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1. GENERAL DESCRIPTION

Winbond CellularRAM™ products are high-speed, CMOS pseudo-static random access memories developed for
low-power, portable applications. The device has a DRAM core organized. These devices include an industry-
standard burst mode Flash interface that dramatically increases read/write bandwidth compared with other low-
power SRAM or Pseudo SRAM offerings.

To operate seamlessly on a burst Flash bus, CellularRAM products incorporate a transparent self refresh
mechanism. The hidden refresh requires no additional support from the system memory controller and has no
significant impact on device READ/WRITE performance.

Two user-accessible control registers define device operation. The Bus Configuration Register (BCR) defines how
the CellularRAM device interacts with the system memory bus and is nearly identical to its counterpart on burst
mode Flash devices. The Refresh Configuration Register (RCR) is used to control how refresh is performed on the
DRAM array. These registers are automatically loaded with default settings during power-up and can be updated
anytime during normal operation.

Special attention has been focused on standby current consumption during self refresh. CellularRAM products
include three mechanisms to minimize standby current. Partial array refresh (PAR) enables the system to limit
refresh to only that part of the DRAM array that contains essential data. Temperature compensated refresh (TCR)
uses an on-chip sensor to adjust the refresh rate to match the device temperature—the refresh rate decreases at
lower temperatures to minimize current consumption during standby. Deep power-down (DPD) enables the system
to halt the refresh operation altogether when no vital information is stored in the device. The system configurable
refresh mechanisms are accessed through the RCR.

This CellularRAM device is compliant with the industry-standard CellularBRAM 1.5 generation feature set established
by the CellularRAM Workgroup. It includes support for both variable and fixed latency, with 3 output-device drive-
strength settings, additional wrap options, and a device ID register (DIDR).

2. FEATURES

*Supports asynchronous, page, and burst operations » Low-power features

* VCC, VCCQ Voltages: On-chip temperature compensated refresh (TCR)
1.7V-1.95V VCC Partial array refresh (PAR)
1.7V-1.95V VCCQ Deep power-down (DPD) mode

* Random access time: 70ns + Configuration:

* Burst mode READ and WRITE access: 256Mb 16Mx16
4, 8, 16, or 32 words, or continuous burst VCC core voltage supply: 1.8V
Burst wrap or sequential VCCAQ /0O voltage supply: 1.8V
Max clock rate: 133 MHz (tCLK = 7.5ns) * Package: 54 Ball VFBGA

» Page mode READ access: ¢ Active current (ICC1) <25mA at 85°C
Sixteen-word page size « Standby current : 400pA (max) at 85°C
Interpage READ access: 70ns * Deep power-down: Typical 25pA
Intrapage READ access: 20ns * Operating temperature range: -40°C ~ 85°C

3. ORDERING INFORMATION
Part Number vDD/VDDQ 1/0 Width Type Others

W968D6DAGX7I 1.8/1.8 x16 54VFBGA |CRAM Non-Mux,133MHz, -40°C~85°C
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4. PIN CONFIGURATION
4.1 Ball Assignhment

1 2 3 4 5 6
LB# OE# A0 A1 A2 CRE
DQ8 UB# A3 A4 CE# DQO
DQ9 DQ10 A5 A6 DQ1 DQ2

VSSQ DQ11 A17 A7 DQ3 VCC
VCCQ DQ12 A21 A16 DQ4 VSS
DQ14 DQ13 Al4 A15 DQ5 DQ6
DQ15 A19 A12 A13 WE# DQ7
A18 A8 A9 A10 Al A20
WAIT CLK ADVi# A22 A23 NC

(Top View) Pin Configuration
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Symbol Type Description
Address inputs: Inputs for addresses during READ and WRITE operations. Addresses are
A[max:0] Input internally latched during READ and WRITE cycles. The address lines are also used to
define the value to be loaded into the BCR or the RCR. A[max:0] is A[23:0] for 256 Mb.
Clock: CLK input synchronizes the memory to the system operating frequency during
CLK Inout synchronous operations. When configured for synchronous operation, the address is latched
(Note 1) P on the first rising CLK edge when ADV# is active. CLK is static LOW during asynchronous
access READ and WRITE operations and during PAGE READ ACCESS operations.
Address valid: Indicates that a valid address is present on the address inputs. In
ADV# Inout asynchronous mode, addresses can be latched on the rising edge of ADV# or ADV# can be
(Note 1) P held LOW. In synchronous mode, addresses are latched on the 1st rising clock edge while
ADV# is low. In synchronous mode, the ADV# low pulse width is 1 clock cycle.
CRE Inout Control register enable: When CRE is HIGH, WRITE operations load the RCR or BCR,
P and READ operations access the RCR, BCR, or DIDR.
CE# Inout Chip enable: Activates the device when LOW. When CE# is HIGH, the device is disabled
P and goes into standby mode or deep power-down mode.
OE# Inout Output enable: Enables the output buffers when LOW. When OE# is HIGH, the output
P buffers are disabled.
WE# Inout Write enable: Determines if a given cycle is a WRITE cycle. If WE# is LOW, the cycle is a
P WRITE to either a configuration register or to the memory array.
LB# Input Lower byte enable: DQ[7:0].
UB# Input Upper byte enable: DQ[15:8].
DQJ[15:0] Input / Output | Data inputs / outputs.
WAIT: Provides data-valid feedback during burst READ and WRITE operations. The signal
WAIT is gated by CE#. WAIT is used to arbitrate collisions between refresh and READ/WRITE
Note 1 Output operations. WAIT is also asserted at the end of a row unless wrapping within the burst
(Note 1) length. WAIT is asserted and should be ignored during asynchronous and page mode
operations. WAIT is High-Z when CE# is HIGH.
NC — No internal electrical connection is present.
VCC Supply Device power supply: Power supply for device core operation.
VCCQ Supply 1/0 power supply: Power supply for input / output buffers.
VSS Supply VSS must be connected to ground.
VSSQ Supply VSSQ must be connected to ground.
Note:

1. When using asynchronous mode or page mode exclusively, the CLK and ADV# inputs can be tied to VSS. WAIT will be
asserted but should be ignored during asynchronous and page mode operations.
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6. BLOCK DIAGRAM
6.1 Block Diagram

W968D6DA
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Amax: 0]
Addref(s)g[i)cecode ﬁ CelliarRAM H DQ [7:0]
() /010
Rsrfesh Configuaration e ot |G o005
Register (RCR) Buffers
Device ID Register
( DIDR )
Bus Configuration
Register (BCR)
CE# —»]
WE# —p
C?E# _’I Control
ADVE —»
\A%E ‘_' Logic
B —»
BE —p
Note:

Functional block diagrams illustrate simplified device operation. See ball descriptions; bus operations table; and
timing diagrams for detailed information.
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6.2 CellularRAM - Interface Configuration Options
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Protocols :
Read Async/Page Sync. Burst Sync. Burst
Write  Async Async w/ ADR Latch Sync. Burst
CE# CE# CLK CE# CLK
WE# @ WE # @ ADV # WE# @ ADV #
OE# OE# WAIT OE# WAIT
SRAM | /F NOR Flash 1 /F Sync.l/F
CellularRAM CellularRAM CellularRAM
Memory Memory Memory
Pinning :
CLK »
CE#—» ADV# —p»
WE#H—» CE #—»
OE#—| CellularRAM DQ15-DA0 ey pl  CellularRAM DQ15-DQ0
UB#/LBE—> < cE# > <=
CRE —» emory UB#/ LB #—» emory
Amax-A0 |:'|> CRE —®
Amax-A0 |:"> > WAIT
Sync. Burst I/ F
/F
Asynchronous | & NOR Flash Burst
CLK = ADV # = Low and WAIT ignored in Asynchronous | /F & Asynchronous | /F

Publication Release Date: Feb. 17, 2020

Revision: A0I-004



winbond

7. INSTRUCTION SET

7.1 Bus Operation
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ASV";'(‘;:"[‘:’S‘;;M“‘* Power CLK*1 | ADV# | CE# | OE# | WE# | CRE 'I‘J?;Z WAIT2| DQ[5:0]3 | Note
Read Active L L L L H L L Low-Z Data out 4
Write Active L L L X L L L Low-Z Data in 4
Standby Standby L X H | X | X L X | High-Z High-Z 5,6
No operation Idle L X L X X L X Low-Z X 4,6
Configuration register write Active L L L H L H X Low-Z High-Z
Configuration register read Active L L L L H H L Low-Z | Config. reg. out
DPD Deep power-down L X H X X X X High-Z High-Z 7

Burst Mode BCR [15]=0 Power CLK*1 | ADVi# | CE# | OE# | WE# | CRE II-JBB#Z WAIT*2 DQ[15:0]*3 Note
Read Active L L L L H L L Low-Z Data out 4,8
Write Active L L L X L L L Low-Z Data in 4
Standby Standby L X H| X | X | L X | High-Z High-Z 5,6
No operation Idle L X L X X L X Low-Z X 4,6
Initial burst read Active _f_l_ L L X H L L Low-Z X 4,9
Initial burst write Active ﬂ L L H L L X Low-Z X 4,9
Burst continue Active _f_l_ H L X X X L Low-Z |Datain or Data out| 4,9
Burst suspend Active X X L H X X X Low-Z High-Z 4,9
Configuration register write Active ﬂ L L H L H X Low-Z High-Z 9,10
Configuration register read Active _f_l_ L L L H H L Low-Z | Config. reg. out 9,10
DPD Deep power-down L X H X X X X High-Z High-Z 7
Notes:

1. CLK must be LOW during asynchronous read and asynchronous write modes; and to achieve standby power during standby and DPD
modes. CLK must be static (HIGH or LOW) during burst suspend.

2. The WAIT polarity is configured through the bus configuration register (BCR[10]).

3. When LB# and UB# are in select mode (LOW), DQ[15:0] are affected. When only LB# is in select mode, DQ[7:0] are affected. When only
UB# is in the select mode, DQ[15:8] are affected.

No oA

LOW.

The device will consume active power in this mode whenever addresses are changed.
When the device is in standby mode, address inputs and data inputs/outputs are internally isolated from any external influence.
VIN = VCCQ or 0V; all device balls must be static (unswitched) in order to achieve standby current.
DPD is initiated when CE# transitions from LOW to HIGH after writing RCR[4] to 0. DPD is maintained until CE# transitions from HIGH to

8. When the BCR is configured for sync mode, sync READ and WRITE, and async WRITE are supported by all vendors. (Some vendors
also support asynchronous READ.)

. Burst mode operation is initialized through the bus configuration register (BCR[15]).
10. Initial cycle. Following cycles are the same as BURST CONTINUE. CE# must stay LOW for the equivalent of a single-word burst (as

indicated by WAIT).

Publication Release Date: Feb. 17, 2020
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8. FUNCTIONAL DESCRIPTION

In general, CellularRAM devices are high-density alternatives to SRAM and Pseudo SRAM products, popular in low-
power, portable applications. The device implements the same high-speed bus interface found on burst mode Flash
products. The CellularRAM bus interface supports both asynchronous and burst mode transfers. Page mode
accesses are also included as a bandwidth-enhancing extension to the asynchronous read protocol.

8.1 Power Up Initialization

CellularRAM products include an on-chip voltage sensor used to launch the power-up initialization process.
Initialization will configure the BCR and the RCR with their default settings. VCC and VCCQ must be applied
simultaneously. When they reach a stable level at or above 1.7V, the device will require 150us to complete its self-
initialization process. During the initialization period, CE# should remain HIGH. When initialization is complete, the
device is ready for normal operation.

8.1.1 Power-Up Initialization Timing

vce=1.7V

tPU | Device ready for
normal operation

Vcc Device Initialization
Vcca

8.2 Bus Operating Modes

CellularRAM products incorporate a burst mode interface found on flash products targeting low-power, wireless
applications. This bus interface supports asynchronous, page mode, and burst mode read and write transfers. The
specific interface supported is defined by the value loaded into the BCR. Page mode is controlled by the refresh
configuration register (RCR[7]).

8.2.1 Asynchronous Modes

CellularRAM products power up in the asynchronous operating mode. This mode uses the industry- standard SRAM
control bus (CE#, OE#, WE#, LB#/UB#). READ operations are initiated by bringing CE#, OE#, and LB#/UB# LOW
while keeping WE# HIGH. Valid data will be driven out of the I/Os after the specified access time has elapsed.
WRITE operations occur when CE#, WE#, and LB#/UB# are driven LOW. During asynchronous WRITE operations,
the OE# level is a “don't care,” and WE# will override OE#. The data to be written is latched on the rising edge of
CE#, WE#, or LB#/UB# (whichever occurs first). Asynchronous operations (page mode disabled) can either use the
ADV input to latch the address, or ADV can be driven LOW during the entire READ/WRITE operation.

