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512M : 16M x 32bit Mobile DDR SDRAM
FEATURES

- 1.8V power supply, 1.8V I/O power
- LVCMOS compatible with multiplexed address.
- Double-data-rate architecture; two data transfers per clock
cycle
- Bidirectional data strobe(DQS)
- Four banks operation.
- MRS cycle with address key programs.
- CAS latency (2, & 3).
- Burst length (2, 4, & 8).
- Burst type (Sequential & Interleave).
- Differential clock inputs(CK and CKB).
- EMRS cycle with address key programs.
- PASR(Partial Array Self Refresh).
- DS (Driver Strength)
- Internal auto TCSR
(Temperature Compensated Self Refresh)
- Deep power-down(DPD) mode.
- DM for write masking only.
- Auto refresh and self refresh modes.
- 64ms refresh period (8K cycle).
- Operating temperature range (-25C ~ 85T).

Table 1: ORDERING INFORMATION

GENERAL DESCRIPTION

This EMD12324PV is 536,870,912 bits synchronous double data
rate Dynamic RAM. Each 134,217,728 bits bank is organized as
8,192 rows by 512columns by 32 bits, fabricated with EMLSI's
high performance CMOS technology.

This device uses a double data rate architecture to achieve high-
speed operation. The double data rate architecture is essentially
a 2n-prefetch architecture with an interface designed to transfer
two data words per clock cycle at the 1/O balls.

Range of operating frequencies, programmable burst lengths
and programmable latencies allow the same device to be useful
for a variety of high bandwidth and high performance memory
system applications.

Part No. Max Freq. Interface Package Remark
EMD12324PV-60(DDR332) 166Mk(CL3), 111ML(CL2)
LVCMOS 90FBGA.
EMD12324PV-75(DDR266) 133Mk(CL3), 83Mk(CL2)

NOTE :

1. EMLSI is not designed or manufactured for use in a device or system that is used under circumstance in which human life is potentially at stake.
Please contact to the memory marketing team in EMLSI when considering the use of a product contained herein for any specific purpose,
such as medical, aerospace, nuclear, military, vehicular or undersea repeater use.

2 Rev 0.0



Preliminary

Inal © EMD12324PV
e iemtsy gt Bkt Y 512M: 16M x 32 Mobile DDR SDRAM
90Ball FBGA ASSIGNMENT
Top View
(Ball seen through the package)
1 23 4506 7 8 9 90-BALL (6x15) CSP

SEXX XNl X X — T
5000000008 | | T T
000000 0080 ¢ | vsso [Dpo27 |Dpo2s | pgie [ Dpo20 | voDoQ
D000 00O 000 o | vooQ [Do25 | D26 | Q2 [ DQ22 | vssg
F 000000000 E|vsso [pos |Dpo2¢ | pg2s | Dpos2 |vobo
Foe00000 000 Flvoo [oms |ne NC M2 | vss
cC0e00000 000 6 |cke |ck CKB WEB | CASB | RASB
HOeO0OOOOO 00O Ho| A9 a1t | a12ne | csB BAO | BAL
1 000000 000 1| As AT A8 AL0AP | AO Al
NN X N JONONON N N _ K | a4 DML | AS A2 MO | A3
SN X X JOROON X X | L | vsso | Dgst [ Dos DQ7 DQSO | VDDQ
MOOOOOOO00O [ vooo | oos [ogio [ogs  [oge | vsso
AN N N NONONON N N N | vsso [Doit [Dpo12 | Dg3 Q4 | vDDQ
N X N JOROEON X X ) p [voog | po13 |Dous | oot DQ2 | vssQ
R 00000000 R [vss |pqis |vssq |[voog |DQo |vbD

3 Rev 0.0



[

Emerging Memory & Logic Solutions Inc,

Preliminary

EMD12324PV

512M: 16M x 32 Mobile DDR SDRAM

Table 2: Pad Description

Symbol

Type

Descriptions

CK, CKB

Input

Clock : CK and CKB are differential clock inputs. All address and control input signals are sampled on

the crossing of the positive edge of CK and negative edge of CKB. Input and output data is referenced
to the crossing of CK and CKB(both directions of crossing). Internal clock signals are derived from CK/
CKB.

CKE

Input

Clock Enable : CKE HIGH activates, and CKE LOW deactivates internal clock signals, and device input
buffers and output drivers. Taking CKE LOW provides PRECHARGE POWER-DOWN and SELF
REFRESH operation(all banks idle), or ACTIVE POWER-DOWN(row ACTIVE in any bank). CKE is
synchronous for all functions except for SELF REFRESH EXIT, which is achieved asynchronously.
Input buffers, excluding CK, CKB and CKE, are disabled during power-down and self refresh mode
which are contrived for low standby power consumption.

CSB

Input

Chip Select : CSB enables (registered LOW) and disables (registered HIGH) the command decoder. All
commands are masked when CSB is registered HIGH. CSB provides for external bank selection on
systems with multiple banks. CSB is considered part of the command code.

RASB, CASB,
WEB

Input

Command Inputs: CASB, RASB, and WEB(along with CSB) define the command being entered.

DMO~DM3

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when
DM is sampled. HIGH along with that input data during a WRITE access. DM is sampled

on both edges of DQS. Data Mask pins include dummy loading internally, to match the DQ
and DQS loading.

BAO, BA1

Input

Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, READ, WRITE or PRECHARGE
command is being applied.

A0 ~ Al12

Input

Address Inputs: provide the row address for ACTIVE commands, and the column address and AUTO

PRECHARGE bit for READ / WRITE commands, to select one location out of the memory array in the
respective bank. The address inputs also provide the op-code during a MODE REGISTER SET com-

mand.

DQO0~DQ31

110

Data Bus: Input / Output

DQS0~DQS3

110

Data Strobe: Output with read data, input with write data. Edge-aligned with read data,
center-aligned with write data. Used to capture write data. For x32 device, DQSO0 corresponds
to the data on DQO-DQ7, DQS1 corresponds to the data on DQ8-DQ15, DQS2 corresponds
to the data on DQ16-DQ23, and DQS3 corresponds to the data on DQ24-DQ31.

VDD

Supply

Power Supply
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Device Operation

Simplified State Diagram

Power
applied
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All Banks
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All banks

Auto
Refresh

Active
Power
Down

Active

WRITE

WRITE WRITEA READ

' — READ

WRITEA ' READA

READA
READ A
PRE
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Precharge
PRE
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—3 Automatic Sequence
—» Command Sequence
ACT = Active EMRS = Ext. Mode Reg. Set REFSX = Exit Self Refresh
BST = Burst Terminate MRS = Mode Register Set READ = Read w/o Auto Precharge
CKEL = Enter Power-Down PRE = Precharge READA = Read with Auto Precharge
CKEH =Exit Power-Down PREALL = Precharge All Banks WRITE = Write w/o Auto Precharge
DPDS = Enter Deep Power-Down REFA = Auto Refresh WRITEA = Write with Auto Precharge
DPDSX = Exit Deep Power-Down REFS = Enter Self Refresh
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FUNCTIONAL BLOCK DIAGRAM
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Electrical Specifications

Table 3: ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vin'VouTt -05~25 \%
Voltage on Vpp and Vppg supply relative to Vgg Vpp: Vopo -05~25 \
Storage temperature Tste -55 ~ +150 T
Power dissipation Pp 1.0 w
Short circuit current los 50 mA
NOTE :
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.
Table 4: DC OPERATING CONDITIONS
Recommended operating conditions (Voltage referenced to Vgg = 0V, Tp = -25°C~ 85°C for Extended)
Parameter Symbol Min Typ Max Unit Note
Vpp 1.7 1.8 1.95 \% 1
Supply voltage
Vbpo 1.7 1.8 1.95 \Y 1
Input logic high voltage ViH 0.8 x Vppo 1.8 Vppg + 0.3 \Y 2
Input logic low voltage ViL -0.3 0 0.3 \% 2
Output logic high voltage Vou 0.9 X Vppg - - \Y loy = -0.1mA
Output logic low voltage VoL - - 0.1x Vppo Y, loL = 0.1mA
Input leakage current I -2 - 2 LA
Output leakage current Lo -5 - 5 LA
NOTE :
1. Under all conditions, VDDQ must be less than or equal to VDD.
2. These parameters should be tested at the pin on actual components and may be checked at either the pin or the pad in simulation.
Table 5: CAPACITANCE (Vpp = 1.8V, Vppg = 1.8V, Ty = 25T, f=1Mz)
Pin Symbol Min Max Unit Note
Input capacitance
C
(ADD, BAO~1, RASB, CASB, WEB, CSB, CKE) IN1 L5 3.0 ot
Input capacitance(CK, CKB) Cinz 1.5 3.5 pF
Data & DQS input/output capacitance Cout 2.0 4.5 pF
Input capacitance(DM) Cinz 2.0 4.5 pF
7 Rev 0.0
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Table 6: DC CHARACTERISTICS

