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2Gb: x4, x8, x16 DDR3L SDRAM

Description
MT41K512M4 - 64 Meg x 4 x 8 banks
MT41K256M8 - 32 Meg x 8 x 8 banks
MT41K128M16 - 16 Meg x 16 x 8 banks
Desc"ptlon ¢ Automatic self refresh (ASR)
The 1.35V DDR3L SDRAM device is a low-voltage : ;\//[Vflllt g li‘;dgslg register
version of the 1.5V DDR3 SDRAM device. Refer to the . Out Et dIr)iver ca%ibration
DDR3 (1.5V) SDRAM data sheet specifications when b
running in 1.5V compatible mode.
Features Options Marking
* Vpp = Vppg = 1.35V (1.283-1.45V) ) (_:"Squlgl\‘/‘[reatff -
* Backward-compatible to Vpp = Vppq = 1.5V £0.075V _ 56 Meg <8 256M8
¢ Differential bidirectional data strobe _ 128 Meg <16 128M16
* 8n-bit prefetch architecture « FBGA acgka e (Pb-free) — x4, x8
e Differential clock inputs (CK, CK#) p 8 !
. — 78-ball (8mm x 10.5mm x 1.2mm)
¢ 8internal banks Rev. K DA
* Nominal and dynamic on-die termination (ODT) for . FBG A. ackage (Pb-free) — x16
data, strobe, and mask signals 9 6-bIe)ﬂl (8nglm x 14mm x 1.2mm) IT
» Programmable CAS (READ) latency (CL) Rev. K ’
* Programmable posted CAS additive latency (AL) . Timin. _ cvele time
* Programmable CAS (WRITE) latency (CWL) 1 07Ing @yCL — 13 (DDR3-1866) 107
e Fixed burst length (BL) of 8 and burst chop (BC) of 4 B 1.25ns @ CL: 11 (DDR3-1600) 125
(via the mode register set [MRS]) B 1.5ns @CL __9 (DDR3-1333) 15E
* Selectable BC4 or BL8 on-the-fly (OTF) ’ ~ 87E
« Self refresh mode —1.875ns @ CL =7 (DDR3-1066) -187
e« T 0f 95°C ¢ Operating temperature
C _ 3 o, o
— 64ms, 8192-cycle refresh up to 85°C _ fnodmuggggj:l?_l 4(808 <S :F[ Cf :99550(%) N;);l ¢
— 32ms, 8192-cycle refresh at >85°C to 95°C « Revision =C= K
e Selfrefresh temperature (SRT) ’
Table 1: Key Timing Parameters
Speed Grade Data Rate (MT/s) Target '‘RCD-RP-CL tRCD (ns) RP (ns) CL (ns)
107" 23 1866 13-13-13 13.91 13.91 13.91
12512 1600 11-11-11 13.75 13.75 13.75
15g! 1333 9-9-9 135 13.5 13.5
-187E 1066 7-7-7 13.1 13.1 13.1

Notes: 1. Backward compatible to 1066, CL = 7 (-187E).
2. Backward compatible to 1333, CL = 9 (-15E).
3. Backward compatible to 1600, CL = 11 (-125).
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Description

Table 2: Addressing

Parameter 512 Meg x 4 256 Meg x 8 128 Meg x 16

Configuration 64 Meg x 4 x 8 banks 32 Meg x 8 x 8 banks 16 Meg x 16 x 8 banks

Refresh count 8K 8K 8K

Row address 32K A[14:0] 32K A[14:0] 16K A[13:0]

Bank address 8 BA[2:0] 8 BA[2:0] 8 BA[2:0]

Column address 2K A[11, 9:0] 1K A[9:0] 1K A[9:0]

Figure 1: DDR3L Part Numbers

Example Part Number: MT41K256M8DA-107:K

[

MT41K Configuration Package Speed |Revision
|
Configuration
512 Meg x 4 512M4 Temperature
256 Meg x8 | 256M8 Commercial None
128 Meg x 16 | 128M16 Industrial temperature | |T

Package Speed Grade

78-ball 8mm x 10.5mm FBGA DA 2107 | tek = 1.071ns, CL =13

96-ball 8mm x 14mm FBGA T 125 | Tk =1.25ns, CL =11
156 | ek =1.5ns, CL =9
-187E| ek =1.87ns, CL=7

Note: 1. Not all options listed can be combined to define an offered product. Use the part catalog search on

http://www.micron.com for available offerings.

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part marking that is different from the
part number. For a quick conversion of an FBGA code, see the FBGA Part Marking Decoder on Micron’s Web site:

http://www.micron.com.
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Important Notes and Warnings

Important Notes and Warnings

Micron Technology, Inc. ("Micron") reserves the right to make changes to information published in this document,
including without limitation specifications and product descriptions. This document supersedes and replaces all
information supplied prior to the publication hereof. You may not rely on any information set forth in this document
if you obtain the product described herein from any unauthorized distributor or other source not authorized by
Micron.

Automotive Applications. Products are not designed or intended for use in automotive applications unless specifi-
cally designated by Micron as automotive-grade by their respective data sheets. Distributor and customer/distrib-
utor shall assume the sole risk and liability for and shall indemnify and hold Micron harmless against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, death, or property damage resulting directly or indirectly from any use of
non-automotive-grade products in automotive applications. Customer/distributor shall ensure that the terms and
conditions of sale between customer/distributor and any customer of distributor/customer (1) state that Micron
products are not designed or intended for use in automotive applications unless specifically designated by Micron
as automotive-grade by their respective data sheets and (2) require such customer of distributor/customer to
indemnify and hold Micron harmless against all claims, costs, damages, and expenses and reasonable attorneys'
fees arising out of, directly or indirectly, any claim of product liability, personal injury, death, or property damage
resulting from any use of non-automotive-grade products in automotive applications.

Critical Applications. Products are not authorized for use in applications in which failure of the Micron component
could result, directly or indirectly in death, personal injury, or severe property or environmental damage ("Critical
Applications"). Customer must protect against death, personal injury, and severe property and environmental
damage by incorporating safety design measures into customer's applications to ensure that failure of the Micron
component will not result in such harms. Should customer or distributor purchase, use, or sell any Micron compo-
nent for any critical application, customer and distributor shall indemnify and hold harmless Micron and its subsid-
iaries, subcontractors, and affiliates and the directors, officers, and employees of each against all claims, costs,
damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of product
liability, personal injury, or death arising in any way out of such critical application, whether or not Micron or its
subsidiaries, subcontractors, or affiliates were negligent in the design, manufacture, or warning of the Micron
product.

Customer Responsibility. Customers are responsible for the design, manufacture, and operation of their systems,
applications, and products using Micron products. ALL SEMICONDUCTOR PRODUCTS HAVE INHERENT
FAILURE RATES AND LIMITED USEFUL LIVES. IT IS THE CUSTOMER'S SOLE RESPONSIBILITY TO DETERMINE
WHETHER THE MICRON PRODUCT IS SUITABLE AND FIT FOR THE CUSTOMER'S SYSTEM, APPLICATION, OR
PRODUCT. Customers must ensure that adequate design, manufacturing, and operating safeguards are included in
customer's applications and products to eliminate the risk that personal injury, death, or severe property or envi-
ronmental damages will result from failure of any semiconductor component.

Limited Warranty. In no event shall Micron be liable for any indirect, incidental, punitive, special or consequential
damages (including without limitation lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such damages are based on tort, warranty, breach
of contract or other legal theory, unless explicitly stated in a written agreement executed by Micron's duly autho-
rized representative.
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State Diagram

Figure 2: Simplified State Diagram
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Functional Description

Functional Description

DDR3 SDRAM uses a double data rate architecture to achieve high-speed operation.The double data
rate architecture is an 8n-prefetch architecture with an interface designed to transfer two data words
per clock cycle at the I/0 pins. A single READ or WRITE operation for the DDR3 SDRAM effectively
consists of a single 8n-bit-wide, four-clock-cycle data transfer at the internal DRAM core and eight
corresponding n-bit-wide, one half-clock-cycle data transfers at the I/0 pins.

The differential data strobe (DQS, DQS#) is transmitted externally, along with data, for use in data
capture at the DDR3 SDRAM input receiver. DQS is center-aligned with data for WRITEs. The read data
is transmitted by the DDR3 SDRAM and edge-aligned to the data strobes.

The DDR3 SDRAM operates from a differential clock (CK and CK#). The crossing of CK going HIGH and
CK# going LOW is referred to as the positive edge of CK. Control, command, and address signals are
registered at every positive edge of CK. Input data is registered on the first rising edge of DQS after the
WRITE preamble, and output data is referenced on the first rising edge of DQS after the READ
preamble.

Read and write accesses to the DDR3 SDRAM are burst-oriented. Accesses start at a selected location
and continue for a programmed number of locations in a programmed sequence. Accesses begin with
the registration of an ACTIVATE command, which is then followed by a READ or WRITE command.
The address bits registered coincident with the ACTIVATE command are used to select the bank and
row to be accessed. The address bits registered coincident with the READ or WRITE commands are
used to select the bank and the starting column location for the burst access.

The device uses a READ and WRITE BL8 and BC4. An auto precharge function may be enabled to
provide a self-timed row precharge that is initiated at the end of the burst access.

As with standard DDR SDRAM, the pipelined, multibank architecture of DDR3 SDRAM allows for
concurrent operation, thereby providing high bandwidth by hiding row precharge and activation time.

A selfrefresh mode is provided, along with a power-saving, power-down mode.

Industrial Temperature

The industrial temperature (IT) device requires that the case temperature not exceed—-40°C or 95°C.
JEDEC specifications require the refresh rate to double when TC exceeds85°C; this also requires use of
the high-temperature self refresh option. Additionally, ODT resistance and the input/output imped-
ance must be derated when TC is < 0°C or>95°C.

General Notes

* The functionality and the timing specifications discussed in this data sheet are for the DLL enable
mode of operation (normal operation).

» Throughout this data sheet, various figures and text refer to DQs as “DQ.” DQ is to be interpreted as
any and all DQ collectively, unless specifically stated otherwise.

e The terms “DQS” and “CK” found throughout this data sheet are to be interpreted as DQS, DQS# and
CK, CK# respectively, unless specifically stated otherwise.

* Complete functionality may be described throughout the document; any page or diagram may have
been simplified to convey a topic and may not be inclusive of all requirements.

* Any specific requirement takes precedence over a general statement.

* Any functionality not specifically stated is considered undefined, illegal, and not supported, and can
result in unknown operation.
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Functional Description

* Row addressing is denoted as A[n:0]. For example, 1Gb: n = 12 (x16); 1Gb: n = 13 (x4,x8); 2Gb: n =13
(x16) and 2Gb: n = 14 (x4, x8); 4Gb: n = 14 (x16); and 4Gb: n = 15 (x4,x8).

* Dynamic ODT has a special use case: when DDR3 devices are architected for use in a single rank
memory array, the ODT ball can be wired HIGH rather than routed. Refer to the Dynamic ODT
Special Use Case section

* Ax16 device's DQ bus is comprised of two bytes. If only one of the bytes needs to be used, use the
lower byte for data transfers and terminate the upper byte as noted:
Connect UDQS to ground via 1kQ* resistor.
Connect UDQS# to VDD via 1kQ* resistor.
Connect UDM to VDD via 1kQ* resistor.
Connect DQ[15:8] individually to either Vgg, Vpp, or Vgygr via 1kQ resistors,* or float DQ[15:8].

*If ODT is used, 1kQ resistor should be changed to 4X that of the selected ODT.
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Functional Block Diagrams

DDR3 SDRAM is a high-speed, CMOS dynamic random access memory. It is internally configured as
an 8-bank DRAM.

Figure 3: 512 Meg x 4 Functional Block Diagram
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Figure 5: 128 Meg x 16 Functional Block Diagram
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Ball Assignments and Descriptions

Figure 6: 78-Ball FBGA - x4, x8 Ball Assignments (Top View)
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Notes: 1. Ball descriptions listed in are listed as “x4, x8" if unique; otherwise, x4 and x8 are the same.
2. A comma separates the configuration; a slash defines a selectable function.
Example: D7 = NF, NF/TDQS#. NF applies to the x4 configuration only. NF/TDQS# applies to the x8 configuration
only—selectable between NF or TDQS# via MRS (symbols are defined in ).
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Figure 7: 96-Ball FBGA - x16 Ball Assignments (Top View)
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2. A comma separates the configuration; a slash defines a selectable function.

Notes: 1. Ball descriptions listed in are listed as “x16.”
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Ball Assignments and Descriptions

Table 3: 78-Ball FBGA - x4, x8 Ball Descriptions

Symbol Type Description

Al14:13], Input Address inputs: Provide the row address for ACTIVATE commands, and the column
A12/BC#, A11, address and auto precharge bit (A10) for READ/WRITE commands, to select one location
A10/AP, out of the memory array in the respective bank. A10 sampled during a PRECHARGE com-
A[9:0] mand determines whether the PRECHARGE applies to one bank (A10 LOW, bank selected

by BA[2:0]) or all banks (A10 HIGH). The address inputs also provide the op-code during a
LOAD MODE command. Address inputs are referenced to Vggrca. A12/BC#: When
enabled in the mode register (MR), A12 is sampled during READ and WRITE commands to
determine whether burst chop (on-the-fly) will be performed (HIGH = BL8 or no burst
chop, LOW = BC4 burst chop). See Truth Table - Command.

BA[2:0] Input Bank address inputs: BA[2:0] define the bank to which an ACTIVATE, READ, WRITE, or
PRECHARGE command is being applied. BA[2:0] define which mode register (MRO, MR1,
MR2, or MR3) is loaded during the LOAD MODE command. BA[2:0] are referenced to

VREFCA-

CK, CK# Input Clock: CK and CK# are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and the negative edge of CK#. Out-
put data strobe (DQS, DQS#) is referenced to the crossings of CK and CK#.

CKE Input Clock enable:CKE enables (registered HIGH) and disables (registered LOW) internal cir-
cuitry and clocks on the DRAM. The specific circuitry that is enabled/disabled is depen-
dent upon the DDR3 SDRAM configuration and operating mode. Taking CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (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 self refresh exit. Input buffers (exclud-
ing CK, CK#, CKE, RESET#, and ODT) are disabled during power-down. Input buffers
(excluding CKE and RESET#) are disabled during SELF REFRESH. CKE is referenced to

VREFCA-

CS# Input Chip select:CS# enables (registered LOW) and disables (registered HIGH) the command
decoder. All commands are masked when CS# is registered HIGH. CS# provides for exter-
nal rank selection on systems with multiple ranks. CS# is considered part of the command
code. CS# is referenced to VRgrca.

DM Input Input data mask:DM is an input mask signal for write data. Input data is masked when
DM is sampled HIGH along with the input data during a write access. Although the DM
ball is input-only, the DM loading is designed to match that of the DQ and DQS balls. DM
is referenced to Vgerpg. DM has an optional use as TDQS on the x8 device.

oDT Input On-die termination:ODT enables (registered HIGH) and disables (registered LOW) ter-
mination resistance internal to the DDR3 SDRAM. When enabled in normal operation,
ODT is only applied to each of the following balls: DQ[7:0], DQS, DQS#, and DM for the
x8; DQ[3:0], DQS, DQS#, and DM for the x4. The ODT input is ignored if disabled via the
LOAD MODE command. ODT is referenced to Vgggca.

RAS#, CAS#, WE# Input Command inputs:RAS#, CAS#, and WE# (along with CS#) define the command being
entered and are referenced to Vgggca.

RESET# Input Reset:RESET# is an active LOW CMOS input referenced to Vss. The RESET# input receiver
is a CMOS input defined as a rail-to-rail signal with DC HIGH > 0.8 x Vppq and DCLOW <
0.2 x Vppq. RESET# assertion and deassertion are asynchronous.

DQ[3:0] 1/0 Data input/output:Bidirectional data bus for the x4 configuration. DQ[3:0] are refer-
enced to VREFDQ'

DQ[7:0] 110 Data input/output:Bidirectional data bus for the x8 configuration. DQ[7:0] are refer-
enced to VREFDQ'
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Table 3: 78-Ball FBGA - x4, x8 Ball Descriptions

2Gb: x4, x8, x16 DDR3L SDRAM
Ball Assignments and Descriptions

Symbol Type Description

DQS, DQS# I/0 Data strobe: Output with read data. Edge-aligned with read data. Input with write
data. Center-aligned to write data.

TDQS, TDQS# 110 Termination data strobe: Applies to the x8 configuration only. When TDQS is enabled,
DM is disabled, and the TDQS and TDQS# balls provide termination resistance.

Vpp Supply |Power supply: 1.35V, 1.283-1.45V operational; compatible to 1.5V operation.

Vbbo Supply DQ power supply: 1.35V, 1.283-1.45V operational; compatible with 1.5V operation.

VREFCA Supply |Reference voltage for control, command, and address: Vggrcp must be maintained
at all times (including self refresh) for proper device operation.

VRerDQ Supply | Reference voltage for data: Vprrpq must be maintained at all times (including self
refresh) for proper device operation.

Vgg Supply Ground.

Vssq Supply | DQ ground: Isolated on the device for improved noise immunity.

ZQ Reference |External reference ball for output drive calibration: This ball is tied to an external
240Q resistor (Rzq), which is tied to Vsgq.

NC - No connect: These balls should be left unconnected (the ball has no connection to the
DRAM or to other balls).

NF - No function: When configured as a x4 device, these balls are NF. When configured as a
x8 device, these balls are defined as TDQS#, DQ[7:4].
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Table 4: 96-Ball FBGA - x16 Ball Descriptions

2Gb: x4, x8, x16 DDR3L SDRAM
Ball Assignments and Descriptions

Symbol

Type

Description

A13, A12/BC#,
A11, A10/AP,
A[9:0]

Input

Address inputs: Provide the row address for ACTIVATE commands, and the column
address and auto precharge bit (A10) for READ/WRITE commands, to select one location
out of the memory array in the respective bank. A10 sampled during a PRECHARGE com-
mand determines whether the PRECHARGE applies to one bank (A10 LOW, bank selected
by BA[2:0]) or all banks (A10 HIGH). The address inputs also provide the op-code during a
LOAD MODE command. Address inputs are referenced to Vggrca. A12/BC#: When
enabled in the mode register (MR), A12 is sampled during READ and WRITE commands to
determine whether burst chop (on-the-fly) will be performed (HIGH = BL8 or no burst
chop, LOW = BC4 burst chop). See Truth Table - Command.

BA[2:0]

Input

Bank address inputs: BA[2:0] define the bank to which an ACTIVATE, READ, WRITE, or
PRECHARGE command is being applied. BA[2:0] define which mode register (MRO, MR1,
MR2, or MR3) is loaded during the LOAD MODE command. BA[2:0] are referenced to

VREFCA-

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and the negative edge of CK#. Out-
put data strobe (LDQS, LDQS#, UDQS, UDQS#) is referenced to the crossings of CK and
CKi#.

CKE

Input

Clock enable:CKE enables (registered HIGH) and disables (registered LOW) internal cir-
cuitry and clocks on the DRAM. The specific circuitry that is enabled/disabled is depen-
dent upon the DDR3 SDRAM configuration and operating mode. Taking CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (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 self refresh exit. Input buffers (exclud-
ing CK, CK#, CKE, RESET#, and ODT) are disabled during power-down. Input buffers
(excluding CKE and RESET#) are disabled during SELF REFRESH. CKE is referenced to

VREFCA-

CS#

Input

Chip select:CS# enables (registered LOW) and disables (registered HIGH) the command
decoder. All commands are masked when CS# is registered HIGH. CS# provides for exter-
nal rank selection on systems with multiple ranks. CS# is considered part of the command
code. CS# is referenced to Vggfca.

LDM

Input

Input data mask:LDM is a lower-byte, input mask signal for write data. Lower-byte
input data is masked when LDM is sampled HIGH along with the input data during a
write access. Although the LDM ball is input-only, the LDM loading is designed to match
that of the DQ and LDQS balls. LDM is referenced to Vgeppq-

oDT

Input

On-die termination:ODT enables (registered HIGH) and disables (registered LOW) ter-
mination resistance internal to the DDR3 SDRAM. When enabled in normal operation,
ODT is only applied to each of the following balls: DQ[15:0], LDQS, LDQS#, UDQS,
UDQS#, LDM, and UDM for the x16. The ODT input is ignored if disabled via the LOAD
MODE command. ODT is referenced to Vggrca.

RAS#, CAS#, WE#

Input

Command inputs:RAS#, CAS#, and WE# (along with CS#) define the command being
entered and are referenced to Vggpca.

RESET#

Input

Reset:RESET# is an active LOW CMOS input referenced to Vss. The RESET# input receiver
is a CMOS input defined as a rail-to-rail signal with DC HIGH 2 0.8 x Vppq and DCLOW <
0.2 x Vppq- RESET# assertion and deassertion are asynchronous.
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Ball Assignments and Descriptions

Table 4: 96-Ball FBGA - x16 Ball Descriptions

Symbol Type Description

UbDM Input Input data mask:UDM is an upper-byte, input mask signal for write data. Upper-byte
input data is masked when UDM is sampled HIGH along with the input data during a
write access. Although the UDM ball is input-only, the UDM loading is designed to match
that of the DQ and UDQS balls. UDM is referenced to Vggepq-

DQI7:0] I/0 Data input/output:Lower byte of bidirectional data bus for the x16 configuration.
DQI7:0] are referenced to Vggrpq-

DQ[15:8] I/0 Data input/output:Upper byte of bidirectional data bus for the x16 configuration.
DQI[15:8] are referenced to Vggrpg.

LDQS, LDQS# I/0 Lower byte data strobe: Output with read data. Edge-aligned with read data. Input
with write data. LDQS is center-aligned to write data.

UDQS, UDQS# 110 Upper byte data strobe: Output with read data. Edge-aligned with read data. Input
with write data. UDQS is center-aligned to write data.

Vpp Supply Power supply: 1.35V, 1.283-1.45V operational; compatible to 1.5V operation.

Vbbg Supply DQ power supply: 1.35V, 1.283-1.45V operational; compatible with 1.5V operation.

VREFcA Supply |Reference voltage for control, command, and address: Vggrcp must be maintained
at all times (including self refresh) for proper device operation.

VRErDQ Supply | Reference voltage for data: Vprrpq must be maintained at all times (including self
refresh) for proper device operation.

Vss Supply Ground.

Vssq Supply | DQ ground: Isolated on the device for improved noise immunity.

ZQ Reference |External reference ball for output drive calibration: This ball is tied to an external

2404 resistor (Rzq), which is tied to Vgsq.

NC - No connect: These balls should be left unconnected (the ball has no connection to the
DRAM or to other balls).
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Package Dimensions

Figure 8: 78-Ball FBGA - x4, x8 (DA)
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC305 (96.5% Sn, 3% Ag, 0.5% Cu).
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Package Dimensions

Figure 9: 96-Ball FBGA - x16 (JT)
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Electrical Specifications

Table 5: Input/Output Capacitance

Capacitance DDR3L-800 | DDR3L-1066 | DDR3L-1333 | DDR3L-1600 | DDR3L-1866
Parameters Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Units
Single-end 1/0: DQ, DM Co 1.5 2.5 1.5 2.5 1.5 2.3 1.5 2.2 1.5 2.1 pF
Differential /0: DQS, Co 1.5 2.5 1.5 25 1.5 2.3 1.5 2.2 1.5 2.1 pF
DQsS#, TDQS, TDQS#
Inputs (CTRL, G 0.75 1.3 0.75 1.3 0.75 1.3 0.75 1.2 0.75 1.2 pF
CMD,ADDR)

Table 6: DC Electrical Characteristics and Operating Conditions — 1.35V Operation

All voltages are referenced to Vsg

Parameter/Condition Symbol Min Nom Max Units Notes
Supply voltage Vop 1.283 1.35 1.45 \Y, 1,2,3,4
I/O supply voltage Vbbg 1.283 1.35 1.45 \Y% 1,2,3,4

Notes: 1. Maximum DCvalue may not be greater than 1.425V. The DC value is the linear average of Vpp/Vppq(t) over a very
long period of time (for example, 1 sec).
2. If the maximum limit is exceeded, input levels shall be governed by DDR3 specifications.
Under these supply voltages, the device operates to this DDR3L specification.
4. Once initialized for DDR3L operation, DDR3 operation may only be used if the device is in reset while Vpp and Vppq
are changed for DDR3 operation (see Vpp Voltage Switching).

w

Table 7: DC Electrical Characteristics and Operating Conditions - 1.5V Operation

All voltages are referenced to Vgg

Parameter/Condition Symbol Min Nom Max Units Notes
Supply voltage Vbp 1.425 1.5 1.575 \Y 1,2, 3
I/O supply voltage Vbba 1.425 1.5 1.575 \Y, 1,2,3

Notes: 1. If the minimum limit is exceeded, input levels shall be governed by DDR3L specifications.
2. Under 1.5V operation, this DDR3L device operates in accordance with the DDR3 specifications under the same
speed timings as defined for this device.
3. Once initialized for DDR3 operation, DDR3L operation may only be used if the device is in reset while Vpp and Vppq

are changed for DDR3L operation (see Vpp Voltage Switching).
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Electrical Specifications

Table 8: Input Switching Conditions - Command and Address

Parameter/Condition Symbol DDR3L-800/1066 DDR3L-1333/1600 DDR3L-1866 Units
Input high AC voltage: VIH(AC160)min1 160 160 - mV
Logic 1

Input high AC voltage: VIH(AC135)min1 135 135 135 mV
Logic 1

Input high AC voltage: VIH(AC125)min1 - - 125 mV
Logic 1

Input high DC voltage: VIHDCo0)min 90 90 90 mV
Logic 1

Input low DC voltage: VIL(bcoo)min -90 -90 -90 mV
Logic 0

Input low AC voltage: VIL(AC125)min1 - - -125 mV
Logic 0

Input low AC voltage: VIL(AC135)min1 -135 -135 -135 mV
Logic 0

Input low AC voltage: VIL(AC160)min1 -160 -160 - mV
Logic 0

Notes: 1. When two V|yac) values (and two corresponding V| (ac) values) are listed for a specific speed bin, the user may

choose either value for the input AC level. Whichever value is used, the associated setup time for that AC level
must also be used. Additionally, one Vac) value may be used for address/command inputs and the other V|y(ac)

value may be used for data inputs.

For example, for DDR3L-800, two input AC levels are defined: V|(ac160),min @Nd Vin(ac13s),min (corresponding
ViLac160),min @nd Vi (ac135),min)- For DDRL-800, the address/command inputs must use either Vyac160),min With

YS(AC160) of 215ps or VIH(AC135),min With YS(AC135) of 365ps; independently, the data inputs may use either
ViH(AC160),min ©OF VIH(AC135),min-

Table 9: Input Switching Conditions - DQ and DM

Parameter/Condition Symbol DDR3L-800/1066 DDR3L-1333/1600 DDR3L-1866 Units
Input high AC voltage: VIH(AC160)min1 160 160 - mV
Logic 1

Input high AC voltage: VIH(AC135)min1 135 135 135 mV
Logic 1

Input high AC voltage: VIH(AC130)min1 - - 130 mV
Logic 1

Input high DC voltage: VIH(DC90)min 90 90 90 mV
Logic 1

Input low DC voltage: VLD C90)min -90 -90 -90 mV
Logic 0

Input low AC voltage: VIL(AC13O)min1 - - -130 mV
Logic 0

Input low AC voltage: VIL(AC135)min1 -135 -135 -135 mV
Logic 0

Input low AC voltage: VIL(AC160)min1 -160 -160 - mV
Logic 0
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Electrical Specifications

Notes: 1. When two V|yac) values (and two corresponding V| (ac) values) are listed for a specific speed bin, the user may
choose either value for the input AC level. Whichever value is used, the associated setup time for that AC level
must also be used. Additionally, one V yac) value may be used for address/command inputs and the other V (s
value may be used for data inputs.
For example, for DDR3L-800, two input AC levels are defined: Vy(ac160),min @nd Vin(ac135),min (cOrresponding

ViLac160),min @Nd Vi (ac135),min)- For DDRL-800, the data inputs must use either V|yac160),min With YS(AC160) of

90ps or Vy(ac135),min With YS(AC135) of 140ps; independently, the address/command inputs may use either
ViH(AC160),min O ViH(AC135),min:
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Electrical Specifications

Table 10: Differential Input Operating Conditions (CK, CK# and DQS, DQS#)

Parameter/Condition Symbol Min Max Units
Differential input logic high — slew V4. diff(AC)slew 180 N/A mV
Differential input logic low - slew VL, diff(AC)slew N/A -180 mV
Differential input logic high ViH,diff(AQ) 2 x (Vinac) = Vrer) Voo/Vobpq mV
Differential input logic low VL, difHAC) Vss/Vssq 2 x (Vi (a0) - VRep) mV
Single-ended high level for strobes Vsen Vppg/2 + 160 Vbbq mV
Single-ended high level for CK, CK# Vpp/2 + 160 Vbbp mV
Single-ended low level for strobes VgL Vssq Vppg/2 - 160 mV
Single-ended low level for CK, CK# Vsg Vpp/2 - 160 mV

Table 11: Minimum Required Time 'DVAC for CK/CK#, DQS/DQS# Differential for AC Ringback

DDR3L-800/1066/1333/1600 DDR3L-1866
DVAC at tDVAC at tDVAC at tDVAC at tDVAC at
Slew Rate (V/ns) 320mV (ps) 270mV (ps) 270mV (ps) 250mV (ps) 260mV (ps)
>4.0 189 201 163 168 176
4.0 189 201 163 168 176
3.0 162 179 140 147 154
2.0 109 134 95 105 111
1.8 91 119 80 91 97
1.6 69 100 62 74 78
14 40 76 37 52 55
1.2 Note1 44 5 22 24
1.0 Note1 Note1 Note1 Note1 Note1
<1.0 Note1 Note1 Note1 Note1 Note1

Note: 1. Rising input signal shall become equal to or greater than VIH(ac) level and Falling input signal shall become equal
to or less than VIL(ac) level.
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Electrical Specifications

Table 12: Ry Effective Impedance

Gray-shaded cells have the same values as those in the 1.5V DDR3 data sheet

[9I,w:,12] Rrr Resistor Vour Min Nom Max Units
0,1,0 1200 R1T. 1200240 0.2 x Vppg 0.6 1.0 1.15 RZQ/1
0.5 x Vppg 0.9 1.0 1.15 RZQ/1
0.8 x Vppg 0.9 1.0 1.45 RZQ/1
R1T,120PU240 0.2 x Vppg 0.9 1.0 145 RZQ/1
0.5 x Vppq 0.9 1.0 1.15 RzZQ/1
0.8 x Vppq 0.6 1.0 1.15 RzZQ/1
1200 ViLao 1 Vinao 0.9 1.0 1.65 RZQ/2
0,0,1 600 RTT.60PD120 0.2 x Vppg 0.6 1.0 1.15 RZQ/2
0.5 x Vppq 0.9 1.0 1.15 RZQ/2
0.8 x Vppq 0.9 1.0 1.45 RzZQ/2
RTT 60PU120 0.2 x Vppa 0.9 10 145 RZQP2
0.5 x Vppg 0.9 10 1.15 RZQ/2
0.8 x Vppg 0.6 1.0 1.15 RZQ/2
600 ViLao 1 Vinao 0.9 1.0 1.65 RZQ/4
0,1,1 400 RrT 40PD80 0.2 x Vppq 0.6 1.0 1.15 RZQ/3
0.5 x Vppq 0.9 1.0 1.15 RZQ/3
0.8 x Vppq 0.9 1.0 1.45 RzZQ/3
RrT.40PU80 0.2 x Vppg 0.9 10 1.45 RZQ/3
0.5 x Vppq 0.9 1.0 1.15 RzZQ/3
0.8 x Vppg 0.6 10 1.15 RZQ/3
400 ViLao 1 Vinao 0.9 10 165 RZQ/6
1,0,1 300 RTT 30PD60 0.2 x Vppq 0.6 1.0 1.15 RZQ/4
0.5 x Vppg 0.9 10 1.15 RZQ/4
0.8 x Vppg 0.9 1.0 1.45 RZQ/4
RrT 30PU60 0.2 x Vppg 0.9 1.0 1.45 RZQ/4
0.5 x Vppg 0.9 1.0 1.15 RZQ/4
0.8 x Vppq 0.6 1.0 1.15 RZQ/4
300 ViLag 10 ViHao 0.9 1.0 1.65 RZQ/8
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Electrical Specifications

[9l,w:,12] Ryt Resistor Vour Min Nom Max Units
1,0,0 200 RTT,20PD40 0.2 x Vppq 0.6 1.0 1.15 RZQ/6
0.5 x Vppq 0.9 1.0 1.15 RZQ/6
0.8 x Vppq 0.9 1.0 1.45 RZQ/6
RTT,20PU40 0.2 x Vppg 0.9 1.0 1.45 RZQ/6
0.5 x Vppq 0.9 1.0 1.15 RZQ/6
0.8 x Vppq 0.6 1.0 1.15 RZQ/6
200 ViLao 10 Viao) 0.9 1.0 1.65 RZQ/12
Table 13: Reference Settings for ODT Timing Measurements
Gray-shaded cells have the same values as those in the 1.5V DDR3 data sheet
Measured
Parameter R11,nom Setting Rrr(wr) Setting Vsw1 Vsw2
tAON RZQ/4 (609) N/A 50mV 100mv
RZQ/12 (20Q) N/A 100mV 200mV
tAOF RZQ/4 (609) N/A 50mV 100mv
RZQ/12 (20Q) N/A 100mV 200mV
tAONPD RZQ/4 (600) N/A 50mV 100mv
RZQ/12 (20Q) N/A 100mV 200mV
tAOFPD RZQ/4 (600) N/A 50mV 100mv
RZQ/12 (20Q) N/A 100mV 200mV
tADC RZQ/12 (200) RZQ/2 (209) 200mV 250mV
Table 14: 340Q Driver Impedance Characteristics
Gray-shaded cells have the same values as those in the 1.5V DDR3 data sheet
MR1
[5, 1] Ron Resistor Vour Min Nom Max' Units
0,1 3430 RoN, 34D 0.2 x Vppq 0.6 1.0 1.15 RZQ/7
0.5 x Vppq 0.9 1.0 1.15 RZQ/7
0.8 x Vppq 0.9 1.0 1.45 RZQ/7
RoON, 34PU 0.2 x Vppg 0.9 1.0 1.45 RZQ/7
0.5 x Vppq 0.9 1.0 1.15 RzQ/7
0.8 x Vppq 0.6 1.0 1.15 RZQ/7
Pull-up/pull-down mismatch (MMppp) ViLao to Vinao -10 N/A 10 %

Notes: 1. A larger maximum limit will result in slightly lower minimum currents.
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Table 15: 40Q Driver Impedance Characteristics

2Gb: x4, x8, x16 DDR3L SDRAM
Electrical Specifications

Gray-shaded cells have the same values as those in the 1.5V DDR3 data sheet

MR1
[5, 1] Ron Resistor Vour Min Nom Max' Units
0,0 40Q Ron,40pD 0.2 x Vppq 0.6 1.0 1.15 RZQ/6
0.5 x Vppq 0.9 1.0 1.15 RzQ/6
0.8 x Vppq 0.9 1.0 1.45 RZQ/6
RON,40PU 02 X VDDQ 09 10 1.45 RZQ/G
0.5 x Vppq 0.9 1.0 1.15 RzZQ/6
0.8 x Vppq 0.6 1.0 1.15 RZQ/6
Pull-up/pull-down mismatch (MMPUPD) V|L(AC) to V|H(AC) -10 N/A 10 %
Notes: 1. A larger maximum limit will result in slightly lower minimum currents.
Table 16: Single-Ended Output Driver Characteristics
Gray-shaded cells have the same values as those in the 1.5V DDR3 data sheet
Parameter/Condition Symbol Min Max Units
Output slew rate: Single-ended; For rising and falling SRQqe 1.75 6 V/ns
edges, measure between Vg (ac) = Vrer - 0.09 x Vppq
and VOH(AC) = VREF +0.09 x VDDQ
Table 17: Differential Output Driver Characteristics
Gray-shaded cells have the same values as those in the 1.5V DDR3 data sheet
Parameter/Condition Symbol Min Max Units
Output slew rate: Differential; For rising and falling SRQugiff 3.5 12 Vins
edges, measure between Vg giffac) = —0.18 x Vppq and
Von,dgiffac) = 0.18 x Vppq
Output differential crosspoint voltage Voxao) VRer - 135 VRer + 135 mV
Table 18: Electrical Characteristics and AC Operating Conditions
Note 1 applies to base timing specifications
DDR3L-800 | DDR3L-1066 | DDR3L-1333 | DDR3L-1600 | DDR3L-1866
Parameter Symbol | Min ‘ Max | Min | Max | Min | Max | Min | Max | Min | Max | Units
DQ Input Timing
Data setup |Base tps 20 - 40 - N/A - N/A - N/A - ps
time to DQS, | (specification) | (AC160)
DQS#
VRrer @ 1 V/ns 250 - 200 - N/A - N/A - N/A - ps
CCMTD-1725822587-7895 32 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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DDR3L-800 | DDR3L-1066 | DDR3L-1333 | DDR3L-1600 | DDR3L-1866

Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Units
Data setup |Base tps 140 - 90 - 45 - 25 - N/A - ps
time to DQS, | (specification) | (AC135)
DQS#

VRer @ 1V/ns 275 | - | 225 | - | 180 | - | 160 | - | NA | - ps
Data hold Base tDH 160 - 110 - 75 - 55 - N/A - ps
time from (specification) | (Dc90)
DQs, DQs#

VRrer @ 1 V/ns 250 - 200 - 165 - 145 - N/A - ps
Data setup |Base tps N/A - N/A - N/A - N/A - 70 - ps
time to DQS, | (specification) | (AC130)
DQS#

VRer @ 2 V/ns NA | - | NA| - | NA| - | NA| - | 135 | - ps
Data hold Base tDH N/A - N/A - N/A - N/A - 75 - ps
time from (specification) | (Dc90)
DQS, DQS#

VRer @ 2 V/ns N/A - N/A - N/A - N/A - 110 - ps

Command and Address Timing

CTRL, CMD, |Base tis 215 - 140 - 80 - 60 - N/A - ps
ADDR setup | (specification) | (AC160)
to CK, CK#

VRrer @ 1 V/ns 375 - 300 - 240 - 220 - N/A - ps
CTRL, CMD, |Base TS 365 - 290 - 205 - 185 - 65 - ps
ADDR setup | (specification) | (AC135)
to CK, CK#

VRrer @ 1 V/ns 500 - 425 - 340 - 320 - 200 - ps
CTRL, CMD, |Base Y N/A - N/A - N/A - N/A - 150 - ps
ADDR setup | (specification) | (AC125)
to CK, CK#

VRreg @ 1 Vins N/A - N/A - N/A - N/A - 275 - ps
CTRL, CMD, |Base YH 285 - 210 - 150 - 130 - 110 - ps
ADDR hold (specification) | (Dc90)
from CK, CK#

VRer @ 1 V/ns 375 - 300 - 240 - 220 - 200 - ps
Notes: 1. When two V|yac) values (and two corresponding V| (ac) values) are listed for a specific speed bin, the user may

choose either value for the input AC level. Whichever value is used, the associated setup time for that AC level
must also be used. Additionally, one Vyac) value may be used for address/command inputs and the other V|y(ac)

value may be used for data inputs.
For example, for DDR3-800, two input AC levels are defined: V yac160),min @nd ViH(ac135) min (cOrresponding

ViLac160),min @Nd Vi (ac135),min)- For DDR3-800, the address/command inputs must use either Viyac160),min With
YS(AC160) of 215ps or VIH(AC135),min With YS(AC135) of 365ps; independently, the data inputs must use either
VIH(AC160),min with tDS(AC160) of 90p$ or VIH(AC135),min with tDS(AC135) of 140pS

2. When DQ single-ended slew rate is 1V/ns, the DQS differential slew rate is 2V/ns; when DQ single-ended slew rate
is 2V/ns, the DQS differential slew rate is 4V/ns;
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Electrical Specifications

Table 19: Derating Values for 'IS/'IH - AC160/DC90-Based

A%Y1S, AtIH Derating (ps) - AC/DC-Based
CMDIADD CK, CK# Differential Slew Rate
R Slew 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
Rate Vins | AYIS | AtIH | AYIS | AYIH | AYS | AYIH | AtIS | AYIH | AYIS | AYH | AYIS | AtIH | AYS | AYIH | AtIS | AYIH
2.0 80 | 45 | 80 | 45 | 80 | 45 | 88 | 53 | 96 | 61 | 104 | 69 | 112 | 79 | 120 | 95
1.5 53 | 30 | 53 | 30 | 53 | 30 | 61 | 38 | 69 | 46 | 77 | 54 | 8 | 64 | 93 | 80
1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
0.9 1| 3| -1]3]-1]|-3 7 5 15 | 13 | 23 | 21 | 31 | 31 | 39 | 47
0.8 3| 8| 3| 8| -3 | -8 5 1 13 9 21 17 | 29 | 27 | 37 | 43
0.7 5 |-13| 5| -13| 5 | 13| 3 S | 1 3 19 | 11 | 27 | 21 | 35 | 37
0.6 8 |-20| 8| -20| 8|20 0 |-12] 8 -4 | 16 4 24 | 14 | 32 | 30
0.5 20 | 30 | 20 | -30 | 20 | -30 | -12 | 22 | -4 | 14 | 4 -6 | 12 4 20 | 20
0.4 40 | 45 | 40 | 45 | 40 | 45 | 32 | 37 | 24 | 29 | -16 | 21 | 8 |11 | © 5
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Table 20: Derating Values for !IS/tIH - AC135/DC90-Based

AY1S, AYIH Derating (ps) - AC/DC-Based
CMDIADD CK, CK# Differential Slew Rate
R Slew 4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 V/ns 1.0 V/ns
Rate V/ns | AtIS | AYH | AYIS | AtH | AtiS | AYMH | AYS | AYH | AYIS | AYH | AYIS | AYH | AYS | AYH | AYlS | AYH
2.0 68 45 68 45 68 45 76 53 84 61 92 69 100 79 108 95
1.5 45 30 45 30 45 30 53 38 61 46 69 54 77 64 85 80
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 2 -3 2 -3 2 -3 10 5 18 13 26 21 34 31 42 47
0.8 3 -8 3 -8 3 -8 11 1 19 9 27 17 35 27 43 43
0.7 6 | -13 6 | -13 6 | -13 | 14 | -5 22 3 30 1 38 | 21 46 37
0.6 9 -20 9 -20 9 -20 17 -12 25 -4 33 4 41 14 49 30
0.5 5 -30 5 -30 5 -30 13 =22 21 -14 29 -6 37 4 45 20
0.4 -3 | 45| -3 | 45 | -3 | -45 6 | 37 | 14 | 29 | 22 | =21 | 30 | -11 | 38 5

Table 21: Derating Values for !IS/'IH - AC125/DC90-Based

AYS, AIH Derating (ps) - AC/DC-Based
CMDIADD CK, CKi Differential Slew Rate
R Slew 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 Vins 1.4 Vins 1.2 Vins 1.0 V/ins
Rate V/ns | AYS | AYIH | AYIS | AYIH | AtiS | AYiH | AYiS | AYIH | AYiS | AYH | AYiS | AYIH | AYS | AYIH | AtiS | AYH
2.0 63 45 63 45 63 45 71 53 79 61 87 69 95 79 103 95
1.5 42 30 42 30 42 30 50 38 58 46 66 54 74 64 82 80
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 3 -3 3 -3 3 -3 11 5 19 13 27 21 35 31 43 47
0.8 6 -8 6 -8 6 -8 14 1 22 9 30 17 38 27 46 43
0.7 10 -13 10 -13 10 -13 18 -5 26 3 34 11 42 21 50 37
0.6 16 -20 16 -20 16 -20 24 -12 32 -4 40 4 48 14 56 30
0.5 15 -30 15 -30 15 -30 23 -22 31 -14 39 -6 47 4 55 20
0.4 13 -45 13 -45 13 -45 21 -37 29 -29 37 =21 45 -1 53 5
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Table 22: Minimum Required Time 'VAC Above Vin(ac) (Below Vi, ac)) for Valid ADD/CMD Transition

DDR3L-800/1066/1333/1600 DDR3L-1866

tVAC at 160mV tVAC at 135mVv tVAC at 135mV tWAC at 125mV
Slew Rate (V/ns) (ps) (ps) (ps) (ps)
>2.0 200 213 200 205
2.0 200 213 200 205
1.5 173 190 178 184
1.0 120 145 133 143
0.9 102 130 118 129
0.8 80 111 99 11
0.7 51 87 75 89
0.6 13 55 43 59
0.5 Note 1 10 Note 1 18
<0.5 Note 1 10 Note 1 18

Note: 1. Rising input signal shall become equal to or greater than Vyac) level and falling input signal shall become equal
to or less than V| ac) level.