During asynchronous operation, the CLK input must be held static LOW. WAIT will be driven while the device is
enabled and its state should be ignored. WE# LOW time must be limited to tCEM.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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8.2.2 Page Mode READ Operation

Page mode is a performance-enhancing extension to the legacy asynchronous READ operation. In page-mode-
capable products, an initial asynchronous read access is performed, then adjacent addresses can be read quickly by
simply changing the low-order address. Addresses A[3:0] are used to determine the members of the 16-address
CellularRAM page. Any change in addresses A[4] or higher will initiate a new tAA access time. Page mode takes
advantage of the fact that adjacent addresses can be read in a shorter period of time than random addresses.
WRITE operations do not include comparable page mode functionality.

During asynchronous page mode operation, the CLK input must be held LOW. CE# must be driven HIGH upon
completion of a page mode access. WAIT will be driven while the device is enabled and its state should be ignored.
Page mode is enabled by setting RCR[7] to HIGH. ADV must be driven LOW during all page mode READ accesses.
Due to refresh considerations, CE# must not be LOW longer than tCEM.

8.2.2.1 Page Mode READ Operation (ADV# LOW)

<tCEM

CE# \ ) 7

OE # —\ /—

WE #
ADDRESS /¥ @:( Add 0 Xi Add 1 >%,< Add 2 >:< Add 8 W

:: tAA . | tapa : ! taPA § ! tapa ;

DATA jf/ /// % DO >< D1 >< D2 >< D3 W

LB#/UB# e %\ ////
Don’t Care

8.2.3 BURST Mode Operation

Burst mode operations enable high-speed synchronous READ and WRITE operations. Burst operations consist of a
multi-clock sequence that must be performed in an ordered fashion. After CE# goes LOW, the address to access is
latched on the rising edge of the next clock that ADV# is LOW. During this first clock rising edge, WE# indicates
whether the operation is going to be a READ (WE# = HIGH) or WRITE (WE# =LOW).

Publication Release Date: Feb. 17, 2020
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8.2.3.1 Burst Mode READ (4-word burst)
alalalalala

CLK

w01 Y T

I
I
ADV # —\_:/
I
CE# \

Latency Code 2 (3 clocks)

IR

v 7777] | O T T
WAIT i \ / ; i i i\—
DQ[15:0] i GLREEX DOE X D1E X_ D2 EX b3 E>7
Don't Carel U:'1defined |

READ Burst Identified
(WE# = HIGH )

Note:

Non-default BCR settings for burst mode READ (4-word burst): Fixed or variable latency; latency code 2 (3 clocks);
WAIT active LOW; WAIT asserted during delay. Diagram is representative of variable latency with no refresh collision
or fixed-latency access.

Publication Release Date: Feb. 17, 2020
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8.2.3.2 Burst Mode WRITE (4-word burst)

oLk :/\/\/\):’\

f
w01 72777 XN 7070700

|
|
ADV # —\—:/

[y

Latency Code 2 (3 clocks)

CE# \

OE #

\ /
(Do X Dbt X D2 X D3 »——

WAIT

DQ[15:0]

wes 777705\ [77777777777777 77777777777 777777

ws1ves L0

READ Burst Identified V
(WE# = HIGH )

Note:

Non-default BCR settings for burst mode WRITE (4-word burst) : Fixed or variable latency; latency code 2 (3 clocks);
WAIT active LOW; WAIT asserted during delay.

Publication Release Date: Feb. 17, 2020
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The size of a burst can be specified in the BCR either as a fixed length or continuous. Fixed-length bursts consist of
four, eight, sixteen, or thirty-two words. Continuous bursts have the ability to start at a specified address and burst to
the end of the row.

The latency count stored in the BCR defines the number of clock cycles that elapse before the initial data value is
transferred between the processor and CellularRAM device. The initial latency for READ operations can be
configured as fixed or variable (WRITE operations always use fixed latency). Variable latency allows the
CellularRAM to be configured for minimum latency at high clock frequencies, but the controller must monitor WAIT to
detect any conflict with refresh cycles. Fixed latency outputs the first data word after the worst-case access delay,
including allowance for refresh collisions. The initial latency time and clock speed determine the latency count
setting. Fixed latency is used when the controller cannot monitor WAIT. Fixed latency also provides improved
performance at lower clock frequencies. The WAIT output asserts when a burst is initiated, and de-asserts to
indicate when data is to be transferred into (or out of ) the memory. WAIT will again be asserted at the boundary of
the row, unless wrapping within the burst length.

To access other devices on the same bus without the timing penalty of the initial latency for a new burst, burst mode
can be suspended. Bursts are suspended by stopping CLK. CLK can be stopped HIGH or LOW. If another device
will use the data bus while the burst is suspended, OE# should be taken HIGH to disable the CellularRAM outputs;
otherwise, OE# can remain LOW. Note that the WAIT output will continue to be active, and as a result no other
devices should directly share the WAIT connection to the controller. To continue the burst sequence, OE# is taken
LOW, then CLK is restarted after valid data is available on the bus.

The CE# LOW time is limited by refresh considerations. CE# must not stay LOW longer than tCEM. If a burst
suspension will cause CE# to remain LOW for longer than tCEM, CE# should be taken HIGH and the burst restarted
with a new CE# LOW/ADV# LOW cycle.

8.2.3.3 Refresh Collision During Variable-Latency READ Operation

V IH ) ) [ | | 1 [ 1 1
STV S VY S N S N S VY S VD S VY S VD S N A W

Almax 01 \ ' 77 XN 7 777 7 77 77 7 7 7 7 P 2 7 7 77 7
ADV # V" ' = ! !

VIH

ViL

V H
OE#

CE#

WE# 1\ 77777 N7 7 7 7,

N

S

V H

LB#/UB# \ ' 77777

High - Z

Vi

High - Z

V OH
WAIT VoL

2 X D3
I

RN ') A N N |

.n1 VOH . ;
DQ[15:0] | " Ry Al o1

Additional WAIT satates to allow Don't Care Undefined
refresh completion

Note:

Non-default BCR settings for refresh collision during variable-latency READ operation; latency code 2 (3 clocks); WAIT
active LOW; WAIT asserted during delay.
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8.2.4 Mixed-Mode Operation

The device supports a combination of synchronous READ and asynchronous READ and asynchronous WRITE
operations when the BCR is configured for synchronous operation. The asynchronous READ and asynchronous
WRITE operations require that the clock (CLK) remain LOW during the entire sequence. The ADV# signal can be
used to latch the target address, or it can remain LOW during the entire asynchronous WRITE operation. CE# can
remain LOW when transitioning between mixed-mode operations with fixed latency enabled; however, the CE# LOW
time must not exceed tCEM. Mixed-mode operation facilitates a seamless interface to legacy burst mode flash
memory controllers.

8.2.4.1 WAIT Operation

The WAIT output on a CellularRAM device is typically connected to a shared, system level WAIT signal. The shared
WAIT signal is used by the processor to coordinate transactions with multiple memories on the synchronous bus.

8.2.4.2 Wired-OR WAIT Configuration

CellularRAM External
WAIT Pull-Up/ Pull- Down
Resistor
READY
WAIT WAIT
Other Other
Processor Device Device

Once a READ or WRITE operation has been initiated, WAIT goes active to indicate that the CellularRAM device
requires additional time before data can be transferred. For READ operations, WAIT will remain active until valid
data is output from the device. For WRITE operations, WAIT will indicate to the memory controller when data will be
accepted into the CellularRAM device. When WAIT transitions to an inactive state, the data burst will progress on
successive clock edges.

CE# must remain asserted during WAIT cycles (WAIT asserted and WAIT configuration BCR[8] = 1). Bringing CE#
HIGH during WAIT cycles may cause data corruption. (Note that for BCR[8] = 0, the actual WAIT cycles end one
cycle after WAIT de-asserts, and at the end of the row the WAIT cycles start one cycle after the WAIT signal
asserts.)

When using variable initial access latency (BCR[14] = 0), the WAIT output performs an arbitration role for READ
operations launched while an on-chip refresh is in progress. If a collision occurs, WAIT is asserted for additional
clock cycles until the refresh has completed. When the refresh operation has completed, the READ operation will
continue normally.

WAIT will be asserted but should be ignored during asynchronous READ and WRITE, and page READ operations.

By using fixed initial latency (BCR[14] = 1), this CellularRAM device can be used in burst mode without monitoring
the WAIT signal. However, WAIT can still be used to determine when valid data is available at the start of the burst
and at the end of the row. If WAIT is not monitored, the controller must stop burst accesses at row boundaries on its
own.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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8.2.5 LB#/ UB# Operation

The LB# enable and UB# enable signals support byte-wide data WRITEs. During WRITE operations, any disabled
bytes will not be transferred to the RAM array and the internal value will remain unchanged. During an asynchronous
WRITE cycle, the data to be written is latched on the rising edge of CE#, WE#, LB#, or UB#, whichever occurs first.
LB# and UB# must be LOW during READ cycles.

When both the LB# and UB# are disabled (HIGH) during an operation, the device will disable the data bus from
receiving or transmitting data. Although the device will seem to be deselected, it remains in an active mode as long
as CE# remains LOW.

8.3 Low Power Operation
8.3.1 Standby Mode Operation

During standby, the device current consumption is reduced to the level necessary to perform the DRAM refresh
operation. Standby operation occurs when CE# is HIGH. The device will enter a reduced power state upon
completion of a READ or WRITE operation, or when the address and control inputs remain static for an extended
period of time. This mode will continue until a change occurs to the address or control inputs.

8.3.2 Temperature Compensated Refresh

Temperature compensated refresh (TCR) allows for adequate refresh at different temperatures. This CellularRAM
device includes an on-chip temperature sensor that automatically adjusts the refresh rate according to the operating
temperature. The device continually adjusts the refresh rate to match that temperature.

8.3.3 Partial Array Refresh

Partial array refresh (PAR) restricts refresh operation to a portion of the total memory array. This feature enables the
device to reduce standby current by refreshing only that part of the memory array required by the host system. The
refresh options are full array, one-half array, one-quarter array, one-eighth array, or none of the array. The mapping
of these partitions can start at either the beginning or the end of the address map. READ and WRITE operations to
address ranges receiving refresh will not be affected. Data stored in addresses not receiving refresh will become
corrupted. When re-enabling additional portions of the array, the new portions are available immediately upon writing
to the RCR.

8.3.4 Deep Power-Down Operation

Deep power-down (DPD) operation disables all refresh-related activity. This mode is used if the system does not
require the storage provided by the CellularRAM device. Any stored data will become corrupted when DPD is
enabled. When refresh activity has been re-enabled, the CellularRAM device will require 150us to perform an
initialization procedure before normal operations can resume. During this 150us period, the current consumption will
be higher than the specified standby levels, but considerably lower than the active current specification.

DPD can be enabled by writing to the RCR using CRE or the software access sequence; DPD starts when CE# goes
HIGH. DPD is disabled the next time CE# goes LOW and stays LOW for at least 10us.

Publication Release Date: Feb. 17, 2020
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8.4 Registers

Two user-accessible configuration registers define the device operation. The bus configuration register (BCR)
defines how the CellularRAM interacts with the system memory bus and is nearly identical to its counterpart on burst
mode flash devices. The refresh configuration register (RCR) is used to control how refresh is performed on the
DRAM array. These registers are automatically loaded with default settings during power-up, and can be updated
any time the devices are operating in a standby state.

A DIDR provides information on the device manufacturer, CellularRAM generation, and the specific device
configuration. The DIDR is read-only.

8.4.1 Access Using CRE

The registers can be accessed using either a synchronous or an asynchronous operation when the control register
enable (CRE) input is HIGH. When CRE is LOW, a READ or WRITE operation will access the memory array. The
configuration register values are written via addresses Almax:0]. In an asynchronous WRITE, the values are latched
into the configuration register on the rising edge of ADV#, CE#, or WE#, whichever occurs first; LB# and UB# are
“don’t care.” The BCR is accessed when A[19:18] are 10b; the RCR is accessed when A[19:18] are 00b. The DIDR
is read when A[19:18] are 01b. For reads, address inputs other than A[19:18] are “don’t care,” and register bits 15:0
are output on DQ[15:0]. Immediately after performing a configuration register READ or WRITE operation, reading the
memory array is highly recommended.

