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GENERAL DESCRIPTION

The EMD51164P is 536,870,912 bits of double data rate synchronous DRAM organized as 4 banks of
8,388,608 words by 16 bits. The synchronous operation with Data Strobe allows extremely high performance.
EMLSI is applied to reduce leakage and refresh currents while achieving very high speed. I/O transactions are
possible on both edges of the clock. The ranges of operating frequencies, programmable burst length and
programmable latencies allow the device to be useful for a variety of high performance memory system

applications.

FEATURES

* EMLSI for low power at high speed * All inputs except data & DM are sampled at the

« JEDEC standard 1.8V power supply positive going edge of the system clock (CK)

* Double Data Rate architecture; two data transfers - Data I/O transactions on both edges of data strobe,
per clock cycle DM for masking

« Bidirectional data strobe (DQS) » Edge-aligned data outputs, center-aligned data

* Auto Refresh and Self Refresh inputs

« Differential clock inputs (CK and /CK) * Four-banks operation

* All device pins are compatible with an LVCMOS .« Special functions supported to reduce power
interface - PASR (Partial Array Self Refresh)

+ 8K refresh cycles / 64ms - Auto TCSR (Temperature Compensated Self
 Packages Refresh)

- 60-Balls FpBGA - DS (Driver Strength)

* Programmable Burst Length and Burst Type * Deep Power Down mode

- Burst Length : 2, 4, 8, or 16 * No DLL (Delay Lock Loop), to reduce power; CK to
- Burst Type : Sequential & Interleaved DQS is not

* Programmable /CAS Latency : 3 clocks synchronized.

* Operating temperature range
- Extended (-25 Cto+85 C)

ORDERING INFORMATION

Organization Package

Clock Freq. Vdd/Vddq
EMD12164PHW- DDR333
60 166MHz

1.8v/1.8V 8M x 16 Bits x 4 Banks 60-FpBGA
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INPUT / OUTPUT FUNCTION DESCRIPTIONS

Pin

Pin Name

Description

CK, /ICK

System Differential Clock

CK and /CK are differential clock inputs. All address and control input
signals are sampled on the crossing of the positive edge of CK and
negative edge of /CK. Input and output data is referenced to the
crossing of CK and /CK (both directions of the crossing)

ICKE

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 disabling outputs,
which is asynchronous. Input buffers, excluding CK, /CK, and CKE,
are disabled during Power Down and Self Refresh modes to reduce
standby power consumption.

CS

Chip Select

/CS enables (registered Low) and disables (registered High) the
command decoder. All commands are masked when /CS is
registered High. /CS provides for external bank selection on systems
with multiple banks. /CS is considered part of the command code.

BAO, BA1

Bank Address

BAO and BA1 define to which bank an Active, Read, Write or
Precharge command is being applied. BAO and BA1 also determine
which mode register (MRS or EMRS) is loaded during a Mode
Register Set command.

AO ~ A12

Address

The address inputs provide the row address for Active commands
and the column address and auto precharge bit (A10) for Read or
\Write commands, selecting one location out of the memory array in
the respective bank. A10 sampled during a Precharge command
determines whether the precharge applies to one bank (A10 Low) or
all banks (A10 High). If only one bank is to be precharged, the bank
is selected by BAO and BA1. The address inputs also provide the Op
Code during a Mode Register Set command. BAO and BA1 determine
which mode register (Mode Register or Extended Mode Register) is
loaded during the Mode Register Set command.

RAS, /CAS,
/WE

Row Address Strobe,
Column Address Strobe,
Write Enable

/RAS, /CAS and /WE (along with /CS) define the command being
entered. Refer to the Function Truth Table for details.

LDM, UDM

Input Data Mask

DM is an input mask signal for write data. Input data is masked when
DM is sampled High along with input data during a Write access. DM
is sampled on both edges of DQS. DM pins include dummy parasitic
loading internally to match the DQ and DQS loading. For x16, LDM is
DM for DQO-DQ7 and UDM is DM for DQ8-DQ15.

LDQS,
UDQS

Data Strobe

DQS is an output with read data and an input with write data.
DQS is edge-aligned with read data, centered in write data. It is
used to capture data. For x16, LDQS is DQS for DQ0-DQ7 and
UDQS is DQS for DQ8-DQ15.

DQO ~ DQ15

Data Input / Output

Multiplexed data input / output pins.

VDD / VSS

Power Supply / Ground

Power Supply and Ground for internal circuits and input buffers.

\VDDQ /
VSSQ

Data Output Power / Ground

Power Supply and Ground for output buffers.

NC

No Connection

No connection.
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FUNCTIONAL BLOCK DIAGRAM
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SIMPLIFIED STATE DIAGRAM
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CKEH : Clock Enable Low-to-High Transition PREALL : Precharge All Banks
CKEL : Clock Enable High-to-Low Transition READA : Read with Auto Precharge
EMRS : Extended Mode Register Set WRITEA : Write with Auto Precharge

MRS : Mode Register Set

Note: Use caution with this diagram. It is intended to provide an overview of the possible state transitions and commands to
control them, not all details. In particular, situations involving more than one bank are not captured in full detail.
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BASIC FUNCTION DESCRIPTION

This 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 1024 columns by 16 bits. The 512Mb Mobile DDR SDRAM uses a double data
rate architecture to achieve high speed operation. EMLSI is applied to reduce leakage and refresh currents
while achieving very high speed. 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 I/O 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 1/0 balls.

Read and write accesses to the Mobile DDR SDRAM are burst oriented; accesses start at a selected location
and continue for a programmed number of locations in a programmed sequence. Accesses begin with 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, AO-
A12 select the row). The address bits (BAO, BA1 select the bank, A0-A9 select the column) registered
coincident with the READ or WRITE command are used to select the starting column location for the burst
access.

Note that the DLL (Delay Lock Loop) circuitry used on standard DDR devices is not included in the Mobile
DDR SDRAM. It has been omitted to save power.

Prior to normal operation, the Mobile DDR SDRAM must be initialized. The following sections provide detailed
information covering device initialization, register definition, command descriptions and device operation

Power Up and 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. To properly initialize the Mobile DDR SDRAM,
this sequence must be followed:

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

2. Once power supply voltages are stable and 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 executable 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
individualization sequence, two Auto Refresh commands must be issued. Typically, both of these commands
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 Mode Register Set command, load the standard Mode Register as desired.

8. Issue NOP or Deselect commands for at least tMRD time.

9. Using the Mode Register Set 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.

G OO OO t:‘i:)[:‘!:‘f?: w0 Z‘-Cf?i: e e J{_TIL
2 Chpcks el
Ll Im=rz mrc K '1? X! =
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S P Y e g
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e &= ; .:l:..f i ED &0 Emy

Figure.1 Power Up & Initialization Sequence
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Mode Register Set(MRS)

The Mode Register stores the data for controlling various operating modes of a DDR SDRAM. It programs
/CAS Latency, Burst Type, and Burst Length to make the Mobile DDR SDRAM useful for a variety of
applications. The default value of the Mode Register is not defined; therefore the Mode Register must be
written by the user. Values stored in the register will be retained until the register is reprogrammed, the device
enters Deep Power Down mode, or power is removed from the device. The Mode Register is written by
asserting Low on /CS, /RAS, /CAS, /WE, BA1 and BAO (the device should have all banks idle with no bursts in
progress prior to writing into the mode register, and CKE should be High). The state of address pins A0~A12
and BAO, BA1 in the same cycle in which /CS, /RAS, /CAS and /WE are asserted Low is written into the Mode
Register. A minimum of two clock cycles, tMRD, are required to complete the write operation in the Mode
Register. The Mode Register is divided into various fields depending on functionality. The Burst Length uses
AO0~A2, Burst Type uses A3, and /CAS Latency (read latency from column address) uses A4~A6. A logic 0
should be programmed to all the undefined addresses to ensure future compatibility. Reserved states should
not be used to avoid unknown device operation or incompatibility with future versions. Refer to the table for
specific codes for various burst lengths, burst types and /CAS latencies.

| Bal | BAD | A12

A11 | A1D | ] | AR | AT | Ll

| 0 | 0 | 0 | 0 | 0 | 0 | 1] | [} | ICAS Latency | aT | Burst Length |

b

0 | Saguentil
L | Irtereaved
Burst Length
AZ | AL A0 S0 | A3=1
A6 | AS | A4 | [CAS Latency o o 0 | Ressreed Resered
0 il 0 Resorved Do 2 2
0 il 1 Reserved o1 ] 4 4
0 1 0 2 o 1 1 8 a
0 1 1 3 1 o 0 15 16
1 0 0 Reserved 1 o 1 | Reserved | Reserved
1 o 1 Reserved 1 1 0 | Ressrved | Reserved
1 1 0 Reserved 1 1 1 | Reserved |  Reserved
1 1 1 Reserved
o 1 2 3 4 al s

S G _,_\_F .x_..q.’—w_, O J( o e
1Y LY N
Command NOF J;—(\PH—ALL}—q M:P }—{ NOF‘ )—(MR‘“ " }—( kJc:=' ) unm,'?mnd;—x MOP NoP
L

trp ™ | twro= 2 2oy ‘ ‘

" 1: MRS can be issued only with all banks in the idle state.
" 2 : A minimum delay of tgo is required before issuing an MRS command.

