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Release Note

Version Date Description Notes
1.0 2020/1/10 |First Release
Description

DDR3L SDRAM (1.35V) is a low voltage version of the DDR3 (1.5V) SDRAM. Refer to
the DDR3 (1.5V) SDRAM data sheet specifications when running in 1.5V compatible

mode.

Features
° VDD =VDDQ = 1.35V (1.283-1.45V)
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Backward compatible to VDD = VDDQ = 1.5V £0.075V

Supports DDR3L devices to be backward compatible in 1.5V applications
Differential bidirectional data strobe

8n-bit prefetch architecture

Differential clock inputs (CK, CKB)

8 internal banks

Nominal and dynamic on-die termination (ODT) for data, strobe, and mask
signals

Programmable CAS (READ) latency (CL)

Programmable posted CAS additive latency (AL)

Programmable CAS (WRITE) latency (CWL)

Fixed burst length (BL) of 8 and burst chop (BC) of 4 (via the mode register set
[MRS])

Selectable BC4 or BL8 on-the-fly (OTF)

Self-refresh mode

TC of 0°C to + 95°C

64ms, 8192-cycle refresh at 0°C to +85°C

32ms at +85°C to +95°C

Self-refresh temperature (SRT)

Automatic self-refresh (ASR)

Write leveling

Multi-purpose register

Output driver calibration



Options
e Configuration
— 512 Megx 8
— 256 Megx 16
e FBGA package (Pb-free) - x8
—  78-ball (10.6mm x 7.5mm)
e FBGA package (Pb-free) - x16
—  96-ball (13.5mm x 7.5mm)
e Timing - cycle time
— 938ps @ CL =14 (DDR3-2133)
— 1.07ns @ CL = 13 (DDR3-1866)
— 1.25ns@CL=11 (DDR3-1600)
e  Operating temperature
—  Commercial (0°C <TC < +95°C)

Key Timing Parameters

Hosin Global

4G bits DDR3L SDRAM Datasheet

Speed Grade Data Rate Target tRCD-tRP-CL tRCD (ns) tRP (ns) CL (ns)
(MT/s)
-093 1.2 2133 14-14-14 13.09 13.09 13.09
-1071 1866 13-13-13 1391 1391 1391
-125 1600 11-11-11 13.75 13.75 13.75
Notes: 1 Backward compatible to 1600, CL = 11 (-125).
2 Backward compatible to 1866, CL = 13(-107).
Addressing
Parameter 512 Megx 8 256 Megx 16
Configuration 64 Meg x 8 x 8 banks 32 Meg x 16 x 8 banks
Refresh count 8K 8K
Row address 64K (A[15:0]) 32K (A[15:0])
Bank address 8 (BA[2:0]) 8 (BA[2:0])
Column address 1K (A[9:0]) 1K (A[9:0])
Page size 1KB 2KB
DDR3L Part Numbers
/ ’
(73
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Number of die per package
1:x1
2:x2
3:x4

Reserved

Reserved

0: 96 balls 1:78 balls

2: Power chip (SDRAM vendor)
8: 8 bits  6: 16 bits

2,135V

3:1866 MHz

01: 2Gb 02: 4Gb
3: DDR3L 4: DDR4

DR: SDRAM package
Fixed part number (HosinGlobal Product)

(9]
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1. State Diagram
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1.1 Simplified State Diagram
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2. Functional Description

DDR3 SDRAM uses double data rate architecture to achieve high-speed
operation. The double data rate architecture is an 8n-prefetch architecture with
an interface de- signed 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 CKB). The crossing of
CK going HIGH and CKB 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. Access 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
maybe 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 pre- charge and activation time.

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

/;FA 9
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2.1 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 T¢
exceeds 85°C; this also requires use of the high-temperature self refresh option.
Additionally, ODT resistance and the input/output impedance must be derated when
Tcis < 0°Cor >95°C.

2.2 General Notes

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

«  Through out this datasheet, various figures and text refer to DQs as “DQ. "DQ is
to be interpreted as any and all DQ collectively, unless specifically stated
otherwise.

«  The terms “DQS” and “CK” found through out this datasheet are to be
interpreted as DQS, DQS# and CK, CKBrespectively, 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
sup- ported, and can result in unknown operation.

*  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);and4Gb: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# toVpp via 1kQ* resistor.

- Connect UDM to Vpp vialk(* resistor.

- Connect DQ[15:8] individually to either VSS, VDD, or VREF via 1k(} resistors,*
or float DQ[15:8].

*If ODT is used, 1k( resistor should be changed to 4x that of the selected ODT

/;F‘ 10
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3. Functional Block Diagrams

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

512 Meg x 8 Functional Block Diagram
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4. Ball Assignments and Package Dimensions

4.1 Ball Assignments
78-Ball FBGA — x8 (Top View)
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96-Ball FBGA - x16 (Top View)
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78-Ball FBGA - x8 Ball Descriptions

Symbol

Type

Description

A[15:13],
A12, A1,
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 command determines whether the PRECHARGE applies to one
bank (A10LOW,bank selected byBA[2:0]) or all banks (A10HIGH). The address
inputs also provide the opcode during a LOADMODE command. Address inputs
are referenced to VREFCA. A12 is sampled during READ and WRITE commands to

determine whether burstchop (on-the-fly) willbe performed (HIGH = BL8 orno
burst chop, LOW =BC4).

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 control and address input signals
are sampled on the crossing of the positive edge of CK and the negative edge of CK#.
Output 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 circuitry and clocks on the DRAM. The specific circuitry that is enabled/
disabled is dependent upon the DDR3 SDRAM configuration and operating mode.
Taking CKELOW provides PRECHARGE POWER-DOWN and SELFREFRESH 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 (excluding CK, CK#, CKE, RESET#, and ODT) are
disabled during POWER-DOWN. Input buffers (excludingCKE 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 external rank selection on systems with multiple ranks. CS# is
considered part of the command code. CS# is referenced to VREFCA.

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
DQand DQS balls. DM isreferenced to VREFDQ. DM has an optional use.

ODT

Input

On-die termination: ODT enables (registered HIGH) and disables (registered LOW)
termination 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 VREFCA.

RAS#,
CASH#,

Input

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

/:
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WE#

RESET# Input Reset: RESET#isanactive LOW CMOSinputreferencedtoVSS.The RESET# input
receiver is a CMOS input defined as a rail-to-rail signal with DC HIGH = 0.8 x VDD and
DCLOW < 0.2 x VDDQ. RESET# assertion and desertion are asynchronous.

78-Ball FBGA —x8 Ball Descriptions (Continued)

Symbol Type Description
DQ[7:0] I/0 Datainput/output: Bidirectional data bus forthe x8 configuration. DQ[7:0] are
referenced to VREFDQ.
DQS, I/0 Data strobe: Output with read data. Edge-aligned with read data. Inputwith
DQS# write data. Center-aligned to write data.
VDD Supply Power supply: 1.5V £0.075V.
VDDQ Supply DQpower supply:1.5V+0.075V.Isolated on the device for improved noise
immunity.
VREFCA Supply Reference voltage for control, command, andaddress:VREFCA
must be maintained at all times (including self-refresh) for proper
device
VREFDQ Supply Reference voltage for data: VREFDQ mustbe maintained atall times (excluding
self-refresh) for proper device operation.
Vss Supply Ground.
ZQ Reference External reference ball for output drive calibration: This ball is tied to an
external 240Q resistor (RZQ), which is tied to VSSQ.
NC - No connect: These balls should be left unconnected (the ball has no
connectionto the DRAM or to other balls).

/’FA 16
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96-Ball FBGA —x16 Ball Descriptions

Symbol

Type

Description

A[15:13],
A12, Al1,
A10,
A[9:0]

Input

Addressinputs: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 command determines whether the PRECHARGE applies to one bank (A10
LOW,bank selected by BA[2:0])or all banks(A10HIGH).The address inputs also
provide the opcode during a LOADMODE command. Address inputs are referenced
toVRrEerca. A12 is sampled during READ and WRITE commands to determine whether
burstchop (on-the-fly) will be performed (HIGH =BL8 ornoburstchop, LOW =BC4).

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 Vrerca-

CK, CKB

Input

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

CKE

Input

Clock enable: CKE enables (registered HIGH) and disables (registered LOW) internal
circuitry and clocks on the DRAM. The specific circuitry that is enabled/ disabled is
dependent upon the DDR3 SDRAM configuration and operating mode. Taking CKELOW
provides PRECHARGEPOWER-DOWN and SELFREFRESH 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 (excluding CK, CKB, CKE, RESETB, and ODT) are disabled during POWER-
DOWN. Input buffers (excludingCKE and RESETB) are disabled during SELF REFRESH.
CKE is referenced to Vrgrca.

CSB

Input

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

DML

Input

Inputdatamask:DMLisalower-byte,inputmasksignalforwritedata.Lower-byteinputdatais
masked when DML is sampled HIGH along with the input data during a writeaccess.
Althoughthe DML ball is input-only,the DML loading is designed tomatch thatof the DQ and
DQS balls. DML is referenced to VREFDQ.

ODT

Input

On-die termination: ODT enables (registered HIGH) and disables (registered LOW)

Termination resistance internalto the DDR3SDRAM. When enabled in normal

operation, ODT is only applied to each of the following balls: DQL/DQU[7:0],DQSL,DQSLB,
DQSU,DQSUB,DML,and DMU forthe x16. The ODT inputisignored if disabled via the LOAD
MODE command. ODT is referenced to VREFCA.

RASB,
CASB, WEB

Input

Commandinputs: RASB,CASB, and WEB (along with CSB) define the command being
entered and are referenced to VREFCA.

RESETB

Input

Reset: RESETBis an active LOWCMOS input referenced to VSS.The RESETB input
receiver is a CMOS input defined as a rail-to-rail signal with DC HIGH 2 0.8 x VDD and DC
LOW <0.2 xVDDQ. RESETB assertion and desertion are asynchronous.
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96-Ball FBGA —x16 Ball Descriptions (Continued)

Symbol Type Description
DMU Input Input data mask: DMU is an upper-byte, input mask signal for write data. Upper
byte input data is masked when DMU is sampled HIGH along with that input data
during a WRITE access.Although the DMU ball is input-only,the DMUloading is
designed to match that of the DQ and DQS balls. DMU is referenced to VREFDQ.
DQL[7:0] I/0 Data input/output: Bidirectional data bus for the x16 configuration.
DQL[7:0] are reference to VREFDQ.
DQUJ[7:0] I/0 Data input/output: Bidirectional data bus for the x16 configuration.
DQU[7:0] are reference to VREFDQ.
DQSL, I/0 Datastrobe: Output with read data. Edge-aligned with read data. Input with
DQSLB write data. Center-aligned to write data.
DQSU, I/0 Data strobe: Output with read data. Edge-aligned with read data. Input with
DQSUB write data. DQS is Center-aligned to write data.
VDD Supply Power supply: 1.5V £0.075V.
VDDQ Supply DQpowersupply:1.5V+0.075V.Isolated on the device for improved noise
immunity.
VREFCA Supply Reference voltage for control, command, and address: VREFCA
must be maintained at all times (including self-refresh) for proper
device operation.
VREFDQ Supply Reference voltage for data: VREFDQ must be maintained atall times (excluding
self-refresh) for proper device operation.
Vss Supply Ground.
ZQ Reference External reference ball for output drive calibration: This ball is tied to an
external 240Q resistor (RZQ), which is tied to VSSQ.
NC - No connect: These balls should be left unconnected (the ball has no

connectionto the DRAM or to other balls).
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4.2 Package Dimensions
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5. Electrical and Thermal Specifications

5.1 Absolute Ratings

Stresses greater than those listed may cause permanent damage to the device. This
is a stress rating only, and functional operation of the device at these or any other
conditions outside those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods
may adversely affect reliability.

Absolute Maximum Ratings

Hosin Global
4G bits DDR3L SDRAM Datasheet

Symbol Parameter Min Max Unit Notes
VDD VDD supply voltage relative to VSS -0.4 1.975 \Y 1
VDDQ VDD supply voltage relative to VSSQ -0.4 1.975 \Y
VIN, VOUT Voltage on any pin relative to VSS -0.4 1.975 \%
TC Operating case temperature - Commercial 0 95 °C 2,3
Operating case temperature — Industrial -40 95 °C 2,3
TsTG Storage temperature -55 150 °C
Notes: 1 VDD and VDDQ must be within 300mV of each other at all times, and VREF must

not be greater than 0.6 x VDDQ. When VDD and VDDQ are <500mV, VREF can be

<300mV.

MAX operating case temperature. TC ismeasured inthe center ofthe package.
Device functionalityisnotguaranteed ifthe DRAMdevice exceeds the maximum

TC during operation.

Input/Output Capacitance

DDR3L Input/Output Capacitance

/’FA




applies to the entire table
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Capacitance Sym DDR3L-1600 DDR3L-1866 DDR3L-2133 | Unit | Notes
Parameters Min Max Min Max Min Max
CKand CKB Cck 0.8 1.4 0.8 1.3 0.8 1.3 pF
AC: CK to CKB CbcK 0.0 0.15 0.0 0.15 0.0 0.15 pF
Single-end I/0: DQ, DM Cio 1.4 2.2 1.4 2.1 1.4 2.1 pF 2
Differential I/0: DQS, Cio 1.4 2.2 1.4 2.1 1.4 2.1 pF 3
DQSB
AC: DQS to DQSB 0.0 0.15 0.0 0.15 0.0 0.15 pF 3
CDpDQS
C -0.5 0.3 -0.5 0.3 -0.5 0.3 F 4

AC: DQ to DQS pIo P
Inputs (CTRL, CMD, CI 0.75 1.2 0.75 1.2 0.75 1.2 pF 5
ADDR)

C -0.4 0.2 -0.4 0.2 -0.4 0.2 F 6
AC: CTRL to CK PLCTRL P

Cpi_cMD -0.4 0.4 -0.4 0.4 -0.4 0.4 pF 7
AC: CMD_ADDR to CK _ADDR

C - 3.0 - 3.0 - 3.0 F

ZQ pin capacitance Q P
Reset pin capacitance CRE - 3.0 - 3.0 - 3.0 pF

Notes: 1 VDD =1.35V (1.283-1.45V), VDDQ = VDD, VREF = VSS, f= 100 MHz, TC = 25°C.
VOUT(DC) = 0.5x VDDQ, VOUT = 0.1V (peak-to-peak).
2 DM inputis grouped with I/0 pins, reflecting the fact that they are matched

in loading.

3 Includes. CDDQS is for DQSvs. DQS# separately.

4 Cp1o =C1o(DQ) - 0.5 % (C10(DQS) +CI0(DQSH))-
5 Excludes CK, CKB; CTRL = ODT,CSB, and CKE; CMD = RASB, CASB, and WEB; ADDR=

A[n:0], BA[2:0].

6  CpI_CTRL =CI(CTRL) - 0.5 x (CcK(CK) + CCK(CKB))-

7 CpI_CMD_ADDR = CI(CMD_ADDR) - 0.5 x (CcK(CK) + CCK(CKB))

[\
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5.2 Thermal Characteristics

Thermal Characteristics
apply to entire table

Parameter Symbol Value Units Notes
Operating TC 0 to 85 °C
temperature 0to 95 °C 4

Notes: 1 MAX operating case temperature TC is measured in the center of the

package, as shown below.

2 Athermal solution must be designed to ensure that the device does not
exceed the maximum TC during operation.

3  Device functionality is not guaranteed if the device exceeds maximum TC
during operation.

4  If TCexceeds 85°C,the DRAM must be refreshed externally at 2x refresh,
which is a 3.9ps interval refresh rate. The use of selfrefresh temperature
(SRT) or automatic self refresh (ASR), must be enabled.

Thermal Measurement Point

O

1

(L/2) -
Tc test point

- W/2) —=

o
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5.3 Electrical Specifications - I Specifications and
Conditions

Within the following Iop measurement tables, the following definitions and

conditions are used, unless state do otherwise:

LOW: Vin < Vi, (AC)max; HIGH: Vix 2 ViL (AC)min.
Midlevel: Inputs are VRer = Vbp /2.

Ron settoRZQ/7 (349).

- RrTnom set toRZQ/6 (409).

- Rrrwr) set to RZQ/2 (1200).
- Qorris enabled in MR1.
- ODTis enabled in MR1(RTTnom)andMR2 (Rrr(wr)).
. External DQ/DQS/DM load resistor is 250 to Vbpg/-2.
- Burstlengths are BL8 fixed.

. AL equals0 (except in Ipp7)
- Ipp specifications are tested after the device is properly initialized.
- Inputslew rateis specified by AC parametric test conditions.

- Optional ASR is disabled.
- Readbursttype uses nibble sequential (MRO[3] = 0).
- Loop patterns must be executed at least once before current measurements

begin.

Timing Parameters Used for Ipp Measurements — Clock Units

Ipp Parameter DDR3L - DDR3L- DDR3L- Unit
1600 1866 2133
-125E -125 -107 -93
10-10-10 11-11-11 13-13-13 14-14-14

tCK (MIN) Ipp 1.25 1.07 0.938 Ns
CL Ipp 10 11 13 14 CK
tRCD (MIN) Ipp 10 11 13 14 CK
tRC (MIN) Ipp 38 39 45 50 CK
tRAS (MIN) Ipp 28 28 32 36 CK
tRP (MIN) 10 11 13 14 CK
tFAW X8 24 24 26 27 CK
tFAW X16 32 32 33 38 CK
RRD Ipp X8 5 5 5 6 CK
tRRD Ipp X16 6 6 6 7 CK
tRFC 1Gb 88 88 103 118 CK

2Gb 128 128 150 172 CK

4Gb 208 208 243 279 CK

/’FA
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8> | 280 | 280 | 328 | 375 | CK |

Ippo Measurement Loop

< o g § 22| a g|ld|lsls|ale -
SlE|s8 ¢ e |8 |2|g|E|8|2|a|2|s|e|s| B
6 it 2 g s 4 U s |z g < < <
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 -
e 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[ofo]o]Jo]ofo]o]ol] -
o Repeat cycles 1 through 4 until nRC - 1; truncate if needed
nRC ACT 0 0 1 1 0 0 0 0 0 F 0 -
NnRC+ 1 D 1 0 0 0 0 0 0 0 0 F 0 -
ED E nRC + 2 D 1 0 0 0 0 0 0 0 0 F 0 -
% ::__:, nRC + 3 D# 1 1 1 1 0 0 0 0 0 F 0 -
el = NRC + 4 D# 1 {11 [1]o]o]ofo]o|F]oO -
7 Repeat cycles nRC + 1 through nRC + 4 until nRC - 1 + nRAS -1; truncate if needed
NRC + NRAS PRE [0 [of[1]o]o]o]o|lof[o]|F]|of -
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, DQSB are midlevel.
2. DMis LOW.
3. Only selected bank (single)active.

o
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= 8 5 g slolal=|=l= o
Slgl3] gt | f o |B|B|E|Els|s|E|E|E|E|E| %
$1708] &2 | & =|° =] =|<] °
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 -
< D# 1 1 1 1 0 0 0 0 0 0 0 -
Repeat cycles 1 through 4 until nRCD - 1; truncate if needed
nRCD RD o1 [o]1]o]o]ofo]|ofo][|o] oooooooo
Repeat cycles 1 through 4 until nRAS - 1; truncate if needed
nRAS PRE o [o|1fo]o]ofo]o|[o|o]o] -
0 Repeat cycles 1 through 4 until 7RC - 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 -
tcm E NRC + 2 D 1 0 0 0 0 0 0 0 0 F 0 -
Tﬁ :; NRC + 3 D# 1 1 1 1 0 0 0 0 0 F 0 -
I9 § nRC +4 D# 1 1 1 1 0 0 0 0 0 F 0 -
Repeat cycles nRC + 1 through nRC + 4 until nRC + NRCD - 1; truncate if needed
NRC + NRCD Ro [o|1]o]1]o]o]o]o|o]F] o] oor10011
Repeat cycles nRC + 1 through nRC + 4 until nRC + nRAS - 1; truncate if needed
NRC + NRAS PRE |Jo]Jo|1]oflo]o|lo|o]o]|F]o] -
Repeat cycle nRC + 1 through nRC + 4 until 2 x nRC - 1; truncate if needed
1 2 xnRC Repeat sub-loop 0, use BA[2:0] = 1
2 4 x nRC Repeat sub-loop 0, use BA[2:0] = 2
3 6 % 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 O, use BA[2:0] =7
Notes: 1  DQ, DQS, DQSB are midlevel unless driven as required by the RD
command.
2 DMis LOW.
3  Burstsequence is driven on each DQ signal by the RD command.
4 Only selected bank (single) active.




Ilpp Measurement Conditions for Power-Down Currents
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lppz2po Precharge

lppzep1 Precharge

lpp2q Precharge

lopse Active

Power-Down 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
K tCK (MIN) Ipp tCK (MIN) Ipp tCK (MIN) lpp tCK (MIN) Ipp
RC N/A N/A N/A N/A
‘RAS N/A N/A N/A N/A
‘RCD N/A N/A N/A N/A
'‘RRD N/A N/A N/A N/A
‘RC 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
CSB HIGH HIGH HIGH HIGH
Command inputs LOW LOW LOW LOW
Row/column addr LOW LOW LOW LOW
Bank addresses LOW LOW LOW LOW
DM LOW LOW LOW LOW
Data I/O Midlevel Midlevel Midlevel Midlevel
Qutput 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.




Hosin Global
4G bits DDR3L SDRAM Datasheet

Ippzn and Ippan Measurement Loop

o o - T —_ | =
Sl |3 o2 2 |sl8(%|e|s|S|E|2|E|E|E| 3
¥ | 9| 3 g 5 £ Cl2|d|3|o|lT|alT|Z2|Z|=Z a
U a QO 2 S el
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 F 0
3 D# 1 1 1 1 0 0 0 0 0 F 0
» é 1 4=7 Repeat sub-loop 0, use BA[2:0] = 1
% é 2 8-11 Repeat sub-loop 0, use BA[2:0] = 2
2 § 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, DQSB are midlevel.
2. DMis LOW.
3. All banks closed during lpp2n; all banks open during lppan-

Ipp2nt Measurement Loop

o0 @ - 'E —_ —
¥ o ] = m m (=) - — — — — ©
Olg 3| ef E ale|2 |8 5 a|lR|2|8]8]S 5
2|02 u5 £ Cl12|8|2|o|lg|2|5|3|%|% a
= 3 Q2 5] o I
O
0 D 1 0 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 1 0 0 0 0 0 F 0
3 D# 1 1 1 1 0 0 0 0 0 F 0
ED % 1 4-7 Repeat sub-loop 0, use BA[2:0] = 1; ODT=0
§g :E, 2 8-11 Repeat sub-loop 0, use BA[2:0] = 2; ODT =1
) E 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, DQSB are midlevel.
2. DM is LOW.
3. All banks closed.




Ibpar Measurement Loop
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2.DMis LOW.

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

4. All banks open.

E g ; E 2 | @ g3 |s|s|=mla]| =
Sle|g] g2 | ¢ |®|E|%|e|E|E|E|E|E|E|E| B
5 § (% é S = “ o = < < < < o
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 -
o 3 D# 1 1 1 1 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 -
ED E 6 D# 1 1 1 1 0] 0 0 0 0 F 0 -
Eg :; 7 D# 1 1 1 1 0] 0] 0 0 0 F 0 -
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, DQSB are midlevel when not driving in burst sequence.




lppaw Measurement Loop
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o 3 ' NP slzlolalala]l -
Sle| 3| g : |g|s|8|e|s|8|E|2(5(8|8| :
517 |8] &2 5 =|° Sz |<|=|F|<] °©

0 WR 0] 1 0 0 1 o] 0 0 0] 0] 0 00000000
1 D 1 0] 0 0 1 o] 0 0 0] 0 0 —
2 D# 1 1 1 1 1 0] 0 0 0 0 0 -
o 3 D# 1 1 1 1 1 0 0 0 0 0 0 —
4 WR 0 1 0 8] 1 0 0 0 0 F 0 00110011
5 D 1 6] 0 0 1 o] 0 0 0] F 0 —
ED E 6 D# 1 1 1 1 1 o] 0 0 0] F 0 —
Eug :; 7 D# 1 1 1 1 1 0] 0 0 0 F 0 —
|2 E 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, DAQSB are midlevel when not driving in burst sequence.
2. DM is LOW.
3. Burst sequence is driven on each DQ signal by theWR command.
4. All banks open.

lppse Measurement Loop

m o - E — —_
S e8] o2 :o|slg|g|e|s|S|E|2|5|E|8 ¢
¥ |9 |2 S 3 E “lz |0 °lg|z|T|T|T|< o
U a oz S @ g
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 -
ta 3 D# 1 1 1 1 0 0 0 0 0 F 0 -
L D# 1 1 1 1 0 0 0 0 0 F 0 -
w E 1b 5-8 Repeat sub-loop 1a, use BA[2:0] = 1
E ;E, 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
le 17-20 Repeat sub-loop 1a, use BA[2:0] = 4
1f 21-24 Repeat sub-loop 1a, use BA[2:0] =5
1g 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, DQSBE are midlevel.

2. DMis LOW.
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Iop Measurement Conditions for lpps, lppset, and Ipps

lope: Self Refresh Current
Normal Temperature Range

Ippeer: Self Refresh Current
Extended Temperature Range

Iop Test Tc = 0°C to +85°C Tc = 0°C to +95°C Ipps: Reset?
CKE LOw LOW Midlevel
External clock Off, CK and CKB = LOW Off, CK and CKB = LOW Midlevel
K N/A N/A N/A
*RC N/A N/A N/A
‘RAS N/A N/A N/A
*RCD N/A N/A N/A
'RRD N/A N/A N/A
RC N/A N/A N/A
CL N/A N/A N/A
AL N/A N/A N/A
CSB Midlevel Midlevel Midlevel
Command inputs Midlevel Midlevel Midlevel
Row/column addresses Midlevel Midlevel Midlevel
Bank addresses Midlevel Midlevel Midlevel
Data I/O Midlevel Midlevel Midlevel
Output buffer DQ, DQS Enabled Enabled Midlevel
oDT?! 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:

I

1. “Enabled, midleve

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.




lppz Measurement Loop
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2 g g E o | @ gl |l ==|l=|= -
A 2 e[8(8|z|8|8]|2(a|2|s(8|8] 2
5103 52 s NN
0 ACT 0 1 0 0 0 0 0 —
1 RDA 1 0 0 0 1 00000000
o 2 D 1 0 0 0 0 0 0 0 0 0 0 —
3 Repeat cycle 2 until 7RRD - 1
MRRD ACT 0 1 1 0 1 0 0 0 F ] —
NRRD + 1 RDA| O 1 0 1 0 1 0 1 0 F 00110011
! NRRD + 2 D 1 0 0 0 0 1 0 0 0 F ] -
NRRD + 3 Repeat cycle MRRD + 2 until 2 < 7RRD - 1
2 x NRRD Repeat sub-loop 0, use BA[2:0] = 2
3 x NRRD Repeat sub-loop 1, use BA[2:0] = 3
. 4 % NRRD p[1{ofofofJo|]s|ofof[o|[Fr]o] -
4 = NRRD + 1 Repeat cycle 4 x PRRD until 7FAW - 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
W é 7 FAW + 2 = NRRD Repeat sub-loop 0, use BA[2:0] =6
E] E 8 NFAW + 3 x NIRRD Repeat sub-loop 1, use BA[2:0] = 7
EEQ NFAW + 4 x 1RRD p|1|o]Jofo]Jo]7]ofo]o]Ff]o] -
NFAW + 4 x NRRD + 1 Repeat cycle TFAW + 4 = MRRD until 2 x PFAW - 1, if needed
2 = NFAW ACT| O 0 1 1 0 0 0 0 0 F 0 -
10 2 = NFAW + 1 RDA| O 1 0 1 0 0 0 1 0 F 0 00110011
2 x NFAW + 2 D 1 0 0 0 0 0 0 0 0 F 0 —
2 x TFAW + 3 Repeat cycle 2 = FAW + 2 until 2 x AFAW + /7JRRD - 1
2 = NFAW + fIRRD ACT| O 0 1 1 0 1 0 0 0 0 0 —
2 = NFAW + TRRD + 1 RDA| O 1 0 1 0 1 0 1 0 0 ] 00000000
1 2 x NFAW + TRRD + 2 D 1 0 0 0 0 1 0 0 0 0 ] -
2 x [TFAW + NTRRD + 3 Repeat cycle 2 x TFAW + /IRRD + 2 until 2 x AFAW + 2 x ARRD - 1
12 2 x IFAW + 2 x RRD Repeat sub-loop 10, use BA[2:0] = 2
13 2 * IFAW + 3 = NRRD Repeat sub-loop 11, use BA[2:0] = 3
W 2 x NFAW + 4 x ARRD D|1|D|D|D|D|3|D|D|D|D|D| -
2x IFAW + 4 = MRRD + 1 Repeat cycle 2 = NMFAW + 4 x nRRD until 3 = PFAW - 1, if needed
15 3 = NFAW Repeat sub-loop 10, use BA[2:0] = 4

(%)
N
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m 2 . b= _ | = I .
5% % £2 |§]°) ¢ 12|27 |7|%] ¢
16 3 x NFAW + NRRD Repeat sub-loop 11, use BA[2:0] =5
o E 17 3 x [IFAW + 2 x NRRD Repeat sub-loop 10, use BA[2:0] =6
Eg E 18 3 x [IFAW + 3 x NRRD Repeat sub-loop 11, use BA[2:0] = 7
Eglg 3xnFAW+4xnRRD | D [1 [ oo ]JoJo[7]ofo]o]o]o] -
3« NFAW + 4 x MRRD + 1 Repeat cycle 3 = NFAW + 4 = NRRD until 4 = AFAW - 1, if needed

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

command.
2.DM is LOW.