8.4.1.1 Configuration Register WRITE, Asynchronous Mode Followed by READ ARRAY Operation

(oncema 10 181) L)k _OPCOBE X777 77 K Addiess X 2

tavs —™ tAVH

Select Control Register | / / // / ///&< Address W /

A[19:18]"

e L ,;f.m_v:,;‘/w////////,a\ V2
s S

twpP

/ Write Address Bus Value
WE # to Control Register

LB # I UB # AN Ls
DQU [ 150 ] 7 o i 0K Dt Valid W

Don’t Care

Note:
1. A[19:18]=00b to load RCR, and 10b to load BCR.
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8.4.1.2 Configuration Register WRITE — CE# control

twc |

) taw - tWR'L

tvs

ADV #
v
L tcw >
Ny

A V.

>\I<
e #iver LI
DQU150] L 0 L G

Don’t Care

CE#

WE #
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8.4.1.3 Configuration Register WRITE, Synchronous Mode Followed by READ ARRAY Operation

6K _F\_F\_F\I\_@I\_F\_F\_

Latch Control Rdgister Value | I

Al 8] fff;’//»f;i'lg//ffffﬁf////ﬁfﬂ/% %fﬁf//ffffﬁf/f{a
SP

tHD Lth¢tIRgtAdd |
INSLIREI R S o %ﬁiﬂéﬂéﬂiﬂiﬂiﬂé

tSP—», :

CRE kg??§§§§§§§§§§§§§????9x | /?????&?ﬂ?ﬂ?ﬂf
t5P —»! r.mm ! | | | |

AoV %%g;gzéit}—*kﬁhn| | | ({CBPH® N

CE# T : | | /—\

OE # ;igﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ’;ﬂﬂﬂf

WE # C*JLI | |
tHDI

LB #/UB# ;ﬂﬂﬂ’;ﬂﬂﬂﬂﬂﬂ?ﬂﬂﬂﬂﬂﬂﬂﬂ?ﬂﬂﬂ?ﬂ?ﬂ?&

e s I e
DQ[ 150] 5iiéﬂﬂiﬂiﬂiiﬂiﬂiiiiiiﬂﬂiﬂiﬂiﬂﬂﬂﬂﬂﬂiﬂiﬂiﬂﬂéﬁﬂﬂﬂ%ﬁ:

| | |
[¥] Dontt Care

T
|
|

________HH___
L Lfydo

Notes:

1. Non-default BCR settings for synchronous mode configuration register WRITE followed by READ ARRAY operation:
Latency code 2(3 clocks); WAIT active Low; WAIT asserted during delay.

2. A[19:18] = 00b to load RCR, and 10b to load BCR.

3. CE# must remain LOW to complete a burst-of-one WRITE. WAIT must be monitored — additional WAIT cycles caused by
refresh collisions require a corresponding number of additional CE# LOW cycles.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
- 20 -



winbond

8.4.1.4 Register READ, Asynchronous Mode Followed by READ ARRAY Operation

W968D6DA
I/ 4

Almax:0]
(exceptA[19:18])
A[19:18]"
CRE

ADV #

CE#

OE #

WE #
LB#/UB#
DQ[15:0]

tAvVS
Select Register

A

Address W Z/;’

Al

-

W//////////

Address W //

i

—p [ tAVH

VZxs V//////////A

pzzs

/ /4
I/ S Sa——
5\ Initiate Register Access /
< tco > tHz
B 0N /
toF —>| — tOHZ
- {BA -
< toLz [ > i’
4— tBHZ
GAAIIANII TN wmmna j% p
— = > CR Valid { Data valid)
ﬁ Don’t Care @ Undefined

Note: A[19:18] = 00b to read RCR, 10b to read BCR , and 01b to read DIDR.
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8.4.1.5 Register READ, Synchronous Mode Followed by READ ARRAY Operation

A [ 0 ] Latch Control Reglster Value | : l | | |
max : 1 A 1 (] [
(oxcoptAL19:18]) 22 // // A T KBS Y o o o
. {SP —p Latch ¢ontrol Register Address | | |
AL19:181° 7777 // L /// L RS W
’[SP—>_>| tHDl | : ! !
CRE yfi //// // N : //{/ /I/ i
tSP —p |<— tHD | : | ] ]
ADV# AN 7{ : I N |/ : :
1 tHDItABA ' : tcepH*= | I I
tcsp—»| K= T 1 | < > | | |
CE# X! ! ! | ety | I |
. . ! [ I 1 |
ok — N
| | ( ! —» [«—1{0OHZ I I I
| | | '
WE # | htﬂo | . tBOE :, (tHD : : :
wtis 0L l | Y ! !
T L0L2=_T£|'Ci<_ I : : :
High - Z } —_—
WAIT —«I:L : : : High»Z-\ : : :
DQ[15:0] : : CR Vald S, &
tKOH—» ' T
Don’t Care E‘{ Undefined

Notes:

1. Non-default BCR settings for synchronous mode register READ followed by READ ARRAY operation: Latency code 2
(3 clocks); WAIT active LOW; WAIT asserted during delay.

2. A[19:18] = 00b to read RCR, 10b to read BCR , and 01b to read DIDR.

3. CE# must remain LOW to complete a burst-of-one READ. WAIT must be monitored — additional WAIT cycles caused by
refresh collisions require a corresponding number of additional CE# LOW cycles.
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8.4.2 Software Access

Software access of the registers uses a sequence of asynchronous READ and asynchronous WRITE operations.
The contents of the configuration registers can be modified and all registers can be read using the software
sequence.

The configuration registers are loaded using a four-step sequence consisting of two asynchronous READ operations
followed by two asynchronous WRITE operations. The read sequence is virtually identical except that an
asynchronous READ is performed during the fourth operation. The address used during all READ and WRITE
operations is the highest address of the CellularRAM device being accessed; the contents of this address are not
changed by using this sequence.

The data value presented during the third operation (WRITE) in the sequence defines whether the BCR, RCR, or the
DIDR is to be accessed. If the data is 0000h, the sequence will access the RCR; if the data is 0001h, the sequence
will access the BCR,; if the data is 0002h, the sequence will access the DIDR. During the fourth operation, DQ[15:0]
transfer data into or out of bits 15-0 of the registers.

The use of the software sequence does not affect the ability to perform the standard (CRE-controlled) method of
loading the configuration registers. However, the software nature of this access mechanism eliminates the need for
CRE. If the software mechanism is used, CRE can simply be tied to VSS. The port line often used for CRE control
purposes is no longer required.

8.4.2.1 Load Configuration Register
READ READ WRITE WRITE

aooress Y Asaress MK Asaes O e o e %
okt ) V%) /A 7
wer  f \ oo £ N\ A
SN N N Y Y/
DATA

I
Don’t Care

RCR : 0000h
BCR : 0001h
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8.4.2.2 Read Configuration Register
READ READ WRITE READ

ADDRESS 3< ;}c’:\lﬂd;gs)s >®< P(«:Ad;is),s >@< P(\c:/ld;is),s >@< P(«:Ad;is)s >
=* 2 V22N pg e VZ
wew 7 \Z4 N \Z

Y N N Y

DATA

ﬁ Don’t Care

RCR : 0000h
BCR : 0001h
DIDR : 0002h

8.4.3 Bus Configuration Register

The BCR defines how the CellularRAM device interacts with the system memory bus. Page mode operation is
enabled by a bit contained in the RCR. Diagram describes the control bits in the BCR. At power-up, the BCR is set to
9D1Fh. The BCR is accessed with CRE HIGH and A[19:18] = 10b, or through the register access software sequence
with DQ = 0001h on the third cycle.
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8.4.3.1 Bus Configuration Register Definition

Almax:0] A[19:18] A[17:16] A15 A14  A13A12A11 A10 A9 A8 A7 A6 A5 Ad A3 A2 A1 A0
max -20 /19 -18 /17-16 / 15 14 Asfofiy/ 10 9 8 7 6 5 /4 s /2/1/0
N " L Lat WAIT Burst Burst
Reserved Register Reserved (Operating| Inital | Latency WAIT Reserved|Configuration Reserved Reserved | Drive Strength
Select Mode | Latency | Counter | Polarity C) Wrap ( BW)*| Length ( BL)*
All must be setto " 0| Must be setto* 0 Must|be setto “ 0 “ Must be setto“0“ Must be setto 0 “
Y
BCR [14]|BCR [13]| BCR [12]| BCR [11] Latency
0 0 1 0 Code 2
) A4
) Code 3 ( def
8 0 0 1 1 ode 3 ( def) BCR[3] Burst Wrap (note 1)
©
> 0 1 0 0 Code 4 0 Burst wraps within the burst length
0 Reserved
All others 1 Burst no wraps ( default )
1 0 1 0 Code 2
1 0 1 1 Code 3 Y
BCR[5] | BCR[4] Drive Strength
b 1 1 0 0 Code 4
x
X 0 0
Lol 1 0 1 Code 5 Full
1
1 1 1 0 Code 6 0 1/2 (default)
1 0 0 0 Code 8 ! 0 14
1 Al others Reserved 1 1 Reserved
A4
BCR[15] Operating Mode Y
0 Synchronous burst access mode BCR[8] WAIT Configuration
1 Asynchronous access mode ( default ) 0 Asserted during delay
1 Asserted one data cycle before delay ( default )
\4
BCR[19]| BCR[18] Register Select
\ 4
0 0 Select RCR "
BCR[2]|BCR[1]| BCR[O0] Burst Length (note 1)
1 0 Select BCR
BCR[10] WAIT Polarity
0 4 Select DIDR 0 0 1 4 words
0 Active Low
1 1 Reserved 0 1 0 8 words
1 Active HIGH ( default )
0 1 1 16 words
1 0 0 32 words
1 1 1 Continuous burst ( default )
Others Reserved

Note: 1. Burst wrap and length apply to both READ and WRITE operations.
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8.4.3.2 Burst Length (BCR[2:0]) Default = Continuous Burst

Burst lengths define the number of words the device outputs during burst READ and WRITE operations. The device
supports a burst length of 4, 8, 16, or 32 words. The device can also be set in continuous burst mode where data is
accessed sequentially up to the end of the row.

8.4.3.3 Burst Wrap (BCR[3]) Default = No Wrap

The burst-wrap option determines if a 4-, 8-, 16-, or 32-word READ or WRITE burst wraps within the burst length, or
steps through sequential addresses. If the wrap option is not enabled, the device accesses data from sequential
addresses up to the end of the row.

Publication Release Date: Feb. 17, 2020
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8.4.3.4 Sequence and Burst Length

winbond
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Burst Wrap ::‘%':;';gs 4"":_‘::9?:"51 8-Word Burst Length 16-\1\!_::‘3t?|urst 32-WLg:;(;t?‘urst Continuous Burst
BCRI[3]| Wrap | (Decimal) Linear Linear Linear Linear Linear
0 0-1-2-3 01234567 | GIEIIOETES | 012 203031 0-1-2-3-4-56-...
1 1-2:3-0 12345670 | F3IAETE10 405 30310 1-2-3-4-56-7-...
2 2-3-0-1 23456701 |2Oo0TETI0NT 554 3104 2-3-4-5-6-7-8-...
3 3-0-1-2 34567012 | HIEOTEIION T 345 012 3-4-5-6-7-8-9-...
4 45670423 | FILESIOTIZ 456 123 4-5-6-7-8-9-10-...
5 56701234 2078102 567 234 56-7-8:9-10-11-...
0 | Yes 6 67012345 | 0T8OI 678 345 6-7-8-9-10-11-12-
7 70123456 | (BIIONIIEITIET 780 456 7-8-9-10-11-12-13-...
14 T A T | 14-15-16-..-11-1213 | 14-15-16-17-18-19-20-..
15 oY | 1516-17-.-12:13-14 | 15-16-17-18-19-20-21 ...
30 30-31-0-.-27-2829 |  30-31-32-33-34-..
31 31-0-1-...-28-29-30 31-32-33-34-35-.
0 0-1-2-3 01234567 | GIFIIOETEN | 012, 203031 0-1-2-3-4-5-6-...
1 1-2-3-4 12345678 | Lo 078900 103 303132 1-2-3-4-5-6-7-...
2 2-3-4-5 23456789 |2 20709 0T 254 313233 2-3-4-5-6-7-8- ...
3 3-4-56 345678910 | A0S 545 apasa 3-4-5-6-7-8-9-...
4 45678910-11 | TOCTEOIOTIIZ | 456 333435 4-56-7-89-10-...
5 567-89-10-11-12 >0 TEF0LIIT ] 567 -34-35-36 56-7-8-9-10-11...
6-7-8-9-10-11-12-13-
1 | No 6 BTBII0NZIT | 144617181920 | 676-.-35.3607 6-7-8:9-10-11-12...
7 7891011121314 | TEIIONALISNT | 789 358788 | 7-8:9-10-11-12.13..
14 b0 D o o o 5 | 14-15-16-.-43-44-45 | 14-15-16-17-18-19-20-...
15 b i o | 15:16-17-..-44-45-46 | 15-16-17-18-19-20-21 ...
30 30-31-32-..-59-60-61 | 30-31-32-33-34-35-36-...
31 31-32-33-..-60-61-62 | 31-32-33-34-35-36-37-...
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8.4.3.5 Drive Strength (BCR[5:4]) Default = Outputs Use Half-Drive Strength

The output driver strength can be altered to full, one-half, or one-quarter strength to adjust for different data bus
loading scenarios. The reduced-strength options are intended for stacked chip (Flash + CellularRAM) environments
when there is a dedicated memory bus. The reduced-drive-strength option minimizes the noise generated on the
data bus during READ operations. Full output drive strength should be selected when using a discrete CellularRAM
device in a more heavily loaded data bus environment. Outputs are configured at half-drive strength during testing.
See the following table for additional information.

