W946432AD

@ Winbond
512K~ 4 BANKS ™ 32 BITS DDR SDRAM

GENERAL DESCRIPTION

The W946432AD is a high-speed CMOS Double Data Rate synchronous dynamic random access
memory organized as 512K words x 4 banks x 32 bits.

A bidirectional data strobe (DQS) is transmitted externally, along with data, for use in data capture at
the receiver. DQS is a strobe transmitted by the DDR SDRAM during READs and by the memory
controller during WRITEs. DQS is edge-aligned with data for READs and center-aligned with data for
WRITEs.

The W946432AD operates from a differential clock (CLK and CLK the crossing of CLK going HIGH

and CLK going LOW will be referred to as the postive edge of CLK). Commands (address and control
signals) are registered at every positive edge of CLK. Input data is registered on both edges of DQS,
and output data is referenced to both edges of DQS, as well as to both edges of CLK.

Read and write accesses to the 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
the registration of an ACTIVE command, which is then followed by a READ or WRITE command. The
address bits registered coincident with the ACTIVE command are used to select the bank and row to
be accessed. 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.

The DDR SDRAM provides for programmable READ or WRITE burst lengths of 2, 4 or 8 locations. An
AUTO PRECHARGE function may be enabled to provide a self-timed row precharge that is initiated at
the end of the burst access.

As with standard SDRAMSs, the pipelined, multibank architecture of DDR SDRAMs allows for
concurrent operation, thereby providing high effective bandwidth by hiding row precharge and
activation time.

FEATURES

-Double-data-rate architecture; two data transfers
per clock cycle

-Four internal banks for concurrent operation

-Data mask (DM) for write data
-Bidirectional, data strobe (DQS) is transmitted/

) . ; . -Burst lengths: 2, 4, or 8
received with data, to be used in capturing data ! g

at the receiver

-DQS is edge-aligned with data for READS;
center-aligned with data for WRITES

-Differential clock inputs (CLK and CLK))

-DLL aligns DQ and DQS transitions with CLK
transitions

-Programmable DLL on or DLL off mode

- Commands entered on each positive CLK edge;
data and data mask referenced to both edges of
DQS

-CAS Latency: 3
-AUTO PRECHARGE option for each burst

access

-Auto Refresh and Self Refresh Modes
-15.6us Maximum Average Periodic Refresh

Interval

.2.5V (SSTL_2 compatible) I/O
-VDDQ = 2.5V £ 0.2V
VDD = 2.5V + 0.2V

PRELIMINARY DATA:9/8/00
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PIN CONFIGURATION
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PIN DESCRIPTION

W946432AD

PIN NAME FUNCTION DESCRIPTION

All address and control input signals are sampled on the crossing of the positive edge of CLK

CLK. CLK _I?]gfetrentlal clock  |and negative edge of CLK . Output (read) data is referenced to the crossings of CLK and

' inpu J—

CLK (both directions of crossing).
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 POWER-DOWN entry and exit, and for SELF REFRESH entry.

CKE Clock Enable CKE is asynchronous for SELF REFRESH exit, and for output disable. CKE must be
maintained high throughout READ and WRITE accesses. Input buffers, excluding CLK, CLK
and CKE are disabled during POWER-DOWN. Input buffers, excluding CKE are disabled
during SELF REFRESH.

— . All commands are masked when CS is registered HIGH. cs provides for external bank

CS Chip Select —
selection on systems with multiple banks. CS is considered part of the command code.

RAS, CAS, — — == ) .

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

WE
DM is an input mask signal for writes data. Input data is masked when DM is sampled HIGH

DM Input Data Mask |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.

BAO, BAL Bank Address BA_O and E_,Al define to which bank an ACTIVE, READ, WRITE or PRECHARGE command is
being applied.
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. A8 is sampled during a PRECHARGE command to determine whether

AO-A10 Address Input the PRECHARGE applies to one bank (A8 LOW) or all banks (A8 HIGH). If only one bank is
to be precharged, the bank is selected by BAO, BA1. The address inputs also provide the op-
code during a MODE REGISTER SET command. BAO and BA1 define which mode register is
loaded during the MODE REGISTER SET command (MRS or EMRS).

DQ Data Input/Output |Data bus

DOS Data Strobe Output with read data, mput with write data. Edge-aligned with read data, centered in write
data. Used to capture write data.

VDDQ DQ Power 2.5V +0.2V.

VssQ DQ Ground Ground.

VDD Supply Power 2.5V +0.2V

Vss Ground.

NC No Connection No connection

\VREF SSTL_2 reference voltage.
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BLOCK DIAGRAM

W946432AD
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The cell array configuration is 2048 * 256 * 32
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ABSOLUTE MAXIMUM RATINGS*

SYMBOL ITEM RATING UNIT NOTES

Vin Input Voltage -0.3~ Vop +0.3 \% 1
Vour Output Voltage -0.3~ VooQ+0.3 \% 1
Vob Power Supply Voltage -0.3~4.6 \% 1
VooQ 1/0 Power Supply Voltage -0.3~3.6 \% 1
Toprr Operating Temperature 0~70 °C 1
Tste Storage Temperature -55~150 °C 1
TsoLber Soldering Temperature(10s) 260 °C 1
Po Power Dissipation 1 W 1
lout Short Circuit Output Current 50 mA 1

*Conditions outside the limits listed under “Absolute Maxi-mum Ratings” may cause permanent damage to the device.

CAPACITANCE (vbpQ = 2.5V, Vpbp = 2.5 + 0.2, f 100 MHz, TA = 25 °C)

PARMETER SYMBOL MIN MAX UNITS NOTES
Input Capacitance: CK, CK Ci1 25 3.5 pF
Input Capacitance: All other input-only pins CI2 25 35 pF
Input/Output Capacitance: DQ, DQS, DM Clo 4.0 5.5 pF

Note: These parameters are periodically sampled and not 100% tested.

ELECTRICAL CHARACTERISTICS AND DC OPERATING CONDITIONS
(0°C £ TA £ 70°C; VbDQ = +2.5V +0.2V, VDD = +2.5V +0.2V)

PARAMETER/CONDITION SYMBOL MIN MAX UNITS | NOTES
Supply Voltage (for devices with Vbb of 2.5V) VbD 2.3 2.7 \
1/0O Supply Voltage VbDQ 2.3 2.7 \
I/0O Reference Voltage VREF 1.15 1.35 \ 3
1/0O Termination Voltage (system) V1T VREF -0.04 VREF + 0.04 \ 4
Input High (Logic 1) Voltage VIH(DC) VREF +0.18 Vop + 0.3 \
Input Low (Logic 0) Voltage ViL(pc) -0.3 VREF-0.18 \
Input Voltage Level, CK and CK inputs ViN(pe) -0.3 VopQ + 0.3 \
Input Differential Voltage, CK and CK inputs Vip(pe) 0.36 VooQ + 0.6 \ 5
INPUT LEAKAGE CURRENT
Any input OV £ vn £ vo I -5 5 uA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT
. . £ £ loz -5 5 uA
(DQs are disabled; OV & Vout & VbpbQ)
OUTPUT LEVELS
Output High Current (Vout = 1.95V) loH -15.2 mA
Output Low Current (Vout = 0.35V) loL 15.2 mA
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AC OPERATING CONDITIONS

(0°C £ TA £ 70°C; VDDQ = +2.5V + 0.2V, VDD = +2.5V + 0.2V)

W946432AD

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES
Input High (Logic 1) Voltage, DQ, DQS and DM signals VIH(AC) VREF + \Y,

0.35
Input Low (Logic 0) Voltage, DQ, DQS and DM signals VIL(AC) VREF - \Y;

0.35
Input Differential Voltage, CK and CK inputs Vip(AC) 0.7 VobpQ +0.6 v 5
Input Crossing Point Voltage, CK and CK inputs Vix(AC) | 0.5*VppQ-0.2 | 0.5*VbpQ+0.2 v 7
IDD SPECIFICATIONS AND CONDITIONS
(0°C £ Ta £ 70°C; VDDQ = +2.5V + 0.2V, VDD = +2.5V * 0.2V)
MAX

