Cooperation ©
04/2015 All Rights Reserved.



DDR3(L) 4Gb SDRAM &>

NT5CB(C)512M8CN / NT5CB(C)256M16CP NANYANA

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 bank) 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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READ Operation

Read Burst Operation

During a READ or WRITE command DDR3(L) 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)

Al12=1, BL8

A12 will be used only for burst length control, not a column address.

Read Burst Operation RL=5 (AL=0, CL=5, BL=8)

[«——tRPRE—>{ tRPST»|
J— ;STTT T T \ /A /YA /YA I
DQS’ DQS \3 // \ // A // \3 /
| SR  V—— i ~ ~ ~
Dout Dout Dout Dout Dout Dout Dout Dout

bDQ

n

n+l

n+2 n+3 n+4

n+5 n+6 n+7

DQS, DQS

CL=5

DQ
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READ Timing Definitions
Read timing is shown in the following figure and is applied when the DLL is enabled and locked.
Rising data strobe edge parameters:
AtDQSCK min/max describes the allowed range for a rising data strobe edge relative to CK, C K
AtDQSCK is the actual position of a rising strobe edge relative to CK, C K
AtQSH describes the DQS, D Q Slifferential output high time.
AtDQSQ describes the latest valid transition of the associated DQ pins.

AtQH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:
AtQSL describes the DQS, D Q Slifferential output low time.
AtDQSQ describes the latest valid transition of the associated DQ pins.

AtQH describes the earliest invalid transition of the associated DQ pins.
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Read Timing; Clock to Data Strobe relationship
Clock to Data Strobe relationship is shown in the following figure and is applied when the DLL is enabled and locked.
Rising data strobe edge parameters:

A tDQSCK min/max describes the allowed range for a rising data strobe edge relative to CK and C K

AtDQSCK is the actual position of a rising strobe edge relative to CK and C K

A tQSH describes the data strobe high pulse width.

Falling data strobe edge parameters:

A tQSL describes the data strobe low pulse width.

Clock to Data Strobe Relationship

RL Measured
to this point

CK /—=A Valiah /==A /—=A —-A /—-A
/ 4 / / / /
/ \ / \ / \ / / \ / \
CK / | S ) Y | W 7 ./ | U,

tLZ(DQS)min
<> tDQSCKmin

| tHZ(DQS)min

DQS, DQS
Early Strobe

tHZ(DQSmax

_ tDQSCKmax

tLZ(DQSmax

g A\ /N /A
DQS DQS / / /
Late Strobe \ / \ / \
N A | ——— () v

«——tRPRE—>

NOTES:
1. 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).
2. The DQS, D Q Slifferential output high time is defined by tQSH and the DQS, D Q Slifferential output low time is defined by tQSL.
. Likewise, tLZ(DQS)min and tHZ(DQS)min are not tied to tDQSCKmin (early strobe case) and tLZ(DQS)max and tHZ(DQS)max are not
tied to tDQSCKmax (late strobe case).

w

. 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).

~N o o b

. The maximum read preamble is bound by tLZDQS(min) on the left side and tDQSCK(max) on the right side.
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Read Timing; Data Strobe to Data Relationship

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

Rising data strobe edge parameters:
AtDQSQ describes the latest valid transition of the associated DQ pins.

AtQH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:
AtDQSQ describes the latest valid transition of the associated DQ pins.
AtQH describes the earliest invalid transition of the associated DQ pins.

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

Data Strobe to Data Relationship

Address

F—tRPRHﬂQHa _, IDQSQmax RPS
2 '\/' I/'__\ /'__'\ /20 //'__'\
pospes ( KN v N/ m N
tLz(DQmin {0QSQMin letQH tHZ(DQmin
RL=AL +CL
" Dout;; Dout\V i Doutj Daut\V i Dout; v/ Dout Dout
DQ (Last data valiy n <n +1> n+2 <n13> n+4 <n +5 n+6 @
DQ (First data no 7E)out Dout Dout Dput Dout Dout
longer valig n n+1 n+2 ni+3 n+5 n+6
womsors goopoooo-
el |
Valid data Valid data
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READ to WRITE (CL=5, AL=0; CWL=5, AL=0)
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READ to READ (CL=5, AL=0)
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Write Operation
DDR3(L) Burst Operation

During a READ or WRITE command, DDR3(L) 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)

Al12=1, BL8

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

WRITE Timing Violations
Motivation

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

DRAM wor ks properly. However, it is desirable for certain mi
and errors be limited to that particular operation.

