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1 Overview

Data Sheet
4Gbit DDR3(L) X16 SDRAM

This chapter gives an overview of the 4Gbit DDR3(L) SDRAM component product and describes its main characteristics.

1.1

The 4Gbit DDR3(L) SDRAM offers the following key features:

Features

VDD, VDDQ= 1.283V to 1.45V(Backward compatible for
VDD, VDDQ=1.5V + 0.075V)

Data rate :
800Mbps/1066Mbps/1333Mbps/1600Mbps/1866Mbps
SDRAM configurations with =16 data in/outputs

Page Size: 2 KByte page size

Row address: A0 to Al4

Column address: A0 to A9

Asynchronous /RESET

Auto-Precharge operation for read and write commands
Refresh, Self-Refresh and power saving Power-down
modes; Auto Self-refresh (ASR) and Partial array self
refresh (PASR)

Average Refresh Period 7.8 pus at a Tqpeg Up t0 85 °C,
39pusupto95-°C

Operating temperature range:

Comercial: 0- 95 °C

Industrial:-40-95°C

Data mask function for write operation

Commands can be entered on each positive clock edge
Data and data mask are referenced to both edges of a
differential data strobe pair (double data rate)

CAS latency (CL): 5, 6, 7, 8,9,10,11,13

Posted CAS with programmable additive latency (AL = 0,
CL-1 and CL-2) for improved command, address and
data bus efficiency

Read Latency RL =AL + CL

Programmable CAS Write Latency (CWL) per operating
frequency: 5,6,7,8,9

Write Latency WL = AL + CWL
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Burst length 8 (BL8) and burst chop 4(BC4) modes: fixed
via mode register (MRS) or selectable On-The-Fly (OTF)
Programmable read burst ordering: interleaved or
sequential

Multi-purpose register (MPR) for readout of nhon-memory
related information

System level timing calibration support via write leveling
and MPR read pattern

Differential clock inputs (CK and /CK)

Bi-directional, differential data strobe pair (DQS AND
/DQS) is transmitted / received with data. Edge aligned
with read data and center-aligned with write data

DLL aligns transmitted read data and strobe pair transition
with clock

Programmable on-die termination (ODT) for data, data
mask and differential strobe pairs

Dynamic ODT mode for improved signal integrity and pre-
selectable termination impedances during writes

ZQ Calibration for output driver and on-die termination
using external reference resistor to ground

Driver strength : RZQ/7, RZQ/6 (RZQ =240 Q)

Lead and halogen free packages: 96 ball (PG-TFBGA-96)
Interface: SSTL_15
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1.2 Product List

Table 1 shows all possible products within the 4Gbit DDR3(L) SDRAM component generation. Availability depends on
application needs. For UnilCpart number nomenclature see Chapter 6.

UnilC Part Number Max. Clock |CAS-RCD-RP Speed Sort Package
frequency latencies Name
4G bit DDR3 SDRAM Components in x16 Organization (256 Mbit %< 16)
HXB(I)15H4G160AF-25E 400 MHz 6—6—6 DDR3-800E PG-TFBGA-96
HXB(1)15H4G160AF-19F 533 MHz 7-7-7 DDR3-1066F PG-TFBGA-96
HXB(I)15H4G160AF-15H 667 MHz 9-9-9 DDR3-1333H |PG-TFBGA-96
HXB(1)15H4G160AF-13K 800 MHz 11-11-11 DDR3-1600K | PG-TFBGA-96
HXB(1)15H4G160AF-11M 933 MHz 13-13-13 DDR3-1866M | PG-TFBGA-96
4G bit DDR3L SDRAM Components in <16 Organization (256 Mbit %< 16)
HXB(1)13H4G160AF-15H 667 MHz 9-9-9 DDR3L-1333H |PG-TFBGA-96
HXB(1)13H4G160AF-13K(T) |800 MHz 11-11-11 DDR3L-1600K |PG-TFBGA-96
4
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1.3 DDR3(L) SDRAM Addressing
TABLE 2
4Gbit DDR3(L) SDRAM Addressing
Configuration 256Mb %16 Note
Internal Organization 8 banks %< 32M bits <16
Number of Banks 8
Bank Address BA[2:0]
Row Address A[14:0]
Column Address A[9:0]
Page Size 2KB D
Auto-Precharge Al10 | AP
Burst length on-the-fly bit Al12 | /BC

1) Page size is the number of bytes of data delivered from the array to the internal sense amplifiers when an ACTIVE command is registered.
Page size is per memory bank and calculated as follows: Page Size = 2CCLB™S xORG/8, where COLBITS is the number of column address
bits and ORG is the number of DQ bits for a given SDRAM configuration (>4, >8 or x16).
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1.4 Package Ballout

Figure 1 show the ballouts for DDR3(L) SDRAM components. See Chapter 6 for package outlines.

1.4.1 Ballout for 256 Mb %16 Components
1 2 3 Jalsle]| 7 8 9
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Input / Output Signal Functional Description

Symbol

Type

Function

CK, /CK

Input

Clock: CK and /CK are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and negative edge of /CK.

CKE

Input

Clock Enable: CKE High activates, and CKE Low deactivates internal clock signals and
device input buffers and output drivers. Taking CKE Low provides Precharge Power-Down and
Self-Refresh operation (all banks idle), or Active Power-Down ( active row in any bank). CKE
is asynchronous for Self-Refresh exit. After Vigercp and Vigeepg have become stable during the
power on and initialization sequence, they must be maintained during all operations (including
Self-Refresh). CKE must be maintained High throughout read and write accesses. Input
buffers, excluding CK, /CK, ODT, CKE and /RESET are disabled during Power-down. Input
buffers, excluding CKE and RESET are disabled during self refresh.

ICS

Input

Chip Select: All commands are masked when /CS is registered High. /CS provides for external
Rank selection on systems with multiple ranks. /CS is considered part of the command code.

IRAS, ICAS, IWE

Input

Command Inputs: /RAS, /CAS and /WE (along with /CS) define the command being
entered.

OoDT

Input

On-Die Termination: ODT (registered High) enables termination resistance internal to the
DDR3(L) SDRAM. When enabled, ODT is only applied to each DQ, DQS, /DQS and DM signal
for>8 configurations. The ODT signal will be ignored if the Mode Register MR1 is programmed
to disable ODT and during Self Refresh.

DM (DMU), (DML)

Input

Input Data Mask : DM is an input mask signal for write data. Input data is masked when DM is sampled
HIGH coincident with that input data during a Write access. DM is sampled on both edges of DQS.

BAO - BA2

Input

Bank Address Inputs: Define to which bank an Active, Read, Write or Precharge command is
being applied. Bank address also determines which mode register is to be accessed during a
mode register set cycle.

AO - Al4

Input

Address Inputs: Provides the row address for Active commands and the column address for
Read/Write commands to select one location out of the memory array in the respective bank.
(AL10/AP and A12 | /BC have additional functions, see below). The address inputs also provide
the op-code during Mode Register Set commands. For numbers of addresses used on this
assembly see Table 2.
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Symbol Type Function

A10 | AP Input Auto-Precharge: A10 | AP is sampled during Read/Write commands to determine whether
Auto-Precharge should be performed to the accessed bank after the Read/Write operation.
(High: Auto-Precharge, Low: no Auto-Precharge). A10 | AP is sampled during Precharge
command to determine whether the Precharge applies to one bank (A10 Low) or all banks
(A10 High). If only one bank is to be precharged, the bank is selected by bank addresses.

Al2|/BC Input Burst Chop: Al12 | /BC is sampled during Read and Write commands to determine if burst
chop (on-the-fly) will be performed. (High: no burst chop, Low: burst chopped). See
“Command Truth Table” on Page 9 for details.

DQ Input/ | Data Input/Output: Bi-directional data bus.

Output
DQSL,/DQSL Input/ Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered in
DQSU, /BQSU Output | rite data. For the x16, DQSL corresponds to the data on DQLO-DQL7; DQSU corresponds to the data

on DQUO-DQUY. The data strobe DQSL and DQSU are paired with differential signals /DQSL and /DQ-
SU, respectively, to provide differential pair signaling to the system during reads and writes. DDR3(L)
SDRAM supports differential data strobe only and does not support single-ended.

/IRESET Input Active Low Asynchronous Reset: Reset is active when /RESET is Low, and inactive
when /RESET is High. /RESET must be High during normal operation. /RESET is a CMOS
rail to rail signal with DC High and Low are 80% and 20% of Vpp, /RESET active is
destructive to data contents.

NC — No Connect: no internal electrical connection is present
VDDQ Supply |DQ Power Supply: 1.283V to 1.45V or 1.5V £ 0.075V
Vssq Supply |DQ Ground

Voo Supply |Power Supply: 1.283V to 1.45V or 1.5V = 0.075V

Vgg Supply |Ground

Vrerpo Supply |Reference Voltage for DQ

Veerca Supply |Reference Voltage for Command and Address inputs
ZQ Supply | Reference ball for ZQ calibration

Note: Input only pins (BAO-BA2, A0-A14, /RAS, ICAS, /WE, /CS, CKE, ODT, and /RESET) do not supply termination

UnilC_techdoc, rev. E 2017-04
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2 Functional Description

2.1 Truth Tables

The truth tables list the input signal values at a given clock
edge which represent a command or state transition expected

Data Sheet

4Gbit DDR3(L) X16 SDRAM

of the various power mode entries and exits please refer to
Table 5. In addition, the DM functionality is described in

to be executed by the DDR3(L) SDRAM. Table 4 lists all Table 6.

valid commands to the DDR3(L) SDRAM. For a detailed

description

CKE BAO | A13 | Al12 | Al10 A0
Function Abbreviation | previous | Current | CS |RAS|CAS| WE | - - ! / - Notes
Cycle Cycle BA2 | A14 | BC | AP | A9,Al1

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

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

Self Refresh Entry SRE H L L L L H \% \% \% \% \% 7,9,12

Self Refresh Exit SRX L H H X X X X X X X X 7,8,9,12
L H H H \% \% \% \% \%

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

Precharge all Banks PREA H H L L H L Y \Y, \Y, H \Y

Bank Activate ACT H H L L H H BA Row Address (RA)

Write (Fixed BL8 or BL4) WR H H L H L L BA | RFU| V L CA

Write (BL4, on the Fly) WRS4 H H L H L L BA | RFU L L CA

Write (BL8, on the Fly) WRSS8 H H L H L L BA | RFU| H L CA

W.nte with Auto Precharge WRA H H L H L L BA | RFU| Vv H CA

(Fixed BL8 or BL4)

Write with Auto Precharge WRAS4 H H L H L L BA | RFU| L H CA

(BL4, on the Fly)

Write with Auto Precharge WRASS H H L H L L BA | REU| H H CA

(BL8, on the Fly)

Read (Fixed BL8 or BL4) RD H H L H L H BA |RFU| V L CA

Read (BL4, on the Fly) RDS4 H H L H L H BA | RFU L CA

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

Rgad with Auto Precharge RDA H H L H L H BA | RFU| Vv H CA

(Fixed BL8 or BL4)

Read with Auto Precharge RDAS4 H H L|H|L|H|BA|RU| L | H CA

(BL4, on the Fly)

Read with Auto Precharge RDAS8 H H L|H| L|H|BA|RU| H | H CA

(BLS8, on the Fly)

No Operation NOP H H L H H H \Y, Vv \Y \Y \Y 10

Device Deselected DES H H H X X X X X X X X 1

ZQ calibration Long ZQCL H H L H H L X X X H X

ZQ calibration Short ZQCs H H L H H L X X X L X

Power Down Entry PDE H L L H H H v v v v v 6,12
H X X X X X X X X

Power Down Exit PDX L H L H H H v v v v v 6,12
H X X X X X X X X
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Note :

1. All DDR3(L) SDRAM commands are defined by 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 dependant

. RESET is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.

. Bank addresses (BA) determine which bank is to be operated upon. For (E)MRS BA selects an (Extended) Mode Register

.“V”means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic level”

. Burst reads or writes cannot be terminated or interrupted and Fixed/on the fly BL will be defined by MRS

. The Power Down Mode does not perform any refresh operations.

. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

. Self refresh exit is asynchronous.

- VREF(Both VREFDQ and VREFCA) must be maintained during Self Refresh operation.

10. The No Operation command (NOP) should be used in cases when the DDR3(L) SDRAM is in an idle or a wait state. The purpose of
the No Operation command (NOP) is to prevent the DDR3(L) SDRAM from registering any unwanted commands between operations.
A No Operation command will not terminate a previous operation that is still executing, such as a burst read or write cycle.

11. The Deselect command performs the same function as a No Operation command.

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

© oo ~NOO O WN

Current State ¥ | CKE(N-1)? |CKE(N)? Command (N)¥ Action (N)? Note
Previous Current IRAS, ICAS, WE, ICS
Cycle Cycle
Power Down L L X Maintain Power Down 4)5)6)7)8)9)
L H DES or NOP Power Down Exit 49)6)7)8)10)
Self Refresh L L X Maintain Self Refresh A9)6)7)9)11)
L H DES or NOP Self Refresh Exit 49)8)7)11)12)13)
Bank(s) Active H L DES or NOP Active Power Down Entry A5)6)7)8)10)14)
Reading H L DES or NOP Power Down Entry 4)5)6)7)8)10)14)15)
Writing H L DES or NOP Power Down Entry 45)6)7)8)10)14)15)
Precharging H L DES or NOP Power Down Entry 4)5)6)7)8)10)14)15)
Refreshing H L DES or NOP Precharge Power Down Entry [ 999710
All Banks Idle H L DES or NOP Precharge Power Down Entry | 998)1)108)14)16)
H L REF Self Refresh Entry A5)6)7)14)16)17)
Any other state | Refer to “Command Truth Table” on Page 9 for more detail with all command signals | 999718

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

2) 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.
3) COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N),ODT is not included here.
4) All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
5) The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

6)

7
8)
9)

CKE must be registered with the same value on t.,¢,, consecutive positive clock edges. CKE must remain at the valid input level the
entire time it takes to achieve the toe i ClOCks Of registeration. Thus, after any CKE transition, CKE may not transition from its valid level
during the time period of tig + texe min + tn-

DES and NOP are defined in “Command Truth Table” on Page 9.

