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1. FEATURES

e Density : 512Mbit
e Data width: x32
e Power supply : VDD, VDDQ = 1.7 to 1.95V
¢ Speed
- Clock frequency : 200MHz (max.)
- Data rate : 400Mbps (max.)
¢ Four internal banks for concurrent
operation
¢ Interface : LVCMOS
e Burst lengths (BL) : 2, 4, 8, 16
e Burst type (BT)
- Sequential : 2, 4, 8, 16
- Interleave : 2, 4, 8, 16
e CAS# latency (CL) : 3
¢ Precharge : auto precharge option for each
burst access
¢ Driver strength : normal, 1/2, 1/4, 1/8
¢ Refresh : auto-refresh, self-refresh
¢ Refresh cycles : 8192 cycles/64ms
- Average refresh period : 7.8us

e Operating temperature range
- Commercial (Extended) -25°C to +85°C
- Industrial -40°C to +85°C
e Package: 90-ball FPBGA (8x13.0mm)
e All parts are ROHS Compliant
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Low power consumption

Partial Array Self-Refresh (PASR)

Auto Temperature Compensated Self-Refresh
(ATCSR) by built-in temperature sensor

Deep power down mode(DPD Mode)

Burst termination by burst stop command and
precharge command

DDL is not implemented

Double-data-rate architecture :

Two data transfers per one clock cycle

The high speed data transfer is realized by the
2bits prefetch pipelined architecture
Bi-directional data strobe (DQS) is transmitted/
received with data for capturing data at the
receiver

DQS is edge-aligned with data for READs;
center-aligned with data for WRITEs
Differential clock inputs (CK and CK#)
Commands entered on each positive CK edge;
data and data mask referenced to both edges
of DQS

Data mask (DM) for write data

¢ Clock Stop capability during idle periods

Rev. 1.0/July 2014



)ﬁk At AS4C16M32MD1

2. GENERAL DESCRIPTION

This AS4C16M32MDL1 is 536,870,912 bits synchronous double data rate Dynamic RAM. Each
134,217,728 bits bank is organized as 8,192 rows by 1024 columns by 16 bits or 8,192 rows by 512
columns by 32bits, fabricated with Alliance Memory’s high performance CMOS technology. This device
uses double data rate architecture to achieve high- speed operation. The double data rate architecture
is essentially 2n-prefetch architecture with an interface designed to transfer two data words per clock
cycle at the 1/0 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.

Table 1. Speed Grade Information
Speed Grade — Data rate| Clock Frequency | CAS Latency treo (ns) tze (ns)
400Mbps (max) 200 MHz (max) 3 15 15

Table 2 — Ordering Information for ROHS Compliant Products

Product part No Org Temperature Max Clock (MHz) | Package
AS4C16M32MD1-5BCN 16M x 32 | Commercial 200 90-ball FBGA
(Extended)

-25°C to 85°C
AS4C16M32MD1-5BIN 16M x 32 | Industrial 200 90-ball FBGA
-40°C to 85°C
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2.1 Package Pin Configurations

Figure 2.2 Pin configurations

< Top View >

Top View
(Balls seen through the package) 90-Ball (6x15) CSP
1 2 3 4 5 6 7 8 9 1 2 3 = - ~

'S X X 28302eY X N J A | vss [pa31| vssa | vbba |pate| vbD
N N N ZGXORGN X N | B |vbDa|DaQ29| DaQ3o DQ17 | DQ1s|vssQ
Sl X X 262080Y X X ] € |vssQ|DQ27 | DQ28 DQ19 | DQ20 |vDDQ
JE X X JSIOIeY X X | D |vbDQ|DQ25| DQ26 DQ21 | DQ22|VvssQ
AN K X 2863930X X X | E |VvSSQ|DQs3| DQ24 DQ23 |DQS2|VvDDQ
AE X X ZGIONOY X X | F|voD | oma| Nc NC | DM2 | vSS
dE K X 23S i X N | G | cKE | cK CK WE CAS | RAS
dE X X JG30ReX X N | H| A | ant | A1z CS BAO | BA1
1K X X 363028 X X | J | A6 | A7 A8 A10/AP AD | A1
kK| ® @ @ X X X | K| a4 [om | as A2 DMO | A3
AN X N BORGION N X | L [vssa|pasi| Das DQ7 | DQso|voba
mMe®® Y N X | M |vDDQ| DQ9 | DQ10 DQ5 DQ6 |Vvssa
N OO @ X N N | N |vssa|Dpai1| D12 DQ3 DQ4 |VDDQ
rl ®® @ X X X | P |voba|pai13| pai4 DQ1 DQ2 [vssa
R @O @ 90900 LR | vss [Dais| vssa | vopa | Dao | voD

Figure 1 — PIN DESCRIPTION
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2.3 Pin Description

CK, CK# (input pins)

Clock: The CK and the CK# are the differential clock inputs. All address and control input signals are
samples on the crossing of the positive edge of CK and negative edge of CK. Input and output data
is referenced to the cross of CK and CK# (both directions of crossing). Internal signals are derived
from CK/CK#.

CKE (Input pins)

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and device input
buffers and output drivers. Taking CKE LOW provides PRE-CHARGE 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, CK# and CKE are disabled during power-down and self-refresh mode
which are contrived for low standby power consumption.

CS# (input pin)

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.

RAS#, CAS#, and WE# (input pins)
Command Inputs: These pins define operating commands (read, write, etc.) depending on the
combinations of their voltage levels. See "Command operation".

LDM, UDM (input pins) for x32 DM0-DM3

Input Data Mask: 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. Although DM pins are input-only, the DM loading matches the DQ and DQS loading.
For x32 devices, DMO corresponds to the data on DQO-DQ7, DM1

corresponds to the data on DQ8-DQ15, DM2 corresponds to the data on

DQ16-DQ23, and DM3 corresponds to the data on DQ24-DQ31.

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

AO [n:0] (input pins)

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 command.
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DQ for x32 DQO0-DQ31 (I/0)
Data Bus: Input / Output

DQS for x32:DQS0-DQS3 (I/0)

Data Strobe: Output with read data, input with write data. Edge-aligned with read data, centered with
write data. Used to capture write data. For x32 device, DQSO corresponds to the data on DQO-DQ?7,
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.

NC -
No Connect: No internal electrical connection is present

vDDQ (Supply)
1/0 Power Supply

VSSQ (Supply)
1/0 Ground

VDD (Supply)
Power Supply

VSS (Supply)
Ground
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3.0 Mobile DDR SDRAM Addressing Table.

ITEM 512 Mb
Number of banks 4
Bank address pins BAO,BA1
Auto precharge pin A10/AP
Row addresses A0-A12
X32 Column addresses A0-A8
tREFI(us) 7.8

4. BLOCK DIAGRAM
4.1 Block Diagram
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4.2 Simplified State Diagram
_Figure 3.1 Statc_e Diagram
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5. FUNCTION DESCRIPTION

The LPDDR SDRAM is a high speed CMOS, dynamic random-access memory internally configured
as a quad-bank DRAM. These devices contain the following number of bits: 512 Mb has
536,870,912 bits The LPDDR SDRAM uses 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 pins. A single read or write
access for the LPDDR SDRAM effectively 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 pins.

Read and write accesses to the LPDDR 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 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 the row to be accessed. The address bits registered coincident with the READ or WRITE
command are used to select the bank and the starting column location for the burst access.

Prior to normal operation, the LPDDR SDRAM must be initialized. The following section provides
detailed information covering device initialization, register definition, command description and
device operation.

5.1 Initialization

LPDDR SDRAMs must be powered up and initialized in a predefined manner. Operations
procedures other than those specified may result in undefined operation. If there is any
interruption to the device power, the initialization routine should be followed. The steps to be
followed for device initialization are listed below. The Initialization Flow diagram is shown in Figure
4, and the Initialization Flow sequence in Figure 5. The Mode Register and Extended Mode Register
do not have default values. If they are not programmed during the initialization sequence, it may
lead to unspecified operation. The clock stop feature is not available until the device has been
properly initialized from Steps 1 through 11.

1. Provide power, the device core power (VDD) and the device 1/0 power (VDDQ) must be
brought up simultaneously to prevent device latch-up. Although not required, it is
recommended that VDD and VDDQ are from the same power source. Also assert and hold
Clock Enable (CKE) to a LV-CMOS logic high level

2. Once the system has established consistent device power and CKE is driven high, it is safe to
apply stable clock

3. There must be at least 200 ps of valid clocks before any command may be given to the
DRAM. During this time NOP or DESELECT commands must be issued on the command bus.