SYMBOL UNITS NOTES
OPERATING CURRENT: One Bank; Active-Precharge; 1DDO TBD mA
tRC = tRC MIN; tCK =tCK MIN; DQ, DM and DQS inputs changing twice per
clock cyle; address and control inputs changing once per clock cycle
OPERATING CURRENT: One Bank; Active-Read-Precharge; oDl TBD mA
Burst = 2; tRC = tRC MIN; CL = 3 ; tCK = tCK MIN; lout= 0 mA;
Address and control inputs changing once per clock cycle
PRECHARGE POWER-DOWN STANDBY CURRENT: All banks idle; IDD2P TBD mA
power-down mode; CKE £ v (MAX); tCK = tCK MIN
IDLE STANDBY CURRENT: CS 3 ViH (MIN); All banks idle; IDD2N TBD mA
CKE 3 Vi (MIN); tCK = tCK MIN; Address and other control inputs
changing once per clock cycle
ACTIVE POWER-DOWN STANDBY CURRENT: One bank active; IDD3P TBD mA
power-down mode; CKE £ v (MAX); tCK = tCK MIN
ACTIVE STANDBY CURRENT: CS 3 VH (MIN); CKE 3 Vin (MIN); IDD3N TBD mA
One bank; Active-Precharge; tRC = tRAS MAX; tCK = tCK MIN; DQ,
DM and DQS inputs changing twice per clock cycle; address and
other control inputs changing once per clock cycle
OPERATING CURRENT: Burst = 2; Reads; Continuous burst; IDD4R TBD mA
One bank active; Address and control inputs changing once per clock
cycle; CL = 3; tCK = tCK MIN; lout = 0 mA
OPERATING CURRENT: Burst = 2; Writes; Continuous burst; |DDAW TBD mA
One bank active; Address and control inputs changing once per clock
cycle; CL = 3; tCK = tCK MIN; DQ, DM and DQS inputs changing
twice per clock cycle
AUTO REFRESH CURRENT: tRC = tRFC (MIN) IDD5 TBD mA
SELF REFRESH CURRENT: CKE £ 0.2V Ibo6 TBD mA
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512K "~ 4 BANKS ™ 32 BITS DDR SDRAM

AC CHARACTERISTICS
(0°C £ TA £ 70°C; VDDQ = +2.5V + 0.2V, VDD = +2.5V * 0.2V)

PARAMETER -4 -5 -6 UNIT NOTE
MIN. | MAX.| MIN. [MAX.| MIN. [MAX.
DQ output access time from CLK/ CLK tAC -0.1 0.1 -0.1 0.1 -0.1 0.1 |CK
DQS output access time from CLK/ CLK tDRSCK -0.1 0.1 -0.1 0.1 -0.1 0.1 |tCK
CLK high-level width tCH 0.45 0.55 0.45 0.55 0.45 0.55 |tCK
CLK low-level width tCL 0.45 0.55 0.45 0.55 0.45 0.55 |tCK
Clock cycle time tCLK 4 8 5 8 6 8 ns 8
DQ and DM input hold time tDH 0.5 0.5 0.5 ns
DQ and DM input setup time tDS 0.5 0.5 0.5 ns
DQ and DM input pulse width (for each input) tDIPW 1 1.6 1.6 ns
Data-out high-impedance time from CLK/ CLK tHZ -0.1 0.1 tCK
Data-out low-impedance time from CLK/ CLK iz -0.1 0.1 tCK
ggnSa-IE)Q Skew (for DQS and associated DQ tDQSQ 05 05 05 05 05 o5 |ns
DQS-DQ Skew (for DQS and all DQ signals) tDQSOQA -0.5 0.5 ns
DQ/DQS output valid time tDV 0.35 0.35 0.35 tCK
Write command to first DQS latching transition tDQSS 0.75 1.25 0.75 1.25 0.75 1.25 |tCK
DQS input high pulse width tDQSH 0.35 0.4 0.6 0.4 0.6 [tCK
DQS input low pulse width tDQSL 0.35 0.4 0.6 0.4 0.6 [tCK
DQS falling edge to CLK setup time tDSS 0.2 tCK
DQS falling edge hold time from CLK tDSH 0.2 tCK
MODE REGISTER SET command cycle time tMRD 2 tCK
Write postamble tWPST 0.4 0.6 tCK
Write preamble tWPRE 0.25 tCK
Address and Control input hold time TIH 1 ns
Address and Control input setup time TIS 1 ns
Read preamble tRPRE 0.9 1.1 0.9 1.1 0.9 1.1 [tCK
Read postamble tRPST 0.4 0.6 tCK
ACTIVE to PRECHARGE command tRAS 35 35 120K 42 120K [ns
ACTIVE to ACTIVE/Auto Refresh command period |tRC 47 55 60 ns
Auto Refresh to Active/Auto Refresh command tRFC ns
period 47 66 72
ACTIVE to READ or WRITE delay tRCD 3 15 18 tCK
PRECHARGE command period tRP 3 15 18 tCK
ACTIVE bank A to ACTIVE bank B command tRRD 2 11 12 tCK
Write recovery time tWR 2 10 12 tCK
Auto Precharge write recovery + precharge time tDAL 5 25 30 tCK
Internal Write to Read Command Delay tWTR 2 tCK 9
Exit SELF REFRESH to non-READ command tXSNR 47 ns
Exit SELF REFRESH to READ command tXSRD 200 200 200 tCK
Average Periodic Refresh Interval tREFI 15.6 15.6 15.6 |us

PRELIMINARY DATA:9/8/00
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512K~ 4 BANKS ™ 32 BITS DDR SDRAM

NOTES

1. All voltages referenced to Vss.
2. Outputs measured with equivalent load:

Rr=25 ohms

117

A.C TEST LOAD

3. VREF is expected to be equal to 0.5*VDDQ of the transmitting device, and to track variations in the DC level
of the same. Peak-to-peak noise on VREF may not exceed +/-2% of the DC value.

4. VTT is not applied directly to the device. VTT is a system supply for signal termination resistors, is expected
to be set equal to VREF, and must track variations in the DC level of VREF.

5. VID is the magnitude of the difference between the input level on CK and the input level on CK.

6. IDD specifications are tested after the device is properly initialized.
7. VIX is the differential clock cross point voltage where input timing measurement is referenced.

Rs = 25 ohms

CLK

VssQ

8. Beyond 8ns tCK, chip maybe in "DLL off" mode
9. WRITE interrupted by READ is not allowed.

Note:

PRELIMINARY DATA:9/8/00
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FUNCTIONAL DESCRIPTION

The W946432AD is a high speed CMOS, dynamic random access memory containing 67,108,864 bits. The
W946432AD is internally configured as a quad bank DRAM.

The W946432AD uses a double data rate architecture to achieve high speed operation. The double data rate
architecture is essentially a 32 prefetch architecture, with an interface designed to transfer two data words
per clock cycle at the 1/0O pins. A single read or write access for the W946432AD consists of a single 32bit
wide, one clock cycle data transfer at the internal DRAM core and two corresponding 32bit wide, one half
clock cycle data transfers at the 1/O pins.

Read and write accesses to the 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 the
registration of an ACTIVE command, which is then followed by a READ or WRITE command. The address
bits registered coincident with the ACTIVE command are used to select the bank and row to be accessed
(BAO, BA1 select the bank; A0-A10 select the row). The address bits registered coincident with the READ or
WRITE command are used to select the starting column location for the burst access.

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

INITIALIZATION

W986432AD must be powered up and initialized in a predefined manner. Operational procedures other than
those specified may result in undefined operation. Power must first be applied to Vbbb, then to VDbDQ, and
finally to VREF (and to the system VTT). VTT must be applied after VbbQ to avoid device latch up, which may
cause permanent damage to the device. VREF can be applied any time after VDDQ, but is expected to be
nominally coincident with VTT. Except for CKE, inputs are not recognized as valid until after VREF is applied.
CKE is an SSTL_2 input, but will detect an LVCMOS LOW level after Vbb is applied. Maintaining an
LVCMOS LOW level on CKE during power up is required to guarantee that the DQ and DQS outputs will be
in the High-z state, where they will remain until driven in normal operation (by a read access). After all power
supply and reference voltages are stable, and the clock is stable, the DDR SDRAM requires a 200us delay
prior to applying an executable command.

Once the 200us delay has been satisfied, a DESELECT or NOP command should be applied, and CKE
should be brought HIGH. Following the NOP command, a PRECHARGE ALL command should be applied.
Next a MODE REGISTER SET command should be issued for the Extended Mode Register, to enable the
DLL, then a MODE REGISTER SET command should be issued for the Mode Register, to reset the DLL,
and to program the operating parameters. 200 clock cycles are required between the DLL reset and any read
command. A PRECHARGE ALL command should be applied, placing the device in the “all banks idle” state.