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

4. AL = CL-1.

(%]
(%]
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5.4 Electrical Characteristics - Operating IDD

Specifications
lpp Maximum Limits Die for 1.35/1.5V Operation
Speed DDR3/3L | DDR3/3L | DDR3/3L
/ / / Units | Notes
Parameter Symbol | Width -1600 -1866 -2133
Operating current 0: One 51
bank ACTIVATE-to- looo X8 47 43 mA 1,2
PRECHARGE 61
X16 57 59 mA 1,2
Operating current 1: One bank
ACTIVATE-to-READ-to- loo1 X8 61 64 67 mA 12
PRECHARGE
X1e 81 84 87 ma 1,2
Precharge power-down current:
Slow exit lbozro All 8 a8 8 mA 1,2
Precharge power-down current: I
Fast exit DD2P1 All 14 16 18 m 1,2
Precharge quiet standby current lop2n All 24 26 28 md .
Precharge standby current loozn All 24 26 28 A \
Precharge standby ODT current lonanT Lt 28 30 32 A .
X1e 31 33 35 A
Active power-down current lonse All 26 28 a0 m
Active standby current lpoan Lt 30 32 34 A
X16 38 40 42 m
Burst read operating current lppar i a5 105 115 A
X16 155 165 175 m
Burst write operating current Ippaw wa 95 105 115 ma
X16 155 165 175 A
Burst refresh current loose All 235 242 185 s .
Room temperature self refresh lnne All 12 12 12 A 1, 2,3
Extended temperature self refresh| 150067 All 16 16 16 mA 2,4
All banks interleaved read current lnns e 130 140 150 A 1,2
X1e 190 200 210 A 1,2
Reset current lopa All lopae+ lppap + — ma 1,2
2maA 2ma 2mA

Notes:

UG WN =

TC =85°C; SRT and ASR are disabled.
Enabling ASR could increase IDDx by up to an additional 2mA.
Restricted to TC (MAX) = 85°C.

TC =85°C; ASR and ODT are disabled; SRT is enabled.

The IDD values must be derated (increased) on IT-option devices when operated

outside of the range 0°C < TC < +85°C:
5a. When TC < 0°C: IDD2P0, IDD2P1 and IDD3P must be derated by 4%; IDD4R and
IDD4W must be derated by 2%; and IDD6, IDD6ET and IDD7 must be derated by 7%.




5b. When TC > 85°C: IDDO, IDD1, IDD2N, IDD2NT, IDD2Q, IDD3N, IDD3P, IDD4R,
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IDD4W, and IDD5B must be derated by 2%; IDD2Px must be derated by 30%.

5.5 Electrical Specifications - DC and AC

DC Operating Conditions

DDR3L 1.35V DC Electrical Characteristics and Operating Conditions

All voltages are referenced to Vss

Parameter/Condition Symbol Min MNom Max Unit Notes
Supply voltage Voo 1.283 1.35 1.45 A"l 1-7
1/O supply voltage Vioa 1.283 1.35 1.45 W 1-7
Input leakage current Iy =2 — 2 LA

Any input OV = Vi = Voo, Veer pin OV = Vi = 1.1V

(All other pins not under test = 0V)

Vrer supply leakage current lvper =1 — 1 LA 8,9
Vaerpn = Voo/2 0F Viggpea = Vop/2

(All other pins not under test = 0V)

Notes: 1 VDD and VDDQ must track one another. VDDQ must be < VDD. VSS = VSSQ.

2 VDD and VDDQ may include AC noise of +50mV (250 kHz to 20 MHz) in addition to
the DC (0 Hz to 250 kHz) specifications. VDD and VDDQ must be at same level for
valid AC timing parameters.

3 Maximum DC value may not be greater than 1.425V. The DC value is the linear
average of VDD /VDDQ(t) over a very long period of time (for example, 1 second).

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

5 Ifthe maximum limit is exceeded, input levels shall be governed by
DDR3specifications.

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

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

8 The minimum limit requirement is for testing purposes. The leakage current on the
VREF pin should be minimal.

9 VREF.
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Input Operating Conditions

DDR3L 1.35V DC Electrical Characteristics

All voltages are referenced to Vss

and Input Conditions
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Parameter/Condition Symbol Min Nom Max Unit | Notes
Vin low; DC/eommands/address busses Vi Vs N/A v

Vin high; DC/commands/address busses Vi N/A Voo A%

Input reference voltage command/address bus Vigreapg 0.49 x Vpp | 0.5 % Voo 0.51 x Voo \ .
1/O reference voltage DQ bus Vaeroaioe) 0.49 x Vpp | 0.5 % Voo 0.51 = Voo A ;
1/O reference voltage DQ bus in SELF REFRESH Vrerpass) Ve 0.5 = Voo Voo \
Command/address termination voltage Vot - 0.5 =% Vooa - ' 5
(system level, not direct DRAM input)

Notes: 1. Vagreajpe 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 Vggrea may not exceed
+1% x Vpp around the Vigrcajoe) value. Peak-to-peak AC noise on Vigrea should not ex-
ceed £2% of Veercaino).

2. DCwvalues are determined to be less than 20 MHz in frequency. DRAM must meet specifi-

cations if the DRAM induces additional AC noise greater than 20 MHz in frequency.

3. Vreroajoo) is expected to be approximately 0.5 % Vop and to track variations in the DC
level. Externally generated peak noise (non-common mode) on Vgerog Maynot exceed
+1% » Vpp around the Vggrpa(oe) value. Peak-to-peak AC noise on Vygrpg should not ex-
ceed £2% of Vaeroaoo).

4. Veerpajoc) May transition to Vigrogsr) and back to Vggrpgioe) when in SELF REFRESH,
within restrictions outlined in the SELF REFRESHsection.

5. Vrris not applied directly to the device. Vrris a system supply for signal termination re-
sistors. Minimum and maximum values are system-dependent.
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DDR3L 1.35V Input Switching Conditions — Command and Address

Parameter/Condition Symbol DDR3L-1600 DDR3L-1866/2133 Units
Command and Address

Input high AC voltage: Logic 1 V.H[,\uw],mms 160 - my
Vinac13s),min 135 135 mV
VlH[a\cus],mms B 125 mV

Input high DC voltage: Logic 1 Vik(pcoo), min 90 90 my

Input low DC voltage: Logic O V\L(ocaa),min =90 =90 mV

Input low AC voltage: Logic O VIUAC125:.M||15 - =125 my
VlL(ncns].mlns -135 —135 mV
vlL(;’«ClEU].mlns =160 B mV

DQ and DM

Input high AC voltage: Logic 1 Vin(ac1s0),min- 160 — my
Vingac13s),min 135 135 mV
VIH[J\EJZS],mmJ - 130 mv

Input high DC voltage: Logic 1 V k(ocao),min 90 90 mV

Input low DC voltage: Logic O VL (pcgo),min =90 =90 my

Input low AC voltage: Logic O Vmcus].mmf’ - =130 my
VlL(m:ns].mlns -135 -135 my
Vlecwu],mlns -160 - mv

Motes: 1. All voltages are referenced to Vaer. Vier is Virerca for control, command, and address.
All slew rates and setup/hold times are specified at the DRAM ball. Vaer is Vreroa for

DQ and DM inputs.

2. Input setup timing parameters ('S and 'DS) are referenced at ViLac)/Viniacy not Vaerpo).

3. Input hold timing parameters (YIH and 'DH) are referenced at ViLoe)/Vinioe), Not Vaerpo)-

4. Single-ended input slew rate = 1 V/ns; maximum input voltage swing under test is
900mV (peak-to-peak).

5. When two Vinag values (and two corresponding Viyaco) 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
Vinac) value may be used for address/command inputs and the other Vinac) value may
be used for data inputs.
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DDR3L 1.35V Differential Input Operating Conditions (CK, CKB and DQS, DQS#)

Parameter/Condition Symbol Min Max Units Notes
Differential input logic high — slew Vi, diff(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 Vin,diff(AC) 2 % (Vg =~ Vrer) Vo/Vopag mV 5
Differential input logic low Vi diff{ac) Vss/Vssq 2 % (Viyac) - Vrer) mV 6
Differential input crossing voltage

relative to Voo/2 for DQS, DQS#; CK, Vix Virer(pe) - 150 VRerpg) + 150 mV 57,9
CKB

Differential input crossing voltage

relative to Vpp/2 for CK, CKB Vix(175) Vreroo)~ 175 Veeroo + 175 mv > 719
Single-ended high level for strobes Vppa/2 + 160 Vopa mV 5
Single-ended high level for CK, CKB Veen Voo/2 + 160 Voo mVv 5
Single-ended low level for strobes Vssq Vooa/2 - 160 mV 6
Single-ended low level for CK, CKB Vsel Vg Voo/2 - 160 mV 6

Notes: 1. Clock is referenced to Vpp and Vss. Data strobe is referenced to Vppgand Vssq.

2. Reference is Vrercaipc) for clock and Vrerpa(pc) forstrobe.

3. Differential input slew rate= 2 V/ns.

4. Defines slew rate reference points, relative to input crossing voltages.

5. Minimum DC limit is relative to single-ended signals; overshoot specifications are appli-

cable.

Maximum DC limit is relative to single-ended signals; undershoot specifications areap-

plicable.

7. The typical value of Vix(ac) is expected to be about 0.5 x Vpp of the transmitting device,
and Vix(ac) is expected to track variations in Vpp. Vixac) indicates the voltage at which
differential input signals mustcross.

8. The V|xextended 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 VsgL, Vsgn of at least Vpp/2 £250mV, and
the differential slew rate of CK, CKB is greater than 3 V/ns.

9. Vxmust provide 25mV (single-ended) of the voltages separation.

o
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DDR3L 1.35V Input Signal

V, and V,,, levels with ringback
Vpp + 0.4V Vpog + 0.4V
Narrow pulse width Overshoot
Voo V,
Minimum V,, and V,,, levels bDQ
Visiag
Vg + 125/135/160mV Viao
Vy MINDO Vigr + 30mV Vawoo
AAX 2% Total Vier DEMAX + 1% — Ve + AC NOise
Vier DCMAX S51xVpp \4;83+0C
Vogs = Ve =Vpp2 [ — - T2 ki
- b 25
AAX 2% Total Vage DCMIN - 1% Vi REFDQ
Vi MINDO Vg - 90mV Vao
V,, MIN(AO Vagr - 125/135160mV v
Viao a0
o.ov Vg
Vs - 0.40V Vg5 - 0.40V
Narrow pulse width Undershoot

Note: 1. Numbers in diagrams reflect nominal values.

DDR3L 1.35V AC Overshoot/Undershoot Specification
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DDR3L Control and Address Pins
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Parameter DDR3L-1600 | DDR3L-1866 | DDR3L-2133
Maximum peak ampli- tude allowed for over- shoot area 0.4V 0.4V 0.4V
Maximum peak ampli- tude allowed for under- shoot area 0.4V 0.4V 0.4V
Maximum overshoot area above Vpp 0.33 V/ns 0.28 V/ns 0.25 V/ns
Maximum undershoot area below Vss
0.33 V/ns 0.28 V/ns 0.25V/ns
DDR3L 1.35V Clock, Data, Strobe, and Mask Pins
Parameter DDR3L-1600 | DDR3L-1866 | DDR3L-2133
Maximum peak ampli- tude allowed for over- shoot area 0.4V 0.4V 0.4V
Maximum peak ampli- tude allowed for under- shoot area 0.4V 0.4V 0.4V
Maximum overshoot area above Voo/Vebpa 0.13 V/ns 0.11 V/ns 0.1 V/ns
Maximum undershoot area below Vss/Vssa 0.13 V/ns 0.11V/ns 0.1V/ns

Overshoot

Maximum amplitude

Vaolts (V)

=

Overshoot area

VDDNDDQ

Time (ns)
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Undershoot

Vss/Vssg

»
Yolts (V) .
Undershoot area

Maximum amplitude

Time (ns)

Vix for Differential Signals

Voo Voog Voo Yoog
ia
ros L *ea.a CKE DOSE

— Vit
Voo/2, Vpngl2 Vo2, Vopog/2
F T le
CK, DOS CK, D5
1"’55' VSSL'.I v?i' 1“‘55(}

Single-Ended Requirements for Differential Signals

W

o0 9" Voog

vS[II..min

Voo/2 or Vopao/2

Ve CK or DS
IIlIISnl:L.rﬂ.'m \—/ \—/
'
Ve or ‘u’sm VS[L
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Definition of Differential AC-Swing and *‘DVAC

tovac
ViH, diff{AC)min /1“\'\
IIII II
/ B
VlH.a.f‘,mm ."ll _/ \\l\
/ CK - CKB
.’f DOS - DOSH /
00 1 \ /
) )
II
[ )
)

VIL.duff,max

\ /\/

VL difffacimax

Half cycle tovac

DDR3L 1.35V — Minimum Required Time 'DVAC for CK/CKB, DQS/DQS# Differential for AC Ringback
DDR3L-1600 DDR3L-1866/2133
PDVAC at IDVAC at IDVAC at PDVAC at 'DVAC 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 a7
1.6 69 100 62 74 78
1.4 40 76 a7 52 55
1.2 Note 1 44 5 22 24
1.0 Note 1
<1.0 MNote 1
1. Rising input signal shall become equal to or greater than Vinjac) level and Falling

Mote:
input signal shall become equal to or less than V) jac level.
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DDR3L 1.35V Slew Rate Definitions for Single-Ended Input Signals

Setup (IS and*DS) nominal slew rate for a rising signal is defined as the slew rate be-
tween the last crossing of Vgerand the first crossing of Viaacjmin- Setup(fISand*DS)
nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of Vrer and the first crossing of Vir(ac)max.

Hold (fIHand"*DH) nominal slew rate for a rising signal is defined as the slew rate be-
tween the last crossing of ViL(pc)max and the first crossing of Vrer. Hold (*IH and*DH)
nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of Via[pc)min and the first crossing of Veer.

Single-Ended Input Slew Rate Definition

Input Slew Rates
{Linear Signals) Measured
Input Edge From To Calculation
\" -V
L IH{AC]),min REF
Rising Vier Vingac), min ATRS
se
Setup
. VREF - VlL{ﬁ.C],max
Falling Vier ViLiac),max ATFS..
. Veer - ViLpo),max
Rising Viyoc), max Viee T ATFH.
Hold
Falling ViH(pc).min Vier ATRSH.e
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Mominal Slew Rate Definition for Single-Ended Input Signals

[P
Setup '-\ /L V' iH{ac)min

Vin[pc)min
"y = Vrerpg OF
oy Ly v
REFCA

Single-ended input voltage (DO, CMD, ADDR)

Viypcimax
\ﬁ-'( / ViLac)max

ATRHze
Hold L /

\‘ / VA c)min
=
E: 5
E e “"IH[D-E] min
a
=
0
g
o Veerng O
E‘ ! . VirErca
g
5
(=1
5
-1
b1]
-1
=
; - VIL{DEJ max
g
“ VIL{AC}max

i /

/’F‘ 44



Hosin Global
4G bits DDR3L SDRAM Datasheet

DDR3L 1.35V Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CKB and DQS5, DQ5#) are defined and meas-
ured. The nominal slew rate for a rising signal is defined as the slew rate between

VIL diff max A0d Vg diff min.-The nominal slew rate for a falling signal is defined as the
slew rate between Vig diffmin and ViL gigmax.

DDR3L 1.35V Differential Input Slew Rate Definition

Differential Input Slew Rates
(Linear Signals)
Measured
Input Edge From To Calculation
Risin v v VIH,diff,min - VIL,diH,max
CK and DQS reference e I el 14, cHFf, i ATR g5
Vi aoee oo = Wt
. _¥ K diff, min IL, diff rmax
Fa"'ng VIH.dul‘f.mln VIL.dIff.maJ-: ‘&TFd'ff
[]

DDR3L 1.35V Nominal Differential Input Slew Rate Definition for DQS, DQS# and CK, CKB

.-'_\.TRdIﬁ
N

|

|

i

i
— 1
m
o I
o i
n "y
] VI, diff, min
i
w
=}
[=]
v
o
[=]
M 0
=]
m
=
[=]
>
-
]
o
=
- 'S
-] W
= IL, diff, max
=
g
o
ik
[m]

-—
ATF 4455
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6. ODT Characteristics

ODT Levels and I-V

The QDT effective resistance Rrr is defined by MR1[9,6, and2]. ODT is applied to

the DQ, DM, DQS, DQS#, balls (x8 devices only). The ODT target values and a
functional representation are listed. The individual pull-up and pull-down resistors

(RTTieuy and Rrr(eo) are defined as follows:

* Rrrier) = (Vopg - Vour)/ [{ovt]. under the condition that Rrriep) is turned off
* Rrriep) = (Voun/ Iovr]. under the condition that Rrmpuy is turned off

Characteristics

Chip in termination mode

oDT
-
I ! o VDDQ
I
|
oy |
: Loyt = lop - |
[ : out = 'pp " 'PU
|
To | Rrreeu) |
other | |
circuitry [ L DQ
such as | | : lour
RCV, ... ||
' i | [Rrren) ! Vour
I |
I l'm !
I
|
i ' o/
. | 550
On-Die Termination DC Electrical Characteristics
Parameter/Condition Symbaol Min MNom Max Unit MNotes
R effective impedance Rrricre) 1,2
Deviation of VM with respect to AV -5 5 24 1,2, 3
vmq,rz

Motes: 1. Tolerance limits are applicable after proper ZQ, calibration has been performed at a
stable temperature and voltage (Vppg = Voo, Vasa = Vss). Refer to ODT Sensitivity if
either the temperature or voltage changes after calibration.

2. Measurement definition for Rrr: Apply Vinac to pin under test and measure current
I[Vinacy], then apply Vigac) to pin under test and measure current 1[Vigacy]:

R__ VIHM.E:I-VILMC:I

Ttv =itv T
IH{AC) IL{AC)

3. Measzure voltage (VM) at the tested pin with no load:
AVM = ZL"LM._:L

Vopg

= 100

4. For IT and AT devices, the minimum values are derated by 6% when the device operates
between —40°C and 0°C(Tc).
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1.35V ODT Resistors
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Provides an overview of the ODT DC electrical characteristics. The values pro-
vided are not specification requirements; however, they can be used as design
guide lines to indicate what Ryris targeted to provide:

» Rrr 1208 is made up of Rrrizoppzam and Rrrizopuzan

» Rrr 60£2 is made up of Rrreo(epizo) and Rrreopuizn)
L] RTT 400 is made up of RTT‘IQ(PDEC'] and RTT4I:|[PUEQ]

. R]']' 300 is made up of RTng(pnﬁg] and RTT&IZI[PUEQ]
. R]']' 200 is made up of RTng(pn.m] and RTT}.',IZI[PUQ-Q]

1.35V Rrr Effective Impedance

MR1
[9, 86, 2] Ry Resistor Vour Min Mom Max Units
0,1,0 1200 Ry 120p0240 0.2 % Vppg 0.6 1.0 1.15 RZO/1
0.5 = Voo 0.9 1.0 1.15 RZO/1
0.8 = Vpog 0.9 1.0 1.45 RZO/S1
Rr.120p0240 0.2 = Vppg 0.9 1.0 1.45 RZQ/1
0.5 = Voog 0.9 1.0 1.15 RZO/1
0.8 = Vpog 0.6 1.0 1.15 RZO/1
12001 Viyao 10 Vigag 0.9 1.0 1.65 RZQ/2
0,01 600 Ryt capnion 0.2 x Voog 0.6 1.0 1.15 RZQ/2
0.5 % Vppg 0.9 1.0 1.15 RZQy2
0.8 = Vpog 0.9 1.0 1.45 RZO/S2
Ryt sopuizo 0.2 % Vopa 0.9 1.0 1.45 RZO,2
0.5 = Vpog 0.9 1.0 1.15 RZO/2
0.8 x Vpog 0.6 1.0 1.15 RZQy2
600 Viyao 10 Vigag 0.9 1.0 1.65 RZO/4
01,1 400 L —— 0.2 % Vooa 0.6 1.0 1.15 RZQ/3
0.5 = Vpog 0.9 1.0 1.15 RZQ/3
0.8 = Vpog 0.9 1.0 1.45 RZO/3
Rt 40puso 0.2 % Vppg 0.9 1.0 1.45 RZO/3
0.5 x Vpoa 0.9 1.0 1.15 RZQ/3
0.8 = Vpog 0.6 1.0 1.15 RZO/3
400 Vivao) 10 Vijac) 0.9 1.0 1.65 RZQ/6
1,01 300 L — 0.2 x Vppg 0.6 1.0 1.15 RZO/4
0.5 = Vpog 0.9 1.0 1.15 RZO/4
0.8 = Vpog 0.9 1.0 1.45 RZO/4
Rt a0ruso 0.2 = Vopa 0.9 1.0 1.45 RZO/4
0.5 x Vpoa 0.9 1.0 1.15 RZO/4
0.8 = Voog 0.5 1.0 1.15 RZO/4
300 Vigao 10 Vigao 0.9 1.0 1.65 RZO/8
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1.35 V Ryt Effective Impedance (Continued)
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MR1
[9, 6, 2] Ry Resistor Vour Min Nom Max Units
1,0,0 200 [ —— 0.2 x Vppg 0.6 1.0 1.15 RZQ/6
0.5 = Voo 0.9 1.0 1.15 RZO/6
0.8 = Vppao 0.9 1.0 1.45 RZO/6
Rt z0pua0 0.2 = Vpoo 0.9 1.0 1.45 RZO/6
0.5 x Vooa 0.9 1.0 1.15 RZO/6
0.8 % Vpog 0.6 1.0 1.15 RZO/6
200 Viyac) 10 Vikac 0.9 1.0 1.65 RZQ/12

ODT Sensitivity

If either the temperature or voltage changes after 1/0 calibration, then the
tolerance limits listed can beexpected to widen according to list.

ODT Sensitivity Definition

Symbol

Min

Max

Unit

Ry

0.9 - dRrrdT

» |DT| - dRmdV = | DV

1.6 + dR7rdT x |DT| + dRyrdV = |DV|

RZO/(2, 4, 6, 8, 12)

Mote:

1. AT =T - T{@ calibration), AV = Voo - Vopa(@ calibration) and Voo = Vooa.

ODT Temperature and Voltage Sensitivity

Change Mlin Max Unit
dRrrdT o 15 %,/°C
dRrrdV 0 0.15 %MV

Mote:

1. AT =T- T(@ calibration), AV = Vppa - Vopa(@ calibration) and Vs = Vppa.

ODT Timing Definitions

ODT loading differs from that used in AC timing measurements. The reference load for
ODT timings is shown. Two parameters define when ODT turns on or off
synchronously, two define when ODT turns on or off asynchronously, and another
defines when ODT turns on or off dynamically. Outline and provide definition and

measurement references .":'Et[il'lg?- for each param eter.

ODT turn-on time begins when the output leaves High-Z and ODT resistance begins to
turnon. ODT turn-off time begins when the output leaves Low-Z and ODT resistance

begins to turn off.
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ODT Timing Reference Load

ODT Timing Definitions
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Vooo'2
ouT Vage oo
D, DM Ry = 2580
CK, CKB —8- pas, pass 82— ] Virr =Vssq
LTiming refera NCE point
a
RZO = 2404
ATV | Vsg
Symbol Begin Point Definition End Point Definition

BON Rising edge of CK — CKB defined by the end |Extrapolated point at Vssq
point of ODTLon

'AOF Rising edge of CK — CKE defined by the end |Extrapolated point at VarT,nem
point of ODTLoff

'AOMPD |Rising edge of CK — CKB with ODT first being | Extrapolated point at Vasq
registered HIGH

YAOFPD |Rising edge of CK — CKB with ODT first being |Extrapolated point at Varr nam
registered LOW

taDC Rising edge of CK — CKB defined by the end |Extrapolated points at Varrws and
point of ODTLcnw, ODTLownd, or ODTLown® | Ve nom

DDR3L (1.35V) Reference Settings for ODT Timing Measurements

Measured

Parameter R1T,nom Setting Rrriwr) Setting Vawi Vews
tAON RZO/4 (60L)) B N/A ] 50mv 100mV
RZQ,12 (200)) N/A 100mV 200mV
tAOF RZO/4 (60L)) N/A 50mv 100mV
RZQ,12 (200)) N/A 100mV 200mV
BONPD RZO/4 (60L)) N/A 50mv 100mV
RZQ,12 (200)) N/A 100mV 200mV
AOFPD RZO/4 (60L)) N/A 50mv 100mV
RZO 12 120{1] NSA 100mY 200mV
tADC RZQ,12 (200)) RZ0/2 (200)) 200mV 250mV

/’FA
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tAON and *AOF Definitions

tAoN

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

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

i
cK ST # CK . - fi
\/ e \/ i
; o ; " Vapo/2
Ir' I“. Ia' | '.‘
CKE 1 ‘ L E it CKB oo | Y A N W
I
lw ] TAON Ir..—._ taor
: I
I End point: Extrapolated point 2t Varr.ngm
" - [ I"IIH.I'I (T
|
DQ, DM DAOS,
DOSA Vowa
1"I-SS{:]_

- End point: Extrapolated point at

tAONPD and tAOFPD Definitions

tAONPD
Begin point: Rising edge of CK -CKB
with ODT first registered high

Visg

tAOFPD
Begin point: Rising edge of CK - CKB
with QDT first registered low

cK | y K I
\ it N i Vooa/2
CKB  fjeennr B T 1 S W Ve I
| | tanNPD | TAOFPD
I End point: Extrapolated point 3t Vetrnom
I
N TSW’E . . f VRI T,nam
[
| T [
Da, DM I
Das, DOs# - Vo Vsuz
I
Wrzg | ' Mo

L

S

A

End point: Extrapolated point at  Vszq
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tADC Definition

Begin point: Rising edge of CK - CKB
defined by the end point of ODTLonw
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Begin point: Rising edge of CK - CKB defined by
the end point of ODTLownd or ODTLownS

CK 1 Pt i 1 i 3 b
i : L Vapg/2
CKB  fp---’ e e 1 L e i
|
-i_-l tapc - wAADC
I
. i ,
f V e
RTT,nom L")
N\_ Towes Y n0m
D0, DM DOS, End poimt— L — Tswzz
DQs# Extrapolated Vowz
point at Varr nom
Vewt . W A Tobes
f " H Y
RTT[WR] End point: Extrapolated point at ~ Vetrjws)

Voo

)
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7. 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 sta-
ted otherwise. A functional representation of the output buffer is shown below. The
output driver impedance Ry is defined by the value of the external reference resistor RZQ
as follows:

* Ronx=RZQ/y(withRZQ=2400Q+1%;x=34Qor40Qwithy=7or6,respectively)
Theindividual pull-upand pull-downresistors Roneu)and Ron(pp) are defined as fol-lows:

* Rowrru)= (Vopg - Vout)/ |Iovur|, when Rox(rp)is turned off
* Romrep) = (Vour)/ | lovr], when Roypeu) is turned off

QOutput Driver

Chip in drive mode

Output driver

- -~ o

| | Voog

I l ley [

| I
To R |
other | || TONIPL)
circuitry | | I DQ
such as || | I

ouT
ROV 11| | Ronen) |
|

l | Vour

| PD |

| l 8 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 specifications listed herein apply to the 34Q driver only. Its impedance Roy
is de- fined by the value of the external reference resistor RZ() as follows:

Ronzsa = RZQ/7 (with nominal RZQ = 240Q +1%) and is actually 34.3Q +1%.

DDR3L 34 Ohm Driver Impedance Characteristics

MR1
[5, 1] Ron Resistor Vaur Min Mom Max Units
0,1 3430 Ron.3400 0.2 x Vppa 0.6 1.0 1.15 RZQ/7
0.5 % Vopa 0.9 1.0 1.15 RZQ/7
0.8 % Vppo 0.9 1.0 1.45 RZQ/7
Ron. 3400 0.2 x Vppa 0.9 1.0 1.45 RZQ/7
0.5 % Vopa 0.9 1.0 1.15 RZQ/7
0.8 % Vpoo 06 1.0 1.15 RZQ/7
Pull-up/pull-down mismatch (MMpuro) Vigae) 10 Viniag) -10 N/A 10 %

Notes: 1. Tolerance limits assume RZQ of 2400 +1% and are applicable after proper ZQ
calibra- tion has been performed at a stable temperature and voltage: Vope = Voo;
Vesg = Vss). Refer to DDR3L 34 Ohm OQOutput Driver Sensitivity if either the
temperature or the voltage changes after calibration.
2. Measurement definition for mismatch between pull-up and pull-down (MMepyupp).Meas-
ure both Ronipuy and Rowieo) at 0.5 x Vopa:
aM(PU) - TON(PD)

MMpupnz RDN » 100
nom

3. ForITand AT (1Gb ID;‘1|\,|'} devices, the minimum values are derated by 6% when the de-
vice operates between —=40°C and 0°C (T¢).
A larger maximum limit will result in slightly lower minimum currents.
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DDR3L 34 Ohm Driver

The 340 driver's current range has been calculated and summarized Vpp = 1.35V, Vop

=1.45V, Vpp = 1.283V. The individual pull-up and pull-down resistors Ronz4(pp) and
Ron34(pu) aredefined as follows:

* Rong4p)= (Vourl/|louTl; Ronsapu)is turned off
» RowsaqPt) = (VoD - Vout)/|IouT); Rows4(pp) is turned off

DDR3L 34 Ohm Driver Pull-Up and Pull-Down Impedance Calculations

Rown Min Nom Max Unit
RZQ = 2400 %1% 2376 240 242.4 0
RZQ/7 = (2400 £1%:)/7 33.9 34.3 34.6 Q
MR1[5,1] Ron Resistor Vaour Min MNom Max Unit
0,1 3430 Raneaaien) 0.2 x Vppg 20.4 34.3 38.1 Q
0.5 x Vopa 30.5 34.3 381 Q
0.8 x Vppn 30.5 34.3 48.5 Q
Ronaageu) 0.2 % Vopo 30.5 34.3 485 Q
0.5 x Vopo 30.5 34.3 38.1 Q
0.8 = Vopg 20.4 34.3 381 0

DDR3L 34 Ohm Driver lgy/loL Characteristics: Vpp = Vppg = DDR3L@1.35V

MR1[5,1] Rown Resistor Vour Max Nom Min Unit
0,1 3430 Ranaaien) lo @ 0.2 % Vppg 133 7.9 7.1 maA
loy @ 0.5 % Vppn 22.1 19.7 17.7 maA

o, @ 0.8 x Vppn 35.4 31.5 22.3 maA

Ronsaieu) lon @ 0.2 % Vopa 35.4 31.5 22.3 mA

lan @ 0.5 x Vppa 221 19.7 17.7 maA

low @ 0.8 x Vpog 13.3 7.9 7.1 mA

DDR3L 34 Ohm Driver Igy/loL Characteristics: Vpp = Vppg = DDR3L@1.45V

MR1[5,1] Ron Resistor Vaour Max Nom Min Unit
0,1 3430 Ronaagen) low @ 0.2 % Vobo 14.2 8.5 7.6 mA
loL @ 0.5 = Vopg 23.7 21.1 19.0 mA

loL @ 0.8 % Vppg 38.0 33.8 23.9 mA

Ronaajeu) lon @ 0.2 x Vppg 38.0 33.8 23.9 mA

low @ 0.5 % Vppa 23.7 21.1 19.0 mA

lop @ 0.8 x Vppg 14.2 8.5 7.6 mA
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DDR3L 34 Ohm Driver lonfloL Characteristics: Voo = Vooa= DDR3L@1.283

MR1[5,1] Ron Resistor Vour Max Nom Min Unit
0,1 3430 Rona4(e0) loL @ 0.2 % Vooa 126 7.5 6.7 mA
loL @ 0.5 % Vopo 21.0 18.7 16.8 mA

lo @ 0.8 x Voo 336 29.9 21.2 mA

Ronzagpu) lon @ 0.2 x Vo 33.6 29.9 21.2 mA

lon @ 0.5 * Vooa 21.0 18.7 16.8 mA

lon @ 0.8 % Voo 12.6 7.5 6.7 mA

DDR3L 34 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after Z() calibration, then the tolerance
limits listed can be expected to widen according to list.

