ESMT

M15T4G16256A (2P)

DDR3(L) SDRAM

32M x 16 Bit x 8 Banks
DDR3(L) SDRAM

Feature

) Vop = Vopg = 1.35V (1.283-1.45V)

[ Backward-compatible to Vpp = Vppg = 1.5V +0.075V
[ Differential bidirectional data strobe

° 8n-bit prefetch architecture

o Differential clock inputs (CK, CK#)

[ 8 internal banks

o 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)

Ordering Information

) 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

) Self refresh temperature (SRT)

) Automatic self refresh (ASR)

) Write leveling

) Multipurpose register

L] Output driver calibration

Product ID Max F Vv Data Rate Pack C t

roduc ax rreq. DD (CL-tRCD-tRP) ackage omments
M15T4G16256A-EFBG2P 1066 MHz | 1.35V/1.5V DDR3(L)-2133 (14-14-14) 96 ball BGA Pb-free
M15T4G16256A-DEBG2P 933MHz 1.35v/1.5V DDR3(L)-1866 (13-13-13) 96 ball BGA Pb-free
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ESMT M15T4G16256A (2P)

Description

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

SDRAM Addressing

Configuration 256Mb x 16

# of Bank 8

Bank Address BAO — BA2

Row Address A0 -Al4

Column Address A0 - A9

Page size 2KB

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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M15T4G16256A (2P)

ESMT

Pin Configuration — 96 balls BGA Package

< TOP View>

See the balls through the package
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ESMT M15T4G16256A (2P)

Input / Output Functional Description

Symbol Type Description

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

A[14:13], A12/BCH#,
A1l, A10/AP, A[9:0]

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
VREerca.

BA[2:0] Input

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

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 CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (all banks idle) or
CKE Input 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 (excluding CKE and RESET#) are disabled during SELF REFRESH. CKE is
referenced to Vrerca.

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

CS# Input rank selection on systems with multiple ranks. CS# is considered part of the command code.
CSt# is referenced to Vgerca.
Input data mask: LDM is a lower-byte, input mask signal for write data. Lower-byte input
LDM Input data is masked when LDM is sampled HIGH along with the input data during a write access.

Although the LDM ball is input-only, the LDM loading is designed to match that of the DQ and
LDQS balls. LDM is referenced to Vrerpg.

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

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

RASH#, CASH, WE# Input entered and are referenced to Vrerca.

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

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT

M15T4G16256A (2P)

Symbol Type Description
Input data mask: UDM is an upper-byte, input mask signal for write data. Upper-byte input
UDM Inout data is masked when UDM is sampled HIGH along with the input data during a write access.
P Although the UDM ball is input-only, the UDM loading is designed to match that of the DQ
and UDQS balls. UDM is referenced to Vrerpo.
DQ[7:0] /0 Data input/output: Lower byte of bidirectional data bus for the x16 configuration. DQ[7:0]
’ are referenced to Vrerpg.
DQ[15:8] e Data input/output: Upper byte of bidirectional data bus for the x16 configuration. DQ[15:8]
) are referenced to Vrerpo.
Lower byte data strobe: Output with read data. Edge-aligned with read data. Input with
LDQS, LDQS# Vo write data. LDQS is center-aligned to write data.
Upper byte data strobe: Output with read data. Edge-aligned with read data. Input with
UDQS, UDQS# Vo write data. UDQS is center-aligned to write data.
Vpp Supply Power supply: 1.5V +0.075V.
Vbpo Supply DQ power supply: 1.5V £0.075V. Isolated on the device for improved noise immunity.
Vv Supol Reference voltage for control, command, and address: Vrerca must be maintained at all
REFCA pply times (including self refresh) for proper device operation.
Vv Suopl Reference voltage for data: Vrerpg must be maintained at all times (including self refresh)
REFDQ PPY" | for proper device operation.
Vss Supply Ground.
Vsso Supply DQ ground: Isolated on the device for improved noise immunity.
7Q Reference External reference ball for output drive calibration: This ball is tied to an external 240Q
resistor (Rzg), which is tied to Vsso.
NC B No connect: These balls should be left unconnected (the ball has no connection to the

DRAM or to other balls).

Elite Semiconductor Microelectronics Technology Inc
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ESMT

M15T4G16256A (2P)

Simplified State Diagram
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ESMT M15T4G16256A (2P)

Functional Description

DDR3 SDRAM uses a double data rate architecture to achieve high-speed operation.

The double data rate architecture is an 8n-prefetch architecture with an interface designed to transfer two data words per clock
cycle at the 1/O 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/O
pins.

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

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

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

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

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

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

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M15T4G16256A (2P)

General Notes

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

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

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

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

° Any specific requirement takes precedence over a general statement.

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

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

o 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.

o A x16 device's DQ bus is comprised of two bytes. If only one of the bytes needs to be used, use the lower byte for data
transfers and terminate the upper byte as noted:
- Connect UDQS to ground via 1kQ* resistor.
- Connect UDQS# to Vpp via 1kQ* resistor.
- Connect UDM to Vpp via 1kQ* resistor.
- Connect DQ[15:8] individually to either Vss, Vpp, or Vrer via 1k Q resistors,* or float DQ[15:8].

) *If ODT is used, 1kQ resistor should be changed to 4x that of the selected ODT.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT

M15T4G16256A (2P)

Functional Block Diagrams

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

Functional Block Diagram (x16)
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ESMT M15T4G16256A (2P)

Electrical Specifications

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

Symbol Parameter Min Max Unit Note
Vbp Vpp supply voltage relative to Vss -0.4 1.975 \Y 1
Vbbg Vpp supply voltage relative to Vssg -0.4 1.975 \Y%
VN, Vout Voltage on any pin relative to Vss -0.4 1.975 \Y
Tc Operating case temperature 0 95 °C 2,3
Tste Storage temperature -55 150 °C

Note:

1.  Vpp and Vppg must be within 300mV of each other at all times, and Vgregr must not be greater than 0.6 x Vppg. When Vpp
and Vppg are <500mV, Vgrer can be <300mV.

2. MAX operating case temperature. Tc is measured in the center of the package.
3. Device functionality is not guaranteed if the DRAM device exceeds the maximum T¢ during operation.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.2 10/173



ESMT M15T4G16256A (2P)

Input/Output Capacitance

DDR3L Input/Output Capacitance

Note 1 applies to the entire table; gray-shaded cells are DDR3L unique values; all other values are the same for both DDR3L and
DDR3

DDR3L-1866 DDR3L-2133
Capacitance Parameters Symbol Unit | Note
Min Max Min Max
CK and CK# Cck 0.8 1.3 0.8 1.3 pF
AC: CK to CK# Cbck 0.0 0.15 0.0 0.15 pF
Single-end 1/0: DQ, DM Cio 1.4 21 1.4 21 pF 2
Differential 1/0: DQS, DQS# Coo 1.4 2.1 1.4 2.1 pF 3
AC: DQS to DQS# Copags 0.0 0.15 0.0 0.15 pF 3
AC: DQ to DQS Coio -0.5 0.3 -0.5 0.3 pF 4
Inputs (CTRL, CMD, ADDR) C 0.75 1.2 075 | 1.2 pF 5
AC: CTRL to CK Coi_ctrL -0.4 0.2 -0.4 0.2 pF 6
AC: CMD_ADDR to CK Cbl_cMp_ADDR -0.4 0.4 -0.4 0.4 pF 7
ZQ pin capacitance Czq - 3.0 - 3.0 pF
Reset pin capacitance Cre - 3.0 - 3.0 pF
Note:

1. Vpp = 1.35V (1283—145V), VDDQ = VDD, VREr = Vss, f=100 MHZ, Tc = 25°C. VOUT(DC) =05x VDDQ, VOUT =0.1Vv
(peak-to-peak).

DM input is grouped with 1/O pins, reflecting the fact that they are matched in loading.

Copgs is for DQS vs. DQS# separately.

Cpoio = Ciopg) - 0.5 X (Ciogs) + Ciopqs#)-

Excludes CK, CK#; CTRL = ODT, CS#, and CKE; CMD = RAS#, CAS#, and WE#; ADDR = A[n:0], BA[2:0].
Cpi_cTrL = CicTry) - 0.5 % (Cck(ck) + Cekcks))-

Nooapkwh

Cobi_cmp_appr = Cicemp_appr) - 0.5 % (Cek(ck) + Cek(cka)-

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M15T4G16256A (2P)

Electrical Specifications — Ipp Specifications and Conditions

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

LOW: Vin £ ViLacymax; HIGH: Vin 2 Vigacmin.

Midlevel: Inputs are Vrer = Vop/2.

Ron set to RZQ/7 (34Q).

RTT,nom set to RZQ/6 (400)

RTT(\NR) set to RZQ/2 (1 200).

Qorr is enabled in MR1.

ODT is enabled in MR1 (RTT,nom) and MR2 (RTT(WR))-

External DQ/DQS/DM load resistor is 25Q to Vppa/2.

Burst lengths are BL8 fixed.

AL equals 0 (except in Ipp7).

Iob specifications are tested after the device is properly initialized.
Input slew rate is specified by AC parametric test conditions.
ASR is disabled.

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

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

DDR3L Timing Parameters Used for Ipp Measurements — Clock Units

Iop Parameter DDR3L-1866 (13-13-13) DDR3L-2133 (14-14-14) Unit
'CK (MIN) Ipp 1.07 0.938 ns
CL lpp 13 14 CK
'‘RCD (MIN) Ipp 13 14 CK
'RC (MIN) Ipp 45 50 CK
'RAS (MIN) Ipp 32 36 CK
‘RP (MIN) 13 14 CK
'FAW (x16) 33 38 CK
‘RRD (x16) 6 7 CK
Iop (4Gb) 243 279 CK
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M15T4G16256A (2P)

DDR3L Ippg Measurement Loop

x 3 5 2 g |9 el I
Slu|s| g3 2 lalg|2|e|5|S|E|E|5]E|E oue
S1°]3 02 S R ol Tl |T|<|=T|<
@] o
0 ACT 0 0 1 1 0 0 00 0 0 0 -
1,2 D,D 1 0 0 0 0 0 00 0 0 0 0 -
3,4 D#, D# 1 1 1 1 0 0 00 0 0 0 0 -
repeat pattern 1...4 until nRAS - 1, truncate if necessary
NRAS PRE [0 | o |1 ]o]oflofo|o|]o|o]o] -
0 repeat pattern 1...4 until nRC - 1, truncate if necessary
nRC ACT 0 0 1 1 0 0 00 0 0 F 0 -
nRC +1, 2 D,D 1 0 0 0 0 0 00 0 0 F 0 -
) ;g nRC + 3, 4 p#D# | 1 | 1 | 1| 10| o|oo|o0o|o0]|F|oO -
_g 8 repeat pattern nRC + 1,...,4 until 1*nRC + nRAS - 1, truncate if necessary
2| & nRc+nRAS | PRE | oo | 1] o]ofofoo|[o]o|Fr|[of -
repeat nRC + 1,...,4 until 2*nRC - 1, truncate if necessary
1 2*nRC repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4*nRC repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6*nRC repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8*nRC repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10*nRC repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12*nRC repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14*nRC repeat Sub-Loop 0, use BA[2:0] = 7 instead
Note:
1. DQ, DQS, /DQS are midlevel.
2. DM is LOW.
3. Only selected bank (single) active.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT

M15T4G16256A (2P)

DDR3L Ipp; Measurement Loop

v 5 5 E sl | = | = | =
5’%2 §‘§ §8§£§§§§§§;§§Drﬂaz
O (?) zZ 8 m <
0 ACT 0 0 1 1 0 0 |00 O 0 0 -
1,2 D,D 0 0 0 0 0 |00 O 0 0 -
3,4 D#, D# 1 1 1 1 0 0 00 0 0 0 -
repeat pattern 1...4 until nRCD - 1, truncate if necessary
nRCD RO [o|1|o]1]of]o]oo][o]o]|o] o] oooooooo
repeat pattern 1...4 until nRAS - 1, truncate if necessary
NRAS PRE [0 |o|1]ofo|ofoo|]of[o]o]ol] -
0 repeat pattern 1...4 until nNRC - 1, truncate if necessary
nRC + 0 ACT 0 0 1 1 0 0 |00 O 0 F 0 -
1*nRC+1,2 D,D 1 0 0 0 0 0 |00 O 0 F 0 -
=2 % 1*nRC + 3, 4 D#, D# 1 1 1 1 0 0 00 0 0 F 0 -
g 8 repeat pattern nRC + 1,..., 4 until nRC + nRCD - 1, truncate if necessary
g 8 1nRc+nrReD| RD [ o |1 [ o[ 1]o|ofoo]|o|o]|F]| o] ooioou1
repeat pattern nRC + 1,..., 4 until nRC + nRAS - 1, truncate if necessary
1*nRC+nRAS | PRE [0 [ o |1 | o |o|ofoo|o|o|[F]o] -
repeat pattern nRC + 1,..., 4 until 2 * nRC - 1, truncate if necessary
1 2*nRC repeat Sub-Loop 0, use BA[2:0] = 1 instead
2 4*nRC repeat Sub-Loop 0, use BA[2:0] = 2 instead
3 6*nRC repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 8*nRC repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 10*nRC repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 12*nRC repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 14*nRC repeat Sub-Loop 0, use BA[2:0] = 7 instead
Note:
1. DQ, DQS, DQS# 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 Only selected bank (single) active.

Elite Semiconductor Microelectronics Technology Inc
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ESMT

M15T4G16256A (2P)

DDR3L Ipp Measurement Conditions for Power-Down Currents

Ibozpo Precharge Iop2p1 Precharge Iop2q Precharge Iopsp Active

Name Power-Down Power-Down Quiet Power-Down

Current (Slow Exit)1 Current (Fast Exit)1 Standby Current Current
Timing pattern N/A N/A N/A N/A
CKE LOW LOW HIGH LOW
External clock Toggling Toggling Toggling Toggling
'CK 'CK (MIN) Ipp 'CK (MIN) Ipp 'CK (MIN) Ipp 'CK (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
CS# 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
Output buffer DQ, DQS Enabled Enabled Enabled Enabled
ODT2 Enabled, off Enabled, off Enabled, off Enabled, off
Burst length 8 8 8 8
Active banks None None None All
Idle banks All All All None
Special notes N/A N/A N/A N/A

Note:

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.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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ESMT M15T4G16256A (2P)

DDR3L Ippoy and IDD3N Measurement-Loop

x g o E s |3 | = | =
Rl Y| S §§ £ a 2| < ”EJ 5 E. i g 58| & Data’
51 ° |3 G2 N °olg|g|T|IT|<|<
@] o
0 D 1 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 -
0 2 D# 1 1 1 1 0 0 0 0 0 F 0 -
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
=) '%z 1 4-7 repeat Sub-Loop 0, use BA[2:0] = 1 instead
_% T 2 8-11 repeat Sub-Loop 0, use BA[2:0] = 2 instead
e g 3 12-15 repeat Sub-Loop 0, use BA[2:0] = 3 instead
4 16-19 repeat Sub-Loop 0, use BA[2:0] = 4 instead
5 20-23 repeat Sub-Loop 0, use BA[2:0] = 5 instead
6 24-27 repeat Sub-Loop 0, use BA[2:0] = 6 instead
7 28-31 repeat Sub-Loop 0, use BA[2:0] = 7 instead
Note:
1. DQ, DQS, DQS# are midlevel.
2. DM is LOW.
3. All banks closed during lppzn; all banks open during Ippsn.
DDR3L Ippont Measurement-Loop
A E o3 5 0| o |23 |lslslmls
I 2 = Eg = 8 é S UEJ (@) &, o g S | & |« Data’
£10 ]2 G3 £ = | = |l = Z| <] <<
2 (@]
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 -
=3 _'35:1 1 4-7 repeat Sub-Loop 0, use BA[2:0] =1; ODT =0
g o 2 8-11 repeat Sub-Loop 0, use BA[2:0] =2; ODT =1
= g 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
Note:
1. DQ, DQS, DQS# are midlevel.
2. DMis LOW.
3. All banks closed.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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DDR3L lppsr Measurement-Loop

3 & 5 i 5| T
N v @ I #* | o o = | < | & | ©
clY|S| 35 ¢ £ Flole|d| 6 |S535 8]& =
¥ | 0| 2 3 3 £ Olg|lS|2|lol<|a|lg|lgl Tl T S
O a z 8 @ <
0 RD 0 1 0 1 0 0 0 0 0 0 0 00000000
1 D 1 0 0 0 0 0 0 0 0 0 0 -
2 D# 1 1 1 1 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 0 0 0 0 0 0 0 -
0
4 RD 0 1 0 1 0 0 0 0 0 F 0 00110011
5 D 1 0 0 0 0 0 0 0 0 F 0 -
o| & 6 D# 1l1|1|1]|o0o]olofloflo|F]|oO -
sl
g o 7 D# 1 1 1 1 0 0 0 0 0 F 0 -
o +—
= g 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 O, 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
Note:
1. DQ, DQS, DQS# are midlevel when not driving in burst sequence.

2. DMis LOW.
3. Burst sequence is driven on each DQ signal by the RD command.
4. All banks open.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.2 17/173



ESMT M15T4G16256A (2P)

DDR3L Ippsw Measurement Loop

% gl o & g - 5| T|a|r|e|la| -
ol ¥|S] g ¢ £ G122 d|c|d|ls|2]s|a]|a :
<1°18] O 2 E Clg|d|z|o|<|2|=2|2 2| 8
O a z 8 o | <
0 WR 0 1 0 0 1 0 0 0 0 0 0 00000000
1 D 1 0 0 1 0 0 0 0 0 0 -
2 D# 1 1 1 1 1 0 0 0 0 0 0 -
3 D# 1 1 1 1 1 0 0 0 0 0 0 -
° 4 WR 0 1 0 0 1 0 0 0 0 F 0 00110011
5 D 1 0 0 0 1 0 0 0 0 F 0 -
o (5 6 D# 1 1 1 1 1 0 0 0 0 F 0 -
= | I
§ % 7 D# 1 1 1 1 1 0 0 0 0 F 0 -
) 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
Note:
1. DQ, DQS, DQS# are midlevel when not driving in burst sequence.

2. DMis LOW.
3. Burst sequence is driven on each DQ signal by the WR command.
4. All banks open.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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DDR3L Ippsg Measurement Loop

B S o = 5| g
N v O IS * | o = | & |l & | =
Slels| g3 : | x|2|8|s|s|S|88512|8| =
O a z 8 o<
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 -
la
3 D# 1 1 1 1 0 0 0 0 0 F 0 -
4 D# 1 1 1 1 0 0 0 0 0 F 0 -
o 5 1b 5-8 Repeat sub-loop 1a, use BA[2:0] =1
§ E 1c 9-12 Repeat sub-loop 1a, use BA[2:0] = 2
o =
©
1 & | 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
Note:
1. DQ, DQS, DQS# are midlevel.
2. DMis LOW.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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DDR3L Ipp Measurement Conditions for Ipps, lppset, and lpps

Iops: Self Refresh Current Iopeet: Self Refresh Current
Ipp Test Normal Temperature Range Extended Temperature Range lops: Reset?
Tc =0°C to +85°C Tc =0°C to +95°C

CKE LOW LOW Midlevel
External clock Off, CK and CK# = LOW Off, CK and CK# = LOW Midlevel

tck N/A N/A N/A

trc N/A N/A N/A

IRAS N/A N/A N/A

tRCD N/A N/A N/A

{RRD N/A N/A N/A

trRC N/A N/A N/A

CL N/A N/A N/A

AL N/A N/A N/A
CS# Midlevel Midlevel Midlevel
Command inputs Midlevel Midlevel Midlevel
Row/column addresses Midlevel Midlevel Midlevel
Bank addresses Midlevel Midlevel Midlevel
Data I/O Midlevel Midlevel Midlevel
Output buffer DQ, DQS Enabled Enabled Midlevel
opTl 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

Note:

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

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

LOW for 200ns + RFC.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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DDR3L Ipp7 Measurement Loop

g g 0 3 = u | x 5|9 alcl|w| | -
T2 S E E|B(2|2|8| 5|85 |2|5|8|a] =
v O o O = = o o O = o < = | < <|<| < a
O a z 8 0| <
0 ACT| O 0 1 1 0 0 0 0 0 0 0 -
1 RDA| O 1 0 1 0 0 1 0 0 0 | 00000000
2 D 1 0 0 0 0 0 0 0 0 0 0 -
° 3 Repeat cycle 2 until nRRD - 1
nRRD ACT| O 0 1 1 0 1 0 0 0 F 0 -
nRRD + 1 RDA| O 1 0 1 0 1 0 1 0 F 0 00110011
NRRD + 2 D 1 0 0 0 0 1 0 0 0 F 0 -
! nRRD + 3 Repeat cycle nRRD + 2 until 2 x nRRD - 1
2 2 x nNRRD Repeat sub-loop 0, use BA[2:0] = 2
3 3 x nRRD Repeat sub-loop 1, use BA[2:0] =3
4 x nRRD D 1 0 0 0 0 3 0 0 0 F 0 -
‘ 4 xnRRD + 1 Repeat cycle 4 x nRRD until nFAW - 1, if needed
5 nFAW Repeat sub-loop 0, use BA[2:0] = 4
6 nFAW + nRRD Repeat sub-loop 1, use BA[2:0] =5
o 5 7 NFAW + 2 x nRRD Repeat sub-loop 0, use BA[2:0] = 6
3|58 NFAW + 3 x NRRRD Repeat sub-loop 1, use BA[2:0] = 7
P ?3 nFAW + 4 x nRRD D 1 0 0 0 0 7 0 0 0 F 0 -
° nFAW + 4 x nRRD + 1 Repeat cycle nFAW + 4 x nRRD until 2 x nFAW - 1, if needed
2 x nNFAW ACT| O 0 1 1 0 0 0 0 0 F 0 -
2 x nFAW + 1 RDA| 0O 1 0 1 0 0 0 1 0 F 0 | 00110011
2 x nNFAW + 2 D 1 0 0 0 0 0 0 0 0 F 0 -
0 2 x nFAW + 3 Repeat cycle 2 x nFAW + 2 until 2 x NnFAW + nRRD - 1
2 x NFAW + nRRD ACT| O 0 1 1 0 1 0 0 0 0 0 -
2xnFAW +nRRD+1 |RDA| O 1 0 1 0 1 0 1 0 0 0 00000000
2 x NFAW + nRRD + 2 D 1 0 0 0 0 1 0 0 0 0 0 -
H 2 x nNFAW + nRRD + 3 Repeat cycle 2 x nFAW + nRRD + 2 until 2 x nFAW + 2 x nRRD - 1
12 2 x nFAW + 2 x nRRD Repeat sub-loop 10, use BA[2:0] = 2
13 2 x nFAW + 3 x nRRD Repeat sub-loop 11, use BA[2:0] = 3
" 2 x nFAW + 4 x nRRD D 1 0 0 0 0 3 0 0 0 0 0 -

2xnFAW +4 xnRRD + 1

Repeat cycle 2 x nFAW + 4 x nRRD until 3 x nFAW - 1, if needed

15

3 x nNFAW

Repeat sub-loop 10, use BA[2:0] =4

Elite Semiconductor Microelectronics Technology Inc
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DDR3L Ippy Measurement Loop (Continued)

; S 5 E 5| T
N v 9 IS * | =) = ||l & ®
Sluls s £ Elg|l2|2|t|g|g|g|28|s|2]s :
a2 O Ko e < = = — —_— —
S I © 2 S e | o a [T ||| < a]
16 3 x nFAW + nRRD Repeat sub-loop 11, use BA[2:0] =5
) é 17 3 x nFAW + 2 x nRRD Repeat sub-loop 10, use BA[2:0] =6
§ i 18 3 x nFAW + 3 x nRRD Repeat sub-loop 11, use BA[2:0] =7
S| T
= h 3 x nFAW + 4 x nRRD D 1 0 0 0 0 7 0 0 0 0 0 -
19
3 xnFAW + 4 x nRRD + 1 Repeat cycle 3 x nFAW + 4 x nRRD until 4 x nFAW - 1, if needed
Note:
1. DQ, DQS, DQS# are midlevel unless driven as required by the RD command.
2. DMis LOW.
3. Burst sequence is driven on each DQ signal by the RD command.
4. AL=CL-1.
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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Electrical Characteristics — Ipp Specifications

Ilop Maximum Limits

Speed Bin
DDR3/3L-1866 | DDR3/3L-2133 Units Notes
Ioo Width
lbpo x16 32 34 mA 1,2
Ibp1 x16 46 54 mA 1,2
Iop2po (Slow) All 12 12 mA 1,2
Iopzpa (Fast) Al 12 14 mA 1,2
Ibb2g All 15 17 mA 1,2
Ibp2n All 17 22 mA 1,2
IbpanT x16 23 28 mA 1,2
Ibpap All 17 19 mA 1,2
Ibpan x16 23 25 mA 1,2
Iopar x16 120 130 mA 1,2
Ibpaw x16 130 140 mA 1,2
Ibpse All 156 160 mA 1,2
lbpe All 15 15 mA 1,2,3
IbpeET All 23 23 mA 2,4
lop7 x16 147 160 mA 1,2
Ibps All Ibpzro + 2MA Ipp2ro + 2MA mA 1,2

1. Tc = 85°C; SRT and ASR are disabled.

2 Enabling ASR could increase Ippx by up to an additional 2mA.

3 Restricted to Tc (MAX) = 85°C.

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

5 The Ipp values must be derated (increased) on IT-option devices when operated outside of the range 0°C < T¢ < +85°C:

5a. When T¢ < 0°C: Ipp2po, Ipp2pr1 and Ippse must be derated by 4%; Ippar and lpopaw must be derated by 2%; and Ipps, ibpseT
and Ippy must be derated by 7%.

5b. When T¢ > 85°C: lppo, lop1, lbb2n, lobent, Ibp20, Iopan, Iopse, Iopar, Iopaw, and Ippss must be derated by 2%; Ippapx must
be derated by 30%.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
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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 Nom Max Unit Notes
Supply voltage Vop 1.283 1.35 1.45 \% 1-7
1/0 supply voltage Vbpq 1.283 1.35 1.45 Y, 1-7
Input leakage current

Any input OV < VN < Vpp, Vrer pin OV < VN < 1.1V (All I -2 - 2 A

other pins not under test = 0V)

Vrer supply leakage current Vrerpo = Vop/2

or Vrerca = Vpp/2 IvrREF -1 - 1 A 8,9
(All other pins not under test = 0V)

Note:

1. Vpp and Vppg must track one another. Vppg must be < Vpp. Vss = Vsso.

2. Vpp and Vppg may include AC noise of +50mV (250 kHz to 20 MHz) in addition to the DC (0 Hz to 250 kHz)
specifications. Vpp and Vppg 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 Vpp/Vppo(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. If the maximum limit is exceeded, input levels shall be governed by DDR3 specifications.

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 Vpp
and Vppg are changed for DDR3 operation (see Vpp Voltage Switching).

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

9. Vger (see DDR3L 1.35V DC Electrical Characteristics and Input Conditions table).

Elite Semiconductor Microelectronics Technology Inc
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Input Operating Conditions

DDR3L 1.35V DC Electrical Characteristics and Input Conditions

All voltages are referenced to Vss

Parameter/Condition Symbol Min Nom Max Unit | Notes
See Command
Vin low; DC/commands/address busses Vi Vss N/A and Address \%
table
_— See Command and

VN high; DC/commands/address busses Vi Address table N/A Vop \Y
Input reference voltage

VREFCA(DC) 0.49 x Vpp 0.5 x Vpp 0.51 x Vpp \Y 1,2
command/address bus
1/0 reference voltage DQ bus VREFDQ(DC) 0.49 x Vpp 0.5 x Vpp 0.51 x Vpp \Y 2, 3
1/0 reference voltage DQ bus in SELF

VREFDQ(SR) Vss 0.5 x Vpp Vbb \% 4
REFRESH
Command/address termination voltage

: . V - 0.5 xV - \% 5

(system level, not direct DRAM input) TT poQ

Note:

1.

