WINSODURCE

ELECTRONICS

THE DATASHEET OF
W958D6DBCX7I

www.win-source.net @/@> 0086-755-83957316




W958D6DB

Y~/ winbond /] 4

256Mb Async./Burst/Sync./A/ID MUX

TABLE OF CONTENTS

o ~N o (2] A OWN

. GENERAL DESCRIPTION ...ttt e e e e e e e e e e e e e e nnnneeeennnns 3
B AT URE S . . e e 3
. ORDERING INFORMATION ...ttt e e e e e e e e e e e e e e e nn e e e e ennans 3
. PIN CONFIGURATION ...ttt e e e e e e e e e e e e e e e n e e e e rn e e e e ennnns 4
S = 1IN To [ 14 1] | USSR 4
cPIN DESCRIPTION L.ttt et e et e e e e e e e e e e e e e e e e e e nnaneeeennnns 5
I RS To g T 1 I LYo o (o] o 5
BLOCK DIAGRAM Lot e et e e et e e e et e e e e et e e n e e e e e e eraans 6
CINSTRUGCTION SET .ottt e e e e e e e s e e e e e e e e e e e e e e e e s e e eeernans 7
AR =N LS @ 1= = 11 o o 7

. FUNCTIONAL DESCRIPTION ...ttt e e e e e e e e n e e e eennns 8
8.1 POWEr UP INILIANIZALION .....uei e e e e e e e e e e e et e e e e e e e e e s taar e e e eaaes 8

S I A o 1YY= L O Lo TN [ V1= = T ] o T I T T 8

8.2 BUS OPEratiNg MOUES .....uuuiiieeiiieeiee st e e e e e e e e e et e e e e e e e e e e se b e e e e eeeeeestttaaeaeaaes 8

o B A =YY Tod T (0] Lo U ST 1Y o T = 8

8.2.1.1 READ Operation (ADVH LOW).......oiiiiiiieeiiiie e sieee e ettt e e ettt e st ee e sttt e e e asteeeeateeeeaasteeeeanseeeeansseeesanteeeeansseeesnnseeas 9

8.2.1.2 WRITE OPEration (ADVH LOW) .....cceiiiiieiiiiieeiitee e ettt e e ettt e e s ntteeeasttee e e sttt e e sseeeeaasteeesansseeeanbseeesanteeeeanseeesnnseeas 9

o T = 10 T =3 1Y, oo L= @ 1= = 1 [ o 10

8.2.2.1 Burst Mode READ (4-WOTT BUIST)....cciiuiiiiiiiiie ettt e et e e st e e st e e e ate e e e e nbbeeesnneeeeennnes 10

8.2.2.2 Burst Mode WRITE (4-WOTd DUISE) ...coiiiiiiiiiiee ittt st e e st e e et e e s ate e e e entaeeesneeeeennnes 11

8.2.2.3 Refresh Collision During Variable-Latency READ OPEration ..........c.ceeuiuiieiiieeeeiiieeeeiieeessieeeesseeeeesnseeee s e 12

o T B \V 15 C=To 1Y oo [ @ o 1T = 11 o] o 13

o B AT N I I @ T = Vo) o 13

8.2.4.1 Wired-OR WAIT CONFIGUIALION ... ..eeiiiiiiiee ettt ettt e e sitee e e ettt e e sttt e e e sttee e e sttt e e s ssteeeesnteeeeaseeeesnneeeeansbeeesnneeeessnnes 13

8.2.5 LBH UBH OPEIALION. .. ..ot ————— 14

G o VYl =01 T @] o LT = 11T ] o P 14
8.3.1 Standby MOUE OPEIatiON ......ccccie i e ——————— 14

8.3.2 Temperature Compensated RefrE@SN ... 14

8.3.3 Partial-Array RefrESh .. ..o —————————— 14

8.3.4 Deep POWEIr-DOWN OPEIALION.....ccccie i ————— 14

S L= 1] (] £ PTPOS SRS 15
8.4.1 ACCESS USING CRE ... 15

8.4.1.1 Configuration Register WRITE Asynchronous Mode Followed by READ Operation .............occcveeeeeeeeenninnee. 15

8.4.1.2 Configuration Register WRITE Synchronous Mode Followed by READ Operation..........ccccoueeuvieieeeeeenninnee. 16

8.4.1.3 Configuration Register READ Asynchronous Mode Followed by READ ARRAY Operation...........ccccceeeuuvneee. 17

8.4.1.4 Configuration Register READ Synchronous Mode Followed by READ ARRAY Operation ..........ccccceeeveuvneee. 18

8.4.2 SOMWAIE ACCESS ... eeiieiiteiee ittt ettt ettt ettt e e sttt e e sttt e e ot et e e e 1R et e e aa R et e e e aa R e e e e e san e e e e e aane e e e e arn e e e e nrneeeeaa 19

8.4.2.1 Load CoNfIQUIAtiON REQISTE ......c.ceiiiiiiiiiiiee ettt e et e e e e e e e ettt e e e e e e e s bbb e e e e e e e e e annbbeeeeeeeeesnnnneees 19

8.4.2.2 Read CoNfIQUIAtiON REGISTEN ....ccoiii ittt ettt e e e e e bbb et e e e e e e bbb et e e e e e e e aanbbe et e e e e e e annnneees 20

8.4.3 BUS CoNfIQUIration REGISIET ... ..ccc i 20

8.4.3.1 Bus Configuration Register DEfiNITION ...........oouuiiiiiiiiiiiii e e e e e e aeneee 21

8.4.3.2 Burst Length (BCR[2:0]) Default = CONtiNUOUS BUISE ..........ooiiiiiiiiiiiiee et 22

8.4.3.3 Burst Wrap (BCR[3]) Default = NO WIAP ....ccoiiiiiiiieee ettt ettt e e e e et e e e e e e e nnneeas 22

8.4.3.4 Sequence and BUISt LENGLN ... et e e e e e e e e e e e e e e e e enane s 23

8.4.3.5 Drive Strength (BCR[5:4]) Default = Outputs Use Half-Drive Strength............cccooiiiiiiiiiiiiiiiee e 24

8.4.3.6 Table Of DIiVe SITENGLN ... ... ettt et e e e e ettt e e e e e e e ab b b et e e e e e e s nnbae e e e e e e e annnnees 24

8.4.3.7 WAIT Configuration. (BCRIB]) «.eu eeiiiuuttietiee ittt e e e ettt e e e sttt e e e e e s e siabb et e e e e e s e asnbbeeeeaaeeaaannbaeeeeeeeeeaneneees 24

8.4.3.8 WAIT POIANLY (BCRILO]) ... tteutteittteiuteesiteesiet sttt site ettt e st ettt e st e st e st eas bt e sab e e s bt e aabe e e s bt e et e e an bt e eabeesabeeenneennneas 24

8.4.3.9 WAIT Configuration DUring BUISt OPEIAtION. ........c.cueeiiiuriiiieeeeeaieitiiieee e ettt e e e e e st e e e e e e e snnbaeeeaaeeeasnnneees 25

8.4.3.10 Latency Counter (BCR[13:11]) Default = Three CIOCK LAtENCY .......ccuiiiiiiiiiiiieieeiiiiiiieee e 25

8.4.3.11 Initial Access Latency (BCR[14]) Default = Variable ...........oooo e 25

8.4.3.12 Allowed Latency Counter Settings in Variable Latency MOde ...t 25

Publication Release Date: Feb. 17, 2020
Revision: A01-004



W958D6DB
Y/ winbond /] 4

8.4.3.13 Latency Counter (Variable Initial Latency, No Refresh ColliSion)..........ccccveiiiiiiiiiiieiiicc e 26

8.4.3.14 Allowed Latency Counter Settings in Fixed LatenCy MOGE .........coccuviiiiiiiiiiiiiieiiee e 26

8.4.3.15 Latency Counter (FIXE LAIEINCY) ....ocuvviiiiiiieeiiiie ettt ettt et e st e e st e e s s e e s snn e e e snne e e e nanes 27

8.4.3.16 Operating MOAE (BCRILS]).. . eciureeeiiriieeiieie st ettt ettt et e e st e e s s e e e e aan e e e abe e e e s nann e e e asnr e e e nanreeesnanes 27

8.4.4 Refresh Configuration REGISTET .........oiiiiiiiiiiiiie ettt e et e et e e s sbe e e s sbr e e e e sabneeeeaas 28
8.4.4.1 Refresh Configuration REgISIEr MAPPING ....cevviiureeeiiiiie ettt e et e e s e e s e e e anee e nanes 28