DDR3L 34 Ohm Output Driver Sensitivity Definition

Symbol Min Max Unit
Roneoy @ 0.2 % Vppg  [0.6 - dRondTL x JAT| - dRond VL = [AV| 1.1 + dRondTL x |AT| + dRondVL x [AV] RZQ/7
Rompeo) @ 0.5 % Vppg  |0.9 - dRondTM x |AT| - dRand VM x |AV| 1.1+ dRondTM = |AT| + dRondVM = [AV| RZQ/7
Rongeo) @ 0.8 x Wppg (0.9 - dRondTH x |AT| - dRondWH x |AV| 1.4 + dRondTH = |AT| + dRondVH = |AV| RZQ/7
Rangpu) @ 0.2 % Vppg  [0.9 - dRondTL = |AT| - dRondVL = [AV| 1.4 + dRondTL = |AT| + dRondVL = [AV| RZQ/7
Ronpuy @ 0.5 % Vppg 0.9 - dRondTM x |AT| - dRond VM = |AV| 1.1 + dRgndTM x |AT| + dRgudVM x [AV| RzQ/7
Ronjpuy @ 0.8 x Vppy  |0.6 - dRondTH x |AT| - dRondVH x [AV| 1.1 + dRandTH x |AT| + dRondVH = |AV] RZQ/7

Note: 1. AT=T-Tigcausrarion):8V=Vope-Vopamcarieramon: and Vpp=Vppeg.

DDR3L 34 Ohm Output Driver Voltage and Temperature Sensitivity

Change Min Max Unit
dRondTM 0 15 %,/C
dRondVM 0 0.13 %,/ mV
dRondTL 0 15 %/"C
dRondVL 0 0.13 %,/ mV
dRondTH 0 15 %/°C
dRondVH 0 0.13 %,/ mV
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DDR3L Alternative 40 Ohm Driver

DDR3L 40 Ohm Driver Impedance Characteristics

MR1
[5, 1] Ron Resistor Vour Min MNom Max Units
0,0 400 Ronaoen 0.2 % Vppg 0.6 1.0 1.15 RZQ/6
0.5 = Vopa 0.9 1.0 1.15 RZQ/6
0.8 x Vopo 08 1.0 1.45 RZQ/6
Ronaoeu 0.2 x Vppo 0.9 1.0 1.45 RZO/6
0.5 % Vppa 09 1.0 1.15 RZQ/6
0.8 x Vopo 0.6 1.0 1.15 RZQ/6
Pull-up/pull-down mismatch (MMpupn) Vitaar 10 Vikmg -10 N/A 10 %

MNotes: 1. Tolerance limits assume RZQ of 2400 +1% and are applicable after proper ZQ calibra-
tion has been performed at a stable temperature and voltage (Voog= Vboo; Vssa= Vss).
Refer to DDR3L 40 Ohm Output Driver Sensitivity if either the temperature or the
voltage changes after calibration.
2. Measurement definition for mismatch between pull-up and pull-down (MM pypp).Meas-
ure both Ronépuj and Rownien) at 0.5 = Vppa:
ONIPU) ~ TON{PD)

MM = 100

PUPD ™ RomM,nem

3. For IT and AT (1Gb only) devices, the minimum values are derated by 6% when the de-
vice operates between —40°C and 0°C (Tg¢).
A larger maximum limit will result in slightly lower minimum currents.

DDR3L 40 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after [/0 calibration, then the tolerance
limits listed can be expected to widen according t.

DDR3L 40 Ohm Output Driver Sensitivity Definition

Symbol Min Max Unit
Ronpo) @ 0.2 x Vppg  |0.6 - dRondTL = JAT| - dRondVL > |AV] 1.1 + dRandTL = |AT| + dRandVL > |AV] RZQ/6
Ronieoy @ 0.5 % Vppg  [0.9 - dRondTM x |AT| - dRondVM x |AV| 1.1 + dRondTM = |AT| + dRondVM x |AV| RZQ/6
Rongeoy @ 0.8 x Vppg  |0.9 - dRondTH = |AT| - dRondVH = |AV| 1.4 + dRondTH = |AT| + dRondVH = |AV] RZO/6
Rongpuy @ 0.2 % Vppg  [0.9 - dRondTL = |AT| - dRondVL x [AV] 1.4 + dRondTL = |AT| + dRondVL x [AV| RZQ/s
Ronpuy @ 0.5 % Vipg  |0.9 - dRondTM x |AT| - dRondVM = |AV] 1.1 + dRandTM x |AT| + dRpndV M = |AV| RZQ/6
Ronpuy @ 0.8 % Vg |0.6 - dRondTH  [AT] - dRondVH = |AV| 1.1 + dRandTH x |AT| + dRaydVH x |AV] RZO/6

Mote: 1.AT=T- T(@ CALIBRA Trom»’lv: VDDQ' VDDQ(@CAUBRAT;ON); and Vpp= VDDQ‘
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Change Min Max Unit

dRondTM 0 1.5 %/°C
dRgndVM 0 0.15 %, mV
dRgpdTL 0 1.5 %/°C
dRppdVL 0 0.15 %S my
dRandTH 0 1.5 %,/°C
dRondVH 0 0.15 %/ m\
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8. Output Characteristics and Operating Conditions

DDR3L Single-Ended Output Driver Characteristics

All voltages are referenced to Vss
Parameter/Condition Symbol Min Max Unit MNotes

Output leakage current: DQ are disabled ; loz =5 5 LA 1
OV = Vour = Voon; ODT is disabled ; ODT is HIGH

Output slew rate : Single-ended ; For rising and falling edges , SRO:. 1.75 & Vins |1,2,3,4
measure between UDLI:.J\C}: UREI’ -0.09 = UDDD. and UDH[AE:I =
Veer + 0.09 x Voo

Single-ended DC high-level output voltage Vou(nc} 0.8 x Voog W 1,2, 5
Single-ended DC mid-point level output voltage Vomioo) 0.5 % Vopg Y 1,2,5
Single-ended DC low-level output voltage Vauog 0.2 x Vopa i 1, 2,5
Single-ended AC high-level output voltage Vorac) Vir+ 0.1 = Vopg W 1,2,3,6
Single-ended AC low-level output voltage Vouiag Vir-0.1 % Vppg A 1,2,3,6
Delta Rgy between pull-up and pull-down for DQ/DQS MMpues =10 | 10 L 1,7
Test load for AC timing and output slew rates Output to Vit (Vopa/2) via 250 resistor 3

Motes: 1. RZQ of 2400) +1% with RZQ/7 enabled (default 340 driver) and is applicable after prop-
er ZQ calibration has been performed at a stable temperature and voltage (Vooa= Vop;

Vssg=Vss).

2. Vrr=Vopg/2.

3. 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 switch-
ing combinations, the maximum limit of 6 V/ns is reduced to 5 V/ns.

5. LV curve linearity. Do not use AC test load.

6. See Slew Rate Definitions for Single-Ended Output Signals for output slewrate.

7. additional information.

2.

An example of a single-ended output signal.
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MAX output

Vauacy

Vawac

MIN output
DDR3L Differential Output Driver Characteristics
All voltages are referenced to Vss
Parameter/Condition Symbol Min Max Unit Motes
Output leakage current: DQ are disabled; loz =5 5 T 1
OV < Vour = Vopo; ODT is disabled; ODT is HIGH
DDR3L Output slew rate: Differential; For rising and fall- SRO6 3.5 12 V/ns 1
ing edges, measure between Voo difijac) = =0.18 = Vooag
and VDH,I'.IIfHﬁuC] =0.18 = VDD-D[
Differential high-level output voltage Van,diffiac) +0.2 x Vppn A 1,4
Differential low-level output voltage VoL diffiac) =0.2 = Vppo vV 1,4
Delta Ron between pull-up and pull-down for DQ/DQS MMpyen =10 | 10 % 1,5
Test load for AC timing and output slew rates Output to Vi (Vooa/2) via 2500 resistor 3

Motes:

1.

UL S

RZQ of 2400 #1% with RZQ/7 enabled (default 340 driver) and is applicable after prop-
er 20 calibration has been performed at a stable temperature and voltage (Vooa= Voo;

Vssq=Vss).

Veer = Vooa/2; slew rate @ 5 V/ns, interpolate for faster slew rate.

The test load configuration.
The output slew rate.
Additional information.

An example of a differential cutput signal.
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DDR3L Differential Output Driver Characteristics Vox(ac)

All voltages are referenced to Vss

Parameter/ S DDR3L-1600/1866/2133 DQS/DQSH Differential Slew Rate i

Condition 3.5V/ns | 4V/ns | 5v/ns | 6V/ns | 7V/ns | 8V/ns | 9V/ns | 10V/ns | 12V/ns
Output differential  [Voyac | Max| 90 105 | 135 | 155 180 | 205 | 205 205 205 mvV
crosspoint voltage Min | =90 -105 | -135 | -155 | -180 | -205 | -205 | =205 205 | mv

Notes: 1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after prop-
er ZQ calibration has been performed at a stable temperature and voltage (Vooa= Voo;
Vssa@=Vss).
2. The test load configuration.
An example of a differential outputsignal.
4. For a differential slew rate between the list values, the Vox(ac) value may be obtained
by linear interpolation.

w

Differential Output Signal

MAX output

VOXKAA:)mu

Voxiaomin

VOI.

MIN output
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Reference Output Load

Represents the effective reference load of 25 used in defining the relevant device
AC timing parameters (except ODT reference timing) as well 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 actualload presented by a production
tester. System designers should use IBIS or other simulation tools to correlate the
timing reference load to a system environment.

Reference Output Load for AC Timing and Output Slew Rate

Vopo/2
out  Vaer —
Rrr= 250
ba Vo7 = Vippa/2
T Doy
Das SVATAV :
DiOss L
Timing reference point
i RZ0 = 2400}
\"h'-a’l"\/ | l“rss

Slew Rate Definitions for Single-Ended Output Signals
The single-ended output driver is summarized. With the reference load for timing
measurements, the output slew rate for falling and rising edges is defined and measured
between VOL(AC) and VOH(AC) for single-ended signals.

Single-Ended Output Slew Rate Definition

Single-Ended OQutput Slew
Rates (Linear Signals) Measured
Output Edge From To Calculation
Da Rising Variac) Vaniac) Vonag ~ Vouag
ATRse
Falling Voriac) Vouao Vonag - Youag
ATFge
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Nominal Slew Rate Definition for Single-Ended OutputSignals

ATR

e

\

OH(AC)

']

vV

OLAC)
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Slew Rate Definitions for Differential Output Signals

The differential output driver is summarized. With the reference load for timing
measurements, the output slew rate for falling and rising edgesis defined and
measured between VQL[g | and VDHEAC] for differential signals.

Differential Output Slew Rate Definition

Differential Output Slew
Rates (Linear Signals) Measured
Output Edge From To Calculation
DQs, DOS#H Rising VaLdifiiac) Von,disijac) Vou,gitac) - VoL aimac)
‘ﬁTRdI"
Falling Von,diffifac) VoL difflac) Vo, ditiiac) - VoL ditiac)
"J‘\‘TFdiH
MNominal Differential Output Slew Rate Definition for DQS, DQS#
ATR
I
I
I
|
1 VOH,dIﬂiACJ
0
i) VoL aitirac)
-d—h-;

ﬁTFHI"
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DDR3L-1600 Speed Bins
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DDR3L-1600 Speed Bin -1251
CL-'RCD-'*RP 11-11-11
Parameter Symbol Min Max Unit MNotes
Internal READ command to first data taa 13.75 - ns
ACTIVATE to internal READ or WRITE delay time '‘RCD 13.75 — ns
PRECHARGE command period ‘RP 13.75 - ns
ACTIVATE-to-ACTIVATE or REFRESH command period ‘RC 48.75 - ns
ACTIVATE-to-PRECHARGE command period ‘RAS 35 9 x "REFI ns 2
CL=5 CWL=5 LICK (AVG) 3.0 2.3 ns 3
CWL=6,7,8 ICK (AVG) Reserved ns 4
CL=6 CWL=5 ICK (AVG) 2.5 2.3 ns 3
CWL=6 ICK (AVG) Reserved ns 4
CwWL=7,8 ICK (AVG) Reserved ns 4
CL=7 CWL=5 ICK [AVG) Reserved ns 4
CWL=6 'CK (AVG) 1.875 <2.5 ns 3
CWL=7 'CK (AVG) Reserved ns 4
CWL=28 ICK (AVG) Reserved ns 4
CL=8 CWL=5 'CK (AVG) Reserved ns 4
CWL=6 'CK (AVG) 1.875 <2.5 ns 3
CWL=7 'CK [AVG) Reserved ns 4
CWL=28 LCK (AVG) Reserved ns 4
CL=9 CWL=5,6 ICK (AVG) Reserved ns 4
CWL=7 ICK (AVG) 1.5 | <1.875 ns 3
CWL=8 ICK (AVG) Reserved ns 4
CL=10 CWL=5,6 ICK (AVG) Reserved ns 4
CWL=7 ICK (AVG) 1.5 | <1.875 ns 3
CWL=8 'CK (AVG) Reserved ns 4
CL=11 CWL=5,6,7 LICK (AVG) Reserved ns 4
CWL=8 'CK (AVG) 1.25 | <1s ns 3
Supported CL settings 5 6,7,8,9 10,11 CK
Supported CWL settings 5 6,7,8 CK

MNotes:
(- L27E).
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DDR3L-1866 Speed Bins
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DDR3L-1866 Speed Bin -107*
CL-'RCD-'RP 13-13-13
Parameter Symbol Min Max Unit Notes
Internal READ command to first data Y. 13.91 20
ACTIVATE to internal READ or WRITE delay time RCD 13.91 - ns
PRECHARGE command period ‘RP 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 ICK (AVG) 3.0 3.3 ns 3
CWL=6,7,819 ICK (AVG) Reserved ns 4
CL=6 CWL=5 ICK (AVG) 25 | 3.3 ns 3
CWL=6,7,8,9 LICK (AVG) Reserved ns 4
CL=7 CWL=5,7,829 'CK (AVG) Reserved ns 4
CWL=6 ICK (AVG) 1875 | <25 ns 3
CL=8 CWL=5,8,9 ICK (AVG) Reserved ns 4
CWL=6 tCK (AVG) 1875 | <25 ns 3
CWL=7 'CK (AVG) Reserved ns 4
CL=9 CWL=5,6,8,9 'CK (AVG) Reserved ns 4
CWL=7 ICK (AVG) 1.5 | <1.875 ns 3
CL=10 CWL=5,6,9 'CK (AVG) Reserved ns 4
CWwL=7 ICK (AVG) 1.5 | <1.875 ns 3
CWwWL=8 ICK (AVG) Reserved ns 4
CL=11 CWL=5,6,7 ICK (AVG) Reserved ns 4
CWL=8 'CK (AVG) 1.25 | <1.5 ns 3
CWwWL=9 ICK (AVG) Reserved ns 4
CL=12 CWL=5,6,7,8 ICK (AVG) Reserved ns 4
CwWL=29 K (AVG) Reserved ns 4
CL=13 CWL=5,6,7,8 'CK (AVG) Reserved ns 4
CWL=29 ICK (AVG) 1.07 <1.25 ns 3
Supported CL settings 5 6,7,89, 10,11, 13 CK
Supported CWL settings 56,7.8,9 CK

Notes:

1. The -107 speed grade is backward compatible with 1600, CL = 11 (-125), 1333, CL=9
(- 15E) and 1066, CL =7 (-187E).
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DDR3L-2133 Speed Bin -0931
CL-'RCD-'RP 14-14-14
Parameter Symbol Min Max Unit MNotes
Internal READ command to first data tAA 13.09 20
ACTIVATE to internal READ or WRITE delay time ‘RCD 13.09 - ns
PRECHARGE command period ‘RP 13.09 — ns
ACTIVATE-to-ACTIVATE or REFRESH command period ‘RC 46.09 - ns
ACTIVATE-to-PRECHARGE command period ‘RAS 33 9 x *REFI ns 2
CL=5 CWL=5 ICK (AVG) 3.0 33 ns 3
CWL=6,7,8,9 'CK (AVG) Reserved ns 4
CL=6 CWL=5 ICK (AVG) 2.5 | 3.3 ns 3
CWL=6,7,8,9 'CK (AVG) Reserved ns 4
CL=7 CWL=5,67,8,9 'CK (AVGE) Reserved ns 4
CWL=6 ICK (AVG) 1875 [ <25 ns 3
CL=8 CWL=5,8,9 CK (AVG) Reserved ns 4
CWL=6 ICK (AVG) 1875 [ <25 ns 3
CWL=7 ICK (AVG) Reserved ns 4
CL=9 CWL=5,6,8,9 ICK (AVG) Reserved ns 4
CWL=7 ICK (AVG) 1.5 | <1.875 ns 3
CL=10 CWL=5,6,9 ICK (AVG) Reserved ns 4
CWL=7 ICK (AVG) 1.5 | <1.875 ns 3
CWL=8 'CK (AVG) Reserved ns 4
CL=11 CWL=5,6,7 'CK (AVG) Reserved ns )
CWL=8 ICK (AVG) 125 | <15 ns 3
CWL=9 'CK (AVG) Reserved ns 4
CL=12 CWL=5,6,7,8 CK (AVG) Reserved ns 4
CWL=9 ICK (AVG) Reserved ns 4
CL=13 CWL=5,6,7,8 CK (AVG) Reserved ns 4
CWL=9 ICK (AVG) 1.07 <1.25 ns 3
CL=14 CWL=5,6,7,8,9 ICK (AVG) Reserved Reserved ns 4
CWL =10 ICK (AVG) 0.938 <1.07 ns 3
Supported CL settings 5,6, 7,8, 9 10, 11, 13, 14 CK
Supported CWL settings 5,6,7,8,9 CK

MNotes:

1

. The -093 speed grade is backward compatible with 1866, CL =13 (-107), 1600, CL=11

(-125), 1333, CL=9 (-15E) and 1066, CL=7
*REFI depends on Tgopgp-

(-187E).

The CLand CWL settings result in '*CK requirements. When making a selection of 'CK,
both CL and CWL requirement settings need to be fulfilled.

Reserved settings are not allowed.
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10.Electrical Characteristics and AC Operating Conditions

Electrical Characteristics and AC Operating Conditions

Notes 1-8 apply to the entire table

DDR3L-1600
Parameter Symbol Min Max Unit | Notes
Clock Timing
Clock period average: DLL disable Te < 85°C tCK 8 7800 ns 9,42
mode Tc=>85°Cto9s°c | (DLL_DIS) 8 3900 ns 42
Clock period average: DLL enable mode 'CK (AVG) ns 10,11
High pulse width average 'CH (AVG) 0.47 0.53 CK 12
Low pulse width average ICL (AVG) 0.47 0.53 CK 12
Clock period jitter DLL locked UiTper =70 70 ps 13
DLL locking YiTper,lck -60 60 ps 13
Clock absolute period ICK (ABS) MIN = tCK [AVG) MIN + tlITper MIN; MAX =tCK (AVG) MAX +| ps
tiTper
Clock absolute high pulse width 'CH (ABS) 0.43 - 'cK 14
(AVG)
Clock absolute low pulse width 'CL (ABS) 0.43 - 'CK 15
(AVG)
Cycle-to-cycle jitter DLL locked YITee 140 ps 16
DLL locking YlTee,lck 120 ps 16
Cumulative error across 2 cycles 'ERR2per =103 103 ps 17
3 cycles 'ERR3per =122 122 ps 17
4 cycles ‘ERR4per -136 136 ps 17
5 cycles 'ERRSper -147 147 ps 17
6 cycles 'ERRGper -155 155 ps 17
7 cycles *ERR7per -163 163 ps 17
8 cycles tERR8per -169 169 ps 17
9 cycles *ERR9per -175 175 ps 17
10 cycles 'ERR10per -180 180 ps 17
11 cycles 'ERR11per =184 184 ps 17
12 cycles 'ERR12per -188 188 ps 17
n=13,14...49,50| ‘ERRnper ps 17
cycles tERRnper MIN = (1 + 0.68In[n]) = tITper MIN
tERRnper MAX = {1+ 0.68In[n]) x t/Tper MAX
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Notes 1-8 apply to the entire table
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DDR3L-1600
Parameter Symbol Min Max Unit Notes
DQ Input Timing
Data setup time to DQS, DOS# Base (specification) ‘DS ps 18, 19,
(AC160) 44
Vrer @ 1V/ns - - ps 19, 20
Data setup time to DQS, DOS# Base (specification) ‘DS ps 18, 19,
(AC135) 25 - a3
Vrer @ 1V/ns 160 - ps 19, 20
Data hold time from DQS, DQS# Base (specification) DH 55 - ps 18,19
Vrer @ 1V/ns (DC30) 145 - ps 19, 20
Minimum data pulse width 'DIPW 360 - ps 41
DQ Output Timing
DQs, DAOSH to DA skew, per access ‘Dasa - 100 ps
DQ output hold time from DQS, DAS# '‘aH 038 ~ ICK 21
(AVG)
DQ Low-Z time from CK, CKB 'LZDa =450 225 ps 22,23
DQ High-Z time from CK, CKB *HZDQ - 225 ps 22,23
DQ Strobe Input Timing
DQs, DASH rising to CK, CKB rising 'DASS -0.27 0.27 CK 25
DQS, DOS# differential input low pulse width ‘DasL 0.45 0.55 CK
Das, DASH differential input high pulse width ‘DASH CK
0.45 0.55
DQS, DOSH falling setup to CK, CKB rising pss 0.18 - CK 25
Das, DAS#H falling hold from CK, CKB rising 'DSH 0.18 - CK 25
Das, DASH differential WRITE preamble YWPRE 0.9 - CK
DQs, DOSH differential WRITE postamble "WPST 0.3 - CK
DQ Strobe Output Timing
DQS, DASH rising to/from rising CK, CKB 'DQSCK -225 225 ps 23
DQS, DASH rising to/from rising CK, CKB when DLL is disabled DASCK ns 26
{DLL_DIS) 1 10
DaQsS, DOSH differential output high time 'QsSH 0.40 - CK 21
DQS, DOSH differential output low time ‘asL 0.40 - CK 21
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1-8 apply to the entire table

DDR3L-1600
Parameter Symbol Min Max Unit MNotes
DQS, DOS# Low-Z time (RL- 1) LZpas =450 225 ps 22,23
DQS, DOSH High-Z time (RL + BL/2) 'HZDQS - 225 ps 22,23
DQs, DOSH# differential READ preamble 'RPRE 0.9 Note 24 CK 23,24
DQS, DOSH differential READ postamble 'RPST 0.3 Note 27 CK 23,27
Command and Address Timing
DLL locking time DLLK 512 - CK 28
CTRL, CMD, ADDR Base (specification) Y5 60 - ps 29, 30,
setup to CK,CKB (AC160) 44
Virer @ 1V/ns 220 - ps 20, 30
CTRL, CMD, ADDR Base (specification) ts 185 - ps 29, 30,
setup to CK,CKB (AC135) 44
Vier @ 1V/ns 320 - ps 20, 30
CTRL, CMD, ADDR Base (specification) YH 130 - ps 29, 30,
setup to CK,CKB (DC30 44
Vier @ 1V/ns 220 - ps 20, 30
Minimum CTRL, CMD, ADDR pulse width 1pw 560 - ps 41
ACTIVATE to internal READ or WRITE delay 'RCD See Speed Bin Tables for tRCD ns 31
PRECHARGE command period ‘RP See Speed Bin Tables for tRP ns 31
ACTIVATE-to-PRECHARGE command period 'RAS See Speed Bin Tables for tRAS ns 31,32
ACTIVATE-to-ACTIVATE command period 'RC See Speed Bin Tables for tRC ns 31,43
ACTIVATE-to-ACTIVATE %8 (1KB page size) 'RRD MIN = greater of 4CK or 6ns CK 31
minimum command period e ) MIN = greater of 4CK or 7.5ns CK 31
Four ACTIVATE X8 (1KB page size) FAW 30 - ns 31
windows X16 (2KB page size) 20 ns 31
Write recovery time YWR MIN = 15ns; MAX = N/A ns 31, 32,
33,34
Delay from start of internal WRITE transaction to YWTR MIN = greater of 4CK or 7.5ns; MAX = NfA CK 31,34
internal READ command
READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns; MAX = NfA CK 31,32

69




Hosin Global
4G bits DDR3L SDRAM Datasheet

Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1-8 apply to the entire table

DDR3L-1600
Parameter Symbol Min | Max Unit | Notes
CASB-to-CASB command delay 'CCh MIN = 4CK; MAX = N/A CK
Auto precharge write recovery + precharge DAL MIN = WR + 'RP/'CK (AVG); MAX = N/A CK
time
MODE REGISTER SET command cycle time ‘MRD MIN = 4CK; MAX = N/A CK
MODE REGISTER SET command update delay "MOD MIN = greater of 12CK or 15ns; MAX = N/A CK
MULTIPURPOSE REGISTER READ burst end to 'MPRR MIN = 1CK; MAX = N/A CK
mode register set for multipurpose register
exit
Calibration Timing
ZQCL command: Long |POWER-UP and RE- ZQinit 512 _ CK
calibration time SET operation
Normal operation ‘ZQoper 256 _ CK
Z0CS command: Short calibration time 'Zacs 64 _ CK
Initialization and Reset Timing
Exit reset from CKE HIGH to a valid command PR MIN = greater of 5CK or "RFC + 10ns; MAX = N/A CK
Begin power supply ramp to power supplies “WDDPR MIN = N/A; MAX = 200 ms
stable
RESET#H# LOW to power supplies stable 'RPS MIN = 0; MAX = 200 s
RESET# LOW to I/O and Ryt High-Z Yoz MIN = N/A; MAX = 20 ns 35
Refresh Timing

REFRESH-to-ACTIVATE or REFRESH 'RFC=1Gb MIN = 110; MAX = 70,200 ns
command period 'RFC - 2Gb MIN = 160; MAX = 70,200 ns

'RFC - 4Gb MIN = 260; MAX = 70,200 ns

'RFC - 8Gb MIN = 350; MAX = 70,200 ns
Maximum refresh Tec = 85°C - 64 (1X) ms 36
period Te>85°C 32 (2X) ms 36
Maximum average Te < 85°C 'REFI 7.8 (64ms/8192) Hs 36
periodic refresh Te > 85°C 3.9 (32ms/8192) s 36

Self Refresh Timing

Exit self refresh to commands not requiring a XS MIN = greater of 5CK or "RFC + 10ns; MAX = N/A CK

locked DLL
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1-8 apply to the entire table

DDR3L-1600
Parameter Symbol Min Max Unit | Notes
Exit self refresh to commands requiring a EXSDLL MIN = IDLLE (MIN); MAX = N/A CK 28
locked DLL
Minimum CKE low pulse width for self re- 'CKESR MIN ='CKE (MIN) + CK; MAX = N/A CK
fresh entry to self refresh exit timing
Valid clocks after self refresh entry or power- 'CKSRE MIN = greater of 5CK or 10ns; MAX = NfA CK
down entry
Valid clocks before self refresh exit, 'CKSRX MIN = greater of S5CK or 10ns; MAX = N/A CK
power-down exit, or reset exit
Power-Down Timing
CKE MIN pulse width 'CKE (MIN) Greater of 3CK or 5ns CK
Command pass disable delay CPDED MIN = 1; MAX = N/A CK
Power-down entry to power-down exit tim- ‘PD MIN = *CKE (MIN); MAX =9 * tREFI CK
ing
Begin power-down period prior to CKE "ANPD WL - 1CK CK
registered HIGH
Power-down entry period: ODT either PDE Greater of "ANPD or 'RFC - REFRESH command to CKE LOW time CK
synchronous or asynchronous
Power-down exit period: ODT either PDX ANPD + ™XPDLL CK
synchronous or asynchronous
Power-Down Entry Minimum Timing

ACTIVATE command to power-down entry ACTPDEN MIN=1 CK
PRECHARGE/PRECHARGE ALL command to ‘PRPDEN MIN =1 CK
power-down entry
REFRESH command to power-down entry 'REFPDEN MIN=1 CK 37
MRS command to power-down entry 'MRSPDEN MIN = *MOD (MIN) CK
READ/READ with auto precharge command ‘RDPDEN MIN =RL+4 +1 CK
to power-down entry
WRITE command to BLB (OTF, MRS) "WRPDEN MIN = WL + 4 + "WR/'CK (AVG) CK
power-down entry BC40OTF

BC4MRS "WRPDEN MIN = WL + 2 + "WR/*CK (AVG) CK

A
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Electrical Characteristics and AC Operating Conditions (Continued)

Notes 1-8 apply to the entire table

DDR3L-1600
Parameter Symbol Min Max Unit | Notes
WRITE with auto BL8 (OTF, MRS) "WRAP- MIN = WL+ 4 +WR+1 CK
precharge command to |BCA0TF DEN
power-down entry BCAMRS "WRAP- MIN=WL+2+WR+1 CK
DEN
Power-Down Exit Timing
DLL on, any valid command, or DLL off to P MIN = greater of 3CK or 6ns; MAX = N/A CK
commands not requiring locked DLL
Precharge power-down with DLL off to PDLL MIN = greater of 10CK or 24ns; MAX = N/A CK 28
commands requiring a locked DLL
ODT Timing
Ry synchronous turn-on delay ODTLen CWL + AL - 2CK CK 38
Rrr synchronous turn-off delay ODTLoff CWL + AL - 2CK CK 40
Rrrturn-on from ODTL on reference 'AON =225 225 ps 23,38
Rrr turn-off from ODTL off reference 'AOF 0.3 0.7 CK 39, 40
Asynchronous Rer turn-on delay YAONPD MIN = 2; MAX = 8.5 ns 38
{power-down with DLL off)
Asynchronous Rrr turn-off delay 'AQFPD MIN = 2; MAX = 8.5 ns 40
{power-down with DLL off)
ODT HIGH time with WRITE command and ODTH8 MIN = 6; MAX = N/A CK
BL8
ODT HIGH time without WRITE command or ODTH4 MIN = 4; MAX = N/A CK
with WRITE command and BC4
Dynamic ODT Timing
Rr7 nom-to-Ryrywr) change skew ODTLenw WL - 2CK CK
Rrrpw)-to-Rer nam change skew - BC4 ODTLewnd ACK + ODTLoff CK
Rrrpwiy-to-Rrr nam change skew - BL8 ODTLewn8 6CK + ODTLoff CK
Rir dynamic change skew fADC 0.3 0.7 CK 39
Write Leveling Timing
First DQS, DQS# rising edge "WLMRD 40 - CK
DQSs, DOS#H delay "WLDQSEN 25 - CK
Write leveling setup from rising CK, CKB YWLS 165 - ps
crossing to rising DQS, DOS# crossing

Electrical Characteristics and AC Operating Conditions (Continued)

MNotes 1-8 apply to the entire table

DDR3L-1600
Parameter Symbol Min Max Unit | Notes
Write leveling hold from rising DQS, DQS# "WLH 165 - ps
crossing to rising CK, CKB crossing
Write leveling output delay "WLO 0 7.5 ns
Write leveling output error "WLOE 0] 2 ns
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AC timing parameters are valid from specified TC MIN to TC MAX values.
All voltages are referenced to VSS.

