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AP256XXN-OBRXDER Octal SPPSRAM

Double -Data-Rate Octal SPIPSRAM

Specifications

|l

= =

Single Supply Voltage:

0o Vop =1.62to 1.98V

0 Vbpo=1.62to 1.98V

Interface: Octal SPI with DDR mode,

o0 Two bytestransferper clock¢X8

o Two wordstransferper clock¢ X16

0 Mode regiser configurable X8(default)/ X16

0 Note: 1 Word = Bytesin this document.

PerformanceClock rate up to 200MHz,

400MBps read/write throughput X8

800MBps read/write throughpug X16

Organization:256Mbin X8 mode (default)

0 32M x 8bits wh 2048 bytes perpage

0 Column address: AYto AY10

0 Row address: AX0 to AX13

Organization:256Mb in X16 mode

o 16M x 16bits with 102%ords per page

0 Column address: AYO to AY9

0 Row address: AX0 to AX13

Refresh:Selfmanaged

Operating temperature range

0 Toper=-40C to +85standardrange)*

0 Topr=-40C to +105°C (extended range)*

TypicalStandby Current:

0 40pA @ 25CHalfsleep™ Mode with
data retained)

Maximum Standby Current:

o 1100pA @ @5°C

0 680pA@ 85C
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Low Powe Features:

o Partial Array SelRefresh (PASR)

0 Auto Temperature Compensated Self
Refresh (ATCSBIfmanagedby a built-in
temperature sensor

o Ultra Low PoweHalfsle™ mode with
data retention.

Software reset

Reset pin(not available on all packges)

Output driver LVCMO@®iith programmable

drive strength

Data mask (DMjor write operation

Data strobe (DQEfor highspeed read

operation

Register configurable write and redatencies

Write burst length

0 max 2048 Bytes iH8/1024Wordsin X16

0 min2 Byes inX8/2 Wordsin X16

Wrap & hybrid burst in

0 16/32/64/128/2K Bytes length iX8mode.

o0 16/32/64/128/1KWordslength n X16
mode.

Linear Burst Commargl

Row Boundary Crossing (RBX¥ad operations

enabled via Mode Register

X16 modecan be configuredby tting

MR8[6]=1 (default isX8 modeand MR8[6]9)
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2 Package Information

2.1 Package Types: BGA 24bX8/X16 (BG)

The AP356XXNTOBR is available imini-BGA24B package6 x 8 x 1.2mm, ball pitchl.Omm, ballsize
0.4mm, package codéBGE.

i Ball Assignmerfor MINI-BGA 24B
[ J (]
1 2 3 4 5 1 2 3 4 5

A DQ10 CE# DQ11 DQ12 A DNU CE# DNU DNU
B DQ9 CLK DQ13 DQ14 B DNU CLK DNU DNU DNU
C VSS DQ8 ADQ2 DQ15 C VSS DNU ADQ2 DNU
D VDD ADQ1 ADQO: ; ADQ3 ADQ4 D VDD ADQ1 ADQO: , ADQ3 ADQ4
E ADQ7 ADQ6 ADQ5,; | VDD VSS E ADQ7; | ADQ6 ADQ5; | VDD VSS

Top View Top View

(Ball Down) (Ball Down)

(6x8x1.2mm)(R.0)(B0.4) (6x8x1.2mm)(R.0)(B0.4)
Note: Ball out of X8/X16 modi& Part Number Note: Ball out of X8 mode oni§ usein Part Number
AP256XXNOBR-BG for 256Mb AP256XXNOBR-BG for 256Mb

DNU: Do Not Ustar X8 mode only
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2.2 Package Types: BGA49b X8/X16 (BE)

The AP356 - b tohis awvailable imini-BGA49B package4 x 4 x 0.8mm, ballpitch 0.5mm, ballsize
0.25mm, package codéBE.

1 Ball Assignmerfor MINI-BGA49B

E7 x16 SDP Product E7 x8 SDP Product
5 1 2 3 4 5 6 7
PIN 1 1 2 3 4 5 68 7 PIN 1
INDEX—"| 77 INDEX—"| 17
A ’ VoD VsS oD VsS VoD VsSS VoD A Voo Vss oo VsS oo vss Voo
B NG ADDZ  ADG3 VDD AQD1S  ADQI3  ADQI2 B NG ADOZ  ADO3 MDD DNU  DNU  DNU
C ADOT ADQS ADQ4 RST# ADQ9 ADQ14 ADQ1Y :-\ ADO1 ADQS ADQ4 RST# [N ONU DNU
D ADQO VsS ADQE ADQ7 ADQE VS5 ADQ10 D ADQO V5SS ADGG ADQ7 DNU VSS )
E NG NC VSS VSS  VSS  DOSI/DMI NG £ e NC ws ves wss DNU NC
F NC NC NC NC NC DOSD/TNH NC ’—_ NC NC N NG NE DOSD/TNH NG
G o) o) oy (ss) o) CEE(NC ~ N ck  von ves voD CcEF NC
Top View Through Package Top View Through Package
(4x4x0.8mm)(F0.5)(B025) (4x4x0.8mm)(F0.5)(B025)
Note: Part Number ARS6XXNOBR-BEfor 256Mb Note: Ball out of X8 mode only iart Nuniber
AP256XXNOBR-BEfor 256Mb
DNU: Do Not Use fof8 mode only
APM Octl PSRAM ﬁasheet.pdf— Rev.15 AU929, 2@2 5 Of 34 AP Memory reserves the right to chang@ducts and/or speifications without notice
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2.1 Package Outline Drawing