For the following, it will be assumed that there are no timing violations with regard to the Write command itself (including

ODT, etc.) and that it does satisfy all timing requirements not mentioned below.

Data Setup and Hold Violations

Should the strobe timing requirements (tDS, tDH) be violated, for any of the strobe edges associated with a write burst, then
wrong data might be written to the memory location addressed with the offending WRITE command.
Subsequent reads from that location might result in unpredictable read data, however, the DRAM will work properly

otherwise.

Strobe to Strobe and Strobe to Clock Violations

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

unpredictable read data, however the DRAM will work properly otherwise.

Write Timing Parameters

This drawing is for example only to enumerate the strobe edg
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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Write Timing Definition
T8 T9 Tn
CK /T STTATT
\/—\/\—/\ 7 /
CK S S S
Address
SH__tWPST(min)
— oo
DQS, DQS / \
(tDQSS min)
tDQSL(min)
tDSS—»
i Din E;
bQ n+7
WL = AL + CWL.
{DSH DSH tDSH tDSH  tWPST(min)
DQS, DQS an
(tDQSS nominal) \_)
tDQSL(min)
DQ .
ST(mi p)
DQS, DQS
(tDQSS max)

L SE—— \ -

EOEEEBREE)

tDSY

DQ

Note:

1. BL=8, WL=5 (AL=0, CWL=5).

2. Din n = data in from column n.
3. NOP commands are shown for ease of illustration; other command may be valid at these times.
4. BLS8 setting activated by either MRO [A1:0=00] or MRO [A1:0=01] and A12 = 1 during WRITE command at TO.
5. tDQSS must be met at each rising clock edge.
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WRITE to WRITE (WL=5; CWL=5, AL=0)

“HLMIY

Al

NENE

q
nod

) o

nog

(09) FLIMM 01 (F09) FLIMM

C =M
= VY

C =M
3= VY

0a

sda'sva

Sppy

amo

(8719) ILIMO3 (378) ILIM

C =M
a= W

9L

el 45 i 0L

0a

50a’'soa
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NANYANA

0; WL=5, CWL=5, AL=0; BL=4)

5, AL=

NT5CB(C)512M8CN / NT5CB(C)256M16CP

WRITE to READ (RL=5, CL

Rl d

T2}

=]

NENEIE

0a

500 'sba

0a

50a'sda

Suppy
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@

WRITE to WRITE (WL=5, CWL=5, AL=0)

—tWR—
=tWTR-

\
0l

!
(S \
ut\V / Dout

b2/5\b+3

.\
D

L

Dout
b

e

\
Dout
n+6

M

Dout
n+

B

tWPRE—>
/_\\/"—“\/ r== r-
\
/
\___J -t __J __J
Dout
n

S )
(==} =5
Ll L
— —
o o
= =
2 =
= S
==} a
(NN} L
a = =
8 o =
= = =
[ [92] o
5 |5 B g & 8
= 2
[=]
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Refresh Command

The Refresh command (REF) is used during normal operation of the DDR3(L) SDRAMSs. This command is not persistent,
so it must be issued each time a refresh is required. The DDR3(L) SDRAM requires Refresh cycles at an average periodic
interval of tREFI. When C SR A Sand C A Gire 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 fiDon6t Careo during a Refresh command.
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 the following figure.

In general, a Refresh command needs to be issued to the DDR3(L) 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 DDR3(L) 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. A
maxi mum of 8 additional Refresh commands can be i ssuerdf.i
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 command is limited to 9 x tREFI. Before entering Self-Refresh Mode, all postponed Refresh

commands must be executed.

Self-Refresh Entry/Exit Timing

Postponing Refresh Commands (Example)
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