Output timings are only valid for RON34 output buffer selection.

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

AC timing and IDD tests may use a VIL-to-VIH swing of up to 900mV in the test environment, but input
timing is still referenced to VREF (except tIS, tIH, tDS, and tDH use the AC/DC trip points and CK, CKB
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
VIL(AC) and VIH(AC).

All timings that use time-based values (ns, ps, ms) should use tCK (AVG) to determine the correct
number of clocks uses CK or tCK [AVG] interchangeably). In the case of non-integer 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.

Strobe or DQS diff refers to the DQS and DQS# differential crossing point when DQS is the rising edge.
Clock or CK refers to the CK and CKB differential crossing point when CK is the rising edge.

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 VDDQ/2 for single-ended signals
and the crossing point for differential signals.

When operating in DLL disable mode, PTC does not warrant compliance with normal mode timings or
functionality.

The clock’s tCK (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.

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 tCK
(AVG) as a long-term jitter component; however, the spread spectrum may not use a clock rate below
tCK (AVG) MIN.

The clock’s tCH (AVG) and tCL (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.

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.

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

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

The cycle-to-cycle jitter tJITcc 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.

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.

tDS (base) and tDH (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.
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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.

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

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

Single-ended signal parameter.

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 parameter becoming
larger. The following parameters are required to be derated by subtracting tERR10per
(MAX): tDQSCK (MIN), tLZDQS (MIN), tLZDQ (MIN), and tAON (MIN). The following
parameters are required to be derated by subtracting tERR10per (MIN): tDQSCK
(MAX), tHZ (MAX), tLZDQS (MAX), tLZDQ MAX, and tAON (MAX). The parameter
tRPRE (MIN) is derated by subtracting t]ITper (MAX), while tRPRE (MAX) is derated
by subtracting t]ITper (MIN).

The maximum preamble is bound by tLZDQS (MAX).

These parameters are measured from a data strobe signal (DQS, DQS#) crossing to its
respective clock signal (CK, CKB) 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.

The tDQSCK (DLL_DIS) parameter begins CL + AL - 1 cycles after the READ command.
The maximum postamble is bound by tHZDQS (MAX).

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

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

These parameters are measured from a command/address signal transition edge to its
respective clock (CK, CKB) 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.

For these parameters, the DDR3L SDRAM device supports tnPARAM (nCK) =
RU(tPARAM [ns] /tCK[AVG] [ns]), assuming all input clock jitter specifications are
satisfied. For example, the device will support tnRP (nCK) = RU(tRP/tCK[AVG]) if all
input clock jitter specifications are met. This means that for DDR3-800 6-6-6, of which
tRP = 5ns, the device will support tnRP = RU(tRP/tCK[AVG]) = 6 as long as the input
clock jitter specifications are met. That is, the PRECHARGE command at T0 and the
ACTIVATE command at TO + 6 are valid even if six clocks are less than 15ns due to
input clock jitter.

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

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

e For BC4 (OTF): Rising clock edge four clock cycles after WL

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

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
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excessive current, depending on bus activity.

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

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 tXPDLL (MIN) is required.

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. This
output load is used for ODT timings. Designs that were created prior to JEDEC tightening the maxi-
mum limit from 9ns to 8.5ns will be allowed to have a 9nsmaximum.

Half-clock output parameters must be derated by the actual tERR10per and tJITdty when input clock
jitter is present. This results in each parameter becoming larger. The parameters tADC (MIN) and tAOF
(MIN) are each required to be derated by subtracting both tERR10per (MAX) and tJITdty (MAX). The
parameters tADC (MAX) and tAOF (MAX) are required to be derated by subtracting both tERR10per
(MAX) and tJITdty (MAX).

ODT turn-off time minimum is when the device starts to turn off ODT resistance. ODT turnoff time
maximum is when the DRAM bulffer is in High-Z. The ODT reference load is shown. This output load is
used for ODT timings.

Pulse width of a input signal is defined as the width between the first crossing of VREF(DC) and the
consecutive crossing of VREF(DC).

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.

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.
When two VIH(AC) values (and two corresponding VIL(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 VIH(AC) value may be used for
address/command inputs and the other VIH(AC) value may be used for data inputs.

For example, for DDR3-800, two input AC levels are defined: VIH(AC175), min and VIH(AC150), min
(corresponding VIL(AC175), min and VIL(AC150), min). For DDR3-800, the address/command inputs
must use either VIH(AC175),min with tIS(AC175) of 200ps or VIH(AC150),min with tIS(AC150) of
350ps; independently, the data inputs must use either VIH(AC175),min with tDS(AC175) of 75ps or
VIH(AC150),min with tDS(AC150) of 125ps.
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Electrical Characteristics and AC Operating Conditions for Speed Extensions

Notes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133
Parameter Symbol Min Max Min Max Unit | Notes
Clock Timing

Clock period average: |Te=0°C to 85°C ICK 8 7800 8 7800 ns g,42
DLL disable mode Te=>85°Cto 95°Cc | (DLL_DIS) 8 3900 8 3900 ns a2
Clock period average: DLL enable mode 'CK (AVG) See Speed Bin Tables for 'CK range allowed ns 10, 11
High pulse width average 'CH (AVG) 0.47 0.53 0.47 0.53 CK 12
Low pulse width average ICL (AVG) 0.47 0.53 0.47 0.53 CK 12
Clock period jitter DLL locked YiTper =60 60 =50 50 ps 13

DLL locking YlTper,lck =50 50 -40 40 ps 13
Clock absolute period 'CK (ABS) MIN = 'CK [AVG) MIN +

YITper MIN; MAX =
'CK (AVG) MAX +
YITper MAX ps

Clock absolute high pulse width 'CH (ABS) 0.43 - 0.43 - 'CK 14
(AVG)

Clock absolute low pulse width ICL (ABS) 0.43 - 0.43 - ICK 15
(AVG)

Cycle-to-cycle jitter DLL locked iTec 120 120 ps 16

DLL locking YITee,lck 100 100 ps 16
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Motes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133
Parameter Symbol Min Max Min Max Unit | Notes
Cumulative error across |2 cycles 'ERR2per -88 828 =74 74 ps 17
3 cycles 'ERR3per =105 105 -87 87 ps 17
4 cycles 'ERR4per =117 117 =97 97 ps 17
5 cycles ‘ERRSper -126 126 -105 105 ps 17
6 cycles ‘ERRGper =133 133 -111 111 ps 17
7 cycles ‘ERR7per -139 139 -116 116 ps 17
8 cycles ‘ERR8per =145 145 -121 121 ps 17
9 cycles 'ERR9per =150 150 -125 125 ps 17
10 cycles 'ERR10per =154 154 -128 128 ps 17
11 cycles 'ERR11per -158 158 -132 132 ps 17
12 cycles 'ERR12per =161 161 -134 134 ps 17
n=13,14...49,50 |'ERRnper 'ERRNper MIN = (1 + 0.68In[n]) = YITper MIN ps 17
cycles 'ERRNper MAX = (1 + 0.68In[1]) x YITper MAX
DQ Input Timing
Data setup time to Base (specification) DS 70 - 55 - ps 18,19
DQs, DOSH @2V/ns (AC130)
Vier @ 2 V/ns 135 - 1205 - ps 19, 20
Data hold time from Base (specification) 'DH 75 - 60 - ps 18, 19
Das, DOs# @2V/ns (DC90)
Vige @ 2V/ns 110 - 105 - ps 19, 20
Minimum data pulse width 'DIPW 320 - 280 - ps 41
DQ Output Timing
DQs, DASH to DO skew, per access 'pasQ - 85 - 75 ps
DQ output hold time from DQS, DOSH taQH 0.38 - 0.38 - 'CK 21
(AVG)

DA Low-Z time from CK, CK# 'LZDQ -390 195 -360 180 ps 22,23
DA High-Z time from CK, CK# 'HZDQ - 195 - 180 ps 22,23
DQ Strobe Input Timing
DAS, DOSH rising to CK, CK# rising tDASS -0.27 0.27 -0.27 0.27 CK 25

DAS, DOSH differential input low pulse width tDASL 0.45 0.55 0.45 0.55 CK
“ :
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Motes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133
Parameter Symbol Min Max Min Max Unit | Notes
DQS, DASH differential input high pulse 'DOSH 0.45 0.55 0.45 0.55 CcK
width
DAQS, DOSH falling setup to CK, CK# rising 0SS 0.18 - 0.18 - CcK 25
DQS, DOSH falling hold from CK, Ck# rising 'DSH 0.18 - 0.18 - CcK 25
DQS, DOSH# differential WRITE preamble "WPRE 0.9 - 09 - CK
DAS, DOSH differential WRITE postamble YWPST 0.3 - 03 - CcK
DQ Strobe Output Timing
DQS, DOSH rising to/from rising CK, CK# DQSCK =195 195 -180 180 ps 23
DQS, DQSH rising to/from rising CK, CK# DASCK 1 10 1 10 ns 26
when DLL is disabled (DLL_DIS)
DAQs, DOS# differential output high time 'aQsH 0.40 - 0.40 - CK 21
DQS, DASH differential output low time tasL 0.40 - 0.40 - CcK 21
DQS, DASH Low-Z time (RL- 1) LZDas -390 195 -360 180 ps 22,23
DQS, DOSH High-Z time (RL + BL/2) *HZDQS - 195 - 180 ps 22,23
DQS, DOS#H differential READ preamble 'RPRE 0.9 Note 24 09 Note 24 CK |23, 24
DQSs, DOSH differential READ postamble 'RPST 0.3 Note 27 0.3 Note 27 CK | 23,27
Command and Address Timing

DLL locking time 'DLLK 512 - 512 - CcK 28
CTRL, CMD, ADDR Base (specification) s 65 - 60 - ps 29, 30,
setup to CK,CK# (AC135) 44

Vigr @ 1V/ns 200 - 195 - ps 20, 30
CTRL, CMD, ADDR Base (specification) 5 150 - 135 - ps 29, 30,
setup to CK,CK# (AC125) 44

Vier @ 1V/ns 275 - 260 - ps 20, 30
CTRL, CMD, ADDR hold |Base (specification) YIH 110 - 95 - ps 29,30
from CK,CK# Vigr @ 1V/ns (DC90) 200 _ 195 _ ps 20, 30
Minimum CTRL, CMD, ADDR pulse width PW 535 - 470 - ps 41
ACTIVATE to internal READ or WRITE delay 'RCD See Speed Bin Tables for 'RCD ns 31
PRECHARGE command period ‘Rp See Speed Bin Tables for 'RP ns 31
ACTIVATE-to-PRECHARGE command period 'RAS See Speed Bin Tables for "RAS ns 31,32
ACTIVATE-to-ACTIVATE command period RC See Speed Bin Tables for 'RC ns 31,43

78




Hosin Global
4G bits DDR3L SDRAM Datasheet

Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

MNotes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133
Parameter Symbol Min Max Min | Max Unit | Notes
ACTIVATE-to-ACTIVATE |1KB page size ‘RRD MIN = greater of 4CK or 5ns Ck 31
minimum command pe-(3Kp page size MIN = greater of 4CK or 6ns cK 31
riod
Four ACTIVATE 1KB page size AW 27 - 25 - ns 31
windows 2KB page size 35 - 35 - ns 31
Write recovery time "WR MIN = 15ns; MAX = N/A ns 31, 32,
33
Delay from start of internal WRITE transac- "WTR MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31, 34
tion to internal READ command
READ-to-PRECHARGE time RTP MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31, 32
CASH-to-CASH cormmand delay ‘cco MIN = 4CK; MAX = N/A CK
Auto precharge write recovery + precharge 'DAL MIN = WR + '"RP/'CK (AVG); MAX = N/A CK
time
MODE REGISTER SET command cycle time ‘MRD MIN = 4CK; MAX = N/A CK
MODE REGISTER SET command update delay ‘MOD MIN = greater of 12CK or 15ns; MAX = N/A CK
MULTIPURPOSE REGISTER READ burstend to | 'MPRR MIN = 1CK; MAX = N/A cK
mode register set for multipurpose register
exit
Calibration Timing

ZQCL command: Long |POWER-UP and RE- 'ZQinit MIN = NfA CK
calibration time SET operation MAX = MAX(512nCK, 640ns)

Normal operation ‘ZQoper MIN = N/A CK

MAX = max(256nCK, 320ns)
ZQCSs command: Short calibration time MIN = N/A CK
MAX = max(64nCK, 80ns) '2ZQCS
Initialization and Reset Timing

Exit reset from CKE HIGH to a valid command XPR MIN = greater of 5CK or "RFC + 10ns; MAX = N/A CK
Begin power supply ramp to power supplies “WDDPR MIN = N/A; MAX = 200 ms
stable
RESETH LOW to power supplies stable 'RPS MIN = 0; MAX = 200 ms
RESET# LOW to I/O and Ry High-2Z Yoz MIN = N/A; MAX = 20 ns 35

Refresh Timing
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133

Parameter Symbol Min Max Min | Max Unit | Notes
REFRESH-to-ACTIVATE or REFRESH 'RFC — 1Gb MIN = 110; MAX = 70,200 ns
command period 'RFC - 2Gb MIN = 160; MAX = 70,200 ns

'RFC - 4Gb MIN = 260; MAX = 70,200 ns

'RFC - 8Gb MIN = 350; MAX = 70,200 ns
Maximum refresh Te £ 85°C 64 (1X) ms 36
period Te > 85°C N 32 (2X) ms 36
Maximum average Te = 85°C 'REFI 7.8 (64ms/8192) s 36
periodic refresh Te > 85°C 3.9 (32ms/8192) s 36

Self Refresh Timing
Exit self refresh to commands not requiring a s MIN = greater of 5CK or 'RFC + 10ns; MAX = NfA CK
locked DLL
Exit self refresh to commands requiring a 'SOLL MIN = 'DLLK (MIN); CK 28
locked DLL MAX = N/A
Minimum CKE low pulse width for self re- 'CKESR MIN = 'CKE (MIN) + CK; MAX = N/A CcK
fresh entry to self refresh exit timing
Valid clocks after self refresh entry or power-| 'CKSRE MIN = greater of 5CK or 10ns; MAX = N/A CK
down entry
Valid clocks before self refresh exit, 'CKSRX MIN = greater of 5CK or 10ns; MAX = N/A CK
power-down exit, or reset exit
Power-Down Timing
CKE MIN pulse width 'CKE (MIN) Greater of 3CK or 5ns cK
Command pass disable delay '‘CPDED MIN = 2; CK
MAX = N/A

Power-down entry to power-down exit tim- 'PD MIN = 'CKE (MIN); CK
ing MAX =9 * tREFI
Begin power-down period prior to CKE YANPD WL - 1CK CK
registered HIGH
Power-down entry period: ODT either PDE Greater of "ANPD or 'RFC - REFRESH command to CKE LOW time CK
synchronous or asynchronous
Power-down exit period: ODT either PDX TANPD + ™PDLL CK

synchronous or asynchronous

Power-Down Entry Minimum Timing
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Motes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133

Parameter Symbol Min Max Min | Max Unit | Notes
ACTIVATE command to power-down entry ‘ACTPDEN MIN=2 CK
PRECHARGE/PRECHARGE ALL command to 'PRPDEN MIN = 2 CK
power-down entry
REFRESH command to power-down entry 'REFPDEN MIN=2 CK 37
MRS command to power-down entry 'MRSPDEN MIN = *MOD (MIN) CK
READ/READ with auto precharge command 'RDPDEN MIN =RL+4+1 Ck
to power-down entry
WRITE command to BLE (OTF, MRS) "WRPDEN MIN=WL+4+ CcK
power-down entry BCAOTF YWR/CK (AVG)

BCAMRS "WRPDEN MIN=WL+2+ CK

YWR/'CK (AVG)
WRITE with auto pre- |BL8 (OTF, MRS) "WRAP- MIN =WL+4+WR+1 CK
charge command to BCAOTF DEN
power-down entry BC4AMRS "WRAP- MIN=WL+2+WR+1 CK
DEN
Power-Down Exit Timing
DLL on, any valid command, or DLL off to Xp MIN = greater of 3CK or 6ns; Ck
commands not requiring locked DLL MAX = N/A
Precharge power-down with DLL off to 'XPDLL MIN = greater of 10CK or 24ns; MAX = N/A CK 28
commands requiring a locked DLL
ODT Timing

Ryrsynchronous turn-on delay ODTL on CWL +AL-2CK CK 18
Ryt synchronous turn-off delay ODTL off CWL+AL-2CK CK 40
Ryt turn-on from ODTL on reference 'AON =195 195 =180 180 ps 23,38
Ry turn-off from ODTL off reference tAOF 0.3 0.7 0.3 0.7 CK | 39,40
Asynchronous Ry turn-on delay YAONPD MIN = 2; MAX = 8.5 ns 38
(power-down with DLL off)
Asynchronous Ryt turn-off delay 'AOFPD MIN = 2; MAX = 8.5 ns 40
(power-down with DLL off)
ODT HIGH time with WRITE command and ODTHS8 MIN = 6; MAX = N/A CK

BLB
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Electrical Characteristics and AC Operating Conditions for Speed Extensions (Continued)

Notes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133

Parameter Symbol Min Max Min | Max Unit | Notes
ODT HIGH time without WRITE command or | ODTH4 MIN = 4; MAX = N/A CK
with WRITE command and BC4

Dynamic ODT Timing
Rt nomto-Rerpwr) Change skew ODTLenw WL - 2CK CK
Rrrwr)t0-Ryr nom change skew - BCA ODTLewnd 4CK + ODTLoff CK
Rrrjwn)-to-Rr nom Change skew - BLS ODTLewn8 6CK + ODTLoff CK
Ry dynamic change skew 'ADC 03 0.7 03 0.7 CK 39

Write Leveling Timing
First DQS, DQS# rising edge "WLMRD 40 - 40 - CK
DQs, DOSH delay "WLDQSEN 25 - 25 - CK
Write leveling setup from rising CK, CK# "WLS 140 - 125 - ps
crossing to rising DQS, DQSH crossing
Write leveling hold from rising DQS, DQS# "WLH 140 - 125 - ps
crossing to rising CK, CK# crossing
Write leveling output delay "WLO 0 1.5 0 7 ns
Write leveling output error "WLOE 0 2 0 2 ns

Notes: 1

/’FA

AC timing parameters are valid from specified TC MIN to TC MAX values.
2 Allvoltages are referenced to VSS.
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Output timings are only valid for RON34 output buffer selection.

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

AC timing and IDD tests may use a VIL-to-VIH swing of up to 900mV in the test
environment, but input timing is still referenced to VREF (except tIS, tIH, tDS, and tDH
use the AC/DC trip points and CK, CKB 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 DDR3-2133) and 2 V/ns for differential
inputs in the range between VIL(AC) and VIH(AC).

All timings that use time-based values (ns, ps, ms) should use tCK (AVG) to determine
the correct number of clocks uses CK or tCK [AVG] interchangeably). In the case of non
integer 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.

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 CKB differential crossing point when
CK is the rising edge.

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
VDDQ/2 for single-ended signals and the crossing point for differential signals.

When operating in DLL disable mode, PTC does not warrant compliance with normal
mode timings or functionality.

The clock’s tCK (AVGQ) 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.

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 tCK (AVG) as a long-term jitter component; however, the spread
spectrum may not use a clock rate below tCK (AVG) MIN.

The clock’s tCH (AVG) and tCL (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.

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.

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

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

The cycle-to-cycle jitter tJITcc 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.

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.

tDS (base) and tDH (base) values are for a single-ended 1 V/ns slew rate DQs (DQs are at
2V/ns for DDR3-1866 and DDR3-2133) 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.
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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 VREF when the slew rate is 1 V/ns (DQs are at 2V/ns for DDR3-1866 and DDR3-2133). These
values, with a slew rate of 1 V/ns (DQs are at 2V/ns for DDR3-1866 and DDR3-2133), are for reference
only.

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

Single-ended signal parameter.

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 parameter becoming larger. The following parameters are required to be derated by
subtracting tERR10per (MAX): tDQSCK (MIN), tLZDQS (MIN), tLZDQ (MIN), and tAON (MIN). The
following parameters are required to be derated by subtracting tERR10per (MIN): tDQSCK (MAX), tHZ
(MAX), tLZDQS (MAX), tLZDQ (MAX), and tAON (MAX). The parameter tRPRE (MIN) is derated by
subtracting tJITper (MAX), while tRPRE (MAX) is derated by subtracting tJITper (MIN).

The maximum preamble is bound by tLZDQS (MAX).

These parameters are measured from a data strobe signal (DQS, DQS#) crossing to its respective clock
signal (CK, CKB) 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.

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

The maximum postamble is bound by tHZDQS (MAX).

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

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

These parameters are measured from a command/address signal transition edge to its respective clock
(CK, CKB) 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.

For these parameters, the DDR3L SDRAM device supports thPARAM (nCK) = RU(tPARAM
[ns]tCK[AVG] [ns]), assuming all input clock jitter specifications are satisfied. For example, the device
will support tnRP (nCK) = RU(tRP/tCK[AVQY)) if all input clock jitter specifications are met. This means
that for DDR3-800 6-6-6, of which tRP = 5ns, the device will support tnRP = RU(tRP/tCK[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.
During READs and WRITEs with auto precharge, the DDR3 SDRAM will hold off the internal
PRECHARGE command until tRAS (MIN) has been satisfied.

When operating in DLL disable mode, the greater of 5CK or 15ns is satisfied for tWR.

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 afterWL

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

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 tXPDLL
(MIN) is required.

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. This output load is used for ODT timings. Designs that were
created prior to JEDEC tightening the maxi- mum limit from 9ns to 8.5ns will be
allowed to have a 9nsmaximum.

Half-clock output parameters must be derated by the actual tERR10per and tJITdty when
input clock jitter is present. This results in each parameter becoming larger. The
parameters tADC (MIN) and tAOF (MIN) are each required to be derated by subtracting
both tERR10per (MAX) and tJITdty (MAX). The parameters tADC (MAX) and tAOF
(MAX) are required to be derated by subtracting both tERR10per (MAX) and tJITdty
(MAX).

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

Pulse width of an input signal is defined as the width between the first crossing of
VREF(DC) and the consecutive crossing of VREF(DC).

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.

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.

When two VIH(AC) values (and two corresponding VIL(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 VIH(AC) value may be used for address/command inputs and the other VIH(AC)
value may be used for data inputs.

For example, for DDR3-800, two input AC levels are defined: VIH(AC175), min and
VIH(AC150), min (corresponding VIL(AC175), min and VIL(AC150), min). For
DDR3-800, the address/command inputs must use either VIH(AC175), min with
tIS(AC175) of 200ps or VIH(AC150),min with tIS(AC150) of 350ps; independently, the
data inputs must use either VIH(AC175),min with tDS(AC175) of 75ps or
VIH(AC150),min with tDS(AC150) of 125ps.
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11. Setup, Hold, and Derating

11.1 Command and Address Setup, Hold, and Derating

The total tIS (setup time) and tIH (hold time) required is calculated by adding the
data sheet tIS (base) and tIH (base) values to the AtlS and AtIH derating values
respectively.

Example: tIS (total setup time) =tIS (base) + AtIS. For avalid transition, the input
signal has to remain above/below VIH(AC)/VIL(AC) for some time tVAC.

