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1. DESCRIPTION

H5TQ(S)5163MFR

The H5TQ(S)5163MFR is a 1,073,741,824-bit CMOS Double Data Rate Il (DDR3) Synchronous DRAM, ideally suited for
the main memory applications which requires large memory density and high bandwidth. Hynix 512Mb DDR3 SDRAMs
offer fully synchronous operations referenced to both rising and falling edges of the clock. While all addresses and control
inputs are latched on the rising edges of the CK (falling edges of the CK), Data, Data strobes and Write data masks inputs

are sampled on both rising and falling edges of it.

The data paths are internally pipelined and 8-bit prefetched to achieve very high bandwidth.

1.1 Device Features and Ordering Information

1.1.1 FEATURES
- VDD/VDDQ=1.5V +/- 0.075V
VDD/VDDQ=1.8V +/- 0.09V
e Fully differential clock inputs (CK, /CK) operation
< Differential Data Strobe (DQS, /DQS)

e On chip DLL align DQ, DQS and /DQS transition with CK
transition

« DM masks write data-in at the both rising and falling
edges of the data strobe

« All addresses and control inputs except data,
data strobes and data masks latched on the
rising edges of the clock

e Programmable CAS latency 5, 6, 7, 8, 9, 10, and (11)
supported

e Programmable additive latency 0, CL-1, and CL-2
supported

Programmable CAS Write latency (CWL) =5, 6, 7, 8

1.1.2 ORDERING INFORMATION

Programmable burst length 4/8 with both nibble
sequential and interleave mode

BL switch on the fly

8banks

8K refresh cycles /64ms

JEDEC standard 96ball FBGA

Driver strength selected by EMRS
Dynamic On Die Termination supported
Asynchronous RESET pin supported

ZQ calibration supported

Write Levelization supported

Auto Self Refresh supported

On Die Thermal Sensor supported ( JEDEC optional )
8 bit pre-fetch

Part No. Power Supply ek Max Data Rate Interface Package
Frequency

H5TS5163MFR-NOC 1GHz 2Gbps/pin
H5TS5163MFR-11C VDD/VDDQ 900MHzZ 1.8Gbps/pin SSTL18
H5TS5163MFR-12C =1.8V 800MHz 1.6Gbps/pin
H5TS5163MFR-14C 700MHz 1.4Gbps/pin 96Ball
H5TQ5163MFR-12C 800MHz 1.6Gbps/pin

VDD/VDDQ : FBGA
H5TQ5163MFR-14C 700MHz 1.4Gbps/pin SSTL-1E
H5TQ5163MFR-16C =15V 600MHz 1.2Gbps/pin
H5TQ5163MFR-20C 500MHz 1.0Gbps/pin

Note) Hynix supports Halogen free parts for each speed grade with same specification, except Halogen free materials.
We'll add “R” character after “F” for Halogen free product.
For example, the part number of 500MHz Halogen free product is H5TQ5163MFR-20C.
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1.2 Package Ballout

L+ [ 2 [ s Jafsf[e[ 7 [ 8 [ o |
A VDDQ DQUS DQU?7 pQus | vDDQ Vss A
B VSSQ VDD vss DQSU# | DQUs | VsSQ B
c VDDQ DQUS3 DQU1 DQsU | DbqQuz | vpDQ c
D vssQ | vpbDQ DMU DQUO | VSSQ VDD D
E vss VSsQ DQLO DML vssQ | vbpQ E
F VDDQ DQL2 DQSL DQL1 DQL3 | VvssQ F
G VSSQ DQL6 | DQSL# VDD vss VSSQ G
H | | vReFDQ | vDDQ DQL4 DQL7 DQL5 | VDDQ H
J NC Vss RASH# CcK vss NC J
K obpT VDD cAS# CK# VDD CKE K
L NC cst WE# ALO0/AP zQ NC L
M vss BAO BA2 A15 | VREFCA | vss M
N VDD A3 A0 A12/BC# | BAL VDD N
P vss A5 A2 Al A4 Vss P
R VDD A7 A9 ALl A6 VDD R
T vss | RESET# | A3 Al4 A8 Vss T
1 2 3 lals]s] 7 8 9

Notel.
Green NC balls indicate mechanical support balls with no internal connection
Any of the support ball locations may or may not be populated with a ball
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H5TQ(S)5163MFR
1.3 ROW AND COLUMN ADDRESS TABLE
512Mb
Configuration 32Mb x 16
# of Banks 8
Bank Address BAO - BA2
Auto precharge A10/AP
BL switch on the fly A12/BC#
Row Address A0 - A1l
Column Address A0 - A9
Page size 1 2 KB

Notel : 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 bank, calculated as follows:

page size = 2 COLBITS x ORG + 8

where COLBITS = the number of column address bits, ORG = the number of 1/0 (DQ) bits
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H5TQ(S)5163MFR

1.4 Pin Functional Description

Input / output 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 (row Active in any bank).

CKE is asynchronous for Self-Refresh exit. After VREFCA and VREFDQ 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 and CKE are disabled during power-down.
Input buffers, excluding CKE, are disabled during Self-Refresh.

CS#

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.

OoDT

Input

On Die Termination: ODT (registered HIGH) enables termination resistance internal to the
DDR3 SDRAM. When enabled, ODT is only applied to each DQ, DQS, DQS# and DM/TDQS,
NU/TDQS# (When TDQS is enabled via Mode Register A11=1 in MR1) signal for x4/x8
configurations. For x16 configuration ODT is applied to each DQ, DQSU, DQSU#, DQSL,
DQSL#, DMU, and DML signal.

The ODT pin will be ignored if MR1 is programmed to disable ODT.

RAS#.
CAS#. WE#

Input

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

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. For x8 device, the function of DM or TDQS/TDQS# is enabled by Mode Register
Al1l setting in MR1.

BAO - BA2

Input

Bank Address Inputs: BAO - BA2 define to which bank an Active, Read, Write or Precharge
command is being applied. Bank address also determines if the mode register or extended
mode register is to be accessed during a MRS cycle.

AO - A15

Input

Address Inputs: Provide 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.
(A10/AP and A12/BC# have additional functions, see below).

The address inputs also provide the op-code during Mode Register Set commands.

Al10/ AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to determine whether
Autoprecharge should be performed to the accessed bank after the Read/Write operation.
(HIGH: Autoprecharge; LOW: no Autoprecharge).A10 is sampled during a Precharge
command to determine whether the Precharge applies to one bank (A10 LOW) or all banks
(A10 HIGH). If only one bank is to be precharged, the bank is selected by bank addresses.

Al12 / BC#

Input

Burst Chop: A12 / 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 for details.

RESET#

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 at 80% and 20% of Vpp, i.e. 1.20V
for DC high and 0.30V for DC low.
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Symbol Type Function
DQ Input / Data Input/ Output: Bi-directional data bus
Output P put: '
DQU, DOL Data Strobe: output with read data, input with write data. Edge-aligned with read data,
DQS ’DQS#,E centered in write data. For the x16, DQSL corresponds to the data on DQLO-DQL7; DQSU
D,QSU " | Input/ |corresponds to the data on DQUO-DQU7. The data strobe DQS, DQSL, and DQSU are paired
DQSU # Output |with differential signals DQS#, DQSL#, and DQSU#, respectively, to provide differential pair
DQSL. DOSL# signaling to the system during reads and writes. DDR3 SDRAM supports differential data

strobe only and does not support single-ended.

Termination Data Strobe: TDQS/TDQS# is applicable for x8 DRAMs only. When enabled via
Mode Register A11 = 1 in MR1, the DRAM will enable the same termination resistance
TDQS, TDQS# | Output |function on TDQS/TDQS# that is applied to DQS/DQS#. When disabled via mode register A11
= 0in MR1, DM/TDQS will provide the data mask function and TDQS# is not used. x4/x16
DRAMs must disable the TDQS function via mode register A11 = 0 in MR1.

NC No Connect: No internal electrical connection is present.
Vbbo Supply |DQ Power Supply: 1.5V +/- 0.075 V

Vsso Supply |DQ Ground

Vop Supply |Power Supply: 1.5V +/- 0.075 V

Vsg Supply |Ground
VREFDQ Supply |Reference voltage for DQ
VREECA Supply |Reference voltage

ZQ Supply |Reference Pin for ZQ calibration

Note:
Input only pins (BA0O-BA2, A0-A15, RAS#, CAS#, WE#, CS#, CKE, ODT, DM, and RESET#) do not supply termination.
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1.5 Programming the Mode Registers

For application flexibility, various functions, features and modes are programmable in four Mode Registers,
provided by the DDR3 SDRAM, as user defined variables and they must be programmed via a Mode Register
Set (MRS) command. As the default values of the Mode Registers (MR#) are not defined, contents of Mode
Registers must be fully initialized and/or re-initialized, i.e. written, after power-up and/or reset for proper oper-
ation. Also the contents of the Mode Registers can be altered by re-executing the MRS command during nor-
mal operation. When programming the mode registers, even if the user chooses to modify only a sub-set of
the MRS fields, all address fields within the accessed mode register must be redefined when the MRS com-
mand is issued. MRS command and DLL Reset do not affect array contents, which means these commands
can be executed any time after power-up without affecting the array contents.

The mode register set command cylce time, tMRD is required to complete the write operation to the mode
regsiter and is the minimum time required between two MRS commands shown in Figure 4.

ADDR '
«wl/ \/ J J \J \J \U

Figure 4. tMRD Timing

The MRS command to Non-MRS command delay, tMOD, is required for the DRAM to update the features,
except DLI reset, adn is the minimum time required from an MRS command to a non-MRS command exclud-
ing NOP and DES shown in Figure 5.

T T1 T2
CK#t = = ;= ;=
CK -/ - —
CMD MRS NOP NOP
P tMOD
)
ADDR 'm
w |/ |\ S T/ A 4 (X
< OLD Setting Updating Setting NEW Setting>

Figure 5. tMOD Timing

The mode register contents can be changed using the same command and timing requirements during nor-
mal operation as long as the DRAM is idle state, i.e. all banks are in the precharged state with tRP satisfied,
all data bursts are completed and CKE is high prior to writing into the mode register. The mode registers are
divided into various fields depending on the functionality and/or modes.
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1.6 DDR3 SDRAM Mode Register (MRO)

H5TQ(S)5163MFR

The mode register stores the data for controlling the various operating modes of DDR3 SDRAM. It controls
burst length, read burst type, CAS latency, test mode, DLL reset, WR and DLL control for precharge Power-
Down, which include various vendor specific options to make DDR3 SDRAM useful for various applications.
The mode register is written by asserting low on CS#, RAS#, CAS#, WE#, BAO, BA1, and BA2, while control-
ling the states of address pins according to Figure 6.

| BA2| BA1 | BAo |A1s~A13| Az[an [ Ao| Ao | As| A7 | As | As | Ae| As| A2 | A1 | Ao Address Field

L]

NI

[0T] o] o [ ot [PPD WR [DLL] T™M| CAslatency | RBT[ CL| BL | Mode Register 0
: =
A8 DLL Reset A7 mode A3| Read Burst Type| Burst Length
0 No 0 Normal 0 Sequential A2 | A1| AO
Yes Test Interleave 0 0 8 (Fixed)
0 1 [BC4 of 8(on the fly)
v 1 0 BC4 (Fixed)
A12 DLL Control for 1 1 Reserved
Precharge PD v i
0 Slow exit (DLL off) Write recovery for autoprecharge CAS Latency
Fast exit (DLL on) All| A10| A9| WR(cycles) A6 | A5 | A4 | A2 Latency
v 0 0 0 Reserved 0 0 0 0 Reserved
BAL| BAO MR Select 0 S 52 © |0 |1 ]0 >
o o VIRO 0 1 0 62 0 1 0 0 6
0 1 MR1 0 1 1 72 0 ! ! 0 !
1 o VR2 1 . . 2 1 0 0 0 8
1 1 MR3 1 0 1 10%2 : ° . . :
1 1 0 0 10
1 1 0 12" L 1 1 o | 1L (Optional for
1 1 1 Reserved DDR3-1600)

*1 : BA2 and A13~A15 are RFU and must be programmed to 0 during MRS.

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

Figure 6. DDR3 SDRAM mode register set (MRO0)

Rev. 1.0 /7 Oct 2008
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1.6.1 Burst Length, Type and Order

Accesses within a given burst may be programmed to suquential or interleaved order. The burst type is selected via bit A3
as shown in Figure 6. The ordering of accesses within a burst is determined by the burst length, burst type, and the start-
ing column address as shown in Table 1. The burst length is defined by bits AO-Al. Burst length options include fixed
BC4, fixed BL8, and ‘on the fly’ which allows BC4 or BL8 to be selected coincident with the registration of a Read or Write
command via A12/BC#.

Table 1. Burst Type and Burst Order

Starting _ . _
Burst READ/ Column burst tyzszc—in?;(;uentlal burst ty(zic;g;a)rleaved Notes
Length | WRITE ADDRESS S A
(A2,A1,A0) - -
4 READ 000 0,1,23TTTT 0,1,23TTTT 123
Chop 001 1,230 TTTT 1,032 TTTT 1,23
010 2,3,0,L, TTTT 2,3,0,L, TTTT 1,2,3
011 3,00L,2,TTTT 3,2,L0,TTTT 1,2,3
100 4,56, 7, TTTT 4,56,7,TTTT 1,2,3
101 56,7,4TTTT 54,76, TTTT 1,2,3
110 6,7,4,5TTTT 6,7,45TTTT 1,2,3
111 7,456 TTTT 7,654 TTTT 1,2,3
WRITE (VAVAY) 0,123 X, X, X, X 0,1,2,3 XXX, X 1,2,4,5
VAV 4,5,6,7, X X, X, X 4,5,6,7, X X, X, X 1,2,4,5
8 READ 000 0,1,23,4,56,7 0,1,2,3,45,6,7 2
001 1,2,3,05,6,7,4 1,0,3,2,5,4,7,6 2
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 2
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 2
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 2
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2 2
110 6,4,52,30,1 6,4,52,30,1 2
111 7,4,5,6,3,0,1,2 7,6,5/4,3,2,1,0 2
WRITE V,V,V 0,1,23,4,5,6,7 0,1,2,34,56,7 2,4
Notes:
1. In case of burst length being fixed to 4 by MRO setting, the internal write operation starts two clock
cycles earlier than for the BL8 mode. This means that the starting point for tWR and tWTR will be pulled
in by two clocks. In case of burst length being selected on-the-fly via A12/BC#, the internal write opera-
tion starts at the same point in time like a burst of 8 write operation. This means that during on-the-fly|
control, the starting point for tWR and tWTR will not be pulled in by two clocks.
2. 0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a burst.
3. T: Ouput driver ofr data and strobes are in high impedance.
4. V: avalid logic level (0 or 1), but respective buffer input ignores level on input pins.
5. X: Don't Care.
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1.6.2 CAS Latency

The CAS Latency is defined by MRO (bits A9-A11) as shown in Figure 6. CAS Latency is the delay, is clock cycles,
between the internal Read command and the availability of the first bit of output data. DDR3 SDRAM does not support
any half clock latencies. The overall Read Latency (RL) is defined as Additive Latency (AL) + CAS latency (CL); RL = AL
+ CL. For more information on the supported CL and AL settings based on the operating clock frequency, refer to “Stan-
dard Speed Bins” on page 62. For detailed Read operation refer to READ Operation on page 24.

1.6.3 Test Mode

The normal operating mode is selected by MRO (bit A7 = 0) and all other bits set to the desired values shown in Figure 6.
Programming bit A7 to a ‘1’ places the DDR3 SDRAM into a test mode that is only used by the DRAM manufacturer and
should not be used. No operations or functionality is specified if A7 = 1.

1.6.4 DLL Reset

The DLL Reset bit is self-clearing, meaning it returns back to the value of ‘0’ 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, tDLLK
must be met before any functions that require the DLL can be used (i.e. Read commands or ODT synchronous opera-
tions.).

1.6.5 Write Recovery

The Programmed WR value MRO (bits A9, A10, and Al1) is used for the auto precharge feature along with tRP to deter-
mine tDAL WR(write recovery for auto-precharge)min in clock cycles is calculated by dividing tWR(in ns) by tCK(in ns)
and rounding up to the next integer: WRmin[cycles] = Roundup(tWR[ns]/tCK[ns]). The WR must be programmed to be
equal or larger than tWR(min).

1.6.6 Precharge PD DLL

MRO (bit A12) is used to select the DLL usage during precharge power-down mode. When MRO (A12 = 0), or ‘slow-exit’,
the DLL is frozen after entering precharge power-down (for potential power savings) and upon exit requires tXPDLL to be
met prior to the next valid command. When MRO (A12 = 1), or ‘fast-exit’, the DLL is maintained after entering precharge

power-down requires tXP to be met prior to the next vaild command.
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1.7 DDR3 SDRAM Mode Register (MR1)

The Mode Register MR1 stores the data for enabling of disabling the DLL, output driver strength, Rtt._ Nom
impedance, additive latency, Write leveling enable, TDQS enable and Qoff. The Mode Register 1 is written by
asserting low on CS#, RAS#, CAS#, WE#, high on BAO and low on BA1 and BA2, while controlling the states
of address pins according to Figure 7.

|BA2|BA1|BAO|A15~A13| A12| An | A0 | A9 | As | A7 | As | As | As | A3 | A2 | A1 | Ao |Address Field

Vol

[0 o] 1] 0! [Qoff[TDQS] 0+ [runom[ o+ | Level[renom DIC] AL [riNom[ D.LC [DLL | Mode Register 1
]

All TDQS enable
. A9| A6| A2 Rtt_Nom™3
0 Disabled = Ao | DLL Enable
1 Enabled 0 0|0 Rtt_Nom disabled
Enable
0 0 1 RzQ/4 -
Disable
v 0 1 0 RzQ/2
- - 0 1 1 RzQ/6
A7 Write leveling enable "
Disabled t]0)0@ RzQ/12™
1 Enabled 1 0 1 RZQ/S*4
1 1 1]0 Reserved
Y 1 1 1 Reserved
Note: RZQ = 240Q
A4 | A3 | Additive Latency
. *3: In Write leveling Mode (MR1[bit7]=1) with
0 0 0 (AL disabled) MR1[bit12]=1, all RTT_Nom settings are allowed; in
0 1 CL-1 Write  Leveling Mode  (MR1[bit7]=1)  with
MR1[bit12]=0, only RTT_Nom settings of RZQ/2,
1 0 CL-2 RZQ4 and RZQ/6 are allowed.
*4: If RTT_Nomm is used during Writes, only the val-
1 1 Reserved ues RZQ/2,RZQ/4 and RZQ/6 are allowed.
AR Qoff *2 \J
0 Output buffer enabled A5 Al| Output Driver Impedence Control
1 Output buffer disabled™ o] o0 Reserved for RZQ/6
*2: Outputs disabled - DQs, DQSs, DQS#s. 0 1 RZQ/7
1 0 RzQ/TBD
BA1l| BAO MR Select 111 RZQ/TBD
0 0 MRO Note: RZQ= 240Q
0 1 MR1
1 0 MR2
> 1 1 MR3

*1 : BA2 and A8, A10, and A13~A15 are RFU and must be programmed to 0 during MRS.