8.4.4.2 Partial Array Refresh (RCR[2:0]) Default = Full Array REfreSh ........c.oviiiiiiiiiie e 28

8.4.4.3 Address Patterns for PAR (RCR [4] = 1) .iiiiiiiiiiiiiee ettt ettt e e e s 29

8.4.4.4 Deep Power-Down (RCR[4]) Default = DPD DiSabled ............ccceiiiiiiiiiiiiieieee e 29

8.4.5 Device 1dentifiCation REGISTET .......ouuiii ettt e et e et e e s bb e e e e s bbe e e e sabreeaeaas 29
8.4.5.1 Device ldentification REGISIEr MAPPING ...eouvvriiiiieieiiie ettt e e sb e s e e e e e anre e 29

8.4.5.2 Virtual Chip ENABIE FUNCHON: ........eiiiiiiiie ettt e st e e et e s st e e s e e e snre e e nanes 29

9. ELECTRICAL CHARACTERISTIC ..ot e et eeees 30
9.1 Absolute Maximum DC, AC RALINGS .....ccevieiiiiiiiee e ee e e e e ettt aa s e e e e e e eeaetea s e e e eeaeeeeeennaaeeaees 30
9.2 Electrical Characteristics and Operating CoNAItIONS..........ccooeiieiiiieee e 30
9.3 Deep PoOWer-DOWN SPECITICALIONS .......ccoeeeeeeeeeee e 31
9.4 Partial Array Self Refresh Standby CUITENT........coooi e 31
0.5 CAPACITANCE ... 31
9.6 AC Input-Output Reference Wave fOIMN.........coooiiiiieeeeeeeeeeeee e 31
9.7 AC OULPUL LOAA CHICUIT ...t a e e 31
10. TIMING REQUIRMENTS ...t e e e et e e e e e e e e e eaa e e e eeenans 32
10.1 Read, Write Timing REQUIFEIMENTS ........uuuuuiuiiiiiiiiiiiiiiiteeiiieibeibeebebae bbb eeeeeneneebenaennsnenenne 32
10.1.1 Asynchronous READ Cycle Timing REQUIFEMENTS .......coiuiiiiiiiiiieiiiie ettt 32
10.1.2 Burst READ Cycle TimiNg REQUIFEMENTS ......ciiuuiiiiiiiiite ittt sibe e esbe e e e e 33
10.1.3 Asynchronous WRITE Cycle Timing REQUINEMENTS ........c.uuiiiiiiiiie ettt 34
10.1.4 Burst WRITE Cycle Timing REQUIFEMENTS ........uuiiiiiiiiieiitie ettt 35
1O.2 TIMING DIAGRAMS ettt e e e et e e e et e e e e et e e e e tbaeaeata e aaees 36
10.2.1 INIGIANIZALION PEIIOM. .....ceiiiieiii ettt e bt e e et e e e e e bb et e e anbe e e e enbeeeeeneee 36
10.2.2 DPD Entry and EXit Timing PAramMeters ........cocuuiiiiiiiiieiiiie ettt e e 36
10.2.3 Initialization and DPD TiMING PAramMeterS.......c.uuiii ittt ettt e e e e e 36
10.2.4 ASYNCRIONOUS READ ...ttt ettt b et e e e skttt e e e bt e e e e e bb e e e e annbe e e e ensbeeeeenees 37
10.2.5 Single Access Burst READ Operation - Variable LatenCy........cueveiiiiiiiiiiiiie e 38
10.2.6 Four Word Burst READ Operation-Variable LAtENCY ..........ouoiiiiiiiiiiiiieiiieee et 39
10.2.7 Single-Access Burst READ Operation-FiXed LAtENCY .........oioiiiiiiiiiiiiie ittt 40
10.2.8 Four Word Burst READ Operation-FiIXed LAENCY .........coiuriiiiiiiiieiiiie ettt 41
10.2.9 Burst READ Terminate at ENd-of-ROW (Wrap Off) ......cooiiiiiiii e 42
10.2.10 Burst READ ROW BOUNAAIY CIOSSING ......ecieiuriiieiiiiieeiitieeesaiieeesatteeesasbeeesaibeeesasbeaesanbeeesasneeessnnnes 43
10.2.11 ASYNCHIONOUS WRITE ...ttt ettt sttt ekt e e ekt e e e et e e e nbr e e e e nbae e e e neee 44
10.2.12 Burst WRITE Operation—Variable LatenCy MOUE ...........eeiiiiiiiiiiiiiie it 45
10.2.13 Burst WRITE Operation-Fixed LatenCy MOUE ..........ueiiiiiiiiiiiiie ittt 46
10.2.14 Burst WRITE Terminate at End of ROW (Wrap Off) ......oouiiiiiii e a7
10.2.15 Burst WRITE ROW BOUNAArY CrOSSING .. ..ecieiuriiieiiiiiie ittt s ettt sttt e e enbe e e e 48
10.2.17 Asynchronous WRITE Followed by BUISt READ ........coouiiiiiiiiieiiiee e 50
10.2.18 Burst READ Followed by ASynchronous WRITE ........coiiiiiiiiii e 51
10.2.19 Asynchronous WRITE Followed by ASynchronous READ ..........coociiiiiiiiieniiiee e 52

11. PACKAGE DESCRIPTION ..ttt e ettt e e et e e s e e et e e e e e aan e e e eeennns 53
11,1 PACKAGE DIMEINSION ...ttt 53
12. REVISION HISTORY ..ottt e et e e e et e e e e et b e e e e e aa e e e e e taa e eeeeennns 54

Publication Release Date: Feb. 17, 2020
Revision: A01-004



W958D6DB
Y/ winbond /] 4

1. GENERAL DESCRIPTION

Winbond x16 ADMUX products are high-speed, CMOS pseudo-static random access memory developed for low-
power, portable applications. The device has a DRAM core organized. These devices are a variation of the industry-
standard Flash control interface, with a multiplexed address/data bus. The multiplexed address and data functionality
dramatically reduce the required signal count, and increase READ/WRITE bandwidth.

For seamless operation on a burst Flash bus, Winbond x16 ADMUX 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
Winbond x16 ADMUX 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. Winbond x16 ADMUX
products include two 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. The system-configurable refresh mechanisms
are accessed through the RCR.

Winbond x16 ADMUX device is compliant with the industry-standard CellularRAM 1.5 x16 A/D MUX.

2. FEATURES

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

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

* Random access time: 70ns » Package: 54 Ball VFBGA

* Burst mode READ and WRITE access: +16-bit multiplexed address/data bus
4, 8, 16, or 32 words, or continuous burst *Operating temperature range:
Burst wrap or sequential -40°C < TCASE < 85°C
Max clock rate: 133 MHz (tCLK = 7.5ns)

» Low power consumption:
Asynchronous READ: <25 mA
Continuous burst READ: <35 mA
Standby current: 400 pA

3. ORDERING INFORMATION
Part Number VDD/VDDQ | I/0 Width Type Others

W958D6DBCX7I 1.8/1.8 x16 54VFBGA |CRAM A/D Mux,133MHz, -40°C~85°C

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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4. PIN CONFIGURATION

4.1 Ball Assignment

W958D6DB
I/ 4

1 2 3 4 5 6

LB# OE# NC NC NC CRE
ADQ8 UB# NC NC CE# ADQO
ADQ9 ADQ10 NC NC ADQ1 ADQ2
VSSQ ADQ11 A17 NC ADQ3 vce
VCCQ ADQ12 A21 A16 ADQ4 VSS
ADQ14 ADQ13 NC NC ADQ5 ADQ6
ADQ15 A19 NC NC WE# ADQ7
A18 NC NC NC NC A20

WAIT CLK ADV# A22 A23 NC

(Top View) Pin Configuration

Publication Release Date: Feb. 17, 2020
Revision: A01-004



5. PIN DESCRIPTION
5.1 Signal Description

W958D6DB

winbond /4

Symbol Type Description
Address inputs: Inputs for addresses during READ and WRITE operations. Addresses are
Almax:16] 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:16]=A[23:16] (256Mb)
Clock: Synchronizes the memory to the system operating frequency during synchronous
CLK Input operations. When configured for synchronous operation, the address is latched on the first
(Note 1) rising CLK edge when ADV# is active. CLK must be static (HIGH or LOW) during
asynchronous access READ and WRITE operations when burst mode is enabled.
ADV# Input Address valid: Indicates that a valid address is present on the address inputs. Addresses
(Note 1) are latched on the rising edge of ADV# during asynchronous READ and WRITE operations.
CRE Input Control register enable: When CRE is HIGH, WRITE operations load the RCR or BCR, and
READ operations access the RCR, BCR, or DIDR.
CE# Input Chip enable: Activates the device when LOW. When CE# is HIGH, the device is disabled
and goes into standby mode.
OE# Input Output enable: Enables the output buffers when LOW. When OE# is HIGH, the output
buffers are disabled.
WE# Input Write enable: Determines if a given cycle is a WRITE cycle. If WE# is LOW, the cycle is a
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]
Address/data I/0Os: These pins are a multiplexed address/data bus. As inputs for addresses,
these pins behave as A[15:0]. A[0] is the LSB of the 16-bit word address within the
A/DQJ15:0] Input / Output . . .
CellularRAM device. Address, RCR, and BCR values are loaded with ADV# LOW. Data is
input or output when ADV# is HIGH.
WAIT: Provides data-valid feedback during burst READ and WRITE operations. WAIT is
WAIT Output used to arbitrate collisions between refresh and READ/WRITE operations. WAIT is also
(Note 1) asserted at the end of a row unless wrapping within the burst length. WAIT should be ignored
during asynchronous operations. WAIT is High-Z when CE# is HIGH.
NC — Reserved for future use.
VCC Supply Device power supply: (1.70V-1.95V) Power supply for device core operation.
VCCQ Supply 1/10 power supply: (1.70V-1.95V) 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 exclusively, CLK can be tied to VSSQ or VCCQ. WAIT should be ignored during

asynchronous mode operations.