The Power Down does not perform any refresh operations

X means Don't care (including floating around Vgerc,) in Self Refresh and Power Down. It also applies to address pins.

10) Valid commands for Power Down Entry and Exit are NOP and DES only
11) Vgee (both Vieeen and Vieep) must be maintained during Self Refresh operation.
12) On Self Refresh Exit DES or NOP commands must be issued on every clock edge occurring during the tyg period. Read, or ODT

commands may be issued only after t,q,, is satisfied.

13) Valid commands for Self Refresh Exit are NOP and DES only.
14) Self Refresh can not be entered while Read or Write operations are in progress.
15) If all banks are closed at the conclusion of a read, write or precharge command then Precharge Power-down is entered, otherwise Active

Power-down is entered.

10
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16) ‘Idle state’ is defined as all banks are closed (tzp, tpa, . etc. satisfied), no data bursts are in progress, CKE is High, and all timings from
previous operations are satisfied (tyrp, twoos treer tzomim tzoorers lzocs: €tC.) as well as all Self-Refresh exit and Power-Down Exit
parameters are satisfied (tyg, typ, typp,, €tC.).

17) Self Refresh mode can only be entered from the All Banks Idle state.

18) Must be a legal command as defined in “Command Truth Table” on Page 9.

UnilC_techdoc, rev. E 2017-04

TABLE 6
Data Mask (DM) Truth Table
Name (Function) DM DQs
Write Enable L Valid
Write Inhibit X
11
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2.2 Mode Register 0 (MRO)

The mode register MRO stores the data for controlling various
operating modes of DDR3(L) SDRAM. It controls burst
length, read burst type, CAS latency, test mode, DLL reset,
WR (write recovery time for auto-precharge) and DLL control

Data Sheet
4Gbit DDR3(L) X16 SDRAM

specific options to make DDR3(L) SDRAM useful for various
applications. The mode register is written by asserting Low on
ICS, IRAS, ICAS, WE, BAO, BAL, and BA2, while controlling
the states of address pins according to Table 7.

for precharge Power-Down, which includes various
vendor
BA2 BAl BAO Al4~Al3 Al12 All Al10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
0 0 0 oY | PPD WR DLL 1 1y CL RBT | CL BL
Field Bits?  |Description
BL A[1:0] Burst Length (BL) and Control Method
Number of sequential bits per DQ related to one Read/Write command.
00, BLBMRS mode with fixed burst length of 8. A12 | /BC at Read or Write command time is Don’t
care at read or write command time.
01y BLOTF on-the-fly (OTF) enabled using A12 | /BC at Read or Write command time. When A12 |
/BC is High during Read or Write command time a burst length of 8 is selected (BLBOTF mode).
When A12 | /BC is Low, a burst chop of 4 is selected (BC40TF mode). Auto-Precharge can be
enabled or disabled.
10, BCA4MRS mode with fixed burst chop of 4 with t.., = 4 xn.,. A12 | /BC is Don’t care at Read or
Write command time.
11; TBD Reserved
RBT |A3 Read Burst Type
Og Nibble Sequential
15 Interleaved
CL A[6:4,2] | CAS Latency (CL)

CAS Latency is the delay, in clock cycles, between the internal Read command and the availability of the

first bit of output data.

Note: For more information on the supported CL and AL settings based on the operating clock frequency,
refer to “Speed Bins” on Page 32.

Note: All other bit combinations are reserved.

0000, RESERVED
0010,
0100,
0110,
10004
1010,
1100, 10
1110, 11

© o N o ;o
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Field |Bits? |Description

™ A7 Test Mode
The normal operating mode is selected by MRO(bit A7 = 0) and all other bits set to the desired values
shown in this table. Programming bit A7 to a 1 places the DDR3(L) SDRAM into a test mode that is
only used by the SDRAM manufacturer and should NOT be used. No operations or functionality is
guaranteed if A7 = 1.
Og Normal Mode
1; Vendor specific test mode

DLLres |A8 DLL Reset
The internal DLL Reset bit is self-clearing, meaning it returns back to the value of O after the DLL reset
function has been issued. Once the DLL is enabled, a subsequent DLL Reset should be applied. Any
time the DLL reset function is used, ty  x must be met before any functions that require the DLL can be
used (i.e. Read commands or synchronous ODT operations).
Og No DLL Reset
1g DLL Reset triggered

WR A[11:9] |Write Recovery for Auto-Precharge
Number of clock cycles for write recovery during Auto-Precharge. WRy,,y in clock cycles is calculated by
dividing tyg min (in NS) by the actual tex avs (in NS) and rounding up to the next integer: WR.MIN [Ng] =
Roundup(tyr min[Ns] / tek avelns]). The WR value in the mode register must be programmed to be equal
or larger than WR.MIN. The resulting WR value is also used with tg, to determine ty,, . Since WR of 9
and 11 is not implemented in DDR3(L) and the above formula results in these values, higher values
have to be programmed.
0005 Reserved
001y 5
0105 6
011, 7
100, 8
101, 10
110, 12
111, Reserved

PPD Al12 Precharge Power-Down DLL Control
Active Power-Down will always be with DLL-on. Bit A12 will have no effect in this case. For Precharge
Power-Down, bit A12 in MRO is used to select the DLL usage as shown below.
0Og Slow Exit. DLL is frozen during precharge Power-down.Read and synchronous ODT commands

are only allowed after typp .
1g Fast Exit. DLL remains on during precharge Power-down.Any command can be applied after typ,
provided that other timing parameters are satisfied.

1) Al3,Al4 - even if not available on a specific device - must be programmed to Og.

13
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2.3 Mode Register 1 (MR1)

The Mode Register MR1 stores the data for enabling or asserting Low onC_S, RAS, CAS,WE, High on BAO and Low
disabling the DLL, output driver strength, R;_Nom on BAland BA2, while controlling the states of address pins

impedance, additive latency (AL), Write leveling enable and ~according to Table 8.
Qoff (output disable). The Mode Register MR1 is written by

BA2 BA1 BAOA14~A13A12 A1l Al10 A9 A8 A7 A6 A5 Ad A3 A2 Al AOQ

o| o 1| o] offf o o|RTT4 o |Level R4 pic AL RTT_ pjc| DBLL
nom nom nom

Field Bits? Description

DLLdis A0 DLL Disable

The DLL must be enabled for normal operation. DLL enable is required during power up initialization,
after reset and upon returning to normal operation after having the DLL disabled. During normal
operation (DLL-on) with MR1(AO = 0), the DLL is automatically disabled when entering Self-Refresh
operation and is automatically re-enabled and reset upon exit of Self-Refresh operation. Any time the
DLL is enabled, a DLL reset must be issued afterwards. Any time the DLL is reset, ty,  « clock cycles
must occur before a Read or synchronous ODT command can be issued to allow time for the internal
clock to be synchronized with the external clock. Failing to wait for synchronization to occur may
result in a violation of the tposck: taon: taor OF tapc Parameters. During tp , CKE must continuously
be registered high. DDR3(L) SDRAM does not require DLL for any Write operation.

Og DLL is enabled

15 DLL is disabled

DIC A[5, 1] Output Driver Impedance Control

Note: All other bit combinations are reserved.

00: RzQ/6

01; Nominal Drive Strength RON34 = RQZ/7 (nominal 34.3 Q, with nominal RZQ = 240 Q)
Rt nom A[9, 6, 2] |Nominal Termination Resistance of ODT

Notes

1. If Ryt nowm is Used during Writes, only the values R;o/2, R;o/4 and R,/6 are allowed.

2. In Write leveling Mode (MR1[bit7] = 1) with MR1[bit12] = 1, all Rr;_Nom settings are allowed; in
Write Leveling Mode (MR1[bit7] = 1) with MR1[bit12] = O, only Ry oy Settings of R,o/2, R,q/4
and R,,/6 are allowed.

3. All other bit combinations are reserved.

000, ODT disabled, R;; yom = Off, Dynamic ODT mode disabled

001, RTT60 =RZQ /4 (nominal 60 Q with nominal RZQ = 240 Q)

010, RTT120 =RZQ/2 (nominal 120 Q with nominal RZQ = 240 Q

011, RTT40=RZQ/6 (nominal 40 Q with nominal RZQ = 240 Q)

100; RTT20 =RZQ/ 12 (nominal 20 © with nominal RZQ = 240 Q)

101; RTT30=RZQ /8 (nominal 30 Q with nominal RZQ = 240 Q)

14
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Field Bits? Description

AL Al4, 3] Additive Latency (AL)
Any read or write command is held for the time of Additive Latency (AL) before it is issued as internal
read or write command.

Notes

1. AL has avalue of CL - 1 or CL - 2 as per the CL value programmed in the MRO register.
00y AL =0 (AL disabled)

01; AL=CL-1

10, AL=CL-2

11;  Reserved

Write A7 Write Leveling Mode

Leveling Og  Write Leveling Mode Disabled, Normal operation mode
enable 1y  Write Leveling Mode Enabled

TDQS All 0: Disabled

enable 1: Enabled

Qoff Al12 Output Disable

Under normal operation, the SDRAM outputs are enabled during read operation and write leveling
for driving data (Qoff bit in the MR1 is set to 0g). When the Qoff bit is set to 15, the SDRAM outputs
(DQ, DQS, /DQS) will be disabled - also during write leveling. Disabling the SDRAM outputs allows
users to run write leveling on multiple ranks and to measure | currents during Read operations,
without including the output.

Og Output buffer enabled

1 Output buffer disabled

1) A13,Al4 - even if not available on a specific device - must be programmed to Og.

15
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2.4

Mode Register 2 (MR2)

The Mode Register MR2 stores the data for controlling
refresh related features, R; g impedance, and CAS write

latency. The Mode Register MR2 is written by asserting Low  to Table 9.

BA2

BA1 BAOA14~A13A12 All Al10 A9 A8 A7 A6 A5 A4

A3

Data Sheet
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A2

on CS, RAS, CAS, WE, High on BA1 and Low on BAO and
BA2, while controlling the states of address signals according

Al AO

1 0

oY 0 0 Rtt WR 0 SRT| ASR CWL

PASR

Field

Bits?

Description

PASR

A[2:0]

Partial Array Self Refresh (PASR)

data integrity will be maintained if t;.., conditions are met.
000y Full array (Banks 000g - 1115)

001; Half Array(Banks 000, - 0115)

0105 Quarter Array(Banks 000, - 001;)

011, 1/8th array (Banks 000 )

100 3/4 array(Banks 010g - 111;)

101, Half array(Banks 100 - 111;)

1105 Quarter array(Banks 1104 - 111;)

111, 1/8th array(Banks 1115 )

If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the
specified self refresh location may get lost if self refresh is entered. During non-self-refresh operation,

CWL

Al5:3]

CAS Write Latency (CWL)
Number of clock cycles from internal write command to first write data in.

Note: All other bit combinations are reserved.
0005 5 (3.3ns>tekave =2.5ns)
001z 6 (2.5ns >tek avg > 1.875 ns)

0105 7 (1.875ns > tek ave = 1.5 ns)
011 8 (1.5ns > tek ave = 1.25 ns)

observed. For details, please refer to Chapter 4.1, Speed Bins.

Note: Besides CWL limitations on teyx ave, there are also taa winmax restrictions that need to be

RFU

A6

0: Manual SR reference (SRT)

1: ASR enable (Optional).

16
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Field Bits? Description

SRT A7 Self-Refresh Temperature Range (SRT)
The SRT bit must be programmed to indicate T,gx during subsequent self refresh operation.
0g Normal operating temperature range
1 Extended operating temperature range

Rer we A[10:9] |Dynamic ODT mode and Ry s Pre-selection

Notes

1. All other bit combinations are reserved.

2. The Ry wg value can be applied during writes even when Ry you is disabled. During write
leveling, Dynamic ODT is not available. -

00y Dynamic ODT mode disabled

01z Dynamic ODT mode enabled with Ryt wgr = RZQ/4 =60 Q

105  Dynamic ODT mode enabled with Rr wg = RZQ/2 = 120Q

1) A13,Al4 - even if not available on a specific device - must be programmed to 0.

17
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2.5 Mode Register 3 (MR3)

The Mode Register MR3 controls Multi purpose registers and WE, High on BA1 and BAO, and Low on BA2 while controlling
optional On-die thermal sensor (ODTS) feature. The Mode the states of address signals according to Table 10.

Register MR3 is written by asserting Low on CS, RAS, CAS,

BA2 BAl BAOAl4~A13A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO

0 1 1 ov 0 0 0 0 0 0 0 0 0 0 | MPR| MPRloc

Field Bits? Description
MPR loc A[1:0] Multi Purpose Register Location
00, Pre-defined data pattern for read synchronization
01; RFU
10 RFU
11, ODTS On-Die Thermal sensor readout (optional)
MPR A2 Multi Purpose Register Enable
Note: When MPR is disabled, MR3 A[1:0] will be ignored.
Og MPR disabled, normal memory operation
1 Dataflow from the Multi Purpose register MPR

1) A13,Al4 - even if not available on a specific device - must be programmed to Og.

18
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2.6 Burst Order

Accesses within a given burst may be interleaved or nibble
sequential depending on the programmed bit A3 in the mode
register MRO.

Regarding read commands, the lower 3 column address bits
CA[2:0] at read command time determine the start address
for the read burst.