8.4.3.6 Table of Drive Strength

BCRI[5] | BCR[4] Drive Strength Impedance Type (Q) | Use Recommendation
0 0 Full 25-30 CL = 30pF to 50pF
0 1 1/2 (default) 50 CL = 15pF to 30pF
1 0 1/4 100 CL = 15pF or lower
1 1 Reserved

8.4.3.7 WAIT Signal in Synchronous Burst Mode

The WAIT signal is used in synchronous burst read mode to indicate to the host system when the output data is
invalid. Periods of invalid output data within a burst access might be caused either by first access delays, by
reaching the end of row, or by self-refresh cycles. To match with the Flash interfaces of different microprocessor
types, the polarity and the timing of the WAIT signal can be configured. The polarity can be programmed to either
active low or active high logic. The timing of the WAIT signal can be adjusted as well. Depending on the BCR setting,
the WAIT signal will be either asserted at the same time the data becomes invalid or it will be set active one clock
period in advance. In asynchronous read mode including page mode, the WAIT signal is not used but always stays
asserted as BCR bit 10 is specified. In this case, system should ignore WAIT state, since it does not reflect any valid
information of data output status.

8.4.3.8 WAIT Config. (BCR[8])
Default = 1 Clk Before Data Valid/Invalid

The WAIT configuration bit is used to determine when WAIT transitions between the asserted and the de-asserted
state with respect to valid data presented on the data bus. The memory controller will use the WAIT signal to
coordinate data transfer during synchronous READ and WRITE operations. When BCR[8] = 0, data will be valid or
invalid on the clock edge immediately after WAIT transitions to the de-asserted or asserted state, respectively. When
A8 = 1(default), the WAIT signal transitions one clock period prior to the data bus going valid or invalid.

8.4.3.9 WAIT Polarity (BCR[10])
Default = WAIT Active HIGH

The WAIT polarity bit indicates whether an asserted WAIT output should be HIGH or LOW. This bit will determine
whether the WAIT signal requires a pull-up or pull-down resistor to maintain the de-asserted state. The default value
is BCR[10]=1, indicating WAIT active HIGH.
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8.4.3.10 WAIT Configuration During Burst Operation
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BCR[8]=0

Data vaild in current cycle

BCR[8]=1

DQ[15:0]

|
|
1
WA —
|
|
|
|

<D°XD1XD.2XD.3TW@@

End of row Don't Care

Data vaild in next cycle

Note: Non-default BCR setting; WAIT active LOW.

8.4.3.11 WAIT Function by Configuration (WC) — Lat=2, WP=0

WC =1 (WAIT 1 clock earlier )
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8.4.3.12 Latency Counter (BCR[13:11])
Default = Three Clock Latency

The latency counter bits determine how many clocks occur between the beginning of a READ or WRITE operation
and the first data value transferred. For allowable latency codes, see the following tables and figures.

8.4.3.13 Initial Access Latency (BCR[14])
Default = Variable

Variable initial access latency outputs data after the number of clocks set by the latency counter. However, WAIT
must be monitored to detect delays caused by collisions with refresh operations.

Fixed initial access latency outputs the first data at a consistent time that allows for worst-case refresh collisions. The
latency counter must be configured to match the initial latency and the clock frequency. It is not necessary to monitor
WAIT with fixed initial latency. The burst begins after the number of clock cycles configured by the latency counter.

8.4.3.14 Allowed Latency Counter Settings in Variable Latency Mode

BCR[13:11] 133MHz Rated CRAM
010 Code 2: Max 66 MHz
011 Code 3: Max 104 MHz
100 Code 4: Max 133 MHz
Others Reserved
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8.4.3.15 Latency Counter (Variable Initial Latency, No Refresh Collision)
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8.4.3.16 Latency Counter (Variable Initial Latency, With Refresh Collision)
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8.4.3.17 Allowed Latency Counter Settings in Fixed Latency Mode

BCR[13:11] 133MHz Rated CRAM
010 Code 2: Max 33 MHz
011 Code 3: Max 52 MHz
100 Code 4: Max 66 MHz
101 Code 5: Max 75 MHz
110 Code 6: Max 104 MHz
000 Code 8: Max 133 MHz
Others Reserved

8.4.3.18 Latency Counter (Fixed Latency)

N-1
Cvecles Cycle N
| | | | | | |
\%
CLK V:['
| |
| |
> tAAva I I I |
A q ! I | | | |
ADV# | —LL/ )} [ [ [ [ I I
| | | | | | I
- — €0 Ly | | ! ! |
CE# I | | | | I
Vi yﬂ I d( —}' 4 tA%'-K l | | |
| (D(\ | | | | | |
DQ[15:0] V
Q(I[RE?A\ %1 Vg'lj : }\ : gValld Outpqu\/alld OutpuX@/ahd Outpu%/alld Outpugi\/alld Outpu>
I | tspltHp
barisor ,, | Valid VId VId Valid VId
ali ali ali ali ali
(WRITE) yoL //// ///M Input Input Input Input>@<lnput
Burst Ijentified "4 Dontc Undefined
(ADV #=LOW) d et %
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8.4.3.19 Burst Write Always Produces Fixed Latency

For burst read, either variable or fixed latency mode is performed depending on BCR.bit14 value. For burst write,
only fixed latency mode is performed even if latency mode bit is configured in variable latency (BCR.bit14=0). The
fixed latency behavior of a write burst applies to burst initial access.

The controller has to observe maximum tCEM (= 4 us) in case a write burst continues over long bursts. When CE#
being held low, no refresh operation can be scheduled properly, so that {CEM (= 4 us) limitation applies.

8.4.3.20 Burst Interrupt

When any burst is complete or needs to be terminated to start new burst, bringing CE# high and back to low in next
clock cycle is highly recommended. Burst interrupt means an on-going burst is terminated by newly issued burst
initial command without toggling CE#. In this case, special care has to be taken to avoid any malfunction of
CellularRAM.

In any case, the burst interrupt is prohibited until the current burst initial command completes the first valid data cycle
(first data output or first data input cycle). At new burst initial command, DQ pins go into high-Z if ongoing burst is a
read. In case of write burst being interrupted, the data input is masked and will not be updated to the memory
location.

8.4.3.21 End-of-Row Condition

The CellularRAM in this design has the row size of 256-word , therefore the end of row condition takes place at every
address of FFH (FFH, 1FFH, 2FFH, ..). In continuous burst mode or wrap-off burst mode, if the burst operation
continues over the row boundary, the controller may not to terminate it by bringing CE high or interrupt it by starting a
new burst. To indicate the end of row condition, WAIT is asserted from the last data of previous row.

The end of row condition can also be detected (by controller) by tracking the address of ongoing burst, it is available
to read out the row size through accessing device ID register (DIDR).

8.4.3.22 Burst Termination or Burst Interrupt At the End of Row

TO T1 T2 TO T1 T2

V IH V IH
o Vi ey

No later than 2 | clocksaf(erIastdata

i
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|
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|
|
|
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CE # Vi .
| |
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VIH High ADV VIH 1 t
ADV # # v \ ><

V oH
WAIT VoL |I (W(\:_w_'l_(ﬁc}o)
| |
|

Last Jata

V oH
DQO0 ~ 15

V oH
s WAIT VoL | (wog 1) '_(WC&O)

l L!St data

V oH
DQO~ 15

T

[ Termination ] [ Interrupt ]

8.4.3.23 Operating Mode (BCR[15])
Default = Asynchronous Operation

The operating mode bit selects either synchronous burst operation or the default asynchronous mode of operation.
Note that when synchronous burst operation is programmed (BCR[15]=1), in addition to synchronous read/write,
asynchronous read/write operation is also allowed.
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8.4.4 Refresh Configuration Register

The refresh configuration register (RCR) defines how the CellularRAM device performs its transparent self refresh.
Altering the refresh parameters can dramatically reduce current consumption during standby mode. Page mode
control is also embedded into the RCR.

The RCR is accessed with CRE HIGH and A[19:18] = 00b; or through the register access software sequence with
DQ = 0000h on the third cycle.

8.4.4.1 Refresh Configuration Register Mapping

Almax:20] A[19:18] A[17:8] A7 A6 A5 Ad A3 A2 Al A0 Address Bus
Max20 /1918 /178 / 7 [6/5/ 4 3 2 /1 /o
Reserved Rsegi:(t:(ter Reserved Page Ignored DPD Reserved PAR
All must be setto “0” | All must be set to “0” Setting is ignored Must be set to “0”
A \
RCR [19]|RCR [18]| Register Select RCR[2] | RCR[1]| RCR[0] Refersh Coverage
0 0 Selsect RCR 0 0 0 Full array (default)
1 0 Selsect BCR 0 0 1 Bottom 1/2 array
0 1 Selsect DIDR 0 1 0 Bottom 1/4 array
v 0 1 1 Bottom 1/8 array
RCR[7] | Page Mode Enable / Disable
1 0 0 None of array
0 Page Mode Disabled ( default )
1 0 1 Top 1/2 array
1 Page Mode Enable
1 1 0 Top 1/4 array
y 1 1 1 Top 1/8 array
RCR [4] | Deep Power - Down
0 DPD Enable
1 DPD Disable (default)

8.4.4.2 Partial Array Refresh (RCR[2:0] Default = Full Array Refresh

The PAR bits restrict refresh operation to a portion of the total memory array. This feature allows the device to
reduce standby current by refreshing only that part of the memory array required by the host system. The refresh
options are full array, one-half array, one-quarter array, one-eighth array, or none of the array. The mapping of these
partitions can start at either the beginning or the end of the address map.
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8.4.4.3 Address Patterns for PAR (RCR[4] = 1)

W968D6DA

RCR[2] | RCR[1] | RCRI0] Active Section Address Space Size Density
0 0 0 Full die 000000h—FFFFFFh 16 Meg x 16 256Mb
0 0 1 One-half of die 000000h—7FFFFFh 8 Meg x 16 128Mb
0 1 0 One-quarter of die 000000h—3FFFFFh 4 Meg x 16 64Mb
0 1 1 One-eighth of die 000000h—1FFFFFh 2 Meg x 16 32Mb
1 0 0 None of die 0 0 Meg x 16 OMb
1 0 1 One-half of die 800000h—FFFFFFh 8 Meg x 16 128Mb
1 1 0 One-quarter of die C00000h—FFFFFFh 4 Meg x 16 64Mb
1 1 1 One-eighth of die EO0000h—FFFFFFh 2Meg x 16 32Mb

8.4.4.4 Deep Power-Down (RCR[4])

Default = DPD Disabled

The deep power-down bit enables and disables all refresh-related activity. This mode is used if the system does not
require the storage provided by the CellularRAM device. Any stored data will become corrupted when DPD is

enabled. When refresh activity has been re-enabled, the CellularRAM device will require 150us to perform an
initialization procedure before normal operations can resume.

Deep power-down is enabled by setting RCR[4] = 0 and taking CE# HIGH. DPD can be enabled using CRE or the
software sequence to access the RCR. Taking CE# LOW for at least 10us disables DPD and sets RCR[4] = 1; it is
not necessary to write to the RCR to disable DPD. BCR and RCR values (other than RCR[4]) are preserved during
DPD.