Table 23: Derating Values for *DS/'!DH - AC160/DC90-Based

A'DS, A'DH Derating (ps) - AC/DC-Based
DQS, DQSi# Differential Slew Rate
DQ Slew 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 V/ins 1.2 V/ns 1.0 V/ns
Rate V/ns | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH | A'™DS | A'DH | A'DS | A'DH | A'™DS | A'™DH | A'DS | A'DH | A'DS | A*'DH
2.0 80 45 80 45 80 45
1.5 53 30 53 30 53 30 61 38
1.0 0 0 0 0 0 0 8 8 16 16
0.9 -1 -3 -1 -3 7 5 15 13 23 21
0.8 -3 -8 5 1 13 9 21 17 29 27
0.7 -3 -5 11 3 19 11 27 21 35 37
0.6 8 -4 16 4 24 14 32 30
0.5 4 6 12 4 20 | 20
0.4 8 | -11]| 0 5
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Table 24: Derating Values for 'DS/!DH - AC135/DC90-Based

A'DS, A'DH Derating (ps) - AC/DC-Based
DQS, DQSi# Differential Slew Rate
DQ Slew 4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 V/ns 1.0 V/ns
Rate V/ns | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH | A'™DS | A'DH | A'DS | A'DH | A'DS | A'DH | A'DS | A'™DH | A'DS | A'DH
2.0 68 45 68 45 68 45
1.5 45 30 45 30 45 30 53 38
1.0 0 0 0 0 0 0 8 8 16 16
0.9 2 -3 2 -3 10 5 18 13 26 21
0.8 3 -8 11 1 19 9 27 17 35 27
0.7 14 | -5 | 22 3 30 11 38 | 21 46 | 37
0.6 25 -4 33 4 41 14 49 30
0.5 39 -6 37 4 45 20
0.4 30 -1 38 5
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Table 25: Derating Values for 'DS/'!DH - AC130/DC100-Based at 2V/ns

Shaded cells indicate slew rate combinations not supported

A'DS, A'DH Derating (ps) - AC/DC-Based

o DQS, DQSi# Differential Slew Rate

S| 80Vins| 70Vins | 6.0V/ns | 5.0V/ns | 4.0 V/ns | 3.0 V/ns 20V/Ins | 1.8V/ns | 1.6 VIns | 1.4V/ns | 1.2V/ns | 1.0 Vins
S

3 A| A| A| A| A] A] A A A|A|A|A|A|A|A|A|A|A|A|A|A|]A]A]A
o|'DS |'DH | DS |*'DH | DS |'DH | 'DS |'DH | *'DS |'DH | *'DS | 'DH | 'DS | 'DH | 'DS | *DH | 'DS | *DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH
40 | 33 | 23 | 33| 23|33 | 23

35|28 |19 | 28 |19 | 28 | 19 | 28 | 19

3022 (15|22 | 15| 22| 15| 22| 15| 22| 15

2.5 3] 9 |13 9 |13 9 |13 9 13|29

2.0 o|lo|o|o|o0o|lOoO|O|O|]O]|oO

1.5 22| -15|-22|-15|-22|-15|-22|-15|-14 | -7

1.0 —65 | -45 | 65 | -45 | 65 | —45 | -57 | -37 | —49 | —29

0.9 62 | -48 | 62 | -48 | 54 | -40 | -46 | -32 | -38 | -24

0.8 61| 53|53 |-45|-45| 37 | 37 | 29 | 29 | -19

0.7 49 | 50 | 41| 42 | 33| -34|-25|-24|-17 | -8
0.6 37 | -49 | -29 | -41 | 21| =31 | -13 | 15
0.5 31| -51|-23|-41|-15|-25
0.4 -28 | -56 | —20 | 40
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Table 26: Minimum Required Time 'VAC Above Vin(ac) (Below Vy, (p¢)) for Valid DQ Transition

Slew Rate (V/ns)

tVAC at 160mV (ps)

tVAC at 135mV (ps)

tVAC at 130mV (ps)

S68£-/857Z8STLL-ALNDD

N3 2202/€0 d "AdY - Jpd1€4AA 9T

>2.0 165 113 95
2.0 165 113 95
1.5 138 90 73
1.0 85 45 30
0.9 67 30 16
0.8 45 11 Note1
0.7 16 Note1 -
0.6 Note1 Note1 -
0.5 Note1 Note1 -
<0.5 Note1 Note1 -
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Note: 1. Rising input signal shall become equal to or greater than V(ac) level and falling input signal shall become equal to or less than V| s level.
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Thermal Characteristics

Thermal Characteristics

Table 27: Thermal Characteristics

Parameter/Condition Value Unit Symbol Notes
Operating case temperature — 0 to +85 °C Tc 1,2, 3
Commercial
0 to +95 °C Tc 1,234
Operating case temperature — —40 to +85 °C Tc 1,2, 3
Industrial
—40 to +95 °C Tc 1,234

Notes: 1. Maximum operating case temperature. Tcis measured in the center of the package.
2. Athermal solution must be designed to ensure the DRAM device does not exceed Tc MAX during operation.
3. Device functionality is not guaranteed if the DRAM device exceeds Tc MAX during operation.
4. If Tc exceeds 85°C, the DRAM must be refreshed manually at 2x refresh, which is a 3.9us interval refresh rate. The

use of SRT or ASR must be enabled.
5. Thermal resistance data is based on a number of samples from multiple lots and should be viewed as a typical
number.
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d{o’}lcron® 2Gb: x4, x8, x16 DDR3L SDRAM

Thermal Characteristics

Table 28: Thermal Impedance

0 JA (°C/W) | ©JA (CCW) | © JA (°C/W)
Airflow = Airflow = Airflow =
Die Rev. | Package | Substrate Om/s 1m/s 2m/s 0 JB (°C/W) 0 JC (°C/w)
Low con- 70.4 56.5 50.8 N/A 6.5
ductivity
78-ball _
High con- 49.2 4.4 39.3 36.1 N/A
" ductivity
Low con- 65.3 52.4 47.1 N/A 6.5
ductivity
%-ball  —
igh con-
ductivity 46.4 40.0 37.2 34.8 N/A

Notes: 1. Thermal resistance data is based on a number of samples from multiple lots and should be viewed as a typical
number.

Figure 10: Thermal Measurement Point

L/2 ;
(L/2) L T test point
L M
L
<« (W/2) —»
W
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Electrical

2Gb: x4, x8, x16 DDR3L SDRAM
Electrical Specifications - Ipp Specifications and Conditions

Specifications - Ipp Specifications and Conditions

Within the following Ipp measurement tables, the following definitions and conditions are used,
unless stated otherwise:

LOW: Vy < Vipa¢ymax HIGH: ViN 2 Vigac)min-
Midlevel: Inputs are Vggg = Vpp/2.

Ron set to RZQ/7 (349Q)).

RTT nom S€t to RZQ/6 (400Q)).

Rrrwr) set to RZQ/2 (120Q).

Qorr is enabled in MR1.

ODT is enabled in MR1 (Rt o) and MR2 (Rrpgwr))-

TDQS is disabled in MR1.
External DQ/DQS/DM load resistor is 25Q to Vppq/2.

Burst lengths are BL8 fixed.

AL equals 0 (except in Ippy).

Ipp specifications are tested after the device is properly initialized.

Input slew rate is specified by AC parametric test conditions.

ASR is disabled.

Read burst type uses nibble sequential (MRO[3] = 0).

Loop patterns must be executed at least once before current measurements begin.

Table 29: DDR3L Timing Parameters Used for Ipp Measurements - Clock Units

DDR3L-800 DDR3L-1066 DDR3L-1333 DDR3L-1600 DDR3L-1866
Iop -25E -25 | -187E | -187 | -15E -15 -125E 125 -107
Parameter 5-5-5 (| 666 | 7-7-7 | 8-8-8 | 9-9-9 | 10-10-10| 10-10-10 | 11-11-11| 13-13-13 Unit
tCK (MIN) Ipp 2.5 1.875 1.5 1.25 1.07 ns
CLIpp 5 6 7 8 9 10 10 11 13 cK
tRCD (MIN) Ipp 5 6 7 8 9 10 10 11 13 CK
RC (MIN) Ipp 20 21 27 28 33 34 38 39 45 CK
tRAS (MIN) Ipp 15 15 20 20 24 24 28 28 32 cK
TRP (MIN) 5 6 7 8 9 10 10 11 13 CcK
tEAW | X4, X8 16 16 20 20 20 20 24 24 26 cK
x16 20 20 27 27 30 30 32 32 33 CK
tRRD x4, x8 4 4 4 4 5 5 5 CK
Iop x16 6 6 6 cK
tRFC 1Gb 44 44 59 59 74 74 88 88 103 CK
2Gb 64 64 86 86 107 107 128 128 150 CK
4Gb 104 104 139 139 174 174 208 208 243 CK
8Gb 140 140 187 187 234 234 280 280 328 CK
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2Gb: x4, x8, x16 DDR3L SDRAM
Mcron Electrical Specifications - Ipp Specifications and Conditions

Table 30: DDR3L Ippo Measurement Loop

. E -
gm,gﬁé g ag%hgﬁs'ﬁﬁ"ﬁm
51538 &2 § |8|2|8|8|8|8 % |%|<|%|2| B
0 ACT 0 0 1 1 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 0 0 -
4 D# 1 1 1 1 0 0 0 0 0 0 0 -
Repeat cycles 1 through 4 until nRAS - 1; truncate if needed
NRAS PRE | oo 1]o]o]o]o]Jofo]o]fo] -
0 Repeat cycles 1 through 4 until nRC - 1; truncate if needed
nRC ACT 0 0 1 1 0 0 0 0 0 F 0 -
nRC + 1 D 1 0 0 0 0 0 0 0 0 F 0 -
2|5 mC+2 | D | 1]o0olo0o|lO|O]O|O|O|O| F|[O| -
R NRC + 3 p# | 1| 1] 1] 1]oloflo[o]o] F[o] -
2 § nRC + 4 D# 1 1 1 1 0 0 0 0 0 F 0 -
Repeat cycles nRC + 1 through nRC + 4 until nRC - 1 + nRAS -1; truncate if needed
nRC + nRAS PRE [0 o[1]o]ofo]o]of]o]F]|o] -
Repeat cycles nRC + 1 through nRC + 4 until 2 x RC - 1; truncate if needed
1 2 x nRC Repeat sub-loop 0, use BA[2:0] = 1
2 4 x nRC Repeat sub-loop 0, use BA[2:0] = 2
3 6 x nRC Repeat sub-loop 0, use BA[2:0] = 3
4 8 x nRC Repeat sub-loop 0, use BA[2:0] = 4
5 10 x nRC Repeat sub-loop 0, use BA[2:0] =5
6 12 x nRC Repeat sub-loop 0, use BA[2:0] = 6
7 14 x nRC Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQS# are midlevel.
2. DM is LOW.
3. Only selected bank (single) active.
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2Gb: x4, x8, x16 DDR3L SDRAM
Mcron Electrical Specifications - Ipp Specifications and Conditions

Table 31: DDR3L Ippq Measurement Loop

* g & -tgs — | =
S 3 "z E s | = SlE|lsIx|®m|® 0
g 8|3 35 s 3|23 Elg|g|S(5|e|els B
U|U |a oz v U | |U |2 |0 |ad || |< |« |< [a]
0 ACT 0 0 1 1 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 0 0 -
4 D# 1 1 1 1 0 0 0 0 0 0 0 -
Repeat cycles 1 through 4 until nRCD - 1; truncate if needed
nRCD RO o 1o 1] o]o]o]of[o] o] o] 00000000
Repeat cycles 1 through 4 until nRAS - 1; truncate if needed
NRAS PRE | oo 1]o]o]ofo]of]o]o]o] -
0 Repeat cycles 1 through 4 until nRC - 1; truncate if needed
nRC ACT 0 0 1 1 0 0 0 0 0 F 0 -
nRC + 1 D 1 0 0 0 0 0 0 0 0 F 0 -
> E nRC + 2 D 1 0 0 0 0 0 0 0 0 F 0 -
o3 nRC + 3 p# | 1| 1] 1] 1] o]olololo] F|]o|] -
2| E NRC + 4 p# | 1| 1] 1] 1] o]olololo] F|]o] -
Repeat cycles nRC + 1 through nRC + 4 until nRC + nRCD - 1; truncate if needed
nRC + nRCD RO [ o[ 1] o] 1] oflo]o] o] o] FJ[ o] oot1o011
Repeat cycles nRC + 1 through nRC + 4 until nRC + nRAS - 1; truncate if needed
nRC + nRAS PRE | o] o[ 1]o]Jo]oJo]of]o]F]|o] -
Repeat cycle nRC + 1 through nRC + 4 until 2 x nRC - 1; truncate if needed
1 2 x nRC Repeat sub-loop 0, use BA[2:0] = 1
2 4 x nRC Repeat sub-loop 0, use BA[2:0] = 2
3 6 x nRC Repeat sub-loop 0, use BA[2:0] =3
4 8 x nRC Repeat sub-loop 0, use BA[2:0] =4
5 10 x nRC Repeat sub-loop 0, use BA[2:0] = 5
6 12 x nRC Repeat sub-loop 0, use BA[2:0] =6
7 14 x nRC Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQS# are midlevel unless driven as required by the RD command.

pWN

DM is LOW.
Burst sequence is driven on each DQ signal by the RD command.
Only selected bank (single) active.
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Mcron Electrical Specifications

2Gb: x4, x8, x16 DDR3L SDRAM
- Ipp Specifications and Conditions

Table 32: DDR3L Ipp Measurement Conditions for Power-Down Currents

IDDZPO Precharge
Power-Down

IDD2P1 Precharge

IDDZQ Precharge

IDD3P Active

Power-Down Quiet Power-Down
Name Current (Slow Exit)! | Current (Fast Exit)! | Standby Current Current
Timing pattern N/A N/A N/A N/A
CKE Low LOW HIGH LOW
External clock Toggling Toggling Toggling Toggling
tck tCK (MIN) Ipp tCK (MIN) Ipp tCK (MIN) Ipp tCK (MIN) Ipp
tRC N/A N/A N/A N/A
tRAS N/A N/A N/A N/A
tRCD N/A N/A N/A N/A
tRRD N/A N/A N/A N/A
tRC N/A N/A N/A N/A
CL N/A N/A N/A N/A
AL N/A N/A N/A N/A
CS# HIGH HIGH HIGH HIGH
Command inputs LOW LOW LOW LOW
Row/column addr Low Low LOow Low
Bank addresses LOW LOW LOW LOwW
DM LOwW LOwW LoOw Low
Data I/0 Midlevel Midlevel Midlevel Midlevel
Output buffer DQ, DQS Enabled Enabled Enabled Enabled
ODT2 Enabled, off Enabled, off Enabled, off Enabled, off
Burst length 8 8 8 8
Active banks None None None All
Idle banks All All All None
Special notes N/A N/A N/A N/A

Notes: 1. MRO[12] defines DLL on/off behavior during precharge power-down only; DLL on (fast exit, MRO[12] = 1) and DLL

off (slow exit, MRO[12] = 0).
2. "Enabled, off” means the MR bits are enabled, but the signal is LOW.
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2Gb: x4, x8, x16 DDR3L SDRAM
Mcron Electrical Specifications

- Ipp Specifications and Conditions

Table 33: DDR3L Ipp,y and Ipp3y Measurement Loop

3 g- » -tgs - | -
5 3| o £ x|z R|a|s|R|T|8|
v |¥ 4| SE § |3(2|2|8|8|5|c|S|8|&|8| &
U|U | @ 03 v U | |U |2 |0 |ad || |< |« |< a
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
o E 1 4-7 Repeat sub-loop 0, use BA[2:0] = 1
._é f, 2 8-11 Repeat sub-loop 0, use BA[2:0] = 2
L § 3 12-15 Repeat sub-loop 0, use BA[2:0] = 3
4 16-19 Repeat sub-loop 0, use BA[2:0] = 4
5 20-23 Repeat sub-loop 0, use BA[2:0] =5
6 24-27 Repeat sub-loop 0, use BA[2:0] = 6
7 28-31 Repeat sub-loop 0, use BA[2:0] =7
Notes: 1. DQ, DQS, DQS# are midlevel.
2. DM is LOW.
3. All banks closed during Ipp,y; all banks open during Ipp3p-
Table 34: DDR3L IpponT Measurement Loop
2 2 -
g g & £ ~ | gl clslslmls
< | |8 T E |z|2|2|8|5 (|28 8|8 &
U|U |a oz v U | g |[U|S |0 |ad | |||« |< a
0 D 1 0 0 0 0 0 0 0 0 0 -
0 1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D# 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
o E 1 4-7 Repeat sub-loop 0, use BA[2:0] = 1; ODT =0
.?; i 2 8-11 Repeat sub-loop 0, use BA[2:0] =2; ODT =1
L § 3 12-15 Repeat sub-loop 0, use BA[2:0] = 3; ODT = 1
4 16-19 Repeat sub-loop 0, use BA[2:0] = 4; ODT=0
5 20-23 Repeat sub-loop 0, use BA[2:0] =5; ODT =0
6 24-27 Repeat sub-loop 0, use BA[2:0] = 6; ODT = 1
7 28-31 Repeat sub-loop 0, use BA[2:0] =7; ODT =1

Notes: 1. DQ, DQS, DQS# are midlevel.
2. DM is LOW.
3. All banks closed.
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Table 35: DDR3L Ippsg Measurement Loop

2Gb: x4, x8, x16 DDR3L SDRAM

- Ipp Specifications and Conditions

* g & -tgs — | =
S 3 "z E s | = SlE|lsIx|®m|® "
g 8|3 35 s 3|23 Elg|g|S(5|e|els B
U|U |a oz v U | |U |2 |0 |ad || |< |« |< [a]
0 RD 0 1 0 1 0 0 0 0 0 0 0 00000000
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D# 1 1 1 1 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 0 0 -
0 4 RD 0 1 0 1 0 0 0 0 0 F 0 00110011
5 D 1 0 0 0 0 0 0 0 0 F 0 -
> E 6 D# 1 1 1 1 0 0 0 0 0 F 0 -
o3 7 D# 11 1] 1] ololo] ool F|]o -
2 § 1 8-15 Repeat sub-loop 0, use BA[2:0] = 1
2 16-23 Repeat sub-loop 0, use BA[2:0] = 2
3 24-31 Repeat sub-loop 0, use BA[2:0] = 3
4 32-39 Repeat sub-loop 0, use BA[2:0] = 4
5 40-47 Repeat sub-loop 0, use BA[2:0] =5
6 48-55 Repeat sub-loop 0, use BA[2:0] = 6
7 56-63 Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQS# are midlevel when not driving in burst sequence.

2. DM is LOW.
3. Burst sequence is driven on each DQ signal by the RD command.
4. All banks open.
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Table 36: DDR3L Ipp4y Measurement Loop

2Gb: x4, x8, x16 DDR3L SDRAM

- Ipp Specifications and Conditions

* g & -tgs — | =
S 3 "z E s | = SlE|lsIx|®m|® "
g 8|3 35 s 3|23 Elg|g|S(5|e|els B
U|U |a oz v U | |U |2 |0 |ad || |< |« |< [a]
0 WR 0 1 0 0 1 0 0 0 0 0 0 00000000
1 D 1 0 0 0 1 0 0 0 0 0 0 -
2 D# 1 1 1 1 1 0 0 0 0 0 0 -
3 D# 1 1 1 1 1 0 0 0 0 0 0 -
0 4 WR 0 1 0 0 1 0 0 0 0 F 0 00110011
5 D 1 0 0 0 1 0 0 0 0 F 0 -
> E 6 D# 1 1 1 1 1 0 0 0 0 F 0 -
o3 7 D# 111 1] 1] olo] ool F|]o -
2 § 1 8-15 Repeat sub-loop 0, use BA[2:0] = 1
2 16-23 Repeat sub-loop 0, use BA[2:0] = 2
3 24-31 Repeat sub-loop 0, use BA[2:0] = 3
4 32-39 Repeat sub-loop 0, use BA[2:0] = 4
5 40-47 Repeat sub-loop 0, use BA[2:0] =5
6 48-55 Repeat sub-loop 0, use BA[2:0] = 6
7 56-63 Repeat sub-loop 0, use BA[2:0] =7

Notes: 1. DQ, DQS, DQS# are midlevel when not driving in burst sequence.

2. DM is LOW.
3. Burst sequence is driven on each DQ signal by the WR command.
4. All banks open.
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o 2Gb: x4, x8, x16 DDR3L SDRAM
( pjlcron Electrical Specifications

- Ipp Specifications and Conditions

Table 37: DDR3L Ipps5g Measurement Loop

g . £ -
g 3 - : E | g s N | m |9
g 8|3 35 s 3|23 |Elg|g|S|5|e|e|s| &
U|U |a oz U |U | |U |83 |0|mo | |<|<|<|<| 0o
0 0 REF 0 0 0 1 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 -
e 3 D# 1 1 1 1 0 0 0 0 0 F 0 -
4 D# 1 1 1 1 0 0 0 0 0 F 0 -
o E 1b 5-8 Repeat sub-loop 1a, use BA[2:0] = 1
@ f, 1c 9-12 Repeat sub-loop 1a, use BA[2:0] = 2
2 § 1d 13-16 Repeat sub-loop 1a, use BA[2:0] = 3
1e 17-20 Repeat sub-loop 1a, use BA[2:0] = 4
1f 21-24 Repeat sub-loop 1a, use BA[2:0] = 5
19 25-28 Repeat sub-loop 1a, use BA[2:0] = 6
1h 29-32 Repeat sub-loop 1a, use BA[2:0] =7
2 | 33-nRFC-1 Repeat sub-loop 1a through 1h until nRFC - 1; truncate if needed
Notes: 1. DQ, DQS, DQS# are midlevel.
2. DM is LOW.
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2Gb: x4, x8, x16 DDR3L SDRAM
- Ipp Specifications and Conditions

Table 38: DDR3L Ipp Measurement Conditions for Ippg. Ippeer: and Ipps

Ippe: Self Refresh Current
Normal Temperature Range

Ippeet: Self Refresh Current
Extended Temperature Range

Ipp Test Tc = 0°C to +85°C Tc = 0°C to +95°C Ipps: Reset?
CKE LOW Low Midlevel
External clock Off, CK and CK# = LOW Off, CK and CK# = LOW Midlevel
tck N/A N/A N/A
tRC N/A N/A N/A
tRAS N/A N/A N/A
tRCD N/A N/A N/A
tRRD N/A N/A N/A
tRC N/A N/A N/A
CL N/A N/A N/A
AL N/A N/A N/A
CS# Midlevel Midlevel Midlevel
Command inputs Midlevel Midlevel Midlevel
Row/column addresses Midlevel Midlevel Midlevel
Bank addresses Midlevel Midlevel Midlevel
Data I/0 Midlevel Midlevel Midlevel
Output buffer DQ, DQS Enabled Enabled Midlevel
obT! Enabled, midlevel Enabled, midlevel Midlevel
Burst length N/A N/A N/A
Active banks N/A N/A None
Idle banks N/A N/A All
SRT Disabled (normal) Enabled (extended) N/A
ASR Disabled Disabled N/A

Notes: 1. “Enabled, midlevel” means the MR command is enabled, but the signal is midlevel.

2. During a cold boot RESET (initialization), current reading is valid after power is stable and RESET has been LOW
for 1ms; During a warm boot RESET (while operating), current reading is valid after RESET has been LOW for 200ns

+ RFC.
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Mcron Electrical Specifications - Ipp Specifications and Conditions

Table 39: DDR3L Ipp7; Measurement Loop

o . 2 _
z g o : o glsls | |mla| =
|| S5 E s %25 5|3 (EIE2(E8] 3
U|U |@ 9 U |U |2 |U |3 |0|m ||| |<|< a
0 ACT |0 [0 |1 1 o |0 [0 |0 |0 (0 |0 |-
1 RDA 1 0 1 0 1 0 0 0 00000000
0 2 D 1 0 0 0 0 0 0 0 0 0 -
3 Repeat cycle 2 until nRRD - 1
nRRD ACT |0 0 1 1 0 1 0 0 0 F 0 -
] nRRD + 1 RDA |0 1 0 1 0 1 0 1 0 F 0 00110011
nRRD + 2 D 1 0 0 0 0 1 0 0 0 F 0 -
nRRD + 3 Repeat cycle nRRD + 2 until 2 x nRRD - 1
2 2 x nRRD Repeat sub-loop 0, use BA[2:0] = 2
3 3 x nRRD Repeat sub-loop 1, use BA[2:0] = 3
, |4xnRRD D |1 Jo Jo Jo Jo |3 Jo Jo Jo [F Jo |-
4 x nRRD + 1 Repeat cycle 4 x nRRD until nFAW - 1, if needed
5 nFAW Repeat sub-loop 0, use BA[2:0] = 4
6 nFAW + nRRD Repeat sub-loop 1, use BA[2:0] =5
o E 7 nFAW + 2 x nRRD Repeat sub-loop 0, use BA[2:0] = 6
—é f, 8 |nFAW + 3 x nRRD Repeat sub-loop 1, use BA[2:0] = 7
C|E o |7FAW+4 < nRRD p [1 Jo Jo Jo Jo [7 Jo Jo Jo [ Jo |-
nFAW + 4 x nRRD + 1 Repeat cycle nFAW + 4 x nRRD until 2 x nFAW - 1, if needed
2 x nFAW ACT |0 0 1 1 0 0 0 0 0 F 0 -
10 2 x nfFAW + 1 RDA |0 1 0 1 0 0 0 1 0 F 0 00110011
2 x nNFAW + 2 D 1 0 0 0 0 0 0 0 0 F 0 -
2 x nFAW + 3 Repeat cycle 2 x nFAW + 2 until 2 x nFAW + nRRD - 1
2 x nNFAW + nRRD ACT |0 0 1 1 0 1 0 0 0 0 0 -
1 2 x nFAW + nRRD + 1 RDA |0 1 0 1 0 1 0 1 0 0 0 00000000
2 x nFAW + nRRD + 2 D 1 0 0 0 0 1 0 0 0 0 0 -
2 x nFAW + nRRD + 3 Repeat cycle 2 x nFAW + nRRD + 2 until 2 x nFAW + 2 x nRRD - 1
12 |2 x nFAW + 2 x nRRD Repeat sub-loop 10, use BA[2:0] =2
13 |2 x nFAW + 3 x nRRD Repeat sub-loop 11, use BA[2:0] =3
g |2 NFAW +4 x nRRD D [1 o Jo Jo Jo |3 Jo Jo o Jo Jo |-
2 x nFAW + 4 x nRRD + 1 Repeat cycle 2 x nFAW + 4 x nRRD until 3 x nFAW - 1, if needed
15 |3 x nFAW Repeat sub-loop 10, use BA[2:0] =4
26 DDRAL.paf - Rev. P 032022 EN 51 T O 075 Mitron Technaiogy. nc. All gt reserved.
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Table 39: DDR3L Ipp; Measurement Loop

T

o
2 o ] & — | =
S 3 v g E w | Sl Elsls|m|s| =
< |4 |3 23 Els|2(8|8|8|5|S|S|e|le|8| &
U|(U |an g2 U |U | |U |2 |0 |m|g|<|<|<|< o)

16 |3 x nFAW + nRRD Repeat sub-loop 11, use BA[2:0] =5
o G [17 |3 x nFAW + 2 x nRRD Repeat sub-loop 10, use BA[2:0] = 6
_é f 18 |3 x nFAW + 3 x nRRD Repeat sub-loop 11, use BA[2:0] =7
2 § 1g |37 NFAW + 4 x nRRD D ‘1 ‘o ‘0 ‘o ‘0 ‘7 ‘0 0 ‘o ‘o ‘o ‘—

3 xnFAW + 4 x nRRD + 1 Repeat cycle 3 x nFAW + 4 x nRRD until 4 x nFAW - 1, if needed

DQ, DQS, DQS# are midlevel unless driven as required by the RD command.
DM is LOW.

Burst sequence is driven on each DQ signal by the RD command.

AL = CL-1.

Notes:

PUWN =
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Electrical Characteristics - Ipp Specifications

Table 40: I5p Maximum Limits - Die Rev. K

Speed Bin
Ibp Width DDR3L-1066 | DDR3L-1333 | DDR3L-1600 | DDR3L-1866 | Units Notes
Ibpo x4, x8 36 38 39 40 mA 1,2
x16 43 45 46 48 mA 1,2
[ x4 43 47 49 52 mA 1,2
x8 46 50 52 54 mA 1,2
x16 58 63 65 68 mA 1,2
Ipp2po (Slow) All 12 12 12 12 mA 1,2
Ippapq (Fast) All 14 14 14 14 mA 1,2
Iop2q All 20 20 20 20 mA 1,2
Ibb2N All 21 21 21 21 mA 1,2
IoD2NT x4, x8 26 29 31 33 mA 1,2
x16 30 33 34 36 mA 1,2
Iob3p All 21 21 21 21 mA 1,2
Iob3N x4,x8 28 30 32 34 mA 1,2
x16 30 33 34 36 mA 1,2
Ippar x4 64 78 20 100 mA 1,2
x8 68 82 94 104 mA 1,2
x16 88 108 128 148 mA 1,2
Ippaw x4 69 81 93 105 mA 1,2
x8 73 85 97 108 mA 1,2
x16 99 119 138 156 mA 1,2
Iopse All 177 179 180 182 mA 1,2
Iope All 12 12 12 12 mA 1,2,3
IbD6ET All 15 15 15 15 mA 2,4
Ipp7 x4, 8 121 150 156 164 mA 1,2
x16 152 172 195 219 mA 1,2
Ibps All Ipp2po + 2MA | Ippopo + 2MA | Ippapg + 2MA | Ippopo + 2MA mA 1,2

Notes: 1. Tc = 85°C; SRT and ASR are disabled.
2. Enabling ASR could increase Ipp, by up to an additional 2mA.
3. Restricted to T-(MAX) = 85°C.
4. Tc=85°C; ASR and ODT are disabled; SRT is enabled.
5. Ipp values must be derated (increased) on IT-option devices when operated outside the range 0°C < T¢ < +85°C:
5a. When T¢ < 0°C: Ippypo. Ipp2p1 @nd Ippsp must be derated by 4%; Ippar and Ippay must be derated by 2%; and
Ippe: IppeeT @nd Ipp7 must be derated by 7%.
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5b. When TC > 85°C: lDDO' lDD1' |DD2N' lDDZNT' |DD2Q' IDD3N' IDD3P' |DD4R' IDD4W' and IDDSB must be derated by 2%,
Ipp2px Must be derated by 30%.
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DC Operating Conditions

2Gb: x4, x8, x16 DDR3L SDRAM
Electrical Specifications - DC and AC

Table 41: DDR3L 1.35V DC Electrical Characteristics and Operating Conditions

All voltages are referenced to Vsg

Parameter/Condition Symbol Min Nom Max Unit Notes
Supply voltage Vpp 1.283 1.35 1.45 \Y, 1-7
I/0 supply voltage Vbbq 1.283 1.35 1.45 \Y, 1-7
Input leakage current I -2 - 2 pA

Any input oV < V|N < VDD' VREF pln oV < VlN <1.1V

(All other pins not under test = 0V)

Vger supply leakage current I\VREF -1 - 1 pA 8,9
VRerpQ = Vbp/2 O VRerca = Vpp/2

(All other pins not under test = 0V)

Notes: 1.
2.

Vpp and Vppq must track one another. Vppg must be < Vpp. Vs = Vgq.

Vpp and Vppq may include AC noise of £50mV (250 kHz to 20 MHz) in addition to the DC (0 Hz to 250 kHz) speci-
fications. Vpp and Vppq must be at same level for valid AC timing parameters.

Maximum DCvalue may not be greater than 1.425V. The DCvalue is the linear average of Vpp/Vppq(t) over a very
long period of time (for example, 1 second).

Under these supply voltages, the device operates to this DDR3L specification.

If the maximum limit is exceeded, input levels shall be governed by DDR3 specifications.

Under 1.5V operation, this DDR3L device operates in accordance with the DDR3 specifications under the same
speed timings as defined for this device.

Once initialized for DDR3L operation, DDR3 operation may only be used if the device is in reset while Vpp and Vppq
are changed for DDR3 operation (see Vpp Voltage Switching).

The minimum limit requirement is for testing purposes. The leakage current on the Vggg pin should be minimal.
Vger (see DDR3L 1.35V DC Electrical Characteristics and Input Conditions).
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Electrical Specifications - DC and AC

Input Operating Conditions

Table 42: DDR3L 1.35V DC Electrical Characteristics and Input Conditions

All voltages are referenced to Vgg

Parameter/Condition Symbol Min Nom Max Unit | Notes
V |y low; DC/commands/address busses Vi Vss N/A See Vv

V |y high; DC/commands/address busses ViH See N/A Vbp \Y

Input reference voltage command/address bus VREFCA(DO) 049 xVpp | 05xVpp | 0.51xVpp \ 1,2
I/O reference voltage DQ bus VREFDQ(DC) 0.49 xVpp | 0.5xVpp | 0.51 x Vpp \ 2,3
I/0 reference voltage DQ bus in SELF REFRESH VREFDQ(SR) Vgg 0.5 x Vpp Vpp \Y 4
Command/address termination voltage Vi1 - 0.5 x - \Y 5
(system level, not direct DRAM input) Vbbq

Notes: 1. Vgerca(o) is expected to be approximately 0.5 x Vpp and to track variations in the DC level. Externally generated
peak noise (non-common mode) on Vgerca May not exceed +1% x Vpp around the Vgeeea(pe) value. Peak-to-peak
AC noise on Vggrca should not exceed 2% of Vpereapo)-

2. DCvalues are determined to be less than 20 MHz in frequency. DRAM must meet specifications if the DRAM
induces additional AC noise greater than 20 MHz in frequency.

3. VRerpq(po) is expected to be approximately 0.5 x Vpp and to track variations in the DC level. Externally generated
peak noise (non-common mode) on Vggrpg May not exceed 1% x Vpp around the Vgeepq(pe) value. Peak-to-peak
AC noise on Vggppq should not exceed 2% of Vgerpg(po)-

4. VRerpq(pg) May transition to Vrerpq(sr) @nd back to Vrerpgpc) When in SELF REFRESH, within restrictions outlined
in the SELF REFRESH section.

5. V7 is not applied directly to the device. V17 is a system supply for signal termination resistors. Minimum and
maximum values are system-dependent.
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Electrical Specifications - DC and AC

Table 43: DDR3L 1.35V Input Switching Conditions - Command and Address

Parameter/Condition Symbol DDR3L-800/1066 DDR3L-1333/1600 DDR3L-1866 Units
Command and Address
Input high AC voltage: ViH(AC160) min® 160 160 - mV
Logic 1 ‘
ViH(AC135)min> 135 135 135 mV
ViHACt25,)min> - - 125 mv
Input high DC voltage: Vinocoo),min |90 90 90 mV
Logic 1
Input low DC voltage: ViLocoo)min | =90 -90 -90 mV
Logic 0
Input low AC voltage: ViLaci2s) min® |~ - -125 mV
Logic 0 !
VIL(AC135),minS -135 -135 -135 mV
ViLacteo),min” | =160 ~160 - mV
DQ and DM
Input high AC voltage: ViH(AC160) min® | 160 160 - mV
Logic 1 ‘
VIH(AC135),min5 135 135 135 mV
ViHact2s),min” |~ - 130 mV
Input high DC voltage: VinDcoo),min |90 90 90 mV
Logic 1
Input low DC voltage: ViLocoo)min | —90 -90 -90 mV
Logic 0
Input low AC voltage: ViLaci2s) min® |~ - -130 mV
Logic 0 !
VIL(AC135),minS -135 -135 -135 mV
ViLact60),min> | =160 ~160 - mV

Notes: 1. All voltages are referenced to Vggg. VRer is Vrerca for control, command, and address. All slew rates and setup/hold
times are specified at the DRAM ball. Vggp is Vgerpg for DQ and DM inputs.

Input setup timing parameters (!IS and 'DS) are referenced at ViLao/Vinao, Not VRerpo)-

Input hold timing parameters (‘IH and 'DH) are referenced at ViLoo/Viroce): not Vree(po)-

Single-ended input slew rate = 1 V/ns; maximum input voltage swing under test is 900mV (peak-to-peak).
When two Vyac) values (and two corresponding V| ac) values) are listed for a specific speed bin, the user may

choose either value for the input AC level. Whichever value is used, the associated setup time for that AC level
must also be used. Additionally, one V yac) value may be used for address/command inputs and the other V s

value may be used for data inputs.
For example, for DDR3-800, two input AC levels are defined: Viyac160),min @Nd ViH(ac135),min (cOrresponding

ViLac160),min @nd Vi (ac135),min)- For DDR3-800, the address/command inputs must use either Viyac160),min With
YS(AC160) of 210ps or VIH(AC150),min With YS(AC135) of 365ps; independently, the data inputs must use either
ViH(ac160),min With 'DS(AC160) of 75ps or V|pyac150),min With 'DS(ACT50) of 125ps.

ik w N
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Electrical Specifications - DC and AC

Table 44: DDR3L 1.35V Differential Input Operating Conditions (CK, CK# and DQS, DQS#)

CK#

Parameter/Condition Symbol Min Max Units Notes
Differential input logic high -
slew putiogichig ViH,dif(AC)slew 180 N/A mV 4
Differential input logic low — slew VL diff(AC)slew N/A -180 mV 4
Differential input logic high Vi1, diff(AQ) 2 x (Vinao) - Vrer) Vbpo/Vbpa mV 5
Differential input logic low VL, diff(AC) Vss/Vssq 2 x (Viyac) - Vrep) mV 6
Differential input crossing volt-
age relative to VDD/Z for DQS, V|X VREF(DC) -150 VREF(DC) + 150 mV 5, 7, 9
DQS#; CK, CK#

Differential input crossing volt-
age relative to Vpp/2 for CK, CK# Vix (175) Veeroo) - 175 Veerpo) + 175 mv > 73
Single-ended high level for

V 2+ 1 V

strobes ppg/2 + 160 pbQ mv >
Single-ended high level for CK Vsen

ingle-ended high level for CK, Vpp/2 + 160 Vop mv 5
CK#
Single-ended low level for strobes Vssq Vppg/2 - 160 mV 6

ingle- VseL
Single-ended low level for CK, Ves Vpp/2 - 160 mv 6

Notes: 1.