4. Issue a PRECHARGE ALL command.

5. Provide NOPs or DESELECT commands for at least tRP time.

6. Issue an AUTO REFRESH command followed by NOPs or DESELECT command for at least
tRFC time. Issue the second AUTO REFRESH command followed by NOPs or DESELECT command
for at least tRFC time. Note as part of the initialization sequence there must be two auto refresh
commands issued. The typical flow is to issue them at Step 6, but they may also be issued
between steps 10 and 11.

7. Using the MRS command, load the base mode register. Set the desired operating modes.

8. Provide NOPs or DESELECT commands for at least tMRD time.
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9. Using the MRS command, program the extended mode register for the desired operating
modes. Note the order of the base and extended mode register programming is not important.

10. Provide NOP or DESELCT commands for at least tMRD time.

11. The DRAM has been properly initialized and is ready for any valid command.

Confidential 10 Rev. 1.0/July 2014



N

ALLIANCE
M RY

5.1.1 Initialization Flow Diagram

AS4C16M32MD1

VD and WDDG Ramp: CEE must be hdd high

Apply stahle clocks

Wk ol lemsd 200ke swith MO o DESCLECT on comamand bus

PRECHARGE ALL

[

Assar MOP or DESELCT far trr fime

=

Issue two ALTO REFRESH commands each follnenesd by
HOP w DESELECT wwnmiands for tRPC fime

K .'\-l'.rl'.n;'ur..' ."III'\'IJI-' Il'-l;: VicTr

Aooort MOP or DESELECT far MRDs linme

i

Cunfigue Excoded Mule Ropisic

110

Azzart NOP or DESELECT for tRD linmes

LPRER SEHEAM b rendy For any valid commaund

Confidential

Figure.4 — Flow Diagram

11

Rev. 1.0/July 2014



JL\ At AS4C16M32MD1

VDI¥ I|II
I
YD) |'I
I
K

_ | 2 | to trp trrc | trrc | tRD I, tMRD I,
K xﬂ — i \I . B *:h1|.
o B 0 0

I I I I | |

| | | | | | e |

W W Wy Wy Wy e

I I I I | |

| L L - _ L g !—'—: C
Command }lﬂglgmcail | i }{|T|WWWW1V

| | | |

|
Address ) ) _‘ ))_}('m:r;'(:]__}{'mn-w ra 0
[\ W i W
| | |
. | | . | | |
Al Al ] >t1|-;(: ] )[}l-m R
I". [ 'Illrﬁuﬂli:\llllli:] I E I i ::(LI [-KLI = I"\'J‘l::
| |

!

Y

]
=
— — — =

3 Ny ALY |
BAGBAL { BA |
'\)1.} .I: { '\)‘l.} hll-\ 12 IJGDill-\l IQ}( : E
I I I I I |s.11|| 1 BAN-41 :
DM )] a ) ) ) )
T ax"l T T 0 T ¥ T at\l T 1y T x:'h T
w13 | R T |
D) 0S
! (0 ! Y S Y R
4 T
g e Pt odes EaM o e,
D Dhsitk i

Figure 5 — Initialization Waveform Sequence

Confidential 12 Rev. 1.0/July 2014



)A At AS4C16M32MD1

5.2 Register Definition
5.2.1 Mode Register

The Mode Register is used to define the specific mode of operation of the LPDDR SDRAM. This
definition includes the definition of a burst length, a burst type, a CAS latency as shown below
table.

The Mode Register is programmed via the MODE REGISTER SET command (with BAO=0 and
BA1=0) and will retain the stored information until it is reprogrammed, the device goes into Deep
Power-Down mode, or the device loses power.

Mode Register bits AO-A2 specify the burst length, A3 the type of burst (sequential or interleave),
A4-A6 the CAS latency. A logic O should be programmed to all the undefined addresses bits to
ensure future compatibility.

The Mode Register must be loaded when all banks are idle and no bursts are in progress, and the
controller must wait the specified time tMRD before initiating any subsequent operation. Violating
either of these requirements will result in unspecified operation. Reserved states should not be
used, as unknown operation or incompatibility with future versions may result.

Mode BA1 BAd | A[n]-A% AA AT A A Ad A3 Az Al Al
Burst Length
CAS Latency Burst Typs 00 2
Et:‘né:lg rd 0 0 Recanmed 010k 2 D-Sequentia - 4
011k 2 1intensave - g
2 16
Resarved o 1 ~esened
_|D:i_:.-e Strength PASH
000: Full 000% : Al banks
Srength Criver 001k : 12 aray(BA1=0)
Olib: Half 0k : %
Sirength Criver aray(BEAT=BAD=0]
E:ﬁagm 0 Resened 0108 Quarter Resensed 101 E J-J'_' aray
SHrength Drver [BAT = BAD = Riow Addr WSE =
01 1 Cetant ap
Strength Crwver 1108 : 1118 amay
1006 Threeuarers B T=EA0 = Row Addr 2 M5B
Sirength Drver =0}

Table 3 — Mode Register Table

5.2.1.1 Burst Length

Read and write accesses to the LPDDR SDRAM are burst oriented, with the burst length being set as
in Table 3, and the burst order as in Table 4.

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 locations are available for both the
sequential and the interleaved burst types. A burst length of 16 is optional and some vendors may
choose to implement it.
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1. 16-word burst length is optional.
2. For a burst length of two, A1-An selects the two data element block; AO selects the first
access within the block.
3. For a burst length of four, A2-An selects the four data element block; AO-A1l selects the
first access within the block.
4. For a burst length of eight, A3-An selects the eight data element block; A0-A2 selects the
first access within the block.
5. For the optional burst length of sixteen, A4-An selects the sixteen data element block; AO-
A3 selects the first access within the block.
6. Whenever a boundary of the block is reached within a given sequence, the following access
wraps within the block
When a READ or WRITE command is issued, a block of columns equal to the burst length is
effectively selected. All accesses for that burst take place within the block, meaning that the burst
will wrap within the block if a boundary is reached.

The block is uniquely selected by A1-An when the burst length is set to two, by A2-An when the
burst length is set to 4, by A3-An when the burst length is set to 8 and A4-An when the burst
length is set to 16 (where An is the most significant column address bit for a given configuration).
The remaining (least significant) address bit(s) is (are) used to select the starting location within
the block. The programmed burst length applies to both read and write bursts.

5.2.1.3 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 via bit A3.

The ordering of accesses within a burst is determined by the burst length, the burst type and the
starting column address, as shown in Table 4.

5.2.1.4 Read Latency

The READ latency, or CAS latency, is the delay between the registration of a READ command and
the availability of the first piece of output data. The latency should be set to 3 clocks. Some vendors
may offer additional options of 2 clocks and/or 4 clocks.

If a READ command is registered at a clock edge n and the latency is 3 clocks, the first data
element will be valid at n + 2tCK + tAC. If a READ command is registered at a clock edge n and the
latency is 2 clocks, the first data element will be valid at n + tCK + t AC. Lastly, if a READ command
is registered at a clock edge n and the latency is 4 clocks, the first data element will be valid at n +
3tCK + tAC.

5.2.2 Extended Mode Register

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these
additional functions include output drive strength selection, Temperature Compensated Self Refresh
(TCSR) and Partial Array Self Refresh (PASR), as shown in Table 3. The TCSR and PASR functions
are optional and some vendors may choose not to implement them. Both TCSR and PASR are
effective is in Self Refresh mode only.

The Extended Mode Register is programmed via the MODE REGISTER SET command (with BA1=1
and BAO=0) and will retain the stored information until it is reprogrammed, the device is put in
Deep Power-Down mode, or the device loses power.

The Extended Mode Register must be loaded when all banks are idle and no bursts are in progress,
and the controller must wait the specified time tMRD before initiating any subsequent operation.
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Violating either of these requirements will result in unspecified operation.

Address bits A0O-A2 specify PASR, A3-A4 the TCSR, A5-A6 the Drive Strength. A logic O should be
programmed to all the undefined addresses bits to ensure future compatibility.

Reserved states should not be used, as unknown operation or incompatibility with future versions
may result. Address bits AO-A2 specify PASR, A3-A4 the TCSR, A5-A7 the Drive Strength.
A logic 0 should be programmed to all the undefined address bits to ensure future compatibility.