Regarding write commands, the burst order is always fixed.
For writes with a burst length of 8, the inputs on the lower 3

Data Sheet
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column address bits CA[2:0] are ignored during the write
command. For writes with a burst being chopped to 4, the
input on column address 2 (CA[2]) determines if the lower or
upper four burst bits are selected. In this case, the inputs on
the lower 2 column address bits CA[1:0] are ignored during
the write command. The following table shows burst order
versus burst start address for reads and writes of bursts of 8
as well as of bursts of 4 operation (burst chop).

Burst |Command |Column Address |Interleaved Burst Sequence Nibble Sequential Burst Note
Length 2:0 Sequence
Bit Order within Burst Bit Order within Burst
CA2|CA1 |CAO |1. |2. [3. |4. |5. |6. |7. |8. |1. |2. |3. |4. |5. |6. |7. |8.
8 READ 0 0 0 0 |1 ]2 (3 |4 |5 |6 (7 |0 |1 (2 |3 |45 |6 |7 [V
0 |0 1 1 /0 |3 |2 |5 |4 |7 |6 |1 |2 (3 |0 |56 |7 [4 |V
0 |1 0 2 (3]0 (1 |6 |7 |4 |5 (2|3 |0 |1 |6 |7 |4 |5 |V
0 |1 1 3 (2 |1 (0o |7 |6 |5 |4 (3|0 |1 |2 |7 |4 |5 |6 |V
1 |0 0 4 |5 |6 |7 [0 |1 (2 |3 |4 |5 |6 |7 |0 |1 |2 |3 |V
1 |0 1 5 (4 |7 |6 |1 |0 |3 |2 |5 |6 |7 |4 (1 |2 |3 |0 |V
1 |1 0 6 (7 |4 |5 |2 |3 |0 |1 |6 |7 |4 |5 (2 |3 |0 |1 |V
1 |1 1 7 |6 |5 (4 |3 ]2 |1 |0 |7 |4 |5 |6 (3 |0 |1 |2 |V
WRITE \Y \Y \% 0 |1 |2 |3 |4 |5 |6 |7 |0 |1 |2 (3 |4 |5 |6 |7 [V
4 READ 0 0 0 0 (1 |2 (3 [T [T [T (T |0 |1 |2 |3 |T |T |T |T (v
(Burst 0 0 1 1 00 (3 (2 [T |T |T |T |12 |2 (3 [0 |T |T |T |T (v
,\CAZZ'Z) o |1 Jo |2 3 o1 (T[T (T[T [2 (3]0 |1 [T [T [T [T [
0 1 1 3 /2 (1 |0 [T [T [T (T (3 [0 |1 |2 |T |T |T |T (v
1 0 0 4 |5 |6 |7 |T |T |T |T |4 |5 |6 |7 |T |T [T [T |9
1 0 1 5 |4 |7 |6 [T [T [T |T |56 |7 |4 |T |T |T |T [V
1 1 0 6 |7 |4 |5 [T [T [T |T |6 |7 |4 |5 |T |T |T |T [V
1 1 1 7 |6 |5 |4 |T |T |T |T |7 |4 |5 |6 [T |T [T |T |99
WRITE 0 \Y \Y 0 [1 |2 [3 |[X [X [X [X [0 |1 |2 [3 |X |X X [Xx [D299)
1 |V \Y 4 |5 |6 |7 |X |[X [X |[X [4 |5 |6 |7 |X |X [X [x [D299)

1) 0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a burst.
2) V:avalid logic level (0 or 1), but respective buffer input ignores level on input pins.

3)
4)

T: output drivers for data and strobe are in high impedance.

In case of BC4AMRS (burst length being fixed to 4 by MRO setting), the internal write operation starts two clock cycles earlier than for the

BL8 modes. This means that the starting point for t,,z and t,yz will be pulled in by two clocks. In case of BC4OTF mode (burst length being

selected on-the-fly via A12 | /BC), the internal write operation starts at the same point in time as a burst of 8 write operation. This means
that during on-the-fly control, the starting point for t,5 and t,,+g will not be pulled in by two clocks.

5) X: Don’t Care
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Operating Conditions and
Interface Specification

3.1 Absolute Maximum Ratings
Parameter Symbol Rating Unit Note
Min. Max.
Voltage on Vpp, ball relative to Vgg Voo -0.4 +1.975 \% D2)
Voltage on Vp,, ball relative to Vg Voo -0.4 +1.975 \Y h2)
Voltage on any ball relative to Vgg Vine Vour -0.4 +1.975 \% D
Storage Temperature Tsro -55 +100 °C b3
1) Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating

2)

3)

only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Voo and Vppg must be within 300mV of each other at all times. Vieepg and Vieeca must not be greater than 0.6 x Vppo. When Vi, and
Vppg are less than 500 mV, Vgeepg and Veeeca may be equal or less than 300 mV.

Storage Temperature is the case surface temperature on the center/top side of the SDRAM. For the measurement conditions, please refer
to JESD51-2 standard.

3.2 Operating Conditions

Parameter Symbol Rating Unit Note
Min. Max.

Normal Operating Temperature Range Torer 0 85 °C 12)3)

Extended Temperature Range 85 95 °C 1)3)4)

Industrial Temperature -40 95 °C 1)3)4)

2)

4)

1) Operating Temperature Topeg is the case surface temperature on the center / top side of the SDRAM. For measurement conditions,
please refer to the industry standard document JESD51-2.

The Normal Temperature Range specifies the temperatures where all SDRAM specification will be supported.

During operation, the SDRAM operating temperature must be maintained above 0 °C under all operating conditions. Either the device
operating temperature rating or the optional ODTS MPR Readout function (See Chapter 2.18, On-Die Thermal Sensor (ODTS)) may be
used to set an appropriate refresh rate and/or to monitor the maximum operating temperature. When using the optional ODTS MPR
Readout function, the actual device operating temperature may be higher than the T rating that applies for the Normal or Extended
Temperature Ranges. For example, Toage May be above 85 °C when the ODTS indicates that 1X refresh is supported.

Some application require operation of the DRAM in the Extended Temperature Range between 85 <C and 95 <C operating temperature.
Full specifications are provided in this range, but the following additional conditions apply:

a) Refresh commands have to be doubled in frequency, therefore reducing the Refresh interval tgeg, to 3.9 ps.

b) If Self-Refresh operation is required in the Extended Temperature Range, than it is mandatory to use the Manual Self-Refresh mode
with Extended Temperature Range capability (MR2 A6 = 0z and MR2 A7 = 1) . For SDRAM operations on DIMM module refer to DIMM
module data sheets and SPD bytes for Extended Temperature and Auto Self-Refresh option availability.

20
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TABLE 14

DC Operating Conditions

Parameter Symbol | Min. Typ. Max. Unit | Note
Supply Voltage Voo 1.283 1.35 1.45 v D2
1.425 15 1.575 v
Supply Voltage for Output Voog 1.283 1.35 1.45 v (Y2
1.425 15 1.575 v oY
Reference Voltage for DQ, DM inputs Veeroone |0-49 X Vpp [0.5X Vg (051X Vpp [V |39
Reference Voltage for ADD, CMD inputs Viercane | 049 X Vpp [0.5x Vpp [0.51 XV, [V |39

External Calibration Resistor connected from ZQ ball to ground | R, 237.6 240.0 242.4 Q |9

1) Vppg tracks with V. AC parameters are measured with Vp, and Vi, tied together

2) Under all conditions Vpp, must be less than or equal to Vp,.

3) The ac peak noise on Vger may not allow Vgee to deviate from Vger o by more than £1% Vi, (for reference: approx. + 15 mV).
4) For reference: approx. Vpp/2 + 15 mV.

5) The external calibration resistor R, can be time-shared among DRAMs in multi-rank DIMMs.

TABLE 15

Input and Output Leakage Currents

Parameter Symbol Condition Rating Unit |Note
Min. Max.
Input Leakage Current I Any input 0V <V, < Vp, -2 +2 HA v2)
Output Leakage Current lou 0V < Vour < Vopg -5 +5 HA 29
1) All other pins not under test =0 V.
2) Values are shown per ball.
3) DQ’s, DQS, /DQS and ODT are disabled.
21
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3.3

Figure 2 represents the effective reference load of 25 Q used
in defining the relevant timing parameters of the device as
well as for output slew rate measurements. It is not intended
as either a precise representation of the typical system
environment nor a depiction of the actual load presented by a
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Interface Test Conditions

production tester. System designers should use IBIS or other
simulation tools to correlate the timing reference load to a
system environment. Manufacturers correlate to their
production test conditions, generally one or more coaxial
transmission lines terminated at the tester electronics.

VDDQ
CK, /CK DQ
DUT DOS [ | —Vv,.,=VDDQ/2
DQS 25 :

-—

Timing Reference Points

The Timing Reference Points are the idealized input and
output nodes / terminals on the outside of the packaged
SDRAM device as they would appear in a schematic or an
IBIS model.

UnilC_techdoc, rev. E 2017-04
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The output timing reference voltage level for single ended
signals is the cross point with V1

The output timing reference voltage level for differential
signals is the cross point of the true (e.g. DQS) and the
complement (e.g. /DQS) signal.
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3.4 Voltage Levels

3.4.1 DC and AC Logic Input Levels

Single-Ended Signals
Table 16 shows the input levels for single-ended input signals.

DC and AC Input Levels for Single-Ended Command, Address and Contro

Parameter Symbol | DDR3(L)-800, 1066; -1333,1600,1866 Unit Note
Min. Max.

DC input logic high |Vycapc | Vrer + 0.100 Voo Y 2

DC input logic low |V capc | Vss Viger - 0.100 v Y

AC input logic high | Viycaac | Vrer +0.175 See ? v H

AC input logic low |V, canc | See? Viger - 0.175 Y 2

1) Forinputonly pins except RESET: Vger = Vrerca
2) See Chapter 3.9, Overshoot and Undershoot Specification.

TABLE 17
DC and AC Input Levels for Single-Ended DQ and DM Signals
Parameter Symbol | DDR3(L)-800, 1066, DDR3(L)-1333,1600 , -1866 Unit Note
Min. Max. Min. Max.
DC input logic high | Viypopc | Veer +0.100 | Vpp Vger +0.100 Voo v Y
DC input logic low |V popc | Vss Vger - 0.100 Vs Vgee - 0.100 Y D
AC input logic high |V, poac | Vrer +0.175 |See - - Y n3)
AC input logic low |V, poac |See? Vgee - 0.175 - -- Y D3

1) For DQ and DM: Viee = Vieepo, for input only signals except RESET: Vigr = Vigrca
2) See Chapter 3.9, Overshoot and Undershoot Specification.
3) Single ended swing requirement for DQS, /DQS is 350 mV (peak to peak). Differential swing requirement for DQS, /DQS is 700 mV (peak to

peak).
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Differential Swing Requirement for Differential Signals
Table 18 shows the input levels for differential input signals.

Data Sheet
4Gbit DDR3(L) X16 SDRAM

Parameter Symbol DDR3(L)-800, -1066,-1333, -1600,—-1866 Unit Note
Min. Max.

Differential input high V- +0.200(+0.18) SeeV \% 2

Differential input low V. oiee See? -0.200(-0.18) v 2

Differential input high AC ViHDIFFAC 2 X (Vigac - Veer) ¥ |see?d Y 4

Differential input low AC VL DiFFAC See Y 2X(Vrer -Vieao) 2 |V 4

1) These values are not defined, however they single-ended signals CK, /CK, DQS, /DQS need to be within the respective limits
(Vinoemax: Vieoemn ) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to Chapter 3.9 .

2) Used to define a differential signal slew-rate.

3) Clock: use VlHCAAC for VlHAC Strobe: use VlHDQAC for VlHAC

4) For CK - /CK use V,, /V,_ac of ADD/CMD and Vreeca; for DQS - /DQS use V,, /V,_ac of DQs and Vrerpos
if a reduced ac-high or ac-low level is used for a signal group, then the reduced level applies also here.

5) Clock: use Vi ca acfor Vi ac: Strobe: use Vi pg acfor Vi ac.

Slew Rate [V/ns] tovac [Ps] tovac [Ps]

@ |V pirracl = 350mV @ IV pirracl = 300mV

Min. Max. Min. Max.
>4.0 75 — 175 —
4.0 57 — 170 —
3.0 50 — 167 —
2.0 38 — 163 —
1.8 34 — 162 —
1.6 29 — 161 —
1.4 22 — 159 —
1.2 13 — 155 —
1.0 0 — 150 —
<1.0 0 — 150 —

Single-Ended Requirements for Differential Signals

Each individual component of a differential signal (CK, DQS,
/CK, IDQS,) has also to comply with certain requirements for
single-ended signals.

CK and /CK have to approximately reach Veeymin / Vsel max
(approximately equal to the ac-levels (Viyac / ViLac) for
ADD/CMD signals) in every half-cycle.

is used for ADD/CMD signals, then these ac-levels apply also

24
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DQS, /DQS have to reach Vgyun I Veel max
(approximately the ac-levels ( V| e/ V) ac ) for DQ signals)
in every half-cycle preceeding and following a valid transition.
Note that the applicable ac-levels for ADD/CMD and DQs
might be different per speed-bin etc. E.g. if V150 ac / ViL1s0 Ac

for the single-ended signals CK and /CK.
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Note that while ADD/CMD and DQ signal requirements are
the single-ended components of
differential signals have a requirement with respect to Vpp/2;
this is nominally the same. The transition of single-ended

with

respect t0 Vi

timing,

signals through the ac-levels is used to measure setup time.
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For single-ended components of differential signals the
requirement to reach Vgg max, Vsenmin has no bearing on
but adds a restriction on the common mode
charateristics of these signals.

Parameter Symbol DDR3(L)-800,-1066-,-1333,-1600,-1866 Unit Note
Min. Max.