Although the total setup time for slow slew rates might be negative (for example, a
valid input signal will not have reached VIH(AC)/VIL(AC) at the time of the rising
clock transition), a valid input signal is still required to complete the transition and
to reach VIH(AC)/VIL(AC) for input signal requirements). The derating values may
be obtained by linear interpolation. Setup(tIS) nominal slew rate for a rising signal
is defined as the slew rate between the last crossing of VREF(DC) and the first
crossing of VIH(AC)min. Setup (tIS) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of VREF(DC) and the first crossing of
VIL(AC)max. If the actual signal is always earlier than the nominal slew rate line
between the shaded VREF(DC)-to-AC region, use the nominal slew rate for derating
value. If the actual signal is later than the nominal slew rate line anywhere between
the shaded VREF(DC)-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. Hold(tIH) nominal
slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(DC)max and the first crossing of VREF(DC). Hold (tIH) nominal slew rate for a
falling signal is defined as the slew rate between the last crossing of VIH(DC)min
and the first crossing of VREF(DC). If the actual signal is always later than then
nominal slew rate line between the shaded DC-to-VREF(DC) region, use the nominal
slew rate for derating value. If the actual signal is earlier than the nominal slew rate
line anywhere between the shaded DC-to-VREF(DC) region, the slew rate of a
tangent line to the actual signal from the DC level to the VREF(DC) level is used for

derating value.
DDR3L Command and Address Setup and Hold Values 1 V/ns Referenced — AC/DC-Based

Symbol 1600 1866 2133 Unit Reference
'I15(base, AC160) 60 - - ps Vingae Vigac
IS(base, AC135) 185 65 60 ps Viniag/ Vidag
YI5(base, AC125) - 150 135 ps Vinpae Vigag
YIH(base, DCI0) 130 110 105 ps Vingoe/Vigoe

A 56
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AYS, A'IH Derating (ps) — AC/DC-Based

CK, CKB Differential Slew Rate

CMD/ADDR
Slew Rate 4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns 1.6 V/ns 1.4V/ns 1.2 V/ns 1.0V/ns
V/ns ANS | AYH | AYS | AYH | AUS | AYH | AYS | AYH | AYIS | AYH | AYUS | AYMH | AYUS | AYH | AYS | 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 -2 3 -8 11 19 9 27 17 35 27 43 43
0.7 6 =13 5 =13 b -13 14 -5 22 3 30 11 38 21 46 37
0.6 9 =20 9 =20 9 =20 17 -12 25 - 33 4 41 14 49 30
0.5 5 =30 5 =30 5 =30 13 =22 21 =14 29 ] 37 4 45 20
0.4 -3 =45 -3 =45 -3 =45 6 =37 14 =29 22 =21 30 -11 38 5
DDR3L-1866/2133 Derating Values for 'IS/'IH — AC125/DC90-Based
AS, A'IH Derating (ps) = AC/DC-Based
CMD/ADDR CK, CKB Differential Slew Rate
Slew Rate 4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns 1.6 V/ns 1.4V/ns 1.2 V/ns 1.0V/ns
\V/ns A'S | AYH | AYS | AYH | AYIS | AYH | AYS | AYH | AYIS | AYH | AYNS | AYMH | AYNS | AYH | AYNS | 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




Hosin Global
4G bits DDR3L SDRAM Datasheet

DDR3L-1866/2133 Derating Values for 'IS/"IH — AC125/DC90-Based (Continued)

AtS, AYIH Derating (ps) — AC/DC-Based

CMID/ADDR CK, CKB Differential Slew Rate
Slew Rate 4.0V /ns 3.0\V/ns 2.0V/ns 1.8V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
V/ns ANs | AtH | ANS | AYH | AYS | AYH | Ats | AYH | ANS | AYH | AtS | AYH | AtS | AYH | AYNS | AYH

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 =11 53 5

DDR3L Minimum Required Time "WAC Above Vix(ac) (Below Vi [ac)) for Valid ADD/CMD
Transition

DDR3L-1600 DDR3L-1866/2133
Slew Rate (V/ns) WAC at 160mV (ps) |*"VAC at 135mV (ps) |*VAC at 135mV (ps)|*VAC at 125mV (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 99 111
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 Vyjac) level and Falling

input signal shall become equal to or less than Viyac) level.
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Nominal Slew Rate and *WAC for IS (Command and Address — Clock)
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Mote: 1. The clock and the strobe are drawn on different time scales.
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Nominal Slew Rate for 'IH (Command and Address — Clock)

CK
CKB
DOss
Das
Vooa
r\/-\
Viiacimin
1""n-h:l:»::rrni.-. L
L Mominal
DL to W Hi
'eginnEF slew rate =
VﬂEFﬁDCb N\ O
\ Meaminal OC to VRer
slew rate - region
II'IIILIIZIC\]ma:q.
ViLjaciman L

Vg
— -—— — | |-———
ATR ATF
Hold slew rate  VREF(DC) * ViLIDC)max Hold slew rate Vinipcimin = Veeripo)
rising signal ~ =
falling signal ATF

ATR
Mote: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for 'IS (Command and Address — Clock)

Hosin Global

CK
CKB
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Das
1"'r|:H:l'::l
t
Mominal VAC
line
W \ i
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VIH:DC]mIn

~ a

M Tangent \.-\
[ Y
Veerog) ) ( J '
Tangent
line
Y
4
I"'IILl:I:I-Ejlman-c
Vrer tolAC
reg]or
I"'IILIII:I-Ejlman-c i |
Nominal .
line
tyac ATR
Vi
Setup slew rate Tangent line (V,neymin = Vrerjoe))
rising signal ATR
— = -
ATF
Setup slew rate Tangent line (Vrer(Dc) = ViLjac)max)
falling signal = ATE
Mote: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for 'IH (Command and Address — Clock)

CK

CKB
DOse
Das
VDD'D.
ViHiAC)min
Naminal
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N
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r
DC to Veer
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BE ta-Verr tire
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ViLi poyman
ViL achma \)i-...____...-f'
Vas
—_— - —_— =
ATR ATR

Hold slew rate Tangent line (Vegrpe - Viypoymas!
rising signal = ATR

Hold slew rate Tangent line (Vimpcmin - VRer Do)
falling signal = ATF

Mote: 1. The clock and the strobe are drawn on different time scales.
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11.2 Data Setup, Hold, and Derating

The total tDS(setup time) and tDH(hold time) required is calculated by adding the
data sheet tDS(base) and tDH (base) values to the AtDS and AtDH derating values
respectively. Example: tDS (total setup time) = tDS (base) + AtDS. For a valid
transition, the input signal has to remain above/below VIH(AC)/VIL(AC) for
sometime Tvac. Although the total setup time for slow slew rates might be negative
(for example, avalid input signal will not have reached VIH(AC)/VIL(AC)) at the time
of the rising clock transition), a valid input signal is still required to complete the
transition and to reach VIH/VIL(AC). For slew rates that fall between the values
listed, the derating values may obtained by linear interpolation. Setup(tDS) nominal
slew rate for arising signal is defined as the slew rate between the last crossing of
VREF(DC) and the first crossing of VIH(AC)min. Setup(tDS) nominal slew rate for a
falling signal is defined as the slew rate between the last crossing of VREF(DC) and
the first crossing of VIL(AC)max. If the actual signal is always earlier than the
nominal slew rate line between the shaded VREF(DC)-to-AC region, use the nominal
slew rate for derating value. If the actual signal is later than the nominal slew rate
line anywhere between the shaded VREF(DC)-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.

Hold(tDH) nominal slew rate for a rising signal is defined as the slew rate between
the last crossing of VIL(DC)max and the first crossing of VREF(DC). Hold (tDH)
nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of VIH(DC)min and the first crossing of VREF(DC). If the actual signal is
always later than the nominal slew rate line between the shaded DC-to-VREF(DC)
region, use the nominal slew rate for derating value. If the actual signal is earlier
than the nominal slew rate line anywhere between the shaded DC-to-VREF(DC)
region, the slew rate of a tangent line to the actual signal from the DC-to-VREF(DC)
region is used for derating value.

DDR3L Data Setup and Hold Values at 1 V/ns (DQS, DQS# at 2 V/ns) — AC/DC-Based

Symbol 1600 1866 2133 Unit Reference
'DS (base) AC160 - - - ps Viniacy Vigaco
DS (base) AC135 25 - - ps
'DS (base) AC130 - 70 55 ps
'DH (base) DC90 55 - - ps
'DH (base) DC30 - 75 60 ps
S5lew Rate Referenced 1 2 2 Vins




DDR3L Derating Values for 'DS/*DH — AC160/DC90-Based
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A'DS, A'DH Derating (ps) — AC/DC-Based

DQS, DQS# Differential Slew Rate

DQ Slew 4.0 V/ns 3.0V/ns 2.0V/ns 1.8V/ns 1.6 \V/ns 1.4V/ns 1.2 V/ns 1.0 V/ns
Rate V/ns |A'DS |A'DH|A'™DS |ADH |A'DS |A'DH |AtDS |A'DH |AtDS | A'DH | A*DS | A'DH |AtDS |A'DH |AfDS |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] 317 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
DDR3L Derating Values for 'DS/*DH — AC135/DC90-Based
A'DS, A'DH Derating (ps) — AC/DC-Based
DQS, DQS# Differential Slew Rate
DQ Slew 4,0 V/ns 3.0V/ns 2.0V/ns 1.8V/ns 1.6 V/ns 1.4V/ns 1.2V/ns 1.0 V/ns
Rate V/ns |A'DS |A'DH|A'DS |AtDH |AtDS |A'DH |AtDs |AtDH |AtDS |AtDH |A'DS |A'DH (AtDS |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 ) 3110 ]| 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 -11 38 5

/;FA
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DDR3L Derating Values for 'DS/'DH — AC130/DC90-Based at 2V/ns

Shaded cells indicate slew rate combinations not supported
A'DS, A'DH Derating (ps) — AC/DC-Based
DQS, DQS# Differential Slew Rate
8.0V/ns | 7.0V/ns | 6.0V/ns | 5.0V/ns | 4.0V/ns | 3.0V/ns | 2.0V/ns | 1.8V/ns | 1.6 V/ns | 1.4V/ns | 1.2V/ns | 1.0 V/ns

DQ Slew Rate V/ns

'DS |'DH | 'DS |'DH | *DS ('DH | 'DS |'DH | 'DS | 'DH | *'DS |'DH | 'DS |'DH | *DS (*DH | 'DS |'DH | *DS |'DH | 'DS | 'DH | *DS | 'DH
33 1 23 (33123 |33 ] 23
35|28 19|28 |19 |28 |19 | 28 | 19
30|22 )15 |22 |15 |22 |15 | 22 | 15| 22 | 15

F=
(=]

2.5 13 9 13 9 13 9 13 9 13 9

2.0 0 0 0 0 0 0 0 0 0 0

15 -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

DDR3L Minimum Required Time "WAC Above Viu(ac) (Below Vi ac)) for Valid DQ Transition

DDR3L-1866/2133
Slew Rate (V/ns) 130mV (ps) min
>2.0 95
2.0 95
1.5 73
1.0 30
0.9 16
0.8 Note 1
0.7 -
0.6 -
0.5 -
<0.5 -

Note: 1. Rising input signal shall become equal to or greater than Vuac) level and Falling input
signal shall become equal to or less than Vac) level.
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Nominal Slew Rate and *WAC for 'DS (DQ, — Strobe)
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ATF

UREF[DE} 'VlL:Ac] max

ATR

Setup slew rate

ATF

rising signal =

byac
Wirer to AC
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b2
. Norminal
slew rate
MNominal r
\\ slew rate l ] \
+ |
Vieer to AC
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tyac
S -

""rlH[.u:}mln - 1I"rREFn:l-n:].

ATR

1. The clock and the strobe are drawn on different time scales.
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Nominal Slew Rate for 'DH (DQ — Strobe)

CKB
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Mote: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for 'DS (DQ — Strobe)

e
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MNote: 1. The clock and the strobe are drawn on different time scales.
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Tangent Line for 'DH (DQ — Strobe)
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Note: 1. The clock and the strobe are drawn on different time scales.



12. Commands - Truth Tables

Truth Table — Command

Motes 1=5 apply to the entire table
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CKE
Prev. | Next BA Al11,
Function Symbol | Cycle | Cycle | C5B | RASB | CASB | WEB |[2:0] | An | A12 | A1D 9:0] MNotes
MODE REGISTER SET MRS H H L L L L BA OP code
REFRESH REF H H L L L H v v v v v
Self refresh entry SRE H L L L L H \" W v W \" 6
self refresh exit SRX L H H v v v Y v v v Y 6,7
L H H H
single-bank PRECHARGE PRE H H L L H L BA v v L v
PRECHARGE all banks PREA H H L L H L v v H v
Bank ACTIVATE ACT H H L L H H BA Row address (RA)
WRITE BLBMRS, WR H H L H L L BA | RFU | W L CA 8
BC4AMRS
BCAOTF WRS4 H H L H L BA | RFU L CA
BLROTF WRS8 H H H L BA | RFU | H L CA
WRITE BLBMRS, WRAP H L H L L BA | RFU H CA 8
with auto BCAMRS
precharge BC4OTF | WRAPS4 H H H L BA | RFU H CA
BLROTF | WRAPSE H H L BA | RFU | H H CA
READ BLBMRS, RD H L H L H BA | RFU L CA 8
BCAMRS
BCAOTF RDS4 H H H H BA | RFU | L CA
BLROTF RDS8 H H H H BA | RFU | H L CA
READ BLBMRS, RDAP H H L H L H BA | RFU [ WV H CA
with auto BCAMRS
precharge BCAOTF RDAPS4 H H L H L H BA | RFU L H CA 8
BLROTF RDAPSS H H L H L H BA | RFU | H H CA
MO OPERATION MOP H H L H H H v v v v v
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 A" W W A" B
H Y v Y
Power-down exit PDX L H L H H H W v v v W 6, 11
H Y v Y
ZQ CALIBRATION LONG zacL H H L H H L X X X H X 12
ZQ CALIBRATION SHORT | 2Qcs H H L H H L X X X L X
/;F‘ 100
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Notes: 1 Commands are defined by the states of CSB, RASB, CASB, WEB, and CKE at the
rising edge of the clock. The MSB of BA, RA, and CA are device-, density-, and
configuration dependent.
2 RESETBis enabled LOW and used only for asynchronous reset. Thus, RESETB 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 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).
Truth Table — CKE
Motes 1-2 apply to the entire table; for additional command details
CKE
Previous Cycle® | Present Cycle? Command®
Current State3 (n-1) (n) (RASE, CASB, WEB, Action® Notes
Power-down L L “Don’t Care” Maintain power-down
L 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 entry B
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 tCKE (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 tIS + tCKE (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. Action is a result of
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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 operations are satisfied. All self refresh exit and power-down
exit parameters are also satisfied.

Commands

DESELECT

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

NOOPERATION

The NO OPERATION (NOP) command (CSB LOW) prevents unwanted
commands from

being registered 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.

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 calibration engine to the DRAM 1/0, which are reflected
as updated Ronand ODT values. The DRAM is allowed a timing window
defined by either tZQinit or tZQoper to perform a full calibration and transfer
of values. When ZQCL is issued during the initialization sequence, the timing
parameter tZQinit must be satisfied. When initialization is complete,
subsequent ZQCL commands require the timing parameter tZQoper to be
satisfied.

ZQ CALIBRATION SHORT

The ZQCALIBRATION 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 tZQCS. A ZQCS command can effectively correct a minimum of
0.5% RonN

and RTTimpedance error within 64 clock cycles, assuming the maximum
sensitivities

specified in DDR3L 34 Ohm Output Driver Sensitivity.

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[n: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,
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depending on the burst length and burst type selected (see Burst Order table

for additional information). The value on input 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 determines
whether BC4 (chop) or BL8 is used. After a READ command is issued, the
READ burst may not be interrupted.

READ Command Summary

CKE
Prev. | Next BA Al11,

Function Symbol | Cycle | Cycle | CSB | RASB | CASE | WEB | [2:0] | AN AlZ2 | A10 9:0]
READ BLEMRS, RD H L H L H BA RFU W L CA

BCAMRS

BCAOTF RD54 H L L BA RFU L CA

BLBOTF RD58 L L BA RFU CA
READ with ELEMRS, RDAP L L BA RFU H CA
auto BCAMRS
precharge BC40TF RDAPS4 L L BA | RFU L CA

BLBOTF RDAPSE H L 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 ignoring and a WRITE will not be

executed to that byte/column location.
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WRITE Command Summary

Function

CKE

Prev. | Next BA
Symbol | Cycle | Cycle | CSB| RASB | CASB | WEB | [2:0] AN AlZ2 | A1D

Al11,
9:0]

WRITE

BLEMRS, WR H L H L L BA RFL v L
BCAMRS

cAa

BC40TF WR54 H L H L L BA RFLU L L

ca

BLEOTF WRS58 H L H L L BA RFLU H L

cA

WRITE with
auto
precharge

BLEMRS, WRAP H L H L L BA RFU W H
BCAMRS

CA

BC40TF WRAPS4 H L H L L BA RFU

CA

BLEOTF WRAPSE H L H L L BA RFL H H

cAa

PRECHARGE

REFRESH

/’FA

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 (tRP) after the PRECHARGE
command is issued, except in the case of concurrent auto precharge.
A READ 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 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 CASB-before-RASB (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
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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 7.8ps (maximum when TC < 85°C or
3.9us maximum when TC < 95°C). The REFRESH period begins
when the REFRESH command is registered and ends tRFC (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 2x tREFL
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Refresh Mode

Command :>< nopt X, S e X & nopt XSS

Address  / 1/ t
}

Al banks

A10 ] >< X 7
One L‘)ﬂl\k .........
BA[2:0) / X Bank(s)? X
Das, Dosrt [ |
| T
oot ]

oMt A i

I il I LREC (MIN]) J_ 'RFCE
! =

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 Power-Down Mode..

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).

4 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.
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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 selfrefresh mode, the DRAM retains data without ex-
ternal 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 oper-
ating range (see Input Clock Frequency Change. All power supply inputs (including
VREFcA and VREFDQ) must be maintained at valid levels upon entry/exit and during self
refresh mode operation. VRerpQ may float or not drive Vppqg/2 while in self refresh
mode under the followingconditions:

» Vss< VREFDQ < VDD is maintained

» VREFDQis valid and stable prior to CKE going back HIGH

» The first WRITE operation may not occur earlier than 512 clocks after Vrgrpq is valid
» All other self refresh mode exit timing requirements are met

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:
e The DRAM supports only one value of CAS latency (CL=6) and
one value of CAS WRITE latency (CWL = 6).
e DLL disable mode affects the read data clock-to-data strobe
relationship (tDQSCK), but not the read data-to-data strobe
relationship (tDQSQ, tQH). Special attention is required to line up
the read data with the controller time domain when the DLL is
disabled.
e In normal operation (DLLon), tDQSCK starts from the rising
clock edge AL+ CL cycles after the READ command. In DLL disable
mode, tDQSCK starts AL+CL-1 cycles after the READ command.
Additionally, with the DLL disabled, the value of tDQSCK could be
larger than tCK.
The ODT feature (including dynamic ODT) is not supported
during DLL disable mode. The ODT resistors must be disabled by
continuously registering the ODT ball LOW by programming
RTT,nom MR1[9,6,2] and RTT(WR) 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 (tCK[AVG] MAX and tCK[DLL_DIS] MIN,
respectively). 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
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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 RTT,nom and
RTT(WR) are High-Z), set MR1[0] to 1 to disable the DLL.

2. Enter self refresh mode after tMOD has been satisfied.

3. After tCKSRE is satisfied, change the frequency to the desired
clock rate.

4. Self refresh maybe exited when the clock is stable with the new
frequency for tCKSRX. After tXS 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 tMRD or tMOD has been
satisfied. AZQCL command should be issued with appropriate
timings met.

DLL Enable Mode to DLL Disable Mode

TO
CKB CK---+

CKE

| |\_/

Command

J \-’alldl

P mrs? T‘ljp H B sre 77 NoP Ek A 77 PP s YT op \:\ mes® X777 NOP\& valid T
[ 'MoD ol tCKSRE h o 7 e teksRxE tys -
[y - ‘ ,!JI/ 'CKESR ;'r/ // / (
opT® N Il

in timescale

—_f=

Notes: 1  Any valid command.

2  Disable DLL by setting MR1[0] to 1

3 Enter SELFREFRESH.

4 Exit SELFREFRESH.

5  Update the mode registers with the DLL disable parameters setting.

6  Starting with the idle state, RTT is in the High-Z state.

7  Change frequency.

8  Clock must be stable tCKSRX.

9  Static LOW in the case that RTT,nom or RTT(WR) 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. Starting from the idle state (all banks are precharged, all timings are fulfilled,
ODT is turned off, and RTT,nom and RTT(WR) areHigh-Z),enter self refresh mode.
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1. After tCKSRE is satisfied, change the frequency to the new clock rate.

2. Self refresh may be exited when the clock is stable with the new frequency for
tCKSRX. After tXS is satisfied, update the mode registers with the appropriate
values. At a minimum, set MR1[0]to O to enable the DLL. Wait tMRD, then set
MRO[8] to 1 to enable DLL RESET.

3. After another tMRD delay is satisfied, update the remaining mode registers with
the appropriate values.

4. The DRAM will be ready for its next command in the DLL enable mode after the
greater of tMRD or tMOD has been satisfied. However, before applying any com-
mand or function requiring a locked DLL, a delay of tDLLK after DLL RESET must be
satisfied. A ZQCL command should be issued with the appropriate timings met.

DLL Disable Mode to DLL Enable Mode

Ta0

Tal Tho

Valid® ®fs

11
ODTLoff + 1 x'CK

oot T\ 5; |
W E

/#| Don'tcCare

Indicates break
intimescale

Enter SELF REFRESH.
Exit SELFREFRESH.
Wait tXS, then set MR1[0] to O to enable DLL.
Wait tMRD, then set MRO[8] to 1 to begin DLL RESET.
Wait tMRD, update registers (CL, CWL, and write recovery may be necessary).
Wait tMOD, any valid command.
Starting with the idle state.
Change frequency
Clock must be stable at least tCKSRX.

0 Static LOW in the case that RTT,nom or RTT(WR) is enabled; otherwise, static LOW
or HIGH.
The clock frequency range for the DLL disable mode is specified by the parameter
tCK (DLL_DIS). Due to latency counter and timing restrictions, only CL=6 and
CWL=6 are supported.

Notes:

R O OO UL WN -

DLL disable mode will affect the read data clock to data strobe
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relationship(tDQSCK) but not the data strobe to data relationship (tDQSQ, tQH).
Special attention is needed to line up read data to the controller time domain.

Compared to the DLL on mode where tDQSCK 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.

DLL Disable 'DQSCK

TO m T2 T3 T4 T5 T6 T7 T8 ™ Ti0

Command '/

Address :’X vakid )( R R PR L i i T, /’\I\_}" 7‘;‘ i, w ,/;‘\._ i

RL=AL+CL= EI[CL=5 AL= 0}

[ [
| CL|=6 |
| | i S— e —
|
|

K B )S u'3'1)§ b?'zx 23 ( b2a }( b2 E( u%)( h|3|7>_

+DOSCK {DLL_DIS) MIN
| \( ll}.;l ).x( brl}ﬁg bi'lz>K ums >Ai bDI4>x bD'sX b"'sX u”';? o

‘ ‘ ‘ DOSCK (DLL_DIS) MaX] [
'

-

Das, DASH DLL an —|

DQ BLB DLL on 0
RL (DLL_DIS) = AL+ (CL- 1) =5

DOS, DOSH DLLaff

DQ BLE DLL disable

DQS, DOSK DLL off

Fi ] I\
B AN ANy AT E AN Y Y AN Ty AT AT Y/

m Transitioning Data Don't Care

DQ BLE DLL disable

READ Electrical Characteristics, DLL Disable Mode

Parameter Symbol Min Max Unit
Access window of DQS from CK, CKB *DQSCK (DLL_DIS) 1 10 ns
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13.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 tCKSRE 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 tCKSRX. When entering and
exiting self refresh mode for the sole purpose of changing the clock frequency, the
self refresh entry and exit specifications must still be met.

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 RTT,nom and RTT(WR) must be disabled via MR1 and
MR2.

This ensures RTT,nom and RTT(WR) are in an off state prior to entering precharge
power-down mode, and CKE must be at a logic LOW. A minimum of tCKSRE must
occur after CKE goes LOW before the clock frequency can change. The DDR3 SDRAM
input clock frequency is al- lowed to change only within the minimum and
maximum operating frequency specified for the particular speed grade (tCK[AVG]
MIN to tCK[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 tCKSRX before pre- charge power-down may be
exited. After precharge power-down is exited and tXP 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, RTT,nom and RTT(WR)
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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Change Frequency During Precharge Power-Down

Previous dock frequency New clock frequency

CKE

Command

Address

ooT

DQs, bas#

ba

DM 7\\( ’/"*Iu //i\,(} %\{N’\\}ﬁl ]‘S&M / \5( """

Enter precharge Frequency Exit precharge
power-downmode change

power-downmode

Indicates break 7
in time scale Don’t Care

Notes: 1  Applicable for both SLOW-EXIT and FAST-EXIT precharge power-down modes.

2 tAOFPD and tAOF must be satisfied and outputs High-Z prior to T1 (see On-Die
Termination (ODT) for exact requirements).

3 Ifthe RTT,nom feature was enabled in the mode register prior to entering precharge
power-down mode, the ODT signal must be continuously registered LOW, ensuring
RTT is in an off state. If the RTT,nom feature was disabled in the mode register prior
to entering precharge power-down mode, RTT will remain in the off state. The ODT
signal can be registered LOW or HIGH in this case.
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14. 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 initialization 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 re-quired.

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 tDQSS, tDSS, and tDSH
specifications in systems that use fly-by topology by de-skewing the trace length
mismatch. A conceptual timing of this procedure is shown.
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Write Leveling Concept

Source

Differential DQS

Destination

Differential DQS ]

pa /| : X 0 0 X |

Destinatio

Push DQS tocapture
01 transition

Differential DQS

oa /|

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(DQJ7:1]) 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.

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 Table 75. 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.
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DRAM
MR1[7] | MR1[12] |MR1[2, 6, 9] Rt.nom
Write Output Rtr,nom DRAM
Leveling Buffers Value OoDTBall | 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
209, 30Q, High On DQS not receiving: terminated by Ryr 2
40Q, 609Q, 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 terminated
Other DQ driving LOW: not terminated
400, 609Q, or High On DQS receiving: terminated by Ryt 4
120Q Prime DQ driving CK state: not terminated
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 multi slot system. Case 2 may be used when DRAM
are on any rank of a module not being leveled on a multi slot 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 RTT,nom 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 RTT,nom values are allowed. This simulates a normal write state to

DQS.

115




Hosin Global
4G bits DDR3L SDRAM Datasheet

14.1 Write Leveling Procedure

A memory controller initiates the DRAM write leveling mode by setting MR1[7] to 1,
as- summing the other programable features (MRO, 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 tMOD 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 ODTL on delay (WL-2tCK), provided it does not violate the
aforementioned tMOD delay requirement.

The memory controller may drive DQSLOW and DQS# HIGH after tWLDQSEN has
been satisfied. The controller may begin to toggle DQS after tWLMRD (oneDQS
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 tAON must be satisfied at least one
clock prior to DQS toggling. After tWLMRD and a DQS LOW preamble (tWPRE) 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 tDQSL (MIN) and tDQSH (MIN) specifications. tDQSL (MAX) and
tDQSH(MAX) specifications are not applicable during write leveling mode. The DQS
must be able to distinguish the CK’s rising edge within tWLS and tWLH. The prime
DQ will output the CK’s status asynchronously from the associated DQS rising edge
CK capture within tWLO. The remaining DQ that always drive LOW when DQS is
toggling must be LOW within tWLOE after the first tWLO is satisfied (the prime DQ
going LOW). As previously noted, DQS is an input and not an output during this
process.

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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14.2 Write Leveling Sequence

T1
BWLH —=

Xor )77

Command

‘WL(;QSEN

‘past3
] . - -t -
Differential DQS* —— ’};' | EL' ---------- Y l
J "WLMRD
™ L 1 1 1 ™
Prime DQ° —q f
{

Late remaining DQ

Early remaining DO — : I
l

!nd_lcatesbreak |:| Undefined Driving Mode |:| Don’t Care
intimescale

[UnN

MRS: Load MR1 to enter write leveling mode.

NOP: NOP or DES.

3 DQS, DQS# needs to fulfill minimum pulse width requirements tDQSH (MIN) and
tDQSL (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.

Notes:

N
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14.3 Write Leveling Mode Exit Procedure

After the DRAM are leveled, they must exit from write leveling mode before the
normal mode can be used. Depicts a general procedure for exiting write leveling
mode. After the last rising DQS (capturing 1 at T0), the memory controller should
stop driving the DQS signals after tWLO(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 tMOD after the MRS command (at Tel).
The ODT input should be de-asserted LOW such that ODTL off (MIN) expires after
the DQS is no longer driving LOW. When ODT LOW satisfies tIS, 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 (atTc2). After tMOD is satisfied (at
Tel), any valid command may be registered by the DRAM. Some MRS commands
may be issued after tMRD (at Td1).

Write Leveling Exit Procedure

TL T2 Ta0 Td1

ThO

Tco Tdo Te0 Tel

ODTLoff A&
e

! iNJ

RrrDQS, Ry DQS# Ritnom | I , ‘
t
DQS, DOS# lr_\ I | |7;|/|H _________ | AOF[MAT !
Rriog)
e | YWLO + "WLOE \\ ‘
- ; =

DQ

-

B

Indicates break

in time scale |:| Undefined Driving Mode lz‘ Transitioning Iz Don'tCare

|

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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15. Initialization

15.1 Power-Up Initialization

following sequence is required for power-up and initialization, as shown;

1. Apply power. RESET# is recommended to be below 0.2 x VDDQ during power
ramp to ensure the outputs remain disabled (High-Z) and ODT off (RTT 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:

- VDD and VDDQ 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 level on all balls other than VDD, VDDQ,
VSS, VSSQ must be less than or equal to VDDQ and VDD on one side, and must be
greater than or equal to VSSQ and VSS on the other side.

- Both VDD and VDDQ power supplies ramp to VDD,min and VDDQ,min within
tVDDPR = 200m:s.

- VREFDQ tracks VDD x 0.5, VREFCA tracks VDD x 0.5.

- VTT is limited to 0.95V when the power ramp is complete and is not applied
directly to the device; however, tVTD should be greater than or equal to 0 to avoid
device latch up.

e Condition B:

- VDD may be applied before or at the same time as VDDQ.

- VDDQ may be applied before or at the same time asVTT, VREFDQ, and VREFCA.

- 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 at least 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.

4. 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 tIS
prior to CKE being registered HIGH. When CKE is registered HIGH, it must be
continuously registered HIGH until the full initialization process is complete.

6. After CKE is registered HIGH and after tXPR has been satisfied, MRS commands
may be issued. [ssue 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.
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9. Issue an MRS command to MRO with the applicable settings, including a DLL
RESET command. tDLLK (512) cycles of clock input are required to lock the DLL.
10. Issue a ZQCL command to calibrate RTT and RON values for the process voltage
temperature (PVT). Prior to normal operation, tZQinit must be satisfied.

11. When tDLLK and tZQinit have been satisfied, the DDR3 SDRAM will be ready for
normal operation.

Initialization Sequence

—AXI =200ms

ls=ad Seepower-up e

conditions

v in the
|——===Z initialization  ------------m-s-mmeomooeo-

text,

g setup 1

&x -

WTD  valid dock

“OZ = 20ns

RESET# :\l' =
&

e CERVE 3 7 = 7) A
J r i ) /.
BAL = M \J5 BA1 = L\/7 BAl =L 1A
4 BA2=L / BA2=1L BAa2=1L il ¥
' | | | | | | | |
T =200ps (MIN) T = 500pus (MIN) ’ wpR ‘ WARD MRD tMRD t™MOD *ZQinit
rJaz MR3 MR with MR with 2Q calibration
All voltage DLL enable DLL reset
supplies valid OLLK
andstable DRAM readyfor |
external command: ! Normal
operation
indicates break -
é in time scale DaytCae
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15.2 Voltage 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:

* 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.

e The 1.5V operating voltages are stable prior to issuing new commands, other than
NOP sor COMMAND INHIBITs.

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

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

If the SDRAM is powered up and initialized for the 1.5V operating voltage range,
voltage Can be reduced to the 1.35Voperationrangeprovidedthe following
conditions are met:

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

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

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

e The ZQ calibration is performed. tZQinit must be satisfied after the 1.35V
operating voltages are stable and prior to any READ command.
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15.3 VDD Voltage Switching

After the DDR3L DRAM is powered up and initialized, the power supply can be
altered between the DR3L and DDR3 levels, provided the sequence in is maintained.