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

BA1 BAD Aln]~AR AT AB AS A4 Al A2 Al Al

Dirive Strength

000b: Fu
Strength Driver P'E‘,S‘F"

001b: Has 000b - Al banks
Strength Driver 001k - 1/2 array(BAT=0)

1 0 Reserved 010k Cuarer Resarved 0106 “ aray(BAT=BAD=0]

Strength Driver 101k - 172 array

011b:Cotant ﬁ-ﬂ‘L- E;v:lg Fow Addr M5B = 0
T Ob - 1718 array

mnb_%‘_ﬂ;ﬁgggi [BAT=SAD = Row Adr 2 MIS = 0
Strength Driver

5.2.2.1 Partial Array Self Refresh

Partial Array Self Refresh (PASR) is an optional feature. With PASR, the self-refresh may be
restricted to a variable portion of the total array. The whole array (default), 1/2 array, or 1/4 array
could be selected. Some vendors may have additional options of 1/8 and 1/16 array refreshed as
well. Data outside the defined area will be lost. Address bits AO to A2 are used to set PASR.

5.2.2.2 Temperature Compensated Self Refresh

This function can be used in the LPDDR SDRAM to set refresh rates based on case temperature. This
allows the system to control power as a function of temperature. Address bits A3 and A4 are used
to set TCSR.

Some vendors may choose to have Internal Temperature Compensated Self Refresh feature, which
should automatically adjust the refresh rate based on the device temperature without any register
update needed. To maintain backward compatibility, devices having internal TCSR, ignore (don't
care) the inputs to address bits A3 and A4 during EMRS programming.

5.2.2.3 Output Drive Strength

The drive strength could be set to full or half or three-quarters strength via address bits A5 and A6
and A7.
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6. COMMANDS

All commands (address and control signals) are registered on the positive edge of clock (crossing
of CK going high and CK going low). Figure 6 shows basic timing parameters for all commands.
Table 5, Table 6 and Table 7 provide a quick reference of available commands.

Table 8 and Table 9 provide the current state / next state information. This is followed by a verbal
description of each command.

NAME (FUNCTION) CS |RAS |CAS | WE | BA | ANAP | ADDR [NOTES
DCESELECT (MOP) H X X X X X X 2
FID OPERATION (NOP) L H H H X X X 2
ILCTIVE (Select Bank and activate row) L L H H ‘alid Riow Flioww
SEAD (Select bank and column and start read burst) L H L H Valid L o
SEAD with AP (Read Burst with Aufo Prechangs) L H L H ‘alid H o 3
WRITE [Select bank and colurmn and star write burst) L H L L ‘alid L o
WRITE with AP (Write Burst with Autc Precharge] L H L L ‘alid H o 3
BURST TERMIMATE or enter DEEF POWER DOWN L H H L X X X 4.512
SRECHARGE (Deactivate Row in selected bank) L L H L ‘alid L X i
SRECHARGE ALL iDeactvate rows in 37 banks) L L H L X H X i
ILUTD REFRESH er enter SELF REFRESH L L L H X X 7.8.9
MODE REGISTER SET L L L L Valid Op-code 0
Table & — Truth Table -Commands
Notes:
1. All states and sequences not shown are illegal or reserved.
2. DESELECT and NOP are functionally interchangeable.
3. Auto pre-charge is non-persistent. A10 High enables Auto pre-charge, while A10 Low disables Auto pre-
charge.
4. Burst Terminate applies to only Read bursts with Autoprecharge disabled. This command is undefined
and should not be used for Read with Auto pre-charge enabled, and for Write bursts.
5. This command is BURST TERMINATE if CKE is High and DEEP POWER DOWN entry if CKE is Low.
6. If A10 is low, bank address determines which bank is to be precharged. If A10 is high, all banks
are precharged and BAO~BA1 are don't care.
7. This command is AUTO REFRESH if CKE is High and SELF REFRESH if CKE is low.
8. All address inputs and I/O are ‘don't care’ except for CKE. Internal refresh counters control bank and row
addressing.
9.  All banks must be precharged before issuing an AUTO-REFRESH or SELF REFRESH command.
10. BAO and BA1 value select between MRS and EMRS.
11. CKE is HIGH for all commands shown except SELF REFRESH and DEEP POWER-DOWN.
FUMCTION oM DG HOTES
Write Enable L WValid
Write: Inhibit H X
Table & -Truth Table — DM operations
Notes:
1. Used to mask write data, provided coincident with the corresponding data.
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CKEn-1 | CKEn CURRENT STATE COMMANDn ACTIONN HOTES
L L Power Down X Mantain Fower Down
L L S Refresh X Mainta'n Self Refresh
L L Cizep Power Down X Wantain Deep Powsr Down
L H Prower Down MNOP or DESELECT Exit Poweer Diown 5,89
L H Sef Refresh MCP or DESELECT Zxt 52 Refresh 5,710
L H Ce=sp Power Down MNCP or DESELECT Exit Desp Power Down 5,8
H L All Banks [de NOP or DESELECT Precharge Power Down Entry b
H L Bank(s} Active NOP or DESELECT Active Power Down Entry b
H L All Banks lde AUTO REFRESH Self Refresh Entry
H L All Banks lde BURET TERMINATE Enfer Dieep Powsr Down
H H See the cther Truth Tabies

Table T — Truth Table - CKE [Motes 1 - 10]

Notes:

1. CKEn is the logic state of CKE at clock edge n; CKEn-1 was the state of CKE at the previous clock edge.

2. Current state is the state of Mobile DDR SDRAM immediately prior to clock edge n.

3. COMMANDRN is the command registered at clock edge n, and ACTIONN is the result of COMMANDN.

4. All states and sequences not shown are illegal or reserved.

5. DESELECT and NOP are functionally interchangeable.

6. Power Down exit time (tXP) should elapse before a command other than NOP or DESELECT is issued.

7. SELF REFRESH exit time (tXSR) should elapse before a command other than NOP or DESELECT is issued.
8. The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of

the Functional Description.

The clock must toggle at least once during the tXP period.

0. The clock must toggle at least once during the tXSR time.
Basic Timing Parameters for Commands

5 ©

K
L] o4

[ 1 |
| tis ! ik |

Inputj( Valid b4 o Valid W b4 Valid W

FHOTE® INpul=»2a0 =80, BAD, BA1, CKE, OS5, RAS, CAS, WES |:| s Don™ Care

Figure.t — Basic Timing Parameters
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CURRENT STATE C3 | RAS |CAS |WE COMMAND ACTION NOTES
any H X X x DESELECT MOP or Continue previous opsration
L H H H Mo Dperation MOP or Confinue previous operalion
L L H H ACTIVE Setect and activate row
Idle L L L H AUTO REFRESH Auto refresh 0
L L L L MRS fWode register set 10
L H L H READ Select column & start read burst
Row Active L H L L WRITE Select column & start write burs:
L L H L PRECHARGE Ceactvates row in bank {or banks] 4
L H L H READ Setect column & start new read burst 5,6
Read (Auto precharge L H L L WRITE Select column & start write burs: 5, 8, 12
Dizabled) L L L PRECHARGE Truncate read burst. start precharge
L H L |BURST TERMIMNATE Burst terminate i
L H L H READ Select column & start read burst 5,8, 12
Elgrilli:ll-lm precharge L H L L WRITE Select column & start new write burst 5,6
L L H L PRECHARGE Trunzate write burst & start precharge 12

Table 8§ — Current State BANK n- Command to BANK n

Notes:

1.

The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the
previous state was Self Refresh or Power Down.

2. DESELECT and NOP are functionally interchangeable.

3. All states and sequences not shown are illegal or reserved.

4. This command may or may not be bank specific. If all banks are being precharged, they must be in a
valid state for precharging.

5. A command other than NOP should not be issued to the same bank while a READ or WRITE burst with
Auto Precharge is enabled.

6. The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

7. Current State Definitions:

Idle: The bank has been precharged, and tRP has been met.

Row Active: A row in the bank has been activated, and tRCD has been met. No data
bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated, with Auto Precharge disabled, and has not yet terminated
or been terminated. Write: A WRITE burst has been initiated, with Auto Precharge disabled, and
has not yet terminated or been terminated.

8. The following states must not be interrupted by a command issued to the same bank. DESEDECT or NOP
commands or allowable commands to the other bank should be issued on any clock edge occurring
during these states. Allowable commands to the other bank are determined by its current state and this
table, and according to next table.