2.1.1 BGA 28, package codB8G

TOP VIEW BOTTOM VIEW
AT INDEX = AT INDEX
1 2 4 5 5 4 2 1
b ‘ DIMENSION
(mm)
SYM.
MIN. NOM. | MAX.
: ® 0 ¢ O : ES SN
A1 0.25 0.30 035
ﬂ ® 0 0 00 |
a b 035 |040 |045
a
¢ - = 1 O—O0—hH—0—0 . D |79 |8o0 |si0
D1 4.00 BSC
E .. 6.00 1
° ® O O O[O0 | ss0 e o1
@ E1 4.00 BSC
SE K
; @060 06 | LooTe
SD 1.00TYP
3] 1.00 BSC
NOTE:
1. CONTROLLING DIMENSION : MILLIMETER,
| 2. REFERENCE DOCUMENT : JEDEC MO-207.
E E | SE 3, THE DIAMETER OF PRE-REFLOW SOLDER BALL IS @40.40mm.{0.35mm SMO)
B
3 = DETALE Q/ | SOLDERBALL
@b (24x PLACES)
DETAILA f |00 |C
C) [i Joas m [cTA[s]
[_Jo.08 m [c]
| &
< L ]~
I ) I \\
L W] SEATING PLANE [d Joos
< [
SIDE VIEW DETAILA DETAILB
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2.1.2 BGA49B, package cde BE

PIN 1
-5 D1 /_INDE)( [A] 5 M[0.15
[ [F1 (51 [fl B B [ N
! E
bdodoos i
ONONONUNONOR " |
O00®OOO0 o |
p—S-6-66-6-06-1 — S I ks
gl OO0 ® 00O |
O00@®OOO |
- |
000900 | 0.75)
| \P‘\ @(49){] | _L
Bottom View $- gg;g% g AlBl Top View
ST MILLIMETERS]
VAR YMOOTTIING [INOM.[[MAX.
| 34 < A 0.60]([0.70]|[0.80
] \_” , = T AT 0.13]([0.18][[0.23
seating plane b] 0.20]/[0.25]][0.30
el Side View D] 3.90||[4.00]|[4.10
E] 3.90|||4.00]|[|4.10
D1 |3.00 BSC]|
E1| 3.00 BSC
eD] 0.50 BSC
1. SCALE 1:3 el 0.50 BSC
2. ALL DIMENSIONS ARE IN MILLIMETERS.|
3. THE PATTERN OF PIN1 FIDUCIAL IS FOR REFERANCE ONLYI
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3 Ordering Information
Table 1: Ordering Information

Part Number 10 Temperature Range | Max Frequency Note
AP256XXN-OBR X8/X16 Tj=40°Cto +85C 200 MHz Bare dig¢ SIP
AP256XXN-OBRK X8/X16 Tj=40C to 105C 200 MHz Bare dig¢ SIP

AP256XXN-OBRBG X8/X16 Tc=40C to +85C 200 MHz BGA 28
AP256XXN-OBR-BG X8/X16 Tc=40C to 105C 200 MHz BGA 28
AP256XXNOBRBE X8/X16 Tc=40C to +85°C 200 MHz BGA49B
AP256XXNOBRXBE X8/X16 Tc=40C to 105C 200 MHz BGA49B
Note for dxe

1 -OBRs standard partPN example of BIBGA iAP256XXNOBRBG for normal temperature

grade.

|OT_SOPI_PN rule

A P S [ 256 | XX | N | e OB | R —
Type: Density Vendor define Protocol | Temp grade Package code
P. PIRAM
Company Product: Width Voltage Soecial feature Reserved RDL/Bump:
S nc Only with RDL or Bump

APM Octl PSRAM ﬁasheet.pdf— Rev.15 Aung, 2@2 8 Of 34 AP Memory reserves the right to chang@ducts and/or speifications without notice
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4 Sgnal Table
All signals are listed imable2.

Table2: Signals Table

Symbol Type Description Commerts
Vob Power | Core & IO supphy.8V Vobq short to  Vop
internally.
Vss Ground | Corek IOsupply ground
A/DQI7:0] 10 AddressDatabus [7:0] Used inX8and X16
DQ[15:8] | IO Data bus[15:8] Usedin X16only
DQS/DM<0> 10 DQ strobe clock for DQ[7:0] during all reads, Data mask for| Used inX8and X16

DQI[7:0] during memory writeM is active high. DM=1
YSIWRR /20 oNR(GSe o

DQS/DM<1> 10 DQ strobe clock for DQ[15:8] during memory reads, Data n Used inX16only
for DQ[15:8]during memory writes. DM is active high. DM=1
YSIya aR2 y2G 6NARGSe®

CE# Input Chip séect, active low. When CE#=hig is in standbgtate.

CLK Input Input dock

RESET# Input Reset signal, active low. Optional, as the pad igmatéy tied | May notbe available
to a weakpull-up and can be left floating. for all package type

APM Octl PSRAM ﬁasheet.pdf— Rev.15 Aung, 2@2 9 Of 34 7 AP Memory reserves the right to chang@ducts and/or speifications without notice
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5 Block diagram

%] —
g 253 g o
voD_ | 3 255 M —N O p—N\ ~
o emory Cell =
4 @ 838 é Array — ‘§ \— ak
©
g 3% i 2 =
[} — 4= [}
£ 8¢ £
- @ Column Decoder T L faj .DQ[7'O]
-}
S  |DQYDM
‘ ‘ § <0>
5 [
2 |pQuss
[} It
§ 5 DQS DM
% E PSRAM Control Logic & I/ O Control <1>
=8 e«
o
-
= RESET#
= ;
1 é| (Optional)
| '
Command/
- Address Latch Ak 10
Control Logic/ L N 2 _
Sequencer T S
q . Mode Reg = g
) Latch 5 5
[&]
T T aK ctrl S
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6 Power-Up Initialization

Octal DDRproducts irclude an orchip voltage sensor used to start the siglitialization process. dband \bm
must be appliegimultaneously. Wherheyreach a stable level ar above minimum Yo, the devie is in Phase 1
anditrequiresmp n>a (2 Gafivilidiz&itnSprodess Bystemhost can then proceed to Phase 2 of the

initialization described isection 5.1

During Phase CE# should remain HIGtrack \bowithin 200mV) CIK stould remainLOW

After Phase 2 is congte the device is ready forperation, howeveHalfsleep™ entry and Deep Power Down
(DPD) entry are not availablentil Halfsleep™ Power Up {HSPU) or DPD Power Up (tDPDp) durations are

observed.

