U DDR3 SDRAM Integrated Module
[HIMOD]:
* Vpp=VopQ=1.5V + 0.075V

* 1.5V center-terminated, push/pull
/0

e Package: 16mm x 22mm x 1.2mm,
13 x 21 matrix w/ 271balls

* Matrix ball pitch: 1.00mm
Space saving footprint

Thermally enhanced, Impedance

matched, integrated packaging

Differential, bi-directional data strobe

8n-bit prefetch architecture

8 internal banks (per word, 4 words

integrated in package)

Nominal and dynamic on-die termina-

tion (ODT) for data, strobe, and mask

signals.

U Programmable CAS (READ) latency
(CL):7,8,10, and 11

U CAS (WRITE) latency (CWL): 6, 7, 8,

0O 0OUJo OO0

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

FEATURES

9, and 11

Fixed burst length (BL) of 8 and burst
chop (BC) of 4

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

Self/Auto Refresh modes

Operating Temperature Range
(ambient temp=TA)

e Commercial: 0°C to 70°C

e Industrial: -40°C to 85°C

¢ Extended: -40°C to 105°C

e Mil-Temp: -55°C to 125°C
CORE clocking frequencies: 400,
533, 667, 800 MHz

Data Transfer Rates: 800, 1066,
1333, 1600 Mbps

Write leveling
Multipurpose register
Output Driver Calibration

oo O O

o000 U O

iMOD Part Information

ORrbpeR NuMBER Speep GRADE Pka FoorprinT  1/O Pirch Pka No.
[ sToD364ME4SBG2X125 DDR3-1600 |
[ sT9D364MB4SBG2x15 DDR3-1333 |
16mm x 22mm 27 1.00mm BG2
[ sToD364MB4SBG2x187 DDR3-1066 |
[ sToD364ME4SBG2x25 DDR3-800 |
- .
HIiMOD
STACKED Technologies Incorporated www.stackedtechnologies.com 1

U 40% space savings while provid-
ing a surface mount friendly pitch
(1.00mm)

U Reduced I/O routing (34%)

U 30% improvement in routings for your
memory array

U Reduced trace lengths due to
the highly integrated, impedance
matched packaging

U Thermally enhanced packaging
technology allow silicon integration
without performance degradation due
to power dissipation (heat)

U High TCE organic laminate interposer
for improved glass stability over a
wide operating temperature

U Suitability of use in High Reliability
applications requiring Mil-temp, non-
hermetic device operation

*Note: This integrated product and/or its specifications
are subject to change without notice. The latest document
should be retrieved from STACKED Technologies prior to

your design consideration.

STACKED

5T9D364M645BG2

High Performance Highly Integrated Memory Module Product
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FEATURES

Ficure 1 - HHIMOD PaRrT NUMBERS

Sample Part Number:

ST9D3 64M 64S

ST9D364M64SBG2

BG2 X | XXX

'

DDR3 HIMOD

Word = 64MB

x64

Wordwidth

S = Single Channel

Commercial (0°C to 70°C) C

l_

25 | 2.5ns/400MHz
187 | 1.875ns / 533MHz

15 | 1.5ns /666MHz
105 | 1.25ns/800MHz

16 x 22mm
PBGA

\

Industrial (-40°C to 85°C) |

Extended (-40°C to 105°C) E

Military (-55°C to 125°C) M

Note: Not all options can be combined. Please see our Part Catalog for available offerings.

Parameter 64 Meg x 64

Configuration [8 Meg x 8 banks x 16] x 4
Refresh Count 8K
ROW Addressing 8K (A[12:0])
Back Addressing 8 (BA[2:0])
Column Addressing 1K (A[9:0])
STACKED Technologies Incorporated www.stackedtechnologies.com 2 High Performance Highly Integrated Memory Module Product
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STATE DIAGRAM

FIGURE 2 - SIMPLIFIED STATE DIAGRAM

CKE L
Power Power Initializati
applied on nitialization
From any — RESETJ
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Active
' Power-
. Down
CKE L bDE ; CKE L
Bank
' Active
| WRITE WRITE - - READ READ
' C\ ) WRITE AP | READ AP ) /D
' " READ
| Writing WRITE
WRITE AP READ AP
. WRITE AP | READ AP
PRE, PREA PRE, PREA Reading
e ] Prehargin
gej - Automatic
Sequence
Command
Sequence
ACT = ACTIVATE PREA=PRECHARGE ALL SRX = Self refresh exit
MPR = Multipurpose register READ = RD, RDS4, RDS8 WRITE = WR, WRS4, WRS8
MRS = Mode register set READ AP = RDAP, RDAPS4, RDAPS8 WRITE AP = WRAP, WRAPS4, WRAPS8
PDE = Power-down entry REF = REFRESH ZQCL = ZQ LONG CALIBRATION
PDX = Power-down exit RESET = START RESET PROCEDURE ZQCS =ZQ SHORT CALIBRATION
PRE = PRECHARGE SRE = Self refresh entry
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FUNCTIONAL DESCRIPTION

This DDR3 SDRAM Module uses double data rate architecture to achieve high
speedoperation. Thedouble datarate (DDR)architectureisan8nprefetchwith
aninterface designed to transfer two data words per clock cycle atthe 1/0 pins.
Asingle READ orWRITE access forthe DRAM consists of asingle 8n-bit-wide,
one-clock-cycle data transfer at the internal memory core and eight corre-
sponding n-bit-wide, one-half-clock-cycle data transfer at the I/O pin.

The differential strobes (DQSx, DQSx\) are transmitted externally, along
with data, for use in data capture at the DRAM input receiver. DQS is cen-
ter-aligned with data for WRITEs. The READ data is transmitted by the
DRAM and edge-aligned to the data strobes.

The DRAM operates from a differential clock (CKx, CKx\). The crossing
of CK going HIGH and CK\ going LOW is referred to as the positive edge
of Clock (CK). Control, Command, and Address signals are registered at
every positive edge of CK. Input data is registered on the first rising edge of
DQS after the WRITE preamble, and output data is referenced on the first
rising edge of DQS after the READ preamble.

READ and WRITE accesses to the DRAM are burst-oriented. Accesses
start at a selected location and continue for a programmed number of loca-
tions in a programmed sequence. Accesses begin with the registration
of an ACTIVATE command, which is then followed by a READ or WRITE
command. The address bits registered coincident with the ACTIVATE com-
mand are used to select the bank and the starting column location for the
burst access.

DRAM devices use READ and WRITE BL8 and BC4. An AUTO PRE-
CHARGE function may be enabled to provide a self-timed ROW PRE-
CHARGE that is initiated at the end of the burst access.

As with standard DRAM devices, the pipelined, multi-bank architecture of
the DRAM allows for concurrent operation, thereby providing high band-
width by hiding ROW PRECHARGE and ACTIVATION time.

A SELF REFRESH mode is provided for all temperature grade offerings
along with AUTO SELF REFRESH for Industrial product, as well as, power-
saving, POWER-DOWN mode.

STACKED Technologies Incorporated www.stackedtechnologies.com

INDUSTRIAL TEMPERATURE

The industrial temperature (I) device requires the ambient temperature
not exceed -40°C or +85°C. JEDEC specifications require the REFRESH
rate to double when TA exceeds +85°C; this also requires use of the high-
temperature SELF REFRESH option. Additionally, ODT resistance and
the INPUT/OUTPUT impedance must be derated when the TA is <0°C
or >+85°C.

EXxTENDED TEMPERATURE

The Extended temperature (E) device requires the ambient temperature
not exceed -40°C or +105°C. JEDEC specifications require the refresh
rate to double when TA exceeds +85°C; this also requires use of the high-
temperature SELF REFRESH option. Additionally, ODT resistance and
the INPUT/OUTPUT impedance must be derated when the TA is <0°C
or >85°C.

MiLitary, ExTREME OPERATING TEMPERATURE

The Mil-Temp (M) device requires the ambient temperature not exceed
-55°C or +125°C. JEDEC requires the REFRESH rate double when TA
exceeds +85°C and STACKED recommends an additional derating as
specified in this document as to properly maintain the DRAM core cell
charge at temperatures above TA>105°C.

High Performance Highly Integrated Memory Module Product
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Ficure 3 - FuncTtionAL BLock DIAGRAM
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Ficure 4 - SDRAM - DDR3 Pinout Top VIEW
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TABLE 2 - BALL/SIGNAL LocATION AND DESCRIPTION

Ball Assignments

Symbol

Type

Description

L3, L10, M3, K9, M4,
M10, K3, M11, M5, K5,
K4, L4, K10

Ao, A1, A2,

A3, A4, As,

Ae, A7, As,
A9, A10/AP,
A11,A12/BC

Input

Address Inputs: Provide the ROW address for ACTIVATE commands, and the column address
and auto precharge bit (A10) for READY/WRITE commands, to select one location out of the
memory array in the respective bank. A1o sampled during a PRECHARGE command determines
whether the PRECHARGE applies to one bank (A1o LOW), bank selected by BA[2:0] or all banks
(A10 HIGH). The address inputs also provide the op-code during a LOAD MODE command.
Address inputs are referenced to VrefCA. A12/BC#: when enabled in the mode register (MR), A12
is sampled during READ and WRITE commands to determine whether burst chop, LOW = BC4
burst chop).

M9, L11, F6

BAo, BA1,
BA2

Input

Bank Address Inputs: BA[2:0] define the bank to which an ACTIVATE, READ, WRITE, or
PRECHARGE command is being applied. BA[2:0] define which mode register (MRo, MR1, MRz2, or
MRa3) is loaded during the LOAD MODE command. BA[2:0] are referenced to VrefCA.

K11, G7, F7

RFU

Input

Future Address: A13, A14, A1s

U2, U3, V4, V3, E12,
E11, D10, D11

CKx, CKx\

Input

Clock: CKx and CKx\ are differential clock inputs, one differential pair per WORD, four WORDs
contained in the L9D3xxG64 product. All control and address input signals are sampled on the
crossing of the positive edge of CKx and the negative edge of CKx\. Output data strobes (UDQSx/
UDQSx\ and LDQSx/LDQSX)) is referenced to the crossing of CKx and CKx\.

CKE

Input

Clock Enable: CKE enables and disables internal circuitry and clocks on the SDRAM. The
specific circuitry that is enabled/disabled is dependent upon the DDR3 SDRAM configuration and
operating mode. Taking CKE LOW provides PRECHARGE power-down and SELF REFRESH
operations (all banks idle), or active power-down (row active in any bank). CKE is synchronous
for power-down entry and exit and for self refresh entry. CKE is asynchronous for self refresh
exit. Input buffers (excluding CKx, CKx\, CKE, RESET#, and ODT) are disabled during SELF
REFRESH. CKE is referenced to VrefCA.

Cs\

Input

Chip Select: CS\ enables (registered LOW) and disables the command decoder. All commands
are masked when CS\ is registered HIGH. CS\ provides for external rank selection on systems with

multiple ranks. CS\ is considered part of the command code. CS\ is referenced to VrefCA.

R11, P8, R12, N12,
G3, H6, G2,
J2

Input

Input Data Mask: DMx is the byte wide data mask for the respective 8-bit data fields.The data
mask input, masks WRITE data. Byte data is masked when DMx is sampled HIGH. DMx pins are
structured as inputs only, the pins electrical loading is designed to match that of the DQ, DQSX,
DQSx# pins.

RAS\

Input

ROW Address Strobe/Select: Defines the command being entered along CAS\, WE\, and CS\.

This input pin is referenced to VrefCA.

CAS\

Input

COLUMN Address Strobe/Select: Defines the command being entered along with RAS\, WE),
and CS\. This input pin is referenced to VrefCA.

u1o

Input

WRITE Enable Input: Defines the command being entered along with CAS\, RAS\,, and CS\. This

input pin is referenced to VrefCA.

STACKED Technologies Incorporated
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TABLE 2 - BALL/SIGNAL LocATioN AND DescRIPTION CONTINUED

Ball Assignments  Symbol Type Description
R7 oDT Input |On-Die Termination: ODT enables (when registered HIGH) and disables termination resistance
internal to the DDR3 SDRAM. When enabled in normal operation, ODT is only applied to each of
the following signals: DQ[63:0], LDQXx\, UDQSx\, UDMx, and LDMx. The ODT input is ignored if
disabled via the LOAD MODE register command. ODT is referenced to VrefCA.
F5 RESET\ | Input [RESET: An input control pin, active LOW referenced to Vss. The RESET\ input receiver is a
CMOS input defined as a rail to rail signal with DC HIGH > 0.8 x Voo and DC LOW < 0.2 x VopQ.
RESET\ assertion and de-assertion are asynchronous.
T5, R3, T4, R2, F9, G11,| DQSO0-7, | Input |Data Strobe, Byte (per WORD): Output, edge-aligned with READ data. Input, center-aligned with
F10, G12 DQSO0-7\ WRITE data.
N4, N6, N3, N2, J10, J8,
Ji11,J12
DQo,DQ1, | /O |Data Input/Output: LOW Byte, LOW WORD (WORD 1). Pin referenced to VrefDQ.
DQ2,DQs,
DQ4,DQs,
DQs, DQ7
DQs,DQg, | /O |Data Input/Output: HIGH Byte, LOW WORD (WORD 1). Pin referenced to VrefDQ.
DQ1o, DQ11,
DQ12,DQ13,
DQ14,DQ15
DQi16,DQ17,| 1/0 |Data Input/Output: LOW Byte, WORD 2. Pin referenced to VrefDQ.
DQ1s, DQ19,
DQ20, DQ21,
DQ22, DQ23
DQ24,DQ25,| /0O |Data Input/Output: HIGH Byte, WORD 2. Pin referenced to VrefDQ.
DQ26, DQ27,
DQ2s, DQ2o9,
DQ3o0, DQ31
DQs32,DQ33,| /0 |Data Input/Output: LOW Byte, WORD 3. Pin referenced to VrefDQ.
DQas4, DQss,
DQse, DQ37,
DQss, DQ39
DQao,DQ41,| 1/0O |Data Input/Output: HIGH Byte, WORD 3. Pin referenced to VrefDQ.
DQaz2, DQa43,
DQua4, DQas5,
DQuae, DQ47

STACKED Technologies Incorporated
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TaABLE 2 - BALL/SIGNAL LocAaTioN AND DEscRIPTION CONTINUED
Ball Assignments  Symbol Type Description
DQ4s, DQ4s,| Supply | Data Input/Output: LOW Byte, HIGH WORD (WORD 4). Pin referenced to VrefDQ.
DQso, DQs51,
DQs2, DQs3,
DQs4, DQs5
DQse, DQs57,{ Supply | Data Input/Output: HIGH Byte, HIGH WORD (WORD 4). Pin referenced to VrefDQ.
DQss, DQs9,
DQso, DQs1,
DQs2, DQs3
Voo Supply | Power Supply: 1.5V + 0.075V

VooQ  [Supply |Data I/O Supply: 1.5V + 0.075V

Vss  |Supply |Ground

A2, A7, A12, A13, B1, VssQ |[Supply|Data I/O Ground: Isolated from Core for improved noise immunity

B13, L1, L13,Y1, Y13,

AA1, AA2, AA7, AA12,
AA13

VssoL Ground for DLL
VoooL Supply for DLL
Vreica | Supply | Voltage Reference CORE: VrefCA must be maintained at all times

Vretda | Supply | Voltage Reference 1/0: VrefDQ must be maintained at all times.

ZQx Ref. |External Reference for output drive calibration
A1, B2 UNPOPULATED Unpopulated, un-plated matrix location(s)
STACKED Technologies Incorporated www.stackedtechnologies.com 14 High Performance, Highly Integrated Memory Module Product
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FiGure 5 - MecHANICAL DRAWING
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TaBLE 3: ABsoLuTE Maximum RATINGS

Symbol Parameter MIN MAX UNITS NOTES
Vop Vob Supply Voltage relative to Vss -0.4 1.975 \Y 1
VopQ Vop Supply Voltage relative to VssQ -0.4 1.975 Vv 1
VIN, VouT Voltage on any pin relative to Vss -0.4 1.975 \ 1
TAlndustrial Operating Ambient Temperature -40 85 °C 2,3
TAExtended Operating Ambient Temperature -40 105 °C 2,3
TAMiltemp Operating Case Temperature -55 125 °C 3
TsTG Storage Temperature -55 120 °C 2,3
NOTES:

1. Voo and VopoQ must be within 300mV of each other at all times and VREF must not be greater than 0.6 x VooQ. When Vop and
VopQ are less than 500MV, VREF may be <300mV.

2. Max operating ambient temperature. TA is measured in the center of the package.

3. Device Functionality is not guaranteed if the DRAM device exceeds the Maximum TA during operation.

TaBLE 4: INPUT/OuTPuUT CAPACITANCE

DDR3-800 | DDR3-1066 | DDR3-1333 | DDR3-1600

Capacitance Parameter Symbol| MIN |[MAX| MIN | MAX| MIN | MAX| MIN | MAX| UNITS| NOTES
CK and CK\ Cck 08 | 16 |08 | 16 | 0.8 16 | 08 | 1.6 | pF

Single-end 1/0: DQ, DM Cio 15 | 30|15 | 30 | 15 25 | 15| 25 | pF 2
Differential I/0: DQS, DQS\ Cio 15 | 30 |15 | 380 | 15 | 25 | 15 | 25 | pF

Inputs (RAS\, CAS\, WE\, CS\, CKE, RESET\, ADDR, /BA0-2) | CI_Shared | 3.0 56 | 3.0 5.6 3.0 5.6 3.0 5.6 pF

NOTES:

1. Vob = +1.5V+ 0.075mV, Vooa = Voo, VREF = Vss, f= 100MHz, TA = 25°C, VouT (DC) = 0.5 x VopQ, VOuT (peak to peak) = 0.1V
2. DM input is grouped with I/O pins, reflecting the signal is grouped with DQ and therefore matched in loading.

3. Excludes CK, CK\

STACKED Technologies Incorporated www.stackedtechnologies.com 16 High Performance, Highly Integrated Memory Module Product
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TaBLE 5: TimING PARAMETERS FOR IbD MEASUREMENTS - CLock UNITS

DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600
-25 -19 -15 -12
IbD Parameter 7-7-7 8-8-8 10-10-10 11-11-11
tCK (MIN) IbD 2.5 1.875 1.5 1.25 ns
CL Ipp 7 8 10 11 CK
tRCD (MIN) Ipb 21 8 10 11 CK
tRC (MIN) IpD 15 28 34 39 CK
tRAS (MIN) IpD 6 20 24 28 CK
tRP (MIN) IpD 20 8 10 11 CK
tFAW Xx64 4 27 30 32 CK
tRRD Ipbp x64 44 6 5 6 CK
tRFC | 64M x 16 (4X) 59 74 90 CK

STACKED Technologies Incorporated
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4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

TaBLE 8: loo MEaSUREMENT ConbpiTioNs FOrR Power-DowN CURRENTS

Ipp2P0 Ibp2P1
Precharge Power- | Precharge Power- Iop2Q . .IDD3P
Down Current Down Current Precharge Quiet Active Power-
Name (Slow Exit) (Fast Exit) Standby Current | Down Current
Timing Pattern n/a n/a n/a n/a
CKE LOW LOW HIGH LOW
External Clock Toggling Toggling Toggling Toggling
tck tCK (MIN) Iop tCK (MIN) Ipp tCK (MIN) Ipp tCK (MIN) Ipp
tRC n\a n\a n\a n\a
tRAS n\a n\a n\a n\a
trRCD n\a n\a n\a n\a
tRRD n\a n\a n\a n\a
tRC n\a n\a n\a n\a
CL n\a n\a n\a n\a
AL n\a n\a n\a n\a
CS\ HIGH HIGH HIGH HIGH
Command Inputs LOW LOW LOW LOW
ROW/COLUMN Addr LOW LOW LOW LOW
Bank Address LOW LOW LOW LOW
DM LOW LOwW LOW LOW
Data I/0 Mid-level Mid-level Mid-level Mid-level
Output Buffer DQ, DQS Enabled Enabled Enabled Enabled
OoDT Enabled, OFF Enabled, OFF Enabled, OFF Enabled, OFF
Burst Length 8 8 8 8
ACTIVE Bank(s) None None None None
IDLE Bank(s) All All All All
Special Notes n\a n\a n\a n\a
NOTES:
1. “Enabled, off’= MR bits enables by singal is low
2. MR[12] =1: Fast exit
3. MR[12] = 0: Slow exit
STACKED Technologies Incorporated www.stackedtechnologies.com 20 High Performance, Highly Integrated Memory Module Product
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TaBLE 9: Iop2N / Ioo3N MeasuremENT Loopr

A[2:0] olo

INGE) Wi

A[9:7] ole

A[10] olo

2
3
4
5
6
7

A [15:11] olo

BA [2:0] olo

Repeat sub-loop 0, use BA [2:0] = 1
Repeat sub-loop 0, use BA [2:0]
Repeat sub-loop 0, use BA [2:0]
Repeat sub-loop 0, use BA [2:0]
Repeat sub-loop 0, use BA [2:0]
Repeat sub-loop 0, use BA [2:0]
Repeat sub-loop 0, use BA [2:0]
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TaBLE 13: Ioo5B MeEASUREMENT LoopP

Repeat sub-loop 1a, use BA [2:0] = 1

D\
D\

=2

Repeat sub-loop 1a, use BA [2:0]

3
2
5
6
7

Repeat sub-loop 1a, use BA [2:0]
Repeat sub-loop 1a, use BA [2:0]

Repeat sub-loop 1a, use BA [2:0]

Repeat sub-loop 1a, use BA [2:0]

Repeat sub-loop 1a, use BA [2:0]
Repeat sub-loop 1a through 1h umtiRFC - 1, truncate if needed

9-12
13-16

17-20
21-24
25-28
29-32
33nRFC-1

o
-

O
-

1d

[}
—

1f

1h
2

Static HIGH

Toggling
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TaBLE 14: loo MeEasurReMENT Loopr

Industrial Range Extended or Mil Temperature Range,
TA =-40°C to 85°C TA = -40°C to 85°C or -55°C to 125°C
Ibp6: Self Refresh IDD6E/M: Self Refresh
IDD Test Current Current IDD8: Reset

CKE LOW LOW Mid-level
External Clock Off, CK and CK\ = LOW Off, CK and CK\ = LOW Mid-level

ICK n\a n\a n\a

tRC n\a n\a n\a

tRAS n\a n\a n\a

tRCD n\a n\a n\a

‘RRD n\a n\a n\a

tRC n\a n\a n\a

CL n\a n\a n\a

AL n\a n\a n\a
CS\ Mid-level Mid-level Mid-level
Command Inputs Mid-level Mid-level Mid-level
ROW/COLMUN addresses Mid-level Mid-level Mid-level
BANK addresses Mid-level Mid-level Mid-level
Data I/O Mid-level Mid-level Mid-level
Output buffer DQ, DQS Enabled Enabled Mid-level
oDT Enabled, Mid-level Enabled, Mid-level Mid-level

Burst Length n\a n\a n\a

Active BANKS n\a n\a None

IDLE BANKS n\a n\a All

SRT Disabled (normal) Enabled (extended) n\a

ASR Disabled Disabled n\a

1. Power must be stable and RESET low for at least 1ms at first power-on
2. RESET mus be low for at least 200ns +trfc on “warm” RESET
3. “Enabled, mid-level”= MR command enabled, signal; at mid level
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4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

TaBLE 16: Ipp Maxivum Limits

Speed Bin
600 )] UNITS DDR3-+800 DDR3:1066 DDR{-1333 DDR3-
Ibp0 360 400 440 480 mA
Ibp1 440 520 600 680 mA
Ibp2P0 36 36 36 36 mA
Ibp2P1 120 140 160 180 mA
Ibp2Q 184 212 240 268 mA
Ibp2N 200 220 260 280 mA
Ibp3P 120 140 160 180 mA
Ibp3N 200 220 240 260 mA
Ibp4R 960 1040 1200 1400 mA
IoD4W 960 1160 1420 1720 mA
Ibp5B 800 880 960 1040 mA
Ibp6 24 24 24 24 mA
Ibb7 1400 1520 1680 18400 mA
Ibp8 IND IDD2P + 2mA IDD2P + 2mA IDD2P + 2mA IDD2P + 2mA mA
EXT IDD2P + 2.1mA IDD2P + 2.1mA IDD2P + 2mA IDD2P + 2mA mA
MIL-TEMP|  |bp2P + 2.4mA IDD2P + 2.1mA IDD2P + 2mA IDD2P + 2mA mA

NOTES: TA = 0°C to < 85°C; SRT and ASR are disabled, enabling ASR could increase IDDx by up to an additional 2mA.

STACKED Technologies Incorporated
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4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

AB D RICA ARA R AND OPERA ONDITIO
All Voltages are referenced to Vss
Parameter/Condition Symbol MIN TYP MAX
Supply Voltage Voo 1.425 15 1.575 v 1,2
1/0 Supply Voltage VopQ 1.425 1.5 1.575 \% 1,2
Input Leakage Current: I -8 - 8 pA
Any input OV<VIN<Vobp, VREF pin OV<VIN<T. 1V
All other pins not under test = OV
VREF Supply Leakage Current: IVREF -4 - 4 pA 3,4
VREFDQ = Vbb/2 or VREFCA = Vbb/2
All other pins not under test = OV

NOTES:

1. Vop and VooQ must track one another, VooQ must be less than or equal 3.
to Vbp, Vss = VssQ.

VREF (see Table 19).

4. The minimum limit requirement is for testing purposes. The leakage
2. Vop and VpooQ may include AC noise of + 50mV (250 kHz to 20MHz) in current on the VREF pin should be minimal.
addition to the DC (OHz to 250kHz) specifications, Voo and VopQ must

be at the same level for valid AC timing parameters.

TasLE 18: DC ELecTRICAL CHARACTERISTICS AND INPUT CONDITIONS

All Voltages are referenced to Vss

Parameter/Condition Symbol MIN TYP MAX
VIN low; DC/commands/address busses Vi Vss n/a See Table 17 \"

VIN high; DC/commands/address busses ViH See Table 17 n/a Voo \Y

Input reference voltage command/address bus VREFCA(DC) | 0.49 x Voo 0.5 x Vo 0.51 x Voo v 1,2
I/0 reference voltage DQ bus VREFDQ(DC) | 0.49 x Vop 0.5 x Vop 0.51 x Vop v 2,3
I/O reference voltage DQ bus in SELF REFRESH VREFDQ(SR) Vss 0.5 x Voo Vop v 4
Command/address termination voltage (system level, not VTt - 0.5 x VooQ \ 5
direct DRAM input)

NOTES:

VREFCA(DC) is expected to be approximately 0.5 x Vbb and to track vari-
ations in the DC level. Externally generated peak noise (noncommon
mode) on VREFCA may not exceed + 1% x Vbb around the VREFCA(DC)
value. Peak-to-peak AC noise on VREFCA should not exceed + 2% of
VREFCA(DC).

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

VREFDQ(DC) is expected to be approximately 0.5 x Vbb and to track
variations in the DC level. Externally generated peak noise (noncom-

mon mode) on VREFDQ may not exceed + 1% x Vbb around the
VREFDQ(DC) value. Peak-to-peak AC noise on VREFDQ should not
exceed + 2% of VREFDQ(DC).

VREFDQ(DC) may transition to VREFDQ(SR) and back to VREFDQ(DC)
when in SELF zZREFRESH, within restrictions outlined in the SELF
REFRESH section.

VTT is not applied directly to the device. VTT is a system supply for
signal termination resistors. MIN and MAX values are system-depen-
dent.

STACKED Technologies Incorporated www.stackedtechnologies.com
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TaBLE 19: INPUT SwiTCHING CONDITIONS

DQ and DM

DDR3-1066 DDR3-1333

Parameter/Condition Symbol DDR3-800

Command and Address

Input high AC voltage: Logic 1 VIH (AC175) MIN +175 +175 mV
Input high AC voltage: Logic 1 VIH (AC150) MIN +150 +150 mV
Input high DC voltage: Logic 1 VIH (DC100) MIN +100 +100 mV
Input high DC voltage: Logic 0 VIL (DC100) MAX -100 -100 mV
Input high AC voltage: Logic 0 VIL (AC150) MAX -150 -150 mV
Input high AC voltage: Logic 0 VIL (AC175) MAX -175 -175 mV

Input high AC voltage: Logic 1 VIH (AC175) MIN +175 - mV
Input high AC voltage: Logic 1 VIH (AC150) MIN +150 +150 mV
Input high DC voltage: Logic 1 VIH (DC100) MIN +100 +100 mV
Input high DC voltage: Logic 0 VIL (DC100) MAX -100 -100 mV
Input high AC voltage: Logic 0 VIL (AC150) MAX -150 -150 mV
Input high AC voltage: Logic 0 VIL (AC175) MAX -175 - mV

NOTES:

1. All voltages are referenced to VREF, VREF is VREFCA for control, com- 3. Input hold timing parameters (!IH and 'DH) are referenced at ViL(DC)/

mand, and address. All slew rates and setup/hold times are specified at
the DRAM ball. VREF is VREFDQ for DQ and DM inputs.