Figure 7. MR1 Definition
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1.7.1 DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable is required during power up initialization, and upon returning
to normal operation after having the DLL disabled. During normal operation (DLL-on) with MR1 (A0=0), the DLL is auto-
matically disabled when entering Self-Refresh operation. Any time the DLL is enabled and subsequently reset, tDLLK
clock cycles must occur before a Read or synchronous ODT command can be issued to allow time for the internal clock to
be synchronized with the external clock. Falling to wait for synchronization to occur may resulf in a violation of the
tDQSCK, tAON or tAOF parameters. During tDLLK, CKE must continuously be registered high. DDR3 SDRAM does not
require DLL for any Write operation, except when RTT_WR is enable and the DLL is required for proper ODT operation.
For more detailed information on DLL Disable operation refer to “DLL-off Mode” on page 37.

1.7.2 Output Driver Impedance Control
The output driver impedance of the DDR3 SDRAM device is selected by MR1 (bits A1 and A5) as shown in Figure 7.

1.7.3 ODT Rtt Values

DDR3 SDRAM is capable of providing two different termination values (Rtt_Nom and Rtt_ WR). The nominal termination
value Rtt_Nom is programmed in MR1. A seperate value (Rtt_WR) may be programmed in MR2 to enable a unique RTT
value when ODT is enabled during writes. The Rtt_WR value can be applied during writes even when Rtt_Nom is dis-
abled.

1.7.4 Additive Latency (AL)

Additive Latency (AL) operation is supported to make command and data bus efficient for sustainable bandwidths in
DDR3 SDRAM. In this operation, the DDR3 SDRAM allows a read or write command (either with or without auto-pre-
charge) to be issued immediately after the active command. The command is held for the time of the Additive Latency
(AL) before it is issued inside the device. The Read Latency (RL) is controlled by the sum of the AL and CAS Latency (CL)
register settings. Write Latency (WL) is controlled by the sum of the AL and CAS Write Latency (CWL) register settings. A
summary of the AL register options are shown in Table.

Table 2. Additive Latency (AL) Settings

A2 Al AL

0 0 0 (AL Disabled)
0 1 CL-1

1 0 CL-2

1 1 Reserved

Note: AL has a value of CL - 1 or CL - 2 as per the CL values programmed in
the MRO register

1.7.5 Write leveling

For better signal integrity, DDR3 memory module adopted fly-by topology for the commands, addresses, control signals
and clocks. The fly-by topology has benefits from reducing number of stubs and their length but in other aspect, causes
flight time skew between clock and strobe at every DRAM on DIMM. It makes it difficult for the Controller to maintain
tDQSS, tDSS and tDSH specification. Therefore, the DDR3 SDRAM supports a ‘write leveling’ feature to allow the con-
troller to compensate for skew.

1.7.6 Output Disable

The DDR3 SDRAM oupputs may be enabled/disabled by MR1 (bit A12) as shown in Figure 7. When this feature is
enabled (A12=1), all output pins (DQs, DQS, DQS#, etc.) are disconnected from the device removing any loading of the
output drivers. This feature may be useful when measuring module power for example. For normal operation, A12 should
be setto ‘0.
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1.7.7 TDQS, TDQS#

TDQS (Termination Data Strobe) is a feature of X8 DDR3 SDRAM that provides additional termination resistance outputs
that may be useful in some system configurations.

TDQS is not supported in X4 or X16 configurations. When enabled via the mode register, the same termination resistance
function is applied to the TDQS/TDQS# pins that is applied to the DQS/DQS# pins.

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

The TDQS and DM functions share the same pin. When the TDQS function is enabled via the mode register, the DM
function is not supported. When the TDQS function is disabled, the DM function is provided and the TDQS# pin is not
used. See Table 5 for details.

The TDQS function is available in X8 DDR3 SDRAM only and must be disabled via the mode register A11=0 in MR1 for
X4 and X16 configurations.

Tabel 3. TDQS, TDQS# Function Matrix

MR1 (A11) DM/TDQS NU/TDQS
0(TDQS Disabled) DM Hi-z
1(TDQS Enabled) TDQS TDQSH#

Notes:

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

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

3. TDQS function is only available for X8 DRAM and must be disabled for X4 and X16.
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1.8 DDR3 SDRAM Mode Register (MR2)

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

MR2 Programming:

[ BAJBA1[BAO [A1s-A13 | A2 [ A [ Ao [ As [ As | A7 [ A [ As [ A [ As [ A2 [ A1 [ Ao |AddressField

! N

| o*ll 110 | oL | Rtt WR | ol | SRT | ASR | CWL | PASR | Mode Register 2
I
\d
Self-Refresh Temperature
A (SRT) Range A
. 9 A2l Al AO0| Partial Array Self Refresh for 8 banks
0 Normal operglnnggetemperature 0 o 0 Full Array
- - 0 0 1 Half Array (BA[2:0]=000,001,010&011)
Extended (optional) operating
1 temperature range 0 1 0 Quarter Array (BA[2:0]=000&001)
0 1 1 1/8th Array (BA[2:0]=000)
v 1 0 0 | 3/4 Array (BA[2:0]=010,011,100,101,110&111)
A6 Auto-Self-Refresh (ASR) 1 0 1 Half Array (BA[2:0]=100,101,110&111)
0 | Manual SR Reference (SRT) 1 1 0 Quarter Array (BA[2:0]=110&111)
ASR enable (Optional) 1 1 1 1/8th Array (BA[2:0]=111)
\d
A10 A9 Rtt WR*2 v
- - A5 A4 A3 CAS wirte Latency (CWL)
0 0 Dynamic ODT off(Write does
not affect Rtt value) 0| 0] 0 5 (tCK(avg) = 2.5ns)
RZQ/4 0 0 1 6 (2.5ns>tCK(avg = 1.875ns)
0 RZQ/2 0 1 0 7 (1.875ns = tCK(avg) = 1.5ns)
1 1 Reserved 0 1 1 8 (1.5ns = tCK(avg) = 1.25ns)
1 0 0 Reserved
v 1 0 1 Reserved
BAL| BAO| MR mode I Reserved
0 0 MRO 1 1 1 Reserved
0 1 MR1
1 0 MR2
1 1 MR3

*1: BA2, A5, A8, A11~A15 are RFU and must be programmed to 0 during MRS.
*2 : The Rtt_WR value can be applied during wirtes even when Rtt_Nom is disabled. During write leveling, Dynamic ODT is not available.

Figure 8. MR2 Definition
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1.8.1 Partial Array Self-Refresh (PASR)

Optional in DDR3 SDRAM: Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to detemine if
DDR3 SDRAM devices support the following options or requirements referred to in this material. If PASR (Partial Array
Self-Refresh) is enabled, data located in areas of the array beyond the specified address range shown in Figure 8 wil be
maintains if tREFI conditions are met and no Self-Refresh command is issued.

1.8.2 CAS Write Latency (CWL)

The CAS Write Latency is defined by MR2 (bits A3-A5), as shown in Figure. CAS Write Latency is the delay, in clock
cycles, between the internal Write command and the availability of the first bit of input data. DDR3 SDRAM does not sup-
port any half clock latencies. The overall Write Latency (WL) is defined as Additive Latency (AL) + CAS Write Latency
(CWL); WL = AL + CWL.

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

Optional in DDR3 SDRAM: Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determaine if
DDR3 SDRAM devices support the following options or requirements referred to in this material. DDR3 SDRAM’s must
support Self-Refresh operation at all supported temperatures. Applications requiring Self-Refresh operation in the
Extended Temperature Range must use the optional ASR function or program the SRT bit appropriately.

1.8.4 Dynamic ODT (Rtt_WR)

DDR3 SDRAM introduces a new feature “Dynamic ODT". In certain application cases and to further enhance signal integ-
rity on the data bus, it is desirable that the termination strength of the DDR3 SDRAM can be changed without issuing an
MRS command. MR2 Register locations A9 and A10 configure the Dynamic ODT setings. In Write leveling mode, only
RTT_Nom is available.
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1.9 DDR3 SDRAM Mode Register (MR3)

The Mode Register MR3 controls Multi purpose registers. The Mode Register 3 is written by asserting low on

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

MR3 Programming:

| BAZBAL|BA0 [A1s-A13 [ A2 | Au | Ao [ A9 [ As | A7 [ As [ As [ Ae [ As | A2 | At | Ao | AddressField

Vb v by b

(o 1] 1] ol | MPR | MPRLoc | Mode Register 3
MPR gperation MPR Address
A2 MPR*2 Al | AO MPR location
0 Normal operation*3 0 0 Predefined pattern*2
1 Dataflow from MPR 0 1 RFU
1 0 RFU
v 1 1 RFU
BAl1l| BAO MR Select
0 0 MRO
0 1 MR1
1 0 MR2
1 1 MR3

*1 : BA2, A3-A15 are RFU and must be programmed to 0 during MRS.
*2 : The predefined pattern will be used for read synchronization.
*3 : When MPR control is set for normal operation (MR3 A[2]=0) then MR3 A[1:0] will be ignored.

Figure 9. MR3 Definition

1.9.1 Multi-Purpose Register (MPR)

The Multi Purpose Register(MPR) function is used to Read out a predefined system timing calibration bit sequence. To
enable the MPR, a MODE Register Set(MRS) command must be issued to MR3 Register with bit A2=1. Prior to issuing
the MRS command, all banks must be in the idle state (all banks precharged and tRP met). Once the MPR is enabled,
any subsequent RD or RDA commands will be redirected to the Multi Purpose Register. When the MPR is enabled, only
RD ro RDA commands are allowed until a subsequent MRS command is issued with the MPR disabled(MR3 bit A2=0).
Power-Down mode, Self-Refresh, and any other non-RD/RDA command is not allowed during MPR enable mode. The
RESET function is supported during MPR enable mode.
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2.10 Multi Purpose Register

The Multi Purpose Register(MPR) function is used to Read out a predefined system timing calibration bit
sequence. The basic concept of the MPR is shown in Figure 13.

Memory Core
(all banks precharged)

N

MR3[A2]

Multi purpose register
Pre-defined data for Reads

NS

DQ, DM, DQS, DQS#

Figure 13. MPR Block Diagram

The enable the MPR, a MODE Register Set(MRS) command must be issued to MR3 Register with bit A2=1,
as shown in Table 10. Prior to issuing the MRS command, all banks must be in the idle in the idle state (all
banks precharged and tRP met). Once the MPR is enabled, any subsequent RD or RDA commands will be
redirected to the Multi Purpose Register. The resulting operation when a RD or RDA command is issued is
defined by MR3 bits A[1:0] when the MPR is enabled as shown in Table 11. When the MPR is enabled, only
RD or RDA commands are allowed until a subsequent MRS command is issued with the MPR disabled(MR3
bit A2=0). Note that in MPR mode RDA has the same functionality as a READ command which means the
auto precharge part of RDA is ignored. Power-Down mode, Self-Refresh, and any other non-RD/RDA com-
mand is not allowed during MPR enable mode. The RESET function is supported during MPR enable mode.

Table 10. MPR MR3 Register Definition

MR3 A[2] MR3 A[1:0] Function
MPR MPR-Loc
don't care Normal operation, no MPR transaction.
Ob (0b or 1b) All subsequent Reads will come from DRAM array.
All subsequent Write will go to DRAM array.
1b See Enable MPR mode, subsequent RD/RDA commands defined by MR3
Table 11 A[1:0]
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2.10.1 MPR Functional Description

« One bit wide logical interface via all DQ pins during READ operation.
* Register Read on x4:

* DQIO0] drives information from MPR.

* DQ[3:1] either drive the same information as DQJO0], or they drive Ob.

¢ Register Read on x8:

¢ DQIOQ] drives information from MPR.

¢ DQ[7:1] either drive the same information as DQJO0], or they drive Ob.

* Register Read on x16:

* DQL[0] and DQUIQ] drive information from MPR.

e DQL[7:1] and DQUIJ7:1] either drive the same information as DQJO0], or they drive 0b.

¢ Addressing during for Multi Purpose Register reads for all MPR agents:

e BA[2:0]: don't care

e AJ1:0]: A[1:0] must be equal to ‘00’b.Data read burst order in nibble is fixed.

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

e A[9:3]: don't care

e A1O0/AP: don't care

¢ A12/BC: Selects burst chop mode on-the-fly, if enabled within MRO.

e Al1,A13,...(if available): don't care

¢ Regular interface functionality during register reads:

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

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

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

¢ Regular read latencies and AC timings apply.

e DLL must be locked prior to MPR Reads.

Note: * Burst order bit O is assigned to LSB and burst order bit 7 is assigned to MSB of the
selected MPR agent.
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2.10.2 MPR Register Address Definition

Table 11 provides an overview of the available data locations, how they are addressed by MR3 A[1:0] during
a MRS to MR3, and how their individual bits are mapped into the burst order bits during a Multi Purpose Reg-
ister Read.

Table 11. MPR MR3 Register Definition

"XI[F;? XI[FLSO] Function E;Jrzztth Eggfess Burst Order and Data Pattern
A[2:0]
N R P defioed bata Panem .00.0.0.1,0.1]
1b 00b Pa?tzmﬂi; S.ey?tim BC4 000b Pre-de]ligrlljerztggtj: rP%&Fﬁ ’?0,1,0,1]
Callbration Burst order 4,5,6,7
BC4 100b Pre-defined Data Pa;tt;n’[o,l,o,l]
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 01b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 10b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7
BL8 000b Burst order 0,1,2,3,4,5,6,7
1b 11b RFU BC4 000b Burst order 0,1,2,3
BC4 100b Burst order 4,5,6,7
Note: Burst order bit O is assigned to LSB and the burst order bit 7 is assigned to MSB of
the selected MPR agent.

2.10.3 Relevant Timing Parameters

The following AC timing parameters are important for operating the Multi Purpose Register: tRP,tMRD, tMOD,
and tMPRR. For more details refer to “Electrical Characteristics&AC Timing for DDR3-800 to DDR3-1600".

2.10.4 Protocol Example
Protocol Example(This is one example):
Read out predetermined read-calibration pattern.

Description: Multiple reads from Multi Purpose Register, in order to do system level read timing calibration
based on predetermined and standardized pattern.

Protocol Steps:
e Precharge All.
* Wait until tRP is satisfied.
* MRS MRS, Opcode “A2=1b" and “A[1:0]=00b"
» Redirect all subsequent reads into the Multi Purpose Register, and load Pre-defined pattern into
MPR.
» Wait until tMRD and tMOD are satisfied (Multi Purpose Register is then ready to be read). During the
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e period MR3 A2=1, no data write operation is allowed.
* Read:
¢ A[1:0]='00'b (Data burst order is fixed starting at nibble, always 00b here)
¢ A[2]='0'b (For BL=8, burst order is fixed as 0,1,2,3,4,5,6,7)
e A12/BC=1 (use regular burst length of 8)
 All other address pins (including BA[2:0] and A10/AP): don'’t care
¢ After RL=AL+CL, DRAM bursts out the predefined Read Calibration Pattern.
* Memory controller repeats these calibration reads until read data capture at memory controller is opti-
mized.
» After end of last MPR read burst, wait until tMPRR is satisfied.
« MRS MR3, Opcode “A2=0b" and “A[1:0]=valid data but value are don’t care”
< All subsequent read and write accesses will be regular reads and writes from/to the DRAM array.
¢ Wait until tMRD and tMOD are satisfied.
« Continue with “regular” DRAM commands, like activate a memory bank for regular read or write access,...

T0 Ta Tho Thl Tco Tel Te2 Tc3 Tca Tcs Tc6 Ter Tc8 Tco Td
CK# —~ — lr — Vi
oK - - -/ -
t tMpD
» »
=) > Ladl
CcMD PREA MRS READ NOP
*1
BA 3 VALID
A[1:0] 0 0
*2
*2
A10, D@d VALID
AP
sug [ )@{
AL2, VALID
BCH#
13]
DQS, I
DQS#
DQ
NOTES: .
1. RD with BL8 either by MRS or OTF. “ TIME BREAK DON’T CARE

2. Memory Controller must drive 0 on A[2:0].

Figure 14. MPR Readout of predefined pattern, BL8 fixed burst order, single readout
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oo XS )
MO

A[1:0]

Al2]

A[9:3]

A10,
AP

A[11]

Al2,
BC#

A[15:
13]

0080008

00000000

DQs,

VALID

VALID

VALID

VALID

*1

VALID

H5TQ(S)5163

MFR

Td

VALID,

oy

VALID,

VALID,

VALID,

IR

RL

DQS#

DQ

NOTES:

1. RD with BL8 either by MRS or OTF.

e

2. Memory Controller must drive 0 on A[2:0].

SS TIME BREAK l:’ DON’T CARE

Figure 15. MPR Readout of predefined pattern, BL8 fixed burst order, back-to-back readout
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TO
CK#

CK

CMD

=

BA

A[1:0]

Al2]

VALID VALID

A[9:3]

108 00108

000008000

A10, VALID VALID |
) Nl HE [
ALL1] VALID VALID |
AL2, VALID VALID |
BC#
Al15: VALID VALID |
13]
RL
»)
DQs, I‘ ==\
DQSH#

-

NOTES: »
1. RD with BL8 either by MRS or OTF. SS TIME BREAK |:| DON'T CARE

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

A[1:0]

Al2]

A[9:3]

A1l0,
AP

A[11]

Al2,
BC#

A[15:
13]

J 008 0018

00000000

RL

DQS,
DQS#

d-

Pt SS TIME BREAK ¥
1. RD with BL8 either by MRS or OTF. DON'T CARE

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

Figure 17. MPR Readout of predefined pattern, BC4, upper nibble then lower readout
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2. Command Description

2.1 Command Truth Table
(a) note 1,2,3,4 apply to the entire Command Truth Table

(b) Note 5 applies to all Read/Write command
[BA=Bank Address, RA=Row Address, CA=Column Address, BC#=Burst Chop, X=Don’t Care, V=Valid]

CKE
AO-
f Abbrev . CS | RAS | CAS | WE | BAO- |A13-| Al12- | A10-
Function i Previ | Curre 4 # 4 # | BA3 | A15 | BC# | AP A9, | Notes
ous nt All
Cycle | Cycle
Mode Register Set MRS H H L L L L BA OP Code
Refresh REF H H L L L H Y, \Y, Y, Vv Y,
Self Refresh Entry SRE H L L L L H \% \% \% \% vV 17912
. H \ \ \ 7,8,9,1
Self Refresh Exit SRX L H \% \ \% \% \% T
L H | H|H 2
Single Bank Precharge PRE H H L L H L BA \% \% L \%
Precharge all Banks PREA H H L L H L \% \% \% H \%
Bank Activate ACT H H L L H H BA Row Address (RA)
Write (Fixed BL8 or BC4) | WR H H L H L L BA |RFU| V L CA
Write (BC4, on the Fly) | WRS4 H H L H L L BA |RFU| L L CA
Write (BL8, on the Fly) | WRS8 H H L H L L BA |RFU| H L CA
Write with Auto
Precharge (Fixed BL8 or | WRA H H L H L L BA |RFU| V H CA
BC4)
Write with Auto WRAS
Precharge (BC4, on the 4 H H L H L L BA |RFU| L H CA
Fly)
Write with Auto WRAS
Precharge (BL8, on the 8 H H L H L L BA |RFU| H H CA
Fly)
Read (Fixed BL8 or BC4)| RD H H L H L H BA |RFU| V L CA
Read (BC4, on the Fly) | RDS4 H H L H L H BA |RFU| L L CA
Read (BL8, on the Fly) | RDS8 H H L H L H BA |RFU| H L CA
Read with Auto
Precharge (Fixed BL8 or | RDA H H L H L H BA |RFU| V H CA
BC4)
Read with Auto
Precharge (BC4, on the | RDAS4 H H L H L H BA |RFU| L H CA
Fly)
Read with Auto
Precharge (BL8, on the | RDAS8 H H L H L H BA |RFU| H H CA
Fly)
No Operation NOP H H L H H H \% \% \% \% \% 10
Device Deselected DES H H H X X X X X X X X 11
L H H H
Power Down Entry PDE H L \% \% \% \% \% 6,12
H \% \Y \Y,
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CKE
AO-
f Abbrev 3 CS | RAS | CAS | WE | BAO- |A13-| A12- | A10-
Function i Previ | Curre 4 # 4 # | BA3 | A15 | BC# | AP A9, | Notes
ous nt All
Cycle | Cycle
. L H H H
Power Down Exit PDX L H \Y \Y \Y \Y Vv 6,12
H Vv \% \%
ZQ Calibration Long ZQCL H H L H H L X X X X
ZQ Calibration Short ZQCs H H L H H L X X X L X

Notes:

1. All DDR3 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.

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

3. 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 operation.