Once in the idle state, two AUTO REFRESH cycles must be performed. Additionally, a MODE REGISTER
SET command for the Mode Register, with the reset DLL bit deactivated (i.e. to program operating
parameters without resetting the DLL) must be performed. Following these cycles, the DDR SDRAM is ready
for normal operation.
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REGISTER DEFINITION

MODE REGISTER

The Mode Register is programmed by the MODE REGISTER SET command (MRS/EMRS) when all banks
are idle and no bursts are in progress.

The Mode Register is used to define the operation specific mode of of the DDR SDRAM. This definition

includes the selection of a burst length, a burst type, a CAS latency, and an operating mode, as shown in
Figurel:

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these
additional functionsinclude DLL enable/disable,output drive strength selection. These functions as shown
inFigurel:.

Mode Register must be loaded, and the controller must wait the specified time before initiating the
subsequent operation. Violating either of these requirements will result in unspecified operation.

Figurel:Mode Register Definition

MODE REGISTER DEFINITION EXTENDED MODE REGISTER DEFINITION
Blﬂ Bll Af Aj Aj AJ A£ Aj A£ Aj Aj Ai A£ Address Bus BAD BAL A0 A9 A8 A7 A6 A5 A4 A3 A2 Al AD  AddressBus
13/12 /10 9 8 7 6 5 4 3 2 1 0 Extended Mode Register /1un/10/9/8/17 6/5/4 3/2/1/0 Extended Mode Register
‘ o ‘ 0+ | Operating Mode ‘ CAS Latency ‘ BT ‘ Burst Latency ‘ 1~‘ o~‘ Operating Mode ‘DSZ‘DSI‘DS@‘DLL
*BA0 and BA1 l
Burst Latency *BAO and BAL
must be 0, 0 to select the must be 1, 0 o select the A0 DLL
Mode Register (vs. the A2 AL A A3=0 A3=1 Extended Mode Register (vs. the
Extended Mode Register). B
000 Reserved Reserved base Mode Register) 0 Enable
001 2 2
010 4 4 1 Disable
011 8 8
100 Reserved Reserved
Al DSO
101 Reserved Reserved
110 Reserved Reserved 0 Nomal
111 Reserved Reserved
1 Weak (optional)
" Burst Type
0 Sequential A Ds1
1 Interleaved 0
1
26 A5 Ad CAS Latency
000 Reserved
00 1 Reserved A3 DS2
010 Reserved .
011 3
100 Reserved 1
101 Reserved
110 Reserved
111 Reserved AL0-A4 A3-AD Operating Mode
0 Valid Normal Operation
An-A9 A8 |A7 | AB-A0 | Operating Mode
0 0| o] vaid |Nomaloperaion ) ) Allather staes reserved
0 1| 0| Vaid |Normal Operation/Reset DLL
0 0|1| VS |Vendor Specific Test Mode
- - All other states reserved
VS = Vendor Specific

10
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Burst Length

Read and write accesses to the DDR SDRAM are burst oriented, with the burst length being programmable,
as shown in Table 1: 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.

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 with in this block, meaning that the burst will wrap within the
block if a boundary is reached. The block is uniquely selected by A1-A7 when the burst length is set to two,
by A2-A7 when the burst length is set to four and by A3-A7 when the burst length is set to eight. The
remaining address bit is used to select the starting location within the block. The programmed burst length
applies to both READ and WRITE bursts.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this is referred to
as the burst type and is selected by 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 1.

Table 1:BURST DEFINITION

Burst Length Starting Column Order (_)f Accesses Within a Burst
Address: Type = Sequential Type = Interleaved
A0
2 0 0-1 0-1
1 1-0 1-0
Al A0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 Al A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
NOTE:

1. For a burst length of two, A1-A7 selects the two-data-element block; AO selects

the first access within the block.

2. For a burst length of four, A2-A7 selects the four-data-element block; A0-Al
selects the first access within the block.

3. For a burst length of eight, A3-A7 selects the eight-data- element block; A0-A2
selects the first access within the block.

4. Whenever a boundary of the block is reached within a given sequence above, the
following access wraps within the block.

11
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Read Latency

The READ latency is the delay, in clock cycles, between the registration of a READ command and the
availability of the first piece of output data. The latency is set to 3 clocks.

If a READ command is registered at clock edge n, and the latency is 3 clocks, the data will be available
nominally coincident with clock edge n + 3.

Figure2:REQUIRED CAS LATENCIES

REQUIRED CAS LATENCIES

DON'T CARE

Burst Length = 4 in the case shown
Shown with nominal tAC, tDQSCK, and tDQSQ

Operating Mode

The normal operating mode is selected by issuing a Mode Register Set command with bits A7-A10 each set
to zero, and bits AO-A6 set to the desired values. A DLL reset is inititated by issuing a Mode Register Set
command with bits A7 and A9-A10 each set to zero, bit A8 set to one, and bits AO-A6 set to the desired
values. A Mode Register Set command issued to reset the DLL should always be followed by a Mode
Register Set command to select normal operating mode.

All other combinations of values for A7-A10 are reserved for future use and/or test modes. Test modes and
reserved states should not be used because unknown operation or incompatibility with future versions may
result.

DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable isrequiredduringpower-upinitialization,andupon
returning to normal operation after having disabled the DLL for the purpose of debug or evaluation (upon
exiting Self Refresh Mode, the DLL is enabled automatically). Any time the DLL is enabled, 200 clock cycles
must occur before a READ command can be issued.

Output Drive Strength

DS0, DS1, DS2, TBD

12
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COMMANDS

Truth Table provides a quick reference of available commands. This is followed by a verbal description of
each command. The additional Function Truth Tables provide current state/ next state information.

TRUTH TABLE (NOTE 1, 2)

Symbol Command Device CKEn-1 |CKEn DM | BAO,1| A8 A10, C_S RTAS %
State A9-0
ACT Bank Active Idle (3) H X X Y, Y, Vv L L H H
PRE Bank Precharge Any (3) H X X Y, L X L L H L
PREA Precharge All Any H X X X H X L L H L
WRIT Write Active (3) H X X \Y L \Y L H L L
WRITA | Write with Autoprecharge Active (3) H X X Y, H Vv L H L L
READ Read Active (3) H X X \Y L \Y L H L H
READA | Read with Autoprecharge Active (3) H X X Y, H Vv L H L H
MRS Mode Register Set Idle H X X L,L \Y Vv L L L L
EMRS | Extended Mode Register Set H X X H,L \Y \Y L L L L
NOP No-Operation Any H X X X X X L H H H
BST Burst Read Stop Active (4) H X X X X X L H H L
DSL Device Deselect Any H X X X X X H X X X
AREF Auto-Refresh Idle H H X X X X L L L H
SELF Self-Refresh Entry Idle H L X X X X L L L H
- i Idle H X X X
SELEX | Self-Refresh Exit o L H X X X X A X X X
Idle H X X X
PD Power Down Mode Entry Actvs (5) H L X X X X A X X X
PDEX Power Down Mode Exit (Powérn?j/own) H X X X X II-_| >|_<| >|_<| §
WDE Data Write Enable Active H X X X X X X X X
WDD Data Write Disable Active H X H X X X X X X X
Notes:

(1) V = Valid, X = Don't care, L = Low Level, H = High Level
(2) CKEn signal is input level when commands are provided.
CKEnN-1 signal is input level one clock cycle before the command provided.

(3) These are state of bank designated by BAO BAL1 signals.
(4) Applies only to read bursts with autoprecharge disabled; this command should not be used for read
bursts with autoprecharge enabled, and for write bursts.