Single-ended highlevel for strobes | Vggy (vDD/2) + 0.175 NOTE 3 \Y; 12

Single-ended high-level for CK,/ CK| Vggy (vDD/2) + 0.175 NOTE 3 \Y;

Single-ended low-level for strobes | Vgg, NOTE 3 (VDD/2) + 0.175 \%

Single-ended low-level for CK, /CK |Vgg, NOTE 3 (VDD/2) + 0.175 Vv

Note: 1. For CK, CK use VIH/VIL(AC) of address/command; for strobes (DQS, DQS) use VIH/VIL(AC) of DQs.

2. VIH(AC)/VIL(AC) for DQs is based on VREFDQ; VIH(AC)/VIL(AC) for address/command is based on VREFCA; if a
reduced AC-high or AC-low level is used for a signal group, then the reduced level applies also here.
3. These values are not defined, however the single-ended components of differential signals CK, CK, DQS, DQS need

to be within the respective limits (VIH(DC) max, VIL(DC) min) for sin

overshoot and undershoot. Refer to "Overshoot and Undershoot specifications”.

gle-ended signals as well as the limitations for

Symbol | Parameter DDR3(L)-800,-1066-,-1333,-1600,-1866 Unit | Note
Min. Max.
Vix Differential Input Cross Point Voltage relative tg-175(-150) 175(150) mv |1
Vpp/2 for CK - CK
Vg Differential Input Cross Point Voltage relative tgd—-150 150 mV
Vpp/2 for DQS -DQS

1) Extended range for V is only allowed for clock and if single-ended clock input signals CK and /CK are monotonic, have a single-ended
swing Vgg /Vsey (See Single-Ended Requirements for Differential Signals) of at least Vp/2 +/-250 mV and if the differential slew rate

of CK -

3.4.2

ICK is larger than 3 V/ns.

DC and AC Output Measurements Levels

Parameter Symbol |Value Unit | Note
DC output high measurement level (for output impedance measurement) Vouoe 08X Vppq \
DC output mid measurement level (for output impedance measurement) Vomoe 05X Vppq \Y,
DC output low measurement level (for output impedance measurement) VoLbe 0.2 x Vppg \

UnilC_techdoc, rev. E 2017-04
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Parameter Symbol |Value Unit |Note
AC output high measurement level (for output slew rate) Vonac | Ver +0.1XxVppgy [V D
AC output low measurement level (for output slew rate) VoL ac Vir-01xVppg |V D

1) Background: the swing of + 0.1 x V5, is based on approximately 50% of the static differential output high or low swing with a driver
impedance of 40 Q and an effective test load of 25 Q to V7 = Vppo / 2.

TABLE 23
AC Output Levels for Differential Signals
Parameter Symbol Value Unit | Note
Min. Max.
AC differential output high measurement level (for output slew rate) Vonpirrac |10.2 X Vppq \Y D
AC differential output low measurement level (for output slew rate) VoLpirrac | =0.2 X Vppg \ n
Deviation of the output cross point Vox -100 100 mv |?
voltage from the termination voltage

1) Background: the swing of + 0.2 x V5 is based on approximately 50% of the static differential output high or low swing with a driver

impedance of 40 Q and an effective test load of 25 Q to Vi =V,p, / 2 at each of the differential outputs.
2) With an effective testload of 25 Q to V; = Vj,54/2 at each of the differential outputs (see chapter Chapter 3.3, Interface Test Conditions).

3.5 Output Slew Rates
TABLE 24
Output Slew Rates
DDR3(L)-800,-1066-,—1333,-1600,-1866
Parameter Symbol Unit Note
Min. Max.
Single-ended Output Slew Rate SRQse  [2.5(1.75) 5(5) Vins Y2
Differential Output Slew Rate SRQdiff |5(3.5) 10(12) V/ns

1) For Rgy = Ryof7 settings only.
2) Background for Symbol Nomenclature: SR: Slew Rate; Q: Query Output; se: single-ended; diff: differential

26
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ODT DC Impedance and Mid-Level Characteristics

Table 25 provides the ODT DC impedance and mid-level characteristics.

TABLE 25

ODT DC Impedance and Mid-Level Characteristics

Symbol | Description Vour Condition Min. [Nom. |Max. |Unit Note
Rir120 Ry effective = 120 Q Vi ac and Vi ac 09 |10 16 |Ryl2 [D239
Rreo R, effective = 60 Q 09 |[1.0 16 [Ryy/4  |[D299
Rr40 Ry effective = 40 Q 09 [1.0 1.6 |Ryl6 D239
Rrao Ry effective = 30 Q 09 (1.0 1.6 |Ry/8  [D239
Rir20 R, effective = 20 Q 09 [1.0 16 |Ryy12 |H299
AVy Deviation of V), with respect to Vppqg / 2 floating -5 — +5 % 1)2)3)4)5)

1) With Ry =240 Q.
2) Measurement definition for Ry : Apply Vi ac @and V¢ to test ball separately, then measure current | (V; ac) @and | (V,_ac) respectively.
Rrr = Vinac - Vicacl /I (Vinac) - T (ViLad)]
3) The tolerance limits are specified after calibration with stable voltage and temperature. For the behaviour of the tolerance limits if
temperature or voltage changes after calibration, see the ODT DC Impedance Sensitivity on Temperature and Voltage Drifts.
4) The tolerance limits are specified under the condition that Vg = Vpp and that Vggg = Vgs.
5) Measurement Definition for AV\,: Measure voltage (V) at test ball (midpoint) with no load: AV, = (2 %V, / V5pq - 1) x100%

3.7

ODT DC Impedance Sensitivity on Temperature and

Voltage Drifts

If temperature and/or voltage change after calibration, the tolerance limits widen for R;; according to the following tables. The
following definitions are used:
AT =T -T (at calibration)

AV = Vppo- Vppo (at calibration)

Vop = VDDQ
TABLE 26
ODT DC Impedance after proper IO Calibration and Voltage/Temperature Drift
Symbol |Value Unit Note
Min. Max.
Rer 0.9 - dR;dT X |AT| - dRdV X |AV] 1.6 + dRdT X |AT| + dRdV x |AV] Rz / TISFgrr |V

1) TISFgsr: Termination Impedance Scaling Factor for R+

TISFgrr =12 for Ryoa
TISFgr =8 for Ryogo
TISFgrr = 6 for Ryrgao
TISFgrr = 4 for Ryrgeo
TISFgrr =2 for Rypio

UnilC_techdoc, rev. E 2017-04
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TABLE 27
OTD DC Impedance Sensitivity Parameters
Symbol Value Unit Note
Min. Max.
dRdT 0 15 %/°C 2
dRdV 0 0.15 %/mV

1) These parameters may not be subject to production test. They are verified by design and characterization.
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3.8 Interface Capacitance

Definition and values for interface capacitances are provided in the following table.

DDR3(L)- |DDR3(L)~ [PDR3(L)- [PDR3(L)- [DDR3(L)-
Parameter Symbol 800 1066 1333 1600 1866 Unit Note
Min| Max | Min|Max | Min|Max |Min | Max | Min| Max
1.35Vv
InputOutput Capacitance Cio 15 25 [1L5 p5 |15 3 (1.2 23 [TBD[TBD |pF 1,2,3
(DQ,DM,DQS,/DQQS)
Input Capacitance c
0.8 |1.6 08 1.6 (0.8 |14 08 (1.4 1[0.8 [1.3 F 2,3
(CK and /CK) CK p '
Input Capacitance Delta
C 0 0.15 |0 0.15 [0 0.15 |0 0.15 [0 0.15 |pF 2,3,4
(CK and /CK) DCK P 3
Input/Output Capacitance delta
C 0 0.2 0 0.2 [0 0.15 |0 0.15 [0 0.15 |pF 2,35
(DQS and /DQS) DDQS P e
Input Capacitance C 075 13 075 1.3 .75 .3 [0.75 1.3 [TBD[TBD |pF 2,36
(All other input-only pins)
Input Capacitance delta
P P . . Cpl CTRL-0.50.3 [-0.5/0.3 |-0.4{0.2 [-0.4/0.2 |-0.4/0.2 |pF 2,3,7,8
(All control input-only pins) -
Input Capacitance delta Cbl ADD
— =~ 1-0.505 |[-0.5/0.5 |-0.4/0.4 [-0.4/0.4 [-0.4/0.4 |pF
(All ADD and CMD input-only pins) | _CMD 0505 1-0505 1-0.404 1-0.404 1-0.4/0.4 p 2,3,9,10
Input/Output Capacitance delta c
-0.50. -0.5| 0. -0.5| 0. -0.5/0.3 [-0.5|0. F 2,311
(DQ,DM,DQS,/DQQS) DIO 0.50.3 0.5/0.3 0.5/0.3 0.5/0.3 0.5/0.3 |p
Input/output capacitance of ZQ pin CzQ _ |3 _ I3 _ |3 _ |3 - |3 pF 2,3,12
1.5v
Input/Output Capacitance c
14|30 (14|27 (14| 25 |14|23|14|22 F 1,2
(DQ,DM,DQS,/DQQS) ° i
Input Capacitance c
08|16 |08]|16|08| 14 |(08|14|08|13 F 2,3
(CK and /CK) CK P !
Input Capacitance Delta
C 0 |0.15( 0 |0.15] O |0.15| O |0.15| O |0.15 F 2,34
(CK and /CK) DCK P S
Input/Output Capacitance delta
C 0|02|0]|02| 0 (015| 0 [0.15| O |0.15 F |2
(DQS and /DQS) DDQS P 35
Input Capacitance
(CK and /CK) C 0.75] 1.4 |0.75/1.35|0.75| 1.3 |0.75]| 1.3 |0.75] 1.2 pF 2,3,6
(All other input-only pins)
InputCapa(.:ltance deltaf Cp| CTRL -0.5| 0.3 |-0.5 0.3|-0.4/ 0.2 |-0.4| 0.2|-0.4 0.2| pF |23,78
(All control input-only pins) -
Input Capacitance delta Cpl ADD
— — — — — — F
(Al ADD and CMD input-only pins) |_CMD 0§ 05/-0.5 05/-04 04)-04 04)-04 04} P 2,39,10
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Input/Output Capacitance delta
(DQ,DM,DQS,/DQQS)

Input/output capacitance of ZQ pin | CzQ - 3 - 3 - 3 - 3| -] 3 pF [2,3,12

1) Although the DM signal has different function, the loading matches DQ and DQS

2) This parameter is not subject to production test. It is verified by design and characterization. Capacitance is measured according to JEP147
(Procedure for measuring input capacitance using a vector network analyzer (VNA) with Vpp, Vppo, Vss, Vssq applied and all other balls
floating (except the ball under test, CKE, /RESET and ODT as necessary). Vpp = Vppg = 1.35V/1.5 V, Vgag = Vpp/2 and on-die
termination off

3) This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here

4) Absolute value of Cy - Ccyy

5) Absolute value of Cig pos - Cio pgs#

6) C, applies to ODT, /CS, CKE, A[15:0], BA[2:0], /IRAS, ICAS, \WE

7) Cp cTr. @pplies to ODT, /CS and CKE

8) CDI_CTRL =Cicrr~ 0.5 %(Ciok + Cyexw)

9) Cpi_aop_cvp applies to A[15:0], BA[2:0], /RAS, /CAS and /WE

10) CDIfADDfCMD = CI.ADD,CMD -0.5%(C ok +Cjcxa)

11) Cpi0 = Cio.0g,om - 0-5 %(Ci0.pgs * Cio.00s#)

12) Maximum external load capacitance on ZQ signal: 5 pF

Cpio -0.5| 0.3|-0.5 0.3]|-0.5/ 0.3|-05 0.3|-0.5 03| pF [(2311
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3.9 Overshoot and Undershoot Specification

TABLE 29
AC Overshoot / Undershoot Specification for Address and Control Signals
Parameter DDR3(L) |DDR3(L) |DDR3(L) |DDR3(L)|DDR3(L)|Unit |Note
—-800 _1066 _1333 -1600 |-1866
Maximum peak amplitude allowed for overshoot area 0.4 0.4 0.4 0.4 0.4 \VJ 1)
Maximum  peak amplitude allowed for
undershoot area 0.4 0.4 0.4 0.4 0.4 \% 1)
Maximum overshoot area above Vpp 0.67 0.5 0.4 0.33 028 |Vxns 1
Maximum undershoot area below Vgg 0.67 0.5 0.4 0.33 028 |Vxns 1

1) Applies for the following signals: A[15:0], BA[3:0], /CS, /RAS, /ICAS, /\WE, CKE and ODT

FIGURE 3

AC Overshoot / Undershoot Definitions for Address and Control Signals

Maximum Amplitude
Overshoot Area

VDD

Volts (V)

UndershootArea

Maximum Amplitude

»

Time (n's)

TABLE 30

AC Overshoot / Undershoot Specification for Clock, Data, Strobe and Mask Signals

Parameter DDR3(L) | DDR3(L) | DDR3(L) | DDR3(L) | DDR3(L) | Unit Note
-800  |-1066 |_j333 |-1600 |-1866

Maximum peak amplitude allowed for overshoot area | 0.4 0.4 0.4 0.4 0.4 \Y D
Maximum peak amplitude allowed for undershoot | 0.4 0.4 0.4 0.4 \Y D
area 0.4
Maximum overshoot area above VDDQ 0.25 0.19 0.15 0.13 0.11 V xns |V
Maximum undershoot area below VSSQ 0.25 0.19 0.15 0.13 0.11 V xns |V

1) Applies for CK, /CK, DQ, DQS, /DQS & DM
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FIGURE 4

AC Overshoot / Undershoot Definitions for Clock, Data, Strobe and Mask Signals

Maximum Amplitude

Overshoot Area

VDDQ

Volts (V)

UndershootArea

Maximum Amplitude

Time (n's)
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The following AC timings are provided with CK AND /CK and
DQS AND /DQS differential slew rate of 2.0 V/ns. Timings
are further provided for calibrated OCD drive strength under
the “Reference Load for Timing Measurements” according to
Chapter 3.3 only.