VIH(DC), not VREF(AC).

4.  Single-ended input slew rate = 1V/ns; maximum input voltage swing
2. Input setup timing parameters (1S and 'DS) are referenced at VIL(AC)/ under test is 900mV (peak-to-peak).

VIH(AC), not VREF(DC).
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OPERATING CONDITIONS
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ST9D364M64SBG2

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

FiGURE 6 - INPUT SIGNALS

Minimum ViL and ViH levels

Vi (AC)
0.925V

ViH (DC)
0.850V
0.780V
0.765V
0.750V -
0.735V
0.720V
0.650V ViL (DC)
0.575V v

ViL (AC)

Notes:

1.90v

1.50V

0.925V

0.850V

0.780V
0.765V
0.750V
0.735V
0.720vV

0.650V

0.575V

0.0v

-0.40V

1. Numbers in diagrams reflect nominal values.

ViL and ViH levels with ringback

-

VobQ + 0.4V narrow pulse width

VooQ

ViH (AC)

ViH (DC)

~e— VREer + AC noise
~<a— VRer + DC error

~e— VRer + DC error
~a— VRerF + AC noise

ViL(DQ)

ViL(AC)

VSS

VSS 0.4V narrow pulse width

STACKED Technologies Incorporated
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AC OVERSHOOT/UNDERSHOOT SPECIFICATION

TaBLE 20: ConTROL AND ADDRESS PINs

Parameter DDR3-800 DDR3-1066 DDR3-1333
Maximum peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V 0.4V

(see Figure 7)

Maximum peak amplitude allowed for underrshoot area 0.4V 0.4V 0.4V 0.4V

(see Figure 8)

Maximum overshoot area above Vob (see Figure 7) 0.67Vns 0.5Vns 0.4Vns 0.3Vns
Maximum undershoot area below Vss (see Figure 8) 0.67Vns 0.5Vns 0.4Vns 0.3Vns
TaBLE 21: CLock, DATA, STROBE, AND MAsk PiNs

Parameter DDR3-800 DDR3-1066 DDR3-133 DDR3-
Maximum peak amplitude allowed for overshoot area 0.4V 0.4V 0.4V 0.4V

(see Figure 7)

Maximum peak amplitude allowed for undershoot area 0.4V 0.4V 0.4V 0.4V

(see Figure 8)

Maximum overshoot area above Voo/ VooQ 0.25Vns 0.19Vns 0.15Vns 0.15Vns

(see Figure 7)

Maximum undershoot area below Vss/ VssQ 0.25Vns 0.19Vns 0.15Vns 0.15Vns

(see Figure 8)

FiGURE 7 & 8: OVERSHOOT/UNDERSHOOT SPECIFICATIONS

Volts (V) Maximum amplitude Overshoot area
Figure 7: Overshoot Voo/VopQ
Time (ns)
Time (ns)
Figure 8: Undershoot Vss/VssQ
Volts (V) . ) Undershoot area
Maximum amplitude

STACKED Technologies Incorporated
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4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

TaBLE 22: DirrerenTIAL INPUT OPERATING ConbpiTions (CKx, CKx\, DQSx, ano DQSx\)

Parameter/Condition Symbol MIN MAX
Differential input voltage, logic high - slew VIH DIFF(AC)slew +200 n/a mV 4
Differential input voltage, logic low - slew ViL DIFF(AC)slew n/a -200 mV 4
Differential input voltage, logic high VIH DIFF(AC) 2x(VIH(AC)-VREF) Voo/VopQ mV 5
Differential input voltage, logic low ViL DIFF(AC) Vss/VssQ 2x(VREF-VIL(AC)) mV 6
Differential input crossing voltage relative to Vbp/2 ViX VREF(DC) - 150 VREF(DC) + 150 mV 7
for DQS, DQS), CK, CK\

Differential input crossing voltage relative to Vop/2 VIX(175) VREF(DC) - 175 VREF(DC) + 175 mV 7.8
for CK, CK\

Single-ended high level for strobes VSHE VopQ/2 + VIH(AC) VooQ mV 5
Single-ended high level for CK, CK\ Voo/2 + VIHAC Voo

Single-ended low level for strobes VSEL VssQ VbpQ/2-VIL(AC) mV 6
Single-ended low level for CK, CK\ Vss Voo/2-VIL(AC)

NOTES:

1. Clock is referenced to VbpoD and Vss.

VobQ and VssQ.

Data strobe is referenced to 6.

2.  Reference is VREFCA(DC) for clock and for VREFDQ(DC) for strobe. 7.

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

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

5. MAX limit is relative to single-ended signals, the overshoot specifica-
tions are applicable.

STACKED Technologies Incorporated

www.stackedtechnologies.com
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MIN limit is relative to single-ended signals, the undershoot specifica-
tions are applicable.

The typical value of VIX(AC) is expected to be about 0.5 x Vop of the
transmitting device and VIX(AC) is expected to track variations in Vbp.
VIX(AC) indicates the voltage at which differential input signals must
Cross.

The Vix extended range (+175mV) is allowed only for the clock and this
Vix extended range is only allowed when the following conditions are
met: The single-ended input signals are monotonic, have the single-
ended swing VSEL, VSEH of at least Vbp/2 +250mV, and the differential
slew rate of CK, CK\ is greater than 3V/ns.

High Performance, Highly Integrated Memory Module Product
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OVERSHOOT/UNDERSHOOT SPECIFICATIONS

Ficure 9 - Vix FOR DIFFERENTIAL SIGNALS

\ob, VpbQ Vob, VbbQ
CK#, DQS# CK#, DQS#
Vix

Vob/2, VopQ/2 Vob/2, VopQ/2

Vix
CK, DQS J CK, DQS
Vss, VssQ Vss, VssQ

Ficure 10 - SINGLE-ENDED REQUIREMENTS FOR DIFFERENTIAL SIGNALS

VoborVobQ — = = — = — = — — — — — — — — — — — — — — — — — — —

VseH(MIN)

Vbp/2 or VbpQ/2

VseL (MAX)

T VsEL
VssorVssQ — — — = — — — — — — — — — — — — — — — — — &+ — — — —
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OVERSHOOT/UNDERSHOOT SPECIFICATIONS

Ficure 11 - Derinimion oF DiFrerenTiAL AC-Swing anp tDVAC

tDVAC

ViHoIFF(A)MIN = = = fF -\ - — - — — — - — — — — — — — — — — — — — — — — — —

VioirF (MIN)  — - - —-%¢ - — - ———— - — — — — — — — — — — — — — — —

Vo () MIN - f — - — - - Y7 A

CK- CK#
DQS-DQS#
I e

VioFF(b) MAX 1 - ————— - —————— 91\~~~ —~——— — -

ViorF (MAX) 4 - - - - - - - - - — — — -4 - -} - — - — - — — — — — —

VioFF(AQ)MAX 4+ — — - — — — - — — — — — — 4 —— — -\ -/ - — —— — —

half cycle tDVAC

TasLe 23: DirrerenTiAL INPuT OPERATING ConbiTions (IDVAC) For CKx, CKx\, DQSx, ano DQSxX\

Below ViL (AC)
tDVAC (ps) at [VIHDIFF(AC) to VILDif(AC)]
Slew Rate (V/ns) 350mV 300mV
-4.0 75 175
4.0 57 170
3.0 50 167
2.0 38 163
1.9 34 162
1.6 29 161
1.4 22 159
1.2 13 155
1.0 0 150
<1.0 0 150
STACKED Technologies Incorporated www.stackedtechnologies.com 35 High Performance, Highly Integrated Memory Module Product
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SLEW RATE DEFINITIONS FOR SINGLE-ENDED INPUT SIGNALS

Setup (IS and 'DS) nominal slew rate for a rising signal is defined as the
slew-rate between the last crossing of VREF and the first crossing VIH(AC)
MIN. Setup (1IS and 'DS) nominal slew rate for a falling signal is defined
as the slew rate between the last crossing of VREF an the first crossing of

VIL(AC) MAX.

Hold (tIH and 'DH) nominal slew rate for a rising signal is defined as the slew
rate between the last crossing of VIL(DC) MAX and the first crossing of VREF.
Hold (1IH 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.

TaBLE 24: SINGLE-ENDED INPUT SLEW RATE

Input Slew Rate (Linear Signals) Measured
Input Edge From To Calculation
VIH(AC) MIN - VREF
Rising VREF VIH(AC)MIN ATES
Setup VREF - VIL(AC) MAX
Falling VREF VIL(AC)MAX
ATFS
Rising VIL(DC)Max VREF VREF - VIL(DC) MAX
ATFH
Hold
Falling VIH(DC)MIN VREF VIH(DC) MIN - VREF
ATRSH
STACKED Technologies Incorporated www.stackedtechnologies.com High Performance, High|y Integrated Memory Module Product
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SLEW RATE DEFINITIONS FOR SINGLE-ENDED INPUT SIGNALS

Ficure 12 - NomiNAL SLEw RATE DEFINITION FOR SINGLE-ENDED INPUT SIGNALS

Setup ViH(ac) MIN
z
[a) ViH(oc) MIN
<
=)
=
o
d
Q
S VRerDQ or
o VRerCA
o
>
5
Q
£
e
Q
©
c
¢
§> ViL(oc) MAX
s
ViL(ac) MAX
Hold Vik(ac) MIN
z v
o 1H(pc) MIN
<
=)
=
o
d
a
© VRerDQ or
E VRerCA
S
>
5
Q.
£
o
o}
kel
c
@
@ Vit(oc) MAX
j=)
£
2]
Vi(ac) MAX
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SLEW RATE DEFINITIONS FOR DIFFERENTIAL INPUT SIGNALS

Input slew rate for differential signals (CKx, CKx\, UDQSx , UDQSx\, LDQSx and LDQSKx\) are defined and measured as shown in Table 25. The nominal slew
rate for a rising signal is defined as the slew rate between VIL(DIFF) MAX and VIH(DIFF) MIN. The nominal slew rate for a falling signal is defined as the slew
rate between VIH(DIFF) MIN and VIL(DIFF) MAX.

TaBLE 25: DIFFeReNTIAL INPUT SLEwW RATE DEFINITION

Input Slew Rate (Linear Signals) Measured
Input Edge From To Calculation
Rising VREF VIHAC)MIN VIH(DIFF) MIN - VIL(DIFF) MAX
CK and DQS ATR(DIFF)
Reference VIH(DIFF) MIN - VIL(DIFF) MAX
Falling VREF VIL(AC)MAX ATF(DIFF)

Ficure 13 - NomiNAL DiFFeReNTIAL INPUT SLEW RATE DerINITION FOR DQS, DQS# anp CK, CK#

———————————————————— ViH(pirr) MIN

********** Vi(oiFF) MAX

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

ODT’seffectiveresistance RTTisdefinedbyMR1[9,6and2].ODTisappliedtothe
DQx, and DQSx, DQSx\. The ODT target values are listed in Table 29.

Ficure 14 - ODT LEeveLs AND |-V CHARACTERISTICS

Chip in termination mode
oDT
: : : oVppQ
I ilpu !
| : 10UT = lpp - Ipy
To 1| |RMpy ‘
other ! :
circuitry : : DQ
suchas | | | lout
RCV, ... I
: RTeo I Vout
I
: lIPD I
I
: t oVssQ

TaBLE 26: ON-Die TERMINATION DC ELECTRICAL CHARACTERISTICS

Parameter/Condition Symbol MIN TYP MAX

RTT effective impedance RTT_EFF See Table 27 1,2,4

Deviation of VM with respect to VooQ/2 AVM -5 5 % 1,2,3,4
NOTES:

1. Tolerance limits are applicable after a proper ZQ calibration has been
performed at a stable temperature and voltage (VbpQ=Vbp, VssQ-Vss).
Refer to “ODT Sensitivity” on page 36 if either the temperature or voltage
changes after calibration.

2. Measurement definition for RTT: Apply VIH(AC) to a pin under test and
measure the current I[VIH(AC)], then apply VIL(AC) to pin under test and
measure current I[VIL(AC)]:

VIL(AC) - VIL(AC)
I[VIH(AC))-I(VIL(AC))]

RTT =

STACKED Technologies Incorporated www.stackedtechnologies.com 39

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

AVM = —2XVM -1 x100
VbobQ

4.  Forextendedtemperature devices, theminimumvaluesare deratedby 6%

when the device is between -40°C and 0°C (TA).
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TaBLE 27: RTT EFFecTIVE IMPEDANCES

MR1
[9,6,2] RTT Resistor vouT MIN TYP MAX
0.2 x VbpQ 0.6 1.0 1.1 RzQ/1
RTT120PD240 0.5 x VbpQ 0.9 1.0 1.1 RzQ/M
0.8 x VbpQ 0.9 1.0 1.4 RzQN
0,1,0 120Q
0.2 x VbpQ 0.9 1.0 1.4 RzQ/1
RTT120PU240 0.5 x VbpQ 0.9 1.0 1.1 RzQ/M
0.8 x VbpQ 0.9 1.0 1.1 RzQN
1200 VIL(AC) to VIH(AC) 0.9 1.0 1.6 RZQ/2
0.2 x VbpQ 0.6 1.0 1.1 RzQ/2
RTT60PD120 0.5 xVbpQ 0.9 1.0 1.1 RzQ/2
0.8 x VbpQ 0.9 1.0 1.4 RzQ/2
0,0,1 60Q
0.2 x VbpQ 0.9 1.0 1.4 RzQ/2
RTT60PU240 0.5 xVbbQ 0.9 1.0 1.1 RzQ/2
0.8 x VbpQ 0.9 1.0 1.1 RzQ/2
60Q VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/4
0.2 x VbpQ 0.6 1.0 1.1 RZQ/3
RTT40PD80 0.5 x VopQ 0.9 1.0 1.1 RZQ/3
0.8 x VbpQ 0.9 1.0 1.4 RZQ/3
0,1,1 40Q
0.2 x VbpQ 0.9 1.0 1.4 RZQ/3
RTT40PUB0 0.5 x VopQ 0.9 1.0 1.1 RZQ/3
0.8 x VbpQ 0.9 1.0 1.1 RZQ/3
40Q VIL(AC) to VIH(AC) 0.9 1.0 1.6 RZQ/6
0.2 x VbpQ 0.6 1.0 1.1 RzQ/4
RTT30PD60 0.5 x VbpQ 0.9 1.0 1.1 RzQ/4
0.8 x VbpQ 0.9 1.0 1.4 RzQ/4
1,0,1 30Q
0.2 x VbpQ 0.9 1.0 1.4 RzQ/4
RTT30PUBO 0.5 x VbpQ 0.9 1.0 1.1 RzQ/4
0.8 x VbpQ 0.9 1.0 1.1 RzQ/4
300 VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/8
0.2 x VbpQ 0.6 1.0 1.1 RzQ/6
RTT20PD40 0.5 xVbpQ 0.9 1.0 1.1 RzQ/6
0.8 x VbpQ 0.9 1.0 1.4 RzQ/6
1,0,0 20Q
0.2 x VbpQ 0.9 1.0 1.4 RzQ/6
RTT20PU40 0.5 xVbbpQ 0.9 1.0 1.1 RzQ/6
0.8 x VbpQ 0.9 1.0 1.1 RzQ/6
20Q VIL(AC) to VIH(AC) 0.9 1.0 1.6 RzQ/12
STACKED Technologies Incorporated www.stackedtechnologies.com 40 High Performance, Highly Integrated Memory Module Product

June 6, 2015 STDS-ST9D364M64SBG2-A



TECHNOLOGIES INC

/l STACKED

ST9D364M64SBG2
4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

ODT SENSITIVITY

If either the temperature or voltage changes after I/O calibration, the tolerance limits listed in Table 26 can be expected to widen according to Tables 28 and 29.

TaBLE 28: ODT SensiTiviry DEFINITION

Symbol MIN MAX
RTT 0.9 - dRTTAT x dRTTAV X [DV] | 1.6 + dRTTAT x [DT] + dRTTAV X [DV] | RZQ/(2, 4, 6, 8, 12)

TABLE 29 - ODT TEMPERATURE & VOLTAGE SENSITIVITY

Change MIN MAX UNITS
dRTTdT 0 15 %/°C
dRTTdV 0 0.15 %/°C

ODT TIMING DEFINITIONS Ficure 15 - ODT TimingG REFERENCE LoAD

VopQ/2

ODT loading differs from that used in AC timing measurements. Two param- DUT \/REE

eters define when ODT turns on or off synchronously, two define when ODT
turns on or off Asynchronously and, another defines when ODT turns on or _
off dynamically. Table 30 outlines and provides definition and measurement DQ, DM Rrr=25Q

reference settings for each parameter. CK, CK# —0 DQS, DQS#—Oﬁ/\/\/_| V1T=VssQ

ODT turn-on time begins when the output leaves HIGH-Z and ODT resis-
tance begins to turn on. ODT turn-off time begins when the output leaves

) . ZQ
LOW-Z and ODT resistance begins to turn-off.
9 | RZQ = 240Q

L Timing reference point

| VssQ

All P7Ne ara amhaddad in madiila
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ODT TIMING DEFINITIONS

TasLE 30: ODT TimiNnGg DEFINITIONS

Symbol Begin Point Definition End Point Definition

tAON Rising edge of CK-CK\ defined by the end point of ODTL on Extrapolated point at VssQ Figure 25

tAOF Rising edge of CK-CK\ defined by the end point of ODTL off Extrapolated point at VRTT_NORM Figure 25

tAONPD Rising edge of CK-CK\ with ODT first being registered HIGH Extrapolated point at VssQ Figure 26

tAOFPD Rising edge of CK-CK\ with ODT first being registered LOW Extrapolated point at VRTT_NOM Figure 26

tapc Rising edge of CK-CK\ defined by the end point of ODTLCNW, | Extrapolated points at VRTT_WR and VRTT_NOM Figure 27
ODTLCWN4, or ODTLCWN8

TaBLE 31: RerereNce SETTINGS FOR ODT TimiNng MEASUREMENTS

Measured
Parameter RTT_NORM Setting RTT_WR_Setting vswi
tAoN RZQ/4 (600) n/a 50mV 100mV
RZQ/12 (20Q) n/a 100mV 200mV
taoF RZQ/4 (600) n/a 50mV 100mV
RZQ/12 (20Q) n/a 100mV 200mV
tAONPD RZQ/4 (60Q) n/a 50mV 100mV
RZQ/12 (20Q2) n/a 100mV 200mV
tAOFPD RZQ/4 (600) n/a 50mV 100mV
RZQ/12 (20Q) n/a 100mV 200mV
taDC RZQ/12 (20Q2) RZQ/2 (12002) 200mV 300mV

Ficure 16 - tAON anp tAOF DEeriniTiONS

tAON tAOF
Begin point: Rising edge of CK - CK# Begin point: Rising edge of CK - CK#
defined by the end point of ODTL on defined by the end point of ODTL off

VopQ/2

End point: Extrapolated point at VRTT Nom

********* VRTT_NOM
Tsw1

Tsw1

DQ, DM Vsw2 -—=
DQS DQs# Vsw1
e U t— VssQ
End point: Extrapolated point at VssQ
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Ficure 17 - tAONPD anp tAOFPD DeriNiTION

tAONPD
Begin point: Rising edge of CK - CK#
with ODT first registered HIGH

DQ, DM

pas past

End point: Extrapolated point at VssQ

tAOFPD
Begin point: Rising edge of CK - CK#
with ODT first registered LOW

Voo Q/2

End point: Extrapolated point at VRTT Nom

VRTT_NOM
Tsw2

Vsw2

t— VssQ

Begin point: Rising edge of CK - CK#
defined by the end point of ODTLcnw

Ficure 18 - tADC DEriniTION

CK
CK#
S VRTT_NOM
End point:
DQ, DM Extrapolated
DQS DQS# point at VRTT_Nom

Begin point: Rising edge of CK - CK#
defined by the end point of ODTLcnw4 or ODTLenw8

VopQ/2

VRTTWR End point: Extrapolated point at VRTT_ wr

VssQ
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OUTPUT DRIVER IMPEDANCE

Ficure 19 - OutpuT DRIVER 34 OHm OutpPuTt DRIVER IMPEDANCE

Chip in drive mode The 34Q driver (MR1[5,1]=01) is the default driver. Unless otherwise stated,
Outout dri all timings and specifications listed herein apply to the 34Q driver only. lts
utput driver impedance RON is defined by the value of the external reference resistor
iiiiiii RZQ as follows: RON34=RZQ/7 (with nominal RZQ=240Q+1%) and is actu-
‘ I VooQ ally 34.3Q+1%. The 34Q output driver impedance characteristics are listed
| l In | in Table 32.
U
[ [
To
other || Rove !
circuitry || ‘ —— DQ
suchas | | | lout
RCV. 1| |Rowpp !
! l ! Vout
| lep |
! 1 VssQ

TaBLE 32: 34Q DRIVER IMPEDANCE CHARACTERISTICS

MR1[5,1] RoN RESISTOR Vout MIN TYP MAX UNITS
0.2/VopQ 0.6 1.0 11 RzQ/7 1
RoN34PD 0.5/VbbQ 0.9 1.0 11 RzQ/7 1
0.8/VopQ 0.9 1.0 1.4 RzQ/7 1
0.1 34.30 0.2Vo0Q 0.9 10 14 RzQ/7 1
RoN34pPu 0.5/VbbQ 0.9 1.0 11 RzQ/7 1
0.8/VopQ 0.6 1.0 1.1 RzQ/7 1
Pull-Up/Pull-Down mismatch (MMPUPD) 0.5/VopQ -10 n/a 10 % 1,2
NOTES:

1. Tolerance limits assume RZQ of 240Q (+1%) and are applicable after proper ZQ calibration has been performed at a stable temperature and voltage
(VobQ = Vbp, VssQ = Vss). Refer to “34 Ohm drive sensitivity” if either the temperature or the voltage changes after calibration
2. Measurement definition for mismatch between pull-up and pull-down (MMPUPD). Mearure both RONPU and RONPD at 0.5 x VbpQ:

MMPUD = RONPU - RONPD
RONNOM
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34 Oum OUTPUT DRIVER IMPEDANCE

34 OHm DRIVER

The 34Q driver’s current range has been calculated and summarized in Table 34 for Vop=1.5V, Table 35 for Vbb=1.575V and Table 36 for Vbb=1.425V. The
individual pull-up and pull-down resistors (RON34PD and RON34PU) are defined as follows with the Impedance Calculations listed in Table 36.

* RoN34PD=(VourT)/[louT]: RON34PU is turned off
® RoN34PU=(VppQ-VouT)/[louT]: RON34PD is turned off

AB 4 DR R P P AND P DJe PEDA A ATIO
RoN MIN TYP
RZQ = 2400+1% 237.6 240 242.4 Q
RZQ = (2400+1%)/7 33.9 34.3 34.6 Q
MR1[5,1] | RON RESISTOR VOUT MIN TYP
0.2/VopQ 2.04 34.3 38.1 Q
Ron34pPD 0.5/VopQ 30.5 34.3 38.1 Q
0.8/VopQ 30.5 34.3 48.5 Q
0.1 3430 0.2/VopQ 30.5 34.3 48.5 Q
RoN34pPu 0.5/VbbQ 30.5 34.3 38.1 Q
0.8/VopQ 20.4 34.3 38.1 Q

TasLE 34: 340 DRiver IOH/IOL CHARAcTERISTICS: VDD = VDDQ =

MR1[5,1] RESISTOR Vo
loL @ 0.2 x VpobQ 14.7 8.8 7.9 mA
RoN34pPD loL @ 0.5 x VbpQ 24.6 21.9 19.7 mA
0,1 34.30 loL @ 0.8 x VopQ 39.3 35 24.8 mA
loL @ 0.2 x VpobQ 39.3 35 24.8 mA
RoN34pPu loL @ 0.5 x VbpQ 24.6 21.9 19.7 mA
loL @ 0.8 x VopoQ 14.7 8.8 7.9 mA
AB 40 DRIVER IOH/IO ARA : DD DD
MR1[5,1] Ron RESISTOR Vou MIN TYP
loL @ 0.2 x VopQ 15.5 9.2 8.3 mA
RoN34pPD loL @ 0.5 x VbpQ 25.8 23 20.7 mA
0,1 34.30 loL @ 0.8 x VpopQ 41.2 36.8 26 mA
loL @ 0.2 x VboQ 41.2 36.8 26 mA
RoN34pPu loL @ 0.5 x VbpQ 25.8 23 20.7 mA
loL @ 0.8 x VopQ 15.5 9.2 8.3 mA
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TaBLE 36: 340 DRiVER IOH/IOL CHARAcCTERISTICS: VDD=VDDQ=1.425V

MR1[5,1] Ron RESISTO
loL @ 0.2 x VppQ 14 8.3 7.5 mA
RON34pPD loL @ 0.5 x VbpQ 23.3 20.8 18.7 mA
loL @ 0.8 x VppQ 37.3 33.3 23.5 mA
0,1 34.3Q2
loL @ 0.2 x VbpQ 37.3 33.3 235 mA
RON34PuU loL @ 0.5 x VbpQ 23.3 20.8 18.7 mA
loL @ 0.8 x VbpQ 14 8.3 7.5 mA

340 OUTPUT DRIVER SENSITIVITY

If either the temperature or voltage changes after ZQ calibration, the tolerance limits listed in Table 32 can be expected to widen according to Table 37 and 38.

TaBLE 37: 34Q OutpuT DRIVER SENSITIVITY DEFINITION

Symbol MIN MAX

RON(PD) @ 0.2 X 0.6 - dRONATL X [AT] - dRONAVL X [AV] 1.1 + dRONdTL x [AT] + dRONAVL x [AV] RzQ/7
VobQ 0.9 - dRONATM x [AT] - dRONAVM x [AV] 1.1 + dRONATM x [AT] + dRONAVM X [AV] RZQ/7
RON(PD) @ 0.5 x 0.9 - dRONdTH x [AT] - dRONdVH x [AV] 1.4 + dRONATH x [AT] + dRONdVH x [AV] RzQ/7
VopQ 0.9 - dRONATL X [AT] - dRONAVL X [AV] 1.4 + dRONdTL x [AT] + dRONAVL X [AV] RzQ/7
RON(PD) @ 0.8 X 0.9 - dRONATM x [AT] - dRONAVM x [AV] 1.1 + dRONATM x [AT] + dRONAVM X [AV] RZQ/7
VopQ 0.6 - dRONATH x [AT] - dRONdVH x [AV] 1.1 + dRONATH x [AT] + dRONdVH x [AV] RzQ/7

1. Note: AT =T-T(@ calibration), AV=VDDQ - VDDQ(@calibration), VDD=VDDQ

TaBLE 38: 3402 OutPuTt DRIVER VOLTAGE AND TEMPERATURE SENSITIVITY

Change MIN MAX

dRoNdTM 0 15 %/°C
dRoNdVM 0 0.13 Yo/mV
dRoONdTL 0 15 %/°C
dRoNdVL 0 0.13 Y%o/mV
dRoNdTH 0 15 %/°C
dRondVH 0 0.13 Y%/mV

STACKED Technologies Incorporated www.stackedtechnologies.com 46 High Performance, Highly Integrated Memory Module Product

June 6, 2015 STDS-ST9D364M64SBG2-A



S}I STACKED
TECHNOLOGIES INC

ST9D364M64SBG2
4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

ALTERNATIVE 40 OHM DRIVER

TaBLE 39 - 400 DRivER IMPEDANCE CHARACTERISTICS

MR1[5,1]| RoN RESISTOR Vout MIN TYP MAX UNITS NOTES
0.2/VobQ 0.6 1.0 11 RzQ/6 1
Ron40pPD 0.5/VopQ 0.9 1.0 1.1 RzQ/6 1
0.8/VbbQ 0.9 1.0 1.4 RzQ/6 1
0,1 40.00 0.2/VobQ 0.9 1.0 1.4 RzQ/6 1
Ron40pPu 0.5/VopQ 0.9 1.0 1.1 RzQ/6 1
0.8/VbbQ 0.6 1.0 11 RzQ/6 1
Pull-Up/Pull-Down mismatch (MMPuPD) 0.5/VbpQ -10 n/a 10 % 1,2
NOTES:

ey

Tolerance limits assume RZQ of 240Q (+1%) and are applicable after proper ZQ calibration has been performed at a stable temperature and voltage
(VobQ = Vbp, VssQ = Vss). Refer to “40 Ohm drive sensitivity” if either the temperature or the voltage changes after calibration

2. Measurement definition for mismatch between pull-up and pull-down (MMPUPD). Mearure both RONPU and RONPD at 0.5 x VbpQ:

MMpPUPD = RONPU - RONPD  x 100
RONNOM

4002 OUTPUT DRIVER SENSITIVITY

If either the temperature or voltage changes after I/O calibration, the tolerance limits listed in Table 39 can be expected to widen according to Table 40 and 41.