Recommended operating conditions (Voltage referenced to VSS =0V, Ty =-25TC to 857C)

Version
Parameter Symbol Test Condition Unit
-60 -75
Operating one bank tRC = tRCmin; tCK = tCKmin; CKE is H|GH, CSB is HIGH
active-precharge Ipbo between valid commands; address inputs are SWITCH- 100 80 mA
current ING; data bus inputs are STABLE
all banks idle, CKE is LOW; CSB is HIGH, tck = tckmins
Precharge power-down . CK ™ “Cmin
Ipp2p  |address and control inputs are SWITCHING; data bus 0.6
standby current ‘
inputs are STABLE
mA
Precharge power-down all banks idle, CKE is LOW; CSB is HIGH, CK = LOW,
standby current with| Ipp2ps |CKB = HIGH; address and control inputs are SWITCHING; 0.6
clock stop data bus inputs are STABLE
all banks idle, CKE is HIGH; CSB is HIGH, tck = tckmins
Precharge non power- .
| .
down standby current DD2N gddress and control inputs are SWITCHING; data bus 25 20
inputs are STABLE
mA
Precharge non power- all banks idle, CKE is HIGH; CSB is HIGH, CK = LOW,
down standby current| Ippans |CKB = HIGH; address and control inputs are SWITCHING; 5 5
with clock stop data bus inputs are STABLE
Acti d one bank active, CKE is LOW; CSB is HIGH, tck =
ctive power-down | . . )
standby current DD3P tCKm,n, address and control inputs are SWITCHING; data 8
bus inputs are STABLE
mA
Active power-down one bank active, CKE is LOW; CSB is HIGH, CK = LOW,
standby current with Ibpsps |CKB = HIGH; address and control inputs are SWITCHING; 5
clock stop data bus inputs are STABLE
Acti d one bank active, CKE is HIGH; CSB is HIGH, tck =
ctive non power-down | . . )
standby current DD3N tCKmm, address and control inputs are SWITCHING; data 25 25 mA
bus inputs are STABLE
Active non power-down one bank active, CKE is HIGH; CSB is HIGH, CK = LOW,
standby current with Ippans | CKB = HIGH; address and control inputs are SWITCHING; 10 10 mA
clock stop data bus inputs are STABLE
. one bank active; BL=4; CL=3; tck = tckmin; CcONtinuous
Operating burst read
curl)'rent g Ippar  |read bursts; lout = 0 mA; address inputs are SWITCHING; 160 130 mA
50% data change each burst transfer
. . one bank active; tck = tckmin; continuous write bursts;
Operating burst write .
cuprrent 9 Ippaw  |address inputs are SWITCHING; 50% data change each 130 105 mA
burst transfer
trc = trRrcmin: burst refresh; CKE is HIGH;
Auto-Refresh current Ipps  |address and control inputs are SWITCHING; data bus 120 120 mA
inputs are STABLE
] TCSR Range 45%1 85 °C
CKE is LOW, CK = LOW, CKB
= HIGH; Extended Mode Reg- Full Array 350 600
Self Refresh Current lbps ister set to all Os; address and
control inputs are STABLE; 1/2 of Full Array 250 500 pA
data bus inputs are STABLE
1/4 of Full Array 200 450
Deep Power-Down | Address and Control inputs are STABLE; 10 10 A
Current b8 data bus inputs are STABLE H
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NOTE :

1. IDD specifications are tested after the device is properly initialized
2.
3. Definitions for IDD:

Input slew rate is 1V/ns.

LOW is defined as Vy = 0.1 *VDDQ ;

HIGH is defined as V| = 0.9 * VDDQ ;

STABLE is defined as inputs stable at a HIGH or LOW level ;

SWITCHING is defined as :

- address and command : inputs changing between HIGH and LOW once per two clock cycles ;

- data bus inputs : DQ changing between HIGH and LOW once per clock cycle ; DM and DQS are STABLE

Table 7: AC OPERATING TEST CONDITIONS
(Vpp = 1.7V ~ 1.95V, T, =-25C ~85C for Extended)

Parameter Value Unit Note
AC input levels(Vih/Vil) 0.8 X Vppg /0.2 X Vppg \%
Input timing measurement reference level 0.5 X Vppg \
Input rise and fall time 1.0 V/ns
Output timing measurement reference level 0.5 X Vppg \
Vix 0.4 X Vppg(Min) /0.6 X Vppg(Max) \Y 3
Output load condition See Figure 2

NOTE :

1. Under all conditions, VDDQ must be less than or equal to VDD.
2. These parameters should be tested at the pin on actual components and may be checked at either the pin or the pad in simulation.

3. CK and CKB crossing voltage.

1.8V OVtt=0.5 X VDDQ

13.9kQ 508

_\/Ol_-k(DC) =0.9 X VDDQ’ IOH =-0.1nA

O
Output VoL (DC) = 0.1 > Vppg, loL =01 mh ooyt
10.6k2 20pF Lzom
Figure 1. DC Output Load Circuit Figure 2. AC Output Load Circuit
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Table 8: OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Parameter Sgcr)T- : 0 : i Unit | Note
Min Max Min Max
DQ output access time from CK/CKB tac 2 5 25 6.0 ns 3
DQS output access time from CK/CKB tbosck 2 5 2.5 6.0 ns
Clock high-level width tcH 0.45 0.55 0.45 0.55 tck
Clock low-level width toL 0.45 0.55 0.45 0.55 tck
Clock half period thp (tcTitzH) (tCTitZH) ns
CL=3 6 100 7.5 100 ns
Clock cycle time tek
CL=2 9 100 12 100 ns
DQ and DM input setup time tbs 1.0 1.0 ns 4,5
DQ and DM input hold time toH 1.0 1.0 ns 45
DQ and DM input pulse width toipw 1.8 2.0 ns
Address and control input setup time tis 1.1 1.3 ns 1
Address and control input hold time tin 1.1 1.3 ns 1
Address and control input pulse width tipw 2.6 2.6 ns
DQ & DQS low-impedance time from CK/CKB tz 1.0 1.0 ns
DQ & DQS high-impedance time from CK/CKB thz 5 6.0 ns
DQS - DQ skew tboso 0.6 0.6 ns
DQ / DQS output hold time from DQS ton | thp-toHs tHp-toHs ns
Data hold skew factor toHs 0.65 0.75 ns
Write command to 1st DQS latching transition tboss 0.75 1.25 0.75 1.25 tek
DQS input high-level width tbosH 0.4 0.6 0.4 0.6 tek
DQS input low-level width toosL 0.4 0.6 0.4 0.6 tek
DQS falling edge to CK rising - setup time tbss 0.2 0.2 tek
DQS falling edge from CK rising - hold time tbsH 0.2 0.2 tek
MODE REGISTER SET command period tMRD 2 2 tck
Write preamble setup time twpPRrES 0 0 ns
Write postamble twpsT 0.4 0.6 0.4 0.6 tek
Write preamble tweRrE 0.25 0.25 tck