4.1

The following tables show DDR3(L) speed bins and relevant
timing parameters. Other timing parameters are provided in
the following chapter. For availability and ordering information
of products for a specific speed bin, please see Table 1.

General Notes for Speed Bins:

* The CL setting and CWL setting result in tox avemn and
tek avamax requirements. When making a selection of
tck ave, both need to be fulfiled: Requirements from CL
setting as well as requirements from CWL setting

* texavemn limits: Since CAS Latency is not purely analog -

data and strobe output are synchronized by the DLL - all

possible intermediate frequencies may not be guaranteed.

An application should use the next smaller industry

standard tqx avg Value (2.5, 1.875, 1.5) when calculating

CL [NCK] = taa [NS] / tek ave [NS], rounding up to the next

‘Supported CL’

tekavemax limits:  Calculate  texave = taamax /

CLSELECTED and round the resulting tcx avg down to the

next valid speed bin limit (i.e. 3.3 ns or 2.5 ns or 1.875 ns

or 1.25 ns). This result is tex avamax COrresponding to

Speed Bins
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The CK AND /CK input reference level (for timing referenced
to CK AND /CK) is the point at which CK and /CK cross. The
DQS AND /DQS reference level (for timing referenced to
DQS AND /DQS) is the point at which DQS and /DQS cross.
The output timing reference voltage level is V.

The absolute specification for all speed bins is Topgg and

Voo = Vopo = 1.283V to 1.45V or 1.5 V + 0.075V-
In addition the following general notes apply.

CLSELECTED ‘Reserved’ settings are not allowed. User
must program a different value

*+ Any DDR3-1066 speed bin also supports functional
operation at lower frequencies as shown in the tables
which are not subject to Production Tests but verified by
Design/Characterization

* Any DDRS3(L)-1333 speed bin also supports functional
operation at lower frequencies as shown in the tables
which are not subject to Production Tests but verified by
Design/Characterization

* Any DDR3(L)-1600 speed bin also supports functional
operation at lower frequencies as shown in the tables
which are not subject to Production Tests but verified by
Design/Characterization
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TABLE 31
DDR3-800 Speed Bins
Speed Bin DDR3(L)-800
CL-nRCD-nRP 6-6-6 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 15 20 ns
Active to read or write delay time tRCD 15 - ns
Precharge command period tRP 15 - ns
Active to active/auto-refresh command time tRC 52.5 - ns
Active to precharge command period tRAS 37.5 9 * tREFI ns 8
Average Clock CL=5 CwL=5 tCK(avg) 3.0 3.3 ns 1,234
Cycle Time CL=6 CWL=5 tCK(avg) 25 3.3 ns 12,3
Supported CL setting 5,6 nCK
Supported CWL setting 5 nCK

TABLE 32

DDR3-1066 Speed Bins

UnilC_techdoc, rev. E 2017-04

Speed Bin DDR3(L)-1066
CL-nRCD-nRP 7-7-7 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 13.125 20 ns
Active to read or write delay time tRCD 13.125 - ns
Precharge command period tRP 13.125 - ns
Active to active/auto-refresh command time tRC 50.625 - ns
Active to precharge command period tRAS 375 9 * tREFI ns 8
Average Clock CL=5 CWL=5 tCK(avg) 3.0 3.3 ns 1,2,35
Cycle Time CWL=6 tCK(avg) Reserved Reserved ns 4
CL=6 CwL=5 tCK(avg) 25 3.3 ns 1,235
CWL=6 tCK(avg) Reserved Reserved ns 4
CL=7 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 <25 ns 1,23
CL=8 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 <25 ns 1,23
Supported CL setting 56,7,8 nCK
Supported CWL setting 56 nCK
34



UnilC

Data Sheet
4Gbit DDR3(L) X16 SDRAM

Speed Bin DDR3(L)-1333
CL-nRCD-nRP 9-9-9 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 13.5 20 ns 9
(13.125)
Active to read or write delay time tRCD 135 - ns 9
(13.125)
Precharge command period tRP 135 - ns 9
(13.125)
Active to active/auto-refresh command time tRC 49.5 - ns 9
(49.125)
Active to precharge command period tRAS 36 9 * tREFI ns 8
Average Clock CL=5 CWL=5 tCK(avg) 3.0 3.3 ns 1,2,3,6
Cycle Time CWL=6,7 tCK(avg) Reserved Reserved ns 4
CL=6 CWL=5 tCK(avg) 25 3.3 ns 1,2,3,6
CWL=6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=7 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 <25 ns 1,2,3,6
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=8 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 <25 ns 1,2,3,6
CwWL=7 tCK(avg) Reserved Reserved ns 4
CL=9 CWL=5,6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) 1.5 <1.875 ns 1,2,3
CL=10 CWL=5,6 tCK(avg) Reserved Reserved ns 4
CwL=7 tCK(avg) 15 <1.875 ns 12,3
Supported CL setting 56,7,8,9,10 nCK
Supported CWL setting 56,7 nCK
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Speed Bin DDR3(L)-1600
CL-nRCD-nRP 11-11-11 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 13.75 20 ns 9
(13.125)
Active to read or write delay time tRCD 13.75 - ns 9
(13.125)
Precharge command period tRP 13.75 - ns 9
(13.125)
Active to active/auto-refresh command time tRC 48.75 - ns 9
(48.125)
Active to precharge command period tRAS 35 9 * tREFI ns 8
Average Clock CL=5 CWL=5 tCK(avg) 3.0 3.3 ns 1,2,3,7
Cycle Time CWL=6,7 tCK(avg) Reserved Reserved ns 4
CL=6 CWL=5 tCK(avg) 25 3.3 ns 1,2,3,7
CWL=6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=7 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 <25 ns 1,2,3,7
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=8 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 <25 ns 1,2,3,7
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=9 CWL=5,6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) 15 <1.875 ns 1,2,3,7
CL=10 CWL=5,6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) 15 <1.875 ns 1,2,3,7
CWL=38 tCK(avg) Reserved Reserved ns 4
CcL=11 CWL=5,6,7 tCK(avg) Reserved Reserved ns 4
CwWL=8 tCK(avg) 1.25 <15 ns 1,2,3
Supported CL setting 5,6,7,8,9,10,11 nCK
Supported CWL setting 56,7,8 nCK
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Speed Bin DDR3(L)-1866
CL-nRCD-nRP 13-13-13 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 13.91 20 ns 11
(13.125)
Active to read or write delay time tRCD 13.91 - ns 11
(13.125)
Precharge command period tRP 13.91 - ns 11
(13.125)
Active to active/auto-refresh command time tRC 47.91 - ns 11
(47.125)
Active to precharge command period tRAS 34 9 * tREFI ns 9
Average Clock CL=5 CWL=5 tCK(avg) 3.0 3.3 ns 1,2,3,8
Cycle Time CWL=6,7 tCK(avg) Reserved Reserved ns 4
CL=6 CwWL=5 tCK(avg) 2.5 3.3 ns 1,2,3,8
CWL=6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=7 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 25 ns 1,2,3,8
CWL=7 tCK(avg) Reserved Reserved ns 1,2,3,8
CL=38 CWL=5 tCK(avg) Reserved Reserved ns 4
CWL=6 tCK(avg) 1.875 2.5 ns 1,2,3,8
CWL=7 tCK(avg) Reserved Reserved ns 4
CL=9 CWL=5,6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) 1.5 1.875 ns 1,2,3,8
CL=10 CWL=5,6 tCK(avg) Reserved Reserved ns 4
CWL=7 tCK(avg) 1.5 1.875 ns 1,2,3,8
CWL=38 tCK(avg) Reserved Reserved ns 4
CL=11 CWL=5,6,7 tCK(avg) Reserved Reserved ns 4
CWL=8 tCK(avg) 1.25 1.5 ns 1,2,3,8
CL=12 |CWL=5,6,7,8 tCK(avg) Reserved Reserved ns 4
CWL=9 tCK(avg) Reserved Reserved ns 4
CL=13 CWL=5,6,7,8 tCK(avg) Reserved Reserved ns 4
CWL=9 tCK(avg) 1.07 1.25 ns 1,2,3
Supported CL setting 5,6,7,8,9,10,11,13 nCK
Supported CWL setting 56,7,8,9 nCK
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NOTE :

1. The CL setting and CWL setting result in tCK(avg) Min and tCK(avg) Max requirements. When making a selection
of tCK(avg), both need to be fulfilled: Requirements from CL setting as well as requirements from CWL setting.

2. tCK(avg) Min limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL
- all possible intermediate frequencies may not be guaranteed. An application should use the next smaller JEDEC
standard tCK(avg) value (2.5, 1.875, 1.5, or 1.25 ns) when calculating CL [nCK] = tAA [ns] / tCK(avg) [ns], rounding
up to the next "Supported CL".

3. tCK(avg) Max limits: Calculate tCK(avg) = tAA Max / CL Selected and round the resulting tCK(avg) down to the
next valid speed bin (i.e. 3.3ns or 2.5ns or 1.875 ns or 1.25 ns). This result is tCK(avg) Max corresponding to CL
selected.

4. "Reserved" settings are not allowed. User must program a different value.
5. Any DDR3-1066 speed bin also supports functional operation at lower frequencies as shown in the table which are
not subject to production tests but verified by design/characterization.

6. Any DDR3(L)-1333 speed hin also supports functional operation at lower frequencies as shown in the table which
are not subject to production tests but verified by design/characterization.

7. Any DDR3(L)-1600 speed bin also supports functional operation at lower frequencies as shown in the table which
are not subject to production tests but verified by design/characterization.

8. tREFI depends on operating case temperature (Tc).

9. For devices supporting optional downshift to CL=7 and CL=9, tAA/tRCD/tRP min must be 13.125 ns or lower. SPD
settings must be programmed to match. For example, DDR3-1333(CL9) devices supporting downshift to DDR3-
1066(CL7) should program 13.125 ns in SPD bytes for tAAmin (Byte 16), tRCDmin (Byte 18), and tRPmin (Byte 20).
DDR3-1600(CL11) devices supporting downshift to DDR3-1333(CL9) or DDR3-1066(CL7) should program 13.125 ns
in SPD bytes for tAAmin (Byte16), tRCDmin (Byte 18), and tRPmin (Byte 20).-DDR3-1600 devices supporting down
binning to DDR3-1333 or DDR3-1066 should program 13.125ns in SPD byte for tAAmin (Byte 16), tRCDmin (Byte 18)
and tRPmin(Byte 20). Once tRP (Byte 20) is programmed to 13.125ns, tRCmin (Byte 21,23) also should be
programmed accod- ingly. For example, 49.125ns, (tRASmin + tRPmin = 36ns + 13.125ns) for DDR3-1333 and
48.125ns (tRASmin + tRPmin = 35ns + 13.125ns) for DDR3-1600.
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4.2 AC Timing Characteristics

(vDD =1.283Vto1.45Vor 15V +0.075V; VDDQ = 1.283V to 1.45V or 1.5V £ 0.075V)