(5) Power Down Mode can not be entered in the burst cycle.
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Function TRUTH TABLE (NOTE 1)

CURRENT | CS | RAS | CAS | WE |Address |Command ACTION
NOTE
STATE
H X X X X DSL NOP
L H H X X NOP, BST |NOP
L H L H BA, CAA8| Read, Read A |ILLEGAL 3
dle L H L L BA, CA A8 | Write, Write A |ILLEGAL _ 3
L L H H BA, RA ACT ACTIVE (select and activate row)
L L H L BA, A8 PRE, PRE A |[NOP
L L L H X AREF, SREF |Refresh or Self refresh 2
L L L L Op-Code | MRS, EMRS [Mode register accessing 2
H X X X X DSL NOP
L H H X X NOP, BST |NOP
L H L H BA, CA /A8 | Read, Read A |READ (start READ burst) 4
Row Active L H L L BA, CA,A8| Write, Write A |WRITE (start WRITE burst) 4
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A8 PRE, PRE A |PRECHARGE 5
L L L H X AREF, SREF |[ILLEGAL
L L L L Op-Code | MRS, EMRS |[ILLEGAL
H X X X X DSL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Burst stop
L H L H BA, CA,A8| Read, Read A |Term burst, start new READ burst 6
Read L H L L BA, CA A8 | Write, Write A |ILLEGAL
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A8 PRE, PRE A |Term burst, PRECHARGE
L L L H X AREF, SREF |ILLEGAL
L L L L Op-Code | MRS, EMRS |[ILLEGAL
H X X X X DSL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
L H L H BA, CA A8 | Read, Read A |ILLEGAL 3
Write L H L L BA, CA,A8| Write, Write A |Term burst, start new READ burst 6,7
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A8 PRE, PRE A |Term burst, PRECHARGE
L L L H X AREF, SREF |ILLEGAL 8
L L L L Op-Code | MRS, EMRS |ILLEGAL
H X X X X DSL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
Read with L H L H BA, CAA8| Read, Read A |ILLEGAL
Auto L H L L BA, CA A8 | Write, Write A |ILLEGAL
rpecharge L L H H BA, RA ACT ILLEGAL
L L H L BA, A8 PRE, PRE A |ILLEGAL
L L L H X AREF, SREF |[ILLEGAL
L L L L Op-Code | MRS, EMRS |ILLEGAL
H X X X X DSL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
Write with L H L H BA, CAA8| Read, Read A |ILLEGAL
Auto L H L L BA, CA A8 | Write, Write A |ILLEGAL
precharge L L H H BA, RA ACT ILLEGAL
L L H L BA, A8 PRE, PRE A |ILLEGAL
L L L H X AREF, SREF |ILLEGAL
L L L L Op-Code | MRS, EMRS |[ILLEGAL
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NOTE:
1. This table applies when CKE n-1 was HIGH and CKE n is HIGH.
2. ILLEGAL if any bank is not idle.

3. ILLEGAL to bank in specified states; Function may be legal in the bank indicated by Bank Address(BA), depending on the state of
that bank.

4. ILLEGAL if tRCD is not satisfied.
5. ILLEGAL if tRAS is not satisfied.
6. Must satisfy bust interrupt condition.

7. Must satisfy bus contention, bus turn around, and/ or write recovery requirements
8. Must mask preceding data, which don't satisfy tWR

Figure3:Simplified State Diagram

SIMPLIFIED STATE DIAGRAM

l SREF

MRS/EMRS SREFX
AREF AUTO

I REFRESH
\
PDEX

ACT POWER

MODE
REGISTER

SET

ACTIVE
POWERDOWN

ROW
ACTIVE

Write A

POWER
APPLIED

=P Automatic Sequence

—® Command Sequence

MRS = Mode Register Set ACT = Active
EMRS = Extended Mode Register Set Write A = Write with Autoprecharge
SREF = Enter Self Refresh Read A = Read with Autoprecharge

SREFX = Exit Self Refresh PRE = Precharge

AREF = Auto Refresh

PD = Enter Power Down BST = B nst Read Stpop
PDEX = Exit Power Down

15



W946432AD
& Winbond

DESELECT

The Device Deselect command disables the command decoder so that the RAS CAS WE and Address
inputs are ignored. This command is similar to the No-Operation command.

NO OPERATION (NOP)

The No Operation Command should be used in cases when the DDR SDRAM is in an idle or a wait state to
prevent the DDR SDRAM from registering any unwanted commands between operations. A No Operation

Command is registered when CS is low with RAS | CAS and WE held high at the rising edge of the clock.
A No Operation Command will not terminate a previous operation that is still executing, such as a burst read
or write cycle.

MODE REGISTER SET

Command is registered when CS | RAS  CAS and WE s at the rising edge of the clock. The mode
registers are loaded by inputs A0-A10. See mode register descriptions in the Register Definition section. The
MODE REGISTER SET command 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 is met.

ACTIVE

The ACTIVE command is registered when CS, RAS is low with CAS , and WE held high at the rising edge
of the clock, used to open a row in a particular bank for a subsequent access.

READ

The READ command is registered when CS, CAS s low with RAS | and WE held high at the rising edge of
the clock, used to initiate a burst read access to an active row. The value on the BAO, BAL inputs selects the
bank, and the address provided on inputs AO-A7 selects the starting column location.

WRITE

The WRITE command is registered when CS, CAS, WE is low with RAS | held high at the rising edge of
the clock, used to initiate a burst write access to an active row. The value on the BAO, BAL inputs selects the
bank, and the address provided on inputs A0-A7 selects the starting column location

PRECHARGE

The PRECHARGE command is registered when CS, RAS  WE js low withCAS held high at the rising
edge of the clock, 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. Input A8 determines whether one or all banks are to be precharged, and in the case
where only one bank is to be precharged, inputs BAO, BA1 select the bank. When all banks are to be
precharged, inputs BAO, BA1 are treated as “Don’t Care.” Once a bank has been precharged, it is in the idle
state and must be activated prior to any READ or WRITE commands being issued to that bank. A
PRECHARGE command will be treated as a NOP if there is no open row in that bank.

BURST READ STOP

The BURST READ STOP command register when Cs WE is low with RAS CAS held high is used to
truncate read bursts (with autoprecharge disabled).

AUTO REFRESH

The Auto Refresh command is register when CS RAS CAS |ow with WE high.

The refresh addressing is generated by the internal refresh controller. This makes the address bits “Don’t
Care” during an AUTO REFRESH command. The W946432AD requires AUTO REFRESH cycles at an
average periodic interval of 15.6pus (maximum).
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To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute
refresh interval is provided. A maximum of eight AUTO REFRESH commands can be posted to any given
DDR SDRAM, meaning that the maximum absolute interval between any AUTO REFRESH command and
the next AUTO REFRESH command is 9 * 15.6us (140.4us). This maximum absolute interval is short
enough to allow for DLL updates internal to the DDR SDRAM to be restricted to AUTO REFRESH cycles,
without allowing too much drift in tAC between updates.

SELF REFRESH

The SELF REFRESH command can be used to retain data in the DDR SDRAM, even if the rest of the
system is powered down. When in the self refresh mode, the DDR SDRAM retains data without external
clocking. The SELF REFRESH command is initiated like an AUTO REFRESH command except CKE is
disabled (LOW). The DLL is automatically disabled upon entering SELF REFRESH, and is automatically
enabled upon exiting SELF REFRESH (200 clock cycles must then occur before a READ command can be
issued). Input signals except CKE are “Don’t Care” during SELF REFRESH.

The procedure for exiting self refresh requires a sequence of commands. First, CK must be stable prior to
CKE going back HIGH. Once CKE is HIGH, the DDR SDRAM must have NOP commands issued for tXSNR
because time is required for the completion of any internal refresh in progress. A simple algorithm for
meeting both refresh and DLL requirements is to apply NOPs for 200 clock cycles before applying any other
command.

OPERATIONS

BANK/ROW ACTIVATION

Before any READ or WRITE commands can be issued to a bank within the DDR SDRAM, a row in that bank
must be “opened.” This is accomplished by the ACTIVE command, which selects both the bank and the row
to be activated.

The value on the BAO, BA1 inputs selects the bank, and the address provided on inputs A0-A10 selects the
row. The maximum time that each bank can be held in the active state is specified as tRAS (max). After this
command is issued, Read or Write operation can be executed.

After opening a row, a READ or WRITE command may be issued to that row, subject to the tRCD
specification.

A subsequent ACTIVE command to a different row in the same bank can only be issued after the previous
active row has been “closed” (precharged). The minimum time interval between successive ACTIVE
commands to the same bank is defined by tRC.

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 successive ACTIVE
commands to different banks is defined by tRRD.