Publication Release Date: Feb. 17, 2020
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6. BLOCK DIAGRAM

W958D6DB

A[max:16]

Address Decode
Logic

|

|
U

Refresh Configuration
Register (RCR)

SR

DRAM

Memory

Array

Output
MUX

Device ID Register
(DIDR)

Input /

and
Buffers

|
—

LB#/UB# —)]

Bus Configuration
Register (BCR)

LL

Control

<;::> ADQ [7:0]
<:::> AIDQ [15:8]

Logic

I:I Internal
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7. INSTRUCTION SET
7.1 Bus Operation

Asynchronous LB#/
Mode BCR[15] = Power CLK | ADV# | CE# | OE# | WE# | CRE UB# WAIT*2 | A/DQ[15:0]*3 | Notes
1 (default)
Read Active X ar L L H L L Low-Z Data out 4
Write Active X ar L X L L L High-Z Data in 4
Standby Standby HorlL X H X X L X High-Z High-Z 56
No operation Idle X X L X X L X Low-Z X 4,6
Configuration Active X U L H L H X Low-Z High-Z
register WRITE
Configuration . _ ) )
register READ Active X 1 L L H H L Low-Z Config. reg. out
DPD Deeg’ power- X X H X X X X High-z High-z 10
own
Burst Mode * LB#/ " Sy
BCR[15] = 0 Power CLK*1 | ADV# | CE# | OE# | WE# | CRE UB# WAIT*2 | A/DQ[15:0]*3 | Notes
Read Active HorlL r L L H L L Low-Z Data out 4,7
Write Active HorL €K L X L L L High-Z Data in 4
Standby Standby HorlL X H X X L X High-Z High-Z 56
No operation Idle HorlL X L X X L X Low-Z X 4,6
Initial burst READ Active fL L L X H L L Low-Z Address 4,8
Initial burst WRITE Active L L L H L L X Low-Z Address 4,8
Burst continue Active fL H L X X X L Low-Z Data Iglftr Data 4,8
Configuration . )
register WRITE Active fL L L H L H X Low-Z High-Z 8,9
Configuration . .
register READ Active 1L L L L H H L Low-Z Config. reg. out 8,9
DPD Deep power- L X H X X X X High-z High-Z 10
down
Notes:
1. With burst mode enabled, CLK must be static (HIGH or LOW) during asynchronous READs and asynchronous WRITEs and to achieve
standby power during standby and DPD modes.
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 enabled. When only LB# is in select mode, DQ[7:0] are enabled. When only

© N O

UB# is in the select mode, DQ[15:8] are enabled.

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.

When the BCR is configured for synchronous mode, synchronous READ and WRITE and asynchronous WRITE and READ are supported.
Burst mode operation is initialized through the bus configuration register (BCR[15])

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).

10. 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

LOW.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8. FUNCTIONAL DESCRIPTION

In general, ADMUX PSRAM devices are high-density alternatives to SRAM and Pseudo SRAM products, popular in
low-power, portable applications. Both devices implement a multiplexed address/data bus. This multiplexed
configuration supports greater bandwidth through the x16 data bus, yet still reduces the required signal count. The
ADMUX PSRAM bus interface supports both asynchronous and burst mode transfers.

8.1 Power Up Initialization

ADMUX PRAM 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
VceQ

8.2 Bus Operating Modes

This asynchronous/burst ADMUX PSRAM products incorporate a burst mode interface found on Flash products
targeting low-power, wireless applications. This bus interface supports asynchronous, and burst mode read and write
transfers. The specific interface supported is defined by the value loaded into the BCR.

8.2.1 Asynchronous Modes

Using industry-standard SRAM control signals (CE#, ADV#, OE#, WE#, and LB#/UB#). READ operations are initiated
by bringing CE#, ADV#, and LB#/UB# LOW while keeping OE# and WE# HIGH, and driving the address onto the
A/DQ bus. ADV# is taken HIGH to capture the address, and OE# is taken LOW. Valid data will be driven out of the
I/Os after the specified access time has elapsed.

WRITE operations occur when CE#, ADV#, WE#, and LB#/UB# are driven LOW with the address on the A/DQ bus.
ADV# is taken HIGH to capture the address, then the WRITE data is driven onto the bus. During asynchronous
WRITE operations, the OE# level is a “Don't Care,” and WE# will override OE#; however, OE# must be HIGH while
the address is driven onto the A/DQ bus. The data to be written is latched on the rising edge of CE#, WE#, UB#, or
LB# (whichever occurs first).

During asynchronous operation with burst mode enabled, the CLK input must be held static (LOW). WAIT will be
driven during asynchronous READSs, and its state should be ignored. WE# LOW time must be limited to tCEM.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.2.1.1 READ Operation (ADV# LOW)

S L Y

A/IDQ[15:0] >< Address > High - 7 ~< DATA ><
ADV# \J
oo T Vi
@ DON'T CARE

8.2.1.2 WRITE Operation (ADV# LOW)

Amax1s] // // >< Address W // // // //

CE#

WE# F +
AIDQUS0] [/ // //ﬁ< pddress >@< o W /// ////

s 7

* i
//// DON'T CARE [5¢%)  Undefined
|

Publication Release Date: Feb. 17, 2020
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8.2.2 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 first CLK edge after ADV# LOW. During this first clock rising edge, WE# indicates whether the
operation is going to be a READ (WE# = HIGH) or WRITE (WE# =LOW).

8.2.2.1 Burst Mode READ (4-word burst)

wzzzzad S\ L\
s 777X BN 7777777777777777 F77777,

ADV#

:

A N U SN I 4 I p——

Latency Code 2(3 clocks)
CE#

OE#

\
Nz

WE#

\
LBH#IUBH 5 /
oo s N R N 0 N e

[

|
WAIT — /
READ burst identiied [ { Invalid ] Don’t Care  [5] Undefined
(WE#=HIGH) = 7%

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
Revision: A01-004
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8.2.2.2 Burst Mode WRITE (4-word burst)

W958D6DB
I/ 4

wZZ2 £\ T\

\

|7

Valid

Y 00 A,

77

77

|
AN 4

CE#

T T

| |

| |

| |

| |

Latency Code 2(3 clocks) i :

| |

| |

OE# : :
| |

=

WesTION 1 I

L

LU

V7 N Y

LBHIUBH /7 /:/// LN |

]
Valid
Address

X

D

>< D3

>_

AIDQ[5:0] /7 7X X I DIO X

|
|
|
|
|
D1
|
|
|
|

WAIT : \ / :

|

WRITE burst identified
(WE# = LOW)

|
|
|
|
|
2
|
|
|
|

Don’t Care

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 4,
8, 16, or 32 words. Continuous bursts have the ability to start at a specified address and burst to the end of the
address. It goes back to the first address and continues to burst when continuous bursts meet the end of address.

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 ADMUX PSRAM device. The initial latency for READ operations can be
configured as fixed or variable (WRITE operations always use fixed latency). Variable latency allows the ADMUX
PSRAM 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. With
wrap off, the ADMUX PSRAM device will restore the previous row’s data and access the next row, WAIT will be de-
asserted, and the burst can continue across the row boundary. If the burst is to terminate at the row boundary, CE#
must go HIGH within 2 clocks of the last data. CE# must go HIGH before any clock edge following the last word of a
defined-length burst WRITE.

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.