~N o o b~

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

8. Self Refresh Exit is asynchronous.

9. VREF(Both VrefDQ and VrefCA) must be maintained during Self Refresh operation.

10. The No Operation command should be used in cases when the DDR3 SDRAM is in an idle or wait state. The purpose
of the No Operation command (NOP) is to prevent the DDR3 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 No Operation command.

12. Refer to the CKE Truth Table for more detail with CKE transition.
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2.2 CKE Truth Table
a) Notes 1-7 apply to the entire CKE Truth Table.
b) CKE low is allowed only if tMRD and tMOD are satisfied.
CKE
, Command (N)3
Current State? Prewmis Currenlt RAS#, CASH#, Action (N)3 Notes
Cycle Cycle WE#, CS#
(N-1) (N)
L L X Maintain Power-Down 14, 15
Power-Down -
L H DESELECT or NOP Power-Down Exit 11,14
L L X Maintain Self-Refresh 15,16
Self-Refresh -
L H DESELECT or NOP Self-Refresh Exit 8,12,16
Bank(s) Active H L DESELECT or NOP Active Power-Down Entry 11,13,14
Reading H L DESELECT or NOP Power-Down Entry 11,13,14,17
Writing H L DESELECT or NOP Power-Down Entry 11,13,14,17
Precharging H L DESELECT or NOP Power-Down Entry 11,13,14,17
Refreshing H L DESELECT or NOP Precharge Power-Down Entry 11
H L DESELECT or NOP Precharge Power-Down Entry 11,13,14,18
All Banks Idle
H L REFRESH Self-Refresh 9,13,18
For more details with all signals See “2.1 Command Truth Table” on page 27.. 10

Notes:

1. CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.
2. Current state is defined as the state of the DDR3 SDRAM immediately prior to clock edge N.
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. tCKEmin of [TBD] clocks means CKE must be registered on [TBD] consecutive positive clock edges. CKE must remain
at the valid input level the entire time it takes to achieve the [TBD] clocks of registration. Thus, after any CKE
transition, CKE may not transition from its valid level during the time period of tIS + [TBD] + tIH.

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

8. On Self-Refresh Exit DESELECT or NOP commands must be issued on every clock edge occurring during the tXS
period. Read or ODT commands may be issued only after tXSDLL is satisfied.

9. Self-Refresh mode can only be entered from the All Banks Idle state.
10. Must be a legal command as defined in the Command Truth Table.

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

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

13. Self-Refresh can not be entered during Read or Write operations. For a detailed list of restrictions

see 8.2.1 on page 44.
14. The Power-Down does not perform any refresh operations.
15. “X” means “don’t care” (including floating around VREF) in Self-Refresh and Power-Down. It also applies to

Address pins.

16. VREF (Both Vref_DQ and Vref_CA) must be maintained during Self-Refresh operation.
17. If all banks are closed at the conclusion of the read, write or precharge command, then Precharge Power-Down
is entered, otherwise Active Power-Down is entered.
18. ‘Idle state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is high,
and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS, etc.) as well as
all Self-Refresh exit and Power-Down Exit parameters are satisfied (tXS, tXP, tXPDLL, etc).
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3. ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Rating Units Notes
VDD | voltage on VDD pin relative to Vss -04V~1975V v 1,3
VDDQ | voltage on VDDQ pin relative to Vss -04V~1975V % 1,3
VIN, VOUT | voltage on any pin relative to Vss -04V~1975V v 1
TSTG | storage Temperature -55 to +100 °c 1,2
Notes:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions 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.

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

3. VDD and VYDDQ must be within 300mV of each other at all times;and VREF must not be greater than

0.6XVDDQ,When VDD and VDDQ are less than 500mV; VREF may be equal to or less than 300mV.
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4. Operating Conditions
4.1 OPERATING TEMPERATURE CONDITION

Symbol Parameter Rating Units Notes
Operating Temperature (Tcase) 0to85 °c 1,2
TOPER
Extended Temperature Range 8510 95 °c 1,3
Notes:

1. Operating Temperature TOPER is the case surface temperature on the center / top side of the DRAM.
For measurement conditions, please refer to the JEDEC document JESD51-2.

2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be supported.
During operation, the DRAM case temperature must be maintained between 0 - 85°C under all operating conditions.

3. Some applications require operation of the DRAM in the Extended Temperature Range between 85°C and 95°C case

temperature. Full specifications are guaranteed in this range, but the following additional conditions apply:

a) Refresh commands must be doubled in frequency, therefore reducing the Refresh interval tREFI to 3.9 ps.
(This double refresh requirement may not apply for some devices.) It is also possible to specify a component with
1X refresh (tREFI to 7.8us) in the Extended Temperature Range.

b) If Self-Refresh operation is required in the Extended Temperature Range, then it is mandatory to either use
the Manual Self-Refresh mode with Extended Temperature Range capability (MR2 A6 = Ob and MR2 A7 = 1b) or
enable the optional Auto Self-Refresh mode (MR2 A6 = 1b and MR2 A7 = Ob).

4.2 RECOMMENDED DC OPERATING CONDITIONS

Rating
Symbol Parameter Units | Notes
Min. Typ. Max.
VDD Supply Voltage 1.425 1.500 1.575 \ 1,2
vDDQ Supply Voltage for Output 1.425 1.500 1.575 % 1,2

Notes:
1. Under all conditions, VDDQ must be less than or equal to VDD.
2. VDDQ tracks with VDD. AC paramaters are measured with VDD and VDDQ tied together.
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5. AC and DC Input Measurement Levels

5.1 AC and DC Logic Input Levels for Single-Ended Signals
Single Ended AC and DC Input Levels

Symbol Parameter Min Max Unit Notes
VIH(DC) |DC input logic high Vref + 0.100 TBD \% 1
VIL(DC) DC input logic low TBD Vref - 0.100 \% 1
VIH(AC) | AC input logic high Vref + 0.175 - \% 1,2
VIL(AC) AC input logic low Vref - 0.175 \% 1,2
VRedq(Dc) | Reference Voltage for DQ, DM inputs 0.49 * VDD 0.51 * VDD \% 3,4
VRefCA(DC) Reference Voltage for ADD, CMD inputs 0.49 * VDD 0.51 * VDD \Y 3,4
VTT Termination voltage for DQ, DQS outputs VDDQ/2 - TBD VDDQ/2 + TBD
Notes:

1. For DQ and DM, Vref = VrefDQ. For input any pins except RESET#, Vref = VrefCA.

2. The “t.b.d.” entries might change based on overshoot and undershoot specification.

3. The ac peak noise on Vger may not allow Vper to deviate from Veefpcy by more than +/-1% VDD
(for reference: approx. +/- 15 mV).

4. For reference: approx. VDD/2 +/- 15 mV.

The dc-tolerance limits and ac-noise limits for the reference voltages VRefCA and VRefDQ are illustrated in
below Figure. It shows a valid reference voltage VRef(t) as a function of time. (VRef stands for VRefCA and
VRefDQ likewise).

VRef(DC) is the linear average of VRef(t) over a very long period of time (e.g. 1 sec). This average has to
meet the min/max requirements in Table 1.

Furthermore VRef(t) may temporarily deviate from VRef(DC) by no more than +/- 1% VDD.

A voltage
VDD

»
«

VRef(DC)max
- VDD/2
VRef(DC)min
A
N
VSS
= 4

Illustration of Vref(DC) tolerance and Vref ac-noise limits
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5.2 AC and DC Logic Input Levels for Differential Signals

Symbol Parameter Min Max Unit Notes

VIHdiff Differential input logic high +0.200 - V 1

VILdiff Differential input logic low - 0.200 Vv 1
Notel.

Refer to “Overshoot and Undershoot Specification on page 40"

5.3 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe,
each cross point voltage of differential input signals (CK, CK# and DQS, DQS#) must meet the requirements
below table. The differential input cross point voltage VIX is measured from the actual cross point of true and
complement signals to the midlevel between of VDD and VSS.

VDD

- — — -CK#, DQS#

Vix Definition

Cross point voltage for differential input signals (CK, DQS)

Symbol Parameter Min Max Unit | Notes

Differential Input Cross Point
Vix _ - 150 150 mv
Voltage relative to VDD/2
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5.4 Slew Rate Definitions for Single Ended Input Signals

5.4.1 Input Slew Rate for Input Setup Time (tlIS) and Data Setup Time (tDS)

Setup (tIS and tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing
of VRef and the first crossing of VIH(AC)min. Setup (tIS and tDS) nominal slew rate for a falling signal is
defined as the slew rate between the last crossing of VRef and the first crossing of VIL(AC)max.

5.4.2 Input Slew Rate for Input Hold Time (tlIH) and Data Hold Time (tDH)

Hold nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(DC)max
and the first crossing of VRef. Hold (tIH and tDH) nominal slew rate for a falling signal is defined as the slew
rate between the last crossing of VIH(DC)min and the first crossing of VRef.

Single-Ended Input Slew Rate Definition

Measured ) )
Description Defined by Applicable for
Min Max
. . VIH(AC)min-Vref
Input slew rate for rising edge Vref VIH(AC)min I —
Delta TRS Setup
Vref-VIL(AC)max
Input slew rate for falling edge Vref VIL(AC)max # (US, tDS)
Delta TFS
- Vref-VIL(DC)max
Input slew rate for rising edge | VIL(DC)max Vref -
Delta TFH Hold
VIH(DC)min-Vref
Input slew rate for falling edge | VIH(DC)min Vref L (UH, tDH)
Delta TRH

Input Nominal Slew Rate Definition for Single-Ended Signals

—_—— —_—)—_—_——_——_——_——_—_ e — — — — — — — — —vsIH(AC)m in

_____ -t ——— - - - - — — ——————— — —————vIH(DC)min

vRefDQ or
vVRefCA

_______ --+~---—————-—-—"-"—--— -/ 4+ ——— — — — — — IH(DC)max

Single Ended input Voltage(DQ,ADD, CMD)

_______ -F—-————————————— - —d — — — — — — — — - |H(AC)m ax

Delta|TRH
——— A 4 — /- — — — — —H(AC)min
————— -, T ————_——_—_—_———————— —— — == —— —————vIH(DC)min
vRefDQ or
vRefCA

Part B: Hold

_____ I R —_——— - —— — — — — — — m— — — — ————-wIH(DC)m ax

Single Ended input Voltage(DQ,ADD, CMD)

______ -t+rx-———ft —— — — — — — “VIH(AC)m ax
-
Delta T[FH

Figure 82 Input Nominal Slew Rate Definition for Single-Ended Signals
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5.5 Slew Rate Definitions for Differential Input Signals
Input slew rate for differential signals (CK, CK# and DQS, DQS#) are defined and measured as shown in

Table and Figure .

Measured
Description i Max Defined by
Differential input slew rate for rising edge ViLdiffmax VIHdiffmin VIHdiffmin-VILdiffmax
(CK-CK and DQS-DQS) DeltaTRdiff
Differential input slew rate for falling edge VIHdiffmin VILdiffmax VIHdiffmin-VILdiffmax
(CK-CK and DQS-DQS) DeltaTFdiff

Note:
The differential signal (i.e. CK-CK and DQS-DQS) must be linear between these thresholds.

Differential Input Voltage (i.e. DQS-DQS; CK-CK)

— — VIHdiffmin

————— =vILdiffmax

Differential Input Slew Rate Definition for DQS, DQS# and CK, CK#
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6. AC and DC Output Measurement Levels

6.1 Single Ended AC and DC Output Levels
Table shows the output levels used for measurements of single ended signals.

Symbol Parameter 500/600/700/800MHz | Unit | Notes
VOH(DC) | DC output high measurement level (for IV curve linearity) 0.8 x VDDQ v

VOM(DC) | DC output mid measurement level (for 1V curve linearity) 0.5 x VDDQ Vv

VOL(DC) |DC output low measurement level (for IV curve linearity) 0.2 x VDDQ Vv

VOH(AC) | AC output high measurement level (for output SR) VTT + 0.1 x VDDQ v 1
VOL(AC) | AC output low measurement level (for output SR) VTT - 0.1 x VDDQ v 1

1. The swing of = 0.1 x VDDQ is based on approximately 50% of the static single ended output high or low swing with

a driver impedance of 40Q and an effective test load of 25Q to VTT = VDDQ / 2.

6.1.1 Differential AC and DC Output Levels
Below table shows the output levels used for measurements of differential signals.

500/600/
Symbol Parameter Unit | Notes
700/800MHz
VOHiff(AC) | AC differential output high measurement level (for output SR) + 0.2 x VDDQ v 1
VOLdiff(AC) | AC differential output low measurement level (for outtput SR) - 0.2 xVDDQ v 1

1. The swing of & 0.2 x VDDQ is based on approximately 50% of the static differential output high or low swing with
a driver impedance of 40Q and an effective test load of 25Q to VTT = VDDQ/2 at each of the differential outputs.

6.2 Single Ended Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and

measured between VOL(AC) and VOH(AC) for single ended signals as shown in Table and Figure.

Measured
Description Defined by
From To
VOH(AC)-VOL(AC)
Single ended output slew rate for rising edge VOL(AC) VOH(AC)
DeltaTRse
VOH(AC)-VOL(AC)
Single ended output slew rate for falling edge VOH(AC) VOL(AC)
DeltaTFse

Note:
Output slew rate is verified by design and characterization, and may not be subject to production test.
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Fig. Single Ended Output Slew Rate Definition
O
oy
[P SR — _ VOH(AC)
e N VOL(AC)
Delta TFse
Single Ended Output Slew Rate Definition
Table. Output Slew Rate (single-ended)
500MHz 600MHz 700MHz 800MHz
Parameter Symbol Units
Min | Max | Min | Max | Min | Max | Min | Max
Single-ended Output Slew Rate | SRQse | 2.5 5 2.5 5 2.5 5 TBD 5 Vins

*** For Ron = RZQ/7 setting
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6.3 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between VOLUdiff(AC) and VOHdIff(AC) for differential signals as shown in Table and Figure .

Differential Output Slew Rate Definition

H5TQ(S)5163MFR

Measured
Description Defined by
From To
. . . . . VOHUdiff(AC)-VOLJdIiff(AC)
Differential output slew rate for rising edge VOLUdIff(AC) VOHdIff(AC) .
DeltaTRdiff
. . . . ) VOHUdiff(AC)-VOLJdiff(AC)
Differential output slew rate for falling edge VOHUdIiff(AC) VOLUdiff(AC) DeltaTEdiff
eltaTFdi

Note:

Output slew rate is verified by design and characterization, and may not be subject to production test.

@

g

%] .