6.1 Power-Up Initiali zation Method 1 (via. RESET# pin)

The RESE# pn can be used to initialize the device during Phase 2 as follows:

Phase 1 Phase 2
I N A
. Y 2
VDDmin
\r ‘
VDD/VDDQ it! x mphxa Enter Devicereadyfor Devicgrea_dyfor ﬂormal Devicereadyfor
/[ oo it @Nv e I e ATl Pl vt
Halfsleep™ Entry. Hafsleep™ Entry. Entry.
U5t5L) x pnpxa
Q1 {t! x mMY&
CE# % 7/ /
RESET# ) 7 7 7 WP tRE X [Hxa
W) =
52yQi
Figurel: PowerUp hitialization Method 1 RESET#
Note: Not be available for all package types
The EESET#in can aso be usedvhen CE#highat ary time after the devie isinitialized toreset all register
contents. Memory content is not guaranteed@iming requirements for RESHIgage are shown below.
CE# ’ \
> f«———>
Figure2: RESET# Timing
APM Octl PSRAM ﬁasheet.pdf— Rev.15 Aung, 2@2 11 Of 34 AP Memory reserves the right to chang@ducts and/or speifications without notice
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6.2 Power-Up Initializ ation Method 2 (via. Global Rese)

As an altenate power-up initialization methodafter the Phase 150>4 LISNA 2R GKS Df 20+ f w
also be used to reset the devigePhase 2s follows:

w
Qx
N

Phase 1 Phase 2
VDDmin K Y \' |
VDD/VDDQ Gt! % mphx dvrite tR® X | Hpnddr Devicereadyfor Devicereadyfor normal Devicereadyfor
- — GlobalReset SDR Mod normal opeation, operation, including DPD normal opeation,
Device Initialzaion excluding DPD and Entry. Does MT include including Halsleeg™
Hafsleep™ Entry. Halfsleep™ Entry. Entry.

U5t5L) x pannka

Q1 {t! % mYa

Figure3. PowerUp InitializationMethod 2 Timing with Global Reset

The Gobal Resecommand reset all register contents. Memorgontent is not guaranteed. The command
frame is made of4 clocked CElows. Clockings optional duringRST. The Global Reset command sequence is
shown below.

Clocking Optional

CLK
I
CSp :—-—
CE# I
rspra—

Global Reset begins

A/DQ[7:0] INST */ /%/

bas/om 7777/, /.
T Don't Care

Global Reset Identified
{INST[7:0] = “hFF)

—tHD —

Figure4: Glokal Reset

APM Octl PSRAM ﬁasheet.pdf— Rev.15 Aung, 2@2 12 Of 34 AP Memory reserves the right to chang@ducts and/or speifications without notice
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7 Interface Description

7.1 Address Space

Octal DDR PSRAM device is bgtidressabléX8/word-addressable{1§. Memory accesseamust start on
S@Sy I RRNEB iMofeRedistevnocgdse@mstatn evenor odd address

7.2 Burst Type & Length

Read and write operations are default Hybrid WraprBode. Othelburst lengths of 16, 32, 64 oiK2bytes in
standard or Hybrid wrap modes are registemfigurable (16, 32,4and Kwords configurable itrX16mode) The
device also includes commandirdst options for Linear Bursting (séleable 20). Bursts can start on any even
address. Wite burg length requiresa minimum of 2 bytegX8/2 words 1. Read has no minimum length.
Both write and read have n@striction on maximum burst length as long as tCEMéds m

7.3 Command/Address Latching

After CE# goes LOWAstruction codeis latchel on 1%t CLKising edg. Acces address is latched on t1g, 4,
5t & 6" CLK edge2t! CLK rising edgeCLK fallig edge, 3 CLK rising edge®TLK falling edge

7.4 Command Truth Table

The Octal DDRPRAM recognizesommands listed in the following take. Instruction and addressare input
through A/DQ[7:0] pins Host mussend correct instruction and address formaftarding to the followingable.

Note tha CA[10]isonly used in X8 modand it is ignored in X1®ode.
Note thatLinear Birst commands20h andAOh, ignoreburst settingdefinedby MR8[2:0].
Note that only Linear Burst Read command is capable of peifig row boundary crossing (RBX) read function.

1st CLK 2nd CLK 3rd CLK
Command IR RN R
Sync Read 00h A3 A2 Al A0
Sync Write 80h A3 A2 Al A0
Linear Burst Read 20h A3 A2 Al A0
Linear Burst Write AOh A3 A2 Al A0
Mode Register Read 40h X MA
Mode Register Write COh X MA
Global Reset FFh X
Remarks: x =don't care (W/V\)

A3 =7'bx, RA[13] {unused address bits are reserved)

A2 = RA[12:5]

Al = RA[4:0],CA[10:8] { CA[10] is used only in X8 moc

A0 = CA[7:0]

MA = Mode Register Address

APM Octl PSRAM ﬁasheet.pdf— Rev.15 Aung, 2@2 13 Of 34 AP Memory reserves the right to chang@ducts and/or speifications without notice
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7.5 Read Operation

After address latchinghe devie initializes DQ3DM to W flom CLKisingedge ofthe 3" clockcycle(Al) See
Figure5 below.

Output data is availablafter LClatency cydes, as shownin Figure7 & Figure8. LC idatency configuration
codedefined inTable5 and Table6. When data is validA/DQ[7:0] and DQ%DM follow the timing specifiedni
Figure9. Synchronousiming parametersare shown inTable30 & Tale 31.