TasLE 40: 4002 OutpuT DRIVER SENSITIVITY DEFINITION

Symbol MIN MAX

RON(PD) @ 0.2 x 0.6 - dRONATL x [AT] - dRONAVL X [AV] 1.1 + dRONATL X [AT] + dRONdVL x [AV] RZQ/6
VobQ 0.9 - dRONATM x [AT] - dRONAVM x [AV] 1.1 + dRONATM X [AT] + dRONAVM X [AV] RzQ/6
RON(PD) @ 0.5 X 0.9 - dRONdTH x [AT] - dRONAVH x [AV] 1.4 + dRONATH X [AT] + dRONdVH x [AV] RZQ/6
VobQ 0.9 - dRONATL x [AT] - dRONAVL X [AV] 1.4 + dRONATL X [AT] + dRONdVL x [AV] RZQ/6
RON(PD) @ 0.8 X 0.9 - dRONATM x [AT] - dRONAVM x [AV] 1.1 + dRONATM X [AT] + dRONAVM X [AV] RzQ/6
VobQ 0.6 - dRONATH x [AT] - dRONAVH X [AV] 1.1 + dRONATH X [AT] + dRONdVH x [AV] RZQ/6
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ALTERNATIVE 40 OHM DRIVER

TaBLE 41: 4002 OutpuT DRIVER VOLTAGE AND TEMPERATURE SENSITIVITY

Change MIN MAX

dRoNdTM 0 1.5 %/°C
dRoNdVM 0 0.15 %/mV
dRoNdTL 0 1.5 %/°C
dRoNdVL 0 0.15 %/mV
dRoNdTH 0 1.5 %/°C
dRoNdVH 0 0.15 %/mV

OUTPUT CHARACTERISTICS AND OPERATING CONDITIONS

The SDRAM uses both single-ended and differential output drivers. The single-ended output driver is summarized in Table 42 while the differential output
driver is summarized in Table 43.

TABLE 42: SINGLE-ENDED OuTPUT DRIVER CHARACTERISTICS

Parameter/Condition Symbol MIN MAX
Output leakage current: DQ are disabled; loz -5 5 uA 1

0V <VouT< VppQ; ODT is disabled; ODT is HIGH

Output slew rate: Single-ended; for rising and falling SRQSE 2.5 6 V/ns 1,2,3,4

edges, measure between VOL(AC) = VREF - 0.1 x VbbQ
and VOH (AC) = VREF + 0.1 x VbpQ

Single-ended DC high-level output voltage VoH(DC) 0.8 x VbpQ \ 1,2,5
Single-ended DC mid-point level output voltage Vom(DC) 0.5 xVbbQ \ 1,2,5
Single-ended DC low-point level output voltage VoL(DC) 0.2 x VbbQ \ 1,2,5
Single-ended DC high-point level output voltage VOH(AC) VTT + 0.1 x VooQ \ 1,2,3,6
Single-ended DC low-point level output voltage VoL(AC) VTT - 0.1 x VooQ \ 1,2,3,6
Delta RoN between pull-up and pull-down for DQ/DQS MMPUPD -10 10 % 1,7
Test load for AC timing and output slew rates Output to VTT (VbDQ/2) via 25Q) resistor 3
NOTES:
1. RZQ of 240Q (+1%) with RZQ/7 enabled (default 342 driver) and is appli- 5.  See Table 32 IV curve linearity. Do not use AC Test load.
cable after proper ZQ calibration has been performed at a stable tem- 6.  See Table 44 for output slew rate.
perature and voltage (VbpQ = Vob, VssQ = Vss). 7. See Table 32 for additional information.
2. V1T =VbDQ/2
3.  See Figure 31 for the test load configuration. 8.  See Figure 29 for an example of a single-ended output signal.
4. The 6V/ns maximum is applicable for a single DQ signal when it is switch-
ing from either HIGH to LOW or LOW to HIGH while the remaining DQ
signals in the same byte lane are combinations, the maximum limit of 6V/
ns maximum is reduced to 5V/ns.
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TABLE 43: DIFFERENTIAL OuTPUT DRIVER CHARACTERISTICS

Parameter/Condition Symbol MIN MAX
Output leakage current: DQ are disabled; loz -5 5 uA 1
0V <VouT< VopQ; ODT is HIGH

Output slew rate: Differential; for rising and falling edges, SRQDIFF 5 12 V/ns 1

measure between VOLDIFF(AC) = - 0.2 x VopQ and VOH
(AC) =+ 0.2 x VbpQ

Output differential cross-point voltage Vox(AC) VREF-150 VREF+150 mvV 1,2,3

Differential high-level output voltage VOHDIFF(AC) +0.2 x VopQ Y 1,4

Differential low-level output voltage VOLDIFF(AC) -0.2 x VobQ v 1,4

Delta RoN between pull-up and pull-down for DQ/DQS MMPuUPD -10 10 % 1,5

Test load for AC timing and output slew rates Output to VTT (VbpQ/2) via 25Q resistor 3
NOTES:

1. RZQ of 2409 (+1%) with RZQ/7 enabled (default 34Q driver) and is appli- 4. See Table 47 on page 47 for the output slew rate.
cable after proper ZQ calibration has been performed at a stable tem- 5.  See Table 32 on page 57 for additional information.
perature and voltage (VbopQ = Vbp, VssQ = Vss). 6.  See Figure 30 on page 66 for an example of a differential output signal.
VREF = VpDQ/2
See Figure 31 on page 67 for the test load configuration.

Ficure 20 - DQ OutpPuT SIGNAL

MAX output

I VoH(Ac)

- VoL(ac)

MIN output

STACKED Technologies Incorporated www.stackedtechnologies.com High Performance, Highly Integrated Memory Module Product
June 6, 2015 STDS-ST9D364M64SBG2-A



STACKED

TECHNOLOGIES INC
ST9D364M64SBG2

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

OUTPUT CHARACTERISTICS AND OPERATING CONDITIONS

Ficure 21 - DIFFERENTIAL OUTPUT SIGNAL

MAX output

— VOH(DIFF)

Vox(ac) MAX

Vox(ac) MIN

p— VoL(pIFF)

MIN output

REFERENCE OUTPUT LOAD

Figure 22 represents the effective reference load of 25Q used in defining the relevant device AC timing parameters (except ODT reference timing) as well as the
output slew rate measurements. It is not intended to be a precise representation of a particular system environment or a depiction of the actual load presented
by any specific Industry test system/apparatus. System designers should use IBIS or other simulation tools to correlate the timing reference load presented or
exhibited on the system or system environment.

Ficure 22 - RErereNce OuTpuT LoAD FOR AC TiMING AND OUTPUT SLEW RATE

VopQ/2
DUT VREF|__

DQ RrT = 25Q -
DQS A A V1T = VDDQ/2

DQS# L
Timing Reference Point

ZQ
| RZQ = 240Q

| Vss
All RZQs are embedded in module
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SLEW RATE DEFINITIONS FOR SINGLE-ENDED OUTPUT SIGNALS

The single-ended output driver is summarized in Table 42. With the reference load for timing measurements, the output slew-rate for falling and rising edges
is defined and measured between VOL(AC) and VOH(AC) for single-ended signals as indicated in Table 44 and Figure 23.

TaBLE 44: SINGLE-ENDED OuTPUuT SLEW RATE

Output Slew Rate (Linear Signals) Measured
Output Edge From To Calculation
. VOH(AC) - VoL (AC)
Rising VOL(AC) VOH(AC)
ATRSE
DQ
VOH(AC) - VOL(AC
Falling VOH(AC) VOL(AC) (%) "o
ATFSE

Ficure 23 - NomINAL SLEw RATE DEFINITION FOR SINGLE-ENDED OuTPUT SIGNALS

VoL(Ac)

STACKED Technologies Incorporated www.stackedtechnologies.com

51 High Performance, Highly Integrated Memory Module Product
June 6, 2015 STDS-STID364M64SBG2-A



STACKED

TECHNOLOGIES INC
i ST9D364M64SBG2

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

SLEW RATE DEFINITIONS FOR DIFFERENTIAL OUTPUT SIGNALS

The differential output driver is summarized in Table 43. With the reference load for timing measurements, the output slew rate for falling and rising edges is
defined and measured between VOL(AC) and VOH(AC) for differential signals, as shown in Table 45 and Figure 33.

TaBLE 45: DiFFerRenTIAL OuTtPuT SLEW RATE DEFINITION

Output Slew Rate (Linear Signals) Measured
Output Edge From To Calculation
- VOHDIFF(AC) - VoL DIFF(AC)
Rising VOLDIFF(AC) VOHDIFF(AC)
ATRDIFF
DQS, DQS\
. VOHDIFF(AC) - VOLDIFF(AC)
Falling VOHDIFF(AC) VOLDIFF(AC)
ATFDIFF

Ficure 24 - NomiNAL DiFFerReNTIAL OuTtput SLEw RATE DEFINITION FOR DQS, DQS#

VOH(DIFF) AC

VoL(DIFF) AC
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TaBLE 46: SpPeeD BINs

-25 (DDR3-800) -19 (DDR3-1066)  -15 (DDR3{1333)  -12 (DDR3-1600)
[CWL=25,6-616] [CWL=1.875]8-88] [CWL=15;10-10-10] [CWL=125;11-11-11]
Parameter Symbol MIN I\}IAX IlIIIN MAX | MIN MAX MIN MAX
ACTIVATE to internal READ or WRITE delay time tRCD 15 - | 15 - 15 - | 1375 | - ns
PRECHARGE command period tRP 15 - 15 - 15 - 13.75 | - ns
ACTIVATE-to-ACTIVATE or REFRESH command period RC 525| - | 525 | - 51 - | 4875 - ns
ACTIVATE-to-PRECHARGE command period 'RAS | 37.5|60ms| 37.5 [60ms| 36 |[60ms| 35 |60ms ns 1
CWL=5 tckave)| 3 | 33| 3 | 33| 3 | 33 3 | 33 ns 2
CL=5 CWL=6 ICK (AVG) ns 3
CWL=7 tCK (AVG) ns 3
CWL=5 ICK(AVG) | 25 | 33| 25 | 33 | 25 | 33 | 25 | 33 ns 2
CL=6 CWL=6 CK (AVG) ns 3
CWL=7 ICK (AVG) ns 3
CWL=5 ICK (AVG) ns 3
CL=8 CWL=6 tCK (AVG) 1.875 | <2.5 | 1.875| <2.5 | 1.875 | <2.5 ns 23
CWL=7 ICK (AVG) ns 3
CWL=6 ICK (AVG) ns
CL=11 CWL=7 CK (AVG) ns
tCK (AVG) 1.5 [<1.875| 1.5 |<1.875 ns 2,3
Supported CL Settings 5,6 56,8 5,6,8,10 5, 6,8K10
Supported CWL Settings 5 5,16 8,6,7 5,06K7
NOTES:
1. 'REFI depends on tOPER 3. Reserved (filled blocks) settings are not allowed.

2. The CL and CWL setting result in ICK requirements. When making a
selection of tCK, both CL and CWL requirement settings need to be ful-
filled.
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TABLE 47 (SHEET 6 OF 6) - ELECTRICAL CHARACTERISTICS AND AC OPERATING CONDITIONS
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Parameters are applicable with 0°C <TA<+95°C and Vbpo/VopQ =+ 1.5V +
0.075V.

All voltages are referenced to Vss.
Output timings are only valid for RON34 output buffer selection.

Unit!CK (AVG) representsthe actual 'ICK (AVG) ofthe inputclockunderoper-
ation. Unit CK represents one clock cycle of the input clock, counting the
actual clock edges.

AC timing and IDD tests may use a ViL-to-VIH swing of up to 900mV in the
test environment, but input timing is still referenced to VREF (except IS, tIH,
DS, andDHusethe AC/DCtrip pointsand CK, CK\and DQS, DQS\use their
crossing points). The minimum slew rate for the input signals usedto testthe
deviceis 1V/nsforsingle-endedinputs and 2V/nsfor differentialinputsinthe
range between VIL (AC) and ViH (AC).

Alltimings that use time-based values (ns, us, ms) should use 'CK (AVG) to
determine the correctnumber of clocks (Table 47 uses CKor CK (AVG) inter-
changeably). For non-interger results, all minimum limits are to be rounded
up to the nearest whole integer.

Theuseof STROBEorDQSDIFFreferstotheDQSand DQS\differentialcross-
ingpointwhenDQSistherisingedge. Theuseof CLOCKorCKreferstothe CK
and CK\ differential crossing point when CK is the rising edge.

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

WhenoperatinginDLLdisablemode, STACKED doesnotwarrantcompliance
with normal mode timings or functionality.

The clock’s {CK (AVG) is the average clock over any 200 consecutive clocks
and!CK (AVG) MIN is the smallest clock rate allowed, with the exception of a
deviation due to clock jitter. Input clock jitter is allowed provided it
doesnotexceedvaluesspecifiedandmustbe ofarandom Gaussiandistribu-
tion in nature.

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

Theclock’s!CH(AVG)and!CL (AVG)aretheaveragehalfclockperiodoverany
200consecutive clocks andisthe smallestclock half period allowed, withthe
exception of values specified and must of arandom Gaussian distribution in
nature.

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

{CH (ABS)isthe absolute instantaneous clock high pulse widthas measured
from one rising edge to the following falling edge.

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

The cycle-to-cyclejitter ({JITCC) is the amount the clock period can deviate
from one cycle to the next. It is important to keep cycle-to-cycle jitter at a
minimum during the DLL locking time.

www.stackedtechnologies.com

17.

18.

The cumulative jitter error (ERRNPER), where n is the number of
clocks between 2 and 50, is the amount of clock time allowed to accu-
mulate consecutively away from the average clock over n number of
clock cycles.

DS (base) and 'DH (base) values are for a single-ended 1V/ns DQ slew
rate and 2V/ns for differential DQS, DQS\ slew rate.

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

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

When the device is operated with input clockjitter, this parameter needs to
bederatedbytheactuallJITPER(largeroftJITPER(MIN)ortJITPER(MAX)ofthe
input clock (output deratings are relative to the SDRAM input clock).

Single-ended signal parameter.

The output timing is aligned to the nominal or average clock. Output
parameters mustbe derated by the actualjitter error when input clock jitter
is present, even when within specification. This results in each parameter
becoming larger. The following parameters are required to be derated by
subtracting'ERRIOPER(MAX);'DQSCK(MIN),'LZ(DQS)MIN,!LZ(DQ)MAX,
and tAON (MIN). The following parameters are required to be derated by
subtracting!ERRIOPER(MIN);'IDQSCK(MAX),ILZ(DQS)MAX,ILZ(DQ)MAX,
and!AON(MAX).TheparametertRPRE (MIN)isderatedbysubtracting!JITPER
(MAX), while tRPRE (MAX) is derated by subtracting tJITPER (MIN).

The maximum preamble is bound by tLZDQS (MAX).

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

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

The maximum postamble is bound by tHZDQS (MAX).

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

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

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

Forthese parameters, the device supportstnPARAM (nCK) =RU ({PARAM
[ns)/'CK[AVG][ns]),assumingallinputclockjitterspecificationsaresatisfied.
Forexample, the device will supporttnRP (nCK) = RU (tRP)/ICK[AVG])ifall
inputclockijitter specifications are met. Thismeans for DDR2-800;6-6-6, of
which!RP = 15ns, the device will support'nRP = RU ({RP/'CK [AVG]) =6 as
longastheinputclockjitterspecificationsaremet.Thatis,the PRECHARGE
command at TO and the ACTIVATE command at TO+6 are valid even if six
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STACKED Technologies Incorporated

clocks are less than 15ns due to input clock jitter.

During READs and WRITEs with AUTO PRECHARGE, the DDR3
SDRAM will hold off the internal PRECHARGE command until {RAS
(MIN) has been satisfied.

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

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

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

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

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

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

The refresh period is 64ms when TA is less than or equal to 85°C.
This equates to an average refresh rate of 7.8124ps. However, nine
REFRESH commands should be asserted at least once every 70.3ps.
When TA is greater than 85°C, the refresh period is 32ms and when
TA is greater than 105°C, the refresh period is 24ms.

AlthoughCKEisallowedtoberegisteredLOWafteraREFRESHcommand
whentREFPDEN (MIN)is satisfied, there are caseswhere additionaltime
such as tXXPDLL (MIN) is required.

ODT turn-ontime MIN is when the device leaves HIGH-Zand ODT resis-

www.stackedtechnologies.com
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tance begins to turn on. ODT turn-on time maximum is when the ODT
resistance is fully on. The ODT reference load is shown in Figure 23.

Half-clock output parameters mustderated by the actual tEERRIOPER and
UITDTY when input clock jitter is present. This results in each parameter
becoming larger. The parameters tADC(MIN) and tAOF(MIN) are each
requiredtobe derated by subtractingbothtERRIOPER (MAX) andJITDTY
(MAX). The parameters tADC (MAX) and tAOF (MAX) are required to be
derated by subtracting both tERRIOPER (MAX) and UITDTY (MAX).

ODT turn-off time minimum is when the device starts to turn off ODT
resistance. ODT turn-off time maximum is when the SDRAM buffer
is in HIGH-Z. The ODT reference load is shown in Figure 24. This
output load is used for ODT timings (see Figure 31).

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

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

High Performance, Highly Integrated Memory Module Product
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COMMAND AND ADDRESS SETUP, HOLD, AND DERATING

The total tIS (setup time) and tIH (hold time) required is calculated by adding the data sheet tIS(base) and tIH (base) values
(Tables 48)tothe AtISand AtlH derating values (Table 49), respectively. Set-up and hold times are based on measurements at
the device. Note that address and control pins present the capacitance of multiple die to the system. This capacitanceis less
than the equivalent number of discrete devices due to the higher level of die integration; however, it must be accounted for
when driving these pins. Slew rates on these pins will be slower than pins with only one die load unless measures are made

to increase the strength of the signal driver and lower the trace impedance proportionally on signals connecting to multiple
internal die.

Although the total setup time for slow slew rates might be negative, a valid input signaliis still required to complete the transi-
tionandtoreachVIH(AC)/VIL(AC) (see Figure 14 forinputsignal requirements). For slew rates which fallbetween the values
listed in Table 49 and Table 50, the derating values may be obtained by linear interpolation.

Setup (1IS) nominal slew rate for arising signal is defined as the slew rate between the last crossing of VREF(DC) and the first
crossingofVIH(AC)MIN. Setup (tIS) nominalslewrateforafallingsignalisdefinedasthe slewrate betweenthelastcrossing of
VREF(DC)andthefirstcrossingofVIL(AC)MAX.lIftheactualsignalisalwaysearlierthanthenominalslewratelinebetweenthe
shaded“VREF(DC)-to-ACregion”,usethe nominalslewrate forderatingvalue (see Figure 25). Ifthe actual signalislaterthan
thenominalslewratelineanywherebetweenthe shaded“VREF(DC)-to-ACregion”,the slewrate ofatangentlinetotheactual
signal from the AC level to the DC level is used for the derating value (see Figure 27).

Hold (tIH) nominalslew rate forarising signalis defined as the slew rate between the last crossing of VIL(DC) MAX and the first
crossing of VREF(DC). Hold (tIH) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of

TaBLE 48: CommanD AND ADDRESS SETUP AND HoLD VALUES REFeRENCED AT 1V/Ns — AC/DC BASED

Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 UNITS REFERENCE
tig(base) AC175 200 125 65 45 ps VIH(AC)/VIL(AC)
tiS(base)(AC150) 350 275 190 170 ps VIH(AC)/VIL(AC)
tiH(base)DC100 275 200 140 120 ps VIH(AC)/VIL(AC)

TaBLE 49: DEeRATING VALUES FoR tIS/tIH — AC175/DC100-Basep

Shaded cells indicate slew-rate combinations not supported

AUS, AtIH Derating (ps) - AC/DC-Based, AC175 Threshold; VIH(AC) = VREF(DC) + 175mV, VIL(AC) = VREF(DC) - 175mV

CMD/ADDR CK, CK\ Differential Slew Rate
Slew Rate V/ns 4.0Vln$ 3.0VIns 2.0V/ns 1.8V/ins 1.6V/ns 1.4Vlns| 1.2V/]
ais [ AR alls  RtH [ats [ atn] S atH Atis  [atH | atg]  atii aAfis  [atH

2.0 88 50 88 50 88 50 96 58 96 66 112 74 120 84 128 | 100
1.5 59 34 50 34 59 34 67 42 67 50 83 58 91 68 99 84
1.0 0 0 0 0 0 0 8 8 8 16 24 24 32 34 40 50
0.9 -2 -4 -2 -4 -2 -4 6 4 6 12 22 20 30 30 38 46
0.8 -6 -10 -6 -10 -6 -10 2 -2 2 6 18 14 26 24 34 40
0.7 -11 -16 | -11 -16 | -11 -16 3 -8 3 13 8 21 18 29 34
0.6 -17 -26 -17 -26 -17 -26 9 -18 9 -10 7 -2 15 8 23 24
0.5 -35 -40 -35 -40 -35 -40 -27 -32 -27 -24 -11 -16 -2 -6 5 10
0.4 -62 -60 | -62 -60 | -62 -60 | -54 -52 -54 -44 | -38 -36 -30 -26 -22 -10
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TasLE 50: DEerATING VALUES FoR tIS/tIH — AC150/DC100-Basebp

Shaded cells indicate slew-rate combinations not supported

AUS, AtIH Derating (ps) - AC/DC-Based, AC150 Threshold; ViH(AC) = VREF(DC) + 150mV, ViL(AC) = VREF(DC) - 150mV

CMD/ADDR CK, CK\ Differential Slew Rate
Slew Rate V/ns i4.0VInE 3.0Y/ns 2|.0V/ns 1.8V/ns 1.6V/ns 1.4V/ns
Alls  htiH Jatis | atH[ at$  alH Auis [ atiH | atis]  atH atls  htH | alis
2.0 75 50 75 50 75 50 83 58 91 66 99 74 107 84 115 | 100
15 50 34 50 34 50 34 58 42 66 50 74 58 82 68 90 84
1.0 0 0 0 0 0 0 8 8 16 16 24 24 32 34 40 50
0.9 0 -4 0 -4 0 -4 8 4 16 12 24 20 32 30 40 46
0.8 0 -10 0 -10 0 -10 8 -2 16 6 24 14 32 24 40 40
0.7 0 -16 0 -16 0 -16 8 -8 16 0 24 8 32 18 40 34
0.6 -1 -26 -1 -26 -1 -26 7 -18 15 -10 23 -2 31 8 39 24
0.5 -10 -40 -10 -40 -10 -40 -2 -32 6 -24 14 -16 22 -6 30 10
0.4 -25 -60 | -25 -60 | -25 -60 -17 -52 -9 -44 -1 -36 7 -26 15 -10
Below VIL(AC)
Slew Rate (V/ns) tVAC at 175mV(ps) tVAC
>2.0 75 175
2.0 57 170
1.5 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
<0.5 0 150
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DQS#

DQS

VooQ

ViH(ac) MIN

ViH(pc) MIN

VREF(DC)

Vi(oc) MAX

Vir(pc) MAX

Setup slew rate
falling signal

Notes: 1.

4.0 Gb,

ST9D364M64SBG2
DDR3, 64M x 64 Integrated Module (HIMOD)

Ficure 25 - NominAL SLEw RATE AND tVAC FoRr tIS (Commanp AND ADDRESS — CLOCK)

VREF to AC
region

ATF

Nominal
slew rate

Nominal
slew rate

VREF to AC
region

VREF(DC) - ViL(ac) MAX

ATF

Both the clock and the strobe are drawn on different time scales.

ATR

Setup slew rate ViH(ac) MIN - VReF(pc)

rising signal

ATR
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Ficure 26 - NominaL SLew RATE For tIH (CommAND AND AbDRESS — CLOCK)

DQS

Vin(ac) MIN

ViH(pc) MIN

DCto VRer
region

VREF(DC)

Vir(oc) MAX

Vi(ac) MAX

Hold slew rate

Nominal
slew rate

VREeF(pc) - ViL(pc) MAX

rising signal

Notes: 1.

ATR

ATR

Hold slew rate
falling signal =

Nominal
slew rate

DCto VRer
region

ATF

ViH(pc) MIN - VReF(bc)

ATF

Both the clock and the strobe are drawn on different time scales.
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FiGure 27 - TANGENT LINE FOR IS (CommAND AND ADDRESS — CLOCK)

DQS# ~ "o o R
pas /o 2
A7 /5] oL e Rl I B i S
Nominal
VHAC)MIN i - - — — ¢ — — — — — — — . — — - (Y —— - N——|———————+
VRErF to AC
region
Vioe)MIN - V| ___ /¥ () -
Tangent
line
VAL OO N O 1O 2 e § @ B @ B R
Tangent
Vioe)MAX ==~ F - N\ |~~~ ~ E e e
VREF to AC

region

ViLaco)MAX _ /1 _ - - XY - __f_ _ _ ___ | B
Nominal — -—
line
tvac ATR
Ves —— — 4+ ——— -+ —— — — — — — — — =~~~ — — — — — — — — — — — ——— — —— —
Setup slew rate Tangent line (ViH[pc] MIN - VRer[pc])
rising signal
959 ATR
. -—
ATF Setup slew rate Tangent line (VRer [pc] - ViL[ac] MAX)
falling signal =
ATF
Notes: 1. Both the clock and the strobe are drawn on different time scales.
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Ficure 28 - TANGENT LINE FOR tIH (CommanD AND ADDRESS — CLOCK)

DQS# ~ "o A
DQS DU DU B '
AT 0ol e e e A
VHAC)MIN ==~~~ -~~~ -~~~ -~~~ -1~~~ ~ =~~~ s
Nominal
line
VHOC)MIN - - - - - - - - |- - - - —-——— -t - ———— —f — — — — — — — — — /[ - -
DC to VRerF
. Tangent b
region Iir?e _—
Vrefe) -~~~ "~~~ +O)-{)- - - ————— —+
Tangent
DC to VRer line \
region
Nominal
line
Vikloe)MAX — — v~} (O — = — |
ViaAc)MAX - - - - - - - - Do - -+ |- — = — — — [ SR
Vss— — — = = = = = — — — — — — — — — — — Fel- === = = = = - = --
ATR ATR
Hold slew rate _ Tangent line (Vrer [pc] - ViL[pc] MAX)
rising signal ATR
Hold slew rate Tangent line (ViH[pc] MIN - VRer[bc])
falling signal
ATF
Notes: 1. Both the clock and the strobe are drawn on different time scales.
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DATA SETUP, HOLD AND DERATING

The total DS (setup time) and 'DH (hold time) required is calculated by adding the data sheet IDS (base) and 1DH (base) values (see Table 52) to the AIDS and
ADH derating values (see Table 53), respectively.

Although the total setup time for slow slew rates might be negative, a valid input signal is still required to complete the transition and to reach VIH/VIL(AC). For
slew rates which fall between the values listed in Table 54, the derating values may be obtained by linear interpolation.

Setup (!DS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VREF(DC) and the first crossing of VIH(AC) MIN. Setup
('DS) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of VREF(DC) and the first crossing of VIL(AC) MAX. If the actual
signal is always earlier than the nominal slew rate line between the shaded “VReEF(DC)-to-AC region”, use the nominal slew rate derating value (see Figure 29).
If the actual signal is later than the nominal slew rate line anywhere between the shaded “VREF(DC)-to-AC region”, the slew rate of a tangent line to the actual
signal from the AC level to the DC level is used for the derating value (see Figure 31).