Precharging: Starts with the registration of a PRECHARGE command and ends when tRP is met. Once
tRP is met, the bank will be in the idle state.

Row Activating: Starts with registration of an ACTIVE command and ends when tRCD is met. Once tRCD
is met, the bank will be in the ‘row active’ state.

Read with AP Enabled: Starts with the registration of the READ command with Auto Precharge enabled
and ends when tRP has been met. Once tRP has been met, the bank will be in the idle state.

Write with AP Enabled: Starts with registration of a WRITE command with Auto Precharge enabled and
ends when tRP has been met. Once tRP is met, the bank will be in the idle state.

9. The following states must not be interrupted by any executable command; DESEDECT or NOP commands
must be applied to each positive clock edge during these states.

Refreshing: Starts with registration of an AUTO REFRESH command and ends when tRFC is met.

Once tRFC is met, the Mobile DDR SDRAM will be in an ‘all banks idle’ state.

Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when

tMRD has been met. Once tMRD is met, the Mobile DDR SDRAM will be in an ‘all banks idle’ state.

Precharging All: Starts with the registration of a PRECHARGE ALL command and ends when tRP is met.
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Once tRP is met, the bank will be in the idle state.
10. Not bank-specific; requires that all banks are idle and no bursts are in progress.
11. Not bank-specific. BURST TERMINATE affects the most recent READ burst, regardless of bank.
12. Requires appropriate DM masking.

13. A WRITE command may be applied after the completion of the READ burst; otherwise, a BURST

AS4C16M32MD1

TERMINATE must be used to end the READ prior to asserting a WRITE command.

Eg?&?gr C5 | RAS |CAS | WE COMMAND ACTION NOTES
, H X x X DESELECT WOP or Continue previous Operation
Ay L H - H MNOP MOP or Centinue previous Operation
die x X x X AN Any command allowed to bank m
L L H H ACTINE Select and activate row
Row Activating, | | H L | H READ Select column & start read burs: 8
:I:Eh.::lhu:rg?;g L H L L WRITE Select colurnn & start write burs: g
L L H L PRECHARGE “recharge
L L H H ACTIVE Select and activate row
Read with Auto [ | H L H READ Select column & start new read burst 8
Precharge — - —
disabled L H L L WRITE Select colurnn & stan write burst 2,10
L L H L PRECHARGE “recharge
L L H H ACTIVE Select and activate row
Write with Aute [ | H L H READ Select column & start read burst E0
Precharge — -
disabled L H L L WRITE Select column & start new write burst g
L L H L PRECHARGE “recharge
L L H H ACTIVE Select and activate row
Sead with Auto L H L H READ Select colurnn & start new read burst 5.8
Precharge L H L | L WRITE Select column & start write burs: 5, 8. 10
L L H L PRECHARGE “recharge
L L H H ACTIVE Select and activate row
Write with Aut L H L H READ Select column & star read burst 5 8
Precharge L H L L WRITE Select colurmn & stant new write burs: £ B
L L H L PRECHARGE “recharge
Table 9 — Current State BANK n- Command to BANK m
Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the

previous state was Self Refresh or Power Down.
2. DESELECT and NOP are functionally interchangeable.
3. All states and sequences not shown are illegal or reserved.

4. Current State Definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data
bursts/accesses and no register accesses are in progress.
Read: A READ burst has been initiated, with Auto Precharge disabled, and has not yet terminated
or been terminated. Write: A Write burst has been initiated, with Auto Precharge disabled, and has
not yet terminated or been terminated.
5. Read with AP enabled and Write with AP enabled: The read with Auto Precharge enabled or Write with
Auto Precharge enabled states can be broken into two parts: the access period and the pre-charge period.
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For Read with AP, the pre-charge period is defined as if the same burst was executed with Auto Precharge
disabled and then followed with the earliest possible PRECHARGE command that still accesses all the data
in the burst. For Write with Auto pre-charge, the pre-charge period begins when tWR ends, with tWR
measured as if Auto Precharge was disabled. The access period starts with registration of the command
and ends where the pre-charge period (or tRP) begins. During the pre-charge period, of the Read with
Auto Precharge enabled or Write with Auto Precharge enabled states, ACTIVE, PRECHARGE, READ, and
WRITE commands to the other bank may be applied; during the access period, only ACTIVE and
PRECHARGE commands to the other banks may be applied. In either case, all other related limitations
apply (e.g. contention between READ data and WRITE data must be avoided).

AUTO REFRESH, SELF REFRESH, and MODE REGISTER SET commands may only be issued when all bank
are idle.

A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by
the current state only.

READs or WRITEs listed in the Command column include READs and WRITEs with Auto Precharge enabled
and READs and WRITEs with Auto Precharge disabled.

Requires appropriate DM masking.

A WRITE command may be applied after the completion of data output, otherwise a BURST TERMINATE
command must be issued to end the READ prior to asserting a WRITE command.
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7. OPERATION

7.1. Deselect

The DESELECT function (/CS 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.

7.2. No Operation

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

CE
Gk
CHE

|

{High|
|

= IR
w

AAEMR

A=A :I{
]
|
BAD AT i
[ = Den't Care

Figure 7 — NOP Command
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7.3 MODE REGISTER

The Mode Register and the Extended Mode Register are loaded via the address inputs. See

Mode Register and the Extended Mode Register descriptions for further details.

The MODE REGISTER SET command (see Figure 8) can only be issued when all banks are idle and
no bursts are in progress, and a subsequent executable command cannot be issued until tMRD (see
Figure 9) is met. The values of the mode register and extended mode register will be retained even
when exiting deep power-down.

CE
CK

CKE

= W
s
== I
7= R

sesan TN B

A c'& o

D = D-ﬁlfl g

T

iy

Figure 8§ — Mode Register Set Command

| | i
&K | =
ck:_f 1\_#,( XX
Command _){ wrs Y Nop WY Vaia |
I vaia Y

' tMRD!
Address [} Code )} T
[] : Donh Care

NOTECode=hoche Regesierd Extended Mode Register selaction
TBADEATand np-oade (AD-Ank

Figure 9 — Mode Register Set Command Timing

7.4. Active

Before any READ or WRITE commands can be issued to a bank in the LPDDR SDRAM, a row in that bank must
be opened. This is accomplished by the ACTIVE command (see Figure 10): BAO and BA1l select the bank, and
the address inputs select the row to be activated. More than one bank can be active at any time.

Once a row is open, a READ or WRITE command could be issued to that row, subject to the tRCD specification.

A subsequent ACTIVE command to another row in the same bank can only be issued after the previous row has
been closed. The minimum time interval between two successive ACTIVE commands on the same bank is
defined by tRcC.

A subsequent ACTIVE command to another bank can be issued while the first bank is being accessed, which
results in a reduction of total row-access overhead. The minimum time interval between two successive
ACTIVE commands on different banks is defined by tRRD. Figure 11 shows the tRCD and tRRD definition.
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The row remains active until a PRECHARGE command (or READ or WRITE command with Auto

Precharge) is issued to the bank.

A PRECHARGE command (or READ or WRITE command with Auto Precharge) must be issued before

opening a different row in the same bank

BA=RAME Sddrpss, RA=Row
Ngfdrass

Figure 10 — Active Command

.......

|
Command | A{:T ) hop | act !

NOP

sapy o))

e

|j= Dorft Care

Figure 11 — Bank Activation Command Cycle
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7.5. Read
The READ command (see Figure 12) is used to initiate a burst read access to an active row, with a
burst length as set in the Mode Register. BAO and BA1 select the bank, and the address inputs
select the starting column location. The value of 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
read burst; if Auto Precharge is not selected, the row will remain open for subsequent accesses.
The basic Read timing parameters for DQs are shown in Figure 13; they apply to all Read
operations.
During Read bursts, DQS is driven by the LPDDR SDRAM along with the output data. The initial Low
state of the DQS is known as the read preamble; the Low state coincident with last data-out
element is known as the read postamble. The first data-out element is edge aligned with the first
rising edge of DQS and the successive data-out elements are edge aligned to successive edges of
DQS. This is shown in Figure 14 with a CAS latency of 2 and 3.
Upon completion of a read burst, assuming no other READ command has been initiated, the DQs
will go to High-Z.