10
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-60 -75
Parameter Sgn?_ Unit | Note
@ Min Max Min Max
CL=2 0.5 11 0.5 11 tck
Read preamble trRPRE
Read postamble tRpsT 0.4 0.6 0.4 0.6 tek
ACTIVE to PRECHARGE command period tras 42 100,000 45 100,000 | ns
ACTIVE to ACTIVE command period tre 60 60 ns
AUTO REFRESH to
t
ACTIVE / AUTO REFRESH command period RFC 90 90 ns 6
ACTIVE to READ or WRITE delay treo 18 18 ns
PRECHARGE command period trp 18 225 ns
ACTIVE bank A to ACTIVE bank b delay tRrRD 18 21 ns
Column address to Column address delay tcep 1 1 tck
WRITE recovery time twr 15 15 ns
Auto precharge write recovery + precharge time| tpa. | twr+lrp twr+trp 2
Internal write to Read command delay twTr 1 1 tek
Self refresh exit to next valid command delay txsr 120 120 ns
Exit power down to next valid command delay txp tektis tekttis
CKE min. pulse width(high and low pulse width) | tcke 1 2 tek
Refresh Period tREF 64 64 ms
Note:
Table 9: Input Setup/Hold Slew Rate
Input Setup/Hold Slew Rate Ats Aty
(Vins) (ps) (ps)
1.0 0 0
0.8 +50 +50
0.6 +100 +100

1. This derating table is used to increase t,g/t; in the case where the input slew rate is below 1.0V/ns.
2. Minimum 5CK of tpa, (= twr * trp) is required because it need minimum 15ns for ty,r and minimum 3CK for tgp.
3. tac(min) value is measured at the high Vdd(1.95V) and cold temperature(-25°C).

tac(max) value is measured at the low Vdd(1.7V) and hot temperature(85°C).
tac is measured in the device with half driver strength and under the AC output load condition (Fig.2 in Page 8).
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Table 10: I/O Setup/Hold Slew Rate

I/O Setup/Hold Slew Rate Atps Atpy
(Vins) (ps) (ps)
1.0 0 0
0.8 +75 +75
0.6 +150 +150
4. This derating table is used to increase tpg/tpy in the case where the 1/0 slew rate is below 1.0V/ns.
Table 11: I/O Delta Rise/Fall Rate(1/slewrate)
Delta Rise/Fall Rate Atpg Atpy
(nstV) (ps) (ps)
0 0 0
+ 0.25 +50 +50
t+ 05 +100 +100

5. This derating table is used to increase tpg/tpy in the case where the DQ and DQS slew rates differ. The Delta Rise/Fall Rate is calculated as

1/SlewRatel-1/SlewRate2. For example, if slew rate 1 = 1.0V/ns and slew rate 2 = 0.8V/ns, then the Delta Rise/Fall Rate = -0.25ns/V.

6. Maximum burst refresh cycle : 8

12
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Functional Description

The 512Mb Mobile DDR SDRAM is a high-speed CMOS, dynamic random-access memory containing 536,870,912-
bits. It is internally configured as a quad-bank DRAM. Each of the 134,217,728-bit banks is organized as 8,192 rows by
512 columns by 32 bits.

The 512Mb Mobile DDR SDRAM uses a double data rate architecture to achieve high-speed operation. The double
data rate architecture is essentially a 2n-prefetch architecture, with an interface designed to transfer two data words
per clock cycle at the 1/0 balls. single read or write access for the 512Mb Mobile DDR SDRAM consists of a single 2n-
bit wide, one-clock-cycle data transfer at the internal DRAM core and two corresponding n-bit wide, one-half-clock-
cycle data transfers at the 1/0O balls.

Read and write accesses to the Mobile DDR SDRAM are burst oriented; accesses start at a selected location and con-
tinue for a programmed number of locations in a programmed sequence. Accesses begin with the registration of an
ACTIVE command, which is then followed by a READ or WRITE command. The address bits registered coincident
with the ACTIVE command are used to select the bank and row to be accessed (BAO, BA1 select the bank; A0-A12
select the row). The address bits registered coincident with the READ or WRITE command are used to select the start-
ing column location for the burst access.

It should be noted that the DLL signal that is typically used on standard DDR devices is not necessary on the Mobile
DDR SDRAM. It has been omitted to save power. Prior to normal operation, the Mobile DDR SDRAM must be initial-
ized. The following sections provide detailed information covering device initialization, register definition, command
descriptions and device operation.

Initialization

Mobile DDR SDRAMs must be powered up and initialized in a predefined manner. Operational procedures other than
those specified may result in undefined operation. If there is an interruption to the device power, the initialization rou-
tine should be followed to ensure proper functionality of the Mobile DDR SDRAM. The clock stop feature is not avail-
able until the device has been properly initialized.

To properly initialize the Mobile DDR SDRAM, this sequence must be followed:

1. To prevent device latch-up, it is recommended the core power (VDD) and I/O power (VDDQ) be from the same
power source and brought up simultaneously. If separate power sources are used, VDD must lead VDDQ.

2. Once power supply voltages are stable and the CKE has been driven HIGH, it is safe to apply the clock.

3. Once the clock is stable, a 200us (minimum) delay is required by the Mobile DDR SDRAM prior to applying an exe
cutable command. During this time, NOP or DESELECT commands must be issued on the command bus.

4. Issue a PRECHARGE ALL command.

5. Issue NOP or DESELECT commands for at least tRP time.

6. Issue an AUTO REFRESH command followed by NOP or DESELECT commands for at least tRFC time. Issue a
second AUTO REFRESH command followed by NOP or DESELECT commands for at least tRFC time. As part of
the initialization sequence, two AUTO REFRESH commands must be issued. Typically, both of these com
mands are issued at this stage as described above. Alternately, the second AUTO-REFRESH command and NOP
or DESELECT sequence can be issued between steps 10 and 11.

7. Using the LOAD MODE REGISTER command, load the standard mode register as desired.

. Issue NOP or DESELECT commands for at least tMRD time.

9. Using the LOAD MODE REGISTER command, load the extended mode register to the desired operating modes.
Note that the sequence in which the standard and extended mode registers are programmed is not critical.

10. Issue NOP or DESELECT commands for at least tMRD time.

11. The Mobile DDR SDRAM has been properly initialized and is ready to receive any valid command.

[ee]
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Register Definition

Mode Registers

The mode registers are used to define the specific mode of operation of the Mobile DDR SDRAM. There are two mode
registers used to specify the operational characteristics of the device. The standard mode register, which exists for all
SDRAM devices, and the extended mode register, which exists on all Mobile SDRAM devices.

Standard Mode Register

The standard mode register definition includes the selection of a burst length, a burst type, a CAS latency and an oper-
ating mode, as shown in page 15. The standard mode register is programmed via the LOAD MODE REGISTER SET
command (with BAO = 0 and BA1 = 0) and will retain the stored information until it is programmed again. Reprogram-
ming the standard mode register will not alter the contents of the memory, provided it is performed correctly. The mode
register must be loaded (reloaded) when all banks are idle and no bursts are in progress, and the controller must wait
the specified time before initiating the subsequent operation. Violating either of these requirements will result in
unspecified operation. Mode register bits A0-A2 specify the burst length, A3 specifies the type of burst (sequential or
interleaved), A4-A6 specify the CAS latency, and A7-A12 specify the operating mode.

Note: Standard refers to meeting JEDEC-standard mode register definitions.

Burst Length

Read and write accesses to the Mobile DDR SDRAM are burst oriented, with the burst length being programmable, as
shown in page 15. The burst length determines the maximum number of column locations that can be accessed for a
given READ or WRITE command. Burst lengths of 2, 4, or 8 are available for both the sequential and the interleaved
burst types.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this is referred to as the burst
type and is selected by A3. The ordering of accesses within a burst is determined by the burst length, the burst type
and the starting column address. See Table 17~19 on page 17 for more information.

CAS Latency
The CAS latency is the delay, in clock cycles, between the registration of a READ command and the availability of the
first bit of output data. The latency can be set to 2 or 3 clocks, as shown in page 15.

For CL = 3, if the READ command is registered at clock edge n, then the data will nominally be available at (n + 2
clocks + tAC). For CL = 2, if the READ command is registered at clock edge n, then the data will be nominally be avail-
able at (n + 1 clock + tAC).

Reserved states should not be used as unknown operation or incompatibility with future versions may result.

Operating Mode

The normal operating mode is selected by issuing a LOAD MODE REGISTER SET command with bits A7-A12 each
set to zero, and bits A0-A6 set to the desired values. All other combinations of values for A7-A12 are reserved for
future use and/or test modes. Test modes and reserved states should not be used because unknown operation or
incompatibility with future versions may result.

14 Rev 0.0



Preliminary

1nm o EMD12324PV

; II':.l.l.;c;“ilbg..\:h":ulqu'& I.n.‘:“h' Solutions Inc. 512M 16M X 32 M0b||e DDR SDRAM

Extended Mode Register
The extended mode register controls functions specific to low power operation. These additional functions include
drive strength, temperature compensated self refresh, and partial array self refresh.