Figure.2 Mode Reqgister Set Cycle
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Extended Mode Register Set(EMRS)

The Extended Mode Register is designed to support Partial Array Self Refresh and Driver Strength. The
EMRS cycle is not mandatory, and the EMRS command needs to be issued only when either PASR or DS is
used. The Extended Mode Register is written by asserting Low on /CS, /RAS, /CAS, WE, and BAO and High
on BA1 (the device should have all banks idle with no bursts in progress prior to writing into the Extended
Mode Register, and CKE should be High). Values stored in the register will be retained until the register is
reprogrammed, the device enters Deep Power Down mode, or power is removed from the device. The state of
address pins AO~A12 and BAO, BA1 in the same cycle in which /CS, /RAS, /CAS and /WE are asserted Low is
written into the Extended Mode Register. Two clock cycles, tMRD, are required to complete the write
operation in the Extended Mode Register. AO~A2 are used for Partial Array Self Refresh and A5~A6 are used
for Driver Strength. An automatic Temperature Compensated Self Refresh function is included with a
temperature sensor embedded into this device. A3~A4 are no longer used to control this function; any inputs
applied to A3~A4 during EMRS are ignored. All the other address pins, A7~A12 and BAO, must be set to Low
for proper EMRS operation. Refer to the tables below for specific codes. If the user does not write values to
the Extended Mode Register, DS defaults to Full Strength; and PASR defaults to the Full Array.

| BA1 | Ba&D | Al2 Al A10 | AR | A8 | AT | A8 | A5 | a4 | Al | A2 | Al | AD |
| 1 | 0 | 0 | 0 | 0 | ] | ] | 0 | D5 | 0 | 0 | FASR |
|
|
AB AS Driver Strength
1] 0 Full Strength
4] 1 1/2 Strength
i 0 1/4 Strangth
1 1 1/8 Strangth
A2 Al AD Partial Array Self Refresh Coverage
a 0 0 Full Array (&l Banks)
a 0 1 Half of Full &Array (BAL = 0]
a i 0 Quarter of Full Aray (3A1 = BAD = 0]
a 1 1 Razerved
1 0 0 Reserved
i 0 1 Reserved
1 1 0 Razerved
1 1 1 Reserved
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Burst Mode Operation

Burst Mode operation is used to provide a constant flow of data to memory locations (write cycle) or from
memory locations (read cycle). There are two parameters that define how the Burst Mode operates. These
parameters include Burst Type and Burst Length and are programmed by addresses A0O~A3 during the Mode
Register Set command. Burst Type is used to define the sequence in which the burst data will be delivered
from or stored to the DDR SDRAM. Two types of burst sequences are supported, Sequential and Interleaved.
See the table below. The Burst Length controls the number of bits that will be output after a read command, or
the number of bits to be input after a write command. The Burst Length can be programmed to have a value of
2,4,8, or 16.

Burst Length Sequence

:::H‘ ﬁ?ﬁlﬁr Sequential Mode Interleaved Mode

_| XD 01 0-1

- W1 1-0 1-0
200 0-1-2-3 0-1-2-3

4 01 1-2-3-0 1-0-3-2
10 2-3-0-1 2-3-0-1
Wil 3-0-1-2 3-2-1-0
*000 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
®0o1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
X010 2-3-45-67-0-1 2-3-0-16-745
X011 3-45-6-7-0-1-2 33107654

. X100 45-6-7-0-1-23 4567-0-1-2-3
%101 5-6-7-0-1-2-34 5-4-76-1-0-3-2
¥110 6-7-0-1-2-3-4-5 ~7-4-5-2-3-0-1
®111 7-0-1-2-3-4-5-5 F-6-5-4-3-2-1-0
0000 0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15 0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15
0001 1-2-3-4-5-6-7-8-3-10-11-12-13-14-15-0 1-0-3-2-5-4-7-6-9-8-11-10-13-12-15-14
0010 2-3-4-5-6-7-8-%-10-11-12-13-14-15-0-1 2-3-0-1-6-7-4-5-10-11-5-9-14-15-12-13
0011 3-4-5-5-7-8-5-10-11-12-13-14-15-0-1-2 3-2-1-0-7-6-5-4-11-10-9-8-15-14-13-12
0100 4-5-5-7-8-9-10-11-12-13-14-15-0-1-2-3 4-5-5-7-0-1-2-3-12-13-14-15-B-9-10-11
0101 5-6-7-8-9-10-11-12-13-14-15-0-1-2-3-4 5-4-7-6-1-0-3-2-13-12-15-14-5-3-11-10
0110 6-7-8-9-10-11-12-13-14-15-0-1-2-34-5 &-7-4-5-2-3-0-1-14-15-12-13-10-11-8-9

16 0ii1 7-8-9-10-11-12-13-14-15-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0-15-14-13-12-11-10-9-8
1000 8-5-10-11-12-13-14-15-0-1-2-3-4-5-5-7 8-9-10-11-12-13-14-15-0-1-2-3-3-5-6-7
1001 %-10-11-12-13-14-15-0-1-2-3-4-5-5-7-8 S-3-11-10-13-12-15-14~1-0-3-2-5-4-7-5
1010 10-11-12-13-14-15-0-1-2-3-4-5-6-7-8-9 10-11-8-9-14-15-12-13-2-3-0-1-6-7-4-5
1011 11-12-13-14-15-0-1-2-3-4-5-6-7-8-5-10 11-10-5-8-15-14-13-12-3-2-1-0-7-6-5-4
1100 12-13-14-15-0-1-2-3-4-5-6-7-6-9-10-11 12-13-14-15-8-5-10-11-4-5-5-7-0-1-2-3
1101 13-14-15-0-1-2-3-4-5-5-7-8-9-10-11-12 13-12-15-14-9-8-11-10-5-4-7-5-1-0-3-2
1110 14-15-0-1-2-3-4-5-6-7-8-%-10-11-12-13 14-15-12-13-10-11-8-%-&-7-4-5-2-3-0-1
1111 15-0-1-2-3-4-5-5-7-8-9-10-11-12-13-14 15-14-13-12-11-10-9-8-7-6-5-4-3-2-1-0

10
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Bank Activation / Row Address Command

The Bank Activation / Row Address command, also called the Active command, is issued by holding /CAS and
/WE High with /CS and /RAS 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 Active command must be applied before
any read or write operation is executed. The delay from the Active command to the first Read or Write
command must meet or exceed the minimum of /RAS to /CAS delay time tRCDmin). Once a bank has been
activated, it must be precharged before another Active command can be applied to the same bank. The
minimum time interval between interspersed Active commands (Bank 0 to Bank 3, for example) is the bank to
bank delay time (tRRD min).

Active Command Cycle
a 1 2 n n+1 n+2
fCK 1 '.l:' ) ! lI:r LY, lll.- W I} W | i Y, VT
R e e e e e S B
T Hankg [ Eanka EEIE] Bari b
Address | mow adar. | H \ Col_ Addr. '\ Roow Addr. \’_{ \ Fow Aadr./—
[RAS-ICAS delay time (tg-n) ."?.-53--'%5.5 delay tme (trRo)
{Banta b { y SR {~ Hank a ’ Bani b
Command | a4cTwe i woR H NOP I_.'—{_:E.l Auto | ACTIVE —{  woP ,-"_{ CTVE /—
R “refhame
Fiow cycld tme itge) 1 : Don't care

Figure.3 Bank Activation / Row Address (Active) command cycle timing

Burst Read Operation

Burst Read operation in a DDR SDRAM is initiated by asserting /CS and /CAS Low while holding /RAS and
/WE High at the rising edge of the clock (CK) after tRCD from the Active command. The address inputs
(AO~A9) determine the starting address for the Burst. The Mode Register sets the type of burst (Sequential or
Interleaved) and the burst length (2, 4, 8, or 16). The first output data is available after the /CAS Latency from
the Read command, and the consecutive data bits are presented on the falling and rising edges of Data
Strobe (DQS) as supplied by the DDR SDRAM until the burst is completed.