NoukwhN

Clock is referenced to Vpp and Vgs. Data strobe is referenced to Vppq and Vsgq.
Reference is Vrgrca(pe) for clock and Vgeepq(p) for strobe.
Differential input slew rate = 2 V/ns.
Defines slew rate reference points, relative to input crossing voltages.
Minimum DC limit is relative to single-ended signals; overshoot specifications are applicable.

Maximum DC limit is relative to single-ended signals; undershoot specifications are applicable.
The typical value of V|xc) is expected to be about 0.5 x Vpp of the transmitting device, and Vix(ac) is expected to

track variations in Vpp. Vix(ac) indicates the voltage at which differential input signals must cross.
8. The V|x extended range (x175mV) is allowed only for the clock; this V|x extended range is only allowed when the

following conditions are met: The single-ended input signals are monotonic, have the single-ended swing Vg,

Vsey of at least Vpp/2 £250mV, and the differential slew rate of CK, CK# is greater than 3 V/ns.
9. V|x must provide 25mV (single-ended) of the voltages separation.
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Electrical Specifications - DC and AC

Figure 11: DDR3L 1.35V Input Signal

V\_and V levels with ringback

Vpp + 0.4V Vppg + 0.4V
Narrow pulse width Overshoot
V
Minimum V,,_and V,, levels bp Vooq
ViHao
V}y MIN(AC) Vier + 125/135/160mV ViHao
ViHoo
V,; MIN(DC) Vier +90mV Vikpo
‘ Vgee DCMAX + 19
1AX 2% Total REF 51CX IAX+ % ~<— Vieepg + AC noise
Vger DCMAX . DD <e— Vgeepq + DC error
Veer - Veer = Vop/2 ~— Vgerng - DC error
DC MIN 49 XV <— VAP AC noise
AAX 2% Total Vger DCMIN - 1% Vi REFDQ
V,, MIN(DC) VRer - 90mV Vilpo)
ViLpo)
VIL MlN(AC) \/ VREF - 125/135/160mV VIL(AC)
ViLag
0.0V Vg
Vs - 0.40V Vs - 0.40V
Narrow pulse width Undershoot
Note: 1. Numbers in diagrams reflect nominal values.
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DDR3L 1.35V AC Overshoot/Undershoot Specification

Table 45: DDR3L Control and Address Pins

Parameter DDR3L-800 DRR3L-1066 DDR3L-1333 | DDR3L-1600 | DDR3L-1866
Maximum peak amplitude allowed
for overshoot area 0.4V 0.4V 0.4V 0.4V 0.4V
(see Overshoot)
Maximum peak amplitude allowed
for undershoot area 0.4v 0.4V 0.4V 0.4v 0.4V
(see Undershoot)
Maximum overshoot area above
Vpp, (see Overshoot) 0.67 Vns 0.5 Vns 0.4 Vns 0.33Vns 0.28 Vns
Maximum undershoot area below
Vs (see Undershoot) 0.67 Vns 0.5 Vns 0.4 Vns 0.33 Vns 0.28 Vns
Table 46: DDR3L 1.35V Clock, Data, Strobe, and Mask Pins
Parameter DDR3L-800 DDR3L-1066 DDR3L-1333 DDR3L-1600 DDR3L-1866
Maximum peak amplitude allowed
for overshoot area 0.4V 0.4V 0.4V 0.4V 0.4V
(see Overshoot)
Maximum peak amplitude allowed
for undershoot area 0.4V 0.4V 0.4V 0.4V 0.4V
(see Undershoot)
Maximum overshoot area above
Voo/Voa (see Overshoot) 0.25 Vns 0.19 Vns 0.15Vns 0.13 Vns 0.11 Vns
Maximum undershoot area below
Vss/Vssq (see Undershoot) 0.25 Vns 0.19 Vns 0.15 Vns 0.13 Vns 0.11 Vns

Figure 12: Overshoot

Maximum amplitude

Volts (V) Overshoot area
VDD/VDDQ '
Time (ns)
Figure 13: Undershoot
VSSNSSQ ‘
Volts (V) \
Undershoot area
Maximum amplitude
Time (ns)
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Figure 14: V,x for Differential Signals

Voo Voba Voo Voba

CK#, DQS# *_e” % ¢ e CK# DQSH

- VIX

Vpp/2. Vppg/2 “* Vpp/2, Vppo/2

' - VIX
CK, DQS CK, DQS
VSS' VSSQ VSS' VSSQ
Figure 15: Single-Ended Requirements for Differential Signals
VpporVppg ——— =~~~ -~~~ ——————————————— -

VSEH,mm
Vpp/2 or Vppo/2
VSEL,max
Vs Or Vgsq
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Figure 16: Definition of Differential AC-Swing and '‘DVAC

tpvAC

VIHdiff(AQmin  ~ =/ "\

ViH,diff,min oo =T\

CK - CK#
DQS - DQSH#
0.0 o

ViLdifimax oo

ViLditagmax | T T N

Half cycle tpVvAC

Table 47: DDR3L 1.35V - Minimum Required Time '‘DVAC for CK/CK#, DQS/DQS# Differential for AC

Ringback
Slew Rate (V/ns) DDR3L-800/1066/1333/1600 DDR3L-1866
DVAC at tDVAC at tDVAC at tDVAC at DVAC at
320mV (ps) 270mV (ps) 270mV (ps) 250mV (ps) 260mV (ps)

>4.0 189 201 163 168 176
4.0 189 201 163 168 176
3.0 162 179 140 147 154
2.0 109 134 95 105 111
1.8 91 119 80 91 97
1.6 69 100 62 74 78
14 40 76 37 52 55
1.2 Note1 44 5 22 24

1.0 Note1

<1.0 Note1

Note: 1. Rising inputsignal shall become equal to or greater than V|y(ac) level and Falling input signal shall become equal
to or less than V| ac) level.
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2Gb: x4, x8, x16 DDR3L SDRAM

Electrical Specifications - DC and AC

Setup ('IS and 'DS) nominal slew rate for a rising signal is defined as the slew rate between the last

crossing of Vypr and the first crossing of Vigyacymin- Setup (YIS and 'DS) nominal slew rate for a falling
signal is defined as the slew rate between the last crossing of Vggp and the first crossing of Vi (acymax-

Hold (‘IH and ‘DH) nominal slew rate for a rising signal is defined as the slew rate between the last

crossing of Vi (pcymax and the first crossing of Vygg. Hold (‘IH and 'DH) nominal slew rate for a falling
signal is defined as the slew rate between the last crossing of Vi (pcymin and the first crossing of Vggp

(see 17).

Table 48: Single-Ended Input Slew Rate Definition

Input Slew Rates
(Linear Signals) Measured
Input Edge From To Calculation
v Y
Risin V, \V; . IH(AQ),min REF
Ising REF IH(AC),min —ATRsse
Setup
Vieee -V
Fallin V vV REF ~ VIL(AC),max
Ing REF IL(AC),max —ATFSSG
Viee -V
Risin V, vV REF ™ VIL(DC),max
9 IL(DC),max REF —ATFHse
Hold
V -V
Fallin V ) vV IH(DC),min ~ VREF
9 IH(DC),min REF —ATRSHSE
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Electrical Specifications - DC and AC

Figure 17: Nominal Slew Rate Definition for Single-Ended Input Signals
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DDR3L 1.35V Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and measured, as shown
in and DDR3L 1.35V Nominal Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#. The
nominal slew rate for a rising signal is defined as the slew rate between Vi giff max and Vi giff min- The

nominal slew rate for a falling signal is defined as the slew rate between Vyyy giff min and Vip, qiff max-

Table 49: DDR3L 1.35V Differential Input Slew Rate Definition

Differential Input Slew Rates
(Linear Signals) Measured
Input Edge From To Calculation
AV VA
.. IH,diff, IL, diff,

Rising VL, diff,max V\H, diff,min ' "X.T.R Lt
CK and DQS diff
reference . Vit aiee s Vi o VIH,diff,min 3 VIL,diff,max

Falling IH,diff,min IL, diff,max

ATF it

Figure 18: DDR3L 1.35V Nominal Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#

Vi, diff,min

IL, diff, max

Differential input voltage (DQS, DQS#; CK, CK#)
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ODT Characteristics

The ODT effective resistance Ry is defined by MR1[9, 6, and 2]. ODT is applied to the DQ, DM, DQS,

DQS#, and TDQS, TDQS# balls (x8 devices only). The ODT target values and a functional representa-
tion are listed in and . The individual pull-up and pull-down resistors (Rtrpyy) and Rrppp)) are defined

as follows:
i RTT(PU) = (VDDQ - VOUT) /|IOUT|’ under the condition that RTT(PD) is turned off
i RTT(PD) = (VOUT)/UOUﬂ’ under the condition that RTT(PU) is turned off

Figure 19: ODT Levels and I-V Characteristics

Chip in termination mode

oDT
1 : °Vbpq
: ‘ lpy |
! : lout = Ipp = Ipu
To : Rrrepu) |
other | I
circuitry |+ | ——oDQ
suchas | I : louT
ROV, ...| ' | R
: LJ TT(PD) : Vour
I lIPD !
| |
— : °Vssq
Table 50: On-Die Termination DC Electrical Characteristics
Parameter/Condition Symbol Min Nom Max Unit Notes
Ryt effective impedance R7(EFR) See 1,2
Deviation of VM with respect to AVM -5 5 % 1,2, 3
Vbpg/2

Notes: 1. Tolerance limits are applicable after proper ZQ calibration has been performed at a
stable temperature and voltage (Vppq = Vpp, Vssq = Vss). Refer to if either the temperature or voltage changes

after calibration.
2. Measurement definition for Rrr: Apply Viyac) to pin under test and measure current I[V|yaq)l, then apply Vi (aq)
to pin under test and measure current I[V) (aq)l:

R Virao = ViLag

TT=
IVinac) - Vi ac)
3. Measure voltage (VM) at the tested pin with no load:

2 x VM
AVM = - 1| x 100
DDQ
4. For IT and AT devices, the minimum values are derated by 6% when the device operates between —40°C and 0°C
(To).
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1.35V ODT Resistors

provides an overview of the ODT DC electrical characteristics. The values provided are not specifica-
tion requirements; however, they can be used as design guidelines to indicate what Ry is targeted to

provide:
* Rpr 120Q is made up of Ryry20pp240) @nd Rrr120pU240)

* Ryr 600 is made up of Rrreopp120) and Ryreopui2o)
* Ryr 40Q is made up of Rrryoppgo) and Rrraopuso)
* Rpr 300 is made up of Rrr3gppeo) and Rrrsopuso)
* Ryrr 20Q is made up of Rrragppao) and Rrraopuao)

Table 51: 1.35V Ry Effective Impedance

[9I,VI¢|:,12] Ryt Resistor Vour Min Nom Max Units
0,1,0 1200 R1T 120pD240 0.2 x Vppg 0.6 1.0 1.15 RZQ/1
0.5 x Vppq 0.9 1.0 1.15 RZQ/1
0.8 x Vppq 0.9 1.0 1.45 RZQN
R1T,120PU240 0.2 x Vppg 0.9 1.0 145 RZQ/1
0.5 x Vppq 0.9 1.0 1.15 RZQ/N
0.8 x Vppq 0.6 1.0 1.15 RZQ/1
1200 ViLao 10 Vinao 0.9 10 1.65 RZQ/2
0,0,1 600 RTT 60PD120 0.2 x Vppg 0.6 1.0 1.15 RZQ/2
0.5 x Vppq 0.9 1.0 1.15 RZQ/2
0.8 x Vppg 0.9 1.0 145 RZQ/2
RTT 60PU120 0.2 x Vppg 0.9 1.0 145 RZQ2
0.5 x Vppq 0.9 1.0 1.15 RZQ/2
0.8 x Vppq 0.6 1.0 1.15 RZQ/2
600 ViLao 1 Vinao 0.9 10 1.65 RZQ/4
0,1,1 400 RrT 40PD80 0.2 x Vppq 0.6 1.0 1.15 RZQ/3
0.5 x Vppq 0.9 1.0 1.15 RZQ/3
0.8 x Vppq 0.9 1.0 1.45 RzQ/3
RrT.40PU80 0.2 x Vppa 0.9 10 1.45 RZQ/3
0.5 x Vppq 0.9 1.0 1.15 RzZQ/3
0.8 x Vppa 0.6 10 1.15 RZQ/3
400 ViLao 1 Vinao 0.9 1.0 1.65 RZQ/6
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Table 51: 1.35V Ryy Effective Impedance

[9I,VI:,12] Ryt Resistor Vour Min Nom Max Units
1,0, 1 300 R1T 30PD60 0.2 x Vppg 0.6 1.0 1.15 RZQ/4
0.5 x Vppq 0.9 1.0 1.15 RZQ/4

0.8 x Vppq 0.9 1.0 1.45 RZQ/4

RTT 30PU60 0.2 x Vppg 0.9 1.0 145 RZQ/4

0.5 x Vppq 0.9 1.0 1.15 RZQ/4

0.8 x Vppq 0.6 1.0 1.15 RZQ/4

300 ViLao 10 Vikao 0.9 10 1.65 RZQ/8

1,0,0 200 RrT.20°D40 0.2 x Vppg 0.6 1.0 1.15 RZQ/6
0.5 x Vppq 0.9 1.0 1.15 RZQ/6

0.8 x Vppg 0.9 1.0 145 RZQ/6

RrT. 2040 0.2 x Vppg 0.9 1.0 145 RZQ/6

0.5 x Vppq 0.9 1.0 1.15 RZQ/6

0.8 x Vppq 0.6 1.0 1.15 RZQ/6

200 ViLao 1 Vinao 0.9 10 1.65 RZQ/12

ODT Sensitivity

Ifeither the temperature or voltage changes after I/O calibration, then the tolerance limits listed in and
can be expected to widen according to and .

Table 52: ODT Sensitivity Definition

Symbol Min Max Unit
Rrr 0.9 - dR7dT x |DT| - dRyrdV x |DV] 1.6 + dR7dT x [DT| + dRrdV x |DV| RZQ/(2, 4, 6, 8, 12)

Notes: 1. AT =T - T(@ calibration), AV = Vppq - Vppq(@ calibration) and Vpp = Vppg.

Table 53: ODT Temperature and Voltage Sensitivity

Change Min Max Unit
dRydT 0 1.5 %/°C
dRyrdV 0 0.15 %/mV

Notes: 1. AT =T - T(@ calibration), AV = Vppq - Vppg(@ calibration) and Vpp = Vppg.

ODT Timing Definitions

ODT loading differs from that used in AC timing measurements. The reference load for ODT timings is
shown in ODT Timing Reference Load. Two parameters define when ODT turns on or off synchro-
nously, two define when ODT turns on or off asynchronously, and another defines when ODT turns on
or off dynamically. and outline and provide definition and measurement references settings for each
parameter.
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ODT turn-on time begins when the output leaves High-Z and ODT resistance begins to turn on. ODT
turn-off time begins when the output leaves Low-Z and ODT resistance begins to turn off.

Figure 20: ODT Timing Reference Load

2Gb: x4, x8,

x16 DDR3L SDRAM

ODT Characteristics

DUT

CK, CK# —O—

ZQ

VREF

DQ, DM

DQS, DQS# _T\ﬁ/\/\/_| Vor = Vsso

TDQS, TDQS#

Vppaol2
Vope

Ry7 = 25Q

Timing reference point

RZQ = 240Q

Table 54: ODT Timing Definitions

| Vssq

Symbol Begin Point Definition End Point Definition Figure
tAON Rising edge of CK — CK# defined by the end | Extrapolated point at Vssq 21
point of ODTLon
tAOF Rising edge of CK — CK# defined by the end | Extrapolated point at Vg nom 21
point of ODTLoff
tAONPD | Rising edge of CK — CK# with ODT first Extrapolated point at Vssq 22
being registered HIGH
taoOFPD | Rising edge of CK — CK# with ODT first Extrapolated point at Vg7T nom 22
being registered LOW
tADC Rising edge of CK — CK# defined by the end | Extrapolated points at Vgrrwr) and 23
point of ODTLcnw, ODTLcwn4, or ODTL- VRTT,nom
cwn8
Table 55: DDR3L(1.35V) Reference Settings for ODT Timing Measurements
Measured _ .
Parameter RtT,nom Setting Rrr(wr) Setting Vswi Vsw2
tAON RZQ/4 (600) N/A 50mV 100mVv
RZQ/12 (209) N/A 100mV 200mVv
tAOF RZQ/4 (600) N/A 50mV 100mV
RZQ/12 (20Q) N/A 100mV 200mV
tAONPD RZQ/4 (60Q) N/A 50mV 100mV
RzZQ/12 (209) N/A 100mV 200mVv
tAOFPD RZQ/4 (600) N/A 50mV 100mV
RZQ/12 (209) N/A 100mV 200mVv
tADC RzZQ/12 (209) RZQ/2 (209) 200mVv 250mV
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Figure 21: *AON and *AOF Definitions

tAON

tAOF
Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK#
defined by the end point of ODTLon defined by the end point of ODTLoff
cK
CK#
DQ, DM
DQS, DQS#
TDQS, TDQS#

End point: Extrapolated point at Vgsq

Figure 22: *YAONPD and 'AOFPD Definitions

tAONPD tAOFPD

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

CK

DQ, DM
DQS, DQs#
TDQS, TDQS#

e - -~ - - - - Vssq

End point: Extrapolated point at Vggq
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Figure 23: 'ADC Definition

Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK# defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8
| |
CK
CK#
bQ, DM End point:
'I?[?S,S D'I(?DS#S# Extrapolated Vow
Qs, TDQ point at Verr nom
VSW1
fffffffffffffffffff H — — —f
VRTT(WR) End point: Extrapolated point at Verryg)
Vssq
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Output Driver Impedance

Output Driver Impedance

The output driver impedance is selected by MR1[5,1] during initialization. The selected value is able to
maintain the tight tolerances specified if proper ZQ calibration is performed. Output specifications

refer to the default output driver unless specifically stated otherwise. A functional representation of the
output buffer is shown below. The output driver impedance Rqy is defined by the value of the external

reference resistor RZQ as follows:

* Ronx =RZQly (with RZQ = 240Q £1%; x= 34Q or 40Q with y= 7 or 6, respectively)

The individual pull-up and pull-down resistors Ronpy) and Ronpp) are defined as follows:
° RON(PU) = (VDDQ - VOUT) /lIOU]{, when RON(PD) is turned off

4 RON(PD) = (VOUT)/UOUT{’ when RON(PU) is turned off

Figure 24: Output Driver

Chip in drive mode

Output driver

0
| | Vbbg
| l Ipy |
T | |
° R
other | ON(PU) |
ircuitry | | |
circuitry = DQ
suchas | | | |
RCV, ... out
| | Ronep) |
| |
| VOUT
I PD |
| |
° Vssq
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34 Ohm Output Driver Impedance

The 34Q driver (MR1[5, 1] =01) is the default driver. Unless otherwise stated, all timings and specifica-
tions listed herein apply to the 34Q driver only. Its impedance Rqy is defined by the value of the

external reference resistor RZQ as follows: Ron34 = RZQ/7 (with nominal RZQ = 240Q +1%) and is actu-

ally 34.3Q +1%.
Table 56: DDR3L 34 Ohm Driver Impedance Characteristics
MR1
[5. 1] Ron Resistor Vour Min Nom Max Units
0,1 34.30 RoON,34PD 0.2 x Vppq 0.6 1.0 1.15 RZQ/7
0.5 x Vppq 0.9 1.0 1.15 RZQ/7
0.8 x Vppg 0.9 1.0 1.45 RZQ/7
RON,34PU 0.2 x Vppq 0.9 1.0 1.45 RZQ/I7
0.5 x Vppq 0.9 1.0 1.15 RZQ/7
0.8 x Vppq 0.6 1.0 1.15 RZQ/7
Pull-up/pull-down mismatch (MMppp) ViLao) 10 Viao -10 N/A 10 %

Notes: 1. Tolerance limits assume RZQ of 240Q +1% and are applicable after proper ZQ calibration has been performed at a
stable temperature and voltage: Vppo = Vpp; Vssg = Vss). Refer to if either the temperature or the voltage changes
after calibration.

2. Measurement definition for mismatch between pull-up and pull-down (MMppp). Measure both Roypyy and

RON(PD) at 0.5 x VDDQ:
MMppp = Rmvﬂ;w—%ww X 100
ON,nom
3. For IT and AT devices, the minimum values are derated by 6% when the device operates between —40°C and 0°C
(To).
A larger maximum limit will result in slightly lower minimum currents.
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DDR3L 34 Ohm Driver

Using, the 34Q driver’s current range has been calculated and summarized in Vpp =1.35V, for Vpp =
1.45V, and for Vpp = 1.283V. The individual pull-up and pull-down resistors Rons4pp) and Ronsapu)
are defined as follows:

* Ronsaep) = Vour Hourh Ronzapu is turned off

* Ronsaeu) = Vppq - Voun/Houth Ronsapp) is turned off

Table 57: DDR3L 34 Ohm Driver Pull-Up and Pull-Down Impedance Calculations

Ron Min Nom Max Unit
RZQ = 2400 +1% 237.6 240 242.4 Q
RZQ/7 = (240Q +1%)/7 33.9 34.3 34.6 Q
MR1[5,1] |Ron Resistor Vour Min Nom Max Unit
0, 1 34.30 Ron34(PD) 0.2 x Vppq 20.4 34.3 38.1 Q
0.5 x Vppq 30.5 34.3 38.1 Q
0.8 x Vppq 30.5 34.3 48.5 Q
Ron34(pu) 0.2 x Vppq 30.5 343 48.5 Q
0.5 x Vppq 30.5 34.3 38.1 Q
0.8 x Vppq 20.4 343 38.1 Q

Table 58: DDR3L 34 Ohm Driver lgy/lg, Characteristics: Vpp = Vppq = DDR3L@1.35V

MR1[5,1] Ron Resistor Vour Max Nom Min Unit
0,1 3430 | RonzapD) loL @ 0.2 x Vppq 13.3 7.9 7.1 mA
loL @ 0.5 x Vppq 22.1 19.7 17.7 mA

loL @ 0.8 x Vppq 35.4 31.5 223 mA

Ronsa(pu) lon @ 0.2 x Vppq 354 31.5 223 mA

loh @ 0.5 x Vppq 22.1 19.7 17.7 mA

lon @ 0.8 x Vppq 13.3 7.9 7.1 mA

Table 59: DDR3L 34 Ohm Driver lgy/lg, Characteristics: Vpp = Vppq = DDR3L@1.45V

MR1[5,1] Ron Resistor Vour Max Nom Min Unit
0,1 3430 | Ronaaep) loL @ 0.2 x Vppq 14.2 8.5 7.6 mA
loL @ 0.5 x Vppg 23.7 21.1 19.0 mA
loL @ 0.8 x Vppq 38.0 33.8 23.9 mA
Ron34(eu) lon @ 0.2 x Vppq 38.0 33.8 239 mA
lon @ 0.5 x Vppq 237 21.1 19.0 mA
lon @ 0.8 x Vppq 14.2 8.5 7.6 mA
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Table 60: DDR3L 34 Ohm Driver lgy/lg, Characteristics: Vpp = Vppq = DDR3L@1.283

MR1[5,1] Ron Resistor Vour Max Nom Min Unit
0,1 3430 | Ronzaep) loL @ 0.2 x Vppq 12.6 7.5 6.7 mA
loL @ 0.5 x Vppq 21.0 18.7 16.8 mA

loL @ 0.8 x Vppq 33.6 29.9 21.2 mA

Ronza(pu) lon @ 0.2 x Vppq 33.6 29.9 21.2 mA

lon @ 0.5 x Vppq 21.0 18.7 16.8 mA

lon @ 0.8 x Vppq 12.6 7.5 6.7 mA

DDR3L 34 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after ZQ calibration, then the tolerance limits listed in
can be expected to widen according to and .

Table 61: DDR3L 34 Ohm Output Driver Sensitivity Definition

Symbol Min Max Unit
Ronpp) @ 0.2 x Vppg | 0.6 - dRondTL x [AT] - dRondVL x |AV] 1.1 + dRoNdTL x |AT] + dRopdVL x [AV] RZQ/7
Ronerp) @ 0.5 x Vppg | 0.9 - dRondTM x |AT| - dRondVM x AV 1.1 + dRgNdTM x |AT| + dRgndVM x [AV] RzQ/7
Ronep) @ 0.8 x Vppg | 0.9 - dRondTH x |AT| - dRondVH x |AV] 1.4 + dRoNdTH x |AT| + dRondVH x |AV] RZQ/7
Ronepu) @ 0.2 x Vppg 0.9 - dRondTL x |AT| - dRondVL x |AV] 1.4 + dRondTL x |AT| + dRondVL x |AV| RzQ/7
Ronepu) @ 0.5 x Vppg | 0.9 - dRondTM x [AT] - dRondVM x [AV] | 1.1 + dRondTM x |AT| + dRondVM x |AV] RZQ/7
Ronepu) @ 0.8 x Vppg | 0.6 - dRondTH x [AT| - dRondVH x |AV] 1.1 + dRoNdTH x |AT| + dRgndVH x |AV| RzQ/7

Notes: 1. AT =T - TiacariBraTiony: AV = Vppq - VppgrecaLisrationy: @nd Vpp = Vppe.

Table 62: DDR3L 34 Ohm Output Driver Voltage and Temperature Sensitivity

Change Min Max Unit
dRondTM 0 1.5 %/°C
dRondVM 0 0.13 %/mV
dRondTL 0 1.5 %/°C
dRondVL 0 0.13 %/mV
dRondTH 0 1.5 %/°C
dRondVH 0 0.13 %/mV
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DDR3L Alternative 40 Ohm Driver

Table 63: DDR3L 40 Ohm Driver Impedance Characteristics

[MS,R11] Ron Resistor Vour Min Nom Max Units
0,0 400 RoN,40pD 0.2 x Vppg 0.6 1.0 1.15 RZQ/6
0.5 x Vppq 0.9 1.0 1.15 RZQ/6
0.8 x Vppq 0.9 1.0 1.45 RZQ/6
Ron,40pu 0.2 x Vppq 0.9 1.0 1.45 RZQ/6
0.5 x Vppq 0.9 1.0 1.15 RZQ/6
0.8 x Vppq 0.6 1.0 1.15 RZQ/6
Pull-up/pull-down mismatch (MMpypp) ViLao 10 Vinao -10 N/A 10 %

Notes: 1. Tolerance limits assume RZQ of 2400 +1% and are applicable after proper ZQ calibration has been performed at a
stable temperature and voltage (Vppg = Vppp: Vsso = Vss). Refer to if either the temperature or the voltage changes
after calibration.

2. Measurement definition for mismatch between pull-up and pull-down (MMppp). Measure both Roypy) and
RON(PD) at 0.5 VDDQ:
Rongru) - Roweep)

R
ON,nom
3. For IT and AT devices, the minimum values are derated by 6% when the device operates between -40°C and 0°C
(To)-
A larger maximum limit will result in slightly lower minimum currents.

MMpypp = x 100

DDR3L 40 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after I/O calibration, then the tolerance limits listed in
can be expected to widen according to and .

Table 64: DDR3L 40 Ohm Output Driver Sensitivity Definition

Symbol Min Max Unit
Ronep) @ 0.2 x Vppg | 0.6 - dRondTL x |AT] - dRondVL x [AV] 1.1 + dRoNdTL x |AT| + dRondVL x |AV] RZQ/6
Ronep) @ 0.5 x Vppg | 0.9 - dRondTM x |AT| - dRondVM x [AV] | 1.1 + dRondTM x [AT| + dRondVM x [AV] RZQ/6
Ronep) @ 0.8 x Vppg | 0.9 - dRondTH x |AT| - dRopndVH x [AV] 1.4 + dRoNdTH x |AT| + dRondVH x |AV] RZQ/6
Ronepu) @ 0.2 x Vppg 0.9 - dRondTL x [AT] - dRondVL x |AV] 1.4 + dRoNdTL x |AT| + dRoNdVL x |AV] RZQ/6
Ronepuy @ 0.5 x Vppg | 0.9 - dRondTM x |AT| - dRondVM x |AV] | 1.1 + dRondTM x [AT| + dRondVM x [AV] RZQ/6
Ronepu) @ 0.8 x Vppq | 0.6 - dRondTH x |AT| - dRondVH x [AV] 1.1 + dRoNdTH x |AT| + dRondVH x |AV| RZQ/6

Notes: 1. AT =T - Tiecarisration) AV = Vppo - Vpporecatisrationy: @and Vpp = Vppe.
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Table 65:
Change Min Max Unit
dRoNdTM 0 1.5 %/°C
dRondVM 0 0.15 %/mV
dRondTL 0 1.5 %/°C
dRondVL 0 0.15 %/mV
dRondTH 0 1.5 %/°C
dRondVH 0 0.15 %/mV
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Output Characteristics and Operating Conditions

Table 66: DDR3L Single-Ended Output Driver Characteristics

Parameter/Condition Symbol Min Max Unit | Notes

Output leakage current: DQ are disabled; loz -5 5 HA 1
0V < Voyr < Vppq: ODT is disabled; ODT is HIGH

Output slew rate: Single-ended; For rising and falling edges, SRQqe 1.75 6 Vins |1,2,3,4
measure between VOL(AC) = VREF -0.09 x VDDQ and VOH(AC) =
VREF + 0.09 x VDDQ

Single-ended DC high-level output voltage VoH(po) 0.8 x Vppq \Y 1,25
Single-ended DC mid-point level output voltage Vomoo) 0.5 x Vppq \Y 1,2,5
Single-ended DC low-level output voltage VoLoo 0.2 x Vppq \Y 1,25
Single-ended AC high-level output voltage VoHao) Vi1 + 0.1 x Vppq Y, 1,2,3,
6
Single-ended AC low-level output voltage Vorao V17 - 0.1 x Vppq \Y 1,23,
6
Delta Roy between pull-up and pull-down for DQ/DQS MMpypp -10 10 % 1,7
Test load for AC timing and output slew rates Output to V7 (Vppg/2) via 25Q resistor 3

Notes: 1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after proper ZQ calibration has been
performed at a stable temperature and voltage (Vppg = Vpp; Vsso = Vss).

2. V7T = VDDQIZ'

3. See 27 for the test load configuration.
4. The 6 V/ns maximum is applicable for a single DQ signal when it is switching either from HIGH to LOW or LOW to
HIGH while the remaining DQ signals in the same byte lane are either all static or all switching in the opposite
direction. For all other DQ signal switching combinations, the maximum limit of 6 V/ns is reduced to 5 V/ns.
5. See 24 for IV curve linearity. Do not use AC test load.
6. See for output slew rate.
7. See 24 for additional information.
8. See 25 for an example of a single-ended output signal.
9. All voltages are referenced to Vsg
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Figure 25: DQ Output Signal

2Gb: x4, x8, x16 DDR3L SDRAM

Output Characteristics and Operating Conditions

/\
vV

\ " — Voh@o

MAX output

Vovao
MIN output
Table 67: DDR3L Differential Output Driver Characteristics
All voltages are referenced to Vgg
Parameter/Condition Symbol Min Max Unit | Notes
Output leakage current: DQ are disabled; loz -5 5 HA 1
0V < Vour < Vppq: ODT is disabled; ODT is HIGH
DDR3L Output slew rate: Differential; For rising and fall- SRQgiff 35 12 V/ns 1
ing edges, measure between Vg gitf(ac) = —0.18 x Vppq
and Vo giffac) = 0.18 x Vppq
Differential high-level output voltage VoH,diff(AC) +0.2 x Vppq \ 1,4
Differential low-level output voltage VoL, diff(AQ) -0.2 x Vppq \Y 1,4
Delta Ron between pull-up and pull-down for DQ/DQS MMopypp -10 10 % 1,5
Test load for AC timing and output slew rates Output to V7 (Vppg/2) via 25Q resistor 3

Notes: 1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after proper ZQ calibration has been
performed at a stable temperature and voltage (Vppg = Vpp: Vssg = Vss).

2. Vger= Vppol/2: slew rate @ 5 V/ns, interpolate for faster slew rate.
3. See 27 for the test load configuration.
4. See for the output slew rate.
5. See for additional information.
6. See 26 for an example of a differential output signal.
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Table 68: DDR3L Differential Output Driver Characteristics Vgx(ac)

DDR3L- 800/1066/1333 DQS/DQS# Differential Slew Rate

Parameter/Conditio Symbol 3.5V/n Unit
= s 4V/ns | 5V/ns | 6V/ns | 7VIns | 8V/ns | 9V/ns | 10V/ns | 12V/ns
Output differential Vox(ac) Max | +115 | +130 | +135 | +195 | +205 | +205 | +205 | +205 | +205 | mV

crosspoint voltage

Min | -115 -130 | -135 | -195 | -205 | -205 | -205 | -205 -205 mV
DDR3L-1600/1866 DQS/DQS# Differential Slew Rate

Parameter/Condi-

. Symbol Unit
tion 4 3'stn 4V/ns | 5vins | 6V/ns | 7V/ns | 8V/ns | 9V/ns | 10V/ns | 12V/ns
Output differential Vox(acg) Max | +90 | +105 | +135 | +155 | +180 | +205 | +205 | +205 | +205 | mV

crosspoint voltage

Min -90 -105 | -135 | -155 | -180 | -205 | -205 | -205 -205 mV

Notes: 1. RZQ of 2400 +1% with RZQ/7 enabled (default 34Q driver) and is applicable after proper ZQ calibration has been
performed at a stable temperature and voltage (Vppg = Vpp; Vssg = Vss).

See 27 for the test load configuration.

See 26 for an example of a differential output signal.

For a differential slew rate between the list values, the Vox(ac) value may be obtained by linear interpolation.
All voltages are referenced to Vg

v AWN

Figure 26: Differential Output Signal

MAX output

VOX(AC)max

VOX(AC)min

MIN output
Reference Output Load

Reference Output Load for AC Timing and Output Slew Rate represents the effective reference load of
25Q used in defining the relevant device AC timing parameters (except ODT reference timing) as well
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as the output slew rate measurements. It is not intended to be a precise representation of a particular
system environment or a depiction of the actual load presented by a production tester. System
designers should use IBIS or other simulation tools to correlate the timing reference load to a system
environment.

Figure 27: Reference Output Load for AC Timing and Output Slew Rate

Vppo/2
puT Ve |

T =25Q

D R.
DQ% - AA _l Vir= VDDQ/2

DQS# L
Timing reference point

Z
|Q RZQ = 240Q

| Vss
Slew Rate Definitions for Single-Ended Output Signals

The single-ended output driver is summarized in . With the reference load for timing measurements,
the output slew rate for falling and rising edges is defined and measured between Vg (ac) and Vopyac

for single-ended signals.

Table 69: Single-Ended Output Slew Rate Definition

Single-Ended Output Slew Rates
(Linear Signals) Measured
Output Edge From To Calculation
DQ Rising Vorao) VoH(ao) Vonao - Vouag
ATR,,
Falling VoH(ao) Vouag Vonuo - Vorag
ATF
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Figure 28: Nominal Slew Rate Definition for Single-Ended Output Signals

OH(AQ)

OL(AQ)
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Slew Rate Definitions for Differential Output Signals

The differential output driver is summarized in 67. With the reference load for timing measurements,
the output slew rate for falling and rising edges is defined and measured between Vg (ac) and Vopac
for differential signals.

Table 70: Differential Output Slew Rate Definition

Differential Output Slew Rates
(Linear Signals) Measured
Output Edge From To Calculation
DQs, DQS# Rising VoL,diff(AQ) VoH,diff(AC) VoH,difiac) - VoL difftac)
TN
Falling VoH,diff(AC) VoL, diff(AC) Von,difitac) - VoL diffa)
ATF et

Figure 29: Nominal Differential Output Slew Rate Definition for DQS, DQS#

VoH,diff(AC)

VoL diff(ac)
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Table 71: DDR3L-1066 Speed Bins

2Gb: x4, x8, x16 DDR3L SDRAM
Speed Bin Tables

DDR3L-1066 Speed Bin -187E -187

CL-'RCD-'RP 7-7-7 8-8-8

Parameter Symbol Min Max Min Max Unit | Notes

Internal READ command to first data tAA 13.125 - 15 - ns

ACTIVATE to internal READ or WRITE delay time tRCD 13.125 - 15 - ns

PRECHARGE command period tRp 13.125 - 15 - ns

ACTIVATE-to-ACTIVATE or REFRESH command tRC 50.625 - 52.5 - ns

period

ACTIVATE-to-PRECHARGE command period tRAS 375 9 x 'REFI 37.5 9 x tREFI ns 1

CL=5 CWL=5 tCK (AVG) 3.0 3.3 3.0 3.3 ns 2
CWL=6 tCK (AVG) Reserved Reserved ns 3

CL=6 CWL=5 tCK (AVG) 2.5 3.3 2.5 33 ns 2
CWL=6 tCK (AVG) Reserved Reserved ns 3

CL=7 CWL=5 tCK (AVG) Reserved Reserved ns 3
CWL=6 tck (avg) | 1875 <25 Reserved ns 2,3

CL=8 CWL=5 tCK (AVG) Reserved Reserved ns 3
CWL=6 tcKk (AVG)| 1.875 <2.5 1.875 <2.5 ns 2

Supported CL settings 5 6,7,8 5, 6,8 CcK

Supported CWL settings 5 6 56 CK

Notes: 1. 'REFI depends on Topgg.

2. The CL and CWL settings result in 'CK requirements. When making a selection of 'CK, both CL and CWL require-

ment settings need to be fulfilled.
3. Reserved settings are not allowed.
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Table 72: DDR3L-1333 Speed Bins

DDR3L-1333 Speed Bin -15E! -152
CL-‘RCD-'RP 9-9-9 10-10-10
Parameter Symbol Min Max Min Max Unit | Notes
Internal READ command to first data tAA 13.5 - 15 - ns
ACTIVATE to internal READ or WRITE delay time tRCD 13.5 - 15 - ns
PRECHARGE command period tRp 13.5 - 15 - ns
ACTIVATE-to-ACTIVATE or REFRESH command tRC 49.5 - 51 - ns
period
ACTIVATE-to-PRECHARGE command period tRAS 36 9 x tREFI 36 9 x tREFI ns 3
CL=5 CWL=5 tCK (AVG) 3.0 3.3 3.0 33 ns 4
CWL=6,7 tCK (AVG) Reserved Reserved ns 5
CL=6 CWL=5 tCK (AVG) 2.5 33 2.5 33 ns 4
CWL=6 tCK (AVG) Reserved Reserved ns 5
CWL=7 tCK (AVG) Reserved Reserved ns 5
CL=7 CWL=5 tCK (AVG) Reserved Reserved ns 5
CWL=6 tCK (AVG) 1.875 <2.5 Reserved ns 4,5
CWL=7 tCK (AVG) Reserved Reserved ns 5
CL=8 CWL=5 tCK (AVG) Reserved Reserved ns 5
CWL=6 tck (AvG) | 1.875 <2.5 1.875 <25 ns 4
CWL=7 tCK (AVG) Reserved Reserved ns 5
CL=9 CWL=5,6 tCK (AVG) Reserved Reserved ns 5
CWL=7 tCK (AVG) 1.5 <1.875 Reserved ns 4,5
CL=10 CWL=5,6 tCK (AVG) Reserved Reserved ns 5
CWL=7 tCK (AVG) 1.5 <1.875 15 <1.875 | ns 4
Supported CL settings 56,7,8,9, 10 56,8, 10 CK
Supported CWL settings 56,7 56,7 CK

Notes: 1. The -15E speed grade is backward compatible with 1066, CL = 7 (-187E).
. The -15 speed grade is backward compatible with 1066, CL = 8 (-187).

2
3. 'REFI depends on Topgg.
4. The CL and CWL settings result in 'CK requirements. When making a selection of 'CK, both CL and CWL require-

ment settings need to be fulfilled.
5. Reserved settings are not allowed.
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Table 73: DDR3L-1600 Speed Bins

DDR3L-1600 Speed Bin -1257
CL-'RCD-'RP 11-11-11
Parameter Symbol Min Max Unit Notes
Internal READ command to first data tAA 13.75 - ns
ACTIVATE to internal READ or WRITE delay time tRCD 13.75 - ns
PRECHARGE command period tRp 13.75 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period tRC 48.75 - ns
ACTIVATE-to-PRECHARGE command period tRAS 35 9 x 'REFI ns 2
CL=5 CWL=5 tCK (AVG) 3.0 33 ns 3
CWL=6,7,8 tCK (AVG) Reserved ns 4
CL=6 CWL=5 tCK (AVG) 2.5 33 ns 3
CWL=6 tCK (AVG) Reserved ns 4
CWL=7,8 tCK (AVG) Reserved ns 4
CL=7 CWL=5 tCK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1.875 <2.5 ns 3
CWL=7 tCK (AVG) Reserved ns 4
CWL=38 tCK (AVG) Reserved ns 4
CL=8 CWL=5 tCK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1.875 <2.5 ns 3
CWL=7 tCK (AVG) Reserved ns 4
CWL=38 tCK (AVG) Reserved ns 4
CL=9 CWL=5,6 tCK (AVG) Reserved ns 4
CWL=7 tCK (AVG) 1.5 <1.875 ns 3
CWL=38 tCK (AVG) Reserved ns 4
CL=10 CWL=5,6 tCK (AVG) Reserved ns 4
CWL=7 tCK (AVG) 1.5 <1.875 ns 3
CWL=38 tCK (AVG) Reserved ns 4
CL=11 CWL=5,6,7 tCK (AVG) Reserved ns 4
CWL=8 tCK (AVG) 1.25 <1.5 ns 3
Supported CL settings 5 6,7,8,9, 10, 11 CK
Supported CWL settings 56,7,8 CK

Notes: 1. The -125 speed grade is backward compatible with 1333, CL = 9 (-15E) and 1066, CL = 7 (-187E).
2. 'REFI depends on Topgg-
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3. The CL and CWL settings result in 'CK requirements. When making a selection of 'CK, both CL and CWL require-
ment settings need to be fulfilled.
4. Reserved settings are not allowed.