8.4.4.5 Page Mode Operation (RCR[7])
Default = Disabled

The page mode operation bit determines whether page mode is enabled for asynchronous READ operations. In the
power-up default state, page mode is disabled.

8.4.5 Device Identification Register

The DIDR provides information on the device manufacturer, CellularRAM generation, and the specific device
configuration. This register is read-only.

The DIDR is accessed with CRE HIGH and A[19:18] = 01b, or through the register access software sequence with
DQ = 0002h on the third cycle.

8.4.5.1 Device Identification Register Mapping

Bit Field DIDR[15] DIDR[14:11] DIDR[10:8] DIDR[7:5] DIDR[4:0]
Field name Row length Device version Device density CellularRAM generation Vendor ID
Length Bit Setting | Version | Bit Setting | Density | Bit Setting | Generation | Bit Setting | Vendor | Bit Setting
Options 256 words 1b 1st 0000b 256Mb 100b CR1.5 010b Winbond| 00110b
2nd 0001b

8.4.6 Virtual Chip Enable Function

A 512Mb device can be implemented by a MCP consisting of two stacked 256Mb devices with Virtual Chip Enable
function. By proper configuration, one 256Mb device of the MCP is mapped to the lower 256Mb memory space of the
512Mb device and the another one 256Mb device is mapped to the upper 256Mb memory space of the 512Mb
device. The 256Mb device with Virtual Chip Enable function provides a VCE input pin which is controlled by the A24
(the MSB of address bus of 512Mb memory space). When the 256Mb device is mapped to the lower 256Mb memory
space, the device will be active if A24 is low. When the 256Mb device is mapped to the upper 256Mb memory space,
the device will be active if A24 is high.
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9. ELECTRICAL CHARACTERISTIC

W968D6DA

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions above those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

reliability.

9.1 Absolute Maximum DC, AC Ratings

Parameter Min Max Unit | Note
Absolute Maximum DC Ratings
Operating temperature (case) Wireless -40 85 °C
Storage temperature (plastic) -55 +150 °C
Soldering temperature and time 10s (solder ball only) - +260 °C
Voltage to any ball except VCC, VCCQ relative to VSS -0.20 +2.3 Vv
Voltage on VCC supply relative to VSS -0.20 +2.3 Vv
Voltage on VCCQ supply relative to VSS -0.20 +2.3 Vv
ISH output short circuit current - 50 mA 1
Absolute Maximum AC Ratings
Input voltage -1.0 +2.45 \" 2
VCC voltage -1.0 +2.3 Vv 3
VCCQ voltage -1.0 +2.3 Vv 3
Notes:

1. Input Output shorted for no more than one second. No more than one output shorted at a time. 1/0 = 1.8V.

2. Assumes absence of clamping diodes. Input voltage overshoot above VCCQ and undershoot below VSSQ should be less

than 2V-nS.
3. Condition should be less than 2 nS.
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9.2 Electrical Characteristics and Operating Conditions

Description Conditions Symbol Typical Min Max Unit | Notes
Supply voltage VCC 1.7 1.95 \
I/0 supply voltage vCCQ 1.7 1.95 \
Input high voltage VIH VCCQ-0.4 | VCCQ+0.2 \Y 1
Input low voltage VIL -0.20 0.4 \ 2
Output high voltage IOH=-0.2mA VOH 0.8xVCCQ \ 3
Output low voltage IOL=+0.2mA VOL 0.2xVCCQ \Y 3
Input leakage current VIN=0 to VCCQ ILI 1 MA
OE#=VIH or chip
Output leakage current disabled ILO 1 HA
Operating Current Conditions Symbol Typical Max Unit | Notes
Asynchronous random ICC1 | tRCAWC=70ns - 25 mA | 4
READ/WRITE -
Asynchronous PAGE B
READ ICC1P tRC=70ns 18 mA 4
Initial access, cG2 133MHz - 40 mA 4
burst READ/WRITE VIN = VCCQ or 0V 104MHz ] 35 oA | 4
chip enabled, IOUT=0

Continuous burst ICC3R 133MHz i 35 mA 4
READ 3

104MHz - 30 mA 4
Continuous burst ICC3W 133MHz i 40 mA 4
WRITE

104MHz - 35 mA 4
Standby Current VIN = VCCQ or 0V, CE# ISB Standard - 400 MA 5,6

=VCCQ
Notes:

1. Input signals may overshoot to VCCQ + 1.0V for periods less than 2ns during transitions.

2. Input signals may undershoot to VSS — 1.0V for periods less than 2ns during transitions.

3. BCR[5:4] = 01b (default setting of one-half drive strength).

4. This parameter is specified with the outputs disabled to avoid external loading effects. The user must add the current
required to drive output capacitance expected in the actual system.

5. ISB (max) values measured with PAR set to FULL ARRAY and at +85°C. In order to achieve low standby current, all inputs
must be driven to either VCCQ or VSS. ISB might be slightly higher for up to 500ms after power-up, or when entering
standby mode.
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9.3 Deep Power-Down Specifications

Description Conditions Symbol Typical | ynit

VIN = VCCQ or 0V;
Deep Power-Down VCGC, VCCQ = 1.95V: +85°C 12Z 25 MA

Note: Typical (TYP) Izz value applies across all operating temperatures and voltages.

9.4 Partial Array Self Refresh Standby Current

- .- Arra .
Description Conditions Symbol Partiti\én Max Unit
Full 400
. 1/2 330
Partial-array refresh VIN = VCCQ or IPAR Standard power 174 300 uA
Standby current 0V, CE# = VCCQ (no designation) 178 80
0 250

Note: IPAR (MAX) values measured at 85°C. IPAR might be slightly higher for up to 500 ms after changes to the PAR
array partition or when entering standby mode.

9.5 Capacitance

Description Conditions Symbol Min | Max | Unit | Note
e e 1O B~z O 20 6 pf
(DpQ) puttap VIN = 0V CIO 35 | 6 pF 1

Note: These parameters are verified in device characterization and are not 100% tested.

9.6 AC Input-Output Reference Waveform

VcecQ Sg
Intput 1 VccQ /2 ><47 Test Points ——p VeeQ/23 Output
Notes:

1. AC test inputs are driven at VCCQ for a logic 1 and VSSQ for a logic 0. Input rise and fall times (10% to 90%) <1.6ns.
2. Input timing begins at VCCQ/2.
3. Output timing ends at VCCQ/2.

VssQ

9.7 AC Output Load Circuit

Test Point

50 Ohm

DuUT vVCCo /2

=

Note: All tests are performed with the outputs configured for default setting of half drive strength (BCR[5:4] = 01b).

3BOpF
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10. TIMING REQUIREMENTS
10.1 Read, Write Timing Requirements
10.1.1 Asynchronous READ Cycle Timing Requirements

All tests performed with outputs configured for default setting of half drive strength, (BCR[5:4] = 01b).

Parameter Symbol | Min | Max | Unit Note
Address access time tAA - 70 ns
ADV# access time tAADV - 70 ns
Page access time tAPA - 20 ns
Address hold from ADV# HIGH tAVH 2 - ns
Address setup to ADV# HIGH tAVS 5 - ns
LB#/UB# access time tBA - 70 ns
LB#/UB# disable to DQ High-Z Output tBHZ - 8 ns
LB#/UB# enable to Low-Z output tBLZ 6 - ns
Maximum CE# pulse width tCEM - 4 VIS 3
CE# LOW to WAIT valid tCEW 1 7.5 ns
Chip select access time tCO - 70 ns
CE# LOW to ADV# HIGH tCVS 7 - ns
Chip disable to DQ and WAIT High-Z output tHZ - 8 ns
Chip enable to Low-Z output tLZ 6 - ns 2
Output enable to valid output tOE - 20 ns
Output hold from address change tOH 5 - ns
Output disable to DQ High-Z output tOHZ - 8 ns
Output enable to Low-Z output tOLZ 3 - ns 2
Page READ cycle time tPC 20 - ns
READ cycle time tRC 70 - ns
ADV# pulse width LOW tVP 5 - ns

Notes:

1. Low-Z to High-Z timings are tested with AC Output Load Circuit. The High-Z timings measure a 100mV transition from
either VOH or VOL toward VCCQ/2.

2. High-Z to Low-Z timings are tested with AC Output Load Circuit. The Low-Z timings measure a 100mV transition away
from the High-Z (VCCQ/2) level toward either VOH or VOL.

3. Applies to all modes.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.1.2 Burst READ Cycle Timing Requirements
All tests performed with outputs configured for default setting of half drive strength, (BCR[5:4] = 01b).

133MHz 104MHz
Parameter Symbol Unit | Notes
Min | Max | Min | Max

Address access time (fixed latency) tAA 70 70 ns

ADV# access time (fixed latency) tAADV 70 70 ns

Burst to READ access time (variable latency) tABA 35.5 35 ns

CLK to output delay tACLK 5.5 7 ns
Address hold from ADV# HIGH (fixed latency) tAVH 2 2 ns

Burst OE# LOW to output delay tBOE 20 20 ns
onEeﬁatli-'olnGsH between subsequent burst or mixed-mode {CBPH 5 5 ns 1
Maximum CE# pulse width tCEM 4 4 Us 1
CE# or ADV# LOW to WAIT valid tCEW 1 7.5 1 75 | ns

CLK period tCLK 7.5 9.62 ns

Chip select access time (fixed latency) tCO 70 70 ns

CE# setup time to active CLK edge tCSP 2.5 3 ns

Hold time from active CLK edge tHD 1.5 2 ns

Chip disable to DQ and WAIT High-Z output tHZ 7 8 ns 2
CLK rise or fall time tKHKL 1.2 1.6 ns

CLK to WAIT valid tKHTL 55 7 ns
Output HOLD from CLK tKOH 2 2 ns

CLK HIGH or LOW time tKP 3 3 ns
Output disable to DQ High-Z output tOHZ 7 8 ns 2
Output enable to Low-Z output tOLZ 3 3 ns 3
Setup time to active CLK edge tSP 2 3 ns

Notes:

1. A refresh opportunity must be provided every tCEM. A refresh opportunity is satisfied by either of the following two conditions:
a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.

2. Low-Z to High-Z timings are tested with the AC Output Load Circuit. The High-Z timings measure a 100mV transition from
either VOH or VOL toward VCCQ/2.

3. High-Z to Low-Z timings are tested with the AC Output Load Circuit. The Low-Z timings measure a 100mV transition away from
the High-Z (VCCQ/2) level toward either VOH or VOL.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.1.3 Asynchronous WRITE Cycle Timing Requirements

W968D6DA
I/ 4

Parameter Symbol Min | Max | Unit | Note
Address and ADV# LOW setup time tAS 0 - ns
Address HOLD from ADV# going HIGH tAVH 2 - ns
Address setup to ADV# going HIGH tAVS 5 - ns
Address valid to end of WRITE tAW 70 - ns
LB#/UB# select to end of WRITE tBW 70 - ns
CE# LOW to WAIT valid tCEW 1 7.5 ns
CE# HIGH between subsequent asynchronous operations tCPH 5 - ns
CE# LOW to ADV# HIGH tCVS 7 - ns
Chip enable to end of WRITE tCW 70 - ns
Data HOLD from WRITE time tDH 0 - ns
Data WRITE setup time tDW 20 - ns
Chip disable to WAIT High-Z output tHZ - 8 ns 1
Chip enable to Low-Z output tLZ 10 - ns 2
End WRITE to Low-Z output tOwW 5 - ns 2
ADV# pulse width tVvP 5 - ns
ADV# setup to end of WRITE tvVS 70 - ns
WRITE cycle time tWC 70 - ns
WRITE to DQ High-Z output tWHZ - 8 ns 1
WRITE pulse width tWP 45 - ns 3
WRITE pulse width HIGH tWPH 10 - ns
WRITE recovery time tWR 0 - ns

Notes:

1. Low-Z to High-Z timings are tested with AC Output Load Circuit. The High-Z timings measure a 100mV transition from either

VOH or VOL toward VCCQ/2.

2. High-Z to Low-Z timings are tested with AC Output Load Circuit. The Low-Z timings measure a 100mV transition away from the

High-Z (VCCQ/2) level toward either VOH or VOL.
3. WE# LOW time must be limited to tCEM (4ps).