< Burst Length = 4, /[CAS Latenc'_.r =3 >

% SO0O0O0O00COGOG0G0C

i
Command I:HF_AEI l—' NOP IH waR 5— NZ2 —: Lley .'—ﬂ HOP '—II MNOF '—| HOF |—|: NOP l—

~ DQS

{CAS Latency =3 [
- Di's

Figure.4 Burst Read Operation timing
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Burst Write Operation

The Burst Write command is issued by having /CS, /CAS and /WE Low while holding /RAS High at the rising
edge of the clock (CK). The address inputs determine the starting column address. There is no write latency
relative to DQS required for the Burst Write cycle. The first data for a Burst Write cycle must be applied at the
first rising edge of the data strobe enabled after tDQSS from the rising edge of the clock when the Write
command was issued. The remaining data inputs must be supplied on each subsequent falling and rising
edge of Data Strobe until the burst length is completed. After the burst has finished, any additional data
supplied to the DQ pins will be ignored.

< Burst Length = 4 =

_.i_"_-_'-'_ o Yo Y aun Yams'

¥ JPOOOOPORCPCO0O0C

\

Command | NOP ‘—"l.'.IHI'I'E3|.-:I NOP -—i'.-'-.'ElTEI:uJ-—| MOF ,n—| NOF '|—| NOF .I—', NOF a—-' NOR
'.DC-'W-ITEIJ -
* \ -—.ll'l =]
Das l r VSN VLS r +
f \ ]
Did's WPAES n n = {§Din ir 22§ 0im bO¥Din b DN b20in b3

Figure.5 Burst Write operation timing
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Burst Interruption
Read Interrupted by Read

Burst Read can be interrupted before completion of the burst by a new Read command to any bank. When the
previous burst is interrupted, data bits from the remaining addresses are overridden by data from the new
addresses with the full burst length. The data from the previous Read command continues to appear on the
outputs until the /CAS latency from the interrupting Read command is satisfied. At this point the data from the
interrupting Read command appears. The Read to Read interval is a minimum of 1 clock.

< Burst Length = 4, /CAS Latenu::y.I =3=

% J0000O00000O0O0O0C

l'i a[:-aHﬂ ADDI—' KOP i— NOP II'— HOP _'. HOP '-—i' MOP -—| MO '.—|' NOP fl—
| ']

Command \
~ DS \\m\"“‘ii.‘ l i
ICAS Latency =2 | Hx"‘“‘-ﬁ, . :
. Di's e :.r;:::.uﬁ:c.lt:lﬁ:\c

Figure.6 Read Interrupted by Read timing

Read Interrupted by Burst Stop & Write

To interrupt Burst Read with a write command, the Burst Stop command must be asserted to avoid data
contention on the 1/0 bus by placing the DQ’s (output drivers) in a high impedance state. To ensure the DQ’s
are tri-stated one cycle before the beginning of the write operation, the Burst Stop command must be applied
at least 2 clock cycles for CL = 2 and at least 3 clock cycles for CL = 3 before the Write command.

< Burst Length = 4, /CAS Lat@n::g.I =3>

o

oH — L T
> q _;r ‘{_,[_ 4_ _zf_ _;T—L;[_ A
Command | READ 'H'. TE.'.? _.:'_':; NOP I|—-:I KOP ||—-, NOP I"—-" WRIT E'——' NCP .'J: HCP " R
trass

~ Das _.ILRJHE Y twaRer ﬁﬂ TN

/CAS Latency = 3 [ |tp,ea.r“|, ) —/ tuﬁT ) — ) —
“ D@'s {Dou{cus) ———{onc{on 1} onz{on s} H———

T

Figure.7 Read Interrupted by Burst Stop and Write timing
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Read Interrupted by Precharge

Burst Read can be interrupted by a precharge of the same bank. A minimum of 1 clock cycle is required for
the read precharge interval. A Precharge command to output disable latency is equivalent to the /CAS latency.

< Burst Length = &, /CAS Latency = 3 >

1] 1 2 7 2
K Wy _'_'-,'_".ﬁ‘_
CH _.?'-_-"'-\_.i"-_;"._.? -,_-'j" . LN .
+ o *
Command :: READ :'-—-.f s ;'~—|: HOF :,n—{ MOP |—| MOP :I—i KOP |—- KR 'n_.-' - ﬁ._.-' - :-._
| .
# Das M 1'-., .

K
JCAS Latency =3 | I

W
oo Yol

Inkermupted by Prechange

Figure. 8 Read Interrupted by Precharge timing

Write Interrupted by Write

A Burst Write can be interrupted by the new Write command before completion of the previous Burst Write,
with the only restriction being that the interval that separates the commands must be at least one clock cycle.
When the previous burst is interrupted, the remaining addresses are overridden by the new addresses and the
new data will be written into the device until the programmed Burst Length is satisfied.

< Burst Length = 4 =

1 -
— ,_,,_I:I,_,I._

c W et .-—,':l:lu—-l. ll-—\.l:l;lu—
'\-H -— —.‘,J (I |- '_ '«_"' | W, N
LT
Command | NOP I:n—gme_aHmmTEh NOP 'H' noP | noP ,—e NOP %—| NOP ,—1 NOP -

Y
T
- DOS WPREH

| S i S
. Dd's e

"ha:l (i a1 {24n £J] Din B ll:inbull::lrlb\_l

Figure.9 Write Interrupted by Write timing
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Write Interrupted by Read & DM

A Burst Write can be interrupted by a Read command to any bank. The DQ’s must be in the high impedance
state at least one clock cycle before the interrupting read data appears on the outputs to avoid data contention.
When the Read command is to be asserted, any residual data from the Burst Write sequence must be masked
by DM. The delay from the last data to the Read command (tWTR) is required to avoid data contention inside
the DRAM. Data presented on the DQ pins before the Read command is initiated will actually be written to the
memory. A Read command interrupting a write sequence can not be issued at the next clock edge following
the Write command.

< Burst Length = 8 >

= PPagaigq

|
W e
Command | | WRIT EII" MCF J,"—{ NOF "—{ MOP ,L | READ . JH: (=t
ioafs Mk 7] "
— 'x
ICAS SN /‘/ /N f /s A\
Latency =3 | tereEs
tngms = max DO's om0 1 n 2 o 3 ¥ e ) i s o 63 0n? Dout Dowt)
oM
Joogs, | = t'“‘”*_‘ »
5 b
ICAS s D0 ﬂx /‘f \_J _\\_/_ L R, _H_\_
Latency =3 tydres
€ or) o)

fpgag = min. II'\ DQ's

[

Cind /{ \

Figure.10 Write Interrupted by Read and DM timing
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Write Interrupted by Precharge & DM

A Burst Write can be interrupted by a Precharge of the same bank before completion of the previous burst. A
write recovery time (tWR) is required from the last data to the Precharge command. When the Precharge
command is asserted, any residual data from the Burst Write cycle must be masked by DM.

< Burst Length =8 >

fCK

CH
- i 1“ i Y ) Ilr—{ VT ERE | 'Iu. }_‘In
Command ':. MOP H-JHTEa}—{I KOP H KOP H NOP = NOP = olumes HWRTEDH NOP }—
togss max - Y . : ipone max
HeEAE WRREH
e e = W o AN VAN VAR VAR Ve Vs AN
' LyrRES WwWeRES
Max togs | D's "":r I’E'“”@@E@“ﬁ@ :nngq:unb-:l
\\ /
DM /
IpEs M i 1rfgss min
BWERE
/% N\ =\
| typRss weRES
Mintoass | Das e enon ) fror
|I I|l !

Figure.11 Write Interrupted by Precharge and DM timing
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Burst Stop Command

The Burst Stop command is initiated by having /RAS and /CAS High with /CS and /WE Low at the rising edge
of the clock only. The Burst Stop command has the fewest restrictions, making it the easiest method to use
when terminating a burst operation before it has been completed. When the Burst Stop command is issued
during a Burst Read cycle, both the data and DQS (Data Strobe) go to a high impedance state after a delay
which is equal to the /CAS latency set in the Mode Register. The Burst Stop command, however, is not
supported during a Burst Write operation.