CCMTD-1725822587-7895 87 Micron Technology, Inc. reserves the right to change products or specifications without notice.
2Gb_DDR3L.pdf - Rev. P 03/2022 EN © 2015 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.Com.


http://www.arrow.com

} : 2Gb: x4, x8, x16 DDR3L SDRAM
ény Icron Speed Bin Tables

Table 74: DDR3L-1866 Speed Bins

DDR3L-1866 Speed Bin -1071
CL-'RCD-'RP 13-13-13
Parameter Symbol Min Max Unit | Notes
Internal READ command to first data tAA 13.91 20
ACTIVATE to internal READ or WRITE delay time tRCD 13.91 - ns
PRECHARGE command period tRp 13.91 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period RC 47.91 - ns
ACTIVATE-to-PRECHARGE command period tRAS 34 9 x REFI ns 2
CL=5 CWL=5 tCK (AVG) 3.0 33 ns 3
CWL=6,728,9 tCK (AVG) Reserved ns 4
CL=6 CWL=5 tCK (AVG) 2.5 3.3 ns 3
CWL=6,728,9 tCK (AVG) Reserved ns 4
CL=7 CWL=5,738,9 tCK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1.875 <25 ns 3
CL=8 CWL=5,89 tCK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1.875 <25 ns 3
CwWL=7 tCK (AVG) Reserved ns 4
CL=9 CWL=5,6,8,9 tCK (AVG) Reserved ns 4
CwL =7 tCK (AVG) 1.5 <1.875 ns 3
CL=10 CWL=5,6,9 tCK (AVG) Reserved ns 4
CWL=7 tCK (AVG) 15 <1.875 ns 3
CWL=8 tCK (AVG) Reserved ns 4
CL=11 CWL=5,6,7 tCK (AVG) Reserved ns 4
CWL=8 tCK (AVG) 1.25 <15 ns 3
CWL=9 tCK (AVG) Reserved ns 4
CL=12 CWL=5,6,7,8 tCK (AVG) Reserved ns 4
CWL=9 tCK (AVG) Reserved ns 4
CL=13 CWL=5,6,7,8 tCK (AVG) Reserved ns 4
CWL=9 tCK (AVG) 1.07 <1.25 ns 3
Supported CL settings 56,7,89 10, 11, 13 CK
Supported CWL settings 56,7,8 9 CcK

Notes: 1. The -107 speed grade is backward compatible with 1600, CL =11 (-125), 1333, CL =9 (-15E) and 1066, CL =7 (-187E).
2. 'REFI depends on Topgg.
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3. The CL and CWL settings result in 'CK requirements. When making a selection of 'CK, both CL and CWL require-
ment settings need to be fulfilled.
4. Reserved settings are not allowed.
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Electrical Characteristics and AC Operating Conditions

Table 75: Electrical Characteristics and AC Operating Conditions

Notes 1-8 apply to the entire table

DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600
Parameter Symbol | Min ‘ Max| Min | Max| Min | Max| Min | Max| Unit Notes
Clock Timing
Clock period Tc <85°C tck 8 | 7800 8 |7800| 8 |7800| 8 | 7800 ns 9, 42
average: DLL dis- — S (DLL_DIS)
able mode Tc=>85°Cto 8 | 3900 8 |3900| 8 |3900| 8 | 3900 ns 42
95°C
Clock period average: DLL enable | tck (AVG) See Speed Bin Tables for 'CK range allowed ns 10, 11
mode
High pulse width average tCH (AvG) | 047 | 0.53| 0.47 | 0.53| 047 | 0.53 | 047 | 0.53 CK 12
Low pulse width average tcL (AVG) | 047 | 0.53| 0.47| 0.53| 0.47 | 0.53 | 0.47 | 0.53 CK 12
Clock period jit- | DLL locked YTper -100| 100 | 90| 90 | -80 | 80 | =70 | 70 ps 13
ter
DLL locking YITper,Ick | 90 | 90 | -80 | 80 | -70 | 70 | -60 | 60 ps 13
Clock absolute period tCK (ABS) MIN = 'CK (AVG) MIN + YITper MIN; ps
MAX = 'CK (AVG) MAX + YITper MAX
Clock absolute high pulse width | tcy (aBs) | 0.43 - [ 043| - | 043| - | 043 - tck 14
(AVG)
Clock absolute low pulse width | tc| (aBs) | 0.43 - | 043 - 043| - | 043 - tck 15
(AVG)
Cycle-to-cycle jit- | DLL locked Y1Tee 200 180 160 140 ps 16
ter
DLL locking | tyTec Ick 180 160 140 120 ps 16
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DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600
Parameter Symbol | Min | Max| Min | Max| Min | Max| Min | Max| Unit Notes
Cumulative error | 2 cycles YERR2per -147| 147 | -132| 132 | -118| 118 | -103| 103 ps 17
across
3 cycles tERR3per | —175| 175 | =157 157 | -140| 140 | -122| 122 ps 17
4 cycles YERR4per | —194| 194 | -175| 175 | -155| 155 | -136| 136 ps 17
5 cycles YERRSper | ~209| 209 | -188| 188 | -168| 168 | 147 | 147 ps 17
6 cycles YERR6per | —222| 222 | -200| 200 | -177| 177 | -155| 155 ps 17
7 cycles YERR7per | —232| 232 | -209| 209 | -186| 186 | -163| 163 ps 17
8 cycles YERR8per | —241| 241 | -217| 217 | -193| 193 | -169| 169 ps 17
9 cycles YERROper | —249| 249 | -224| 224 | -200| 200 | -175| 175 ps 17
10 cycles tERR10per | =257 | 257 | -231| 231 | -205| 205 | -180| 180 ps 17
11 cycles YERR11per | ~263 | 263 | -237| 237 | -210| 210 | -184| 184 ps 17
12 cycles YERR12per | ~269 | 269 | —242| 242 | -215| 215 | -188| 188 ps 17
n=13,14... | tERRnper tERRnper MIN = (1 + 0.68In[n]) x YITper MIN ps 17
49, 50 cycles tERRnper MAX = (1 + 0.68In[n]) x YITper MAX
DQ Input Timing
Data setup time | Base (specifi- | tpg 90 - 40 - - - - - ps 18, 19,
to DQS, DQS# cation) (AC160) 44
VRer @ 1 V/ns 250 - 200 - - - - - ps 19, 20
Data setup time | Base (specifi- | tps 140 - 920 - 45 - 25 - ps 18, 19,
to DQS, DQS# cation) (AC135) 44
VRer @ 1 V/ns 275 - 250 - 180 - 160 - ps 19, 20
Data hold time | Base (specifi- | tpH 160 - 110 - 75 - 55 - ps 18, 19
from DQS, DQS# | cation) (DC90)
VRer @ 1 V/ns 250 - 200 - 165 - 145 - ps 19, 20
Minimum data pulse width tDIPW 600 - 490 - 400 - 360 - ps 41
DQ Output Timing
DQS, DQS# to DQ skew, per tDQsQ - 200 - 150 - 125 - 100 ps
access
DQ output hold time from DQS, tQH 0.38 - 0.38 - 0.38 - 0.38 - tck 21
DQS# (AVG)
DQ Low-Z time from CK, CK# tLzDQ -800 | 400 | -600| 300 | -500| 250 | -450| 225 ps 22,23
DQ High-Z time from CK, CK# tHzZDQ - 400 - 300 - 250 - 225 ps 22,23
DQ Strobe Input Timing
DQS, DQS# rising to CK, CK# ris- | tpQss 0.25 0.25 0.25 0.27 CK 25
ing -0.25 -0.25 -0.25 -0.27
DQS, DQS# differential input low tpQsL 0.45| 0.55| 0.45| 0.55| 0.45| 0.55| 0.45| 0.55 CK
pulse width
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DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600

Parameter Symbol | Min | Max| Min | Max| Min | Max| Min | Max| Unit Notes

DQS, DQS# differential input tDQSH 0.45| 0.55| 0.45| 0.55| 0.45| 0.55| 0.45| 0.55 CK

high pulse width

DQS, DQS# falling setup to CK, tIDssS 0.2 - 0.2 - 0.2 - 0.18 - CK 25
CK# rising

DQS, DQS# falling hold from CK, | tpsH 0.2 - 0.2 - 0.2 - | 0.18 - CK 25
CK# rising

DQS, DQS# differential WRITE tWPRE 09| - | 09| - | 09| - | 09| - cK

preamble

DQS, DQS# differential WRITE tWPST 0.3 - 0.3 - 0.3 - 0.3 - CcK

postamble

DQ Strobe Output Timing

DQS, DQS# rising to/from rising | tpQsck —-400 | 400 | -300| 300 | —-255| 255 | —225| 225 ps 23
CK, CK#

DQS, DQS# rising to/from rising tpQscK 1 10 1 10 1 10 1 10 ns 26
CK, CK# when DLL is disabled (DLL_DIS)

DQS, DQS# differential output tQSH 0.38 - 0.38 - 0.40 - 0.40 - CK 21
high time

DQS, DQsS# differential output tQsL 038 - |038| - | 040| - |O040| - CcK 21
low time

DQS, DQS# Low-Z time (RL- 1) . 7DQs -800 | 400 | -600| 300 | -500| 250 | -450| 225 ps 22,23

DQS, DQS# High-Z time (RL + tHZDQS - 400 - 300 - 250 - 225 ps 22,23
BL/2)

DQS, DQS# differential READ tRPRE 0.9 | Note| 0.9 |Note| 0.9 | Note| 0.9 | Note K 23,24
preamble 24 24 24 24

DQS, DQS# differential READ tRPST 0.3 |Note| 0.3 | Note| 0.3 |Note| 0.3 | Note CcK 23, 27
postamble 27 27 27 27

Command and Address Timing

DLL locking time tDLLK 512 - 512 - 512 - 512 - CcK 28

CTRL, CMD, Base (specifi- | t|g 215 - 140 - 80 - 60 - ps 29, 30,
ADDR cation) (AC160) 44
setup to CK.CK# Iy~ " 1 v/ns 375 | - | 300 - | 20| - | 220 - ps | 20,30

CTRL, CMD, Base (specifi- | t|g 365 - 290 - 205 - 185 - ps 29, 30,
ADDR cation) (AC135) 44
setup to CK.CK# Iy~ " 1 v/ns 500 | - | 425| - | 340 | - | 320] - ps | 20,30
CTRL, CMD, Base (specifi- | tjy 285 - 210 - 150 - 130 - ps 29, 30
ADDR hold from |cation)

CK,C# Vrgr @ 1 V/ns | (DC90) 375 | - | 300 - | 20| - | 220 - ps | 20,30

Minimum CTRL, CMD, ADDR tipw 900 - 780 - 620 - 560 - ps 41
pulse width

WRITE delay
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DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600
Parameter Symbol | Min | Max| Min | Max| Min | Max| Min | Max| Unit Notes
PRECHARGE command period tRp See Speed Bin Tables for RP ns 31
ACTIVATE-to-PRECHARGE com- tRAS See Speed Bin Tables for tRAS ns 31, 32
mand period
mand period
ACTI- x4/x8 (1KB tRRD MIN = MIN = MIN = MIN = CK 31
VATE-to-ACTI- page size) greater of | greater of | greater of | greater of
VATE minimum 4CK or 10ns |4CK or 7.5ns| 4CK or 6ns | 4CK or 6ns
command x16 (2KB page MIN = greater of 4CK or | MIN = greater of 4CK or CK 31
period .
size) 10ns 7.5ns
Four ACTIVATE | x4/x8 (1KB tEAW 40 | - | 375 - | 30| - | 30| - ns 31
windows page size)
x16 (2KB page 50 - 50 - 45 - 40 - ns 31
size)
Write recovery time “WWR MIN = 15ns; MAX = N/A ns 31, 32,
33,34
Delay from start of internal tWTR MIN = greater of 4CK or 7.5ns; MAX = N/A CcK 31,34
WRITE
transaction to internal READ
command
READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31,32
CAS#-to-CAS# command delay tcep MIN = 4CK; MAX = N/A CcK
Auto precharge write recovery + | tpa| MIN = WR + RP/tCK (AVG); MAX = N/A CK
precharge time
MODE REGISTER SET command tMRD MIN = 4CK; MAX = N/A CcK
cycle time
MODE REGISTER SET command tvioD MIN = greater of 12CK or 15ns; MAX = N/A CK
update delay
MULTIPURPOSE REGISTER READ | tpPRR MIN = 1CK; MAX = N/A CcK
burst end to mode register set for
multipurpose register exit
Calibration Timing
ZQCL command: | POWER-UP tZQinit 512 - 512 - 512 - 512 - CcK
Long calibration |and RESET
time operation
Normal oper- | tzQoper 256 - 256 - 256 - 256 - CK
ation
ZQCS command: Short calibra- t7QcCs 64 - 64 - 64 - 64 - CcK
tion time
Initialization and Reset Timing
Exit reset from CKE HIGH to a PR MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CK
valid command
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DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600
Parameter Symbol | Min | Max| Min | Max| Min | Max| Min | Max| Unit Notes
Begin power supply ramp to YDDPR MIN = N/A; MAX = 200 ms
power supplies
stable
RESET# LOW to power supplies | tgps MIN = 0; MAX = 200 ms
stable
RESET# LOW to I/O and Rt tioz MIN = N/A; MAX = 20 ns 35
High-Z
Refresh Timing
REFRESH-to-ACTIVATE or tRFC - 1Gb MIN = 110; MAX = 70,200 ns
REFRESH -
command period tRFC — 2Gb MIN = 160; MAX = 70,200 ns
tRFC - 4Gb MIN = 260; MAX = 70,200 ns
tREC - 8Gb MIN = 350; MAX = 70,200 ns
Maximum Tc<85°C - 64 (1X) ms 36
refresh o
period Tc > 85°C 32 (2X) ms 36
Maximum aver- | T¢ < 85°C tREFI 7.8 (64ms/8192) Hs 36
age S
periodic refresh Tc > 85°C 3.9 (32ms/8192) us 36
Self Refresh Timing
Exit self refresh to commands not | txg MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CK
requiring a
locked DLL
Exit self refresh to commands tXSDLL MIN = 'DLLK (MIN): MAX = N/A CK 28
requiring a locked DLL
Minimum CKE low pulse width | tcKESR MIN = 'CKE (MIN) + CK; MAX = N/A K
for self refresh entry to self
refresh exit timing
Valid clocks after self refresh tCKSRE MIN = greater of 5CK or 10ns; MAX = N/A CcK
entry or power-down entry
Valid clocks before self refresh tCKSRX MIN = greater of 5CK or 10ns; MAX = N/A CcK
exit,
power-down exit, or reset exit
Power-Down Timing
CKE MIN pulse width tCKE Greater of | Greater of | Greater of | Greater of CcK
(MIN) 3CKor7.5ns 3CK or 3CK or 3CK or 5ns
5.625ns 5.625ns
Command pass disable delay tCPDED MIN = 1; MAX = N/A CK
Power-down entry to PD MIN = 'CKE (MIN); MAX = 9 x 'REFI K
power-down exit timing
Begin power-down period prior | tANPD WL - 1CK CK
to CKE
registered HIGH
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DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600

Parameter Symbol | Min | Max| Min | Max| Min | Max| Min | Max| Unit Notes
Power-down entry period: ODT | PDE Greater of "ANPD or 'RFC - REFRESH command to CKE | CK
either LOW time
synchronous or asynchronous
Power-down exit period: ODT PDX tANPD + IXPDLL CK
either
synchronous or asynchronous
Power-Down Entry Minimum Timing
ACTIVATE command to tACTPDEN MIN =1 CK
power-down entry
PRECHARGE/PRECHARGE ALL tPRPDEN MIN =1 CK

command to
power-down entry

REFRESH command to tREFPDEN MIN =1 CK 37
power-down entry

MRS command to power-down | t\RSPDEN MIN = tMOD (MIN) CcK
entry
READ/READ with auto pre- tRDPDEN MIN=RL +4 + 1 cK
charge command to power-down
entry
WRITE command | BL8 (OTF, YWRPDEN MIN = WL + 4 + 'WR/CK (AVG) K
to power-down | MRS) BC4OTF
entr
Y BCAMRS 'WRPDEN MIN = WL + 2 + '"WR/ACK (AVG) cK
WRITE with auto | BL8 (OTF, tYWRAP- MIN = WL + 4 + WR + 1 cK
precharge com- | MRS) BC4OTF |pgN
mand to
power-down BC4AMRS tWRAP- MIN = WL +2 + WR + 1 CK
entry DEN
Power-Down Exit Timing
DLL on, any valid command, or txp MIN = greater of 3CK or | MIN = greater of 3CK or CK
DLL off to 7.5ns; 6ns;
commands not requiring locked MAX = N/A MAX = N/A
DLL
Precharge power-down with DLL | txppLL MIN = greater of 10CK or 24ns; MAX = N/A CK 28
off to
commands requiring a locked DLL
ODT Timing
R1t synchronous turn-on delay ODTLon CWL + AL - 2CK CcK 38
Ryt synchronous turn-off delay ODTLoff CWL + AL - 2CK CcK 40
Ryt turn-on from ODTL on refer- | taooN -400 | 400 | -300| 300 | =250 | 250 | —225| 225 ps 23, 38
ence
Ryt turn-off from ODTL off refer- | taoQF 03| 07| 03| 07| 03| 07| 03| 07 CK 39, 40
ence
Asynchronous Ryt turn-on delay | tAoONPD MIN = 2; MAX = 8.5 ns 38

(power-down with DLL off)
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DDR3L DDR3L DDR3L DDR3L
-800 -1066 -1333 -1600
Parameter Symbol | Min | Max| Min | Max| Min | Max| Min | Max| Unit Notes
Asynchronous Ryt turn-off delay | tAoofpD MIN = 2; MAX = 8.5 ns 40
(power-down with DLL off)
ODT HIGH time with WRITE com- | ODTH8 MIN = 6; MAX = N/A CK
mand and BL8
ODT HIGH time without WRITE ODTH4 MIN = 4; MAX = N/A CcK
command or with WRITE com-
mand and BC4
Dynamic ODT Timing
R1T.nom-to-Rr(wr) change skew | ODTLcnw WL - 2CK CK
Rrr(wr)-t0-R1T nom change skew - | ODTL- 4CK + ODTLoff CcK
BC4 cwn4
Rr(wr)-t0-R1T nom change skew - | ODTL- 6CK + ODTLoff CK
BLS cwn8
Ryt dynamic change skew tADC 03| 07| 03] 07| 03| 07| 03] 07 CcK 39
Write Leveling Timing
First DQS, DQS# rising edge YWLMRD 40 - 40 - 40 - 40 - CK
DQS, DQS# delay tWLD- 25 - 25 - 25 - 25 - CcK
QSEN
Write leveling setup from rising | tyyLs 325 - 245 - 195 - 165 - ps
CK, CK#
crossing to rising DQS, DQS#
crossing
Write leveling hold from rising tWLH 325 - 245 - 195 - 165 - ps
DQS, DQS#
crossing to rising CK, CK# crossing
Write leveling output delay tWLo 0 9 0 9 0 9 0 7.5 ns
Write leveling output error YWLOE 0 2 0 2 0 2 0 2 ns
Notes: 1. AC timing parameters are valid from specified T¢ MIN to Tc MAX values.
2. All voltages are referenced to V.
3. Output timings are only valid for Roynz4 output buffer selection.
4. The unit 'CK (AVG) represents the actual 'CK (AVG) of the input clock under operation. The unit CK represents one
clock cycle of the input clock, counting the actual clock edges.
5. ACtiming and Ipp tests may use a V| -to-V|y swing of up to 900mV in the test environment, but input timing is still
referenced to Vgee (except YIS, IH, DS, and 'DH use the
AC/DC trip points and CK, CK# and DQS, DQS# use their crossing points). The minimum slew rate for the input
signals used to test the device is 1 V/ns for single-ended inputs and 2 V/ns for differential inputs in the range
between VlL(AC) and VlH(AC)'
6. All timings that use time-based values (ns, s, ms) should use tCK (AVG) to determine the correct number of clocks
(75 uses CK or 1CK [AVG] interchangeably). 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 DQSg;¢s refers to the DQS and DQS# differential crossing point when DQS is the rising edge. Clock or CK
refers to the CK and CK# differential crossing point when CK is the rising edge.
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8. This output load is used for all AC timing (except ODT reference timing) and slew rates. The actual test load may
be different. The output signal voltage reference point is Vppg/2 for single-ended signals and the crossing point
for differential signals (see 26).

9. When operating in DLL disable mode, Micron does not warrant compliance with normal mode timings or function-
ality.

10. The clock’s 'CK (AVG) is the average clock over any 200 consecutive clocks and tCK (AVG) MIN is the smallest clock
rate allowed, with the exception of a deviation due to clock jitter. Input clock jitter is allowed 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 in the range of 20-60 kHz with an additional 1% of 'CK (AVG) as a long-term
jitter component; however, the spread spectrum may not use a clock rate below 'CK (AVG) MIN.

12. The clock’s 'CH (AVG) and ICL (AVG) are the average half clock period over any 200 consecutive clocks and is the
smallest clock half period allowed, with the exception of a deviation due to clock jitter. Input clock jitter is allowed
provided it does not exceed values specified and must be of a random Gaussian distribution in nature.

13. The period jitter (YITper) is the maximum deviation in the clock period from the average or nominal clock. It is
allowed in either the positive or negative direction.

14.*CH (ABS) is the absolute instantaneous clock high pulse width as measured from one rising edge to the following
falling edge.

15.'CL (ABS) is the absolute instantaneous clock low pulse width as measured from one falling edge to the following
rising edge.

16. The cycle-to-cycle jitter YITcc is the amount the clock period can deviate from one cycle to the next. It is important
to keep cycle-to-cycle jitter at a minimum during the DLL locking time.

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

18.'DS (base) and 'DH (base) values are for a single-ended 1 V/ns slew rate DQs and 2 V/ns slew rate differential DQS,
DQS#; when DQ single-ended slew rate is 2V/ns, the DQS differential slew rate is 4V/ns.

19. These parameters are measured from a data signal (DM, DQO, DQ1, and so forth) transition edge to its respective
data strobe signal (DQS, DQS#) crossing.

20. The setup and hold times are listed converting the base specification values (to which derating tables apply) to
Vger When the slew rate is 1 V/ns. These values, with a slew rate of 1 V/ns, are for reference only.

21. When the device is operated with input clock jitter, this parameter needs to be derated by the actual YITper (larger
of YUlTper (MIN) or YITper (MAX) of the input clock (output deratings are relative to the SDRAM input clock).

22.Single-ended signal parameter.

23.The DRAM output timing is aligned to the nominal or average clock. Most output parameters must be derated by
the actual jitter error when input clock jitter is present, even when within specification. This results in each param-
eter becoming larger. The following parameters are required to be derated by subtracting tERR10per (MAX):
!DQSCK (MIN), 'LZDQS (MIN), t1LZDQ (MIN), and 'YAON (MIN). The following parameters are required to be derated
by subtracting *ERR10per (MIN): 'DQSCK (MAX), *HZ (MAX), 1LZDQS (MAX), 'LZDQ MAX, and 'AON (MAX). The
parameter 'RPRE (MIN) is derated by subtracting UITper (MAX), while 'RPRE (MAX) is derated by subtracting YJITper
(MIN).

24. The maximum preamble is bound by 1L.ZDQS (MAX).

25. These parameters are measured from a data strobe signal (DQS, DQS#) crossing to its respective clock signal (CK,
CK#) crossing. The specification values are not affected by the amount of clock jitter applied, as these are relative
to the clock signal crossing. These parameters should be met whether clock jitter is present.

26. The 'DQSCK (DLL_DIS) parameter begins CL + AL - 1 cycles after the READ command.

27. The maximum postamble is bound by tHZDQS (MAX).

28. Commands requiring a locked DLL are: READ (and RDAP) and synchronous ODT commands. In addition, after any
change of latency 'XPDLL, timing must be met.

29.1S (base) and 'IH (base) values are for a single-ended 1 V/ns control/command/address slew rate and 2 V/ns CK, CK#
differential slew rate.

30. These parameters are measured from a command/address signal transition edge to its respective clock (CK, CK#)
signal crossing. The specification values are not affected by the amount of clock jitter applied as the setup and hold

CCMTD-1725822587-7895 97 Micron Technology, Inc. reserves the right to change products or specifications without notice.
2Gb_DDR3L.pdf - Rev. P 03/2022 EN © 2015 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.Com.


http://www.arrow.com

d{o’}lcron® 2Gb: x4, x8, x16 DDR3L SDRAM

Electrical Characteristics and AC Operating Conditions

times are relative to the clock signal crossing that latches the command/address. These parameters should be met
whether clock jitter is present.

31. For these parameters, the DDR3 SDRAM device supports tnPARAM (nCK) = RU(PARAM [ns]/*CK[AVG] [ns]),
assuming all input clock jitter specifications are satisfied. For example, the device will support thRP (nCK) =
RU(tRP/LCK[AVG]) if all input clock jitter specifications are met. This means that for DDR3-800 6-6-6, of which 'RP =
5ns, the device will support 'nRP = RU(RPACK[AVG]) = 6 as long as the input clock jitter specifications are met. That
is, the PRECHARGE command at TO and the ACTIVATE command at TO + 6 are valid even if six clocks are less than
15ns due to input clock jitter.

32. During READs and WRITEs with auto precharge, the DDR3 SDRAM will hold off the internal PRECHARGE command
until TRAS (MIN) has been satisfied.

33. When operating in DLL disable mode, the greater of 4CK or 15ns is satisfied for "'WR.

34. The start of the write recovery time is defined as follows:

* For BL8 (fixed by MRS or OTF): Rising clock edge four clock cycles after WL
* For BC4 (OTF): Rising clock edge four clock cycles after WL

» For BC4 (fixed by MRS): Rising clock edge two clock cycles after WL

35. RESET# should be LOW as soon as power starts to ramp to ensure the outputs are in High-Z. Until RESET# is LOW,
the outputs are at risk of driving and could result in excessive current, depending on bus activity.

36. The refresh period is 64ms when T is less than or equal to 85°C. This equates to an average refresh rate of 7.8125ps.
However, nine REFRESH commands should be asserted at least once every 70.3ps. When T is greater than 85°C,
the refresh period is 32ms.

37. Although CKE is allowed to be registered LOW after a REFRESH command when
TREFPDEN (MIN) is satisfied, there are cases where additional time such as tXXPDLL (MIN) is required.

38. ODT turn-on time MIN is when the device leaves High-Z and ODT resistance begins to turn on. ODT turn-on time
maximum is when the ODT resistance is fully on. The ODT reference load is shown in 20. Designs that were created
prior to JEDEC tightening the maximum limit from 9ns to 8.5ns will be allowed to have a 9ns maximum.

39. Half-clock output parameters must be derated by the actual 'ERR10per and YITdty when input clock jitter is
present. This results in each parameter becoming larger. The parameters tADC (MIN) and'AOF (MIN) are each
required to be derated by subtracting both tERR1 Oper (MAX) and tJITdty (MAX). The parameters tADC (MAX) and
tAOF (MAX) are required to be derated by subtracting both *ERR10per (MAX) and UITdty (MAX).

40. ODT turn-off time minimum is when the device starts to turn off ODT resistance. ODT turn-off time maximum is
when the DRAM buffer is in High-Z. The ODT reference load is shown in 20. This output load is used for ODT
timings (see 27).

41. Pulse width of a input signal is defined as the width between the first crossing of Vgep(pc) and the consecutive
crossing of Vreripe)-

42. Should the clock rate be larger than tRFC (MIN), an AUTO REFRESH command should have at least one NOP
command between it and another AUTO REFRESH command. Additionally, if the clock rate is slower than 40ns (25
MHz), all REFRESH commands should be followed by a PRECHARGE ALL command.

43. DRAM devices should be evenly addressed when being accessed. Disproportionate accesses to a particular row
address may result in a reduction of REFRESH characteristics or product lifetime.

44. When two Vyac) values (and two corresponding V) (ac) values) are listed for a specific speed bin, the user may
choose either value for the input AC level. Whichever value is used, the associated setup time for that AC level
must also be used. Additionally, one V yac) value may be used for address/command inputs and the other V s
value may be used for data inputs.

For example, for DDR3-800, two input AC levels are defined: Viac175),min @nd ViH(ac150),min (cOrresponding
ViLac175),min @nd Vi (ac150),min)- For DDR3-800, the address/command inputs must use either Viyac175) min With

YS(AC175) of 200ps or ViH(AC150),min With YS(AC150) of 350ps; independently, the data inputs must use either
ViH(ac175),min With 'DS(AC175) of 75ps or V|pyac150),min With 'DS(ACT50) of 125ps.
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Table 76: Electrical Characteristics and AC Operating Conditions for Speed Extensions

Notes 1-8 apply to the entire table

DDR3L-1866
Parameter Symbol Min Max Unit Notes
Clock Timing
Clock period average: DLL | Tc= 0°C to 85°C tCK (DLL_DIS) 8 7800 ns 9,42
disable mode
Tc =>85°Cto 95°C 8 3900 ns 42
Clock period average: DLL enable mode tCK (AVG) See Speed Bin Tables for ns 10, 11
tCK range allowed
High pulse width average tCH (AVG) 0.47 0.53 CK 12
Low pulse width average tCL (AVG) 0.47 0.53 CcK 12
Clock period jitter DLL locked YiTper -60 60 ps 13
DLL locking tJITper,Ick -50 50 ps 13
Clock absolute period tCK (ABS) MIN = tCK (AVG) MIN ps
+YITper MIN;
MAX = 'CK (AVG) MAX +
YiTper MAX
Clock absolute high pulse width tCH (ABS) 0.43 - tCK (AVG) 14
Clock absolute low pulse width tCL (ABS) 0.43 - tCK (AVG) 15
Cycle-to-cycle jitter DLL locked Y1Tee 120 ps 16
DLL locking YITee, Ick 100 ps 16
Cumulative error across 2 cycles tERR2per -88 88 ps 17
3 cycles tERR3per -105 105 ps 17
4 cycles tERR4per -117 117 ps 17
5 cycles YERRSper -126 126 ps 17
6 cycles tERR6per -133 133 ps 17
7 cycles tERR7per -139 139 ps 17
8 cycles tERR8per -145 145 ps 17
9 cycles tERR9per -150 150 ps 17
10 cycles tERR10per -154 154 ps 17
11 cycles YERR11per -158 158 ps 17
12 cycles tERR12per -161 161 ps 17
n=13,14...49,50 YERRnper YERRnper MIN = (1 + ps 17
cycles 0.68In[n]) x YlTper MIN
'ERRnper MAX = (1 +
0.68In[n]) x YITper MAX
DQ Input Timing
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DDR3L-1866
Parameter Symbol Min Max Unit Notes
Data setup time to DQS, Base (specification) tDs 70 - ps 18, 19
DQS# @ 2 V/ns (AC130)
VRrer @ 2 V/ns 135 - ps 19, 20
Data hold time from DQS, | Base (specification) tDH 75 - ps 18, 19
DQS# @ 2 Vins (DC90)
VRer @ 2 V/ns 110 - ps 19, 20

Minimum data pulse width tDIPW 320 - ps 41

DQ Output Timing

DQS, DQS# to DQ skew, per access tDQSQ - 85 ps

DQ output hold time from DQS, DQS# tQH 0.38 - tCK (AVG) 21

DQ Low-Z time from CK, CK# Y 7zDQ -390 195 ps 22,23

DQ High-Z time from CK, CK# tHzDQ - 195 ps 22,23

DQ Strobe Input Timing

DQS, DQS# rising to CK, CK# rising tpDQss -0.27 0.27 cK 25

DQS, DQS# differential input low pulse width tpQsL 0.45 0.55 CK

DQS, DQS# differential input high pulse width tDQSH 0.45 0.55 CK

DQS, DQS# falling setup to CK, CK# rising tpss 0.18 - CcK 25

DQS, DQS# falling hold from CK, CK# rising tDSH 0.18 - CcK 25

DQS, DQS# differential WRITE preamble YWPRE 0.9 - cK

DQS, DQsS# differential WRITE postamble YWPST 0.3 - cK

DQ Strobe Output Timing

DQS, DQS# rising to/from rising CK, CK# tbQscK -195 195 ps 23

DQS, DQS# rising to/from rising CK, CK# when tpQsck 1 10 ns 26
DLL is disabled (DLL_DIS)

DQS, DQS# differential output high time tQSH 0.40 - CK 21

DQS, DQS# differential output low time tQsL 0.40 - CK 21

DQS, DQS# Low-Z time (RL - 1) 1LZDQs -390 195 ps 22,23

DQS, DQS# High-Z time (RL + BL/2) tHzDQS - 195 ps 22,23

DQS, DQS# differential READ preamble tRPRE 0.9 Note 24 CK 23,24

DQS, DQs# differential READ postamble tRPST 0.3 Note 27 CcK 23,27
Command and Address Timing

DLL locking time IDLLK 512 - CcK 28
CTRL, CMD, ADDR Base (specification) Y 65 - ps 29, 30, 44
setup to CK,CK# Vegr @ 1 V/ns (AC135) 200 N ps 20, 30
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DDR3L-1866
Parameter Symbol Min Max Unit Notes
CTRL, CMD, ADDR Base (specification) ts 150 - ps 29, 30, 44
setup to CK,CKi# Vegr @ 1 Vins (AC125) 275 _ ps 20, 30
CTRL, CMD, ADDR hold Base (specification) tH 110 - ps 29, 30
from CK,CK# Vegr @ 1 Vins 200 _ ps 20, 30
(DC90)
Minimum CTRL, CMD, ADDR pulse width tpw 535 - ps 41
ACTIVATE to internal READ or WRITE delay tRCD See Speed Bin Tables for ns 31
t
RCD
PRECHARGE command period tRp See Speed Bin Tables for ns 31
RP
ACTIVATE-to-PRECHARGE command period tRAS See Speed Bin Tables for ns 31, 32
t
RAS
ACTIVATE-to-ACTIVATE command period tRC See Speed Bin Tables for ns 31,43
RC
ACTIVATE-to-ACTIVATE 1KB page size tRRD MIN = greater of 4CK or CK 31
minimum command 5ns
period -
2KB page size MIN = greater of 4CK or CK 31
6ns
Four ACTIVATE 1KB page size tFAW 27 - ns 31
windows 2KB page size 35 - ns 31
Write recovery time YWR MIN = 15ns; MAX = N/A ns 31,32, 33
Delay from start of internal WRITE transaction to tWTR MIN = greater of 4CK or CK 31,34
internal READ command 7.5ns; MAX = N/A
READ-to-PRECHARGE time RTP MIN = greater of 4CK or CK 31, 32
7.5ns; MAX = N/A
CAS#-to-CAS# command delay tced MIN = 4CK; MAX = N/A CK
Auto precharge write recovery + precharge time DAL MIN = WR + 'RP/tCK CcK
(AVG); MAX = N/A
MODE REGISTER SET command cycle time tMIRD MIN = 4CK; MAX = N/A CK
MODE REGISTER SET command update delay t\MOD MIN = greater of 12CK or CcK
15ns; MAX = N/A
MULTIPURPOSE REGISTER READ burst end to 'MIPRR MIN = 1CK; MAX = N/A CK
mode register set for multipurpose register exit
Calibration Timing
ZQCL command: Long cal- | POWER-UP and t7Qinit MIN = N/A CK
ibration time RESET operation MAX = MAX(512nCK,
640ns)
Normal operation tZQoper MIN = N/A CK
MAX = MAX(256nCK,
320ns)
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DDR3L-1866
Parameter Symbol Min ‘ Max Unit Notes
ZQCS command: Short calibration time MIN = N/A CcK
MAX = MAX(64nCK, 80ns) 'ZQCSs
Initialization and Reset Timing
Exit reset from CKE HIGH to a valid command PR MIN = greater of 5CK or CcK
'RFC + 10ns; MAX = N/A
Begin power supply ramp to power supplies sta- DDPR MIN = N/A; MAX = 200 ms
ble
RESET# LOW to power supplies stable tRPS MIN = 0; MAX = 200 ms
RESET# LOW to I/0 and Ryt High-Z tioz MIN = N/A; MAX = 20 ns 35
Refresh Timing
REFRESH-to-ACTIVATE or REFRESH tRFC - 1Gb MIN = 110; MAX = 70,200 ns
command period
tREC-2Gb | MIN = 160; MAX = 70,200 ns
tRFC - 4Gb MIN = 260; MAX = 70,200 ns
tREC — 8Gb MIN = 350; MAX = 70,200 ns
Maximum refresh Tc < 85°C - 64 (1X) ms 36
period
Tc > 85°C 32 (2X) ms 36
Maximum average Tc <85°C tREFI 7.8 (64ms/8192) 15 36
periodic refresh
Tc > 85°C 3.9 (32ms/8192) us 36
Self Refresh Timing
Exit self refresh to commands not requiring a txs MIN = greater of 5CK or cK
locked DLL tRFC + 10ns; MAX = N/A
Exit self refresh to commands requiring a tXSDLL MIN = 'DLLK (MIN); CcK 28
locked DLL MAX = N/A
Minimum CKE low pulse width for self refresh tCKESR MIN = tCKE (MIN) + CK; cK
entry to self refresh exit timing MAX = N/A
Valid clocks after self refresh entry or tCKSRE MIN = greater of 5CK or cK
power-down entry 10ns; MAX = N/A
Valid clocks before self refresh exit, tCKSRX MIN = greater of 5CK or CK
power-down exit, or reset exit 10ns; MAX = N/A
Power-Down Timing
CKE MIN pulse width tCKE (MIN) Greater of 3CK or 5ns CcK
Command pass disable delay tCPDED MIN = 2; cK
MAX = N/A
Power-down entry to power-down exit timing tpp MIN = tCKE (MIN); cK
MAX = 9 x 'REF
Begin power-down period prior to CKE tANPD WL - 1CK CK
registered HIGH
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DDR3L-1866
Parameter Symbol Min ‘ Max Unit Notes
Power-down entry period: ODT either PDE Greater of tANPD or RFC - CcK
synchronous or asynchronous REFRESH command to CKE
LOW time
Power-down exit period: ODT either PDX TANPD + UXXPDLL CK
synchronous or asynchronous
Power-Down Entry Minimum Timing
ACTIVATE command to power-down entry tACTPDEN MIN =2 CK
PRECHARGE/PRECHARGE ALL command to tPRPDEN MIN = 2 cK
power-down entry
REFRESH command to power-down entry tREFPDEN MIN =2 cK 37
MRS command to power-down entry tMIRSPDEN MIN = tMOD (MIN) CK
READ/READ with auto precharge command to tRDPDEN MIN=RL+4 +1 cK
power-down entry
WRITE command to BL8 (OTF, MRS) “WRPDEN MIN = WL + 4 + CK
power-down entry BC4OTF Y"WR/ACK (AVG)
BC4AMRS YWRPDEN MIN = WL + 2 + CK
"WR/'CK (AVG)
WRITE with auto pre- BL8 (OTF, MRS) YWRAPDEN MIN=WL +4 + WR + 1 CK
charge command to BC4OTF
power-down entry BCAMRS tWRAPDEN | MIN=WL+2+WR + 1 K
Power-Down Exit Timing
DLL on, any valid command, or DLL off to txp MIN = greater of 3CK or CK
commands not requiring locked DLL 6ns;
MAX = N/A
Precharge power-down with DLL off to tXPDLL MIN = greater of 10CK or cK 28
commands requiring a locked DLL 24ns; MAX = N/A
ODT Timing
Ryt synchronous turn-on delay ODTL on CWL + AL - 2CK CK 38
Ryt synchronous turn-off delay ODTL off CWL + AL - 2CK CK 40
Ryt turn-on from ODTL on reference tAON -195 195 ps 23,38
Rt turn-off from ODTL off reference tAOF 0.3 0.7 cK 39, 40
Asynchronous Ryt turn-on delay tAONPD MIN = 2; MAX = 8.5 ns 38
(power-down with DLL off)
Asynchronous Ryt turn-off delay tAOFPD MIN = 2; MAX = 8.5 ns 40
(power-down with DLL off)
ODT HIGH time with WRITE command and BL8 ODTHS8 MIN = 6; MAX = N/A CK
ODT HIGH time without WRITE command or with ODTH4 MIN = 4; MAX = N/A cK
WRITE command and BC4
Dynamic ODT Timing
R1T,nom to-Rrrwr) change skew ODTLcnw WL - 2CK CK
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DDR3L-1866
Parameter Symbol Min ‘ Max Unit Notes
Rr1(wRr)t0-RTT nom change skew - BC4 ODTLcwn4 4CK + ODTLoff CK
RrrwRr)tO-R1T nom change skew - BL8 ODTLcwn8 6CK + ODTLoff CK
Ryt dynamic change skew tADC 0.3 0.7 CcK 39
Write Leveling Timing
First DQS, DQS# rising edge YWLMRD 40 - CK
DQS, DQS# delay YWLDQSEN 25 - CcK
Write leveling setup from rising CK, CK# tWLS 140 - ps
crossing to rising DQS, DQS# crossing
Write leveling hold from rising DQS, DQS# tWLH 140 - ps
crossing to rising CK, CK# crossing
Write leveling output delay tWLO 0 7.5 ns
Write leveling output error YWLOE 0 2 ns
Notes: 1. AC timing parameters are valid from specified T¢ MIN to Tc MAX values.