8.2.2.3 Refresh Collision During Variable-Latency READ Operation

Vit | | | | | | | l
Vi I I I I I | I I I
v | | | | | | | | |
. H ;
Almax:16] v, A IIIIIII SIS IS IS II I,
| | | | | | | | |
| | | | | | | | |
VIH
ADV# | | | | | | | | |
ViL \—I—/ I I I I | | I I
| | | | | | | | |
VIH | | | | | | | | |
CE# ViIL | | | | | | | | |
T T T T T T T T T
VIH | | | | | | | | |
T T T | | | | | |
OF# ViL | | | \ 1 1 1 1 1 L/
| | | | | | | | |
VIH ] 1 1 1 1 1 1 1 1
wew Vo' T O T T
| | | | | | | | |
| | | | | | | | |
L T T T T A S B
LB#/UB# VIL A 1 1 1 1 1 1 1 1 1 /
| | | | | | | | |
| | | | | | | | |
v | | | | | | | | |
QU1 Y 777N 7R e R TN B D) (53
| | | | | | | | |
VOH High-Z | | | | | t t t t
WAIT T | | | | | | | |
VoL | | | | | | | | |
Additional WAIT satates inserted to allow refresh completion gﬁ Undefined @ Don't Care

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.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.2.3 Mixed-Mode Operation

The device supports a combination of synchronous WRITE / READ and asynchronous WRITE / READ operations
when the BCR is configured for synchronous operation. The asynchronous WRITE operations require that the clock
(CLK) remain static (HIGH or LOW) during the entire sequence. The ADV# signal can be used to latch the target
address, or it can remain LOW during the entire 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 WAIT Operation

The WAIT output on a ADMUX PSRAM 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.

8.2.4.1 Wired-OR WAIT Configuration

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

When a READ or WRITE operation has been initiated, WAIT goes active to indicate that the ADMUX PSRAM 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 ADMUX PSRAM device. When WAIT transitions to an inactive state, the data burst will progress on
successive clock edges.

During a burst cycle, CE# must remain asserted until the first data is valid. Bringing CE# HIGH during this initial
latency may cause data corruption.

When using variable initial access latency (BCR[14] = 0), the WAIT output performs an arbitration role for burst 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 burst READ operation will
continue normally.

WAIT is also asserted when a continuous READ or WRITE burst crosses a row boundary. The WAIT assertion allows
time for the new row to be accessed.

WAIT will be asserted after OE# goes LOW during asynchronous READ operations. WAIT will be High-Z during
asynchronous WRITE operations. WAIT should be ignored during all asynchronous operations.

By using fixed initial latency (BCR[14] = 1), this ADMUX PSRAM 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: A01-004
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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 ADMUX
PSRAM device includes an on-chip temperature sensor that automatically adjusts the refresh rate according to the
operating temperature. The device continually monitors the temperature to select an appropriate self-refresh rate.

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 additional portions of the array need to be re-enabled, the new portions are available immediately
after the completion of the WRITE cycle that updates the RCR with the new configuration.

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 AD MUX PSRAM device. Any stored data will become corrupted when DPD is
enabled. When refresh activity has been re-enabled, the AD MUX PSRAM 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
Revision: A01-004
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8.4 Registers

Two user-accessible configuration registers define the device operation. The bus configuration register (BCR) defines
how the ADMUX PSRAM 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 A[max:16] and ADQ[15:0]. 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 Operation

Al :16
(except A[\r[rl%):(m]g ﬁ( OPCODE & ///’ /4/ ﬁ( Address W ////
tAVS — AVH
Select contro} register 'l

ApLo:18] 2% o L s W
CRE <000 j%’ MVH/W LN Y

ADV# \_/

tvp

tcPH
CE# VE ? 5\ Initiate control register access 7F gﬁ /

tcw

OE# /// / ; \—/_
LBH#IUBH 77/ L A A N\ /

Don’t Care

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

Publication Release Date: Feb. 17, 2020
Revision: A01-004
-15-



W958D6DB

winbond /4

8.4.1.2 Configuration Register WRITE Synchronous Mode Followed by READ Operation

A[max:16]
(except A[19:18])

2
A[19:18]

OE#
E#

Wi

Latch control register value

—)|

| | | | |

CLK EEZEE% 7Z \ % \ % \ % \ éEZi % \ 7[ \ % \
[ [ | | |
| |

7777

L i

Latch control register address

L

777777 Gy 7

CRE [

CE#—A\’I; ,

]
|

Htspie—
ADV# * | F
—HtHD,
|

tsp —
|
|

|
IHDyK

LI

i RN

CSP—

Notes 3

tsPie—

|
tHD /j¢—

N

LB#/UB# 7////

77

L

|
|
|
|
I
|
|
|
|
tcePH :
'z ;l |
|
|
T
|
|
|
|
|
|
|
|
T

High-Z
WAIT —,—\L_

S

w0 7777268

77

777777y -—

tKHTL

|
High-Z

777770 i

Don't Care

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: A01-004
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8.4.1.3 Configuration Register READ Asynchronous Mode Followed by READ ARRAY Operation

e S T ey 77777777
Nmﬁﬂ%ﬁmmW£W T
ore L WL 77777
ADV# —j _ :I/ : \ [

tcPH
CE# %- Initiate control register access _ﬂ /7
tCcPH
¢ tco 1l tz
OE# / /// " le
¢ toE .
WE# W] -

ewen 0000 —— 7

A/DQ[15:0] //// //A—QHW(VHH CR —8@( Address >—()()—<Valid Data)—

[] Don't Care [ Undefined

— toHz

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

Publication Release Date: Feb. 17, 2020
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8.4.1.4 Configuration Register READ Synchronous Mode Followed by READ ARRAY Operation

W958D6DB
I/ 4

CLK

A[lmax:16]

(except A[19:18])

2
A[19:18]

CRE

WE#

A/DQ[15:0]

T
|
|
|
| | | | |
| | | | |
| | | | |
| | | l |
| | | | |
k t — ! tCBPH ! !
tcsp | | | | |
CE# | | Note 3 | | | |
| | | | | |
| | | | | |
| | | [ | |
} } | | | |
| | \ | | | | |
! ! N ! ™ 9] = tonz ! !
| | | | | | |
T T T T T T T
| | | | | | |
i~ | fBOE ,, —y|tHD | | |
| | | | | | |
I I I I /I; / A I I I
| | [ torz] ) k—tack | | | |
: : : S : : :
—
| |
) A . Valid
|

WAIT

Latch control register value |
|

i

L,

o

tsp =

Latch control register address

77777 DX,

L

; 77777 Chdaress W

AN

f4 Don’t Care

3 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 ADMUX PSRAM 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, 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. During the fourth operation, ADQ[15:0] transfer data in to 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

CE# READ READ WRITE WRITE

T \_ 2T\l &
wer 777 (77 zo T
own 720 Ve Vi) Ve N

Address Address Address Address
Almax:16] _< (MAX) W A< (MAX) W / (MAX) W (MAX) W
—N IQ—Ons (min) |

A/DQI[15:0] —< A‘,f,‘,“%s ><xxxx >—< Addfess ><xxxx >—< A‘,{,‘,’A%S >< : Pkﬂﬂj,&ess >< CRVaIue>
1

RCR:0000h . ‘
BCR:0001h [7] Don't Care

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.4.2.2 Read Configuration Register

winbond

W958D6DB
I/ 4

READ READ

CE#

WRITE READ

o 7\ L\
7 (77 777

WE#

7/,
! {77

LB#UB# 7N % [N

) vz

ADV# \ / \ / \ / \ /

|
wimesc1e] —C AR ) KOS K KOS K S K
|

—>| l¢—ons (min)

CR Value >
Out

s~ ) (e Yo — (s (s
i

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

[}] Don't Care

8.4.3 Bus Configuration Register

The BCR defines how the ADMUX PSRAM device interacts with the system memory bus. 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 A/DQ = 0001h on the third cycle.

-20 -
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8.4.3.1 Bus Configuration Register Definition

W958D6DB

Almax:20] A[19:18] A[17:16] A/DQI5 A/DQ14 ADQ[13:11] A/DQI0  A/DQY AIDQ8 AIDQ7 AIDQ6 AIDQ5  AIDQ4 AIDQ3 AIDQ[2:0]
max-20 19-18 17-16 15 14-11 10 9 8 7 6 4 3 2-0
Register Operating Initial Latency WAIT WAIT . Burst Burst
Reserved Select Reserved Mode Latency | Counter Polarity Reserved Confuration (WE) Reserved Reserved Drive Strength Wrap(BW)* Length(BL)*
All must be set to “0” Must be set to 0" Must be set to 0" Must be setto “0”  Must be set to “0"
-
BCR([14] | BCR[13] | BCR[12] | BCR[11] Latency s
BCR[3] Burst Wraps (Notel)
0 0 1 0 Code 2
2 0 0 1 1 Code 3 (default) 0 Burst wraps within the burst length
]
g 0 1 0 0 Code 4 1 Burst no wraps (default)
0 All others Reserved
-
1 0 1 0 Code 2 -
BCR[5] BCR[4] Drive Strength
1 0 1 1 Code 3
1 1 0 0 Code 4 0 0 Ful
o
2 1 1 0 1 Code 5 0 1 1/2 (default)
(i
1 1 1 0 Code 6 1 0 1/4
1 0 0 0 Code 8
1 1 Reserved
1 All others Reserved
- v
BCR[10] WAIT Polarity BCR[8] WAIT Configuration
0 Active Low 0 Asserted during delay
1 Active HIGH (default) 1 Asserted one data cycle before delay (default)
v
BCRI[15] Operating Mode l
0 Synchronous burst access mode
BCR[2] | BCR[1] | BCR[0] Burst Length (Notel)
1 Asynchronous access mode (default)
0 0 1 4 words
v 0 1 0 8 words
BCR[19] BCR[18] Register Select
0 1 1 16 words
0 0 Select RCR
1 0 0 32 words
1 0 Select BCR 3
1 1 1 Continuous burst (default)
0 1 Select DIDR
Others Reserved

Notes:

1. Burst wrap and length apply to both READ and WRITE operations.

2. Reserved bits must be set to zero. Reserved bits not set to zero will affect device functionality. BCR[15:0] will be read back

as written.