VRrercapc) 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 Vrerca May not exceed +1% x Vpp around the Vrercaoc)
value. Peak-to-peak AC noise on Vrerca should not ex- ceed 2% of Vrercapc)-

2. DC values 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. Vrerpgc) 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 Vrerpg May not exceed +1% x Vpp around the Vwrerpooc)
value. Peak-to-peak AC noise on Vrerpo should not ex- ceed 2% of Vrerpo(c)-

4. VRrerpg(pc) May transition to Vrerposr) and back to Vrerpooc) when in SELF REFRESH, within restrictions outlined
in the SELF REFRESH section.

5. Vrris not applied directly to the device. Vrr is 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-1866/2133 Units
Command and Address
VIH(AClGO),min5 - mV
Input high AC voltage: Logic 1 V.H(Ac135),min5 135 mV
V|H(Ac125,)min5 125 mV
Input high DC voltage: Logic 1 VH(DC90),min 90 mVv
Input low DC voltage: Logic 0 VL (Dc9o),min -90 mVv
VIL(AC125),min5 -125 mV
Input low AC voltage: Logic 0 ViL(ac13s)min” -135 mv
V||_(Ac;160),min5 - mV
DQ and DM
VIH(AClGO),min5 - mV
Input high AC voltage: Logic 1 VIH(AClSS),min5 135 mV
V||-|(A0125),min5 130 mV
Input high DC voltage: Logic 1 ViH(DC90),min 90 mv
Input low DC voltage: Logic 0 ViL(pc9o),min -90 mV
V||_(A<:125),min5 -130 mV
Input low AC voltage: Logic 0 ViL(AC135) min” -135 mv
V||_(A<:160),min5 - mV

Note:

1. All voltages are referenced to Vrer. Vrer is Vrerca for control, command, and address. All slew rates and
setup/hold times are specified at the DRAM ball. Vrer is Vrerpg for DQ and DM inputs.

2. Input setup timing parameters (tIS and tDS) are referenced at Vi ac)/Vinac), Not Vrer(pc)-

3. Input hold timing parameters (lIH and 'DH) are referenced at ViLocy/ViHpc), Not VrerDC).

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

5. When two Vinic) values (and two corresponding Vi acy 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 Vnac) value may be used for address/command inputs and the
other Vinac) value may be used for data inputs.
For example, for DDR3-800, two input AC levels are defined: Vinnacieo),min @and Vinaaciss),min (Corresponding
ViLac1e0),min @nd Vi ac13s),min). FOor DDR3-800, the address/ command inputs must use either V xacie0),min With
tlS(AClGO) of 210ps or ViH,ciso),min With tIS(AClC—’>5) of 365ps; independently, the data inputs must use either
Viraci60)min With IDS(AC160) of 75ps or Vinacisoy,min With IDS(AC150) of 125ps.
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DDR3L 1.35V Differential Input Operating Conditions (CK, CK# and DQS, DQS#)

Parameter/Condition Symbol Min Max Units Notes
Differential input logic high — slew V 1 diff(AC) slew 180 N/A mVv 4
Differential input logic low — slew VL diff(AC)slew N/A -180 mV 4

. - L. 2 x(V -
Differential input logic high V4 diff(ac) VR'EHSC) Voo/Vooo mv 5

2 x(V -
Differential input logic low VL difiac) Vee/Vaso \5 'L(s*c) mvV 6
REF

Differential input crossing voltage
relative to Vpp/2 for DQS, DQS#; Vi« Vreroc) - 150 Veeroc t 150 mvV 57,9
CK, CK#
Differential input crossing voltage Vv -175 Vv +175 .
relative to Vpp/2 for CK, CK# Vix (175) REF(DC) REF(DC) mv 5,79
Single-ended high level for strobes Vopo/2 + 160 Vobo mV 5

. . \Y/
Single-ended high level for CK, SEH Vop/2 + 160 Vg .y 5
CK#
Single-ended low level for strobes v Vsso Vppo/2 - 160 mV 6
Single-ended low level for CK, CK# SEL Veg Vpp/2 - 160 mV 6

Note:

R o

Clock is referenced to Vpp and Vss. Data strobe is referenced to Vppg and Vsse.
Reference is VREFCA(DC) for clock and VREFDQ(DC) for strobe.
Differential input slew rate = 2 V/ns.
Defines slew rate reference points, relative to input crossing voltages.

Minimum DC limit is relative to single-ended signals; overshoot specifications are applicable.
Maximum DC limit is relative to single-ended signals; undershoot specifications are applicable.
The typical value of Vixac) is expected to be about 0.5 x Vpp of the transmitting device, and Vixac) is

expected to track variations in Vpp. Vixac) indicates the voltage at which differential input signals must

Cross.

8. The Vx extended range (x175mV) is allowed only for the clock; this Vx extended range is only allowed

when the following conditions are met: The single-ended

input signals are monotonic, have the

single-ended swing VseL, Vsen Of at least Vpp/2 £250mV, and the differential slew rate of CK, CK# is greater

than 3 V/ns.

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

Elite Semiconductor Microelectronics Technology Inc
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Minirmum V, and W,y levels

A
W,y MINGAC) IH{AC)
Vinino
Wiy MINDC)
AAX 2% Total
Wepr DCMAX
REF —
DC MIN
AAX 2% Total
Vi, MIN{DC)
ViLing
Vi, MINEAC)
Vigao

Wpp + 0.4V
Narrow pulse width

VDD

Viggr + 125135/160mV

Vs + S0V

Vaer DCMAX + 1%

51xVpp
Viagr = Vpp2
A9 XV
Voee DCMIN- 1%V,

V), and V', levels with ringback

Vppg + 0.4V
Overshoot

Vinioo)

-/, + AC noise
V:EEBE + DC arror

Vierog - DC error
[*— Vperpg - AC noise

Vggp - SOMV Vipo
Vier - 125/135/160mV Vo
0.0V Vg
Vg - 0.40W Vg - 0.40V
Narrow pulse width Undershoot

Numbers in diagrams reflect nominal values.

DDR3L 1.35V Input Signal
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DDR3L 1.35V AC Overshoot/Undershoot Specification

DDR3L Control and Address Pins

Parameter DDR3L-1866 DDR3L-2133
Maximum peak gmplltude allowed for overshoot area 0.4V 0.4V
(see Overshoot figure)
Maximum peak amplitude allowed for undershoot area
(see Undershoot figure) 0.4v 0.4v
Maximum overshoot area above Vpp 0.28 Vns 0.25 Vns
(see Overshoot figure)
Maximum undershoot area below Vss 0.98 Vns 0.95 Vns
(see Undershoot figure)

DDR3L 1.35V Clock, Data, Strobe, and Mask Pins
Parameter DDR3L-1866 DDR3L-2133
Maximum peak gmplltude allowed for overshoot area 0.4V 0.4V
(see Overshoot figure)
Maximum peak amplitude allowed for undershoot area
(see Undershoot figure) 0.4v 0.4v
Maximum overshpot area above VDD/VDDQ 0.11 Vns 0.10 Vns
(see Overshoot figure)
Maximum undershoot area below VSS/VSSQ 0.11 Vns 0.10 Vns
(see Undershoot figure)

Maximum amplitude

Volts (V) Overshoot area
.,-o-"'"f-- K\-‘-\\\"‘-\-\.
Voo'Vopg T T
Time (ns)
Overshoot
Vss/Vssq

Py
Volts (V) HF:J#J \

Maximum amplitude
Time (ns)

Undershoot
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Voo VDDQ Voo VDDQ

CK#, DQS# === _" “_ $" v e a s CK# DQS#
:‘ - VIX

Vpo'2, VDDQIZ [ . {AR——_ Vpp/2, VDDsz

_/ VIX
CK, DQS CK, DQS

Vs Vssq Vss, Vssq

V\x for Differential Signals

Single-Ended Requirements for Differential Signals
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Vi, dif(AQmin £

\ K-k
' . DQS-DQS#

1\""'IrlL,t:lif'i:,r'ruax. e [ A 7 g mmm -
l"'\ lllll-"- \/

VL diff(AC)max '“““'“"'““““““““““““7{;{ “““““““““

Half cycle tDVAC

Definition of Differential AC-Swing and tDVAC

DDR3L 1.35V - Minimum Required Time IDVAC for CK/CK#, DQS/DQS# Differential for AC

Ringback
DDR3L-1866/2133
Slew Rate (V/ns) tDVAC at 270mV | tDVAC at 250mV |tDVAC at 260mV
(ps) (ps) (ps)
>4.0 163 168 176
4.0 163 168 176
3.0 140 147 154
2.0 95 105 111
18 80 91 97
16 62 74 78
1.4 37 52 55
12 5 22 24
1.0 Notel
<1.0 Notel

1. Rising input signal shall become equal to or greater than Vyac) level and Falling input signal shall

Note:
become equal to or less than Vi ac) 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 between the last crossing of Vrer and the first
crossing of Vinacymin. Setup (IS and '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 Vi acymax-

Hold ('IH and 'DH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of ViLocymax 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 Viipcymin @nd the first crossing of Vrer (see Nominal Slew Rate Definition for Single-Ended Input Signals figure).

Single-Ended Input Slew Rate Definition

Input Slevy Rates Measured
(Linear Signals) Calculation
Input Edge From To
Rising VRrer ViH(ac),min VlH(AAC%’—n;nS- Ve
se
Setup
Falling VRer ViL(ac),max VREFA-_I\_/;LéAC),maX
se
. VRer - ViLoc) max
Rising VIiL(pC),max VRer ATFH,,
Hold
Falling ViH(DC),min VREF VlH(Z?r)gi;;'VREF
se
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ATRS

s5e
I [ D—
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P = TTr . ViH(ACmin
a \ | | /
= S T L v
. Voo o IH(DC)min
a Voo L
= Vo I
W) \ .
o] Vo w
L2 VI I/
o \i 1/
S O O VRerpq ©OF
g
o Y T VRerca
> I i
5 A /!
o | I". Il'I |
£ I [
L Loy [
T oy [
= \ |
7 b [
L L) o _____v________
[=)] | \ | VIL(DC)max
: \ !
& I [
| \ i |
) J
_________ N O A ViLAOmax
| I [ |
[ [
| | |
ATFS .
ATRH_,
| '
—_— | : | —
| |
Hold  __ ____ L _________ A
| C ViH(AOmin
EE I‘.I | | | ."II
8 o ___ Sl ______ A I A
< T : 7 VIHDOmin
. o 1
= A Lo
% Py : L
5 R I
g o by
b Y b
= L —6 Veerpg OF
| ]
s | I\ | T VRerca
i Lo I
o \ /
2 o i
o \ /
£ oo b
b= | Y Ll
K7 Lo bio
< | I oo
. L L M
2 T 7T ro Jr ____________ oo ViLoOmax
£ I I \ I
v I \ |
_______ :__I’__T___________,T__F________ ViLagmax
| ' I
L [
~" |
ATFH,,
Nominal Slew Rate Definition for Single-Ended Input Signals
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DDR3L 1.35V Slew Rate Definitions for Differential Input Signals

Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and meas- ured, as shown in Differential Input
Slew Rate Definition table and Nominal Differential Input Slew Rate Definition for DQS, DQS# and CK, CK# figure. The nominal
slew rate for a rising signal is defined as the slew rate between V_git,max and Vin gitimin. The nominal slew rate for a falling signal
is defined as the slew rate between V\u gittmin @nd VL diff max-

DDR3L 1.35V Differential Input Slew Rate Definition

Differential Input Slew Measured
Rates (Linear Signals) Calculation
Input Edge From To
Ris v v Vi, diffmin = VL diff,max
isin i iff,mi
g L, diff,max IH,diff, min ATRdiff
CK and DQS
reference Falli Vv v VIH,dif‘f,min B VIL,diff,max
allin 1H, diff,mi L, diff,
g 1, min I, max ATFdlﬁ
ATR g1
| Iq—-i
. | | |
Voo [ by
Vo I : i
& o [ L
» \ 1 I
) [ A
;’1 _______ Ci.,j__________________I__‘,v _______ Vi, diff,min
v Iy | i
Q A [
. (Y |
& I L
[a] | | /
= | L
8\ | \ | .'II 0
] i
X | | f.'
S [ I
5' | '.‘ | |
a [ I
= [ 1/
B o A
.‘E | . ( \9 VIL,diff,max
o [ I [l
] [ [ /1
= I I [
a | Loy [
| | ."I |
[ [ [
| | Fo
|- |
ATF i

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

The ODT effective resistance Ryt is defined by MR1[9, 6, and 2]. ODT is applied to the DQ, DM, DQS and DQS#. The ODT
target values and a functional representation are listed in On-Die Termination DC Electrical Characteristics and Rt Effective
Impedance table. The individual pull-up and pull-down resistors (Rrr(pu) and Rrrep)) are defined as follows:

® Rrreuy = (Vopg - Vout)/|lout|, under the condition that Rrrppy is turned off
o Rrrepy = (Vour)/|lout]|, under the condition that Rrrpu) is turned off

Chip in termination mode

oDT
r=-"=-"==-=-=-=- | V
1 | DDQ
| lpy |
| | lout = Ipp - Ipy
To " | |Rrrew |
other | [
circuitry | ' = DQ
suchas | | : lout
RCV, ... |! R
: TT(PD) : Vourt
| l'p[) '
| |
1 | d
— | Vssq
ODT Levels and |-V Characteristics
On-Die Termination DC Electrical Characteristics
Parameter/Condition Symbol Min Nom Max Unit Notes
Ryt effective impedance Rr1(EFR) See Ryt Effective Impedance table 1,2
Deviation of VM with respect to Vppg/2 AVM -5 5 % 1,2,3

Note:

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

2. Measurement definition for Rrr: Apply ViHac) to pin under test and measure current I[Vinac)], then apply Viiac) to pin
under test and measure current I[Viac)]:

VIH(AC) - VIL(AC)
Rer =
I(VIH(AC)) - I(VIL(AC))

3. Measure voltage (VM) at the tested pin with no load:

avM=[ —22YM 11 x100
VDDQ
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1.35V ODT Resistors

Ryt Effective Impedance table provides an overview of the ODT DC electrical characteristics. The values provided
are not specification requirements; however, they can be used as design guidelines to indicate what R+t is targeted
to provide:

L Ryt 120Q is made up of Ryrizopp240) aNd Rrr20(puz40)
Ryt 60Q is made up of Rrreoepi20) and Rryreopuizo)
Ryt 40Q is made up of Ryraoepse) @nd Rrraoreuso)

Ryt 30Q is made up of Rrraorepsoy and Rrrsopuso)

Ryt 20Q is made up of Rrr2oppaoy and Rrraopuao)

1.35V Ryt Effective Impedance

MR1 [9, 6, 2] RTT Resistor Vour Min Nom Max Units
0.2 X Vppg 0.6 1.0 1.15 RZQ/1
RtT.120PD240 0.5 x Vppg 0.9 1.0 1.15 RzQ/1
0.8 X Vppg 0.9 1.0 1.45 RZQ/1
0,1,0 1200 0.2 x Vppg 0.9 1.0 1.45 RZQ/1
RTT,120pU240 0.5 X Vppg 0.9 1.0 1.15 RZQ/1
0.8 x Vppq 0.6 1.0 1.15 RZQ/1
120Q ViLgac) 10 Vingac) 0.9 1.0 1.65 RZQ/2
0.2 x Vppq 0.6 1.0 1.15 RZQ/2
RTT.60PD120 0.5 X Vppg 0.9 1.0 1.15 RZQ/2
500 0.8 x Vppq 0.9 1.0 1.45 RZQ/2
0,0,1 0.2 X Vppg 0.9 1.0 1.45 RZQ/2
Rrr60PU120 0.5 x Vppq 0.9 1.0 1.15 RzQ/2
0.8 X Vppg 0.6 1.0 1.15 RZQ/2
60Q ViLac) 10 Vikgac) 0.9 1.0 1.65 RZQ/4
0.2 X Vppg 0.6 1.0 1.15 RZQ/3
RTT 40PD80 0.5 X Vppg 0.9 1.0 1.15 RZQ/3
400 0.8 X Vppg 0.9 1.0 1.45 RZQ/3
0,11 0.2 x Vppg 0.9 1.0 1.45 RZQ/3
RTT.40PU80 0.5 % Vppg 0.9 1.0 1.15 RZQ/3
0.8 x Vppg 0.6 1.0 1.15 RZQ/3
40Q ViLgac) 10 Vikgac) 0.9 1.0 1.65 RZQI6
0.2 x Vppg 0.6 1.0 1.15 RZQ/4
RTT,30PD60 0.5 % Vppg 0.9 1.0 1.15 RZQ/4
300 0.8 x Vppg 0.9 1.0 1.45 RZQ/4
1,0,1 0.2 X Vppg 0.9 1.0 1.45 RZQ/4
Rr7,30PU60 0.5 x Vppo 0.9 1.0 1.15 RZQ/4
0.8 x Vppg 0.6 1.0 1.15 RZQ/4
30Q ViLac) 10 Vikgac) 0.9 1.0 1.65 RZQ/8
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1.35V Ryt Effective Impedance (Continued)

MR1[9, 6, 2] RTT Resistor VOUT Min Nom Max Units
0.2 x Vppo 0.6 1.0 1.15 RzQ/6

RTT.20D40 0.5 x Vppo 0.9 1.0 1.15 RZQ/6

0.8 x Vppo 0.9 1.0 1.45 RZQ/6

20Q

1,0,0 0.2 x Vppo 0.9 1.0 1.45 RZQ/6
RTT.20pU40 0.5 x Vppo 0.9 1.0 1.15 RZQ/6

0.8 x Vppo 0.6 1.0 1.15 RzQ/6
200 ViLac) 10 Vinac) 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 in On-Die Termination DC
Electrical Characteristics table and Rrr Effective Impedance table can be expected to widen according to ODT Sensitivity
Definition table and ODT Temperature and Voltage Sensitivity table.

ODT Sensitivity Definition

Symbol Min Max Unit

R 0.9 - dRdT x |DT| - dRrdV x |DV| 1.6 + dR7rdT x |DT| + dRyrdV x |DV| RZQ/(Z, 4,6, 8, 12)

Note: 1. AT =T - T(@ calibration), AV = Vppo - Vopo(@ calibration) and Vpp =Vppo.

ODT Temperature and Voltage Sensitivity

Change Min Max Unit
dRyrdT 0 15 %/°C
dRrdV 0 0.15 %/mV

Note: 1. AT =T - T(@ calibration), AV = Vppg - Vopo(@ calibration) and Vop =Vppe.
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ODT Timing Definitions

ODT loading differs from that used in AC timing measurements. The reference load for ODT timings is shown in ODT Timing
Reference Load figure 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. ODT Timing Definitions table and Reference
Settings for ODT Timing Measurements table outline and provide definition and measurement references settings for each
parameter.

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

A" /2
D
puUT  Veerl—3°

DQ, DM| Ry =250
TDOS, TDQS# L

Timing reference point

ZQ
| RZQ = 2400
VWA | Vssq
ODT Timing Reference Load
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ODT Timing Definitions

Symbol Begin Point Definition End Point Definition Figure
t Rising edge of CK — CK# defined by the end . 'AON and 'AOF
AON point of ODTLon Extrapolated point at Vssq Definitions
t Rising edge of CK — CK# defined by the end . 'AON and 'AOF
AOF point of ODTLoff Extrapolated point at Verrnom Definitions
t Rising edge of CK — CK# with ODT first being . 'AONPD and 'AOFPD
AONPD registered HIGH Extrapolated point at Vssq Definitions
t Rising edge of CK — CK# with ODT first being . 'AONPD and 'AOFPD
AOFPD registered LOW Extrapolated point at Vrrrnom Definitions
ADC Rising edge of CK — CK# defined by the end  |Extrapolated points at Vrrrwr) and 'AONPD and 'AOFPD
point of ODTLcnw, ODTLcwn4, or ODTLEWN8  |VgrTTnom Definitions
DDR3L(1.35V) Reference Settings for ODT Timing Measurements
Measured . .
Parameter Rt1nom Setting Rrrwr) Setting Vswi Vsw2
¢ RZQ/4 (60Q) N/A 50mV 100mV
AON
RZQ/12 (20Q) N/A 100mV 200mV
¢ RZQ/4 (60Q) N/A 50mV 100mV
AOF
RZQ/12 (20Q) N/A 100mV 200mV
¢ RZQ/4 (60Q) N/A 50mV 100mV
AONPD
RZQ/12 (20Q) N/A 100mV 200mV
¢ RZQ/4 (60Q) N/A 50mV 100mV
AOFPD
RZQ/12 (20Q) N/A 100mV 200mV
‘ADC RZQ/12 (20Q) RZQ/2 (20Q) 200mV 250mV
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tAON tAOF
Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK#
defined by the end point of ODTLon defined by the end point of ODTLoff
| I
CK
I
I .
CK# I
| !
!HI taAOF
: i / End point: Extrapolated point at VRTTnom
_____________ === VR‘I‘I’,nom
————— Tswi
DQ, DM
Tsw1
DQS, DQS# Vswz 1
TDQS, TDQS# Vw1 I
_________ F~ Vssq
End point: Extrapolated point at \.-"SSQ
‘AON and 'AOF Definitions
tAONPD tAOFPD
Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK#
with ODT first registered high with ODT first registered low
&K
CK# i
DQ, DM
DQs, DQS#
TDQS, TDQS#
End point: Extrapolated point at Vssq
‘AONPD and 'AOFPD Definitions
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Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK# defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8
| |
CK 1 I
kg - N e f
- — — — 1
VR‘I’T,nom -
DQ, DM End point:
DQs, DQS# Extrapolated
TDQS, TDQS# point at Virr nom
End point: Extrapolated point at Verrowr)
Y
Vssq
‘ADC Definition
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Output Driver Impedance

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

Output specifications refer to the default output driver unless specifically stated otherwise. A functional representation of the
output buffer is shown below. The output driver impedance RON is defined by the value of the external reference resistor RZQ as
follows:

* Ronx = RZQly (with RZQ = 240Q +1%; x = 34Q or 40Q with y = 7 or 6, respectively)
The individual pull-up and pull-down resistors Ronu) and Ronep) are defined as follows:
. RON(pu) = (VDDQ - VOUT)/“OUTl, when RON(pD) is turned off

. RON(pD) = (Vou'r)/“ou'rl, when RON(pu) is turned off

Chip in drive mode

Output driver
| I ° Voog
I l lpu I
I I
To R
other I ON(PU) I
circuitry | | | » DQ
suchas || | lout
ROVl | Ronten |
I I Vour
| len I
} | & Veeq
Output Driver
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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 defined by the value of the external reference resistor RZQ as follows: Ronss = RZQ/7
(with nominal RZQ = 240Q +1%) and is actually 34.3Q +1%.

DDR3L 34 Ohm Driver Impedance Characteristics

MR1 [5, 1] Ron Resistor Vout Min Nom Max Units
0.2 x Vppo 0.6 1.0 1.15 RzQI7

Ron,34pD 0.5 x Vppo 0.9 1.0 1.15 RzQ/7

0.8 x Vppg 0.9 1.0 1.45 RzQ/7

0,1 34.3Q

0.2 x Vppg 0.9 1.0 1.45 RzQ/7

Ron,34pu 0.5 x Vppo 0.9 1.0 1.15 RzQ/7

0.8 x Vppg 0.6 1.0 1.15 RzQ/7

Pull-up/pull-down mismatch (MMpypp) ViL(ac) t0 Vikac) -10 N/A 10 %
Note:

1. Tolerance limits assume RZQ of 240Q +1% and are applicable after proper ZQ calibration has been performed at a stable
temperature and voltage: Vppg = Vop; Vssag = Vss).

Refer to DDR3L 34 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 (MMpypp). Measure both Ronpuy and Ronep) at 0.5 x

VDDQ:
R -R
MMpupp = ON(PU) ON(PD) x 100
RON,nom
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DDR3L 34 Ohm Driver

Using Driver Pull-Up and Pull-Down Impedance Calculations table, the 34Q driver's current range has been calculated and
summarized in Driver lon/loL Characteristics table for Vpp = 1.35V, Driver lon/lo. Characteristics table for Vpp = 1.45V, and Driver
lon/lo Characteristics table for Vpp = 1.283V. The individual pull-up and pull-down resistors Ronsarp) and Ronzapu) are defined as
follows:

* Ronzapp) = (Vout)/|lout]; Ronsapu) is turned off
* Ronzapuy = (Voo - Vour)/|lout|; Ronzaerpy is turned off

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

Ron Min Nom Max Unit
RzZQ =240Q + 1% 237.6 240 242.4 Q
RZQ/7 = (240Q+ 1%)/7 33.9 34.3 34.6 Q
MR1[5,1] Ron Resistor Vour Min Nom Max Unit
0.2 x Vppo 20.4 34.3 38.1 Q
Ronzaep) 0.5 x Vppo 30.5 34.3 38.1 Q
0.8 x Vppo 30.5 34.3 48.5 Q
0,1 34.3Q
0.2 x Vppo 30.5 34.3 48.5 Q
Ronzaeu) 0.5 x Vppo 30.5 34.3 38.1 Q
0.8 x Vppo 20.4 34.3 38.1 Q

DDR3L 34 Ohm Driver lgn/lo. Characteristics: Vpp = Vppg = DDR3L@1.35V

MR1[5,1] Ron Resistor Vout Max Nom Min Unit
lo. @ 0.2 X Vopo 13.3 7.9 7.1 mA

Rons4(eD) lo. @ 0.5 X Vopo 22.1 19.7 17.7 mA

lo. @ 0.8 X Viopo 35.4 315 22.3 mA

ot 34.30 lon @ 0.2 x Vppo 35.4 315 22.3 mA
Ronsa(eu) low @ 0.5 x Vppo 22.1 19.7 17.7 mA

lo @ 0.8 X Vppo 13.3 7.9 7.1 mA

DDR3L 34 Ohm Driver lgy/lo. Characteristics: Vpp = Vppg = DDR3L@1.45V

MR1[5,1] Ron Resistor Vour Max Nom Min Unit
lo. @ 0.2 x Vppg 14.2 8.5 7.6 mA
Rons4(PD) lo. @ 0.5 x Vppg 23.7 21.1 19.0 mA
lo. @ 0.8 x Vppg 38.0 338 23.9 mA
o1 34.3Q lon @ 0.2 X Vppg 38.0 338 23.9 mA
Rons4(pu) lon @ 0.5 x Vppg 23.7 21.1 19.0 mA
lon @ 0.8 x Vppg 14.2 8.5 7.6 mA
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DDR3L 34 Ohm Driver lon/lo. Characteristics: Vpp = Vppg = DDR3L@1.283

MR1[5,1] RON Resistor VOUT Max Nom Min Unit
loL @ 0.2 X Vppo 12.6 7.5 6.7 mA

Ronz4(ep) loL @ 0.5 X Vppo 21.0 18.7 16.8 mA

loL @ 0.8 X Vppo 33.6 29.9 21.2 mA

o1 34.3Q low @ 0.2 % Vppo 33.6 29.9 21.2 mA
Ronz4(eu) lon @ 0.5 X Vppo 21.0 18.7 16.8 mA

lon @ 0.8 X Vppo 12.6 7.5 6.7 mA

DDR3L 34 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after ZQ calibration, then the tolerance limits listed in Driver Impedance
Characteristics table can be expected to widen according to Output Driver Sensitivity Definition table and Output Driver Voltage
and Temperature Sensitivity table.