In case of internal refresh insertion, variable latencypot data may be delayely up to (LG) latency cycles
as shownin Figure7. True variable reksh pushout latency can banywhere between LC to LCx2.The F
DQZDM rising edge after read pramble indicateshe beginning of valid data.

In X16mode DQ [15:8] will nd receive INST/BD, instead they will remain Hi until read latency and then
start pumping out datasimilarto DQ [7:0].

: aC
1

|I’_\I T\ f J'_\ J'_\ | — "_\ F_\
AR \ ! i
A S A S W (R VD S VD N VY AN U s W VY SR W { \KL/ K%,é

1

Pl 1

CE# | X
- !

1

|

—II-CH |

I i
| 1 [
; . - T 4-
: : Lat‘ency Count 5 : / . "_[)‘f
T T \[
I 1 !
|

—{HZ |-

o [l

&
Eb-—4----

T
I
I
aporol —  INST 3TAs A0 HighZ \m GD H\th INST
| —='HD [ I | I 1 DQSCK|
I
waass —H - m-'—u RO
! "
I | I
I | |
—= COL7 |- — 1
DQS/DM[L0] r—tighz ,‘r N ;’T’j_\\ / H‘gn,zl‘)\i
! I U
Ad=hart31 24} V7] oontca % Undefined
READ Burst denfified ~ A2=Addri23:16] n't Care ndefin
(INST[7-6] ="b00) Al=Addr[15:8]
AO=AddT7 0]

Figure5: Synchronous Read

If RBXs enabled (MR8[3] written to 1) and a Linear Burst ReadiBaynR 0 Wiksued @ad operation may
cross row boundaries ashown inFigure6.

Laiancy Counl 3 [

‘
CE# %ﬂmpi‘_ i !
‘ ‘ ' i
|
- R m
e J i o

DQS/DM[1:0]

A3=Addr[31:24] ' ' 7 ,
Linear READ Burst Idenfified  A2=Addr[23:16] Dlon't Care @ Undefined
(INST[7:0] ="h20) A1=Addr[15:8]
AD=Addr{7-0]
Figure6: Linear BurstReadg A 1 K w. - o { (7TFRRYAY 3 WRRNSS &2 d RY WoC9 AY
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vvvvvvvv

ADQ[T0]

ADQ[15:8]

DQS/DM[1:0]

ADQ[7:0]

ADQ[15:8]

HighZ

Variable Latency Code 3, maximum refresh pushout

DQS/DM[10] \

Figure7: Variable Read.atency Refresh Pusit

U0 SV . T S Y A VY A WY A VY A VO S VY A WY A WY

ADQ[T0]
ADQ[5:8]

DQS/OM[1 0]

ADQT0]

ADQ[15:8]

DQS/OM1.0]

Figure8: Read Latency &DQSCK
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'CLK
|

I

CLK

DQ

DQS/DM

DQ
| | 'DQSCK,,,
DQS/DM ! [—\_:_/—\ /
I !
Note 1 All DQ are valid t, . after the DQS edge, regardless of t, Undefined

Note 2: DQS/DM[1] is DQS/DM for DQ[15:8]
DQS/DM[0] is DQS/DM for DQ[7:0]

Figure9: Read DQ®M & DQ timing
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7.6 Write Operation

A minimum of2 bytes (inX8mode) /2words(in X16mode)of datamustbe input n a write operation. In the
caseof consecutive short burst writes, tR@ust be met byissuing additional CE# higime between operations.
Singlebyte write operations can bdoneby maskinghroughDQ®$DM pin as showrin FigurelO.

In X16 mode DQ[15:8] are ignored during INST/ADDR cycles. Insf2@d5:8] are only usedafter write
latency to receivethe datg simila to D{7:0]. During write data cycles the DQ[15:8] and DQ[7:@an be
independently masked via DM[1] and DM[O].

; RC ;

! 1 | | \ | X !

= 8P =— | | Latency Count3 | : ! I —lcH :

CE# I | | | I | I | I \
. L | : : o

s —{ e O 37777777 Y O %C
NN ]

I —==HD
—lSPle— 1 ! '

wnattss) —(/777777777) .// T | %

1 1 1 1 ! ! |

DQSDMp] —Hwi#(/// T, /)) | | o I 3 ‘AH

DasoM —Hw—{/ i e S Bl e

G 3 i el
AD=Addr[7:0]

Figurel10: Synchronous Writ followed by any Operation

- (CH—— G — 'CLK —

| |

CLK i |
I I I | I

I I I | I

I I I oy ! I

|-
l : D —| - : :

QSO //// 11 1T LLLET K oMo ’Ill’ll ), IS U CEY Y,

I —'  |=—H ! !

I D3 — l— |

oo 77T o XETX o MK o WX D; U

Note 1: DQS/DM[1] is DQS/DM for DQ[15:8] Don't Care
DQS/DM[0] is DQS/DM for DQI7:0]

Figurell: Write DQSDM & DQ Timing
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7.7 Control Registers

Register Read is shown below. Mode Aelsl in ommand determines which Mode Register is read from as
Daa0 (see chart in the Figure belowll Mode Registerare 8bit wide, Mode register write and e& uses only
A/DQ[7:0] even irX16mode.

1 ; |
I RC |

oL M# | )

1
j'csp' | :
I
CE# X : Latency Count 5
I + T
1

I
— |15

ADQTO] ——f  INST mm(ll[ MIA § HighZ

1 '
DQS/DM : Vighz s f_ | Hig,rzifji
MA| DO | D1 I Don't Care @ Undefined

Register READ ldentified “n00] MRO| MR1

(INST[7:0] = 'h40) 0T MRTTMR2
"h02| MR2| MR3
"h03] MR3 | MR4
"h04]| MR4 | MR8
"h08] MR8| MRO

Figurel2: Register Read

RC L

MMHH _—

| | |
—»{CSP la— : —CHO|=— |
. | !
CE# | ! ‘CPH [
Jﬂ S 1: y
| |
|

ADarr) :‘(’SP".EST % 7 //)(j////)( WMR# ]} @

sasow 777777777 | ///// LTI
RegisterWRTTE Identified Jontare

(INST[7:0] = *hC0)

Figurel3: Register Write

Register Wites arealways atency 1 Write Latency Code, MR4[7:80es not apply to Register writeRegister
Readdollow the sameread latency settings, defined MROR:2] (seeTable6).