This device has default values for the extended mode register (if not programmed, the device will operate with the
default values . PASR = Full Array, DS = Full Drive).

Temperature Compensated Self Refresh

On this version of the Mobile DDR SDRAM, a temperature sensor is implemented for automatic control of the self
refresh oscillator on the device. Programming of the temperature compensated self refresh (TCSR) bits will have no
effect on the device. The self refresh oscillator will continue refresh at the factory programmed optimal rate for the
device temperature.

Partial Array Self Refresh

For further power savings during SELF REFRESH, the PASR feature allows the controller to select the amount of
memory that will be refreshed during SELF REFRESH. Low Power DDR SDRAM supports 3 kinds of PASR in self
refresh mode : Full Array, 1/2 of Full Array and 1/4 of Full Array.

Partial Self
Refresh Area
BA1=0 [BA1=0 BA1=0 | BA1=0 BA1=0 | BA1=0
BAO=0 |BAO=1 BAO=0 | BAO=1 BAO=0 | BAO=1
BA1=1 |[BA1=1 BAl=1 | BAl=1 BAl1l=1 | BAl=1
BAO=0 [BAO=1 BAO=0 | BAO=1 BAO=0 | BAO=1
- Full Array - 1/2 Array - 1/4 Array

Output Driver Strength

Because the Mobile DDR SDRAM is designed for use in smaller systems that are mostly point to point, an option to
control the drive strength of the output buffers is available. Drive strength should be selected based on the expected
loading of the memory bus. Bits A5 and A6 of the extended mode register can be used to select the driver strength of
the DQ outputs.

Stopping the External Clock

One method of controlling the power efficiency in applications is to throttle the clock which controls the Mobile DDR
SDRAM. There are two basic ways to control the clock:

1. Change the clock frequency, when the data transfers require a different rate of speed.

2. Stopping the clock altogether.

Both of these are specific to the application and its requirements and both allow power savings due to possible less
transitions on the clock path.

The Mobile DDR SDRAM allows the clock to change frequency during operation, only if all the timing parameters are
met with respect to that change and all refresh requirements are satisfied.

The clock can also be stopped all together, if there are no data accesses in progress, either WRITEs or READSs that
would be effected by this change; i.e., if a WRITE or a READ is in progress the entire data burst must be through the
pipeline prior to stopping the clock. CKE must be held HIGH with CK = LOW and CKB = HIGH for the full duration of
the clock stop mode. One clock cycle and at least one NOP is required after the clock is restarted before a valid com-
mand can be issued.

It is recommended that the Mobile DDR SDRAM should be in a precharged state if any changes to the clock frequency
are expected. This will eliminate timing violations that may otherwise occur during normal operational accesses.

15 Rev 0.0



Preliminary

dan1 e EMD12324PV

Emiéroing Memoey & Loghe Solatons Iic: 512M: 16M x 32 Mobile DDR SDRAM

Table 12: MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with Normal MRS

Address BAO ~ BA1 Al12 ~ A10/AP A9 A8 A7 A6 A5 A4 A3 A2 Al A0
) "0" Setting for 1 Operating
Function Normal MRS RFU Mode CAS Latency BT Burst Length
NOTE :
1. RFU(Reserved for future use) should stay “0” during MRS cycle.
Table 13: Normal MRS Mode
Operating Mode CAS Latency Burst Type Burst Length
A8 | A7 Type A6 | A5 | A4 Latency A3 Type A2 | A1 | AO DDR
0 0 Mode Register Set 0 0 0 Reserved 0 Sequential 0 0 0 Reserved
0 1 Reserved 0 0 1 Reserved 1 Interleave 0 0 1 2
1 0 Reserved 0 1 0 2 Mode Select 0 1 0 4
1 1 Reserved 0 1 1 3 BA1 BAO Mode 0 1 1 8
- - - 1 0 0 Reserved 1 0 0 Reserved
Setting
- - - 1 0 1 Reserved 1 0 1 Reserved
0 0 for Nor-
- - - 1 1 0 Reserved mal 1 1 0 Reserved
MRS
- - - 1 1 1 Reserved 1 1 1 Reserved

Mode Register Set

0
A X
cK - -

|

! Precharge !

Command All Banks f
I

|

|

|

|
I tex |
i

*1

Mode ! Any
Register Set Command
T 1

! 2 Clockimin. |
I [ |

NOTE :

1. MRS can be issued only at all bank precharge state.
2. Minimum tRP is required to issue MRS command.
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Table 14: Register Programmed with Extended MRS

Address BA1l BAO A12 ~ A10/AP A9 A8 A7 A6 A5 A4 A3 A2 Al AO
Function Mode Select RFU™ DS RFU™L PASR
NOTE :

1. RFU(Reserved for future use) should stay “0” during MRS and EMRS cycle.

Table 15: EMRS for PASR(Partial Array Self Refresh) & DS(Driver Strength)

Mode Select Driver Strength PASR
BALl | BAO MODE A6 | A5 DUVES A2 | AL | A0 Size of Refreshed Array
Strength
0 0 Normal MRS 0 0 Full 0 0 0 Full Array
0 1 Reserved 0 1 1/2 0 0 1 1/2 of Full Array
1 0 EMRS for DDR SDRAM 1 0 1/4 0 1 0 1/4 of Full Array
1 1 Reserved 1 1 1/8 0 1 1 Reserved
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Table 16: Internal Temperature Compensated Self Refresh (TCSR)

Self Refresh Current (Ipp 6)
Temperature Range Unit
Full Array 1/2 of Full Array 1/4 of Full Array
Max 85C 600 500 450
LA
Max 45C 350 250 200
NOTE :

1. In order to save power consumption, Mobile DDR SDRAM includes the internal temperature sensor and control units to control the
self refresh cycle automatically according to the two temperature range : Max 85C, Max 45C

2. If the EMRS for external TCSR is issued by the controller, this EMRS code for TCSR is ignored.

3.Ithas +/- 5 C tolerance.
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BURST SEQUENCE

Table 17: BURST LENGTH =2

Initial Address

Sequential Interleave
AO
0 1
1 0
Table 18: BURST LENGTH =4
Initial Address
Sequential Interleave
Al A0
0 0 1 1 2 3
0 1 2 0 3 2
1 0 3 3 0 1
1 1 0 2 1 0
Table 19: BURST LENGTH =8
Initial Address
Sequential Interleave
A2 Al A0
0 0 0 0 3 4 6 3 4 6 7
0 0 1 1 4 5 7 2 5 7 6
0 1 0 2 5 6 0 1 6 4 5
0 1 1 3 6 7 1 0 7 5 4
1 0 0 4 7 0 2 7 0 2 3
1 0 1 5 0 1 3 6 1 3 2
1 1 0 6 1 2 4 5 2 0 1
1 1 1 7 2 3 5 4 3 1 0
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Commands

DESELECT

The DESELECT function (CSB HIGH) prevents new commands from being executed by the Mobile DDR SDRAM. The
Mobile DDR SDRAM is effectively deselected. Operations already in progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to instruct the selected DDR SDRAM to perform a NOP (CSB = LOW,
RASB = CASB = WEB = HIGH). This prevents unwanted commands from being registered during idle or wait states.
Operations already in progress are not affected.

LOAD MODE REGISTER

The mode register is loaded via inputs A0-A12, BAO, BAl. The LOAD MODE REGISTER and LOAD EXTENDED
MODE REGISTER commands can only be issued when all banks are idle, and a subsequent executable command
cannot be issued until tMRD is met.

The values of the mode register and extended mode register will be retained even when exiting deep power-down.

ACTIVE

The ACTIVE command is used to open (or activate) a row in a particular bank for a subsequent access. The value on
the BAO, BA1 inputs selects the bank, and the address provided on inputs A0-A12 selects the row. This row remains
active (or open) for accesses until a PRECHARGE command is issued to that bank. A PRECHARGE command must
be issued before opening a different row in the same bank.

READ

The READ command is used to initiate a burst read access to an active row. The value on the BAO, BA1 inputs selects
the bank, and the address provided on inputs AO-A8 selects the starting column location. The value on input A10
determines whether or not auto precharge is used. If auto precharge is selected, the row being accessed will be pre-
charged at the end of the READ burst; if auto precharge is not selected, the row will remain open for subsequent
accesses.