Vpp Voltage Switching

CK, CKB {

Thaw = 10ns
Voo, Vooa (DOR3) -—] m il
]' L)
Vipo. Voog (DDR3L) g,’ Hj

-
Taain = 10ns

RESET# _\—ll /

. 1' b‘frw-m j

CKE .

TR ARG = 'MRD w0 "™ t'moD ~ Zainit

1 1
TR

hs

fl'l I‘I ) mscrows Sﬂ_ ) ‘"j:"d at time T&u'tu.lrwise LLLLL wis b ;‘]fl .Ml i
1 ﬂ‘*:\% f' E.jl: { 0 |‘|‘fnr Low i i valid )@

5]

ooT

(
1J Time break Don't Care
]

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

Mode registers (MR0O-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 initialization, and it retains the stored
information (except for MRO[8], which is self-clearing) until it is reprogrammed,
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 (tRP is satisfied and no data bursts are in
progress). After an MRS command has been issued, two parameters must be
satisfied: tMRD and tMOD. The controller must wait tMRD before initiating any
subsequent MRS commands.

MRS to MRS Command Timing (*MRD)

T N N R |

Address >< Vvalid X : [ ‘” :
l

| |
o /) N XV W

S
S

Indfcales break E, Don’t Care
in time scale

Notes: 1 Prior to issuing the MRS command, all banks must be idle and precharged, tRP
(MIN) must be satisfied, and no data bursts can be in progress
2 tMRD specifies the MRS to MRS command minimum cycle time.
3 CKE must be registered HIGH from the MRS command until tMRSPDEN (MIN) (see
Power-Down Mode).
4 For a CAS latency change, tXPDLL timing must be met before any non-MRS
command.

The controller must also wait tMOD before initiating any non-MRS commands
(excluding NOP and DES). The DRAM requires tMOD in order to update the
requested features, with the exception of DLL RESET, which requires additional
time. Until tMOD has been satisfied, the updated features are to be assumed
unavailable.

N
(%)

A B
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MRS to nonMRS Command Timing (*MOD)

Updatingsetting
' 1t

Indfcates break Don't Care
In timescale

Notes: 1 1. Prior to issuing the MRS command, all banks must be idle (they must be
precharged, tRP 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 RTT 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 TO 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 Power-Down Mode.

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.

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 BC4mode is selected. If A12=1, then BL8
mode is selected. Specific timing diagrams, and turn around 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
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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

Mode Register 0 (MRO) Definitions

BAZ BAT BAOA[IS.13JAIZ AITAID A9 AB A7 A6 A A4 A3 AZ Al Al Addressbus

T

Mode register 0 (MRO)

M5 M1d Mode Regizer M1 MO Darst Longth
0 0 | Moderegister( (MRO) \ ' e, 0 0 Fited BLS
M12| Pechamo PD MB | DU Feset 0 1| 4or8 {onthe-fiyvia AT2)
0 |DLL off (sow exit) 0 No R Fixed 8C4 (chop)
1 [ DLL on {fast it} 1 Yes L Reserved
Y A Y
M1TNT0 M3| Write Racovery ME NS M& M2 | CAS iatency M3 READ Barst Type
0 0 O 16 0 0 0O Rosarved 0 Sequential {nioble)
0 0 1 5 o o 1 0 5 1 Interieaved
0 1 0 B 0 00 6
0 1 1 7 o1 10 7
1 0 0 ] -0 B 3
1 0 1 10 1010 9
1T 1 0 12 1 0 0 10
1T 1 1 14 L S I ) 1
0 o 0 1 12
09 11 12
0k B8 3 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 can be programmed to either a sequential or an
interleaved order. The burst type is selected via MRO[3]. The ordering of accesses
within a burst is determined by the burst length, the burst type, and the starting
column address. DDR3 only supports 4-bit burst chop and 8-bit burst access modes.
Full interleave address ordering is supported for READs, while WRITEs are
restricted to nibble (BC4) or word (BL8) boundaries.
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Burst Order
Starting
Burst READ/ Column Address | Burst Type = Sequential Burst Type = Interleaved
Length WRITE (A2, 1, 0]) (Decimal) (Decimal) Motes
4 (chop) READ 000 0,1,2,3,2222 0,1,2,3,2,222 1,2
001 1,2,3,0,2, 2, 2,2 1,0,3, 2,22 £ Z 1,2
010 2,3,0,1,2,2,7, 2 2,3,01,2,772,7 1,2
D11 3,0,1,2,2,2,2Z 2,1,0,2,2, 22 1,2
100 4,5,6,7,2,2,2,2 4,5,6,7,2,2,2,2 1,2
101 56,7,4LZ 2L 54 7.6, 2, 4. Z 1,2
110 6,7.4,5722,2,2 6,7,4,52,27,7 1,2
111 7.4,5 6,222, 2 7,6,5,4, 2, 2,2, 2 1,2
WRITE DV 0,1,2, 3, X% X X X 0,1,2,3, % % X X 1,3, 4
1vv 4,5 6,7, X X, X 4,56, 7, X, %X X 1,3, 4
8 (fixed) READ 000 0,1,2,3,4,56,7 0,1,2,3,4,56,7 1
001 1,2,3,0,56,7, 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, 4,56 3,2,1,0,7,6,5,4 1
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 1
101 56,7.4,1,2 3,0 5,4,7,6,1,0,3,2 1
110 6,7,45 2301 67,452 301 1
111 7.4,5, 63,01, 2 7.6,54,3,2,1,0 1
WRITE VY 0,1,2,3,4,56,7 0,1,2,3,4,56,7 1,3
Motes: 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. ¥ ="Don't Care.”
DLL RESET

DLLRESET is defined by MRO[8]. Programming MRO[8] to1 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 initiated. Anytime the DLL RESET function is initiated, CKE
must be HIGH and the clock held stable for 512(tDLLK) 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 can result
in invalid output timing specifications, such as tDQSCK timings.

Write Recovery
WRITE recovery time is defined by MR0O[11:9]. Write recovery values of 5, 6, 7,8, 10,

/,F‘ 126




Hosin Global
4G bits DDR3L SDRAM Datasheet

or 12 can be used by programming MRO[11:9]. The user is required to program the
correct value of write recovery, which is calculated by dividing tWR(ns) by tCK(ns)
and rounding up a non-integer value to the next integer:

WR (cycles) = roundup (tWR (ns)/tCK (ns)).

Precharge Power-Down (Precharge PD)

The precharge power-down(precharge PD) bit applies only when precharge power
down mode is being used. When MRO0[12] is set to 0, the DLL is off during precharge
power-down, providing a lower standby current mode; however, tXPDLL 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, tXP must be satisfied when exiting (see Power-Down Mode.

CAS Latency (CL)

CAS latency(CL) is defined by MRO[6:4], as shown. CAS latency is the delay, in clock
cycles, between the internal READ command and the availability of the first bit of
output data. CL can be set to 5 through 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 the CLs
supported at various operating frequencies
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READ Latency

E Transitioning Data Don't Care

Notes: 1. Forillustration purposes, only CL = 6 and CL = 8 are shown. Other CL values are possible.
2. Shown with nominal 'DQSCK and nominal 'DSDQ.

Mode Register 1 (MR1)
The mode register 1 (MR1) controls additional functions and features not available
in the other mode registers: Q OFF (OUTPUT DISABLE), , DLL ENABLE/DLL
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DISABLE, RTT,nom value (ODT), WRITE LEVELING, POSTED CAS ADDITIVE latency,
and OUTPUT DRIVE STRENGTH. These functions are controlled via the bits shown.
The MR1 register is programmed via the MRS command and retains the stored
information until it is reprogrammed, until RE- SET# goes LOW, or until the device
loses power. Reprogramming the MR1 register will not alter the contents of the
memory array, provided it is performed correctly. The MR1 register must be loaded
when all banks are idle and no bursts are in progress. The controller must satisfy
the specified timing parameters tMRD and tMOD before initiating a subsequent

operation.
Mode Register 1 (MR1) Definition

BA2 BA1BAD MSAX- A1JA12 A1 A10 A9 AB A7 AS AS

Hll

Al
l Addrzss bus

111111?

Mode register 1 (MR1)

! - MO DU #nshle
bl M ;_l 0 tnable (normal)
- 1 Disable
0 1 | Mode register set 1 {MR1) ) | Costied |) 0 | Onasbled
1 | Dsabled 1 | enaklec i M5 N1 Joupe Dovest rergt
vt | b | e | ¢ 2 e e
NOME M Non-Writes WNriws 0| Disable (normal) T
00 0| Ry, dsaled | R, cssbled || ! Enable 1.0 Reserved
0 0 1 |7Za/a (602 (NOM]} | R2/4 (607 [NOM]) LR Reserved
0 1 o0 |RZ0a2 (1200 [NOM]| | FZQ2 (1200 NOM])
0 1 1 |#2Qe (402 INOMD) | Rzass (202 [NOMT) | |MAME] Addtive Laency (AL)
1 0 0 |rRzonz{zm [Now) na 0 0| Doebled(aL=0)
1 ¢ 1 |#zam (302 Nom]) s 0 1 AL-CL-1
110 Resenved Racaned 1 0 AL=CL-2
111 Reserved Resenved 1 9% feserved
Notes: 1. MR1[18, 15:13, 10, 8] are reserved for future use and must be programmed to 0.

2. During write leveling, if MR1[7] and MR1[12] are 1, then all Ryt nom Values are available
for use.

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

DLL Enable/DLL Disable

The DLL may be enabled or disabled by programming MR1[0] during the
LOADMODE command, as shown. The DLL must be enabled for normal operation.
DLL enable is required during power-up initialization 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 SELF REFRESH
operation and is automatically re-enabled and reset upon exit of SELF REFRESH
operation. If the DLL is disabled prior to entering self refresh mode, the DLL remains
disabled even upon exit of SELF REFRESH operation until it is re-enabled and reset.
The DRAM is not tested to check—nor does PTC warrant compliance with—normal
mode timings or functionality when the DLL is disabled. An attempt has been made
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to have the DRAM operate in the normal mode where reasonably possible when the
DLL

has been disabled; however, by industry standard, a few known exceptions are
defined:

» ODT is not allowed to be used

e 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 DLL is enabled (see DLL Disable Mode. Disabling
the DLL also implies the need to change the clock frequency (see Input Clock
Frequency Change).

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 (34€2 [NOMY]) 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 VSSQ.

The value of the resistor must be 240 +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 function is defined by MR1[12], as shown. 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 tri-stated. The output disable feature is intended to be used during
IDD characterization of the READ current and during tDQSS margining (write
leveling) only.

On-Die Termination
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ODT resistance RTT,nom is defined by MR1[9,6,2].The RTT termination value
applies to the DQ, DM, DQS, DQS# balls. DDR3 supports multiple RTT termination
values based on RZQ/n where n can be 2, 4,6, 8, or 12 and RZQ is 240().

Unlike DDR2, DDR3 ODT must be turned off prior to reading data out and must
remain off during a READ burst. RTT,nom termination is allowed any time after the
DRAM is initialized, calibrated, and not performing read access, or when it is not in
self refresh mode. Additionally, write accesses with dynamic ODT (RTT(WR))
enabled temporarily re-places RTT,nom with RTT(WR). The actual effective
termination, RTT(EFF), may be different from the RTT targeted due to nonlinearity
of the termination. For RTT(EFF) values and calculations (see On-Die
Termination(ODT). 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 RTT 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).

WRITE LEVELING

The WRITE LEVELING function is enabled by MR1[7], as shown. Write leveling is
used (during initialization) to deskew 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, tDSS, and tDSH specifications without supporting write
leveling in systems which use fly-by topology-based modules. Write leveling timing
and detailed operation information is provided in Write Leveling.

POSTED CAS ADDITIVE Latency

POSTED CAS ADDITIVE latency(AL) is supported to make the command and data
bus efficient for sustainable bandwidths in DDR3 SDRAM. MR1[4, 3] define the value
of AL, as shown. MR1[4, 3] enable the user to program the DDR3 SDRAM with AL =
0,CL-1,orCL- 2.

With this feature, the DDR3 SDRAM enables a READ or WRITE command to be
issued after the ACTIVATE command for that bank prior to Trcd (MIN). The only
restriction is ACTIVATE to READ or WRITE+ AL = tRCD(MIN) must be satisfied.
Assuming tRCD (MIN)= CL, a typical application using this feature sets AL= CL-
1tCK=tRCD(MIN) - 1 tCK. 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 Mode
Register 2 (MR2). Examples of READ and WRITE latencies are shown.
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READ Latency (AL =5, CL = 6)

BCA

Cormmiand ‘:XALTIVEr " y READ m ><‘ 2‘: ): f_x NGP J.':l-".l:'.
L H.CDIMINI

DS, Deoss

‘ AL=5

ba \

Indicates break |:| Transitioning Data Don't Care
Ini timie scale

Mode Register 2 (MR2)

The mode register 2 (MR2) controls additional functions and features not available
in the other mode registers. These additional functions are CAS WRITE latency
(CWL), AUTO SELF REFRESH(ASR), SELF REFRESH TEMPERATURE (SRT), and
DYNAMIC ODT (RTT(WR)). These functions are controlled via the bits shown. The
MR?2 is programmed via the MRS command and will retain the stored information
until it is programmed again or until the device loses power. Reprogramming the
MR2 register will not alter the contents of the memory array, provided it is
performed correctly. The MR2 register must be loaded when all banks are idle and
no data bursts are in progress, and the controller must wait the specified time tMRD
and tMOD before initiating a sub-Sequent operation.

Mode Register 2 (MR2) Definition

N

/,F‘ 13



Hosin Global
4G bits DDR3L SDRAM Datasheet

BAZ BATBADATI 412 A11 A0 AD AB AT AR AS A4 A3 A2 A1 AD  Address bus

RIERRERRERRRNANY

A615,18 /13 A3 A0/ /8 /1 /6 /547373 /1 /’nﬂ Mode register 2 (MRZ)

o' 1] 0o [o!] o' Rrown [o! [skr|Ask] cwr [t ]o' o
[ |
1 |
MI1S M4 hhode Register M7 | Self Refresh Temperature M5 M4 M3|  CAS Write Latency (CWL)
0| Normal {0°C to 85°C) 000 5 CK (10K = 2.5ns)
1 | Extended (0°C to 95°C) 0 0 1| 6CK({Z5ns>CK=1875ns)
1 0 Mode register set 2 (MR2) 0 0| 7K (1.875ns > tCK = 1.5n3)
] 1| 80K (1.5n5> WK = 1.25ns)
1 0 0 %CK(1.2505 > WK = 1.07ns)
Dmamir.i i J 1 0 1[10CK{1.07ns > 'K = 0.928ns)
W10 MO {Rrwe ) MG| Auto Self Refresh 110 Reserved
00 Rrrm-n'- disablad 0 | Disabled: I'.-'Ianual. 1 Reserved
01 R0/ 1 |Enabled: Automatic
1 0 RZQ2
1 Resenved

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

CAS WRITE Latency(CWL)

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. The overall WRITE latency(WL) is equal
to CWL+AL.

CAS WRITE Latency

TO

DQS, DQS#

¢ [7 K R W s p——

q' Indicates break T v -

{ Transitionm: t nt {
"; in time scale ansitioning Data ,/A Don’t Care
)

AUTO SELF REFRESH (ASR)

Mode register MR2[6] is used to disable/enable the ASR function. When ASR is disabled, the self
refresh mode’s refresh rate is assumed to be at the normal 85°C limit (sometimes referred to as 1x
refresh rate). In the disabled mode, ASR requires the user to ensure the DRAM never exceeds a Tc of
85°C while in self refresh unless the user enables the SRT feature listed below when the Tcis
between 85°C and 95°C. Enabling ASR assumes the DRAM self refresh rate is changed automatically

from 1x to 2x when the case temperature 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

A |
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conditions to normal case temperature (85°C) only, meaning if ASR is enabled, the
standard self refresh current specifications do not apply (see Extended
Temperature Usage).

SELF REFRESH TEMPERATURE (SRT)

Mode register MR2[7] is used to disable/enable the SRT function. When SRT is
disabled, the self refresh mode’s refresh rate is assumed to be at the normal 85°C
limit (sometimes referred to as 1x refresh rate). In the disabled mode, SRT requires
the user to ensure the DRAM never exceeds a TC of 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 the case temperature. 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 to normal case temperature (85°C) only, meaning if SRT is enabled, the
standard self refresh cur- rent specifications do not apply (see Extended
Temperature Usage).

SRT vs. ASR

If the normal case temperature 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 to 2x over the
supported temperature range. One other disadvantage with ASR is the DRAM cannot
always switch from a 1x to a 2x refresh rate at an exact case temperature of 85°C.
Although the DRAM will support data integrity when it switches from a 1x to a 2x
refresh rate, it may switch at a lower temperature than 85°C. Since only one mode is
necessary, SRT and ASR cannot be enabled at the same time.

DYNAMIC ODT

The dynamic ODT (RTT(WR)) feature is defined by MR2[10,9]. Dynamic ODT is
enabled when a value is selected. This new DDR3 SDRAM feature enables the ODT
termination value to change without issuing an MRS command, essentially changing
the ODT termination on-the-fly. With dynamic ODT(RTT(WR)) enabled, the DRAM
switches from normal ODT(RTT,nom) to dynamic ODT (RTT(WR)) when beginning
a WRITE burst and subsequently switches back to ODT(RTT,nom) at the completion
of the WRITE burst. If RTT,nom is disabled, the RTT,nom value will be High-Z.
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Special timing parameters must be adhered to when dynamic ODT (RTT(WR)) is
enabled: ODTLcnw, ODTLcnw4, ODTLcnw8,

ODTH4, ODTHS, and tADC. Dynamic ODT is only applicable during WRITE cycles.
IfODT(RTT,nom) is disabled, dynamic ODT (RTT(WR)) is still permitted. RTT,nom
and RTT(WR) can be used independent of one other. Dynamic ODT is not available
during write leveling mode, regardless of the state of ODT(RTT,nom). For details on
dynamic ODT operation, refer to Dynamic ODT.

Mode Register 3 (MR3)

The mode register 3 (MR3) controls additional functions and features not available
in the other mode registers. Currently defined is the MULTIPURPOSE
REGISTER(MPR). This function is controlled via the bits shown. The MR3 is
programmed via the LOAD MODE command and retains the stored information until
it is programmed again or until the device loses power. Reprogramming the MR3
register will not alter the contents of the memory array, provided it is performed
correctly. The MR3 register must be loaded when all banks are idle and no data
bursts are in progress, and the controller must wait the specified time tMRD and
tMOD before initiating a sub-sequent operation.

Mode Register 3 (MR3) Definition

BAZ BAl BAD ATS AW AT3 A'Z AT1 ATD A9 AE AT AE AS A4 A3 A Al AD Address bis

IR RRR RN R

ABATAB A A3 A2 N 09 8T 65 432 1 /Dlﬁ Mode reqgster 3 (MR3,

Lot 1[1] oo 010 [0 al]a! [o! [0 |o? [0 [0 |07 [mea]mprrr
MI17 M16 Mode Register Mz MPR Enabie M1 MD | MPR READ Function
0 Wi il DRAM -;.||.E|.:|l|ur|:.E 0 | Predefined p;r[em:'
1 Ditafiow from MPR 01 Reserved
1 0 Reserved
11 Modz reghster set 3 (MR3) 11 Resorved

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

\S]

MULTIPURPOSE REGISTER (MPR)

The MULTIPURPOSE REGISTER function is used to output a predefined system
timing calibration 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. If MR3[2] isa 0,
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then the MPR access is disabled, and the DRAM operates in normal mode. However,
if MR3[2] is a 1, then the DRAM no longer outputs normal read data but outputs
MPR data as defined by MR3[0,1]. If MR3[0,1] is equal to 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 tRP is met). When the MPR is
enabled, any subsequent READ or RDAP commands are redirected to the
multipurpose register. The resulting operation when either a READ or a RDAP
command is issued, is defined by MR3 [1:0] when the MPR is enabled.

When the MPR is enabled, only READ or RDAP commands are allowed until a
subsequent 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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Multipurpose Register (MPR) Block Diagram

Memory core

\ | MR3(2] = 0 (MPR off) |

"o<— Multipurpose register
predefined data for READs

| MR3[2] =1 (MPRON) |

| DQ, DM, DQS, DOS# |

Motes: 1. A predefined data pattern can be read out of the MPR with an external READ com-
mand.
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.

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 Al1:0] Enable MPR mode, subsequent READ/RDAP commands defined by bits 1 and
2

MPR Functional Description

The MPR JEDEC definition enables either a prime DQ (DQOon a x4 and a x8; on a
x16, DQO0=lower byte and DQ8 = upper byte) to out put the MPR data with the
remaining DQs driven LOW, or for all DQst out put the MPR data. The MPR read out
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:

e 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 fixedto 0,1, 2, 3,4, 5,6, 7

 For burst chop 4 cases, the burst or deriss witched on the nibble base along
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 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 a “Don’t Care”
¢ Al0isa “Don’t Care”

e Allisa“Don’t Care”

e A12: Selects burst chop mode on-the-fly, if enabled within MRO

¢ Al3isa “Don’t Care”
e BA[2:0] are a “Don’t Care”

MPR Register Address Definitions and Bursting Order

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 0-
1 bit pattern. Examples of the different types of predefined READ pattern bursts are

shown in the following figures.

MPR Readouts and Burst Order Bit Mapping

Burst Read
MR3[2] | MR3[1:0] Function Length Al2:0] Burst Order and Data Pattern
1 00 READ predefined pattern BL3 oDo Burst order: 0, 1, 2, 3, 4,5,6, 7
for system calibration Predefined pattern: 0,1,0,1,0,1,0, 1
BC4 oDo Burst order: 0, 1, 2, 3
Predefined pattern: 0, 1,0, 1
BC4 100 Burst order: 4, 5,6, 7
Predefined pattern: 0, 1,0, 1
1 01 RFU M/A M/A N/A
NfA N/A N/SA
N/A N/A N/A
1 10 RFU M/A M/A N/A
NA MN/A N/A
NfA N/A NSA

MPR Readouts and Burst Order Bit Mapping (Continued)

Burst Read
MR3[2] | MR3[1:0] Function Length Al2:0] Burst Order and Data Pattern
1 11 RFU N/A M/A N/ A
N/A N/A MNfA
M/ M/A N/ A

Note: 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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MPR System Read Calibration with BL8: Fixed Burst Order Single Readout

LT %-%ﬁerﬁg-%@-ﬂy%vﬂ}
|'RP 'MDD] . 'MPRR ) ‘Mmoo
C T
Bank address | i\\ (GO vata ) Q‘S\l\\f“r\yblx \\Y\‘r \\Z\T \\?\|\\\ A S ‘\"&‘#&
5 (Lo X rﬂ’ T/ A A QV\\%\ \;&\ \}96\‘\ D R

a2 ‘?}.&Qrﬂx A SEN SN RTASSSSSS Z\ mm& ‘&BW%\

U SSSES VI R RS SN PSS AN SS \7‘i\ \\\k’\\ \3’*‘&- SN o0 NSRS AT

oJ

Al1:0) - )

o

aome N1 AP 0 K Sl\t)(valm )l\\| \¥§l\!\| R |\ J\l\\\){\‘J\ ,z\|\\ \\g\| \K\\ SO O S eS
>qu]/§<v,|w> Qé\ﬂ\\'%% Q'\;\\ ‘\L%\S\%“"\ 5&\\'\1\\\ I\;& : I %\\\I\‘i\\“ |\-27” [
aiece ﬁ"p@a.'.dq le\ ?‘@\\\\A \%'\ \\k'\ \ \g\\\ \\YL\ \}‘I&\N | [ [
A § \\ﬂ v%’)k\li\zdl{?\\l S I\\L\ |\\:« = i i l\‘-\l';z(J 3
‘ e ]
oas,bast I s
m%u#“% $“l T —4 ¥ | T

Indicates break @ Dot Cwe
in time scale

Notes: 1. READ with BL8 either by MRS or OTF.
2. Memory controller must drive 0 on A[2:0].
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MPR System Read Calibration with BL8: Fixed Burst Order, Back-to-Back Readout

Tb Tc0 Tel Te2 Te3 Ted Te5 Tcb Tc7 Tc8 Te9 Tcl0

Bank address -
ALL0] v

A2 A[9:3] -
A10/AP
AlL D
A12/BCE T

A[15:13] S

D25, DOsS#

% i~:~. ‘:«;\,Q.ﬁ*::éﬁ-?fi\:é‘_'-‘ﬁi “\‘{‘t::\'_‘-:‘.\;’“‘ —

i‘:-ﬂ‘.\‘&: iﬁ\\.\‘-‘ o

Notes:

| I
Indicates break E
in time scale

1. READ with BL8 either by MRS or OTF.
2. Memory controller must drive 0 on A [2:0].
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MPR System Read Calibration with BC4: Lower Nibble, Then Upper Nibble

Command

Bankaddress
Af1:0] o=

A2 A[8:3] S

valid ey P valid e

Valid

valid J e R b

Valid Joofo

7
)
%ﬁ
4

valid R e R R ey

AL0/ap Valid

All N Valid

AL12/BCE Valid

Aj1s3) & Valid?
bas, Das#
na

Notes:

. READ with BC4 either by MRS or OTF.

Memory controller must drive 0 on A [1:0].
A2 = 0 selects lower 4 nibble bits 0. . . 3.
A2 = 1 selects upper 4 nibble bits 4 ... 7.

Indicatesbreak
in time scale
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MPR System Read Calibration with BC4: Upper Nibble, Then Lower Nibble

Tc0 Ta T2 T3 T4 TS Tcb Tc7 T8 T9 Tc10
CKé - -— - - ) - - - - -ea - jom- rome
(a4 h 1 e D S Nica s aiaa e e i S s
Command READ NOP NOP NOP NOP NOP NOP NOP MRS NOP NOP
I 1 I I I tMpRR ‘MOD
| | | | |
Bank address Valid 3
A1:0] 0 o o Vaiid
| | | | |
A2 1 13 04 0
Al9:3] 00 Valid Valid 00
| | | | |
AlO/AP 1 0 Valid Valid 0
Al 0 Valid Valid 0
| | | | [
A12BCH 0 alid” alig” 0
A[15:13] 0 Valid Valid 0
| | [ | [
RL | | | | |
| 1 1 1
Jl |---de--y | bees]  feceeead |- I- -
DQs, DQs# S > A, ) (7 }, (! £
‘ gs ‘ ‘ ' ' = | | ‘ | ’
+ + 1 [
| I
0Q 1 wy LS u | \ 1 1 [ 1

Indicates break P .
é fimesale [/ DowtCin
READ with BC4 either by MRS or OTF.

Memory controller must drive 0 on A [1:0].

A2 =1 selects upper 4 nibble bits 4 . . . 7.

. A2 =0 selects lower 4 nibble bits 0. . . 3.

Notes:

Pwonpe

MPR Read Predefined Pattern
The predetermined read calibration pattern is a fixed pattern of0,1,0,1,0,1,0, 1.
The following is an example of using the read out predetermined read calibration
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pattern. The example is to perform multiple reads from the multipurpose register to
do system level read timing calibration based on the predetermined and
standardized pattern. The following protocol outlines the steps used to perform the
read calibration:

1. Precharge all banks

2. After tRP is satisfied, set MRS, MR3 [2] = 1 and MR3 [1:0] = 00. This redirects all
sub-sequent reads and loads the predefined pattern into the MPR. As soon as tMRD
and tMOD 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)

e A2=0(for BL8,burst order is fixed as 0,1,2,3,4,5,6,7)

¢« A12 =1 (use BL8)

5. After RL = AL + CL, the DRAM bursts out the predefined read calibration pattern
(0,1,0,1,0,1,0,1)

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 tMPRR 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 tMRD and tMOD are satisfied from the last MRS, the regular DRAM
commands (such as activate 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:

* BA2 =0, BA1 = 0, BAO = 0 for MRO

* BA2 =0,BA1 =0, BA0 =1 for MR1

*« BA2 =0, BA1 =1, BA0 = 0 for MR2

e BA2 =0,BA1=1,BA0 =1 for MR3

The MRS command can only be issued (or re-issued) when all banks are idle and in
the precharged state(tRP is satisfied and no data bursts are in progress).The
controller must wait the specified time tMRD before initiating a subsequent
operation such as an ACTIVATE command. There is also a restriction after issuing an
MRS command with regard to when the updated functions become available. This
parameter is specified by tMOD. Both tMRD and tMOD parameters are shown.
Violating either of these requirements will result in unspecified operation.
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16. Operation

16.1 ZQ CALIBRATION Operation

The ZQ CALIBRATION command is used to calibrate the DRAM output drivers (RON)
and ODT values (RTT) over process, voltage, and temperature, provided a dedicated
240Q (£1%) external resistor is connected from the DRAM’s ZQ ball to VSSQ. DDR3
SDRAM require a longer time to calibrate RON 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
tRP must be met before ZQCL or ZQCS commands can be issued to the DRAM. No
other activities (other than issuing another ZQCL or ZQCS command) can be
performed on the DRAM channel by the controller for the du- ration of tZQinit or
tZQoper. The quiet time on the DRAM channel helps accurately calibrate RON and
ODT. After DRAM calibration is achieved, the DRAM should disable the ZQ ball’s
current consumption path to reduce power. ZQ 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 tZQinit, tZQoper,
or tZQCS between ranks.

ZQ CALIBRATION Timing (ZQCL and ZQCS)

b1 Tcd Tl

A\

Commeand ZOCL NoOP ¥/, :NO?