Registers 0, 4 & 8 are read awdtable. Registers,? and 3are readonly. Regisér 6 is writeonly.

Register mapping is shownTiable3. AlIMRO or MR8 writes must have MIR7:6] or MR8[1 written to “0(s).
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Table3: Mode Register Table

MR No.| MA[7:0] [ Acces§ OP7 | OP6 | OP5| OP4| OP3 | OP2| OP1| OPO
0 "h00 RIW '00' LT | Read Latency Cod| Drive Str.
1 "hol R ULP rsvd. Vendor ID
2 "h02 R KGD Dev ID Density
3 "h03 R [RBXep O SRF rsvd.
4 "ho4 R/W | Write Latency Cod4 RF rate PASR
6 *h06 W Halfsleep" rsvd.
8 "h08 RIW | '0" [x8/x16 rsvd RBX| BT BL

Table4: ReadLatency TypéVIRO[5]

Latency Type
MRO[5] LT
0 Variable (efault)
1 Fixed
Table5: ReadLatency Codes MR5{2]
VL Codes (MRO[5]=0) FL Code&MRO[5]1) | Max Input CLK Freq (MH:
MRO[4:2] | Latency LG | Max push out (LCx2 Latency (LCx2) Standard Extended
000 3 6 6 66 66
001 4 8 8 109 109
010 5 (default) 10 10 133 133
011 6 12 12 166 166
100 7 14 14 200 200
others reserved - -
Table6: Operation Latency Code Table
Type | Operation VL (default) FL
No Refresh| Refresh
Memory Read LC Up to LCxZ LCx2
Write WLC WLC
Ragiger Read LC LC
Write 1 1

*Note: seeTablel5for WLC settings.
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Table7: Drive Strength Codes MRO[]:

Codes Drive Strength
Ynn Fdzf f défauly K
Ynwm Halfo p j K
Wwmn /46 mnn Ko
Ym M 1/8HNAK

Table8: Ultra Low Power Device mapping MR1[7]

ULP
Wn NonULP (ndHalfsleep™)
Wm ULP KalfsleepM supported)
Table9: Vendor ID napping MR1[4:0]
Vendor ID
01101: APM
Tablel0: GoodDieBit MR2[7.5]*
Codes Good Die ID
Y10 PASS
others FAIL

*Note: Defaultis FAIL die, and only mark PASS after all tests passed.

Table11: Device IIMR2[4:3

Codes Device ID
Ynn Generation 1
Ynm Generation 2
Ymn Generaton 3
Ym M Generation 4 (default)

Table12: Device Density mappiniiR2[2:0]

MR2[2:0] Density
wo1 32Mb
V11 64Mb
YMnam 128Mb
YMMM 256Mb (default)
YMmn 512Mb
others reserved
APM Octl PSRAM @asheet.pdf- Rev.1.5 Aug29, 222 200f 34 AP Memory reserves the right to changducts andior speifications without notice
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Table13: Row Boundary Crossing Enable MR3[7]

MR3[7] (readonly) RBXen
0 RBX not supported
1 RBX supported via MR8[3]7

Table14: Self Refresh FlagiR3[5:4]

MR3[5:4] indicates current device refresate. Refresh ratelepends on temperature and refresh frequency
configuration, set by MR4{3].

MR3[54] (read-only) | Self Refresh Fla
01 0.5x Refresh
00 1x Refresh
10 4x Refresh
11 reserved

Tablel5: Write Lateny MR4[7:5]

Write latency WLC, iglefault to 5 after power wp. UseMR Write toset write latenciesaccording towrite
latency &able When operating frquency exceeithg Fmax listd inthe table will result inwvrite data corrytion.

MRA4[7:5] Write Latency Gdes Fmax (MHz)
(WLC)
000 3 66
100 4 109
010 5 (default) 133
110 6 166
001 7 200
Others reserved -

Tablel16: Refresh Fequencysetting MR4[4:3]

MR4[4:3] Refresh Frequency
x0 Always4x Refresh (d&ault)
01 Enableslx Refredr when temperature allows
11 Enable0.5x Refreshvhen temperatue allows

b2GSY EI R2y Qi O NB
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Table17: PASRVIR4[2:0]

The PAR bits restrict refresh operation to a portion ofethotal memoryarray. This feature allows the device
to reduce standby current by refreshing only that paftthe memory array required by the host system. The

AP256XXN-OBRXDER Octal SPPSRAM

refresh options are full array, odealf aray, onequarter array, oneeighth array, or none othe array. Tle

mapping of these partitions can stat either the beginning or the end of the address map