PRELIMINARY DATE: 9/8/00
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Figure4:tRCD and tRRD Definition

tRCD and tRRD Definition

COMMAND | AC|:T WK oe YT noe /N A(|:T W) noe YN nop XZZ%RD]WRXZZ% NoP )
oA | Z NN e NN o A
BA0.21 =z A s O oo s\

tRRD T tRCD

DON'T CARE

READs

The starting column and bank addresses are provided with the READ command and AUTO PRECHARGE is
either enabled or disabled for that burst access. If AUTO PRECHARGE is enabled (A8 = high), the row that
is accessed will start precharge at the completion of the burst. This command cannot be interrupted by any
other command. For the generic READ commands used in the following illustrations, AUTO PRECHARGE is
disabled (A8 = low).

During READ bursts, the valid data-out element from the starting column address will be available following

the CAS latency after the READ command. Each subsequent data-out element will be valid nominally at the
next positive or negative clock edge. Figure5: shows general timing. DQS is driven by the DDR SDRAM
along with output data. The initial LOW state on DQS is known as the read preamble; the LOW state
coincident with the last data-out element is known as the read post amble. Upon completion of a burst,
assuming no other commands have been initiated, the DQS will go High-Z.

Data from any READ burst may be concatenated with or truncated with data from a subsequent READ
command. In either case, a continuous flow of data can be maintained. The first data element from the new
burst follows either the last element of a completed burst or the last desired data element of a longer burst
which is being truncated. The new READ command should be issued x cycles after the first READ
command, where x equals the number of desired data element pairs (pairs are required by the 32 prefects
architecture). This is shown in Figure6:. A READ command can be initiated on any clock cycle following a
previous READ command. Non-consecutive READ data is shown for illustration in Figure7:. Full-speed
random read accesses within a page (or pages) can be performed as shown in Figure8:.

Data from any READ burst may be truncated with a BURST READ STOP command, as shown in
Figure9:The BURST READ STOP latency is equal to the read (CAS) latency.

Data from any READ burst must be completed or truncated before a subsequent WRITE command can be
issued. If truncation is necessary, the BURST READ STOP command must be used, as shown in Figurel0:.

A READ burst may be followed by, or truncated with, a PRECHARGE command to the same bank (provided
that AUTO PRECHARGE was not activated). The PRECHARGE command should be issued x cycles after
the READ command, where x equals the number of desired data element pairs. Note that part of the row
precharge time is hidden during the access of the last data elements.

PRELIMINARY DATE: 9/8/00
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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 the same 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.

Figure5:READ BURST — REQUIRED CAS LATENCIES

READ BURST - REQUIRED CAS LATENCIES

COMMANDy READ%ZZX NOP m NOP >@< NOP %ZZX NOP m NOP m
ADDRESS) Bc%?kn W//////W///////W///////W//////WZ)W////WZD

lcL=3l

TR

N

DQS

—_—— =

DON'T CARE

DO n = Data Out from column n
Burst Length = 4
Show with nominal tAC, tDQSCK, and tDQSQ

PRELIMINARY DATE: 9/8/00
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Figure6:CONSECUTIVE READ BURSTS — REQUIRED CAS LATENCIES

CONSECUTIVE READ BURSTS - REQUIRED CAS LATENCIES

izw\/\zwxl/w

| | | | |
COMMANDy READM NOP m READ%ZZX NOP m NOP %ZZX %ZD
]

|
| %ZZX |
aooress %%Tkn %ZZX///////MZZX %%?ﬁ YZZZ)W/////W/// //%ZZ)W// /W/// 1IN0

|cL=3|

DQS

] -
‘DO DO n
DQ

e : -

DON'T CARE

DO n (or b) = Data Out from column n (or column b)
Burst Length = 4

Shown with nominal tAC, tDQSCK, and tDQSQ
Read commands shown must be to the same device

Figure7:NON — CONSECUTIVE READ BURSTS — REQUIRED CAS LATENCIES

NON CONSECUTIVE READ BURSTS - REQUIRED CAS LATENCIES

COMMANDy READ%ZZX NOP NOP m READM NOP %ZZX NOP m NOP

ADDRESS %%Tkn %ZZW//////W/////WZX Bc%?% W//////W//////W/////WZ}

lcL= 3I

|‘ I I ‘

T T v

DON'T CARE

DO n (or b) = Data Out from column n (or column b)
Burst Length = 4
Shown with nominal tAC, tDQSCK, and tDQSQ

PRELIMINARY DATE: 9/8/00
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Figure8:RANDOM READ ACCESSES — REQUIRED CAS LATENCIES

RANDOM READ ACCESSES - REQUIRED CAS LATENCIES

RN N S S O S S 0 O
A I I I I N O SO SO

commanp RE|AD %Z|Z>< READ %Z|ZX RE|AD %Z|Z>< READ m READ )(ZZX NOP M NOP
sooress IIZ|ZX IIZ|ZII | IIZ|ZII IIZZII///////IIZZII///////IIZZII///////IIZZI
I I
| |

DQS |
I DO Y DO Y DO V DO VDO
b A b A d

0
Ic
I

DQ |

DON'T CARE

DO n, etc. = Data Out from column n, etc.

n', etc. = the next Data Out following DO n, etc. according to the programmed burst order
Burst Length = 4

Reads are to active rows in any banks

Shown with nominal tAC, tDQSCK, and tDQSQ

Figure9:BURST READ STOP- REQUIRED CAS LATENCIES

TERMINATING A READ BURST - REQUIRED CAS LATENCIES

I N (N S N N NS O R B
COMMAND?X READ%ZZX NOP%ZZX BSTW NOPM NOP %ZZX NOP%ZD

ADDRESS BC%TI, IIZZII//////IIZZII//////IIZZIW/////IIZZIW/////IIZZIW/////IIZZI

lcL= 3I

I‘ I I I

paiiEinst

I

DON'T CARE

DO n = Data Out from column n
Cases shown are bursts of 8 terminated after 4 data elements
Shown with nominal tAC, tDQSCK, and tDQSQ
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Figure1l0:READ TO WRITE — REQUIRED CAS LATENCIES

READ TO WRITE - REQUIRED CAS LATENCIES

Bank,
Ci
cL=3 [ I tbgss
DQS |
|

S T T A N .
om [T X
DON'T CARE

DO n (or b) = Data Out from column n (or column b)

Burst Length = 4

Data In elements are applied following DI b in the programmed order
Shown with nominal tAC, tDQSCK, and tDQSQ

Figurel1:READ TO PRECHARGE — REQUIRED CAS LATENCIES

READ TO PRECHARGE - REQUIRED CAS LATENCIES

z‘iz\/_\/\/\/\{

COMMAND?X READ%ZZX NOP m PRE M NOP %ZZX NOP m Al

L
bl

L wre |1
apoRess| Bc%’ﬂﬁ YZZD(///////M<£&”§n)@ZX///////MX//////WZX o (1)
|‘ I ICL 3’I ‘
SRRRRRRE
e

DON'T CARE

DO n (or b) = Data Out from column n Cases shown are either uninterrupted bursts of 4, or interrupted bursts of 8
Shown with nominal tAC, tDQSCK, and tDQSQ
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WRITEs

The starting column and bank addresses are provided with the WRITE command, and AUTO PRECHARGE
is either enabled or disabled for that access. If AUTO PRECHARGE is enabled (A8=HIGH), the row being
accessed will be precharged at the end of the WRITE burst; if AUTO PRECHARGE is disabled (A8=LOW),
the row will remain open for subsequent accesses.

During WRITE bursts, the first valid data-in element will be registered on the first rising edge of DQS
following the write command, and subsequent data elements will be registered on successive edges of DQS.
The LOW state on DQS between the WRITE command and the first rising edge is known as the write
preamble; the LOW state on DQS following the last data-in element is known as the write post amble. 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 1 clock cycle), Figure12: show the two extremes of tDQSS for a
burst of 4. Upon completion of a burst, assuming no other commands have been initiated, the DQS wiill
remain High-Z and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with or truncated with a subsequent WRITE command. In
either case, a continuous flow of input data can be maintained. The new WRITE command can be issued on
any positive edge of clock following the previous WRITE command. The first data element from the new
burst is applied after either the last element of a completed burst or the last desired data element of a longer
burst, which is being truncated. The new WRITE command should be issued x cycles after the first WRITE
command, where x equals the number of desired data element pairs Figure13: show concatenated bursts of
4. An example of non-consecutive WRITEs is shown in. O Full-speed random write accesses within a page or
pages can be performed as shown in. Figurel5: 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
Figurel6:.