_4] -
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10.1.4 Burst WRITE Cycle Timing Requirements

winbond

W968D6DA

133MHz 104MHz
Parameter Symbol Unit | Notes
Min | Man | Min | Max

Address and ADV# LOW setup time tAS 0 0 ns 1
Address HOLD from ADV# HIGH (fixed latency) tAVH 2 2 ns

CE# H_IGH between subsequent burst or mixed-mode {CBPH 5 5 ns 5
operations

Maximum CE# pulse width tCEM 4 4 ps 2
CE# LOW to WAIT valid tCEW 1T |75 | 1 | 75| ns

Clock period tCLK 7.5 9.62 ns

CE# setup to CLK active edge tCSP 2.5 3 ns

Hold time from active CLK edge tHD 1.5 2 ns

Chip disable to WAIT High-Z output tHZ 7 8 ns 3
CLK rise or fall time tKHKL 1.2 1.6 ns

Clock to WAIT valid tKHTL 5.5 7 ns

CLK HIGH or LOW time tKP 3 3 ns

Setup time to activate CLK edge tSP 2 3 ns

Notes:
1. tAS required if tCSP > 20ns.

2. A refresh opportunity must be provided every tCEM. A refresh opportunity is satisfied by either of the following two conditions:
a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.

3. Low-Z to High-Z timings are tested with the AC Output Load circuit. The High-Z timings measure a 100mV transition from

either VOH or VOL toward VCCQ/2.
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10.2 TIMING DIAGRAMS
10.2.1 Initialization Period

VCC (MIN)
VCC, VCCQ: Device ready for
=1.7V tPU A normal operation
10.2.2 DPD Entry and Exit Timing Parameters
’ tDPD . tbPDX tPU .
CE#
Write i i
RCR[4] <0 DPDEnabled  DPD Exit Device — Device ready for
Initialization Normal operation

10.2.3 Initialization and DPD Timing Parameters

Description Symbol | Min | Max Unit
CE# HIGH after Write RCR[4]=0 tDPD 150 - us
CE# LOW between DPD Enable and Device Initialization tDPDX 10 - Ms
DPD Exit to next Operation Command tPU - 150 us

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.4 Asynchronous READ
tRC
Vv :
Almax:0] | 7777 Valid Address >{<////////Af
tAA
VH
ADV # Vi ;;;?) /iiZZif’T@f
tHZ
VH
CE# Vi J_\ %
tCo
BA tBHZ
VH ) /
LRIV v 7
tOE tOHzZ
oer \y ] \7
ViH 7
tBLZ
tLz
. Vv iah - :
DQ[15:0] Vg[' tCEVCQ“ z Valid output
tHZ DE—
V OH High - 7 /"“'"“"'"""'_::L‘ High - Z
WAIT /o,
Don’t Care Eﬁ Undefined

Publication Release Date: Feb. 17, 2020

Revision: A0I-004
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10.2.5 Asynchronous READ Using ADV#

a0 ' 7777\ Nalid Adess (/7777777111100

§ tAA
T TAVS . TAVH
VH
ADVE FE foson ‘ N 7
- O ] ) ~
VH - >
CE# ViL F ;:_:E
. tco R
tBHZ
. tBA R - >
LB#/UB# ‘\’/': E? SK Y \@i
_10E _{OHZ
VIH~
OE# yy /7] ¥ ¥
VH?
WE # ViL % toLz—| = Qi
tBLZ
tLz
V oH High - i y
DQ[15:0] v, —fcew VE:,L'S Output
VoH Wgh-z ST T T T T T T T T T _:[\r_ High - Z
WAIT Vo 9 { g

E Don't Care ﬂ Undefined

Publication Release Date: Feb. 17, 2020

Revision: A0I-004
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10.2.6 Page Mode READ

tRC

atmax:a1 77 Valid Address W
AS:01 VI N Valid Addiess | asais | aess \ msais {000
j tAADV tPC

AV # Ut %‘

A
A

A 4

tCEM

7
z 1co _ " tHZ .
cE# VM J \ )/ %Z
tBHZ
< tBA , N >
LB #/ UB # \\//:[' ,r// \ J @
\ tOHZ
. tOE , < >
OE # \\/,'lf 4 \ { ég
V H
WE # ViL < oLz » tAPA
Zg tBLZ - z
Tz iy —> tOH
DQ[15:0] \\’IOH Valid Valid Valid Valid
oL Output Output Output Output
< tCEW #______________tHE:bl_
V oH High - Z High -
WAIT VoL g I ig

Publication Release Date: Feb. 17, 2020

Revision: A0I-004
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10.2.7 Single-Access Burst READ Operation-Variable Latency

o 7 toLK tkP : G
5P 1 tHD TKHKL |

w1 2 ) s Add;%%////////////////////////////////////

ces VM tcsp |, EtABACEM . iZtHZ'

e ™

OE# #HD : : ‘Z

U V////////t}?// ///////t//// Y
SNy HV//////////A’
Da[150] | — %Kvmidom;i%

" s HaH) PortCae gt

Note: Non-default BCR settings : Latency code 2(3 clocks); WAIT active LOW; WAIT asserted during delay.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.8 4-Word Burst READ Operation-Variable Latency

o KHKL L ok tKp tkp
ck t%\ﬂ%\%\ﬂﬂ/\
A[max: 0]\\//:"I ff I
y tsp itHD
IH i T
P ‘ : (e} | -+ capH
tCSP | tABA | | | | :H
ce# W i i i i e
Vi i : ; i i i i lthz
OE# |\ | ' I I : a
tsp tHD tolz] | | ’ tOHZ
v T
WE# Lo *///////////////f//////////f////f////////ﬁ'f
5P | | tHD
B#IUBY | Wfﬁﬁf
T A A R B
war Yo e ] _","“t;j__f____f____r____r__Hig“
n1 VOH i High-Z i | Valid tKC\)/I;I"d : VAl VaIid:
DQ [ 150] T i Output Output Output Output
RE(Avl\J/EB;ritI_Iﬁgr:if)ied Don't Care @ Undefined

Note: Non-default BCR settings : Latency code 2(3 clocks); WAIT active LOW; WAIT asserted during delay.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.9 Single-Access Burst READ Operation-Fixed Latency

tCLK tkP tkP
VH | —
CLK ViL = 7(_\_7(_\_7 k T t_K’H<K_T k 7 \
VIH - -
Almax: 0] " /77K Valid hdress t{/{fﬁffﬁffffffffffffffff/ LSS
VI fSp 1D}
W S WY e "™ e
CE # ViH —| tcsP 1
ViL 1
tCO
OE # Vi | 1BOE fH_Z
v tSP | tHD toLz
VH | |
WER VW A NI,
tSP tHD
swnes V2 7770 N
y tcey tKHTL
OH igh - T T T T T T T T T T T ———— =N —\| High-
WAIT VoL High -2 ( : *———;R—H—M
DQI 15: V OH High-Z : tACL.K :
[15.0] Vol I Valid Output ——
READ Burst Identified Don't Care Undefined
(WE #=HIGH) ’

Note: Non-default BCR settings : Fixed latency; Latency code 4(5 clocks); WAIT active LOW; WAIT asserted during delay.

Publication Release Date: Feb. 17, 2020

Revision: A0I-004
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10.2.10 4-Word Burst READ Operation-Fixed Latency

W968D6DA
I/ 4

DQ

A[max: 0]VIL

LB#/UB#

VH
CLK ViL

VH

VH

ADV#

V IH

CE# ViL

V IH
Vi

V H
Vi
V H
Vi

OE #

WE #

V oH

WAIT .,

150] V0|-|

tKHKL  tCLK tKP tKP
Y rD o \JHH D” N
tSP I I
e VahdA\d’{dress f}”f’ffffffffffffffffffffffffffff
tA I |‘ : : | |
‘tspit-lljD !tAA M ! ! !
ey 0
N | I | ICEM | | I \CBPH
__ltcsp | i i ! | tHD e
T l I I l l l -02 tHz jﬂ
o 1CQ ! I I | I
I | BGE I I | I
}SPJLHE tdlLZ i i i i :to%
iﬂfg-t | -(/’/{“’f;’ f’f;’f{fx’//’f’fﬁf{ﬁff;{x’//fﬁfff
5Pl | I I I | jtHD
ATy e
tCEWV : KHTL | : : :
M——'— e : : A
1 [Welk koW T T
i High- Z i Valid Output @vmid 0u1put)®( Valid Output)@(vmid Output)@—

READ Burst Identified
(WE#=HIGH)

ﬂ Don'’t Care

:{lr: Undefined

Note: Non-default BCR settings : Fixed latency; Latency code 2(3 clocks); WAIT active LOW; WAIT asserted during

delay.
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10.2.11 READ Burst Suspend

W968D6DA
I/ 4

V' H
CLK ViL

H

A[max:0] VL

V' H
ADV # ViL

VH
CE# ViL

VH
OE # Vi

WE# V H
ViL

V' H
Vie

V oH
WAIT VoL

DQ[15:0] w

LB#/UB#

tCLK

"2
J | | J | J | ) )
sl | b1
7777777 777777777777, 7777777777 e
sl | | | | N
JET T B
T -1 e
[ [ [ [ [ | [ | I IHZ | !
L N T
o 0 1 R
A T T T T Lo S I '
-ttt | | | ( | a | ] ]
who H——— ] ] |
LR UL L L L L R
SPI [ | [ | [ | | 1tHD [
AV L R ST
e T
A e T el T
e |
| | t_A.ICL_K | | |

Don't Care

Undefined

Notes:

1. Non-default BCR settings for READ burst suspend; Fixed or variable latency code 2(3 clocks); WAIT asserted during

delay.

2. CLK can be stopped LOW or HIGH, but must be static, with no LOW-to HIGH transitions during burst suspend.
3. OE# can stay LOW during burst suspend, if OE# is LOW, DQ[15:0] will continue to output valid data.

Publication Release Date: Feb. 17, 2020
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10.2.12 Burst READ at End-of-Row (Wrap Off)

| tCLK
. VH
A[max:0] ViL ;;;;;;;;:;?;;;;;;;;;;;;;;;;;; ;;;iiij’ij;;

VH

ViL
VH

ViL

V H
CLK o f o b L )

ADV #
LB#/UB#

!

7777

VH
ViL

V H
OE # Vi

CE#

+

T

Wt o T T T T T 77

tkHTL | LHE z

.

Q1501 \ o [T ) amomaamou /7 /T
End of R :
e Don’t Care

T T

V OH
WAIT Vol

b--l =

! !
| |
! High-Z |
! !

=

Notes:
1. Non-default BCR settings for burst READ at end of row; fixed or variable latency; WAIT active LOW; WAIT asserted
during delay.

2. For burst READs. CE# must go HIGH before the second CLK after the WAIT period begins (before the second CLK after
WAIT asserts with BCR[8] = 0, or before the third CLK after WAIT asserts with BCR[8] = 1).

Publication Release Date: Feb. 17, 2020
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10.2.13 Burst READ Row Boundary Crossing

CLK%‘U\%\%\{\M}

| tcLK |

| A W

WE# | S s /ffff/{ffff/ffff/fffﬂ

g
VIH : :
Nmaxt) V1 7777777 A T, 777
N ) A S S
e Y i i i 0 | | |
SN R R R R O N R R
N I R R R N R R
7

| |

| | | |

T |\ | |

| L | Note2 ??
|

|

S T

' oot —
DQI150] v X_p : /f’}”f’//x’}”/x{? @"}?’//f’}?’//ffx Q:Vm' L X Q i
' nd of ' ' ' '

F Don't
row
° m Care
Notes:

1. Non-default BCR settings for burst READ at end of row fixed or variable latency, WAIT active LOW, WAIT asserted during
delay (shown as solid line).