Hold (!DH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of VIL(DC) MAX and the first crossing of VREF(DC). Hold
('DH) 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 VRer(DC). If the actual
signal is always later than the nominal slew rate line between the shaded “DC-to-VREF(DC) region”, use the nominal slew rate for derating value (see Figure
30). If the actual signal is earlier than the nominal slew rate line anywhere between the shaded “DC-to-VREF(DC) region”, the slew rate of a tangent line to the
actual signal from the “DC-to-VREF(DC) region”, is used for the derating value (see Figure 32).

TaBLE 52: DATA SeTUP AND HoLD VALUES AT 1V/Ns (DQSx, DQSX\ AT 2V/Ns) - AC/DC Base

Symbol DDR3-800 DDR3-1066 DDR3-1333 DDR3-1600 UNITS REFERENCE
tDS(base)AC175 75 25 - - ps VIH(AC)/VIL(AC)
tDS(base)AC150 125 75 - - ps VIH(AC)/VIL(AC)
tDS(base)DC100 150 100 65 45 ps VIH(AC)/VIL(AC)

TaBLE 53: DEeRATING VALUE FoR tDS/tDH — AC175/DC100 - Basep

Shaded cells indicate slew-rate combinations not supported

AtDS, AtDH Derating (ps) — AC175/D100-Based

bQ DQS, DQS# Differential Slew Rate
Slew Rate V/ns 4.0V/ns 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4V/ng
AtDS | AtDH AtDS  AtbH AlDS AtbH \DS | atpH| AtDS atoH  AlDs  AtpH |atps | atpH
2.0 88 50 88 50 88 50
15 59 34 59 34 59 34 67 42
1.0 0 0 0 0 0 0 8 8 16 16
0.9 2 4 | -2 -4 6 4 14 | 12 | 22 | 20
0.8 6 | <10 | 2 -2 10 6 18 14 | 26 | 24
0.7 -3 -8 5 0 13 8 21 18 29 | 34
0.6 -1 -10 7 -2 15 8 23 24
0.5 -1 -16 -2 -6 5 10
0.4 -30 -26 -22 -10
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TasLE 54: DEeRATING VALUE For tDS/tDH — AC150/DC100 - BAsep

Shaded cells indicate slew-rate combinations not supported

AtDS, AtDH Derating (ps) — AC150/DC100-Based

DQS, DQS# Differential Slew Rate
DQ Slew
Rate V/ns 4.0V/ng 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4V/ng
AtDS| ADH AlDS ADH [alDS | AtDH AtDS AlDH  AtpS  AlDH AtDS | AIDH| AlDS
2.0 75 | 50 | 75 | 50 | 75 | 50
1.5 50 | 34 | 50 | 34 | 50 | 34 | 58 | 42
1.0 0 0 0 0 0 0 8 8 16 | 16
0.9 0 -4 0 -4 8 4 16 | 12 | 24 | 20
0.8 o | -10]| 8 2 | 16 6 24 | 14 | 32 | 24
0.7 8 -8 | 16 0 | 24 8 32 | 18 | 40 | 34
0.6 15 | 10 | 28 | -2 | 31 8 39 | 24
0.5 14 | 16 | 22 | -6 30 | 10
0.4 7 -26 15 -10
TasLe 55: Reauirep Time tVAC Asove VIH(AC) (BeLow VIL[AC]) FoRr A VALID TRANSITION
Slew Rate (V/ns) tVAC at 175mV(ps) [MIN] tVAC

>2.0 75 175

2.0 57 170

1.5 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

<0.5 0 150
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Ficure 29 - NominaL SLew Rate anp tVAC ror tDS (DQ — STroBE)

DQSs

ViH(ac) MIN

ViH(pc) MIN

VREF(DC)

Vi(oc) MAX

Vir(ac) MAX

.............

VREeF to AC
region

ATF

Setup slew rate

VREF(DC) - ViL(ac) MAX

Nominal
slew rate

Nominal
slew rate

VREF to AC
region

ATR

Setup slew rate ViH(ac) MIN - VRer (oc)

rising signal =

Notes: 1.

Both the clock and the strobe are drawn on different time scales.

rising signal

ATF ATR
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Ficure 30 - NomiNAL SLew RATE For tDH (DQ — STROBE)

DQS

ViH(ac) MIN

ViH(pc) MIN

VREF(DC)

ViL(oc) MAX

Vir(ac) MAX

.............

........................

DC to VRer
region

Hold slew rate _

Nominal
slew rate

VREF(bc) - ViL(pc) MAX

Nominal
slew rate

DC to VRer
region

ATR ATF

Hold slew rate _ ViH(pc) MIN - VREF(bc)

rising signal ~ ~

Notes: 1.

ATR

Both the clock and the strobe are drawn on different time scales.

falli ignal
alling signal ATE
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Ficure 31 - NomiNAL SLew RaTE AnD tVAC For tDS (DQ — STROBE)

.........................

Nominal

Tangent
line

VREF to AC
region

DQS
tps tDH
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VIHAC)MIN - — — — — — — — f— — — —
VREer to AC
region
VHPS)MIN — = — = — — - — - — - — — — — — — —
Vrer(pe) ~ QL) - ——-1-""""~"~--———
Tangent
Vit(pc) MAX - — — f— ,,,,,,,,,
Viac)MAX = —f | ----C)x -~
Nominal
line
tvac
Vss — — — |- — — —
Setup slew rate
rising signal
—_— -
ATF Setup slew rate
falling signal
Notes: 1.

Tangent line (V iH[ac] MIN - VREeF [Dc])

ATR

Tangent line (VRer[pc] - ViL[ac] MAX)

ATF

Both the clock and the strobe are drawn on different time scales.
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Ficure 32 - NomiNAL SLEw RATE For tDH (DQ — STROBE)

CK
CK#
DQsS# e
DQS
{DH
VobQ - - - - - - -~ -~~~ - = -~ |- - - - - -t -~ === ===~~~ — -
VHACS)MIN @ - - - - - - - -4 - - - - - ———— |- - ———— - )-—— - N-"-"F-———---
Nominal
line
VHOS)MIN - ===~~~ qQ- "~~~ - = — -
DC to VRer
X Tangent
region line /
VRefg) - - - - - - - - 4- - - --------O)O--() - - - - - ———— — -
Tangent
DC to VRer line —
region i
Nominal
line
Vifope)MAX - ==y~~~ 1~~~ — e
Vicac)MAX - - - ---- - Q""" |+ - """ -t -+ - — -
Vs — = = ===~ == = = = = = — — = — |-~ m m — — — — — — — = = — — — 1 — o~~~
ATR ATF
Hold slew rate Tangent line (VRer[pc] - ViL[pc] MAX)
falling signal = ATR
Hold slew rate Tangent line (ViH [pc] MIN - VRer[bc])
falli ignal =
alling signal ATE
Notes: 1. Both the clock and the strobe are drawn on different time scales.
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COMMANDS TRUTH TABLE

TaBLE 56: TRUTH TABLE - COMMAND

CKE
Prev Next

Function Symbol Cycle Cycle ¢S\ RAS\ CAS\ WE\ BA[2:0] An A12
Mode Register Set MRS H L L L BA
REFRESH REF H H L L L H Y v Y % %
SELF REFRESH entry SRE H L L L L H \Y \ \% % v 6
SELF REFRESH exit SRX L H H v v v v v v v v 6.7
Single-Bank PRECHARGE PRE H H L L L L VBA Y Y, L Y
PRECHARGE all banks | PREA H H L L L L v v % H v
Bank ACTIVATE ACT H H L L L H BA RA

BLOMRS | WR H H L H H L BA RFU Y L CA 8
WRITE scaore | WRS4 H H L H H L BA RFU L L CA 8

sLsore | WRSS8 H H L H H L BA RFU H L CA 8

BLBMRS | \WRAP H H L H H L BA RFU v H CA 8
WRITE with AUTO [

scsore |WRAPS4 H H L H H L BA RFU L H CA 8
PRECHARGE BLeOTF |WRAPS8| H H L H H L BA RFU H H CA 8

gémg RD H H L H H H BA RFU v L CA 8
READ gcsore | RDS4 H H L H H H BA RFU L L CA 8

sLsotr | RDS8 H H L H H H BA RFU H L CA 8
READ with AUTO | RS | RDAP H H L H H H BA RFU v H CA 8
PRECHARGE scaore | RDAPS4 H H L H H H BA RFU L H CA 8

sLsore | RDAPS8 H H L H H H BA RFU H H CA 8
NO OPERATION NOP H H L H H H v v v v v 9
Device DESELECTED DES H H H X X X X X X X X 10
POWER-DOWN entry PDE H L ||3| U c U \% v Y Y % 6
POWER-DOWN exit PDX L H ||I| v C v v v v v v 6,11
ZQ CALIBRATION LonG ZQCL H H L H H L X X X H X 12
ZQ CALIBRATION sHorT | ZQCS H H L H H L X X X L X

NOTES:

1.

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-dependent.

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

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

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

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

6. See Table 57 for additional information on CKE transition.

7.  SELF REFRESH exit is asynchronous.

STACKED Technologies Incorporated www.stackedtechnologies.com

10.
11.

12.

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

Thepurpose ofthe NOP commandistopreventthe DRAMfromregistering
any unwanted commands. A NOP will not terminate and operation that is
in execution.

The DES and NOP commands perform similarly.

The POWER-DOWN mode does not perform any REFRESH opera-
tions.

ZQ CALIBRATION LONG is used for either ZQINT (first ZQCL com-
mand during initialization) or ZQOPER (ZQCL command after initializa-
tion).
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TaBLE 57: TRuTH TaBLE - CKE

CKE
(n-1) (n) (RAS\, CAS\, WE\, CS\)
Current State 3 Previous Cycle 4 Present Cycle 4 Command 5 Action 5 Notes
POWER-DOWN L L “Don’t Care” Maintain POWER-DOWN 1,2
L H DES or NOP POWER-DOWN exit 1,2
SELF REFRESH L L “Don’t Care” Maintain SELF REFRESH 1,2
Bank(s) ACTIVE H H DES or NOP SELF REFRESH exit 1,2
READING H L DES or NOP Active POWER-DOWN entry 1,2
WRITING H L DES or NOP POWER-DOWN entry 1,2
PRECHARGING H L DES or NOP POWER-DOWN entry 1,2
REFRESHING H L DES or NOP PRECHARGE POWER-DOWN entry | 1,2
All Banks IDLE H L DES or NOP PRECHARGE POWER-DOWN entry | 12,6
H L REFRESH SELF REFRESH

NOTES:

1.

All states and sequences not shown are illegal or reserved unless explic-
itly described elsewhere in this document.

ICKE(MIN) means CKE must be registered at multiple consecutive posi-
tive clock edges. CKE must remain at the valid input level the entire time
it takes to achieve the required number of registration clocks. Thus, after
any CKE transition, CKE may not transition from its valid level during the
time period of IS + ICKE(MIN) + tIH.

Current state = The state of the SDRAM immediately prior to clock edge

CKE (n) is the logic state of CKE at clock edge n, CKE (n-1) was the
state of CKE at the previous clock edge.

COMMAND is the command registered at the clock edge (must be a
legal command as defined in Table 56). Action is a result of COM-
MAND. ODT does not affect the states described in this table and is
not listed.

Idle state = all banks are closed, no data bursts are in progress, CKE is
HIGH and all timings from previous operations are satisfied. All SELF

n. REFRESH exit and POWER-DOWN exit parameters are also satisfied.

DESELECT (DES) NO OPERATION (NOP)

The DES command (CS\ HIGH) prevents new commands from being exe- The NOP command (CS\ LOW) prevents unwanted commands from being
cuted by the SDRAM. Operations already in progress are not affected. registered during idle or wait states. Operations already in progress are
not affected.

ZQ CALIBRATION

ZQ Calibration LONG (ZQCL)

The ZQCL command is used to perform the initial calibration during a power-up initialization and reset sequence. This command may be issued at any time by
the controller depending on the system environment. The ZQCL command triggers the calibration engine inside the SDRAM. After calibration is achieved, the
calibrated values are transferred from the calibration engine to the SDRAM I/O, which are reflected as updated RON and ODT values.

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

ZQ Calibration SHORT (ZQCS)

The ZQCS command is used to perform periodic calibrations to account for small voltage and temperature variations. The shorter timing window is provided
to perform the reduced calibration and transfer of values as defined by timing parameter tZQCS. A ZQCS command can effectively correct a minimum of 0.5%
RoN and RTT impedance errors within 64 clock cycles, assuming the maximum sensitivities specified in Table 37 and Table 38.
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ACTIVATE

The ACTIVATEcommandisusedtoopen (orACTIVATE)arowin
aparticular bank for a subsequent access. The value onthe BA
[2:0]inputs selectsthe bank, andthe address provided oninputs
A[n:0] selects the row. This row remains open (or ACTIVE) for
accesses untilaPRECHARGE commandisissuedtothatbank.

APRECHARGEcommandmustbeissuedbeforeopeningadiffer-
ent row in the same bank.

TaBLE 58: Reap ComMMAND SUMMARY

TheREADcommandisusedtoinitiateaburstREADaccesstoan ACTIVE row.
Theaddressprovidedoninputs A[2:0] selectsthe startingcolumn
address depending on the burst length and burst type selected.
Thevalueoninput A10determineswhetherornotautoprecharge
is used. If auto precharge is selected, the row being accessed
willbe PRECHARGED attheendofthe READburst. fAUTO PRE-
CHARGE is notselected, the row willremain open for subsequent
accesses. ThevalueoninputA12(ifenabledinthe MODE REGIS-
TER)whentheREADcommandisissued,determineswhetherBC4
(chop)orBL8isused. AfteraREAD commandisissued,the READ
burst may notbe interrupted. A summary of READ commands is
shown in Table 58.

CKE
Prev Next
Function Symbol Cycle| Cycle GSs\ RAS\ CAS\ WE BA[2:0] An A12

BL8MRS

oamns| RD H L H L H BA RFU \ L CA
READ Bcaorr | RDS4 H L H L H BA RFU L L CA

BLeotr | RDS8 H L H L H BA RFU H L CA

BL8MRS

scavina| RDAP H L H L H BA RFU % H CA
READ with AUTO

BC40TF | RDAPS4 H L H L H BA RFU L H CA
PRECHARGE

BLEOTF | RDAPS8 H L H L H BA RFU H H CA

WRITE

TheWRITEcommandisusedtoinitiateaburstWRITEaccesstoanACTIVErow.Thevalueonthe BA[2:0]inputsselectsthebank. Thevalueon
inputA10determineswhetherornotAUTOPRECHARGEisused.ThevalueoninputA12(ifenabledinthe MODE REGISTER[MR])whenthe
WRITE command is issued, determines whether BC4 (chop) or BL8 is used. The WRITE command summary is shown in Table 62.

TaBLE 59: WRITE COMMAND SUMMARY

CKE
Prev Next
Function Symbol Cycle| Cycle ¢S\ RAS\ CAS WE\ BA[2:0] An A12

BL8MRS

roans|  WR H L H L L BA RFU v L CA
WRITE BosotF | WRS4 H L H L L BA RFU L L CA

sLeotr | WRSS8 H L H L L BA RFU H L CA

BL8MRS

scavrs| WRAP H L H L L BA RFU % H CA
WRITE with AUTO

BC4OTF WRAPS4 H L H L L BA RFU L H CA
PRECHARGE

BLEOTF |\WRAPSS H L H L L BA RFU H H CA
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PRECHARGE

ThePRECHARGEcommandisusedtoDEACTIVATEtheopenrowin
aparticularbankorin allbanks. The bank(s) are available for a sub-
sequentrowaccessataspecifiedtime ({RP)afterthe PRECHARGE
command is issued, except in the case of concurrent AUTO PRE-
CHARGE.AREAD orWRITEcommandtoadifferentbankisallowed
duringconcurrentAUTOPRECHARGEaslongasitdoesnotinterrupt
the data transfer in the current bank and does not violate any other
timing parameters. Input A10 determines whether one or all banks
areprecharged.Inthecasewhereonlyonebankisrecharged.Inputs
BA[2:0]selectthebank;otherwise,BA[2:0]aretreatedas“Don’tCare”.
Afterabankis PRECHARGED, itisinthe idle state and must be acti-
vated prior to any READ or WRITE commands being issued to that
bank. APRECHARGEcommandistreatedasaNOPifthereisnoopen
row in that bank (idle state) or if the previously open row is already
inthe process of precharging. However, the PRECHARGE periodis
determined by the last PRECHARGE command issued to the bank.

REFRESHisusedduringnormaloperationofthe SDRAMandisanalo-
goustoCAS\-beforeRAS\(CBR)refreshorAUTOREFRESH.Thiscom-
mand is non-persistent, soitmustbeissuedeachtimea REFRESH s
required.Theaddressingisgeneratedbytheinternal REFRESHcom-
mand.The SDRAMrequiresREFRESHcyclesatanaverageintervalof
7.8ps (maximum when TA<85°C or 3.9us MAX when TA<95°C). The
REFRESHperiodbeginswhentheREFRESHcommandisregisteredand
ends tRFC (MIN) later.

To allow forimproved efficiency in scheduling and switching between
tasks, someflexibilityinthe absolute REFRESH intervalisprovided. A
maximum of eight REFRESH commands can be posted to any given
SDRAM, meaning that the maximum absolute interval between any
REFRESHcommandandthenextREFRESHcommandisninetimesthe
maximumaverageintervalrefreshrate. SELFREFRESHmaybeentered
withuptoeightREFRESHcommandsbeingposted. AfterexitingSELF
REFRESH (whenenteredwithpostedREFRESHcommands)additional
postingofREFRESHcommandsisallowedtothe extentthe maximum
numberofcumulativeposted REFRESHcommands (bothpreandpost
SELF REFRESH) does not exceed eight REFRESH commands.

Ficure 33 - REFREsH MoDE

Command

Address

All banks

a0/

One bank

BA[2:0]

DQs, Das#4

pley

pm4

| |

tRFC (MIN) ‘ » tRFC2 ‘

Notes: 1.

NOP commands are shown for ease of illustration; other valid commands may be

| ( ( |
Indicates A Break in 7 e
% Time Scale ’IA Don't Care

possible at these times. CKE must be active during the PRECHARGE, ACTIVATE,
and REFRESH commands, but may be inactive at other times (see “Power-Down
Mode”.
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SELF REFRESH

The SELFREFRESHcommandisusedtoretaindatainthe SDRAM, eveniftherestofthe systemispowereddown.Wheninthe SELFREFRESHmode,
the SDRAMretainsdatawithoutexternalclocking. The SELF REFRESHmodeisalsoaconvenientmethodusedtoenable/disablethe DLLaswellas
tochangetheclock frequency withinthe allowed synchronous operatingrange. Allpower supply inputs (includingVREFCAandVREFDQ) mustbe
maintainedatvalidlevelsuponentry/exitandduringSELFREFRESHmodeoperation. Allpowersupplyinputs(includingV REFCAandVREFDQ) must
be maintained at valid levels upon entry/exit and during SELF REFRESH mode under certain conditions:

*Vss< VREFDQ< VDD is maintained

*VREFDAQ is valid and stable prior to CKE going back HIGH

* The first WRITE operation may not occur earlier than 512 clocks after VREFDQ is valid
¢ All other SELF REFRESH mode exit time requirements are met.

DLL DISABLE MODE

IftheDLLisdisabledbytheMODEREGISTER(MR1[0]canbeswitchedduringinitializationorlater),the SDRAMistargeted,butnotguaranteed
to operate similarly to the NORMAL mode with a few important exceptions:

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

e DLLDISABLEmodeaffectsthe READdataclock-to-datastroberelationship(tDQSCK), butnotthe READ data-to-datastrobe
relationship ({DQSQ, tQH). Special attention is needed to line the READ data up with the controller time domain when the
DLL is disabled.

e INNORMAL operation (DLLon),!DQSCK startsfromtherisingclockedge AL+ CLcyclesafterthe READ command. InDLL
DISABLEmode,tDQSCKstartsAL=CL—1 cyclesaftertheREADcommand. Additionally,withthe DLLdisabled, thevalue of
tDQSCK could be larger than ICK.

TheODTfeatureisnotsupportedduringDLLDISABLE mode (includingdynamicODT).The ODT resistorsmustbedisabledbycontinuously
registering the ODT ball LOW by programming RTT_NORM MR1[9,6,2] and RTT_WR MR2[10,9] to “0” while in DLL DISABLE mode.

Specificsteps mustbefollowedto switchbetweenthe DLL enableand DLL DISABLE modesduetoagapintheallowedclockratesbetween
the two modes ({CK[AVG]MAX and {CK[DLL DISABLE]MIN, respectively). The only time the clock is allowed to cross this clock rate gap is
duringSELFREFRESHmode.Thus,therequiredprocedureforswitchingfromthe DLLENABLE toDLLDISABLEmodeistochangefrequency
curing self refresh (see Figure 34):

1. StartingfromthelDLEstate (allbanksare PRECHARGED,alltimingsarefulfilled, ODTisturnedoff,andRTT_NOMandRTT_
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Ficure 34 - DLL EnaBLE Mobe 1o DLL DisasLe MobpE

ZZ Indicates a Break in Don’t Care

Time Scale

NOTES:

Any valid command.

Disable DLL by setting MR1[0] to “1.”

Wait tXS, then set MR1[0] to “0” to enable DLL.

Wait tMRD, then set MRO[8] to “1” to begin DLL RESET.

Wait tMRD, update registers (CL, CWL, and write recovery may be necessary).

Wait tMOD, any valid command.

Starting with the idle state.

Change frequency.

Clock must be stable at least ICKSRX.

Static LOW in case RTT_NOM or RTT_WR is enabled; otherwise, static LOW or HIGH.

© © N o ks 0N~

-
IS

Assimilar procedure is required for switching from the DLL disable mode back to the DLL enable mode. This also requires changing the fre-
quency during self refresh mode (see Figure 44 on page 99).

1.Startingfromtheidlestate (allbanksareprecharged,alltimingsarefulfilled, ODTisturnedoff,andRTT_NOMandRTT_WR
are High-Z), enter self refresh mode.

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

3.Selfrefresh may be exited when the clock is stable with the new frequency for iCKSRX. AftertXSis satisfied, update the
mode registers with the appropriate values. Ataminimum, set MR 1[0] to“0”to enable the DLL.Wait tMRD, then set MRO[8]
to “1” to enable DLL RESET.

4. After another tIMRD delay is satisfied, then update the remaining mode registers with the appropriate values.
5.The DRAM will be ready for its next commandin the DLL enable mode after the greater of tMRD or tMOD has been satis-

fied.However, before applyingany commandorfunctionrequiringalocked DLL, adelay oftDLLK after DLLRESET mustbe
satisfied. A ZQCL command should be issued with the appropriate timings met as well.
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Ficure 35- DLL DisasLe MobEe 1o DLL EnaBLE MoDE

CK# -
CK

CKE

1 X2 MRS3<>;; MRs4
\

Command
T
tCksSRx9 txs
opr™0 7\ S | )]
( ( U U
Indicates a Breakin  [/// Don’t Ca
ZZ Time Scale o ©
NOTES:
1.  Enter SELF REFRESH.
2.  Exit SELF REFRESH.
3. Wait XS, then set MR1[0] to “0” to enable DLL.
4. Wait tMRD, then set MRO[8] to “1” to begin DLL RESET.
5. Wait 'IMRD, update registers (CL, CWL, and write recovery may be necessary).
6.  Wait tMOD, any valid command.
7.  Starting with the idle state.
8.  Change frequency.
9.  Clock must be stable at least ICKSRX.

-
o

Static LOW in case RTT_NOM or RTT_WR is enabled; otherwise, static LOW or HIGH.

Theclockfrequencyrangeforthe DLLdisablemodeisspecifiedbytheparameterfCKDLL_DIS.Duetolatencycounterandtimingrestrictions,
only CL = 6 and CWL = 6 are supported.

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

Comparedto the DLL on mode where IDQSCK starts from the rising clock edge AL + CL cycles after the READ command, the DLL disable
mode tDQSCK starts AL + CL - 1 cycles after the READ command (see Figure 45 on page 100).

WRITE operations function similarly between the DLL enable and DLL disable modes; however, ODT functionality is not allowed with DLL
disable mode.
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Ficure 36 - DLL DisasLe tDQSCK TimiNG

Command

Address

DQS DQS#DLL on

DQBL8DLLon

DQS DQS# DLL off

DQ BL8 DLLdisable

DQs DQS# DLL off

DQ BL8 DLLdisable

[7] Transitioning Data Don't Care

INPUT CLOCK FREQUENCY CHANGE

When the DRAM is initialized, it requires the clock to be stable during most NORMAL states of operation. This means that after the clock
frequency has been setto the stable state, the clock period is not allowed to deviate except what s allowed for by the clock jitter and spread
spectrum clocking (SSC) specifications.

Theinputclockfrequencycanbechangedfromonestableclockratetoanotherundertwoconditions:SELFREFRESHmodeandPRECHARGE
power-downmode. Outside ofthesetwomodes, itisillegaltochangetheclockfrequency. Forthe SELFREFRESHmode condition,whenthe
DDR3SDRAMhasbeensuccessfullyplacedintoSELFREFRESH modeand!CKSrehasbeensatisfied, thestateoftheclockbecomesa“Don’t
Care”.Whentheclockbecomesa“Don’tCare”,changingtheclockfrequencyispermissible, providedthe newclockfrequencyis stable prior
totCKsrx. Whenenteringandexitingselfrefreshmodeforthesolepurposeofchangingtheclockfrequency, the SELFREFRESHentryandexit
specifications must still be met.

The PRECHARGE power-downmode conditioniswhenthe DRAMisin PRECHARGE power-down mode (eitherfastexitmode or slow exit
mode).EitherODTmustbeatalogicLOWorRTT_NOMandRTT_WRmustbedisabledviaMR1andMR2.ThisensuresRTT_NOMandRTT_WR
areinanoffstatepriortoentering PRECHARGE power-downmode while maintaining CKE atalogic LOW. Aminimum of tCKSremustoccur
after CKE goes LOW before the clock frequency can change. The input clock frequency is allowed to change only within the minimum and
maximum operating frequency specified for the particular speed/temperature grade ({CK [AVG] MIN to tCK [AVG] MAX) device. During the
input clock frequency change, CKE mustbe held at a stable LOW level. When the input clock frequency is changed, a stable clock mustbe
providedtothe DRAM,ICKSRXbefore PRECHARGE power-downmaybeexited. AfterPRECHARGE power-downisexitedandtXPhasbeen
satisfied, the DLL must be reset viathe MRS. Depending on the new clock frequency, additional MRS commands may need to be issued.
Duringthe DLL locktime, RTT_NOMand RTT_WR mustremainin an off state. Afterthe DLL locktime, the DRAMisready to operate witha
new clock frequency (period). This process is depicted in Figure 37.
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Ficure 37- CHANGE FREQUENCY DURING PRECHARGE PoweRr-Down

Previous clock frequency ‘

New clock frequency

1

l|H t|s

tcH, tcLy,
-—

teKy,

tCKSRX

CKE

\E

tcH, | toly
|

teky,

e

‘ tcPDED ‘
0

Command

% NOP @< NOP >@< NOP >

z

ok

N

— Q9
o

Address

.

tAOFPD/tAOF

txp

DQs, bas#

—— High-Z

i

DQ

High-Z

L,

DM

\}Qr \J\\%Q—_% —

Enter precharge
power-down mode

—Q%tﬁ &Q—J—\\%Q—_Q&

Frequency
change

NOTES:

exact requirements).

this case.

Exit precharge
power-down mode

Applicable for both slow-exit and fast-exit precharge power-down modes.
tAOFPD and!AOF mustbe satisfied and outputs High-Z priortoT1 (see “On-Die Termination (ODT)"for

If the RTT_NOM feature was enabled in the mode register prior to entering precharge power-down
mode, the ODT signal must be continuously registered LOW ensuring RTT is in an off state. If
the RTT_NOM feature was disabled in the mode register prior to entering precharge power-down
mode, RTT will remain in the off state. The ODT signal can be registered either LOW or HIGH in

1§:d§j%w»

Indicates a Break in
Time Scale

m Don't Care
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WRITE LEVELING

Forbetter signalintegrity, DDR3 SDRAM memory sub-system designs have adopted use of fly-by topology for the commands, addresses, control
signalsandclocks.WRITElevelingisaschemeforthememorycontrollertode-skewthe DQSxstrobe (DQSx,DQSx\) toCKrelationshipatthe SDRAM
withasimplefeedbackfeature provideditbythe DDR3SDRAMitself. WRITElevelingisgenerally usedaspartoftheinitializationprocess, ifrequired.
ForNORMALSDRAMoperation, thisfeaturemustbedisabled. Thisistheonly SDRAMoperationwherethe DQSfunctionsasaninput(tocapturethe
incoming clock) and the DQs function as outputs (to report the stat of the clock). Note that nonstandard ODT schemes are required.