Address Space: RA [13:0], CA [101te: CA [10] is ignoreth X16 mode

256Mb X8
Codes | Refresh Coveragg  Address Space Size | Density
Wn n| Fullarray (default)] 0000000h1FFFFFF} 32M X8 | 256Mb
Yol | Bottom 1/2 array | 0000000ROR-FFFFH 16M X8 | 128Mb
Wn m Bottom 1/4 array | 0000000RO7FFFFFH 8M X8 | 64Mb
Wn m Bottom 1/8 array | 0000000RO3RFFFFR 4M X8 | 32Mb
Ymn None 0 oM OMb
Wwmnl Topl/2arry 1000000k1A-FFFFH 16M X8| 128Mb
Wvmm Top 1/4 aray 1800000k1FFFFFFf 8M X8 | 64Mb
WvmmMm Topl/8array | 1CMO0Oh1FFFFFFI 4M X8 | 32Mb
256Mb X16
Codes| Refresh Coverage Address Space Size Density
W n| Full array default) | 0000000R1FFFFFFl 16M X16 | 256Mb
WYn n| Bottom 1/2array | 0000000RORFFFFFH 8M X16 | 128Mb
WYn M Bottom1/4 array | 0000000RO7FFFFFH 4M X16 | 64Mb
WYn M Bottom 1/8 array | 0000000RO3F-FFFR 2M X16 | 32Mb
Ymn None 0 oM OMb
WYmn| Topl/2array | 1000000h1FFFHFh | 8M X16 | 128Mb
WYmM Top l/4array | 1800000h1FFFFFF| 4M X16 | 64Mb
YmMm Topl/8array | 1C@O0Oh1FFFFFF| 2M X16 | 32Mb
APM Octl PSRAM @asheet.pdf- Rev.1.5 Aug29, 2022 220f 34
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Table18: Halfsleeg™ MR6[7.0]

MR6[7:0] ULP Modes
WK CJ Halfsleep
WK/ J Deep Power Down

others reserved

Note: see7.8HalfsleeprM Mode; 7.9 Deep Power Down Mod®r more information.

Table19: 10 X8 X16Mode MRS [4

Device powes up in X8 mode, MR8[6]=0. Ater power up device can be cdigured to X16mode by setting
MR8[6F1 va mode register write commandHost can switch in andut of X16 mode any time after power up.

MRS[6] X§ X16Mode
0 X8(default)
1 X16
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Table20: Burst Type MR8[2], Burst bgth MR8[1:0]

By default the device powengp in 32Byte HybridWrap. In norHybridburst (MR8[2]=0), MR[1:0] sets the
burst address space in which the device wdlhtinually wrap within. IHybridburst wrap is selected (MB[2]=1),
the device will bust through the initial wrappedurst length once, then continue to burst incrementally up to
maximum columnaddress 2K inX8 mode/lK in X16 mode before wrapping aund within the entire column
addres space. Bst length (MR8[1:0]) can be set to 16,3246& 2K inX8 mode (LKin X16 modg Lenghs.

MR8[2] | MR8[1:0] |  Burst LengthX8 X16Mode Example of Sequence Bftes During Wrap
Starting Burg AddressSequencen X8 mode
Yn [WYnn 16 ByteWord Wrap 4 WNZPIZICIXMPINIMIH
Yn |Wnwm 32 ByteWord Wrap 4 OnZIpZcZIXOoMINIMIH

Yn |WYmn 64 BytedWord Wrap onIpZcZX€&€oXZnXIMZIH

Yn |YPuwm 2K Byte/1K Word Wrap wnZRUENX MZIHZIXE

Ym | Wnn 16 BytéWord Hybiid Wrap WH Z 0 Z nJaweNEpvE 2D Ay r1>>X

Ym | Wnwm 32 Byte/WordHybrid Wrap [HZoXZnXXomMZn2DARB30

Ym | Wmn 64 BytéWord Hybrid Wrap WH Z 0 IMXMXBcocZrR@4@T pn q

NN NN

Ym | WM™ 2K BytélK WordWrap WHZ QHABETNE MZIHIXB

The Linear Burs€Eommaumls (INST[5:0]6Q @ M000) forces the current array ream write command to do K
Byte WragX8/1K WordkK160 Slj dzA @I £ Sy i (2 K @} FoEnorRBX EhabMéddevictieShirsti 2 H Qo ™
command read/writes linearly from the starting address angraps back to the beginning of the g& upon
reaching theend of the page To access a differd page hostmustissue a new command

Table21: Row Boundary Crossing Read Enable MR8[3]

This register setting applies to Linear Buesids only on RBX enaldalevices (MR3[7]=1). Default write and
read burst behaior is limited withinpage (row) address spacén X8 mode column adéssrangeis 20 / ! I' QK nnn
-5 7RMand it is 1K (A Q O AHn 3 in X16 modeSetting this it highwill allow Linear Burst Reasbmmand
to cross oer into the next Row (RA+1).

MRY3] RBX Read
0 Read stay withinpage(row) boundary
1 Allowreads cosspage (row) boundary
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7.8 Halfsleep™ Mode
Halfsleed™ Mode puts the device in multra-low power state, while the stored data is retainetfialfsleep™
a2RS 9yiNRB A& SYyGSNBR o0& ¢ N idithtgsIhe albste€M madg angl mastwbe ®
maintained for the minimumduration of Halfsleep™ time, tHS. TheHalfsleep™ Entry command sequence is
shown below.

w ST T

o S e W e U e S

—ahepr— | 1 ‘ Halfsleep™ mode begins
A/DQ[7:0] / /}( INST /)V W /XMAG XMRG X/ /SL{
| —I'JI'HD | : |

pas/om //////; b
f } Don’t Care

Register WRITE Identified Halfsleep™
{INST[7:0] = "hCO} {MR[7:0] = "hF0)

Figurel4: Halfsleeg™ Entry Write (atencysame as Bgister Writes WL1)

HalfsleepM Exit is initiated by dow pulsed CE#. Afterward€E# can be held high with or without clock
toggling untilthe first operation begins (observing minimutalfsleep™ Exit time,tXHS).

Clocking Optional

SNSRI ST SN S S A WY A VA W

A/DQ[7:0] /%/ _}?p :Ii -“D* ..:3 X A2 X A1 XAU )—?—High-z

‘--

DQS/DM A ———iena vz Y

Don't Care W Undefined

Figurel5: HalfsleegM Exit (Read Operadn shown as example)
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7.9 Deep Power Down Mode

Deep PowetDown Mode (DPDputs the device into peer down state. DPD Mode Entry is entered by wgti
y B8 into MR6. CE# going high initiates the DPD Mode arsd be maintained for the minimum duration of
Deep Power Down timetDPD. The Deepower Down Entry command sequence is shown below.