WRITE

The WRITE command is used to initiate a burst write access to an active row. The value on the BAO, BA1 inputs
selects the bank, and the address provided on inputs A0-A8 selects the starting column location. The value on input
A10 determines whether or not auto precharge is used. If auto precharge is selected, the row being accessed will be
precharged at the end of the WRITE burst; if auto precharge is not selected, the row will remain open for subsequent
accesses. Input data appearing on the DQs is written to the memory array subject to the DM input logic level appearing
coincident with the data. If a given DM signal is registered LOW, the corresponding data will be written to memory; if
the DM signal is registered HIGH, the corresponding data inputs will be ignored, and a WRITE will not be executed to
that byte/column location.

PRECHARGE

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row access a specified time (tRP) after the precharge command is issued.
Except in the case of concurrent auto precharge, where a READ or WRITE command to a different bank is allowed as
long as it does not interrupt the data transfer in the current bank and does not violate any other timing parameters.
Input A10 determines whether one or all banks are to be precharged, and in the case where only one bank is to be pre-
charged, inputs BAO, BA1 select the bank. Otherwise BAO, BAL are treated as “Don’t Care”. Once a bank has been
precharged, it is in the idle state and must be activated prior to any READ or WRITE commands being issued to that
bank. A PRECHARGE command will be treated as a NOP if there is no open row in that bank (idle state), or if the pre-
viously open row is already in the process of precharging.
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AUTO PRECHARGE

AUTO PRECHARGE is a feature which performs the same individual-bank precharge function described above, but
without requiring an explicit command. This is accomplished by using A10 to enable auto precharge in conjunction with
a specific READ or WRITE command. A precharge of the bank/row that is addressed with the READ or WRITE com-
mand is automatically performed upon completion of the READ or WRITE burst. Auto precharge is nonpersistent in
that it is either enabled or disabled for each individual READ or WRITE command. This device supports concurrent
auto precharge if the command to the other bank does not interrupt the data transfer to the current bank.

AUTO PRECHARGE ensures that the precharge is initiated at the earliest valid stage within a burst. This “earliest valid
stage” is determined as if an explicit PRECHARGE command was issued at the earliest possible time, without violating
tRAS (MIN), as described for each burst type in “Operations”. The user must not issue another command to the same
bank until the precharge time (tRP) is completed.

BURST TERMINATE

The BURST TERMINATE command is used to truncate READ bursts (with auto precharge disabled). The most
recently registered READ command prior to the BURST TERMINATE command will be truncated, as shown in “Oper-
ations”. The open page which the READ burst was terminated from remains open.

AUTO REFRESH

AUTO REFRESH is used during normal operation of the Mobile DDR SDRAM and is analogous to CAS-BEFORE-
RAS (CBR) REFRESH in FPM/EDO DRAMs. This command is nonpersistent, so it must be issued each time a refresh
is required.

The addressing is generated by the internal refresh controller. This makes the address bits a “Don’t Care” during an

AUTO REFRESH command. The 512Mb Mobile DDR SDRAM requires AUTO REFRESH cycles at an average inter-
val of 15.625us (maximum).

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. Although not a JEDEC requirement, to provide for future functionality features, CKE must be
active (HIGH) during the auto refresh period. The auto refresh period begins when the AUTO REFRESH command is
registered and ends tRFC later.

Auto Refresh

7/
trRP tRFC

CKB By " -“ ’r Ir ;
I | I I I I I I I I I I
I =\ I I Ao\ I I I I I I I

Auto / \
Command —+ PRE } } Refresh } t f } } } CMD !
I I I M I I I I I I | I
I I I I I I | | | I
o I I I I I I I I I I
CKE = High I I I I I I I I I I
| t t t t t t t t |
I I I I I I I I I I

20 Rev 0.0



Preliminary

A < EMD12324PV

; II':.l.l.;c;“hbH..;'l.qlullqu'& I.n.‘:“h' Solutions Inc. 512M 16M X 32 M0b||e DDR SDRAM

SELF REFRESH

The SELF REFRESH command can be used to retain data in the Mobile DDR SDRAM, even if the rest of the system
is powered down. When in the self refresh mode, the Mobile DDR SDRAM retains data without external clocking. The
SELF REFRESH command is initiated like an AUTO REFRESH command except CKE is disabled (LOW). All com-
mand and address input signals except CKE are “Don’t Care” during SELF REFRESH.

During SELF REFRESH, the device is refreshed as identified in the external mode register (see PASR setting). For
the full array refresh, all four banks are refreshed simultaneously with the refresh frequency set by an internal self
refresh oscillator. This oscillator changes due to the temperature sensor’s input. As the case temperature of the Mobile
DDR SDRAM increases, the oscillation frequency will change to accommodate the change of temperature. This hap-
pens because the DRAM capacitors lose charge faster at higher temperatures. To ensure efficient power dissipation
during self refresh, the oscillator will change to refresh at the slowest rate possible to maintain the devices data.

The procedure for exiting SELF REFRESH requires a sequence of commands. First, CK must be stable prior to CKE
going back HIGH. Once CKE is HIGH, the Mobile DDR SDRAM must have NOP commands issued for tXSR is
required for the completion of any internal refresh in progress.

Self Refresh

" B
Active }

/" Self \ " / CMD

"
|

Command —t
| \Refresly
|
I
|

CKE = High \

b

I
T
XSR |
|
I
.

DEEP POWER-DOWN

The operating mode deep power-down achieves maximum power reduction by eliminating the power of the whole
memory array of the device. Array data will not be retained once the device enters deep power-down mode.

This mode is entered by having all banks idle then CSB and WEB held LOW with RASB and CASB held HIGH at the
rising edge of the clock, while CKE is LOW. This mode is exited by asserting CKE HIGH.
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Operations

Bank/Row Activation

The Bank Activation command is issued by holding CASB and WEB high with CSB and RASB low at the rising edge of
the clock(CK). The DDR SDRAM has four independent banks, so two bank select addresses(BAO, BA1) are required.
The Bank Activation command must be applied before any READ or WRITE operation is executed. The delay from the
Bank Activation command to the first READ or WRITE command must meet or exceed the minimum of RAS to CAS
delay time(tRCD min). Once a bank has been activated, it must be precharged before another Bank Activation com-
mand can be applied to the same bank. The minimum time interval between interleaved Bank Activation com-
mands(Bank A to Bank B and vice versa) is the Bank to Bank delay time(tRRD min).

Bank Activation Command Cycle

CKB----
CK .
| | | | | | |
Bar;k A : : Bar;k A Barllk B : Bar;k A
Address <R0w Address>_< >’< >_< Col. Addr. >’ _____ —< Row Addr. >_< >_< Row. Addr. >—
I RAS - CAS delay(trcp) | 1| RAS - RAS delay time(trRrp)i
h T I \ h I f
Bank A Write Bank B Bank A
Command < Activate >_< NOP >_< NoP with Auto >> _____ ‘< Activate >_< NoP >_< Activate >7
) j j Precharge ) T j
l I | ! | | |
' ! ! 1 Row Cycle Time(tRC) ! ! ! |:|: Don't care
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READs
READ bursts are initiated with a READ command.

The starting column and bank addresses are provided with the READ command and auto precharge is either enabled
or disabled for that burst access. If auto precharge is enabled, the row being accessed is precharged at the completion
of the burst. For the READ commands used in the following illustrations, auto precharge is disabled.

During READ bursts, the valid data-out element from the starting column address will be available following the CAS
latency after the READ command. Each subsequent data-out element will be valid nominally at the next positive or
negative clock edge (i.e., at the next crossing of CK and CKB). DQS is driven by the Mobile DDR SDRAM along with
output data. The initial LOW state on DQS is known as the read preamble; the LOW state coincident with the last data-
out element is known as the read postamble.

Upon completion of a burst, assuming no other commands have been initiated, the DQs will go High-Z.

Data from any READ burst may be concatenated with or truncated with data from a subsequent READ command. In
either case, a continuous flow of data can be maintained. The first data element from the new burst follows either the
last element of a completed burst or the last desired data element of a longer burst which is being truncated. The new
READ command should be issued x cycles after the first READ command, where x equals the number of desired data
element pairs (pairs are required by the 2n-prefetch architecture).