Thememorycontrollerusingthe WRITE levelingprocedure musthave adjustabledelay settingonits DQS strobetoaligntherisingedge of DQStothe
clockatthe SDRAMpins.Thisisaccomplishedwhenthe SDRAMasynchronouslyfeedsbackthe CKstatusviathe DQbusandsampleswiththerising
edge of DQS. The controller repeatedly delays the DQS strobe until a CK transition from “0”to “1”is detected. The DQS delay established through
this procedure helps ensure tDQSS, IDSS, and tDSH specifications in systems that use fly by topology by de-skewing the trace length mismatch. A

Ficure 38- WRITE LEVELING CONCEPT

Source

Differential DQS

Destination

Differential DQS /

Destination

Push DQS to capture
0-1 transition

Differential DQS
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m Don't Care
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WRITE LEVELING

WhenWRITE levelingisenabled, therisingedge of DQS samples CKandtherime DQoutputsthe sampled CK’s status. The prime DQforeachofthe
(4) words contained inthe HIMOD is DQO for the low byte, DQ8 for the high byte. It outputs the status of CK sampled by DQSx and DQSx. All other
DQs(DQJ[7:1],DQ[15:9]forthelowword,DQ[23:17],DQ[31:25]forthenextword, DQ[39:33],DQ[47:41]forthenextand DQ[55:49], DQ[63:57]forthe
HIGH word) continue todrive LOW. Two prime DQon each ofthe (4) words containedinthe HIMOD allow each byte lane tobe leveledindependently.

WRITE LEVELING PROCEDURE

Amemorycontrollerinitiatesthe DRAMWRITE Levelingmodebysettingthe MR 1[7]toa“1”,assumingthe otherprogrammablefeatures (MR0O,MR1,
MR2,andMR3)arefirstsetandthe DLLisfullyresetandlocked. The DQballsenterthe WRITE Levelingmode goingfroma“HIGH-Z"statetoanunde-
fined driving state sothe DQbus should notbe driven. During WRITE Leveling mode, only the NOP and DES commands are allowed. The memory
controllershould attemptto level only one rank atatime;thus, the outputs of other ranks should be disabled by setting MR 1[12]toa“1”. The memory
controllermay assert ODT afteratMOD delay asthe SDRAM will be ready to process the ODTL ondelay (WL-2CK), provideditdoes notviolate the
aforementioned tMOD delay requirement.

Thememorycontrollermaydrive DQSx,LOWandDQSx\, HIGHaftertWLDQSENhasbeensatisfied. Thecontrollermaybegintotoggle DQSx, DQSx
aftertWLMRD (one DQSstoggleis DQSstransitioning froma LOW state toa HIGH state with DQSx\transitioning from aHIGH state toa LOW state,
then both transition back to their original states). Ata minimum, ODTL on and tAON must be satisfied at least one clock prior to DQS toggling.

AftertWLMRDandDQSLOWpreamble ({(WPRE)havebeensatisfied, thememorycontrollermayprovideeitherasingleDQSxtoggleormultiple DQSx
togglestosample CKforagivenDQSxtoCKskew. EachDQStogglemustnotviolatetDQSL (MIN)andtDQSH(MIN)specifications.tDQSL (MAX)and
tDQSH (MAX)specificationsare notapplicable duringWRITE levelingmode. The DQSxmustbe able todistinguishthe CK’s risingedge withintwWLS
andtWLH. The prime DQuwill outputthe CK’s status asynchronously from the associated DQSx rising edge CK capture within tWLO. The remaining
DQsthatalwaysdriveLOWwhenDQSistogglingmustbe LOWwithintWLOE afterthefirsttWLOissatisfied (theprime DQsgoingLOW). Aspreviously
noted, DQSxisaninputandnotan outputduringthis process. Figure 39 depicts the basictiming parameters forthe overall write leveling procedure.

The memory controller will likely sample each applicable prime DQ state and determine whether to increment or decrement it DQS delay setting.
Afterthememory controllerperforms enough DQSxtogglesto detectthe CK’s“0-1"transition, the memory controllershouldlock the DQS delay set-
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Ficure 39- WRITE LEVELING SEQUENCE
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1. MRS: Load MR1 to enter write leveling mode.

2. NOP:NOP or DES.

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

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

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

WRITE LEVELING EXIT MODE

AfterthedevicehasbeenWRITEleveled,thecontrollermustexitfromWRITE Levelingmodebeforethe NORMALmodecanbeused.Figure40depicts
ageneral procedure in exiting WRITE Leveling. Afterthe lastrising DQS (capturinga“1”atT0), the memory controller should stop drivingthe DQS
signals aftertWLO (MAX) delay plus enough delay to enable the memory controllerto capture the applicable prime DQstate (at—Tb0). The DQballs
become undefined when DQS no longer remains LOW and they remain undefined until IMOD after the MRS command (at Te1).

The ODT inputshouldbe deasserted LOW such that ODTL off (MIN) expires afterthe DQSxis nolongerdriving LOW. When ODT LOW satisfies IS,
ODT mustbe kept LOW (at—Tb0) untilthe SDRAM is ready for either another rank to be leveled or untilthe NORMAL mode can be used. After DQS
terminationis switched off, WRITE levelmode shouldbedisabledviathe MRS command (atTA2). AftertMODis satisfied (atTe 1), anyvalidcommand
may be registered by the SDRAM. Some MRS commands may be issued after tMRD (at Td1).
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Ficure 40- Exit WRITE LEVELING
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CK HIGH just after the TO state.
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OPERATIONS

Initialization
The following sequence is required for power up and initialization, as shown in Figure 41.

1. Applypower.RESET\isrecommendedtobebelow0.2xVDDQduringpowerramptoensuretheoutputsremaindisabled (HIGH-Z)
and ODT off (RTT is also HIGH-Z). All other inputs, including ODT may be undefined.

During power up, either of the following conditions may exist and must be met:
e Condition A:

*VDD and VDDQ are driven from a single power source and are ramped with a maximum delta voltage between them of
AV<300mV. Slopereversalofany powersupply signalisallowed. The voltage levelsonallballsotherthanVDD,VDDQ,Vss
andVssQmustbe lessthanorequaltoVDDQand VDD onone side and mustbe greaterthan orequaltoVssQandVsson
the other side.

«Both VDD and VDDQ power supplies ramp to VDD (MIN) and VDDQ (MIN) within tVDDPR=200ms.

*Both VDD and VDDQ power supplies ramp to VDD (MIN) and VDDQ (MIN) within tVDDPR=200ms.

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

*VTTis limited to 0.95V when the power ramp is complete and is not applied directly to the device; however, tVTD should
be greater than or equal to zero to avoid device latchup.

e Condition B:
*VVDD may be applied before or at the same time as VDDQ.
*V/DDQ may be applied before or at the same time as VTT, VREFDQ and VREFCA.
*No slope reversals are allowed in the power supply ramp for this condition.

2. Untilstable power,maintain RESET\LOWtoensuretheoutputsremaindisabled (HIGH-Z). Afterthepoweris stable, RESET\must
beLOWforatleast200pstobegintheinitializationprocess. ODTwillremaininthe HIGH-Zstate while RESET\isLOW anduntil CKE
is registered HIGH.

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

4. After RESET\ transitions HIGH, wait 500ps (minus one clock) with CKE LOW.

5. AfterthisCKELOWtime, CKEmaybebroughtHIGH (synchronously)andonlyNOP orDEScommandsmaybeissued.Theclockmust
bepresentandvalidforatleast10ns (andaminimumoffive clocks)andODTmustbedrivenLOW atleasttISpriorto CKEbeingreg-

isteredHIGH.WhenCKEisregisteredHIGH, itmustbe continuouslyregisteredHIGHuntilthefullinitializationprocessiscomplete.

6. AfterCKEisregisteredHIGHandafter'’XPRhasbeensatisfied, MRScommandsmaybeissued.lssueanMRS (LOADMODE)com-
mand to MR2 with the applicable settings (provide LOW to BA2 and BAO and HIGH to BA1).

7. Issue an MRS command to MR3 with the applicable settings.
8. Issue an MRS command to MR1 with the applicable settings, including enabling the DLL and configuring ODT.

9. IssueandMRScommandtoMROwiththeapplicablesettings, includingaDLLRESETcommand.tDLLK (512)cyclesofclockinput
are required to lock the DLL.
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FiGURE 41- INITIALIZATION SEQUENCE
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MODE REGISTERS

Moderegisters(MR0-MR3)areusedtodefinevariousmodesofprogrammable operationofthe DRAM. Amoderegisterisprogrammedviathe MODE
REGISTER SET (MRS) commandduringinitialization andit retains the stored information (exceptfor MRO[8] which is self-clearing) untilitis either
reprogrammed, RESET\ goes LOW, or until the device loses power.

Contents of amode register can be altered by re-executing the MRS command. If the user chooses to modify only a subset of the mode register’s
variables, allvariables mustbe programmedwhenthe MRS commandisissued. Reprogrammingthe mode register willnotalterthe contents of the
memory array, provided it is performed correctly.

TheMRScommandcanonlybeissued (orre-issued)whenallbanksareidleandinthe PRECHARGEDstate (IRPissatisfiedandnodataburstsarein
progress). After an MRS command has been issued, two parameters must be satisfied: tMRD and tMOD.

The controller must wait tMRD before initiating any subsequent MRS commands (see Figure 42).

Ficure 42- MRS-to-MRS Cowmmanp Timing (tMRD)
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Indicates a Breakin  [//] Don’t Care
Time Scale

NOTES:

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

2. 'MRD specifies the MRS-to-MRS command minimum cycle time.

3. CKE must be registered HIGH from the MRS command until tMRSPDEN (MIN) (see “Power-Down
Mode” on page 153).

4.  For a CAS latency change, IXPDLL timing must be met before any nonMRS command.

Thecontrollermustalsowait!MODbeforeinitiatinganynonMRS commands (excludingNOPandDES),asshowninFigure52onpage 110.The DRAM
requirestMODinordertoupdatethe requestedfeatures, withthe exceptionof DLLRESET, whichrequiresadditionaltime. UntiltMOD hasbeensatis-
fied, the updated features are to be assumed unavailable.
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Ficure 43- MRS-To-NoNMRS Cowmmanp Timing (tMOD)
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NOTES:

1. Priortoissuing the MRS command, all banks must be idle (they must be precharged, tRP must be
satisfied, and no data bursts can be in progress).
Prior to Ta2 when tMOD (MIN) is being satisfied, no commands (except NOP/DES) may be issued.
If RTT was previously enabled, ODT must be registered LOW at TO so that ODTL is satisfied prior
to Tal. ODT must also be registered LOW at each rising CK edge from TO until tMOD (MIN) is
satisfied at Ta2.

4. CKE must be registered HIGH from the MRS command until tMRSPDEN (MIN), at which time
power-down may occur (see “Power-Down Mode” on page 132).

MODE REGISTER 0 (MRO)

Thebaseregister, MR0Oisusedtodefine various DDR3iMOD modes of operation. These definitionsinclude the selectionof aburstlength, bursttype,
CAS latency, operating mode, DLL RESET, WRITE recovery and PRECHARGE power-down mode, as shown in Figure 44.
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MODE REGISTER 0 (MRO)

BURST TYPE BURST LENGTH
Accesseswithinagivenburstmaybe programmedtoeitherasequen- Burstlengthisdefinedby MRO[1:0](see Figure44). READandWRITE
tial or aninterleaved order. The burst type is selected via MRO[3], as accessestothe DDR3SDRAMiIMODareburst-oriented, withtheburst
shown in Figure 44. The ordering of accesses within a burst is deter- length being programmable to “4” (chop mode). “8” (fixed burst), or
mined by the burst length, the burst type and the starting column selectable using A12 during a READ/WRITE command (on the fly).
address, as shown in Table 60. DDR3 only supports 4-bit burst chop The burst length determines the maximum number of column loca-
and8-bitburstaccessmodes. Fullinterleavedaddressorderingissup- tionsthatcanbeaccessedforagivenREADorWRITEcommand.When
portedforREADs, whileWRITEsarerestrictedtonibble (BC4)orword MRO[1:0]issetto“01”duringaREAD/WRITEcommand,ifA12=0,then
(BL8) boundaries. BC4 (chop) mode is selected. If A12=1, then BL8 mode is selected.

Specifictimingdiagrams, andturnaroundbetween READ/WRITE are
shown in the READ/WRITE sections of this document.

WhenaREADorWRITEcommandisissued,ablockofcolumnsequalto
the burstlengthis effectively selected. Allaccesses forthatbursttake
place within this block, meaning that the burst will wrap within the
blockifaboundaryisreached. The blockis uniquely selected by A[i:2]
when the burst length is set to “4” and by A[i:3] when the burst length
is set to “8” (where Ai is the most significant column address bit for a
given starting location within the block. The programmed burstlength
applies to both READ and WRITE bursts.

Ficure 44- Mopke ReaisTeER 0 (MRO) DEFINITIONS

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

EEERRERRRERNRy

16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 [RYSSSSRgI=I
off oo [ot|Po] wR |ou ot |castatency| BT o1 | BL

M15 M14 Mode Register - l l M1 MO Burst Length
0 0

Mode register 0 (MRO) 0 0 Fixed BL8

0 1 | 4or8(on-the-fly via A12)
0 [DLL off (slow exit) 0 No 1.0 Fixed BC4 (chop)
1 | DLL on (fast exit) 1 Yes 11 Reserved

M READ B Tie
0 0 0 Reserved 0 0 O Reserved 0 Sequential (nibble)
0 0 1 5 0 0 1 5 1 Interleaved
0 1 0 6 01 0 6
0o 1 1 7 0o 1 1 7
1.0 0 8 1.0 0 8
1.0 1 10 1.0 1 9
11 0 12 11 0 10
1 1 1 Reserved 17 1 1 11

Notes: 1. MRO[16, 13, 7, 2] are reserved for future use and must be programmed to “0.”
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TaBLE 60: BursT ORDER

Starting Column Burst Type (Decimal)
Burst Length Read/Write Address (A[2,1,0]) Type = Sequential Type = Interleaved Notes
000 0,1,2,3,2,2,2,Z 0,1,2,3,222,Z 1,2
001 1,2,3,0,2,2,2,Z 1,0,32,2,227 1,2
010 2,3,01,2222 2,3,01,2,2,22 1,2
011 3,01,2222272 32,102,222 1,2
4 CHOP READ 100 45672222 45672227 12
101 56,742,222 5,4,76,2,2,2,Z 1,2
110 6,7,45222,7 6,7,45,22,2,7 1,2
111 7,45,6,222,2 7,65,4,2227 1,2
ovv 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,3,4
WRITE 1vv 4,5,6,7, X,X,X,X 4,5,6,7,X,X,X,X 1,3,4
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 1
001 1,2.3,0,5,6,7,4 1,0,3,2,5,4,7,6 1
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 1
8 READ 011 3,0,1,2,7,4,56 32,1,0,7,6,5,4 1
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 1
101 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2 1
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1 1
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 1
WRITE VVV 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 1,3
NOTES:
1. Internal READ and WRITE operations start at the same point in time for 2.  Z = Data and Strobe output drivers in tri-state.
BC4 as they do for BL8. 3. X="Don't Care”

DLL RESET WRITE RECOVERY

DLLRESETisdefinedbyMRO[8](seeFigure44).ProgrammingMRO[8]
to“1”activatesthe DLLRESET function.MRO[8]is self-clearing,mean-
ingitreturnstoavalue of “0” afterthe DLL RESET function has been
initiated.

Anytime the DLL RESET function has been initiated, CKE must be
HIGH and the clock held stable for 512 (DLLK) clock cycles before a
READ command can be issued. This is to allow time for the internal
clock to be synchronized with the external clock. Failing to wait for
synchronization to occur may result in invalid output timing specifi-
cations such as tDQSCK timings.

STACKED Technologies Incorporated www.stackedtechnologies.com

WRITERECOVERYtimeisdefinedbyMRO[11:9](seeFigure44).WRITE
RECOVERY values of5,6,7,8,10 or 12 may be used by programming
MRO[11:9].Theuserisrequiredtoprogramthecorrectvalue of WRITE
RECOVERY andiscalculatedbydividingtWR (ns)by!CK (ns)andround-
ing up a non-integer value to the next integer: WR (cycles)=roundup
(*WR[ns]/tCK [ns]).
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PRECHARGE POWER-DOWN (PRECHARGE PD)

ThePRECHARGEPDDbitappliesonlywhenPRECHARGEpower-down
modeisbeingused. When MRO[12]is setto“0”, the DLL is offduring
PRECHARGEpower-downprovidingalowerstandby currentmode;
however, IXPDLL must be satisfied when exiting. When MRO[12]is
setto“1”,theDLLcontinuestorunduringPRECHARGE power-down
modetoenableafasterexitof PRECHARGE power-downmode;how-
ever, IXP must be satisfied when exiting (see Power-Down mode).

Ficure 45- READ LATeENnCY

CAS Latency (CL)

TheCLisdefinedbyMRO[6:4],asshowninFigure44.CASlatencyisthe
delay, as measuredin clock cycles, between the internal READ com-
mand and the availability of the first bit of valid output data. The CL
canbesetto5,6,8,0r 10. DDR3 SDRAMiMODs do not support half-
clock latencies.

Examplesof CL=6andCL=8areshowninFigure45(below).Ifaninter-
nalREADcommandisregisteredatclockedgen,andthe CASlatency
is m clocks, the data will be available nominally coincident with clock
edgen+m.Table46indicatesthe CLssupportedatavailableoperating
frequencies.

okt ---- . ey , . ,
oK 7r fffff \ 7r" \ 7r \

Command  /

DQS, DQS#

bQ

Command

oK# ---- P . EETTEN P . P ,
cK 7r fffff A\ 7r‘ fffff A\ 7r A\ 7r‘~~/\ 7r \

DQS, DQS#

bQ

NOTES:

possible.

1. For illustration purposes, only CL = 6 and CL = 8 are shown. Other CL values are

2. Shown with nominal IDQSCK and nominal tDSDQ.

E] Transitioning Data

Don't Care
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MODE REGISTER 1 (MR1)

TheMODEREGISTER1(MR1)controlsadditionalfunctionsandfeaturesnotavailableinthe othermoderegisters;QOFF(OUTPUTDISABLE),DLL
ENABLE/DLLDISABLE,RTT_NOMvalue(ODT),WRITELEVELING,POSTEDCASADDITIVElatency,andOUTPUTDRIVESTRENGTH Thesefunctionsare
controlled via the bits shown in Figure 46 below. The MR1 registeris programmed via the MR5 command and retains the stored information until it
isreprogrammed, until RESET\goes LOW (true), or until the device loses power. Reprogramming the MR1 register will not alter the contents of the
memory array, provided the operation is performed correctly.

The MR1 registermustbe loaded when allbanks are idle and no bursts are in progress. The controller must satisfy the specified timing parameters
tMRD and tMOD before initiating a subsequent operation.

Ficure 46- Mope RecisTer 1 (MR1) DeriniTiON

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

R R e

NOTES:

1. MRI1[16, 13, 10, 8] are reserved for future use and must be programmed to “0.”
2. During write leveling, if MR1[7] and MR1[12] are “1” then all RTT_NOM values are available

for use.

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Mode register 1 (MRY)
of| 0| 1|ot|aot(toas| o1 |Rrr| o1 |WL|Rrr|oDS| AL |Rrr|oDS|DLL]
[S— — . [T
1 Disable
0 1 | Mode register set 1 (MR1) 0 | Enabled | | 0 | Disabled
1 Disabled 1 | Enabled
RinoM (ODT2  Rernow (ODT)3 M7 Write Levelization 0 0 | RZQ/6 (40Q[NOM])
M9 M6 M2 Non-Writes Writes 0 | Disable (normal) 0 1 | RZQ7(34QINOM)
0 0 0| Rnowdisabled | Rrrnowdisabled | | 1 Enable 1o Reserved
0 0 1 |RzQ/4(60QINOM]) | RZQ/4 (60QINOM) L Reserved
0 1 0 |RZQ2(120Q[NOM]) | RZQ/2 (120Q[NOM])
0 1 1 |RzZQ/6 (40Q]NOM]) | RZQI6 (40Q[NOM])
10 0 |RZQM2 (20QINOM]) nla 0 0| Disabled (AL=0)
10 1 | RZQ/8 (30Q[NOM]) nla 0 1 AL=CL-1
110 Reserved Reserved 10 AL=CL-2
1711 Reserved Reserved 11 Reserved

3. During write leveling, if MR1[7] is a “1,” but MR1[12] is a “0,” then only RTT_NOM write values
are available for use.
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DLL ENABLE/DLL DISABLE

The DLL maybe enabled ordisabled by programming MR1[0] duringthe
LOADMODEcommand,asshowninFigure46 (previouspage). TheDLL
mustbeenabledforNORMALoperation.DLLENABLEisrequiredduring
power-up initialization and upon returning to NORMAL operation after
having DISABLED the DLL for the purpose of debugging or evaluation.
ENABLINGtheDLLshouldalwaysbefollowedbyresettingthe DLLusing
the appropriate LOAD MODE command.

Ifthe DLL is enabled priorto entering SELF REFRESH mode, the DLL is
automaticallyDISABLEDwhenenteringSELFREFRESHoperationandis
automaticallyRE-ENABLEDandRESETuponexitof SELFREFRESH.Ifthe
DLLisDISABLEDpriortoenteringSELFREFRESH, theDLLremainsDIS-
ABLED evenuponexitofthe SELF REFRESH operationuntilithasbeen
RE-ENABLED and RESET.

The DRAM is not tested for compliance with NORMAL mode timings or
functionality when the DLL is disabled. An attempt has been made for
the DRAMtooperateinthe NORMALmode wheneverpossiblewhenthe
DLLisdisabled;however, byindustry standards, thefollowingexceptions
have been observed, defined and listed:

1. ODT is NOT ALLOWED to be used
2. The OUTPUT DATA is no longer edge-aligned to the clock
3. CL and CWL can only be six clocks

When the DLL is DISABLED, timing and functionality can vary from the
NORMAL operationalspecificationswhentheDLLisenabled.DISABLING
the DLL also implies the need to change the clock frequency.

OUTPUT DRIVE STRENGTH

The DRAM uses a programmable impedance output buffer. The drive
strengthmoderegistersettingisdefinedbyMR1[5:1],RZQ/7 (34Q[NOM])
is the primary output driver impedance setting for the device. To cali-
bratethe outputdriverimpedance, andexternalprecisionresistor (RZQ)
is connected between the ZQ ball and VssQ. The value of the resistoris
240Q:+1%.

The outputimpedance is set during initialization. Additionalimpedance
calibration updates do not affectdevice operation and all data sheettim-
ings and current specifications are met during an update.

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

OUTPUT ENABLE/DISABLE

TheOUTPUTENABLEfunctionisdefinedbyMR1[12],asshowninFigure
46.Whenenabled (MR1[12]=0), all outputs (DQx, DQSx, DQSx)\) are tri-
stated. The output DISABLE feature is intended to be used during IDD
characterizationoftheREADcurrentandduring!DQSSWRITELEVELING
only.

STACKED Technologies Incorporated www.stackedtechnologies.com

ON-DIE TERMINATION (ODT)

ODTresistanceRTT_NOMisdefinedbyMR1[9,6,2](seeFigure46). TheRTT
termination value applies to the DQx, DMx, DQSx and QSx\. The DDR3
device architecture supports multiple RTT termination values based on
RZQ/n where n can be 3,4,6,8 or 12 and RZQ is 2400).

Unlike DDR2,DDR3ODT mustbeturnedoffpriortoREADINGdataoutand
mustremainoffduring READ burst. RTT_NOMterminationis allowedany
time after the DRAM is initialized, calibrated, and not performing READ
accesses,orinSELFREFRESHmode. Additionally, WRITEaccesseswith
dynamic ODT enabled (RTT_WR) temporarily replaces RTT_NOM with
RTT_WR.

Theactual effective termination, RTT_EFF, may be differentfromthe RTT
targetedvalueduetonon-linearity ofthetermination. ForRTT_EFFvalues
andcalculations,seethe ON-DIETERMINATION (ODT)descriptionlaterin
this DS.

The ODT feature is designed to improve signal integrity of the memory
devicebyenablingthe DDR3SDRAMcontrollertoindependentlyturnON/
OFF ODT for any or all devices in the end designs array. The ODT input
control pin is used to determine when RTT is turned on (ODTLon) and off
(ODTLoff), assuming ODT has been ENABLED via MR1[9,6,2].

TimingsforODTaredetailedinthe“ON-DIETermination(ODT)”description

WRITE LEVELING

TheWRITELEVELINGfunctionisenabledbyMR1[7],asshowninFigure46,
WRITELEVELINGisused(duringinitialization)tode-skewthe DQSxstrobe
to clock offset for fly-by topology designs. For signal integrity, some end
use designs of multiple devices adopted fly-by topology for the com-
mands, addresses, control signals and clocks.

The fly-by topology benefits from a reduced number of stubs and their
lengths, however, fly-by topology induces flight time skew between the
clockand DQSx strobe (and DQx) ateach deviceinthe array. Controllers
willhaveadifficulttimemaintaining!DQSS, {DSSandDSHspecifications
withoutsupportingWRITELEVELINGinsystemswhichusefly-bytopology
baseddesigns.WRITELEVELINGtiminganddetailedoperationinforma-
tion is provided in “WRITE LEVELING.
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POSTED CAS ADDITIVE LATENCY (AL)

ALissupportedtomakethecommandanddatabusefficientforsustainablebandwidthsinDDR3SRAMs.MR1[4,3]definethevalueof AL (seeFigure
46). MR1[4,3] enables the user to program the DDR3 SDRAM with an AL=0, CL-1, or CL-2.

Withthisfeature,the DDR3SDRAMenablesaREADorWRITE commandtobeissuedafterthe ACTIVATE commandforthatbankpriortotRCD(MIN).
Theonlyrestrictionis ACTIVATE toREAD orWRITE + AL>tRCD(MIN) mustbe satisfied. AssumingtRCD(MIN) =CL, atypical application using this
feature, sets AL=CL—11CK=tRCD(MIN-1t{CK. The READ orWRITE commandisheldforthetime ofthe ALbeforeitisreleasedinternallytothe DDR3
SDRAMiIMODdevice.READIatency(RL)iscontrolledbythesumofthe ALandCASlatency(CL),RL=AL+CL,WRITElatency(WL)isthesumofCAS
WRITElatencyandAL,WL=AL+CWL (see“MODEREGISTER2(MR2))”.ExamplesofREADandWRITElatenciesareshowninFigure47andFigure49.

Ficure 47- READ Latency (AL =5, CL = 6)

Command %ACTIVEnW /X READN >(/ /X NOP

{ tRCD (MIN) {
DQS, DQS# ‘ ;
AL=5
DQ
RL=AL+CL=11
Indicates a Break in Transitioning Data Don’t Care
ZZ Time Scale B m
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MODE REGISTER 2 (MR2)

TheMODEREGISTER2(MR2)controlsadditionalfunctionsandfeaturesnotavailableintheothermoderegisters. Theseadditionalfunctionsare CAS
WRITElatency(CWL),AUTOSELFREFRESH(ASR),SELFREFRESHTEMPERATURE(SRT)andDYNAMICODT(RTT_WR).Thesefunctionsarecontrolledvia
the bits shown in Figure 48. The MR2 is programmed via the MRS command and will retain the stored information until itis programmed again or
untilthe device loses power. Reprogramming the MR2 register will not alterthe contents of the memory array, provided thatthe operation hasbeen
performed correctly. The MR2 register must be loaded when all banks are idle and no data bursts are in progress and the memory controller must
wait for the specified time tMRD and tMOD before initiating a subsequent operation.