7

/

Awy vw%yﬁv
DQ 3’ ‘,’" nglh-Z ¥ Acwities l‘|l ‘\3 : ; | nghl-Z :
'7acs

NS mﬁ /J/WMA

anT A2

'ZQinit or 'ZQoper

Te2

1. \J

///j A{v;uc)@%aud I/ Q/Q/Z%él/%//ﬁ%/fmm
{ I, @(/anc\&

/allc

\|/ActR-
J\ities

(
f,' Indicates break woon.tum

njj In time scale

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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16.2 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
arow is opened with an ACTIVATE command, a READ or WRITE command may be
issued to that row, subject to the tRCD specification. However, if the additive latency
is programmed correctly, a READ or WRITE command may be issued prior to tRCD
(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 tRCD(MIN) with the
requirement that (ACTIVATE-to-READ/WRITE) +AL = tRCD(MIN) (see Posted CAS
Additive Latency). tRCD (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 been tered. 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 tCCD (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 tRC. 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 tRRD. No more than four bank ACTIVATE commands may be issued in
a given tFAW(MIN) period, and the tRRD (MIN) restriction still applies. The
tFAW(MIN) parameter applies, regardless of the number of banks already opened or
closed.

Example: Meeting *RRD (MIN) and *RCD (MIN)

Command :X ACT -".J.»'_'.\ NOP P:.: X MOP ﬂ ACT "\ NOoP ¥ _'."', HOP
- < s P

“r IJ;J: '_-u| FEIE, l‘

AF
4 ALFL

“.;', NOP m NOP m NOP ){‘J" :t'\nm'.a.'a :-:,r.

Address O( Row X(.I?H /’ ,/ 1) PX Row }G r/’ i _-f?‘{;' L R
| | |

L ] L

ALY ,-.“/j.i;,‘ 4 _.-.';./{',-'f.f.f:‘:,;ﬂ col Hi‘ 7

RRD RCD

BA[2:0] }(aanlk: Y / «,)"" /}(Hank ¥ {" x*-,/ / ’llrl/ <," _.r’( /)/ “]‘k ¥ C

Indicates break
In timescale
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Example: *FAW

Command X ACT }i\_ft NOP
] |
address }i oW X | \
| L]
Ba[2:0] }iBankaX | J| Eanth

'RRO

=

ﬁ indicates break I:' Don't Care
in time scale

16.3 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 completion 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 is, at
the next crossing of CK'and CKB). Shows an example of RL based on a CL setting of 8
and an AL setting of 0.
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READ Latency

command

Address

DS, DOSE

DG

Indlcates break .
I:I TransltuanlngData |:|:| Don't Care
In timescale

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 (tRPRE). The LOW
state on DQS and the HIGH state on DQS#, coincident with the last data-out element,
is known as the READ postamble (tRPST). Upon completion of a burst, assuming no
other commands have been initiated, the DQ goes High-Z.A detailed explanation of
tDQSQ (valid data-out skew), tQH(data-out window hold), and the valid data
window are depicted. A detailed explanation of tDQSCK (DQS transition skew to CK)
is also depicted). 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 tCCD cycles after the first READ command. This is
shown for BL8. If BC4 is enabled, tCCD must still be met, which will cause a gap in
the data output, as shown. Nonconsecutive READ data is reflected. 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 (BC4 is shown .To
ensure the READ data is completed before the WRITE data is on the bus, the
minimum READ-to-WRITE timing is RL+ tCCD-WL+2tCK. A READ 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 tRTP (READ-to-PRECHARGE). tRTP starts AL cycles
later than the READ command. Examples for BL8 are shown and BC4. Following the
PRECHARGE command, a subsequent command to the same bank cannot be issued
until tRP 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
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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 + tRTP cycles after the READ command. DRAM support atRAS lockout feature. If
tRAS(MIN) is not satisfied at the edge, the starting point of the auto precharge
operation will be delayed until tRAS(MIN) is satisfied. If tRTP (MIN) is not satisfied
at the edge, the starting point of the auto precharge operation is delayed until tRTP
(MIN) is satisfied. In case the internal precharge is pushed out by tRTP, tRP 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 bank is AL+(tRTP+tRP)*, 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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Consecutive READ Bursts (BL8)

—— ! ! Ry S o . G o G s s i e o e o s I
| e | T R R 0 T 0 0 ) D D D N D 0
= ’ 1 ke |
| | | - . CE . .
[ Travsitoring pata 7] pon't care
Notes: 1

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

The BLS setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ command atT0
and T4.

DO n (or b) = data-out from column N {or column B).
BL8, RL=5(CL=5, AL = 0).

Consecutive READ Bursts (BC4)

D Trarsitioning Data E Don't Care
. 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 MR0[1:0] = 01 and A12 = 0 during READ command at TO
and T4.

. DO n{orb)=data-out from column n (orcolumn b).
BC4,RL=5(CL=5, AL =0).
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Nonconsecutive READ Bursts

1 il n n " ™ i m " ™ m m n i s e m
o O S T O Nt \_{ L{_L """ ' '
Command /) /) 0 i //‘,I//,///ﬁ//,
sl S S S i i
I | I | I
(|t P U
| = oy S (0 00 O 9
G T R A W . = = 2
e T & @ & ® -
] tramstioning 0ta [ oot care
Notes: AL=0,RL= 8.

DO n (or b) = data-out from column 1 (or column D).
Seven subsequent elements of data-out appear in the programmed order following DO .
Seven subsequent elements of data-out appear in the programmed order following DO b.

b ol S

READ (BLS8) to WRITE (BLS8)

o i e Ty e TR o TR s T RS s MG TE o] G TR, ™ ““Tw _________ Ti2 _“-_Yu "“Tl‘ "“T”
S S DU GRS SR S O . S L G S, : A A " S
%%%** ! ! ! - %% : m% '
L 1 i i i i
Commang® X wame XX 807 MoK NOP NOP M NOP { nor ) [T, 60 gTT) &S gTr NOP
1 1
| |
READ-to-WRITE command delay = RL+'CCD + 2'CK - WL B '8L= 4 clocks i :w" .
I N I L] B
Adaress? [ T XEC T | I I ' I
’ ‘ ‘ 'RPRE 'RPST 'wPRE "WPST
el la . Busid
0as,0Qs# | | | | D W o A A X X X A X XS
- | I | I 1 n)f(.??)l{::'),(: +3as °X(n°°5)A(,.w) # LAY DY —
|+ RL=S ! wi=5 |

D Transitioning Data D 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 READ command at
TO, and the WRITE command atTé.
DO n = data-out from column, DI b= data-in for column b.
BL8, RL=5(AL=0,CL=5), WL=5(AL=0,CWL= 5).

3.
4.
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READ (BC4) to WRITE (BC4) OTF

[
&3

command®

Address? -

DAS, DOSH N A I -
! | I ey ) (Df)'.‘('??‘)f ¥ f(:’? —I«— ) | I I I I
I - W=$ -
D 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 T0 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).

READ to PRECHARGE (BL8)

[[] rwstsorieg vats - [7] vervecars
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READ to PRECHARGE (BC4)

READ to PRECHARGE (AL=5, CL =6)

™ m 1 L5 T4 L] ™ o ™" ™ e m n2 na 8 ns

T SNy, [
RAS [Mife) _‘ e

ﬁ Incicates brsek Eﬂ Transitioning Data E Don't Care
in time scale

DQS to DQ output timing is shown in. The DQ transitions between valid data outputs
must be within tDQSQ of the crossing point of DQS, DQS#. DQS must also maintain a
minimum HIGH and LOW time of tQSH and tQSL. Prior to the READ preamble, the
DQ balls will either be floating or terminated, depending on the status of the ODT
signal. Shows the strobe-to-clock timing during a READ. The crossing point DQS,
DQS# must transition within + tDQSCK of the clock crossing point. The data out has
no timing relationship to CK, only to DQS, as shown. Also shows the READ preamble
and postamble. Typically, both DQS and DQS# are High-Zto save power (VDDQ).
Prior to data output from the DRAM, DQS is driven LOW and DQS# is HIGH for
tRPRE. This is known as the READ preamble. The READ postamble, tRPST, 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. demonstrates how to measure tRPST.
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Data Output Timing —'DQSQ and Data Valid Window

CK#

command! DX READ W7/// )X Nop Y777/ _NoP )
I

| RL=AL+CL I

| | l '
R G A A ALY, T

]
'DQSQ (MAX)—{ = !
1Z00 (N —=| 14— !

| 2| | 'HZDQ (MAX)
DQS, DQS# i

DQ? (last data valid)
DQ? (first data no longer valid)

| - |
| | = | |
| |
| I

All DQ collectively

Data valid Data valid

Don't Care
Notes: 1. NOP commands are shown a for ease of illustration; other commands may be valid at these
times.
2. 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.
3. DO n = data-out from column.
4.BL8,RL=5(AL=0,CL=5)
5. Output timings are referenced to VDDQ/2 and DLL on and locked.
6. tDQSQ defines the skew between DQS, DQS# to data and does not define DQS, DQS# to CK.
7. Early data transitions may not always happen at the same DQ. Data transitions of a DQ can be early
or late within
a burst.
tHZ and tLZ 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
tHZDQS and tHZDQ, or begins driving tLZDQS, tLZDQ. shows a method of calculating the point when
the device is no longer driving tHZDQS and tHZDQ, or begins driving tLZDQS, tLZDQ, 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 tLZDQS, tLZDQ, tHZDQS, and tHZDQ are defined as single-
ended.
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Data Strobe Timing — READs

RL measured
to this point

T1

T6
tpasCcK (MIN) 'DQSCK (MIN)
'L20Qs (MIN) ‘ase ‘st ‘ase_,_ ‘os
earysrobe — h h, K A P \
'RPRE
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
"LZDas (Max) 'DOSCK (MAX) ‘DOSCK (MAX) 'DOSCK (MAX) FDQSCK (MAX) EHZDQS (MAX)
st ! —!

D035, DO
late strobe

"RPRE 'OsH *asL "asH

Bit O Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
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Method for Calculating *LZ and *HZ

4 "_‘, """"""""""" Vigy - xmV Vi 4 2xmy ST = f
\ ------------- - Vou - 2xmV VIT+ xmV _ /

tHZDOS, tHZDQ, / 'LZDAs, 'Lzpa,

/:IT ........ VoL + 2xmV Vrr - xmV —.—. 'T"fl__\
/.ﬂ_ ____________ VoL+ xmV V- 2xmVo ",
v T2

'HZDQS, tHZDO end point=2xT1 - T2 1 ZDQs, "L.ZDA begin point=2x T1- T2

Notes: 1. Within a burst, the rising strobe edge is not necessarily fixed at *DQSCK (MIN) or "DQSCK
{MAX). Instead, the rising strobe edge can vary between "DQSCK (MIN) and *DQSCK
(MAX).

2. The DQS HIGH pulse width is defined by *Q5H, and the DQS LOW pulse width is defined
by *QSL. Likewise, 'LZDQS (MIN) and *HZDQS (MIN) are not tied to 'DQSCK (MIN) (early
strobe case), and 'LZDQS (MAX) and *HZDQS (MAX) are not tied to "DASCK (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 mini-
mum pulse width of the READ postamble is defined by 'RPST(MIN).

'RPRE Timing

A

DOS ——— T - ----
Single-ended signal provided
as background information

< Y

Das# u—\Jj__. __________________________ L S

single-ended signal provided
as background information

T1
'RPRE begins
'RPRE

DQS - DOS#

T2

Resulting differential
*RPRE ends

signal relevant for
'RPRE specification

/’F‘ 155



Hosin Global
4G bits DDR3L SDRAM Datasheet

*RPST Timing

CK |

Das g Vrp e

Single-ended signal, provided B -
as background information

i

i

L
! 0
Das# 'f - Vo

Single-anded signal, provided Y A
as backgroundinformation

t,
RPST
DQS - DOS#H 40OV
Resulting differential T
signal relevant for 'RPST begins
tRPST specification T2
'RPST ends
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16.4 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 through, 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 CASWRITE latency (CWL): WL = AL+ CWL. The values of
AL and CWL are programmed in the MRO and MR2 registers, 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. 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 +tDQSS. through show
the nominal case where tDQSS = Ons; however, 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 tCCD clocks
following the previous WRITE command. The first data element from the new burst
is applied after the last element of a completed burst.) show concatenated bursts. An
example of nonconsecutive WRITEs is shown. Data for any WRITE burst may be
followed by a subsequent READ command after tWTR has been met.

Data for any WRITE burst may be followed by a subsequent PRECHARGE command,
providing tWR has been met, as show. Both tWTR and tWR starting time may vary,
depending on the mode register settings (fixed BC4, BL8 versus OTF).
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"WPRE Timing

T1
YWPRE begins

DQs - Das# ov
"WPRE

" T2
YWPRE ends

Resulting differential
signal relevant for
YWPRE specification

"WPST Timing

YWPST

DQS - DOS#

T1
"WPST begins

Resulting differential
signal relevant for

YWPST specification

| T2

YWPST ends
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WRITE Burst

TO Tl 2 L] T4 T5 Té 7

2 P e e e oy ey “

O XD YO 0 /11 G 1) O 11 O U1 O W) D Y

I WL -AL L CWL ] l : : I | :
T | Il | I

| |
Address? DCTW////////l T /////////////} /////f/////// /////2///// Y, /////?///// /////2///// T
I 1

I
I
wypa) 'DQSS['DsK

DQSS (MIN)

ST T ‘f‘_]_
tpgsH | 1DQsL

g

T

- W S /I
|

I
1
1 I 1
1 I 1
! fosn ! bosu !
1 (- ' | |
H o h
togsk_| DasL | 0asH | 'oos.r'ocsu DOsL | 'pasH_ | 'bast
1 i
i
) )
1

T
I
|
)

i
|
oo D ED D, EN) D ED ED),
1DQSS (NOM) 'win: 'DSH - DSH - tDSH i 'DSH i m
S ST S S G y . S W ! (- G
'pQsH | 'Dost | 'DasH | 'Dost | *posH | *post | *oasH | 'oast | 'DosH | DosL
iDss 'Dss 'Dss 'Dss DSS

m’l

1DQSS (MAX) WPRE L WPST
oas.oase /11T LT L T T Y. £l -
q
foss|

EE] Transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
thesetimes.

2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during
the WRITE command atTO.

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, "WPSTac-
tually ends when DQS no longer drives LOW and DQS# no longer drives HIGH.

/i;‘ 159



Hosin Global

4G bits DDR3L SDRAM Datasheet

Consecutive WRITE (BL8) to WRITE (BL8)

Command®

Address?

fﬁ\‘i_'{\ﬁ:\.{-f\‘_‘/flﬂ\%: | Saaw s ) N - k ' _______ ) S . YT a0 ] T

El Transitioning Data Dor't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. The BLS8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] =
TO and T4.

3. DI n(or b)=data-infor column n(orcolumn b).
4. BL8, WL=5(AL=0, CWL= 5).

01 and A12 = 1 during the WRITE commands at

Consecutive WRITE (BC4) to WRITE (BC4) via OTF

. %—%mﬂ-ﬂ—ﬂ;ﬁ&-ﬂ-ﬂwﬂ- focfoc g

o N X e XN e X e X o XN N e X e
| | | i ._L
e DR X X Y T T
voccs 7L /////////////////////// _____ N U W S S ////////// S -, /) I
Q! . i (D (D €5 6D IEEDER)

[] ransttioning ata Dom't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. BC4, WL=5(AL=0, CWL=5).

. DI n (or b) = data-in for column n (or column b).

3
4. The BC4 setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO andT4.
5. If set via MRS (fixed) *WR and 'WTR would start T11 (2 cycles earlier).
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Nonconsecutive WRITE to WRITE

™ n n n ™ ™ m
o [ — o e (55 3 e £ 2% 3 e ey 3% 3 £ % %y e #5133 g e [+ % % % [y [ |+ % %y 1 % L (% % 3 R
[ gr— SN S, () WS, (S W (S, W— R ) S ) ese’
Command WRITE NOP:W‘I‘O! NOP NOP Emm NOFM
addes ) vald vaid il
WL=CWL AL =7 |
| ] | | |
0G5, 0Oss
| | | . ? |
oo ), t b
w AAAAAAA/HWHAAAAAAAA
[ manstioning 0ata 7] Dont cara
Notes: 1. DI n (or b) = data-in for column n (or column b).
2. Seven subsequent elements of data-in are applied in the programmed order following DO n.
3. Each WRITE command may be to anybank.
4. Shown for WL=7 (CWL=7,AL=0).

WRITE (BL8) to READ (BLS)

Command!

Address?

oot

Indicates break E
in time scale Transitioning Data

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2.

Don't Care

YWTR 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.

3. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and MRO[12] = 1 during the WRITE command
at TO. The READ command at TaO can be either BC4 or BL8, depending on MRO[1:0] and the A12 status at Ta0.

4, DI n = data-in for column n.

5. RL=5(AL=0,CL=5), WL=5 (AL=0, CWL = 5).
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WRITE to READ (BC4 Mode Register Setting)

Command? ; — 3 NOP NOP NOP

TWTR? I

-

|
RTSNTSSES

Address®

DOS,DASH

[l

[

Indicates break E Transitioning Data Don’t Care
in time scale -

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.

2. "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 MRO[1:0] = 10 during the WRITE command at TO and the READ command at
Tao.
DI n = data-in for column n.
. BC4 (fixed), WL=5(AL=0, CWL=5),RL=5(AL=0, CL=5).

w

u s

WRITE (BC4 OTF) to READ (BC4 OTF)

Gy ces=lD P, PR R e i) PR fran e 20 i 8 e imaan ¥ PR ! = o BERETIER =

s e i e O GG W WS v SN RGNS W Sk R

Command' Y, Y, G, LI _Now X172k o> Y1//7) '?P LK o0 X7 L2 /0 ST /v T 7// R‘fﬂ Y
! ! a4 cocks TR

Adaress’ m”///////////////////////////////////////."// (et W77
M Swere

1
]
e R R S S S R S LT L L T LT T AT L T

ot o K "" M- 2 ‘ ( “ g
I 1 1 wL-5 1 ] WJT_ ;LZ(:.,; S ¥/ T T T T 1

RL -5

z‘:""‘“ breek [E] varsitioning Deta 7] Don't Cane

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. 'WTR controls the WRITE-to-READ delay to the same device and starts after 'BL.
3. The BC4 OTF setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO and the READ
command atTn.
4. DI n = data-in for column n.
5. BC4,RL=5(AL=0,CL=5), WL=5(AL=0, CWL =5).
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Notes: 1.

WRITE (BC4 Mode Register Setting) to

Command

Indicates break
in time scale

Transitioning Data [I Don‘t Care

DI n = data-in from column n.

Seven subsequent elements of data-in are applied in the programmed order following
DO n.

Shown for WL=7 (AL=0, CWL = 7).

PRECHARGE

l | WL = AL +CWL | | [ TWR ‘ JJ |
. | ] | | | L | L1 _
oas, oas “|\ ---|/ 7 2 “;cr U R / 7 Pg _- 2 ‘/ 70 ‘|-,\ /‘ ]
pa BC4 U}
l& :::::;ﬁr:ak [-7] Transitioning Data ] Don't care
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at

thesetimes.

. The write recovery time (*WR) is referenced from the first rising clock edge after the last

write data is shown at T7. *WR specifies the last burst WRITE cycle until the PRECHARGE
command can be issued to the samebank.

. 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=15, RL = 5.
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WRITE (BC4 OTF) to PRECHARGE

o —— - X X X t
s 9("‘1” XK I /18 Iv D /4 1 WX :[ YK In )@7{@( 1 X l X -I )@@(J 'b(’r )/
5 ' i

aaaresd - & XYL/ IITT 7T T T JT 7 T T T T ’///,/////V/"’ L T T UK Vs K

WoRE 1 1 Jwest | "‘l
Sl s e s s - L
Dot | = ’K_j\‘  (E SN ESD ED, :
; E::'-H'» '.(jtfn E Trarsitioning Data ZZ Don’t Care
Notes: 1 NOP commands are shown for ease of illustration; other commands may be valid at

these times.

2 The write recovery time (tWR) is referenced from the rising clock edge at T9. tWR
specifies the last burst WRITE cycle until the PRECHARGE command can be issued
to the same bank.

3 The BC4 setting is activated by MR0O[1:0] = 01 and A12 = 0 during the WRITE
command at TO.

4 DI n= data-in for column n.
5 BC4 (OTF), WL =5,RL=5.
DQ Input Timing

Shows the strobe-to-clock timing during a WRITE burst. DQS, DQS#
must transition within 0.25tCK of the clock transitions, as limited by
tDQSS. 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. 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, tWPRE. Likewise, DQS must be kept LOW by the
controller after the last data is written to the DRAM during the WRITE
postamble, tWPST.

Data setup and hold times are also shown. 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
tDQSH and tDQSL.

/;F‘ 164



Hosin Global
4G bits DDR3L SDRAM Datasheet

Data Input Timing

16.5

16.6

pas, pas# /1117

I:] Transitioning Data Don’t Care

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,
itis 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 VREFCA and VREFDQ) must be
maintained at valid levels upon entry/exit and during self refresh
mode operation. VREFDQ may float or not drive VDDQ/2 while in self
refresh mode under certain conditions:

¢ VSS < VREFDQ < VDD is maintained.

e VREFDQ is valid and stable prior to CKE going back HIGH.

e The first WRITE operation may not occur earlier than 512 clocks
after VREFDQ is valid.

e All other self refresh mode exit timing requirements are met.

The DRAM must be idle wit hall bank sin the precharge state(tRP is
satisfied and no bursts are in progress) 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 Termination (ODT) ( for timing
requirements).

If RTT,nom and RTT(WR) are disabled in the mode registers, ODT can
be a “Don’t Care.” After the self refresh entry command is registered,
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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 tCKE
period when it enters self refresh mode.

The requirements 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 tCK 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 tCKESR is satisfied (CKE is allowed to
transition HIGH tCKESR later than when CKE was registered LOW).
Since the clock remains stable

in self refresh mode (no frequency change), tCKSRE and tCKSRX are
not required. However, if the clock is altered during self refresh mode
(if it is turned-off or its frequency changes), then tCKSRE and tCKSRX
must be satisfied. When entering self refresh mode, tCKSRE must be
satisfied prior to altering the clock's frequency. Prior to exiting self
refresh mode, tCKSRX must be satisfied prior to registering CKE HIGH.
When CKE is HIGH during self refresh exit, NOP or DES must be issued
for tXS time. tXS 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 de-vice.tXS is also the
earliest time self refresh re-entry may occur. Before a command re-
quiring a locked DLL can be applied, a ZQCL command must be issued,
tZQOPER timing must be met, and tXSDLL must be satisfied. ODT must
be off during tXSDLL.
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Self Refresh Entry/Exit Timing

ooT?

1"
| ECHESR [MIN)!

1
I {f} !
L

K

RESETE

Comsmand

Notes:

16.7

|
)

| 1]
1 1 SO 1 1 0 0 s
X:L\ }

|
F rEdE T .J'.’|‘l"-. rr
4 ; I’ 4 1 £
! s ddd i) A 1 l. i /,

tppl - S5, 8

|
Td

Enter self refreshmode

(symchronouws)
Exit self refresh mode

it scabe

[asymichron ous)
ﬁ Indicatesbreak E Dan't Care

The clock must be valid and stable, meeting tCK specifications at least tCKSRE after
entering self refresh mode, and at least tCKSRX prior to exiting self refresh mode, if
the clock is stopped or altered between states Ta0 and TbO. If the clock remains
valid and unchanged from entry and during self refresh mode, then tCKSRE and
tCKSRX do not apply; however, tCKESR must be satisfied prior to exiting at SRX.
ODT must be disabled and RTT off prior to entering self refresh at state T1. If both
RTT,nom and RTT(WR) 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
stateTeO.

tXS is required before any commands not requiring a locked DLL.

tXSDLL 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, tRP must be met, and no data bursts can
be in progress.

Self refresh exit is asynchronous; however, tXS and tXSDLL timings start at the first
rising clock edge where CKE HIGH satisfies tISXR at Tc1. tCKSRX timing is also
measured so that tISXR is satisfied at Tc1.

Extended Temperature Usage
PTC’s DDR3 SDRAM support the optional extended case

/’FA
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temperature (TC) 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
externally at 2x (double refresh) anytime the case temperature is
above 85°C(and does not exceed 95°C).The external refresh
requirement is accomplished by reducing the refresh period from
64ms to 32ms.However, self refresh mode requires either ASR or
SRT to support the extended temperature. Thus, either ASR or SRT
must be enabled when TC is above 85°C or self refresh can not be
used until TC is at or below 85°C. summarizes the two extended
temperature options and summarizes how the two extended
temperature options relate to one another.

Self Refresh Temperature and Auto Self Refresh Description

Field

MR2 Bits |DE5|:ertic|n

Self Refresh Temperature (SRT)

SRT

7

If ASR is disabled (MR2[&] = 0), SRT must be programmed to indicate Tgoper during 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
supported

*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 Tgopgg during SELF REFRESH
operation

* MR2[6] = 0: ASR is disabled; must use manual self refresh temperature (SRT)

Self Refresh Mode Summary

MR2[6] | MR2Z[7] Permitted Operating Temperature
(ASR) (SRT) |SELF REFRESH Operation Range for Self Refresh Mode
1] 0 Self refresh mode is supported in the normal temperature Normal (0°C to 85°C)
range
1] 1 Self refresh mode iz supported in normal and extended temper- | Normal and extended (0°C to 95°C)
ature ranges; When 5RT is enabled, it increases self refresh
power consumption
1 0 Self refresh mode is supported in normal and extended temper- | Normal and extended (0°C to 95°C)
ature ranges; Self refresh power consumption may be tempera-
ture-dependent
1 1 lNlegal
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16.8 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 operation is 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 IDD
specifications 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. Timing diagrams detailing the different power-down mode
entry and exits

are shown.
Command to Power-Down Entry Parameters
Last Command Prior to
DRAM Status CKE LOw1 Parameter (Min) Parameter Value
Idle or active ACTIVATE TACTPDEN 1CK
Idle or active PRECHARGE 'PRPDEN 1K
Active READ or READAP 'ROPDEN RL+ 4'CK + 1'CK
Active WRITE: BLEOTF, BLEMRS, Y"WRPDEMN WL + 4'CK + "WR/TCK
BC40TF
Active WRITE: BCAMRS WL+ 2'"CK + "WR/'CK
Active WRITEAP: ELEOTF, BLEMRS, YWRAPDEM WL+ 4'CK + WR + 1'CK
BC40TF
Active WRITEAP: BCAMRS WL+ 2'CK + WR + 1'CK
Idle REFRESH 'REFPDEM 1'CK
Power-down REFRESH YPDLL Greater of 10'CK or 24ns
Idle MODE REGISTER SET 'MRSPDEN 'WMOoD
Note: 1 If slow-exit mode precharge power-down is enabled and entered, ODT becomes

asynchronous tANPD prior to CKE going LOW and remains asynchronous until
tANPD + tXPDLL after CKE goes HIGH.

Entering power-down disables the input and output buffers, excluding CK, CKB,
ODT, CKE, and RESET#. NOP or DES commands are required until tCPDED has been
satisfied, at which time all specified 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, if any bank remains open after all in-
progress commands are complete, the DRAM will be inactive power-down mode. If

/’FA
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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 Asynchronous ODT Mode for detailed ODT usage
requirements in slow Exit mode precharge power-down. A summary of the two
power-down modes is listed. 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 tPD (MIN) has been
satisfied. The maximum time allowed for power-down duration is tPD(MAX) (9
xtREFI). 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
tCKE has been satisfied. A valid, executable command may be applied after power-
down exit latency, tXP, and tXPDLL 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 tPD when the
REFRESH command is used between power-down exit and power-down entry, two
other conditions must be met. First, tXP must be satisfied before issuing the
REFRESH command. Second, tXPDLL must be satisfied before the next power-down
may be entered. An example is shown.

Power-Down Modes

DRAM S5tate

MRO[12]

DLL State

Power-
Down Exit

Relevant Parameters

Active (any bank open) |"Don’'t Care” On Fast P to any other valid command
Precharged 1 On Fast P to any other valid command
(all banks precharged) 0 Off Slow "PDLL to commands that require the DLL to be

locked (READ, RDAP, or ODT on);
%P to any other valid command
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Active Power-Down Entry and Exit

TO T1 T2 Ta0 Tal Taz Ta3 Ta4d

*CH |< oL
[~ L L

rf
Command ’,—‘_.">< WValid NOP nNoP

-

Address }< vaid X

'cPDED xp
- | -
Enter power-down Exit power-down
mode mode

Indicates break
Lo Don't Care
in time scale £

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

TO T1 T2 T3 T4 TS Tad Tal
CKB
CK
Command
: ‘ j/
77777
CKE /" iy 1 LL
L s L
t t
Enter power-down Exit power-down
mode mode
Indicates break
o I:‘ Don't Care
in time scale
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Precharge Power-Down (Slow-Exit Mode) Entry and Exit

To T1 T2 T3 T4 Ta Tal b
CKB ===~ \ Fomm--- . R e VA S o Wt Y N e T | .

K —, ....... 4 femmmmm S’ Neceemn 2 LR, e PR . Yemmm——-

- /)

tCKE (MIN)
[
“ xp
fs |
CKE ' /I/ I f J ” I J
Hs YPDLL
PD
[~ -
Enter power-down Exit power-down
mode mode

Indicates break

. Don't Care
in time scale ]

Notes: 1. Anyvalid command not requiring a locked DLL.
2. Any valid command requiring a locked DLL.

Power-Down Entry After READ or READ with Auto Precharge (RDAP)

V| | | | Y| |

Address ;?;Valid )( 7 ‘,f/'- TF 7 T l.F.;_ ; ‘_; ‘ 7 ﬂf T Jl ."".""‘“‘“ {:f ‘11 ffl TFTF K 7 - {?. 77 ’
| Mwtaea | I S |
I JRER L S N R R
oas, oas# | ‘ I U O G O O O O ‘ | ‘ ‘ ‘
oasLs | ‘ ‘ EPENENENED ER KN LD ‘ | ‘ ‘ ‘
oaecs : (( | | Coole ey o | . | | |

*RDPDEN

Power-down or
self refresh entry

Indicates break " ~ ”
Transitioning Data Don'tCare
‘g in time scale B ! €
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Power-Down Entry After WRITE

Command |

*CPDED

CKE

Address

T T |

WL= AL+ CWL

Das, Das#

I (S
| |
. ]
N
L [ \

Note: 1. CKE can go LOW 2'CK earlier if BC4MRS.