< Burst Length = 4, /CAS Latency =35

0
o S Y A Y

PP

/ URST
Command | READ ot :l— NOP —'H MNP |.—e MO »—|: NCF -—| NOF :H HOF fl—- NOF ||—

=

o DEs

. | ™,
(CAS Latency =2 | ——, | ™= burst efos ater @ oefay equal to the ICAS Lalerjoy
~ DQ's {pcut ot 1) | . | |

Figure.12 Burst Stop timing

DM Masking Function

The DDR SDRAM has a Data Mask function that can be used in conjunction with the data write cycle only, not
the read cycle. When the Data Mask is activated (DM High) during a write operation, the write data is masked
immediately (DM to Data Mask latency is zero). DM must be issued at the rising edge or the falling edge of
Data Strobe instead of at a clock edge.

< Burst Length =8 >
0 1 2 3 < 5 i} T =}
CK W YY) -_:l:_.- % l.:':.' 5 "\:.." \ -_}__- \ -":,;" ' .' -.};_.-  f -\:(' \ "-:‘."
CHK AT-\.......-' ! LI "_Jf e e e A I | — \_1 T S
f i Y f Vo Y] Vg v Vof 1
Command | WRITE l-< NOP fl—: et —:. NoR H WOP H NOF H NoP H NoP H NoP
L ! i (1 F) ! ! L .
Logas
. & E J ) Y "_"-,
DQS ERER N L N Y
. t, = L L L
Da's PRES {otn SNE Y cen 220 2 oin 2 in< Y BnEN BT
T T ' R
DM ) .-"l Y ! \
Data masied by D = Hon

Figure.13 DM Masking timing
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Emerging Memory & Logic Solutions Inc. 8Mb x 16 bitS X 4BankS MObIIe DDR SDRAM

Auto Precharge Operation

The Auto Precharge command can be issued by having column address A10 High when a Read or a Write
command is asserted to the DDR SDRAM. If A10 is Low when a Read or Write command is issued, normal
Read or Write Burst operation is asserted and the bank remains active after the completion of the burst
sequence. When the Auto Precharge command is activated, the active bank automatically begins to
precharge at the earliest possible moment during a read or write cycle after tRAS (min) is satisfied.

Read with Auto Precharge

After a Read with Auto Precharge command is asserted, the DDR SDRAM automatically begins the precharge
operation (Burst Length) — 2 clock cycles later if tRAS (min) has also been satisfied at that point. If tRAS (min)
has not been satisfied, the internal precharge operation will be delayed automatically until tRAS (min) is
satisfied. Once the precharge operation has started, the bank cannot be reactivated or a new command
asserted to that bank until the precharge time (tRP) has been satisfied.

< Burst Length = 4, /[CAS Latency =3 >

o]
ICK AT -.’,' BT 'I, '_‘-..- -
o AN A KA _T AT _T_ _/[_
ommand .EE"’—\E%':—-:' NZ2 "r—!' HOP %m:f’., NOP l—|, KOP ||—-, ] '!—-' ] ‘—': MOP —
tron (Mim The game bank ¢an be reactwated
N - at theg completion of tgp.
" R -
DQs 1N 400
£ oas | T
ICAS Latency = 3 —
b Or's g DoutajooutafiboutadDota———
tras (ming Auo Pram:rg—'.lFian ng point [1
Figure.14 Read with Auto Precharge timing
Mete 1. An Active command 1o this bank being precharged can be issuad after tgp from this point.

A new Fead or Write command to another activated bank can be issued from this peint.
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Write with Auto Precharge

If A10 is High when a Write command is issued, the Write with Auto Precharge function is performed. Any new
command to the same bank should not be issued until the internal precharge is completed. The internal
precharge begins after satisfying tWR (min).

< Burst Length = 4>

1 8
1CHE Y T i \
CK _ﬁ'{ .-'I"\_f\ | - I'\_f \_1 _T Ix'\_f \_T _ﬁ'{ — -'l"'«_
FEamka ) wemea )

i1
Command | AZTIE o Eranarg, NOP '»—| nop 2| -—| MOP ,n—| MOP |—|, KOP '_'-. KaP H noP —
/

DQs

The §ame banl can be rdactivated at
the cpmpletion of tgp.

DQ's

by . IRe

Infermal pracnange stars 1

Figure.15 Write with Auto Precharge timing

Mote ;1. An Active cormmand to this bank being precharged can be issued after igp from this point.
2. A new Read or Write command to anocther activated bank can be issued from this point
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Precharge Command

The Precharge command is issued when /CS, /RAS, and /WE are Low and /CAS is High at the rising edge of
the clock (CK). The Precharge command can be used to precharge any bank individually or all banks
simultaneously. The Bank Select addresses (BAO, BA1) are used to define which bank is precharged when
the command is initiated. For a write cycle, tWR (min) must be satisfied from the start of the last Burst Write
cycle until the Precharge command can be issued. After tRP from the precharge, an Active command to the
same bank can be initiated.

= Bank Selection for Precharge by Bank Address bits »

Al0/AP BA1 BAD Precharge
i} a 0 Bank 0 only
0 a i Bank 1 anly
1] 1 0 Bark 2 anly
i} 1 1 Barik 3 anly
1 X kA All Banks

Auto Refresh

An Auto Refresh command is issued by having /CS, /RAS, and /CAS held Low with CKE and /WE High at the
rising edge of the clock(CK). All banks must be precharged and idle for a tRP (min) before the Auto Refresh
command is applied. The refresh addressing is generated by the internal refresh address counter. This makes
the address bits “Don’t Care” during an Auto Refresh command. When the refresh cycle is complete, all banks
will be in the idle state. A delay between the Auto Refresh command and the next Active command or
subsequent Auto Refresh command must be greater than or equal to the tRFC (min).

8 a 10 il
o AT AT A Y A T AT A T | '_".lll'_ S '.‘.'_'- '_'-.':'_-. .ﬁ.l.-'_
cK M R (- ._.?I"._." “j ST WL
Command —— =)
CKE = High

Figure.16 Auto Refresh timing
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Self Refresh

A Self Refresh command is defined by having /CS, /RAS, /CAS and CKE Low with /WE High at the rising
edge of the clock (CK). Once the Self Refresh command has been initiated, CKE must be held Low to keep
the device in Self Refresh mode. During the Self Refresh operation, all inputs except CKE are ignored. The
clock is internally disabled during Self Refresh operation to reduce power consumption. To exit the Self
Refresh mode, supply a stable clock input before returning CKE high, assert Deselect or a NOP command
and then assert CKE high.

Command { BELF

e ] el 4 :E‘I'.-
1 Gy M
CHE | ? tgar (Mih)

Figure. 17 Self Refresh timing

-

Power Down Mode

The device enters Power Down mode when CKE is brought Low, and it exits when CKE returns High. Once
the Power Down mode is initiated, all of the receiver circuits except CK and CKE are gated off to reduce
power consumption. All banks should be in an idle state prior to entering the Precharge Power Down mode
and CKE should be set high at least tXP prior to an Active command. During Power Down mode, refresh
operations cannot be performed; therefore the device must remain in Power Down mode for a shorter time
than the refresh period (tREF) of the device.