Ficure 48- Mope ReaisTER 2 (MR2) DEeFINITION

BA2 BA1BAOA13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  Addressbus

EERRRRRRRERRAREE

16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 [EYSRENRPRYS
o] 1] 0]o'|o" of| Rmwr |oT [SRTASRL WL |01 [0 0!
[ ] I |

0 | Normal (0°Cto 85°C) 000 5CK (tCK 2 2.5ns)

1 | Extended (0°Cto 95°C) 0 0 1| 60CK(25ns>tCK21.875ns)
10 | Mode register set2 (MR2) 0 1 0| 7CK(1.875ns>tCK > 1.5ns)
0 1 1| 8CK(1.5ns>tCK21.25ns)

100 Reserved

10 1 Reserved

M10 M9 D)’(”;TEWSI)DT M6 AUt((Joizg:;?)ﬁeSh 110 Reserved

0 | Disabled: Manual 111 Reserved

0 0 | Rmwrdisabled
0o 1 RzZQ/4
1 0 RzQ/2
11 Reserved

N

Enabled: Automatic

Notes: 1. MR2[16, 13:11, 8, and 2:0] are reserved for future use and must all be programmed to “0.”
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CAS WRITE LATENCY (CWL)

CWLisdefinedby MR2[5:3]andis the delay, in clock cycles, fromthe releasing of the internal WRITE to the latching of the firstdatain. CWL mustbe
correctlysettothecorrespondingoperatingclockfrequency (see Figure48). Theoverall WRITELATENCY (WL)isequaltoCWL+AL (seeFigure46).

Ficure 49- CAS WRITE LATENCY

DS, Dast ‘

WL =AL +CWL =11

?Z Indicates A Break in E Transitioning Data Don't Care

Time Scale

REFRESHmode.ThestandardSELFREFRESHcurrenttestspecifiestest
AUTO SELF REFRESH (ASR) conditionstonormalambienttemperature (85°C)only,meaningif SRT
isenabled,thestandard SELFREFRESHcurrentspecificationsdonot

apply.
ModeregisterMR2[6]isusedto DISABLE/ENABLEthe ASRfunction. PP

WhenASRisDISABLED,theSELFREFRESHmode’sREFRESHrateis SRT vs. ASR
assumedtobe atthe normal 85°C limit (commonly referredto asthe

1XREFRESHrate).Inthe DISABLEDmode, ASRrequirestheuserto

ensurethe SDRAMneverexceedsaTAof85°CwhileinSELFREFRESH Ifthe normalambienttemperature limit of 85°C is not exceeded, then
unlessthe userenablesthe SRT feature listed below, supportingan neitherSRTnorASRisrequired,andbothcanbe DISABLEDthrough-
elevated temp up to +95°C while in SELF REFRESH. out operation. If the extended temperature option is used, the user

is required to provide a 2X refresh rate during (manual) refresh for
Thestandard SELFREFRESHcurrenttestspecifiestestconditionsto Extended temp devices or 3X refresh rate for Mil-temp devices. SRT
normalambienttemperature (85°C)only, meaningif ASRisenabled, and ASR should be enabled for automatic REFRESH services on all
thestandard SELFREFRESHcurrentspecificationdoesnotapply(see devices used in temperature environments <95°C

the“EXTENDEDTEMPERATUREUSAGE"descriptionlaterinthisDS).
SRTforcesthe SDRAMtoswitchtheinternal SELFREFRESHratefrom
SELF REFRESH TEMPERATURE (SRT) 1X to 2X. SELF REFRESH is performed at 2X regardless of TA.

ASRautomaticallyswitchesthe SDRAM’sinternal SELFREFRESHTrate

Mode register MR2[7] is used to DISABLE/ENABLE the SRT func- from1Xto2X,however,whilein SELFREFRESHmode,ASRenables

tion.WhenSRTisDisabled,the SELFREFRESHmode’srefreshrateis theREFRESHrateautomaticallyadjustbetween1Xand2XREFRESH

assumedtobe atthe normal 85°C limit. Inthe DISABLED mode, SRT rate overthe supported temperature range. One other disadvantage

requires the user to ensure the SDRAM never exceeds the TA limit of withASRisthe SDRAMcannotalwaysswitchfroma1Xtoa2Xrefresh

85°C while in SELF REFRESH mode unless the user enables ASR. rate atan exactambient Temperature of 85°C. Although the SDRAM
will supportdataintegrity when it switches froma 1Xto 2X rate, itmay

WhenSRTisenabled,the SDRAMSELFREFRESHischangedinter- switch at a lower temperature than 85°C.

nally from 1Xto 2X, regardless of the ambienttemperature (TA). This

enables the user to operate the SDRAM beyond the standard 85°C Sinceonlyonemodeisnecessaryatoneinstantintime, SRTandASR

limit up to the optional extended temperature range of +95°C while in SELF cannot be simultaneously enabled.
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DYNAMIC ODT

ThedynamicODT (RTT_WR)featureisdefinedby MR2[10,9]. DynamicODTisenabledwhenavalueisselected. Thisnew DDR3featureenablesthe
ODT termination value to change without issuing an MRS command, essentially changing the ODT termination “on-the-fly”.

WithdynamicODT (RTT_WR)whenbeginningaWRITEburstandsubsequentlyswitchesbacktoODT (RTT_WR)isenabled:ODTLCNW,ODTLCNW4,
ODTLCNW* ODTH4, ODTHS8 and tADC.

DynamicODTisonlyapplicableduringWRITEcycles,IfODT(RTT_NOM)isdisabled,dynamicODT(RTT_WRY)isstillpermitted.RTT_NOMandRTT_WR
canbeusedindependentofoneanother.DynamicODTisnotavailableduringWRITELEVELINGmode, regardlessofthestateof ODT(RTT_NOM).For
details on ODT operation, refer to the “On-Die-Termination (ODT)” section.

MODE REGISTER (MR3)

Themoderegister3(MR3)controlsadditionalfunctionsandfeaturesnotavailable viaMR0,MR10orMR2. Currentlydefinedasthe MULTIPURPOSE
REGISTER(MPR).ThisfunctioniscontrolledviathebitsshowninFigure50. The MR3isprogrammedviathe LOAD MODE commandandretainsthe
stored information until it is programmed again or until the device loses power. Reprogramming the MR3 register will not alter the contents of the
memory array, provided the programming of the MR3 has been performed correctly. The MR3 register mustbe loaded when all banks are idle and
no data bursts are in progress and the memory controller must wait the specified time tMRD and tMOD before initiating a subsequent operation.

BA2 BA1 BAO A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Address bus

EERRRRERRERRAREES

Ficure 50 - Mope ReacisTer 3 (MR3) DeriniTION

16 15 14 13 12 11 10 9 8 7 Mode register 3 (MR3)
M15 M14 Mode Register M2 MPR Enable M1 MO MPR READ Function
0 | Normal DRAM operations 2 0 0 | Predefined pattern 3
1 Dataflow from MPR 0 1 Reserved
10 Reserved
1 1 Mode register set 3 (MR3) 11 Reserved
NOTES:

1. MRB3[16 and 13:4] are reserved for future use and must all be programmed to “0.”
2. When MPR control is set for normal DRAM operation, MR3[1, 0] will be ignored.
3. Intended to be used for READ synchronization.
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MULTIPURPOSE REGISTER (MPR)

TheMULTIPURPOSE REGISTERfunctionisusedtooutputapredefinedsystemtimingcalibrationbitsequence.Bit2isthe masterbitthatenablesor
disables accesstothe MPRregisterandbits 1 and 0 determine which mode the MPR s placed in. The basic concept of the multipurpose registeris
shown in Figure 51.

IfMR3[2]isa“0”,thentheMPRaccessisdisabledandthe SDRAMoperatesinnormalmode.However,ifMR3[2]isa“1”,thenSDRAMnolongeroutputs

normal read data but outputs MPR data as defined by MR3[0,1]. fMR3[0,1]is equal to “00”, then a predefined read pattern for systemcalibration is
selected.

Toenablethe MPR,the MRS commandisissuedtoMR3andMR3[2]=1(seeTable61). Priortoissuingthe MRS command, allbanksmustbeintheidle
state(allbanksareprecharged,andtRPismet). Whenthe MPRisenabled,anysubsequentREAD orRDAPcommandsareredirectedtothemultipur-
poseregister. TheresultingoperationwheneitheraREAD oraRDAP commandisissuedisdefinedby MR3[1:0]lwhenMPRisenabled (seeTable 62).
WhentheMPRisenabled,onlyREADorRDAP commandsarealloweduntilasubsequentMRScommandisissuedwiththe MPRdisabled (MR3[2]=0).
POWER-DOWN, SELFREFRESHandanyotherNONREADorRDAPcommandisnotallowed. TheRESETfunctionissupportedduringMPRenablemode.

Ficure 51 - MuLtipurpPose REeGISTER (MPR) BLock DIAGRAM

Memory core

] MR3[2] = 0 (MPR off)

O/jo< Multipurpose register
predefined data for READs

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

] DQ, DM, DQS, DQS# \

NOTES:

1. A predefined data pattern can be read out of the MPR with an external READ command.

2. MR3[2] defines whether the data flow comes from the memory core or the MPR. When the data
flow is defined, the MPR contents can be read out continuously with a regular READ or RDAP
command.
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TasLE 61: BURST ORDER

MR3[2] MR3[1:0]
MPR MPR READ Function Function
0 “Don’t Care” Normal Operation, no MPR transaction. All subsequent READs come from
the SDRAM memory array. All subsequent WRITEs go to the SDRAM
memory array.
1 A[1:0] (See Table 67) Enable MPR mode, subsequent READ/RDAP commands defined by bits 1
and 2.

MPR FUNCTIONAL DESCRIPTION

The MPRJEDEC definitionallows for eithera prime DQOforlowerbyte and DQ8forthe upperbyte of each ofthe (4) words containedinthe LDIiMOD,
to outputthe MPR data with the remaining DQs driven LOW, or for all DQs to output the MPR data. The MPR readout supports fixed READ burstand
READ burstchop (MRS and OTFviaA12/BC#)withregular READ latenciesand ACtimings applicable. This providingthe DLLislocked as required.

MPR addressing for a valid MPR READ is as follows:
* A[1:0] must be set to “00” as the burst order is fixed per nibble
* A2 selects the burst order
*BL8, A2 is set to “0”, and the burst order is fixed to 0,1,2,3,4,5,6,7
e For burst chop 4 cases, the burst order is switched on the nibble base and:
* A2=0: burst order =0,1,2,3
* A2=1: burst order =4,5,6,7
*Burst order bit 0 (the first bit) is assigned to LSB, and burst order bit 7 (the last bit) is assigned to MSB
*A[9:3] are a “Don’t Care”
*A10is a “Don’t Care”
*A11is a“Don’t Care”
¢ A12: Selects burst chop mode on-the-fly, if enabled within MRO
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The MPR currently supports a single data format. This data formatis a predefined READ pattern for system calibration. The predefined patternis

always a repeating 0-1 bit pattern.

Examples of the different type of predefined READ pattern bursts are shown in Figures 52, 53, and 54.

TasLE 62: BURST ORDER

Burst Read
MR3[2] MR3[1:0] Function Length A[2:0] Burst Order and Data Pattern
1 00 READ predefined pattern for BL8 000 Burst Order: 0,1,2,3,4,5,6,7
system calibration Predefined pattern: 0,1,0,1,0,1,0,1
BC4 000 Burst Order: 0,1,2,3
Predefined pattern: 0,1,0,1
BC4 100 Burst Order: 4,5,6,7
Predefined pattern: 0,1,0,1
1 01 RFU n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
1 10 RFU n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
1 11 RFU n/a n/a n/a
n/a n/a n/a
n/a n/a n/a
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Figure 52 - MPR System Read Calibration with BL8: Fixed Burst Order Single Readout

|
|

m Don't Care

/N
i

Indicates a Break in

Time Scale

|

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

1

Notes:

Command ' X PRI
Bank address
DQ

STACKED Technologies Incorporated www.stackedtechnologies.com 103 High Performance, Highly Integrated Memory Module Product
June 6, 2015 STDS-ST9D364M64SBG2-A



ST9D364M64SBG2

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

TECHNOLOGIES INC

/l STACKED

el
=]
O
T
©
(3]
o
K 4
(3]
©
-
O
b0
=
[3)
3]
11]
fy
(V]
T
S
o
et
(7))
S
=]
11]
T
Q
p
LL
©
-
11]
=
=
=
=
o
el
o
S
=
®
(&)
T
©
[H]
o
£
(]
=]
(7]
>
(7))
o
o
=
1
(30
Tp)
(]
S
=
=
LL

‘[0:2]v uo o 8Aup 1snw Jajj0u0d AIoWs g
‘410 10 SHN Ag Jayie 819 yim vy L SeoN

9]eog awi]
aleg j.uoq g ul yealig e sajeolpu| NN

o6}

#s00 soad

leL:gllvy

#8/ewy

134

dv/oLy

[e:6lv

[44

[o:1lv

ssaippe yueg

puewwo)

ple]
- #M0

High Performance, Highly Integrated Memory Module Product

104

www.stackedtechnologies.com

STACKED Technologies Incorporated

June 6, 2015 STDS-ST9D364M64SBG2-A



STACKED

TECHNOLOGIES INC

ST9D364M64SBG2

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

Figure 54 - MPR System Read Calibration with BC4: Lower Nibble, Then Upper Nibble
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Figure 55 - MPR System Read Calibration with BC4: Upper Nibble, Then Lower Nibble
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MPR READ PREDEFINED PATTERN

Thepredetermined READ calibration patternis afixed patternof0,1,0,1,0,1,0,1. Thefollowingis an example of usingthe READ out predetermined
READcalibrationpattern. Theexampleistoperformmultiple READSfromthe MULTIPURPOSE REGISTER (MPR)inordertodosystemlevel READ
timing calibration based on the predetermined and standardized pattern.

The following protocol outlines the steps used to perform the READ calibration:
* Precharge all banks
« AftertRPissatisfied, setMRS, MR3[2]=1andMR3[1:0]=00.ThisredirectsallsubsequentREADsandLoadsthepredefinedpattern
into the MPR. As soon as IMRD and tMOD are satisfied, the MPR is available.
* Data WRITE operations are not allowed until the MPR returns to the normal SDRAM state
e Issue a READ with burst order information (all other address pins are “Don’t Care”):
* A[1:0] = 00 (data burst order is fixed starting at nibble)
* A2 = 0 (for BL8, burst order is fixed as 0,1,2,3,4,5,6,7)
*A12 =1 (use BL8)
¢ After RL = AL + CL, the SDRAM bursts out the predefined READ calibration pattern (0,1,0,1,0,1,0,1)
* The memory controller repeats the calibration READs until READ data capture at the memory controller is optimized
* AfterthelastMPRREADDburstandaftertMPRRhasbeensatisfied,issue MRS, MR3[2]=0and MR3[1:0]=“Don’tCare”tothenormal
SDRAM state. All subsequent READ and WRITE accesses will be regular READS and WRITES from/to the SDRAM array
» WhentMRDand!MODaresatisfiedfromthelastMRS, theregularSDRAMcommands (suchasACTIVATEaMemorybankforregular
READ or WRITE access) are permitted

MODE REGISTER SET (MRS)

The mode registers are loaded via inputs BA[2:0], A[13:0]. BA[2:0] determines which mode register is programmed:

*BA2 = 0, BA1 =0, BAO = 0 for MRO
*BA2 =0, BA1 =0, BAO = 1 for MR1
*BA2 = 0, BA1 =1, BAO = 0 for MR2
*BA2 =0, BA1 =1, BAO = 1 for MR3

The MRS commandcanonlybeissued (orreissued) whenallbanks areidle andinthe prechargedstate ((RPis satisfiedand nodatabursts
areinprogress). The controllermustwaitthe specifiedtime IMRDbeforeinitiatingasubsequentoperationsuchasan ACTIVATE command.
Thereis also arestriction afterissuingan MRS command with regard to when the updated functions become available. This parameteris
specified by tMOD. Both tMRD and tMOD parameters are shown in Figure 42 and 43. Violating either of these requirements will resultin
unspecified operation.

ZQ CALIBRATION

TheZQCALIBRATIONcommandisusedtocalibratethe DRAMoutputdrivers(RON)andODTvalues(RTT)overprocess,voltage,andtemperature,
provided a dedicated 2400 (+1%) external resistor is connected from the SDRAM’s ZQ ball to VssQ.

SDRAMsneedalongertimetocalibrateRONandODTatpowerupINITIALIZATIONand SELFREFRESHexitandarelativelyshortertimetoperform
periodiccalibrations.TheDRAMdefinestwoZQCALIBRATIONcommands:ZQCALIBRATIONLONG (ZQCL)andZQCALIBRATIONSHORT(ZQCS).An
example of ZQ CALIBRATION timing is shown in Figure 56.

Allbanksmustbe PRECHARGEDandtRPmustbemetbeforeZQCLorZQCScommandscanbeissuedtothe SDRAM. Nootheractivities (otherthan
anotherZQCLorZQCScommandmaybeissuedtothe SDRAM)canbeperformedonthe SDRAMarraybythecontrollerforthedurationoftZQINITor
tZQOPER.Thequiettimeonthe SDRAMarrayhelpsaccuratelycaliorate RONand ODT. AfterDRAMcalibrationisachieved, the SDRAMshoulddisable
the ZQ ball’s current consumption path to reduce overall power usage.

ZQCALIBRATIONcommandscanbeissuedinparalleltoDLLRESETandlockingtime. Upon SELFREFRESHexit,anexplicitZQCLisrequiredifZQ
CALIBRATION is desired.

Indualranksystemdesignsthatsharethe ZQresistorbetweendevices, thecontrollermustnotallowoverlapofiZQINT, 1ZQOPERortZQCSbetween
ranks.
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Ficure 56 - ZQ CaLiBraTION TimING (ZQCL anp ZQCS)

Command ’I[ *
raress /] ///////////A (//// ///////////// Va"d’lllva d*ll
YValid lll’ Valid ll /)

tZQlNlT or tZQorer

ZZ Indicates a Break in m Don’t Care

Time Scale
NOTES:

1. CKE must be continuously registered HIGH during the calibration procedure.
2. ODT must be disabled via the ODT signal or the MRS during the calibration procedure.
3. All devices connected to the DQ bus should be High-Z during calibration.

ACTIVATE

Beforeany READ orWRITE commandscanbeissuedtoabankwithinthe DRAM,aROW inthatbank mustbe opened (ACTIVATED). Thisisaccom-
plished via the ACTIVATE command, which selects both the BANK and the ROW to be ACTIVATED.

AfteraROWisopenedwithan ACTIVATE command,aREADorWRITEcommandmaybeissuedtothatROW, subjecttothetRCDspecification. How-
ever, ifthe additive latency is programmed correctly, a READ or WRITE command may be issued priorto tRCD (MIN). Inthis operation, the SDRAM
enablesaREAD orWRITE commandtobeissuedafterthe ACTIVATE commandforthatbank, butpriortotRCD (MIN) (see“POSTEDCASADDITIVE
LATENCY (AL)). tRCD (MIN) should be divided by the clock period and rounded up to the next whole number to determine the earliest clock edge
afterthe ACTIVATEcommandonwhichthe READorWRITEcommandcanbeentered. Thesameprocedureisusedtoconvertotherspecificationlimits
from time units to clock cycles.

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

AsubsequentACTIVATE commandtoadifferentROWinthe same BANKcanonlybeissuedafterthe previous ACTIVEROWhasbeenclosed (PRE-
CHARGED). The minimum time interval between successive ACTIVATE commands to the same BANK is defined by tRC.

AsubsequentACTIVATEcommandtoanotherBANKcanbeissuedwhilethefirstBANKisbeingaccessed, whichresultsinareduction oftotal ROW-
ACCESSoverhead.Theminimumtimeintervalbetweensuccessive ACTIVATE commandsmaybeissuedinagiventFAW (MIN)period,andthetRRD
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Ficure 57 - ExampLE: MEETING tRRD (MIN) anp tRCD (MIN)

Command b< ACT W NTP >@< NTP >@< ACT W NTP >@< NTP
| | | |

Address Row

BA[2:0] Bank x

tRRD

Indicates a Break in
Time Scale

Don’t Care

Ficure 58 - ExampLE: tFAW

Address

BA[2:0]

Indicates a Break in Don’t Care
2 Time Scale M
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READburstsareinitiatedwithaREADcommand.ThestartingCOLUMNandBANKaddressesareprovidedwiththe READcommandand AUTOPRE-
CHARGEiseitherenabledordisabledforthatburstaccess.IfAUTOPRECHARGEisenabled,theROWbeingaccessedisautomaticallyPRECHARGEDat
the completion of the burst sequence. If AUTO PRECHARGE is disabled, the ROW will be left open after the completion of the burst.

DuringREADbursts, thevaliddataoutelementfromthestartingcolumnaddressisavailableatREADLATENCY (RL)clockslater. RLisdefinedasthe
sumofPOSTEDCASADDITIVELATENCY (AL)andCASLATENCY (CL)(RL=AL+CL).ThevalueofALandCLisprogrammableinthemoderegistervia
the MRS command. Eachsubsequentdata-outelementwillbe validnominally atthe next positive ornegative clock edge (thatis, atthe nextcrossing
of CK and CK)\). Figure 59 shows an example of RL based on a CL setting of 8 as well as AL=0.

Ficure 59 - READ LATENCY

CK#
K
Command
Address
DQS DQs#
DQ
Indicates a Break in Transitioning Dat ///] bon't Ca
ZZ Time Scale E ransitioning Data on re
Notes: 1. DOn = data-out from column n.
2. Subsequent elements of data-out appear in the programmed order following DO n.
DQSx and DQSx\ is driven by the DRAM along with the output data. The AREAD burstmay be followed by a PRECHARGE commandto the same
initial LOWstateonDQSxandHIGHstateonDQSx),isknownasthe READ bankprovidedAUTOPRECHARGEisnotACTIVATED.TheminimumREAD-
preamble ({RPRE). TheLOW stateonDQSxandthe HIGHstateonDQSX\, to-PRECHARGE command spacing to the same bank is four clocks and
coincident with the last data-out element, is known as the READ postam- must also satisfy a minimum analog time from the READ command. This
ble (tRPST). Upon completion of a burst, assuming no other commands timeiscalledtRTP(READ-to-PRECHARGE).IRTPstartsALcycleslaterthan
have been initiated, the DQ will go HIGH-Z. A detailed explanation of the READ command. Examples for BL8 are shown in Figure 65 and BC4
tDQSQ (valid data-out skew), tQH (data-out window hold), and the valid in Figure 66. Followingthe PRECHARGE command, a subsequentcom-
datawindow are depictedin Figure 71. A detailed explanation of tDQSCK mandtothesamebankcannotbeissueduntiltRPismet. The PRECHARGE
(DQS transition skew to CK) is also depicted in Figure 71. commandfollowed by anotherPRECHARGE commandtothe samebank
is allowed. However, the precharge period will be determined by the last
Data from any READ burst may be concatenated with data from a subse- PRECHARGE command issued to the bank.
quentREAD command to provide a continuous flow of data. Thefirstdata
element from the new burst follows the last element of a completed burst. IfA10isHIGHwhenaREADcommandisissued,the READwithAUTOPRE-
ThenewREADcommandshouldbeissuediCCDcyclesafterthefirst READ CHARGEfunctionisengaged. The SDRAMstartsanAUTOPRECHARGE
command. ThisisshownforBL8inFigure60. [fBC4isenabled, \CCDmust operation on the rising edge which is AL + IRTP cycles after the READ
still be met which will cause a gap in the data output, as shown in Figure command. The DRAM supports a tRAS lockout feature (see Figure 68).
61.Nonconsecutive READdataisreflectedinFigure62. DDR3SDRAMsdo If tRAS (MIN) is not satisfied at the edge, the starting point of the AUTO
not allow interrupting or truncating any READ burst. PRECHARGE operationwillbedelayeduntiltRAS (MIN)issatisfied.Incase
theinternal PRECHARGE operationispushedoutby!RTP,tRPstartsatthe
DatafromanyREADburstmustbecompletedbeforeasubsequentWRITE pointatwhichtheinternal PRECHARGEhappens.ThetimefromREADwith
burstisallowed. Anexample ofa READ burstfollowedbyaWRITE burstfor AUTOPRECHARGEtothenextACTIVATEcommandthesamebankisAL
BL8is shownin Figure 63. To ensure the READ data is completed before + (IRTP +RP)*, where “” means rounded up to the next integer. In any
theWRITE dataisonthebus,theminimumREAD-to-WRITEtimingis RL+ event,internal RECHARGE doesnotstartearlierthanfourclocks afterthe
tcch — WL + 2tcK. last 8n-bit prefetch.
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Figure 60 - Consecutive READ Bursts (BL8)
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Figure 61 - Consecutive READ Bursts (BC4)

§ Don'’t Care

E Transitioning Data
0 during READ command at TO and T4.

01 and A12

tRPRE

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

2. The BC4 setting is activated by either MRO[1:0] = 10 or MRO[1:0]

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

" S
« I
x -
<
-+ )
1
—
e
o]
||| 1
—
s o
& <
O
A P R [s]
< <
.
SN R [ L
o
z
STACKED Technologies Incorporated www.stackedtechnologies.com 112 High Performance, Highly Integrated Memory Module Product

June 6, 2015 STDS-ST9D364M64SBG2-A



ST9D364M64SBG2

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

TECHNOLOGIES INC

/l STACKED

Figure 62 - Nonconsecutive READ Bursts
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Figure 63 - READ (BL8) to WRITE (BLS8)
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Figure 64 - READ (BC4) to WRITE (BC4) OTF
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Figure 66 - READ to PRECHARGE (BC4)
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Figure 68 - READ with Auto Precharge (AL = 4, CL = 6)
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A DQSx to DQ output timing is shown in Figure 69. The DQ transitions between valid data outputs must be within tDQSQ of the crossing point of
DQSxand DQSx\. DQS mustalsomaintainaminimumHIGHand LOWtime oftQSHandtQSL. Priortothe READ preamble, the DQballswilleitherbe
floating or terminated depending on the status of the ODT signal.

Figure70showsthestrobe-to-clocktimingduringaREAD. The crossingpointDQSx, DQSx\musttransitionwith = !DQSCKoftheclockcrossingpoint.
The data out has no timing relationship to clock, only to DQS, as shown in Figure 70.

Figure 70 also showsthe READ preamble and postamble. Normally, both DQSxand DQSx\are HIGH-Zto save power (VDDQ). Priorto data output
from the SDRAM, DQSx is driven LOW and DQSx\ driven HIGH for tRPRE. This is known as the READ preamble.

The READ postamble, tRPST, isone halfclockfromthelastL[U]DQSx, L[U]DQSx\transition. Duringthe READ postamble, DQSxisdriven LOW and
DQSx\driven HIGH. When complete, the DQwill either be disabled or will continue terminating depending on the state of the ODT signal. Figure 75
demonstrates how to measure tRPST.
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OUTPUT TIMING

tHzandtLZtransitionsoccurinthesameaccesstimeasvaliddatatransitions. Theseparametersarereferencedtoaspecificvoltagelevelwhichspeci-
fieswhenthedeviceoutputisnolongerdrivingtHZ (DQS)andtHZ (DQ) orbeginsdrivingtLZ(DQS).LZ (DQ), Figure 71 showsamethodtocalculate
the pointwhenthe deviceis notlongerdrivingtHZ (DQS) andtHZ (DQ) orbegins drivingtLZ (DQS), tLZ (DQ) by measuring the signal attwo different
voltages. The actual voltage measurement points are not critical as long as the calculation is consistent. The parameters tLZ (DQS), ILZ (DQ), tHZ
(DQS) and tHZ (DQ) are defined as single-ended.
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Figure 71 - Method for Calculating tLZ and tHZ

N\~~~ "~ VoH - xmV VIT+2xmV — — = = = — /

fffff VOH - 2xmV ViT+xmV — - — —

tHz (DQs),tHZ (DQ) tLz (DQS),tLZ (DQ)

/f[_i - = - VoL +2xmV VIT-XxmV - — fﬂ'X
Y/ VoL + xmV ViT-2xmV — — — — — — N
T T2

tHZz (DQS),tHZ (DQ) end point=2 x T1 - T2 tLz (DQs),tLZ (DQ) begin point =2 x T1 -T2

Notes: 1. Within a burst, the rising strobe edge is not necessarily fixed at 'DQSCK (MIN) or ' DQSCK

(MAX). Instead, the rising strobe edge can vary between 'DQSCK (MIN) and {DQSCK (MAX).

2. The DQS high pulse width is defined by '{QSH, and the DQS low pulse width is defined by
'QSL. Likewise, 'LZ (DQS) MIN and 'HZ (DQS) MIN are not tied to {DQSCK (MIN) (early strobe
case) and 'LZ (DQS) MAX and tHZ (DQS) MAX are not tied to {DQSCK (MAX) (late strobe
case); however, they tend to track one another.