DDR3L 34 Ohm Output Driver Sensitivity Definition

Symbol Min Max Unit

RoN(pD) @ 0.2 x VDDQ 0.6 - dRONdTL X IATl - dRONdVL X |AV| 1.1+ dRONdTL X IATl + dRondVL x |AV| RZQ/G

RoN(pD) @ 0.5 x VDDQ 0.9 - dRondTM x |AT| - dRondVM x |AV| 1.1 + dRondTM x IATl + dRondVM x IAVI RZQ/G

RoN(pD) @ 0.8 x VDDQ 0.9 - dRondTH % IATl - dRondVH x IAVI 1.4 + dRondTH % IATl + dRondVH x |AV| RZQ/G

RoN(pu) @ 0.2 x VDDQ 0.9- dRONdTL X IATl - dRONdVL X |AV| 1.4+ dRONdTL X IATl + dRondVL x |AV| RZQ/G

RoN(pu) @ 0.5 x VDDQ 0.9- dRONdTM X |AT| - dRONdVM X |AV| 1.1+ dRONdTM X IATl + dRondVM x IAVI RZQ/G

Roneu) @ 0.8 X Vppo | 0.6 - dRondTH % |AT| - dRondVH x [AV] | 1.1+ dRondTH x |AT| + dRondVH x |AV] RZQ/6

Note: 1. AT =T - T(ecauisration); AV = Vppq - Vbbg@caLisration); and Vop = Vopg:

34 Ohm Output Driver Voltage and Temperature Sensitivity

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

DDR3L 40 Ohm Driver Impedance Characteristics

MR1[5,1] Ron Resistor Vout Max Nom Min Unit
0.2 x Vppo 0.6 1.0 1.15 mA
Rono(PD) 0.5 x Vppg 0.9 1.0 1.15 mA
0.8 x Vppo 0.9 1.0 1.45 mA
o0 400 0.2 x Voo 0.9 1.0 1.45 mA
Ronao(pu) 0.5 x Vppg 0.9 1.0 1.15 mA
0.8 x Vppo 0.6 1.0 1.15 mA
Pull-up/pull-down mismatch (MMpupp) ViL(ac) 10 ViHac) -10 N/A 10 %
Note:

1.  Tolerance limits assume RZQ of 240Q +1% and are applicable after proper ZQ calibration has been performed at a stable
temperature and voltage: Vppg = Vop; Vssg = 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 (MMpypp). Measure both Ronpuy and Ronep) at 0.5 x

VDDQZ
R -R
MMeypp = ON(PU) ON(PD) x 100
RON,nom
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DDR3L 40 Ohm Output Driver Sensitivity

If either the temperature or the voltage changes after I/O calibration, then the tolerance limits listed in 40 Ohm Driver Impedance
Characteristics table can be expected to widen according to 40 Ohm Output Driver Sensitivity Definition table and 40 Ohm
Output Driver Voltage and Temperature Sensitivity table.

DDR3L 40 Ohm Output Driver Sensitivity Definition

Symbol Min Max Unit

RON(PD) @ 0.2 x VDDQ 0.6 - dRONdTL X IATl - dRONdVL X |AV| 1.1+ dRONdTL X IATl + dRondVL x IAVI RZQ/6

RON(PD) @ 0.5 x VDDQ 0.9 - dRondTM x |AT| - dRondVM x |AV| 1.1 + dRondTM x IATl + dRondVM % IAVI RZQ/6

RON(PD) @ 0.8 x VDDQ 0.9 - dRondTH % IATl - dRondVH x IAVI 1.4 + dRondTH % IATl + dRondVH x |AV| RZQ/6

RoN(pu) @ 0.2 x VDDQ 0.9- dRONdTL X IATl - dRONdVL X |AV| 1.4+ dRONdTL X |AT| + dRONdVL X |AV| RZQ/G

RoN(pu) @ 0.5 x VDDQ 0.9- dRONdTM X |AT| - dRONdVM X |AV| 1.1+ dRONdTM X IATl + dRondVM x IAVI RZQ/G

RON(pu) @ 0.8 x VDDQ 0.6 - dRondTH % |AT| - dRondVH x |AV| 1.1 + dRondTH % |AT| + dRondVH x |AV| RZQ/6

Note: 1. AT =T - T(@caieraTion); AV = Vppo - Vbobg@catisration); and Voo = Vbpg:

40 Ohm Output Driver Voltage and Temperature Sensitivity

Change Min Max Unit
dRondTM 0 1.5 %/°C
dRondVM 0 0.15 %/mV
dRondTL 0 15 %]/°C
dRondVL 0 0.15 %/mV
dRondTH 0 15 %/°C
dRondVH 0 0.15 %/mV
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Output Characteristics and Operating Conditions

DDR3L Single-Ended Output Driver Characteristics

All voltages are referenced to Vss

Parameter/Condition Symbol Min Max Unit Notes
Output leakage current: DQ are disabled;

. . . |oz -5 5 lJA 1
0V < Vour £ Vppo; ODT is disabled; ODT is HIGH
Output slew rate: Single-ended; For rising and falling edges,
measure between VOL(AC) = VRger - 0.09 x VDDQ and VOH(AC) = SRQse 1.75 6 V/ns 1,2,3,4
Vger + 0.09 x VDDQ
Single-ended DC high-level output voltage VoH(c) 0.8 x Vppg \% 1,2,5
Single-ended DC mid-point level output voltage Vowm(c) 0.5 x Vppo \% 1,2,5
Single-ended DC low-level output voltage VoLoc) 0.2 x Vppg \Y 1,2,5
Single-ended AC high-level output voltage VoH(Ac) Vi1 + 0.1 X Vppg \% 1,2,3,6
Single-ended AC low-level output voltage VoLac) V71 - 0.1 x Vppg \Y 1,2,3,6
Delta Ron between pull-up and pull-down for DQ/DQS MMpupp -10 ‘ 10 % 1,7

Output to V17 (Vopo/2) via 25Q resistor 3

Test load for AC timing and output slew rates

Note:

1. RZQ of 240Q +1% with RZQ/7 enabled (default 34Q driver) and is applicable after proper ZQ calibration has been

performed at a stable temperature and voltage (Voog = Vob; Vssg = Vss).

2. VTT = VDDQ/Z.

hw

See Reference Output Load for AC Timing and Output Slew Rate figure for the test load configuration.
The 6 V/ns maximum is applicable for a single DQ signal when it is switching either from HIGH to LOW or LOW to HIGH

while the remaining DQ signals in the same byte lane are either all static or all switching in the opposite direction. For all
other DQ signal switching combinations, the maximum limit of 6 V/ns is reduced to 5 V/ns.

See Output Driver figure for additional information.

O N :

See Output Driver figure for IV curve linearity. Do not use AC test load.
See Single-Ended Output Slew Rate Definition table for output slew rate.

See DQ Output Signal figure for an example of a single-ended output signal.
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MAX output

\"'IC-HACI

v-:-Lf.-f\::'

MIM cutput

DQ Output Signal
DDR3L Differential Output Driver Characteristics
Parameter/Condition Symbol Min Max Unit Notes
Output leakage current: DQ are disabled;
S . loz -5 5 HA 1

0V < Vour £ Vppg; ODT is disabled; ODT is HIGH
DDR3L Output slew rate: Differential; For rising and fall-
ing edges, measure between Vo difiac) = —0.18 % Vppo and SRQuiff 35 12 Vins 1
VoH,difiac) = 0.18 X Vppq
Differential high-level output voltage VOoH,diff(ac) +0.2 X Vppg \ 1,4
Differential low-level output voltage VoL diff(ac) —0.2 x Vppg \ 1,4
Delta Ron between pull-up and pull-down for DQ/DQS MMpupp -10 10 % 1,5
Test load for AC timing and output slew rates Output to Vrr (Vopo/2) via 25Q resistor 3

Note:

1.

AL

Rzq of 240Q +1% with Rzo/7 enabled (default 34Q driver) and is applicable after proper ZQ calibration has been

performed at a stable temperature and voltage (Voog = Vob; Vssg = Vss).

Vrer = Vppo/2; slew rate @ 5 V/ns, interpolate for faster slew rate.
See Reference Output Load for AC Timing and Output Slew Rate figure for the test load configuration.

See Differential Output Slew Rate Definition table for the output slew rate.

See 34 Ohm Driver Impedance Characteristics table for additional information.

See Differential Output Signal figure for an example of a differential output signal.
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DDRS3L Differential Output Driver Characteristics Vox(ac)

All voltages are referenced to Vss

DDR3L-1866/2133 DQS/DQS# Differential Slew Rate

Parameter/Condi- tion Symbol Unit
3.5VIn s| 4VIns | 5v/ins | 6VIns | 7VIns | 8V/ns | 9V/ns | 10V/ns | 12V/ns

0utput d|ﬁerent|a| v Max +90 +105 +135 +155 +18O +205 +205 +205 +205 mV

crosspoint voltage XD Min | 90 | -105 | -135 | -155 | -180 | -205 | -205 | -205 | -205 | mv

Note:

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

2. See Reference Output Load for AC Timing and Output Slew Rate figure for the test load configuration.

w

See Differential Output Signal figure for an example of a differential output signal.

4. For a differential slew rate between the list values, the Voxc) value may be obtained by linear interpolation.

""r"‘L

Differential Output Signal

MAX cutput

VCH-:A:]mar

VC:-!-:A:]mIr

MIN output
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Reference Output Load

Reference Output Load for AC Timing and Output Slew Rate figure represents the effective reference load of 25Q 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 actual load presented by
a production tester. System designers should use IBIS or other simulation tools to correlate the timing reference load to a system

environment.

Vbng2
DUT  Vaer
Do Ry =250 N
DQs5# L
Timing reference point
0
| RZQ = 2400
VA | Vss

Reference Output Load for AC Timing and Output Slew Rate
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Slew Rate Definitions for Single-Ended Output Signals

The single-ended output driver is summarized in Single-Ended Output Driver Characteristics table. With the reference load for

timing measurements, the output slew rate for falling and rising edges is defined and measured between Vo (ac) and Vorac) for
single-ended signals.

Single-Ended Output Slew Rate Definition

Single-Ended Output Slew Rates Measured
(Linear Signals) Calculation
Output Edge From To
- Vorac) - VoLac)
Rising VoLc) VoH(ac) ATR.
DQ
) Vorac) - VoLiac)
Falling VoH(ac) VoL(ac) ATF..
ATR_
I ([
I': | | | I
I': | I : III|
Vool | {
\ L
\ )
b | :'
N | /

_______ d,’_________________"f__'(:: 77~ Vouac
I I i
|I|".| I /
| ':I | I.'

o o

D L

: — Vi
P L/

Y L

| I

o\ |/

_______ J___)'\_____________ N
| * |II l"% Vl:ll!.-\.i:l
| r fl
| [ I.' |
I I I"-.I I
[ [ fo
I [ [

I [ [

I [ o

|— |
ATF,

Nominal Slew Rate Definition for Single-Ended Output Signals
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Slew Rate Definitions for Differential Output Signals

The differential output driver is summarized in Differential Output Driver Characteristics table. With the reference load for timing
measurements, the output slew rate for falling and rising edges is defined and measured between Vorac) and Vorac) for

differential signals.

Differential Output Slew Rate Definition

Differential Output Slew Measured
Rates (Linear Signals) Calculation
Output Edge From To
. Vo difiac) - VoL diff(Ac)
Rising VoL dif(ac) VoH diff(AC) ATRqr
DQS, DQS#
. Vo difiac) - VoL diff(ac)
Falling VOoH,diffAC) VoL diff(ac) ATFar
ATR i
I |’
—_ | : —_—
Yool I
L | o
I'. I I : .'I
Wl | i
III'.I| | ::'I
——————— CI:I;-——————————————————:———\’?'_'}———————UDH.diHiAC]
i | {
I | f
A o
[ | {
(I | /
[ L 0
| I': | I:'
| b | I:'
L L
| ! | I:'
I I/
——————— il———"” —————————————xr——————————VDL.::Iiff[.ﬁ.CI
| ry h
| Y {1
[ (N /1
[ I {
I o [
I [ [
I - b
" |
ATF g3
Nominal Differential Output Slew Rate Definition for DQS, DQS#
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Speed Bin Tables

DDR3L-1866 Speed Bins

DDR3L-1866 Speed Bin

CL-'RCD-'RP 13-13-13 Unit | Notes
Parameter Symbol Min Max
Internal READ command to first data 'AA 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 'RAS 34 9 x 'REFI ns 2
cLes CWL=5 'CK (AVG) 3.0 3.3 ns 3
- CWL=6,7,8,9 'cK (AVG) Reserved ns 4
Lot CWL=5 'CK (AVG) 25 | 33 ns 3
- CWL=6,7,8,9 'CK (AVG) Reserved ns 4
cLo7 CWL=5,7,8,9 'CK (AVG) Reserved ns 4
- CWL=6 'CK (AVG) 1.875 \ <25 ns 3
CWL=5,8,9 'CK (AVG) Reserved ns 4
cL=8 CWL=6 'CK (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 'CK (AVG) 15 | <1875 ns 3
CWL=5,6,9 'CK (AVG) Reserved ns 4
CL=10 CWL=7 'CK (AVG) 15 | <1875 ns 3
CWL=8 'CK (AVG) Reserved ns 4
CWL=5,6,7 'cK (AVG) Reserved ns 4
CL=11 CWL=8 'CK (AVG) 1.25 \ <15 ns 3
CWL=9 'CK (AVG) Reserved ns 4
CL=12 CWL=5,6,7,8 'CK (AVG) Reserved ns 4
- CWL=9 'CK (AVG) Reserved ns 4
CL=13 CWL=5,6,7,8 'CK (AVG) Reserved ns 4
- CWL=9 'CK (AVG) 1.07 <1.25 ns 3
Supported CL settings 56,7,8,9, 10, 11, 13 CK
Supported CWL settings 56,7,8,9 CK

Note:

1.  'REFI depends on Toper.

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

settings need to be fulfilled.

3. Reserved settings are not allowed.
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DDR3L-2133 Speed Bins

DDR3L-2133 Speed Bin
CL-'RCD-'RP 14-14-14 Unit | Notes
Parameter Symbol Min Max
Internal READ command to first data 'AA 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
cLes CWL=5 'CK (AVG) 3.0 33 ns 3
CWL=6,7,8,9 'CK (AVG) Reserved ns 4
L6 CWL=5 'CK (AVG) 25 | 33 ns 3
CWL=6,7,8,9 'CK (AVG) Reserved ns 4
cLe7 CWL=5,7,8,9 'CK (AVG) Reserved ns 4
CWL=6 'CK (AVG) 1.875 \ <25 ns 3
CWL=5,8,9 'CK (AVG) Reserved ns 4
CL=8 CWL=6 'CK (AVG) 1.875 \ <25 ns 3
CWL=7 'CK (AVG) Reserved ns 4
cLeo CWL=5,6,8,9 'CK (AVG) Reserved ns 4
CWL=7 'CK (AVG) 15 | <1875 ns 3
CWL=5,6,9 'CK (AVG) Reserved ns 4
CL=10 CWL=7 'CK (AVG) 15 | <1875 ns 3
CWL=8 'CK (AVG) Reserved ns 4
CWL=5,6,7 'CK (AVG) Reserved ns 4
CcL=11 CWL=8 'CK (AVG) 1.25 \ <15 ns 3
CWL=9 'CK (AVG) Reserved ns 4
CL=12 CWL=5,6,7,8 'cK (AVG) Reserved ns 4
CWL=9 'CK (AVG) Reserved ns 4
CL=13 CWL=5,6,7,8 'cK (AVG) Reserved ns 4
CWL=9 'CK (AVG) 107 | <125 ns 3
CL=14 CWL=5,6,7,8,9 'cK (AVG) Reserved ns 4
CWL=10 'CK (AVG) 0.938 \ <1.07 ns 3
Supported CL settings 56,7,8,9, 10, 11, 13, 14 CK
Supported CWL settings 5,6,7,8,9 CK
Note:
1. 'REFI depends on Toper.
2. The CL and CWL settings result in 'CK requirements. When making a selection of 'CK, both CL and CWL requirement
settings need to be fulfilled.
3. Reserved settings are not allowed.
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Electrical Characteristics and AC Operating Conditions

Electrical Characteristics and AC Operating Conditions

Notes 1-8 apply to the entire table

DDR3L-1866 DDR3L-2133 :
Parameter Symbol Unit Notes
Min Max Min Max
Clock Timing
Clock period Tc<85°C - 8 7800 8 7800 ns 9, 42
average: DLL °
isable mode et (DLL_Dis) 8 3900 8 3900 ns 42
gggle( period average: DLL enable | ¢ (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 'CL (AVG) 0.47 0.53 0.47 0.53 CK 12
o DLL locked Ul Tper -60 60 -50 50 ps 13
Clock period jitter - N
DLL locking JITper,Ick =50 50 -40 40 ps 13
. ¢ MIN = 'CK (AVG) MIN + JITper MIN; MAX = 'CK (AVG) MAX H
Clock absolute period CK (ABS) UITper MAX ps
'CK
Clock absolute high pulse width 'CH (ABS) 0.43 - 0.43 - (AVG) 14
'CK
Clock absolute low pulse width 'CL (ABS) 0.43 - 0.43 - (AVG) 15
) DLL locked JlTce 120 120 ps 16
Cycle-to-cycle jitter - :
DLL locking JITce,Ick 100 100 ps 16
2 cycles ‘ERRZper —-88 88 -74 74 ps 17
3 cycles 'ERR3per -105 105 -87 87 ps 17
4 cycles ‘ERR4per -117 117 -97 97 ps 17
5 cycles 'ERRS5per -126 126 -105 105 ps 17
6 cycles ‘ERRGper -133 133 -111 111 ps 17
7 cycles | 'ERR7per -139 139 -116 116 ps 17
g;r;‘s“s'a“"e error 8cycles | 'ERRS8per ~145 145 -121 121 ps 17
9 cycles 'ERR9per -150 150 -125 125 ps 17
10 cycles IERRlOper -154 154 -128 128 ps 17
11 cycles tERFQllper -158 158 -132 132 ps 17
12 cycles IERRlZper -161 161 -134 134 ps 17
n=13,14...|, '‘ERRnper MIN = (1 + 0.68In[n]) x 'JITper MIN
49,50 cycles | CnPer 'ERRnper MAX = (1 + 0.68In[n]) x 'JITper MAX ps 7
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DDR3L-1866 DDR3L-2133 :
Parameter Symbol Unit Notes
Min Max Min Max
DQ Input Timing
Base
18, 19
Data setup | (specificatio DS 70 - 55 - ps 4 4 '
time to n) (AC130
DQS, DQS#
Qs.DeQ wﬁg @1 135 - 120.5 - ps 19, 20
Base
Data hold (specificatio ‘DY 75 - 60 - ps 18, 19
time from | N)
DC90)
DQS, DQSH# (

Qs.DQ xfrf; @1 110 - 105 - ps 19, 20
Minimum data pulse width| ‘DIPW 320 - 280 - ps 41
DQ Output Timing
DQS, DQS# to DQ skew,
pfr acch,s Q 'DQSQ - 85 - 75 ps
DQ output hold time from t . ‘cK

H . - . 21
DQS, DQSH# Q 0.38 0.38 (AVG)
BS#LOW'Z time from CK, | 7pq -390 195 -360 180 ps 22,23
g(K)#ngh-Z time from CK, tHZDQ _ 195 ) 180 ps 22. 23
DQ Strobe Input Timing
g%f'r iE_Qir?é# rising to CK, | tphgs —0.27 0.27 ~0.27 0.27 CcK 25
DQS, DQS# differential
ingut Iov(vgpulse width 'DQSL 0.45 0.55 0.45 0.55 CK
DQS, DQS# differential t
input high pulse width DQSH 0.45 0.55 0.45 0.55 CK
D %?(S##rif;'r']'gg Sewp | ipsg 0.18 - 0.18 - CcK 25
DQS, DQS# falling hold t
from CK, CK# rising DSH 0.18 - 0.18 - cK 25
DQS, DQS# differential t _ _
WRITE preamble WPRE 0.9 0.9 CK
DQS, DQS# differential §
WRITE postamble WPST 0.3 - 0.3 - cK
DQ Strobe Output Timing
r'?s?% ggs&rfng toffrom | pasek ~195 195 -180 180 ps 23
DQS, DQS# rising to/from D K
rising CK, CK# when DLL QsC 1 10 1 10 ns 26
is disabled (DLL_DIS)
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DDR3L-1866 DDR3L-2133 .
Parameter Symbol Unit Notes
Min Max Min Max

En?es DQS# differential output high 'QSH 0.40 _ 0.40 ) CK 21
Erges DQS# differential output low tQSL 0.40 _ 0.40 ) CK 21
DQS, DQS# Low-Z time (RL - 1) tLZDQS -390 195 -360 180 ps 22,23
DQS, DQS# High-Z time (RL + BL/2)| 'HZDQS - 195 - 180 ps 22,23
DQS, DQS# differential READ 'RPRE 0.9 Note 24 0.9 Note 24 CK | 23,24
preamble
DQS, DQSH differential READ RPST 0.3 Note 27 0.3 Note27 | CK | 23,27
postamble
Command and Address Timing
DLL locking time 'DLLK 512 - 512 - CK 28
CTRL, CMD, Base =~ iIs 65 - 60 - ps 29, 30,
ADDR setupto  |(Specification) 44
CK.CK# (AC135)

J Vrer @ 1 V/ns 200 - 195 - ps 20, 30
CTRL, CMD, Base r _ ) 29, 30,
ADDR setupto  |(Specification) o 150 135 pS 44
CK.CK# (AC125)

J Vrer @ 1 V/ns 275 - 260 - ps 20, 30
CTRL, CMD, Base =~ t 110 - 105 - s | 29,30
ADDR hold from ~ ((Specification) IH P ‘
CK,CK# (DC90)

' Vrer @ 1 V/ns 200 - 195 - ps 20, 30
Mllnlmum CTRL, CMD, ADDR pulse 1PW 535 _ 470 ) ps a1
width
IACTIVATE to internal READ or t . t
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 'RAS See Speed Bin Tables for 'RAS ns 31,32
command period
S;EXATE'IO'ACTNATE command 'RC See Speed Bin Tables for 'RC ns 31,43
IACTIVATE-to-ACTI 16
VATE minimum . 'RRD MIN = greater of 4CK or 6ns CK 31
command period (2KB page size)
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DDR3L-1866 DDR3L-2133 :
Parameter Symbol Unit Notes
Min Max Min Max
Four ACTIVATE X16 ¢
Windows (2KB page size) FAW 35 35 ns 31
. . 31, 32,
\Write recovery time WR MIN = 15ns; MAX = N/A ns 33.34
Delay from start of internal WRITE
transaction to internal READ WTR MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31, 34
command
READ-to-PRECHARGE time 'RTP MIN = greater of 4CK or 7.5ns; MAX = N/A CK 31, 32
CAS#-to-CAS# command delay ‘ccD MIN = 4CK; MAX = N/A CK
/Auto precharge write recovery + t _ top)t : —
precharge time DAL MIN = WR + 'RP/CK (AVG); MAX = N/A CK
MODE_ REGISTER SET command ‘MRD MIN = 4CK: MAX = N/A cK
cycle time
MODE REGISTER SET command ‘MOD MIN = greater of 12CK or 15ns; MAX = N/A CK
update delay
MULTIPURPOSE REGISTER READ
burst end to mode register set for ‘MPRR MIN = 1CK; MAX = N/A CK
multipurpose register exit
Calibration Timing
POWER-UP MIN = N/A
and RESET tZQinit MAX = MAX(512nCK, CK
ZQCL command: Operation 640”3)
Long calibration
time MIN = N/A
Normal t -
- ZQoper MAX = MAX(256nCK, CK
operation
320ns)
ZQCS command: Short calibration zQCs MIN = N/A t CK
time MAX = MAX(64nCK, 80ns) ZQCS
Initialization and Reset Timing
Exit reset from CKE HIGH to avalid | pp MIN = greater of 5CK or 'RFC + 10ns; MAX = N/A CcK
command
Begin power supply ramp to power | pppp MIN = N/A; MAX = 200 ms
supplies stable
RESET# LOW to power supplies 'RPS MIN = 0: MAX = 200 ms
stable
RESET# LOW to I/0O and Ryt High- Z oz MIN = N/A; MAX = 20 ns 35
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either synchronous or asynchronous

command to CKE LOW time

DDR3L-1866 DDR3L-2133 .
Parameter Symbol Unit Notes
Min Max Min Max
Refresh Timing
REFRESH-to-ACTIVATE or t — . -
REFRESH command period RFC - 4Gb MIN = 260; MAX = 70,200 ns
Tc <85°C - 64 (1X) ms 36
Maximum refresh > 85°C and
i C
period = 95°C - 32 (2X) ms 36
_ Tc<85°C 7.8 (64ms/8192) Us 36
Maximum average - 85°C and 'REF]
iodi C
periodic refresh < 95°C 3.9 (32ms/8192) us 36
Self Refresh Timing
Exit self refresh to commands not t _ t . _
requiring a locked DLL XS MIN = greater of 5CK or RFC + 10ns; MAX = N/A CK
Ex_lt_self refresh to commands re- YSDLL MIN = ‘DLLK (MIN): MAX = N/A CK 28
quiring a locked DLL
Minimum CKE low pulse width for
self refresh entry to self re- fresh exit| 'CKESR MIN = 'CKE (MIN) + CK; MAX = N/A CK
timing
valid clocks after self refresh en-try | 1oy spe MIN = greater of 5CK or 10ns; MAX = N/A CK
or power-down entry
\Valid clocks before self refresh exit, | t _ ) _
power-down exit, or reset exit CKSRX MIN = greater of 5CK or 10ns; MAX = N/A CK
Power-Down Timing
CKE MIN pulse width 'CKE (MIN) Greater of 3CK or 5ns CK
Command pass disable delay 'CPDED MIN = 2; MAX = N/A CK
Power-down entry to power- down 'PD MIN = 'CKE (MIN); MAX = 9 x 'REFI CcK
exit timing
Begin power-down period prior to t )
CKE registered HIGH ANPD WL-1cK CK
Power-down entry period: ODT PDE Greater of 'ANPD or 'RFC - REFRESH oK
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(power-down with DLL off)

DDR3L-1866 DDR3L-2133 .