10

ICK T
I'n_‘l_n' 'n_f

CK

Command

Figure.18 Power Down entry and exit timing
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SIMPLIFIED TRUTH TABLE

COMMAND CKEn-1 | CKEn | /CS | /RAS | /CAS | /WE | DM | BAD, 1 [ A1VAP | AD~AZ, A11, A12 | Mote
. Extended Mode Register H X L L L L X OF CODE
Register - —— 1.2
Mode Repister Set H X L L L L X OF CODE
Auto Refresh H 3
= H L L L L H X X 3
Refresh Salf il
Refrsh | Esit L - S T L L A ¥ X :
X X 3
Actwe (Bank Activaton & Row Address) H X L L H H X v Row Address (AD-A12)
Read & Auto Precharge Dissble . L Column 4
- H X L H L H X v .
Column Address | 240 Precharge Enshle H Address (AD-A8) 46
Wrte & Auto Precharge Dissble L Column 4
- H X L H L L X J ; .
Column Address | 250 Precharge Enahle H Address (AD-A8) £
Bank Selecti v L
Precharge o == EEen H x || la ]| ox X
&l Banks X H ]
Burst Siop H L H H L X X T
— Entry H L L H H L X y
=ep Power Do St L = | R | x| x| x| x "
_ H L H X X X %
Actve Power Down =y L v v v X
Zxi L H X x X X X
N H x X X
=niry H L L — . — X
P ®
Precharge Power Down — a x " - X
Exit L H X
L T H H
oM H X v 8
Dezelact H X H X X X X ]
No Operation Command (MOP) H X L H H H X X

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

Note : 1. OP CODE : Operand Code.
AD ~ A12 & BAD ~ BA1 : programmable inguts for the two Mode Registers.
. EMRS / MRS can be issued only when all banks are in the precharge state
A new command can be ssued 2 clock cycles fellowing either MRS or EMRS.
3. The Auto Refresh functions are the same as CBR ({CAS-Before-RAS) refresh of standard DRAM
The automatic precharge without 3 Row Precharge command s meant by “Aubo”™.
Auto | Self Refresh can be issued only when all banks are in a precharge state
4. BAD ~ BA1 : Bank Select addresses.
I both BAD and BA1 are Low at Read. Write, Actve or Precharge, bank 0 is selected.
| BAD is High and BA1 s Low at Read. Write. Active or Pracharge, bank 1 is selected.
| BAD is Low and BAT is High at Read. Write, Active or Precharge, bank 2 is selected.
| both BAD and BA1 are High at Read, Write, Actve or Prechame, bank 3 is sefected.
A, | A10:4P s High at row precharge, BAD and BAT are ignored and &' banks are selectzd.
f. During Burst Read or Burst Wrte with Auwio Precharge, a new Read or Write command cannot be fssued.
Another bank Read or Write command can be issued afier the end of the burst.
A new Active cormmand to the associated bank can be issued after tpp has been satisfied
. The Burst Stop commiand is valid for every Burst Length.
. The DM inputs are sampled at both the rising and the falling edges of DQS (Write DM latency is 0]
. The Deselect command is functonally equivalent o a NOP.

ra

L=l o)
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EMD12164PHW-xxx

8Mb x 16 bits x 4Banks Mobile DDR SDRAM

FUNCTION TRUTH TABLE

Current State fCS | IRAS | ICAS | 'WE Address Command Action
L H H L X BURST 5TQP =gal "2
L H L X BA, CA, ATDAP READ ! WRITE =gal "2
Precharge L L H H BA, RA ACTIVE Activate bank, laich RA
Standly L L H L | Ba siver FRE/ PREALL =gal "4
L L L H X REFRESH Auto Refresh "5
L L L L Op Code, Mode Rep. inputs | MRS Mode Regster 5215
L H H L X BURST 5TOP NOP
L | H | L | H | Bacaasnses READ ! READA e i e
Active L | H L L | BA, CA, AR WRITE | WRITES E:g;;‘;g-i;g‘;';;gé,ge ackion
Standby L L H H BA&, RA ACTIVE Activate bank | Degal "2
L L H L BA, A10iAP PRE/ PREALL Precharge | Prechange All
L L L H X REFRESH =gal
L L L L Op Code, Mode Reg. mputs | MRS egal
L H H L X BURST 5TOFP Terminate burst
Terminate burst, latch CA,
L H L H BA, CA, AllAPR READ | READA begin new Read. determine
Aute Precharge action *3
Read L H L L BA, CA, ATDAR WRITE/ WRITEA =gal
L L H H B4, RA ACTIVE Activate bank | Degal "2
L L H L BA, A10AP PRE/ PREALL Terminate burst, precharge
L L L H X REFRESH =gal
L L L L Op Code, Mode Rep. inputs | MRS egal
L H H L X BURST 5TOP =gal
Terminate burst wih DM = High,
L H L H B&, CA, ATDAP READ/ READA latch CA, begin Read,
determine Auto Precharge action "2
Terminate burst, latch CA,
Wirite L H L L BaA, CA, ATDIAP WRITE/ WRITEA begin new Writz. detarmine
precharge action "3
L L H H B4, RA ACZTIVE Activate bank | Degal "2
L L H L BA, A0SR PRE / PREALL ;I-E'E":;I:rig: burst with £ = High,
L L L H X REFRESH =gal
L L L L Op Code, Mode Reg. inputs | MRS =gal
L H H L X BURST 5TORP =gal
L H L X B&, CA, ATDAP READ /! WRITE =gal "2
Read with Auto L L H H BA, RA ACTIVE egal "2
Frechange L L H L B4, A10iER PREJPREALL zgal "2
L L L H X REFRESH =gal
L L L L Op Code, Mode Reg. mputs | MRS egal
L H H L X BURST 5TORP zgal
L H L X B&, CA, ATDAP READ /! WRITE =gal "2
Write with Auto L L H H B4, RA ACTIVE =gal "2
“recharge L L H L B4, A1lAR PREJPREALL zgal "2
L L L H X REFRESH =gal
L L L L Op Code, Mode Reg. inputs | MRS =gal
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EMD12164PHW-xxx
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FUNCTION TRUTH TABLE (continued)

Current State ICS | IRAS | ICAS | 'WE Address Command Betion
L H H L | x BURST 3TOP zgal "2
L H L X | BA CA, AIDAR READ / WRITE zgal "2
) L L H H | BA& RA ACTIVE zgal *2
Frecharging Ll L | # | L |&Aames FRE/ PREALL NOF 2 idle 27er ipm)
L L L H | x REFRESH zgal
L L L L Op Code, Mode Reg. inputs | MRS =gal
L H H L [ x BURST STOP zgal *2
L H L X | BA CA, MIDAP READ / WRITE zgal "2
Row L L H H | B4 =A ACTIVE 2gal "2
Activating L L H L B4, A10AP PRE/PREALL 2gal *2
L L L H | % REFRESH zgal
L L L L Op Code, Mode Rep. inputs | MRS =gal
L H H L | x BURST 3TOF lliegal *2
L H L H | BA CA AINAP READ lliegal *2
] L H L L | Ba ca Allap WRITE | WRITEA Mew Write, determ. Auto Pre. acfion
%Ec"";];; g L L H H | Bara ACTIVE lllegal 2
L L H s PRE/ PREALL lliegal *2
L L L H | x REFRESH llizgal
L L L L (Op Code, Mode Rep. inputs | MRS lllzgal
L H H L | x BURST 3TOR lliegal
L H L X | BA CA AIDNAR READ WRITE lliegal
Refreshing L L H H | BARA AT -..f: llizgal
L L H L | Ba amer FRE/ PREALL lliegal
L L L H [ x REFRESH llizgal
L L L L Op Code. Mode Rep. inputs | MRS lll=gal
L H H L | x BURST 5TOP llizgal
) L H L K| BA CA AINAR READ WRITE lliegal
Heﬁ?er L L H H | BA Rfu _ 'i” -..r: lllegal
S=tting L L H L | Ba sinar PRE/ PREALL llizgal
L L L H | x REFRESH llizgal
L L L L Op Code. Mode Reg. inputs | MRS lllzgal
ABBREVIATIONS :

H = High Level, L = Low Lewel, W = Valid, X = Don't care
BA = Bank Address, RA = Row Address, CA = Column Address, NOP = No Operation
PRE = Precharge, PREALL = Precharge Al. MRS = Mode Register Set

READA = Read with Auto Precharge, WRITEA

Note

egal if any bank is not idie.

B in gt ba

rite with Auto Precharge

llegal = Device operation andior data mtegrity are not guaranteed.