2. All voltages are referenced to Vsgs.

3. Output timings are only valid for Rgynz4 output buffer selection.

4. The unit 'CK (AVG) represents the actual 'CK (AVG) of the input clock under operation. The unit CK represents one
clock cycle of the input clock, counting the actual clock edges.

5. ACtiming and Ipp tests may use a V| -to-V|y swing of up to 900mV in the test environment, but input timing is still
referenced to Vgge (except YIS, YIH, DS, and 'DH use the
AC/DC trip points and CK, CK# and DQS, DQS# use their crossing points). The minimum slew rate for the input
signals used to test the device is 1 V/ns for single-ended inputs (DQs are at 2V/ns for DDR3-1866) and 2 V/ns for
differential inputs in the range between V, (ac) and V(a0

6. All timings that use time-based values (ns, ps, ms) should use tCK (AVG) to determine the correct number of clocks
(76 uses CK or 'CK [AVG] interchangeably). 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 refers to the DQS and DQS# differential crossing point when DQS is the rising edge. Clock or CK
refers to the CK and CK# differential crossing point when CK is the rising edge.

8. This output load is used for all AC timing (except ODT reference timing) and slew rates. The actual test load may
be different. The output signal voltage reference point is Vpp/2 for single-ended signals and the crossing point
for differential signals (see 26).

9. When operating in DLL disable mode, Micron does not warrant compliance with normal mode timings or function-
ality.

10. The clock’s 'CK (AVG) is the average clock over any 200 consecutive clocks and tCK (AVG) MIN is the smallest clock
rate allowed, with the exception of a deviation due to clock jitter. Input clock jitter is allowed 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 in the range of 20-60 kHz with an additional 1% of 'CK (AVG) as a long-term
jitter component; however, the spread spectrum may not use a clock rate below 'CK (AVG) MIN.

12. The clock’s 'CH (AVG) and 'CL (AVG) are the average half clock period over any 200 consecutive clocks and is the
smallest clock half period allowed, with the exception of a deviation due to clock jitter. Input clock jitter is allowed
provided it does not exceed values specified and must be of a random Gaussian distribution in nature.

13. The period jitter (tJITper) is the maximum deviation in the clock period from the average or nominal clock. It is

allowed in either the positive or negative direction.

14.CH (ABS) is the absolute instantaneous clock high pulse width as measured from one rising edge to the following

falling edge.
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15. 'CL (ABS) is the absolute instantaneous clock low pulse width as measured from one falling edge to the following
rising edge.

16. The cycle-to-cycle jitter YITcc is the amount the clock period can deviate from one cycle to the next. It is important
to keep cycle-to-cycle jitter at a minimum during the DLL locking time.

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

18. DS (base) and 'DH (base) values are for a single-ended 1 V/ns slew rate DQs (DQs are at 2V/ns for DDR3-1866) and
2 V/ns slew rate differential DQS, DQS#; when DQ single-ended slew rate is 2V/ns, the DQS differential slew rate is
4\/ns.

19. These parameters are measured from a data signal (DM, DQO, DQ1, and so forth) transition edge to its respective
data strobe signal (DQS, DQS#) crossing.

20. The setup and hold times are listed converting the base specification values (to which derating tables apply) to
Vger When the slew rate is 1 V/ns (DQs are at 2V/ns for DDR3-1866). These values, with a slew rate of 1 V/ns (DQs
are at 2V/ns for DDR3-1866), are for reference only.

21. When the device is operated with input clock jitter, this parameter needs to be derated by the actual UITper (larger
of tJITper (MIN) or "JITper (MAX) of the input clock (output deratings are relative to the SDRAM input clock).

22.Single-ended signal parameter.

23. The DRAM output timing is aligned to the nominal or average clock. Most output parameters must be derated by
the actual jitter error when input clock jitter is present, even when within specification. This results in each param-
eter becoming larger. The following parameters are required to be derated by subtracting 'ERR10per (MAX):
DQSCK (MIN), 'LZDQS (MIN), t1LZDQ (MIN), and AON (MIN). The following parameters are required to be derated
by subtracting 'ERR10per (MIN): tDQSCK (MAX), tHZ (MAX), 1LZDQS (MAX), 'LZDQ (MAX), and AON (MAX). The
parameter 'RPRE (MIN) is derated by subtracting UITper (MAX), while tRPRE (MAX) is derated by subtracting YITper
(MIN).

24. The maximum preamble is bound by 1LZDQS (MAX).

25. These parameters are measured from a data strobe signal (DQS, DQS#) crossing to its respective clock signal (CK,
CK#) crossing. The specification values are not affected by the amount of clock jitter applied, as these are relative
to the clock signal crossing. These parameters should be met whether clock jitter is present.

26. The 'DQSCK (DLL_DIS) parameter begins CL + AL - 1 cycles after the READ command.

27. The maximum postamble is bound by tHZDQS (MAX).

28. Commands requiring a locked DLL are: READ (and RDAP) and synchronous ODT commands. In addition, after any
change of latency 'XPDLL, timing must be met.

29.1S (base) and tIH (base) values are for a single-ended 1 V/ns control/command/address slew rate and 2 V/ns CK, CK#
differential slew rate.

30. These parameters are measured from a command/address signal transition edge to its respective clock (CK, CK#)
signal crossing. The specification values are not affected by the amount of clock jitter 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.

31. For these parameters, the DDR3 SDRAM device supports 'nPARAM (nCK) = RU(PARAM [ns]/*CK[AVG] [ns]),
assuming all input clock jitter specifications are satisfied. For example, the device will support 'nRP (nCK) =
RU(tRP/LCK[AVG]) if all input clock jitter specifications are met. This means that for DDR3-800 6-6-6, of which 'RP =
5ns, the device will support 'nRP = RU(RPACK[AVG]) = 6 as long as the input clock jitter specifications are met. That
is, the PRECHARGE command at TO and the ACTIVATE command at TO + 6 are valid even if six clocks are less than
15ns due to input clock jitter.

32. During READs and WRITEs with auto precharge, the DDR3 SDRAM will hold off the internal PRECHARGE command
until TRAS (MIN) has been satisfied.

33. When operating in DLL disable mode, the greater of 4CK or 15ns is satisfied for 'WR.

34. The start of the write recovery time is defined as follows:

* For BL8 (fixed by MRS or OTF): Rising clock edge four clock cycles after WL
* For BC4 (OTF): Rising clock edge four clock cycles after WL

» For BC4 (fixed by MRS): Rising clock edge two clock cycles after WL
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35. RESET# should be LOW as soon as power starts to ramp to ensure the outputs are in High-Z. Until RESET# is LOW,
the outputs are at risk of driving and could result in excessive current, depending on bus activity.

36. The refresh period is 64ms when T is less than or equal to 85°C. This equates to an average refresh rate of 7.8125ps.
However, nine REFRESH commands should be asserted at least once every 70.3ps. When T is greater than 85°C,
the refresh period is 32ms.

37. Although CKE is allowed to be registered LOW after a REFRESH command when
'REFPDEN (MIN) is satisfied, there are cases where additional time such as XXPDLL (MIN) is required.

38. ODT turn-on time MIN is when the device leaves High-Z and ODT resistance begins to turn on. ODT turn-on time
maximum is when the ODT resistance is fully on. The ODT reference load is shown in 20. Designs that were created
prior to JEDEC tightening the maximum limit from 9ns to 8.5ns will be allowed to have a 9ns maximum.

39. Half-clock output parameters must be derated by the actual *ERR10per and YITdty when input clock jitter is
present. This results in each parameter becoming larger. The parameters tADC (MIN) and'AOF (MIN) are each
required to be derated by subtracting both 'ERR10per (MAX) and YITdty (MAX). The parameters tADC (MAX) and
tAOF (MAX) are required to be derated by subtracting both *ERR10per (MAX) and UITdty (MAX).

40. ODT turn-off time minimum is when the device starts to turn off ODT resistance. ODT turn-off time maximum is
when the DRAM buffer is in High-Z. The ODT reference load is shown in 20. This output load is used for ODT
timings (see 27).

41. Pulse width of a input signal is defined as the width between the first crossing of Vger(pc) and the consecutive
crossing of Vrerpo)-

42. Should the clock rate be larger than tRFC (MIN), an AUTO REFRESH command should have at least one NOP
command between it and another AUTO REFRESH command. Additionally, if the clock rate is slower than 40ns (25
MHz), all REFRESH commands should be followed by a PRECHARGE ALL command.

43. DRAM devices should be evenly addressed when being accessed. Disproportionate accesses to a particular row
address may result in a reduction of REFRESH characteristics or product lifetime.

44. When two V) values (and two corresponding V) (ac) values) are listed for a specific speed bin, the user may
choose either value for the input AC level. Whichever value is used, the associated setup time for that AC level
must also be used. Additionally, one Vyac) value may be used for address/command inputs and the other V|y(a¢)
value may be used for data inputs.

For example, for DDR3-800, two input AC levels are defined: V ac175),min @nd Vi(ac150) min (cOrresponding
ViLact75),min @nd Vi (ac150),min)- For DDR3-800, the address/command inputs must use either Viyac175) min With

YS(AC175) of 200ps or VIH(AC150),min With YS(AC150) of 350ps; independently, the data inputs must use either
ViH(aC175),min With TDS(AC175) of 75ps or V|pyac150),min With 'DS(ACT50) of 125ps.
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Command and Address Setup, Hold, and Derating

The total 'IS (setup time) and 'TH (hold time) required is calculated by adding the data sheet ‘IS (base)
and TH (base) values (see the table below. Values come from the Electrical Characteristics and AC
Operating Conditions Table to the A'IS and A'TH derating values (see the derating values tables below).
Example: S (total setup time) = IS (base) + A'IS. For a valid transition, the input signal has to remain
above/below Vi ac)/ Vi ac) for some time 'VAC (see DDR3L Minimum Required Time table below).

Although the total setup time for slow slew rates might be negative (for example, a valid input signal
will not have reached Vipac)/ Vi ac at the time of the rising clock transition), a valid input signal is still

required to complete the transition and to reach Vipyac)/Virac)- (See the DDR3L 1.35V Input Signal

figure in the Electrical Specifications - DC and AC section for input signal requirements.) For slew rates
that fall between the values listed in the AC160/DC90-based and AC125/DC90-based derating values
tables below, the derating values may be obtained by linear interpolation.

Setup ('IS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VRrerme) and the first crossing of Vi (acymin- Setup (YIS) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of Vyggpc) and the first crossing of Vi (zcymax- If the actual
signal is always earlier than the nominal slew rate line between the shaded Vygppc)-to-AC region, use
the nominal slew rate for derating value (see the Nominal Slew Rate and 'VAC for 'IS figure below). If
the actual signal is later than the nominal slew rate line anywhere between the shaded Vggppc)-to-AC
region, the slew rate of a tangent line to the actual signal from the AC level to the DC level is used for
derating value (see the Tangent Line for 'S figure below).

Hold (‘IH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(DC)max and the first crossing of Vygpp). Hold (‘IH) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of Viypcymin and the first crossing of Vygprpe)-. If the actual
signal is always later than the nominal slew rate line between the shaded DC-to-Vggppc) region, use
the nominal slew rate for derating value (see the Nominal Slew Rate for 'TH figure below). If the actual
signal is earlier than the nominal slew rate line anywhere between the shaded DC-to-Vggppc) region,
the slew rate of a tangent line to the actual signal from the DC level to the Vggppc, level is used for

derating value (see the Tangent Line for 'TH figure below).
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Table 77: DDR3L Command and Address Setup and Hold Values 1 V/ns Referenced - AC/DC-Based

Symbol 800 1066 1333 1600 1866 Unit Reference
tS(base, AC160) 215 140 80 60 - ps VinaoNiLao
tS(base, AC135) 365 290 205 185 65 ps VinaoNiwao
YS(base, AC125) - - - - 150 ps Vinao/Vivao
YH(base, DCI0) 285 210 150 130 110 ps Vinoo/NiLpo)

Table 78: DDR3L-800/1066/1333/1600 Derating Values for I1S/'/IH - AC160/DC90-Based

AtY1S, AtIH Derating (ps) - AC/DC-Based
CMD/AD CK, CKi Differential Slew Rate
DR Slew [""4 0 v/ns 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins
Rate
Vins | AYUS | AYIH | AYS | AYIH | AYS | AYIH | AYiS | AYH | AYS | AYH | AYS | AYH | AYS | AYH | AtS | AYH
2.0 80 45 80 45 80 45 88 53 96 61 104 69 112 79 120 95
1.5 53 30 53 30 53 30 61 38 69 46 77 54 85 64 93 80
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 -1 -3 -1 -3 -1 -3 7 5 15 13 23 21 31 31 39 47
0.8 -3 -8 -3 -8 -3 -8 5 1 13 9 21 17 29 27 37 43
0.7 -5 -13 -5 -13 -5 -13 3 -5 11 3 19 11 27 21 35 37
0.6 -8 -20 -8 -20 -8 -20 0 -12 8 -4 16 4 24 14 32 30
0.5 -20 | 30 | =20 | =30 | =20 | =30 | -12 | 22 -4 -14 4 -6 12 4 20 20
0.4 -40 | 45 | 40 | 45 | 40 | 45 | 32 | 37 | -24 | =29 | 16 | -21 -8 -1 0 5

Table 79: DDR3L-800/1066/1333/1600 Derating Values for tIS/'IH - AC135/DC90-Based

AY1S, AYIH Derating (ps) - AC/DC-Based
CMD/AD CK, CK# Differential Slew Rate
DR Slew 4.0 vins 3.0V/ns | 2.0V/ns 1.8 V/ins 1.6 V/ns 1.4 Vins 1.2 V/ins 1.0 V/ns
Rate
Vins | AUS | AYH | AYS | AYIH | AYS | AYH | AYiS | AYH | AYS | AYiH | AYS | AYH | AtiS | AYH | At | AYiH
2.0 68 | 45 | 68 | 45 | 68 | 45 | 76 | 53 | 8 | 61 | 92 | 69 | 100 | 79 | 108 | 95
1.5 45 | 30 | 45 | 30 | 45 | 30 | 53 | 38 | 61 | 46 | 69 | 54 | 77 | 64 | 8 | 80
1.0 0 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
0.9 2 -3 2 -3 2 -3 | 10 5 18 | 13 | 26 | 21 | 34 | 31 | 42 | 47
0.8 3 -8 3 -8 3 -8 | N 1 19 9 27 | 17 | 35 | 27 | 43 | 43
0.7 6 | 13| 6 | -13| 6 | -13| 14 | -5 | 22 3 30 | 11 | 38 | 21 | 46 | 37
0.6 9 | 20| 9 |20 9 |20 17 | 12| 25 | 4 | 33 4 | 41 | 14 | 49 | 30
0.5 5 |30 | 5 |-30| 5 |-30| 13 |22 21 |-14| 29 | -6 | 37 4 | 45 | 20
0.4 3 | 45| 3 | 45| 3 | 45| 6 | 37| 14 | 29 | 22 | =21 | 30 | -11 | 38 5
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Table 80: DDR3L-1866 Derating Values for IS/tIH - AC125/DC90-Based

A%Y1S, AtIH Derating (ps) - AC/DC-Based
CMD/AD CK, CKi Differential Slew Rate
DR Slew [""4 0 v/ns 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins
Rate
Vins | AYUS | AYIH | AYS | AYIH | AYS | AYH | AYIS | AYH | AYS | AYH | AYS | AYH | AYS | AYH | At | AYH
2.0 63 45 63 45 63 45 71 53 79 61 87 69 95 79 103 95
1.5 42 30 42 30 42 30 50 38 58 46 66 54 74 64 82 80
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 3 -3 3 -3 3 -3 11 5 19 13 27 21 35 31 43 47
0.8 6 -8 6 -8 6 -8 14 1 22 9 30 17 38 27 46 43
0.7 10 -13 10 -13 10 -13 18 -5 26 3 34 11 42 21 50 37
0.6 16 -20 16 -20 16 -20 24 -12 32 -4 40 4 48 14 56 30
0.5 15 -30 15 -30 15 -30 23 -22 31 -14 39 -6 47 4 55 20
0.4 13 —45 13 -45 13 -45 21 =37 29 -29 37 =21 45 -1 53 5
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Table 81: DDR3L Minimum Required Time *VAC Above Vin(ac) (Below V|, 1ac)) for Valid ADD/CMD

Transition
Slew Rate (V/ns) DDR3L-800/1066/1333/1600 DDR3L-1866
tVAC at 160mV tVAC at 135mVv tVAC at 135mV tYAC at 125mV

(ps) (ps) (ps) (ps)
>2.0 200 213 200 205
2.0 200 213 200 205
1.5 173 190 178 184
1.0 120 145 133 143
0.9 102 130 118 129
0.8 80 111 99 11
0.7 51 87 75 89
0.6 13 55 43 59
0.5 Note 1 10 Note 1 18
<0.5 Note 1 10 Note 1 18

Note: 1. Rising inputsignal shall become equal to or greater than V|y(ac) level and Falling input signal shall become equal
to or less than V| ac) level.
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Figure 30: Nominal Slew Rate and 'VAC for IS (Command and Address - Clock)
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Figure 31: Nominal Slew Rate for 'lH (Command and Address - Clock)
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Figure 32: Tangent Line for YIS (Command and Address - Clock)
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Figure 33: Tangent Line for 'IH (Command and Address - Clock)
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Data Setup, Hold, and Derating

The total 'DS (setup time) and 'DH (hold time) required is calculated by adding the data sheet ‘DS
(base) and 'DH (base) values (see the DDR3L Data Setup and Hold Values 1 V/ns Reference —
AC/DC-Based table below). Values come from the Electrical Characteristics and AC Operating Condi-
tions Table to the A'!DS and A'!DH derating values (see the derating values tables below). Example: DS
(total setup time) = DS (base) + A'DS. For a valid transition, the input signal has to remain above/below
Vinac)/ ViLac for some time YWAC (see DDR3L Minimum Required Time table below).

Although the total setup time for slow slew rates might be negative (for example, a valid input signal
will not have reached Vigyac)/ Vi ac)) at the time of the rising clock transition), a valid input signal is

still required to complete the transition and to reach
Vin/ViLac)- For slew rates that fall between the values listed in the AC160/DC90-based and

AC125/DC90-based derating values tables below, the derating values may obtained by linear interpo-
lation.

Setup (‘DS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VRrerme) and the first crossing of Vigyacymin- Setup (‘DS) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of Vyggpc) and the first crossing of Vi (scymax- If the actual
signal is always earlier than the nominal slew rate line between the shaded Vygppc)-to-AC region, use
the nominal slew rate for derating value (see the Nominal Slew Rate and 'VAC for 'DS figure below). If
the actual signal is later than the nominal slew rate line anywhere between the shaded Vggppc)-to-AC
region, the slew rate of a tangent line to the actual signal from the AC level to the DC level is used for
derating value (see the Tangent Line for ‘DS figure below).

Hold (*DH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(DC)max and the first crossing of Vgggpc)- Hold (‘DH) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of Vi pcymin and the first crossing of Vg If the actual
signal is always later than the nominal slew rate line between the shaded DC-to-Vggppc) region, use
the nominal slew rate for derating value (see the Nominal Slew Rate for 'DH figure below). If the actual
signal is earlier than the nominal slew rate line anywhere between the shaded DC-to-Vggppc) region,
the slew rate of a tangent line to the actual signal from the DC-to-Vggppc) region is used for derating

value (see the Tangent Line for ‘DH figure below).

CCMTD-1725822587-7895 1 1 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Table 82: DDR3L Data Setup and Hold Values at 1 V/ns (DQS, DQS# at 2 V/ns) - AC/DC-Based

2Gb: x4, x8, x16 DDR3L SDRAM
Data Setup, Hold, and Derating

Symbol 800 1066 1333 1600 1866 Unit Reference
DS (base) AC160 90 40 - - - ps Vinao/ViLac
DS (base) AC135 140 90 45 25 - ps
DS (base) AC130 - - - - 70 ps
DH (base) DC90 160 110 75 55 - ps
'DH (base) DC90 - - - - 75 ps
Slew Rate Referenced 1 1 1 1 2 V/ns
Table 83: DDR3L Derating Values for 'DS/'DH - AC160/DC90-Based
A'DS, A'DH Derating (ps) - AC/DC-Based
DQ DQS, DQS# Differential Slew Rate
Slew 4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 Vins 1.2 V/ns 1.0 V/ns
Rate
Vins | A'DS |A'DH | A'™DS |A'DH | A'DS | A'DH | A'DS | A'™DH | A'DS | A'DH | A'™DS | A'DH | A'DS | A'™DH | A'DS | A'DH
2.0 80 | 45 | 80 | 45 | 80 | 45
1.5 53 | 30 | 53 | 30 | 53 | 30 | 61 | 38
1.0 0 0 0 0 0 0 8 8 16 | 16
0.9 -1 | 3| 1| 3 7 15 | 13 | 23 | 21
0.8 -3 | -8 5 1 13 9 21 17 | 29 | 27
0.7 3| -5 | 11 3 19 | 11 | 27 | 21 | 35 | 37
0.6 8 -4 | 16 24 | 14 | 32 | 30
0.5 4 12 4 20 | 20
0.4 -8 | -1 0 5
Table 84: DDR3L Derating Values for 'DS/!DH - AC135/DC100-Based
A'DS, A'DH Derating (ps) - AC/DC-Based
DQ DQS, DQS# Differential Slew Rate
Slew 4.0 V/ns 3.0 V/ns 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 V/ns 1.0 Vins
Rate
Vins |A'DS |A'™DH | A'DS | A'DH | A'™DS | A'DH | A'DS | A'™DH | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH | A'™DS | A*'DH
2.0 68 | 45 | 68 | 45 | 68 | 45
1.5 45 | 30 | 45 | 30 | 45 | 30 | 53 | 38
1.0 0 0 0 0 0 0 8 8 16 | 16
0.9 -3 -3 | 10 18 | 13 | 26 | 21
0.8 3 -8 | 1 1 19 9 27 | 17 | 35 | 27
0.7 14 | -5 | 22 3 30 | 11 38 | 21 | 46 | 37
0.6 25 | 4 | 33 4 41 14 | 49 | 30
0.5 39 | 6 | 37 4 45 | 20
0.4 30 | -11 | 38 5
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Table 85: DDR3L Derating Values for 'DS/'DH - AC130/DC100-Based at 2V/ns

Shaded cells indicate slew rate combinations not supported

A'DS, A'DH Derating (ps) - AC/DC-Based

o DQS, DQSi# Differential Slew Rate

S| 80Vins| 70Vins | 6.0V/ns | 5.0V/ns | 4.0 V/ns | 3.0 V/ns 20V/Ins | 1.8V/ns | 1.6 VIns | 1.4V/ns | 1.2V/ns | 1.0 Vins
S

3 A| A| A| A| A] A] A A A|A|A|A|A|A|A|A|A|A|A|A|A|]A]A]A
o|'DS |'DH | DS |*'DH | DS |'DH | 'DS |'DH | *'DS |'DH | *'DS | 'DH | 'DS | 'DH | 'DS | *DH | 'DS | *DH | 'DS | 'DH | 'DS | 'DH | 'DS | 'DH
40 | 33 | 23 | 33| 23|33 | 23

35|28 |19 | 28 |19 | 28 | 19 | 28 | 19

3022 (15|22 | 15| 22| 15| 22| 15| 22| 15

2.5 3] 9 |13 9 |13 9 |13 9 13|29

2.0 o|lo|o|o|o0o|lOoO|O|O|]O]|oO

1.5 22| -15|-22|-15|-22|-15|-22|-15|-14 | -7

1.0 —65 | -45 | 65 | -45 | 65 | —45 | -57 | -37 | —49 | —29

0.9 62 | -48 | 62 | -48 | 54 | -40 | -46 | -32 | -38 | -24

0.8 61| 53|53 |-45|-45| 37 | 37 | 29 | 29 | -19

0.7 49 | 50 | 41| 42 | 33| -34|-25|-24|-17 | -8
0.6 37 | -49 | -29 | -41 | 21| =31 | -13 | 15
0.5 31| -51|-23|-41|-15|-25
0.4 -28 | -56 | —20 | 40
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Table 86: DDR3L Minimum Required Time *VAC Above Vin(ac) (Below Vj, (p¢)) for Valid DQ Transition

Slew Rate (V/ns)

DDR3L-800/1066

DDR3L-800/1066/1333

DDR3L-1866 130mV

S68£-/857Z8STLL-ALNDD

N3 2202/€0 d "AdY - Jpd1€4AA 9T

160mV (ps) min 135mV (ps) min (ps) min
>2.0 165 113 95
2.0 165 113 95
1.5 138 90 73
1.0 85 45 30
0.9 67 30 16
0.8 45 11 Note1
0.7 16 Note1 -
0.6 Note1 Note1 -
0.5 Note1 Note1 -
<0.5 Note1 Note1 -
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Note: 1. Rising input signal shall become equal to or greater than V(ac) level and Falling input signal shall become equal to or less than V| ac) level.
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Data Setup, Hold, and Derating

Figure 34: Nominal Slew Rate and *VAC for 'DS (DQ - Strobe)
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Figure 35: Nominal Slew Rate for 'DH (DQ - Strobe)
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Figure 36: Tangent Line for 'DS (DQ - Strobe)

Nominal
VIH(AC)min 7777777777777777777777777777777777777
VRer to AC
region
ViHpomin  EEsmsnisnsisistssss ittt st Nt bttt
Tangent
line
VREF(DC) NN rnnnnnnisnn s nnnnnnnnnsnn s nnns N nn s nnnnnn s nn nnnn s ne A .
Tangent
| —
VIL(DC)max ES BT PR BT, NAXPER O P S P R R SRR R ST b G Y FEH SER SER SEH] BERISERSEH AR ST S S ST ST ST ST ST ST ST ST S S O
VIL(AC)max Y R\ G < - -
Nominal
line
tyAC ATR
Vgg ——— |- - - - - —————— - - - - - - - -
Setup slew rate  Tangent line (V;yacimin = Vrerpc)
rising signal =
gsi9 ATR
I e
ATF Setup S/E|{V rate  Tangent line (Vrerne) - ViLacimax)
falling signal =
ATF
Note: 1. The clock and the strobe are drawn on different time scales.
CCMTD-1725822587-7895 1 21 Micron Technology, Inc. reserves the right to change products or specifications without notice.
2Gb_DDR3L.pdf - Rev. P 03/2022 EN © 2015 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.Com.


http://www.arrow.com

AMcron

Figure 37: Tangent Line for 'DH (DQ - Strobe)
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Commands - Truth Tables

Table 87: Truth Table - Command

Notes 1-5 apply to the entire table

CKE
Prev. | Next BA Al11,
Function Symbol | Cycle | Cycle | CS# | RAS# | CAS# | WE# |[2:0] | An | A12| A10| 9:0] | Notes
MODE REGISTER SET MRS H H L L L L BA OP code
REFRESH REF H H L L L H \% \% \% \% \%
Self refresh entry SRE H L L L L H Y, Vv \Y Y, Vv 6
Self refresh exit SRX L H H \Y \Y \Y \Y \Y \Y \Y \Y 6,7
L H H H
Single-bank PRECHARGE PRE H H L L H L BA \Y, \% L Y,
PRECHARGE all banks PREA H H L L H L \% \ H \%
Bank ACTIVATE ACT H H L L H H BA Row address (RA)
WRITE BL8MRS, WR H H L H L L BA | RFU \% L CA 8
BC4MRS
BC4OTF WRS4 H H L H L L BA | RFU L L CA
BL8OTF WRS8 H H L H L L BA | RFU H L CA
WRITE BL8MRS, WRAP H H L H L L BA | RFU \% H CA
with auto BC4MRS
precharge  "BCAGTF | WRAPS4| H H L | H L L |BA|RFU| L | H| cA
BL8OTF WRAPS8 H H L H L L BA | RFU H H CA
READ BL8MRS, RD H H L H L H BA | RFU \% L CA
BC4MRS
BC4OTF RDS4 H H L H L H BA | RFU L L CA
BL8OTF RDS8 H H L H L H BA | RFU H L CA
READ BL8MRS, RDAP L H L H BA | RFU \% H CA
with auto BC4MRS
precharge  "gc40TF | RDAPSA | H H L] H L | H|BA|[RU[] L | H| ca
BL8OTF RDAPS8 H H L H L H BA | RFU H H CA
NO OPERATION NOP H H L H H H \% \% \% \% \%
Device DESELECTED DES H H H X X X X X X X X 10
Power-down entry PDE H L L H H H Vv Vv \Y V V 6
H \% \% \%
Power-down exit PDX L H L H H H \% \% \% \% \% 6, 11
H \% \ \
ZQ CALIBRATION LONG ZQCL L H H L X X X H X 12
ZQ CALIBRATION SHORT ZQCs L H H L X X X X

Notes: 1. Commands are defined by the states of CS#, RAS#, CAS#, WE#, and CKE at the rising edge of the clock. The MSB
of BA, RA, and CA are device-, density-, and configuration-dependent.
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2. RESET# is enabled LOW and used only for asynchronous reset. Thus, RESET# must be held HIGH during any normal
operation.

3. The state of ODT does not affect the states described in this table.

4. Operations apply to the bank defined by the bank address. For MRS, BA selects one of four mode registers.

5. “V" means “H" or “L"” (a defined logic level), and “X” means “Don’t Care."”

6. See 88 for additional information on CKE transition.

7. Self refresh exit is asynchronous.

8. Burst READs or WRITEs cannot be terminated or interrupted. MRS (fixed) and OTF BL/BC are defined in MRO.

9. The purpose of the NOP command is to prevent the DRAM from registering any unwanted commands. A NOP will
not terminate an operation that is executing.

10. The DES and NOP commands perform similarly.

11. The power-down mode does not perform any REFRESH operations.

12.ZQ CALIBRATION LONG is used for either ZQinit (first ZQCL command during initialization) or ZQoper (ZQCL
command after initialization).
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Table 88: Truth Table - CKE

Notes 1-2 apply to the entire table; see 87 for additional command details

CKE 5
Command
Previous Cycle? | Present Cycle?| (RAS#, CAS#, WE#,
Current State3 (n-1) (n) CS#) Action® Notes
Power-down L L “Don't Care” Maintain power-down
H DES or NOP Power-down exit
Self refresh L L “Don't Care” Maintain self refresh
L H DES or NOP Self refresh exit
Bank(s) active H L DES or NOP Active power-down entry
Reading H L DES or NOP Power-down entry
Writing H L DES or NOP Power-down entry
Precharging H L DES or NOP Power-down entry
Refreshing H L DES or NOP Precharge power-down
entry
All banks idle H L DES or NOP Precharge power-down 6
entry
H L REFRESH Self refresh

Notes: 1. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

2. 'CKE (MIN) means CKE must be registered at multiple consecutive positive clock edges. CKE must remain at the
valid input level the entire time it takes to achieve the required number of registration clocks. Thus, after any CKE

transition, CKE may not transition from its valid level during the time period of IS + *CKE (MIN) + tIH.

Current state = The state of the DRAM immediately prior to clock edge n.

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.

COMMAND is the command registered at the clock edge (must be a legal command as defined in 87). Action is a

result of COMMAND. ODT does not affect the states described in this table and is not listed.

6. Idle state = All banks are closed, no data bursts are in progress, CKE is HIGH, and all timings from previous opera-
tions are satisfied. All self refresh exit and power-down exit parameters are also satisfied.

AW
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DESELECT

The DESELT (DES) command (CS# HIGH) prevents new commands from being executed by the
DRAM. Operations already in progress are not affected.

NO OPERATION

The NO OPERATION (NOP) command (CS# LOW) prevents unwanted commands from being regis-
tered during idle or wait states. Operations already in progress are not affected.

ZQ CALIBRATION LONG

The ZQ CALIBRATION LONG (ZQCL) command is used to perform the initial calibration during a
power-up initialization and reset sequence (see ). This command may be issued at any time by the
controller, depending on the system environment. The ZQCL command triggers the calibration engine
inside the DRAM. After calibration is achieved, the calibrated values are transferred from the calibra-
tion engine to the DRAM 1/0, which are reflected as updated Ry and ODT values.

The DRAM is allowed a timing window defined by either ZQinit or ‘ZQoper to perform a full calibra-
tion and transfer of values. When ZQCL is issued during the initialization sequence, the timing param-

eter 'ZQinit must be satisfied. When initialization is complete, subsequent ZQCL commands require
the timing parameter 'ZQoper to be satisfied.

ZQ CALIBRATION SHORT

The ZQ CALIBRATION SHORT (ZQCS) command is used to perform periodic calibrations to account
for small voltage and temperature variations. A shorter timing window is provided to perform the

reduced calibration and transfer of values as defined by timing parameter 'ZQCS. A ZQCS command
can effectively correct a minimum of 0.5% Ry and Rypimpedance error within 64 clock cycles,

assuming the maximum sensitivities specified in .

ACTIVATE

The ACTIVATE command is used to open (or activate) a row in a particular bank for a subsequent
access. The value on the BA[2:0] inputs selects the bank, and the address provided on inputs A[7:0]
selects the row. This row remains open (or active) 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.

READ

The READ command is used to initiate a burst read access to an active row. The address provided on
inputs A[2:0] selects the starting column address, depending on the burst length and burst type
selected (see Burst Order table for additional information). The value oninput A10 determines whether
auto precharge is used. If auto precharge is selected, the row being accessed will be precharged at the
end of the READ burst. If auto precharge is not selected, the row will remain open for subsequent
accesses. The value on input A12 (if enabled in the mode register) when the READ command is issued
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determines whether BC4 (chop) or BL8 is used. After a READ command is issued, the READ burst may

not be interrupted.

Table 89: READ Command Summary

CKE
Prev. | Next BA A[11,
Function Symbol | Cycle | Cycle | CS# | RAS# | CAS# | WE# | [2:0]1| An | A12| A10| 9:0]
READ BLSMRS, RD H L H L H | BA| RFU| V L CA
BC4MRS
BC4OTF RDS4 H L H L BA | RFU | L L CA
BLSOTF RDSS H L H L BA | RFU| H CA
READ with BLSMRS, RDAP H L H L BA | RFU H CA
auto BC4MRS
precharge BC4OTF RDAPS4 H L H L BA | RFU CA
BLSOTF RDAPSS H L H L BA | RFU | H CA
WRITE

The WRITE command is used to initiate a burst write access to an active row. The value on the BA[2:0]
inputs selects the bank. The value on input A10 determines whether auto precharge is used. The value
on input A12 (if enabled in the MR) when the WRITE command is issued determines whether BC4
(chop) or BL8 is used.

Input data appearing on the DQ is written to the memory array subject to the DM input logic level
appearing coincident with the data. If a given DM signal is registered LOW, the corresponding data will
be written to memory. If the DM signal is registered HIGH, the corresponding data inputs will be
ignored and a WRITE will not be executed to that byte/column location.

Table 90: WRITE Command Summary

CKE BA
Prev. | Next A[11,
Function Symbol | Cycle | Cycle | CS# | RAS# | CAS# | WE# | [2:0] | An | A12| A10| 9:0]
WRITE BLSMRS, WR H L H L L | BA| RRU| Vv L CA
BC4MRS
BC4OTF WRS4 H L H L L | BA| RFU L L CA
BL8OTF WRSS H L H L L | BA| RRU| H CA
WRITE with BLSMRS, WRAP H L H L L | BA| RFU H CA
auto BC4MRS
precharge BC4OTF WRAPS4 H L H L L | BA| RFU CA
BL8OTF WRAPSS H L H L L | BA| RFU | H CA
PRECHARGE

The PRECHARGE command is used to de-activate the open row in a particular bank or in all banks. The

bank(s) are available for a subsequent row access a specified time (‘RP) after the PRECHARGE

command is issued, except in the case of concurrent auto precharge. AREAD or WRITE command to a
different bank is allowed during a concurrent auto precharge as long as it does not interrupt the data
transfer in the current bank and does not violate any other timing parameters. Input A10 determines
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REFRESH

whether one or all banks are precharged. In the case where only one bank is precharged, inputs BA[2:0]
select the bank; otherwise, BA[2:0] are treated as “Don’t Care.”

After a bank is 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 treated as a NOP if there is no open
row in that bank (idle state) or if the previously open row is already in the process of precharging.
However, the precharge period is determined by the last PRECHARGE command issued to the bank.

The REFRESH command is used during normal operation of the DRAM and is analogous to
CAS#-before-RAS# (CBR) refresh or auto refresh. This command is nonpersistent, so it must be issued
each time a refresh is required. The addressing is generated by the internal refresh controller. This
makes the address bits a “Don’t Care” during a REFRESH command. The DRAM requires REFRESH
cycles at an average interval of 7.8us (maximum when T < 85°C or 3.9us maximum when T < 95°C).

The REFRESH period begins when the REFRESH command is registered and ends ‘RFC (MIN) later.

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the
absolute refresh interval is provided. A maximum of eight REFRESH commands can be posted to any
given DRAM, meaning that the maximum absolute interval between any REFRESH command and the
next REFRESH command is nine times the maximum average interval refresh rate. Self refresh may be
entered with up to eight REFRESH commands being posted. After exiting self refresh (when entered
with posted REFRESH commands), additional posting of REFRESH commands is allowed to the extent
that the maximum number of cumulative posted REFRESH commands (both pre- and post-self
refresh) does not exceed eight REFRESH commands.

At any given time, a maximum of 16 REFRESH commands can be issued within
2 x 'REFL
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Figure 38: Refresh Mode
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Notes: 1. NOP commands are shown for ease of illustration; other valid commands may be possible at these times. CKE must
be active during the PRECHARGE, ACTIVATE, and REFRESH commands, but may be inactive at other times (see ).
2. The second REFRESH is not required, but two back-to-back REFRESH commands are shown.
3. "Don’'t Care” if A10 is HIGH at this point; however, A10 must be HIGH if more than one bank is active (must
precharge all active banks).
For operations shown, DM, DQ, and DQS signals are all “Don’t Care”/High-Z.

5. Only NOP and DES commands are allowed after a REFRESH command and until tRFC (MIN) is satisfied.

SELF REFRESH

The SELF REFRESH command is used to retain data in the DRAM, even if the rest of the system is
powered down. When in self refresh mode, the DRAM retains data without external clocking. Self
refresh mode is also a convenient method used to enable/disable the DLL as well as to change the clock
frequency within the allowed synchronous operating range (see ). All power supply inputs (including
Vrerca and Vygppg) must be maintained at valid levels upon entry/exit and during self refresh mode
operation. Vggppq may float or not drive Vppg/2 while in self refresh mode under the following condi-
tions:

o VSS < VREFDQ < VDD is maintained

* VRgrpq is valid and stable prior to CKE going back HIGH
* The first WRITE operation may not occur earlier than 512 clocks after Vggrpq is valid
e All other self refresh mode exit timing requirements are met

CCMTD-1725822587-7895 1 29 Micron Technology, Inc. reserves the right to change products or specifications without notice.
2Gb_DDR3L.pdf - Rev. P 03/2022 EN © 2015 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.Com.


http://www.arrow.com

A(V}lcron‘E 2Gb: x4, x8, x16 DDR3L SDRAM

Commands

DLL Disable Mode

If the DLL is disabled by the mode register (MR1[0] can be switched during initialization or later), the
DRAM is targeted, but not guaranteed, to operate similarly to the normal mode, with a few notable
exceptions:

* The DRAM supports only one value of CAS latency (CL = 6) and one value of CAS WRITE latency
(CWL = 6).

¢ DLL disable mode affects the read data clock-to-data strobe relationship (tDQSCK), but not the read
data-to-data strobe relationship (‘DQSQ, '\QH). Special attention is required to line up the read data
with the controller time domain when the DLL is disabled.

« In normal operation (DLL on), 'DQSCK starts from the rising clock edge AL + CL
cycles after the READ command. In DLL disable mode, 'DQSCK starts AL + CL - 1 cycles after the
READ command. Additionally, with the DLL disabled, the value of 'DQSCK could be larger than ‘CK.

The ODT feature (including dynamic ODT) is not supported during DLL disable mode. The ODT resis-
tors must be disabled by continuously registering the ODT ball LOW by programming Ry oy MR1[9,

6, 2] and Rrrwg) MR2[10, 9] to 0 while in the DLL disable mode.

Specific steps must be followed to switch between the DLL enable and DLL disable modes due to a gap

in the allowed clock rates between the two modes (‘CK [AVG] MAX and ‘CK [DLL_DIS] MIN, respec-
tively). The only time the clock is allowed to cross this clock rate gap is during self refresh mode. Thus,
the required procedure for switching from the DLL enable mode to the DLL disable mode is to change
frequency during self refresh:

1. Starting from the idle state (all banks are precharged, all timings are fulfilled, ODT is turned off, and
RrT nom @and Rrryg) are High-Z), set MR1[0] to 1 to disable the DLL.