A READ command can be initiated on any clock cycle following a previous READ command.
Burst Read Operation < Burst Length=4, CAS Latency=2, 3) >

0 1 2 3
CKB ~ R R Ry R
CK _7|. A / A\ ] A f A .

| | | | | | | | |
command ( reap W nop W wop W nop W wop W nor W nop W nor W nop -
[

|
| tRPRE T
|
|

|
N
|

I | I I I I

I | I I I I

DQS [ NN | 1 i [ T

CcL2 I I | I I I I
I I | I I I I

DQ’s : L Dout OXDout 1XDout 2XDout 3—+ L L L I

I | I I I I

I I | | | I I I I

! | | tRPRE T 7 I I I I

DQS T T \ | | /—l\_/ T T T T

I I T | | I I I I

CL3 I I I I I I I
DQ’s : : : Dout OXDout 1XDout 2XDout 3 : : : :

I I I I I I I
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Read Interrupted by a Read < Burst Length=4, CAS Latency =2 >

Command< E/:\DA>—< READB>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >>

|
|
DQ's :
|

CL2

Truncated READs

Data from any READ burst may be truncated with a BURST TERMINATE command. The BURST TERMINATE latency
is equal to the READ (CAS) latency, i.e., the BURST TERMINATE command should be issued x cycles after the READ
command, where x equals the number of desired data element pairs (pairs are required by the 2n-prefetch architec-
ture).

Data from any READ burst must be completed or truncated before a subsequent WRITE command can be issued. If
truncation is necessary, the BURST TERMINATE command must be used.

A READ burst may be followed by, or truncated with, a PRECHARGE command to the same bank provided that auto
precharge was not activated. The PRECHARGE command should be issued x cycles after the READ command,
where x equals the number of desired data element pairs (pairs are required by the 2n-prefetch architecture). Follow-
ing the PRECHARGE command, a subsequent command to the same bank cannot be issued until tRP is met.

Note: Part of the row precharge time is hidden during the access of the last data elements.

Read Interrupted by a Write & Burst Stop < Burst Length:4, CAS Latency =2 >

DQS

CL2
DQ’s

CKBJ_\HX_\X_\

I 1ICK |

- .
|
Command< READ >—<Precharge>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—
|

| |
DQS : :
| |

CL2

DQ’s

| | Interrupted by precharge |
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WRITEs

WRITE bursts are initiated with a WRITE command. The starting column and bank addresses are provided with the
WRITE command, and auto precharge is either enabled or disabled for that access. If auto precharge is enabled, the
row being accessed is precharged at the completion of the burst. For the WRITE commands used in the following illus-
trations, auto precharge is disabled. During WRITE bursts, the first valid data-in element will be registered on the first
rising edge of DQS following the WRITE command, and subsequent data elements will be registered on successive
edges of DQS. The LOW state on DQS between the WRITE command and the first rising edge is known as the write
preamble; the LOW state on DQS following the last data-in element is known as the write postamble.

The time between the WRITE command and the first corresponding rising edge of DQS (tDQSS) is specified with a rel-
atively wide range (from 75 percent to 125 percent of one clock cycle). Upon completion of a burst, assuming no other
commands have been initiated, the DQs will remain High-Z and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with or truncated with a subsequent WRITE command. In either case,
a continuous flow of input data can be maintained. The new WRITE command can be issued on any positive edge of
clock following the previous WRITE command. The first data element from the new burst is applied after either the last
element of a completed burst or the last desired data element of a longer burst which is being truncated. The new
WRITE command should be issued x cycles after the first WRITE command, where x equals the number of desired
data element pairs (pairs are required by the 2n-prefetch architecture).

Burst Write Operation < Burst Length=4 >

CKBJ—\/_\/_\/_\ {—\
Command< NOP >—<WR|TEA>—< NOP >—<WR|TEB>—< NOP >—< NOP >—< NOP >—< N:OP >—< NOP >>

| |, tassmax | [ | | | | |
l ' toss [ I | [ [ [
DQS — | | | | | | |
: tpsH twPRES | | | : : :
[
SR i s Yoy 77 e T ) T e A
| | 1 1 1 | | |
1 1 I I 1
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5
|I'
IR
|
|

Write Interrupted by a Write < Burst Length=4 >

0 1 2 3 4

I 1tCK I

Command< NOP >—<WRITEA>—<WRITEB>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >»
|
|

I |
o ———{ [\
| |
DQ’s i i Din a0 M Din b3 E
| | |

Write Interrupted by a Read & DM < Burst Length=8, CAS Latency =2 >
0

CKB ~y—\" - VIR /—\ /—\ /—\
I‘ I""I I""l I""‘I
Command < NOP >—< WRITE >J-< NOP >—< NOP >—< NOP >—< READ >—< NOP >—< NOP >—< NOP >»

D
l___,

| | tDQSSmax| | twir | | |
I ~ o s )\ 1 /\ 1 /T \ 1 [\ | [ [
DQS | | | | | | | | m
| | + t | | | | |
I | twpRes ‘f}_ I | I
1 | | Il A
oz | dos S ——{ons mmmwm
| | | | ! | I | |
I | | | I T I I |
! ! | I ! /I I \ I I
DM i OSSR | | I wr | [ [
| | ! ! I | |
. . I tofs, | I | | | m
DQS | | | | | | | |
| | | | | | | | |
| ItWPRESI}VERE | | | |
T e (1) CAFY G o) () (0 7 )
| | | | | | I
| | I | | | | | | |
| | | | | | | | | |
DM | | | 1 1 / | | \ 1 | |
| | | | | | | I | |
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Write Interrupted by a Precharge & DM < Burst Length =8 >

CKB - -,
CK

A o P I ’ . | . o I
Command< NOP >—<WR|TEA>—< NOP >—< NOP >‘< NOP >—< NOP PrechargeA>—<WRITEB>—< NOP >—<:
tbossmax! I

4—'—>

tbossmax !

DQS

DQ’s

DM

™

| Ibgssmin
|
DQS

DQ’s

DM

CKB - -
| | | | | | | | |
Command< RE;AD >—<Burs;$t0p>—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >>

CL=2I

|
DS 1\ f
|

| l I l

T | | I |

1 I 1 1 1

| | | | | |

! ! The burst ends after a dela)} equal to the cas latency. ! !

DQ's + + Dout0X Doutl, ! } 1 | }
| | | | | | |

| ICL=3 | | | | I |

I T T | | l | l

DQs 1 1 | Z_E_\_/ 1 T 1 1 1
| | | | | | | | |

| | | | | | | |

DQ’s . . . Dout0XDoutl . . + ' +
| | | | | | | |

DM Masking < Burst Length =8 >

CKB
CK

| ; ’ | T | i | ’ ’ | i | ’ ’ | T | T | ’
Command < WRITE >—< NOP >—:—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP

i boss | 1 i | i | ' |
wos T T T
! I I I
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= VRN N

|
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I
|
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I
I
T
I
I
!
I
I
I
I
ps'toH T
1

| |

| |

T T

| | |

| | |

| 1 |

| | | |
| | | |
| | | |
| | | |
| | I T
1 I 1 1

Masked by DM = H
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PRECHARGE

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row access some specified time (tRP) after the PRECHARGE command is
issued. Input A10 determines whether one or all banks are to be precharged, and in the case where only one bank is
to be precharged, inputs BAO, BAL select the bank. When all banks are to be precharged, inputs BAO, BA1 are treated
as Don’t Care. Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or
WRITE commands being issued to that bank.