Data for any WRITE burst may be followed by a subsequent PRECHARGE command. To follow a WRITE
without truncating the write burst, tWR should be met as shown in 0.

Data for any WRITE burst may be truncated by a subsequent PRECHARGE command, as shown in
Figurel18: Figurel9:. Note that only the 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 Figure18: Figurel9:.
Following the PRECHARGE command, a subsequent command to the same bank cannot be issued until t
RP is met.

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 precharge power-down; if power-down occurs
when there is a row active in any bank, this mode is referred to as active power-down. Entering power-down

deactivates the input and output buffers, excluding CK, CK and CKE. For maximum power savings, the user
has the option of disabling the DLL prior to entering power-down. In that case, the DLL must be enabled after
exiting power-down, and 200 clock cycles must occur before a READ command can be issued. However,
power-down duration is limited by the refresh requirements of the device, so in most applications, the self-
refresh mode is preferred over the DLL-disabled power-down mode.

In power-down, CKE LOW and a stable clock signal must be maintained at the inputs of the DDR SDRAM,
and all other input signals are “Don’t Care”. The power-down state is synchronously exited when CKE is
registered HIGH (along with a NOP or DESELECT command). A valid executable command may be applied
one clock cycle later.
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Figurel2:WRITE BURST — DQSS

WRITE BURST - DQSS
TO T1 T2 T3 T4 T5 T6 T7

CK 2
-

COMMANDXWFTTE@ = @x = xz{yx = 7
ApDRESS %llﬁ Xt@ys/s// //W///////@W//l///@
AR
DQ/////{/////{/WX '?lﬂX | \ | \ | W/{/////{/
om [N\ X X NI

[//] DON'T CARE

DI b, etc. = Data In for column b, etc.
A non-interrupted burst of 4 is shown
A8 is LOW with the WRITE comman d (AUTO PRECHARGE is disabled)

Figurel3:WRITE TO WRITE — DQSS

WRITE TO WRITE - DQSS
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti10 Til

cK . ] B \_/ E 3 ] . A

N O A s N
sooress &% NN &t XN ILENN NN D

I_, tDoss | | | |

T N e I AN
DQ/////{/////{//X ?flx | X;X | XDT'X | \ | X;X//{/////{/
o I X XU

DON'T CARE

DI b, etc. = Data In for column b, etc.
A non-interrupted burst of 4 is shown

PRELIMINARY DATE: 9/8/00
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Figure1l4:WRITE TO WRITE DQSS, NON — CONSECUTIVE

WRITE TO WRITE DQSS, NON - CONSECUTIVE
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

CK |
S

COMMAND:X WRITEW NOP W NOP WWRITEW NOP XZZ
I T R T A O
ADDRESS | Bank, XNW///W //W?x %%Tlr(] X??X////

tpQss |
D%WMW| -¥ / ¥ M% /
WWWWMWU X \ WWMW”[:

WWWWWE] X X WWMW E:

DON'T CARE

_%E

DI b, etc. = Data In for column b, etc.
A non-interrupted burst of 4 is shown

Each Write command may be to any bank, and may be to the same or different devices
Depending on external components

Figure15:RANDOM WRITE CYCLES — DQSS

RANDOM WRITE CYCLES - DQSS
T1 T2 T3 T4 T5 T6 T7 T8 T9

T

COMMAND WRITEWWRITEW WRITEW WRITEW WRITE

O T O A
) i e U = v )

tposs |
 RSRERELE
WWWM%W?X?X?X?X?X?X?X%[:
o [FJTIIC X O X O

DON'T CARE

DI b, etc. = Data In for column b, etc.

b', etc. = the next Data In following DI b, etc. according to the programmed burst order
Programmed Burst Length = 2, 4 or 8 in cases shown

PRELIMINARY DATE: 9/8/00
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Figurel6:WRITE TO READ — DQSS, NON — INTERRUPTING

WRITE TO READ - DQSS. NON - INTERRUPTING
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

cK [+
|

COMMAND:XWRITEW NOP W NOP W NOP tXVgQS READW NOP W
AoDRESS | %%’.‘E XZZM// //W//////W//////W B XZZ%///////W
tpQss i l i | cL=3 ,

DQSW I -l‘ o ///////////////////H |

oo [IIIIIINC® X X X////////{/////{/////{/////{////qL

N I S R S
G S S S S

DON'T CARE

DI b, etc. = Data In for column b, etc.

A non-interrupted burst of 4 is shown

tWTR is referenced from the first postive CK edge after the last Data In pair

A8 is LOW with the WRITE comman d (AUTO PRECHARGE is disabled)

The READ andWRITE commands may be to any bank, and may be to the same or different devices
In the case where the READ and WRITE commands are to different devices, tWTR need not be met,
and the READ command can be applied earlier

tWTR = 2 tCK for optional CL = 1.5 (otherwise tWTR = 1 Tck)

Figurel7:WRITE TO PRECHARGE - DQSS, NON - INTERRUPTING

WRITE TO PRECHARGE - DQSS, NON-INTERRUPTING
T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 TI11

TK
CK " - - : :
COMMANDX WRITEW NOP XZZ)( NOP W NOP XZD( NOP XZD( PRE XZD
, | twtr |

apoRess ) 2] hf‘W//////W//////W//////W//////W( _9@
tpQss i )L IEP...!.

DQS////////X | / ¥ ////////////////////////////////
DQ/////{/////{//X 'ili'X | X | X | X//{/////{/////{/////{/////{/////{/
T S S O S /s

[//) DON'T CARE

DI b D a In for column b, e

An p ted burst of 4 is sho W

WTR f ced fr om the first postive CK edge after the last Data In pair
A8is LOW witl h h WRITE comman d (AUTO PRECHARGE is disabled)

PRELIMINARY DATE: 9/8/00
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Figurel8:WRITE TO PRECHARGE — DQSS, INTERRUPTING

WRITE TO PRECHARGE - DQSS. INTERRUPTING
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 TI10 Ti1

CK

CK i A 3 N i N i A 3 N i \_

COMMAND:XWRITEW NOP W NOP W NOP W PRE W NOP
N I IS I P A ' S5 S g L

avoress ook TN NN ST
tDQss 2 e o],
DQS////////H 7 i JIK % 7|-‘% 7|'U7777|777}}}|}}Wl}
DQ//////////////X 5 X X//{//X//{//X//{//X//{//X//{//X//{//X//{/////{/
DM//////////////X X VXU U\ -\

DON'T CARE

DI b = Data In for column b

A interrupted burst of 4 or 8 is shown, 2 data elements are written

1 subsequent element of Data In is applied in the programmed order following DI b
tWTR is referenced from the first postive CK edge after the last desired Data In pair
The PRECHARGE command masks the last two data elements in the burst

A8 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don't care at this point

Figure1l9:WRITE TO PRECHARGE - DQSS, ODD NUMBER OF DATA, INTERRUPTING

WRITE TO PRECHARGE - DQSS. ODD NUMBER OF DATA, INTERRUPTING

CK v R e R ] -t
COMMAND:XWRITEW NOP XZ{)( N(|3P leb( t\h,ﬁiw Ple le% N<|3P XZ@
ADDRESS lIII L

_, DQSS *
DQSZZZZZ%ZZL Z_Lt

lﬂ’IIIINIIII)lIIII)lIIIINIIIINIIIINIIIINIIIIIIIII
ZZZZZZZZZZZZZZX:V W W W 1W lW////////////////////////

/] DON'T CARE

DI b = Data In for column b

A interrupted burst of 4 or 8 is shown, 1 data element is written

tWTR is referenced from the first postive CK edge after the last desired Data In pair
The PRECHARGE command masks the last two data elements in the burst

A8 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don't care at this point

PRELIMINARY DATE: 9/8/00
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Figure20:POWER - DOWN
POWER - DOWN
CK
CK——
CKE

T 0 ]
COMMAND:X VALIDXZZ)( NOP WMM///////

No column
access
in progress
Enter power-down Enter power-down
mode mode
DON'T CARE

Figure21:DATA INPUT (WRITE) TIMING

DATA INPUT (WRITE) TIMING
'[D_[_(—)—QSL DQSH
DQS////////////J i i 7 X ////////////

tos —f k— |
DQ//////////////WD@D@D@DW///////////////
DM////////////?7%@%@@@@«////////////////
tDH— |

DON'T CARE

order following DI n

PRELIMINARY DATE: 9/8/00
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Figure22:DATA OUTPUT (READ) TIMING

DATA OUTPUT (READ) TIMING  tpQso
tDQSQ ) = —*

o0 i —

tbv IDQSQ
min

1.tDQSQ max occurs when DQS is earliest among DQS signals to transition.