2. Enter self refresh mode after ‘'MOD has been satisfied.
3. After 'CKSRE is satisfied, change the frequency to the desired clock rate.

4. Self refresh may be exited when the clock is stable with the new frequency for ‘CKSRX. After XS is
satisfied, update the mode registers with appropriate values.

5. The DRAM will be ready for its next command in the DLL disable mode after the greater of "™MRD or
'!MOD has been satisfied. A ZQCL command should be issued with appropriate timings met.
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Figure 39: DLL Enable Mode to DLL Disable Mode
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Notes: 1. Any valid command.

1.
2. Disable DLL by setting MR1[0] to 1.

3. Enter SELF REFRESH.

4. Exit SELF REFRESH.

5. Update the mode registers with the DLL disable parameters setting.
6. Starting with the idle state, Rt is in the High-Z state.

7

8

9

. Change frequency.

. Clock must be stable 'CKSRX.
. Static LOW in the case that Ryy nom OF Rrrowr) is enabled; otherwise, static LOW or HIGH.

A similar procedure is required for switching from the DLL disable mode back to the DLL enable mode.
This also requires changing the frequency during self refresh mode (see 40).

1. Starting from the idle state (all banks are precharged, all timings are fulfilled, ODT is turned off, and
RrT nom and Rrpwr) are High-Z), enter self refresh mode.
2. After 'CKSRE is satisfied, change the frequency to the new clock rate.

3. Self refresh may be exited when the clock is stable with the new frequency for ‘'CKSRX. After XS is
satisfied, update the mode registers with the appropriate values. At a minimum, set MR1[0] to 0 to

enable the DLL. Wait '™MRD, then set MRO[8] to 1 to enable DLL RESET.

4. After another 'MRD delay is satisfied, update the remaining mode registers with the appropriate
values.

5. The DRAM will be ready for its next command in the DLL enable mode after the greater of ™MRD or
!MOD has been satisfied. However, before applying any command or function requiring a locked

DLL, a delay of 'DLLK after DLL RESET must be satisfied. A ZQCL command should be issued with
the appropriate timings met.
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Figure 40: DLL Disable Mode to DLL Enable Mode
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Notes: 1. Enter SELF REFRESH.
2. Exit SELF REFRESH.
3. Wait 'XS, then set MR1[0] to 0 to enable DLL.
4. Wait 'MRD, then set MRO[8] to 1 to begin DLL RESET.
5. Wait 'MRD, update registers (CL, CWL, and write recovery may be necessary).
6. Wait 'MOD, any valid command.
7. Starting with the idle state.
8. Change frequency.
9. Clock must be stable at least 'TCKSRX.
10. Static LOW in the case that Ryr nom OF Ryr(wr) is enabled; otherwise, static LOW or HIGH.
The clock frequency range for the DLL disable mode is specified by the parameter ‘CK (DLL_DIS). Due
to latency counter and timing restrictions, only CL = 6 and CWL = 6 are supported.
DLL disable mode will affect the read data clock to data strobe relationship (‘DQSCK) but not the data
strobe to data relationship (‘DQSQ, 'QH). Special attention is needed to line up read data to the
controller time domain.
Compared to the DLL on mode where 'DQSCK starts from the rising clock edge AL + CL cycles after the
READ command, the DLL disable mode tDQSCK starts AL + CL - 1 cycles after the READ command.
WRITE operations function similarly between the DLL enable and DLL disable modes; however, ODT
functionality is not allowed with DLL disable mode.
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Figure 41: DLL Disable '{DQSCK
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Table 91: READ Electrical Characteristics, DLL Disable Mode

Parameter Symbol Min Max Unit

Access window of DQS from CK, CK# tDQSCK (DLL_DIS) 1 10 ns
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Input Clock Frequency Change

When the DDR3 SDRAM is initialized, the clock must be stable during most normal states of operation.
This means that after the clock frequency has been set to the stable state, the clock period is not
allowed to deviate, except for what is allowed by the clock jitter and spread spectrum clocking (SSC)
specifications.

The input clock frequency can be changed from one stable clock rate to another under two conditions:
self refresh mode and precharge power-down mode. It is illegal to change the clock frequency outside
of those two modes. For the self refresh mode condition, when the DDR3 SDRAM has been successfully

placed into self refresh mode and ‘CKSRE has been satisfied, the state of the clock becomes a “Don’t
Care.” When the clock becomes a “Don’t Care,” changing the clock frequency is permissible if the new

clock frequency is stable prior to 'CKSRX. When entering and exiting self refresh mode for the sole
purpose of changing the clock frequency, the self refresh entry and exit specifications must still be met.

The precharge power-down mode condition is when the DDR3 SDRAM is in precharge power-down
mode (either fast exit mode or slow exit mode). Either ODT must be at a logic LOW or Ryt o, and

Ryrwr) must be disabled via MR1 and MR2. This ensures Ryt om and Rrrgyg) are in an off state prior
to entering precharge power-down mode, and CKE must be at a logic LOW. A minimum of ‘CKSRE

must occur after CKE goes LOW before the clock frequency can change. The DDR3 SDRAM input clock
frequency is allowed to change only within the minimum and maximum operating frequency specified

for the particular speed grade (‘CK [AVG] MIN to 'CK [AVG] MAX). During the input clock frequency
change, CKE must be held at a stable LOW level. When the input clock frequency is changed, a stable

clock must be provided to the DRAM 'CKSRX before precharge power-down may be exited. After

precharge power-down is exited and 'XP has been satisfied, the DLL must be reset via the MRS.
Depending on the new clock frequency, additional MRS commands may need to be issued. During the
DLL lock time, Ryt o and Rrpwgr) must remain in an off state. After the DLL lock time, the DRAM is

ready to operate with a new clock frequency.
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Figure 42: Change Frequency During Precharge Power-Down
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Notes: 1. Applicable for both SLOW-EXIT and FAST-EXIT precharge power-down modes.

2. 'AOFPD and 'AOF must be satisfied and outputs High-Z prior to T1 (see for exact requirements).

3. If the Ry nom feature was enabled in the mode register prior to entering precharge power-down mode, the ODT
signal must be continuously registered LOW, ensuring Ry is in an off state. If the Ry o, feature was disabled in
the mode register prior to entering precharge power-down mode, Ryt will remain in the off state. The ODT signal
can be registered LOW or HIGH in this case.
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Write Leveling

For better signal integrity, DDR3 SDRAM memory modules have adopted fly-by topology for the
commands, addresses, control signals, and clocks. Write leveling is a scheme for the memory
controller to adjust or de-skew the DQS strobe (DQS, DQS#) to CK relationship at the DRAM with a
simple feedback feature provided by the DRAM. Write leveling is generally used as part of the initial-
ization process, if required. For normal DRAM operation, this feature must be disabled. This is the only
DRAM operation where the DQS functions as an input (to capture the incoming clock) and the DQ
function as outputs (to report the state of the clock). Note that nonstandard ODT schemes are
required.

The memory controller using the write leveling procedure must have adjustable delay settings on its

DQS strobe to align the rising edge of DQS to the clock at the DRAM pins. This is accomplished when
the DRAM asynchronously feeds back the CK status via the DQ bus and samples with the rising edge of
DQS. The controller repeatedly delays the DQS strobe until a CK transition from 0 to 1 is detected. The

DQS delay established by this procedure helps ensure 'DQSS, 'DSS, and 'DSH specifications in systems
that use fly-by topology by de-skewing the trace length mismatch. A conceptual timing of this proce-
dure is shown in Write Leveling Concept.

Figure 43: Write Leveling Concept

Source

Differential DQS

Destination

Differential DQS

. G G

Destination

Push DQS to capture

0-1 transition
B
Differential DQS \

DQ /)< ! >< ! >(/

Don’t Care

When write leveling is enabled, the rising edge of DQS samples CK, and the prime DQ outputs the
sampled CK’s status. The prime DQ for a x4 or x8 configuration is DQO with all other DQ (DQI[7:1])
driving LOW. The prime DQ for a x16 configuration is DQO for the lower byte and DQ8 for the upper
byte. It outputs the status of CK sampled by LDQS and UDQS. All other DQ (DQ[7:1], DQ[15:9])
continue to drive LOW. Two prime DQ on a x16 enable each byte lane to be leveled independently.
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The write leveling mode register interacts with other mode registers to correctly configure the write
leveling functionality. Besides using MR1[7] to disable/enable write leveling, MR1[12] must be used to
enable/disable the output buffers. The ODT value, burst length, and so forth need to be selected as
well. This interaction is shown in Write Leveling Matrix. It should also be noted that when the outputs
are enabled during write leveling mode, the DQS buffers are set as inputs, and the DQ are set as
outputs. Additionally, during write leveling mode, only the DQS strobe terminations are activated and
deactivated via the ODT ball. The DQ remain disabled and are not affected by the ODT ball.

Table 92: Write Leveling Matrix

Note 1 applies to the entire table

MR1[2, 6, DRAM
MR1[7] | MR1[12] 9] DRAM R1T,nom
Write Output R1T,nom oDT
Leveling | Buffers Value Ball DQS | DQ DRAM State Case | Notes
Disabled See normal operations Write leveling not enabled 0
Enabled Disabled n/a Low Off | Off | DQS not receiving: not terminated 1 2
(1) (1) Prime DQ High-Z: not terminated
Other DQ High-Z: not terminated
200, 309, High On DQS not receiving: terminated by Ryt 2
40Q, 60Q, or Prime DQ High-Z: not terminated
120Q Other DQ High-Z: not terminated
Enabled n/a Low Off DQS receiving: not terminated 3 3
(0) Prime DQ driving CK state: not termi-
nated
Other DQ driving LOW: not terminated
400, 60Q, or High On DQS receiving: terminated by Ryt 4
1200 Prime DQ driving CK state: not termi-
nated
Other DQ driving LOW: not terminated

Notes: 1. Expected usage if used during write leveling: Case 1 may be used when DRAM are on a dual-rank module and on
the rank not being leveled or on any rank of a module not being leveled on a multislot system. Case 2 may be used
when DRAM are on any rank of a module not being leveled on a multislot system. Case 3 is generally not used.
Case 4 is generally used when DRAM are on the rank that is being leveled.

2. Since the DRAM DQS is not being driven (MR1[12] = 1), DQS ignores the input strobe, and all Ry7 ,om, values are
allowed. This simulates a normal standby state to DQS.
3. Since the DRAM DQS is being driven (MR1[12] = 0), DQS captures the input strobe, and only some Ryt hom values

are allowed. This simulates a normal write state to DQS.
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Write Leveling Procedure

Amemory controller initiates the DRAM write leveling mode by setting MR1[7] to 1, assuming the other
programable features (MR0O, MR1, MR2, and MR3) are first set and the DLL is fully reset and locked. The
DQ balls enter the write leveling mode going from a High-Z state to an undefined driving state, so the
DQ bus should not be driven. During write leveling mode, only the NOP or DES commands are
allowed. The memory controller should attempt to level only one rank at a time; thus, the outputs of
other ranks should be disabled by setting MR1[12] to 1 in the other ranks. The memory controller may
assert ODT after a 'MOD delay, as the DRAM will be ready to process the ODT transition. ODT should
be turned on prior to DQS being driven LOW by at least ODTLon delay (WL - 2 'CK), provided it does

not violate the aforementioned 'MOD delay requirement.

The memory controller may drive DQS LOW and DQS# HIGH after 'WLDQSEN has been satisfied. The
controller may begin to toggle DQS after 'WLMRD (one DQS toggle is DQS transitioning from a LOW
state to a HIGH state with DQS# transitioning from a HIGH state to a LOW state, then both transition

back to their original states). At a minimum, ODTLon and YAON must be satisfied at least one clock
prior to DQS toggling.

After WLMRD and a DQS LOW preamble ("WPRE) have been satisfied, the memory controller may
provide either a single DQS toggle or multiple DQS toggles to sample CK for a given DQS-to-CK skew.

Each DQS toggle must not violate ‘DQSL (MIN) and 'DQSH (MIN) specifications. 'DQSL (MAX) and
'DQSH (MAX) specifications are not applicable during write leveling mode. The DQS must be able to
distinguish the CK’s rising edge within ‘'WLS and *"WLH. The prime DQ will output the CK’s status asyn-
chronously from the associated DQS rising edge CK capture within 'WLO. The remaining DQ that
always drive LOW when DQS is toggling must be LOW within 'WLOE after the first 'WLO is satisfied (the

prime DQ going LOW). As previously noted, DQS is an input and not an output during this process. 44
depicts the basic timing parameters for the overall write leveling procedure.

The memory controller will most likely sample each applicable prime DQ state and determine whether
to increment or decrement its DQS delay setting. After the memory controller performs enough DQS
toggles to detect the CK’s 0-to-1 transition, the memory controller should lock the DQS delay setting
for that DRAM. After locking the DQS setting is locked, leveling for the rank will have been achieved,
and the write leveling mode for the rank should be disabled or reprogrammed (if write leveling of
another rank follows).
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Figure 44: Write Leveling Sequence
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Notes: 1. MRS: Load MR1 to enter write leveling mode.
2. NOP: NOP or DES.

3. DQS, DQS# needs to fulfill minimum pulse width requirements 'tDQSH (MIN) and 'DQSL (MIN) as defined for regular
writes. The maximum pulse width is system-dependent.

4, Differential DQS is the differential data strobe (DQS, DQS#). Timing reference points are the zero crossings. The
solid line represents DQS; the dotted line represents DQS#.

5. DRAM drives leveling feedback on a prime DQ (DQO for x4 and x8). The remaining DQ are driven LOW and remain
in this state throughout the leveling procedure.

Indicates break N . r .
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Write Leveling Mode Exit Procedure

After the DRAM are leveled, they must exit from write leveling mode before the normal mode can be
used. Write Leveling Exit Procedure depicts a general procedure for exiting write leveling mode. After
the last rising DQS (capturing a 1 at T0), the memory controller should stop driving the DQS signals

after ‘'WLO (MAX) delay plus enough delay to enable the memory controller to capture the applicable
prime DQ state (at ~Tb0). The DQ balls become undefined when DQS no longer remains LOW, and

they remain undefined until '"MOD after the MRS command (at Tel).

The ODT input should be de-asserted LOW such that ODTLoff (MIN) expires after the DQS is no longer
driving LOW. When ODT LOW satisfies IS, ODT must be kept LOW (at ~Tb0) until the DRAM is ready
for either another rank to be leveled or until the normal mode can be used. After DQS termination is
switched off, write level mode should be disabled via the MRS command (at Tc2). After ‘'MOD is satis-
fied (at Tel), any valid command may be registered by the DRAM. Some MRS commands may be
issued after '"MRD (at Td1).

Figure 45: Write Leveling Exit Procedure

T0 T T2 Ta0 Tbo Tc0 Tc2 Tdo

CK#
K

Command

Address

oDT

ODTLoff AOF (MIN)

N

Ry DQS, Ry DQSH

| [— I
SN R, I I | S | | tAOF (MAX) |
DQS, DQS# 0 | : ‘
T [
Rrrp) | | T T
| |
I

I [
'WLO + 'WLOE ﬂ : |
DQ CK =1

Indicates break . L. . 7 ,
ZZ in time scale I:l Undefined Driving Mode IZJ Transitioning Don't Care

Note: 1. The DQ result, = 1, between Ta0 and Tc0, is a result of the DQS, DQS# signals capturing CK HIGH just after the TO
state.
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Initialization

The following sequence is required for power-up and initialization, as shown in 46:

1. Apply power. RESET# is recommended to be below 0.2 x Vppq during power ramp to ensure the
outputs remain disabled (High-Z) and ODT off (Ry is also High-Z). All other inputs, including ODT,
may be undefined.

During power-up, either of the following conditions may exist and must be met:
- Condition A:
* Vpp and Vppq are driven from a single-power converter output and are
ramped with a maximum delta voltage between them of AV < 300mV. Slope reversal of any
power supply signal is allowed. The voltage levels on all balls other than Vpp, Vppg, Vss, Vssq
must be less than or equal to Vppq and Vpp on one side, and must be greater than or equal to
Vssq and Vgg on the other side.

* Both Vpp and Vpp power supplies ramp to Vpp, min and Vppg, min Within YVpppr = 200ms.
i VREFDQ tracks VDD X 05, VREFCA tracks VDD x 0.5.
e Vprislimited to 0.95V when the power ramp is complete and is not applied directly to the device;

however, 'VTD should be greater than or equal to 0 to avoid device latchup.

— Condition B:
* Vpp may be applied before or at the same time as Vpp.

* Vppq may be applied before or at the same time as Vrr, VRgrpg, and Vygrca-
* No slope reversals are allowed in the power supply ramp for this condition.

2. Until stable power, maintain RESET# LOW to ensure the outputs remain disabled (High-Z). After the
power is stable, RESET# must be LOW for atleast 200us to begin the initialization process. ODT will
remain in the High-Z state while RESET# is LOW and until CKE is registered HIGH.

3. CKE must be LOW 10ns prior to RESET# transitioning HIGH.

. After RESET# transitions HIGH, wait 500us (minus one clock) with CKE LOW.

5. After the CKE LOW time, CKE may be brought HIGH (synchronously) and only NOP or DES
commands may be issued. The clock must be present and valid for at least 10ns (and a minimum of
five clocks) and ODT must be driven LOW at least IS prior to CKE being registered HIGH. When CKE
isregistered HIGH, it must be continuously registered HIGH until the full initialization process is
complete.

6. After CKE is registered HIGH and after 'XPR has been satisfied, MRS commands may be issued. Issue
an MRS (LOAD MODE) command to MR2 with the applicable settings (provide LOW to BA2 and BAO
and HIGH to BA1).

7. Issue an MRS command to MR3 with the applicable settings.

8. Issue an MRS command to MR1 with the applicable settings, including enabling the DLL and
configuring ODT.

9. Issue an MRS command to MRO with the applicable settings, including a DLL RESET command.

'DLLK (512) cycles of clock input are required to lock the DLL.
10.Issue a ZQCL command to calibrate Ry and Rpy values for the process voltage temperature (PVT).

N

Prior to normal operation, tZQinit must be satisfied.
11.When 'DLLK and ZQinit have been satisfied, the DDR3 SDRAM will be ready for normal operation.
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Figure 46: Initialization Sequence

T (MAX) = 200ms

VoD | 77 See power-up ...
conditions
in the

V,
B L £ T

sequence text,
Vop f—="--  setup1  -----

Veer (7777777
Stable and T0 T1
Power-up tyTp valid clock
ramp CK# TT /

o A7

A
Y0z = 20ns Z

RESET# %

I
T (MIN) = 10ns
[
CKE ﬂ

I
LTI

|

Command W7 7\

N
o 7l

L |

NN
AN

Address AV AV
A10
A«V 1
BA[2:0] WY WY
i & | &
) / ! ‘
e Y| |
T = 200ps (MIN) T = 500ps (MIN)
j MR3 MR1 with MRO with ZQ calibration
All voltage DLL enable DLL reset
supplies valid ‘ IDLLK
and stable DRAM ready for I
external commands Normal
operation

Indicates break 7 .
?Z in time scale Don't Care
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Voltage Initialization/Change

Initialization/Change

If the SDRAM is powered up and initialized for the 1.35V operating voltage range, voltage can be

increased to the 1.5V operating range provided the following conditions are met (See 47):

* Just prior to increasing the 1.35V operating voltages, no further commands are issued, other than
NOPs or COMMAND INHIBITs, and all banks are in the precharge state.

» The 1.5V operating voltages are stable prior to issuing new commands, other than NOPs or
COMMAND INHIBITs.

* The DLL is reset and relocked after the 1.5V operating voltages are stable and prior to any READ
command.

* The ZQ calibration is performed. ZQinit must be satisfied after the 1.5V operating voltages are stable
and prior to any READ command.

Ifthe SDRAM is powered up and initialized for the 1.5V operating voltage range, voltage can be reduced

to the 1.35V operation range provided the following conditions are met (See 47) :

* Just prior to reducing the 1.5V operating voltages, no further commands are issued, other than NOPs
or COMMAND INHIBITSs, and all banks are in the precharge state.

» The 1.35V operating voltages are stable prior to issuing new commands, other than NOPs or
COMMAND INHIBITs.

* The DLL is reset and relocked after the 1.35V operating voltages are stable and prior to any READ
command.

* The ZQ calibration is performed. ‘ZQinit must be satisfied after the 1.35V operating voltages are
stable and prior to any READ command.
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Vpp Voltage Switching

After the DDR3L DRAM is powered up and initialized, the power supply can be altered between the
DDR3L and DDR3 levels, provided the sequence in Vppp Voltage Switching is maintained.

Figure 47: Vpp Voltage Switching

Ta Tb Tc Td
N o«
CK, CK# / \ m (() ' | Y
,,,,, (¢ 45
TCKSRX
Ty = 10ns
Voo Vopg (DDR3) -~ . ((
( ) ( () () ()
Vpp: V, DDR3L,
oo+ VpbQ \ 9\
Ty = 10ns
Tyin = 200ps
T = 500ps

—— 2

(( (( (( ((
)] )) )) ))

—

I N N R s

RESET#

(( ( ( (¢ («
s IR D XD AP AP e
T i e e et e e 2t

s s
(( (( (C I « « « (¢ (¢
oDT %/ /@E‘ {){) Static LOW in case R1'r,nom is enabled at time Tg, otherwise static HIGH or LOW (’(J (){:* Valid >@
)) ) ) N ) ) ) ] )
(( (( (( (( (( (( (( (( ((
Rrr )) )] )) )] )) )) )) )] )]

éé Time break Don't Care

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

Mode registers (MRO-MR3) are used to define various modes of programmable operations of the DDR3
SDRAM. A mode register is programmed via the mode register set (MRS) command during initializa-
tion, and it retains the stored information (except for MRO[8], which is self-clearing) until it is repro-
grammed, RESET# goes LOW, the device loses power.

Contents of a mode register can be altered by re-executing the MRS command. Even if the user wants
to modify only a subset of the mode register’s variables, all variables must be programmed when the
MRS command is issued. Reprogramming the mode register will not alter the contents of the memory
array, provided it is performed correctly.

The MRS command can only be issued (or re-issued) when all banks are idle and in the precharged
state (‘'RP is satisfied and no data bursts are in progress). After an MRS command has been issued, two

parameters must be satisfied: '™MRD and '"MOD. The controller must wait ‘MRD before initiating any
subsequent MRS commands.

Figure 48: MRS to MRS Command Timing (*MRD)

Command @<MRS1 ></ /}< Nc|)P ></ /)< N|op
Address ®<Vallid X/, : l I\, | /X Vallid >@

e |
S /A /A /A /A
e 7] o

Notes: 1. Prior to issuing the MRS command, all banks must be idle and precharged, tRP (MIN) must be satis-
fied, and no data bursts can be in progress.

2. 'MRD specifies the MRS to MRS command minimum cycle time.
3. CKE must be registered HIGH from the MRS command until 'MRSPDEN (MIN) (see ).
4. For a CAS latency change, !XPDLL timing must be met before any non-MRS command.

The controller must also wait ‘MOD before initiating any non-MRS commands (excluding NOP and
DES). The DRAM requires ‘™MOD in order to update the requested features, with the exception of DLL

RESET, which requires additional time. Until ‘™MOD has been satisfied, the updated features are to be
assumed unavailable.
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Figure 49: MRS to nonMRS Command Timing (*MOD)

Ta0

Nop X/ ////)K Noe XU/ X (ks
| |
| | N | |

Address %Vallid X/ | | |
“T ||| | |

old
setting

:Q
N

Updating setting setting

Indicates break [/ P
ZZ in time scale Don't Care

Notes: 1. Prior to issuing the MRS command, all banks must be idle (they must be precharged, 'RP must be
satisfied, and no data bursts can be in progress).
2. Prior to Ta2 when tMOD (MIN) is being satisfied, no commands (except NOP/DES) may be issued.
3. If Ry was previously enabled, ODT must be registered LOW at TO so that ODTL is satisfied prior to

Tal. ODT must also be registered LOW at each rising CK edge from TO0 until tMODmin is satisfied at
Ta2.

4. CKE must be registered HIGH from the MRS command until tMRSPDEN (MIN), at which time
power-down may occur (see ).

Mode Register 0 (MRO)

The base register, mode register 0 (MRO0), is used to define various DDR3 SDRAM modes of operation.
These definitions include the selection of a burst length, burst type, CAS latency, operating mode, DLL
RESET, write recovery, and precharge power-down mode (see 50).

Burst Length

Burst length is defined by MRO[1:0]. Read and write accesses to the DDR3 SDRAM are burst-oriented,
with the burst length being programmable to 4 (chop mode), 8 (fixed mode), or selectable using A12
during a READ/WRITE command (on-the-fly). The burst length determines the maximum number of
column locations that can be accessed for a given READ or WRITE command. When MRO[1:0] is set to
01 during a READ/WRITE command, if A12 = 0, then BC4 (chop) mode is selected. If A12 = 1, then BL8
mode is selected. Specific timing diagrams, and turnaround between READ/WRITE, are shown in the
READ/WRITE sections of 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 block is uniquely 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) used to select the
starting location within the block. The programmed burst length applies to both READ and WRITE
bursts.
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Figure 50: Mode Register 0 (MRO0) Definitions

BA2 BAT1BAO A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address bus

IERRRNRRARRARAREY

17 /16 /15 /14/13 /12 /11/10/9/8/1/6 /5 /4 /3 /2 /1 oﬂ Mode register 0 (MRO)
o'l o] oo [o'[po] wr [ouf ot |cast tatengy|BT[cL] B

M16 M15 Mode Register M1 Mo Burst Length
0 0 | Mode register 0 (MRO) 0 0 Fixed BL8
M12| Precharge PD M8 |DLL Reset 0 1 | 4or8(on-the-fly via A12)
0 |DLL off (slow exit) 0 No 1 0 Fixed BC4 (chop)
1 | DLL on (fast exit) 1 Yes 1 1 Reserved
/ /
M11M10 M9| Write Recovery M6 M5 M4 M2 | CAS Latency M3 READ Burst Type
0 0 O 16 0 0 0O Reserved 0 Sequential (nibble)
0 0 1 5 0 01 0 5 1 Interleaved
0o 1 0 6 01 0 0 6
0o 1 1 7 01 1 0 7
1 0 0 8 10 0 0 8
1 0 1 10 1 0 1 0 9
1 1 0 12 11 0 0 10
1T 1 1 14 1 1 10 11
0 0 0 1 12
0o 0 1 1 13
01 0 1 14

Note: 1. MRO[18, 15:13, 7] are reserved for future use and must be programmed to 0.

Burst Type

Accesses within a given burst may be programmed to either a sequential or an interleaved order. The
burst type is selected via MRO[3] (see 50). The ordering of accesses within a burst is determined by the
burstlength, the burst type, and the starting column address. DDR3 only supports 4-bit burst chop and
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8-bit burst access modes. Full interleave address ordering is supported for READs, while WRITEs are
restricted to nibble (BC4) or word (BL8) boundaries.

Table 93: Burst Order

Starting
Column
Burst READ/WRI Address Burst Type = Sequential Burst Type = Interleaved

Length TE (A[2, 1, 0]) (Decimal) (Decimal) Notes
4 READ 000 0,123,222 2 0,1,23,2,2,2, 72 1,2
001 1,2,3,0,2,2, 72,2 1,0,3,2,2,2,2,Z 1,2

010 2,3,0,1,2,2,2,2 2,3,0,1,2,2,212 1,2

011 3,0,1,2,2,2, 2,2 3,2,1,0,2,2,2, 7 1,2

100 4,5,6,7,2,2,2,Z 4,5,6,7,2,2,2,Z 1,2

101 5,6,7,4,2,2,2,2 547,6,2,2,212 1,2

110 6,7,4,5 2,2,2,2 6,7,4,52,2,2,7 1,2

111 7,4,56,2,2,2, 7 7,6,54,2,2,2, 7 1,2
WRITE ovv 0,1,2 3 X X X X 0,1,2,3 XX X X 1,3, 4
1vVVv 4,56,7, X, X, X, X 4,5,6,7, X, X, X, X 1,3, 4

8 READ 000 0,1,2,3,45,6,7 0,1,23,4,5,6,7 1

001 1,230,567, 4 1,0,3,2,54,7,6 1

010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 1

011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 1

100 4,56,7,0,1,2,3 4,56,7,0,1,23 1

101 56,7,41,23,0 547,6,1,0,3,2 1

110 6,7,4,5 23,0, 1 6,7,4,5,2,3,01 1

111 7,4,56,3,01,2 7,6,54,3,2,1,0 1

WRITE VVV 0,1,23,4,5,6,7 0,1,2,3,45,6,7 1,3

Notes: 1. Internal READ and WRITE operations start at the same point in time for BC4 as they do for BLS.

2. Z = Data and strobe output drivers are in tri-state.
3. V= Avalid logic level (0 or 1), but the respective input buffer ignores level-on input pins.
4.

X ="Don't Care.”

DLL RESET

DLL RESET is defined by MRO[8] (see 50). Programming MRO([8] to 1 activates the DLL RESET function.
MRO[8] is self-clearing, meaning it returns to a value of 0 after the DLL RESET function has been initi-
ated.

Anytime the DLL RESET function is initiated, CKE must be HIGH and the clock held stable for 512

(‘DLLK) 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 wait for synchronization to occur may result in

invalid output timing specifications, such as '‘DQSCK timings.
Write Recovery

WRITE recovery time is defined by MRO[11:9] (see 50). Write recovery values of 5, 6, 7, 8, 10, 12, or 14
may be used by programming MR0[11:9]. The user is required to program the correct value of write
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recovery, which is calculated by dividing '"WR (ns) by 'CK (ns) and rounding up a noninteger value to
the next integer:

WR (cycles) = roundup ("WR [ns]/'CK [ns]).

Precharge Power-Down (Precharge PD)

The precharge power-down (PD) bit applies only when precharge power-down mode is being used.
When MRO[12] is set to 0, the DLL is off during precharge power-down, providing a lower standby

current mode; however, 'XPDLL must be satisfied when exiting. When MRO0[12] is set to 1, the DLL
continues to run during precharge power-down mode to enable a faster exit of precharge power-down

mode; however, XP must be satisfied when exiting (see ).

CAS Latency (CL)

The CL is defined by MR0[6:4], as shown in 50. CAS latency is the delay, in clock cycles, between the
internal READ command and the availability of the first bit of output data. The CL can be setto 5, 6, 7,
8,9, 10,11, 12, 13 or 14. DDR3 SDRAM do not support half-clock latencies.

Examples of CL = 6 and CL = 8 are shown below. If an internal READ command is registered 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 CLs supported at various operating frequencies.

Figure 51: READ Latency

CcK

Command [0] (o] [o]
| | | | | e
S e R [ |
b ‘ ‘ ‘ Y ARRYACRYALRYATRY,
Q N n /An+1/\n+2/ n+3;,‘n+4."
| |
| | | | | | A e e R
TO T T2 T3 T4 T5 T6 T7 T8
CK#
CcK
Command
DQS, DQS#
DQ

EJ Transitioning Data Don’t Care

Notes: 1. For illustration purposes, only CL = 6 and CL = 8 are shown. Other CL values are possible.
2. Shown with nominal 'DQSCK and nominal 'DSDQ.
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Mode Register 1 (MR1)

The mode register 1 (MR1) controls additional features and functions not available in the other mode
registers: DLL ENABLE/DISABLE, output drive strength, OUTPUT ENABLE/DISABLE (Q OFF), TDQS
ENABLE/DISABLE (x8 configuration only), on-die termination (ODT) resistance value RrT,nom» WRITE
LEVELING, and posted CAS additive latency (AL). These features and functions are controlled via the
bits shown in the figure below. The MR1 register is programmed via the MRS command and retains the
stored information until itis reprogrammed, RESET# goes LOW, or the device loses power. Reprogram-
ming the MR1 register will not alter the contents of the memory array, provided it is reprogrammed
correctly.

The MRI1 register must be loaded when all banks are idle and no bursts are in progress. The controller

must satisfy the specified timing parameters ‘"MRD and '"MOD before initiating a subsequent opera-
tion.

Figure 52: Mode Register 1 (MR1) Definition

BA2 BA1 BAO A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

PEEE LRy e

/11/16/15/18/3/2/1/10/9/8/1/6/5/4/3/2 /1 Olj Mode register 1 (MR1)
o] o] 100 kormas| o' [Rrr| o [WL|RrroDs| AL [Rer|ops|oLL
L L =[M0 DLL Enable
M16M15 Mode Register 0 Enable (normal)
M12 | QOff ||M11| TDQS 1 Disable
0 1 | Mode register set 1 (MR1) 0 | Enabled [ | 0 | Disabled
1 | Disabled || 1 | Enabled i M5 M1 |Output Drive Strength
Rrzrom ODTR | Rernom ODTP | [M7] write Leveling g ‘1’ zgj j gzg :m
M9Mé6 M2 Non-Writes Writes 0 | Disable (normal) - Reserved
0 0 0| Ryppon disabled Ritnom disabled 1 Enable T e
0 0 1 | RZQ/4(60Q NOM) RZQ/4 (60Q NOM)
0 1 0 |RZQ/2(120Q NOM) | RZQ/2 (120Q NOM)
0 1 1 | RZQ/6 (40Q NOM) RZQ/6 (40Q NOM) | |M4 M3| Additive Latency (AL)
1 0 0 |RZQ/12(20Q NOM) n/a 00 Disabled (AL = 0)
1 0 1 | RzQ/8(30Q NOM) n/a 0 1 AL=CL-1
110 Reserved Reserved 10 AL=CL-2
111 Reserved Reserved 11 Reserved

Notes: 1. MR1[17, 14, 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 R1T nom Values are available for use.

3. During write leveling, if MR1[7] is 1, but MR1[12] is 0, then only Ryt hom Write values are available for use.

DLL ENABLE/DISABLE

The DLL may be enabled or disabled by programming MR1[0] during the LOAD MODE command (see
52). The DLL must be enabled for normal operation. DLL enable is required during power-up initial-
ization and upon returning to normal operation, after having disabled the DLL for the purpose of
debugging or evaluation. Enabling the DLL should always be followed by resetting the DLL using the
appropriate LOAD MODE command.

If the DLL is enabled prior to entering self refresh mode, the DLL is automatically disabled when
entering the SELF REFRESH operation and is automatically re-enabled and reset upon exit of the SELF
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REFRESH operation. If the DLL is disabled prior to entering self refresh mode, the DLL remains
disabled, even upon exit of the SELF REFRESH operation until it is re-enabled and reset.

The DRAM is not tested to check—nor does Micron warrant compliance with—normal mode timings
or functionality when the DLL is disabled. An attempt has been made to have the DRAM operate in the
normal mode where reasonably possible when the DLL has been disabled; however, by industry stan-
dard, a few known exceptions are defined:

* ODT is not allowed to be used.

* The output data is no longer edge-aligned to the clock.

e CL and CWL can only be six clocks.

When the DLL is disabled, timing and functionality can vary from the normal operation specifications
when the DLLis enabled (see DLL Disable Mode in Commands section of the data sheet for more infor-
mation). Disabling the DLL also implies the need to change the clock frequency (see Input Clock
Frequency Change section of the data sheet for details).

Output Drive Strength

The DDR3 SDRAM uses a programmable impedance output buffer. The drive strength mode register
setting is defined by MR1(5, 1]. RZQ/7 (340 [NOM]) is the primary output driver impedance setting for
DDR3 SDRAM devices. To calibrate the output driver impedance, an external precision resistor (RZQ)
is connected between the ZQ ball and Vsgq. The value of the resistor must be 240Q +1%.

The output impedance is set during initialization. Additional impedance calibration updates do not
affect device operation, and all data sheet timings and current specifications are met during an update.

To meet the 34Q) specification, the output drive strength must be set to 34Q during initialization. To
obtain a calibrated output driver impedance after power-up, the DDR3 SDRAM needs a calibration
command that is part of the initialization and reset procedure.

OUTPUT ENABLE/DISABLE

The OUTPUT ENABLE/DISABLE function is defined by MR1[12] (see 52). When enabled (MR1[12] = 0),
all outputs (DQ, DQS, DQS#) function when in the normal mode of operation. When disabled (MR1[12]
=1),all DDR3 SDRAM outputs (DQ and DQS, DQS#) are High-Z. The output disable feature is intended
to be used during Ipp characterization of the READ current and during 'DQSS margining (write
leveling) only.

TDQS ENABLE

Termination data strobe (TDQS) is a function of the x8 DDR3 SDRAM configuration that provides
termination resistance Rpr, and can be useful in some system configurations. TDQS is not supported
in x4 or x16 configurations. When enabled via the mode register (MR1[11]), Ryt applied to DQS and
DQS# is also applied to TDQS and TDQS#. In contrast to the RDQS function of DDR2 SDRAM, DDR3’s
TDQS provides the termination resistance Ryt only. The OUTPUT DATA STROBE function of RDQS is
not provided by TDQS; thus, Rgy does not apply to TDQS and TDQS#. 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 is disabled, the DM function is provided, and the TDQS# ball is
not used. The TDQS function is available in the x8 DDR3 SDRAM configuration only and must be
disabled via the mode register for the x4 and x16 configurations.
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On-Die Termination (ODT)

On-die termination (ODT) resistance RTT nom 18 defined by MR1[9, 6, 2] (see 52). The Ryt termination

resistance value applies to the DQ, DM, DQS, DQS#, and TDQS, TDQS# balls. DDR3 supports multiple
Ryt termination resistance values based on RZQ/n where n can be 2, 4, 6, 8, or 12 and RZQ is 240Q.

Unlike DDR2, DDR3 ODT must be turned off prior to reading data out and must remain off during a
READ burst. Ryt o, termination is allowed any time after the DRAM is initialized, calibrated, and not

performing read accesses, or when it is not in self refresh mode. Additionally, write accesses with
dynamic ODT (Ryrwg)) enabled temporarily replaces Rrr nom With Rrrwg)-

The effective termination, Rrygpp), may be different from Ry targeted due to nonlinearity of the
termination. For Rry(gpp) values and calculations, see the On-Die Termination(ODT) section of the
data sheet.

The ODT feature is designed to improve signal integrity of the memory channel by enabling the DDR3
SDRAM controller to independently turn on/off ODT for any or all devices. The ODT input control pin
is used to determine when Ry is turned on

(ODTLon) and off (ODTLoff), assuming ODT has been enabled via MR1]9, 6, 2].

Timings for ODT are detailed in On-Die Termination(ODT) section of the data sheet.

WRITE LEVELING

The WRITE LEVELING function is enabled by MR1[7] (see 52). Write leveling is used (during initializa-
tion) to de-skew the DQS strobe to clock offset as a result of fly-by topology designs. For better signal
integrity, DDR3 SDRAM memory modules adopted fly-by topology for the commands, addresses,
control signals, and clocks.

The fly-by topology benefits from a reduced number of stubs and their lengths. However, fly-by
topology induces flight time skews between the clock and DQS strobe (and DQ) at each DRAM on the

DIMM. Controllers will have a difficult time maintaining tDQSS, DSS, and 'DSH specifications without
supporting write leveling in systems that use fly-by topology-based modules. Write leveling timing and
detailed operation information is provided in .

Posted CAS Additive Latency (AL)

Posted CAS additive latency (AL) is supported to make the command and data bus efficient for sustain-
able bandwidths in DDR3 SDRAM. MR1[4, 3] define the value of AL (see 53). MR1[4, 3] enable the user
to program the DDR3 SDRAM with AL=0, CL- 1, or CL - 2.

With this feature, the DDR3 SDRAM enables a READ or WRITE command to be issued after the ACTI-
VATE command for that bank prior to ‘RCD (MIN). The onlyrestriction is ACTIVATE to READ or WRITE
+ AL > 'RCD (MIN) must be satisfied. Assuming 'RCD (MIN) = CL, a typical application using this

feature sets AL = CL - 1'CK = 'RCD (MIN) - 1 ‘CK. The READ or WRITE command is held for the time of
the AL before it is released internally to the DDR3 SDRAM device. READ latency (RL) is controlled by
the sum of the AL and CAS latency (CL), RL = AL + CL. WRITE latency (WL) is the sum of CAS WRITE
latency and AL, WL = AL + CWL (see ). Examples of READ and WRITE latencies are shown in 53 and 54.
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Figure 53: READ Latency (AL = 5, CL = 6)
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Mode Register 2 (MR2)

The mode register 2 (MR2) controls additional features and functions not available in the other mode
registers. These addional functions are CAS WRITE latency (CWL), AUTO SELF REFRESH (ASR), SELF
REFRESH TEMPERATURE (SRT), and DYNAMIC ODT (Rypwry)- These functions are controlled via the
bits shown in the figure below. MR2 is programmed via the MRS command and will retain the stored
information until it is programmed again or the device loses power. Reprogramming the MR2 register
will not alter the contents of the memory array, provided it is reprogrammed 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 time ‘"MRD and ‘MOD before initiating a subsequent operation.