3. The minimum pulse width of the READ preamble is defined by ‘RPRE (MIN). The minimum
pulse width of the READ postamble is defined by 'RPST (MIN).
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Ficure 72 - tRPRE TiminG

DQS

Single-ended signal, provided
as background information

4&2/
DQ$Y f———————————— - o oo e e Yoo VIT - -

Single-ended signal, provided
as background information

T
tRPREbegins

tRPRE
DQsS-DQSH —m—- Yy ——m———————— - e - oV - - -

T2

Resulting differential t
RPRE ends

signal relevant for
tRPRE specification

DQS - - - - - t
Single-ended signal, provided
as background informiation

Single-ended signal, provided
as background information

DQS-DQS# -~ -~ -~~~ - j--QV -----

Resulting differential
signal relevant for
tRPST specification

T
tRPST begins

T2
tRPST ends
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Ficure 74 - tWPRE TivING

T1
tWPRE begins

DQS-DQS#f—Mf—————— & -~ - — - — — - o - — —
tWPRE
T2

tWPRE ends

Resulting differential
signal relevant for
tWPRE specification

Ficure 75 - tWPST TimiNG

DQS-DQS - - - - -/ - - - - - f—— 0V — —

T1
tWPSTbegins

Resulting differential
signal relevant for

tWPST specification
f T2
tWPST ends
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WRITE

WRITEburstsareinitiatedwithaWRITE command. Thestarting COLUMNandBANKaddressesare providedwiththe WRITEcommand,and AUTO
PRECHARGEisselected,the ROWbeingaccessedwillbePRECHARGEDattheendofWRITEburst.IfAUTOPRECHARGEisnotselected,the ROWwill
remainopenforsubsequentaccesses.AfteraWRITEcommandhasbeenissued,theWRITEburstmaynotbeinterrupted. ForthegenericWRITEcom-
mands used in Figure 76 though Figure 84, AUTO PRECHARGE is disabled.

DuringWRITEbursts, thefirstvaliddata-inelementisregisteredonarisingedge of DQSxfollowingthe WRITELATENCY (WL)clockslaterandsubse-
quentdataelementswillberegisteredonsuccessiveedgesof DQSx.WRITELATENCY (WL)isdefinedasthesumof POSTEDCASADDITIVELATENCY
(AL)andCASWRITELATENCY (CWL):WL=AL+CWL.ThevaluesofALandCWLareprogrammedintheMR-andMR2registers, respectively.Priorto
thefirstvalidDQSxedge, afullcycleisneeded (includingadummycrossoverof DQSx, DQSx\) andspecifiedasthe WRITE preambleshownin Figure
76. The half cycle on DQSx following the last data-in element is known as the WRITE postamble.

Thetime between the WRITE command and the firstvalid edge of DQSxis WL clocks + {DQSS. Figure 77 through Figure 84 showthe nominal case
where IDQSS = Ons; however, Figure 76 includes tDQSS (MIN) and tDQSS (MAX) cases.

DatamaybemaskedfromcompletingaWRITE usingdatamask. Themaskoccursonthe DMballalignedtothe WRITEdata. [ DMisLOW,the WRITE
completes normally. If DM is HIGH, that bit of data is masked.

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

DataforanyWRITEburstmaybeconcatenatedwithasubsequentWRITE commandto provideacontinuousflowofinputdata. ThenewWRITEcom-
mand can be tCCD clocks following the previous WRITE command. The first data element from the new burst is applied after the last element of a
completed burst. Figures 77 and 78 show concatenated bursts. An example of nonconsecutive WRITES is shown in Figure 79.

Data for any WRITE burst may be followed by a subsequent READ command after tWTR has been met (see Figures 80, 81 and 82).
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FiGure 76 - WRITE BURsT

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10
CK# ===y R i P ST 4 [ Tl e Vi e B ; .~
ck —+---- 7 W N P SANE A U SN, W | S, W GRS W M) U S, | U | (Y U ) SR ’
Command! 9 WRITE ,,III]
WL = AL + CWL : : : :
| | | | | | | |
Address? 9«
tDQSS(MIN)
DQS DQS#
pQ3
tDQSS(NOM) I
DQS DQS# B N g X
tpasL tpasL
tpss ‘ tpss | tpss |
|
0a3 ; IRERNEREDNEREDHEDED
| | | | |
: tpass : :
I i
| | |
{DaSS(MAX) | | twpsT,
DQS, Das# X \T 777777777 1
(DE)SH 1DQSL‘ “DC;SH tDQSL‘
e [l Dl e ey
| | | | |
00 ‘ IBEDEREEAENENET
B Transitioning Data Don't Care
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these
times.
2. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the
WRITE command at TO.
3. DI n =data-in for column n.
4. BL8, WL=5(AL=0,CWL =5).
5. 'DQSS must be met at each rising clock edge.
6. 'WPST is usually depicted as ending at the crossing of DQS, DQS#; however, 'WPST actually
ends when DQS no longer drives LOW and DQS# no longer drives HIGH.
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Ficure 77 - Consecutive WRITE (BL8) To WRITE (BL8)

Command

Address2 3

DQs Das#

Da3

[] Transitioning Data

Don't Care

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

2. The BLS8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during the WRITE commands at
TO and T4.

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

Ficure 78 - Consecutive WRITE (BC4) to WRITE (BC4) via MRS or OTF

Ck# -
cK

Command

Address2

DQs Das#

Da3

[] Transitioning Data Don't Care

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. BC4, WL=5(AL=0, CWL =5).
3. DIn (or b) = data-in for column n (or column b).
4. The BC4 setting is activated by MRO0[1:0] = 01 and A12 = 0 during the WRITE command at TO and T4.
STACKED Technologies Incorporated www.stackedtechnologies.com

129 High Performance, Highly Integrated Memory Module Product
June 6, 2015 STDS-STID364M64SBG2-A



$ I TECHNOLOGIES INC
ST9D364M64SBG2
4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

Ficure 79 - NonconsecuTive WRITE 1o WRITE

Command

Address

DQs DOs#

[] Transitoning Data Don't Care

Notes: DI n(or b) = data-in for column n (or column b).
. Seven subsequent elements of data-in are applied in the programmed order following DOn.
. Each WRITE command may be to any bank.

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

A WN 2

Ficure 80 - WRITE (BL8) to READ (BL8)

Command 1

Address3

DQS DQs#

,,,,, i S | N o 4
| | | |
a4 D EDEDREREREDED TS
WL=5

ZZ Indicates aBreakin  ['"] Transitioning Data [ Don't Care

Time Scale

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. 'WTR controls the WRITE-to-READ delay to the same device and starts with the first rising clock edge after the last write
data shown at T9.
3. The BL8 setting is activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and MRO[12] = 1 during the WRITE command at TO.
The READ command at Ta0 can be either BC4 or BL8, depending on MRO[1:0] and the A12 status at Ta0.
4. DI n = data-in for column n.
5. RL=5(AL=0,CL=5), WL=5(AL=0, CWL =5).
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Ficure 81 - WRITE 1o READ (BC4 Mobe REGISTER SETTING)
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Ficure 82 - WRITE (BC4 OTF) to READ (BC4 OTF)
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Ficure 83 - WRITE (BL8) To PRECHARGE

4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

DQs DQS#

DQBL8

Notes: 1. DI n = data-in from column n.
2. Seven subsequent elements of data-in are applied in the programmed order following

DOn.

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

Indicates a Break in Transitioning Data  [//] Don't Care
?7 Time Scale B

Ficure 84 - WRITE (BC4 Mopke ReaisTer SETTING) To PRECHARGE

DQS Das#

DQ BC4

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

times.

2. The write recovery time ( 'WR) is referenced from the first rising clock edge after the last
write data is shown at T7. 'WR specifies the last burst WRITE cycle until the PRECHARGE
command can be issued to the same bank.

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

DI n = data-in for column n.

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

&

Indicates a Break in Transitioning Data ~ [//] Don't Care
[ passsoenn [
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Ficure 85 - WRITE (BC4 OTF) to PRECHARGE

Address3 O ank

DQS DQs #

pa4

|
n

|

Notes: 1.
times.

»

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

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

2. The write recovery time ('WR) is referenced from the rising clock edge at T9. 'WR specifies
the last burst WRITE cycle until the PRECHARGE command can be issued to the same bank.
3. The BC4 setting is activated by MRO[1:0] = 01 and A12 =0 during the WRITE command at TO0.

Indicates a Break In Transitioning Data
ZZ Time Scale EJ

Don't Care

DQ INPUT TIMING

Figure 76 shows the strobe to clock timing during a WRITE. DQSx,
DQSx\musttransitionwithin0.25{CKoftheclocktransitions aslimited
by tDQSS. All data and data mask setup and hold timings are mea-
sured relative to the DQSx, DQSx\ crossings, not the clock crossing.

The WRITE preamble andpostamble are also shown. One clockprior
todatainputtothe SDRAM, DQSx mustbe HIGH and DQSx\mustbe
LOW.Thenforahalfclock, DQSxisdrivenLOW (DQSx\isdrivenHIGH)
duringtheWRITE preamble.tWPRE, likewise, DQSxmustbekeptLOW

by the memory controller after the last data is written to the SDRAM
during the WRITE postamble,tWPST.

Data setup and hold times are shown in Figure 86. All setup and hold
times are measured from the crossing points of DQSx and DQSXx\.
Thesesetupandholdvaluespertaintodatainputanddatamaskinput.

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

Ficure 86 - DaTA INPUT TIMING

DQs, DQSs#

DQ

DM

Transitioning Data

m Don’t Care
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PRECHARGE

InputA10determineswhetheronebankorallbanksaretobe PRECHARGED andinthecasewhereonlyonebankistobeprecharged,inputsBA[2:0]
select the array BANK.

Whenallbanksaretobe PRECHARGED,inputsBA[2:0]aretreatedas“Don’tCare”. AfterabankisPRECHARGED, itisinthe IDLE Stateandmustbe
ACTIVATED prior to any READ or WRITE commands being issued.

SELF REFRESH

TheSELFREFRESHcommandisinitiatedlikeaREFRESHcommandexceptCKEisLOW.TheDLLisautomaticallydisableduponenteringSELFREFRESH
andisautomaticallyenabledandresetuponexitingSELFREFRESH. Allpowersupplyinputs (includingV REFCAandVREFDQ) mustbe maintained
atvalidlevelsuponentry/exitandduring SELFREFRESHmodeoperation.VREFDQmayfloatornotdriveVDDQ/2whileinthe SELFREFRESHmode
under certain conditions:

*Vss<VREFDQ<VDD is maintained

*VREFDAQ is valid and stable prior to CKE going back HIGH

* The first WRITE operation may not occur earlier than 512 clocks after VREFDQ is valid
* All other SELF REFRESH mode exit timing requirements are met

TheSDRAMmustbeidlewithal BANKSinthePRECHARGE state ({RPissatisfiedandnoburstsareinprogress)beforeaSELFREFRESHentrycommand
canbeissued.ODTmustalsobeturnedoffbefore SELFREFRESHentrybyregisteringthe ODTballLOW priortothe SELFREFRESHentrycommand
(see“On-DieTermination(ODT)fortimingrequirements).IfRTT_NOMandRTT_WRaredisabledinthemoderegisters,ODTcanbea“Don’'tCare”. After
the SELF REFRESH entry command is registered, CKE must be held LOW to keep the SDRAM in SELF REFRESH mode.

Afterthe SDRAMhasentered SELFREFRESHmode, allexternalcontrolsignals,exceptCKEandRESET\,become“Don’tCare”. The SDRAMinitiatesa
minimum of one REFRESH command internally within the {CKE period when it enters SELF REFRESH mode.

TherequirementsforenteringandexitingSELF REFRESHmodedependonthestateofthe clockduringSELFREFRESHmode. Firstandforemost, the
clockmustbestable (meeting!CK specifications)when SELFREFRESHmodeisentered. Ifthe clock remains stableandthe frequencyinnotaltered
whileinSELFREFRESHmode, thenthe SDRAMisallowedtoexitSELF REFRESHaftertCKESRissatisfied (CKEisallowedtotransition HIGHICKESR
laterthanwhenCKE wasregisteredLOW). Sincetheclockremainsstablein SELFREFRESHmode (nofrequencychange),ICKSREand{CKSRXare
notrequired.However,iftheclockisalteredduringSELFREFRESHmode, thentCKSREandtCKSRXmustbesatisfied. WhenenteringSELFREFRESH,
{CKSREmustbesatisfiedpriortoalteringtheclock’sfrequency. Priortoexiting SELFREFRESH, ICKSRXmustbesatisfiedpriortoregistering CKEHIGH.

WhenCKEisHIGHduringSELFREFRESHexit, NOPorDESmustbeissuedfortXStime.IXSisrequiredforthecompletionofanyinternal REFRESHthat
isalreadyinprogressandmustbesatisfiedbeforeavalidcommandnotrequiringalocked DLL canbeissuedtothedevice. IXSisalsothe earliesttime
thataSELFREFRESHre-entrymayoccur(seeFigure87).Beforeacommandrequiringalocked DLLcanbeapplied,aZQCLcommandmustbeissued.

STACKED Technologies Incorporated www.stackedtechnologies.com 135 High Performance, Highly Integrated Memory Module Product
June 6, 2015 STDS-ST9D364M64SBG2-A



STACKED

TECHNOLOGIES INC

ST9D364M64SBG2
4.0 Gb, DDR3, 64M x 64 Integrated Module (HiMOD)

Ficure 87 - SELF REFRESH ENTRY/EXIT TIMING
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Notes: 1. The clock must be valid and stable meeting {CK specifications at least 'CKSRE after entering
self refresh mode, and at least {CKSRX prior to exiting self refresh mode, if the clock is
stopped or altered between states Ta0 and Tb0. If the clock remains valid and unchanged
from entry and during self refresh mode, then {CKSRE and {CKSRX do not apply; however,
{CKESR must be satisfied prior to exiting at SRX.

2. ODT must be disabled and RTT off prior to entering self refresh at state T1. If both RTT_NOMm
and RTT_WR are disabled in the mode registers, ODT can be a “Don’t Care.”

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

4. A NOP or DES command is required at T2 after the SRE command is issued prior to the
inputs becoming “Don’t Care.”

5. NOP or DES commands are required prior to exiting self refresh mode until state TeO.

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

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

8. The device must be in the all banks idle state prior to entering self refresh mode. For exam-

ple, all banks must be precharged, 'RP must be met, and no data bursts can be in progress.

9. Self refresh exit is asynchronous; however, 'XS and 'XSDLL timings start at the first rising
clock edge where CKE HIGH satisfies ISXR at Tc1.!CKSRX timing is also measured so that
!ISXR is satisfied at Tc1.
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EXTENDED TEMPERATURE USAGE

Themodulesupportstheoptionalextendedtemperaturerangeupto<95°CwhilesupportingSELFREFRESH/AUTOREFRESHandsupportTAtem-
peratures>95°C<125°CwithMANUALREFRESHonly.WhenusingSELFREFRESH/AUTOREFRESHandtheambienttemperatureis>85°C,SRTandASR
options must be used.

Theextendedrangetemperaturerange DRAMmustbe REFRESHEDexternallyat2Xanytimetheambienttemperatureis>85°C.Theexternal REFRESH-
INGrequirementisaccomplishedbyreducingtheREFRESHPERIODfrom64msto32ms.SELFREFRESHmoderequirestheuseof ASRorSRTtosupport
the extended temperature.

TasLE 63: SELF REFRESH TemperaTuRE AND AUTO SELF REFRESH DEescRIPTION

Field MR2 Bits
Self Refresh Temperature (SRT)
If ASR is disabled (MR2[6]=0), SRT must be programmed to indicate tOPER during SELF REFRESH,;
* MR2[7] = 0: Normal operating temperature range (0°C to < 85°C)
* MR2[7] = 1: Extended operating temperature range (>85°C to < 105°C)

Description

If ASR is enabled (MR2[7]=1), SRT must be set to 0, even if the extended temperature range is supported.
*MR2[7]=0: SRT is disabled.

Auto Self Refresh (ASR)

ASR 6 When ASR is enabled, the SDRAM automatically provides SELF REFRESH power management functions, (refresh rate
for all supported operating temperature values)

*MR2[6]=1: ASR is enabled (M7 must = 0)

When ASR is not enabled, the SRT bit must be programmed to indicate tOPER during SELF REFRESH operation.
*MR2[6]=0: ASR is disabled, must use manual SELF REFRESH (SRT)

TasLE 64: SELF REFRESH MobeE SumMARY

MR2[6] MR2[7] Permitted Operating Temperature
(ASR) (SRT) SELF REFRESH Operation Range for Self Refresh Mode
0 0 SELF REFRESH Mode is supported in the normal temperature range. Normal (0°C to 85°C)
0 1 SELF REFRESH Mode is supported in normal and extended (< 95°C MAX) Normal and extended (0°C to 95°C)
temperature ranges; When SRT is enabled, it increases self refresh power
consumption.
1 0 Self refresh mode is supported in normal and extended temperature ranges;| Normal and extended (0°C to 95°C)
Self refresh power consumption may be temperature-dependent.
1 1 llegal.

POWER-DOWN MODE

Power-downis synchronously entered when CKE is registered LOW coincident witha NOP or DES command. CKE is notallowed to go LOW while
eitheranMRS,MPR,ZQCAL,READorWRITEoperationisinprogress. CKEisallowedtogoLOWwhileanyofthe otherlegaloperationsareinprogress.
However,the POWER-DOWNIDD specificationsarenotapplicableuntilsuchoperationshavebeencompleted. Dependingonthe previousSDRAM
stateandthe commandissued priorto CKE going LOW, certaintiming constraints mustbe satisfied (as notedin Table 65). Timing diagrams detailing
the different POWER-DOWN mode entry and exits are shown in Figure 88 through Figure 97.
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TaBLE 65: COMMAND 1o POWER-DOWN ENTRY PARAMETERS

SDRAM Last Command prior
Status to CKE Low 1 Parameter (MIN) Parameter Value Figure
Idle or Active ACTIVATE tACTPDEN 11CK Figure 95
Idle or Active PRECHARGE tPRPDEN 11CK Figure 96
Active READ or READAP tRDPDEN RL + 4!CK + 11CK Figure 91
Active WRITE: BL8OTF, BLBMRS, BC40TF 'WRPDEN WL + 41CK + 'WR/ tICK Figure 92
Active WRITE: BC4MRS WL + 2!CK + 'WR/ tICK Figure 92
Active WRITEAP: BL8OTF, BL8MRS, BC4OTF 'WRAPDEN WL + 41CK + WR + 1tCK Figure 93
Active WRITEAP: BC4AMRS WL + 2!CK + WR + 1tCK Figure 93
Idle REFRESH tREFPDEN 11CK Figure 94
POWER-DOWN REFRESH XPDLL Greater of 10!CK or 24ns Figure 98
Idle MODE REGISTER SET tMRSPDEN tMOD Figure 97

EnteringPOWER-DOWNmodedisablestheinputandoutputbuffers,excludingCK, CK\,ODT,CKEandRESET\.NOPorDEScommandsarerequired
untiltCPDED has been satisfied, atwhich time all specified input/output buffers will be disabled. The DLL should be in alocked state when POWER-
DOWN s entered forthe fastest mode timing. Ifthe DLL is notlocked duringthe POWER-DOWN entry, the DLL must be reset after exiting POWER-
DOWN for proper READ operation as well as synchronous ODT operation.

DuringPOWER-DOWNentry,ifanybankremainsopenafterallin-progresscommandsarecomplete,the SDRAMwillbein ACTIVEPOWER-DOWN. If
allbanksareclosedafterallin-progresscommandsarecomplete,the SDRAMwillbeinPRECHARGE POWER-DOWNmodeorfastEXITmode.When
entering PRECHARGE POWER-DOWN, the DLL is turned off in slow exit mode or kept on in fast EXIT mode.

TheDLLremainsonwhenenteringACTIVEPOWER-DOWNaswell. ODThasspecialtimingconstraintswhenslowEXITmode,PRECHARGEPOWER-
DOWNisenabledandentered.Referto“AsynchronousODTMode fordetailedOD T usagerequirementsinslow EXITmode PRECHARGEPOWER-
DOWN. A summary of the two POWER-DOWN modes is listed in Table 66.

WhileineitherPOWER-DOWNstate, CKEisheldLOW,RESET\isheldHIGH,andastableclocksignalmustbemaintained. ODTmustbeinavalidstate
butallotherinputsignalsarea“Don’tCare”.IfRESET\goesLOWduringPOWER-DOWN, the SDRAMwillswitchoutof POWER-DOWNandgointothe
RESET state. After CKEisregistered LOW, CKE mustremain LOWuntiltPD (MIN) hasbeensatisfied. ThemaximumtimeallowedforPOWER-DOWN
duration is tPD (MAX) (9 x tREF]I).

ThePOWER-DOWNSstatesaresynchronouslyexitedwhenCKEisregisteredHIGH (witharequiredNOPorDEScommand). CKEmustbemaintained
HIGHuntiItCKEhasbeensatisfied.AvaIid,executablecommandmaybeappliedafterPOWER-DOWN EXITLATENCY,XP IXPDLLhavebeensatisfied.
A summary of the POWER-DOWN modes is listed in Table 66.

TasLE 66: POWER-DOWN MobEes

POWER-DOWN
SDRAM State MR1[12] DLL State exit Relevant Parameters
ACTIVE (any bank open) “Don’t Care” ON FAST XP to any other valid COMMAND
1 ON FAST XP to any other valid COMMAND
PRECHARGE (all banks PRECHARGED) XDLL to COMMANDS that require the DLL

0 OFF SLOW to be locked (READ, RDAP, ODT ON).

XP to any other valid COMMAND.
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Ficure 88 - Active Power-DownN ENTRY AND ExiT

777777

Ta0

CKE

Ta1 Ta2 Ta3 Tad

[

tiH

tis

‘ tCKE (MIN) ‘

mode

: =

Enter power-down

Exit power-down
mode

Indicates a Break in [/ .
ZZ Time Scale Don't Care

Ficure 89 - PRECHARGE Power-DowN (FAasT-Exit Mope) ENTRY AnD ExiT

TO

T2

T3

T4 T5 Ta0 Tal

Command

tis t'“‘ / /
CKE \ /( tis %
e
tpD xp
Enter power-down Exit power-down
mode mode
Indicates a Break in r Don't Care
ZZ Time Scale
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Ficure 90 - PRecHARGE Power-Down (SLow-Exit Mope) ENTRY AnD ExiT

Ta1 Tb
CK# -----» ( X ””\( \\, ””” \ L’ ”””””
K 5,,,1, f‘{’”' t A NS N
CK CH ‘ CL
I
Command ZZ}{ PW NOP >@< N Valid ! Valid 2 Q
tCPDED tCKE (MIN)
H txp
AEE B v
CKE
W t|s % tXPDLL%
tpD (( ((
Enter power-down Exit power-down
mode mode

Indicates a Break in [/ ,
ZZ Time Scale ,IA Don't Care
Notes: 1. Any valid command not requiring a locked DLL.
2. Any valid command requiring a locked DLL.

Ficure 91 - Power-Down ENTRY AFTER READ or READ witH Auto PrecHARGE (RDAP)

Tal1

,,,,,

o ‘ ‘ % ‘ ‘ ‘ ‘ ‘ ‘
N ‘ ‘ // ‘ ‘ ‘ ‘ ‘ ‘ ‘
DQBC4
‘ D {RDPDEN ‘
(( Power-down or
self refresh entry
Indicates a break in Transitioning Data  [//] Don't Care
ﬁ Time Scale B 9
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Ficure 92 - Power-Down EnTRY AFTER WRITE

T2 Tb3 __ b4

worX (7711 I1TIIITTTITTL,

Command D

e Dl el
vaoess N | ﬂ b ] | | | | | A&
| | L | <

DQs Das#

. //
]
Z(

Indicates A Break in Transitioning Data  [//] Don’t Care
Z% Time Scale E

Notes: 1. CKE can go LOW 2'CK earlier if BC4AMRS.

Ficure 93 - Power-Down ENTRY AFTER WRITE withH Auto PRecHARGE (WRAP)
OP ’llll@’llll@’llllllllllllllllllll

;:%.WWWW C
(, N

jif
L] | T T ] ]

ato 7/ ‘ N 1 I
‘ \ H‘WL‘:AUCWL \ 1 I l \ WRWK‘H \ l \ tep | \
I | . [ | | | ]
bas pas# /i ] SR S G S N 7/ /i
| I | |
L T T
R BRI
| |
sases
‘ // tWRAPDEN ‘ // ‘
| |
Slarlin‘( | Power-down or
precharg self refresh entry 2
ZZ !Hi:aéec;: Breakin E Transitioning Data Don't Care
Notes: 1. 'WR is programmed through MRO[11:9] and represents 'WR (MIN)ns/ {CK rounded up to the
next integer 'CK.
2. CKE can go LOW 2CK earlier if BCAMRS.
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Ficure 94 - REFRESH 10 Power-DowN ENTRY

Command /><REFRESH>@< NOP >@< NOP > /)< NOP W NO‘P

tCPDED tCKE (MIN)

e \ —

tREFPDEN ‘ tXP (MIN) /
-

tRFC (MIN)! >7
(

(

Indicates a Break In Don’t Care
ZZ Time Scale m

Notes: 1. After CKE goes HIGH during 'RFC, CKE must remain HIGH until 'RFC is satisfied.

Ficure 95 - ACTIVATE 10 Power-DowN ENTRY

TO T T2 T3 T4 T5 T6 T7

Command

Address

tCPDED
| ts tPD
w 77 7 | X | | | | |
CACTPDEN
-
Don't Care
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Ficure 96 - PRECHARGE 10 Power-Down ENTRY

Command

Address

Don't Care

Ficure 97 - MRS CommaND To Power-Down ENTRY

Address

‘ tMRSPDEN / ) ‘ ‘

I

w W Wy N

Indicates a Break in Don't Care
ZZ Time Scale m
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Ficure 98 - Power-Down ExiT To REFRESH To Power-Down ENTRY

. T
o

KW
-
tPD txPDLL2
{ {0
Enter power-down Exit power-down Enter power-down
mode mode mode

Indicates a Break in [/ .
ZZ Time Scale Don't Care
Notes: 1. 'XP must be satisfied before issuing the command.

2. 'XPDLL must be satisfied (referenced to the registration of power-down exit) before the
next power-down can be entered.

RESET

The RESET signal (RESET)\)isanasynchronoussignalthattriggersanytimeitdropsLOW.Thereare norestrictionsaboutwhenitcango LOW. After
RESET\isdrivenLOW, itmustremainLOWfor100ns. Duringthistime,theoutputsaredisabled, ODT (RTT)turnsoff (HIGH-Z)andthe DDR3SDRAM
resetsitself. CKEshouldbebroughtLOWpriortoRESET\beingdrivenHIGH. AfterRESET\goesHIGH,the SDRAMmustbere-initializedasthougha

normalpowerupwereexecuted (see Figure 99). Allrefreshcountersonthe SDRAMare RESET anddatastoredinthe SDRAMisassumedunknown
after RESET\ has been driven LOW.
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Ficure 99 - RESET SeQuENCE

System RESET
(warmboot)

CK#

CK

T (MIN) =
MAX (10ns, 5tCK)

RESET#

T = 500ps (MIN)
j MR1 with MRO with
All voltage DLL ENABLE DLL RESET tzQwr
supplies valid -~
d stable DRAM ready
for external tpLLK
commands
NNNNNN
operation
Indicates a Breakin  [//| Don't Cal
Time Scal .
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ON-DIE TERMINATION (ODT)

ODTisafeaturethatenablesthe SDRAMtoenable/disable on-dieter-
minationresistanceforeachDQ,DQSx,DQSx\,DQSx,DQSx\andDMx
for the four words contained in LDI’s DDR3 iMOD.

The ODT feature is designedtoimprove signalintegrity ofthe memory
array/sub-systemby allowingthe memory controllertoindependently
turnonoroffthe DRAMSinternalterminationresistanceforany group-
ing of DRAM devices. The ODT feature is not supported during DLL
disablemode. Asimplefunctionalrepresentationofthe ODT featureis
showninFigure 100. The switchis enabled by theinternal ODT control
logic, which uses the external ODT ball and other controlinformation.

FUNCTIONAL REPRESENTATION OF ODT

Thevalueof RTT(ODTterminationvalue)isdeterminedbythesettings
of several mode register bits (see Table 70). The ODT ball is ignored
whileinSELFREFRESHmode(mustbeturnedoffpriortoSELFREFRESH
entry) or if mode registers MR1 and MR2 are programmed to disable
ODT.ODTiscomprisedofnominal ODTanddynamicODTmodesand
either of these can function in synchronous or asynchronous modes
(whentheDLLisoffduringPRECHARGEPOWER-DOWNorwhenthe
DLLissynchronizing).NominalODTisthebaseterminationandisused
inanyallowable ODTstate.DynamicODTisappliedonlyduringWRITEs
and provides OTF switching fromno RTT or RTT_NOMto RTT_WR.