2.tDQSQ min occurs when DQS is the latest among DQS and DQ signals to transition.

3.tDQSQ nom, shown for reference, occurs when DQS transitions in the center among DQ signal transitions.
4.Burst Length =4

PRELIMINARY DATE: 9/8/00
29 .




W946432AD

@ Winbond
Electronics Corp.
Figure23:POWER — DOWN MODE
. IcK tCH  CL POWER- DOWN MODE
& .......................................................

P i e
ckelf Y] W?\ ‘ /// /

COMMANDW Nop %ZD(ZZZZZMW//////WZX Nor MVAL.DM
ADDRm///////////////////kZ////////////////////////////)K VAL XZZZ
DQS//////////////////////////////RZ/////////////////////////////////////////
DQ//////////////////////////////RZ/////////////////////////////////////////

DM//////////////////////////////RZ/////////////////////////////////////////

Enter Exit
Power-Down Power-Down
Mod d

DON'T CARE
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Figure24:AUTO REFRESH MODE

AUTO REFRESH MODE

tck  tcH, toL

cK
CK

iy |
CKE{/ M W

L

, W U W
AO- A7///////////////////////////////////////////////////////////ZV//////////////////////IW//////////////////////I( RIA XZ%Z
A9Am///////////////////////////////////////////////////////////ZI//////////////////////II/////////////////////// XZ%Z
A8////////////I(gNE BAN>I‘{////////////////////////////////////M/////////////////////RW////////////////////// RIA XZ%Z

BAO BAl//////////// Ban k(I ////////////////////////////////////II//////////////////////IW////////////////////// BA XZZZ
DQs///////////////////////////////////////////////////////////RI//////////////////////IW///////////////////////////////////
DQ///////////////////////////////////////////////////////////ZI//////////////////////ZI////////////////////////////////////

DM///////////////////////////////////////////////////////////M/////////////////////IW///////////////////////////////////

tRP trRC tRC

_g_g_
—8
£
§ =
—8
£

DON'T CARE

"Don't Care", if A8 is HIGH at this point; A8 must be HIGH if more than one bank is active (i.e st precharge all active banks)
PRE PRECHARGE ACT = ACTIVE RA ROWAdd S, BA= BANKAdd SSSSS AR = AUTOREFRESH
NOP commands hw f of illus n;oh Id ommad s may be possible at these time
DM, DQ a dDQS g als IID nt Car /th z for oper; shown

31




W946432AD
& Winbond

Figure25:SELF REFRESH MODE

SELF REFRESH MODE

(«

tis |tiH |

COMMAND ¥ NOP AR MM//////M NOP VALID

e i
' ////%

CKEG

tIs [t

ADDR////////////////////////////////Z?/////////////////////////kZ]K vaLD X////
DQs///////////////////////////////k?/////////////////////////k2//////////////
DQ///////////////////////////////k?/////////////////////////kZ//////////////
DM///////////////////////////////k?/////////////////////////k2//////////////

tRP IXSNR/
tSNR**

Enter Exit
Self Refresh Self Refresh
Mode Mode

DON'T CARE
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Figure26:READ — WITHOUT AUTO PRECHARGE

tck

 tCH

teL

READ-WITHOUT AUTO PRECHARGE

CK
CK

/

/

T

fis il |

/
CKEJ
tis tiH |

COMMAND'\ NOP

READ m

m NOP m PRE %ZZX

m NOP%ZZX ACT m NOP%ZZX NOP%ZD

NOP

[ d tls_|t|H

AOAT ////////////

Coln

/////////////////////////////////////////////////////////////)( > X///////////////////////////

A9Am////////////////////////////////////////////////////////////////////////////////////»( RA X///////////////////////////

IS IH

As777777777777

DIS AP

ALL BAN KS

//////////////////////////»(

X//////////////////////////)( i X///////////////////////////

PEIE

ONE BANK

BA0 BAl////////////

Ba k

/////////////////////////)(B k X//////////////////////////%B - X///////////////////////////

CL=3

trRP

DM/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

tAC/tDQSCK=min

tRPRE h

DQS ‘

tLz
min”

T |

tDQSC 41( {RPST

DQ
|

tAC/tDQSCK=max

| iz,

T

T

DO n = Data Out from column n
Burst Length = 4
DISAP Dis: bI Autoprecharge

= "Don't Care", if A8 is HIGH at this poi

PRE PRECHARGE ACT = ACTIVE RA Row Address, BA = Bank Addre
mmands may be v: Id t these times

NOP commands shown for

e of illustration;

; other co

tLZ_’
max

DO ’: max|

DON'T CARE
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Figure27:READ - WITH AUTO PRECHARGE

” tck ‘tCH ‘tCL READ-WITH AUTO PRECHARGE

tis | tiH | ...........

oKe ‘ ‘ ‘ WWWVM

lis “tlH | | | | |

COMMAND'} NOP (Z[X READM NOP m NOP m NOP m NOP m NOP %ZZX ACT %ZZX NOP m NOP
PENE

A0- A7//////////// Coln //////////////////////////////////////////////////////////////X RIA X///////////////////////////
A9Am/////{///////////////////////////////////////////////////////////////////////////////X RA X///////////////////////////

| EN AP

AS’ZZZZZZZZZZZL‘ ¥//////////////////////////////////////////////////////////////X RA X///////////////////////////

| s ‘tIH

B0 BAl//////////// Cas //////////////////////////////////////////////////////////////XB < X///////////////////////////

CL=3 tRP

DM/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

tAC/tDQSCK=min | tooscyyle  trest

| tRPRE

DQS iz ‘ \ T 'i_/
min’ "7 | . - ‘TH_Z
min
bQ T,
min tAE’”‘_
min
tAC/tDQSCK=max trere | PQSCKl |lirpsT
max ¢
DQS \ U
‘_
T
bQ Ty
max| tAC |
max

DON'T CARE

DO n = Data Out from column n

Burst Length = 4

EN AP = Enable Autoprecharge

ACT = ACTIVE, RA = Row Address

NOP commands are shown for ease of illustration; other commands may be valid at these times
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Figure28:BANK READ ACCESS

tck tcH, tcL BANK READ ACCESS

W] Wl |
mmmﬁwﬁmwmwmmmwmwmmmwmwmmm
AO”ZZZX RA X///////////////////////////////////////X Coln X///////////////////////////////////////////////////////////////X RA %ZP

A9A1°ZZZX RA X//////////////////////////////////////////////////////////////////////////////////////////////////////////////}( RA %ZlZ)

CKE

| |ALL BANKS
ABZZZXIRAIH)(//////////////////////////////////////)‘I;;; Ap’rb?lW?l777???7????7|????7?|%ONEBANXK///////////////////////////X RA >@
BAOBAlZZZXB nk x )(//////////////////////////////////////)(B anio N[ T B AT ek %ZZ
om 111} //// [ t/77/D R, ///_/ [,
tAC/tDQSCK=min trpre | DQSCKyl | RPST
QDQS t%‘ [ \ 1 .(‘l g
DQ T i thz
min tAC
tAC/tD%ZZK:maX '\ tRPRE ;- tDQin?af( z— |\ ;[RPST‘_
o e %_

max
DON'T CARE

DO n = Data Out from column n

Burst Length = 4

DIS AP = Disable Autoprecharge

*="Don't Care", if A8 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

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

Note that tRCD MIN so that the same timing applies if Autoprecharge is enabled (in which case tRAS would be limiting)
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Figure29:WRITE — WITHOUT AUTO PRECHARGE

tCH oL

s | TiH | | | |

WRITEM NOP NOP NOP NOP m PRE m NOP m NOP m ACT %ZD

PENLTY | | | | |

0 A7////////////

WRITE - WITHOUT AUTO PRECHARGE

L N I A AN AN R N A
W

/
CKE/)

s | TiH, |

COMMANDJ NOP

Coln

/////////////////////////////////////////////////////////////////////////////////////»( RA XZ%Z

A9Am////////////////////////////////////////////////////////////////////////////////////////////////////////////)X i NI/