Figure 54: Mode Register 2 (MR2) Definition

BA2 BA1BAO A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  Address bus

RERRRRRRRRRRRRRER

/11/16 /15 /14 /13 fl2 /11 /10/9 /8 /1 /6 /5/4/3 /2 /1/ Oﬂ Mode register ;

Lol 1]o0lo o ]o] of[Rrwm [ ot [sRT[ASR] awr [0 [0t |0

[ |
1 1 ‘
M15 Mode Register M7 |Self Refresh Temperature M5 M4 M3|  CAS Write Latency (CWL)
0 | Normal (0°C to 85°C) 0 0 O 5 CK ({CK > 2.5ns)
1 | Extended (0°C to 95°C) 0 0 1| 6CK(2.5ns>tCK=>1.875ns)
0 Mode register set 2 (MR2) 0 1 0| 7CK(1.875ns>tCK 2 1.5ns)
0 1 1| 8CK(1.5ns>tCK=1.25ns)
1 0 0| 9CK(1.25ns>tCK > 1.07ns)
i i 1 0 1[10CK(1.071ns >CK 2 0.938ns)
Dynamic ODT
M10 M9 (Rrrouny) M6| Auto Self Refresh 1T 10 Reserved
0 0 | Roygup disabled 0 | Disabled: Manual T 11 Reserved
0 1 |RZQ/4(60Q NOM) 1 |Enabled: Automatic
1 0 |[RZQ/2(120Q NOM)
1 1 Reserved

Note: 1. MR2[17, 14:11, 8, and 2:0] are reserved for future use and must all be programmed to 0.

CAS WRITE Latency (CWL)

CAS write latency (CWL) is defined by MR2[5:3] and is the delay, in clock cycles, from the releasing of
the internal write to the latching of the first data in. CWL must be correctly set to the corresponding
operating clock frequency (see Mode Register 2 (MR2) Definition). The overall WRITE latency (WL) is
equal to CWL + AL ().
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Figure 55: CAS WRITE Latency

Command @< ACTIVE n W &< WRITE n W % NOP

‘ tRCD (MIN) ‘
I

DQS, DQS#

DQ

{ @D EDEN ED)
‘ u | u | \ n ,' n‘+‘l nj—Z n n‘+3 ./ ‘

WL=AL+CWL=11 ‘

Indicates break e % p
ZZ in time scale B Transitioning Data Don’t Care

AUTO SELF REFRESH (ASR)

Moderegister MR2[6] is used to disable/enable the ASR function. When ASR is disabled, the selfrefresh
mode’s refresh rate is assumed to be at the normal 85°C limit (sometimes referred to as 1xrefresh rate).
In the disabled mode, ASR requires the user to ensure the DRAM never exceeds a case temperature (
T) of 85°C while in self refresh, unless the user enables the SRT function when T is between 85°C and
95°C.

Enabling ASR assumes the DRAM self refresh rate is changed automatically from 1x to 2x when T

exceeds 85°C. This enables the user to operate the DRAM beyond the standard 85°C limit up to the
optional extended temperature range of 95°C while in self refresh mode.

The standard self refresh current test specifies test conditions for normal T, (85°C) only, meaning that
if ASR is enabled, the standard self refresh current specifications do not apply (see ).

SELF REFRESH TEMPERATURE (SRT)

Moderegister MR2[7] is used to disable/enable the SRT function. When SRT is disabled, the selfrefresh
mode’s refresh rate is assumed to be at the normal 85°C limit (sometimes referred to as 1xrefresh rate).
In the disabled mode, SRT requires the user to ensure the DRAM never exceeds a Tof 85°C while in

self refresh mode, unless the user enables ASR.

When SRT is enabled, the DRAM self refresh is changed internally from 1x to 2x, regardless of T. This

enables the user to operate the DRAM beyond the standard 85°C limit up to the optional extended
temperature range of 95°C while in self refresh mode. The standard self refresh current test specifies
test conditions for normal T (85°C) only, meaning that if SRT is enabled, the standard self refresh

current specifications do not apply (see ).
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SRT versu

s ASR

If the normal T limit of 85°C is not exceeded, then neither SRT nor ASR is required, and both can be
disabled throughout operation. However, if the extended temperature option of 95°C is needed, the
user is required to provide a 2x refresh rate during manual refresh and to enable either the SRT or the
ASR to ensure self refresh is performed at the 2x rate.

SRT forces the DRAM to switch the internal self refresh rate from 1x to 2x. Self refresh is performed at
the 2x refresh rate regardless of the case temperature.

ASR automatically switches the DRAM’s internal self refresh rate from 1x to 2x. However, while in self
refresh mode, ASR enables the refresh rate to automatically adjust between 1x and 2x over the
supported temperature range. One other disadvantage of ASR is the DRAM cannot always switch from
a 1x to 2x refresh rate at an exact T of 85°C. Although the DRAM will support data integrity when it

switches from a 1x to 2x refresh rate, it may switch at a temperature lower than 85°C.

Since only one mode is necessary, SRT and ASR cannot be enabled at the same time.

Dynamic On-Die Termination (ODT)

The dynamic ODT (Rt feature is defined by MR2[10, 9]. Dynamic ODT is enabled when a value is
selected for the dynamic ODT resistance Rrpwg). This new DDR3 SDRAM feature enables the ODT

termination resistance value to change without issuing an MRS command, essentially changing the
ODT termination on-the-fly.

With dynamic ODT (Ryrwg)) enabled, the DRAM switches from nominal ODT (Rt jop) to dynamic
ODT (Rrpwg)) when beginning a WRITE burst, and subsequently switches back to normal ODT
(RrT,nom) atthe completion of the WRITE burst. If Rpp oy is disabled, the Ryt oy value will be High-Z.
Special timing parameters must be adhered to when dynamic ODT (Ryrwg)) is enabled: ODTLcnw,

ODTLcwn4, ODTLcwn8, ODTH4, ODTHS, and 'ADC.

Dynamic ODT is only applicable during WRITE cycles. If normal ODT (Rt popy) is disabled, dynamic
ODT (Rrpwnry)) is still permitted. Ryt nom and Rypwr) can be used independent of one another.
Dynamic ODT is not available during write leveling mode, regardless of the state of ODT (Ryt o). For
details on dynamic ODT operation, refer to the Dynamic ODT section of the data sheet.
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Mode Register 3 (MR3)

The mode register 3 (MR3) controls additional features and functions not available in the other mode
registers. Currently defined is the MULTIPURPOSE REGISTER (MPR). This function is controlled via
the bits shown in the figure below. 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. Repro-
gramming the MR3 register will not alter the contents of the memory array, provided it is repro-
grammed 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 specified time '"MRD and 'MOD before initiating a subse-
quent operation.

Figure 56: Mode Register 3 (MR3) Definition

BA2 BA1 BAO A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address bus

ERRRRENERRERRENEN

/17 /16 /15 /14,/13 /12 /11/10/9 /8/71 /6 /5 /4 /3 /2 /1 ol) Mode register

Lot]1 ] 1]o]o|o|o]or]o|o]0t]0" |0 |00 mpr| MR RF

V15 Mode Register M2 MPR Enable M1 MO | MPR READ Functi
0 | Normal DRAM operations? 0 0 | Predefined patte

Dataflow from MPR 0 1 Reserved

10 Reserved

1 Mode register set 3 (MR3) 1 1 Reserved

Notes: 1. MR3[17 and 14:3] 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.

MULTIPURPOSE REGISTER (MPR)

The MULTIPURPOSE REGISTER (MPR) function is used to output a predefined system timing calibra-
tion bit sequence. Bit 2 is the master bit that enables or disables access to the MPR register, and bits 1
and 0 determine which mode the MPR is placed in. The basic concept of the multipurpose register is
shown in 57.

If MR3[2] = 0, then MPR access is disabled, and the DRAM operates in normal mode. However, if
MR3J[2] =1, then the DRAM no longer outputs normal read data but outputs MPR data as defined by
MR3J0, 1]. If MR3][0, 1] = 00, then a predefined read pattern for system calibration is selected.

To enable the MPR, the MRS command is issued to MR3, and MR3[2] = 1. Prior to issuing the MRS

command, all banks must be in the idle state (all banks are precharged, and 'RP is met). When the MPR
is enabled, any subsequent READ or RDAP commands are redirected to the multipurpose register. The
resulting operation when a READ or RDAP command is issued, is defined by MR3[1:0] when the MPR
is enabled (see ). When the MPR is enabled, only READ or RDAP commands are allowed until a subse-
quent MRS command is issued with the MPR disabled (MR3[2] = 0). Power-down mode, self refresh,
and any other non-READ/RDAP commands are not allowed during MPR enable mode. The RESET
function is supported during MPR enable mode.
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Figure 57: MPR Block Diagram

Memory core

MR3[2] = 0 (MPR off)

° Multipurpose register
O/jo< predefined data for READs

MR3[2] = 1 (MPR on)

DQ, DM, DQS, DQS#

Notes: 1. A predefined data pattern can be read out of the MPR with an external READ command.
2. MR3[2] defines whether the data flow comes from the memory core or the MPR. When the data
flow is defined, the MPR contents can be read out continuously with a regular READ or RDAP
command.

Table 94: MPR Functional Description of MR3 Bits

MR3][2] MR3[1:0]
MPR MPR READ Function Function
0 “Don't Care” Normal operation, no MPR transaction
All subsequent READs come from the DRAM memory array
All subsequent WRITEs go to the DRAM memory array
1 A[1:0] Enable MPR mode, subsequent READ/RDAP commands defined by bits 1 and
(see) 2

MPR Functional Description

The JEDEC MPR definition enables either a prime DQ (DQO on x4 and x8; on x16, DQO = lower byte and
DQ8 = upper byte) to output the MPR data with the remaining DQ driven LOW, or all DQ to output the
MPR data. The MPR readout supports fixed READ burst and READ burst chop (MRS and OTF via
A12/BC#) with regular READ latencies and AC timings applicable, provided the DLL is locked as
required.

MPR addressing for a valid MPR read is as follows:
¢ A[1:0] must be set to 00 as the burst order is fixed per nibble.
¢ A2 selects the burst order: BL8, A2 is set to 0, and the burst order is fixed to 0, 1, 2, 3, 4, 5, 6, 7.
 For burst chop 4 cases, the burst order is switched on the nibble base along with the following:
— A2 =0; burstorder=0,1, 2,3
— A2 =1;burstorder=4,5,6,7

* Burst order bit 0 (the first bit) is assigned to LSB, and burst order bit 7 (the last bit) is assigned to MSB.
e A[9:3] are “Don’t Care.”
e Al0is “Don’t Care.”
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MPR Address Definitions and Bursting Order

Table 95: MPR Readouts and Burst Order Bit Mapping

e Allis “Don’t Care.”
* A12: Selects burst chop mode on-the-fly, if enabled within MRO.
e Al3isa “Don’t Care”

e BA[2:0] are “Don’t Care.”

2Gb: x4, x8, x16 DDR3L SDRAM

Mode Register 3 (MR3)

The MPR currently supports a single data format. This data format is a predefined read pattern for
system calibration. The predefined pattern is always a repeating 01 bit pattern.

Examples of the different types of predefined READ pattern bursts are shown in the following figures.

Burst Read
MR3[2] | MR3[1:0] Function Length A[2:0] Burst Order and Data Pattern
1 00 READ predefined pattern BL8 000 Burst order:0, 1, 2,3,4,5,6,7
for system calibration Predefined pattern: 01010101
BC4 000 Burst order: 0, 1, 2, 3
Predefined pattern: 0101
BC4 100 Burst order: 4, 5, 6, 7
Predefined pattern: 0101
1 01 RFU n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
1 10 RFU n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
1 11 RFU n/a n/a n/a
n/a n/a n/a
n/a n/a n/a

Notes: 1. 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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83| Figure 58: MPR System Read Calibration with BL8: Fixed Burst Order Single Readout
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Figure 59: MPR System Read Calibration with BL8: Fixed Burst Order, Back-to-Back Readout

TO a Tb TcO Tcl Tc2 T3 Tc4 Tc5 Tc6 Tc7 Tc8 Tc9
CK# - -- --- -y -- -y - - -y ---y --- SRR SRR ---y ---
Command ﬁ@m IR DED DD
R tMoD

A12/BC#

A[15:13]

L

[ (O (l

Indicates break [/ .
ZZ in time scale Don’t Care

Notes: 1. READ with BL8 either by MRS or OTF.
2. Memory controller must drive 0 on A[2:0].

Downloaded from AFFOW.CoOm.

@UOJDIKQ}V

(EYIN) € 193S163Y SpoN
INVHAS 1€8AA 9LX ‘8X ‘pX :DZ


http://www.arrow.com

N3 2202/€0 d "AdY - Jpd1€4AA 9T
S68£-/857Z8STLL-ALNDD

[4°] 3

Notes: 1.

pWN

*22130U INOYUM suoiiedijidads Jo synpoud abueyd 03 1ybi sy sanlasal dul ‘“ABojouyda ] uoDIN

“paniasal sybu ||y U] ‘ABojouYIS L UOIIN S10Z @

Figure 60: MPR System Read Calibration with BC4: Lower Nibble, Then Upper Nibble
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Figure 61: MPR System Read Calibration with BC4: Upper Nibble, Then Lower Nibble
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MPR Read Predefined Pattern

The predefined read calibration pattern is a fixed pattern of 01010101. The following is an example of
using the predetermined read calibration pattern. The example is to perform multiple reads from the
MPR to do system-level read timing calibration based on the predefined standard pattern.

The following protocol outlines the steps used to perform the read calibration:
1. Precharge all banks.

2. After 'RP is satisfied, set MRS, MR3[2] = 1 and MR3[1:0] = 00. This redirects all subsequent reads and

loads the predefined pattern into the MPR. As soon as '™MRD and 'MOD are satisfied, the MPR is
available.
3. Data WRITE operations are not allowed until the MPR returns to the normal DRAM state.
4. Issue a READ with burst order information (all other address pins are “Don’t Care”):
— A[1:0] = 00 (data burst order is fixed starting at nibble)
— A2 =0 (for BL8, burst order is fixed as 0, 1, 2, 3, 4, 5, 6, 7)
— Al2 =1 (use BL8)

5. After RL = AL + CL, the DRAM bursts out the predefined read calibration pattern (01010101).
6. The memory controller repeats the calibration reads until read data capture at memory controller
is optimized.

7. After the last MPR read burst and after '"MPRR has been satisfied, issue MRS, MR3[2] = 0, and
MR3[1:0] = “Don’t Care” to the normal DRAM state. All subsequent read and write accesses will be
regular reads and writes from/to the DRAM array.

8. When 'MRD and 'MOD are satisfied from the last MRS, the regular DRAM commands (such as acti-
vating a memory bank for regular read or write access) are permitted.

MODE REGISTER SET (MRS) Command

The mode registers are loaded via inputs BA[2:0], A[13:0]. BA[2:0] determine which mode register is
programmed:

e BA2 =0, BA1 =0, BAO = 0 for MRO
e BA2=0,BA1 =0, BA0 =1 for MR1
e BA2 =0,BA1 =1, BAO =0 for MR2
e BA2=0,BA1=1, BAO =1 for MR3

The MRS command can only be issued (or re-issued) when all banks are idle and in the precharged
state (‘RP is satisfied and no data bursts are in progress). The controller must wait the specified time

'™™MRD before initiating a subsequent operation such as an ACTIVATE command (see 48). There is also
arestriction after issuing an MRS command with regard to when the updated functions become avail-

able. This parameter is specified by ‘MOD. Both ‘MRD and ‘MOD parameters are shown in 48 and 49.
Violating either of these requirements will result in unspecified operation.

ZQ CALIBRATION Operation

The ZQ CALIBRATION command is used to calibrate the DRAM output drivers (Rgy) and ODT values
(Rp7) over process, voltage, and temperature, provided a dedicated 2400 (+1%) external resistor is
connected from the DRAM’s ZQ ball to Vggy,.
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DDR3 SDRAM require a longer time to calibrate Rgy and ODT at power-up initialization and self

refresh exit, and a relatively shorter time to perform periodic calibrations. DDR3 SDRAM defines two
ZQ CALIBRATION commands: ZQCL and ZQCS. An example of ZQ calibration timing is shown below.

All banks must be precharged and ‘RP must be met before ZQCL or ZQCS commands can be issued to
the DRAM. No other activities (other thanissuing another ZQCL or ZQCS command) can be performed

on the DRAM channel by the controller for the duration of 'ZQinit or 'ZQoper. The quiet time on the
DRAM channel helps accurately calibrate Rgy and ODT. After DRAM calibration is achieved, the

DRAM should disable the ZQ ball’s current consumption path to reduce power.

7ZQ CALIBRATION commands can be issued in parallel to DLL RESET and locking time. Upon self
refresh exit, an explicit ZQCL is required if ZQ calibration is desired.

In dual-rank systems that share the ZQ resistor between devices, the controller must not enable
overlap of 'ZQinit, ‘ZQoper, or 'ZQCS between ranks.

Figure 62: ZQ CALIBRATION Timing (ZQCL and ZQCS)

CK#
CK

enree e

Address m /l//l

ZQinit or ZQoper

Indicates break  [7 .
ZZ in time scale Don't Care

Notes: 1. CKE must be continuously registered HIGH during the calibration procedure.
2. ODT must be disabled via the ODT signal or the MRS during the calibration procedure.
3. All devices connected to the DQ bus should be High-Z during calibration.
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ACTIVATE Operation

Before any READ or WRITE commands can be issued to a bank within the DRAM, a row in that bank
must be opened (activated). This is accomplished via the ACTIVATE command, which selects both the
bank and the row to be activated.

After arowis opened with an ACTIVATE command, a READ or WRITE command may be issued to that
row, subject to the 'RCD specification. However, if the additive latency is programmed correctly, a
READ or WRITE command may be issued prior to ‘RCD (MIN). In this operation, the DRAM enables a
READ or WRITE command to be issued after the ACTIVATE command for that bank, but prior to ‘RCD
(MIN) with the requirement that (ACTIVATE-to-READ/WRITE) + AL = ‘RCD (MIN) (see Posted CAS
Additive Latency). ‘RCD (MIN) should be divided by the clock period and rounded up to the next whole
number to determine the earliest clock edge after the ACTIVATE command on which a READ or WRITE
command can be entered. The same procedure is used to convert other specification limits from time
units to clock cycles.

When at least one bank is open, any READ-to-READ command delay or WRITE-to-WRITE command
delay is restricted to ‘CCD (MIN).

A subsequent ACTIVATE command to a different row in the same bank can only be issued after the
previous active row has been closed (precharged). The minimum time interval between successive
ACTIVATE commands to the same bank is defined by ‘RC.

A subsequent ACTIVATE command to another bank can be issued while the first bank is being
accessed, which results in a reduction of total row-access overhead. The minimum time interval
between successive ACTIVATE commands to different banks is defined by ‘RRD. No more than four
bank ACTIVATE commands may be issued in a given TFAW (MIN) period, and the 'RRD (MIN) restric-

tion still applies. The 'FAW (MIN) parameter applies, regardless of the number of banks already
opened or closed.

Figure 63: Example: Meeting '‘RRD (MIN) and 'RCD (MIN)

CK#
CK

Command

Address % Row W
|
BA[2:0] %Bank XW MBank yW

T T T T
'RRD
Indicates break
Lo ” Don't Care
in time scale /
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Figure 64: Example: tFAW

CK#
CK
Command
Address
BA[2:0]
FAW
!ndl_cates break m Don‘t Care
in time scale /
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READ Operation

READ bursts are initiated with a READ command. The starting column and bank addresses are
provided with the READ command and auto precharge is either enabled or disabled for that burst
access. If auto precharge is enabled, the row being accessed is automatically precharged at the comple-
tion of the burst. If auto precharge is disabled, the row will be left open after the completion of the
burst.

During READ bursts, the valid data-out element from the starting column address is available READ
latency (RL) clocks later. RL is defined as the sum of posted CAS additive latency (AL) and CAS latency
(CL) (RL = AL + CL). The value of AL and CL is programmable in the mode register via the MRS
command. Each subsequent data-out element is valid nominally at the next positive or negative clock
edge (that s, at the next crossing of CK and CK#). READ Latency shows an example of RL based on a CL
setting of 8 and an AL setting of 0.

Figure 65: READ Latency

Command

Address

DQS, DQS#

[ — —

CoOT I Ty |

N
|
|

DQ

ZZ ::(iiifj:;e:cg{:ak Transitioning Data m Don't Care

Notes: 1. DO n = data-out from column n.
2. Subsequent elements of data-out appear in the programmed order following DO n.
DQS, DQS# is driven by the DRAM along with the output data. The initial LOW state on DQS and HIGH
state on DQS# is known as the READ preamble (‘RPRE). The LOW state on DQS and the HIGH state on
DQS#, coincident with the last data-out element, is known as the READ postamble (‘RPST). Upon
completion of a burst, assuming no other commands have been initiated, the DQ goes High-Z. A
detailed explanation of 'DQSQ (valid data-out skew), ‘QH (data-out window hold), and the valid data

window are depicted in 76. A detailed explanation of 'DQSCK (DQS transition skew to CK) is also
depicted in 76.

Data from any READ burst may be concatenated with data from a subsequent READ command to
provide a continuous flow of data. The first data element from the new burst follows the last element

of a completed burst. The new READ command should be issued 'CCD cycles after the first READ
command. This is shown for BL8 in 66. If BC4 is enabled, ‘CCD must still be met, which will cause a gap

in the data output, as shown in 67. Nonconsecutive READ data is reflected in 68. DDR3 SDRAM does
not allow interrupting or truncating any READ burst.

Data from any READ burst must be completed before a subsequent WRITE burst is allowed. An
example of a READ burst followed by a WRITE burst for BL8 is shown in 69 (BC4 is shown in 70). To
ensure the READ data is completed before the WRITE data is on the bus, the minimum

READ-to-WRITE timing is RL + {CCD - WL + 2'CK.
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AREAD burst may be followed by a PRECHARGE command to the same bank, provided auto precharge
is not activated. The minimum READ-to-PRECHARGE command spacing to the same bank is four

clocks and must also satisfy a minimum analog time from the READ command. This time is called ‘RTP

(READ-to-PRECHARGE). 'RTP starts AL cycles later than the READ command. Examples for BL8 are
shown in 71 and BC4 in 72. Following the PRECHARGE command, a subsequent command to the same

bank cannot be issued until ‘RP is met. The PRECHARGE command followed by another PRECHARGE
command to the same bank is allowed. However, the precharge period will be determined by the last
PRECHARGE command issued to the bank.

If A10 is HIGH when a READ command is issued, the READ with auto precharge function is engaged.
The DRAM starts an auto precharge operation on the rising edge, which is AL + 'RTP cycles after the
READ command. DRAM support a 'RAS lockout feature (see 74). If 'RAS (MIN) is not satisfied at the
edge, the starting point of the auto precharge operation will be delayed until ‘RAS (MIN) is satisfied. If
'RTP (MIN) is not satisfied at the edge, the starting point of the auto precharge operation is delayed

until 'RTP (MIN) is satisfied. In case the internal precharge is pushed out by 'RTP, ‘RP starts at the point
at which the internal precharge happens (not at the next rising clock edge after this event). The time
from READ with auto precharge to the next ACTIVATE command to the same bankis AL + (‘RTP + 'RP)*,
where * means rounded up to the next integer. In any event, internal precharge does not start earlier
than four clocks after the last 8n-bit prefetch.
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Figure 66: Consecutive READ Bursts (BL8)

command! )X READ )77/}
| |
Address? B )
DQS, DQS# ‘ ‘ ‘
‘ ‘ ‘ ‘ I I | I I ‘
oQ3 ‘ | mos | I EINE NN EID) 232 P24 325 0L 226 )L £01)
| ! RL=S5 ! ! ! ‘
| | | | | e | |

Don't Care

[7] Transitioning Data

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

The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ command at TO and T4.
DO n (or b) = data-out from column n (or column b).

BL8, RL=5(CL=5, AL =0).

Figure 67: Consecutive READ Bursts (BC4)

Command’

Address? Z}< E"E’ X,

‘ ‘ ‘ 'RPRE | | 1RPST RPRE | |_IRPST.
| | | |
P o S S S
| | | | | ‘ | | | | |
o2 | T aos | | o2 220 220X 220 (X2 29 O
! ! I I
| | | | = | | | ‘ ‘ ‘
|

B Transitioning Data

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

The BC4 setting is activated by either MRO[1:0] = 10 or MRO[1:0] = 01 and A12 = 0 during READ command at TO and T4.
DO n (or b) = data-out from column n (or column b).

BC4, RL=5(CL=5, AL=0).
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83| Figure 68: Nonconsecutive READ Bursts
%g « 7777T0 777T| 777T2 T3 T4 T5 >777T6 T7 777TB 777T9 777T10 777T1| 777T12 T13 777T|A 777T|5 >777T16 7
8 p— l/;m///m/ “"
E DQs, DQS#
bQ
[] Transitioning Data Don't Care
Notes: 1. AL=0, RL=38.
2. DO n (or b) = data-out from column n (or column b).
3. Seven subsequent elements of data-out appear in the programmed order following DO n.
4. Seven subsequent elements of data-out appear in the programmed order following DO b.
Figure 69: READ (BL8) to WRITE (BLS8)
oKt
K
Command’
- READ-to-WRITE command delay = RL + 'CCD + 2'CK - WL
= |
Y

Address2 /) Bank

DQS, DQS#

|
RL=5 ‘
I

DQ3

E] Transitioning Data Don’t Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BL8 setting is activated by either MR0O[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the READ command at TO, and the WRITE command
at T6.
3. DO n = data-out from column, DI b = data-in for column b.
4, BL8, RL=5(AL=0,CL=5), WL=5(AL=0, CWL =5).
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Figure 70: READ (BC4) to WRITE (BC4) OTF

Command'!

S68£-/857Z8STLL-ALNDD

N3 2202/€0 d "AdY - Jpd1€4AA 9T

Address?

@UO.IDI[@}V

DQS, DQS#

DQ3

E Transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BC4 OTF setting is activated by MRO[1:0] and A12 = 0 during READ command at TO and WRITE command at T4.
3. DO n = data-out from column n; DI n = data-in from column b.
4, BC4,RL=5(AL-0,CL=5), WL=5(AL=0, CWL =5).

Figure 71: READ to PRECHARGE (BL8)

(443

Command

Address

DQs, DQS#
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Figure 73: READ to PRECHARGE (AL =5, CL = 6)

'RAS (MIN) ‘ 'RP ‘
T d

?Z!E‘i!‘n?éfci{:“ [ ansioningosta[7] pont care

DQS to DQ output timing is shown in 75. The DQ transitions between valid data outputs must be within ‘DQSQ of
the crossing point of DQS, DQS#. DQS must also maintain a minimum HIGH and LOW time of '‘QSH and 'QSL.
Prior to the READ preamble, the DQ balls will either be floating or terminated, depending on the status of the ODT
signal.

76 shows the strobe-to-clock timing during a READ. The crossing point DQS, DQS# must transition within
+'DQSCK of the clock crossing point. The data out has no timing relationship to CK, only to DQS, as shown in 76.
76 also shows the READ preamble and postamble. Typically, both DQS and DQS# are High-Z to save power (Vppg)-
Prior to data output from the DRAM, DQS is driven LOW and DQS# is HIGH for '‘RPRE. This is known as the READ
preamble.

The READ postamble, '‘RPST, is one half clock from the last DQS, DQS# transition. During the READ postamble,
DQS is driven LOW and DQS# is HIGH. When complete, the DQ is disabled or continues terminating, depending
on the state of the ODT signal. 79 demonstrates how to measure ‘RPST.
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Figure 75:

Notes:

No upwN -

Data Output Timing - 'DQSQ and Data Valid Window

CK#
K — |~~~

DEEN D T UD I UD T L

‘ ‘ RL=AL +CL ‘

,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Command'

All DQ collectively

Address? Q( Rank, >(
| 4 . | |
DQSQ (MAX
1DQsQ (MAX)—=| [~ | 259 (MAX) | | tRpST
It ! ! I tHZDQ (MAX)
1ZDQ (MIN)—| |4— ma
boQs,pQS4§ —7m8 — T P\ "~ d---F/—=F---F = - - Ry
‘ ‘ ‘ ‘ ‘RPRE QA | T THRRR ‘
3 i DO, DO, DO, DO DO, DO, DO.
P astdata vall) ‘ ‘ ‘ ‘ ‘ Dn0 n+1 n+2 An+3 n+4 A n+5 n+6 A n+7 ‘
3 (fi ’
DQ3 (first data no longer valid) ‘ ‘ ‘ ‘ 00, ,,D+ , (0, Y00, nD+ - nD+ . nD+ x ‘
| | | | I

DO DO
| n +3,

Data valid

(29 (%9 (%9 (2% )——7—

Data valid

Don't Care

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

The BL8 setting is activated by either MRO[1, 0] =0, 0 or MRO[O, 1] =0, 1 and A12 = 1 during READ command at TO.
DO n = data-out from column n.

BL8, RL=5 (AL=0, CL=5).

Output timings are referenced to Vppg/2 and DLL on and locked.

'DQSQ defines the skew between DQS, DQS# to data and does not define DQS, DQS# to CK.
Early data transitions may not always happen at the same DQ. Data transitions of a DQ can be early or late within a burst.

'HZ and 'LZ transitions occur in the same access time as valid data transitions. These parameters are referenced to
a specific voltage level that specifies when the device output is no longer driving 'HZDQS and 'HZDQ, or begins
driving 'L.ZDQS, '.ZDQ. 77 shows a method of calculating the point when the device is no longer driving 'HZDQS
and 'HZDQ, or begins driving ‘LZDQS, 'LZDQ, by measuring the signal at two different voltages. The actual voltage
measurement points are not critical as long as the calculation is consistent. The parameters 'L.ZDQS, ‘LZDQ,
'HZDQS, and 'HZDQ are defined as single-ended.
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Figure 76: Data Strobe Timing - READs

DQS, DQS#
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to this point

2Gb: x4, x8, x16 DDR3L SDRAM

READ Operation

LZDQS (MAX)

Bit 3

tDQSCK (MAX)

Bit 4 Bit5

tDQSCK (MAX)

Bit 6

[[DQSCK (MAX)

]

Bit 7

tHZDQS (MAX)

DQs, DQs#
late strobe \ .
‘ tQSH ‘ tQsL ‘ tQsH ‘ tQsL
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit7
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Figure 77: Method for Calculating 'LZ and tHz

A

tHzDQS, tHZDQ

S V]

Vo

tHZDQS, tHZDQ end point =2 x T1 - T2

2Gb: x4, x8, x16 DDR3L SDRAM

READ Operation

Vir + 2xmV

Vi + xmV

1LZDQS, tLzDQ

t1LZDQS, 'LZDQ begin point =2 x T1 - T2

Notes: 1. Within a burst, the rising strobe edge is not necessarily fixed at IDQSCK (MIN) or tDQSCK (MAX). Instead, the rising
strobe edge can vary between 'DQSCK (MIN) and 'DQSCK (MAX).
2. The DQS HIGH pulse width is defined by 'QSH, and the DQS LOW pulse width is defined by 'QSL. Likewise, 1L.ZDQS
(MIN) and tHZDQS (MIN) are not tied to 'DQSCK (MIN) (early strobe case), and 'LZDQS (MAX) and *HZDQS (MAX)

are not tied to 'DQSCK (MAX) (late strobe case); however, they tend to track one another.
3. The minimum pulse width of the READ preamble is defined by 'RPRE (MIN). The minimum pulse width of the READ
postamble is defined by TRPST (MIN).

Figure 78: 'RPRE Timing
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as background information
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'RPRE specification
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tRPRE ends
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Figure 79: 'RPST Timing
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WRITE Operation

WRITE bursts are initiated with a WRITE command. The starting column and bank addresses are
provided with the WRITE command, and auto precharge is either enabled or disabled for that access.
If auto precharge is selected, the row being accessed is precharged at the end of the WRITE burst. If
auto precharge is not selected, the row will remain open for subsequent accesses. After a WRITE
command has been issued, the WRITE burst may not be interrupted. For the generic WRITE
commands used in 82 through 90, auto precharge is disabled.

During WRITE bursts, the first valid data-in element is registered on a rising edge of DQS following the
WRITE latency (WL) clocks later and subsequent data elements will be registered on successive edges
of DQS. WRITE latency (WL) is defined as the sum of posted CAS additive latency (AL) and CAS WRITE
latency (CWL): WL = AL + CWL. The values of AL and CWL are programmed in the MRO and MR2 regis-
ters, respectively. Prior to the first valid DQS edge, a full cycle is needed (including a dummy crossover
of DQS, DQS#) and specified as the WRITE preamble shown in 82. The half cycle on DQS following the
last data-in element is known as the WRITE postamble.

The time between the WRITE command and the first valid edge of DQS is WL clocks +'DQSS. 83

through 90 show the nominal case where tDQSS = 0ns; however, 82 includes tDQSS (MIN) and tDQSS
(MAX) cases.

Data may be masked from completing a WRITE using data mask. The data mask occurs on the DM ball
aligned to the WRITE data. If DM is LOW, the WRITE completes normally. If DM is HIGH, that bit of
data is masked.

Upon completion of a burst, assuming no other commands have been initiated, the DQ will remain
High-Z, and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with a subsequent WRITE command to provide a
continuous flow of input data. The new WRITE command can be '‘CCD clocks following the previous
WRITE command. The first data element from the new burst is applied after the last element of a
completed burst. 83 and 84 show concatenated bursts. An example of nonconsecutive WRITEs is
shown in 85.

Data for any WRITE burst may be followed by a subsequent READ command after '"WTR has been met
(see 86, 87, and 88).

Data for any WRITE burst may be followed by a subsequent PRECHARGE command, providing ‘WR
has been met, as shown in 89 and 90.

Both 'WTR and 'WR starting time may vary, depending on the mode register settings (fixed BC4, BL8
versus OTF).
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Figure 80: 'WPRE Timing
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Figure 81: 'WPST Timing
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Figure 82: WRITE Burst
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Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The BL8 setting is activated by either MR0[1:0] =00 or MRO[1:0] =01 and A12 = 1 during the WRITE command at TO.

3. DI n =data-in for column n.

4. BL8, WL=5(AL=0, CWL=5).

5. 'DQSS must be met at each rising clock edge.

6. "WPST is usually depicted as ending at the crossing of DQS, DQS#; however, *"WPST actually ends when DQS no

longer drives LOW and DQS# no longer drives HIGH.

CCMTD-1725822587-7895 180 Micron Technology, Inc. reserves the right to change products or specifications without notice.
2Gb_DDR3L.pdf - Rev. P 03/2022 EN © 2015 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.Com.


http://www.arrow.com

Figure 83: Consecutive WRITE (BL8) to WRITE (BL8)
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L WL=5
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[ Transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the WRITE commands at TO and T4.
3. DI n (or b) = data-in for column n (or column b).
4. BL8, WL=5(AL=0, CWL=5).

Figure 84: Consecutive WRITE (BC4) to WRITE (BC4) via OTF
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I

[=] Transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
BC4, WL =5 (AL=0, CWL = 5).

DI n (or b) = data-in for column n (or column b).

The BC4 setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO and T4.

If set via MRS (fixed) 'WR and *WTR would start T11 (2 cycles earlier).
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Figure 8
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Notes: 1.
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3.
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[4:]

Address3 /X Valid

5: Nonconsecutive WRITE to WRITE

DQs, DQS#

bpQ

DM

[7] Transitioning Data Don't Care

DI n (or b) = data-in for columnn (or column b).

. Seven subsequent elements of data-in are applied in the programmed order following DO n.

Each WRITE command may be to any bank.

. Shown for WL=7 (CWL=7, AL=0).

Figure 86: WRITE (BL8) to READ (BLS8)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
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NOP commands are shown for ease of illustration; other commands may be valid at these times.
"WTR controls the WRITE-to-READ delay to the same device and starts with the first rising clock edge after the last write data shown at T9.

The BL8 setting is activated by either MR0O[1:0] = 00 or MRO[1:0] = 01 and MRO[12] = 1 during the WRITE command at T0. The READ command

at Ta0 can be either BC4 or BL8, depending on MRO[1:0] and the A12 status at Ta0.
DI n = data-in for column n.

. RL=5(AL=0,CL=5), WL=5(AL=0, CWL =5).
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Figure 87: WRITE to READ (BC4 Mode Register Setting)
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NOP commands are shown for ease of illustration; other commands may be valid at these times.
"WTR controls the WRITE-to-READ delay to the same device and starts with the first rising clock edge after the last write data shown at T7.

. The fixed BC4 setting is activated by MRO0[1:0] = 10 during the WRITE command at TO and the READ command at Ta0.

DI n = data-in for column n.
BC4 (fixed), WL=5(AL=0, CWL=5),RL=5(AL=0, CL =5).
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Figure 88: WRITE (BC4 OTF) to READ (BC4 OTF)
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DQ*

Indicates break - 7 .
ZZ e o [-] Transitioning Data Don't Care

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

YWTR controls the WRITE-to-READ delay to the same device and starts after 'BL.

DI n = data-in for column n.

. BC4,RL=5(AL=0,CL=5), WL=5(AL=0, CWL=5).

Figure 89: WRITE (BL8) to PRECHARGE

. The BC4 OTF setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO and the READ command at Tn.

DQs, DQS#

DQBL8

DI n = data-in from column n.

2. Seven subsequent elements of data-in are applied in the programmed order following DO n.

Shown for WL=7 (AL=0, CWL =7).
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Figure 90: WRITE (BC4 Mode Register Setting) to PRECHARGE

CK# ---»
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Command
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| | | | | x

DQS, DQS#

X X X X X X

DQ BC4

Notes: 1.

iAW

E] Transitioning Data Don't Care

Indicates break
in time scale

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

The write recovery time (*WR) is referenced from the first rising clock edge after the last write data is shown at T7.
"WVR specifies the last burst WRITE cycle until the PRECHARGE command can be issued to the same bank.

The fixed BC4 setting is activated by MRO[1:0] = 10 during the WRITE command at TO.

DI n = data-in for column n.

BC4 (fixed), WL =5, RL =5.
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Figure 91: WRITE (BC4 OTF) to PRECHARGE
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Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The write recovery time (*WR) is referenced from the rising clock edge at T9. 'WR specifies the last burst WRITE
cycle until the PRECHARGE command can be issued to the same bank.

3. The BC4 setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO0.

4. DI n = data-in for column n.

5. BC4 (OTF), WL =5, RL =5.

DQ Input Timing

82 shows the strobe-to-clock timing during a WRITE burst. DQS, DQS# must transition within 0.25'CK
of the clock transitions, as limited by ‘DQSS. All data and data mask setup and hold timings are
measured relative to the DQS, DQS# crossing, not the clock crossing.

The WRITE preamble and postamble are also shown in 82. One clock prior to data input to the DRAM,
DQS must be HIGH and DQS# must be LOW. Then for a half clock, DQS is driven LOW (DQS# is driven
HIGH) during the WRITE preamble, "WPRE. Likewise, DQS must be kept LOW by the controller after
the last data is written to the DRAM during the WRITE postamble, YWPST.

Data setup and hold times are also shown in 82. All setup and hold times are measured from the

crossing points of DQS and DQS#. These setup and hold values pertain to data input and data mask
input.

Additionally, the half period of the data input strobe is specified by ‘DQSH and '‘DQSL.

Figure 92: Data Input Timing
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PRECHARGE Operation

Input A10 determines whether one bank or all banks are to be precharged and, in the case where only
one bank is to be precharged, inputs BA[2:0] select the bank.

When all banks are to be precharged, inputs BA[2:0] are treated as “Don’t Care.” After a bank is
precharged, it is in the idle state and must be activated prior to any READ or WRITE commands being
issued.

SELF REFRESH Operation

The SELF REFRESH operation is initiated like a REFRESH command except CKE is LOW. The DLL is
automatically disabled upon entering SELF REFRESH and is automatically enabled and reset upon
exiting SELF REFRESH.

All power supply inputs (including Vgygpca and VRgppg) must be maintained at valid levels upon
entry/exit and during self refresh mode operation. Vggrpq may float or not drive Vppq/2 while in self
refresh mode under certain conditions:

* Vgs < Vgerpq < Vpp is maintained.

* VRgrpq is valid and stable prior to CKE going back HIGH.

* The first WRITE operation may not occur earlier than 512 clocks after Vggrpq is valid.

e All other self refresh mode exit timing requirements are met.

The DRAM must be idle with all banks in the precharge state (‘RP is satisfied and no bursts are in prog-
ress) before a self refresh entry command can be issued. ODT must also be turned off before self refresh
entry by registering the ODT ball LOW prior to the self refresh entry command (see On-Die Termina-

tion (ODT) (for timing requirements). If Ryt o, and Ryrwr) are disabled in the mode registers, ODT

can be a “Don’t Care.” After the self refresh entry command is registered, CKE must be held LOW to
keep the DRAM in self refresh mode.

After the DRAM has entered self refresh mode, all external control signals, except CKE and RESET#, are
“Don’t Care.” The DRAM initiates a minimum of one REFRESH command internally within the ‘CKE
period when it enters self refresh mode.

Therequirements for entering and exiting self refresh mode depend on the state of the clock during self

refresh mode. First and foremost, the clock must be stable (meeting CK specifications) when self
refresh mode is entered. If the clock remains stable and the frequency is not altered while in self refresh

mode, then the DRAM is allowed to exit self refresh mode after 'CKESR is satisfied (CKE is allowed to
transition HIGH '‘CKESR later than when CKE was registered LOW). Since the clock remains stable in
self refresh mode (no frequency change), {CKSRE and 'CKSRX are not required. However, if the clock is
altered during self refresh mode (if it is turned-off or its frequency changes), then '‘CKSRE and ‘CKSRX
must be satisfied. When entering self refresh mode, 'CKSRE must be satisfied prior to altering the

clock's frequency. Prior to exiting self refresh mode, ‘CKSRX must be satisfied prior to registering CKE
HIGH.