1 1 1 | 1 it

L B S AN A 1 )

|
|
—»|'CSP ‘L-— : I : —*ICHO=———"DPD— ——*

CE# L TR e

f t T T T ‘ I

—lople | ! Deen Fower Down begins
aDarr0) ///, INST
|
|

S 11, RN ///////// 117111

ST
A Don't Care

Register WRITE Identified Deep Power Down
(INST[7:0]=""hCD) (MR[7:0] ="hC0)

Figue 16: Deep Pover Down Entry

Deep Power Down Exit is initiated by a low pulsed.CB#er a CE# DPD exit, CE# must be held high with or
without clocktoggling until the first operation begins (observing minnmmDeep Power Down Exit tim&{DPD).

Clocking Optional

RS SR E SIS S S A U AR U

A/DQ[7:0] i _}?’:‘l;i :.“D* :3 X A2 ) A1 ¥ A0 )—?—High-z

—"': Tz -
DQS/DM /%/ />7High-z : _,L_

Don't Care m Undefined

Figurel7: Deep Power Down Exit (Read Operation shown as example)

Register values and memory content are not retad in DFD Mode. After DPD mode register values will reset
to defadts. tDPDp is minimum period between two DPD Modes (mreakfrom DPD exit to theext DPD entry)
as well as from the initigdower upto the first DPD entry.
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8 Electrical Specifications:

8.1 Absolute Maximum Ratings

Table 22: Absolute Maximum Ratings

Parameter Symbol Rating Unit Notes
Voltage to any ball excepilY Vopgrelative to \ss VT -0.4to Vo/Vopgt04 \%

Voltageon \bpsupply relative to ¥s Vob -041to0 +2.45 \%

Voltage on ¥pgsupply relative to ¥s Vbbg -04t0 +2.56 \%

Storage Temperature Tste -55 to +150 C 1

Notes 1: Storage temperature refers to éhcase surface temperature on the center/top side of Bf@RAM.

Caution:

Exposing the device to stresbave those listed in Absolute Maximum Ratings could causengeent damage.
The device is not meant to be operated wnctonditions outside the limitdescribed in the operational section of
this specificatin. Exposure to Absolute Maximum Rating cooddi for extended periods may affect device
reliability.

8.2 Pin Capacitance
Table 23: Bare Die PitCapacitance

Parameter Symbol Min Max Unit | Notes
Input Pin Capacitance CIN 1 pF VIN=0V
Output Pin Capacitance couT 2 pF VOouT=0V

NoteY aLISOQR G Hpcl/ @

Table24: Package Pin Capacitance

Parameter Symbol Min Max Unit | Notes
Input Pin Capacitance CIN 5 pF VIN=0V
Output Pin Capacitance couTt 6 pF VOUT=0V

Note: A LISOQR | wHpc/ ®

Table25: LoadCapacitance

Parameter Symbol Min Max Unit | Notes
LoadCapacitance G 15 pF
Note: System Cfor the use of package
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8.3 Decoupling Capacitor Requirement

System designers need to take care of powsegrity considering voltage redptor responseand the memory
peak currents/usage modes.

—»|CE# w b ..
—»(CLK Cl<=1yF C2=47-10uF
<=>|apQ vesl— L T ...

8.3.1 Low ESR cap C1:

It is recommended to place a low ESR dextimg capacitor of <=4F close to the device to absorb transient
peaks.

8.3.2 Large cap C2:

ThoughHalfsleepM average currents small (less thadn n >, its(peak currenfrom internal periodicalburst
refreshcan reachup to the level of25mA. The pealcurrentduration canlast forfew tens of microsecondsDuring
this period if the system regulator cannstipplysuchlarge peaksit is importart to place a 4.2F10>F cap to
cover theburst refresh currendemandand replenish theapbeforethe next burst of refresh

If needed mntact AP Memory fofurther decouplingsolution assistance

8.4 Operating Conditions
Table 26: Operating Characteristics

Parameter Min Max Unit Notes
Operating Temperature (extended) -40 105 C
Operating Temperaturesfandarg -40 85 C
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8.5 DC Chaacteristics
Table 27: DC Characteristics

Symbol | Parameter Min Max Unit | Notes
Vop Supply Voltage 1.62 1.98 Y,
Vobo I/O Sumply Voltage 1.62 1.98 Y,
Vi Input high voltage Vopg0.4 Vopgt0.3 Vv
Vi Input low voltage -03 0.4 Y,
VoH Output high voltage ¢k=0.2mA) 0.8 \bpo Vv
VoL Output low voltage @i=+0.2mA) 0.2 \bpo V
I Input Pinleakage current 1 HA
lLo OutputPinleakage current 1 HA
Read/Write @13MHZX8 X169 5/6 mA 1
ICC Read/Write @133MHEX8 X169 19/23 mA 1
Read/Write @166MHEX8 X169 22/28 mA 1
Read/Write @200MHEX8 X169 26/33 mA 1
ISBxT Standby current05Q 1100 MA 2
ISBrmo Standby currentg§5C) 680 MA 2
ISBooeo | Standby current 5SS LI t 2 6 SNJ 20 HA 3
to 85°C)
Note  1: Currentis only characterized.
Note  2: Without CLK toggling. ISB will be higher if CLK is toggling.
Note  3: Typical mean ISBopp8uAat 25°C
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e e
8.6 ISBPartial Array Refresh Current

Table28: Typicatmean PASR Crent @ 25C
Standby Curren@ 25°C
PASR ISBctypical mean Unit | Notes
Full 90 HA | 1,2
1/2 80 HA | 1,2
1/4 75 HA 1,2
1/8 72 HA [ 1,2
Halfsleeg™ Current@ 25°C
PASR | Halfsleeg™ -typical mean Unit | Notes
Full 40 HA 1,2,3
1/2 30 HA | 1,23
1/4 25 HA | 1,23
1/8 22 HA | 1,23