Parameter Symbol Unit Notes
Min Max Min Max
Power-down exit period: ODT either PDX ANPD + XPDLL CK
synchronous or asynchronous
Power-Down Entry Minimum Timing
IACTIVATE command to power-down ‘ACTPDEN MIN = 2 CK
entry
PRECHARGE/PRECHARGE ALL ‘PRPDEN MIN = 2 CK
command to power-down entry
REFRESH command to power-down '‘REEPDEN MIN = 2 CK 37
entry
MRS command to power-down entry| 'MRSPDEN MIN = 'MOD (MIN) CK
READ/READ with auto precharge 'RDPDEN MIN=RL+4+1 CK
command to power-down entry
WRITE command [BL8 (OTF, MRS)| 4y ppney MIN = WL + 4 + 'WR/'CK (AVG) cK
to power-down BC4OTF
entry BC4AMRS 'WRPDEN MIN = WL + 2 + 'WR/'CK (AVG) CK
WRITE with auto  BL8 (OTF, MRS) |y g AppEN MIN = WL + 4 + WR + 1 CcK
precharge BC4OTF
command to .
power-down entry BC4MRS WRAPDEN MIN=WL+2+WR+1 CK
Power-Down Exit Timing
DLL on, any valid command, or DLL MIN = greater of 3CK or 6ns:
off to commands not requiring locked 'XP 9 ' CK
MAX = N/A

DLL
Precharge power-down with DLL Off | ) | MIN = greater of 10CK or 24ns; MAX = N/A CcK 28
to commands requiring a locked DLL
ODT Timing
R+t synchronous turn-on delay ODTLon CWL + AL - 2CK CK 38
Ryt synchronous turn-off delay ODTLoff CWL + AL - 2CK CK 40
Rt turn-on from ODTL on reference 'AON -195 195 -180 180 ps 23, 38
R+t turn-off from ODTL off reference 'AOF 0.3 0.7 0.3 0.7 CK 39, 40
IAsynchronous Rt turn-on delay ‘AONPD MIN = 2: MAX = 8.5 ns 38
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DDR3L-1866 DDR3L-2133 .
Parameter Symbol Unit Notes
Min Max Min Max

IAsynchronous Rt turn-off delay t . _

(power-down with DLL off) AOFPD MIN = 2; MAX =8.5 ns 40

ODT HIGH time with WRITE ODTHS MIN = 6: MAX = N/A CK

command and BL8

ODT HIGH time without WRITE

command or with WRITE command | ODTH4 MIN = 4; MAX = N/A CK

and BC4

Dynamic ODT Timing

R11nom-to-Rrrwr) change skew ODTLcnw WL - 2CK CK

Rrrwr)-t0-Rr700m Change skew -BC4| ODTLcwn4 4CK + ODTLoff CK

Rrrwr)-t0-R17n0m Change skew - BL8 ODTLcwn8 6CK + ODTLoff CK

RTT dynamic change skew 'ADC 0.3 0.7 0.3 0.7 CK 39

\Write Leveling Timing

First DQS, DQS# rising edge 'WLMRD 40 - 40 - CK

DQS, DQS# delay 'WLDQSEN 25 - 25 - CK

\Write leveling setup from rising CK,

CK# crossing to rising DQS, DQS# 'WLS 140 - 125 - ps

crossing

\Write leveling hold from rising DQS,

DQSH# crossing to rising CK, CK# 'WLH 140 - 125 - ps

crossing

\Write leveling output delay 'WLO 0 7.5 0 7 ns

\Write leveling output error 'WLOE 0 2 0 2 ns

Note:

1. AC timing parameters are valid from specified Tc MIN to Tc MAX values.

2. All voltages are referenced to Vss.

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

4. The unit ICcK (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.

5. AC timing and Ipp tests may use a V, -to-V |y swing of up to 900mV in the test environment, but input timing is
still referenced to Vgrer (except tIS, tIH, tDS, and 'DH use the AC/DC trip points and CK, CK# and DQS,
DQS# use their crossing points). The minimum slew rate for the input signals used to test the device is 1 V/ns
for single-ended inputs (DQs are at 2V/ns for DDR3-1866 and DDR3-2133) and 2 V/ns for differential inputs in the
range between Vi ac) and Vinac).

6. All timings that use time-based values (ns, us, ms) should use tck (AVG) to determine the correct number of
clocks (Electrical Characteristics and AC Operating Conditions table uses CK or tck [AVG] interchangeably).
In the case of noninteger results, all minimum limits are to be rounded up to the nearestwhole integer, and all
maximum limits are to be rounded down to the nearest whole integer.

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

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

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

functionality.
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10.The clock’s ICK (AVG) is the average clock over any 200 consecutive clocks and tck (AVG) MIN is the
smallest clock rate allowed, with the exception of a deviation due to clock jitter. Input clock jitter is allowed
provided it does not exceed values specified and must be of a random Gaussian distribution in nature.

11.Spread spectrum is not included in the jitter specification values. However, the input clock can accommodate
spread-spectrum at a sweep rate in the range of 20-60 kHz with an additional 1% of tck (AVG) as a
long-term jitter component; however, the spread spectrum may not use a clock rate below tck (AVG) MIN.

12.The clock’s ICH (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.

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

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

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

16.The cycle-to-cycle jitter 11 Tce is the amount the clock period can deviate from one cycle to the next. It is important
to keep cycle-to-cycle jitter at a minimum during the DLL locking time.

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

18.!1DS (base) and 'DH (base) values are for a single-ended 1 V/ns slew rate DQs (DQs are at 2V/ns for DDR3-1866
and 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.

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

20.The setup and hold times are listed converting the base specification values (to which derating tables apply)
to Vrer 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.

21.When the device is operated with input clock jitter, this parameter needs to be derated by the actual tJITper

(larger of WITper (MIN) or WITper (MAX) of the input clock (output deratings are relative to the SDRAM input
clock).

22.Single-ended signal parameter.

23.The DRAM output timing is aligned to the nominal or average clock. Most output pa- rameters 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): IDQSCK (MIN), ILZDQS (MIN), ILZDQ (MIN), and 'AON (MIN). The following parameters
are re- quired to be derated by subtracting 'ERR10per (MIN): IDQSCK (MAX), tHZ (MAX), 'LZDQS (MAX),
Y ZDQ MAX, and YAON (MAX). The parameter 'RPRE (MIN) is derated by subtracting WJITper (MAX), while
RPRE (MAX) is derated by subtracting tJITper (MIN).

24.The maximum preamble is bound by tLZDQS (MAX).

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

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

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

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

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

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

31.For these parameters, the DDR3 SDRAM device supports InPARAM (nCK) = RU(IPARAM [ns]/!CK[AVG]
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[ns]), assuming all input clock jitter specifications are satisfied. For exam- ple, the device will support thRP
(nCK) = RU(tRP/tCK[AVG]) if all input clock jitter specifi- cations are met. This means that for DDR3-800
6-6-6, of which IRP = 5ns, the device will support thRP = 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.

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

33.When operating in DLL disable mode, the greater of 4CK or 15ns is satisfied for 'WR.
34.The start of the write recovery time is defined as follows:
* For BL8 (fixed by MRS or OTF): Rising clock edge four clock cycles after WL
* For BC4 (OTF): Rising clock edge four clock cycles after WL
* For BC4 (fixed by MRS): Rising clock edge two clock cycles after WL
35.RESET# should be LOW as soon as power starts to ramp to ensure the outputs are in High-Z. Until RESET#
is LOW, the outputs are at risk of driving and could result in exces- sive current, depending on bus activity.
36.The refresh period is 64ms when Tc¢ is less than or equal to 85°C. This equates to an average refresh rate of
7.8125us. However, nine REFRESH commands should be asserted at least once every 70.3us. When Tc is
greater than 85°C, the refresh period is 32ms.

37.Although CKE is allowed to be registered LOW after a REFRESH command when 'REFPDEN (MIN) is

satisfied, there are cases where additional time such as XXPDLL (MIN) is required.

38.0DT turn-on time MIN is when the device leaves High-Z and ODT resistance begins to turn on. ODT turn-on
time maximum is when the ODT resistance is fully on. The ODT reference load is shown in ODT Timing
Reference Load figure. Designs that were created prior to JEDEC tightening the maximum limit from 9ns to
8.5ns will be allowed to have a 9ns maximum.

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

40.0DT turn-off time minimum is when the device starts to turn off ODT resistance. ODT turn-off time maximum is
when the DRAM buffer is in High-Z. The ODT reference load is shown in ODT Timing Reference Load figure. This
output load is used for ODT timings (see Reference Output Load for AC Timing and Output Slew Rate figure).

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

42.Should the clock rate be larger than RFC (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 MHZz), all REFRESH commands should be followed by a PRECHARGE ALL command.

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

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

For example, for DDR3-800, two input AC levels are defined: Vinnaci7s),min @and Vinaacisoymin (COrresponding
ViLac17s),min and Vi ac1s0),min). FOor DDR3-800, the address/ command inputs must use either Vnaci7s),min With

tIS(ACl75) of 200ps or VH,c1s0),min With tIS(AClSO) of 350ps; independently, the data inputs must use either
Vin@aci7s).min With IDS(AC175) of 75ps or Vinaciso) min With IDS(AC150) of 125ps.
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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
(see Command and Address Setup and Hold Values 1 V/ns Referenced — AC/DC-Based table; values come from the EIectrlcaI
Characteristics and AC Operatioing Conditions Table to the AtlS and AtlH derating values (see Derating Values for 'IS/IH —
AC135/DC90-Based or Derating Values for 'IS/'IH — AC125/DC90-Based table) respectively.

Example: IS (total setup time) = IS (base) +A'S. For a valid transition, the input signal has to remain above/below Vyac)/ViLac)
for some time 'VAC (see Minimum Required Time 'VAC Above Vinac) (Below Viacy) for Valid ADD/CMD Transition table).

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not have reached
Viniacy/ViLac) at the time of the rising clock transition), a valid input signal is still required to complete the transition and to reach
V|H(Ac)/V|L(Ac) (see Input Signal figure for input signal requirements). For slew rates that fall between the values listed in Derating
Values for IS/'IH — AC125/DC90-Based table, the derating values may be obtained by linear interpolation.

Setup ('IS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VRrerpc) and the first
crossing of Vinacmin. Setup ('IS) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrerpc) and the first crossing of Viiacymax. If the actual signal is always earlier than the nominal slew rate line between the
shaded Vrerpc)-to-AC region, use the nominal slew rate for derat- ing value (see Nominal Slew Rate and 'VAC for tIS
(Command and Address — Clock) figure). If the actual signal is later than the nominal slew rate line anywhere between the
shaded Vgerpc)-to-AC region, the slew rate of a tangent line to the actual signal from the AC level to the DC level is used for
derating value (see Tangent Line for IS (Command and Address — Clock) figure).

Hold ('IH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi pcymax @and the first
crossing of Vrerpo). Hold (1H) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vinooymin and the first crossing of Vrerpoc). If the actual signal is always later than the nominal slew rate line between the shaded
DC-to-Vrer(oc) region, use the nominal slew rate for derating value (see Nominal Slew Rate for 'IH (Command and Address —
Clock) figure). If the actual signal is earlier than the nominal slew rate line anywhere between the shaded DC-to-Vrer(pc) region,
the sIeW rate of a tangent line to the actual signal from the DC level to the Vrerpc) level is used for derating value (see Tangent
Line for IH (Command and Address — Clock) figure).
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DDR3L Command and Address Setup and Hold Values 1 V/Ins Referenced — AC/DC-Based

Symbol 1866 2133 Unit Reference
"IS(base, AC135) 65 60 ps Vinacy/ViLac)
'IS(base, AC125) 150 135 ps VinacyViLac)
'|H(base, DCY0) 110 105 ps Vinoo/ViLpo)

DDR3L-1866 / 2133 Derating Values for 'IS/'IH - AC125/DC90-Based

AtlS, AtIH Derating (ps) - AC/DC-Based

CMD/ADDR CK, CK# Differential Slew Rate
Slew Rate 4.0 Vins 3.0 Vins 2.0 Vins 1.8 Vins 1.6 VIns 1.4 Vins 1.2 Vins 1.0 Vins
Vins AtlS | AtlH | AtlS | AtIH | AtlS | AtIH | AtlS | AtIH | AtIS | AtIH | AtIS | AtlH | AtlS | AtIH | AtlS | AtIH

2.0 63 45 63 45 63 45 71 53 79 61 87 69 95 79 | 103 | 95
15 42 30 42 30 42 30 50 38 58 46 66 54 74 64 82 80
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 3 -3 3 -3 3 -3 11 5 19 13 27 21 35 31 43 47
0.8 6 -8 6 -8 6 -8 14 1 22 9 30 17 38 27 46 43
0.7 10 -13 10 -13 10 -13 18 -5 26 3 34 11 42 21 50 37
0.6 16 | -20 | 16 | -20 | 16 | -20 | 24 | -12 | 32 -4 40 4 48 14 56 30
0.5 15 -30 15 -30 15 -30 23 -22 31 -14 39 -6 47 4 55 20
0.4 13 —45 13 -45 13 -45 21 =37 29 -29 37 =21 45 -11 53 5

DDR3L Minimum Required Time (VAC Above Vyc) (Below V| (ac)) for Valid ADD/CMD Transition

DDR3L-1866 / 2133
Slew Rate (V/ns)
'WAC at 135mV (ps) | 'VAC at 125mV (ps)

>2.0 200 205
2.0 200 205
1.5 178 184
1.0 133 143
0.9 118 129
0.8 99 111
0.7 75 89
0.6 43 59
0.5 Note 1 18
<0.5 Note 1 18

Note: 1. Rising input signal shall become equal to or greater than Vuc) level and Falling input signal shall become equal to or

less than Vi (ac) level.
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ATF ATR

Setup slew rate U?E={3E;- -V L{AC max Setup slew rate Visaomin - VRerDO
falling signal = ATF rising signal = ATR

MNote: 1. The clock and the strobe are drawn on different time scales.

Nominal Slew Rate and "VAC for tIS (Command and Address — Clock)
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MNote: 1. The clock and the strobe are drawn on different time scales.

Nominal Slew Rate for 'IH (Command and Address — Clock)
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MNote: 1. The clock and the strobe are drawn on different time scales.

Tangent Line for 'IS (Command and Address — Clock)
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Tangent Line for 'IH (Command and Address — Clock)
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Data Setup, Hold, and Derating

The total 'DS (setup time) and 'DH (hold time) required is calculated by adding the data sheet 'DS (base) and 'DH (base) values
(see Data Setup and Hold Values at 1 V/ns (DQS, DQS# at 2 VIns) — AC/DC-Based table; values come from the Electrical
Characteristics and AC Operatioing Conditions Table to the A'DS and A'DH derating values (see Derating Values for 'DS/'DH —
AC135/DC100-Based table) respectively. Example: ‘DS (total setup time) = ‘DS (base) + A'DS. For a valid transition, the input
signal has to remain above/below Vinac)/Viiac) for some time 'VAC (see Minimum Required Time ‘'VAC Above Vinac) (Below
ViLag)) for Valid DQ Transition table).

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not have reached
Vinacy/ViLac)) at the time of the rising clock transition), a valid input signal is still requrred to complete the transition and to reach
VilViLac). For slew rates that fall between the values listed in Derating Values for 'DS/'DH — AC135/DC100-Based table), the
derating values may obtained by linear interpolation.

Setup ('DS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrerpc) and the first
crossing of Vinacymin. Setup ('DS) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vrerpc) and the first crossing of ViLacymax. If the actual signal is always earlier than the nominal slew rate line between the
shaded Vrerpc)-to-AC region, use the nominal slew rate for derating value (see Nominal Slew Rate and 'VAC for 'DS (DQ —
Strobe) figure). If the actual signal is later than the nominal slew rate line anywhere between the shaded Vrerpc)-to-AC region,
the sIeW rate of a tangent line to the actual signal from the AC level to the DC level is used for derating value (see Tangent Line
for 'DS (DQ — Strobe) figure).

Hold ('DH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi pcymax and the first
crossing of Vrerpe). Hold (‘DH) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of
Vinocoymin and the first crossing of Vrerpc). 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 (see Nominal Slew Rate for 'DH (DQ — Strobe) figure). If the
actual signal is earlier than the nominal slew rate line anywhere between the shaded DC-to-Vrer(pc) region, the slew rate of a
tangent line to the actual signal from the DC-to-Vrer(pc) region is used for derating value (see Tangent Line for 'DH (DQ —
Strobe)).
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DDR3L Data Setup and Hold Values at 1 V/ns (DQS, DQS# at 2 V/ns) — AC/DC-Based

Symbol 1866 2133 Unit Reference
'DS (base) AC130 70 55 ps
t ViHacy/ViLac)
DH (base) DC90 75 60 ps
Slew Rate Referenced 2 2 V/ins

DDR3L Derating Values for 'DS/'DH — AC130/DC100-Based at 2V/ns

Shaded cells indicate slew rate combinations not supported

AtDS, AtDH Derating (ps) — AC/DC-Based

@ DQS, DQS# Differential Slew Rate

% 8.0 V/Ins [ 7.0 V/Ins | 6.0 VIns | 5.0 V/Ins [ 4.0 VIns | 3.0 VIns 2.0 V/ns | 1.8 VIns | 1.6 V/ns | 1.4 VIns | 1.2 V/ns | 1.0 VIns
g

8

o |A'DS|A'DHA'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH|A'DS|A'DH
g8

4033233323 (33|23

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

30(22|15|22|15|22|15|22|15| 22|15

25 13| 9 13| 9 (13| 9 |13]| 9 |13 | 9

2.0 ofojo0ojojojo|jofjo0oj0]oO

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
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DDR3L Minimum Required Time "WAC Above Vinac) (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 Notel

0.7 -

0.6 -

0.5 -

<0.5 -

Note: 1. Rising input signal shall become equal to or greater than Vinc) level and Falling input signal shall become equal to or
less than ViL(ac) level.
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Note: 1. The clock and the strobe are drawn on different time scales.

Nominal Slew Rate and ‘VAC for ‘DS (DQ - Strobe) figure
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CK

CK#

________________________________

DQs# \ B

DQS R J A
tps 1DH tDs tDH
[ |
|7 e el el My H
Viagmin ~ - """ - -7 """ e s AT
Vinpomn MR R
Nominal
DCto Vper slew rate ™
Veerno NG ke R
slew rate ™~
VikpOmax — - " T AT T 7T T T T T T T T T T Tt T T T T T T T T T
Vivaogmax ——~~~~~ -~~~ -7 o
i e i it e
ATR ATF
Hold slew rate  Vperipe) - ViLpomax Hold slew rate V| (pcimin -~ Vrer(DO)
rising signal = ATR falling signal = ATF

Note: 1. The clock and the strobe are drawn on different time scales.

Nominal Slew Rate for 'DH (DQ - Strobe)
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Al \\ Jf
DQS : \
tps tDH tps tpH
| |
Vopg — = -~~~ — - "~ - -~ -- -~ —"-—---F---—-qg--1--—---
Vigaomin —— - —-——~——d-——=-==—-——=~F———~- - )= =N - - —— -
Vier to AC
region
VIH[DC}min ———————————————————————————————————————
~._ Tangent

line
Veegrpoy — Q> ---4--~-\-—--- - - - )--{)--r-----"-"----- -
Vioomax ——-4-Ay-q------"-"-"-O- -~~~ -~
VIL[AC}max ———————————————

Nominal
line
tvaC ATR
VSS -1 - -7 - - - - - - - - - - - - - - —_—_—_—_—_ == === = = =
Setup slew rate  Tangent line (Vyyacymin - Vaeroe)
rising signal = TR
—_— e —
ATF Setup slew rate  Tangent line (Vper(pe) - ViLagman)
falling signal = ATE

Note: 1. The clock and the strobe are drawn on different time scales.

Tangent Line for ‘DS (DQ - Strobe)
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CK

DQs

Vobg

le[AC)min

Vinpomin

VRer(DC)

VIL[DC)max

VIL[AC)max

Note:

-

Tangent _—
line

Nominal
line

__!f___

Tangent _—"|

line

Nominal
line

ATR

Hold slew rate
rising signal =

Hold slew rate

falling signal =

ATF

Tangent line (Vgeripo) - ViLpoimas!
ATR

Tangent line (Vyy5cymin - Vrer(oo)
ATF

1. The clock and the strobe are drawn on different time scales.

Tangent Line for

DH (DQ - Strobe)
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Commands — Truth

Tables

Truth Table —= Command

Notes 1-5 apply to the entire table

CKE
. A[11,
Function Symbol | prey. | Next |CS#|RAS# | CAS# | WE# [ZB'AO] An | Al2 | A10 9[.0] Notes
Cycle | Cycle ' '
MODE REGISTER SET MRS H H L L L L BA OP code
REFRESH REF H H L L L H V V V \Y \Y
Self refresh entry SRE H L L L L H \% \% \% \% \% 6
) H v \Y \Y
Self refresh exit SRX L H \% \% \ \Y \Y 6,7
L | H H H
Single-bank PRECHARGE PRE H H L L H L BA V \Y L \Y
PRECHARGE all banks PREA H H L L H L V \Y H V
Bank ACTIVATE ACT H H L L H H BA Row address (RA)
BL8MRS,
BCAMRS WR H H L H L L BA | RFU \Y L CA 8

WRITE BC40TF WRS4 H H H L L BA | RFU L CA

BLBOTF WRSS8 H H H BA | RFU H CA
BL8MRS,

WRITE | BCamrs | WRAP H H L | H L L | BA|RFU| V | H | CA 8
with auto "5 ) e [ \WRrAPSA | H H H L L | BA |RFU| L H CA
precharge

BL8OTF | WRAPS8 H H H BA | RFU H H CA
BL8MRS,
BCAMRS RD H H L H L H BA | RFU \Y L CA 8

READ BC40TF RDS4 H H H L H BA | RFU L CA

BLBOTF RDS8 H H H H BA | RFU L CA
BL8MRS,

READ | pcaMRs | RDAP H H L | H L H |BA|[RFU| V | H [ CA 8
withauto g ~4o7r | RDAPSA | H H L H L H | BA |[RFU| L H CA
precharge

BL8OTF | RDAPS8 H H L H L H BA | RFU H H CA
NO OPERATION NOP H H L H H H V V \Y V V
Device DESELECTED DES H H H X X X X X X X X 10
L H H H
Power-down entry PDE H L \% \% \% \% \% 6
H V V V
) L H H H
Power-down exit PDX L H V V \Y V V 6, 11
H V V V
ZQ CALIBRATION LONG ZQCL H H L H H L X X X H X 12
ZQ CALIBRATION SHORT| ZQCS H H L H H L X X X L X

Note:

1. Commands are defined by the states of CS#, RAS#, CAS#, WE#, and CKE at the rising edge of the clock. The MSB of
BA, RA, and CA are device-, density-, and configuration- dependent.

2. RESET# is enabled LOW and used only for asynchronous reset. Thus, RESET# must be held HIGH during any normal

operation.

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

4. Operations apply to the bank defined by the bank address. For MRS, BA selects one of four mode registers.
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“V” means “H” or “L” (a defined logic level), and “X” means “Don’t Care.”

See Truth Table — CKE table for additional information on CKE transition.

Self refresh exit is asynchronous.

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

The purpose of the NOP command is to prevent the DRAM from registering any unwan- ted 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 initializa- tion) or ZQoper (ZQCL
command after initialization).

© N O;
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Truth Table — CKE

Notes 1-2 apply to the entire table; see Truth Table — Command table for additional command details

CKE .
3 2 2 Command” (RAS#, CAS#, 5
Current State™ | Previous Cycle” | Present Cycle Action Notes
WEH#, CS#)
(n-1) (n)
L L “‘Don’t Care” Maintain power-down
Power-down
L H DES or NOP Power-down exit
L L “Don’t Care” Maintain self refresh
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
H L DES or NOP Precharge power-down entry
All banks idle 6
H L REFRESH Self refresh
Note:

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

2. 'CKE (MIN) means CKE must be registered at multiple consecutive positive clock edges. CKE must remain at the valid
input level the entire time it takes to achieve the required number of registration clocks. Thus, after any CKE transition,
CKE may not transition from its valid level during the time period of tIS + 'CKE (MIN) + 'IH.

3. 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.

5. COMMAND is the command registered at the clock edge (must be a legal command as defined in Truth Table —
Command table). Action is a result of COMMAND. ODT does not affect the states described in this table and is not listed.

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

»
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Commands

DESELECT

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

NO OPERATION

The NO OPERATION (NOP) command (CS# LOW) prevents unwanted commands from being 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 (see Initialization Sequence figure).

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/O, which are reflected as updated RON and ODT values.

The DRAM is allowed a timing window defined by either 'ZQinit or 'ZQoper to perform a full calibration and transfer of values.
When ZQCL is issued during the initialization sequence, the timing parameter 'ZQinit must be satisfied. When initialization is
complete,subsequent ZQCL commands require the timing parameter ZQoper to be satisfied.

ZQ CALIBRATION SHORT

The ZQ CALIBRATION SHORT (ZQCS) command is used to perform periodic calibrations to account for small voltage and
temperature variations. A shorter timing window is provided to perform the reduced calibration and transfer of values as defined
by timing parameter 'ZQCS. A ZQCS command can effectively correct a minimum of 0.5% RON and R+t impedance 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, 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
Function Symbol | prev. | Next | CS#|RAS# | CAS# | WE# [ZB_’S] An | A12 | A10 Ag[_t?’
Cycle | Cycle ' '
BL8MRS,
BCAMRS RD H L H L H | BA|RFU | V L CA
READ BC40TF RDS4 H L H L H | BA |RFU | L L CA
BL8OTF RDS8 H L H L H | BA|RFU | H L CA
BL8MRS,
READ with BCAMRS RDAP H L H L H | BA |RFU | V H CA
auto
precharge BC4OTF RDAPS4 H L H L H | BA|RFU| L H CA
BL8OTF RDAPSS8 H L H L H | BA | RFU | H H CA
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WRITE

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

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

WRITE Command Summary

CKE
. A[11,
Function Symbol | prev. | Next |CS#|RAS#|cAs# | wE# [28-31 An | A2 | Al0 9[_ ol
Cycle | Cycle ' '
BL8MRS,
BCAMRS WR H L H L L | BA| RFU | V L CA
WRITE BC4O0TF WRS4 H L H L L | BA | RFU | L L CA
BL8OTF WRS8 H L H L L | BA| RFU | H L CA
BL8SMRS,
WRITE with BCAMRS WRAP H L H L L | BA | RFU | V H CA
auto
precharge BC40TF WRAPS4 H L H L L | BA| RFU | L H CA
BL8OTF WRAPSS8 H L H L L | BA| RFU | H H CA
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PRECHARGE

The PRECHARGE command is used to de-activate the open row in a particular bank or in all banks. The bank(s) are available
for a subsequent row access a specified time (‘RP) after the PRECHARGE command is issued, except in the case of
concurrent auto precharge. 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.

REFRESH

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

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

At any given time, a maximum of 16 REFRESH commands can be issued within 2 x 'REFI.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.2 83/173



ESMT M15T4G16256A (2P)

posrss 1 /W/W/f/f/f/ ///,'f/}”/f/f/f/f VT, /f/f/ﬂiﬁf///ﬂ//f/f/f/ W /A”///x‘ Y =)

|
/i, /fif’/?f\ W/////I// LT /W/’ L //7//?‘ VLTI

T
ol R e XU /WW/}’ Y, /’f/ﬂ?f//’/ﬁ‘}’/}’ ) e,
oas.0ase L W///f//f’/ ! f/f//xﬁ“’

|
oot MWZZMMMW///////// ) ( ////)/// ///////W N,
Y f/////////"/////,0’/5//////;{///////WA//////(/////?W/A//////////W/ Y ( /

RFC (MIN) 'RFC?

I dicates bre: o
:h in '_m; xale Don't Care
Refresh Mode

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 'RFC (MIN) is satisfied.

SELF REFRESH

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

* Vss < Vrerpg < Vpp is maintained

« VREFDQ is valid and stable prior to CKE going back HIGH

* The first WRITE operation may not occur earlier than 512 clocks after Vrerpg is valid
« All other self refresh mode exit timing requirements are met
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DLL Disable Mode

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

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

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

° In normal operation (DLL on), 'DQSCK starts from the rising clock edge AL + CL cycles after the READ command. In DLL
disable mode, tDQSCK starts AL + CL - 1 cycles after the READ command. Additionally, with the DLL disabled, the value
of

®  'DQSCK could be larger than 'CK.

The ODT feature (including dynamic ODT) is not supported during DLL disable mode. The ODT resistors must be disabled by
continuously registering the ODT ball LOW by programming Rrtnom MR1[9, 6, 2] and Rrrwr) MR2[10, 9] to O while in the DLL
disable mode.

Specific steps must be followed to switch between the DLL enable and DLL disable modes due to a gap in the allowed clock
rates between the two modes ('CK [AVG] MAX and 'CK [DLL_DIS] MIN, 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 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 Rrrnom and Rrrwr)
are High-Z), set MR1[0] to 1 to disable the DLL.

2. Enter self refresh mode after ‘MOD has been satisfied.

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

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

5.  The DRAM will be ready for its next command in the DLL disable mode after the greater of ‘"MRD or 'MOD has been
satisfied. A ZQCL command should be issued with appropriate timings met.
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DLL Enable Mode to DLL Disable Mode

Note:

. Any valid command.

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

. Enter SELF REFRESH.

. Exit SELF REFRESH.

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

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

. Change frequency.

. Clock must be stable tCKSRX.

. Static LOW in the case that Ryt nom OF Rrrwr) is enabled; otherwise, static LOW or HIGH.