Q== ———————————————————1 — —  VOH(diff(AC)

g

2

g

= 0]

3

=

8

-t —————————————— =P —————— VOLdiff(AC)

a

Differential Output Slew Rate Definition
Fig. Differential Output Slew Rate Definition
Table. Differential Output Slew Rate
500MHz 600MHz 700MHz 800MHz
Parameter Symbol Units
Min | Max | Min | Max | Min | Max | Min Max

Differential Output Slew Rate | SRQdiff 5 10 5 10 5 10 TBD 10 V/ns

***For Ron = RZQ/7 setting
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6.4 Reference Load for AC Timing and Output Slew Rate

Figure represents the effective reference load of 25 ohms used in defining the relevant AC timing parameters of the
device as well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load pre-
sented by a 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

25 0Ohm

o X MW VTT = VDDQ/2

DQ
A buT mg A
DOS

—

Reference Load for AC Timing and Output Slew Rate
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7. Overshoot and Undershoot Specifications
7.1 Address and Control Overshoot and Undershoot Specifications

Table. AC Overshoot/Undershoot Specification for Address and Control Pins

H5TQ(S)5163MFR

o Specification
Description
500MHz 600/700MHz 800MHz
Maximum peak amplitude allowed for
. 0.4v 0.4v 0.4v
overshoot area (see Figure)
Maximum peak amplitude allowed for
. 0.4v 0.4v 0.4v
undershoot area (see Figure)
Maximum overshoot area above VDD (See Figure) 0.5 V-ns 0.4 V-ns 0.33 V-ns
Maximum undershoot area below VSS (See Figure) 0.5 V-ns 0.4 V-ns 0.33 V-ns

Maximum Amplitude

VDD

VSS

Maximum Amplitude

Time (ns)

Overshoot Area

Undershoot Area

Address and Control Overshoot and Undershoot Definition
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7.2 Clock, Data, Strobe and Mask Overshoot and Undershoot Specifications

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

Specification
Description
500MHz 600/700MHz 800MHz
Maximum peak amplitude allowed for
. 0.4v 0.4V 0.4V
overshoot area (see Figure)
Maximum peak amplitude allowed for
. 0.4v 0.4V 0.4v
undershoot area (see Figure)
Maximum overshoot area above VDDQ (See Figure) 0.19 V-ns 0.15 V-ns 0.13 V-ns
Maximum undershoot area below VSSQ (See Figure) 0.19 V-ns 0.15 V-ns 0.13 V-ns

Maximum Amplitude

Overshoot Area

vDDQ
Volts

V) VSSQ

Undershoot Area

Maximum Amplitude
Time (ns)

Clock, Data Strobe and Mask Overshoot and Undershoot Definition
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7.3 34 ohm Output Driver DC Electrical Characteristics

A functional representation of the output buffer is shown in Figure . Output driver impedance RON is defined
by the value of the external reference resistor RZQ as follows:

RON34 = RZQ / 7 (nominal 34.3 Ohm +£10% with nominal RZQ = 240 Ohm * 1%)

The individual pull-up and pull-down resistors (RONPu and RONPd) are defined as follows:

V -V
RONPU = DDIQ Out under the condition that RONPd is turned off
‘ Out‘
V
RON = Out under the condition that RONPu is turned off
Pd ’IOut‘
Chip in Drive Mode
Output Driver
:_ | O VDDQ
|
|
| i by |
To | RONpu |
other | |
Circuitry |
Like ! E I ‘—I : 9 DR
ou
RCV, | RONpd |
| |
Vout
| | Y
e ] VSSQ

Output Driver: Definition of Voltages and Currents
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Output Driver DC Electrical Characteristics, assuming Rz =240 Q ;
| entire operating temperature range; after proper ZQ calibration

RONjom Resistor Vout min nom | max Unit Notes

| Vorde = 0.2 x Vppg 0.6 1.0 11 Rzo/7 | 1,2,3

| RON34pq Vowmde = 0.5 x Vppg 0.9 1.0 11 Rzo/7 | 1,2,3

340 Vonde = 0.8 x Vppg 0.9 1.0 1.4 Rzo/7 | 1,2,3

Vorde = 0.2 x Vppg 0.9 1.0 1.4 Rzol7 | 1,2,3

| RON34py Vomde = 0-5 x Vppg 0.9 1.0 11 Rzo/7 | 1,2,3

| Vonde = 0.8 x Vppg 0.6 1.0 11 Rzol7 | 1,2,3
Mismatch between pull-up and pull-down, Vomde

-10 +10 % 1,2, 4

MMPuPd 0.5 x VDDQ

Notes:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of
the tolerance limits if temperature or voltage changes after calibration, see following section on voltage and
temperature sensitivity.

2. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSS.

3. Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x VDDQ. Other
calibration schemes may be used to achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ
and 0.8 x VDDQ.

4. Measurement definition for mismatch between pull-up and pull-down, MMPuPd:

Measure RONPu and RONPd, both at 0.5 x VDDQ:

_ RONPU - RON
PuPd — RON

MM Pd 1100

Nom

7.4 Output Driver Temperature and Voltage sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen according to Table and Table .
DT =T - T(@calibration); DV=VDDQ - VDDQ(@calibration); VDD = VDDQ

dRONdT and dRONdV are not subject to production test but are verified by design and characterization.

Output Driver Sensitivity Definition

min max unit
RONPU@ Vopge 0.6 - dRoNATH*|AT] - dRgndVH*|AV] 1.1 + dRoNdTH*|AT| + dRoNdVHH|AV| | RZQ/7
RON@ Vomdc 0.9 - dRoNATM*|AT| - dRondVM*[AV| 1.1 + dRoNATM*|AT]| + dRondVM*|AV| RzZQI7
RONPD@ Vo 4c 0.6 - dRoNATL¥|AT] - dRondVL*AV| 1.1 + dRoNdTL¥AT]| + dRondVL*AV| RZQ/7

Output Driver Voltage and Temperature Sensitivity

min max unit
dRo\dTM 0 15 %/°C
dRondVM 0 0.15 %/mV
dRo\dTL 0 15 %/°C
dRondVL 0 TBD %/mV
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Output Driver Voltage and Temperature Sensitivity
min max unit
dRoNdTH 0 15 %/°C
dRondVH 0 TBD %/mV

These parameters may not be subject to production test. They are verified by design and characterization.

7.5 On-Die Termination (ODT) Levels and I-V Characteristics

7.5.1 On-Die Termination (ODT) Levels and I-V Characteristics

On-Die Termination effective resistance RTT is defined by bits A9, A6 and A2 of the MR1 Register.
ODT is applied to the DQ, DM, DQS/DQS# and TDQS/TDQS# (x8 devices only) pins.
A functional representation of the on-die termination is shown in Figure . The individual pull-up and pull-down resistors
(RTTPu and RTTPd) are defined as follows:

under the condition that RTTPd is turned off

under the condition that RTTPu is turned off

Viopo—V,
RTTp, = —_Q—DLT/OU J out
V,

RTTpy = o] OOUII’
u

Chip in Termination Mode

To
other
Circuitry
Like
RCV,

On-Die Termination :

oDT
|r | © VDDQ
I
|
I i P |
| RTTpu | lout = Ipd-Ipu
| |
i | - DQ
| lout
RTTpd |
| I Vout
| Ipd
I
| l
l - — — — — VSSQ

10_CTT_DEFINITION_01

Definition of Voltages and Currents
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7.5.2 ODT DC Electrical Characteristics
A below table provides an overview of the ODT DC electrical characteristics. The values for RTT60Pd120, RTT60Pu120,

RTT120Pd240, RTT120Pu240, RTT40Pd80, RTT40Pu80, RTT30Pd60, RTT30Pu60 , RTT20Pd40, RTT20Pu40 are not specifi-

cation requirements, but can be used as design guide lines:

ODT DC Electrical Characteristics, assuming Rzq = 240 Q +/- 1% entire operating temperature range;
after proper ZQ calibration

MR1 A9, A6, A2 RTT Resistor Vout min | nom | max Unit Notes
VoLdc
0.2 % Vo 06 | 1.00 | 1.1 Rzo 1) 2) 3) 4)
RTT120pd24O 0.5 x VDDQ 0.9 1.00 1.1 RZQ 1) 2) 3) 4)
VoHdc
0.8 % Vo 09 | 1.00 | 1.4 Rzo 1) 2) 3) 4)
0,1,0 120 Q VoLde
0.2 x Voo 09 | 1.00 | 1.4 Rzg |1)2)3)4)
RTT120Pu240 0.5 x Vppo 09 | 1.00 | 11 Rzo |1)2)3)4)
VoHdc
0.8 % Voo 06 | 1.00 | 1.1 Rzo 1) 2) 3) 4)
RTT100 ViLae) 0 Vin@agy | 0.9 | 1.00 | 1.6 | Ryf2 1) 2) 5)
Voude
0.2 % Vo 06 | 1.00 | 1.1 | Ryo2 |1)2)3)4)
RTTGOPdlZO 0.5 x VDDQ 0.9 1.00 1.1 RZQIZ 1) 2) 3) 4)
VoHdc
0.8 % Voo 09 | 1.00 | 1.4 | Ryf2 |1)2)3)4)
0,0,1 60 Q VoLde
0.2 % Vepg 09 | 1.00 | 14 | Rypgf2 |1)2)3)4)
RTTg0pu120 0.5 x Vppo 09 | 1.00 | 1.1 | Ryf2 |1)2)3)4)
VoHdc
0.8 % Voo 06 | 1.00 | 1.1 | Ryo2 |1)2)3)4)
RTTgo Vi) 10 Vin@aey | 0.9 | 1.00 | 1.6 | Ryzo/4 1) 2) 5)
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ODT DC Electrical Characteristics, assuming Rzq = 240 Q +/- 1% entire operating temperature range;
after proper ZQ calibration

MR1 A9, A6, A2 RTT Resistor Vout min | nom | max Unit Notes
Voude
0.2 x Vppo 0.6 | 1.00 11 Rzo/3 1) 2) 3) 4)
RTT 40pds0 0.5 x Vppg 0.9 | 1.00 11 Rzo/3 1) 2) 3) 4)
VoHdc
0.8 x Vopo 0.9 | 1.00 14 Rzo/3 1) 2) 3) 4)
0,1,1 40 Q VoLde
0.2 x Vppg 0.9 | 1.00 14 Rzo/3 1) 2) 3) 4)
RTT 40puso 0.5 x Vppg 0.9 | 1.00 11 Rzo/3 1) 2) 3) 4)
Vorde
0.8  Vppg 0.6 | 1.00 11 Rzq/3 1)2) 3) 4)
RTTyg ViL(ac) 10 ViH(ac) 0.9 | 1.00 1.6 Rzo/6 1)2)5)
Voude
0.2 x Vppo 0.6 | 1.00 11 Rzol4 1) 2) 3) 4)
RTT30pg60 0.5 x Vppg 0.9 | 1.00 11 Rzol4 1) 2) 3) 4)
VoHdc
0.8 x Voo 0.9 | 1.00 14 Rzol4 1) 2) 3) 4)
1,01 30Q Vourde
0.2 x Vppg 0.9 | 1.00 14 Rzol4 1) 2) 3) 4)
RTT30pus0 0.5 x Vppg 0.9 | 1.00 11 Rzo/4 1) 2) 3) 4)
Vorde
0.8  Vppg 0.6 | 1.00 11 Rzol4 1)2)3) 4)
RTT3g ViL(ac) 10 ViH(ac) 0.9 | 1.00 1.6 Rzo/8 1)2)5)
VoLdc
0.2 x Vppo 0.6 | 1.00 11 Rzq/6 1) 2) 3) 4)
RTTo0pga0 0.5 x Vppg 0.9 | 1.00 11 Rzq/6 1) 2) 3) 4)
VoHdc
0.8 x Voo 0.9 | 1.00 14 Rzq/6 1) 2) 3) 4)
1,0,0 200 Voude
0.2 x Vppg 0.9 | 1.00 14 Rzq/6 1) 2) 3) 4)
RTTo0pus0 0.5 x Vppg 0.9 | 1.00 11 Rzq/6 1) 2) 3) 4)
Vorde
0.8 x Vppg 0.6 | 1.00 11 Rzq/6 1)2) 3) 4)
RTT,q ViL(ac) 10 ViH(ag) 0.9 | 1.00 1.6 Rzg/12 1) 2) 5)
Deviation of Viy w.r.t. Vppg/2, DVyy -5 +5 % 1) 2) 5) 6)

Note 1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the
tolerance limits if temperature or voltage changes after calibration, see following section on voltage and temperature sen-
sitivity.

Note 2. The tolerance limits are specified under the condition that VDDQ = VDD and that VSSQ = VSS.

Note 3. Pull-down and pull-up ODT resistors are recommended to be calibrated at 0.5 x VDDQ. Other calibration schemes
may be used to achieve the linearity spec shown above, e.g. calibration at 0.2 x VDDQ and 0.8 x VDDQ.

Not a specification requirement, but a design guide line.
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Measurement definition for RTT:
Apply VIH(ac) to pin under test and measure current I(VIH(ac)), then apply VIL(ac) to pin under test and measure current
I(VIL(ac)) respectively.

_ __VIH(ac) — VIL(ac)
RTT = I(VIH(ac)) - I(VIL(ac))

Measurement definition for VM and DVM :

Measure voltage (VM) at test pin (midpoint) with no load:

Y
AV = (\2-/——'\/'_ 1) e 100
DDOQ

7.5.3 ODT Temperature and Voltage sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen according to Table and Table .

DT =T - T(@calibration); DV= VDDQ - VDDQ(@calibration); VDD = VDDQ

ODT Sensitivity Definition

min max unit
RTT 0.9 - dRdT*|AT| - dRrdV*|AV| 1.6 + dR7dT*|AT| + dRrrdV*|AV| RZQ/2,4,6,8,12

ODT Voltage and Temperature Sensitivity

min max unit
dRrdV 0 0.15 %/mV

These parameters may not be subject to production test. They are verified by design and characterization
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7.6 ODT Timing Definitions

7.6.1 Test Load for ODT Timings
Different than for timing measurements, the reference load for ODT timings is defined in Figure .

VDDQ
DUT
— DQ, DM B
_CKCK | DQS, DOS | 1 ys—g(_g
4 TDQS, TDQS| 4 RTT
=250

l

VSSQ

Timing Reference Points BD_ REFLOAD_ODT

7.6.2 ODT Timing Reference Load

ODT Timing Definitions
Definitions for tAON, tAONPD, tAOF, tAOFPD and tADC are provided in the table and subsequent figures. Measurement
reference settings are provided in the table.

ODT Timing Definitions

Symbol Begin Point Definition End Point Definition Figure
Rising edge of CK - CK# defined by . .
taoN the end point of ODTLon Extrapolated point at VSSQ Figure
Rising edge of CK - CK# with . .
tAoNPD ODT being first registered high Extrapolated point at VSSQ Figure
Rising edge of CK - CK# defined by - . .
taoF the end point of ODTLOff End point: Extrapolated point at VRTT_Nom Figure
Rising edge of CK - CK# with _— . .
tAOFPD ODT being first registered low End point: Extrapolated point at VRTT_Nom Figure
t Rising edge of CK - CK# defined by the end point | End point: Extrapolated point at VRTT_Wr and Fiqure
ADC of ODTLcnw, ODTLcwn4 or ODTLcwn8 VRTT_Nom respectively 9
Reference Settings for ODT Timing Measurements
g g
Measured . .
S —— RTT_Nom Setting | RTT_Wr Setting Vswa [V] Vswe [V] Note
Rzq/4 NA 0.05 0.10
taoN
Rzgf12 NA 0.10 0.20
RZQ/4 NA 0.05 0.10
tAONPD
Rzo/12 NA 0.10 0.20
RZQ/4 NA 0.05 0.10
taor
RZQ/12 NA 0.10 0.20
RZQ/4 NA 0.05 0.10
taoFPD
RZQ/12 NA 0.10 0.20
tapc Rzo/12 Rzo/2 0.20 0.30
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Begin point: Rising edge of CK - CK
defined by the end point of ODTLon
CK
CK
DQ, DM
DQS,DQS
TDQS, TDQS
End point: Extrapolated point at VSSQ
TD_TAON_DEF
Definition of tAON
Begin point: Rising edge of CK - CK with
ODT being first registered high
CK |
CK
DQ, DM
DQS, DQS
TDQS,TDQS
End point: Extrapolated point at VSSQ
TD_TAONPD_DEF

Definition of tAONPD
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Begin point: Rising edge of CK - CK
defined by the end point of ODTLoff
CK |
CK
DQ, DM
DQS,DQS
TDQS,TDQS
—————————————————————————————————————————— VSSQ -
TD_TAOF_DEF
Definition of tAOF
Begin point: Rising edge of CK - CK with
ODT being first registered low
|
CK =\ §
/ \
—————————————— ‘ - VTT-———-
- / N\
CK i =t ! A
| |
> LaorrD
| - )
,,,,,, VRTT Nom | °"PomtEapomedpomiatyR o
DQ, DM
DQS,DQS Vswa
TDQS,TDQS \Y;
—————————————————————————————————————————— VSSQ -
TD_TAOFPD_DEF

Definition of tAOFPD
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Begin point: Rising edge of CK - CK Begin point: Rising edge of CK - CK defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8
CK
CK
§_
VRTT_Nom
DQ, DM End point:
e Extrapolated
DQs, Di point at VRTT_Nom
TDQS, TDQS
End point: Extrapolated point at VRTT_Wr
VSSQ—
TD_TADC_DEF

Definition of tADC

8. IDD Specification Parameters and Test Conditions

8.1 IDD Measurement Conditions

Within the tables provided further down, an overview about the IDD measurement conditions is provided as follows:

Overview of Tables providing IDD Measurement Conditions and DRAM Behavior

Table number Measurement Conditions
Table on page 53 IDDO and IDD1
Table on page 54 IDD2N, IDD2Q, IDD2P(0), IDD2P(1)
Table on page 54 IDD3N and IDD3P
Table on page 55 IDD4R, IDD4W, IDD7
Table on page 57 IDD7Y for different Speed Grades and different tRRD, tFAW conditions
Table on page 57 IDD5B
Table on page 58 IDD6, IDD6ET (optional), IDD6TC (optional)

Within the tables about IDD measurement conditions, the following definitions are used:
LOW is defined as VIN <= VILAC(max.); HIGH is defined as VIN >= VIHAC(min.).
STABLE is defined as inputs are stable at a HIGH or LOW level.

FLOATING is defined as inputs are VREF = VDDQ / 2.

SWITCHING is defined as described in the following 2 tables.
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Definition of SWITCHING for Address and Command Input Signals

SWITCHING for Address (row, column) and Command Signals (CS, RAS, CAS, WE) is defined as:

If not otherwise mentioned the inputs are stable at HIGH or LOW during 4 clocks and change
Address then to the opposite value

(row, column) (e.g. AXx Ax Ax Ax Ax Ax Ax Ax Ax Ax AX AX .....
please see each IDDx definition for details

If not otherwise mentioned the bank addresses should be switched like the row/column

Bank r . .
ank address addresses - please see each IDDx definition for details

Define D = {CS, RAS, CAS, WE } = {HIGH, LOW, LOW, LOW}

Define D = {CS, RAS, CAS, WE } = {HIGH, HIGH,HIGH,HIGH}

Command Define Command Background Pattern =D D DDDDDDDDDD..
(CS, RAS, CAS, WE)
If other commands are necessary (e.g. ACT for IDDO or Read for IDD4R), the Background
Pattern Command is substituted by the respective g, m, %, WE levels of the necessary

command.

Definition of SWITCHING for Data (DQ)
SWITCHING for Data (DQ) is defined as

Data DQ is changing between HIGH and LOW every other data transfer (once per clock) for
DQ signals, which means that data DQ is stable during one clock; see each IDDx definition
for exceptions from this rule and for further details.

See figures 1,2,3 as examples.