-21-
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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 output sequentially without regard to address
boundaries; the internal address wraps to 000000h if the device is read past the last address.

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 without regard to address
boundaries; the internal address wraps to 000000h if the device is read past the last address.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.4.3.4 Sequence and Burst Length

W958D6DB
I/ 4

4-Word
Start or 8-Word 16-Word 32-Word .
Burst Wrap Burst Continuous Burst
Addr Burst Length Burst Length Burst Length
Length
Deci- . . . . .
BCR[3]| Wrap mal Linear Linear Linear Linear Linear
0 |0-1-2-3 |0-1-2-3-4-5-6-7 |0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15 0-1-2-...-29-30-31 0-1-2-3-4-5-6-...
1 |1-2-3-0 |1-2-3-4-5-6-7-0 |1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-0 1-2-3-...-30-31-0 1-2-3-4-5-6-7-...
2 |2-3-0-1 |2-3-4-5-6-7-0-1 |2-3-4-5-6-7-8-9-10-11-12-13-14-15-0-1 2-3-4-...-31-0-1 2-3-4-5-6-7-8-...
3 |3-0-1-2 |3-4-5-6-7-0-1-2 [3-4-5-6-7-8-9-10-11-12-13-14-15-0-1-2 3-4-5-...-0-1-2 3-4-5-6-7-8-9-...
4 4-5-6-7-0-1-2-3 |4-5-6-7-8-9-10-11-12-13-14-15-0-1-2-3 4-5-6-...-1-2-3 4-5-6-7-8-9-10-...
5 5-6-7-0-1-2-3-4 |5-6-7-8-9-10-11-12-13-14-15-0-1-2-3-4 5-6-7-...-2-3-4 5-6-7-8-9-10-11-...
0 Ves 6 6-7-0-1-2-3-4-5 |6-7-8-9-10-11-12-13-14-15-0-1-2-3-4-5 6-7-8-...-3-4-5 6-7-8-9-10-11-12-
7 7-0-1-2-3-4-5-6  |7-8-9-10-11-12-13-14-15-0-1-2-3-4-5-6 7-8-9-...-4-5-6 7-8-9-10-11-12-13-....
14 14-15-0-1-2-3-4-5-6-7-8-9-10-11-12-13 14-15-16-...-11-12-13 |14-15-16-17-18-19-20-...
15 15-0-1-2-3-4-5-6-7-8-9-10-11-12-13-14 15-16-17-...-12-13-14 |15-16-17-18-19-20-21-...
30 30-31-0-...-27-28-29  |30-31-32-33-34-...
31 31-0-1-...-28-29-30 31-32-33-34-35-...
0 |0-1-2-3 |0-1-2-3-4-5-6-7 |0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15 0-1-2...--29-30-31 0-1-2-3-4-5-6-....
1 |1-2-3-4 |1-2-3-4-5-6-7-8 |1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16 1-2-3-...-30-31-32 1-2-3-4-5-6-7-....
2 |2-3-4-5 |2-3-4-5-6-7-8-9 |2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17 2-3-4-...-31-32-33 2-3-4-5-6-7-8-...
3 |3-4-5-6 |3-4-5-6-7-8-9-10 |3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18 3-4-5-...-32-33-34 3-4-5-6-7-8-9-...
4 1878910 145678901011121314-151617-1819  [4.56-.-33-3435  |4-5:67-8:9-10-..
5 i'26'7'8'9'10'11' 5-6-7-8-9-10-11-12-13-...-15-16-17-18-19-20  |5-6-7-...-34-35-36 5-6-7-8-9-10-11...
1 No 6 67-8:9-10-11- 15 78.9.10-11-12-13-14-...-16-17-18-19-20-21 |6-7-8-...-35-36-37 6-7-8-9-10-11-12....
12-13
7 7o S0 17.801011-12-1314-.-17-18-19-2021-22  |7-8:9-.-36-37-38  [7-8-9-10-11-12-13...
14 14-15-16-17-18-19-...-23-24-25-26-27-28-29  |14-15-16-...-43-44-45 |14-15-16-17-18-19-20-...
15 15-16-17-18-19-20-...-24-25-26-27-28-29-30  |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 + ADMUX PSRAM)
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 ADMUX PSRAM device in a more heavily loaded data bus environment. Outputs are configured at half-drive
strength during testing.

8.4.3.6 Table of Drive Strength

BCRI[5] BCR[4] Drive Strength Impedance Typ (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 Configuration. (BCR[8])

Default =WAIT Transitions 1 Clock 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
BCR[8] = 1, the WAIT signal transitions one clock period prior to the data bus going valid or invalid.

8.4.3.8 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.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.4.3.9 WAIT Configuration During Burst Operation

BCRI[8]=0
Data valid in current cycle

|
|
WAIT |
|
|
WAIT ' /
|
I Initial |
R D -0 0 & W
I i i i i T

BCR[8]=1
Data valid in next cycle

|
End of row E Don’t Care

Note:
Signals shown are for WAIT active LOW, no wrap.

8.4.3.10 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.

8.4.3.11 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.

8.4.3.12 Allowed Latency Counter Settings in Variable Latency Mode

*1
Latency Latency . Max Input CLK Frequency (MHz)
BCR[13:11] Configuration Maximum
Code Normal with Refresh 133 104
Collision
010 2 (3 clocks) 2 4 66 (15ns) 66 (15ns)
011 3(4clocks)—default 3 6 104 (9.62ns) 104 (9.62ns)
100 4 (5 clocks) 4 8 133 (7.5ns) —
Others Reserved — — — —

Note:

1. Latency is the number of clock cycles from the initiation of a burst operation until data appears. Data is transferred on the
next clock cycle.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.4.3.13 Latency Counter (Variable Initial Latency, No Refresh Collision)

W958D6DB
I/ 4

ADV# |

|
Valid
woaisol —( s )
|
i
Valid
wociiso —( s )
|
Valid
woanso ()

CLK

| |
| |

Valid
N

7

:

! Code 2

Code 3

(Default)

Code 4

|
|
T
|
|
|
1
|
! Valid
i Outpui
|
1
|
|
T
|
|
1
|
|
|

Valid Valid Valid Valid
Output Output Output Output
|
1
|
| Valld Valld alld Valld
: Output Output utput Output
| I
: I
| |
| | Valld Valld Valld
| | Output Output Output
[ DontcCare  [] Undefined

8.4.3.14 Allowed Latency Counter Settings in Fixed Latency Mode

Max Input CLK Frequency (MHz
BCR[13:11] | Latency Configuration Code LY P a y( )
Count (N) 133 104
010 2 (3 clocks) 2 33 (30ns) 33 (30ns)
011 3 (4 clocks)—default 3 52 (19.2ns) 52 (19.2ns)
100 4 (5 clocks) 4 66 (15ns) 66 (15ns)
101 5 (6 clocks) 5 75 (13.3ns) 75 (13.3ns)
110 6 (7 clocks) 6 104 (9.62ns) 104 (9.62ns)
000 8 (9 clocks) 8 133 (7.5ns) —
Others Reserved — — —
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8.4.3.15 Latency Counter (Fixed Latency)

N-1
C)Ilcles Cycle N | | | | |

= 72 g U

Amax16 % WV ///// //// ///// ///

ADV# w I (
CE# yﬂ

|
I
|
i
A/DQ[15:0] !
|
|
|
|

tACLK I
1) Valid Valid Valid Valid Valid
(READ) {\( Output Output Output Output Output
tsp | tHp

______l____________

A/DQ[15:0] Valid Valld VaIld Valld Valld Valld
(WRITE) Address Input Input Input Input Input

T T

| |

Burst Identified 5 .
ADV# = LOW k1 Don't Care & undefined

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

The operating mode bit selects either synchronous burst operation or the default asynchronous mode of operation.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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8.4.4 Refresh Configuration Register

The refresh configuration register (RCR) defines how the ADMUX PSRAM device performs its transparent self refresh.
Altering the refresh parameters can dramatically reduce current consumption during standby mode. At power-up, the
RCR is set to 0010h. The RCR is accessed with CRE HIGH and A[19:18] = 00b; or through the register access
software sequence with A/DQ = 0000h on the third cycle.