2. WAIT will be asserted for LC+1 cycles for fixed latency, LC = Latency code (BCR[13:11]).

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.14 CE#-Controlled Asynchronous WRITE

twc ,
A[max:0] \\//:T A Valid Address W
- tAW »
> tAS
wova Vi 20N " pi
] tow | tcpH

cer V2 /Y %
EENV-ER A B L,
oE# v %

S

twPH o twp

wew Y \ A
tbw tDH
DQ“S'N i Hon -2 Valid Input _
_ iz _twHz

DQ[15:0] VoH

OUT VoL

ECEV\I _»tH<Z_
WAIT \\//8[' High-z ' 4= — — T T T T T T T T T T High -Z

Don’t Care

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.15 LB# / UB# Controlled Asynchronous WRITE

. twe .
Almax:0] " 7577 Valid Address SIS
. tAw IWR
POV 1 TS Vi
- . tew .
ce# V" T X SIS

tBW

LB#/UBY " TAT | X i
OE# LLLLS SIS AL TN

g tWPH . twp .
V H \
we# Y f < v
~ tow [tDH
. V igh - : —\
sl v Vel nput )
_’tLZ AWHZ
DQ[15:0] Vo
OUT VoL
tcew _ iz
V OH High - Z f - — — — = High - Z
WAIT |,
@ Don’t Care

Publication Release Date: Feb. 17, 2020

Revision: A0I-004
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10.2.16 WE# - Controlled Asynchronous WRITE

] twe
Almax: 01\ 77777777 Valid Address j(//////,;’{
) taw A
ADV# T WR [
) tcw R
ces V1 77 Y AN
- tBW R
LYY/ LA
OE# AN
. twpH | 1AS twp .
wes U f § [z
. tow |tDH
DQ[15:<|)N1 Vi High -2 Valid Input
IL _
ez twHz tow
DQ[15:0] Vor A T
ouT e tCEW _Hz
WAIT \\//gls Hgn-z | T T T T T T T T T T T T i High - 2

Don’t Care

Publication Release Date: Feb. 17, 2020
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10.2.17 Asynchronous WRITE Using ADV#

Atmax: 0]y 777777 Mok I
povie U t,;[\gSLVF T - T wzz

e\ 77 ¥ ‘ AN

LB#/UB# | T‘* = .
OE# y A

Y

- tWP . twPH
V H \ —\L;
WE # Vi J \
. tow |IDH
DQ[15:0] V igh - ; )\
Ql “\} V:[' Hon-2 Valid In%‘
_Jnz tWHZ tow
DQ[15:0] VoH
OUT Vo
tCE\!V _»tl-lZ_
WAIT V OH High-z 4 — — - — - ———=- K High - Z
VoL

Don’t Care

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.18 Burst WRITE Operation-Variable Latency Mode

V IH
CLK ViL

A[max:0] \\//':

VIH

ADV#

V H

LB#/UB# |,

V H

CE# Vi

V H
OE # Vi

V IH
WE # Vi

WAIT | VOH

DQ[15:0] \\i'lf

Wﬂ

 tsP, tHD,

I
hS'3, 1

|
tsp *tHD#

tCLK

Valid
Address

tkP | tKHKL

'[SP tHD

V‘V

i,

ap

%EW,\

|
I ' I tCEM
‘tCSPJ | | | LD, (CBPH

g
| | : | |
| | | | |
| | i | |

tSP_L tHD | | : :

Lo

T W i

GEW | g s | | |

Higtl - 2 I | | | | | High - Z
! I 21 jtsP!tiD ! ! !
| i | | | |
| |
R R R —
| | | ! ! ! !
T . Don't Care

WRITE Burst Identified
(WE #=LOW)

Notes:

1. Non-default BCR settings for burst WRITE operation in variable latency mode; Latency code 2)3 clocks); WAIT active
LOW; WAIT a asserted during delay; burst length 4; burst wrap enabled.

2. WAIT asserts for LC cycles for both fixed and variable latency, LC = Latency code (BCR[13:11]).
3. tAS required if tCSP > 20ns.

_58 -
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10.2.19 Burst WRITE Operation-Fixed Latency Mode

| | tCLK kP, | tKP  tKHKL
|
VH I
CLK ViL I I | | | |
tSP | | | |
) VIH Valid
Almax:0] ViL @ Address
Pl | | | |
tAS"3 | ksp itH v | | | | |
povg T | | i | | | |
I
LB#/UB# " " T | | |
Vit L F ! ! | '
J ] ! ! \ tCEM ; !
Icsp | I | | | "tHD/tCBPH
vie | | l | | |
CE# " . | | | | | -
v ! ! l ! I ' I
IH | | | I | | |
OE# vy tSPl tHD | | | | | |
A |
V H
WE # . i
w zWWWW
| l |
tCEW | dKHTL | | : _HZ
V OH . I | t | } | .
WAIT Figh 2 T T S | | |  High-Z
vor | 2+ JtspitHD : : |
| | | .
ba[so] yy (D! (D2 D3 DO
t | | ! | | |
WRITE Burst Identified Don't Care
(WE #=LOW)

Notes:

1. Non-default BCR settings for burst WRITE operation in fixed latency mode; Fixed latency, latency code 2)3 clocks);
WAIT active LOW; WAIT a asserted during delay; burst length 4; burst wrap enabled.

2. WAIT asserts for LC cycles for both fixed and variable latency, LC = Latency code (BCR[13:11]).
3. tAS required if tCSP > 20ns.

Publication Release Date: Feb. 17, 2020
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10.2.20 Burst WRITE at End of Row (Wrap off)

W968D6DA
I/ 4

Vi | i i i i i i | i
AT
atmac:0) Vi
pove T
BHIVBH L I,
Vi ! ! : : ! : : !
N,
T <10 FE R R S AR R S
e L T R
Vot L T kg
WAT oo & 0 D\ thrr
. m
VH
cE# YF s
tSP|tHD
.01 VH ‘—V;‘LID VALID |/ VALID
DA[150] Vi INPUT INIIDUT>< INI?U'TI'
END OF ROW
Don’tCare

Notes:

1. Non-default BCR settings for burst WRITE at end row; fixed or variable latency ; WAIT active LOW; WAIT asserted

during delay.

2. For burst WRITEs, CE# must go HIGH before the second CLK after the WAIT period begins (before the 2" CLK after
WAIT asserts with BCR[8] = 0, or before the third CLK after WAIT asserts with BCR[8] = 1.

- 60 -
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10.2.21 Burst WRITE Row Boundary Crossing

CLK&.EJIH%\%\%\%M\#\}l\}f\

tcLK | [ | [ |

O IH,I/////;;’ 77 T T T
-

SR Y 7 V7 MW 77/77 s 7 s NV 7 N

wes V. 7277272777277 7777 T AT 77 T 7T
e
Gl S S S ) R -
war *{\ RIS
| jeeny (e L

VIH

>
DQ[15 0] VIL * Valid |nput L VaIu; |nput>< Valid mput ><',-"f }_,.-'::?&:.-""f I fjfjf[f/'};")( Valldllnput X Valid |nput ><

I I IEId of row I I ID .
on
VA Care
Notes:

1. Non-default BCR settings for burst WRITE at end of row : fixed or variable latency, WAIT active LOW, WAIT asserted during
delay (shown as solid line).

2. WAIT will be asserted for LC cycles for variable latency, or LC cycles for fixed latency.

Publication Release Date: Feb. 17, 2020
Revision: A0I-004
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10.2.22 Burst WRITE Followed by Burst READ

winbond

W968D6DA

CLK " n | vy | |
tSP'tHD' ' ' ' ' ' tPItHDI I I | | |
Afmx:0] " 7748 fffffffffffﬁfﬁ/(AZ::':SJK//ifififfffffffff
tSP'tHD: : : : : | tSPItHD: : : : | |
ADV # \\7: W| | tpltnp! | : ml B
| L1 B
LB#/UB#WLWﬁ:Ulﬂ:ml Y77/
tCSP,
N (AR IR
Lo
oE4 D) | | |
e
Wt N
VoH High-Z| R S——
"1 v, W’[SP#HD
DQ[15:0] VK wgzt 1 1 D0
INTOUT VL : : : Lo Lo
Don't Care @ Undefined

1.

2.

Non-default BCR settings for burst WRITE followed by burst READ: Fixed or variable latency; latency code 2(3clocks);
WAIT active LOW; WAIT asserted during delay.
A refresh opportunity must be provided every tCEM. A refresh opportunity is satisfied by either of the following two
conditions: a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns. CE# can stay LOW between burst READ and
burst WRITE operations, but CE# must not remain LOW longer than tCEM. See burst interrupt diagrams for cases where

CE# stays LOW between bursts.

Only fixed latency requires tKADV.
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10.2.23 Burst READ Interrupted by Burst READ or WRITE

tCLK r READ Burst interrupted with new READ or WRITE. *2
VH ‘ : : ! : : ‘ ‘ : ‘ !
ok VA U e
setp P
V H R P
Almax:0] " <K e ;ﬁffffff Lﬁ!&g(’ffffffffffffffffﬁffﬁ
y tSP tHD 3 3 i tsP/tHD | | | i ! | !
H : : : : ‘ : : ‘ ‘ ‘ : :
AVEV 4 T BT s
cE# V" ~-ese | ey
IL : : : : : : : ! : : : :
seeyp WO
V H ! = ! !
WE# [ T ¥’ffffffff) . “fffffffffffffffffffff
i ! | tKHTL | ! ! ! ! : |
V oH 3 3 tBOE : . tBOE : : 3 ! High -
WA yo — e RGO e e
OE# Vi ] teewlodz b DTS
T e 1 N T e O N O R 2
LB#/WB# Y™ AL | IS
2nd CycleREAD  V/ IL | tACLKL* tKOH| | | tBOE 3 3 | |
DQ 150 V OH §H| h'Zi i VaIi:_’ } iH' h'Zi V;dh‘ I‘_Valu; VallL Vaiid i
2ndc[yc|eREAD] VoL } : } ;@\—Q‘m}“l—/gxﬂ ! : ;@ ; ; ; }
‘ ‘ ‘ ‘ OE# V i 3 3 : tAGLK 3 3 3
2nd Cycle WRITE V| | | | | | |
2ndCycI|e_?/</¢:?UI$g \\//I: ‘: : :‘ :tS-\PitI'@ i ‘P\ i E\ i ‘ :‘: : 4
2nd Cyomire v e DO DTN D2
IE Don't Care @ Undefined

Notes:

1. Non-default BCR settings for burst READ interrupted by burst READ or WRITE: Fixed or variable latency code 2(3
clocks); WAIT active LOW; WAIT asserted during delay. All bursts shown for variable latency; no refresh collision.

2. Burst interrupt shown on first allowable clock (i.e., after the first data received by the controller).
3. CE# can stay LOW between burst operations, but CE# must not remain LOW longer than tCEM.
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10.2.24 Burst WRITE Interrupted by Burst WRITE or READ-Variable Latency Mode

{CLK + WRITE Burst interrupted with new WRITE or READ *2.
CLK \\//llllj | | | | I
tSPtHD 1 1 P ASPIHD L |
A[max:0] \\/,'l*: A 7 77 77 7 A I IIF
Vi SRHD o g tSRMD o o
ADV # N I ] ] ™ | ] ] ] ] ] ] ]
L — o T teEwd L |
VIH _ [ 1 T T T T T T T T T g I
CE# . YfoSh v v 0 0 0 e
tSPtHD | [ | tSPItHD | [ [ [ [ [ |
WE# VlH | o | 1 1 1 1 1 1 1
Vi , : . . ’ WSS
KHTL,
Vv o7 | | | Y | | | | | -
WAIT (8% et T \jian 2
OE# VH | | | ICEW | | | | | | |
»ric | | | | | | | | | | | |
nd Cyle WRITE Vi Coo o BRED |
LB#/UB# VH i i idrd | [FirdeedsdA ) A AVA | [Firs
2ndCycle WRITE  V IL I | I 1SPT{HD ! I I {SPTHD : : : :
: Vv (. | PETT)
PRl e e ——
OHZ
OE#V|H4|—t$gE T I R
2ndCycle READ Vi | I ! ! ! Lr| 1\
tspl | | | | tHp| |
LB#/UB# V | | | | — e
2nd Gycle READ V1 ;ﬁ T R R L
010 OH High - on <_Vaild i Vaid T
ZnSchsleol]%Egg \\// oL ﬁgh_z_g\\//TE \_Output / Cylﬁ ut Outpit a/lﬁ ut _'_
Don’t Care @ Undefined

Notes:

1. Non-default BCR settings for burst WRITE interrupted by burst WRITE or READ in variable latency mode: Variable

latency; latency code 2(3 clocks); WAIT active LOW;
no refresh collision.