Data (DQ)

Data Masking (DM) NO Switching; DM must be driven LOW all the time
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IDD Measurement Conditions for IDDO and IDD1
Current Ibpo Ipp1
Operating Current 0 OpEEe Curre_nt .
Name -> One Bank Activate ~ One_lia;(l;agctlvate
= PREERETE -> Precharge
Measurement Condition
CKE HIGH HIGH
External Clock on on
tck tckmin(IDD) tckmin(IDD)
trc trcmin(IDD) trcmin(IDD)
trAs trasmin(IDD) trasmin(IDD)
trep n.a. trepmin(IDD)
tRRD n.a. n.a.
CL n.a. CL(IDD)
AL n.a. 0
cs HIGH between. Activate and Precharge HIGH between Activate, Read and Precharge
Commands

Command Inputs

(CS,RAS, CAS, WE)

SWITCHING as described in table only

exceptions are Activate and Precharge

commands; example of IDDO pattern:
AODDDDDDDDDDDDDD PO

SWITCHING as described in Table ; only
exceptions are Activate, Read and Precharge
commands; example of IDD1 pattern:
AODDDDRODDDDDDDDD PO

Row, Column Addresses

Row addresses SWITCHING as
described in Table ;
Address Input A10 must be LOW all the
time!

Row addresses SWITCHING as described in
Table ;
Address Input A10 must be LOW all the time!

Bank Addresses

bank address is fixed (bank 0)

bank address is fixed (bank 0)

Data I/O

SWITCHING as described in
<Hyperlink>Table

Read Data: output data switches every clock,
which means that Read data is stable during
one clock cycle.

To achieve lout = OmA, the output buffer
should be switched off by MR1 Bit A12 set to
“1.

When there is no read data burst from DRAM,
the DQ I/O should be FLOATING.

Output Buffer DQ,DQS

Mode Register Bit 12

/ MR1 bit A12 off /1 off /1

oDT disabled disabled
/ MR1 bits [A6, A2] /10,0] /10,0]

Burst length n.a. 8 fixed / MRO Bits [A1, A0] ={0,0}
Active banks ACT-SEREE loop ACT-RI;)-n;RE loop
Idle banks all other all other
Precharge Power Down Mode /
n.a. n.a.
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IDD Measurement Conditions for IDD2N, IDD2P(1), IDD2P(0) and IDD2Q

Current Ippan Ippop(1) Ipp2p(0) Ipb2g
Precharge Power Precharge Power
Name Precharge Down Current Down Current Precharge Quiet
Standby Current Fast Exit - Slow Exit - Standby Current
MRS A12 Bit =1 MRS A12 Bit =0
Measurement Condition
CKE HIGH LOW LOW HIGH
External Clock on on on on
tek tekmin(IDD) tckmin(IDD) tekmin(IDD) tekmin(IDD)
tre n.a. n.a. n.a. n.a.
trAS n.a. n.a. n.a. n.a.
trcD n.a. n.a. n.a. n.a.
tRRD n.a. n.a. n.a. n.a.
CL n.a. n.a. n.a. n.a.
AL n.a. n.a. n.a. n.a.
cs HIGH STABLE STABLE HIGH
Bank Address, Row Addr. and SWI_TCHI_NG as STABLE STABLE STABLE
Command Inputs described in Table
Data inputs SWITCHING FLOATING FLOATING FLOATING
Output Buffer DQ,DQS
/ MR1. bit A12 off /1 off / 1 off /1 off / 1
oDT disabled disabled disabled disabled
/ MR1 bits [A6, A2] /10,0] /10,0] /10,0] /10,0]
Burst length n.a. n.a. n.a. n.a.
Active banks none none none none
Idle banks all all all all
Fast Exit/ 1 Slow Exit/ 0
Precharge POV\;er Down Mode na (any valid Slow exit (RD and ODT n.a.
Mode Reaister Bit & e command commands must satisfy
g after tXpP) tXPDLL-AL)

a.
a. In DDRS3, the MRS Bit 12 defines DLL on/off behaviour ONLY for precharge power down. There are 2 different

Precharge Power Down state possible: one with DLL on(fast exit, bit 12=1) and one with DLL off(slow exit, bit 12=0).
b. Because it is an exit after precharge power down, the valid commands are: Activate, Refresh Mode-Register Set,

Enter-Self Refresh.

IDD Measurement Conditions for IDD3N and IDD3P(fast exit)

Current Ippan Ippsp

Active Power-Down Current?
Always Fast Exit

Name Active Standby Current

Measurement Condition

Timing Diagram Example Figure
CKE HIGH LOW
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IDD Measurement Conditions for IDD3N and IDD3P(fast exit)
Current Ippan Ippap
Name Active Standby Current ActlveAIT\S\)Igjsr-E;g/\t/nE)c(:iLtlrrenta
External Clock on on
tek tckmin(IDD) tckmin(1DD)
trc n.a. n.a.
tras n.a. n.a.
trcD n.a. n.a.
tRRD n.a. n.a.
CL n.a. n.a.
AL n.a. n.a.
cs HIGH STABLE
Addr. and cmd Inputs SWITCHING as described in Table STABLE
Data inputs SWITCHING as described in Table FLOATING
oDT disabled disabled
/ MR1 bits [A6, A2] /10,0] /10,0]
Burst length n.a. n.a.
Active banks all all
Idle banks none none
Precharge Power Down Mode / n.a.(Active Power Down Mode is always
Mode Register Bit 2 n-a. “Fast Exit” with DLL on)

a.DDR3 will offer only ONE active power down mode with DLL on(-> fast exit). MRO bit A12 will not be used for active
power down. Instead bit 12 will be used to switch between two different precharge power down modes.

IDD Measurement Conditions for IDD4R, IDD4W and IDD7

Current Ippar Ippaw Ipp7
Name Operating Current Operating Current All Bank Interleave Read
Burst Read Burst Write Current
Measurement Condition
Timing Diagram . .
Example <Hyperlink>Figure
CKE HIGH HIGH HIGH
External Clock on on on
tck tckmin(IDD) tckmin(IDD) tckmin(IDD)
tre n.a. n.a. tRCmin(IDD)
trAS n.a. n.a. trasmin(IDD)
trcp n.a. n.a. trcomin(IDD)
RRD n.a. n.a. trrDMin(IDD)
CL CL(IDD) CL(IDD) CL(IDD)
AL 0 0 treomin - 1 tek
CS HIGH btw. valid cmds HIGH btw. valid cmds HIGH btw. valid cmds
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IDD Measurement Conditions for IDD4R, IDD4W and IDD7
Current Ippar Ippaw Ipp7
Name Operating Current Operating Current All Bank Interleave Read
Burst Read Burst Write Current

Command Inputs

(CS, RAS, CAS, WE)

SWITCHING as described in
Table; exceptions are Read
commands => IDD4R Pattern:

RODDDR1DDDR2DDDR3
Rx = Read from bank x;

Definition of D and D: see
Table

SWITCHING as described in
Table; exceptions are Write

commands => IDD4W Pattern:

WODDDW1DDDW2DDDW3
DDD W4 ...
Wx = Write to bank x;
Definition of D and D: see
Table

For patterns see Table

Row,

Column Addresses

column addresses
SWITCHING as described in
Table;
Address Input A10 must be
LOW all the time!

column addresses
SWITCHING as described in
Table;
Address Input A10 must be
LOW all the time!

STABLE during DESELECTSs

Bank Addresses

bank address cycling
0>1->2->3.)

bank address cycling
©0->1->2->3.)

bank address cycling (0->1 ->
2 ->3..), see pattern in Table

DQ I/0

Seamless Read Data Burst
(BL8): output data switches
every clock, which means that
Read data is stable during one
clock cycle.

To achieve lout = OmA the
output buffer should be
switched off by MR1 Bit A12

Seamless Write Data Burst
(BL8): input data switches
every clock, which means that
Write data is stable during one
clock cycle.

DM is low all the time.

Read Data (BL8): output data
switches every clock, which
means that Read data is stable
during one clock cycle.

To achieve lout = OmA the
output buffer should be
switched off by MR1 Bit A12

Mode Register Bit

setto 1", set to “1”.
Output Buffer DQ,DQS
/ MR1. bit AL2 off /1 off /1 off/ 1
oDT disabled disabled disabled
/ MR1 bits [A6, A2] /10,0] /10,0] /10,0]
Burst lenath 8 fixed / MRO Bits [Al, A0] = 8 fixed / MRO Bits [Al, AQ] = 8 fixed / MRO Bits [Al, AQ] =
9 {0,0} {0,0} {0,0}
Active banks all all all, rotational
Idle banks none none none
Precharge Power
Down Mode / n.a. n.a. n.a.
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IDD7 Pattern for different Speed Grades and different tRRD, tFAW conditions

Speed tFAW | tFAW | tRRD | tRRD IDD7 Pattern?

Mb/s [ns] | [CLK] | [ns] | [CLK] (Note this entire sequence is repeated.)
AORAODDDDALIRAIDDDDA2RA2DDDDA3SRA3IDDDDDD

500MHz 50 27 10 6 DAARAADDDDASRASDDDDA6RA6DDDDA7TRA7TDDDDD
DD
AORAODDDA1RALIDDDA2RA2DDDA3RA3IDDDDDDDDD

600/700MHz 45 30 7.5 5 DDDDA4ARMDDDASRASDDDA6RA6DDDA7TRA7TDDDDD
DDDDDDDD
AORAODDDDALIRAIDDDDA2RA2DDDDA3SRA3IDDDDDD

800MHz 40 32 7.5 6 DDDDDDA4A4RAMADDDDASRASDDDDA6RA6D DD D A7 RA7
DDDDDDDDDDDD

a.A0 = Activation of Bank 0; RAO = Read with Auto-Precharge of Bank 0; D = Deselect

IDD Measurement Conditions for IDD5B

Current Ibpse
Name Burst Refresh Current
Measurement Condition
CKE HIGH
External Clock on
Iex Lckmin(1DD)
e n.a.
s n.a.
fep n.a.
RrD n.a.
Rrc Rrcmin(1DD)
CL n.a.
AL n.a.
cs HIGH btw. valid cmds
Addr. and cmd Inputs SWITCHING
Data inputs SWITCHING
O e 800
oDT disabled
/ MR1 bits [A6, A2] / [0,0]
Burst length n.a.
Active banks Refresh command every tRFC=tRFCmin
Idle banks none
Precharge Power Down Mode / Mode Register Bit n.a.
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Current Iops IbD6ET (Optional) IDD6TC(Optional)
Self-Refresh Current Self-Refresh Current Auto Self Refresh
Name Normal Temperature Range | Extended Temperature Range 2 | Current
Tcase =0..85 Tcase =0..95 TCASE-See Table
Measurement Condition
Temperature Tcase = 85 Tecase = 95 TCASE-See Table 8.2.2
Auto Self Refresh Disabled / Disalbed / Enabled /
(ASR) / MR2 Bit A6 “0” “0” “1”
gzl:];aezrse;?_;emperature “I\é?rmal / “E1>’<’tended / P()ifabled /
MR2 Bit A7
CKE LOW LOW LOW
External Clock OFF; CK and CK at LOW | OFF; CK and CK at LOW OFF; CK and CK at LOW
tek n.a. n.a. n.a.
trc n.a. n.a. n.a.
trRAS n.a. n.a. n.a.
trcD n.a. n.a. n.a.
tRRD n.a. n.a. n.a.
CL n.a. n.a. n.a.
AL n.a. n.a. n.a.
(C;A';“S“;f‘gi's”;“éss 4 WE#) | FLOATING FLOATING FLOATING
Row, Colum Addresses FLOATING FLOATING FLOATING
Bank Addresses FLOATING FLOATING FLOATING
Data I/0 FLOATING FLOATING FLOATING
Ol\‘jltgftbi“:g DRDQS |41 off / 1 off / 1
OoDT disabled disabled disabled
MRL1 bits [A6, A2] /10,0] /10,0] /10,0]
Burst length n.a. n.a. n.a.
Active banks all during self-refresh actions | all during self-refresh actions th?our:;ng self-refresh
Idle banks all btw. Self-Refresh actions | all btw. Self-Refresh actions th?g\rl]vs' Self-Refresh
Precharge Power Down
Mode / n.a. n.a. n.a.
MRO bit A12

a. Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR3 SDRAM devices support

the following options or requirements referred to in this material.

8.2 IDD Specifications

IDD values are for full operating range of voltage and temperature unless otherwise noted.
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Ipp Specification

Speed Grade 1.8v 1.5V
Bin 700MHz | 800MHz | 900MHz 1GHz 600MHz | 700MHz | 800MHz Unit Notes
Symbol Max. Max. Max. Max. Max. Max. Max.

boo 295 370 380 390 160 220 270 mA
Iop1 310 385 395 410 175 230 280 mA

Iopop (0) fast exit 92 95 95 100 62 65 70 mA x16

Iopzp (1) slow exit 50 50 50 50 30 30 30 mA x16
Iopon 170 180 195 205 105 115 120 mA x16
/DD2Q 165 175 185 195 100 108 115 mA x16
Ibp3p 140 145 150 155 90 95 100 mA x16
Iopan 200 215 230 240 130 140 150 mA x16
Iopar 450 480 560 660 290 315 325 mA
Iopaw 585 625 675 735 390 410 450 mA
Iops 280 290 300 310 210 220 235 mA x16
Ibps 50 50 50 50 30 30 30 mA
Iop7 715 730 750 800 420 440 480 mA

8.2.1 IDD6 Current Definition

Symbol Parameter/Condition

Normal Temperature Range Self-Refresh Current: CKE < 0.2V; external clock off, CK and CK# at 0V; Other
Ippe  |control and address inputs are FLOATING; Data Bus inputs are FLOATING, PASR disabled.
Applicable for MR2 settings A6 = 0 and A7 = 0.

Extended Temperature Range Self-Refresh Current: CKE < 0.2V; external clock off, CK and CK# at 0V; Other
Ippeer |control and address inputs are FLOATING; Data Bus inputs are FLOATING, PASR disabled.
Applicable for MR2 settings A6 = 0 and A7 = 1.

Auto Self-Refresh Current: CKE < 0.2V; external clock off, CK and CK# at 0V; Other control and address inputs
IppsTc |are FLOATING; Data Bus inputs are FLOATING, PASR disabled. Applicable when ASR is enabled by MR2
settings A6 =1 and A7 = 0.
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8.2.2 IDD6TC Specification (see notes 1—2)

Value .
Symbol Temperature Range Unit Notes
Ibpe 0-85°C mA 3,4
IppeeT 0-95°C mA 5,6
0°C~T, mA 6,7,8
Iopetc Ty~ Ty mA 6,7,8
T, ~ ToPERmax mA 6,7,8

o M 0N PE

Some IDD currents are higher for x16 organization due to larger page size architecture.

Max. values for IDD currents considering worst case conditions of process, temperature and voltage.

Applicable for MR2 settings A6=0 and A7=0.

Supplier data sheets include a max value for IDD6.

Applicable for MR2 settings A6=0 and A7=1. IDD6ET is only specified for devices which support the Extended
Temperature Range feature.

Refer to the supplier data sheet for the value specification method (e.g. max, typical) for IDD6ET and IDD6TC
Applicable for MR2 settings A6=1 and A7=0. IDD6TC is only specified for devices which support the Auto Self Refresh
feature.

The number of discrete temperature ranges supported and the associated Ta - Tz values are supplier/design specific.
Temperature ranges are specified for all supported values of TOPER. Refer to supplier data sheet for more

information.

. Input/Output Capacitance

500MHz 600/700MHz | 800/900MHz/1GHz

Parameter Symbol Min Max Min Max Min Max Units | Notes

Input/output capacitance

(DQ, DM, DQS, DQS#, TDQS, Cio 15 3.0 15 25 TBD TBD pF 1,2,3
TDQS#)

Input capacitance, CK and CK# Cck 0.8 1.6 0.8 14 0.8 14 pF 2,3
Input capacitance delta c 0 015 0 015 0 015 = 234
CK and CK# bCk ' : : P o
Input capacitance c 075 | 15 | 075 | 1.3 | 075 13 | pF | 236

(All other input-only pins)
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500MHz 600/700MHz | 800/900MHz/1GHz

Parameter Symbol Min Max Min Max Min Max Units | Notes
Input capacitance delta, DQS and Copos 0 0.20 0 015 0 015 OF 235
DQS#
Input capacitance delta c 05 03 04 0.2 04 0.2 F 2378
(All CTRL input-only pins) DI_CTRL ' ’ ' ’ ' ' P T
Input capacitance delta Cpbi aDD i ) )
(All ADD/CMD input-only pins) oo | O° 0.5 0.4 | 04 04 04 PF 123910
Input/output capacitance delta c i ) )
(DO, DM, DOS, DOSH) DIO 0.5 0.3 0.5 0.3 0.5 0.3 pF 23,11
Notes:
1. Although the DM, TDQS and TDQS# pins have different functions, the loading matches DQ and DQS.

2.

© 00 N O 00 A~ W

This parameter is not subject to production test. It is verified by design and characterization. The capacitance is
measured according to JEP147(“PROCEDURE FOR MEASURING INPUT CAPACITANCE USING A VECTOR NETWORK
ANALYZER(VNA)”) with VDD, VDDQ, VSS,VSSQ applied and all other pins floating (except the pin under test, CKE,
RESET# and ODT as necessary). VDD=VDDQ=1.5V, VBIAS=VDD/2 and on-die termination off.

. This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here
. Absolute value of Cx-Coy#.

. The minimum C¢k will be equal to the minimum C,.

. Input only pins include: ODT, CS#, CKE, A0-A15, BAO-BA2, RAS#, CAS#, WE#.

. CTRL pins defined as ODT, CS# and CKE.

- Cpi_ctrL=C|(CTRL) - 0.5 * C;(CLK) + C|(CLK#))

. ADD pins defined as A0-A15, BAO-BA2 and CMD pins are defined as RAS#, CAS# and WE#.

10. Cpy_app,_ cmp=Ci(ADD_CMD) - 0.5%(C{(CLK)+C,(CLK#))

11. Cpj0=C;0(DQ) - 0.5*%(Cio(DQS)+Co(DQS#))

12. Maximum external load capacitance on ZQ pin: 5pF
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DDR3 SDRAM Standard Speed Bins include tCK, tRCD, tRP, tRAS and tRC for each corresponding bin.

500MHz Speed Bins

For specific Notes See “Speed Bin Table Notes” on page 68.