The actual effective termination, RTT_EFF may be different from the
RTT targeted due to nonlinearity of the termination. For RTT_EFF
values and calculations, see “ODT Characteristics”.

Ficure 100 - ON-Die TERMINATION NOMINAL ODT

ODT (NOM)isthebaseterminationresistanceforeachapplicableball,
| mmmmm—— - | enabled ordisabledviaMR1[9,6,2] (see Figure 46), anditisturnedon
, ODT | or off via the ODT ball.
To other | ' VooQ/2 !
. . | |
circuitry | | Rrr |
such as | ) |
RCV, | Switch |
. . i DQ,DQs DO,
] ) ] DM
| |
AB 0 PO R-DO OD
MR1[9,6,2] ODT Pin SDRAM Termination State SDRAM State Notes
000 0 RTT_NOM disabled, ODT OFF Any valid 1,2
000 1 RTT_NOM disabled, ODT ON Any valid except SELF REFRESH, READ 1,3
000-101 0 RTT_NOM enabled, ODT OFF Any valid 1,2
000-101 1 RTT_NOM enabled, ODT ON Any valid except SELF REFRESH, READ 1,3
110 and 111 X RTT_NOM reserved, ODT ON or OFF lllegal
NOTES:

1. Assumes dynamic ODT is disabled.

2. ODT is enabled and active during most WRITES for proper termination,

but it is not illegal to have it off during WRITES.
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NOMINAL ODT

Nominal ODT resistance RTT_NOM s defined by MR1[9,6,2], as shown in Figure 46. The RTT_NOM termination value applies to the output pins
previouslymentioned. DDR3SDRAMIMODssupportmultiple RTT_NOMvaluesbasedonRZQ/nwherencanbe?2,4,6,8or12andRZQis240Q+1%.
RTT_NOM termination is allowed any time after the SDRAM is initialized, calibrated and not performing READ accesses or whenitis notin SELF
REFRESH mode.

WRITEaccessusesRTT_NOMiddynamicODT(RTT_WR)isdisabled.IfRTT_NOMisusedduringWRITEs,onlyRZQ/2,RZQ/4andRZQ/6areallowed(see
Table 66). ODT timings are summarized in Table 68, as well as, listed in Table 47.

TaBLE 68: ODT PARAMETER

Definition for

Symbol Description Begins at Defined to All DDR3 bins| Units
ODTL ON ODT synchronous turn on delay ODT registered HIGH RTT_ON + tAON CWL+AL-2 | CK
ODTL OFF ODT synchronous turn off delay ODT registered HIGH RTT_ON + tAOF CWL+AL-2 | CK
tAONPD ODT asynchronous on delay ODT registered HIGH RTT_ON 1-9 ns
tAOFFPD ODT asynchronous on delay ODT registered HIGH RTT_OFF 1-9 ns
ODTH4  |ODT minimum HIGH time after ODT assertion| ODT registered HIGH or WRITE ODT registered LOW 4'CK ICK

or WRITE (BC4) registration with ODT HIGH

ODTH8 ODT minimum HIGH time after WRITE (BL8) | WRITE registration with ODT HIGH | ODT registered LOW 6!CK ICK
'AON ODT turn-on relative to ODTL on completion Completion of ODTL on RTT_ON See Table 47 ps
'AOF ODT turn-off relative to ODTL off completion Completion of ODTL off RTT_OFF 0.5!CK = 0.21CK| CK

DYNAMIC ODT

In certain applications, to further enhance signal integrity on the data bus, itis desirable that the termination strength, be changed without issuing
anMRScommand, essentiallychangingthe ODTterminationresistanceon-the-fly.WithdynamicODT (RTT_WR)enabled,the SDRAMswitchesfrom
nominal ODT (RTT_NOM)todynamicODTwhenbeginningaWRITEburstandsubsequently switchesbacktonominal ODT atthe completionofthe
WRITEburstsequence.ThisrequirementandthesupportingDYNAMICODT feature ofthe DDR3SDRAMmakesitfeasibleandisdescribedinfurther
detail below:

DYNAMIC ODT FuncTioNAL DESCRIPTION:

ThedynamicODTmodeisenabledifeitherMR2[9]ormR2[10]issetto“1”.DynamicODTisnotsupportedduringDLLdisablemode,soRTT_WRmust
be disabled. The dynamic ODT function is described, as follows:

*Two RTT values are available — RTT_NOM and RTT_WR:
¢ The value of RTT_NOM is preselected via MR1[9,6,2]
* The value for RTT_WR is preselected via MR2[10,9]
*During SDRAM operations without READ or WRITE commands, the termination is controlled as follows:
* Termination ON/OFF timing is controlled via the ODT ball and LATENCIES ODTI on and ODTL off
* Nominal termination strength RTT_NOM is used
* WhenaWRITEcommand(WR,WRAP,WRS4,WRS8,WRAPS4,WRAPS8)isregisteredandifdynamicODTisenabled,theODTtermi-
nation is controlled as follows:
* A latency of ODTLCNW after the WRITE command: termination strength RTT_NOM switches to RTT_WR
* ALatencyof ODTLCWN8(forBL8,fixedorOTF)orODTLCWN4(forBC4,fixedorOTF)afterthe WRITEcommand:termination
strength RTT_WR switches back to RTT_NOM
* ON/OFF termination timing is controlled via the ODT ball and determined by ODTL on, ODTL off, ODTH4 and ODTHS.
*During the tADC transition window, the value of RTT is undefined

ODT is constrained during WRITEs and when dynamic ODT is enabled (see Table 69).
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TasLe 69: DYNAMIC ODT SreciFic PARAMETERS

Definition for

Symbol Description Begins at Defined| toAll DDR3 bins
ODTL,,, Change from RTT_NOM to RTT_WR WRITE registration | RTT switched from RTT_NOM to RTT_WR WL -2 ICK
ODTL,,,. | Change from RTT_WR to RTT_NOM (BC4) |WRITE registration | RTT switched from RTT_WR to RTT_NOM 4'CK + ODTLOFF | CK
ODTL,,,, | Change from RTT_WR to RTT_NOM (BL8) |WRITE registration | RTT switched from RTT_WR to RTT_NOM 6!CK + ODTL OFF | 'CK
'ADC RTT change skew ODTL,,, RTT trans complete 0.5!CK + 0.21CK ICK

TasLE 70: MODE REGISTERS For RTT_NOM

MR1(RTT_NOM)
M9 M6 M2 RTT_NOM (RZQ) RTT_NOM(Ohms)
0 0 0 Off Off n/a
0 0 RzQ/4 60 SELF REFRESH
0 1 0 RzQ/2 120
0 1 1 RzQ/6 40
1 0 0 RzQ/12 20 SELF REFRESH, WRITE
1 0 1 RzQ/8 30
1 1 0 Reserved Reserved n/a
1 1 Reserved Reserved n/a

TasLE 71: MODE REGISTERS ror RTT_WR

MR1(RTT_NOM)
M10 M2 R1T_NOM (RZQ) RTT_
0 0 Dynamic ODT OFF: WRITE does not affect RTT_NOM
0 RzQ/4 60
1 0 RzQ/2 120
1 1 Reserved Reserved
n/a n/a n/a n/a
n/a n/a n/a n/a
n/a n/a n/a n/a
n/a n/a n/a n/a

TasLe 72: TIMING DIAGRAMS ror DYNAMIC ODT

__Figure Title
Figure 101 Dynamic ODT: ODT asserted before and after the WRITE, BC4
Figure 102 Dynamic ODT: Without WRITE command
Figure 103 Dynamic ODT: ODT pin asserted together with WRITE command for 6 CK cycles, BL8
Figure 104 Dynamic ODT: ODT pin asserted with WRITE command for 6 CK cycles, BC4
Figure 105 Dynamic ODT: ODT pin asserted with WRITE command for 4 CK cycles, BC4
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Ficure 101 - Dynamic OD DT AsserTtep BErFore anp AFTer THE WRITE, BC4

Command

Address 0 TN
‘ I I I : : [ oorion |
‘ ‘ } I OD‘TH4 | |
i I ‘ ‘ ‘ ‘
oot Al A &7‘ @’I I@Iw @I@’I AT TE
ODTL on ODTLown4 ! ! ‘
| [
‘ ‘ ——I [~ tAON (MIN) ——‘ I‘*‘AD‘C(MIN) ‘ | ‘ | — ‘47|ADC‘(MIN) —| |=—tAOF (MIN)
Rt RrT_Nom D RIT_wR B¢ Rr_now () 1
—+] |=—tAON (MAX) ~—=taDC (MAX) | [+—=| tanc max) ~—|tAOF (MAX)
| oDTLew I ‘
| L ' J R
- N R R N S R e N N

bQ

‘ WL

B Transitioning § Don't Care

Notes: 1. Via MRS or OTF. AL =0, CWL = 5. RTT_NOM and RTT_WR are enabled.

2. ODTH4 applies to first registering ODT HIGH and then to the registration of the WRITE command. In this example,
ODTH4 is satisfied if ODT goes LOW at T8 (four clocks after the WRITE command).

Ficure 102 - Dynamic ODT: WitHoutr WRITE ComMAND

CK# ---
CK
Command
Address
| ODTH4 | | ootLofr |
| _oDTL on | | |
ot A Y | Y | Y | &YW =\ A
| TAON (MAX) —>| [=— I | taoF gviny—] |
Rt : &5 RrT_NoMm ﬂ
| tAON (NlllN) - | | ‘ | tlAOF (MAX) |<—>
DQS DQS#
I I I | I | I | I I
DQ
[-] Transitioning ~ J Don't Care
Notes: 1. AL =0, CWL =5. RTT_NOM is enabled and RTT_WR is either enabled or disabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW; in this example,
ODTH4 is satisfied. ODT registered LOW at T5 is also legal.
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Ficure 103 - Dynamic ODT: ODT Pin AsserTep ToGeTHER WiITH WRITE CommanDp For 6 CLock CycLEs, BL8

Command

Address

\ \ ‘ \
ODTH8

R

| ] ]
I ‘ I ‘ I " ~—'AOF (MIN)
‘ ‘

tAOF (MAX)

DQS DOS# / , N \ , Sl / — S

DQ

)‘ X bD+‘1x DDJZX bD*I3XI)D+‘4 X bDJSX DDJSX bD+‘7

[] Transitioning Don't Care
Notes: 1. Via MRS or OTF; AL =0, CWL = 5. If RTT_NOoM can be either enabled or disabled, ODT can be HIGH. RTT_WR is enabled.
2. In this example, ODTHS = 6 is satisfied exactly.

Ficure 104 - Dynamic ODT: ODT Pin Assertep witH WRITE Commanp For 6 CLock CycLEs, BC4

CK# -
CK

Command

Address
| opTL off |
or 7777 o L Vi i\
\ |
— tAD(;(MIN) — tAQF (MIN)
Rt ﬂ Rr1_nom ﬂ ‘
T
—=|tADC(MAX)  [=—|tAOF (MAX)
| | |
DQS, DQS#
\ \ \ \ \
DQ
WL

B Transitioning m Don’t Care

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RTT_NOM and RTT_WR are enabled.

2. ODTHA4 is defined from ODT registered HIGH to ODT registered LOW, so in this example,
ODTH4 is satisfied. ODT registered LOW at T5 is also legal.
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Ficure 105 - Dynamic ODT: ODT Pin AsserTtep witH WRITE Commanp For 4 CLock CycLEs, BC4

Address

[ ODTH4 W [ oDTL off |
‘ ] T T t
oot D\ /77 W‘WWYA oo Vg ;o |
- | | -t
ODTL on tADC(MAX) ‘ | ‘ | A‘ AOF (MIN)
Rrr ‘ ! RI’T_WR‘ ‘ Ty ‘
‘ <— tAON (MIN) ‘ ! ‘ I [—=ltaoF (MAX)
ODTLCWN4‘ : :
| | | |
DQS, DQs# .
{ | w { ‘
ba [ | [
[Z] Transitioning Don’t Care
Notes: 1. Via MRS or OTF. AL =0, CWL = 5. RTT_NOM can be either enabled or disabled. If disabled,

ODT can remain HIGH. RTT_WR is enabled.
2. In this example ODTH4 = 4 is satisfied exactly.

SYNCHRONOUS ODT MODE ODT LATENCY ano POSTED ODT

Synchronous ODT is selected whenever the DLL is turned on and
lockedwhileRTT_NOMorRTT_WRisenabled.Basedonthe POWER-
DOWN definition, these modes are:

* Any bank ACTIVE with CKE HIGH

¢ REFRESH mode with CKE HIGH

¢ DLE mode with CKE HIGH

* ACTIVE POWER-DOWN mode (regardless of
MRO[12])

¢ PRECHARGEPOWER-DOWNmodeifDLLisenabled
during PRECHARGE POWER-DOWN by MR0[12]

STACKED Technologies Incorporated www.stackedtechnologies.com
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In synchronous ODT mode, RTT turns on ODTL on clock cycles after
ODT is sampled HIGH by a rising clock edge and turns off ODTL off
clock cycles after ODT is registered LOW by arising clock edge. The
actual on/off times varies by tAON and tAOF around each clock edge
(seeTable73). TheODTLATENCY istiedtothe WRITELATENCY (WL)by
ODTL on =WL-2 and ODTL off = WL- 2.

SinceWRITELATENCYismadeupof CASWRITELATENCY (CWL)and
ADDITIVE LATENCY (AL), the AL value programmed into the mode
registerMR1[4,3], alsoappliestothe ODT signal. The SDRAM’sinter-
nal ODT signal is delayed a number of clock cycles defined by the AL
relativetothe external ODT signal. Thus, ODTLon=CWL+AL-2and
ODTL off = CWL + AL — 2.
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SYNCHRONOUS ODT TimiNng PARAMETERS

Synchronous ODTmode usesthefollowingtimingparameters: ODTLon, ODTL off, ODTH4, 0D TH8, tAON andtAOF (see Table 73and Figure 106).
The minimum RTT turn-on time (tAON [MIN]) is the point at which the device leaves HIGH-A and ODT resistance begins to turn on. Maximum RTT
turn-ontime (tAON [MAX)) is the point at which ODT resistance is fully on. Both are measured relative to ODTL on. The minimum RTT turn-offtime
(tAOF[min])isthe pointatwhichthe device startstoturn-off ODT resistance. Maximum RT T turn-offtime ({tAOF [MAX]) isthe pointatwhichODT has
reached HIGH-Z. Both are measured from ODTL off.

WhenODTisasserted,itmustremainHIGHuntilODTH4issatisfied.lfaWRITEcommandisregisteredbythe SDRAMwithODTHIGH, thenODT must
remainHIGHuntilODTH4(BC4)orODTH8(BL8)aftertheWRITEcommand(seeFigure 107).ODTH4andODTH8aremeasuredfromODTregistered
HIGH to ODT registered LOW or from the registration of a WRITE command until ODT is registered LOW.

TaBLE 73: SYNCHRONOUS ODT PARAMETERS

Definition for
Symbol Description Begins at Defined to All DDR3 bins Units

ODTL ON ODT synchronous TURN-ON delay ODT registered HIGH RTT_ON =+ tAON CWL + AL -2 ICK

ODTL OFF ODT synchronous TURN-OFF delay ODT registered HIGH RTT_OFF + {AOF CWL +AL-2 ICK

ODTH4 ODT Minimum HIGH time after ODT ODT registered HIGH, or WRITE | ODT registered LOW 4tcK ICK

assertion or WRITE (BC4) registration with ODT HIGH
ODTH8 ODT Minimum HIGH time after WRITE registration with ODT HIGH | ODT registered LOW 6icK ICK
WRITE (BL8)

tAON ODT TURN-ON relative to ODTL on Completion of ODTL on RTT_ON See Table 47 ps
completion

tAOF ODT TURN-OFF relative to ODTL off Completion of ODTL off RTT_OFF 0.5tcK + 0.2tcK tCK
completion

Ficure 106 - SyncHrRonous ODT

oot | AY w‘@\w‘@w@ =\ ‘

ODTHA4 (MIN)

ODTL on = CWL + AL - 2

- ‘ ‘ ‘ ‘ ‘ A]Fk tAON (MIN)

<— tAON (MAX)

1 |
ODTL off = CWL + AL - 2

Rrt_nom

Notes: 1. AL=3; CWL =5; ODTL on =WL =6.0; ODTL off = WL - 2 = 6. RTT_NOM is enabled.
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Ficure 107 - SyncHronous ODT (BC4)
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ODTLoff = WL -

ODTLon=WL-2

ODTL on = WL -2

[«— tAON (MAX)

—

|=—tAOF (MIN)

Notes:

‘ —»‘ l=— tAON (MIN)

RT_now

—] |~—taoN (MAX)

tAOF (MAX)[<=—=

‘ ‘tAOF (MlN)‘- —
RrT_Nom -

tAON (MIN)

[-] Transitioning

[«—=|taoF (MaX)

Don't Care

WL =7. RTT_NOM is enabled. RTT_WR is disabled.

. ODT must be held HIGH for at least ODTH4 after assertion (T1).
. ODT must be kept HIGH ODTH4 (BC4) or ODTHS (BL8) after the WRITE command (T7).

. ODTH is measured from ODT first registered HIGH to ODT first registered LOW or from the registration of the WRITE
command with ODT HIGH to ODT registered LOW.

5. Although ODTH4 is satisfied from ODT registered HIGH at T6, ODT must not go LOW before T11 as ODTH4 must also be
satisfied from the registration of the WRITE command at T7.

R

ODT OFF During READS

Asthe DDR3SDRAMcannotterminate anddrive atthe sametime, RTT mustbe disabled atleastone-halfclock cycle before the READ preamble by
driving the ODT ball LOW. RTT may not be enabled until the end of the postamble as shown in Figure 108.

Ficure 108 - ODT During READs

T4

T9

T14 T16

\
| I —
I I I}
7] sSlalsals] 5V IV VY VY
T N N N e | T T T T L
R RrT_now an } ! ! ! ! ) RrT_now
‘ ‘ ‘ ‘ ‘ RL:A‘L+CL ‘ ‘ ‘ 'AOF (MAX) | | | e ~—taoN (MAX)
I I I I

DQS DQs# 1 1 } } ‘ } } 1 ‘ ”””” \ e I ! -

oo |

B Transitioning

Don’t Care

Notes: 1. ODT must be disabled externally during READs by driving ODT LOW. For example, CL=6; AL=CL-1=5; RL=AL +

CL=11;CWL =5; ODTL on =CWL + AL - 2 = 8; ODTL off = CWL + AL - 2 = 8. RTT_NOM is enabled. RTT_wR s a “Don’t Care.”
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ASYNCHRONOUS ODT MODE

AsynchronousODTmodeisavailablewhenthe SDRAMrunsinDLLONmodeandwheneitherRTT_NOMorRTT_WRisenabled;however,theDLLis
temporarilyturnedoffinPRECHARGED POWER-DOWNSstandbyviaMRO[12]. Additionally, ODT operatesasynchronouslywhenthe DLLissynchroniz-
ing after being RESET. See “POWER-DOWN MODE?” for definition and guidance over POWER-DOWN details.

Inasynchronous ODT timing mode, the internal ODT command is not delayed by AL relative to the external ODT command. Inasynchronous ODT
mode, ODT controls RTT by analogtime. The timing parameters tAONPD and tAOFPD (see Table 74) replace ODTL on/tAON and ODTL off AAOF
respectively, when ODT operates asynchronously (see Figure 109).

TheminimumRTTturn-ontime (tAONPD[MIN])isthe pointatwhichthe device terminationcircuitleaves HIGH-Zand ODT resistancebeginstoturn-
on. Maximum RTT turn-ontime (tAONPD [MAX]) is the pointatwhich ODT resistanceis fully on. tAONPD (MIN) and tAONPD (MAX) are measured
from ODT being sampled HIGH.

The minimum RTT turn-offtime ((AOFPD [MIN]) is the point at which the device termination circuit starts to turn off ODT resistance. Maximum RTT

turn-offtime (tAOFPD[MAX])isthepointatwhichODThasreachedHIGH-Z.tAOFPD (MIN)andtAOFPD (MAX)aremeasuredfromODTbeingsampled
LOW.

Ficure 109 - AsyncHRoNous ODT TimiNG wiTH FAsT ODT TRANSITION

. o B ’
ODTﬁ‘&‘@‘& v Y Y (Y Y (Y | YW ‘@‘@‘,@‘ ‘5
‘ ‘ ‘ ‘ ﬂ tAONPD (MIN) ‘ ‘ ‘ ‘ L»‘ (AOFPE‘> (MIN) ‘ ‘ ‘ ‘
‘ tAONPD (MAX) ‘ ‘ {AOFPD (MAX) I‘

E Transitioning Don't Care

Notes: 1. AL is ignored.

TasLE 74: ASYNCHRONOUS ODT Timing PARAMETERS FOR ALL SPEED BINS

Symbol Description MIN MAX Units
tAONpp Asynchronous RTT TURN-ON delay (POWER-DOWN with DLL off) 2 8.5 ns
tAOFpp Asynchronous RTT TURN-OFF delay (POWER-DOWN with DLL off) 2 8.5 ns
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SYNCHRONOUS TO ASYNCHRONOUS ODT MODE TRANSITION (POWER-DOWN ENTRY)

ThereisatransitionperiodaroundPOWER-DOWNENTRY (PDE)wherethe SDRAM’s ODT mayexhibiteithersynchronousorasynchronousbehavior.
Thistransitionperiodoccursifthe DLLisselectedtobeoffwheninPRECHARGE POWER-DOWNmodebythesettingofMR0O[12]=0.POWER-DOWN
entrybeginstANPD priorto CKE firstbeing registered LOW anditends when CLE isfirstregistered LOW. tANPDis equaltothe greater of ODTL off +
1tCKorODTLon+1tCK.IfaREFRESHcommandhasbeenissued,anditisinprogresswhen CKE goesLOW, POWER-DOWNentrywillendtRFCafterthe
REFRESHcommandratherthanwhenCKEisfirstregistered LOW. POWER-DOWNENTRY willthenbecomethegreaterof ANPDandtRFC—REFRESH
command to CKE registered LOW.

ODTassertionduringPOWER-DOWNENTRY resultsinanRTTchangeasearlyasthelesserof AONPD (MIN)andODTLonxt{CK+tAON(MIN)oraslate
asthegreateroft AONPD (MAX)andODTLonx!{CK+tAON(MAX).ODTde-assertionduringPOWER-DOWNENTRY mayresultinanRTTchangeas
earlyasthelesseroftAOFPD (MIN)and ODTLoffx{CK+tAOF (MIN)oraslateasthegreateroftAOFPD (MAX)and ODTLoffx!CK+tAOF (MAX). Table
75 summarizes these parameters.

Ifthe ALhasalargevalue,theuncertainty ofthe state of RTTbecomesquitelarge. Thisisbecause ODTLonandODTL offarederivedfromtheWLand
WL is equal to CWL + AL. Figure 110 shows three different cases;

*ODT_A: Synchronous behavior before tANPD

» ODT_B:ODT state changes duringthetransition period witht AONPD (MIN) less than ODTL onx tCK + tAON (MIN) and tAONPD
(MAX) greater than ODTL on x ICK + tAON (MAX)
*ODT_C: ODT state changes after the transition period with asynchronous behavior

TasLe 75: ODT ParameTERs FOR POWER-DOWN (DLL OFF) EnTRY AND ExiT TRANSITION PERIOD

Description MIN MAX
POWER-DOWN entry transition period (POWER-DOWN entry) Greater of: tANpp or 'RFC - REFRESH to CKE LOW
POWER-DOWN entry transition (POWER-DOWN exit) 'ANpp . IXPDLL
ODT to RTT TURN-ON delay (ODTL on = WL - 2) Lesser of: tANpp (MIN) [1ns] or Lesser of: 'ANpp (MIN) [1ns] or
ODL on x ICK + tAON (MIN) ODL on x 'CK + tAON (MIN)
ODT to RTT TURN-OFF delay (ODTL off = WL - 2) Lesser of: tAOFpp (MIN) [1ns] or Lesser of: tAOFpp (MIN) [1ns] or
ODL off x {ICK + tAOF (MIN) ODL off x tCK + tAOF (MIN)
'ANpp WL - 1 (Greater of ODTL off + 1 or ODTL on + 1)
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Ficure 110 - SynNncHRONOUS TO AsYNCHRONOUS TRANSITION DuRING PRECHARGE Power-Down (DLL OFF) ENTRY
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Time Scale

Notes: 1. AL=0; CWL =5; ODTL off=WL -2 =3.

ASYNCHRONOUS TO SYNCHRONOUS ODT MODE TRANSITION (POWER-DOWN EXIT)

TheSDRAM’sODTmayexhibiteitherasynchronousorsynchronousbehaviorduringPOWER-DOWNEXIT (PDX).Thistransitionperiodoccursifthe
DLLisselectedtobeoffwheninPRECHARGE POWER-DOWNmodebysettingMRO[12]to“0”. POWER-DOWN exitbegins tANPD priorto CKEfirst
beingregisteredHIGHanditendstXPDLL after CKE isfirstregistered HIGH. tANPDisequaltothe greaterof ODTLoff + 1{CKorODTLon+11CK. The
transition period is tANPD plus tXPDLL.

ODTassertionduringPOWER-DOWN exitresultsinanRTTchangeasearlyasthelesserofAONPD (MIN)andODTLonxtCK+tAON(MIN)oraslate
asthegreateroftAONPD (MAX)andODTLonx!CK+tAON (MAX).ODT de-assertionduringPOWER-DOWNEXITmayresultinanRTTchangeasearly
asthelesseroftAOFPD (MIN)and OF TLoffx {CK+tAOF (MIN) oraslate as the greater oftAOFPD (MAX) and ODTL off xICK +tAOF (MAX). Table 75
summarizes these parameters.

Ifthe ALhasalargevalue, the uncertainty ofthe RTT state becomes quitelarge. Thisisbecause ODTLonand ODTL offare derived fromthe WL, and
the WL is equal to CWL + AL. Figure 111 shows three different cases.

*ODT C: Asynchronous behavior before tANPD

» ODTB:ODTstatechangesduringthetransitionperiodwitht AOFPD (MIN) lessthanODTLoffx{CK+tAOF (MIN)andOD TLoffx{CK
+ tAOF (MAX) greater than tAOFPD (MAX)

*ODT A: ODT state changes after the transition period with synchronous response
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Ficure 111 - AsyncHRONOUS TO SYNCHRONOUS TRANSITION DURING PRECHARGE Power-Down (DLL OFF) ExiT
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ASYNCHRONOUS TO SYNCHRONOUS ODT MODE TRANSITION (SHORT CKE PULSE)

IfthetimeinthePRECHARGEPOWERDOWNorIDLEstatesisveryshort(short CKELOWpules),the POWER-DOWNENTRY andPOWER-DOWNEXIT
transitionperiodswilloverlap.Whenoverlapoccurs,theresponse ofthe SDRAM’s RTTtoachangeinthe ODT state maybe synchronousorasynchro-
nousfromthestartofthe POWER-DOWNENTRY transitionperiodtotheendofthe POWER-DOWN EXIT transitionperiodevenifthe ENTRY period
ends later than the EXIT period. (see Figure 112).

Ifthetimeintheidlestateisveryshort(short CKEHIGHpulse),the POWER-DOWNEXITandPOWER-DOWNENTRY transitionperiodsoverlap.When
thisoverlapoccurs,theresponseofthe SDRAM’s RT Ttoachangeinthe ODT statemaybesynchronous orasynchronousfromthestartofthe POWER-
DOWN EXIT transition period to the end of the POWER-DOWN ENTRY transition period (see Figure 113).

Ficure 112 - TrRansITION PERIOD FOR SHORT CKE LOW CycLEs witH ENTRY AND ExiT PERIOD OVERLAPPING
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Time Scale

Notes: 1. AL=0, WL =5, 'ANPD = 4.

Ficure 113 - TrRansITION PERIOD FOR SHORT CKE HIGH CycLes witH ENTRY AND ExiT PERIOD OVERLAPPING
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Notes: 1. AL=0, WL =5, 'ANPD = 4.
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before placing orders and should verify that such information is current and complete. STACKED Technologies does not assume any liability arising
out of the application or use of any product or circuit described herein. In no event shall any liability exceed the product purchase price. STACKED
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