Enatle AP
A0 I
Disatile AP
BamAA] ¥ BAa A
|:|-I::-u-"|'l:l:.!.m:
AL=FAMNE Addrass O A=Coulmn Address AP=buas

P reschsingas

Figure 12 — Read Command
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Figure 14 — Read Burst Showing CAS Latency
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7.5.1 Read to Read

Data from a read burst may be concatenated or truncated by a subsequent READ command. The first data
from the new burst follows either the last element of a completed burst or the last desired element of a longer
burst that 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-out element pairs (pairs are required by the 2n prefetch
architecture). This is shown in Figure 15.

A READ command can be initiated on any clock cycle following a previous READ command. Non-consecutive
Reads are shown in Figure 16.
Full-speed random read accesses within a page or pages can be performed as shown in Figure 17.

7.5.2 Read Burst Terminate

Data from any READ burst may be truncated with a BURST TERMINATE command, as shown in Figure 18.
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 desired data-out element pairs.

7.5.3 Read to Write

Data from 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, as shown in Figure 19 for the case of
nominal tDQSS .

7.5.4 Read to Precharge

A Read burst may be followed by or truncated with a PRECHARGE command to the same bank (provided Auto
Precharge was not activated). The PRECHARGE command should be issued X cycles after the READ command,
where X equal the number of desired data-out element pairs. This is shown in Figure 20. Following the
PRECHARGE command, a subsequent command to the same bank cannot be issued until tRP is met. Note that
part of the row pre-charge time is hidden during the access of the last data-out elements.

In the case of a Read being executed to completion, a PRECHARGE command issued at the optimum time

(as described above) provides the same operation that would result from Read burst with Auto Precharge
enabled. The disadvantage of the PRECHARGE command is that it requires that the command and address
buses be available at the appropriate time to issue the command. The advantage of the PRECHARGE
command is that it can be used to truncate bursts.
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Figure 15 — Consecutive Read Bursts
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Figure 18 — Terminating a Read Burst
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7.5.5 Burst Terminate

The BURST TERMINATE command is used to truncate read bursts (with Auto Pre-charge disabled).
The most recently registered READ command prior to the BURST TERMINATE command will be
truncated. Note that the BURST TERMINATE command is not bank specific.

This command should not be used to terminate write bursts.
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Figure 21 — Burst Terminate Command

7.6 Write

The WRITE command (see Figure 22) is used to initiate a burst write access to an active row, with a
burst length as set in the Mode Register. BAO and BAL select the bank, and the address inputs
select the starting column location.

The value of 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. Basic Write timing parameters for DQs
are shown in Figure 23; they apply to all Write operations.

Input data appearing on the data bus, 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 the 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.
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Figure 22 — Write Command
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Case 1:
IDQSE =
e

Case 2
DRSS =
max

[[]= Don't Care

1) DI n=Data In for column n

#) 3 subsequant elements of Data In are applied in the programmed order following DI n

3} tDOSS: each rising edge of DOS must fall within the +-25% window of the cormespanding positive
clock edge.

Figure 23 — Basic Write Timing Parameters
During Write bursts, the first valid data-in element will be registered on the first rising edge of
DQS following the WRITE command, and the subsequent data elements will be registered on
successive edges of DQS. The Low state of DQS between the WRITE command and the first rising
edge is called the write preamble, and the Low state on DQS following the last data-in element is
called the write postamble.
The time between the WRITE command and the first corresponding rising edge of DQS (tDQSS) is
specified with a relatively wide range - from 75% to 125% of a clock cycle. Figure 24 shows the two
extremes of tDQSS for a burst of 4. 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.
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34 nor-nbarmapted burst of 4 is shown.
A1 Dis LOW wilh the WRITE command fauto Frechanms is disabdad

Figure 24 — Write Burst (min. and mazx. tDGSS)

7.6.1 Write to Write

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 the clock following the previous WRITE command.
The first data-in 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-in element pairs.

Figure 25 shows concatenated write burst of 4. An example of nhon-consecutive write

bursts is shown in Figure 26. Full-speed random write accesses within a page or pages

can be performed as shown in Figure 27.

7.6.2 Write to Read

Data for any Write burst may be followed by a subsequent READ command. To follow a Write
without truncating the write burst, tWTR should be met as shown in Figure 28.

Data for any Write burst may be truncated by a subsequent READ command as shown in Figure 29.

Note that the only data-in pairs that are registered prior to the tWTR period are written to the
internal array, and any subsequent data-in must be masked with DM.
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7.6.3 Write to Precharge:

Data for any WRITE burst may be followed by a subsequent PRECHARGE command to the same
bank (provided Auto Precharge was not activated). To follow a WRITE without truncating the WRITE
burst, tWR should be met as shown in Figure 30. Data for any WRITE burst may be truncated by a
subsequent PRECHARGE command as shown in Figure 31. Note that only data -in pairs that are
registered prior to the tWR period are written to the internal array, and any subsequent data-in
should be masked with DM, as shown in Figure 31. Following the PRECHARGE command, a
subsequent command to the same bank cannot be issued until tRP is met
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Figure 25 — Concatenated Write Bursts
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Figure 26 — Non-Consecutive Write Bursts
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Figure 27 — Random Write Cycles
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Figure 28 — Non-Interrupting Write to Read

Confidential 36 Rev. 1.0/July 2014



)A At AS4C16M32MD1

cOmmand:meTE)( \ NoP )CX NOP )(:X ReaD Y ) NoP )(:X nop Y Y NoP

Address :XBA,(llol bX X l X:X X )(BA’(lbl nX X )D(

' < thSSmaxl > : i___ twm =:4 : cL=3
os TN N\ \
" DE@OO0OOCK | T )

o AWAWIAWAS

ala

|

1) DI b = Data in to column b. DO n=Data out from column n. [[=Don't Care

2) An interrupted burst of 4 is shown, 2 data elements are written.
3 subsequent elements of Data In are applied in the programmed order following DI b.
3) twir is referenced from the positive clock edge after the last Data In pair.
HA10 is LOW with the WRITE command (Auto Precharge is disabled)
5) The READ and WRITE commands are to the same device but not necessarily to the same bank.

Figure 29 — Interrupting Write to Read

CK | l : l I | [
< S S N S N S N S S S S S
Command:XWRllTEX X NoP X NoP XX NoP X NoP XX PRE )(:

Address:)(BA,(::ole X XX X | X XBAa:mm;C

] I ]
| bossmax | I | | It I
< I =| ] (< i E >
DQS \ L \ o/ \ 1/

T 1 1 1 T T
" - I @DD@DDCX I | I

1 T T T T

1 1 | 1 1
DM \ [\ [\ [\ /

T | | | T
1) DI b = Data in to column b [J=Don't Care

3 subsequent elements of Data In are applied in the programmed order following DI b.
2y A non=interrupted burst of 4 is shown.
3) twr is referenced from the positive clock edge after the last Data In pair.
4) A10 is LOW with the WRITE command (Auto Precharge is disabled)

Figure 30 — Non-Interrupting Write to Precharge
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Command:XWR;lTE”X” X N?IP”.).( X Nc;yp X X Nc;)P X X PFI{EX b Nc;)P. X:
LX) (S (0 G 0 G 0 ) 0 G
Lm,: ‘\*-‘RE

Qe OOOOOOCOCO000—

T
|
L
™
|

DQ .

DM : :\ [\ /j/ v/ \_:_/*1\_/*1\_:_/*1\_/*1\I

) DI b = Data in to column b. D = Don'tCare
) An interrupted burst of 4, 8 or 16 is shown, 2 data elements are written.

) twr is referenced from the positive clock edge after the last desired Data In pair.

) A10 is LOW with the WRITE command (Auto Precharge is disabled)

) *1=can be Don't Care for programmed burst length of 4

)

1
2
3
4
5
6) *2=for programmed burst length of 4, DQS becomes Don't Care at this point

Figure 31 — Interrupting Write to Precharge

7.7 Precharge
The PRECHARGE command (see Figure 32) 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.
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Oﬁl
PORES
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1L
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Address
I
All Banks
A10 X X
One i?;aﬂlc
BAO,BA1 X BA X
|:| = Don't Cgare

BA=BANK Address
(if A10 = L,otherwise Don't Care)

Figure 32 — Precharge command

Input A10 determines whether one or all banks are to be precharged. In case where only one bank is to be
precharged, inputs BAO, BA1 select the bank. Otherwise 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
command being issued. A PRECHARGE command will be treated as a NOP if there is no open row in that bank,
or if the previously open row is already in the process of precharging.
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7.8 Auto Precharge

Auto Precharge is a feature which performs the same individual bank pre-charge function as
described above, but without requiring an explicit command. This is accomplished by using A10
(A10 = High), to enable Auto Precharge in conjunction with a specific READ or WRITE command. A
pre-charge of the bank / row that is addressed with the READ or WRITE command is automatically
performed upon completion of the read or write burst. Auto Precharge is non-persistent in that it is
either enabled or disabled for each individual READ or WRITE command.