Speed Bin 500MHz
Unit Note
Parameter Symbol min max
Internal read command to first data tan 16 20 ns
ACT to internal read or write delay time tRcD 16 - ns
PRE command period trRp 16 - ns
ACT to ACT or REF command period tre 50 - ns
ACT to PRE command period tras 36.0 9*tREFI ns
CWL=5 tCK(AVG) 2.5 6 ns 1)2)3)4)6)
CL=5
CWL=6 tck(ave) Reserved ns 4)
CWL=5 tek(ave) 25 6 ns 1)2)3)6)
CL=6
CWL=6 tckave) Reserved ns 1)2)3)4)
CWL=5 tekave) Reserved ns 4)
CL=7
CWL=6 tckave) Reserved ns 1)2)3)4)
CWL=5 tCK(AVG) 2.0 6 ns 4)
CL=38
CWL=6 tck(ave) Reserved ns 1)2)3)
Supported CL Settings 56,7 Nck
Supported CWL Settings 56 Nck
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600MHz Speed Bins
For specific Notes See “Speed Bin Table Notes” on page 68..
Speed Bin 600MHz
Unit Note
Parameter Symbol min max
Internal read command to first data tan 14.94 20 ns
ACT to internal read or write delay time tRcD 14.94 - ns
PRE command period trp 14.94 - ns
ACT to ACT or REF command period tre 49.8 - ns
ACT to PRE command period trRas 34.86 9*tREFI ns
CWL=5 tek(avG) 2.5 6 ns 1,2,3,4,7
CL=5
CWL=6,7 tckave) Reserved ns 4
CWL=5 tek(ave) 25 6 ns 1,2,3,7
CL=6 CWL=6 tek(ave) Reserved ns 1,2,3,4,7
CWL=7 tek(ave) Reserved ns 4
CWL=5 tek(ave) Reserved ns 4
CL=7 CWL=6 tck(ave) Reserved ns 1,2,3,4,7
CWL=7 tekave) Reserved ns 1,2,3,4
CWL=5 tekave) Reserved ns 4
CcL=8 CWL=6 tckave) Reserved ns 1,2,3,7
CWL=7 tekave) Reserved ns 1,2,3,4
CWL=5,6 tekave) 1.66 6 ns 4
CL=9
CWL=7 tck(ave) Reserved ns 1,2,3,4
CWL=5,6 tckave) Reserved ns 4
CL=10 Reserved ns 1,2,3
CWL=7 tekave)
Reserved ns 5
Supported CL Settings 56,9 Nck
Supported CWL Settings 56,7 Nck
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700MHz Speed Bins
For specific Notes See “Speed Bin Table Notes” on page 68..
Speed Bin 700MHz
Unit Note
Parameter Symbol min max
Internal read command to first data tan 15.62 20 ns
ACT to internal read or write delay time tRcD 15.62 - ns
PRE command period trp 15.62 - ns
ACT to ACT or REF command period tre 49.7 - ns
ACT to PRE command period trRas 355 9*tREFI ns
CWL=5 tCK(AVG) 2.5 6 ns 1,2,3,4,7
CL=5
CWL=6,7 tckave) Reserved ns 4
CWL=5 tCK(AVG) 2.5 6 ns 1,2,3,7
CL=6 CWL=6 tek(ave) Reserved ns 1,2,3,4,7
CWL=7 tek(ave) Reserved ns 4
CWL=5 tek(ave) Reserved ns 4
CL=7 CWL=6 tck(ave) Reserved ns 1,2,3,4,7
CWL=7 tekave) Reserved ns 1,2,3,4
CWL=5 tekave) Reserved ns 4
CcL=8 CWL=6 tckave) Reserved ns 1,2,3,7
CWL=7 tekave) Reserved ns 1,2,3,4
CWL=5,6 tck(ave) Reserved ns 4
CL=9
CWL=7 tck(ave) Reserved ns 1,2,3,4
CWL=5,6 tek(ave) 1.42 6 ns 4
CL=11 ns 1,2,3
CWL=7 tckave) Reserved
ns 5
Supported CL Settings 5, 6,10 Nck
Supported CWL Settings 56,7 Nck
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800MHz Speed Bins
For specific Notes See “Speed Bin Table Notes” on page 68..
Speed Bin 800MHz .
Unit Note
Parameter Symbol min max
Internal read command to first data tan 13.75 20 ns
ACT to internal read or write delay time trcD 15 - ns
PRE command period trp 15 - ns
ACT to ACT or REF command period tre 50 - ns
ACT to PRE command period trRAs 35 I*tREFI ns
CWL=5 tck(ave) 25 6 ns 1,2,3,48
CL=5
CWL=6,7,8 tckave) Reserved ns 4
CWL=5 tekave) 25 6 ns 1,2,3,8
CL=6 CWL=6 tekave) Reserved ns 1,2,3,4,8
CWL=7,8 tck(ave) Reserved ns 4
CWL=5 tekave) Reserved ns 4
CWL=6 tekave) Reserved ns 1,2,3,4,8
b= cwL=7 tek(ava) Reserved ns 12,348
CWL=8 tekave) Reserved ns 4
CWL=5 tek(ave) Reserved ns 4
CWL=6 tekave) Reserved ns 1,2,3,8
cL=8 CWL=7 tekave) Reserved ns 1,2,3,4,8
CWL=8 tekave) Reserved ns 1,2,3,4
CWL=5,6 tekave) Reserved ns 4
CL=9 CWL=7 tekave) Reserved ns 1,2,3,4,8
CWL=8 tck(ave) Reserved ns 1,2,3,4
CWL=5,6 tckave) Reserved ns 4
CL=10 CwL=7 tekave) Reserved ns 1,2,3,8
CWL=8 tek(ave) Reserved ns 1,2,3,4
CWL=5,6,7 tek(ave) 1.25 6 ns 4
CL=11 ns 1,2,3
CWL=8 tek(ave) Reserved
ns 5
Supported CL Settings 5,6,11 Nck
Supported CWL Settings 56,7,8 Nck
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900MHz Speed Bins
For specific Notes See “Speed Bin Table Notes” on page 68..
Speed Bin 900MHz .
Unit Note
Parameter Symbol min max
Internal read command to first data tan 12.1 20 ns
ACT to internal read or write delay time trcD 15.4 - ns
PRE command period trp 154 - ns
ACT to ACT or REF command period tre 495 - ns
ACT to PRE command period trRAs 35.2 9*tREFI ns
CWL=5 tck(ave) 25 6 ns 1,2,3,48
CL=5
CWL=6,7,8 tckave) Reserved ns 4
CWL=5 tekave) 25 6 ns 1,2,3,8
CL=6 CWL=6 tekave) Reserved ns 1,2,3,4,8
CWL=7,8 tck(ave) Reserved ns 4
CWL=5 tekave) Reserved ns 4
CWL=6 tekave) Reserved ns 1,2,3,4,8
b= cwL=7 tek(ava) Reserved ns 12,348
CWL=8 tekave) Reserved ns 4
CWL=5 tek(ave) Reserved ns 4
CWL=6 tekave) Reserved ns 1,2,3,8
cL=8 CWL=7 tekave) Reserved ns 1,2,3,4,8
CWL=8 tekave) Reserved ns 1,2,3,4
CWL=5,6 tekave) Reserved ns 4
CL=9 CWL=7 tekave) Reserved ns 1,2,3,4,8
CWL=8 tck(ave) Reserved ns 1,2,3,4
CWL=5,6 tckave) Reserved ns 4
CL=10 CwL=7 tekave) Reserved ns 1,2,3,8
CWL=8 tek(ave) Reserved ns 1,2,3,4
CWL=5,6,7 tek(ave) 11 6 ns 4
CL=11 ns 1,2,3
CWL=8 tek(ave) Reserved
ns 5
Supported CL Settings 5,6,11 Nck
Supported CWL Settings 56,7,8 Nck
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1GHz Speed Bins
For specific Notes See “Speed Bin Table Notes” on page 68..
Speed Bin 1GHz .
Unit Note
Parameter Symbol min max
Internal read command to first data tan 11 20 ns
ACT to internal read or write delay time trcD 15 - ns
PRE command period trp 15 - ns
ACT to ACT or REF command period tre 50 - ns
ACT to PRE command period trRAs 35 I*tREFI ns
CWL=5 tck(ave) 25 6 ns 1,2,3,48
CL=5
CWL=6,7,8 tckave) Reserved ns 4
CWL=5 tekave) 25 6 ns 1,2,3,8
CL=6 CWL=6 tekave) Reserved ns 1,2,3,4,8
CWL=7,8 tck(ave) Reserved ns 4
CWL=5 tekave) Reserved ns 4
CWL=6 tekave) Reserved ns 1,2,3,4,8
b= cwL=7 tek(ava) Reserved ns 12,348
CWL=8 tekave) Reserved ns 4
CWL=5 tek(ave) Reserved ns 4
CWL=6 tekave) Reserved ns 1,2,3,8
cL=8 CWL=7 tekave) Reserved ns 1,2,3,4,8
CWL=8 tekave) Reserved ns 1,2,3,4
CWL=5,6 tekave) Reserved ns 4
CL=9 CWL=7 tekave) Reserved ns 1,2,3,4,8
CWL=8 tck(ave) Reserved ns 1,2,3,4
CWL=5,6 tckave) Reserved ns 4
CL=10 CwL=7 tekave) Reserved ns 1,2,3,8
CWL=8 tek(ave) Reserved ns 1,2,3,4
CWL=5,6,7 tek(ave) 1.0 6 ns 4
CL=11 ns 1,2,3
CWL=8 tek(ave) Reserved
ns 5
Supported CL Settings 5,6,11 Nck
Supported CWL Settings 56,7,8 Nck
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H5TQ(S)5163MFR

Speed Bin Table Notes

Absolute Specification (Topggr: Vppg = Vpp = 1.5V +/- 0.075 V, Vppg = Vpp = 1.8V +/- 0.09 V)

Notes:

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.

. 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.

. tCK(AVG).MAX limits: Calculate tCK(AVG) = tAA.MAX / CLSELECTED 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 CLSELECTED.

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

. ‘Optional’ settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature.

Refer to supplier’s data sheet and SPD information if and how this setting is supported.

. Any 600MHz 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.

. Any 700MHz 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.

. Any 800MHz 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.

11. Electrical Characteristics and AC Timing

Timing Parameters by Speed Bin

Note: The following general notes from page 57 apply to Table : a

500MHz 600MHz 700MHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes

Clock Timing

Minimum Clock Cycle Time tCK

(DLL off mode) ©OLL OFF) | 8 - 8 - 8 Sy m 6
Average Clock Period tCK(avg) See “10. Standard Speed Bins” on page 62. ps f
Average high pulse width tCH(avg) 0.47 0.53 0.47 0.53 0.47 | 0.53 (z\:/g) f
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Timing Parameters by Speed Bin (Continued)

Note: The following general notes from page 57 apply to Table : a

500MHz 600MHz 700MHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes
Average low pulse width tCL(avg) 0.47 0.53 0.47 0.53 0.47 | 053 (z\:/g) f
. tCK tCK(avg)min+tJ | tCK(avg)min+tJIT | tCK(avg)min+t
Absolute Clock Period (abs) IT(per)min (per)min JIT(per)min ps
Absolute clock HIGH pulse width tcH 0.43 - 0.43 - 0.43 - tCK 25
(abs) (avg)
Absolute clock LOW pulse width tCL(abs) 0.43 - 0.43 - 0.43 - (z\:/g) 26
Clock Period Jitter JIT(per) -90 90 -85 85 -75 75 ps
Clock Period Jitter during T
DLL locking period (per, Ick) -80 80 75 5 -65 65 | ps
Cycle to Cycle Period Jitter tJIT(cc) 180 180 170 170 150 150 | ps
Cycle to Cycle Period Jitter T
during DLL locking period (cc, Ick) 160 160 150 150 130 130 | ps
. tIT

Duty Cycle jitter (duty) - - - - - - ps

. tERR
Cumulative error across 2 cycles (2per) -132 132 -122 122 -112 | 112 ps

. tERR
Cumulative error across 3 cycles (3per) -157 157 -147 147 -137 | 137 ps

. tERR
Cumulative error across 4 cycles (4per) -175 175 -162 162 -150 | 150 | ps

. tERR
Cumulative error across 5 cycles (5per) -188 188 -175 175 -160 | 160 | ps

. tERR
Cumulative error across 6 cycles (6per) -200 200 -185 185 -170 | 170 | ps

. tERR
Cumulative error across 7 cycles (7per) -209 209 -190 190 -180 | 180 | ps

. tERR
Cumulative error across 8 cycles (8per) -217 217 -200 200 -180 | 180 | ps

. tERR
Cumulative error across 9 cycles (9per) -224 224 -205 205 -190 | 190 | ps

. tERR
Cumulative error across 10 cycles (10per) -231 231 -215 215 -195 | 195 | ps

. tERR
Cumulative error across 11 cycles (11per) -237 237 -217 217 -200 | 200 | ps

. tERR
Cumulative error across 12 cycles (12per) -242 242 -228 228 -210 | 210 | ps
Cumulative error across n tERR tERR(nper)min=(1+0.68In(n))*JIT(per)min oS o4
=13, 14, ....49, 50 cycles (nper) tERR(nper)max=(1+0.68In(n))*JIT(per)max
Data Timing
DQS, DQS# 10 DQ skew, tDQSQ 160 - 146 - 113 | - | ps | 13
per group, per access
DQ output hold time from tCK
DOS, DQS# tQH 0.38 0.38 0.38 (avg) 13,b
DQ low-impedance time from 13, 14,
CK, CK# tLZ(DQ) -600 300 -550 280 -480 | 240 | ps a
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Timing Parameters by Speed Bin (Continued)

Note: The following general notes from page 57 apply to Table : a

500MHz 600MHz 700MHz

Parameter Symbol Min Max Min Max Min Max | Units | Notes
DQ high impedance time from CK, tHZ(DQ) i 300 i 280 i 230 | ps 13, 14,
CK# a
Data setup time to DQS, DQS#
referenced to Vih(ac) / Vil(ac) tDS(base) 184 - 160 - 130 - ps d, 17
levels
Data hold time from DQS, DQS#
referenced to Vih(dc) / Vil(dc) tDH(base) 184 - 160 - 130 - ps d, 17
levels
Data Strobe Timing
DQS,DQS# differential READ {RPRE 0.9 Note 0.9 Note 09 Note tCK | 13,19
Preamble (avg) b
DQS, DQS# differential READ {RPST 03 Note 03 Note 03 Note tCK | 11,13,
Postamble (avg) | b
E_)QS, DQS# differential output high {QSH 0.38 ) 0.38 i 0.38 ) tCK 13, b
time (avg)
I_DQS, DQS# differential output low tQSL 0.38 i 0.38 i 0.38 ) tCK 13.b
time (avg)
DQS, DQS# differential WRITE {WPRE 09 i 09 i 09 ) tCK
Preamble (avg)
DQS, DQS# differential WRITE tWPST 03 ) 03 ) 03 ) tCK
Postamble (avg)
DQS, DQS# rising edge output i i )
access time from rising CK, CK# tDQSCK 360 360 300 300 255 | 255 | ps 13, a
DQS and DQS# low-impedance 13, 14,
time (Referenced from RL - 1) tLZ(DQS) 600 300 550 280 480 | 240 | ps a
DQS and DQS# high-impedance i ) i 13,14
time (Referenced from RL + BL/2) tHZ(DQS) 300 280 230 | ps a
DQS, DQS# differential input low {DOSL 0.4 06 0.4 06 0.4 0.6 tCK
pulse width (avg)
DQS, DQS# differential input high {DQSH 04 06 04 06 04 0.6 tCK
pulse width (avg)
DQS, DQS# rising edge to CK, tDQSS 025 | 025 | -025 |o025| 025 |025| K| ¢
CK# rising edge (avg)
DQS, DQSH# falling edge setup ) ) i tCK
time to CK, CK# rising edge bSS 0.2 0.2 0.2 (avg) ¢
DQS, DQS# falling edge hold time ) ) ) tCK
from CK, CK# rising edge tbSH 0.2 0.2 0.2 (avg) ¢
Command and Address Timing
DLL locking time tDLLK 512 - 512 - 512 - nCK
Internal READ Command to {RTP mgﬁm i max(4nC i mgﬁm ) e
PRECHARGE Command delay 7.5ns) K, 7.5ns) 7.5ns)
Delay from start of internal write
transaction to internal read tWTR 4 - 5 - 6 - e, 18
command
WRITE recovery time tWR 15 - 15 - 15 - ns e
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Timing Parameters by Speed Bin (Continued)

Note: The following general notes from page 57 apply to Table : a

500MHz 600MHz 700MHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes
Mode Register Set command cycle tMRD 4 ) 4 ) 4 i nCK
time
. max(12 max(12n max(12
Ll\j/loddafieRdeg:ter Set command tMOD nCK, i CK, i nCK, )
P Y 15ns) 15ns) 15ns)
ACT to internal read or write delay {RCD 14 i 14.94 i 14.2 i e
time
PRE command period tRP 14 - 14.94 - 14.2 - e
AC'_I' to ACT or REF command {RC 50 ) 49.8 ) 49.7 . e
period
CAS# to CAS# command delay tCCD 4 - 4 - 4 - nCK
Auto precha_trge write recovery + {DAL(min) 16 i 19 i 29 i nCK
precharge time
End of MPR Read burst to MSR for
MPR(exit) tMPRR 1 - 1 - 1 - nCK 22
ACTIVE to PRECHARGE RAS 36 i 34.86 i 35.5 i e
command period
ACTIVE to ACTIVE cqmmand {RRD i 6 i 6 i 6 e
period for 2KB page size
F_our activate window for 2KB page tFAW 50 i a7 i 43 ) ns e
size
Command and Address setup time
to CK, CK# referenced to Vih(ac) / tIS(base) 290 - 250 - 200 - ps b, 16

Vil(ac) levels

Command and Address hold time
from CK, CK# referenced to tIH(base) 290 - 250 - 200 - ps b, 16
Vih(dc) / Vil(dc) levels
Calibration Timing

Power-up and RESET calibration

. tZQinit 512 - 512 - 512 - nCK
time
Elrﬂremal operation Full calibration tZQoper 256 i 256 i 256 ) nCK
Normal operation Short calibration zQcs 64 i 64 i 64 ) nCK 23
time
Reset Timing

msag}((Sn max(5ns msaz(r((Sn
Exit Reset from CKE HIGH to a y CK, !