8.4.4.1 Refresh Configuration Register Mapping

Almax:20]  A[19:18]  A[17:16], ADQI15: 7] A/DQ6 A/DQ5  A/DQ4 A/DQ3 A/DQ2 A/DQ1  A/DQO

max-20 19-18 17-7 6 / 5) 4 3 2 / 1 / 0

Register
Reserved Reserved Ignored DPD Reserved PAR
Select
All must be set to “0” All must be set to “0” Setting is ignored Must be set to “0”
RCR[19] | RCR[18] | Register Select RCR[4] | Deep Power-Down RCR[2] | RCR[1] | RCR[0] | Refersh Coverage
0 DPD Enable
0 0 Selsect RCR 0 0 0 Full array (default)
1 DPD Disable (default)
1 0 Selsect BCR 0 0 1 Bottom 1/2 array
0 1 Selsect DIDR 0 1 0 Bottom 1/4 array
0 1 1 Bottom 1/8 array
1 0 0 None of array
1 0 1 Top 1/2 array
1 1 0 Top 1/4 array
1 1 1 Top 1/8 array

Note:

Reserved bits must be set to zero. Reserved bits not set to zero will affect device functionality. RCR[15:0] will be read back as
written.

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.

Publication Release Date: Feb. 17, 2020
Revision: A01-004
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RCR[2] RCR[1] RCRI[O] 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 E00000h—FFFFFFh 2 Meg 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 ADMUX PSRAM device. Any stored data will become corrupted when DPD is
enabled. When refresh activity has been re-enabled, the ADMUX PSRAM 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 RCRJ[4]) are preserved during DPD.

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
ADQ = 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

8.4.5.2 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.

Publication Release Date: Feb. 17, 2020
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9. ELECTRICAL CHARACTERISTIC
9.1 Absolute Maximum DC, AC Ratings

Parameter Min Max Unit
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 -0.3 VCCQ +0.3 \%
Voltage on VCC supply relative to VSS -0.20 +2.45 \Y,
Voltage on VCCQ supply relative to VSS -0.20 +2.45 \Y,

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.

9.2 Electrical Characteristics and Operating Conditions

Description Conditions Symbol | Typical Min Max Unit | Note
Supply voltage VCC 1.7 1.95 \%
1/0 supply voltage VCCQ 1.7 1.95 \%
Input high voltage VIH VCCQ-0.4 | VCCQ+0.2 \% 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 \% 3
Input leakage current VIN=0 to VCCQ ILI 1 uA
Output leakage current OE#=VIH or chip disabled ILO 1 MA
Operating Current
Foynchronous random IcC1  [tRCwcC=70ns| - 25 mA 4
Initial access, 133MHz - 40
burst READ/WRITE VIN =VCCQ or 0V, Icc2 104MHz - 35 mA 4
Chip enabled, 133MHz j 35
Continuous burst READ IOUT=0 ICC3R mA 4
104MHz - 30
133MHz - 40
Continuous burst WRITE ICC3W mA 4
104MHz - 35
Standby Current \élé\l#zz\ct(::%%or oV, ISB Standard - 400 WA 5,6
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.

Publication Release Date: Feb. 17, 2020
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9.3 Deep Power-Down Specifications

Description Conditions Symbol Typical Unit
VIN =VCCQ or 0V,
Deep Power-Down VCC, VCCQ = 1.95V; +85°C 1ZZ 10 A
Note:
Typical (TYP) I1ZZ value applies across all operating temperatures and voltages.
9.4 Partial Array Self Refresh Standby Current
. " Array :
Description Conditions Symbol Partition Max Unit
Full 400
. 1/2 330
Partial-array refresh VIN =VCCQ or 0V, IPAR Standard power 1/a 300 A
Standby current CE# = VCCQ (no designation) H
1/8 280
0 250
9.5 Capacitance
Description Conditions Symbol Min Max Unit | Note
Input Capacitance TC = +25°C; f = 1 MHz; CIN 2.0 6 pF 1
Input / Output Capacitance (A/DQ) VIN =0V ClO 3.0 6.5 pF 1

Note 1: These parameters are verified in device characterization and are not 100% tested.
9.6 AC Input-Output Reference Wave form

VCCQ SS

Intput? VCCQ/22 3 «——— Test Points——» Y-vccQ/2® Output

VSSQ S()

Notes:

1. AC testinputs 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.

9.7 AC Output Load Circuit

Test Point

50 Ohm

DUT vceQ/2

30pF

T

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

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
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 7 ns 1
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 7 ns 1
Output enable to valid output tOE 20 ns
OE# LOW to WAIT valid tOEW 1 7.5 ns
Output disable to DQ High-Z output tOHZ 7 ns 1
Output enable to Low-Z output toLZ 3 ns 2
ADV# pulse width 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 the 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
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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 | Note
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 35.9 ns
CLK to output delay tACLK 55 7 ns
Address hold from ADV# HIGH (fixed latency) tAVH 2 2 ns
Burst OE# LOW to output delay tBOE 20 20 ns
CE# HIGH between subsequent burst or mixed-mode operations tCBPH 5 5 ns 1
Maximum CE# pulse width tCEM 4 4 ps 1
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 25 3 ns
Hold time from active CLK edge tHD 15 2 ns
Chip disable to DQ and WAIT High-Z output tHZ 7 7 ns 2
CLK rise or fall time tKHKL 1.2 1.6 ns
CLK to WAIT valid tKHTL 5.5 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 7 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. Arefresh 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 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 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
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10.1.3 Asynchronous WRITE Cycle Timing Requirements

W958D6DB
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 AW 70 ns
LB#/UB# select to end of WRITE tBW 70 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 7 ns 1
ADV# pulse width tVP 5 ns
ADV# setup to end of WRITE tvsS 70 ns
WRITE pulse width tWP 45 ns 2
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. WE# LOW time must be limited to tCEM (4ps).

-34 -
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10.1.4 Burst WRITE Cycle Timing Requirements

W958D6DB
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133MHz 104MHz
Parameter Symbol Unit Note
Min Max | Min Max
Address and ADV# LOW setup time tAS 0 0 ns 1
Address HOLD from ADV# HIGH (fixed latency) tAVH 2 2 ns
g:;;iloenlg between subsequent burst or mixed-mode {CBPH 5 5 ns 5
Maximum CE# pulse width tCEM 4 4 Hs 2
Clock period tCLK 7.5 9.62 ns
CE# setup to CLK active edge tCSP 25 3 ns
Hold time from active CLK edge tHD 15 2 ns
Chip disable to WAIT High-Z output tHZ 7 7 ns 3
CLK rise or fall time tKHKL 1.2 1.6 ns
Clock to WAIT valid tKHTL 55 7 ns
Output HOLD from CLK tKOH 2 2 ns
CLK HIGH or LOW time tKP 3 3 ns
Setup time to activate CLK edge tSP 2 3 ns

Notes:

1.
2.

tAS required if tCSP > 20ns.

a) clocked CE# HIGH, or b) CE# HIGH for longer than 15ns.

toward VccQ/2.

-35-

A refresh opportunity must be provided every tCEM. A refresh opportunity is satisfied by either of the following two conditions:

Low-Z to High-Z timings are tested with the circuit. The High-Z timings measure a 100mV transition from either VoH or VoL
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10.2 TIMING DIAGRAMS
10.2.1 Initialization Period

W958D6DB
I/ 4

. tPU R
¢ q VCC (MIN)
VCC, VCcCcQ=1.7v Device ready for normal
operation
10.2.2 DPD Entry and Exit Timing Parameters
__ (DPD DPDX tPU
CE#
Write DPD Enabled DPD Exit Device Initialization Device ready for
RCR[4]=0 normal operation

10.2.3 Initialization and DPD Timing Parameters

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

W958D6DB

A[max:16]

ADV#

CE#

LB#/UB#

OE#

WE#

A/DQ[15:0]

WAIT

Vi

H

VIL

VIH

ViL

VIH

ViL

VIH
VIL

VIH

ViL

VIH
VIL

VIH

ViL

VOH
VoL

7

/'\

Valid Address

~_—

0777

Vel 2
tve
) tcvs -tz
/_\_ /F @
‘ e B tBA tBHZ
V? \‘< //— ‘%
toe toHz ,
7 N f 1<
% O e— \/@
tavs St
taa
—P|tOEW [¢—

High-z

7] Don’t Care

<] Undefined
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10.2.5 Single Access Burst READ Operation - Variable Latency

W958D6DB
I/ 4

CLK

A[max:16]

ADV#

CE#

OE#

WE#

LB#/UB#

A/DQ[15:0]

WAIT

VIH
ViL

VIH
VIL

VIH
VIL

VIH
ViL

VIH
VIL

Vi
Vi

- I

L

V
VIL

I

VIH
VIL

VOH
VoL

|«

tcLk

772 W 77

e %///////////////////////////////

ItHD

tCEM

tHD

tsp

tcsp

tABA

—

tHZ

tBOE

tsp

tHD

toHz

=

toLz

~

T

!