When CKE is HIGH during self refresh exit, NOP or DES must be issued for XS time. XS is required for
the completion of any internal refresh already in progress and must be satisfied before a valid

command not requiring a locked DLL can be issued to the device. XS is also the earliest time self
refresh re-entry may occur. Before a command requiring a locked DLL can be applied, a ZQCL

command must be issued, tZQOPER timing must be met, and XSDLL must be satisfied. ODT must be
off during *XSDLL.
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Figure 93: Self Refresh Entry/Exit Timing
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The clock must be valid and stable, meeting 'CK specifications at least 'CKSRE after entering self refresh mode, and
at least 'CKSRX prior to exiting self refresh mode, if the clock is stopped or altered between states Ta0 and TbO0. If
the clock remains valid and unchanged from entry and during self refresh mode, then 'CKSRE and 'CKSRX do not

apply; however, 'CKESR must be satisfied prior to exiting at SRX.
ODT must be disabled and Rty off prior to entering self refresh at state T1. If both Ry om and Rypwr) are disabled

in the mode registers, ODT can be a "Don’t Care.”
Self refresh entry (SRE) is synchronous via a REFRESH command with CKE LOW.
A NOP or DES command is required at T2 after the SRE command is issued prior to the inputs becoming “Don’t

Care.”
NOP or DES commands are required prior to exiting self refresh mode until state TeO.

XS is required before any commands not requiring a locked DLL.

IXSDLL is required before any commands requiring a locked DLL.
The device must be in the all banks idle state prior to entering self refresh mode. For example, all banks must be

precharged, 'RP must be met, and no data bursts can be in progress.
Self refresh exit is asynchronous; however, XS and '™XSDLL timings start at the first rising clock edge where CKE
HIGH satisfies YISXR at Tc1. 'CKSRX timing is also measured so that lISXR is satisfied at Tc1.
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Extended Temperature Usage

Micron’s DDR3 SDRAM support the optional extended case temperature (T¢) range of 0°C to 95°C.
Thus, the SRT and ASR options must be used at a minimum.

The extended temperature range DRAM must be refreshed manually at 2x (double refresh) anytime the
case temperature is above 85°C (and does not exceed 95°C). The manual refresh requirement is accom-
plished 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 T is
above 85°C or self refresh cannot be used until T is at or below 85°C. summarizes the two extended
temperature options and summarizes how the two extended temperature options relate to one
another.

Table 96: Self Refresh Temperature and Auto Self Refresh Description

Field ‘ MR2 Bits ‘ Description
Self Refresh Temperature (SRT)

SRT 7 If ASR is disabled (MR2[6] = 0), SRT must be programmed to indicate Topggduring self refresh:
*MR2[7] = 0: Normal operating temperature range (0°C to 85°C)

*MR2[7] = 1: Extended operating temperature range (0°C to 95°C)

If ASR is enabled (MR2[7] = 1), SRT must be set to 0, even if the extended temperature range is sup-
ported

*MR2[7] = 0: SRT is disabled

Auto Self Refresh (ASR)

ASR 6 When ASR is enabled, the DRAM automatically provides SELF REFRESH power management func-
tions, (refresh rate for all supported operating temperature values)

* MR2[6] = 1: ASR is enabled (M7 must = 0)

When ASR is not enabled, the SRT bit must be programmed to indicate Topgrduring SELF REFRESH
operation

* MR2[6] = 0: ASR is disabled; must use manual self refresh temperature (SRT)

Table 97: Self Refresh Mode Summary

MR2[6 | MR2[7 Permitted Operating
] 1 Temperature
(ASR) | (SRT) | SELF REFRESH Operation Range for Self Refresh Mode
0 0 Self refresh mode is supported in the normal temperature Normal (0°C to 85°C)
range
0 1 Self refresh mode is supported in normal and extended tem- Normal and extended (0°C to 95°C)

perature ranges; When SRT is enabled, it increases self refresh
power consumption

1 0 Self refresh mode is supported in normal and extended tem- Normal and extended (0°C to 95°C)
perature ranges; Self refresh power consumption may be tem-
perature-dependent

1 1 lllegal
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Power-Down Mode

Power-down is synchronously entered when CKE is registered LOW coincident with a NOP or DES
command. CKE is not allowed to go LOW while an MRS, MPR, ZQCAL, READ, or WRITE operationis in
progress. CKE is allowed to go LOW while any of the other legal operations (such as ROW ACTIVATION,
PRECHARGE, auto precharge, or REFRESH) are in progress. However, the power-down I, specifica-
tions are not applicable until such operations have completed. Depending on the previous DRAM state
and the command issued prior to CKE going LOW, certain timing constraints must be satisfied (as
noted in ). Timing diagrams detailing the different power-down mode entry and exits are shown in 94
through 103.

Table 98: Command to Power-Down Entry Parameters

Last Command Prior to
DRAM Status CKE Low" Parameter (Min) Parameter Value Figure
Idle or active ACTIVATE tACTPDEN 1tk 101
Idle or active PRECHARGE tPRPDEN 1tck 102
Active READ or READAP tRDPDEN RL + 4tCK + 1tCK 97
Active WRITE: BL8OTF, BL8MRS, tWRPDEN WL + 41CK + "WR/ACK 98
BC4OTF
Active WRITE: BCAMRS WL + 2tcK + YWRICK 98
Active WRITEAP: BL8OTF, YWRAPDEN WL + 4'CK + WR + 1tcK 99
BL8MRS, BC4OTF

Active WRITEAP: BCAMRS WL + 2tCK + WR + 1tCK 99
Power-down REFRESH XPDLL Greater of 10°CK or 24ns 104
Idle MODE REGISTER SET tMRSPDEN t\MOD 103

Notes: 1. If slow-exit mode precharge power-down is enabled and entered, ODT becomes asynchronous *ANPD prior to CKE
going LOW and remains asynchronous until tANPD + !XPDLL after CKE goes HIGH.

Entering power-down disables the input and output buffers, excluding CK, CK#, ODT, CKE, and

RESET#. NOP or DES commands are required until 'CPDED has been satisfied, at which time all spec-
ified input/output buffers are disabled. The DLL should be in a locked state when power-down is
entered for the fastest power-down exit timing. If the DLL is not locked during power-down entry, the
DLL must be reset after exiting power-down mode for proper READ operation as well as synchronous
ODT operation.

During power-down entry, ifany bank remains open after all in-progress commands are complete, the
DRAM will be in active power-down mode. If all banks are closed after all in-progress commands are
complete, the DRAM will be in precharge power-down mode. Precharge power-down mode must be
programmed to exit with either a slow exit mode or a fast exit mode. When entering precharge
power-down mode, the DLL is turned off in slow exit mode or kept on in fast exit mode.

The DLL also remains on when entering active power-down. ODT has special timing constraints when
slow exit mode precharge power-down is enabled and entered. Refer to for detailed ODT usage
requirements in slow exit mode precharge power-down. A summary of the two power-down modes is
listed in .
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d{o’}lcrol‘f 2Gb: x4, x8, x16 DDR3L SDRAM

While in either power-down state, CKE is held LOW, RESET# is held HIGH, and a stable clock signal
must be maintained. ODT must be in a valid state but all other input signals are “Don’t Care.” If
RESET# goes LOW during power-down, the DRAM will switch out of power-down mode and go into

the reset state. After CKE is registered LOW, CKE must remain LOW until ‘PD (MIN) has been satisfied.
The maximum time allowed for power-down duration is PPD (MAX) (9 x 'REFI).

The power-down states are synchronously exited when CKE is registered HIGH (with a required NOP
or DES command). CKE must be maintained HIGH until 'CKE has been satisfied. A valid, executable
command may be applied after power-down exit latency, 'XP, and *XPDLL have been satisfied. A
summary of the power-down modes is listed below.

For specific CKE-intensive operations, such as repeating a
power-down-exit-to-refresh-to-power-down-entry sequence, the number of clock cycles between
power-down exit and power-down entry may not be sufficient to keep the DLL properly updated. In

addition to meeting 'PD when the REFRESH command is used between power-down exit and
power-down entry, two other conditions must be met. First, 'XP must be satisfied before issuing the

REFRESH command. Second, '*XPDLL must be satisfied before the next power-down may be entered.
An example is shown in 104.

Table 99: Power-Down Modes

Power-Dow

DRAM State MRO[12] DLL State n Exit Relevant Parameters

Active (any bank open) “Don’t On Fast XP to any other valid command
Care”

Precharged 1 On Fast P to any other valid command

(all banks precharged)
0 Off Slow IXPDLL to commands that require the DLL to be

locked (READ, RDAP, or ODT on);
XP to any other valid command
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Power-Down Mode

Figure 94: Active Power-Down Entry and Exit
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Figure 95: Precharge Power-Down (Fast-Exit Mode) Entry and Exit

Don't Care
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Figure 96: Precharge Power-Down (Slow-Exit Mode) Entry and Exit

tCPDED tCKE (MIN)

| v

tis ‘Iﬂ/ H I
e <, At (s I
tPD |
Enter power-down Exit power-down
mode mode

Indicates break ,
in time scale m Don’t Care

—_—

Notes: 1. Any valid command not requiring a locked DLL.
2. Any valid command requiring a locked DLL.

Figure 97: Power-Down Entry After READ or READ with Auto Precharge (RDAP)
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Figure 98: Power-Down Entry After WRITE

2Gb: x4, x8, x16 DDR3L SDRAM
Power-Down Mode
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B Transitioning Data Don't Care

Figure 99: Power-Down Entry After WRITE with Auto Precharge (WRAP)
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Start internal
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Notes: 1. 'WR is programmed through MRO[11:9] and represents "WRmin (ns)/!CK rounded up to the next integer 'CK.

2. CKE can go LOW 2'CK earlier if BCAMRS.
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Power-Down Mode

Figure 100: REFRESH to Power-Down Entry
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| us
« 77 U] )\ |

tREFPDEN | tXP (MIN)

tRFC (MIN)'

Indicates break | .
ZZ in time scale m Don't Care

Note: 1. After CKE goes HIGH during 'RFC, CKE must remain HIGH until 'RFC is satisfied.

Figure 101: ACTIVATE to Power-Down Entry
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Power-Down Mode

Figure 102: PRECHARGE to Power-Down Entry

Command )< PRE >@< NOP >@< NOP W
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Address bank
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Figure 103: MRS Command to Power-Down Entry
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Power-Down Mode

Figure 104: Power-Down Exit to Refresh to Power-Down Entry

REFRESH

tCPDED

N /M (—

s
||
PD tXPDLL2
Enter power-down Exit power-down Enter power-down
mode mode mode

Indicates break .
ZZ in time scale m Don't Care

Notes: 1. *™P must be satisfied before issuing the command.
2. '™PDLL must be satisfied (referenced to the registration of power-down exit) before the next power-down can be

entered.
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RESET Operation

RESET Operation

The RESET signal (RESET#) is an asynchronous reset signal that triggers any time it drops LOW, and
there are no restrictions about when it can go LOW. After RESET# goes LOW, it must remain LOW for
100ns. During this time, the outputs are disabled, ODT (Ryy) turns off (High-Z), and the DRAM resets
itself. CKE should be driven LOW prior to RESET# being driven HIGH. After RESET# goes HIGH, the
DRAM must be re-initialized as though a normal power-up was executed. All counters, except refresh

counters, on the DRAM are reset, and data stored in the DRAM is assumed unknown after RESET# has
gone LOW.
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Figure 105: RESET Sequence

System RESET
(warm boot)
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On-Die Termination (ODT)

On-die termination (ODT) is a feature that enables the DRAM to enable/disable and turn on/off termi-
nation resistance for each DQ, DQS, DQS#, and DM for the x4 and x8 configurations (and TDQS,
TDQS# for the x8 configuration, when enabled). ODT is applied to each DQ, UDQS, UDQS#, LDQS,
LDQS#, UDM, and LDM signal for the x16 configuration.

ODT is designed to improve signal integrity of the memory channel by enabling the DRAM controller
to independently turn on/off the DRAM'’s internal termination resistance for any grouping of DRAM
devices. ODT is not supported during DLL disable mode (simple functional representation shown
below). The switch is enabled by the internal ODT control logic, which uses the external ODT ball and
other control information.

Figure 106: On-Die Termination

r- - - - - - - - - — — — - 1
I ODT |
To other : Vbpq/2 :
circuitry | 1 Rt I
such as I I
RCV, | Switch |
o I I o DQ, DQS, DQS#,
: : DM, TDQS, TDQS#
| |

Functional Representation of ODT

The value of Rpr (ODT termination resistance value) is determined by the settings of several mode
register bits (see ). The ODT ball is ignored while in self refresh mode (must be turned off prior to self
refresh entry) or if mode registers MR1 and MR2 are programmed to disable ODT. ODT is comprised
of nominal ODT and dynamic ODT modes and either of these can function in synchronous or asyn-
chronous mode (when the DLL is off during precharge power-down or when the DLL is synchro-
nizing). Nominal ODT is the base termination and is used in any allowable ODT state. Dynamic ODT
is applied only during writes and provides OTF switching from no Ryt or Ryt om t0 Rrpwg)-

The actual effective termination, Ryrgpp), may be different from Ry targeted due to nonlinearity of the
termination. For Rypgpp) values and calculations, see .

Nominal ODT

ODT (NOM) is the base termination resistance for each applicable ball; it is enabled or disabled via
MRI1]9, 6, 2] (see Mode Register 1 (MR1) Definition), and it is turned on or off via the ODT ball.
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Table 100: Truth Table - ODT (Nominal)

Note 1 applies to the entire table

MR1I[9, 6, 2] ODT Pin DRAM Termination State DRAM State Notes
000 0 RTT,nom disabled, ODT off Any valid 2
000 1 R1T nom disabled, ODT on Any valid except self refresh, read 3
000-101 0 R1T nom €nabled, ODT off Any valid 2
000-101 1 R1T,nom €nabled, ODT on Any valid except self refresh, read 3
110 and 111 X R1T nom reserved, ODT on or off lllegal

Notes: 1. Assumes dynamic ODT is disabled (see when enabled).
2. ODT is enabled and active during most writes for proper termination, but it is not illegal for it to be off during
writes.
3. ODT must be disabled during reads. The Ryt ,om Value is restricted during writes. Dynamic ODT is applicable if

enabled.

Nominal ODT resistance Rt o is defined by MR1[9, 6, 2], as shown in Mode Register 1 (MR1) Defi-
nition. The Ryt pom termination value applies to the output pins previously mentioned. DDR3 SDRAM
supports multiple RTT nom values based on RZQ/n where n can be 2, 4, 6, 8, or 12 and RZQ is 240Q.
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.

Write accesses use Ry o if dynamic ODT (Ryrwg)) is disabled. If Rrp o is used during writes, only

RzQ/2,RZQ/4, and RZQ/6 are allowed (see ). ODT timings are summarized in , as well as listed in the
Electrical Characteristics and AC Operating Conditions table.

Examples of nominal ODT timing are shown in conjunction with the synchronous mode of operation
in.

Table 101: ODT Parameters

Definition for All
Symbol Description Begins at Defined to DDR3L Speed Bins | Unit
ODTLon ODT synchronous turn-on delay | ODT registered HIGH RTT(ON) +tAON CWL+AL-2 tck
ODTLoff ODT synchronous turn-off delay | ODT registered HIGH Rrr(oFF) +'AOF CWL +AL-2 tck
tAONPD ODT asynchronous turn-on delay | ODT registered HIGH RTT(ON) 2-8.5 ns
tAOFPD ODT asynchronous turn-off delay | ODT registered HIGH Rr1(0FF) 2-8.5 ns
ODTH4 ODT minimum HIGH time after | ODT registered HIGH ODT regis- atck tck
ODT assertion or write (BC4) or write registration tered LOW
with ODT HIGH
ODTH8 ODT minimum HIGH time after Write registration ODT regis- 6tck tck
write (BL8) with ODT HIGH tered LOW
tAON ODT turn-on relative to ODTLon Completion of R10N) See Electrical Charac- ps
completion ODTLon teristics and AC Oper-
ating Conditions table
tAOF ODT turn-off relative to ODTLoff Completion of Rr1(0FF) 0.5tcK + 0.2tck tck
completion ODTLoff
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Dynamic ODT

In certain application cases, and to further enhance signal integrity on the data bus, it is desirable that
the termination strength of the DDR3 SDRAM can be changed without issuing an MRS command,
essentially changing the ODT termination on the fly. With dynamic ODT Rypwpg)) enabled, the DRAM

switches from nominal ODT Rt o) to dynamic ODT Ryrgyg)) when beginning a WRITE burst and
subsequently switches back to nominal ODT Ryt o)) at the completion of the WRITE burst. This
requirement is supported by the dynamic ODT feature, as described below.

Dynamic ODT Special Use Case

When DDR3 devices are architect as a single rank memory array, dynamic ODT offers a special use
case: the ODT ball can be wired high (via a current limiting resistor preferred) by having Rty om

disabled via MR1 and Rrr(yg) enabled via MR2. This will allow the ODT signal not to have to be routed
yet the DRAM can provide ODT coverage during write accesses.

When enabling this special use case, some standard ODT spec conditions may be violated: ODT is
sometimes suppose to be held low. Such ODT spec violation (ODT not LOW) is allowed under this
special use case. Most notably, if Write Leveling is used, this would appear to be a problem since
Rrrwr) can not be used (should be disabled) and Ryrnony should be used. For Write leveling during

this special use case, with the DLL locked, then Ryrnop maybe enabled when entering Write Leveling
mode and disabled when exiting Write Leveling mode. More so, Rrrow) must be enabled when

enabling Write Leveling, via same MR1 load, and disabled when disabling Write Leveling, via same
MR1 load if Rppnow iS to be used.

ODT will turn-on within a delay of ODTLon + '"AON + 'MOD + 1CK (enabling via MR1) or turn-off within

a delay of ODTLoff + TAQF + '™MOD + 1CK. As seen in the table below, between the Load Mode of MR1
and the previously specified delay, the value of ODT is uncertain. this means the DQ ODT termination
could turn-on and then turn-off again during the period of stated uncertainty.

Table 102: Write Leveling with Dynamic ODT Special Case

Begin Ryt hom Uncertainty End Rt nom Uncertainty 1/0s R11,nom Final State

MR1 load mode command: ODTLon + tAON + tMOD + 1CK DQS, DQS# | Drive Ryt pom value
Enable Write Leveling and Rrrnowm) DQs No Rer nom
MR1 load mode command: ODTLoff + tAOFF + 'MOD + 1CK | DQS, DQs# NO RrT,nom
Disable Write Leveling and Rrrnowm) DQs No Rer nom

Functional Description

The dynamic ODT mode is enabled if either MR2[9] or MR2[10] is set to 1. Dynamic ODT is not
supported during DLL disable mode so Ryrygr) must be disabled. The dynamic ODT function is
described below:
* Two Ry values are available—Rrr o and Rrrewg)-

— The value for Rrp oy is preselected via MR1[9, 6, 2].

— The value for Ryrwp is preselected via MR2[10, 9].

e During DRAM operation without READ or WRITE commands, the termination is controlled.
- Nominal termination strength Ry ;o is used.
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— Termination on/off timing is controlled via the ODT ball and latencies ODTLon and ODTLoff.

* When a WRITE command (WR, WRAP, WRS4, WRS8, WRAPS4, WRAPSS) is registered, and if dynamic

ODT is enabled, the ODT termination is controlled.

- Alatency of ODTLcnw after the WRITE command: termination strength Ryt o, switches to
Rrrwr)

— Alatency of ODTLcwn8 (for BL8, fixed or OTF) or ODTLcwn4 (for BC4, fixed or OTF) after the
WRITE command: termination strength Ryrwg) switches back to Rrr pom-

— On/off termination timing is controlled via the ODT ball and determined by ODTLon, ODTLoff,
ODTH4, and ODTHS.

— During the 'ADC transition window, the value of Ry is undefined.

ODT is constrained during writes and when dynamic ODT is enabled (see the table below, Dynamic
ODT Specific Parameters). ODT timings listed in the ODT Parameters table in On-Die Termination
(ODT) also apply to dynamic ODT mode.

Table 103: Dynamic ODT Specific Parameters

Definition for All
DDR3L Speed
Symbol Description Begins at Defined to Bins Unit
ODTLcnw Change from Ryt nom to Write registration Ryt switched from WL -2 tck
Rrrwe) R1T,nom 10 Rrrwr)

ODTLcwn4 Change from Ryrowg) to Write registration | Rypswitched fromRyrowry | 4tcK + ODTL off tck
RTT,nom (BC4) to RTT,nom

ODTLcwn8 Change from Rrrwr) to Write registration | Rrrswitched from Rrrowr) | 61CK + ODTL off tck
RTT,nom (B LS) to RTT,nom

tADC Rt change skew ODTLlcnwdcom- Rt transition complete 0.5tcK + 0.2tcK tck

plete

Table 104: Mode Registers for Ry nom

MR1 (Rr1,nom)
M9 M6 M2 R1T,nom (RZQ) R1T,nom (Ohm) R1T,nom Mode Restriction
0 0 0 Off Off n/a
0 0 1 RZQ/4 60 Self refresh
0 1 0 RZQ/2 120
0 1 1 RZQ/6 40
1 0 0 RZQ/12 20 Self refresh, write
1 0 1 RZQ/8 30
1 1 0 Reserved Reserved n/a
1 1 1 Reserved Reserved n/a
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Notes: 1. RZQ = 240Q. If Ry om is used during WRITEs, only RZQ/2, RZQ/4, RZQ/6 are allowed.

Table 105: Mode Registers for Ryr(yg)

MR2 (Rrrqwr))
M10 M9 Rrrwr) (RZQ) Rrrwr) (Ohm)
0 0 Dynamic ODT off: WRITE does not affect Ryt hom
0 1 RzQ/4 60
1 0 RzQ/2 120
1 1 Reserved Reserved

Table 106: Timing Diagrams for Dynamic ODT

Figure and Page Title
107 Dynamic ODT: ODT Asserted Before and After the WRITE, BC4
108 Dynamic ODT: Without WRITE Command
109 Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8
110 Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4
11 Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4
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Figure 107: Dynamic ODT: ODT Asserted Before and After the WRITE, BC4
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Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. Ryt nom and Ryrqwr) are enabled.
2. ODTHA4 applies to first registering ODT HIGH and then to the registration of the WRITE command. In this example, ODTH4 is satisfied if ODT
goes LOW at T8 (four clocks after the WRITE command).

Figure 108: Dynamic ODT: Without WRITE Command
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2. ODTHA4 is defined from ODT registered HIGH to ODT registered LOW,; in this example, ODTH4 is satisfied. ODT registered LOW at T5 is also legal. n O
os
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Figure 109: Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8

w . L 2 T3 L ™ S T 5 - LI v T L ® o0 ,,,,,,T\”
K —----- N N L\ D ) U U | SR W | | U/ | ]\ S, NS, ) W) ) U ) S, | W) P U ) N
Command /) N(‘JP ), W‘RSS N‘OP i, N‘OP ), N‘OP i, NTP i, N(‘JP / N‘OP m N‘OP m N‘OP m N‘OP YW, N‘OP W
‘ ODTLcnw. | I I I I
Address Valid 0

| opTlon

‘ <—— YAOF (MIN)

Rrr

[tAOF (MAX)

DQS, DQS#

y

e CB A DA a ) o s 2 6 6 )X 637

B Transitioning Don't Care

Notes: 1. Via MRS or OTF; AL = 0, CWL = 5. If Ry1 hom Can be either enabled or disabled, ODT can be HIGH. Ry is enabled.
2. In this example, ODTHS8 = 6 is satisfied exactly.
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Figure 110: Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4

CK# -
K

Command

l ODTLcnw

Address /)( VaIidX//

l ODTH4 l | ODTLoff |
|

oo 70| e e | AN N Y A

ODTLon | |
| | ——Z{—"ADC‘(MAX) - TADC (MIN) —* |<—tAOF (MIN)
R € ‘ Rerowr) () I RiT.nom DI—
‘ ‘ 4>I\_<—tAON (MIN) ~—tADC (MAX) tAOF (MAX)
ODTLcwn4‘
DQS, DQS# I I I
| ! | | | | |
DQ

B Transitioning Don't Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. Ry nom and Ryrwp) are enabled.

2. ODTHA4 is defined from ODT registered HIGH to ODT registered LOW, so in this example, ODTH4 is satisfied. ODT
registered LOW at T5 is also legal.

Figure 111: Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4

Address )(Valid ){/

| ODTH4 | | obtioff | |
| [ . I
o g e e e on o o o o Vo | g
‘ ODTLon 4—{ l-—tADc (MAX) : | :—» tAOF (MIN)
, , \ ‘
Rer Rrrowm) Y
‘ ‘ «—tAON (MIN) | | - tAOF (MAX)
0DTLcwn4‘ : :
| | | . o .
DQs, DQs# X N
| | w | : :
bQ : : : ‘ DA (B (A

El Transitioning Don't Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. Ry ,om Can be either enabled or disabled. If disabled, ODT can remain HIGH.
Rrrowr) is enabled.
2. In this example ODTH4 = 4 is satisfied exactly.

CCMTD-1725822587-7895 207 Micron Technology, Inc. reserves the right to change products or specifications without notice.
2Gb_DDR3L.pdf - Rev. P 03/2022 EN © 2015 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.Com.


http://www.arrow.com

d{o’}lcron® 2Gb: x4, x8, x16 DDR3L SDRAM

Synchronous ODT Mode

Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked and when either
RTT nom OF Rrr(wr) is enabled. Based on the power-down definition, these modes are:

* Any bank active with CKE HIGH

* Refresh mode with CKE HIGH

¢ Idle mode with CKE HIGH

* Active power-down mode (regardless of MRO[12])

* Precharge power-down mode if DLL is enabled by MRO[12] during precharge power-down

ODT Latency and Posted ODT

In synchronous ODT mode, Ryt turns on ODTLon clock cycles after ODT is sampled HIGH by arising
clock edge and turns off ODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The
actual on/off times vary by 'AON and 'AOF around each clock edge (see ). The ODT latency is tied to
the WRITE latency (WL) by ODTLon = WL - 2 and ODTLoff = WL - 2.

Since write latency is made up of CAS WRITE latency (CWL) and additive latency (AL), the AL
programmed into the mode register (MR1[4, 3]) also applies to the ODT signal. The device’s internal
ODT signal is delayed a number of clock cycles defined by the AL relative to the external ODT signal.
Thus, ODTLon = CWL + AL - 2 and ODTLoff = CWL + AL - 2.

Timing Parameters

Synchronous ODT mode uses the following timing parameters: ODTLon, ODTLoff, ODTH4, ODTHS,
'AON, and ‘AOF.

The minimum Ry turn-on time (fAON [MIN)) is the point at which the device leaves High-Z and ODT
resistance begins to turn on. Maximum R turn-on time (*fAON [MAX]) is the point at which ODT resis-
tance is fully on. Both are measured relative to ODTLon.

The minimum R turn-off time ("AOF [MIN]) is the point at which the device starts to turn off ODT

resistance. The maximum Ry turn off time (‘AOF [MAX]) is the point at which ODT has reached
High-Z. Both are measured from ODTLoff.

When ODT is asserted, it must remain HIGH until ODTHA4 is satisfied. If a WRITE command is regis-
tered by the DRAM with ODT HIGH, then ODT must remain HIGH until ODTH4 (BC4) or ODTHS8 (BL8)
after the WRITE command (see 113).

ODTH4 and ODTHS8 are measured from ODT registered HIGH to ODT registered LOW or from the
registration of a WRITE command until ODT is registered LOW.
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Table 107: Synchronous ODT Parameters

S68£-/857Z8STLL-ALNDD

S
o
’; Definition for All
g Symbol Description Begins at Defined to DDR3L Speed Bins Unit
g ODTLon | ODT synchronous turn-on delay ODT registered HIGH RTT(0N) +tAON CWL+AL-2 tck
z ODTLoff | ODT synchronous turn-off delay ODT registered HIGH Rrr(oFF) £/AOF CWL +AL -2 tck
ODTH4 | ODT minimum HIGH time after ODT | ODT registered HIGH or write regis- ODT registered LOW atck tck
assertion or WRITE (BC4) tration with ODT HIGH
ODTH8 | ODT minimum HIGH time after WRITE | Write registration with ODT HIGH ODT registered LOW 6tck tck
(BL8)
tAON ODT turn-on relative to ODTLon Completion of ODTLon Rr7(0N) See Electrical Charac- ps
completion teristics and AC Oper-
ating Conditions table
tAOF ODT turn-off relative to ODTLoff Completion of ODTLoff Rr1(0FF) 0.5'cK + 0.2tck tck
completion

60¢

Note: 1.
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Figure 112:

Synchronous ODT

|
‘ ODTLoff = CWL + AL - 2

4*‘AON (MIN)

opT N/ ‘ ) | N\ ‘ XN N YA ‘
ODTH4 (MIN) ‘

‘ ‘ ODTLon:C‘WL+AL-2‘

. I |

ﬂkmon (MAX)

AL =3; CWL = 5; ODTLon = WL = 6.0; ODTLoff = WL - 2 = 6. Ry1 nom is enabled.

*AOF (MIN)
(70
tAOF (MAX)
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Figure 113: Synchronous ODT (BC4)

Notes: 1.

CK# - --
K

v
h

T0 T T2 T3

T4 T5
- -y

T6 T7

T8

T T10 ™

T12 T13 T4

T15 T16 T17
- P ===

Cke oy Ny Ny e
commna Y0P )(ZZXNOP N[ Z) RPN 770
ODTH4
‘ ‘ ‘ \ \ 0DTH4 i
\ [ I I
oor T ||| 7| | [T o |z L o\
\ ODTLoff = WL - 2 \ ODTLoff = WL - 2 [
ODTLon = WL-2 [ | ODTLon = WL -2 | ‘
\
‘ ‘ ‘ ‘ —-‘ [<~—tAON (MIN) 'AOF (MIN)|=»| —»{ |=—!AON (MAX) —=| |[=—*AOF (MIN)
Rer N RiT.nom s O Rtnom
tAON (MAX) [«——14]taoN (MIN) tAOF (MAX)

WL = 7. Ry1,nom is €nabled. Rrryr is disabled.

. ODT must be held HIGH for at least ODTH4 after assertion (T1).

tAOF (MAX)

ODT must be kept HIGH ODTH4 (BC4) or ODTH8 (BL8) after the WRITE command (T7).

ODTH is measured from ODT first registered HIGH to ODT first registered LOW or from the registration of the WRITE command with ODT HIGH

to ODT registered LOW.

Although ODTHA4 is satisfied from ODT registered HIGH at T6, ODT must not go LOW before T11 as ODTH4 must also be satisfied from the regis-

tration of the WRITE command at T7.

Downloaded from AFFOW.CoOm.

E’ Transitioning Don’t Care

@UO.IDI[@}V

qo¢

SPOIAl LAO ShouoayduAis
INVYAS 1€8Aaa 9Lx ‘gx ‘px


http://www.arrow.com

d{o’/?lcr()[f 2Gb: x4, x8, x16 DDR3L SDRAM

Synchronous ODT Mode

ODT Off During READs

Because the device cannot terminate and drive at the same time, Rpr must be disabled at least one-half
clock cycle before the READ preamble by driving the ODT ball LOW (if either Ryt o Or Rprwg) is
enabled). Rt may not be enabled until the end of the post-amble, as shown in the following example.

Note: ODT may be disabled earlier and enabled later than shown in Figure 114 that follows.
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Figure 114: ODT During READs
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K

Command /

Address /
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‘ ‘ ‘ ‘ ‘ ‘ODTLon = C‘WL + J&L -2 ‘ ‘ | ‘ |
I |
|

ODTLoff = CWL + AL - 2 1 ‘ | ‘ : ‘ : ‘ : ‘
| |
|l g Vlll IR R ‘ 'l/ AR Y R R
‘ g‘AON (r\T/T:\Z; [
\
\

N3 2202/€0 d "AdY - Jpd1€4AA 9T

oDT ‘ \/ m

[~ tAOF (MIN) |

@UOJDIKQ}V

I I I
‘ ‘ ‘ | | |
Rer RrTnom . } - -
‘ ‘ ‘ ‘ ‘ tAOF (MAX) ! ! ! ]
RL= AL+ CL | | | |
| | | |
DS, DQSH | | | | | | |- e u i e
bQ \ \ \ \ \ \ " \ \
b be )b 2)b+3){bsalbs)br6){be7

D Transitioning Don't Care

Note: 1. ODT must be disabled externally during READs by driving ODT LOW. For example, CL=6; AL=CL-1=5;RL=AL+ CL=11; CWL =5; ODTLon
=CWL + AL - 2 = 8; ODTLoff = CWL + AL - 2 = 8. Ry nom is €nabled. Rrrypr) is @ “Don’t Care.”
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Asynchronous ODT Mode

Asynchronous ODT mode is available when the DRAM runs in DLL on mode and when either Rty om
or Ryrwg) is enabled; however, the DLL is temporarily turned off in precharged power-down standby

(via MRO[12]). Additionally, ODT operates asynchronously when the DLL is synchronizing after being
reset. See for definition and guidance over power-down details.

In asynchronous ODT timing mode, the internal ODT command is not delayed by AL relative to the
external ODT command. In asynchronous ODT mode, ODT controls Rt by analog time. The timing

parameters ‘AONPD and 'AOFPD replace ODTLon/'AON and ODTLoff/‘AOF, respectively, when ODT
operates asynchronously.

The minimum Ry turn-on time (‘tAONPD [MIN]) is the point at which the device termination circuit
leaves High-Z and ODT resistance begins to turn on. Maximum Ry turn-on time (‘fAONPD [MAX)]) is
the point at which ODT resistance is fully on. 'AONPD (MIN) and 'AONPD (MAX) are measured from
ODT being sampled HIGH.

The minimum Ry turn-off time (‘tAOFPD [MIN]) is the point at which the device termination circuit

starts to turn off ODT resistance. Maximum Ryt turn-off time (fAOFPD [MAX]) is the point at which

ODT has reached High-Z. TAOFPD (MIN) and 'AOFPD (MAX) are measured from ODT being sampled
LOW.
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Note: 1. AL isignored.

Table 108: Asynchronous ODT Timing Parameters for All Speed Bins

83| Figure 115: Asynchronous ODT Timing with Fast ODT Transition
EE
gs TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T T12 T13 T4 T15 T16 7
S8 ‘ ‘ ‘ Ky \ \ \ \ \ \ s ‘ ‘ ‘ ‘ ‘
5 oot AV ZZN VN Y TN Y T ‘ U7 \/ T LN VTN V77N 17
5 |
) o M H‘?“’f’-f“?”? --------
‘ YAONPD (MAX) F ‘ tAOFPD (MAX) /‘

El Transitioning Don't Care

Symbol Description Min Max Unit
tAONPD Asynchronous Ryt turn-on delay (power-down with DLL off) 2 8.5 ns
tAOFPD Asynchronous Ryt turn-off delay (power-down with DLL off) 2 8.5 ns
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Asynchronous ODT Mode

Synchronous to Asynchronous ODT Mode Transition (Power-Down Entry)

There is a transition period around power-down entry (PDE) where the DRAM’s ODT may exhibit
either synchronous or asynchronous behavior. This transition period occurs if the DLL is selected to
be off when in precharge power-down mode by the setting MR0O[12] = 0. Power-down entry begins

'ANPD prior to CKE first being registered LOW, and ends when CKE is first registered LOW. 'ANPD is
equal to the greater of ODTLoff + 1'CK or ODTLon + 1'CK. If a REFRESH command has been issued,
and it is in progress when CKE goes LOW, power-down entry ends 'RFC after the REFRESH command,
rather than when CKE is first registered LOW. Power-down entry then becomes the greater of 'ANPD
and ‘RFC - REFRESH command to CKE registered LOW.

ODT assertion during power-down entry results in an Ry change as early as the lesser of 'AONPD
(MIN) and ODTLon x 'CK + 'AON (MIN), or as late as the greater of 'AONPD (MAX) and ODTLon x ‘CK
+ 'AON (MAX). ODT de-assertion during power-down entry can result in an Rpp change as early as the
lesser of 'AOFPD (MIN) and ODTLoff x 'CK + "AOF (MIN), or as late as the greater of "AOFPD (MAX) and
ODTLoff x 'CK + 'AOF (MAX). summarizes these parameters.

If AL has alarge value, the uncertainty of the state of Ry becomes quite large. This is because ODTLon
and ODTLoff are derived from the WL; and WL is equal to CWL + AL. 116 shows three different cases:
e ODT_A: Synchronous behavior before ANPD.

e ODT_B: ODT state changes during the transition period with TAONPD (MIN) <

ODTLon x 'CK + '"AON (MIN) and '‘AONPD (MAX) > ODTLon x ‘CK + 'AON (MAX).
e ODT_C: ODT state changes after the transition period with asynchronous behavior.
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Table 109: ODT Parameters for Power-Down (DLL Off) Entry and Exit Transition Period

Description

Min ‘ Max

Power-down entry transition period
(power-down entry)

Greater of: YANPD or 'RFC - refresh to CKE LOW

Power-down exit transition period
(power-down exit)

tTANPD + IXPDLL

ODT to Ryt turn-on delay
(ODTLon = WL - 2)

Lesser of: tAONPD (MIN) (2ns) or
ODTLon x 'CK + tAON (MIN)

Greater of: YAONPD (MAX) (8.5ns) or
ODTLon x 'CK + AON (MAX)

ODT to Ryt turn-off delay
(ODTLoff = WL - 2)

Lesser of: tAOFPD (MIN) (2ns) or
ODTLoff x tCK + tAOF (MIN)

Greater of: YAOFPD (MAX) (8.5ns) or
ODTLoff x €K + tAOF (MAX)

tANPD

WL - 1 (greater of ODTLoff + 1 or ODTLon + 1)

Figure 116: Synchronous to Asynchronous Transition During Precharge Power-Down (DLL Off) Entry
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Note: 1. AL=0; CWL =5; ODTL(off) = WL -2 =3.
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Mcro n Asynchronous to Synchronous ODT Mode Transition

(Power-Down Exit)

Asynchronous to Synchronous ODT Mode Transition (Power-Down EXxit)

The DRAM’s ODT can exhibit either asynchronous or synchronous behavior during power-down exit
(PDX). This transition period occurs if the DLL is selected to be off when in precharge power-down

mode by setting MR0[12] to 0. Power-down exit begins "ANPD prior to CKE first being registered HIGH,
and ends 'XPDLL after CKE is first registered HIGH. 'ANPD is equal to the greater of ODTLoff + 1'CK or
ODTLon + 1'CK. The transition period is ANPD + XPDLL.

ODT assertion during power-down exit results in an Rpp change as early as the lesser of AONPD (MIN)

and ODTLon x 'CK + '"AON (MIN), or as late as the greater of 'AONPD (MAX) and ODTLon x 'CK + 'AON
(MAX). ODT de-assertion during power-down exit may result in an Ry change as early as the lesser of

'AOFPD (MIN) and ODTLoff x 'CK + "AOF (MIN), or as late as the greater of '"AOFPD (MAX) and ODTLoff
x 'CK + 'AOF (MAX). summarizes these parameters.

If AL has a large value, the uncertainty of the Ryt state becomes quite large. This is because ODTLon
and ODTLoff are derived from WL, and WL is equal to CWL + AL. 117 shows three different cases:

« ODT C: Asynchronous behavior before 'ANPD.

e ODT B: ODT state changes during the transition period, with ‘AOFPD (MIN) < ODTLoff x 'CK + 'AOF

(MIN), and ODTLoff x ‘CK + 'AOF (MAX) > 'AOFPD (MAX).
e ODT A: ODT state changes after the transition period with synchronous response.
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Figure 117: Asynchronous to Synchronous Transition During Precharge Power-Down (DLL Off) Exit
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8L¢

*22130U INOYUM suoiiedijidads Jo synpoud abueyd 03 1ybi sy sanlasal dul ‘“ABojouyda ] uoDIN

“paniasal sybu ||y U] ‘ABojouYIS L UOIIN S10Z @

Downloaded from AFFOW.CoOm.

@UO.IDI[@}V

qon¢

uoljisuel] PO LAdO SNOUOIYIUAS 0} SNOUOIYDUASY

INVYHAS 1€4Aa 9LX ‘8x ‘px

(31X3 umoQg-19Mmod)


http://www.arrow.com

2Gb: x4, x8, x16 DDR3L SDRAM

Mcro n Asynchronous to Synchronous ODT Mode Transition

(Power-Down Exit)

Asynchronous to Synchronous ODT Mode Transition (Short CKE Pulse)

If the time in the precharge power-down or idle states is very short (short CKE LOW pulse), the
power-down entry and power-down exit transition periods overlap. When overlap occurs, the
response of the DRAM’s Ryt to a change in the ODT state can be synchronous or asynchronous from
the start of the power-down entry transition period to the end of the power-down exit transition
period, even if the entry period ends later than the exit period.

If the time in the idle state is very short (short CKE HIGH pulse), the power-down exit and power-down
entry transition periods overlap. When this overlap occurs, the response of the DRAM’s Ry to a change

in the ODT state may be synchronous or asynchronous from the start of power-down exit transition
period to the end of the power-down entry transition period.
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Figure 118: Transition Period for Short CKE LOW Cycles with Entry and Exit Period Overlapping
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Figure 119: Transition Period for Short CKE HIGH Cycles with Entry and Exit Period Overlapping
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