Read with Auto Precharge < Burst Length =4, CAS Latency =2, 3 >

r o v ’ C r C v v
Command L L 1 s 1 1 1 ! ! s
BANK A READ
ACTIVE NOP — NOP ) NOP %oprechare Nop NOP — NoP >—< NOP — NoP s
|

. . | tRaS(min) | i . N | |
I | | I | I T | I
DQS T T T T T ™\ ;m_/ T T
I I I I l . — | I I I
| | | | /CL =2 | |
DQ’s : : : : : : DoutoX Dout1XDout2XDout3 : :
I | | I | / I | ! trp | I
| 1 | | | [ | |

DQS T T T T T / //\I 7—/:_\_/—:_\_/—|_
| | | | | ! ] | |
I I I I | // I CcL=3 ! | I
DQ's : : : : : , : : Dout0Y{Dout1YDbut2YDout3 :
' ' ' ' Be'gin Auto-Precharge ' I ' I

Write with Auto Precharge < Burst Length =4 >

. 0 1 .2 ] .4 ) . 6 .7 . 8 .9 , 10 .11

v v ‘
h h ,
(1 | |

| o | ’ IL o | | | I\ o | | | | )
Commandgzx " . . . . . . . . . X
BANK A WRITE
<ACT,VE>—< NOP >—< NOP Mo Prochasd, NOP >—< NOP H NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >7
| | |

T
tbaL |

I I I

I I | | I I
DQs ™\ N\ 4\ T |

| | | | |

| ' | completio of tgp

I I trp

I

I

I

|
|
T
| 1
Bank can pe reactivated at
1
|
T
1
|
1

| | | |
| | | |
[ I I I
| | | |
| | | |
DQ’S 1 1 1 1
| | | |
| | | |
| | | |
| | | |

|
|
T
|
|
l
|
I
|
I
1
Tlnternal precharge start
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POWER-DOWN

Power-down is entered when CKE is registered LOW. If power-down occurs when all banks are idle, this mode is
referred to as precharge power-down; if power-down occurs when there is a row active in any bank, this mode is
referred to as active power-down. Entering power-down deactivates the input and output buffers, including CK and
CKB. Exiting power-down requires the device to be at the same voltage as when it entered power-down and a stable
clock.

Note: The power-down duration is limited by the refresh requirements of the device.

While in power-down, CKE LOW must be maintained at the inputs of the Mobile DDR SDRAM, while all other input sig-
nals are Don’'t Care. The power-down state is synchronously exited when CKE is registered HIGH (in conjunction with
a NOP or DESELECT command). NOPs or DESELECT commands must be maintained on the command bus until typ

is satisfied.

Power down

CKB - . '

| | | | | | | | | I | | I |
| | /Pg;h_arr\ge | | | | Active | | Agctive

Command c : R : i : : Active
| | | | | | | | -
| | | Erjtry | | | | | Entry | | it |

i T [ [ | | | [ [ | | T
= t

CKE = High | I | \ ! | Pl L/ | Co | s /‘/4'—3>| typ
| I | ! | " | | ! ! | e
| I | | | | | | | | | | I |
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Table 20: SIMPLIFIED TRUTH TABLE

(V=Valid, X =Don't care, H=Logic High, L=Logic Low)

COMMAND CKEn-1 | CKEn | CSB | RASB | CASB | WEB | BAO,1 A10/AP ':]9'1~AA1§ Note
Register Mode Register Set H X L L L L OP CODE 1,2
Auto Refresh H 3
H L L L H X
Entry L 3
Refresh
gzlffresh L H H H 3
Exit L H X
H X X X 3
Bank Active & Row Addr. H X L L H H \% Row Address
Read & Auto Precharge Disable L Column 4
Column H X L H L H \% Address
Address Auto Precharge Enable H (A0~A8) 4
Write & Auto Precharge Disable L Column 4
Column H X L H L L \% Address
Address Auto Precharge Enable H (A0~A8) 4,6
Burst Stop H X L H H L X 7
Bank Selection \% L
Precharge H X L L H L X
All Banks X H 5
H X X X X
Entry H L
L H H H
Active Power Down
H X X X
Exit L H
L H H H
H X X X
Entry H L
Precharge L H H H X
Power Down
H X X X
Exit L H
L H H H
Entry H L L H H L
Deep Power Down X
Exit L H H X X X 10
DM H X X 8
H X X X 9
No Operation Command(NOP) H X X
L H H H 9
NOTE :

1. OP Code : Operand Code
A0 ~ A12 & BAO ~ BA1 : Program keys. (2EMRS/MRS)
2. EMRS/MRS can be issued only at all banks precharge state.
A new command can be issued 2 CLK cycles after EMRS or MRS.
Auto refresh functions are the same as CBR refresh of DRAM.
Auto/self refresh can be issued only at all banks precharge state.
BAO ~BAL : Bank select addresses.
If A10/AP is “High” at row precharge, BAO and BA1 are ignored and all banks are selected.
During burst write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the associated bank can be issued at trp after the end of burst.
. Burst stop command is valid at every burst length.
. DM sampled at the rising and falling edges of the DQS and Data-in are masked at the both edges(Write DM latency is 0).
. This combination is not defined for any function, which means “No Operation(NOP)” in DDR SDRAM.
0. The Deep Power Down Mode is exited by asserting CKE high and full initialization is required after exiting Deep Power Down Mode.

w

o oA

= © 00~
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Timing Diagrams
Basic Timing (Setup, Hold and Access Time @ BL=4, CL=2)

CK
CKB

CKE

CSB

RASB

CASB

BAO,BA1

A10/AP

ADDR

WEB

DQS

DQ

DM

COMMAND

7 ¥

2 4

: DISABLE AUT® PRECHARGE!
' ' I '

:DISABUE AUTO PRECHARGE!
' ' ' '

N

=

A

7%

| |
+ IrpRE
; .

. .
Ibgss
|

. |
"\lrpsT
' .

—{0a0Yoa1Y0a2Y0a3

VHi-Z. . twpre dbosL)

:
. tbstpuipgloH |
[ |-

Db0 Dbl X Db2 X Db3

pQsQ—» «

-

tRPRE

DQS —]

DQ

READ Operation

twpre

twpsT

(€

)

)

tbsc

WRITE Operation
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Multi Bank Interleaving READ (@ BL=4, CL=2)

CK
CKB

CKE

CSB

A10/AP

ADDR

WEB

DOS T T T T T T T Y s s o T
0 e CEEEEEEE-
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Multi Bank Interleaving WRITE (@ BL=4)

CK
CKB

CKE

CSB

RASB

CASB

BAO,BAl

A10/AP

ADDR

WEB

DQS

DQ

DM

COMMAND

' '

' ' '

' DISABLE AUTO PRECHARGE ' DISABLE AUTO PRECHARGI
' ' ' ' [

o e S S S S
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Avst

READ with Auto Precharge (@ BL=8, CL=2)

—
3
B 73 =
< < 2
g (@) m

o
<
o
S
<

'ENABLE AUTG PRECHARGE

ADDR

WEB
DQS

DQ

DM

COMMAND

The new read/write command of another activated bank can be issued from this point

Note 1 The row active command of the precharged bank can be issued after tRP from this point
At burst read/write with auto precharge, CAS interrupt of the same is illegal
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Avst

=8)

o0 Ll m
4 4 2}
®) ®) @)

WRITE with Auto Precharge (@ BL

RASB
CASB

BAO,BAl

ENABLE'AUTO PRECHARGE '

A10/AP

ADDR

—~
=
o k-
2
<]
5
S
8
7}
. o | -
o
S
S| |
. Sl- |- -
9]
<
[aN
o - ol- -k
2
E
<
4
=Z

WEB

[92]
o
[a]

COMMAND

At burst read/write with auto precharge, CAS interrupt of the same bank/another bank is illegal

Note 1 The row active command of the precharged bank can be issued after tRP from this point
The new read/write command of another activated bank can be issued from this point
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Avst

:4)

WRITE followed by Precharge (@ BL

RASB

©
........ <
o

CASB

BAO,BAl

A10/AP

'DISABLE AUTO PRECHARGE'
'
'

ADDR

WEB

DQS

DQ

DM
COMMAND
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WRITE Interrupted by Precharge & DM (@ BL=8)

CK
CKB

CKE

CSB

BAO,BA1 : BAa : : : | BAa : BAI\b | | —
A10/AP

ADDR

WEB
DQS
DQ

DM

commno R b R )
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WRITE Interrupted by a READ (@ BL=8, CL=2)