Table29: Typicalimean PASR Current @5C/85C
Standby Current@ 105C
PASR ISBgtypical mean Unit | Notes
Full 530 HA 2
1/2 370 HA 2
1/4 290 HA 2
1/8 250 HA 2
Halfsleeg™ Qurrent @ 85°C
PASR | Halfsleeg™ -typical mean Unit | Notes
Full 440 HA 2,3
1/2 300 MA 2,3
1/4 230 HA [ 2,3
1/8 190 HA [ 2,3

Notel: Currentit 25°Cis onlyattainable by enablin@.5xRefresh Frequency (see Table 17)
Note2: PASRWErent is only characterized without CLK toggling.
Note3Y { Ha&BeP'R current is only guaranteed after 150ms irttalfsleep™ mode.
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e
8.7 AC Characteristics
Table 30 READ/WRITE Timing
KGDBGA 1.8V Only
-7(133VHz) | -6(166MHZz) | -5(200MHz)
Symbol | Parameter Min | Max Min | Max | Min | Max | Unit | Notes
tCLK CLK period 7.5 6 5 ns
tCH/tCL | Clock high/lev width 045 | 055 | 045| 0.55 | 0.45| 0.55 | tCLK
tKHKL CLK rise or fall time 1.2 1 0.8 ns
tCPH CE# HIGH beeen subsequent 15 18 o4 ns
burstoperations
{CEM CE# low pulse width 4 4 4 us Standard temp
(excludingHalfsleepM exit) us | Extended temp
tCEM CE# low pulse width 3 3 3 tCLK Minimum 3
tCSP CE# setup time to Clising edje 2 2 2 ns
tCSP2 CEtrising edge to next CLK falling | 1.5 15 15 ns
edge
tCHD CE# hold time from CLK falling edg 2 2 2 ns
tSP Setup time to active CLK edge 0.8 0.6 05 ns
tHD Hold timefrom acive CLK edge 0.8 0.6 05 ns Max 0.75*CLK
tHZ Chip disable to DQ/DQS output 6 6 6 ns
tRBXwai | Row Boundary Crossing Wait Timg 30 65 30 65 30 65 ns
tRC Write Cycle 60 60 60 ns
tRC Read Cycle 60 60 60 ns
tHS Minimum Halfdeep™ duration 150 150 150 us
tXHS HalfsleepM Exit CE# low to CLK 150 150 150 Us
setup time
) ) 60 60 60 ns
tXPHS | HalfsleepM Exit CE# low pulsgidth CEM {CEM CEM| ps Standard temp
us Extended temp
tDPD Minimum DPD dration 500 500 500 Ms
tDPDp Minimum period between DPD 500 500 500 us
tXDPD DPD CE# low to CLKugetime 150 150 150 us
tXPDPD | DPD Exit CE# low pulsélth 60 60 60 ns
tPU Device Initialiation 150 150 150 us
tRP RESET# lopulsewidth 1 1 1 us
tRST Reset to CMD valid 2 2 2 VK
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TaHe 31: DDRtiming parameters

KGD/BGA 1.8V Only
-7(133MHz)| -6(166MHz) | -5(200MHz)
Symbol | Parameter Min | Max | Min | Max | Min | Max | Unit | Notes
tCQLZ | Clockrising elge b DQS low 1 6 1 6 1 6 ns
tDQSCK| DQS output access time fromkCL 2 6.5 2 6.5 2 6.5 ns
tDQSQ | DQ DQ skew 0.6 0.5 0.4 ns
tDS DQ and DM input setup time 0.8 0.6 05 ns
tDH DQ and DM input hold time 0.8 0.6 05 ns
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Description
Initial Version derived from E3 2.6h

Added DQ<5:8> wavefoms;, addRESET pand corresponding RESET waveforn
Added ISBstddpd=10uA max and Note: Typical ISBSTDDPD 3uA

Added RBX,pdated Decap sectign

Added 49b PD and balassgnment for X8&nd X16; mdlified C load

Added WLCSP 24b POD and baligasnent for X&nd X16;

Updated ISBSSTDDPD

Updated Mode register table

Updatd x8/x16 M[1:0] wavefoms, sane timing parameers, clarified RB>
conditions

Updated x8/x1624Bpackageball assigment. Remow 49B package
Updated part number,table 12, 17, 2028 and ball assignment
Updated ball asgjnment, tXPHS

Updated VDR information;

Updated Deep Power Down Exdéescriptiory Updated DC Characteristiceble,
andISB Partial Array Refresh Curréatile;

Updated packagecode note for paclage cale, ball assignnent, tHS
Updated note for DC Characteristics

Addednotes for x16 mode setting in page 1

Updated note for DNU in sectidh1; updated Figurel5and Figurel?

Drive strength: 25 Ohm (default). Remove all room fggrature maximum
spec.(&andby mode &HalfsleepTMmode). ICC updated. Revised Typicatmean
PASR Currén

AddedBGA49 ball assigment.

Updated pin capacitance

Reset pim not available on all packages

Removel Reset# waveform

tCEM revised data by BD suggest (E7_ZH8Mb/512Mb)
Standard temp?2 us-> 4 us.

Exended temp: 0.5 us> 1 us.

Add Reset pirand Reset# wavefornfior KGDand

Note: Not be available for all package types
wSOAAaSR &a2YS {Hay Jdd\NGSS E O It yEoRiYraetined) when
convesion to FDF.
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AP256XXN-OBRXDER Octal SPPSRAM

Modify typo from "section 1.1" to "sectip 5.1" on chapter "Powel
1.4b Jacky Mar 04, 202 . fy .yp P P
Initialization".
Kim/
15 Wayne/ Aug 29, 2022 | Revised typos and adddSP2 SPEC
Eric
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