DDR3(L)-800 DDR3(L)-1066
Parameter Symbol Min ‘ Max Min ‘ Max Unit |Note
Average clock cycle time tek(avg) Please refer Speed Bins ps
Minimum clock cycle time tek
- - 6
(DLL-off mode) (DLL-off) 8 8 ns
Average CK high level width tcy(avg) 0.47 0.53 0.47 0.53 tek(avg)
Average CK low level width tcL (avg) 0.47 0.53 0.47 0.53 tck(avg)
Active Bank A to Active Bank B 10 - 10 - ns
command period tRRD 4 - 4 - nCK
Four activate window teaw 50 - 50 - ns
Address and Control input hold time t,y(base)
- - 16
(VIHVIL (DC100) levels) DC100 275 200 ps
Address and Control input setup time t,s(base)
- - 6
(VIHVIL (AC175) levels) AC175 200 125 ps '
Address and Control input setup time ts(base)
- - 16,24
(VIHIVIL (AC150) levels) AC150 350 275 ps
DQ and DM input hold time tpn(base)
(VIH/VIL (DC100) levels) DC100 150 100 ps Y
DQ and DM input setup time tpg(base)
- - 17
(VIHVIL (AC175) levels) AC175 S 25 ps
DQ and DM input setup time tpg(base)
(VIHIVIL (AC150) levels) AC150 125 & ps Y
Control and Address Input pulse width
for each input tiew 900 i 780 i ps 2
DQ and DM Input pulse width
for each input toipw 600 i 490 i ps 2
DQ high impedance time tyz(DQ) - 400 - 300 ps 13,14
DQ low impedance time t, 2(DQ) -800 400 -600 300 ps 13,14
DQS, DQS high impedance time
(RL + BL/2 reference) z(DQS) 400 300 ps 1314
DQS, DQS low impedance time
(RL - 1 reference) t 2(DQS) 800 400 600 300 ps 13,14
DQS, DQS to DQ Sk
QS, DQS to DQ Skew, tboso . 200 . 150 ps | 1213
per group, per access
CAS to CAS command delay tcep 4 - 4 - nCK
DQ output hold time from DQS, DQS ton 0.38 - 0.38 - tck(avg) | 12,13
DQS, DQS rising edge output
) . t - - ,
access time from rising CK, CK DQSCK 400 400 300 300 ps 1213
DQS latching rising transitions
to associated clock edges togss 025 0.25 025 0.25 tex(@ve)
DQS falling edge hold time
from rising CK tosH 0-2 ) 0-2 ) tex(@vg) | 29
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Parameter Symbol Min Max Min Max Unit |Note
DQS falling edge setup time
. - . - 29
to rising CK tpss 0.2 0.2 tck(avg)
DQS input high pulse width thosH 0.45 0.55 0.45 0.55 tex(avg) | 27,28
DQS input low pulse width toost 0.45 0.55 0.45 0.55 tck(avg) | 26,28
DQS output high time tosH 0.38 - 0.38 - tex(avg) | 12,13
DQS output low time tost 0.38 - 0.38 - tck(avg) | 12,13
Mode register set command cycle time tvRD 4 - 4 - nCK
Mode register set command update 15 - 15 - ns
delay tvop
12 - 12 - nCK
Read preamble time tRPRE 0.9 - 0.9 - tck(avg) | 13,19
Read postamble time trpsT 0.3 - 0.3 - tck(avg) | 11,13
Write preamble time twerE 0.9 - 0.9 - tex(ave) | 1
Write postamble time twpsT 0.3 - 0.3 - tek(avg) | 1
Write recovery time twr 15 - 15 - ns
Auto precharge write recovery .
+ Precharge time tpaL(min) WR + roundup [tRP / tCK(avg)] nCK
Multi-purpose register recovery time tvPRR 1 - 1 - nCK 22
Internal write to read command delay ) 7.5 - 7.5 - ns 18
WIR 4 - 4 - nCcK | 18
Internal read to precharge command 7.5 - 7.5 - ns
delay e 4 - 4 - nCK
Minimum CKE low width for Self-refresh {CKESR toke(min) - teke(min) -
entry to exit timing +1nCK +1nCK
Valid clock requirement after Self- 10 - 10 - ns
refresh entry or Power-down entry teksRre 5 R 5 R nCK
Valid clock requirement before Self- 10 - 10 - ns
refresh exit or Power-down exit teksrx 5 B 5 - nCK
t min - t min -
Exit Self-refresh to commands Rrc(min) Rrc(min) ns
T tys +10 +10
not requiring a locked DLL
5 - 5 - nCK
Exit Self-refresh to commands tyspLL toLik - oLk -
i . ) nCK
requiring a locked DLL (min) (min)
Auto-refresh to Active/Auto-refresh trrc 260 - 260 - ns
command time
Average Periodic Refresh Interval tREFI - 7.8 - 7.8 S
0°C < Tc< +85°C p
Average Periodic Refresh Interval tREFI - 3.9 - 3.9 s
+85°C < Tc < +95°C H
CKE minimum high and | Ise width t 7> - 2625 - ns
minimum high and low pulse wi
g p CKE 3 ) 3 N nCK
40
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DDR3(L)-800 DDR3(L)-1066
Parameter Symbol Min Max Min Max Unit |Note
1! min - t min -
Exit reset from CKE high to a valid Rrc(min) Rec(min) ns
typr +10 +10
command
5 - 5 - nCK
DLL locking time toLLk 512 - 512 - nCK
Power-down entry to exit time top toke(min) trerr | teke(min) MRrer 15
Exit precharge power-down with 24 - 24 - ns 2
DLL frozen to commands requiring typDLL
a locked DLL 10 - 10 - nCK 2
EXI.t power-down W|.th DLL on to any 75 . 75 ) ns
valid command; Exit precharge ¢
power-down with DLL frozen to xP 3 3 oK
commands not requiring a locked DLL ) i n
Command pass disable delay tcpDED 1 - 1 - nCK
Timing of ACT command to tACTPDEN 1 i 1 - nCK 20
Power-down entry
Timing of PRE command to tPRPDEN 1 i 1 - nCK 20
Power-down entry
Timing of RD/RDA command to tRDPDEN RL+4+1 i RL+4+1 - nCK
Power-down entry
Timing of WR command to Power-down | tyrppen
entry (BLSOTF, BL8MRS, BL4OTF) (min) WL+ 4 + [WRACK(avg)] nek o
Timing of WR command to Power-down | tyrppen
entry (BCAMRS) (min) WL + 2 + [tWR/CK(avg)] nCK 9
Timing of WRA command to Power-down AWRAPDEN WL+4 - WL+4 - nCK 10
entry (BL8BOTF, BLBMRS, BLAOTF) +WR+1 +WR+1
Timing of WRA command to Power-down AWRAPDEN WL+2 - WL+2 - nCK 10
entry (BC4MRS) +WR+1 +WR+1
Timing of REF comman Power-down -
go command to Power-do A 1 i 1 nCK 2021
entry
Timing of MRS dto P -d t t -
go command to Power-down| MOD i MOD
entry (min) (min)
RTT turn-on thoN -400 400 -300 300 ps 7
Asynchronous RTT turn-on delay
t . .
(Power-down with DLL frozen) AONPD 2 8.5 2 8.5 ns
RTT_Nom and RTT_WR turn-off time
from ODTLoff reference tAOF 0.3 0.7 0.3 0.7 tck(avg) 8
Asynchronous RTT turn-off delay
t . .
(Power-down with DLL frozen) AOFPD 2 8.5 2 8.5 ns
ODT high time without write command ODTH4 4 4 - nCK
or with write command and BC4
ODT high time with Write command ODTHS8 6 i 6 - nCK
and BL8
RTT dynamic change skew tapc 0.3 0.7 0.3 0.7 tek(avg)
Power-up and reset calibration time tzQinit 512 - 512 - nCK
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Parameter Symbol Min Max Min Max Unit |Note

Normal operation full calibration time tzQoper 256 - 256 - nCK
Normal operation short calibration time tzocs 64 - 64 - nCK 23
e e S | o |40 o x|
z(gi Iiz‘(f)?ot_jgerlzé?nf;edr write leveling twibosEN 25 25 nCK 5
-
DS crossing foising CK, CK croseing | bt | 328 25 pe

Write leveling output delay twio 0 9 0 9 ns

Write leveling output error twioE 0 2 0 2 ns
Absolute clock period tck(abs) t(tiJlﬁavg)mir) + |tCK(avg)max + | tCK(avg)min + |tCK(avg)max + ps

(per)min | LIT(per)max | tJIT(per)min | tJIT(per)max

Absolute clock high pulse width tcy(abs) 0.43 - 0.43 - tck(avg) | 30
Absolute clock low pulse width tcL(abs) 0.43 - 0.43 - tek(avg) | 31
Clock period jitter tyr(per) -100 100 -90 90 ps
;:(I;::;I;period jitter during DLL locking tyrr(per.ick) -90 9 .80 80 os

Cycle to cycle period jitter ty7(cc) - 200 - 180 ps
l(c:));(;liigtJopc;):i(;Iz period jitter during DLL tyrp(cc.lck) ) 180 i 160 os
Cumulative error across 2 cycles terr(2per) -147 147 -132 132 ps
Cumulative error across 3 cycles terr(3per) -175 175 -157 157 ps
Cumulative error across 4 cycles terr(4per) -194 194 -175 175 ps
Cumulative error across 5 cycles terr(5per) -209 209 -188 188 ps
Cumulative error across 6 cycles terr(6per) -222 222 -200 200 ps
Cumulative error across 7 cycles terr(7per) -232 232 -209 209 ps
Cumulative error across 8 cycles terr(8per) -241 241 -217 217 ps
Cumulative error across 9 cycles terr(9per) -249 249 -224 224 ps
Cumulative error across 10 cycles terr(10per) -257 257 -231 231 ps
Cumulative error across 11 cycles terr(11per) -263 263 -237 237 ps
Cumulative error across 12 cycles terr(12per) -269 269 -242 242 ps
Cumulative error across tERR(nper) terr(nper)min = (1 + 0.68In(n))*tyr(per)min ps 3

n = 13,14,...49,50 cycles

terr(nper)max = (1 + 0.68In(n))*t;r(per)max

UnilC_techdoc, rev. E 2017-04
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DDR3(L)-1333 DDR3(L)-1600
Parameter Symbol Min ‘ Max Min ‘ Max Unit | Note
Average clock cycle time tek(avg) Please refer Speed Bins ps
Minimum clock cycle time tek
- - 6
(DLL-off mode) (DLL-off) 8 8 ns
Average CK high level width tcn(avg) 0.47 0.53 0.47 0.53 tek(avg)
Average CK low level width tc(avg) 0.47 0.53 0.47 0.53 tek(avg)
Active Bank A to Active Bank B 7.5 - 7.5 - ns
command period tRRD 4 B 4 B nCK
Four activate window teaw 45 - 40 - ns
Address and Control input hold time tiy(base)
- - 6
(VIHVIL (DC100) levels) DC100 140 120 ps '
Address and Control input setup time tis(base)
- - 16
(VIHIVIL (AC175) levels) AC175 65 45 ps
Address and Control input setup time tis(base)
- - 6,2
(VIHIVIL (AC150) levels) AC150 190 170 s |e24
DQ and DM input hold time tpn(base)
- - 17
(VIHVIL (DC100) levels) DC100 65 45 ps
DQ and DM input setup time tps(base) i i i i S 17
(VIHIVIL (AC175) levels) AC175 P
DQ and DM input setup time tps(base)
- - 17
(VIHIVIL (AC150) levels) AC150 30 10 ps
Control and Address Input pulse width
for each input tipw 620 i 560 i ps 2
DQ and DM Input pulse width
for each input toipw 400 i 360 i ps 2
DQ high impedance time thz(DQ) - 250 - 225 ps 13,14
DQ low impedance time t.2(DQ) -500 250 -450 225 ps 13,14
DQS, DQS high impedance time
- - 3
(RL + BL/2 reference) thz(DQS) 250 225 ps 1914
DQS, DQS low impedance time
(RL - 1 reference) t,2(DQS) 500 250 450 225 ps 13,14
DQS, DQS to DQ Skew, tbaso - 125 - 100 ps 12,13
per group, per access
CAS to CAS command delay tcep 4 - 4 - nCK
DQ output hold time from DQS, DQS toH 0.38 - 0.38 - tek(avg) | 12,13
DQS, DQS rising edge output
access time from rising CK, CK tbosck 255 255 225 225 pS 1213
DQS latching rising transitions
to associated clock edges tbQss -0.25 0.25 -0.27 0.27 tck(avg)
DQS falling edge hold time
. . - . - 29
from rising CK tDSH 0.2 0.18 tck(avg)
DQS falling edge setup time
to0 rising CK tbss 0.2 - 0.18 - tck(avg) | 29
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DDR3(L)-1333 DDR3(L)-1600
Parameter Symbol Min Max Min Max Unit |Note
DQS input high pulse width toosH 0.45 0.55 0.45 0.55 tck(avg) | 27,28
DQS input low pulse width thosL 0.45 0.55 0.45 0.55 tck(avg) | 26,28
DQS output high time tosH 0.40 - 0.40 - tck(avg) | 12,13
DQS output low time tose 0.40 - 0.40 - tck(avg) | 12,13
Mode register set command cycle time tMRD 4 - 4 - nCK
Mode register set command update 15 - 15 - ns
dela tvop
Yy 12 - 12 - nCK
Read preamble time trRPRE 0.9 - 0.9 - tck(avg) | 13,19
Read postamble time trRpsT 0.3 - 0.3 - tck(avg) | 1113
Write preamble time tWPRE 0.9 - 0.9 - tex(@vg) | 1
Write postamble time twpsT 0.3 - 0.3 - tex(avg) | 1
Write recovery time twr 15 - 15 - ns
Auto precharge write recovery .
+ Precharge time tpaL(min) WR + roundup [tRP / tCK(avg)] nCK
Multi-purpose register recovery time tMPRR 1 - 1 - nCK 22
Internal write to read command delay X 7.5 - 7.5 - ns 18
WIR 4 - 4 - ncK | 18
Internal read to precharge command 7.5 - 7.5 - ns
delay tRTP 4 - 4 - nCK
Minimum CKE low width for Self-refresh {CKESR teke(min) - teke(min) -
entry to exit timing +1nCK +1nCK
Valid clock requirement after Self- 10 - 10 - ns
refresh entry or Power-down entry tcksre 5 _ 5 _ nCK
Valid clock requirement before Self- 10 - 10 - ns
refresh exit or Power-down exit feksrx 5 _ 5 _ nCK
It min - t min -
Exit Self-refresh to commands Rrc{min) Rrc{min) ns
o txs +10 +10
not requiring a locked DLL
5 - 5 - nCK
Exit Self-refresh to commands tXSDLL oLk - oLk - ncK
requiring a locked DLL (min) (min)
Auto-refresh to Active/Auto-refresh trREC 260 - 260 - ns
command time
Average Periodic Refresh Interval tREFI - 7.8 - 7.8 S
0°C < Tc <+85°C w
Average Periodic Refresh Interval tREFI - 3.9 - 3.9 S
+85°C < Tc < +95°C H
CKE minimum high and | Ise width t >625 - > - ns
minimum high and low pulse wi
g p CKE 3 B 3 B nCK
t min - t min -
Exit reset from CKE high to a valid rrc(Mmin) rec(min) ns
txpr +10 +10
command
5 - 5 - nCK
DLL locking time toLLk 512 - 512 - nCK
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DDR3(L)-1333 DDR3(L)-1600
Parameter Symbol Min Max Min Max Unit |Note
Power-down entry to exit time tep teke(min) IMRER teke(min) ™tRER 15
Exit precharge power-down with 24 - 24 - ns 2
DLL frozen to commands requiring txpDLL
a locked DLL 10 - 10 - nCK 2
Exit power-down with DLL on to any 6 ) 6 ) ns
valid command; Exit precharge ¢
power-down with DLL frozen to xP 3 3 ek
commands not requiring a locked DLL i i
Command pass disable delay tcPDED 1 - 1 - nCK
Timing of ACT command to tACTPDEN 1 i 1 - nCK 20
Power-down entry
Timing of PRE command to tPRPDEN 1 i 1 - nCK 20
Power-down entry
Timing of RD/RDA command to tRDPDEN RL+44+1 i RL+4+1 - nCK
Power-down entry
Timing of WR command to Power-down | twrppen
+4 +
entry (BLSOTF, BL8MRS, BL4OTF) (min) WL +4 + [WR/CK(avg)] nck | e
Timing of WR command to Power-down | tyrppen
. +2+ 9
entry (BCAMRS) (min) WL + 2 + t(WR/tCK(avg)] nCK
Timing of WRA command to Power-down AWRAPDEN WL+4 - WL+4 - nCK 10
entry (BL8BOTF, BLBMRS, BLAOTF) +WR+1 +WR+1
Timing of WRA command to Power-down AWRAPDEN WL+2 - WL+2 - nCK 10
entry (BC4MRS) +WR+1 +WR+1
Timing of REF command to Power-down (REFPDEN 1 i 1 - nCK 2021
entry
Timing of MRS command to Power-down IMRSPDEN tMQD i IMQD -
entry (min) (min)
RTT turn-on tAON -250 250 -225 225 ps 7
Asynchronous RTT turn-on delay
. 2 . 2 .
(Power-down with DLL frozen) tAoNPD 8.5 8.5 ns
RTT_Nom and RTT_WR turn-off time
from ODTLoff reference tAoF 03 0.7 0.3 0.7 tck(avg) | @
Asynchronous RTT turn-off delay
. 2 . 2 .
(Power-down with DLL frozen) taoFPD 8.5 8.5 ns
ODT high time without write command ODTH4 4 i 4 - nCK
or with write command and BC4
ODT high time with Write command ODTHS8 6 i 6 - nCK
and BL8
RTT dynamic change skew tapc 0.3 0.7 0.3 0.7 tek(avg)
Power-up and reset calibration time tz7Qinit 512 - 512 - nCK
Normal operation full calibration time t7Q0per 256 - 256 - nCK
Normal operation short calibration time tzocs 64 - 64 - nCK 23
First DQS pulse rising edge after write - -
. . t 40 40 CK 3
leveling mode is programmed WLMRD :
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DDR3(L)-1333 DDR3(L)-1600
Parameter Symbol Min Max Min Max Unit |Note
00 D0 S | = o |
v IR -
DQS crossing o ising CK, CK crosang. | Mt | 199 165 ps
Write leveling output delay twLo 0 9 0 7.5 ns
Write leveling output error twLoE 0 2 0 2 ns
Absolute clock period tck(abs) t%lﬁavg)mirj + |tCK(avg)max + | tCK(avg)min +|tCK(avg)max + ps
(penmin | tJIT(per)max | tJIT(per)min | tJIT(per)max
Absolute clock high pulse width top(abs) 0.43 - 0.43 - tek(avg) | 30
Absolute clock low pulse width te (abs) 0.43 - 0.43 - tek(avg) | 31
Clock period jitter tyr(per) -80 80 -70 70 ps
;:(Iec:i(z)laperlod jitter during DLL locking t(perick) 70 70 -60 60 as
Cycle to cycle period jitter ty(cc) - 160 - 140 ps
l(;)éiliigt]opgic;z period jitter during DLL tr(cc,Ick) i 140 i 120 os
Cumulative error across 2 cycles tegr(2per) -118 118 -103 103 ps
Cumulative error across 3 cycles terr(3per) -140 140 -122 122 ps
Cumulative error across 4 cycles terr(4per) -155 155 -136 136 ps
Cumulative error across 5 cycles terr(5per) -168 168 -147 147 ps
Cumulative error across 6 cycles terr(6per) -177 177 -155 155 ps
Cumulative error across 7 cycles terr(7per) -186 186 -163 163 ps
Cumulative error across 8 cycles terr(8per) -193 193 -169 169 ps
Cumulative error across 9 cycles terr(9per) -200 200 -175 175 ps
Cumulative error across 10 cycles terr(10per) -205 205 -180 180 ps
Cumulative error across 11 cycles terr(11per) -210 210 -184 184 ps
Cumulative error across 12 cycles terr(12per) -215 215 -188 188 ps
- — " -
e oo, e | oo | B |
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Parameter Symbol Min ‘ Max Unit |Note
Average clock cycle time tck(avg) Please refer Speed Bins ps
Minimum clock cycle time tek 8 i ns .
(DLL-off mode) (DLL-off)
Average CK high level width tey(avg) 0.47 0.53 tck(avg)
Average CK low level width te (avg) 0.47 0.53 tck(avg)
Active Bank A to Active Bank B 6 - ns
command period tRRD 4 . nCK
Four activate window teaw 35 - ns
Address and Control input hold time tjy(base) 100 i S 1%
(VIH/VIL (DC100) levels) DC100 P
Address and Control input setup time t,s(base) 150 i S %
(VIH/VIL (AC125) levels) AC125 P
Address and Control input setup time tg(base) 65 i S 1%
(VIH/VIL (AC135) levels) AC135 P
DQ and DM input hold time tpy(base) 70 i S 17
(VIH/VIL (DC100) levels) DC100 P
DQ and DM input setup time tpg(base) 68 i S 17
(VIH/VIL (AC135) levels) AC135 P
Control and Address Input pulse width
for each input tipw 535 i ps 2
DQ and DM Input pulse width
for each input toipw 320 i ps 2
DQ high impedance time tyz(DQ) - 195 ps 13,14
DQ low impedance time t, 2(DQ) -390 195 ps 13,14
DQS, DQS high impedance time
(RL + BL/2 reference) 12(DQS) 195 ps 1314
DQS, DQS low impedance time