CK
CKB

CKE

CsB

RASB

CASB

BAO,BAl

A10/AP

ADDR

WEB

DQS

DQ

DM

COMMAND

BAa BAb

' '
' DISABLE AUT(:) PRECHARG ' ' ' \DISABLE AUTCI) PRECHARGE, ! . ! ' ' ! ! ! !
' . ' , ' , ' , ' \ ' ! ' \ ' . ' ' ' ' ' ' '
' ' | ' [ ' ' ' ' ' ' ' ' ' '
' ' ' ' | ' ' ' ' ' ' ' ' ' 1 ' | ' ' ' ' ' '
' ' 1 ' ' ' ' 1 1 1 1 ' 1 1 1 1 ' ' ' 1 1 ' '
'
' '
_!;
' ' ' ' ' ' ' ' ' ' | ' ' ' 1 ' | ' ' ' ' ' '
' ' ' ' | ' ' ' ' ' | ' ' ' 1 ' | ' ' ' ' ' '
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READ Interrupted by Precharge (@ BL=8, CL=2)

cK f j
CKB T e I e A A I e N e LI I S N S A
S =5 T S S
I R st < I R
CKE . ; ; : . ; . ; ; ; ; ; . ; ; g ; ; ; ; : ; ;
csB o N N\ s
RASB / 0\ \ /
cess [N AN TN Y E—
BA0,BA1 BAa
Lo : Lo ALLEBANK: L .
A10/AP \ |/ :
: :DISABL:E AUT(:p PRECIHARGE; ! : ! 5 : ! ! E X E X : : . : : :
ADDR l ' : : . . . .
WEB / 0\ \ . /
L 2tggald
DQS —— N N N
DQ — T {ofea)eaas)earoay————————————
DM I : : I I I I I | I I | | I I I I I I : I I I
COMMAND | @ | R

When a burst Read command is issued to a DDR SDRAM, a Prechcrge command may be issued to the same bank before the Read burst is
complete. The following functionality determines when a Precharge command may be given during a Read burst and when a new Bank Activate
command may be issued to the same bank.

1. For the earliest possible Precharge command without interrupting a Read burst, the Precharge command may be given on the rising clock
edge which is CL clock cycles before the end of the Read burst where CL is the CAS Latency. A new Bank Activate command may be issued
to the same bank after tRP.

2. When a Precharge command interrupts a Read burst operation, the Precharge command may be given on the rising clock edge which is CL

clock cycles before the last data from the interrupted Read burst where CL is the CAS Latency. Once the last data word has been output, the
output buffers are tristated. A new Bank Activate command may be issued to the same bank after tRP.
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READ Interrupted by a WRITE & Burst Stop (@ BL=8, CL=2)

CK
CKB

CKE

CSB
BAO,BA1 II:: I l

A10/AP

DISABLE AUTQ PRECHARGE, ' \DISABLE AUTQ PRECHARGE'
' ' ' 1 ' '
' ' '

ADDR -__ II | @ T | T

WEB

DRS T T T N T N T T
0 e e ———
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READ Interrupted by READ (@ BL=8, CL=2)

CK
CKB

CKE

CsB

RASB

CASB

BAO,BAl

A10/AP

ADDR

WEB

DQS

DQ

DM

COMMAND f

Q0 @@@@@@@@ Qv7
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DM Function (@BL=8) only for write

CK
CKB

CKE

CsB

RASB

L/

A10/AP

ADDR m’ /G oo

WEB

DQS

DQ

DM

COMMAND
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Power up &

VDD

VDDQ

CK
CKB

CKE
COMMAND

DM

AO0-A9,
Al1l1,A12

Al10

BAO, BA1

DQS
DQ

Initialization Sequence

. tek e
LVCMOS HIGH LEVEL ) ) B \ ! \ . ) . ) . \ . \ . \ ) ) |
ARt L R S S N S A A T S
| |
><NOP2 NOP PRE W AR XHX AR ><H><MRS><H><EMRS>®< ACT>®<NOP3>O< NOP>O

R Y - o o

CODE <H><CO'DE><R>< RA
A T T R

/ ; \ CODE ®<COIDE>®< RA ><

\ , \ ) , ) , X ! ) X s :tIH ) :. ) i ) ! \ . |
I ' | I I | I | | . | | I [ i | ) I ' 1

/BA0=LY/|\BAO= !

Bal=L\||\BA1= BA
High—Z I f | i 1 I ' i 1 i \ i |l I 1 ' I 1 1
Hghz: L of) oy A | I | I I | I |
Lo I N DU G PR N SRR GG PR e | L
! .T—Z?OUS, ! trp tRFC tRFC ‘ tMlRD | tMlRD : : :
: : : : : Load : Extended: : : :
. . . . . Mode , Mode , . . .
! Poweér-up: ! ! + Register 1 Register ! ! !
: Vpp and CK stable . . ) .

Notes: 1. PRE = PRECHARGE command, MRS = LOAD MODE REGISTER command, AR = AUTO REFRESH command

ACT = ACTIVE command, RA = Row address, BA = Bank address
2. NOP or DESELECT commands are required for at least 200us.
3. Other valid commands are possible.
4. NOPs or DESELECTSs are required during this time.
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Avst

Mode Register Set

<’ - -

CKE

B

CsB

RASB
CASB

WEB

BAO, BA1

A10/AP

ADDR

N
I -
=2

Any Command

IfIiIIIIIIIIIII

Mode Register Set
Command

Precharge
Command
All Bank

DQ
DQS

Note 1 Power & Clock must be stable for 200us before precharge all banks
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PACKAGE INFORMATION
FBGA 90BALLS 11 x 13mm , 0.8mm BALL PITCH

Al Ball Pad Conner Al Ball Pad Conner

| 987 6 ? 4 321 %
A I ] | A
| | B
C
| | D
| | E
8 I F
o o G
| I - - f N
o I - J
| Kk DETAILA
| L
M
| N
I \ P
Y I R
|
- 11.0 + 0.05 -
TOP VIEW (DIE VIEW) BOTTOM VIEW (BALL SIDE)
N o SOLDER BALL
4 - Yy
\_ ©OO0O0_, 000 AAA
\. DETAIL B
TOP VIEW (DIE VIEW) DETAIL A
1.0 MAX. 710.10Z]
A
v OO O
SEATING PLANE%
DETAIL B
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SDRAM FUNCTION GUIDE

EM X XX X

. EMLSI Memory

. Device Type

. Density

. Organization

. Bank

. Interface (VDD,VDDOQ )

. Memory Component

. Device Type

8 - Low Power SDRAM

Q —om - SDRAM

D - Mobile DDR
. Density

32 o 32M

64 ----mmmmmmmm e 64M

28 - 128M

56 ----m-mmmmem e 256M

12 e 512M

1G - 1G

Organization

04 ------mmmem - x4 bit

08 - x8 bit

16 --m-mmmmmmmmm e x16 bit

32 x32 bit

Bank

----------------------- 2 Bank
B 4 Bank

. Interface (vDD,VDDQ )

LVTTL (3.3V,3.3V)
LVTTL (3.3V,2.5V)
LVTTL ( 3.0v,3.0V)
LVTTL (3.0V,2.5V)
P-LVTTL ( 3.0V,1.8V)
LVCMOS (2.5V,2.5V)
LVCMOS (2.5Vv,1.8V)
LVCMOS (1.8Vv,1.8V)

TIOTWNWCXARI

XXXX-XXXXX
11. Temperature
10. Power
9. Speed
8. Package
7. Version
7. Version
Blank ----------------- 1st generation
A - 2nd generation
B - 3rd generation
C - 4th generation
D - 5th generation
8. Package
Blank ----------------- KGD
U 44 TSOP2
P oo 48 FpBGA
Z e 52 FpBGA
Y oo 54 FpBGA
W e 60 FpBGA
V o 90 FpBGA
9. Speed
60 ----mmmmmmemeeee 6.0ns (166MHz CL=3)
(O 7.0ns (143MHz CL=3)
75 -mmmmmmme e 7.5ns (133MHz CL=3)
O 7.5ns (133MHz CL=2)
80 ------m-mmmmme - 8.0ns (125MHz CL=3)
8C --mmmmmmmmmmem e 8.0ns (125MHz CL=2)
90 -----m-mmmmmmeeeen 9.0ns (111MHz CL=3)
10 ----mmmmmeee e 10.0ns (100MHz CL=3)
1C -~ 10.0ns (100MHz CL=2)
12 e 12.0ns (83MHz CL=2)
AL ---mmmmmmmm e 25.0ns (40MHz CL=1)
10. Power
U oo Low Low Power
L —mmmmmm e Low Power
S s Standard Power

Commercial (0'C ~70'C)

Extended (-25'C ~ 85'C )
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