© 0N O wWNPE

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.

1. Starting from the idle state (all banks are precharged, all timings are fulfilled, ODT is turned off, and Rtrnom and Rrrwr) are
High-Z), enter self refresh mode.

2. After 'CKSRE is satisfied, change the frequency to the new clock rate.

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

At a minimum, set MR1[0] to O to enable the DLL. Wait ‘MRD, then set MRO[8] to 1 to enable DLL RESET.

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

5. The DRAM will be ready for its next command in the DLL enable mode after the greater of 'MRD or '"MOD has been satisfied.
However, before applying any command or function requiring a locked DLL, a delay of 'DLLK after DLL RESET must be satisfied.
A ZQCL command should be issued with the appropriate timings met.
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DLL Disable Mode to DLL Enable Mode

Note:

. Enter SELF REFRESH.

. Exit SELF REFRESH.

. Wait 'XS, then set MR1[0] to O to enable DLL.

Wait ‘MRD, then set MRO[8] to 1 to begin DLL RESET.

Wait 'MRD, update registers (CL, CWL, and write recovery may be necessary).
. Wait 'MOD, any valid command.

. Starting with the idle state.

. Change frequency.

. Clock must be stable at least 'CKSRX.

10. Static LOW in the case that Rtrnom OF Rr1wr) iS enabled; otherwise, static LOW or HIGH.

©ONOUAWN P

The clock frequency range for the DLL disable mode is specified by the parameter 'CK (DLL_DIS). Due to latency counter and
timing restrictions, only CL = 6 and CWL = 6 are supported.

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

Compared to the DLL on mode where 'DQSCK starts from the rising clock edge AL + CL cycles after the READ command, the
DLL disable mode 'DQSCK starts AL + CL - 1 cycles after the READ command.

WRITE operations function similarly between the DLL enable and DLL disable modes; however, ODT functionality is not allowed
with DLL disable mode.
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READ Electrical Characteristics, DLL Disable Mode

Parameter Symbol Min Max Unit
IAccess window of DQS from CK, CK# 'DQSCK (DLL_DIS) 1 10 ns
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Input Clock Frequency Change

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

The input clock frequency can be changed from one stable clock rate to another under two conditions: self refresh mode and
precharge power-down mode. It is illegal to change the clock frequency outside of those two modes. For the self refresh mode
condition, when the DDR3 SDRAM has been successfully placed into self refresh mode and 'CKSRE has been satisfied, the
state of the clock becomes a “Don’t Care.” When the clock becomes a “Don’t Care,” changing the clock frequency is permissible
if the new clock frequency is stable prior to 'CKSRX. When entering and exiting self refresh mode for the sole purpose of
changing the clock frequency, the self refresh entry and exit specifications must still be met.

The precharge power-down mode condition is when the DDR3 SDRAM is in precharge power-down mode (either fast exit mode
or slow exit mode). Either ODT must be at a logic LOW or Rrtnom @and Rrrwr) must be disabled via MR1 and MR2. This ensures
Rrrnom and Rrrwr) are in an off state prior to entering precharge power-down mode, and CKE must be at a logic LOW. A
minimum of ‘CKSRE must occur after CKE goes LOW before the clock frequency can change. The DDR3 SDRAM input clock
frequency is al- lowed to change only within the minimum and maximum operating frequency specified for the particular speed
grade (‘CK [AVG] MIN to 'CK [AVG] MAX). During the input clock frequency change, CKE must be held at a stable LOW level.
When the input clock frequency is changed, a stable clock must be provided to the DRAM 'CKSRX before precharge
power-down may be exited. After precharge power-down is exited and 'XP has been satisfied, the DLL must be reset via the
MRS. Depending on the new clock frequency, additional MRS commands may need to be issued. During the DLL lock time,
Rrrnom and Rrrawr) 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

Note:

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

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

3. If the Rrrnom feature was enabled in the mode register prior to entering precharge power-down mode, the ODT signal
must be continuously registered LOW, ensuring Rt is in an off state. If the Rrrnom feature was disabled in the mode

register prior to entering precharge power-down mode, Rrr will remain in the off state. The ODT signal can be registered
LOW or HIGH in this case.
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Write Leveling

For better signal integrity, DDR3 SDRAM memory modules have adopted fly-by topology for the commands, addresses, control
signals, and clocks. Write leveling is a scheme for the memory controller to adjust or de-skew the DQS strobe (DQS, DQS#) to
CK relationship at the DRAM with a simple feedback feature provided by the DRAM. Write leveling is generally used as part of
the 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 required.

The memory controller using the write leveling procedure must have adjustable delay settings on its DQS strobe to align the
rising edge of DQS to the clock at the DRAM pins.

This is accomplished when the DRAM asynchronously feeds back the CK status via the DQ bus and samples with the rising edge
of DQS. The controller repeatedly delays the DQS strobe until a CK transition from 0 to 1 is detected. The DQS delay established
by this procedure helps ensure 'DQSS, 'DSS, and 'DSH specifications in systems that use fly-by topology by de-skewing the
trace length mismatch. A conceptual timing of this procedure is shown in Write Leveling Concept figure.

T0 Ti T2 T3 T4 15 T6 7
AR D ST S G G G G D SIS G G G S
Source
Differential DQS x'\ /’I{ \'\ / x\
s _Tn _m ]oom T2 T3 _ T4 15 T .
o A XA XA N X X A X X A X
Destination .Ii \ f ) )
Differential DOS ] \ N /l 1|I A\ / \-\
{
\ \
bQ {%ﬁ?mﬁ{%\ ‘ X 0 / 1/ /i
Drestination
K " : TD .
o A A X
Push DQ5 to capture
01 transition
Differential DQ5
[ |
1 L
oo WK 1 X 1 Y
Don't Care
Write Leveling Concept
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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 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 Write Leveling Matrix table. 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.

Write Leveling Matrix table

Note 1 applies to the entire table

DRAM
MR1[7] MR1[12] | MR1[2, 6, 9]
DRAM RTT,nom
: DRAM State Case | Notes
Write Output | Ve ODT Ball bos | bo
Leveling | Buffers UL
Disabled See normal operations \Write leveling not enabled 0
DQS not receiving: not terminated Prime DQ
n/a Low Off High-Z: not terminated Other DQ High-Z: notf 1
terminated
Disabled (1) 2
20Q, 30Q, DQS not receiving: terminated by RTT Prime
40Q,60Q, or High On DQ High-Z: not terminated Other DQ High-Z;| 2
120Q not terminated
Enabled (1) Off — -
DQS receiving: not terminated
n/a Low Off Prime DQ driving CK state: not terminated 3
Other DQ driving LOW: not terminated
Enabled (0) 0S recon ted by RTT 3
400,600, or . Q recelvmg..termmate y .
1200 High On Prime DQ driving CK state: not terminated 4
Other DQ driving LOW: not terminated
Note:

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

2. Since the DRAM DQS is not being driven (MR1[12] = 1), DQS ignores the input strobe, and all Rytnom 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 Ryrnom values are
allowed. This simulates a normal write state to DQS.
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Write Leveling Procedure

A memory controller initiates the DRAM write leveling mode by setting MR1[7] to 1, assuming 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 ODTLon delay (WL - 2 tCK), provided it does not violate
the aforementioned tMOD delay requirement.

The memory controller may drive DQS LOW and DQS# HIGH after WLDQSEN has been satisfied. The controller may begin to
toggle DQS after tWLMRD (one DQS toggle is DQS transitioning from a LOW state to a HIGH state with DQS# transitioning
from a HIGH state to a LOW state, then both transition back to their original states). At a minimum, ODTLon and tAON must be
satisfied at least one clock prior to DQS toggling.

After tWLMRD and a DQS LOW preamble (‘WPRE) have been satisfied, the memory controller may provide either a single
DQS toggle or multiple DQS toggles to sample CK for a given DQS-to-CK skew. Each DQS toggle must not violate 'DQSL (MIN)
and 'DQSH (MIN) specifications. 'DQSL (MAX) and ‘DQSH (MAX) specifications are not applicable during write leveling mode.
The DQS must be able to distinguish the CK’s rising edge within ‘WLS and 'WLH. The prime DQ will output the CK’s status
asynchronously from the associated DQS rising edge CK capture within ‘"WLO. The remaining DQ that always drive LOW when
DQS is toggling must be LOW within 'WLOE after the first 'WLO is satisfied (the prime DQ going LOW). As previously noted,
DQS is an input and not an output during this process. Write Leveling Sequence figure depicts the basic timing parameters for
the overall write leveling procedure.

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

Note:

1. MRS: Load MR1 to enter write leveling mode.

2. NOP: NOP or DES.

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

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

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

Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025
Revision: 1.2 94/173



ESMT M15T4G16256A (2P)

Write Leveling Mode Exit Procedure

After the DRAM are leveled, they must exit from write leveling mode before the normal mode can be used. Write Leveling Exit
Procedure figure depicts a general procedure for exiting write leveling mode. After the last rising DQS (capturing a 1 at TO), the
memory controller should stop driving the DQS signals after 'WLO (MAX) delay plus enough delay to enable the memory
controller to capture the applicable prime DQ state (at ~Tb0). The DQ balls become undefined when DQS no longer remains
LOW, and they remain undefined until tMOD after the MRS command (at Tel).

The ODT input should be de-asserted LOW such that ODTLoff (MIN) expires after the DQS is no longer driving LOW. When
ODT LOW satisfies tIS, ODT must be kept LOW (at ~TbO0) until the DRAM is ready for either another rank to be leveled or until
the normal mode can be used. After DQS termination is switched off, write level mode should be disabled via the MRS
command (at Tc2). After 'MOD is satisfied (at Te1), any valid command may be registered by the DRAM. Some MRS commands
may be issued after tMRD (at Td1).

Tal TI}EI Tel Tcl Td0 Td1 Ted Tel

CE‘E f '8 f *<[ 1[ T .. T I 4[ <¥{ -
|
Command Nop‘{dﬁ NUPWMRSI “@{Nop‘f‘ (Valid NDPWV;HJ@
| | !l '™MRD . YQ?:E( |
Address | 7] 77 aia)
| it 1 tNMOD

oDT
)

Rpr DOS, Ryy DO5#

",

| | |
I I | I ‘
| I| | I I—— ; |I| | ; | ;||| | ; ‘
S R A T | {I-- | 'AOF (MAX) | {l | | |
DQ'S, D& | | ||| I| |'|_‘,. 1 1 || 1 |l 1
. |||||||'||!| N e
meal | ! : 'WLO + 'WLOE il T| T| : | : :T| | : | m | :
DQ I o= 1Y | f —
:I‘ ::Tliggscglr:ak l:' Undefined Driving Mode E.I Transitioning Don't Care
o
Mote: 1. The DQ result, = 1, between Tal and Tc0, is a result of the DQS, DQS# signals capturing
CK HIGH just after the TO state.
Write Leveling Exit Procedure
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025

Revision: 1.2 95/173



ESMT M15T4G16256A (2P)

Initialization

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

1. Apply power. RESET# is recommended to be below 0.2 x Vppg 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:

— Vpp and Vppg are driven from a single-power converter output and are ramped with a maximum delta voltage
between them of AV < 300mV. Slope reversal of any power supply signal is allowed. The voltage levels on all balls
other than Vpp, Vopa, Vss, Vsso must be less than or equal to Vppg and Vpp on one side, and must be greater than or
equal to Vssg and Vss on the other side.

— Both Vpp and Vppg power supplies ramp to Vpp,min @nd Vppo,min Within Voopr = 200ms.

- VREFDQ tracks Vpp X 0.5, VREFCA tracks Vpp % 0.5.

—  Vqris limited to 0.95V when the power ramp is complete and is not applied directly to the device; however, 'VTD
should be greater than or equal to 0 to avoid device latchup.

L Condition B:

—  Vpp may be applied before or at the same time as Vppg.

—  Vbpg may be applied before or at the same time as Vr, Vrerpg, and Vrerca.

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

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

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

9. Issue an MRS command to MRO with the applicable settings, including a DLL RESET command. 'DLLK (512) cycles of
clock input are required to lock the DLL.

10. Issue a Z(?CL command to calibrate RTT and RON values for the process voltage temperature (PVT). Prior to normal
operation, ZQinit must be satisfied.

11. When 'DLLK and tZQinit have been satisfied, the DDR3 SDRAM will be ready for normal operation.
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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 (See Vpp Voltage Switching figure):

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

» The 1.5V operating voltages are stable prior to issuing new commands, other than NOPs or COMMAND INHIBITs.
» The DLL is reset and relocked after the 1.5V operating voltages are stable and prior to any READ command.

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

If the SDRAM is powered up and initialized for the 1.5V operating voltage range, voltage can be reduced to the 1.35V operation
range provided the following conditions are met (See Vpp Voltage Switching figure) :

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

» The 1.35V operating voltages are stable prior to issuing new commands, other than NOPs or COMMAND INHIBITs.
* The DLL is reset and relocked after the 1.35V operating voltages are stable and prior to any READ command.

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

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

Mode registers (MRO-MR3) are used to define various modes of programmable operations of the DDR3 SDRAM. A mode
register is programmed via the mode register set (MRS) command during 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 (‘RP is satisfied and
no data bursts are in progress). After an MRS command has been issued, two parameters must be satisfied: ‘'MRD and ‘'MOD.
The controller must wait tMRD before initiating any subsequent MRS commands.

o s
X o DU =N

Command *E;{ MRS’ Wa"ﬂi’i’?;{ NOP X//////X Noe )
B | | e

|
I |

CKE3 V W’r ‘(/’ﬂf Vﬁyf ‘{M “-W Y 4

(-
/] Indicates break 7 .

'i}l'n time scale 'ﬂ Don't Care
!

MRS to MRS Command Timing (‘MRD)

Note:

1. Prior to issuing the MRS command, all banks must be idle and precharged, ‘'RP (MIN) must be satisfied, and no data bursts
can be in progress.

2. '™RD specifies the MRS to MRS command minimum cycle time.

3. CKE must be registered HIGH from the MRS command until MRSPDEN (MIN) (see Power- Down Mode).

4. For a CAS latency change, 'XPDLL timing must be met before any non-MRS command.

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

Note:

1. Prior to issuing the MRS command, all banks must be idle (they must be precharged, ‘RP must be satisfied, and no data
bursts can be in progress).

2. Prior to Ta2 when '"MOD (MIN) is being satisfied, no commands (except NOP/DES) may be issued.

3. If Rrrwas 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 'MRSPDEN (MIN), at which time power-down may occur (see
Power-Down Mode).
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Mode Register 0 (MRO)

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

Burst Length

Burst length is defined by MRO[1:0]. Read and write accesses to the DDR3 SDRAM are burst-oriented, with the burst length
being programmable to 4 (chop) mode, 8 (fixed) mode, or selectable using A12 during a READ/WRITE command (on-the-fly).
The burst length determines the maximum number of column locations that can be accessed for a given READ or WRITE
command. When MRO[1:0] is set to 01 during a READ/WRITE command, if A12 = 0, then BC4 mode is selected. If A12 = 1,
then BL8 mode is selected.

Specific timing diagrams, and turnaround between READ/WRITE, are shown in the READ/WRITE sections of this document.

When a READ or WRITE command is issued, a block of columns equal to the burst length is effectively selected. All accesses
for that burst take place within this block,meaning that the burst will wrap within the block if a boundary is reached. The block is
uniquely selected by A[i:2] when the burst length is set to 4 and by A[i:3] when the burst length is set to 8, where Ai is the most
significant column address bit for a given configuration.

The remaining (least significant) address bit(s) is (are) used to select the start ing location within the block. The programmed
burst length applies to both READ and WRITE bursts.

BEAZ BAT BADA[IS13]A1Z AT1 ATD AD AR AT AR AS A4 AT A2 A1 AD  Address bus

RIRRELARERRRNNRE

VALY WAV e WY VAV VA VEATVAVAVAVEAVEVIVE /ﬂﬁ Mode register 0 (MRD)

o'l ofo]| o [po| wR |Dwt 0 |cAS# latency| BT [CL | BL

M15 M4 Muode Register = ’ | |_... M1 MO Buwrst Length
0 0 | Mode registar O (MRO) L Y E— 00 Fixed BLE
M12| Precharge PD M8 |DLL Reset 0 1| 4ord(on-theflyvia Al2)
0 [DLL off (show exit) 0 Mo 1 0 Fixed BC4 (chop)
1 | DLL on {fast axit) 1 Yes 1 1 Reserved
Y | |
M11TMI0 M3] Write Recovery M5 M5 M4 M2 | (CAS Latency M3 READ Burst Type
0 0 0 16 o0 0 0 Resarved 0 Sequential {nibble)
| 5 0 0 1 0O 5 1 Interleaved
01 0 B 01 0 0 B
o1 1 7 o1 1 0 7
1 0 0 8 1 0 0 0 3
1 0 1 10 1 0 1 0 9
1 1 0 12 1 1 0 0 10
1 1 1 14 1 1 1 0 1
o0 0 1 12
oo 1 1 13
o1 0 1 14

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

Mode Register 0 (MRO) Definitions
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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] (see Mode Register 0 (MRO) Definitions figure). 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.

Burst Order

Burst READ/ Starting Column | Burst Type = Sequential Burst Type = Interleaved Notes
Length WRITE |Address (A[2, 1, 0]) (Decimal) (Decimal)
000 0,1,2,3,2,2,2,2 0,1,2,3,2,2,2,Z 1,2
001 1,2,30,2,2,2,7 1,0,3,2,2,2,2,Z 1,2
010 2,3,0,1,2,2,2,2 2,3,0,1,2,2,2,2 1,2
011 3,01,2,2,2,2,Z 3,2,1,0,2,2,2, 2 1,2
READ
100 4,5,6,7,2,2,2,2 4,5,6,7,2,2,2,2 1,2
4 (chop)
101 56,7,4,2,2,2,2 54,7,6,2,2,Z2,Z 1,2
110 6,7,4,5,2,2,2,2 6,7,4,52,2,2,2 1,2
111 7,4,5/6,2,2,2,2 7,6,54,2,2,2,Z 1,2
ovv 0,1,2,3, X X, X, X 0,1,2,3, X X, X, X 1,34
WRITE
1vVVv 4,5,6,7, X, X, X, X 4,5,6,7, X, X, X, X 1,34
000 0,1,2,3,4,56,7 0,1,2,3,4,56,7 1
001 1,2,30,56,7,4 1,0,3,2,54,7,6 1
010 2,3,0,1,6,7,4,5 2,3,01,6,7,4,5 1
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 1
. READ
8 (fixed) 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 1
101 56,7,4,1,2,30 54,7,6,1,0,3,2 1
110 6,7,4,52,30,1 6,7,4,52,30,1 1
111 7,4,56,3,0,1,2 7,6,54,3,2,1,0 1
WRITE VVV 0,1,2,3,4,56,7 0,1,2,3,4,56,7 1,3
Note:

1. Internal READ and WRITE operations start at the same point in time for BC4 as they do for BL8.

Pwbd

Z = Data and strobe output drivers are in tri-state.
V = Avalid logic level (0 or 1), but the respective input buffer ignores level-on input pins.
X ="“Don’t Care.”

Elite Semiconductor Microelectronics Technology Inc
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DLL RESET

DLL RESET is defined by MRO[8] (see Mode Register 0 (MRO0) Definitions figure). Programming MRO[8] to 1 activates the DLL
RESET function. MRO[8] is self-clearing, meaning it returns to a value of O 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 ('DLLK) clock cycles before a
READ command can be issued. This is to allow time for the internal clock to be synchronized with the external clock. Failing to
wait for synchronization can result in invalid output timing specifications, such as DQSCK timings.

Write Recovery

WRITE recovery time is defined by MRO[11:9] (see Mode Register 0 (MRO) Definitions figure). Write recovery values of 5, 6, 7,
8, 10, 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 'WR (ns) by 'CK (ns) and rounding up a noninteger value to the next integer: WR (cycles) = roundup
(WR (ns)/'CK (ns)).

Precharge Power-Down (Precharge PD)

The precharge power-down (precharge PD) bit applies only when precharge powerdown mode is being used. When MRO[12] is
set to 0, the DLL is off during precharge power-down, providing a lower standby current mode; however, 'XPDLL must be
satisfied when exiting. When MRO[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 MRO0[6:4], as shown in Mode Register 0 (MRO) Definitions figure). 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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To

P X 3 5 X

CI
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K

Command

Digs, DO5#

DG

E Transitioning Data Don't Care

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

READ Latency
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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 DISABLE, Rt1nom Value (ODT), WRITE LEVELING, POSTED CAS ADDITIVE latency,
and OUTPUT DRIVE STRENGTH. These functions are controlled via the bits shown in Mode Register 1 (MR1) Definition figure.
The MR1 register is programmed via the MRS command and retains the stored information until it is reprogrammed, until
RESET# 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 MRL1 register must be loaded when all banks are idle and no bursts are in progress.
The controller must satisfy the specified timing parameters '"MRD and 'MOD before initiating a subsequent operation.

BAZ BATBAD ATS ATS AT3 ATZ ATTAID A3 AE AT AR AS A4 A3 AZ A1 AD

R

Z18/1,/16/ 1571413 Az /1 o X'EI/E;’?KEIKEXA /3 ;"zl./’ 1 /’nﬁ Mods register 1 (MR}

Lot ] o] 1ot a0t prodmoas| ot R of [wiRrrfons] L |Rerlopsfow
I [T = |0 DILL Enahle
=L _ Mode Register ] 0 Enable (normal)
M12 o off M11| TDOS 1 Disable
0 1 | Mode register s=t 1 (MR1) O | Enadled | [ 0 | Disabled
1 | Disabled 1 | Enaibled | r M5 M1 |Output Drive St rength
Ritnom (012 | Ryppm (003 | |M7] Write Levelization 0 0 | RZQf(0d [NOM])
MIMEMZ |  Mon-Writes Writes 0 | Disable lnormal) 0 1| RZQ7 (340 [NOMD
00 0| R, dsabled (R 1 Enable 10 Reserved
0 0 1 |AZ0u4 (500 [NOM]) | RZQM (500 [NOM]) 11 Reserved
0 1 0 |RZou (1200 [MoM]) | RZguz (1200 [NOM]) |
0 1 1 | 2O (400 [NOM]) | RZQUS (400 [NOM] | (M4 W3] Additive Latency (AL}
1 0 0 [REQMZ {200 [NOM]) i 0 0| Dissbled{aL=0)
1 0 1 |#zosE (300 INOM]) na K AL=tL-1
110 Reserved Reserved 1 0 AlL={L-2
111 Reserved Reserved 11 Reserved

Mode Register 1 (MR1) Definition

Note:

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 Rrthom Values are available for use.

3. During write leveling, if MR1[7] is a 1, but MR1[12] is a O, then only Rrrnhom Write values are available for use.
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DLL Enable/DLL Disable

The DLL may be enabled or disabled by programming MR1[0] during the LOAD MODE command, as shown in Mode Register 1
(MR1) Definition figure. 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 reenabled and reset upon exit of SELF REFRESH operation. If the DLL is disabled prior to
entering self re fresh mode, the DLL remains disabled even upon exit of SELF REFRESH operation until it is reenabled and
reset.

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

» ODT is not allowed to be used
» The output data is no longer edge-aligned to the clock
* 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 (34Q [NOM]) is the primary output driver impedance setting for DDR3 SDRAM devices. To calibrate the
output driver impedance,an external precision resistor (RZQ) is connected between the ZQ ball and Vssq. The value of the
resistor must be 240Q +1%.

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

To meet the 34Q) specification, the output drive strength must be set to 34Q during initialization.

To obtain a calibrated output driver impedance after power-up, the DDR3 SDRAM needs a calibration command that is part of
the initialization and reset procedure.

OUTPUT ENABLE/DISABLE

The OUTPUT ENABLE function is defined by MR1[12], as shown in Mode Register 1 (MR1) Definition figure. 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 tristated. The output disable feature is intended to be used during IDD
characterization of the READ current and during 'DQSS margining (write leveling) only.
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On-Die Termination

ODT resistance Ryrnom is defined by MR1[9, 6, 2] (see Mode Register 1 (MR1) Definition figure). The Ryt termination value
applies to the DQ, DM, DQS and DQS balls. DDR3 supports multiple Rrr termination values based on RZQ/n where n can be 2,
4,6, 8, or 12 and RZQ is 240Q.

Unlike DDR2, DDR3 ODT must be turned off prior to reading data out and must remain off during a READ burst. Ry7nom
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 enabled (Rrrwr)) temporarily replaces Rrrnom With Rrrwry).

The actual effective termination, Rrrerr), may be different from the RTT targeted due to nonlinearity of the termination. For
Rrrerr) 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 R+t is turned on (ODTL on) and off (ODTL off), 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 in Mode Register 1 (MR1) Definition figure.

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 'DQSS, 'DSS, and 'DSH 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 in READ Latency (AL = 5, CL = 6) figure. MR1[4, 3] enable the user
to program the DDR3 SDRAM with AL=0, CL-1, or CL - 2.

With this feature, the DDR3 SDRAM enables a READ or WRITE command to be issued after the ACTIVATE command for that
bank prior to tRCD (MIN). The only restriction is ACTIVATE to READ or WRITE + AL = 'RCD (MIN) must be satisfied. Assuming
'RCD (MIN) = CL, a typical application using this feature sets AL = CL - 1tCK = 'RCD (MIN) — 1 'CK. The READ or WRITE
command is held for the time of the AL before it is released internally to the DDR3 SDRAM device. READ latency (RL) is
controlled by the sum of the AL and CAS latency (CL), RL = AL + CL. WRITE latency (WL) is the sum of CAS WRITE latency
and AL, WL = AL + CWL (see Mode Register 2 (MR2)). Examples of READ and WRITE latencies are shown in READ Latency
(AL =5, CL = 6) figure and Simplified State Diagram figure.

BCa

Command 7% ACTH \% ( : F W/f{/ﬁ\ nor 3

| PSR —
DS, DOS# ! ¥ X _ k
a_l 5 : :
bo —] o0 0, 3 o W i —
RL=AL+CL=11
EF: :Eiiilc_;;e;c:l':ak El Transitioning Data m Don't Care
READ Latency (AL =5, CL = 6)
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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 (Rrrwr)). These functions are controlled via the bits shown in Mode Register 2 (MR2) Definition figure. The
MR2 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 subsequent operation.

BAZ BATBAD AI1TAT4AI3 A12 A1 AID AR AE A7 A AS A4 A2 Al AD  Address bus

ST T T

/18/17 /18 /15 /14 /13 fa S /e S8 7 fe S5 e /a2 /ﬂlﬁ Mode register 2 (MR2)

||:|I 1lolo|m n::r|n'|n'|F"~-_wn|u'|SH'llASF{ L |cr oo
' i
MI7 MI16 Mode Register M7 |Self Refresh Temperature M5 M4 M3|  CAS Write Latency (CVWL)
0 |Mormal (0°C to B5°C) 0 0 0| 5CK{CKz25ns)
1 |Extended {2855 tm 95°C) 0 0 1| 8CK{25s>=tCKe 1.875ns)
1 0 | Mods register set 2 (MR2) 0 1 0| 7CK({1875ns='CKE 1.50s)
0 1 1| &CK(15ns=ICKz 1.25ns)
— — 1 0 0| 9CK({1.25ns=ICK21.07ns)
pe— e 1 0 1|10CK{1.07ns'EK =0.838ns)
MID ME Rrrae) e I — L Resenved
0 0 | Ry, disabied 0 | Disabled: Manus 111 Reseried
7 1 | RZQeEIwNeM) 1 | Enabled: Automatic
1 0 |RZQ2120W[MNOM])
1 ] Resened

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

Mode Register 2 (MR2) Definition
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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 (see Mode Register 2 (MR2) Definition
figure). The overall WRITE latency (WL) is equal to CWL + AL (Mode Register 1 (MR1) Definition figure).

o' - - —
Command % ACTIVE n '@ﬂ?’ WRITE n ﬂ@ NOF )@EE( NOP
RCD (MIN)

Das, DO ||
aIL= 5 il 1 =
l IIIII A \
o I I I I W I ‘{ n H }{ 5.'-. n + }’ I
WL=AL + ONL=11 |
= il
é Eiif-ﬁ;e:.;:[:ak Transitioning Data Don't Care
CAS Write Latency
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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 T¢ of 85°C while in self refresh unless the user enables the SRT feature listed below
when the Tc¢ is between 85°C and 95°C.