: tXPR tRFC( - . - tRFC( -

valid command . tRFC(min .

min)+1 )+10ns) min)+1

ons) ons)
Self Refresh Timings
Exit Self Refresh to commands not y CK, !
o tXS tRFC( - . - tRFC( -

requiring a locked DLL . tRFC(min .

min)+1 )+10ns) min)+1

ons) ons)

Exit S_elf Refresh to com-mands IXSDLL tDI_.LK( ) tDLLK(mi ) tDI_.LK( ) nCK
requiring a locked DLL min) n) min)
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Timing Parameters by Speed Bin (Continued)

Note: The following general notes from page 57 apply to Table : a

500MHz 600MHz 700MHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes

Minimum CKE low ch_ith for Self {CKESR tCKE(min)+1nC {CKE(min)+1nCK tCKE(min)+1n

Refresh entry to exit timing K CK

Valid Clock Requirement after Self max(5n max(5ns max(5n

Refresh Entry (SRE) or Power- tCKSRE sCK, - CK, - sCK, -

Down Entry (PDE) 10ns) 10ns) 10ns)

Valid Clock Requirement before max(5n max(5ns max(5n

Self Refresh Exit (SRX) or Power- tCKSRX sCK, - CK, - sCK, -

Down Exit (PDX) or Reset Exit 10ns) 10ns) 10ns)

Power Down Timings

Exit Power Down with DLL on to

any valid command; Exit

Precharge Power Down with DLL tXP 4 - 5 - 6 -

frozen to commands not requiring

a locked DLL

Exit Precharge Power Down with MAX(1 MAX(10n MAX(1

DLL frozen to commands requiring tXPDLL 0onCK,2 - CK,24ns) - onCK,2| - 2

a locked DLL 4ns) ' 4ns)

CKE minimum pulse width tCKE 3 - 3 - 3 -

Command pass disable delay tCPDED 1 - 1 - 1 - nCK

o tCKE( | 9*%RE | tCKE(min | 9%RE | tCKE( | 9*%R

Power Down Entry to Exit Timing tPD min) Fl ) Fl min) EFI 15
Timing of ACT command to Power tACTPDEN 1 i 1 i 1 ) nCK

Down entry

Timing of PRE or PREA command {tPRPDEN 1 i 1 i 1 ) nCK

to Power Down entry

Timing of RD/RDA command to RL+4+ RL+4+

Power Down entry tRDPDEN 1 i RL+4+1 i 1 © | nCK

Timing of WR command to Power V(\{\I;\;rs;r WL+4+(t VX\L/JFAJ

Down entry (BL8OTF, BLBMRS, tWRPDEN {CK(av - WR/ - CKGav | nCK 9

BC40TF tCK(av

) 0) @) 9)

Timing of WRA command to Power

Down entry (BL8OTF, BL8MRS, | tWRAPDEN V\X/LF:fI - WLF:‘I Wi V\X,LF;TI - |nck| 10

BC40TF)

WL+2+ WL+2+
o WL+2+(t
Timing of WR command to Power {WRPDEN (tWR/ i WR/ i (tWR/ ) nCK 9
Down entry (BC4AMRS) tCK(av tCK(av
tCK(avg))
9) 9)

Timing of WRA command to Power WL+2+ WL+2+W WL+2+

Down entry (BC4MRS) WRAPDEN | \WRe1 | - R+1 " |wrer | T | NCK)I0

Timing of REF command to Power {REEPDEN 1 i 1 i 1 ) nCK ,

Down entry

Timing of MRS command to Power tMRSPDEN tMQD( i tMOD(mi i tMQD( )

Down entry min) n) min)

ODT Timings

ODT high time without write

command or with write command ODTH4 4 - 4 - 4 - nCK

and BC4
Rev. 1.0 /7 Oct 2008 72




hynix H5TQ(S)5163MFR

Timing Parameters by Speed Bin (Continued)

Note: The following general notes from page 57 apply to Table : a

500MHz 600MHz 700MHz

Parameter Symbol Min Max Min Max Min Max | Units | Notes
ODT high time with Write
command and BL8 ODTH8 6 i 6 i 6 - | ek
Asynchronous RTT turn-on delay
(Power-Down with DLL frozen) tAONPD ! o ! o 1 o ns
Asynchronous RTT turn-off delay
(Power-Down with DLL frozen) tAOFPD ! 9 ! 9 ! 9 ns
RTT turn-on tAON -300 300 -280 280 -240 | 240 | ps 7,a
RTT_NOM and RTT_WR turn-off tCK
time from ODTLoff reference tAOF 03 0.7 03 0.7 03 0.7 (avg) 8a
RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 (;C\:/:) a
Write Leveling Timings
Flr_st DQS{DQS# rising edge after fWLMRD 40 i 20 i 20 ) nCK 3
write leveling mode is programmed
DQS_/DQS# de.lay after write {WLDQSEN o5 i o5 i o5 ) nCK 3
leveling mode is programmed
Write leveling setup time from
rising CK, CK# crossing to rising tWLS 245 - 210 - 190 - ps
DQS, DQS# crossing
Write leveling hold time from rising
DQS, DQS# crossing to rising CK, tWLH 245 - 210 - 190 - ps
CK# crossing
Write leveling output delay tWLO 0.9 - 0.9 - 0.9 - ns
Write leveling output error tWLOE 0.2 - 0.2 - 0.2 - ns
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Timing Parameters by Speed Bin (Continued)
Note: The following general notes from page 57 apply to Table : a

800MHz 900MHz 1GHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes
Clock Timing
Minimum Clock Cycle Time tCK
(DLL off mode) (DLL_OFF) 8 - 8 - 8 - ns 6
Average Clock Period tCK(avg) See “10. Standard Speed Bins” on page 62. ps f
Average high pulse width tCH(avg) 0.47 0.53 0.47 0.53 0.47 0.53 (;c\:/g) f
Average low pulse width tCL(avg) 047 | 053 | 047 | 053 | 047 | 053 (;%g) f
Absolute Clock Period (;%E) tCK(avg)min+tJIT(per)min ps
Absolute clock HIGH pulse width tCH 0.43 - 0.43 - 0.43 - tCK 25
(abs) (avg)
Absolute clock LOW pulse width tCL(abs) 0.43 - 0.43 - 0.43 - (;C\:/I;) 26
Clock Period Jitter JIT(per) -70 70 -65 65 -60 60 ps
Clock Period Jitter during T
DLL locking period (per, Ick) -60 60 -5 55 -50 50 ps
Cycle to Cycle Period Jitter tJIT(cc) 140 140 130 130 120 120 ps
Cycle to Cycle Period Jitter taT
during DLL locking period (cc, Ick) 120 120 110 110 100 100 ps
- tIT

Duty Cycle jitter (duty) - - - - - - ps

. tERR
Cumulative error across 2 cycles (2per) -103 103 -93 93 -83 83 ps

. tERR
Cumulative error across 3 cycles (3per) -122 122 -112 112 -102 102 ps

. tERR
Cumulative error across 4 cycles (4per) -136 136 -122 122 -108 108 ps

. tERR
Cumulative error across 5 cycles (5per) -147 147 -135 135 -122 122 ps

. tERR
Cumulative error across 6 cycles (6per) -155 155 -140 140 -135 135 ps

. tERR
Cumulative error across 7 cycles (7per) -163 163 -146 146 -130 130 ps

. tERR
Cumulative error across 8 cycles (8per) -169 169 -149 149 -129 129 ps

. tERR
Cumulative error across 9 cycles (9per) -175 175 -160 160 -145 145 ps

. tERR
Cumulative error across 10 cycles (10per) -180 180 -165 165 -150 150 ps

. tERR
Cumulative error across 11 cycles (11per) -184 184 -168 168 -152 152 ps

. tERR
Cumulative error across 12 cycles (12per) -188 188 -170 170 -150 150 ps
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Timing Parameters by Speed Bin (Continued)
Note: The following general notes from page 57 apply to Table : a
800MHz 900MHz 1GHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes

Cumulative error across n tERR tERR(nper)min=(1+0.68In(n))*JIT(per)min oS 04
=13, 14, .....49, 50 cycles (nper) tERR(nper)max=(1+0.68In(n))*JIT(per)max

Data Timing

DQS, DQS# 1o DQ skew, tDQSQ 100 - 87 - 75 - ps 13
per group, per access

DQ output hold time from ) i i tCK

DQS, DOS# tQH 0.38 0.38 0.38 (avg) 13,b
DQ low-impedance time from 13, 14,
CK, CK# tLZ(DQ) -450 225 -400 200 -350 180 ps a
DQ high impedance time from CK, tHZ(DQ) ) 295 ) 200 ) 180 ps 13, 14,
CK# a
Data setup time to DQS, DQS# i i )

referenced to Vih(ac) / Vil(ac) levels tDS(base) 115 100 90 ps d, 17
Data hold time from DQS, DQS# i i i

referenced to Vih(dc) / Vil(dc) levels (DH(base) 115 100 90 ps d, 17
Data Strobe Timing

DQS,DQS# differential READ {RPRE 0.9 Note 0.9 Note 0.9 Note tCK | 13,19
Preamble (avg) b
DQS, DQS# differential READ {RPST 03 Note 03 Note 03 Note tCK | 11, 13,
Postamble (avg) b
I_DQS, DQS# differential output high {QSH 0.38 i 0.38 i 038 ) tCK 13.b
time (avg)

I_DQS, DQS# differential output low tQSL 0.38 ) 0.38 i 0.38 i tCK 13.b
time (avg)

DQS, DQS# differential WRITE tWPRE 0.9 ) 0.9 ) 0.9 i tCK
Preamble (avg)

DQS, DQS# differential WRITE tWPST 03 i 03 i 03 i tCK
Postamble (avg)

DQS, DQS# rising edge output ) ) i

access time from rising CK, CK# tDQSCK 225 225 180 180 150 150 ps 13,a
DQS and DQS# low-impedance time ) ) i 13, 14,
(Referenced from RL - 1) tLZ(DQS) 450 225 420 210 380 190 ps A
DQS and DQS# high-impedance i ) i 13,14
time (Referenced from RL + BL/2) tHZ(DQS) 225 210 190 ps a
DQS, DQS# differential input low {DOSL 0.4 0.6 0.4 0.6 0.4 0.6 tCK

pulse width (avg)

DQS, DQS# differential input high tDQSH 0.4 0.6 0.4 0.6 0.4 0.6 tCK

pulse width (avg)

DQS, DQS# rising edge to CK, CK# | \nhaq | 995 | 025 | -025 | 025 | -0.25 | 025 | K | ¢
rising edge (avg)

DQS, DQS# falling edge setup time i i i tCK

to CK, CK# rising edge tbSS 02 0.2 02 (avg) ¢
DQS, DQS# falling edge hold time i i i tCK

from CK, CK# rising edge tbSH 02 0.2 02 (avg) ¢
Command and Address Timing

DLL locking time tDLLK 512 - 512 - 512 - nCK
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Timing Parameters by Speed Bin (Continued)
Note: The following general notes from page 57 apply to Table : a
800MHz 900MHz 1GHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes
Internal READ Command to max(4n max(4n max(4n
PRECHARGE Command dela; TP CK, i CK, ) CK, i €
y 7.5ns) 7.5ns) 7.5ns)
Delay from start of internal write
transaction to internal read tWTR 6 - 7 - 8 - e, 18
command
WRITE recovery time tWR 15 - 15 - 15 - ns e
Mode Register Set command cycle tMRD 4 i 4 ) 4 i nCK
time
. max(12 max(12 max(12
Mode Register Set command update tMOD ncK,15n ) ncK,15n ) ncK,15n )
delay
S) S) S)
ACT to internal read or write delay {RCD 15 i 154 i 15 ) e
time
PRE command period tRP 15 - 15.4 - 15 - e
AC'_I' to ACT or REF command {RC 50 ) 495 ) 50 . e
period
CAS# to CAS# command delay tCCD 4 - 4 - 4 - nCK
Auto precha_trge write recovery + {DAL(min) o4 i 28 i 30 i nCK
precharge time
End of MPR Read burst to MSR for
MPR(exit) tMPRR 1 - 1 - 1 - nCK 22
ACTIVE to PRECHARGE command {RAS 35 ) 35.2 ) 35 ) e
period
ACTIVE to ACTIVE cgmmand {RRD 6 i 7 ) 8 i e
period for 2KB page size
F_our activate window for 2KB page tFAW 40 i 40 ) 40 i ns e
size
Command and Address setup time
to CK, CK# referenced to Vih(ac) / tIS(base) 180 - 150 - 150 - ps b, 16
Vil(ac) levels
Command and Address hold time
from CK, CK# referenced to Vih(dc) / tIH(base) 180 - 150 - 150 - ps b, 16
Vil(dc) levels
Calibration Timing
E’ower-up and RESET calibration {ZQinit 512 i 512 ) 512 i nCK
time
Elr?]remal operation Full calibration tZQoper 256 i 256 ) 256 i nCK
Normal operation Short calibration zocs 64 i 64 i 64 ) nCK 23
time
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Timing Parameters by Speed Bin (Continued)

Note: The following general notes from page 57 apply to Table : a

800MHz 900MHz 1GHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes
Reset Timing
max(5n max(5n max(5n
. . sCK, sCK, sCK,
5;:;22?1? from CKE HIGH to a valid IXPR t.RFC(m i t.RFC(m i FRFC(m i
in)+10n in)+10n in)+10n
s) s) s)
Self Refresh Timings
max(5n max(5n max(5n
. sCK, sCK, sCK,
S Ser Rt e S | s |wicn| - |wRcin - |wRcin) -
in)+10n in)+10n in)+10n
s) s) s)
Exit Self Refresh to com-mands tDLLK tDLLK tDLLK
requiring a locked DLL XSDLL min) O min) b - min) Y- ncK
Minimum CKE low Wldth for Self {CKESR tCKE(min)+1n | tCKE(min)+1n | tCKE(mMin)+1n
Refresh entry to exit timing CK CK CK
Valid Clock Requirement after Self max(5n max(5n max(5n
Refresh Entry (SRE) or Power-Down tCKSRE sCK, - sCK, - sCK, -
Entry (PDE) 10ns) 10ns) 10ns)
Valid Clock Requirement before Self max(5n max(5n max(5n
Refresh Exit (SRX) or Power-Down tCKSRX sCK, - sCK, - sCK, -
Exit (PDX) or Reset Exit 10ns) 10ns) 10ns)
Power Down Timings
Exit Power Down with DLL on to any
valid command; Exit Precharge
Power Down with DLL frozen to tXP 6 - 7 - 8 -
commands not requiring a locked
DLL
Exit Precharge Power Down with MAX(1 MAX(1 MAX(1
DLL frozen to commands requiring a tXPDLL 0onCK,2 - 0onCK,2 - 0OnCK,2 - 2
locked DLL 4ns) 4ns) 4ns)
CKE minimum pulse width tCKE 4 - 5 - 5 -
Command pass disable delay tCPDED 1 - 1 - 1 - nCK
Power Down Entry to Exit Timing tPD tCI_(E(m IRE tCI_(E(m 9"IRE tC}.(E(m IRE 15
in) Fl in) Fl in) Fl
'I[;lchnv:/rr\]ge(r)]ftSCT command to Power tACTPDEN 1 i 1 i 1 i nCK
;'CTI'V';? BLSviiﬁ[rSREA commandto | prppEN 1 - 1 - 1 - | ncK
;'::I'Vre‘? 825:’;?3 command to {RDPDEN |RL+4+1| - [RL+4+1| - |RL#4+1| - |
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Timing Parameters by Speed Bin (Continued)
Note: The following general notes from page 57 apply to Table : a
800MHz 900MHz 1GHz
Parameter Symbol Min Max Min Max Min Max | Units | Notes

Timing of WR command to Power V\{\I;J;'/Jr( V\:\b\;;l;( V\{\b\;é;(

Down entry (BLBOTF, BLBMRS, tWRPDEN - - - nCK 9

tCK(av tCK(av tCK(av
BC40TF)
9) 9) 9))

Timing of WRA command to Power

Down entry (BL8OTF, BL8MRS, {WRAPDEN V\X/LF:fI - \<IVVLF:f1+ - V\X/"F:ff - |nck | 10
BC40TF)

WL+2+( WL+2+( WL+2+(
Timing of WR command to Power tWR/ tWR/ tWR/
Down entry (BC4MRS) tWRPDEN tCK(av | =~ |tCK(av | ~ |tCK(av | nck 9
9) 9) 9))

Timing of WRA command to Power WL+2+ WL+2+ WL+2+

Down entry (BC4MRS) WRAPDEN | \vee1 | = |wret |~ |wrer | - [ NCK| 10
Timing of REF command to Power {REFPDEN 1 i 1 i 1 i nCK ’
Down entry

Timing of MRS command to Power tMRSPDEN tMQD( ) tMQD( ) tMQD( )

Down entry min) min) min)

ODT Timings

ODT high time without write

command or with write command ODTH4 4 - 4 - 4 - nCK

and BC4

ODT high time with Write command ODTHS 6 i 6 i 6 i nCK

and BL8

Asynchronous RTT turn-on delay

(Power-Down with DLL frozen) tAONPD 1 9 ! 9 ! 9 ns
Asynchronous RTT turn-off delay

(Power-Down with DLL frozen) tAGFPD L 9 L 9 L 9 ns

RTT turn-on tAON -225 225 -200 200 -180 180 ps 7,a
RTT_NOM and RTT_WR turn-off tCK

time from ODTLoff reference tACF 03 0.7 03 0.7 03 0.7 (avg) 8 a
RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 (Ea?/g) a
Write Leveling Timings

FII’.SI DQS{DQS# rising edge after {WLMRD 20 i 40 i 40 i nCK 3
write leveling mode is programmed

DQS/I?QS# delay after write leveling {WLDQSEN o5 i o5 i o5 ) nCK 3
mode is programmed

Write leveling setup time from rising

CK, CK# crossing to rising DQS, tWLS 180 - 170 - 150 - ps

DQS# crossing

Write leveling hold time from rising

DQS, DQS# crossing to rising CK, tWLH 180 - 170 - 150 - ps

CK# crossing

Write leveling output delay tWLO 0.9 - 0.9 - 0.9 - ns

Write leveling output error tWLOE 0.2 - 0.2 - 0.2 - ns
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0.1 Jitter Notes

Specific Note a  When the device is operated with input clock jitter, this parameter needs to be derated by
the actual tERR(mper), act of the input clock, where 2 <= m <=12.(output deratings are
relative to the SDRAM input clock.) For example, if the measured jitter into a DDR-800
SDRAM has tERR(mper),act,min = -172 ps and tERR(mper),act,max =+ 193 ps, then t
DQSCK,min(derated) = tDQSCK,min - tERR(mper),act,max = -400 ps - 193 ps = - 593 ps
and tDQSCK,max(derated) = tDQSCK,max - tERR(mper),act,min = 400 ps+ 172 ps = +
572 ps. Similarly, tLZ(DQ) for DDR3-800 derates to tLZ(DQ),min(derated) = - 800 ps -
193 ps = - 993 ps and tLZ(DQ),max(derated) = 400 ps + 172 ps = + 572 ps. ( Caution on
the min/max usage!) Note that tERR(mper),act,min is the minimum measured value of
tERR(nper) where 2 <= n <=12, and tERR(mper),act,max is the maximum measured
value of tERR(nper) where 2 <=n <= 12

Specific Note b When the device is operated with input clock jitter, this parameter needs to be derated by
the actual tJIT(per),act of the input clock. ( output deratings are relative to the SDRAM
input clock. ) For example, if the measured jitter into a DDR3-800 SDRAM has
tCK(avg),act = 2500 ps, tJIT(per),act,min = - 72 ps and tJIT(per),act,max = + 93 ps, then
tRPRE,min(derated) = tRPRE,min + tJIT(per),act,min = 0.9 x tCK(avg),act +
tJIT(per),act,min(derated) = tRPRE,min + tJIT(per),act,min = 0.9 x tCK(avg),act +
tJIT(per),act,min = 0.9 x 2500 ps - 72 ps =+ 2178 ps. Similarly, tQH,min(derated) =
tQH,min + tJIT(per),act,min = 0.38 x tCK(avg),act + tJIT(per),act,min = 0.38 x 2500 ps -
72 ps = + 878 ps. (Caution on the min/max usage!)