Auto Precharge ensures that a pre-charge is initiated at the earliest valid stage within a burst.

The user must not issue another command to the same bank until the precharging time (tRP) is
completed. This is determined as if an explicit PRECHARGE command was issued at the earliest
possible time, as described for each burst type in the Operation section of this specification.

7.9 Refresh Requirements

LPDDR SDRAM devices require a refresh of all rows in any rolling 64ms interval. Each refresh is
generated in one of two ways: by an explicit AUTO REFRESH command, or by an internally timed
event in SELF REFRESH mode. Dividing the number of device rows into the rolling 64ms interval
defines the average refresh interval (tREFI), which is a guideline to controllers for distributed
refresh timing.

7.10 Auto Refresh

AUTO REFRESH command (see Figure 33) is used during normal operation of the LPDDR
SDRAM. This command is non-persistent, so it must be issued each time a refresh is
required.

AD-An
BAO,BA1

AR

|:| = Don't Care

Figure 33 — Auto Refresh Command

Confidential 40 Rev. 1.0/July 2014



)A At AS4C16M32MD1

7.11 Self Refresh

The SELF REFRESH command (see Figure 34) can be used to retain data in the LPDDR SDRAM, even if the rest
of the system is powered down. When in the Self Refresh mode, the LPDDR SDRAM retains data without
external clocking. The LPDDR SDRAM device has a built-in timer to accommodate Self Refresh operation. The
SELF REFRESH command is initiated like an AUTO REFRESH command except CKE is LOW. Input signals
except CKE are “Don’t Care” during Self Refresh. The user may halt the external clock one clock after the SELF
REFRESH command is registered.

Once the command is registered, CKE must be held low to keep the device in Self Refresh mode. The clock is internally
disabled during Self Refresh operation to save power. The minimum time that the device must remain in Self Refresh

mode is tRFC.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock must be stable prior
to CKE going back High. Once Self Refresh Exit is registered, a delay of at least txs must be satisfied before a
valid command can be issued to the device to allow for completion of any internal refresh in progress.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed
when CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh an extra AUTO REFRESH
command is recommended.

Figure 36 shows Self Refresh entry and exit.

In the Self Refresh mode, two additional power-saving options exist: Temperature Compensated Self Refresh
(TCSR) and Partial Array Self Refresh (PASR); they are described in the Extended Mode Register section .

CR
CK
CKE

T

&
o

T
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=
73]
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m

A ERARN

BAC,BA1

|:| =Don't Care

Figure 34 — Self Refresh command
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Figure 35 — Auto Refresh Cycles Back-to-Back
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Figure 36 — Self Refresh Entry and Exit

7.12 Power Down

Power-down is entered when CKE is registered Low (no accesses can be in progress). If power-down occurs
when all banks are idle, this mode is referred to as pre-charge 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, excluding CK, CK and CKE. In power-down
mode, CKE Low must be maintained, and all other input signals are “Don’t Care”. The minimum power-down
duration is specified by tcKe. However, power-down duration is limited by the refresh requirements of the
device.

The power-down state is synchronously exited when CKE is registered High (along with a NOP or DESELECT
command). A valid command may be applied txp after exit from power-down.

Figure 37 shows Power-down entry and exit.

For Clock Stop during Power-Down mode, please refer to the Clock Stop subsection in this specification
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Figure 37 — Power-Down Entry and Exit
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7.13 Deep Power Down

The Deep Power-Down (DPD) mode enables very low standby currents. All internal voltage generators inside
the LPDDR SDRAM are stopped and all memory data is lost in this mode. All the information in the Mode
Register and the Extended Mode Register is lost.

Deep Power-Down is entered using the BURST TERMINATE command (see Figure 21) except that CKE is
registered Low. All banks must be in idle state with no activity on the data bus prior to entering the DPD
mode. While in this state, CKE must be held in a constant Low state.

To exit the DPD mode, CKE is taken high after the clock is stable and NOP commands must be maintained for
at least 200 ps. After 200 us a complete re-initialization is required following steps 4 through 11 as defined for
the initialization sequence.

Deep Power-Down entry and exit is shown in Figure 38.

_ T T . Ta0 Tat Ta2
=S S VD SR G /A S S G S B
| | y | | N |
el T D Y N R
| I I I I i |
L | Iy | I
command:}( Nclhp X DIPD- [ / [ | W Ncljp b /}' \ Valli[! )(:
Address }) ZJ N vl )
| Y | | W\ i
Das | | | // | | /‘) |
! X Y X X Y !
DQ / )
[ I\-\ [ [ I\I
o i | |//‘ | ] /? |
L o | | | T=200us |
"TEnter DPD ! ! Exit DPD
Mode Mode

[]=Don't Care
1) Clock must ha slable befora axiting Deep Powar-Down mode. That is, the clock must be eycling
within specifications by Ta0
2y Device must be inthe all banks idle state prior W entering Deep Power-Down mode
3) 200us is required before any command can be applied upon exiting Deep-Down mode
4y Upon exiting Deep PowerDown mode 8 PRECHARGE ALL command must be issued, followed
by two REFRESH commands and a load mode register sequence

Figure 38 — Deep Power-Down Entry and Exit
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7.14 Clock Stop

Stopping a clock during idle periods is an effective method of reducing power

consumption. The LPDDR SDRAM supports clock stop under the following

conditions:

® the last command (ACTIVE, READ, WRITE, PRECHARGE, AUTO REFRESH or MODE REGISTER SET) has executed

to completion, including any data-out during read bursts; the number of clock pulses per access command

depends on the device’s AC timing parameters and the clock frequency;

® the related timing conditions (tRCD, twR, tRP, tRFC, tMRD) has been met;

® CKE is held High When all conditions have been met, the device is either in “idle state” or “row active state” and
clock stop mode

may be entered with CK held Low and CK held High.

Clock stop mode is exited by restarting the clock. At least one NOP command has to be issued before the

next access command may be applied. Additional clock pulses might be required depending on the system
characteristics.

Figure 39 shows clock stop mode entry and exit.
® Initially the device is in clock stop mode
® The clock is restarted with the rising edge of TO and a NOP on the command inputs

®\With T1 a valid access command is latched; this command is followed by NOP commands in order to allow for
clock stop as soon as this access command is completed

® Tn is the last clock pulse required by the access command latched with T1
® The clock can be stopped after Tn

|
| |
j} | | Timi |
| | | Imlng |
I | Condition !

|
Command ( \ NoP X oD '8 NoP )@( NOP X NoP \
| | | | |
| | | | |
| | | | |

Address \( ) veld @( O X K\
(

)
T f [[]=Dontt Care

*-._.-'"_'Q

(
bQ.DAS ——

I
|
| (High2)
[

Clock K vig Enter Clack
Stopped Mn‘::ii Command Stop Mode

Figure 39 — Clock Stop Mode Entry and Exit
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8. ELECTRICAL CHARACTERISTIC
8.1 Absolute Maximum Ratings

PARAMETER SYMBOL VALUES UNITS
MIN MAX
Voltage on VDD relative to VSS VDD -0.3 2.7 \Y,
Voltage on VDDQ relative to VSS VvDDQ -0.3 2.7 \Y
Voltage on any pin relative to VSS VIN, VOUT -0.3 2.7 Vv
Operating temperature : Tj :4218 gg °C
Storage Temperature TSTG -55 150 °C
Short Circuit Output Current IOUT 50 mA
Power Dissipation PD 1.0 W
8.2 Input/Output Capacitance
[Notes 1-3]
PARAMETER SYMBOL | MIN [ MAX [ UNITS NOTES
Input capacitance, CK,a( CCK 1.5 3.0 pF
Input capacitance delta, CK,a( CDCK 0.25 pF
Input capacitance, all other input-only pins Cl 1.5 3.0 pF
Input capacitance delta, all other input-only pins CDI 0.5 pF
7Input/ output capacitance, DQ,DM,DQS ClO 3.0 5.0 pF 4
Input/output capacitance delta, DQ, DM, DQS CDIO 0.50 pF 4
Notes:

1. These values are guaranteed by design and are tested on a sample base only.

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

3. Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This
is required to match signal propagation times of DQ, DQS and DM in the system.
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8.3 Electrical Characteristics and AC/DC Operating Conditions
All values are recommended operating conditions unless otherwise noted.