Il entries assume that CKE was High during the precedng dock cycle and remains High in the cument clock cycle.

egal for the bank n the specified state: the function may be legal in another bank specifed by BA. depending on the state of that bank.
The firming mus: satisfy bus contention, bus tum-around, and wiite recovery requremesns.
This command functions as a NOP fo 3 bank prechargng or in the idle state. but the system may precharge another bank indicated by BA

The sams bank's previous Autc Precharge will not be performed. But if the bank is dfferent, the previcus Aule Prechame w be performed.
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FUNCTION TRUTH TABLE for CKE

CKE CKE
Current State - n ICS /RAS | /CAS WE Address Action
H x X X X X X nwiaid
St
Refraching L H H X X kS X Exit Seff Refrach *1
L H L H H H X Exit Self Refresh *1
L H L H H L x egal
L H L H L X x egal
L H L L X X x egal
L L X X X X X MOP (maintain Self Refresh)
H X X X X X X vl
Power L H X X X ® X Exit Powser Down "2
Dioan
L L X X X X x NOP {maintain Power Down)
H x X X X X X nwiaid
Power L H H X X X x Exit Deep Power Down *5
Diowin
L L X X X X x NP (maintain Deep Power Down)
H H X X X X x Refer to the prewious Function Truth Table
Al Banks
Idie H L H X X X x Enter Power Down *3
H L L H H H x Enter Power Down *3
H L L H H L x Enter Deep Power Down
H L L H X X egal
H L L L H H BEA, RA Activate a bank and laich the row address
H L L L L H X Enter Self Refresh *4
H L L L L OF Code Access the Mode Register
L x X X X X x Refer abowve to Cwrent State = Power Down
Any State H X X X X x Reefer to the prewious Funclion Truth Table
other than those
sted abowve
ABEREVIATIONS :
H = High Lewe! L= Low Level, V =Vaid X = Don't care

NOF = Mo Operation, OF = Operation; the OF Code is the set of Mode Register inputs

Note :

1. After CKE makes 3 Low to High transition to exit S2if Refresh mode. Additicnally, a time of tg {min) must elapse afier CKE makes a Low to High
transiticn before issuing a new command.

2. The CKE Low to High ransiion is asynchronous: this transiton restarts the imtemal clock.
A rrinirrum setup tme of by must be satisfied before any command other than the exit from Power Down.

3. Precharge Power Down can be entered only when all banks are ide i at least one bank is actve, the power down state will be Active Power Down

4. Self Refresh can be entered only when all banks are dle.

. The CHE Low to High transifion is asynchronous. The clock must be stable before this CKE transition. MOP commands must be maintained
for at least 200us followed by steps 4 through 11 of the Power Up and Initalizaton sequence.
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Emerging Memory & Logic Solutions Inc.

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Lnit
Woltage on any pin relative to Vg WT 05~23
Voltage on Voo supply relative to W Voo 05~23
Woltage on Voo supgly relative to Ve, Yooo 05~23 W
Storage temperature Tere 5540 +125 C
Fowser dissipation "o 1.0 W
Shart circuit current os 50 mé&

Note :
1. Permanent device damage may occur if ABSOLUTE MAXIMURM RATINGS are exceeded.
2 Functional operation should be restricted o Recommended Cperatng Condiions.
3. Exposure to higher than the recommended voltages for exiended peneds of time could affect device reliabdity.

POWER & DC OPERATING CONDITIONS

Recommended Operating Conditions (voltages referenced to VSS = 0V, TA = -25°C to +85°C)

Parameter Symbol Min Typ Max Unit MNote
Device supply wollages Voo 1.70 1.80 1.80 W
Duipult supply woltage Vooa 1.70 1.80 1.20 W
Input bogic high woltage VIH 08 xVooo Voo +0.30 W 1
Input bogic low woltage Wi 4030 0.32 Vpoo W 1
Duiput logic high voltage Vior 08 xVooo W lop=-0.1mA
Dutput logic low voliage Voo 0.1 = Voog W lgp = +0.1mé&
Input leakage current L -2 2 wA
Dutput leakage curent Loy -5 5 wA
Note :

1. This parameter should be tested at the pin on actual components and may be checked at either the pin or the pad in simulateon.
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EMD12164PHW-xxx
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DC Characteristics 1 (TJ =-25°C to +85°C, VDD and VDDQ = 1.7V to 1.9V, VSS and

VSSQ = 0V)
#16 32
Parametar Symbol  Speed Max. max. Unit  Test condition Motes
Burst length = 2
Operating current DD 166MHz 70 &0 mA tRC = tRC (min.), 10 = OmA, 1
133MHz 50 70 )
One bank active
Standby current in power- CKE = VIL (max.),
down IDD2P 0.8 038 mA tCK = tCK (min.)
Standby current in power-
down IDD2PS 056 06 mA CKE =VIL {max.), tCK = ==
(input signal stable)
CKE = VIH (min.),
. tCK = tCK (min.),
Standby eurrent in non power- IDD2N 166MHz 5.0 50 mA /CS = VIH (min.),
down 133MHz 4.0 4.0 . .
Input signals are changed one time
during 2tCK.
H AT =\ f =
Standb_, currgnt in non power- o\ o 20 20 mA CKE 2 IH {min.}, tCK = o=,
down (input signal stable) Input signals are stable.
Active standby current in CKE = VIL (max.),
power-down IDD3P 3.0 3.0 mA tCK = tCK (min.)
Active standby current in
power-down (input signal IDD3P3 20 20 mA CKE = VIL (max.), tCK =
stable)
CKE =z VIH (min.),
. ) tCK = tCK (min.),
Active standby current in non IDD3N 10 10 mA ICS = VIH Emin.f}.
power-down i .
Input signals are changed one time
during 2tCK.
Active standby current in non Y . _
power-down IDD3NS 70 70 ma  CKE 2 VIH (min.), 1CK = e
. . . Input signals are stable.
(input signal stable)
. e Burst length = 4
Burst operating current IDD4 Egm:; S!ISO :II!;E' mA tCK = tCK (min.), 2
IOUT = 0mA, All banks active
Refresh current IDD5 90 a0 ma& tRFC = tRFC (min.) 3
Standby current in deep IDD7 10 10 WA CKE <02V
power-down mode
Advanced Data Retention Current (TJ =-25°C to +85°C, VDD and VDDQ = 1.7V to 1.9V,
VSS and VSSQ = 0V)
Parameter Symbol Grade  typ. max. Unit  Condition Notes
Advanced data retention current T .
(Self-refresh current) IDD6 - 250 S
PASR="000" (Full) =
PASR="001" (2BK) — 220 A
PASR="010" (1BK) — 200 A
PASR="000" (Full) IDD& — 480 LA +40°C < TJ = +70°C
PASR="001" (2BK) — 350 A CKE=0.2V
PASR="010" {1BK) — 280 A
PASR="000" (Full) IDD& — 500 LA +70°C < TJ = +85°C
PASR="001" (2BK) — 400 A CKE=0.2V
PASR="010" ('1BK) — 300 A
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Notes: 1. IDD1 depends on cutput loading and cycle rates.
In addition to this, IDD1 is measured on condition that addresses are changed only one time during

tCK (min.).

Specified values are obtained with the output open.

2. 1DD4 depends on output loading and cycle rates. Specified values are obfained with the output open.
In addition to this, IDD4 is measured on condition that addresses are changed only one time during

tCK (min.).

3. 1DD5 is measured on condition that addresses are changed only one time during tCK (min.).

DC Characteristics 2 (TJ = -25°C to +85°C, VDD and VDDQ = 1.7V to 1.9V, VSS and VSSQ = 0V)

Parameter Symbol min. max. Unit Test condition Motes
Input leakage current ILI =20 20 pA 0=VIN =VvDDQ
; 0=VOUT =vDDQ,
Output leakage current ILO -1.5 1.5 pA DQ = disable
Qufput high voltage VOH 0.9 xvVDDQ — \ IOH=-0.1TmA
Output low voltage VoL — 0.1=vDDQ v IOL = 0.1 mA
Pin Capacitance (TA = +25°C, VDD and VDDQ = 1.7V to 1.9V)
Parameter Symbaol Pins min. typ. max. Unit Notes
Input capacitance ClI1 CK, ICK 15 — 35 pF 1
cl2 All other input-only pins 15 — 3.0 pF 1
Delta input capacitance Cdi1 CK, ICK — — 0.25 pF 1
Cdi2 All other input-only pins — — 0.5 pF 1
Data input/output capacitance ~ CIO DQ, DM, DQS 20 — 45 pF 1,2,
Delta inputfoutput capacitance  Cdio DQ, DM, DAS — — 05 pF 1

Notes: 1. These parameters are measured on conditions:

TA =+25°C.
2. DOUT circuits are disabled.

f = 100MHz, VOUT = VDDQ/2, AVOUT = 0.2V,




MLSI EMD12164PHW-xxx
Emerging Memory & Logic Solutions Inc. 8Mb x 16 bItS X 4BankS MObIIe DDR SDRAM

AC INPUT OPERATING CONDITIONS

Recommended Operating Conditions (voltages referenced to VSS = 0V, TA = -25°C to +85°C)

Parametar Symbol Min Typ Max Unit MNote
Imput high {logic 1) voltage: DO Vi 0.8 = Vapo - Vpog + 0.3 v 1
Imput low (legic 0) woltage: DG Wy -0.3 - 0.2 x Vppeg v 1
Clock input crossing point volkage: CK and [CX Wiy 0.4 5 Vapo - 0.5 = Vppg W 2

MNote :
1. These parameters should be tested a1 the pin on actua components and may be checked at either the pin or the pad n simulation.
2. The walue of Vi is expected 1o equal 0.5 x Vg g of the fransmitting device and must rack variation in the DT level of the same.