t
J
M
|
|
|
T
|
|
|
|
|
|
|
|
T
1
|
|
|
|
|

tsp

777277277 77

tsp

tHD

N|

le e
% Valid Address @

|
[
|
[
|
[
1
M

HIGH-Z

[ —

tKHTL

/

READ burst identified
(WE# = HIGH)

le—

tKoH

Valid Output @—

Don't Care [%] Undefined

Note:

Non-default BCR settings: latency code 2 (3 clocks), WAIT active LOW, WAIT asserted during delay.
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10.2.6 Four Word Burst READ Operation-Variable Latency

w72 L UL ez

| | |
, VIH Valid : ; :
Amaxcie] 77K i 0 7 g
I l l : ' ' '
| | |
tsp tHp ! ! ! | | |
s % I Y
IL | |
| | tCEM | | : : )
tcsp : :tABA : : : : LtiD’ tcBPH
— | | | | | |
CE# VIH \ | | | | | | : y
VIL \ : : | | | 1 LMtz \
| | | | [
: : | | | | |
tBOE |
OE# VIH ] | | : : :
VIL : : : | | | |
| | | |
| | t
| | | : : : : toHz
tsp ItHD ! ! | | | |
e | toLz [—! | | | |
wen 77777 70 700
ViL .»; |
: : : | | | |
| | | |
oo | | | | | | ItD
maups T / | | | : : | ! ¥ /V//
g | | | | | | |
Vi tsp i tHD i L—» tACLK —»: tkoH | I I
v 7))V FEA Ve \R\Tvam VA TvaR A ez
: VIL lj Address j I VoL “1’2’24 Output Output Output Output
| —l pedkon | Note 2
VOH HIGH-Z ' ___________ Tttt TTTTTTTTTT T | HIGH-Z
WAIT +
VoL | S S _—
e tkHTL J Y T _{ : ]I_
READ burst identified
(WE# = HIGH) F1Don't Care  [£] Undefined

Notes:

1. Non-default BCR settings: latency code 2 (3 clocks), WAIT active LOW, WAIT asserted during delay.
2. WAIT will remain de-asserted even if CE# remains LOW past the end of the defined burst length.

3. A/DQ[15:0] will output undefined data if CE# remains LOW past the end of the defined burst length.
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10.2.7 Single-Access Burst READ Operation-Fixed Latency

w W\ %
e \\j: %\ A:{gri:svsu‘ ]%I/////MAI//// /I//// I/////I////
e ST
wWe U F
e - : : :
T

W27

" ZA

VIH |
LB#/UB# ¥ |
ViL I
tsp _’tAVF;_
VIH i
ADQUS0] | % vald %

T
|
|

VOH B
WAIT HIGH-Z :
VoL

|
|
|
|
I
|
|
|
VIL |
|
|
|
|
|
|
|
|

tACLK ItkoH

>> VoH
(( VoL

B S

Valid HIGH-Z

HIGH-Z

— tHTL = I I I

READ burst identified Don't Care [{3 Undefined
(WE# = HIGH)

Note:
Non-default BCR settings: fixed latency, latency code 4 (5 clocks), WAIT active LOW, WAIT asserted during delay.
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10.2.8 Four Word Burst READ Operation-Fixed Latency

W958D6DB
I/ 4

CLK

Almax:16]

ADV#

CE#

OE#

WE#

LB#/UB#

A/DQ[15:0]

WAIT

VIH
ViL

VIH
ViL

VIH
ViL

VIH
VIL

VIH
VIL

VIH
ViL

VIH
ViL

VIH
VIL

VOH
VoL

77 0R aV an IR SuVl au Wl an U an W w7777,

o

N e I

1 N O S S N s B
AT = o e

0 W

7.2l IR NN 7

)@% jjf@gﬁmi S R N R

HIGH-Z i R 5 \‘ Note 2 HIGH-Z
T |

READ burst identified
(WE# = HIGH)

-] Don't Care

=] Undefined

Notes:

1. Non-default BCR settings: fixed latency, latency code 2 (3 clocks), WAIT active LOW, WAIT asserted during delay.
2. WAIT will remain de-asserted even if CE# remains LOW past the end of the defined burst length.
3. A/DQ[15:0] will output undefined data if CE# remains LOW past the end of the defined burst length.
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10.2.9 Burst READ Terminate at End-of-Row (Wrap Off)

e S T

I,

VIH
ViL

|
|
|
ADV# !
|
|

7777777

tcsp

VIH

LB#/UB# VIL

tHD
—

i P S I

CE# VIH

VIL

i I
| |
| |
| |

I !
| |
| |
| |
| |

v T A

T T I T T T T T
I I lendofRow | I I I I I
I

VH
OE#
VIL

| | l| | | | [ | |

wansor v NN 0777777777777 7777777777
Vo | = ey | i | |
R B ) e e e
| T | | | | | |

|
Don't Care Undefined

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. 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
Revision: A01-004
-42 -



winbond

10.2.10 Burst READ Row Boundary Crossing

W958D6DB
I/ 4

CLK

A[max:16]

ADV#

LB#/UB#

CE#

OE#

WE#

WAIT

VIH
ViL

VIH
ViL

VIH
ViL

VIH
VIL

VIH
ViL

VIH
ViL

VIH
ViL

VOH
A/DQ[15:0]
VoL

VOH
VoL

jUU

RERE TN

///////////

/////////dW///////////////

////////////////////dV/////////////////

Vahd
/ Output

X oV::';att W//// //dV/// 7 ////X

Valld Valld
Output

Output

' E d of Row
tKHTL—»!

_____

I'(KHTL

T
|
|
|
|
Note 2 |
T
|
|
|
|
|

f] Undefined

|
Don’t 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 LC+1 cycles for fixed latency, LC = Latency code (BCR[13:11]).
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10.2.11 Asynchronous WRITE

winbond

W958D6DB
I/ 4

A[max:16]

ADV#

CE#

LB#/UB#

OE#

WE#

A/DQ[15:0]

WAIT

VIH

ViL

VIH

VIL

VIH

VIL

VIH

VIL

VIH

VIL
VIH

VIL

I

VOH

VoL

707

tavs

tvp

=077

)/

/ X

tas
[—

o

tcvs

tew

\

7

tBW

J

7'_—\

—) tAs b——

J|, IDH
) )

i

tavs tAvH N " tow
Valid * .-;’ ; ; é ; * Valid
Address Input
™ ]
HIGH-Z

Don’t Care
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10.2.12 Burst WRITE Operation—Variable Latency Mode

W958D6DB
I/ 4

CLK

Almax:16]

ADV#

LB#/UB#

CE#

OE#

WE#

A/DQ[15:0]

1
tCLK

! kP

TKHKL

f

F

22

e

VIH —\[ltsP_y tho |/

|

tsp |
—e

L
1777

W

""""""éf""""

A

WRITE burst identified
(WE# = LOW)

Don't Care

T I T T
AN 777 7,
s e SIS I B S

[ Undefined

Notes:

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

WAIT asserts for LC cycles for both fixed and variable latency. LC = latency code (BCR[13:11]).
3. tAS s required if tCSP > 20ns.
CE# must go HIGH before any clock edge following the last word of a defined-length burst.

1.

2.
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10.2.13 Burst WRITE Operation-Fixed Latency Mode

W958D6DB
I/ 4

| | e e, | we ) Wi
vz LT
— | | | | | |
A[max:16] \\//II 7 N AX:,I;S / ///// : / /// ///// ' /////
s | | | | | [
ViH - :P >E<tH;A"H i i i i i i
AOVH ViL tASl_: -_‘_—)i I i i i i i i L
| | | | | | |
| | I tsp o, [ [ '
. ! L "> | | |
e " T . | O T
- e
CE# Vi T : : : : : : : T Note 4
" N O S S S S
S 0 O N S S R B
= | |77 77
s i ol L e Lo | | |
A/DQ[15:0] V'”V A(\j/dal;fss I //I/ D1 DIZ >< DIS >< DIO ><////
VIL T T T T T T
Vo tsp :tKHTL i i i i —1 e
WAIT HIGH—Z: : : : : T HIeHZ
VoL . ! ! | |
WRITE burlt identified .1 Don't Care Undefined
(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 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 s required if tCSP > 20ns.
CE# must go HIGH before any clock edge following the last word of a defined-length burst.
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10.2.14 Burst WRITE Terminate at End of Row (Wrap Off)

e L T
MMW%%%%%W%W%%%/

VIH :
I
I
I
I
I

ADV#
ViL

I I
| |
| |
ViH ! !
LB#/UB# : :

|
|
[
|
|
|
ViL !
|

,%%M%%W%%%%ﬂ/
WW%W%%%%%%/W%/

VIH
OE#

! ! ! | i i !
| | | | | | | |
vie | | | ItHp | tcsp' | | |
VH l l 2 " i i i
IH 7
CE# I I I I Note 2 ! £ I I I
ViL ' ) (Ll _Note2 | . / | | | |
I | I I | | I I I
I I I I I I I
v | M | | | | |
. IH Valid Valid Val Id
woosol [T R e\ W/////////////
| | : END OF row | | | !
| | | | tHz | |tHZ R | | |
| | | | | | " | | |
von —t Y . ! ! ' ' HicHz !
WAIT VoL : : : N ] : _ | N o [ /) | | |
I I I on I I I I I
tKHTL

I Don't Care [} Undefined

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. For burst WRITEs, 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
Revision: A01-004
- 47 -



winbond

10.2.15 Burst WRITE Row Boundary Crossing

W958D6DB
I/ 4

CLK

A[lmax:16]

ADV#

LB#/UB#

WE#

OE#

CE#

A/DQ[15:0]

WAIT

VIH

VIL :
)

W/

VIH
ViL

VIH
ViL

%

tCcLK |

-

%

LA

772,777

A

!