8.3.1 Electrical Characteristics and AC/DC Operating Conditions

(VDD/VDDQ: 1.7~1.95V)

Notes:

AS4C16M32MD1

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES
Supply Voltage VDD 1.70 1.95 V
1/O Supply Voltage VDDQ 1.70 1.95 V
ADDRESS AND COMMAND INPUTS (A0~An, BA0,BA1,CKE, CS, RAS, CAS, WE)
Input High Voltage VIH 0.8*vDDQ vDDQ + 0.3 V
Input Low Voltage VIL -0.3 0.2*VvDDQ V
CLOCK INPUTS (CK, CK)
DC Input Voltage VIN -0.3 vDDQ + 0.3 V
DC Input Differential Voltage VID (DC) 0.4*vDDQ vDDQ + 0.6 \ 2
AC Input Differential Voltage VID (AC) 0.6*VDDQ vDDQ + 0.6 \ 2
AC Differential Crossing Voltage VIX 0.4*vDDQ 0.6*VDDQ \ 3
DATA INPUTS (DQ, DM, DQS)
DC Input High Voltage VIHD (DC) 0.7*VDDQ VDDQ + 0.3 V
DC Input Low Voltage VILD (DC) -0.3 0.3*VDDQ V
AC Input High Voltage VIHD (AC) 0.8*VDDQ VDDQ + 0.3 V
AC Input Low Voltage VILD (AC) -0.3 0.2*vDDQ V
DATA OUTPUTS (DQ, DQS)
DC Output High Voltage (IOH=-0.1mA) VOH 0.9*VvDDQ - V
DC Output Low Voltage (IOL=0.1mA) VOL - 0.1*vDDQ V
Leakage Current
Input Leakage Current5 liL -1 1 uA
Qutput Leakage Current loL -5 5 uA

1. All voltages referenced to VSS and VSSQ must be same potential.

2.VID (DC) and VID (AC) are the magnitude of the difference between the input level on CK and CK.
3.The value of VIX is expected to be 0.5*VDDQ and must track variations in the DC level of the same.
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8.4 IDD Specification Parameters and Test Conditions

8.4.1 IDD Specification Parameters and Test Conditions,-40°C ~ 85°C
[Recommended Operating Conditions; Notes 1-3]
(512Mb, X32)

PARAMETER | SYMBOL TEST CONDITION -5 UNIT
Operating one ) ) . —
bank active- tRC = tRCmin ; tCK = tCKmin ; CKE is HIGH; CS is HIGH
pre-charge IDDO between valid commands; address inputs are 40 mA
current SWITCHING; data bus inputs are STABLE
Precharge all banks idle, CKE is LOW; CS is HIGH, tCK = tCKmin ;
power-down IDD2P address and control inputs are SWITCHING; data bus 0.3 mA
standby current inputs are STABLE
Precharge all banks idle, CKE is LOW; CS is HIGH, CK = LOW,
power-down -
standby current IDD2PS _CK = HIGH; address and control inputs are SWITCHING; 03 mA
with clock stop data bus inputs are STABLE
Precharge non all banks idle, CKE is HIGH; CS is HIGH, tCK = tCKmin;
power-down IDD2N address and control inputs are SWITCHING; data bus 10 mA
standby current inputs are STABLE
Precharge non all banks idle, CKE is HIGH; CS is HIGH, CK =
power-down -
standby current IDD2NS LOW,_CK = HIGH; address and control inputs are 3 mA
with clock stop SWITCHING; data bus inputs are STABLE
Active power- one bank active, CKE is LOW; CS is HIGH, tCK =

tCKmin; address and control inputs are SWITCHING;
down standby IDD3P data 3 mA
current bus inputs are STABLE
Active power- one bank active, CKE is LOW; CS is HIGH, CK = LOW,
down standby N
current with clock IDD3PS CK = HIGH; address and control inputs are SWITCHING; 3 mA
stop data bus inputs are STABLE
Active non one bank active, CKE is HIGH; CS is HIGH, tCK =
power-down IDD3N tCKmin; address and control inputs are SWITCHING; data| 25 mA
standby current bus inputs are STABLE
Active non one bank active, CKE is HIGH; CS is HIGH, CK = LOW,
power-down R
standby current IDD3NS CK = HIGH; address and control inputs are SWITCHING; 15 mA
with clock stop data bus inputs are STABLE
. one bank active; BL = 4; CL = 3; tCK = tCKmin ;

Operating burst IDD4R continuous read bursts; IOUT = 0 mA; address inputs are 85 mA
read current SWITCHING; 50% data change each burst transfer
Operating burst one bank active_; BL = 4; tCK = tCKmin ; continuous write

. IDD4W bursts; address inputs are SWITCHING; 50% data change 65 mA
write current each burst transfer
Auto-Refresh tRC = tRFCmin ; tCK = tCK_min ; burst refresh; CKE is

IDD5 HIGH; address and control inputs are SWITCHING; data 75 mA

Current bus inputs are STABLE
Deep Power- Address and control inputs are STABLE; data bus inputs
Down current IDD8(4) are STABLE 10 UA
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Notes:
1. |DD specifications are tested after the device is properly initialized.
2. Input slew rate is 1V/ns.
3. Definitions for IDD:
LOW is defined as VIN < 0.1 * VDDQ;
HIGH is defined as VIN = 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.
4. 1DDS8 is a typical value at 25°C.

IDD6 Conditions :

IDD6 Units
TCSR Range 45°C 85°C
Full Array 350 500 A
1/2 Array 280 450 u
1/4 Array 250 400

Notes:
1. Measured with outputs open.
2. Internal TCSR can be supported.
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8.5 AC Timings
[Recommended Operating Conditions: Notes 1-9]
PARAMETER SYMBOL MIN > MAX UNIT NOTES
DQ output access time CL=3 2.0 5.0
from CK/ CK CL=2 tAC 2.0 6.5 ns
DQS output access time from| CL=3 2.0 5.0
CK/ CK CL=2 tbasek ™20 65 | "
Clock high-level width tCH 0.45 0.55 tCK
Clock low-level width tCL 0.45 0.55 tCK
Clock half period tHP M ns 10,11
(tCL, tCH)
CL=3 5 ns 12
Clock cycle time CL=2 tCK 12 s 12
DQ and DM input setup fast slew rate 0.48 ns 13,14,15
time slow slew rate DS 0.58 ns 13,14,16
) ] fast slew rate 0.48 ns 13,14,15
DQ and DM input hold time slow slew rate {DH 0.58 ns 13,14,16
DQ and DM input pulse width tDIPW 1.4 ns 17
Address and control input fast slew rate 0.9 ns 15,18
setup time slow slew rate us 1.1 ns 16,18
Address and control input | fast slew rate 0.9 ns 15,18
hold time slow slew rate tiH 1.1 ns 16,18
Address and control input pulse width tIPW 2.3 ns 17
%(& DQS low-impedance time from CK/ Wz 10 ns 19
DQ & DQS high-impedance | CL=3 5.0
time from CK/ CK CL=2 tHZ 6.5 ns 19
DQS-DQ skew tDQSQ 0.4 ns 20
DQ/DQS output hold time from DQS tQH tHP-tQHS ns 11
Data hold skew factor tQHS 0.5 ns 11
:/r\;r::it?;):mand to 1st DQS latching {DQSS 0.75 1.95 tCK
DQS input high-level width tDQSH 0.4 0.6 tCK
DQS input low-level width tDQSL 0.4 0.6 tCK
DQS falling edge to CK setup time tDSS 0.2 tCK
DQS falling edge hold time from CK tDSH 0.2 tCK
MODE REGISTER SET command period | tMRD 2 tCK
Write preamble setup time tWPRES 0 ns 21
Write postamble tWPST 0.4 0.6 {CK 22
Write preamble tWPRE 0.25 {CK
CL=3 0.9 1.1 tCK 23
Read preamble CL=2 tRPRE 05 11 ICK 23
Read postamble tRPST 0.4 0.6 tCK
ACTIVE to PRECHARGE command period| tRAS 40 70,000 ns
ACTIVE to ACTIVE command period tRC “?Qg'- ns
AUTO REFRESH to ACTIVE/AUTO
REFRESH command period tRFC 72 ns
ACTIVE to READ or WRITE delay tRCD 15 ns
PRECHARGE command period tRP 3 tCK
ACTIVE bank A to ACTIVE bank B delay | tRRD 10 ns
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-5
PARAMETER SYMBOL MIN MAX UNIT NOTES
WRITE recovery time tWR 15 ns 24
Auto pre-charge write recovery + pre-
charge {DAL i tCK 25
time
Internal write to Read command delay tWTR 1 tCK
Self-Refresh exit to next valid command IXSR 120 ns 26
delay
Exit power down to next valid command XP 5 {CK 27
delay
CKE min. pulse width (high and low pulse {CKE 1 {CK
width)
Refresh Period tREF 64 ms
Average periodic refresh interval (x16) tREFI 7.8 us 28,29
Notes:

1. All voltages referenced to VSS.

2. All parameters assume proper device initialization.

3. Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and
device operation are guaranteed for the full voltage and temperature range specified.