Specific Note ¢ These parameters are measured from a data strobe signal (DQS(L/U), DQS(L/U)#)
crossing to its respective clock signal (CK, CK#) crossing. The spec values are not
affected by the amount of clock jitter applied (i.e. tJIT(per), tJIT(cc), etc.), as these are rel-
ative to the clock signal crossing. That is, these parameters should be met whether clock
jitter is present or not.

Specific Note d  These parameters are measured from a data signal (DM(L/U), DQ(L/U)0, DQ(L/U)1, etc.)
transition edge to its respective data strobe signal (DQS(L/U), DQS(L/U)#) crossing.

Specific Note e For these parameters, the DDR3 SDRAM device supports tnhPARAM [nCK] = RU{
tPARAM [ns] / tCK(avg) [ns] }, which is in clock cycles, assuming all input clock jitter spec-
ifications are satisfied.For example, the device will support tnRP = RU{tRP / tCK(avg)},
which is in clock cycles, if all input clock jitter specifications are met. This means: For
DDR3-800 6-6-6, of which tRP = 15ns, the device will support thnRP = RU{tRP / tCK(avg)}
= 6, as long as the input clock jitter specifications are met, i.e. Precharge command at Tm
and Active command at Tm+6 is valid even if (Tm+6 - Tm) is less than 15ns due to input
clock jitter.

Specific Note f  These parameters are specified per their average values, however it is understood that
the following relationship between the average timing and the absolute instantaneous tim-
ing holds at all times. (Min and max of SPEC values are to be used for calculations in
Table .
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Timing Parameter Notes

. Actual value dependant upon measurement level definitions which are TBD.

. Commands requiring a locked DLL are: READ (and RAP) 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.
. For definition of RTT turn-on time tAON See 4.2.2 “Timing Parameters” on page 78.

. For definition of RTT turn-off time tAOF See 4.2.2 “Timing Parameters” on page 78.

© 00 N o 00 b~ WN P

. tWR is defined in ns, for calculation of tWRPDEN it is hecessary to round up tWR / tCK to the next integer.

10. WR in clock cycles as programmed in MRO.

11. The maximum postamble is bound by tHZDQS(max)

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 t.b.d.

13. Value is only valid for RON34

14. Single ended signal parameter. Refer to chapter <t.b.d.> for definition and measurement method.

15. tREFI depends on TOPER

16. tIS(base) and tIH(base) values are for 1V/ns CMD/ADD 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” on page 81.

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 Slew Rate Derating” on page 88..

18. Start of internal write transaction is definited 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 preamble is bound by tLZDQS(min)

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 operations.

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 ( Tdrifrate ) 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.
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ZQCorrection
(Tsens x Tdriftrate)+( VSens x Vdriftrate)

where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM temperature and

voltage sensitivities. For example, if TSens = 1.5% / °C, VSens = 0.15% / mV, Tdriftrate = 1 °C / sec and Vdriftrate =

15 mV / sec, then the interval between ZQCS commands is calculated as :

0.5
(1.5 x 1)+(0.15 x 15)

= 0.133 = 128ms

24. n = from 13 cycles to 50 cycles.

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

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

27. The tIS(base) AC150 specifications are adjusted from the tIS(base) specification by adding an additional 100 ps of der
ating to accommodate for the lower alternate threshold of 150 mV and another 25 ps to account for the earlier refer

ence point [(175 mV - 150 mV) / 1 V/ns].

Address / Command Setup, Hold and Derating

For all input signals the total tIS (setup time) and tIH (hold time) required is calculated by adding the data sheet tIS(base)
and tIH(base) value (see Table 1) to the AtlS and AtIH derating value (see Table 2) respectively. Example: tIS (total setup
time) = tIS(base) + AtIS

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vreg(qc) and the
first crossing of Vyacymin. Setup (t1S) nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of Vrer(dc) and the first crossing of Vil(ac)max. If the actual signal is always earlier than the nominal slew rate line
between shaded "Vrep(4c) to ac region’, use nominal slew rate for derating value (see Figure 1). If the actual signal is later
than the nominal slew rate line anywhere between shaded ‘Vrgr(qc) to ac region’, the slew rate of a tangent line to the
actual signal from the ac level to dc level is used for derating value (see Figure 3).

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vil(dc)max and the

first crossing of Vrep(gc)- Hold (tIH) nominal slew rate for a falling signal is defined as the slew rate between the last cross-
ing of Vih(dc)min and the first crossing of Vreg(qc). If the actual signal is always later than the nominal slew rate line

between shaded ‘dc to Vrer(gc) region’, use nominal slew rate for derating value (see Figure 2). If the actual signal is ear-
lier than the nominal slew rate line anywhere between shaded ‘dc to Vrep(qc) region’, the slew rate of a tangent line to the

actual signal from the dc level to Vrer(qc) level is used for derating value (see Figure 4).

For a valid transition the input signal has to remain above/below V| (5¢) for some time tyac (see Table 4).
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Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached Vi ac)

at the time of the rising clock transition) a valid input signal is still required to complete the transition and reach V| (ac)-
For slew rates in between the values listed in Table 2, the derating values may obtained by linear interpolation.

These values are typically not subject to production test. They are verified by design and characterization.

Table 1 — ADD/CMD Setup and Hold Base-Values for 1V/ns

unit [ps] 500MHz 600/700MHz 800MHz reference

tIS(base) 125 65 TBD ViH/L(ac)

tIH(base) 200 140 TBD ViH/L(de)
tIH(base)AC150 - 65 + 125 TBD + 125 V|H/L(dc)

Note: - (ac/dc referenced for 1V/ns DQ-slew rate and 2 V/ns DQS slew rate)
- 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]

Table 2 - Derating values tIS/tlIH - ac/dc based

AtIS, AtIH derating in [ps] AC/DC based
AC175 Threshold -> VIH(ac) = VREF(dc) + 175mV, VIL(ac)=VREF(dc) - 175mV

CK,CK# Differential Slew Rate

4.0 Vins 3.0 Vins 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins
AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH
20| 88 50 88 50 88 50 96 58 | 104 | 66 | 112 | 74 | 120 | 84 | 128 | 100
15| 59 34 59 34 59 34 67 42 75 50 83 58 91 68 99 84
CMD 10| O 0 0 0 0 0 8 8 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
/ 09| -2 -4 -2 -4 -2 -4 6 4 14 12 22 20 30 30 38 46
o008 6 | 10| 6 | 10| 6 | 10| 2 | 2 | 10| 6 | 18 | 14 | 26 | 24 | 34 | 40
\r/?rtg 07| -11 | -16 | -11 | -16 | -11 | -16 -3 -8 5 0 13 8 21 18 29 34
06| -17 | -26 | -17 | -26 | -17 | -26 -9 -18 -1 -10 7 -2 15 8 23 24

05| -35| 40| -35|-40 | -35| 40 | -27 | -32 | -19 | -24 | -11 | -16 -2 -6 5 10
04| -62 | -60 | 62 | -60 | -62 | -60 | -54 | -52 | -46 | -44 | -38 | -36 | -30 | -26 | -22 | -10
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Table 3 -Derating values tIS/tIH - ac/dc based

AtlS, AtIH derating in [ps] AC/DC based
Alternate AC150 Threshold -> VIH(ac) = VREF(dc) + 150mV, VIL(ac)=VREF(dc) - 150mV

CK,CK# Differential Slew Rate
4.0 Vins 3.0V/ns 2.0Vins 1.8 V/ns 1.6 V/Ins 1.4 Vins 1.2 Vins 1.0 V/ns
AUS [ AtIH | AtIS [ AtIH | AUIS | AtIH | AUS | AtIH | AUS | AtIH | AUIS | AtIH | AIS | AtiH | AtIS | AtiH
20| 75 | 50 | 75 | 50 | 75 | 50 | 83 | 58 | 91 | 66 | 99 | 74 | 107 | 84 | 115 | 100
15| 50 | 34 | 50 | 3 | 50 | 34 | 58 | 42 | 66 | 50 | 74 | 58 | 82 | 68 | 90 | 84
10]oolo|lofJoflol]s 16 | 16 | 24 | 24 | 32 | 34 | 40 | 50
; o9 o | 4| o0 | 4| 0] 4| 8 16 | 12 | 24 | 20 | 32 | 30 | 40 | 46
fPDTos[ 0 [10| 0 |10| 0 | 10| 8 | 2 |16 | 6 | 24 | 14 | 82 | 24 | 40 | 40
8
7

CMD

rate |0.7| O -16 0 -16 0 -16 -8 16 0 24 8 32 | 18 | 40 | 34
vins 06| -1 |-26| -1 |-26| -1 -26 -18 | 15 | -10 | 23 -2 31 8 39 | 24
05|-10| 40 | -10 | 40 | -10 | 40 | -2 | -32 6 24 | 14 | -16 | 22 -6 30 | 10
04| -25|-60| -25|-60|-25| -60 | -17 | -52 | -9 | -44 | -1 | -36 7 -26 | 15 | -10

Table 4 - Required time tysc above VIH(ac) {below VIL(ac)} for valid transition

Slew Rate tyac @ 175 mV [ps] tyac @ 150 mV [ps]
[VIns]
min max min max

> 2.0 75 - 175 -
2.0 57 - 170 -
15 50 - 167 -
1.0 38 - 163 -
0.9 34 - 162 -
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 0 - 150 -

<05 0 - 150 -
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hynix

Note: Clock and Strobe are drawn
on a different time scale.

DQS “ =
tDS tDH
—>| —>
Vobpg - —|————~— o
V|H(8.C) mn - — — — —
VREF to ac
region
Vi min _ |
nominal
slew rate
VREF(@dc) - —— — — = — — — — — — — — -
nominal
/slew rate
ViLdc) max — — y — P — = — -
VREF to ac
region
V||_(ac)maX——— e U gion__

VSS - 4 - - - - - - - - —

ATF ATR

Setup Slew Rate _ ViH(ac)MiN - VREF(dc)
Rising Signal ~ ATR

Setup Slew Rate _ VREF(dc) - ViLag)Max
Falling Signal ATF

Figure 1 — lllustration of nominal slew rate and tyac for setup time tpg (for DQ with respect to strobe) and
t,s (for ADD/CMD with respect to clock).
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Note: Clock and Strobe are drawn
on a different time scale.

CK

/
CK# - = v

nominal
slew rate

nominal
slew rate ——]

VSS ___________ _— 4 — — — - = = — 4 — -
— — — > P R—
ATR ATF
Hold Slew Rate _ VReF(dc) - ViLdoM3X i Slew Rate _ ViH(de)MiN - VREF(dc)
Rising Signal ATR Falling Signal ~ ATF
Figure 2 — Illustration of nominal slew rate for hold time tpy (for DQ with respect to strobe) and t;4

(for ADD/CMD with respect to clock).
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Note: Clock and Strobe are drawn

on a different time scale.

H5TQ(S)5163MFR

VREeg to ac
region

nominal
line

tangent
line

VREFde) @ ——|F———"""MH- @ —|-————— -\ -
| tangent
line
Vigggmax -\ |-~~~ |-~~~
V|L(8.C) max _ /[ |- — N — — — /|- |- - - _ _ _
nominal
line —» —
tVAC ATR
Vs - |- - - - - - — — — — — — — — -
Setup Slew Rate_ tangent line[V yacyMin - VRer(de)l
Rising Signal ATR
—> «— _
ATF ' Setup Slew Rate  tangent line[Vrer(gc) - ViLagmax]
Falling Signal — ATE
Figure 3 — lllustration of tangent line for setup time tpg (for DQ with respect to strobe) and t;g

(for ADD/CMD with respect to clock)
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Note: Clock and Strobe are drawn
on a different time scale.

tangent

H5TQ(S)5163MFR

nominal
line

nominal
e 1 S
VSS ___________ _— — - — — — — = — — 4 — -
— |- —P -—
ATR ATF
Hold Slew Rate_ tangentline [ Vrer(gc) - ViL(dcymax |
Rising Signal ~ ATR
Hold Slew Rate _ tangentline [ Viyggymin - VRer(de) |
Falling Signal ~ ATE
Figure 4 — lllustration of tangent line for hold time tpy (for DQ with respect to strobe) and t;y

(for ADD/CMD with respect to clock)
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Data Setup, Hold and Slew Rate Derating

For all input signals the total tDS (setup time) and tDH (hold time) required is calculated by adding the data sheet
tDS(base) and tDH(base) value (see Table 2) to the DtDS and DtDH (see Table 3) derating value respectively. Example:
tDS (total setup time) = tDS(base) + DtDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vper(gcy and the
first crossing of Vjyacymin. Setup (tDS) nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of Vrer(gey and the first crossing of Vi ocymax (see Figure 5). If the actual signal is always earlier than the nomi-
nal slew rate line between shaded ‘Vrer(gc) to ac region’, use nominal slew rate for derating value. If the actual signal is
later than the nominal slew rate line anywhere between shaded ‘Vgep(qc) to ac region’, the slew rate of a tangent line to
the actual signal from the ac level to dc level is used for derating value (see Figure 7).

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V| cymax and the
first crossing of Vger(qc)- Hold (tDH) nominal slew rate for a falling signal is defined as the slew rate between the last
crossing of Vgeymin and the first crossing of Vgrer(qc) (see Figure 6). If the actual signal is always later than the nominal
slew rate line between shaded ‘dc level to Vger(qc) region’, use nominal slew rate for derating value. If the actual signal is
earlier than the nominal slew rate line anywhere between shaded ‘dc to Vrer(qcy region’, the slew rate of a tangent line to

the actual signal from the dc level to Vper(qcy level is used for derating value (see figure 7).
For a valid transition the input signal has to remain above/below V| (ac) for some time tyc (see Table 4).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached V| (ac)

at the time of the rising clock transition) a valid input signal is still required to complete the transition and reach Vi (ac)-

For slew rates in between the values listed in the tables the derating values may obtained by linear interpolation.

These values are typically not subject to production test. They are verified by design and characterization.

Table 2 — Data Setup and Hold Base-Values

Units [ps] 500MHz 600/700MHz 800MHz reference
tDS(base) 25 -10 TBD VIH/L(ac)
tDH(base) 100 65 TBD VIH/L(de)

Note: (ac/dc referenced for 1V/ns DQ-slew rate and 2 V/ns DQS-slew rate)
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Table 3 — Derating values 500MHz tDS/tDH - ac/dc based

AtDS, ADH derating in [ps] AC/DC based 2
DQS, DQS# Differential Slew Rate
4.0 VIns 3.0 Vins 2.0Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 VIns

AtDS | AtDH | AtDS | AtDH | AtDS AtDH AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH
20| 88 | 50 | 88 | 50 | 88 | 50 | - - - - - - - - - -
15| 59 | 34 | 50 | 34 | 50 | 34 | 67 | 42 | - - - - - - - -
10/l 0 | o | o | oo 0 8 | 8 | 16 | 16 | - - - - - -

po |09 - [ 2| 4| 2| 2 | 6 | 4 | 14| 12 22| 2| - - - }
Stew Tos | - - - ~ | 6 | 10| 2 | 2 | 10| 6 | 18 | 14 | 26 | 24 | - -
Vins | 07| - - - - - - -3 -8 5 0 13 8 21 | 18 | 29 | 34
06| - - - - - - - [ 1 2] 7 | 2 ] 15| 8 | 23 | 24
05| - - - - - - - - - - 1| .| 2] 6| 5 | 10
04| - - - - - - - - - - - ~ [ 30 | 26 | 22 | 10

a.Cell contents shaded in red are defined as ‘not supported'.

Table 4 — Required time tysc above VIH(ac) {below VIL(ac)} for valid transition

Slew Rate [V/ns] tyac [ps]
min max
>2.0 75 -
2.0 57 -
15 50 -
1.0 38 -
0.9 34 -
0.8 29 -
0.7 22 -
0.6 13 -
0.5 0 -
<05 0 -

Rev. 1.0 /7 Oct 2008 89




H5TQ(S)5163MFR

hynix

Note: Clock and Strobe are drawn
on a different time scale.

DQS - =
tDS tDH
—>| —>
Vobg @~ —|————~— _
VIH(ac) mn - — — — —
VREF to ac
region
ViHdgmin _ |
nominal
slew rate
VREF(dc) - ——— — — = — — - — — — — — — -
nominal
/slew rate
ViL(dc) max — — y P === = ==
VREF to ac
region
V||_(ac)maX——— S gion__

ATF ATR

Setup Slew Rate _ ViH@acg)MiN - VREF(dc)
Rising Signal ~ ATR

Setup Slew Rate _ VREF(dc) = ViLag)Max
Falling Signal ATF
Figure 5 — lllustration of nominal slew rate and ty,c for setup time tpg (for DQ with respect to strobe) and
t)s (for ADD/CMD with respect to clock).
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Note: Clock and Strobe are drawn
on a different time scale.

nominal
slew rate

nominal
slew rate ——|

ATR ATF

Hold Slew Rate _ VReF(dc) - ViL(dc)Max

d Slew _ Hold Slew Rate _  ViH(dc)MiN - VREF(dc)
Rising Signal ATR

Falling Signal — ATE

Figure 6 — lllustration of nominal slew rate for hold time tp (for DQ with respect to strobe) and t;4
(for ADD/CMD with respect to clock).
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Note: Clock and Strobe are drawn
on a different time scale.
Voo @~ -~~~ - -
nominal
line
ViH@aymn - - - — - - — — — — — - — — = 0 — — N -
(ac) VREF to ac
region
ViHggymin - — — — | — — — — - - - - — — —C
tangent
line
VREFde) @ — """ —|-———— — -\ -
|- tangent
line
ViLggmax -~ —)/~W— |- -~~~ 7| |-~~~
ViLeggmax - L |- - Ny - ——Af—— — |- |- - — — — — — — -
nominal
line —> «—
tVAC ATR
VSS————————————————f————_————
Setup Slew Rate:tangent line[ViyacyMin - Vrer(de)l
Rising Signal ATR
—> — .
ATF | Setup Slew Rate  tangent line[Vrer(c) - ViLacyMax]
Falling Signal — ATF
Figure 7 — llustration of tangent line for setup time tpg (for DQ with respect to strobe) and t,g (for ADD/

CMD with respect to clock)
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12. Package Dimensions
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