IS tiH

m

A8 DIS AP

///////////////////////////////////////////////////X

|
X//////////////////////////% s XZZZ

| ‘tISJtIH

ONE BANK

|
snosatJ/[[/]]11]

Bank x

/////////////////////////////////////////////////)( Bark X//////////////////////////% BA XZZZ

tps

—

tbs

twr

trRP

tDQSS=min tposs IRQS

on///////////////////// L

twpPsT
i F\FT&//////////////////////////////////////////////////////////////////////

tbost N O X O U O O N e
G?Nlllllillll //////////////////////////////////////////////////////////////////////////
DM////////////////////////)DQZ>D<ZZ>D<ZZ>(3<///////////////////////////////////////////////////////////////////////////

tDss
_’

tDss

tDQSS=max Dclgss tbQsH
|

DQS/////{/////V/V/éé/é/S/// L xJ --‘ | I )
tD sl

251 S N U O e
bQ ////////////////////////////// G?Nllillllllii ////////////////////////////////////////////////////////////////////
DM//////////////////////////////)DQZ>D<ZZ>D<ZZ>D</////////////////////////////////////////////////////////////////////

[//] DON'T CARE

DI n = Data IN from column n

Burst Length = 4

DISAP Dis: bIA toprecharge

="Don't Care", if A8 is HIGH at this poi

PRE PRECHARGE ACT = ACTIVE RA RWAdd s, BA = Bank Addre:

of illustration; othe comma nds may be v Id t these times

NOP commands shown for
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FigureSO:WRITE —WITH AUTO PRECHARGE
tck tcH | tcL WRITE - WITH AUTO PRECHARGE
CK ........... L\ : ; ) ; : ; ) ; ) :...
GO o A U A S A G5 G 0 G O G5 O G A G A
s e
COMMANDJ NOP (ZZXWRITE%ZZX NOPM NOPM NOPW NOP%ZZX NOP%ZZX NOP%ZZX ACT m

| tISJtIH

AO0-A7 Coln

|
//////////////////////////////////////////////////////////////////////////////////////X RA XZ%Z

A9Am/////{///////////////////////////////////////////////////////////////////////////////////////////////////////K ra_J[]]

| EN AP

A8

|
‘ /////////////////////////////////////////////////////////////////////////////////////»( RA XZZZ

tiH

| | ‘tIS

BAO,BA1 Bank x

//////////////////////////////////////////////////////////////////////////////////////K BA XZZZ

tbs

‘_
tDQSS=min tposs IRASH

tDS_I—L

tW PST

tDAL

SRS,

X

/

!

L

| t\NPRES_’_’I‘_h

b —
tDQsL

25 S O S A
bQ G:Wl'lliﬂll //////////////////////////////////////////////////////////////////////////
DM////////////////////////»DQZ>D<ZZ>D<ZZX:)<///////////////////////////////////////////////////////////////////////////

tDQSS=max i tDQSS |tD‘

QS?

tbss

| IWP

tDss
T

/

N I A e O A
T

!

|
DQS/////{/////////////// L

twWPRES —*

)
bQ ///////////////////////////// o

—F
{DQsSL

20 1 S O N N N N N N
////////////////////////////////////////////////////////////////////

DM//////////////////////////////»DQZ>D<ZZ>CXZZ>C></////////////////////////////////////////////////////////////////////

DI n = Data IN from column n

Burst Length = 4

EN AP Disable Autoprecharge

ACT = ACTIVE, RA Ro WAdd BA B kAdd
NOP commands shown for of illus

[//] DON'T CARE

h commad s may be valid at these times
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Figure31:BANK WRITE ACCESS
tCcK tCH, tcL BANK WRITE ACCESS
CKoe ‘| 3 H ; H | ; '. H H
G I I 0 G 6 A A 0 R 0 W
dsjaec
AN ALANARANRENNRRANAN;

COMMANDJ NOP (ZZX ACT m NOP m NOP MWRITEM NOP m NOP m NOP m NOP %ZZX PRE m

| | ‘tISJtIH | | |

AOA??W?????? RA //////////////////////////X coln X///////////////////////////////////////////////////////////////
A9/*10////////////)< RA X///////////////////////////////////////////////////////////////////////////////////////////////////

tis|tiH

ANKSl
Ae////////////)x RA XJ///////////////////////// e ///////////////////////////////////////////////////X il

tISJtIH | ONE BANK|

BAOBM???????????? Bark /////////////////////////)X i X//////////////////////////////////////////////////% caricx| ]

tRCD ‘ trRAS

tDSH twR

tDQSS=min tDsw t_V’\|/PS"_
Q {DQSS |
DQS/////|/////{/////|//////{/////{//////{///////////////////// SR, i“ ﬂi//|//////{/////{/////{/////{/////{/

Wi I8 : T
A 8 0 D

DQ

tDSS_’ tDss
e A 1 Y T =

DQS/////|/////{/////{/////{/////{/////{//////{/////////////// Ly B i U //{/////{/////{/////{/////{/

tWPRES —
ID SL

DQ//////////////////////////////////////////////////// ///////////// lllﬂll!’ll ////////////////////////////////
DM//////////////////////////////////////////////////// /////////////)D@D@D@DV////////////////////////////////

[//] DON'T CARE

*= this point
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA k Addre
NOP commands are shown for ease of illustration; other comman d may be Id t these times
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Figure32:WRITE — DM OPERATION
o tck tcH, tcL WRITE - DM OPERATION
CK-y : ; ; d Y B AR :
CK%,K....~/_.__.......\/\/\/\/\/\%k
tis <t|H| |

COMMAND '} NOP (ZZXWRITE)@ZX NOP m NOP %ZZX NOP m NOP m PRE m NOP m NOP %ZZX ACT
| | ‘tISJtIH

|
AOA????????????? Coln /////////////////////////////////////////////////////////////////////////////////////»( RA XZ%Z
AgAlO/////////////////////////////////////////////////////////////////////////////////////////////////////////////K RA XZZZ

IS IH

|
A8777???77777?ms;\p //////////////////////////////////////////////////% X///////////////////////////K RA XZZZ

| ‘tISJtIH | ONE BANK |

|
seo st [[[[[[][[[[} eancx /////////////////////////////////////////////////% Berk X///////////////////////////X BA XZZZ

tps tost p | tWR' | trRP

tDQSS=min ‘ ‘ jDOSSt'|D4 SI:I EVPST

bQs ﬂU o | 7//{/////{/////{/////{///////////{/////{/////{/////{/////{/////{/////{/
'

DM/////////////////////////\ //// W WX ////////////////////////////////////////////////////////////////////////// /

tDss tDss
_’

IDQSS=max ‘ ‘ | '[DQSS |tD‘Q?H twpsT

DQS/////{/////////////// (B AREE \r 7//{/////{/////{/////{/////{/////{/////{/////{/////{/////{/////{/

tWPRES —
tD SL

el N
DQ ////////////////////////////// WI)WI)"I)' ////////////////////////////////////////////////////////////////////
DM///////////////////////////////\ //// Y//X m //////////////////////////////////////////////////////////////////////

[//) DON'T CARE
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PACKAGE DIMENSIONS

Seating Plane

See Detail F

W946432AD

Controlling dimension :

Millimeters

Symbol D.imension ininch E?imension inmm
Min | Nom | Max | Min | Nom | Max
A — — — — — —
Au 0.002| 0.004 | 0.006 | 0.05 | 0.10 | 0.15
Az 0.053 | 0.055 |0.057 | 1.35 |1.40 |1.45
b 0.009 |0.013 |0.015 | 0.22 | 0.32 |0.38
C 0.004 |0.006 |0.008 | 0.10 |0.15 |0.20
D 0.547 |0.551 |0.555 |13.90 |14.00 |14.10
E 0.783 |0.787 |0.791 | 19.90 | 20.00 |20.10
e 0.020 |0.026 |0.032 | 0.498 | 0.65 |0.802
Ho 0.626 | 0.630 |0.634 | 15.90 | 16.00 |16.10
He 0.862 | 0.866 |0.870 |21.90 | 22.00 |22.10
L 0.018 | 0.024 |0.030 | 0.45 | 0.60 |0.75
La 0.039 1.00
Yy — | — 0003 | — — |0.08
a o — 7 o — B
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