- 3
(RL - 1 reference) t, z(DQS) 390 195 ps 13,14
DQS, DQS to DQ Skew,
per group, per access tbQsq i 85 ps 1213
CAS to CAS command delay tcep 4 - nCK
DQ output hold time from DQS, DQS ton 0.38 - tck(avg) | 12,13
DQS, DQS rising edge output
access time from rising CK, CK toosck -195 195 ps 1213
DQS latching rising transitions
to associated clock edges tbQss 027 0.27 tex(avg)
DQS falling edge hold time
from rising CK tDSH 0.18 - tck(avg) | 29
DQS falling edge setup time
to rising CK tbss 0.18 tck(avg) | 29
DQS input high pulse width toosH 0.45 0.55 tck(avg) | 27,28
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Parameter Symbol Min Max Unit |Note
DQS input low pulse width thost 0.45 0.55 tck(avg) | 26,28
DQS output high time tosh 0.40 - tck(avg) | 12,13
DQS output low time tost 0.40 - tck(avg) | 12,13
Mode register set command cycle time tvMRD 4 - nCK
Mode register set command update 15 - ns
delay tmop 12 - nCK
Read preamble time trRPRE 0.9 - tck(avg) | 13,19
Read postamble time trpsT 0.3 - tck(avy) | 11,13
Write preamble time twprE 0.9 - tek(avg) | 1
Write postamble time twpsT 0.3 - tek(avg) | 1
Write recovery time twr 15 - ns
Auto precharge write recovery .
+
+ Precharge time tpaL(Min) WR + roundup [tRP / tCK(avg)] nCK
Multi-purpose register recovery time tvMPRR 1 - nCK 22
Internal write to read command delay ¢ 7.5 - ns 18
WIR 4 - nCcK | 18
Internal read to precharge command 7.5 - ns
delay tRTP 4 _ nCK
Minimum CKE low width for Self-refresh teke(min) -
o tCKESR
entry to exit timing +1nCK
Valid clock requirement after Self- 10 - ns
refresh entry or Power-down entry teksre 5 R nCK
Valid clock requirement before Self- 10 - ns
refresh exit or Power-down exit teksrx 5 . nCK
t min -
Exit Self-refresh to commands ¢ RFfio ) ns
not requiring a locked DLL xS
5 - nCK
Exit Self-refresh to commands txspLL toLLk - nCK
requiring a locked DLL (min)
Auto-refresh to Active/Auto-refresh trrc 260 - ns
command time
Average Periodic Refresh Interval tREFI - 7.8 s
0°C < Tc<+85°C n
Average Periodic Refresh Interval tRERI - 3.9 S
+85°C < Tc < +95°C H
- . . 5 - ns
CKE minimum high and low pulse width teke
3 - nCK
t min -
Exit reset from CKE high to a valid Rrc(min) ns
typr +10
command
5 - nCK
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Parameter Symbol Min Max Unit |Note
DLL locking time toLik 512 - nCK
Power-down entry to exit time tpp tcke(min) IRER 15
Exit precharge power-down with 24 - ns 2
DLL frozen to commands requiring txpDLL
a locked DLL 10 - nCK 2
Exit power-down with DLL on to any 6 ) ns
valid command; Exit precharge ¢
power-down with DLL frozen to xP 3 oK
commands not requiring a locked DLL i :
Command pass disable delay tcppED 2 - nCK
Timing of ACT command to tACTPDEN 1 i nCK 20
Power-down entry
Timi f PRE
iming o command to tPRPDEN 1 i nCK 20
Power-down entry
Timing of RD/RDA command to tRDPDEN RL+4+1 i nCK
Power-down entry
Timing of WR command to Power-down | twgrppen
. +4+ 9
entry (BL8OTF, BLS8MRS, BL4OTF) (min) WL+ 4 + [WRACK(avg)] nck
Timing of WR command to Power-down | tywgrppen
. 9
entry (BCAMRS) (min) WL + 2 + t(WR/tCK(avg)] nCK
Timing of WRA command to Power-down AWRAPDEN WL+4 - nCK 10
entry (BL8BOTF, BLBMRS, BL4OTF) +WR+1
Timing of WRA command to Power-down AWRAPDEN WL+2 - nCK 10
entry (BC4MRS) +WR+1
Timing of REF comman Power-down
go command to Power-do A 1 i nCK 2021
entry
Timing of MRS command to Power-down IMRSPDEN tMQD i
entry (min)
RTT turn-on taoN -195 195 ps 7
Asynchronous RTT turn-on delay t 5 85 ns
(Power-down with DLL frozen) AONPD '
RTT_Nom and RTT_WR turn-off time tAOE 03 07 teK(av 8
from ODTLoff reference ’ ' (avg)
Asynchronous RTT turn-off delay ¢ 5 85 ns
(Power-down with DLL frozen) AOFPD '
ODT high time without write command ODTH4 4 nCK
or with write command and BC4
ODT high time with Write command ODTH8
6 - nCK
and BL8
RTT dynamic change skew tapc 0.3 0.7 tek(avg)
Power-up and reset calibration time tzQinit 512 - nCK
Normal operation full calibration time t7Qoper 256 - nCK
Normal operation short calibration time tzocs 64 - nCK 23
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Parameter Symbol Min Max Unit |Note
oveling mode fe pogammed | o | 40 ek | 3
™ |3 |
Write Ievgling sgtgp time from rising CK, fLs 140 - b
CK crossing to rising DQS, DQS crossing
Write Ieveli_ng holq t.ime from rising DQS, L 140 - oS
DQS crossing to rising CK, CK crossing
Write leveling output delay twLo 0 7.5 ns
Write leveling output error twLoE 0 2 ns
Absolute clock period tck(abs) | tCK(avg)min + [tCK(avg)max + ps

tJIT(per)min | tJIT(per)max

Absolute clock high pulse width tcy(abs) 0.43 - tck(avg) | 30
Absolute clock low pulse width tcL (abs) 0.43 - tck(avg) | 31
Clock period jitter tyr(per) -60 60 ps
[C):::;I;penod jitter during DLL locking t,(per,Ick) 50 50 ps
Cycle to cycle period jitter tyr(cc) - 120 ps
E}éiliigt]op(;)r/i(;lz period jitter during DLL tr(cc,Ick) i 100 os
Cumulative error across 2 cycles terr(2per) -88 88 ps
Cumulative error across 3 cycles terr(3per) -105 105 ps
Cumulative error across 4 cycles terr(4per) -117 117 ps
Cumulative error across 5 cycles terr(5per) -126 126 ps
Cumulative error across 6 cycles terr(6per) -133 133 ps
Cumulative error across 7 cycles terr(7per) -139 139 ps
Cumulative error across 8 cycles terr(8per) -145 145 ps
Cumulative error across 9 cycles terr(9per) -150 150 ps
Cumulative error across 10 cycles terr(10per) -154 154 ps
Cumulative error across 11 cycles terr(11per) -158 158 ps
Cumulative error across 12 cycles terr(12per) -161 161 ps
Cumulative error across tERR(npen) terr(nper)min = (1 + 0.68In(n))*tyr(per)min ns 2

n =13,14,...49,50 cycles terr(nper)max = (1 + 0.68In(n))*t;r(per)max
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Notes for AC Electrical Characteristics

NOTE :

Actual value dependant upon measurement level definitions which are TBD.

Commands requiring a locked DLL are: READ (and READA) and synchronous ODT commands.
The max values are system dependent.

WR as programmed in mode register.

Value must be rounded-up to next higher integer value.

There is no maximum cycle time limit besides the need to satisfy the refresh interval, tREFI.

7. ODT turn on time (min.) is when the device leaves high impedance and ODT resistance begins to turn on.
ODT turn on time (max.) is when the ODT resistance is fully on. Both are measured from ODTLon.

8. ODT turn-off time (min.) is when the device starts to turn-off ODT resistance. ODT turn-off time (max.) is when the bus is in
high impedance. Both are measured from ODTLoff.