Enabling ASR assumes the DRAM self refresh rate is changed automatically from 1x to 2x when T¢ > 85°C. This enables the
user to operate the DRAM beyond the standard 85°C limit up to the optional extended temperature range of 95°C while in self
refresh mode.

The standard self refresh current test specifies test conditions 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 T¢ 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 current specifications do not apply (see Extended Temperature
Usage).

SRT vs. ASR

If the normal case temperature limit of 85°C is not exceeded, 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 (Rtrwr)) 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 (Rrrwr)) enabled, the DRAM switches from normal ODT (Rtr,nom) to dynamic ODT (Rrrwr)) Wwhen beginning
a WRITE burst and subsequently switches back to ODT (R+tnom) at the completion of the WRITE burst. If Rynom is disabled, the
Rt7nom Value will be High-Z. Special timing parameters must be adhered to when dynamic ODT (Rrrwr)) is enabled: ODTLcnw,
ODTLcnw4, ODTLcnw8, ODTH4, ODTH8,and tADC.

Dynamic ODT is only applicable during WRITE cycles. If ODT (Rttnom) is disabled, dynamic ODT (Rrrwr)) is still permitted.
Rrrnom @and Rrrwr) can be used independent of one other. Dynamic ODT is not available during write leveling mode, regardless
of the state of ODT (Rttnom). FoOr details on dynamic ODT operation, refer to Dynamic ODT.
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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 in Mode Register 3 (MR3) Definition figure. 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 subsequent operation.

BEAZ BAT BAD ATS AT4 AT3 A12 A11 AID A3 AE AT AB AS A4 A3 A2 Al AD Adudress bus

EERERREERERRINERE

A8.A7 A6,5 Aa 13 A2 09 S8 7 6 S5 S4 3 1 A /uﬁ Mode reglster 3 (MR,

[0t 1] 1] ot 01| 01|01 01| 0l |0l |01 |ot]ot ol [0 |0l |mea| mPrsr
——
M17 MIG Mode Registar M2 MPR Enabie M1 M0 | MPRREAD Function
0 | Mormal DRAM operations 0 0 | Predefined pattern?
1 Dratafiow from MIPR 01 Reserved
10 Resarved
11 Mode ragister set 3 (MR3) 11 Reserved
Note:
1. MR3[18 and 15:3] are reserved for future use and must all be programmed to O.
2. When MPR control is set for normal DRAM operation, MR3[1, 0] will be ignored.
3. Intended to be used for READ synchronization.
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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 in Multipurpose Register (MPR) Block Diagram figure.

If MR3[2] is a 0, 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 MR3J[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 (see MPR Readouts and Burst Order Bit Mapping table). 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 nonREAD/RDAP commands are not allowed during MPR enable mode. The
RESET function is supported during MPR enable mode.

Memory core

- | MR3[2] = 0 (MPR off) |

w A

_ ;’O<— Multipurpose register
) predefined data for READs

| MR3[2] = 1 (MPR on) |

| DQ, DM, DQS, DQS# |

Multipurpose Register (MPR) Block Diagram

Note:
1.  Apredefined data pattern can be read out of the MPR with an external READ command.

2. MR3[2] defines whether the data flow comes from the memory core or the MPR. When the data flow is defined, the MPR
contents can be read out continuously with a regular READ or RDAP command.

MPR Functional Description of MR3 Bits
MR3[2] MR3[1:0]
MPR MPR READ Function

Function

Normal operation, no MPR transaction

0 “Don’t Care” Al subsequent READs come from the DRAM memory array All subsequent
WRITESs go to the DRAM memory array

A[1:0]
1 (see MPR Readouts and Burst [Enable MPR mode, subsequent READ/RDAP commands defined by bits 1 and 2
Order Bit Mapping table)
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MPR Functional Description

The MPR JEDEC definition enables either a prime DQ (DQO on a x8; on a x16, DQO =lower byte and DQ8 = upper byte) to
output the MPR data with the remaining DQs driven LOW, or for all DQs to output the MPR data. The MPR readout supports
fixed READ burst and READ burst chop (MRS and OTF via A12/BC#) with regular READ latencies and AC timings applicable,
provided the DLL is locked as required.

MPR addressing for a valid MPR read is as follows:

» A[1:0] must be set to 00 as the burst order is fixed per nibble

» A2 selects the burst order:

— BL8, A2 is set to 0, and the burst order is fixed t0 0, 1, 2, 3, 4,5, 6, 7

« For burst chop 4 cases, the burst order is switched on the nibble base along with the following:
—A2=0; burstorder=0, 1, 2,3

—A2=1; burstorder=4,5,6,7

* Burst order bit O (the first bit) is assigned to LSB, and burst order bit 7 (the last bit) is assigned to MSB
* A[9:3] are a “Don’t Care”

*A10is a “Don’t Care”

*A11is a “Don’'t Care”

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

*A13 is a “Don’t Care”

* 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.

. . Burst Read
MR3[2] | MR3[1:0] Function Length A[2:0] Burst Order and Data Pattern
Burst order: 0,1, 2, 3,4,5,6,7
BL
8 000 Predefined pattern: 0, 1,0,1,0,1,0, 1
READ predefined pattern for Burst order: 0, 1, 2, 3
1 00 system calibration BC4 000 Predefined pattern: 0, 1, 0, 1
Burst order: 4, 5,6, 7
BC4 100 i
Predefined pattern: 0, 1,0, 1
N/A N/A N/A
1 01 RFU N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
1 10 RFU N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
1 11 RFU N/A N/A N/A
N/A N/A N/A

Note: 1. Burst order bit O is assigned to LSB, and burst order bit 7 is assigned to MSB of the selec- ted MPR agent.
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O Ted Tcl T2 T3 Ted Tch Tch Tc? T Tl

“*wfﬁiww TS S R

' {
Command /}(PRU. }@&ﬁ/)( HEADQQ’//Q{ NOP NOP )Q/// NOF W/A}{ NOP W/A{ NOP ){////)( NOP )C//{,f}( NOP }6//’/)( NOP }{////)( MFS W/:X NOP )Z/'//){ Nf|:lF X/LWWF ){/

! MPRR | 0D I
i //Ji’{/J///Jl 7 /J| //W| // f/// /J/ //) TN /T' e :/

Bank address

L] |
st T ,l///f// | 7 | 7 Y
e AV |/f: 7 . /|//: |/: 27 VITIZIAY:
o DL /.'L.*/// L I ﬂﬁf Z

|
// ////W/

AT0AP

" ! |

| /T’/A“(| //|/ //| ////’| I////f .
At (&7 Vﬂ"d /2 // N / // /f/f//// WU /,/ T,
mzEC //)/ V1 )@fﬁ valnd'}/J////// i //J/’///’//// f////’////(,////"z’//)////’/’//// f/////// f///////)f/,////m

// v, //4-"‘i I
WL ////////ff/////{ LT
AqTE3) zﬁi’z’fﬂ:’?{ X’cﬂb( valid 7 |/’x" AH// // T, /// FHLIITI I, ./ // IO W /// /lff]// 77
RL : {
D5, DOS# / L [ .” | e ,I' - ‘ ‘ l'llu" ‘
0| }" | | !
| .

i
) | | )
| | e

| e T
G" Indicates break g
"lf;‘ in time scale Don't Care
k!

Notes: 1. READ with BL8 either by MRS or OTF.
2. Memory controller must drive 0 on A[2:0].

MPR System Read Calibration with BL8: Fixed Burst Order Single Readout
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T0 Ta Tb T Tl T2 Tc2 Ted TS5 Tecb Tc7 T2 Tch Tcld Td
Command '&@ XA %@
tRp tMOD : | | | | I ™MOD
il 1y | | | | | | | 1 (|
sankaooes 77777777003 L &R
a0 77, / / Z U] l//: 7 WD
a2 | 7 l/'/ 7 '/|/f'/ 'x|/'/| ' LIRS YeaplL
| | | | | | | | |
A3 Y T T ok 1
s NN NN U T ] flf,w: % B 7
A1 7 & valid 'I Vaiid \{//7, | i, )z" 77 )|/ i, )r"/ /7//) T /) T | 7 ////I// i, | ERY //"////
| | | | | | | | |
waser 777777} YRR NG T T UL , 7 “r
| L I I 1 Il
ANs3) 77 /////{f}( 0 MQ(WHGW/{Q{WIW}(//x’//)/ﬁ}of////) /////////‘7//////)////////,/) I, /////.//)///f/////)///'/////f/r’////ﬂ}( 0 MG// ,‘////;
) ) & 0 R A w
II||I ||| T I I I _ I I
DQs, DQs ‘ 1 ‘ q‘ ‘ 1 | , i i i ‘
0 ] ] i I I ‘ )
bq | fh | :'ll | ['llll | | [lliIl |
Motes: 1. READ with BL8 either by MRS or OTE.
2. Memory controller must drive 0 on A[2:0].
MPR System Read Calibration with BL8: Fixed Burst Order, Back-to-Back Readout
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0 Ta T T T Tc2 a3 Tcd TS 6 7 T T o
ke - - -y - o ==y ---- -
«®

Command

Bank address

A1:0]

A2

i
f//(/’////{////f/ 717 ////7///’//// /’/// /{ vy,

% / / /// ;’ ff’/
N //W/// ///( ,////( 1 ///&/K//( ,//////// /(,/ 77 /s {/ /L /// ;‘W/

A3

o W77/, f{///// |/,:'r7/|(//

ATWAP

Al

A12BCE & Va“d' i, 7 / 7 “ 7, f’ x’/ﬁ"’/
Als13] FX" )@ﬁfwnd WEMIW //)/// 7 // /f/ 7/ )/’// 7 / . X/) I, /Af/ 7 )/ / /) Y, / /’/{
| I I
|I ! 1 I | I ‘
I | |'I AR |_..| [— B . ! - -
DQs, DOSE I,',l l.'IJ i | ) o ’__5{ ,
IR ST T o . ’ | \ M|
| Irll (| | | | | ,'
S (T e e S A S | A | | T
sl /A
Notes: 1. READ with BC4 either by MRS or OTE.
2. Memory controller must drive 0 on A[1:0].
3. A2 = 0 selects lower 4 nibble bits 0 . . . 3.
4. A2 =1 selects upper 4 nibble bits 4 . .. 7.
MPR System Read Calibration with BC4: Lower Nibble, Then Upper Nibble
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MOD

RF
Bank address A\I.EZ‘{ 3 W/ A valid WA T
| / /) j

T Ta
CKe - - - Pyt
K R S
Command /% PREAW/ 3V MRS 37
. q
s

L ,|// /|//z’ l///// W,
| |

2 ' /: T ://ff;' ,:/ VD XTI |X/Il/if’llr' 7
Af:3] 7 | 7 | 7 | IX | I,f‘l 7 ///l flillV/lf
sioe R
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A I X
Ats12) 7 O TV

D@s, DOs#

[
7 7 7 7

I

I,

|

|

|

|
L
‘ Il
|
H
|

j:. Indicates break | .
| Don't C
jli in time scale m ontiame

1. READ with BC4 either by MRS or OTE.

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

MNotes:

MPR System Read Calibration with BC4: Upper Nibble, Then Lower Nibble
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MPR Read Predefined Pattern

The predetermined read calibration pattern is a fixed pattern of 0, 1, 0, 1, O, 1, 0, 1. The following is an example of using the
read out predetermined read calibration 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 'RP is satisfied, set MRS, MR3[2] = 1 and MR3[1:0] = 00. This redirects all subsequent reads and loads the
predefined pattern into the MPR. As soon as '"MRD and 'MOD are satisfied, the MPR is available

3. Data WRITE operations are not allowed until the MPR returns to the normal DRAM state
4. Issue a read with burst order information (all other address pins are “Don’t Care”):
® A[1:0] = 00 (data burst order is fixed starting at nibble)
® A2 =0 (for BL8, burst order is fixed as 0, 1, 2, 3, 4, 5, 6, 7)
® Al2=1 (use BL8)
5. After RL = AL + CL, the DRAM bursts out the predefined read calibration pattern (0, 1, 0, 1, 0, 1, 0, 1)
The memory controller repeats the calibration reads until read data capture at memory controller is optimized
7. After the last MPR READ burst and after '"MPRR has been satisfied, issue MRS,MR3[2] = 0, and MR3[1:0] = “Don’t Care” to
the normal DRAM state. All subsequent read and write accesses will be regular reads and writes from/to the DRAM array
8. When 'MRD and 'MOD are satisfied from the last MRS, the regular DRAM commands (such as activate a memory bank for
regular read or write access) are permitted

o

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, BAO = 1 for MR1
° BA2 =0, BA1 =1, BAO = 0 for MR2
° BA2 =0, BA1 =1, BAO =1 for MR3

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

The ZQ CALIBRATION command is used to calibrate the DRAM output drivers (Ron) and ODT values (R+tt) over process,
voltage, and temperature, provided a dedicated 240Q (+1%) external resistor is connected from the DRAM’s ZQ ball to Vssg.
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 duration of 'ZQinit or ‘ZQoper. The quiet time on the DRAM channel helps accurately calibrate Roy 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 'ZQinit, ZQoper or
'ZQCS between ranks.

Command

Address / w@{va"d\@l

w0 ) W,—cf/ sz:f;WWw% 2
CKE /{1 % {»'21 i
ooT ), ‘ N /%Ia )

. I | I I .
Dg 3’ ||I High-Z )}

MOPWW&?
laa)
W//WWWMV
Boi-
| 17

Actlvities I| T; I|H|gh 7 et
T el b T 1F T
=

i . /] ' . f[\es

ZQinit or 7Qoper

7QCs

i}'l |
ndicates break [ "
f Don't Care
In time scale ﬂ

o

ZQ CALIBRATION Timing (ZQCL and ZQCS)

Note:

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

2. ODT must be disabled via the ODT signal or the MRS during the calibration procedure.
3. All devices connected to the DQ bus should be High-Z during calibration.
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ACTIVATE Operation

Before any READ or WRITE commands can be issued to a bank within the DRAM, a row in that bank must be opened
(activated). This is accomplished via the ACTIVATE command, which selects both the bank and the row to be activated.

After a row is opened with an ACTIVATE command, a READ or WRITE command may be issued to that row, subject to the
'RCD specification. However, if the additive latency is programmed correctly, a READ or WRITE command may be issued prior
to 'RCD (MIN). In this operation, the DRAM enables a READ or WRITE command to be issued after the ACTIVATE command
for that bank, but prior to 'RCD (MIN) with the requirement that (ACTIVATE-to-READ/WRITE) + AL = 'RCD (MIN) (see Posted
CAS Additive Latency). 'RCD (MIN) should be divided by the clock period and rounded up to the next whole number to
determine the earliest clock edge after the ACTIVATE command on which a READ or WRITE command can be entered. The
same procedure is used to convert other specification limits from time units to clock cycles.

}Nhen at least one bank is open, any READ-to-READ command delay or WRITE-to-WRITE command delay is restricted to
CCD (MIN).

A subsequent ACTIVATE command to a different row in the same bank can only be issued after the previous active row has
be?n closed (precharged). The minimum time interval between successive ACTIVATE commands to the same bank is defined
by RC.

A subsequent ACTIVATE command to another bank can be issued while the first bank is being accessed, which results in a
reduction of total row-access overhead. The minimum time interval between successive ACTIVATE commands to different
banks is defined by ‘RRD. No more than four bank ACTIVATE commands may be issued in a given 'FAW (MIN) period, and the
'RRD (MIN) restriction still applies. The 'FAW (MIN) parameter applies, regardless of the number of banks already opened or
closed.

TO T T2 T3 T4 5 T8 ™

CK# ---- Lt i PR Rt P fom==n Rt -
K .‘-'\ Pt . . [+ ! v B :’ LAY } m\ :‘ P .‘JI o,
(Y f

1

BAlzo] 7 _EHH\/M/M@ ,“_”EWMWHE@

'RRD 'RCD

T

T10
_1—\{ — *_\_
NOP RDANR

e
. col )

Wi

Address

=
=

'I'll'l Indicates break W
/] Daon't Care

In time scale
N

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

";"'1""’“}'“"'“""1 A X

}@( N }@m AC NOP @‘E\ ACT W NOY @E( NOP /@/ ACI'

oW

EE?@P

BA[2:0] Bank-:
'RRD
- AW F
:I:il? Indicates break 7 .
0 i; tli::eesscalr:a Don't Care
Example: 'FAW
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READ Operation

READ bursts are initiated with a READ command. The starting column and bank addresses are provided with the READ
command and auto precharge is either enabled or disabled for that burst access. If auto precharge is enabled, the row being
accessed is automatically precharged at the 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 CK#). READ Latency figure shows an example of RL
based on a CL setting of 8 and an AL setting of 0.

TO T7 T8 L] T10 T Ti2 T2
Cks 1 i
K
Command
Address
D5, DQse
4]
i;" Ind break
1) Indicates brea [7 .
l.j;1 N time scala Transitloning Data Don't Care
Motes: 1. DO n = data-out from column n.
2. Subsequent elements of data-out appear in the programmed order following DO n.
READ Latency
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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 ('RPST). Upon completion of a burst, assuming no other commands have been
initiated, the DQ goes High-Z. A detailed explanation of ‘'DQSQ (valid data-out skew), 'QH (data-out window hold), and the valid
data window are depicted in Data Strobe Timing — READs figure. A detailed explanation of DQSCK (DQS transition skew to CK)
is also depicted in Data Strobe Timing — READs figure.

Data from any READ burst may be concatenated with data from a subsequent READ command to provide a continuous flow of
data. The first data element from the new burst follows the last element of a completed burst. The new READ command should
be issued 'CCD cycles after the first READ command. This is shown for BL8 in Consecutive READ Bursts (BL8) figure. If BC4 is
enabled, 'CCD must still be met, which will cause a gap in the data output, as shown in Consecutive READ Bursts (BC4) figure.
Nonconsecutive READ data is reflected in Nonconsecutive READ Bursts figure. 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 READ (BL8) to WRITE (BL8) figure (BC4 is shown
in READ (BC4) to WRITE (BC4) OTF figure). To ensure the READ data is completed before the WRITE data is on the bus, the
minimum READ-to-WRITE timing is RL + 'CCD - WL + 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 'RTP (READ-to-PRECHARGE). 'RTP starts AL cycles later than the READ
command. Examples for BL8 are shown in READ to PRECHARGE (BL8) figure and BC4 in READ to PRECHARGE (BC4)
figure. Following the PRECHARGE command, a subsequent command to the same bank cannot be issued until 'RP is met. The
PRECHARGE command followed by another PRECHARGE command to the same bank is allowed.

However, the precharge period will be determined by the last PRECHARGE command issued to the bank.

If A10 is HIGH when a READ command is issued, the READ with auto precharge function is engaged. The DRAM starts an auto
precharge operation on the rising edge, which is AL + 'RTP cycles after the READ command. DRAM support a tRAS lockout
feature (see READ with Auto Precharge (AL = 4, CL = 6) figure). If 'RAS (MIN) is not satisfied at the edge, the starting point of
the auto precharge operation will be delayed until 'RAS (MIN) is satisfied. If 'RTP (MIN) is not satisfied at the edge, the starting
Point of the auto precharge operation is delayed until 'RTP (MIN) is satisfied. In case the internal precharge is pushed out by
RTP, 'RP starts at the point at which the internal precharge happens (not at the next rising clock edge after this event). The time
from READ with auto precharge to the next ACTIVATE command to the same bank is AL + (‘'RTP + 'RP)*, where * means
rounded up to the next integer. In any event, internal precharge does not start earlier than four clocks after the last 8n-bit
prefetch.
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1 |
U

|
//’ff//;-’,{///b/f//?}’ﬂrfﬁz:

--------------- e

t
1 ' 1 1 1 1
RL=5 1 1 1 1 I

B GDCD ED) Y O G D O ) O O WY 7‘

[7] transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ command at TO
and T4.
3. DO n(or b) = data-out from column n (or column b).
4. BL8, RL=5({CL=5, AL=0).

Consecutive READ Bursts (BL8)

[2] wanstioning Data 7] Dar't Care

Motes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BC4 setting is activated by either MRO[1:0] = 10 or MRO[1:0] = 01 and A12 = 0 during READ command at TO
and T4.
3. DO n(or b) = data-out from column n (or column b).
4, BC4,RL=5(CL=5, AL =0).

Consecutive READ Bursts (BC4)
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all ma lat] TS TE "

s —opobobebebobofrobobofo oo oo e

command AAC RERD WEAHC wOF A Noe AR Noe . Nee AN READ . /X Nor . NoR AR NoR Ae woe L woe AN WoE WA wor A wor /), NOF
adens (CEEES AN l -'1'\" ‘ ;f I l K .-f I 3 Iz 0 f il | f I i I l f W AI LR R, -’? TN I TR
% , , , . . , , — ) / —iFK X )

Trautioning Data [ Bt cave

Motes: 1. AL=0,RL=8.

2. DO n (or b) = data-out from column n (or column b).

3. Seven subsequent elements of data-out appear in the programmed order following DO n.
4

. Seven subsequent elements of data-out appear in the programmed order following DO b.

Nonconsecutive READ Bursts

Command?

| |

READFo-WRITE command delay = AL + 00D + 20K - WL ! 'BL= 4 clocks ! '
| |
|

: ' e
I I 1 I f———
addres? T BT ST //J/////////J// 77 ///J///////f //|' /////////|///,{ : /L/'/// i //://// LTI T ST AT ////I/ //J/////////)// i I /MJ'////J:’// T

| ‘ tppRE : i , :lFEI; SwPRE : h : :'-wps‘[
N CORG R —
| AL-5 WL=5 [
E Transttioning Data Don't Care
Motes: 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
T0, and the WRITE command at T6.
3. DO n = data-out from column, DI b = data-in for column b.
4. BL8, RL=5{AL=0,CL=5), WL=5(AL=0, CWL=5).
READ (BL8) to WRITE (BLS)
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READ-to-WRITE command delay = AL + 'CC02 + 280 - WL

sadress® Y R M T 7 W S A

81 = 4 clocks
1

| |
LI L

1
"RPRE 1
I

7
im HWPRE 1 i"w‘PST ‘ J
0as, Dase | N G G S N /77177, SO G G, S W/ T

| | | |
oa | | | AL=5 | | ) v | i o 0 1 | | | |

E Transttioning 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 QTF 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, QWL =5).

READ (BC4) to WRITE (BC4) OTF

Transitioning Dats Derrt Cara

READ to PRECHARGE (BL8)

1 Transitioning Data Don't Care

READ to PRECHARGE (BC4)
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Cormmand y NOP A NCP _Nf’_, E . No#® NP ‘_“'jﬂ_‘f NOP NOP ACT
saress XCE ////“Vflf///// I, /{///////////{ Y ///////lff///// Jiii |/////// K e ) //’7//{//// //////{/////(/ NI l////////////l// i
- e ——
o I I I I 1 } I [ 'ae | [ DN 66 . i

|

tRas

Transitioning Data Dot Cars

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

)

s R WWW/WWW/WW{ //}’WWWAW% ‘“T
|

AL- | HTR (MIN) | i
T

1 ] | e ¥ v T
I I L f X

|
og
[ [ [ [
|

1
ERAS (MIN) ‘ e ‘
1 1

READ with Auto Precharge (AL =4, CL = 6)

DQS to DQ output timing is shown in Data Output Timing — 'DQSQ and Data Valid Window figure. The DQ transitions between
valid data outputs must be within 'DQSQ of the crossing point of DQS, DQS#. DQS must also maintain a minimum HIGH and
LOW time of 'QSH and 'QSL. Prior to the READ preamble, the DQ balls will either be floating or terminated, depending on the
status of the ODT signal.

Data Strobe Timing — READs figure shows the strobe-to-clock timing during a READ. The crossing point DQS, DQS# must
transition within +'DQSCK of the clock crossing point. The data out has no timing relationship to CK, only to DQS, as shown in
Data Strobe Timing — READs figure.

Data Strobe Timing — READs figure also shows the READ preamble and postamble. Typically, both DQS and DQS# are High-Z
to save power (Vppo). 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, 'RPST, is one half clock from the last DQS, DQS# transition. During the READ postamble, DQS is driven
LOW and DQS# is HIGH. When complete, the DQ is disabled or continues terminating, depending on the state of the ODT
signal. 'RPST Timing figure demonstrates how to measure '‘RPST.
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| | |
aaaresst X RS XL L L T F T T T T /////K///// //}’K///////Af L LT T

DQs, DOs#

DQ? (last data valid)

DQ? (first data no longer valid)

All D] collectively

@( NOP @( uop % NOP

RL=AL+CL |

! 1

tDOSO (MAX)—=| =— ! DOSO (MAX] | 1 tRPST
zog )= 14— !

A

TRPRE

|
I B

Data valid Data valid

Don't Care

Data Output Timing — 'DQSQ and Data Valid Window

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

The BL8 setting is activated by either MRO[1, 0] =
DO n = data-out from column n.

0, 0 or MRO[O, 1] =0, 1 and A12 = 1 during READ command at TO.

Output timings are referenced to VDDQ/2 and DLL on and locked.
'DQSQ defines the skew between DQS, DQS# to data and does not define DQS, DQS# to CK.
Early data transitions may not always happen at the same DQ. Data transitions of a DQ can be early or late within a burst.

1
2
3.
4. BL8,RL=5(AL=0, CL=5).
5
6
7
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'HZ and 'LZ transitions occur in the same access time as valid data transitions. These parameters are referenced to a specific
voltage level that specifies when the device output is no longer driving ‘HZDQS and 'HZDQ, or begins driving ‘LZDQS, 'LZDQ.
Method for Calculating 'LZ and 'HZ figure shows a method of calculating the point when the device is no longer driving 'HZDQS
and 'HZDQ, or begins driving 'LZDQS, 'LZDQ, by measuring the signal at two different voltages. The actual voltage
measurement points are not critical as long as the calculation is consistent. The parameters 'LZDQS, 'LZDQ, 'HZDQS, and
'HZDQ are defined as single-ended.

RL measured

tao this point
™ T T2 LE! TS 6
® oo . e o N WEEEEEE : N _ e .
O SRS D S e SR S
DGSCK (MIN) tDGSCK (MIN) 'DOSCK (MIN) tHZDGS (MIN)
WLZDQS (MIN) HQ5H 'gsL tQ5H | 1951
DGs, DOs# ; . B . K |
early strobe — | o w L L~ B
*RPRE
Bit 0 mit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 5 Bit 7
LIDGS (MAX) FDOSCK (MAX) tDQSCK (MAX) IDQSCK (MAX) IDOQSCK (MAX) tHZDOS (MAX)
RPST
0G5, D58
ate strobe Y
tRPRE ‘ tQsH | tgsL | tQsH ‘ tQsL
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit Bit & Bit 7
Data Strobe Timing — READs
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x_ —————— Voy - xmV
\_ ————— Voy - 2xmV/
'HZDQS, 'HZDQ >
/:T?__ — == Vg + 2xmV
j —————— WV + xmV/

THZDQS, "HZDQ end point=2 x T1-T2

Vi + 2omV — —— —— Z
Vo +xmV —— — — 4 Y
< *LZDQS, 'LZDQ
Vo -xmV — - i \
Vip-2xmV — — — — — — B
" T2

'L.ZDQS, 'LZDQ begin point =2 x T1 -T2

pulse width is defined by 'QSL. Likewise, 'LZDQS (MIN)

Method for Calculating 'LZ and 'HZ

Note:

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 'QSH, and the DQS LOW
and 'HZDQS (MIN) are not tied to 'DQSCK (MIN) (early strobe case), and 'L.ZDQS (MAX) and 'HZDQS (MAX) are not tied
to 'DQSCK (MAX) (late strobe case); however, they tend to track one another.