YWRPDEN

Power-down or
self refresh entryl

!ndlcates break E Transitioning Data |:| Don’tCare
in time scale
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Power-Down Entry After WRITE with Auto Precharge (WRAP)

TO T Ta0 Tal Ta2 Ta3 Tad Tas Taé Ta7 Tbho Tbl Tb2 Tb3 Tha

we /| L/

Address Valid l

a0 [ i}
l<

Das, bas# L
e |

basca

ik || |

Startinternal Power-down or
precharge self refresh entry?

Indicates break [3
in time scale Transitioning Data D Don’t Care

Notes: 1. 'WR is programmed through MR0O[11:9] and represents *WRmin (ns)/*CK rounded up
to the next integer *CK.

2. CKE can go LOW 2!CK earlier if BC4AMRS.

REFRESH to Power-Down Entry

CKB ~-------,

CK

Command

w S Y 4 N \V//

'REFPDEN P (MIN)
|

tREC(MIN)Y

‘Ind!cates break Q Don't Care
in time scale

Note: 1. After CKE goes HIGH during 'RFC, CKE must remain HIGH until 'RFC is satisfied.
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ACTIVATE to Power-Down Entry

TO T1 T2 T3 T4 TS5 T6 T7
CKB
CK
Command ’ ‘;%:"«’,’" /s s
ETIT iy F7
Address /7 ~}‘r,-.;yf,¢;a>< valid X,-?

ts tPD
> F i F ™
'y ¥ iz,

tACTPDEN

Don’t Care

PRECHARGE to Power-Down Entry

CKB
CK
Command
' allfsingle
Address >< bank
tCPDED
Ys pD
1l
w77 < | | |
PREPDEN

E Don't Care
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MRS Command to Power-Down Entry

CKB  -=mmmmmn |y gmmmm e rmmmms
Kk ——— e e S
commang 7t >.< T,

— g 7T TTTRT

aaaress 1)) XTI, ,rfxiT/ TN T e Lo A s e A L s

.

s

D ‘ ‘

TMRSPDEN

‘ s

‘@}g/ U,

y "!l s

77 77

CKE é/ (ﬂ 7 ;’;-"/
Indicates break Don't Care
in time scale £
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Power-Down Exit to Refresh to Power-Down Entry

PD tXpDLL?

[ L -

Enter power-down Exit power-down Enter power-down
mode mode mode

!nd!cates break D Don't Care
intimescale

Notes: 1. '™XP 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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16.9 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 (RTT)
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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RESET Sequence

System RESET
{warm boot)

T = 100ns (MiN)

il
4“0z = 20ns
—

RESET#

?1-_- 10ns (MIN)

oz VA |
oot VJIATIIITIIL,

commans 7))

w V77

el 7/, YA W) =

Sl NI i Code Code coce Ao=n vaia Y7777

wes 7 s K= K = K e
T | | | |
o High-Z \_ \ \
i == | N L Tt ]
bl L [ 1 [0 [ 1 [0 [T [T [ |
i P N i ! N " )
| T = 500ps (MIN) ! XPR | YRD | MRD | MRD 0D |
:m‘w _j ulu mlu Dnl‘ljl‘vz‘@u mon::: zolu —
and stable DRAM ready
T oue
Normal
operation

Note: 1. The minimum time required is the longer of 10ns or 5 clocks.
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17. On-Die Termination (ODT)

On-die termination (ODT) is a feature that enables the DRAM to
enable/disable and turn on/off termination resistance for each DQ,
DQS, DQS#, and DM for the x4 and x8 configurations(# for the x8
configuration, when enabled). ODT is applied to each DQ, UDQS,
UDQS#, LDQS, LDQS#, UDM, and DML 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.

On-Die Termination

To other
circuitry

|
[
|
[
such as I P
ROV [ Switch
‘ [
e ; ,
[
[

 DQ, DQS, DQS#,
DM, TDQS, TDQS#

Functional Representation of ODT

Nominal ODT

/’FA

The value of RTT (ODT termination resistance value) is
determined by the settings of several mode register bits. 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 asynchronous mode (when the DLL is off during
precharge power-down or when the DLL is synchronizing).
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 RTT or RTT,nomto RTT(WR).
The actual effective termination, RTT(EFF), maybe different from
RTT targeted due to nonlinearity of the termination. For
RTT(EFF) values and calculations.

ODT (NOM) is the base termination resistance for each applicable
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ball; it is enabled or disabled via MR1[9,6,2] (see Mode
Register1(MR1) Definition), and it is turned on or off via the ODT
ball.

Truth Table — ODT (Nominal)

Note 1 applies to the entire table

MR1[9, 6, 2] ODT Pin DRAM Termination State DRAM State Notes
000 0 R1T.nom disabled, ODT off Any valid 2
000 1 RTT,nom disabled, ODT on Any valid except self refresh, read 3
000-101 0 RtT,nom enabled, ODT off Any valid 2
000-101 1 R1T,nom enabled, 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 Dynamic ODT 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 RTT,nom value is restricted during writes. Dynamic
ODT is applicable if enabled.

Nominal ODT resistance RTT,nom is defined by MR1[9,6,2], as shown in Mode
Register1l (MR1) Definition. The RTT,nom 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 RTT,nom if
dynamic ODT(RTT(WR)) is disabled. If RTT,nom is used during writes, only RZQ/2,
RZQ/4, and RZQ/6 are allowed. ODT timings are summarized 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 Synchronous ODT Mode.
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Definition for All

Symbol Description Begins at Defined to DDR3L Speed Bins Unit
ODTLon ODT synchronous turn-on delay ODT registered HIGH | Ryygn)£'AON CWL+AL-2 'CK
ODTLoff ODT synchronous turn-off delay ODT registered HIGH Rrriore) +'AOF CWL+AL-2 tCK
tAQONPD ODT asynchronous turn-on delay | ODT registered HIGH Rrrion) 2-8.5 ns
'AOFPD ODT asynchronous turn-off delay | ODT registered HIGH Rrr(orR) 2-8.5 ns
ODTH4 |ODT minimum HIGH time after ODT | ODT registered HIGH | ODT registered 4*CK 'CK
assertion or write (BC4) or write registration LOW
with ODT HIGH
ODTHS8 ODT minimum HIGH time after Write registration ODT registered 6'CK tCK
write (BL8) with ODT HIGH LOW
AON ODT turn-on relative to ODTLon Completion of Rrrion) See Electrical Charac- ps
completion ODTLon teristics and AC Oper-
ating Conditions table
tAQF ODT turn-off relative to ODTLoff Completion of Rrriore) 0.5'CK £ 0.2'CK 'CK
completion ODTLoff
17.1 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 ODTRTT(WR)) enabled, the DRAM
switches from nominal ODT RTT,nom) to dynamic ODT
RTT(WR)) when beginning a WRITE burst and subsequently
switches back to nominal ODT RTT,nom) 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 RTT,nom disabled via MR1 and RTT(WR) 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 RTT(WR) can not
be used (should be disabled) and RTT(NOM) should be used.
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For Write leveling during this special use case, with the DLL

locked, then RTT(NOM) may be enabled when entering Write

Leveling mode and disabled when exiting Write Leveling mode.
More so, RTT(NOM) must be enabled when enabling Write
Leveling, via same MR1 load, and disabled
when disabling Write Leveling, via same MR1 load if RTT(NOM)
is to be used. ODT will turn-on within a delay of ODTLon+

tAON+ tMOD+ 1CK (enabling via MR1) or turn-off within a
delay of ODTLoff+ tAOF+ tMOD +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

DQODT termination could turn-on and then turn-off again
during the period of stated uncertainty.

Write Leveling with Dynamic ODT Special Case

Begin RrT,nem Uncertainty End Ry1,nom Uncertainty 1/Os RTT,nom Final State

MR1 load mode command: ODTLon + *AON + *MOD + 1CK DQS, DQSs# Drive RTT,nom value
Enable Write Leveling and Rrr(nom) DQs NO Rrr nom

MR1 load mode command: ODTLoff + "AOFF + 'MOD + 1CK | DQS, DQS# No Ryt nom
Disable Write Leveling and Rrrnowm) Das NO Ry nom

Functional Description

The dynamic ODT mode is enabled if either MR2[9] orMR2[10]
is set to 1. Dynamic ODT is not supported during DLL disable
mode so RTT(WR) must be disabled. The dynamic ODT function
is described below:

e Two RTT values are available—RTT,nom and RTT(WR).

- The value for RTT,nom is preselected via MR1][9, 6, 2].

— The value for RTT(WR) is preselected via MR2[10, 9].

e During DRAM operation without READ or WRITE commands,
the termination is controlled.

- Nominal termination strength RTT,nom is used.

- 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.

- A latency of ODTLcnw after the WRITE command:
termination strength RTT,nom switches to RTT(WR)

- A latency of ODTLcwn8 (forBLS8, fixed or OTF) or ODTLcwn4
(for BC4, fixed or OTF) after the WRITE command: termination
strength RTT( WR) switches back to RTT,nom.
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- On/off termination timing is controlled via the ODT ball and

determined by ODT- Lon, ODTLoff, ODTH4, and ODTHS.
- During the tADC transition window, the value of RTT 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.

Definition for All

DDR3L Speed

Symbol Description Begins at Defined to Bins Unit

ODTLcnw Change from RrT,nom to Write registration Rrrswitched from Rrr,nom WL-2 ICK
Rrriwr) to Ryriwr)

ODTLcwn4 Change from Rrrjwr) to Write registration | Ryrswitched from Rrrpwe) 4'CK + ODTL off CK
RTT,nom I:BC4) to FJI‘"I'T,nom

ODTLcwnS8 Change from Ryr(wr) to Write registration | Ryrswitched from Ryrpwr) 6'CK + ODTL off 'CK
RTT,nom {BLSJ to R"I'T,nc:m

tADC Rrrchange skew ODTLcnw completed | Ryrtransition complete 0.5'CK + 0.2'CK tCK

Mode Registers for R1T,nom

MR1 (R1T,nom)
M9 M6 m2 R1T,nom (RZQ) R1T,nom (Ohm) R1T,nom Mode Restriction
0 0 0 Off Off nfa
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 nfa
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Mode Registers for R1T,nom (Continued)

MR1 (RTT,nom}

M9

M6

M2

RTT, nom { RZQ)

RTT,nom (Ohm)

R1T,nom Mode Restriction

1

Reserved

Reserved

n/a

Mode Registers for Rtr(wr)

Note: 1. RZQ = 2400Q. If RyT,nom is used during WRITEs, only RZQ/2, RZQ/4, RZQ/6 are allowed.

MR2 (RTT{WR}}

M10 M9 Rrrowe) (RZQ) Rrr(wr) (Ohm)
0 0 Dynamic ODT off: WRITE does not affect Rtr,nom
0 1 RZQ/4 60
1 0 RZQ/2 120
1 1 Reserved Reserved
Timing Diagrams for Dynamic ODT
Title
Dynamic ODT: ODT Asserted Before and After the WRITE, BC4
Dynamic ODT: Without WRITE Command
Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8
Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4
Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4
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Dynamic ODT: ODT Asserted Before and After the WRITE, BC4

o __'_‘D ™ __l’! ___!'3 % _1'4 s 76 4 8 =3 _"7
(=3 a a n 4 .
Command 3 '///CEDVIIICED'/I// (72 0w Y72 ow Y777y wow W7 Z7x mor g7/ noe Y77 noe W777X N YZZ7X Nop )7
i LTI 772, ar'_-d /1 /f// /Y /l LT T T 7777 ///IL//////////|L////// LT T T2 T /1 7 //////I//// LT T
ODTHa
I [ [ | L | | | | — |
J ' 1 1
oot 7\ FT W|W|W W|Yll/ A e W|W|W N7/ 777 A /74 AN // /7, N ///7. AW ///7 W /A
ODTLon OOTLownd ! ! |
| | —‘L_..—mon (p‘mu, I —.I }<—‘AD‘C MVIN) | : | : e |-—lADc (MINY | | | —-I I-—uosl MIN)
B ks e P 255 ¢ Rrrowm . x:.DF- = rioom Hi
-~ TAON (MAX) tADC (MAX) [e—|tanc maaxy | tAOF (MAX)
I-_ | OOTLcrw l I—_~ : : | |
' . - {1
B R O /1 T A A A Y, S ,'—‘IL_) X T T L T T T P e
o f f f [ SETie | 1 f
= e L&D EDED EB )
I E Transitioning  [[//] Dot Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RtT,nom and Rrr(wr) are enabled.
2. ODTH4 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).

Dynamic ODT: Without WRITE Command

] Transitioning [/] Don't Care

Notes: 1. AL=0, CWL = 5. Rr1,nom is enabled and Rrrjwr is either enabled or disabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW; in this example, ODTH4 is satisfied. ODT reg-

istered LOW at T5 is also legal.
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Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8

|
| | ———

LADF (M

Dos. Doss 7 ¢ ¥ X i} Yoo A7

=] mamuonimg 7] momt cars

Notes: 1. Via MRS or OTF; AL = 0, CWL = 5. If Rt1,nem can be either enabled or disabled, ODT can be HIGH. Rrrjwr) is enabled.
2. In this example, ODTHS8 = 6 is satisfied exactly.

Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4

6 T7 T8 79 TIO ™
Command X NOP X///)) QE)'/I (///X NOP ) ’// (NOP X///XNCP ) /// //I III; ’I/
o M%Mﬂ--ﬂh-ﬂﬂ
I optua | | l | optiosr !

| | | —=| [=——*ADC (MAX) | —= I‘—‘ADCl(MIN) — l‘—‘AOF (MIN)

Ry ok Rrrowm) 5 Rrinom
T
| ’ ——I“q-—‘AON (MIN) | ~——|le( (MAX) ’H‘AOD‘- MAX)

ooTLewnal | |
1 1 1

qvu

DQ I ns1n+2/4n+3

WL

I
Ej Transitioning Don't Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. Ryt,nom and Rrr(wg) are enabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW, so in this example,
ODTHA4 is satisfied. ODT registered LOW at T5 is also legal.
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Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4

T0 m T2 T T4 T5 T6 T7 T8 T T10 ™
X --- saay -y ponn ——as mmay yom= .- --- -=- ---n
K L ks Fa - - 2 o
Command NOP RS4 NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP
ODTLenw | |
addvess 777 SR l//////////////////{////f////I/////:///// A
ODTH4 ODTLoff [
o pl 77 W|W/ R/ m|m|mm o\ o | o
— *ADC (MAX) l—AOF (MIN)
. L ;:XI“ — 1 & [ &1E
st TIWR Jers ;
| l ——r_‘ «—tAON (MIN) - )I | ﬁt,xop (MAX)
ooTLowna| : :
| | o o P
oas.oast 77000 /////////[/////////l//////////////////ﬂ. W S o W /11
WL | |
| | | | 1

DQ

[i] Transitioning Don't Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. Rtr,nom €can be either enabled or disabled. If disabled,
ODT can remain HIGH. Rrr(wg) is enabled.

2. In this example ODTH4 = 4 is satisfied exactly.
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17.2 Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and
locked and

when either RTT,nom or RTT(WR) is enabled. Based on the power-
down definition,

these modes are:

* Any bank active with CKE HIGH

» Refresh mode with CKE HIGH

¢ [dle mode with CKEHIGH

* Active power-down mode (regardless of MRO[12])

 Precharge power-down mode if DLL is enabled by MR0O[12] during
precharge power down

ODT Latency and Posted ODT

In synchronous ODT mode, RTT turns on ODTLon clock cycles after
ODT is sampled HIGH by a rising clock edge and turns off ODTLoff clock
cycles after ODT is registered LOW by a rising clock edge. The actual
on/off times varies by tAON and tAOF around each clock edge. 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 CASWRITE 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, ODTHS8, tAON, and tAOF. The minimum RTT
turn-on time (tAON[MIN]) is the point at which the device leaves High-
Z and ODT resistance begins to turn on. Maximum RTT turn-on time
(tAON[MAX]) is the point at which ODT resistance is fully on. Both are
measured relative to ODTLon. The minimum RTT turn-off time
(tAOF[MIN]) is the point at which the device starts to turn off ODT
resistance. The maximum RTTturn off time (tAOF [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 ODTH4 is satisfied. If
a WRITE command is registered by the DRAM with ODT HIGH, then
ODT must remain HIGH until ODTH4 (BC4) or ODTHS8 (BL8) after the
WRITE command. 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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Synchronous ODT Parameters

Definition for All

Symbol Description Begins at Defined to DDR3L Speed Bins Unit
ODTLon |ODT synchronous turn-on delay ODT registered HIGH Rrron) £'AON CWL+AL-2 'CK
ODTLoff |ODT synchronous turn-off delay ODT registered HIGH Rrr(orr) £"AOF CWL+AL-2 'CK
ODTH4 ODT minimum HIGH time after ODT |ODT registered HIGH or write regis- | ODT registered LOW ACK 'CK
assertion or WRITE (BC4) tration with ODT HIGH
ODTHS8 ODT minimum HIGH time after WRITE | Write registration with ODT HIGH ODT registered LOW 6'CK 'CK
(BL8)
'AON ODT turn-on relative to ODTLon Completion of ODTLon Rrrion) See Electrical Charac- ps

teristics and AC Oper-

completion
ating Conditions ta-

ble
TAOF ODT turn-off relative to ODTLoff Completion of ODTLoff Rer(orr) 0.5'CK + 0.2'CK 'CK
completion
Synchronous ODT
T10 T11 T13 Tis TS

T2 T4 = TE T7 T2 ™

e e e e e e e e e e e e e e o
77y N | T L

cxe W LY V//I ‘ L ‘ V7 T T T T ‘ N7
| |

[ & [
or |77 wlm|w|www \7) | | |
| ‘ | | |ODTLDFF—CWL1—A.L ZI

ODTHA (MIN)

| |0DTI.0n=(|ZW"L+AL-2
[ D I B

~=|"acF tvin)
Rer 1 [ 1 ] [ 1 1 -t e
|=—taoN (max) [——|racF taaxy

E Transitioning Don't Care

Note: 1. AL=3; CWL=5; ODTLon = WL = 6.0; ODTLoff = WL - 2 = 6. RTT,nom is enabled.
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Synchronous ODT (BC4)

| | | ODTH4 I
| | | |
oor /[ R R, (777 | /I | 7/ /1)) /
| ODTLOH = WL-2 | | 0DTLot - WL-2 [
ODTLon = WL -2 | | ODTLon = WL -2 |
| | l | —'LN_X‘—‘AON oo I'A°‘ i H_ﬁfum MAX) —| |=—ta0F amo
Roy £, Tinom Yt Rrizom R
—=| =—taoN ax) I‘_(M;x) AON (MIN) I-E‘jmm
'AOF

E Transitioning Don't Care

Notes: WL = 7. RTT,nom is enabled. Rrr(wr) is disabled.
. ODT must be held HIGH for at least ODTH4 after assertion (T1).
ODT must be kept HIGH ODTH4 (BC4) or ODTHS8 (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.
5. Although ODTH4 is satisfied from ODT registered HIGH at T6, ODT must not go LOW before T11 as ODTH4 must
also be satisfied from the registration of the WRITE command at T7.

B wNR

ODT Off During READs

Because the device can not terminate and drive at the same time, RTrmust be
disabled at least one-half clock cycle before the READ preamble by driving the ODT
ball LOW (if either RTT.nom or RTT(WR)is enabled). RTTmay not be enabled until the
end of the postamble, as shown in the following example.

Note: ODT may be disabled earlier and enabled later than shown.
ODT During READs

TO m 2 Lk} T4 ™ T6 7 ™ 9 TI0 Tis Tia nr
e -~ - - - - f— P— — - - - S - -
o X g A A S e e e
Co:-:: 7 :Mﬁ@flﬁﬁﬂfﬂt@ﬂlm’lﬂm’ﬂ)@'lﬂ@ mmfmmmmm Ehm(lllmflbm ;
| I [DU'I'LOHE(I_\NL +AL- 2] ! ]. _JI 'OD1L0'I : E ‘
oor | 77 | | | | — /() A/ AR
. | [ [ | L, | | ‘ ‘ |-I‘i_9\F i | V.M . \ \
I P O I e :—-'P—wrm
| | | | | | | | | [ -
e I I | | 1 | !  — o ! !
Rpen—————————————————

l—'_i Transitioning m Don't Care

note: 1. ODT must be disabled externall durin%_READs bé driving ODT LOW. For example, CL=6; AL=CL-1=5; RL = AL
+CL=11; CWL=5; ODTLon = CWL + AL -2 = 8; ODTLoft = CWL + AL - 2 = 8. Rr1,nom is enabled. Rrrywr) is @ “Don’t
Care.”
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17.3 Asynchronous ODT Mode

Asynchronous ODT mode is available when the DRAM runs in DLL
on mode and when either RTT,nom or RTT(WR) 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 Power-Down Mode 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 RTT by
analog time. The timing parameters tAONPD and tAOFPD replace
ODTLon/tAON and ODTLoff/tAOF, respectively, when ODT
operates asynchronously. The minimum RTT turn-on time
(tAONPD [MIN]) is the point at which the device termination
circuit leaves High-Zand ODT resistance begins to turn on.
Maximum RTT turn- on time (tAONPD [MAX]) is the point at which
ODT resistance is fully on. tAONPD (MIN) and tAONPD(MAX) are
measured from ODT being sampled HIGH. The minimum RTT turn-
off time (tAOFPD [MIN]) is the point at which the device
termination circuit starts to turn off ODT resistance. Maximum
RTT turn-off time (tAOFPD [MAX]) is the point at which ODT has
reached High-Z. tAOFPD (MIN) and tAOFPD (MAX) are measured
from ODT being sampled LOW.

Asynchronous ODT Timing with Fast ODT Transition

T
cK ===

Rrr

/ f / SR
°°Ti\|[ \|K \‘/ \H.ﬁi_\_/ \_}’i\_fl'\:; l'\‘_f l\Jl\‘X‘Im‘jls £ S \‘/ \ |/'\ ‘/'?-'\ ‘/_'

-t.mwbww] L-{‘nawocmm:
X P pom X )

.
LAONPD [MAX) LAOFPD [MAX

l:‘ Tran:

Note: 1. ALisignored.

Asynchronous ODT Timing Parameters for All Speed Bins

sitioning l:‘ Don't Care

Symbol Description Min Max Unit
tAONPD Asynchronous Ryt turn-on delay (power-down with DLL off) 2 8.5 ns
*AOFPD Asynchronous Ryt turn-off delay (power-down with DLL off) 2 8.5 ns
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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 MRO[12] =0.
Power-down entry begins tANPD prior to CKE first being registered
LOW, and ends when CKE is first registered LOW. tANPD is equal to
the greater of ODTLoff+ 1tCK or ODTLon+1tCK. If a REFRESH
command has been issued, and it is in progress when CKE goes LOW,
power-down entry ends tRFC after the REFRESH command, rather
than when CKE is first registered LOW. Power-down entry then
becomes the greater of tANPD and tRFC- REFRESH command to CKE
registered LOW. ODT assertion during power-down entry results in
an RTT change as early as the lesser of tAONPD (MIN) and ODTLon x
tCK+ tAON (MIN), or as late as the greater of tAONPD (MAX) and
ODTLon x tCK + tAON (MAX). ODT de-assertion during power down
entry can result in an RTT change as early as the lesser of tAOFPD
(MIN) and ODTLoffx tCK+ tAOF(MIN), or as late as the greater of
tAOFPD(MAX) and ODTLoffxtCK + tAOF(MAX).
summarizes these parameters.
If AL has a large value, the uncertainty of the state of RTT becomes
quite large. This is because ODTLon and ODTLoff are derived from
the WL; and WL is equal to CWL+AL. shows three different cases:
e ODT_A: Synchronous behavior before tANPD.
* ODT_B: ODT state changes during the transition period with
tAONPD (MIN) < ODTLon x tCK + tAON (MIN) and tAONPD (MAX) >
ODTLon x tCK + tAON (MAX).
e ODT_C: ODT state changes after the transition period with
asynchronous behavior.
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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)

TANPD + ™XPDLL

ODT to Ryrturn-on delay Lesser of: "AONPD (MIN) (2ns) or Greater of: "AONPD (MAX) (8.5ns) or
(ODTLon = WL - 2) ODTLon = 'CK + "AON (MIN) ODTLon = 'CK + tAON (MAX)
ODT to Ryt turn-off delay Lesser of: *AOFPD (MIN) (2ns) or Greater of: *"AOFPD (MAX) (8.5ns) or
(ODTLoff = WL - 2) ODTLoff x *CK + "AOF (MIN) ODTLoff = *CK + "AOF (MAX)

TANPD

WL - 1 (greater of ODTLoff + 1 or ODTLon + 1)

Synchronous to Asynchronous Transition During Precharge Power-Down (DLL Off) Entry

T2

Ta 6 Lrd T8 Lt o ™m Tz T13 Taz Ta3

ENE PN ENE

L B B B e B PPN PN

Command

symcheonos 7|y | |

|

—= |-—‘,ac||= [Mlm

DRAM R, A

‘ DDTLOff + AD’FPD {MIN)

synchronouws ﬂ.'\]an I onried 1 | as tAOF o
oo | L
D‘;mﬂ,‘;ﬁd‘WI‘W‘W‘M‘W‘W‘W‘W | s | m|
DRAM A B —-| |-.—I.‘AOFPD (MIN I .| —
anchrono |"°'“ | | | | ! = DDTI.OH-r‘AOFPD[MA.KJ e

or synchronous l l l

asprchnans W| K7 | K7 | N7/ | N\ | T | N7 | T | g | K77/ B/ | T | \7//4 |

DRAM R C

nom

asynchronous

]
Yo 1
FADFPD (MA)

?’?):ﬁrnifmhl?k EI Transitioning Don't Care

Note: 1. AL=0; CWL=5; ODTL({off) =WL-2=3.
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17.4 Asynchronous to Synchronous ODT Mode

Transition (Power-Down Exit)

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 MRO[12] to 0. Power-down exit begins
tANPD prior to CKE first being registered HIGH, and ends tXPDLL
after CKE is first registered HIGH. tANPD is equal to the greater of
ODTLoff + 1tCK or ODTLon+ 1tCK. The transition period is tANPD
+ tXPDLL. ODT assertion during power-down exit results in an RTT
change as early as the lesser of tAONPD (MIN) and ODTLon x tCK +
tAON(MIN), or as late as the greater of tAONPD (MAX) and ODTLon
x tCK + tAON (MAX). ODT de-assertion during power-down exit
may result in an RTT change as early as the lesser of tAOFPD (MIN)
and ODTLoff x tCK + tAOF (MIN), or as late as the greater of
tAOFPD (MAX) and ODTLoff x tCK + tAOF (MAX).

summarizes these parameters.

If AL has a large value, the uncertainty of the RTT state becomes
quite large. This is because ODTLon and ODTLoff are derived from
WL, and WL is equal to CWL + AL. shows three different cases:

¢ ODT C: Asynchronous behavior before tANPD.

* ODTB: ODT state changes during the transition period, with
tAOFPD(MIN) <ODTL- offx tCK + tAOF(MIN), and ODTLoffx tCK +
tAOF(MAX) > tAOFPD (MAX).

» ODT A: ODT state changes after the transition period with
synchronous response.

195



Hosin Global
4G bits DDR3L SDRAM Datasheet

Asynchronous to Synchronous Transition During Precharge Power-Down (DLL Off) Exit

T0 2] T2 Ta0 a1 Taz a3 Taa Tas a6 Tho ™1 Th2 o T T2 Tdo Td1
cK# -y - e -y - - - -y y-- - -y - - - - - - -
oxE

COMMAND NP NOP NOP NOP NOP WNOP. NOP NOP NOP NOP NOP NOP NOP NP
tANPD XPDLL
Il | [ - Il 1

..l I | | I | |

nous

| e
ORAM Ry A - s | | | | | | |
'TLnom ST ¢
SAONID AR | | | ooTLOf + tACE (MIN) | & TR}
coT8 A | | taorpp (max) n
onynanonx \ Z El Al !
A8 |=—taoreD (M) | |
e T ncm X""'
I | [ ooTLot + taoF max) |||
N ' v . s

ooTC

DRAM R, C iy & i

TLnom
- v ¥

Note:1.CL=6; AL=CL-1; CWL=5; ODTLoff=WL-2=38.

Asynchronous to Synchronous Transition During Precharge Power-Down (DLL Off) Exit

| ooTLOH + tACF (MIN) |
TAOFPD (MAX)

émtmes«g{:‘ 7} pont care

Note:1.CL=6; AL=CL-1; CWL=5; ODTLoff=WL-2=38.
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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 RTT 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 RTT 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.

Transition Period for Short CKE LOW Cycles with Entry and Exit Period Overlapping

TO T1 T2 T3 T4 T5 T6 T7 T8 TS Tad Tal Ta2 Ta3 Tad
[ — ’ | nmnyg N |

K

Command

| PDE transition period |

tANPD _{ ‘
-
'RFC(MIN)
|

}4 PDX transition period
-]

'ANPD 'XPDLL

L Short CKE low transition peried (R 771 change asynchronous or synchronous) -

?}nd!:atesbreak E| Transitioning g Don't Care
in time scale

Note: 1. AL=0, WL=5,'ANPD = 4.
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Transition Period for Short CKE HIGH Cycles with Entry and Exit Period Overlapping

!nd!catesbreak E Transitioning Don‘tCare
in time scale =

Note: 1. AL=0, WL=5,'ANPD =4,
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