AC OPERATING TEST CONDITIONS
(VDD =1.70V to 1.95V, TA = -25°C to +85°C)

Parameter Symbol Value Unit
AC input high / low level voltage Vin Vi 0.8 x Vpog { 0.2 % Vppg v
Input timing measurement reference lavel valtage Werggp 0.5 % Vpog v
Input rise [ fall time tpfte 1/1 ns
Quiput timing measurement reference level voltage VaUTREE 0.5 x Vppg v
Output load capacitance for access tima maasuremant Cea F2

j__\.' 1.8% T "u"-l-r =05x I“IDEQ'
£, :

< 13.9K0

= -\:} 500

Vow (DC) = 0.2 x Vg Igw = -0.1mA

Dutput () I Cutput —-.\% Zn= Tz =son

W (DC) = 0.1 x Vppge Ioy = 0.1mA

10.6K0 = 20pF 20pF

£ L

[

F1. DC Dubput Load Cincuit F2. AC Output Load Circuit
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CAPACITANCE (vDD = 1.8V, VDDQ = 1.8V, TA = 25°C, f = 1MHz)

Parameter Symbol Min Max Unit
Input capacitance (CK, /CK) Crg 1.5 3.5 B
Input capacitance delta (CK, /CH) Corg 0.25 pF
Input capacitance (all other input-only pins) Gy 1.5 3.0 B
Input capacitance delta (all other input-anly pins) Cog 0.5 pF
Input ! output capacitance (DG, DG5S, DM) Ciny 2.0 4.5 pF
Input ! output capacitance delta (DG, DQS, DM) Con 0.5 pF
Hates - These values are guaranteed by design and are tested on a sample basis only.

1

2. These capacitance values are for single monolithic devices only. Mulliple die packages will have parallel capacitive loads.

3. Imput capacitance is measured with Vgz, Vezq, Vpp. and Voo apolied and all other pins (except the pin under test)
flazating. D&'s should be in a high impedance state. This may be achieved by pulling CHE o low level.

4. Alhough DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DO and DQS

pins. This is required to match signal propagation times of DO, D25, and DM in the system.
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AC CHARACTERISTICS

-60 {DDR323)

-75 (DDR2EE)

Parameter Symbol Unit Mote
Min Max Min Max

CK cycle Ime CL=3 o 6.0 100 7.5 100 ns 1
CK Hign lzvel widih tow 0.4s 055 0.4s 055 LS

CK Low level width to 045 .55 048 055 Ty

D3 ouft ancess Hme from CK toosck 20 5.0 20 55 ns

Output access fime from Cx taz 20 5.0 20 55 ns 3
Diata sobe eoge to Dout edge thass - 0s - i1 ns

Fead preamtle lgomg .z 1.4 .z 1.1 fop

Read postsmble tRmsT 04 05 04 0s fop

(CH b walld 5N tpass 075 1325 075 =

DQs-in setup ime typ=Es i - i - ns 4
Das-nhodtims wpsEH | 0.5 - 0:2s - fop

OGS wiite posiamble time twpsT a4 06 a4 0sg o

D3-in High level width tomen 0.3 - 0.35 - tok

D-in Low level widkh toom 0.3 - 0.35 - tok
Addrzss and Cantral Input setup Ime = i - i3 - ns 5
Address and Cantrol Input hoid Sme Ty 1 - 1.3 - ns 1
DG and DM setup ime to DG5S s 0.6 - 0.6 - ns 3.6
DG and DM hold time to Das o 0.6 - 0.6 - ns 3.6

ToL min) ToL min)
Clock nalf period o ’El- - - '\:-l- - - nes
ot rom DOE io

e o e | - %] |-

Riow cycie Ime tro B - 67.5 - ns

Auta Refresh cycle ime tRFC PIE - 110 - ns

R Active time tras 42 120000 43 120000 ns

IRAS 10/CAS delay for Read arwinte | tReD 225 - 225 - ns

R prechange tme 1] i - 225 - ns

R Active fo Row Active delay tzap 12 - 15 - ns

Wiite recovery Ime twr 15 - 15 - ns 3
Lagt Oin (Dala inpul) fo Actve delay | Toay hote 2 - hote 2 - tox 2
miemal Write to Read command delay | bwte 2 - 1 - oK 8
Col. adoress 10 ool Address delay teop 1 - 1 - K

Mode reglster sef cycle Ime R 2 - 2 - oK

Ex Sar Refresh to nesd vald command|  hese 120 - 120 - ns

E:r:]c;\;r Do rnade 32 first vaid typ - i - i s S
Refresh Interda ime = 3 g4 - 84 - s 10
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Note :

(=]

in

[=1]

[55]

(%]

. Input Setup | Hold Slew Rate Derating

Input Setup { Hold Slew Rate (Wins) Az (ps) Aty (ps)
1.0 a i}
0.8 + 50 + 50
0.8 + 100 + 100

This derating table i used to increase §o /4y in the case where the input slew rate is below 1.0Vins.

toag = (writcs) + (tgaftok). Foreach of these terms, if the rato is not already an integer. round up to the next mteger.

Diriwer Strength should be selected based on actua’ systemn loading conditions. Figure 2, the AC Output Load Circuit, represents the
reference lead used n defining the relevant timing parameters of this device. The 20pF load capactance s not expected to be a
precise represeniation of ether a typical system load or the production test environment but is approprate for Ful Driver Strength.
Setting the output drivers to 1/2 Drver Strength, for a further example, is appropriate for a 10pF load

The specic reqguirement is that 0Q5 be Valid (High or Low) on or before this CK edge. The case shown (DQ5 going
from High-Z 1o legic Low) apples when no writes were prewousy in progress on the bus. i a previous write was in

progress, DQS could be High at this tme, depending on tposs.

/0 Setup / Hold Slew Rate Derating

VO Setup { Hold Slew Rate [Vins) Afpg (ps) Atgy lps)
1.0 ] 0
0.8 +75 +75
0.6 = 150 + 150

This derating table is used to increase tos /oy in the case whers the 110 s'ew rate is below 1.0Wins

/0 Deka RiseiFal Rate [1/=lew rate] Derafing

110 Delta Rise / Fall Rate (ns/V) Afpe (ps) Atng {ps)h
1.0 4] 4]
+ 0.25 + B0 + B
+ 0.50 + 100 +100

This derating table is used io increase tos § oy in the case where the DQ and DQS slew rates differ. The
Celta Rise / Fal Rate is calculated as 1/5lewRale! - 1/5lewRatel. For example, if SlewRate1 = 1.0Vins and

SlewRatel = 0.8Yins, then the Delta Rise / Fall Rate = -0.28nsM

There must be at least one clock (CK) pulse during the typ period.

tyyrr is referenced from the positive clock edge after the last Data In pair.

tywr is referenced from the positive clock edge after the last desired Cata In par

. Each of the 8192 row locations n each of the four banks must be activated or refreshed in any rolling 84ms pericd

If Auto Refresh eycles to al four banks simultanecusly are used for this purpose, e average refresh interval for
distributed refresh is 84ms + 8182 = 7.8125us.
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Timing

Basic Timing (Setup, Hold and Access Time @BL =2, CL = 3)

tok
fon ) ter
(0 1 2 2 4 5 5 7 8
K T T Ty
ol AN SR N S W S W SN SN S N S SN S NN N W S

e, [ ]