S e o A

9. tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR / tCK to the next integer.
10. WR in clock cycles as programmed in MRO.
11. The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZ(DQS)max on the
right side.
12. Output timing deratings are relative to the SDRAM input clock. When the device is operated with input clock jitter, this
parameter needs to be derated by TBD.
13. Value is only valid for RON34.
14. Single ended signal parameter. Refer to the section of tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Notes for definition
and measurement method.
15. tREFI depends on operating case temperature (Tc).
16. tIS(base) and tlH(base) values are for 1V/ns command/addresss single-ended slew rate and 2V/ns CK, /CK
differential slew rate, Note for DQ and DM signals, VREF(DC) = VREFDQ(DC). For input only pins except /RESET,
VREF(DC) = VREFCA(DC). See Address / Command Setup, Hold and Derating section.
17. tDS(base) and tDH(base) values are for 1V/ns DQ single-ended slew rate and 2V/ns DQS, /DQS differential slew
rate. Note for DQ and DM signals,VREF(DC)= VREFDQ(DC). For input only pins except RESET, VREF(DC) =
VREFCA(DC). See Data Setup, Hold and and Slew Rate Derating section.
18. Start of internal write transaction is defined as follows ;
For BL8 (fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL. For BC4 (on-the-fly) : Rising clock
edge 4 clock cycles after WL.
For BC4 (fixed by MRS) : Rising clock edge 2 clock cycles after WL.
19. The maximum read preamble is bound by tLZDQS(min) on the left side and tDQSCK(max) on the right side.
20. CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are
in progress, but power-down IDD spec will not be applied until finishing those operation.
21. Although CKE is allowed to be registered LOW after a REFRESH command once tREFPDEN(min) is satisfied, there
are cases where additional time such as tXPDLL(min) is also required.
22. Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.
23. One ZQCS command can effectively correct a minimum of 0.5 % (ZQCorrection) of RON and RTT impedance error
within 64 nCK for all speed bins assuming the maximum sensitivities specified in the “Output Driver Voltage and
Temperature Sensitivity” and “ODT Voltage and Temperature Sensitivity” tables. The appropriate interval between ZQCS
commands can be determined from these tables and other application specific parameters.
One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and voltage
(Vdriftrate) drift rates that the SDRAM is subject to in the application, is illustrated. The interval could be defined by the
following formula:
ZQCorrection

(TSens x Tdriftrate) + (VSens x Vdriftrate)
where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM temperature and
voltage sensitivities.
24. The tIS(base) AC150 specifications are adjusted from the tIS(base) specification by adding an additional 100 ps of
derating to accommodate for the lower alternate threshold of 150 mV and another 25 ps to account for the earlier
reference point [(175 mv - 150 mV) / 1 V/ns].
25. Pulse width of a input signal is defined as the width between the first crossing of VREF(DC) and the consecutive
crossing of VREF(DC).
26. tDQSL describes the instantaneous differential input low pulse width on DQS - /DQS, as measured from one falling
edge to the next consecutive rising edge.
27. tDQSH describes the instantaneous differential input high pulse width on DQS - /DQS, as measured from one rising
edge to the next consecutive falling edge.
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28. tDQSH,act + tDQSL,act = 1 tCK,act ; with tXYZ,act being the actual measured value of the respective timing
parameter in the application.

29. tDSH,act + tDSS,act = 1 tCK,act ; with tXYZ,act being the actual measured value of the respective timing parameter
in the application.

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

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

32. n = from 13 cycles to 50 cycles. This row defines 38 parameters.
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4.3 IDD Specification

(VDD =1.283V to 1.45V or 1.5 V £ 0.075V; VDDQ =1.283V to 1.45V or 1.5 V £ 0.075V)

Data Sheet
4Gbit DDR3(L) X16 SDRAM

Data rate

Conditi Symbol IDD max.|IDD max.| Unit
ons (Mbps) |15y |1.35v
Operating One Bank Active-Precharge Current; CKE: High; External clock: On; 1866 60 60
tCK, nRC, nRAS, CL: see timing used table; BL: 8; AL: 0; CS: High between ACT 1600 55 55
and PRE; Command, Address: partially toggling; Data |O: FLOATING; DM:stable at IDDO 1333 50 50 mA
0; Bank Activity: Cycling with one bank active at a time; Output Buffer and RTT: 1066 45 45
Enabled in Mode Regis- ters; ODT Signal: stable at 0 800 40 40
Operating One Bank Active-Read-Precharge Current; CKE: High; External clock 1866 80 80
On; tCK, nRC, nRAS, nRCD, CL: see timing used table; BL: 81; AL: 0; CS: High 1600 75 75
between ACT, RD and PRE; Command, Address, Data |O: partially toggling| |pp1 1333 70 70 mA
DM:stable at 0; Bank Activ- ity: Cycling with one bank active at a time; Output Buffe 1066 65 65
and RTT: Enabled in Mode Reg- isters; ODT Signal: stable at 0 800 60 60
Precharge Power-Down Current Slow Exit; CKE: Low; External clock: On; tCK, CL: 1866 12 12
see timing used table; BL: 8; AL: 0; CS: stable at 1; Command, Address: stable at 0; 1600 12 12
Data 10: FLOATING; DM: stable at 0; Bank Activity: all banks closed; Output Buffer| |pp2po 1333 12 12 mA
and RTT: En- abled in Mode Registers; ODT Signal: stable at O; Pre-charge Power 1066 12 12
Down Mode: Slow Exit 800 12 12
Precharge Power-Down Current Fast Exit; CKE: Low; External clock: On; tCK, CL: 1866 19 19
see timing used table; BL: 8; AL: 0; CS: stable at 1; Command, Address: stable at 0; 1600 18 18
Data |0: FLOATING; DM:stable at 0; Bank Activity: all banks closed; Output Buffer | |ppop1 1333 17 17 mA
and RTT: En- abled in Mode Registers; ODT Signal: stable at O; Pre-charge Power 1066 16 16
Down Mode: Fast Exit 800 15 15
Precharge Standby Current; CKE: High; External clock: On; tCK, CL: see timing 1866 25 25
used table; BL: 8; AL: 0; CS: stable at 1; Command, Address: partially toggling; 1600 25 25
Data 10: FLOATING; DM:stable at 0; Bank Activity: all banks closed; Output Buffer | |pp2N 1333 25 25 mA
and RTT: En- abled in Mode Registers; ODT Signal: stable at 0 1066 25 25
800 25 25
Precharge Standby ODT Current; CKE: High; External clock: On; tCK, CL: see 1866 30 30
timing used table; BL: 8; AL: 0; CS: stable at 1; Command, Address: partially 1600 30 30
toggling; Data |IO: FLOATING; DM:stable at 0; Bank Activity: all banks closed; IDD2NT 1333 30 30 mA
Output Buffer and RTT: En- abled in Mode Registers; ODT Signal: toggling 1066 30 30
800 30 30
Precharge Quiet Standby Current; CKE: High; External clock: On; tCK, CL: see 1866 25 25
timing used table; 1600 25 25
BL: 8; AL: 0; CS: stable at 1; Command, Address: stable at 0; Data I0: FLOATING| |pp2Q 1333 25 25 mA
DM: stable at O; Bank Activity: all banks closed; Output Buffer and RTT: Enabled ir 1066 25 25
Mode Reg- isters; ODT Signal: stable at 0 800 25 25
Active Power-Down Current; CKE: Low; External clock: On; tCK, CL: see timing 1866 22 22
used table; BL: 8; AL: 0; CS: stable at 1; Command, Address: stable at 0; Data |0: 1600 22 22
FLOATING; DM: stable at O; Bank Activity: all banks open; Output Buffer and RTT: | |pp3p 1333 22 22 mA
Enabled in Mode Registers; ODT Signal: stable at 0 1066 22 22
800 22 22
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Conditions Symbol Data rate IDD max.|IDD max. [Unit
(Mbps) 115y |1.35v
lActive Standby Current; CKE: High; External clock: On; tCK, CL: see timing used 1866 34 34
table;BL: 8; AL: 0; CS: stable at 1; Command, Address: partially toggling; Data 10: IDD3N 1600 32 32
FLOATING;DM: stable at 0; Bank Activity: all banks open; Output Buffer and RTT: 1333 30 30 mA
Enabled in Mode Registers; ODT Signal: stable at 0 1066 28 28
Operating Burst Read Current; CKE: High; External clock: On; tCK, CL: see timing 1866 120 120
used table; BL: 8; AL: 0; CS: High between RD; Command, Address: par-tially 1600 135 135
toggling; Data 10: seamless read data burst with different data between one burst IDD4R 1333 120 120 mA
and the next one; DM:stable at 0; Bank Activity: all banks open, RD commands 1066 105 105
cycling through banks:0,0,1,1,2,2,...; Output Buffer and RTT: Enabled in Mode 90 90
Registers; ODT Signal: stable at 0 800
Operating Burst Write Current; CKE: High; External clock: On; tCK, CL: see timing 1866 165 165
used table; BL: 8; AL: 0; CS: High between WR; Command, Address: par-tially 1600 150 150
toggling; Data 10: seamless write data burst with different data between one burst IDD4AW 1333 135 135 A
and the next one; DM: stable at 0; Bank Activity: all banks open, WR commands 1066 120 120 m
cycling through banks: 0,0,1,1,2,2,...; Output Buffer and RTT: Enabled in Mode 105 105
Registers; ODT Signal: stable at HIGH 800
1866 160 160
Burst Refresh Current; CKE: High; External clock: On; tCK, CL, nRFC: see timing 160 160
used table; BL: 8; AL: 0; CS: High between REF; Command, Address: partially 1600 160 160
toggling; Data 10: FLOATING; DM:stable at 0; Bank Activity: REF command every IDD5B 1333 160 160 mA
nNRFC; Output Buffer and RTT: Enabled in Mode Registers; ODT Signal: stable at 0 1066 160 160
800
. . . o 1866
Self Refresh Current: Normal Temperature Range; TCASE: 0- 85°C; Auto Self-
Re-fresh (ASR): Disabled; Self-Refresh Temperature Range (SRT): Normal; CKE: 1600
Low; Ex-ternal clock: Off; CK and CK: LOW; CL: see timing used table; BL: 8; AL: O; IDD6 1333 12 12 mA
CS,Command, Address, Data 10: FLOATING; DM: stable at 0; Bank Activity: Self- 1066
Refresh op-eration; Output Buffer and RTT: Enabled in Mode Registers; ODT signal:
FLOATING 800
: . . o 1866
Self Refresh Current: Extended Temperature Range; TCASE: 0- 95°C; Auto Self-|
Re-fresh (ASR): Disabled; Self-Refresh Temperature Range (SRT): Extended; CKE: 1600
Low; Ex-ternal clock: Off; CK and CK: LOW; CL: see timing used table; B.L:_ 8;AL:0; | |IDD6ET| 1333 17 17 mA
CS, Command, Address, Data |0: FLOATING; DM: stable at 0; Bank Activity: 1066
Extended Tem-perature Self-Refresh operation; Output Buffer and RTT: Enabled in
Mode Registers;ODT Signal: FLOATING 800
Operating Bank Interleave Read Current; CKE: High; External clock: On; tCK, 1866 215 215
nNRC,nRAS, nRCD, nRRD, nFAW, CL: see timing used table; BL: 8; AL: CL-1; CS: 1600 195 195
High be-tween ACT and RDA; Command, Address: partially toggling; Data 10: read IDD7 1333 175 175
data burstswith different data between one burst and the next one; DM: stable at 0; 1066 155 155 mA
Bank Activity: twotimes interleaved cycling through banks (0, 1, ...7) with different 135 135
addressing; Output Buffer and RTT: Enabled in Mode Registers; ODT Signal: stable 800
at 0
. . . . off . . . 1866
RESET Low Current; RESET: Low; External clock: off; CK and CK: LOW; CKE:
FLOAT-ING; CS, Command, Address, Data 10: FLOATING; ODT Signal : IDDS8 1600
FLOATING 1333 12 12 mA
1066
800

NOTE :

1) Burst Length: BL8 fixed by MRS: set MRO A[1,0]=00B

2) Output Buffer Enable: set MR1 A[12] = OB; set MR1 A[5,1] = 01B; RTT_Nom enable: set MR1 A[9,6,2] = 011B; RTT_Wr
enable: set MR2 A[10,9] = 10B

54
UnilC_techdoc, rev. E 2017-04



Data Sheet
t: 4Gbit DDR3(L) X16 SDRAM

UnilC
5 Package Outlines

Figure 5 reflects the current status of the outline dimensions of the DDR3(L) packages for 4Gbhit
components x16 configuration. For functional description of each ball see Chapter 1.4.
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6 Product Type Nomenclature

For reference the UnilC SDRAM component nomenclature is enclosed in this chapter.

TABLE 38
Examples for Nomenclature Fields
Example for Field Number
1 2 3 4 5 6 7 8 9 10
DDR3(L) DRAM HXB 15 H 4G 16 0 A F ~ 13K

TABLE 39
DDR3 (L) Memory Components
Field | Description Values |Coding
1 UnilC Component Prefix HXB Memory components, standard temperature range (0°C — +95 °C)
HXI Memory components, industrial temperature range (-40°C — +95 °C)
2 Interface Voltage [V] 18 SSTL_18,+1.8V (x0.1V)
15 SSTL_15,+ 1.5V (+0.1V)
13 VDD, VDDQ=1.283V to 1.45V ;Typical:1.35V
3 DRAM Technology H DDR3 (L)
4 Component Density [Mbit] 32 32 Mbit
64 64 Mbit
128 128 Mbit
256 256 Mbit
512 512 Mbit
1G 1 Gbhit
2G 2 Ghit
4G 4 Ghit
5 Number of I/Os 40 x4
80 x 8
16 x 16
6 Product Variant 0.9 -
7 Die Revision A First
B Second
C Third
8 Package, C FBGA, lead-containing
Lead-Free Status = FBGA, lead-free
9 Power - Standard power product
L Low power product
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Field | Description Values Coding

10 Speed Grade 19F CL-tRCD—tRP = 7-7-7
19G CL-tRCD—tRP = 8-8-8
15G CL—tRCD-tRP = 8-8-8
15H CL-tRCD—tRP = 9-9-9
13K CL—tRCD-tRP = 11-11-11
11M CL-tRCD-tRP = 13-13-13
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