77/,

w22z

VIH
VIL
VIH
ViL

VIH
ViL

VOH

VoL

70007

A,

«
(

| End of row
tsp tHD | l

Valid Valid Valid Valid Valid

Input Input Input Input Input
] T T T T T T T T
| | | ItKHTL | | L tkHTe | |
| | | | | — | |
1 1 LI 1 | | /7T I I
| | S | | 22 N, | | |
| | | N —— 1 1 1 | |
| | | tkoH — | | tKOH —y | |
I I I | Note 2 | | I I I
| | | | | | |
[ [ [ [ [ [

Don't Care

|
3 Undefined

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 LC cycles for variable latency or fixed latency.
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10.2.16 Burst WRITE Followed by Burst READ

W958D6DB
I/ 4

tCLK
I I I I I I I I I I I I I
CLK VIH I I I I I I I I I I I I I
ViL | | | | | | | | | | | | | |
tspltHD | | | | | | tspItHD | | | | | |
ViH I I I I I I I I I I I I
A[max:16 Valid Valid
[ ] V| L Address W/ Address W
I I I I I I I o | I I I I I
I I I I I I I < I I I I I I
tspltp. | I I I I I I I I I I I
ADV# VIH } } } } } } I } } } } } }
I I I I I I I I I I I I
ViL | [ | | | | | | | | |
I I I I I I I I I I I I
VIH 1 ! I I I I I I I I I I
I I I I I I I I I I
LB#/UB# VIL /W ] ] |V A ] ] ] ] ] ] ] V
I I I I I I I I I I I
| | | :‘ﬂtCBPH | | | | | | |
VIH I I I I I I I I I I
CE¥ W ! !! (Y S T S T S L
| | | icsh) | [ [ | | | toHz
I I I I I I I I I 1 =
t t t t t | | | | |
OE# ViH I I I I I I I I I |} \
| L L s
I I I ol I I I I I
WE# VIH I I I Z I & I I I I I I
I
ViL I // W /
s | woge l
A/DQ[15:0] VIH s I Al vaiid \[
INJOUT v : : . : V%’Ad‘{ms‘@:—g ‘ ‘v
I I I I I I I I
I I I I I I I I I I I
VOH ] ] ] ] \_:—:—:J ] ] ] ] \HIGH-Z
WAIT | | | | | | | |
VoL I I I I I I I I I I I I I I
F~] Don't Care Undefined

Notes:

1. Non-default BCR settings for burst WRITE followed by burst READ: fixed or variable latency, latency code 2 (3 clocks),

WAIT active LOW, WAIT asserted during delay.

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.
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10.2.17 Asynchronous WRITE Followed by Burst READ

ViL | | | | |

tSP ! tHD

amaxas] " (A RN //0& /// A, L

1
tAvs . o tAVH |
tas | | |
VIH e tsp ItHp |
¢ M/ |
ADV# f L [

VIL J_ _ ] |
PR |

tspl

, tBwW
LB#/UB# VIH + i / %EE* |
VIL

T T
tCBPH tcsp;! |
v tew | 'i :
IH Y
E# / AN - 1 | [
c VIL I__1} I '
Note 2 | |
| | fonz
VIH t !
OE# |/ i |
ViL twe I +
tspltrp :

w0 7 G,

tas tsp ltrip 180F ' '
) —He— I I
VIH / Valid i i
. Valid Valid Valid Valid Valid
A/DQ[15.0] VIL @ Address IDE(E Output Output Output Output
T T
tavs tAVH tow | toH | ok |
Ikl : |

T
I
I I
: : \|_HIGH-Z

I I

I I

|

|

VOH - | t 1
WAIT voL _J ; | 1 : :
| |

[ 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 the device is transitioning between asynchronous and variable-latency burst operations, CE# must go HIGH. CE#
can stay LOW when the device is 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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10.2.18 Burst READ Followed by Asynchronous WRITE

ICLK
w \
. Vld Valid
Afmasc16] W0 A, (70222
! ! ! " tavs  LAVH
' ' ' & e " .
I B B * = :
ADV# ViH | | | \‘ e ‘/ i
\ ! ! I N |/ féf:fzfé
| | Ithp,  tcBPH tas |
| | | [P e (\E—
VIH tesp | | /== B tow |-
CE# ! ! ! DY Note2 | ////
L fe ]
| | tBOE | JoHz
VIH t t | |
OE# | | | [
ViL | | I
L tsp | tD : (oL : : twp | twen
¢ pid » > »
VIH 7 I
wer A 1 Y o
| | | |
Vit tsp | | tHD tBw ,
oo W77 L T 7777
ViL T T T T ias
| | | |
| K " “  tavs | tAvH tow o
.y VIH Vin Valid Valid
AIDQIS0] 1t m R A
war Vo HIGH-Z
VoL
READ burst identified [~ . fs] '
Pt Don't Care 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.

2. When the device is transitioning between asynchronous and variable-latency burst operations, CE# must go HIGH. CE#
can stay LOW when the device is 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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10.2.19 Asynchronous WRITE Followed by Asynchronous READ

W958D6DB

g VH f Valid /~ Valid
ST W 7 B B
. tavs >tAVH>I IAVSf N tAVH 4 s
tAs A
tAaw tAADV
¢ tvs twr R
apve M F B Ny
ViL _7 __7
tas
| tevs o
VIH I, tBw i tBA —
LB#/UB# f / A
IL
tcPH | tco LN
VIH VS - ¢ N ) 14 I
CE# ViL 4/_\: [ Note 1) /
oLz, toHzZ
i E —
ViIH \ toE —
OE# / L
ViIL
¢ twe
VIH /
WE# I y
ViL
— s
_ VH Valid Valid [ Valid g( Vor [ vaid \
A/DQ[15:0] VIL@' Address Input "I\ Address )VOL Output
tavs [AvH tow {DH tavs | tave
taw taa
toEW tHz
-—\ [ P i
VOH \ HIGH-Z \_
WAIT
VoL J ,\
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
VFBGA 54Ball (6x8 mm?, Ball pitch: 0.75mm, @=0.4mm)

6 5 4 3 2 1
El PIN A1 INDEX
eE
>
560 )
O OO0 |A
g7 O O 0|00 0 |8
]
—O O OO O O |c
OO O0O|0O0OO0 |b
P O O AN N A N =
[a] U T U =
OO O0O|0O0O0O |F
O O0OO0O|0O0O0 |6
OO0OO0O|0O0O0O |H
/g) (ONOIIONONORN RN
L o
. |Paaaw)
7 |®ddd M
DIMENSION (mm)
SYMBOL —WiN 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 | 600 | 6.10
E1l 3.75 BSC.
b 035 | 040 [ 045
aaa 0.15
bbb 0.20
ccc [ — T o010
ddd 0.15
eee 0.08
(€] 0.75

a | | PINAL INDEX E

A [ // Tobb]

Y 73 ¢ 05 (1 (3 7 3V 7 )V 7
D

| [Olee]

-SEATING PLANE

BALL LAND

=~

- B 1

N
A

BALL OPENING

Note:
1. Ball land: 0.45mm, Ball opening: 0.35mm,
PCB Ball land suggested < 0.35mm
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12. REVISION HISTORY

Version Date Page Description
A01-001 | Feb. 21,2013 All Create new document
2 Update ordering information
A01-002 | Mar. 26, 2013
1~38 Add DPD mode
A01-003 | Jun. 27,2013 32 Remove note 6 in section 9.2
All Refine format
8 Refine 8.1.1 power-up initialization timing waveform diagram
19 Update 8.4.2.1 Load Configuration Register timing waveform diagram
20 Update 8.4.2.2 Read Configuration Register timing waveform diagram
A01-004 | Feb. 17,2020 34 Removing redundant tWHZz parameter
25, 29, 36 | Correcting typos
43 Revise note2 of 10.2.10 Burst READ Row Boundary Crossing
52 Correcting typo in 10.2.19 timing diagram (change tDS to tDW)
54 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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