_'_‘_,.:-""
—

,I:..'-‘E:I Rﬁ‘;\]i"“‘-&, [ e
T
FAl)

toos oo I 1 -
. c:-::,_.ci | oted e D-:E: 1 the A JEST
Das b [trerel, i ) { | -
| LT I — = A
s ot OS5 1, H
DM \'k A |
ngsa DGSa et tps
tngso T —osn :j‘ tos H—I,Id ‘oH
i o D{;D{;ﬁ - |
ba i e Wiy Ve
CMD | FEAT ull,. .;"I.r.'ﬂ =t |:II'.-‘-.'RJTE|::I:I
\ ! \ /
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Multi Bank Interleaving READ (@BL = 4, CL = 3)

o O S N SR W S S SN W, S S S W S S S W S
CKE | High
|
res A | /£ NVAVAN /| \ |
. ReD A toop .
ess [ 1\ ALERNY \ |/ |
we [ ]\ AN / |\ |
es v D DS |
o ) ARER |/ \|/ |
oo [JERK e e oK |
—h —h —+ —
Das [ A/
on [ ] |
na (@se p|ast flasz)asz}japa) o1 ) asz)
CMD @ {se -.-EI::E:- (Hfﬁ:a:} .;:EE}
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Multi Bank Interleaving Write (@BL = 4)

10 2 4 5 7
ek VTl
CKE | High
i | f LY I
cs \ 3Jf '.__n"ll

I
U S,

0
T
%]
=
._._,..-r'"
- — — | -

m

p=l

=
i
o
L)
[
g

E
2
T
M
A
T
s
]
_'_'_,.:-"'-
|
—

T

[

[

A
—
[5]
-
e
o1
=
-
[
l]-ﬁ"'ﬁ-ij (™
o
L

DM \ /
DQ Sl 7 i
cmp  femies) ferfed | (aries) e
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Read with Auto Precharge (@BL =8, CL = 3)

0 1 2 2 4 £ 5 7 8
o S A A A A A T T L D A FE
= | g \Illt T
ICS Aol
= '._j L Ato Prdchargs Start|™ —
ras | [ 1 |
tap

i
I
]
I
T T ——

=
L)
IF*?".:}
=

=
S
=
e
—_
=
3]
LJ—""

]5
%
o2
I:}-ﬁil
L]

llllll_ \Ill 1 II '_-‘IIII lll_ !
DQ3 S VA R P R (.
DM |
1
oo (aal\(cal \ cat { cat ) Gad | Qg ¥ Qsf § ol )
[ | S I S I N S I T I W ¥
CMD | FEAD E.} -RE R
|

T The Active command of the pracharged bank can be issued after tgp from this point.
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Write with Auto Precharge (@BL = 4)

0 1 2 3 4 £ 5 7 g
ok VTl —
CKE High

es N\ |/ ;
— " Adite Prechangd Start

3
T
(%3]
L
e
1 = [

m

p=l

F
)
[

o
2
T
e
e
il
[ 0]
F

T

(=)

o

A
L]

r
=

Das N L
om [\ /
o | EEEE

ﬂ
4]

CMD  {WRITE al:;- laz

"I The Active command of the precharged bank can be issued after tgp from this point.
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Write Followed by Precharge (@BL = 4)

0 1 2 3 4 5 5 7 8
e S L ' L L L O L L L T B L '
cs N\ |/ VI /

L

&

T

[¥2]

I
L ] |
e, ] P

=
o
FE::']
L

=
=
=
o)
[
[,
J_,_,.'-'""
[

DG

| {bad ) Da i D= ':E;,
CMD |:'.-".IRITEaI::- .,E

L=

Mote: PCG = Precharge.
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Write Interrupted by Precharge & DM (@BL = 8)

10 2 3 4 5 7
ok VTV
s \| /
es \ L/ VARV

twr,

I e Sy
L | |

e |

I}ﬂ,ﬁfﬁ*—-.___

q_,
=
m
[
[

=
=
=
T
[
[
| —
[
|

o

]

A
=
5
I:‘ES:I
=2
]

2]
7]

DO —i'EH"{I Da] f Da] I::"Eﬂ';{ Daq ) Daq } Dag I‘.:Da'} ::'E E

MO {WRITE al:;- {pcka) | (wmfee) | (wafee)
% ! L ! h! !

Mote: PCG = Precharge.
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Write Interrupted by Read (@BL = 8)

0 1 2 2 4 5 5 7 8
ek A\l
ics _}.f "
IRAS |_/ '\ |
tatrs

l..'-ﬁ'::]“"-m"“‘m.-#"

=
=
=
o)
[
[T,
|
[

5
S
=
£5)
&

b

CMD  {WRITE a;;. -".I‘E_'_EFEIj
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Read Interrupted by Precharge (@BL = 8, CL = 3)

EDE W O O
CKE High

es L L

s I \|/ |
s [ |/ 7Y |
we I \|/ |
ouror [ e |
oo [ |/ \|/ |
oo [T |
oas N N

ov [ T

oa FHEEEHEE

Mote: PCG = Precharge.
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Read Interrupted by Burst stop & Write (@BL =8, CL = 3)

|0
ok T

a
Ck — ! | P

|J|’“
|
|E|
[

7

|f |
l

CKE [ High

&
T
[¥3]
I
| ] gt r"'"'--
= —
N

= £
= =
2 B
:‘m]
%i
— o
_—

I
[=]
o
a
txl
e
——
o]
=

B
" EIC) G ) ) G
emo (=2) | (o ) (=)

Mote: BST = Burat Stop.
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Read Interrupted by Read (@BL =8, CL = 3)

o O
CKE High

es \ /T

ms 77N |
s | A |/ |
we T |
o1 DEREIAN |
wone | [ |/ |
oo D |
DQS \ ] _J'_ ! —1"'-._1 T u _,."_1_

.

. SHEEEEEEE )

cuo (o) | (relen)
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DM Function for Write (@BL = 8)

C W 0 0 O 0 W
e — -

. 0

ms [T |
os [ |/ |
we [T, |
oacvon [N |
wrone (A |/ |
soor [TITTITEN |
nas '- _-"r_ll"x_ _L_ B L B L

ou [ e ST

= EHEDEE ) EEE)

w || @D
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Mode Register Set

S W
RAS | \ |/ \ |/ XX |
icas | /1N \ |/ XX |
we [/ \|/ XX |
BAl0] || \ |/ XX |
amome| | ]| \ |/ XX |
oo ] i X |
Dos Figh-2

o

DQ all=

45



MLSI EMD12164PHW-xxx
Emerging Memory & Logic Solutions Inc. 8Mb x 16 bItS X 4BankS MObIIe DDR SDRAM

SPECIAL OPERATIONS FOR LOW POWER CONSUMPTION

TEMPERATURE COMPENSATED SELF REFRESH

In order to reduce power consumption, a Mobile DDR SDRAM includes the internal temperature sensor and
other circuitry to control Self Refresh operation automatically according to two temperature ranges: max. 40°C
and max. 85°C.

Self Refresh Current (lgg:)
Temperature Range

Full Array 172 Full Array 1i4 Full Array Unit
Max. 85°C 500 400 300 U4
Max. 40°C 250 220 200 ud

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. The refresh options are all banks (banks 0, 1, 2 and 3); two
banks (bank 0 and 1); one bank (bank 0); one-half of one bank (bank 0 with MSB address = 0); and one-
quarter of one bank (bank 0 with MSB and MSB - 1 addresses = 0). Write and Read commands can still affect
any bank during standard operations, but only the selected banks will be refreshed during Self Refresh. Data
in unselected banks will be lost.

DEEP POWER DOWN

Deep Power Down achieves maximum power reduction by eliminating the power of the whole memory array
and surrounding circuitry. Data will not be retained in the memory storage array, the Mode Register, or the
Extended Mode Register once the device enters Deep Power Down mode.

This mode is entered by having all banks idle then /CS and /WE held Low with /RAS and /CAS held High at
the rising edge of the clock, while CKE is Low. This mode is exited by asserting CKE High, applying only NOP
commands for 200 microseconds, and then continuing with steps 4 through 11 of the Power Up and
Initialization sequence..
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Deep Power Down Mode Entry Timing

CKE : . \;

Ras | \ |/ / |\ |

eas | A /1N |

me [ AL/ A/ |
Deep Power Down Mode Exit Timing

ICK ! i i | = T = [ (| — —

CE _1_._| —-- | (- L N C— —
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iCS

I 1 -
I 1 T
m— i,

s [ | e i
s [ e | A e
we ] | T O . A e
oo | @8 | (@B | |8 | & | |e@)| | |eB| | (e

47



MLSI

Emerging Memory & Logic Solutions Inc.

EMD12164PHW-xxx

8Mb x 16 bits x 4Banks Mobile DDR SDRAM

PACKAGE DIMENSIONS

60-Ball FpBGA Package
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