WAIT asserted during delay. All bursts shown for variable latency;

2. Burst interrupt shown on first allowable clock (i.e., after first data word written).
3. CE# can stay LOW between burst operations, but CE# must not remain LOW longer than tCEM.
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10.2.25 Burst WRITE Interrupted by Burst WRITE or READ-Fixed Latency Mode

tCLK +— WRITE Burst interrupted with new WRITE or READ *2.
ck VTR A o
VL TtePltp | tSPHD | !
Vi Z%j Lo SREHD
A[max:0] Vi Nilllss Ko R A Rt A S
L TAVAT T sy PAVH T T 1T 1 11
ADy s VM SRHD TR tSPMHD T L
Vi R = T
N I A I BT =
JHD D g sSPtHD T o o o
WE# VH tSP|<-> ) , ) , \ ) ) ) ) ,
ViL :"fflff;’:ff,-'l’; i fffﬁff{ff{fff’fflffﬁfﬁ,
VOH ygn.zl | | KHTL | L .
WAIT yo %, |/ fﬂﬂ I A T T L|‘L'gu
OE# VH Loy oy pteCEW o oy
JdCreWRTE /L 1 gl ! P T T
R
(B#IUBH VW e A \ 77777777 A VA VDL | [F777
e 1 Itplyp I I TtsptD I 1 T
DQ15:0IN VW o2 657777 77 7 Joom w1 e 8, )
2nd Cyde WRITE  V/ IL | | I tBOiE | | | [tOHZ
S R R R - 1 T T
20t Cyce RERD V1 R :LT I\
LB#/UB# V
znd Cycle READ V'L?{»:tsp Ttk TKOHT tHDT'F -
2nd Cyce RiAD v — 921 Vor SIS e
Don'tCare [ Undefined

Notes:

1. Non-default BCR settings for burst WRITE interrupted by burst WRITE or READ in fixed latency mode: Fixed latency;

latency code 2(3 clocks); WAIT active LOW;

WAIT asserted during delay.

2. Burst interrupt shown on first allowable clock(i, e., after first data word written).

3. CE# can stay LOW between burst operation

s, but CE# must not remain LOW longer than tCEM.
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10.2.26 Asynchronous WRITE Followed by Burst READ

tCLK
V H t ( | | | | |

CLK Vi

—

twe twe . tSPtHD

I I
V ali ali \ ali ; '
Almax:0] " Eh s I atams 1" \ashes) ffffffffffffffffffffﬂ
VIH tavs| LW ltwR tsptp , PP T T
povi U Y TR | o
q tVS ' l | | | | |
tvp tsp tHD
Vv ' | | | | [t
LB#/UBH M T L 7 A R R R R /7
{CVS tceBpH T T 1 1T 1 1
CE# Vi Aow — HtCSPI | | | | |
Vi f /;?X L1 : : ' : ' : : / L
y VH »tﬁs o ' : I : | tﬁ)FHZ
¥ 1 T\ I I I I
V \ \ \ \ \
. tWP \tl\\//\IIDCI:-E:/ tSPHHD : o
VIH > e A
WE# v Sy L Y Nv’f{f/z’ffff’/x’fff/ﬁffff’ ’
V oH __L I ,tCE}M | tl{!OE | : | | -2
WA vo. H | A . J wH || .
|1 fACL Lo
DQ15:0] VK _tigh-2 [batal—{Data) (Voif_tigh z @6’&'};% oYJ?yﬂt Vuat';'ﬂt &%Bﬂt ——

IN/OUT Vi 5 Yva
{DH tDW Don't Care 4] Undefined

Notes:

1.

2.

Non-default BCR settings for asynchronous WRITE followed by burst READ: Fixed or variable latency; latency code 2(3
clocks); WAIT active LOW; WAIT asserted during delay.

When transitioning between asynchronous and variable-latency burst operations, CE# must go HIGH. CE# can stay LOW
when transitioning to fixed-latency burst READs. A refresh opportunity must be provided every tCEM. A refresh opportunity
is satisfied by either of the following two conditions: a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.
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10.2.27 Asynchronous WRITE (ADV# LOW) Followed by Burst READ

fok,

V H

CLK ViL

twe ,  twc tSP HD

Almax:0] ' O BN -,@Lg:;ggW/ﬁ;ffﬁfﬂ/fﬂf/fﬂ//

tAW tWR  tSPtHD

VH \ : ;
ADV# ﬂ [\ [ x 1[ |
v tBW tSP! ! ! i ! | tHD
IH ! i i 3 i i
LB#/UB# Vi /_\ /_\ ‘ ‘ ‘ ‘ L] i
tow tCBPH | o
{CSP | ! ! : : !
cer g S VT
y 20 oz
H ‘ ! | : | ‘ =
OE # Vi / k';? twcﬁ | T \
Vi twp tWPH tgp tHD ‘
wes U] e | %"f’;”/ﬁ Kx’/ﬂfﬁ//ff//ffﬂ/f
PP B L N I R
WAIT o, J_< /_( )—r 3 j F ! 3 3
! ! tAClK tKOH i !
DQ[15:0] VIH  pigh. | Ligh g N
NJOUT v oy o S
tDH tbw

Don’t Care Undefined

Notes:

1. Non-default BCR settings for asynchronous WRITE ,with ADV# LOW, followed by burst READ: Fixed or variable latency;
latency code 2(3 clocks); WAIT active LOW; WAIT asserted during delay.

2. When transitioning between asynchronous and variable-latency burst operations, CE# must go HIGH. CE# can stay LOW
when transitioning to fixed-latency burst READs. A refresh opportunity must be provided every tCEM. A refresh opportunity
is satisfied by either of the following two conditions: a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.
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10.2.28 Burst READ Followed By Asynchronous WRITE (WE# - Controlled)

W968D6DA

VH

CLK Vi

A[max:0] \\//':

VH

ADV # Vi

VH

CE# Vi

VH

OE# Vi

WE# VIH

ViL

LB#/UB# VM

ViL

V OH

WAIT VoL

.n1 VOH
DQ[15:0] v

tsp tHD i

tCLK

‘ 1 ‘ twe )
Ek — %//fff///ﬁff// Valid Address i
tsP tHD ‘ A tWR
T \ W
S R S 6 s /777
; ; thE toHz] |
i o —~ [tAs
tSPItHD tci_‘_ | twp | tWPH_
% - v’?’f’}”ff/fffff’/f o - I
- tHD. ‘
7 S %"’ % s
tfCEW | KHTL tcEW thz)
High - Z - High-z y— — — T T T
1 — tACIK TKoH {DW-] - tDH
| High-Z | Vi (¢ VIH ‘?nd‘i
1 ‘ tput ARV Output
READ Burst Identified ] Don't Care Undefined

(WE# = HIGH)

Notes:

1. Non-default BCR settings for burst READ followed by asynchronous WE#-controlled WRITE : Fixed or variable latency;
latency code 2(3 clocks); WAIT active LOW; WAIT asserted during delay.

2. When transitioning between asynchronous and variable-latency burst operations, CE# must go HIGH. CE# can stay
LOW when transitioning from fixed-latency burst READs. Asynchronous operation begins at the falling edge of ADV#.A
refresh opportunity must be provided every tCEM. A refresh opportunity is satisfied by either of the following two
conditions: a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.
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10.2.29 Burst READ Followed By Asynchronous WRITE Using ADV#

W968D6DA

V' H
Vi

A[max:0] \\//|||:

CLK

VH

ADV # ViL

VH
CE# Vi

VH
Vie

V' H
WE # VL

B#/UB# "M
ViL

OE #

V oH
WAIT VoL

DO[1&O]¥ST

o {0k
SR
A %ﬁffffff/ffffff ) (AT
tSPHD AVS TAVH 1
§ 3 tvp
‘ . ! {CBPH e
tcsp 1 tHDi“‘HthA tAW
I Fary’ tcw /
Ee W
{SP tHD oz ths] twp | tWPH
7 F—"N—’F ! |
VI IR I I
tSP. | D tBW :
i A7/ 71,
{CEW, HHTL {CEW tz
L A “%‘ High-2 |~~~ T
WC K~ IKOH {DW! «-tDH
Hgh-2 Valig Output . Vi Vald Inpull————
T ‘ ‘ ViL
READ Burst Identified *#] Don'tC i
i ontCare [ Undefined

Notes:

1. Non-default BCR settings for burst READ followed by asynchronous WRITE using ADV#: Fixed or variable latency;
latency code 2(3 clocks); WAIT active LOW; WAIT asserted during delay.

When transitioning between asynchronous and variable-latency burst operations, CE# must go HIGH. CE# can stay LOW
when transitioning from fixed-latency burst READs. Asynchronous operation begins at the falling edge of ADV#.A refresh
opportunity must be provided every tCEM. A refresh opportunity is satisfied by either of the following two conditions: a)
clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.

2.
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10.2.30 Asynchronous WRITE Followed by Asynchronous READ - ADV# LOW

A[max:0] \\//:H VahdAddress%VahdAd E}/ﬁfff/* Valid Address /)

VIH - W tWR tAA
ADV# / VA t F7
{BW ) tBL7 BHZ L
LB#/UB# ‘\’/:T N A / y'ﬂ *Jr—
[ ow tCPH tHz
CE# VH 2t > — F_
Vi J_'K [_\ 1 ]
VI Lz "OE| t«EHZ
&y )| Mud?Z) amil
V H me>e—tWPH
WE# VILJ s qﬂ_7 7
tHZ - e el
V OH —— —— L ___L1_Lz
e o s e
DQ[15:0] VH High_Z*‘rtWHZ ez o VoH toLZ

IN/OUT Vi ﬂ;ﬁa“ e A AT Vool ot |

tDH  tow ] Don'tCare ] Undeined

Note:

1. When configured for synchronous mode (BCR[15] = 0), CE# must remain HIGH for at least 5ns (tCPH) to schedule the
appropriate refresh interval, Otherwise, tCPH is only required after CE#-controlled WRITEs.
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10.2.31 Asynchronous WRITE Followed by Asynchronous READ

A[max:0] \\//'H Valid Address ¥ Valid Address T'/f o /% Valid Address )@
bl AvS fAVH| taw wR| T | A
Vi P VS
ADV # ! 4 { / \
v ﬂtc_vs] tBHZ
H | BW, —
B#/UBH | [ [t /—NK’[CPH ]Hg
CE# VH f—>tCW = —t
ViL I [ \ T ]
y s 1Lz tOHZ
H e
AR N7/ s
ey Vi S tWP[ AtWPH tOLZk
Vi J 1 7
WAIT Vou — r—— -————-—- ————————_:-/\‘r;
VoL J_\ >_< /—< O B
DQ[15:0] Vi High-Z_JF_D EV\\{HZ stz (Von #WL—
|N / OUT V”_ ala ata ))VOL alid Output
iDH  tDW —
@ Don't Care Undefined

Note:

1. When configured for synchronous mode (BCR[15] = 0), CE# must remain HIGH for at least 5ns (tCPH) to schedule the
appropriate refresh interval, Otherwise, tCPH is only required after CE#-controlled WRITEs.
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11. PACKAGE DESCRIPTION
11.1 Package Dimension
54Ball VFBGA (6x8 mm?,Ball pitch:0.75mm, @=0.4mm)

6 5 4 3 2 A1
E1 PIN A1 INDEX
eE
¥
199 s
O OO0 |A
DI_O O 0|00 O |8
@
—O O OO O O |c¢
OOOoO|0OO0OO0O |
= N aNal VallaNiia =
[a) |\ AL O AL WA L WA W e =
OO Ol0O0O O |F
OO OO0 |G
OOOl0OO0OO0O |H
/Q OO0 0 |/
L b
& Paaa (M)
dddd (M)
DIMENSION (mm)
SYMBOL MIN. NOM. MAX.
A 1.00
Al 0.24 0.29 0.34
D 7.90 8.00 8.10
D1 6.00 BSC.
E 590 | 6.00 | 6.10
E1 3.75 BSC.
b 035 | 040 [ 045
aaa 0.15
bbb 0.20
cce [ - T oi1o0
ddd 0.15
eee 0.08
[ 0.75

A | // Jbbb]
A1) | PINAT INDEX E
T 1 )
1 O
0 [a}
[ ]ecc]
LSEATING PLANE
Ball Land
L |
Ball Opening
Note: 1. Ball land : 0.45mm
2. Ball opening : 0.35mm
3. PCB Ball land suggested < 0.35mm
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Version Date Page Description
A01-001 | Jan. 02,2013 All Create new document
A01-002 | May 20, 2013 2 Update naming typo
A01-003 | Jun. 27,2013 38 Remove note 6 in section 9.2
All Refine format
10 Refine 8.1.1 power-up initialization timing waveform diagram
23 Update 8.4.2.1 Load Configuration Register timing waveform diagram
A01-004 | Feb. 17,2020 24 Update 8.4.2.2 Read Configuration Register timing waveform diagram
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53 Revise note 2 of 10.2.13 Burst READ Row Boundary Crossing
73 Remove “Important Notice”

Please note that ail data and specifications are subject to change without notice
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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