4. The circuit shown below represents the timing reference load used in defining the relevant timing
parameters of the part. It is not intended to be either a precise representation of the typical system
environment nor a depiction of the actual load presented by a production tester. System designers will
use IBIS or other simulation tools to correlate the timing reference load to system environment.
Manufacturers will correlate to their production test conditions (generally a coaxial transmission line
terminated at the tester electronics). For the half strength driver with a nominal 10pF load parameters
tAC and tQH are expected to be in the same range. However, these parameters are not subject to
production test but are estimated by design / characterization. Use of IBIS or other simulation tools for
system design validation is suggested.

1o { ] |
Zy= 580 Ohms
— — “30pF

5. The CK/ CK input reference voltage level (for timing referenced to CK/ CK)) is the point at which CK and CK cross; the
input reference voltage level for signals other than CK/ CK is VDDQ/2.

6. The timing reference voltage level is VDDQ/2.

7. AC and DC input and output voltage levels are defined in the section for Electrical Characteristics and AC/DC operating
conditions.

8. A CK/ CK differential slew rate of 2.0 V/ns is assumed for all parameters.

9.  CAS latency definition: with CL = 3 the first data element is valid at (2 * tCK + tAC) after the clock at which the READ
command was registered; with CL = 2 the first data element is valid at (tCK + tAC) after the clock at which the READ
command was registered

10. Min (tCL, tCH) refers to the smaller of the actual clock low time and the actual clock high time as provided to the device
(i.e. this value can be greater than the minimum specification limits of tCL and tCH)

11. tQH = tHP - tQHS, where tHP = minimum half clock period for any given cycle and is defined by clock high or clock low

(tCL, tCH). tQHS accounts for 1) the pulse duration distortion of on-chip clock circuits; and 2) the worst case push-out of
DQS on one transition followed by the worst case pull-in of DQ on the next transition, both of which are, separately, due
to data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers.
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12. The only time that the clock frequency is allowed to change is during clock stop, power-down or self-refresh modes.
13. The transition time for DQ, DM and DQS inputs is measured between VIL(DC) to VIH(AC) for rising input signals, and

VIH(DC) to VIL(AC) for falling input signals.

14. DQS, DM and DQ input slew rate is specified to prevent double clocking of data and preserve setup and hold times.

15.
16.
17.
18.
19.

20.

21.

22.

23.

24.
25.

Signal transitions through the DC region must be monotonic.

Input slew rate = 1.0 V/ns.

Input slew rate = 0.5 V/ns and < 1.0 V/ns.

These parameters guarantee device timing but they are not necessarily tested on each device.

The transition time for address and command inputs is measured between VIH and VIL.

tHZ and tLZ transitions occur in the same access time windows as valid data transitions. These parameters are not
referred to a specific voltage level, but specify when the device is no longer driving (HZ), or begins driving (LZ).
tDQSQ consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers
for any given cycle.

The specific requirement is that DQS be valid (HIGH, LOW, or some point on a valid transition) on or before the
corresponding CK edge. A valid transition is defined as monotonic and meeting the input slew rate specifications of
the device. When no writes were previously in progress on the bus, DQS will be transitioning from Hi-Z to logic LOW.
If a previous write was in progress, DQS could be HIGH, LOW, or transitioning from HIGH to LOW at this time,
depending on tDQSS.

The maximum limit for this parameter is not a device limit. The device operates with a greater value for this parameter,
but system performance (bus turnaround) will degrade accordingly.

A low level on DQS may be maintained during High-Z states (DQS drivers disabled) by adding a weak pull-down element in the
system. It is recommended to turn off the weak pull-down element during read and write bursts (DQS drivers enabled).

At least one clock cycle is required during tWR time when in auto pre-charge mode.

Minimum 3 clocks of tDAL (=tWR + tRP) is required because it need minimum 2 clocks for tWWR and minimum 1 clock
for tRP.

tDAL = (tWR/CK) + (tRP/tCK): for each of the terms above, if not already an integer, round to the next higher integer.

26.
27.
28.
29.

There must be at least two clock pulses during the tXSR period.
There must be at least one clock pulse during the tXP period.
tREFI values are dependence on density and bus width.

A maximum of 8 Refresh commands can be posted to any given M, meaning that the maximum absolute interval
between any Refresh command and the next Refresh command is 8*tREFI.

CAS Latency Definition (With CL=3)

TO T T2 T2n T3 T3n T4 T4n T5 Thn T6
I I I I I I I | I

g —/:—\ /:—\ | -|. | -|. I| | .|- | .|
Command [ RFAD XN(;JP Y Nor )T ) Nr?p 'S }(N?P \ XN?F‘}( T Nor )T

|CL=3 > : | | : | : _—

| : 1HCISCI::'|'- - : 1na§'cHL : : : : il

| | PRE | | | | | | |

DOS l || [ | | | | | |
i A e

. |

collectively : : ilj?) 6-2'? (TB} {ml{) (T'Ij'} P‘p (T?) é’ﬁlr}_}—

| | fomin | g | | | | | | | | | |

1)DQ transitioning after DQS transition define tDQSQ window.
2)ALL DQ must transition by tDQSQ after DQS transitions, regardless of tAC
IRAC is the DQ output window relative to CK,and is the long term component of DQ skew.
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8.5.2 Output Slew Rate Characteristics

PARAMETER MIN MAX | UNIT | NOTES
Pull-up and Pull-Down Slew Rate for Full Strength Driver 0.7 2.5 Vins 1,2
Pull-up and Pull-Down Slew Rate for Three-Quarter Strength Driver 0.5 1.75 Vins 1,2
Pull-up and Pull-Down Slew Rate for Half Strength Driver 0.3 1.0 V/ns 1,2
Output Slew rate Matching ratio (Pull-up to Pull-down) 0.7 1.4 - 3

Notes:
1. Measured with a test load of 20 pF connected to VSSQ.
2. Output slew rate for rising edge is measured between VILD(DC) to VIHD(AC) and for falling edge between VIHD(DC) to

VILD(AC).
3. The ratio of pull-up slew rate to pull-down slew rate is specified for the same temperature and voltage, over the entire

temperature and voltage range. For a given output, it represents the maximum difference between pull-up and pull-

down drivers due to process variation.

8.5.3 AC Overshoot/Undershoot Specification

PARAMETER SPECIFICATION
Maximum peak amplitude allowed for overshoot 05V
Maximum peak amplitude allowed for undershoot 05V
The area between overshoot signal and VDD must be less than or equal to 3 V-ns
The area between undershoot signal and GND must be less than or equal to 3 V-ns
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8.5.4 AC Overshoot and Undershoot Definition

Overshoot Area

VDD
3 /
Q
E 1.0 Y
g Max Amplitude = 0.5V Max Area = 3V-ns
0.5 \\ /
VSS

N\

, Undershoot Area
Time
(ns)

Figure 40 — AC Overshoot and Undershoot Definition
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9. PACKAGE DIMENSION

90Ball Fine Pitch BGA (1) (8.0x13.0mm)
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90Ball Fine Pitch BGA (2) (8.0x13.0mm)
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NOTE :
1. ALL DIMENSION ARE IN MILLIMETERS.

2. /A POST REFLOW SOLDER BALL DIAMETER.
(Pre Reflow Diameter : 0.3540,02)
1. £\ TOLERANCE INCLUDES WARPAGE.
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Alliance Memory Inc. reserves the rights to change the specifications and products without notice.

Alliance Memory, Inc., 551 Taylor Way, Suite #1, San Carlos, CA 94070, USA
Tel: +1 650 610 6800 Fax: +1 650 620 9211
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