3. The minimum pulse width of the READ preamble is defined by '

postamble is defined by 'RPST (MIN).

e
DQs i tA\ __________________

Single-ended signal provided
as background information

kS

RPRE (MIN). The minimum pulse width of the READ

I

AN

Single-ended signal provided
as background information

DQs# i

T
*RPRE begins ."I
RPRE {
DOSs - DOS# i gr F\ ____________ o ---
- " - ] I'II Tz
Resulting differential |
signal relevant for _1\_ 'RPRE ends
'RPRE specification \ ,-"J
‘RPRE Timing
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DOS .
Single-ended signal, provided
as background information

i

if

Single-ended signal, provided
as background information

DQSs-DOs#

Resulting differential
signal relevant for
TRPST specification

'RPST begins

T2
‘RPAET ends
‘RPST Timing
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WRITE Operation

WRITE bursts are initiated with a WRITE command. The starting column and bank addresses are provided with the WRITE
command, and auto precharge is either enabled or disabled for that access. If auto precharge is selected, the row being
accessed is precharged at the end of the WRITE burst. If auto precharge is not selected, the row will remain open for
subsequent accesses. After a WRITE command has been issued, the WRITE burst may not be interrupted. For the generic
WRITE commands used in WRITE Burst figure through WRITE (BC4 Mode Register Setting) to PRECHARGE figure, auto
precharge is disabled.

During WRITE bursts, the first valid data-in element is registered on a rising edge of DQS following the WRITE latency (WL)
clocks later and subsequent data elements will be registered on successive edges of DQS. WRITE latency (WL) is defined as
the sum of posted CAS additive latency (AL) and CAS WRITE latency (CWL): WL = AL + CWL. The values of AL and CWL are
programmed in the MRO and MR2 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 in WRITE Burst figure. The half cycle on DQS
following the last data-in element is known as the WRITE postamble.

The time between the WRITE command and the first valid edge of DQS is WL clocks +'DQSS. Consecutive WRITE (BL8) to
WRITE (BL8) figure through WRITE (BC4 Mode Register Settin%;) to PRECHARGE figure show the nominal case where 'DQSS
= Ons; however, WRITE Burst figure includes 'DQSS (MIN) and 'DQSS (MAX) cases.

Data may be masked from completing a WRITE using data mask. The data mask occurs on the DM ball aligned to the WRITE
data. If DM is LOW, the WRITE completes normally. If DM is HIGH, that bit of data is masked.

Upon completion of a burst, assuming no other commands have been initiated, the DQ will remain High-Z, and any additional
input data will be ignored.

Data for any WRITE burst may be concatenated with a subsequent WRITE command to provide a continuous flow of input data.
The new WRITE command can be 'CCD clocks following the previous WRITE command. The first data element from the new
burst is applied after the last element of a completed burst. Consecutive WRITE (BL8) to WRITE (BL8) figure and Consecutive
WRITE (BC4) to WRITE (BC4) via OTF figure show concatenated bursts. An example of nonconsecutive WRITEs is shown in
Nonconsecutive WRITE to WRITE figure.

Data for any WRITE burst may be followed by a subsequent READ command after tWTR has been met (see WRITE (BL8) to
READ (BL8) figure), WRITE to READ (BC4 Mode Register Setting) figure, and WRITE (BC4 OTF) to READ (BC4 OTF) figure).
Data for any WRITE burst may be followed by a subsequent PRECHARGE command,providing ‘'WR has been met, as shown in
WRITE (BL8) to PRECHARGE figure and WRITE (BC4 Mode Register Setting) to PRECHARGE figure.

Both 'WTR and 'WR starting time may vary, depending on the mode register settings (fixed BC4, BL8 versus OTF).
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T1 Il': Y I-"l
YWPRE begins + f

voser N/ [ . .
PQs - bRse WPRE | '5_\ N

Resulting differential \ / t‘-NPF;rEzen ds
signal relevant for \ /
“WPRE specification \ /

CE# 0 \ /
\  TWPST
DQS - DQS# — — — — — H--=== ; > == - - — -
Resulting differential mn E +
signal relevant for | "WPST begins | Wi
"WVPST specification | Y A
— { T2
"WPST ends
'WPST Timing
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WRITE Burst

drives LOW and DQS# no longer drives HIGH.

00 or MRO[1:0] =

I }
1] or %7 T 1]

Do 31-4' DgsL

i

E{l Transitioning Data Don't Care

NOP commands are shown for ease of illustration; other commands may be valid at these times.
The BL8 setting is activated by either MRO[1:0] =
DI n = data-in for column n.

BL8, WL =5 (AL=0, CWL =5).

'DQSS must be met at each rising clock edge.
'"WPST is usually depicted as ending at the crossing of DQS, DQS#:; however, WPST actually ends when DQS no longer

01 and A12 = 1 during the WRITE command at TO.
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DS, DOsE i i | i o

pg?

ED/ED/ €D ED) BB\

P D)

S 30 o e

’(“f)!i

Notes: 1.
. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the WRITE commands at

s

WL=5

E] mansmoning pata [ porrt cara

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

TO and T4.

. DI n (or b) = data-in for column n (or column b).
. BL8 WL=5(AL=0, QWL =5).

Consecutive WRITE (BL8) to WRITE (BL8)

e Yo LTI T i X T T
J J SAPRE i i_‘-LPST_ SWPRE i i.ﬂ’.
s A~ DD U S /777, S G S SO W /// T
T T .y a0 e e s

o

Wi=5 |

MNotes:

Wk

E Transttian

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

BC4, WL=5(AL=0, QWL =5).

DI n (or b) = data-in for column n (or column b).
The BC4 setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at T0 and T4.
If set via MRS (fixed) "WR and "WTR would start T11 (2 cycles earlier).

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

ing Data Dot Cara
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Command /)(«m:)q/,@{ NOP )@/A{ wor WA wor W/Z( NOP Mﬁ( WRITE W@( N:lP X/Z/x N:P-)@ﬁ( N:lP }W/X NDP )(4//9( )@?X »os){//}( NID; WM Nm:-)-g-'/ﬁ( NG; )(/I'/)( NGP- )f/p{ NOP }fo NGF }{//
addem ) ) //////// /ﬂ/{’/ﬁf/f /////f//f// //////ff/// /////////// //////ﬂf/// /////f///// //////Af/// ///////////
WL=CWL s AL =7 | '

DQ5, DOsE
| | | | | | SV [ N T Oy |
0o B 1A 2 e s s 5 P e : . b2's e p
ow A B B A AJ‘;WMA&A%A%&
[ manamioning pata - [f7] pont car
MNotes: 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 any bank.
4. Shown forWL=7 (CWL=7, AL=10).
Nonconsecutive WRITE to WRITE
(o C
K
command’
| 1
| | | [
Address YA, i, I, s, i G, /J
| | | 1
WPRE : : : : BWPST J
| 1 1 1
S /11, S s S S G S S W /) /) /mf
g | | | | {3 nDI—I1 02 1?53 n2a 1?1'5 nTs 1%'7
| 1 U s | I ll
flrg :giﬁ:’;:sak [ ] mransitioning pata Dom't Care
Motes: 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 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 Ta0 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, QWL =5).
WRITE (BL8) to READ (BL8)
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o B e e e e e
Command! 75 WRITE M{ NOP )M NOP M NOP }m NOP W NOP W NOP W NOP w( NTP W NTP mlﬂ( READ )@
I I WTR I
noares? 7 Vaid Y7777 L T 7 T, /// /l/fﬁ vaid )
DOs, D0s¢ //|,’f’ W //lff’/.’/ /| T ;|’/f/ 7, S S k """ | S ‘K"""@'///// o, |///f¢(//|///
Dot | 1 | 0 g ?lw' a7 HHDH)("%} I I I f [

WL=5%

5&' !ndi_cates break EZ| Transitioning Data Don't Care

4, in time scale
i

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.
3. The fixed BC4 setting is activated by MRO[1:0] = 10 during the WRITE command at T0 and the READ command at
Ta0.
4. DI n = data-in for column n.
5. BC4 (fixed), WL=5(AL=0,CWL=5), RL=5(AL =0, CL=5).

WRITE to READ (BC4 Mode Register Setting)

xe Ta T . T4 TS ‘6 m T8 19 TI0 m |
SIS X LA _ & X
Coemmand! WHITE ROP ROp )éEEEEE;( NOP )CEEEEE}( NOH /J READ 42222

T
! | ' tal - adocks | I sarree | Il

| | | |
s e N e v

i i J
WPRE H WSt |

Das, Dase 'f%’f‘l x;‘f/ﬂfl’ 7 /J/l //ﬁ"r’| i S S S S S 7/ //ff%”// (//// L ( /{g’/ (/f"'/ 7
ot 1 | | | & K'."g(".‘“):'zr.‘z-l’ | | 1 | | i

ndicates b

"
reak . ) 7 .
1-) e [F]rensitioning Dam  [77] Dom't care

Motes: 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 QTF setting is activated by MRO[1:0] = 01 and A12 = 0 during the WRITE command at TO and the READ
command at Tn.
4. DI n =data-in for column n.
5. BG4, RL=5(AL=0,CL=5), WL=5(AL=0, CWL =5).

WRITE (BC4 OTF) to READ (BC4 OTF)
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o '.x'\.{'.\-.x"a".x'x:'ag.:s;"-‘:lx-.a;'\.{'.[g.x"
1 1 1 1
Conmnd wmmmmmmmww&mmwmmwwmmwwaa e W 7 N
“_h‘ ] T T “
Address P Valia 77 ( ‘ 77 A valid
WL = AL = OWL i i i '-W'Rnl
DQELS OO ey O X O R OC R Oy o7 o .'l'l

i
Z!:Ticr:r:;;:ak E Transitioning Data Dign't Cars

Notes: 1. DI n = data-in from column n.
2. Seven subsequent elements of data-in are applied in the programmed order following
DO n.
3. Shown forWL=7 (AL=0, CWL=T7).

WRITE (BL8) to PRECHARGE

L. m 7| om0 W m T L
L 1 ) 1
Command RITE KOP WOP NOp NOP NOF ROP ROP : NOp / NOp ROP
Address /) Valid rh ; I
| | WL = AL + OWL | | | * !
il
DOS, DOSS B o AN o .
D0 BCe (| i llllll
%::1:::‘::::“ m Transitioning Data m Don't Care
Motes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. The write recovery time ("WR) is referenced from the 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 same bank.

3. The fixed BC4 setting is activated by MR0O[1:0] = 10 during the WRITE command at T0.

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

5. BC4 (fixed), WL=15, RL = 5.

WRITE (BC4 Mode Register Setting) to PRECHARGE
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Command! Ty WRITE Wi7000H, NOP WO NOP Wil war W7ok Noe NOP @{ KOP :@EIE{ KOP O J
1 1 wr?
| | I

saaesd N B R }II?I’?}{ Va7

005, Dofss fxﬁ’ffﬁf/xfffﬂf/” lxﬁ’fxﬂfz’,?’f f’;ﬁ/ﬁf i l/‘/’ﬁ&’/fxf’éﬁ
pgt

| WL=5
|

L
fj:_.:."‘c.j:::::;:ak IETramiunirgDuu Dor'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 ("WR) is referenced from the rising clock edge at T9. "WR speci-
fies the last burst WRITE cycle until the PRECHARGE command can be issued to the same

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

at TO.
4. DI n = data-in for column n.
5. BC4 (OTF), WL=5, RL=5.

WRITE (BC4 OTF) to PRECHARGE
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DQ Input Timing

WRITE Burst figure shows the strobe-to-clock timing during a WRITE burst. DQS,DQS# must transition within 0.25tCK of the
clock transitions, as limited by 'DQSS. All data and data mask setup and hold timings are measured relative to the DQS, DQS#
crossing, not the clock crossing.

The WRITE preamble and postamble are also shown in WRITE Burst figure. One clock prior to data input to the DRAM, DQS
must be HIGH and DQS# must be LOW. Then for a half clock, DQS is driven LOW (DQS# is driven HIGH) during the WRITE
preamble, WPRE. Likewise, DQS must be kept LOW by the controller after the last data is written to the DRAM during the
WRITE postamble, 'WPST.

Data setup and hold times are also shown in WRITE Burst figure. All setup and hold times are measured from the crossing
points of DQS and DQS#. These setup and hold values pertain to data input and data mask input.

Additionally, the half period of the data input strobe is specified by 'DQSH and 'DQSL.

DOs, DOS# %h\-‘q\_ﬂ_?f*_ ’ _T _____ - MZ
S v @ O = = O @ 0@ /)
o TN .wLMWuW

[
Transitioning Data Don't Care

Data Input Timing
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PRECHARGE Operation

Input A10 determines whether one bank or all banks are to be precharged and, in the case where only one bank is to be
precharged, inputs BA[2:0] select the bank.

When all banks are to be precharged, inputs BA[2:0] are treated as “Don’t Care.” After a bank is precharged, it is in the idle state
and must be activated prior to any READ or WRITE commands being issued.

SELF REFRESH Operation

The SELF REFRESH operation is initiated like a REFRESH command except CKE is LOW.

The DLL is automatically disabled upon entering SELF REFRESH and is automatically enabled and reset upon exiting SELF
REFRESH.

All power supply inputs (including Vrerca and Vrerpg) must be maintained at valid levels upon entry/exit and during self refresh
mode operation. Vrerog may float or not drive Vppg/2 while in self refresh mode under certain conditions:

* Vss < Vrerpg < Vpp is maintained.

* Vrerpo is valid and stable prior to CKE going back HIGH.

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

The DRAM must be idle with all banks in the precharge state (‘RP is satisfied and no bursts are in 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 Rrt,nom and Ryrwr) are disabled in the mode registers, ODT can be a “Don’t Care.”

After the self refresh entry command is registered, CKE must be held LOW to keep the DRAM in self refresh mode.

After the DRAM has entered self refresh mode, all external control signals, except CKE and RESET#, are “Don’t Care.” The
DRAM initiates a minimum of one REFRESH command internally within the ‘CKE period when it enters self refresh mode.

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 'CK specifications) when self refresh mode is entered. If the clock remains stable
and the frequency is not altered while in self refresh mode, then the DRAM is allowed to exit self refresh mode after 'CKESR is
satisfied (CKE is allowed to transition HIGH tCKESR later than when CKE was registered LOW). Since the clock remains stable
in self refresh mode (no frequency change), 'CKSRE and 'CKSRX are not required. However, if the clock is altered during self
refresh mode (if it is turned-off or its frequency changes),then ‘CKSRE and 'CKSRX must be satisfied. When entering self
refresh mode, 'CKSRE must be satisfied prior to altering the clock's frequency. Prior to exiting self refresh mode, 'CKSRX must
be satisfied prior to registering CKE HIGH.

When CKE is HIGH during self refresh exit, NOP or DES must be issued for XS time. 'XS is required for the completion of any
internal refresh already in progress and must be satisfied before a valid command not requiring a locked DLL can be issued to
the device. 'XS is also the earliest time self refresh re-entry may occur. Before a command requiring a locked DLL can be
applied, a ZQCL command must be issued, 1ZQOPER timing must be met, and 'XSDLL must be satisfied. ODT must be off
during "XSDLL.
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Enter self refresh mode
(synchronous)

Exit self refresh mode
(asynchronous)

. Inl:Ilcates break .
LL In time scale a Don't Care

Self Refresh Entry/Exit Timing

Note:

O N O~

The clock must be valid and stable, meeting ‘CK specifications at least 'CKSRE after entering self refresh mode, and at
least ‘CKSRX prior to exiting self refresh mode, if the clock is stopped or altered between states Ta0 and ThO. If the clock
remains valid and unchanged from entry and during self refresh mode, then 'CKSRE and 'CKSRX do not apply; however,
'CKESR must be satisfied prior to exiting at SRX.

ODT must be disabled and R+ off prior to entering self refresh at state T1. If both Ryrnem @and Ryrwr) are disabled in the
mode registers, ODT can be a “Don’t Care.”

Self refresh entry (SRE) is synchronous via a REFRESH command with CKE LOW.

A NOP or DES command is required at T2 after the SRE command is issued prior to the inputs becoming “Don’t Care.”
NOP or DES commands are required prior to exiting self refresh mode until state TeO.

'XS is required before any commands not requiring a locked DLL.

'XSDLL is required before any commands requiring a locked DLL.

The device must be in the all banks idle state prior to entering self refresh mode. For example, all banks must be
precharged, ‘RP must be met, and no data bursts can be in progress.

Self refresh exit is asynchronous; however, XS and ‘XSDLL timings start at the first rising clock edge where CKE HIGH
satisfies ISXR at Tc1. 'CKSRX timing is also measured so that ISXR is satisfied at Tc1.
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Extended Temperature Usage

DDR3 SDRAM support the optional extended case temperature (T¢) range of 0°C to 95°C. Thus, the SRT and ASR options must
be used at a minimum for temperatures above 85°C.

The extended temperature range DRAM must be refreshed manually at 2x (double refresh) anytime the case temperature is
above 85°C (and does not exceed 95°C) and 4x (four times refresh) anytime the case temperature is above 95°C. The manual
refresh requirement is accomplished by reducing the refresh period from 64ms to 32ms (2x refresh) or 64ms to 16ms (4x
refresh). However, self refresh mode requires either ASR or SRT to support the extended temperature. Thus, either ASR or
SRT must be enabled when T¢ is above 85°C or self refresh cannot be used until Tc is at or below 85°C. Self Refresh
Temperature and Auto Self Refresh Description table summarizes the two extended temperature options and Self Refresh
Mode Summary table summarizes how the two extended temperature options relate to one another.

Self Refresh Temperature and Auto Self Refresh Description

Field MR2 Bits ‘ Description

Self Refresh Temperature (SRT)

If ASR is disabled (MR2[6] = 0), SRT must be programmed to indicate Toper 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[6] = 1), SRT must be set to 0, even if the extended temperature range is
supported

*MR2[7] = 0: SRT is disabled

SRT 7

Auto Self Refresh (ASR)

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 Toper during SELF REFRESH
operation

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

ASR 6

Self Refresh Mode Summary

MR2[6] | MR2[7] . Permitted Operating Temperature
(AsR) | (srr) [SELF REFRESH Operation Range for Self Refresh Mode

0 0 Self refresh mode is supported in the normal temperature range Normal (0°C to 85°C)

Self refresh mode is supported in normal and extended temperature
0 1 ranges; When SRT is enabled, it increases self refresh power Normal and extended (0°C to 95°C)
consumption

Self refresh mode is supported in normal and extended temperature
1 0 ranges; Self refresh power consumption may be Normal and extended (0°C to 95°C)
temperature-dependent.

1 1 lllegal
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Power-Down Mode

Power-down is synchronously entered when CKE is registered LOW coincident with a NOP or DES command. CKE is not
allowed to go LOW while an MRS, MPR, ZQCAL, READ, or WRITE 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 (as noted in
Command to Power-Down Entry Parameters table). Timing diagrams detailing the different power-down mode entry and exits are
shown in Active Power-Down Entry and Exit figure through MRS Command to Power-Down Entry figure.

Command to Power-Down Entry Parameters

Last Command Prior . :
DRAM Status to CKE LOW? Parameter (Min) Parameter Value Figure
Idle or active ACTIVATE ‘ACTPDEN 1'cK ACT'VAEE to Power-Down
ntry figure
. t t PRECHARGE to
Idle or active PRECHARGE PRPDEN 1CK Power-Down Entry figure
Power-Down Entry After
Active READ or READAP 'RDPDEN RL + 4'CK + 1'CK READ or READ with Auto
Precharge (RDAP) figure
. WRITE: BL8OTF, BL8MRS, t t Power-Down Entry After
Active BC4OTF t WL +4'CK + WR/CK WRITE figure
WRPDEN
Active WRITE: BCAMRS WL + 2CK + 'WR/'CK Power-Down Entry After
WRITE figure
. Power-Down Entry After
Active WRITEAP: BLEOTF, WL + 4'CK + WR + 1'CK | WRITE with Auto Precharge
BL8MRS, BC40TF (WRAP) figure
'WRAPDEN
Power-Down Entry After
Active WRITEAP: BCAMRS WL+ 2'CK + WR + 1'CK  |WRITE with Auto Precharge
(WRAP) figure
Idle REFRESH 'REFPDEN 1'cK REFRESH to Power-Down
Entry figure
Power-down REFRESH 'XPDLL Greater of 10'CK or 24ns |- OWer-Down Exit o Refresh
to Power-Down Entry figure
Idle MODE REGISTER SET ‘MRSPDEN ‘MOD MRS Command to
Power-Down Entry figure
Note:
1. If slow-exit mode precharge power-down is enabled and entered, ODT becomes asynchronous 'ANPD prior to CKE going

LOW and remains asynchronous until ‘ANPD + XPDLL after CKE goes HIGH.
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Entering power-down disables the input and output buffers, excluding CK, CK#, ODT, CKE, and RESET#. NOP or DES
commands are required until '‘CPDED has been satisfied,at which time all 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 in active
power-down mode. If all banks are closed after all in-progress commands are complete, the DRAM will be in precharge
power-down mode. Precharge power-down mode must be programmed to exit with either a slow exit mode or a fast exit mode.
When entering precharge power-down mode, the DLL is turned off in slow exit mode or kept on in fast exit mode.

The DLL also remains on when entering active power-down. ODT has special timing constraints when slow exit mode
precharge power-down is enabled and entered. Refer to 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 in Power-Down Modes table.

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 wiill
switch out of power-down mode and go into the reset state. After CKE is registered LOW, CKE must remain LOW until 'PD (MIN)
has been satisfied. The maximum time allowed for powerdown duration is 'PD (MAX) (9 x 'REFI).

The power-down states are synchronously exited when CKE is registered HIGH (with a required NOP or DES command). CKE
must be maintained HIGH until ‘CKE has been satisfied. A valid, executable command may be applied after power-down exit
latency,'XP, and 'XPDLL have been satisfied. A summary of the power-down modes is listed below.

For specific CKE-intensive operations, such as repeating a power-down-exit-to-refreshto-power-down-entry sequence, the
number of clock cycles between power-down exit and power-down entry may not be sufficient to keep the DLL properly updated.
In addition to meeting 'PD when the REFRESH command is used between power-down exit and power-down entry, two other
conditions must be met. First, XP must be satisfied before issuing the REFRESH command. Second, "XPDLL must be satisfied
before the next power-down may be entered. An example is shown in Power-Down Exit to Refresh to Power-Down Entry figure.

Power-Down Modes table

DRAM State MRO[12] DLL State Pow%r)-(iltjown Relevant Parameters
Active (any bank open) | “Don’t Care” On Fast 'XP to any other valid command
1 On Fast 'XP to any other valid command
Precharged 'XPDLL to commands that require the DLL to be locked
(all banks precharged) 0 Off Slow (READ, RDAP, or ODT on);
'XP to any other valid command
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o T _____ U R N — T _____ .'
Tk 'tH o 'a T' W
| | ! , _ | I
Command % NOP W//}( NOP W NOP M///// ///////)< NOP M%REFRESHMP( NOP W//)( NOP W
| |

I
xp! N

J
5
J

'CPDED

%///4( l Tl

CKE
A ts
]

IXPDLLZ

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

(
11 Indicates break -
| Don'tC
{J|,_ in time scale m ont tare
"
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Power-Down Exit to Refresh to Power-Down Entry
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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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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, UDQS, UDQS#, LDQS, LDQS#, UDM, and LDM signal for the x16 configuration.

ODT is designed to improve signal integrity of the memory channel by enabling the DRAM controller to independently turn
on/off the DRAM’s internal termination resistance for any grouping of DRAM devices. ODT is not supported during DLL disable
mode (simple functional representation shown below). The switch is enabled by the internal ODT control logic, which uses the
external ODT ball and other control information.

—F-_——————m———— 1
| ODT |
|

To other| | V@EQ :

circuitry | | Rrr |

suchas | ! R ) |

ROV | SW]tCh |

: [ | DQ, UDAS, UDQSHE, LDAS,

: : LDQS#, UDM, LDM
| _ o ____ |

On-Die Termination

Functional Representation of ODT

The value of Rrr (ODT termination resistance value) is determined by the settings of several mode register bits (see Mode
Registers for Rrrwr) table). 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 Rt or R1rnom t0 RTrwr)-

The actual effective termination, Rrrerr), may be different from Rty targeted due to nonlinearity of the termination. For Rrrerr)
values and calculations, see Ryt Effective Impedance table.

Nominal ODT

ODT (NOM) is the base termination resistance for each applicable ball; it is enabled or disabled via MR1[9, 6, 2] (see Mode
Register 1 (MR1) Definition), and it is turned on or off via the ODT ball.
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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 Rtrnom disabled, ODT off Any valid 2
000 1 Rt1nom disabled, ODT on Any valid except self refresh, read 3

000-101 0 Rt7nom €nabled, ODT off Any valid 2
000-101 1 Rt7nom €nabled, ODT on Any valid except self refresh, read 3
110 and 111 X Rt7nom reserved, ODT on or off lllegal

Note:

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 Rytnom Value is restricted during writes. Dynamic ODT is applicable if enabled.

Nominal ODT resistance Rrrnom is defined by MR1[9, 6, 2], as shown in Mode Register 1 (MR1) Definition. The Rtrnom
termination value applies to the output pins previously mentioned. DDR3 SDRAM supports multiple Rrrhom Values based on
RZQ/n where n can be 2, 4, 6, 8, or 12 and RZQ is 240Q. Rrrnom 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 Rrrnom if dynamic ODT (Rrrwry) is disabled. If Rrrnom is used during writes, only RZQ/2, RZQ/4, and RZQ/6
are allowed (see Mode Registers for Rrrnom table). ODT timings are summarized in ODT Parameters table, 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.

ODT Parameters

- . . Definition for All DDR3L .
Symbol Description Begins at Defined to 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 | Rrrorr) + AOF CWL +AL-2 'CK
'AONPD ODT asynchronous turn-on delay ODT registered HIGH Rrron) 2-8.5 ns
'AOFPD ODT asynchronous turn-off delay ODT registered HIGH Rr7(0FF) 2-85 ns
ODTH4 ODT minimum HIGH time after ODT Ov[\a:—itéeg;itsetrr(;?icm(\?vrt'hor ODT registered 4'CK ‘cK
assertion or write (BC4) ODT HIGH LOW
ODT minimum HIGH time after write | Write registration with | ODT registered t t
ODTHS (BL8) ODT HIGH LOW 6CK CK
See Electrical
t ODT turn-on relative to ODTLon . Characteristics and AC
AON completion Completion of ODTLon Rrron Operating Conditions ps
table
‘AOF ODT turn-off relative to ODTLOf | oo 1etion of ODTLOM | Reriorn 0.5'CK £ 0.2'CK tCK
completion
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Dynamic ODT

In certain application cases, and to further enhance signal integrity on the data bus, it is desirable that the termination strength
of the DDR3 SDRAM can be changed without issuing an MRS command, essentially changing the ODT termination on the fly.
With dynamic ODT Ryrwr)) enabled, the DRAM switches from nominal ODT Rtr,nom) to dynamic ODT Ryrwr)) when beginning a
WRITE burst and subsequently switches back to nominal ODT Rrrnom) 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 Rrrnom disabled via MR1 and Rrrwr) enabled via MR2. This will
allow the ODT signal not to have to be routed yet the DRAM can provide ODT coverage during write accesses.

When enabling this special use case, some standard ODT spec conditions may be violated: ODT is sometimes suppose to be
held low. Such ODT spec violation (ODT not LOW) is allowed under this special use case. Most notably, if Write Leveling is
used, this would appear to be a problem since Rrrwr) can not be used (should be disabled) and Rrrnowm should be used. For
Write leveling during this special use case, with the DLL

locked, then Rrrnomy maybe enabled when entering Write Leveling mode and disabled when exiting Write Leveling mode. More
s0, Rrrvom) 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 + ‘AON + 'MOD + 1CK (enabling via MR1) or turn-off within a delay of ODTLoff +
'AOF + 'MOD + 1CK. As seen in the table below,between the Load Mode of MR1 and the previously specified delay, the value of
ODT is uncertain. this means the DQ ODT termination could turn-on and then turn-off again during the period of stated
uncertainty.

Write Leveling with Dynamic ODT Special Case

Begin Rrrnom Uncertainty End Ryrnom Uncertainty 1/Os Ryrnom Final State
MR1 load mode command: DQS, DQS# | Drive Ryrnom value
: . ODTLon + ‘AON + 'MOD + 1CK
Enable Write Leveling and Rrrnowm) DQs NO R7Tnom
MR1 load m mmand: DQS, DQS# NO Rr7,nom
. oad mode command ODTLoff + 'AOFF + 'MOD + 1CK
Disable Write Leveling and Rrrnowm DQs NO RtTnom
Elite Semiconductor Microelectronics Technology Inc Publication Date: Aug. 2025

Revision: 1.2 156/173



ESMT

M15T4G16256A (2P)

Functional Description

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

* Two Rrr values are available—R7hom and Rrrwr).
— The value for Rytnom is preselected via MR1[9, 6, 2].
— The value for Rrrwr is preselected via MR2[10, 9].

* During DRAM operation without READ or WRITE commands, the termination is controlled.
— Nominal termination strength Rytnom 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 Ryrnom switches to Rrrwr)

— A latency of ODTLcwn8 (for BLS8, fixed or OTF) or ODTLcwn4 (for BC4, fixed or OTF) after the WRITE command:
termination strength Rrrwr) switches back to RTT,nom.

— On/off termination timing is controlled via the ODT ball and determined by ODTLon, ODTLoff, ODTH4, and ODTHS.
— During the 'ADC transition window, the value of Ryt 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.

Dynamic ODT Specific Parameters

Definition for All

Symbol Description Begins at Defined to DDR3L Speed Bins Unit
ODTLchw Change from Rrraom to Write registration Rrr switched from Rrtnom WL-2 'CK
Rrrwr) 10 Rrrwr)
. . . Ryt switched from R
ODTLewna | Changefrom Rrrwmy 10| \yrie registration | TTWR | gk + ODTLoff | 'CK
R11nom (BC4) to Rytnom
R itched f R
ODTLcwn8 Change from Rrrwe) t0 Write registration rr switched from Rrrwr) | g 4 opTLoff | ek
RTT,nom (BL8) to RTT,nom
‘ADC Rrr change skew ODTLcnw completed | Ry transition complete 0.5'CK + 0.2'CK 'CK

Mode Registers for Rrrnom

MR1 (RrTnom) Rrrnom (RZQ) Rttnom (Ohm) Rrrnom Mode Restriction

M9 M6 M2

0 0 0 Off Off n/a

0 0 1 RzQ/4 60

0 1 0 RzQ/2 120 Self refresh

0 1 1 RZQ/6 40

1 0 0 RzQ/12 20 .

Self refresh, write

1 0 1 RZQ/8 30

1 1 0 Reserved Reserved n/a

1 1 1 Reserved Reserved n/a

Note: 1. RZQ = 240Q. If Rrr,nom is used during WRITES, only RZQ/2, RZQ/4, RZQ/6 are allowed.
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Mode Registers for Rrrwr)

o L ) e Rrrwr) (RZQ) Rrrwr) (Ohm)
0 0 Dynamic ODT off: WRITE does not affect Rtrnom
0 1 RzQ/4 60
1 0 RzQ/2 120
1 1 Reserved Reserved

Timing Diagrams for Dynamic ODT

Figure 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 Cycl

es, 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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Ke ---
3

Command /XNEl;F WNTF }m(mlw W//XNTP )@f’//)(wnsa)(r’//,}{ rJiJP){’/’//}(Ntl:P )U/,)( NOF )(///)(N‘GP M/}(NTP W/XN(I)F )Q///;XNUP }Q’//)(NUP }6///)( HCIP )(///,b(ruJP K//,Q(NOF )(’///)( HCIP X////XNUF )(l
address 777 YA, / 7 vand) /,lr’// /// 7 /1, Vit 7 7 7 / 7

[ 0ODTHE | ‘ | ‘ ‘ | oorio |
I
1

|z w‘mx AR AN m‘y
|

I
i —| [—oc 4‘ 'noF! iy
: o [ — e
I |-—'-AOI;I ww |—— *ADC (MAX) i «—.jfmnc| MAX) - "'“CT (MAX)
] | ! .
DGS-DZ: f/ {/ //(/ (/ f 7 /(/ (/ I \y "_3 J'_i(m A ( 4 l/ 7 { 7 ( /( /.( A
I = = = B Transitioning Don't Care

Notes: 1. Via MRS or OTF. AL = 0, QWL = 5. R11nom and Ryrwr) 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).

| | | | | ODTH4
| '

o g ww|wiw' @
| ODTLon | |03Tlcwn-‘.

[
|
I
|
I
1
| | —-L-—‘ADN[MN] | — ‘ADCWI | :
Ry Sy TR ‘
T
I
|
1

Lo Frrtere

Dynamic ODT: ODT Asserted Before and After the WRITE, BC4

Command { )
Address /// Y /// I /// T /// |// LI
ODTH4 ODTLoff
I ODTLen | !

oot E\|_{//// N/ ‘ /Y

TAON (MAX) —»|

NI g A | |
‘ ‘ | AOF (MIN)—»| |

‘ tAON (MIN) | o ‘ AOF (MAX

0as, 0as# 777, |//// 7/, /l/' /17 /{// /1, //: /11 ///|/ 11177, /l/// /111 |// 7/, ///|/ 1/ //| 1ill117, |//// 7/, /|/ /11 /{// /.
ST

[*] Transitioning  [/] Don't Care

Rer

Notes: 1. AL=0, QWL = 5. Ryrnom is enabled and Rrryr 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.

Dynamic ODT: Without WRITE Command
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|
Address ] i SEER 7 7/ 7 7 7/ 7 7 Y 7 7 7 7 7
I I oDTHe | ! ! [ corott | !
! o0TLon | ! | : : : :
oor T M i g | Wy ‘ Ny W L /Y R /A
I | | |
‘ ‘ ‘ *ADC (MAX) ! | ! | ! | ! —-| —tAOF il\.'llN]
Rer Y Rirowm ﬂ' :
—-| AON (MIN) i I | I
, , , , AOF (Max)
| | | ; | ; |
I, Y
| | ow
| | |
[wlu]
E Transitioning Don't Care
Notes: 1. Via MRS or OTF; AL = 0, CWL = 5. If Rrnom can be either enabled or disabled, ODT can be HIGH. Rrrqwr) is enabled.

2. In this example, ODTHS = 6 is satisfied exactly.

Dynamic ODT: ODT Pin Asserted Together with WRITE Command for 6 Clock Cycles, BL8
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T0 T T2 T3 T4 TS5 Ta 7 T8 ™ T10 ™
CL:K:(’-" " p-- ro—— - Sy r-——— - - po-—
Command mmm
ODTLcnw
[ . -
addvess 717NN LT LT T T, 77,
| oDTH4 | | opTioft | ‘
| 1
o b M| | | T || | N 7 N
ODTLon
| | — rtADC'{MAX} — EfTADc (MIN) —= tA0|F[M|N)
R—n .-" =" ..'l R'I'I'M"R:l 5 . '-.' I:?"I'L nom 'l..-'. y
‘ ‘ $-—mom (MIN) —={taDC MAX) AOF (MAX)
ODTLcwn4|
! | 1 R R P I
DQs, DQs# /7 Lz ( I /4 ( 77, /)‘ L R LT { /r (//’//A
g — | | EDAD ESED! |
! WL |
ETransitioning Daon't Care
Notes: 1. Via MRS or OTF. AL =0, QWL = 5. R7nom and Ryrwi) are enabled.
2. ODTHA4 is defined from ODT registered HIGH to ODT registered LOW, so in this example,
ODTH4 is satisfied. ODT registered LOW at T5 is also legal.
Dynamic ODT: ODT Pin Asserted with WRITE Command for 6 Clock Cycles, BC4
e 1O T 7 o 0m T4 15 L. T8 9 T10 ™
I L SR : ! ‘ '
Command A NOP Y/// A WRSAW//,
| opTLenw |
I ] | |
Address 7 J, LI (I Y, 7 1 Y /s
| ODTH4 | | ooTloft | !
| i - . - '
o g e e an i g | ;| | i
| 4—{ =—tADC (MAX) ! I — LAQF (MIN)
ODTLon | | | | | |
Rrr ' I . RrrowRy e
‘ ‘ =—TAON (MIN) | | =—=[TAQF (MAX)
ODTLown4 : : J
. | I, l. .
DQs, Dask 7T/ T i1 ///’,’//4’///(////{”////'7////7//}ﬁ’/////f/)r R N S S /A
DQ ! : : : {(—51 an+ 1AAn + 250 + 34
IEI Transitioning Don't Care
Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. Ry o can be either enabled or disabled. If disabled,
ODT can remain HIGH. Rrrowr) is enabled.
2. In this example ODTH4 = 4 is satisfied exactly.
Dynamic ODT: ODT Pin Asserted with WRITE Command for 4 Clock Cycles, BC4
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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 CKE HIGH

« Active power-down mode (regardless of MR0O[12])

* Precharge power-down mode if DLL is enabled by MRO[12] during precharge powerdown

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 'AON and 'AOF
around each clock edge (see Synchronous ODT Parameters table). The ODT latency is tied to the WRITE latency (WL) by
ODTLon =WL - 2 and ODTLoff = WL - 2.

Since write latency is made up of CAS WRITE latency (CWL) and additive latency (AL), the AL programmed into the mode
register (MR1[4, 3]) also applies to the ODT signal.

The device’s internal ODT signal is delayed a number of clock cycles defined by the AL relative to the external ODT signal. Thus,
ODTLon = CWL + AL - 2 and ODTLoff = CWL + AL - 2.

Timing Parameters

Synchronous ODT mode uses the following timing parameters: ODTLon, ODTLoff, ODTH4, ODTHS, 'AON, and 'AOF. The
minimum Ryt turn-on time (‘AON [MIN]) is the point at which the device leaves High-Z and ODT resistance begins to turn on.
Maximum Rt turn-on time ('AON [MAX]) is the point at which ODT resistance is fully on. Both are measured relative to ODTLon.
The minimum Ry turn-off time ("AOF [MIN]) is the point at which the device starts to turn off ODT resistance. The maximum Ryt
turn 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 (see Synchronous
ODT (BC4) figure).

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 DDR3L
mbol Description Begin Defin : ni
Symbo escriptio egins at efined to Speed Bins Unit
obTLon |OPT Syncgggsus WM-0N - 55T registered HIGH Rrrion) *AON CWL+AL-2 ‘cK
obTLoff [OPT syncf&rglg;us wrn-offl - 5pT registered HIGH Rrr(orr) £AOF CWL +AL - 2 ‘cK
ODT minimum HIGH time| ODT registered HIGH or
ODTH4 after ODT assertion or | write regis- tration with | ODT registered LOW 4'CK 'CK
WRITE (BC4) ODT HIGH
ODT minimum HIGH time| Write registration with . t t
ODTHS8 after WRITE (BL8) ODT HIGH ODT registered LOW 6 CK CK
ODT turn-on relative to See Electrical Charac-
'‘AON . Completion of ODTLon R17(0N) teristics and AC Oper- ps
ODTLon completion . "
ating Conditions ta- ble
t ODT turn-off relative to . t t t
AOF ODTLoff completion Completion of ODTLoff Rrrorm) 0.5CK+0.2CK CK
ke T0 T1 T2 T3 T4 T5 T6 T7 Ta T9 Ti0 ™ T12 T13 T4 T15
VS DS RS R U T R I D T R AT T T U T DT T e
oA A A e e
CKE T NI N N N YT NEAT A L N T N ‘ | X NET ) N
AL=3 ‘ AL=3 CWL-2
| | |
aot LI YT ‘ i | L7} ‘ | T T YD ‘ ‘ ‘ ‘
ODTH4 (MIN) ‘ | | ODTLD‘H::ICWL+AL-2I |
‘ |0DTLon = CW'L+AL-2|
‘ ‘ ‘ ‘ ‘ —"L_r"—‘AON (MIN) =~ 'a0F (Min)
R Ty —
K ! ! ! ! ! ‘ e ~—AON (MAX) ' ' [e——={tA0F (MAX)
E Transitioning Don't Care
Note: 1. AL=3; CWL=5; ODTLon = WL =6.0; ODTLoff = WL - 2 = 6. Rrr.nom is enabled.

Synchronous ODT
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T2 T5

T4 Ti0 T14 T15 T1E T1?
fj“' T N7 VH—‘! “"f”-'{ H'r: \7/ f;"; 7 (!/7{‘_!‘/;” N\ N7 \”; /i v{«’;‘;‘{ V”/ Y”"/
command "} NOP W7/ W nor W7 H Mor WK (o \7]2( NDPW]}’ Nc= NOP mwmm Noz 777 ) noe Y7/ N wor m NP Y/ woP { NOP Y]f])( NOP Nc= (MO W7/ 7 NoF )
| oDTHq DDTHq (MIN) |
| | ‘ I I ODTH4 |
|
oor |\ NG ) Y LT | T | | K/ R //// R //// R /[ R [/ N [/ AW ///. AW/,
‘ | ODTLoff = WL 2 ‘ | ODTLOff =WL-2 |
ODTLon =WL- 2 | | ODTLon = WL -2 ‘
[
| ‘ ‘ | —ﬂri—n\ow (MIND | |tAOFtM|N)|—-| — |-—tAON(MA)(J ‘ ‘ —=| |=—tacF mn)
e Friom LY Frnom a5
——| |‘_tAON(MAXJ |"—-ﬂ‘-ﬁcm (MIN) F—m.qxl
LADF (MAX) '
E Transitioning Don't Care
Synchronous ODT (BC4)
Note:
1.  WL=7.Rrrnomis enabled. Rrruwr) is disabled.
2. ODT must be held HIGH for at least ODTH4 after assertion (T1).
3. ODT must be kept HIGH ODTH4 (BC4) or ODTH8 (BL8) after the WRITE command (T7).
4. 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.
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ODT Off During READs

Because the device cannot terminate and drive at the same time, Rt must be disabled at least one-half clock cycle before the
READ preamble by driving the ODT ball LOW (if either Rrtnom OF Rr1wr) is enabled). Rt may 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 in ODT During READs figure.

T m T2 m T2 LLE T15 T16 T‘I?

K -y 5\_,_ ____________________
_takx @mml L@i@ﬁ e ?tr e e ma me

NOP NOP NDP a NO? NOP NOP a(ZEE)( e x’j
Address )} Valld)(7 ///// /, ///// ///// /, ///// ///// /, /////77//// ///// |//// LTI, ///// ////// f/////lf I //:/// LTI, T/;

| | | 0DTLon = [WL+AL 2 | Lol
ODTLD‘I’T = C‘NL +AL- Z : ! | | | I | : | : | :
oot if ‘ VI 7T 777 l LA l [ l i, l '//‘ i A T T ‘VI// "/I// ‘ "/I/f ‘ \’/I//f’ Vi Y v
| | -..|1A0FIM|NJ | | | |
R i ; ; — ) o
| | | | s | | | |‘—“]‘*‘°””""’ l l l oo
| | | | | | | | | | RPN R R S A
DOS, DOS# IR S S S N S
0o | | | | | | | I I [

+Eb
Transitioning Don't Care

Note: 1. ODT must be disabled externally during READs by driving ODT LOW. For example, CL=6; AL=CL-1=5; RL=AL
+CL=11; CWL = 5, ODTLon = CWL + AL - 2 = 8; ODTLoff = CWL + AL - 2 = 8. Ry o is enabled. Rypgyg) is @ "Don't
Care.”

ODT During READs
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Asynchronous ODT Mode

Asynchronous ODT mode is available when the DRAM runs in DLL on mode and when either Rtrhom OF Rrrwr) 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 Ryt by analog time. The timing parameters '"AONPD and 'AOFPD replace
ODTLon/'AON and ODTLoff/'AOF, respectively, when ODT operates asynchronously.

The minimum Rrr turn-on time (‘AONPD [MIN]) is the point at which the device termination circuit leaves High-Z and ODT
resistance begins to turn on. Maximum Rrr turnon time (‘AONPD [MAX]) is the point at which ODT resistance is fully on.
'AONPD (MIN) and "AONPD (MAX) are measured from ODT being sampled HIGH.

The minimum Ryt turn-off time (AOFPD [MIN]) is the point at which the device termination circuit starts to turn off ODT
re3|stance Maximum Rrr turn-off time ('AOFPD [MAX]) is the point at which ODT has reached High-Z. 'AOFPD (MIN) and
'AOFPD (MAX) are measured from ODT being sampled LOW.

TO T T2 T2 T4 15 T6 7 T9 Ti0 ™m T2 T2 T4 Ti5 Tie m7

‘ ‘7777&;777)\}4//// V[[[/“M K/ 7/ wrﬂﬂ(/ﬁm,\‘m 777/\‘77&

‘ H‘AOFPD (MIN)
Ry —m— T RO,  — T _._-_ ________ T

| 5] | | | | '
ooT 7, T

T8
o e e o A A A A A A oA e A A e ot
e Jy | J7h L JTTA [T77h | [T m-lm »Wlf????\. R/ R/ R /71 R /R R 1R L Y
‘ ‘W

77 ‘ /3

"|‘AONPD (MIN) ‘
................... WL T

‘ TAONPD (MAX) | AQFPD (MAX) |

i I 1

E Transitioning Don't Care

Note: 1. ALisignored.

Asynchronous ODT Timing with Fast ODT Transition

Asynchronous ODT Timing Parameters for All Speed Bins

Symbol Description Min Max Unit

'AONPD Asynchronous Rt turn-on delay (power-down with DLL off) 2 8.5 ns

'‘AOFPD Asynchronous Rrr 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 'ANPD prior to CKE first being registered LOW, and ends when CKE is first
registered LOW. 'ANPD is equal to the greater of ODTLoff + 1'CK or ODTLon + 1'CK. If a REFRESH command has been issued,
and it is in progress when CKE goes LOW, power-down entry ends tRFC after the REFRESH command, rather than when CKE
is first registered LOW. Power-down entry then becomes the greater of 'ANPD and 'RFC - REFRESH command to CKE
registered LOW.

ODT assertion during power-down entry results in an Ryt change as early as the lesser of 'AONPD (MIN) and ODTLon x tCK +
'AON (MIN), or as late as the greater of 'AONPD (MAX) and ODTLon x 'CK + 'AON (MAX). ODT de-assertion during
power-down entry can result in an Rrr change as early as the lesser of '"AOFPD (MIN) and ODTLoff x 'CK + '"AOF (MIN), or as
late as the greater of "AOFPD (MAX) and ODTLoff x 'CK + 'AOF (MAX). ODT Parameters for Power-Down (DLL Off) Entry and
Exit Transition Period table summarizes these parameters.

If AL has a large value, the uncertainty of the state of Rt becomes quite large. This is because ODTLon and ODTLoff are
derived from the WL; and WL is equal to CWL + AL.
Synchronous to Asynchronous Transition During Precharge Power-Down (DLL Off) Entry figure shows three different cases:

« ODT_A: Synchronous behavior before '‘ANPD.

« ODT_B: ODT state changes during the transition period with ‘AONPD (MIN) < ODTLon x 'CK + 'AON (MIN) and ‘AONPD
(MAX) > ODTLon x ‘CK + 'AON (MAX).
* 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

Lt t
(power-down entry) Greater of: 'ANPD or RFC - refresh to CKE LOW

Power-down exit transition period

t t.
(power-down exit) ANPD + XPDLL

ODT to Ryt turn-on delay Lesser of: '"AONPD (MIN) (2ns) or Greater of: "AONPD (MAX) (8.5ns) or
(ODTLon = WL - 2) ODTLon x 'CK + 'AON (MIN) ODTLon x 'CK + 'AON (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 x 'CK + 'AOF (MAX)
'ANPD WL - 1 (greater of ODTLoff + 1 or ODTLon + 1)

T3 T4 T8 T9 T10 ™ T2 T3 Tao Ta1 Taz Ta3
\

CKp - —— - - - map——ym - - --- m oy - g——\ - - - --—y—
e EN PPN APV VPV IEENEY

CKE ‘vﬂ[ Wy J—W J_WLW N/ R /N 1/ N/ | AT/ /) »777.l 77% 77’) fZ«

command 7)(NOP W; REF \IDF {77 Mo= »‘977]& nor Y7T7N No= W '\IDP X_LW‘CFW; '\IDP WTWW; NOP W \IDF WE?- NOR W77 NOPm NO -777)! NOF )

RFC (MINJ
/i A 7
/

taNPD | | | | |
| I | PDE transition perlod

ODT A
synchronous M| \

—= |-_tAOF{MINJ |

|
| |
YA WA|/777>|/777}|7777A|777);|W7A|W|/777A|/777}|W7}
L | |
. | |
|

DRAM Ry & ,' | | | |
syncnronous )
[ OOTLofE | I IADIF(’WW DDTLIfo+ ADFPI? (MIN) |
| | | CAOFPD (MAX) | i
oDTE | kJ
My VA VD A

or synchronous n

asyncronous //‘ \/// Y ‘ /) ‘ \/// ‘ i/ ‘ N1/ ‘ \// ‘ /AN 1/ AN ///N | m:

T
—] F |

DRAM Rpr B

asynchronous

it i, - . |
or synchronous | | [ ODTLO + 'ACFPD (MAX) | 'L ‘
! | | | ! i
wspmeremes | LT ) T T N ) T ) T N ) Wi | Y e a1
g I Bt Rl | T e etom 1
asjy'ﬂn?h\r'!ﬂﬁgu‘-s Rt nom L ‘ xlADFPD_“;‘mW_
Eg::‘::f_;‘;:{gl':ak E Transitioning Don't care
Note: 1. AL=0;CWL=5; ODTL(off)=WL-2=3.
Synchronous to Asynchronous Transition During Precharge Power-Down (DLL Off) Entry
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Asynchronous to Synchronous ODT Mode Transition (Power-Down EXxit)

The DRAM'’'s ODT can exhibit either asynchronous or synchronous behavior during power-down exit (PDX). This transition
period occurs if the DLL is selected to be off when in precharge power-down mode by setting MRO[12] to 0. Power-down exit
begins tANPD prior to CKE first being registered HIGH, and ends 'XPDLL after CKE is first registered HIGH. '‘ANPD is equal to
the greater of ODTLoff + 1'CK or ODTLon + 1'CK. The transition period is '"ANPD + 'XPDLL.

ODT assertion during power-down exit results in an Ryt change as early as the lesser of ‘AONPD (MIN) and ODTLon x 'CK +
‘AON (MIN), or as late as the greater of 'AONPD (MAX) and ODTLon x 'CK + 'AON (MAX). ODT de-assertion during
power-down exit may result in an Rt change as early as the lesser of "AOFPD (MIN) and ODTLoff x 'CK + 'AOF (MIN), or as
late as the greater of "AOFPD (MAX) and ODTLoff x 'CK + ‘AOF (MAX).

ODT Parameters for Power-Down (DLL Off) Entry and Exit Transition Period table summarizes these parameters.

If AL has a large value, the uncertainty of the Ryt state becomes quite large. This is because ODTLon and ODTLoff are derived
from WL, and WL is equal to CWL + AL. Asynchronous to Synchronous Transition During Precharge Power-Down (DLL Off) Exit
figure shows three different cases:

« ODT C: Asynchronous behavior before '"ANPD.

. ODT B: ODT state changes during the transition period, with '"AOFPD (MIN) < ODTLoff x 'CK + 'AOF (MIN), and ODTLoff x
'CK + 'AOF (MAX) > 'AOFPD (MAX).

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

TO T n Tao Ta1 Taz Taz Tas b1 Th2 Tco Tdo Td1

e B e e e e e e e e e e e

ol
o Q\_m_zzz&_zzm_w R4 Jﬁm 777 qu UL m¢\(ag 17/ Yﬁu’ INLAN
cowwno 777171 ///JV// //;//w_~|o_=nazz>_~<|:i, s Pm_v'i%”\‘mw op @N DY) NOPQEx vowZZNJF (1) 9 NOE)/7/HCNOR Y]

‘ANPD

|
|
synthr;ggu'? ; | :f.:)\ /777) | /Z-“}A I m

XPDLL ||

| | PDX transition period |

| |
Iml |777Alm|mlﬂﬂhlmlm|ﬁh|,m i m\ mm
i
|
| |

—| |-— 'AQFFD. [MIN]

DRAM Ry A —
asynchronous o0

| | ooTioft+ taoF iy | T [N

tAoFPntMAx) | i
-—

00TB | | taceeo max) |

ooevans 7 | | T wr/ X7 m_m_m;_m_m_ﬁm_m;%m;/fb 77, m,\_ /N,
- | | | | e el ) | l H
or synchronous | |“rror-l | S | | e t et ] 0 | e ‘ 1 i i
LL | | | ODTLOff + AOF(MAX). ‘ I| ‘ oo'n_of-f L ADF (MAX)
./ my L1/ /4 ‘ 7 ‘ K0 ‘ U T wr /1 ‘ |y i), @[ /i
I I FACF (MIN
DRAM R C II ,'I" | | H_'| |‘._ X |
synchroncus h Frtnom Y % by G e
E-:; ::i:ﬁ?;‘;’:‘;k E Transitianing Don't Care
Note: 1. CL=6; AL=CL-1; CWL=5; ODTLoff =WL-2=8.
Asynchronous to Synchronous Transition During Precharge Power-Down (DLL Off) Exit
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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 Rt 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 powerdown entry transition period.
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Transition Period for Short CKE LOW Cycles with Entry and Exit Period Overlapping
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Transition Period for Short CKE HIGH Cycles with Entry and Exit Period Overlapping
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PACKING DIMENSIONS
96-BALL DDR SDRAM (7.5x13 mm)
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Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 1.00 0.039
Az 0.30 0.35 0.40 0.012 0.014 0.016
(O 0.40 0.45 0.50 0.016 0.018 0.020
D 7.40 7.50 7.60 0.291 0.295 0.299
12.90 13.00 13.10 0.508 0.512 0.516
D, 6.40 BSC 0.252 BSC
E; 12.00 BSC 0.472 BSC
@ 0.80 BSC 0.031 BSC
Controlling dimension : Millimeter.
(Revision date : Nov172 2017)
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Revision History

Revision Date Description
0.1 2021.05.20 Original
1.0 2024.02.07 Version upgrade: “Preliminary” deleted
1.1 2024.06.19 Modify: 2133Mbps. spec added
1.2 2025.08.01 Modify: Mode Register 2 SR temperature
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or by
any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the
time of publication. ESMT assumes no responsibility for any error in this
document, and reserves the right to change the products or specification in
this document without notice.

The information contained herein is presented only as a guide or examples
for the application of our products. No responsibility is assumed by ESMT for
any infringement of patents, copyrights, or other intellectual property rights of
third parties which may result from its use. No license, either express, implied
or otherwise, is granted under any patents, copyrights or other intellectual
property rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure. To
minimize risks associated with customer's application, adequate design and
operating safeguards against injury, damage, or loss from such failure,
should be provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as,
but not limited to, life support devices or system, where failure or abnormal
operation may directly affect human lives or cause physical injury or property
damage. If products described here are to be used for such kinds of
application, purchaser must do its own quality assurance testing appropriate
to such applications.
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