High Performance M1004204/M1008204/M1016204
u {EN ESAS Serial MRAM Memory M3004204/M3008204/M3016204

Description Features
Mxxxx204 is a magneto-resistive random-access memory = |nterface
(MRAM). 1t is offered in density ranging from 4Mbit to 16Mbit. « Serial Peripheral Interface QSPI (4-4-4)

MRAM technology is analogous to Flash technology with SRAM

compatible read/write timings (Persistent SRAM, P-SRAM). Data is » Single Data Rate Mode: 108MHz

= Technology
MRAM is a true random-access memory; allowing both reads and * 40nm pMTJ STT-MRAM
writes to occur randomly in memory. MRAM is ideal for applications Virtually unlimited Endurance and Data Retention (see
that must store and retrieve data without incurring large latency Endurance and Data Retention specification on page 38)
penalties. It offers low latency, low power, virtually infinite = Density
endurance and retention, and scalable non-volatile memory

o 4Mb, 8Mb, 16Mb
= QOperating Voltage Range
« VCC: 1.71V-2.00V

technology.

Mxxxx204 is available in small footprint 8-pad DFN (WSON) and 8-

pin SOIC packages. These packages are compatible with similar + VCC:2.70V -3.60V
low-power volatile and non-volatile products. = QOperating Temperature Range

« Industrial: -40°C to 85°C
Mxxxx204 is offered with industrial (-40°C to 85°C) and industrial « Industrial Plus: -40°C to 105°C
plus (-40°C to 105°C) operating temperature ranges. = Packages

o 8-pad DFN (WSON) (5.0mm x 6.0mm)
e 8-pin SOIC (5.2mm x 5.2mm)
= Data Protection

Typical Applications

o |deal for applications that must store and retrieve data « Hardware Based: Write Protect Pin (WP#)
without incurring large latency penalties. Software Based: Address Range Selectable through
e  Factory Automation Configuration bits (Top/Bottom, Block Protect[2:0])

= Identification
« 64-bit Unique ID
« 64-bit User Programmable Serial Number
*  Medical Diagnostics = Augmented Storage Array
o Data Switches And Routers « 256-byte User Programmable with Write Protection
= Supports JEDEC Reset
= RoHS Compliant

e  Multifunction Printers

o Industrial Control And Monitoring

Block Diagram

Y

CS#I

Vee
‘ Serial

Address Register

Status Register

Command Register

Column
Decoder
® 10[3]

1/0s
SO/10[1] I

WP# / 10[2] Command ™
&
‘ Control

°

MRAM

Array CLK

ow Decoder
v

High Voltage

Generator
Regulator Data Buffer

[

Vss s1/10[0]

§

Feh.25.21 RENESAS Page 1



M1004204/M1008204/M1016204 M3004204/M3008204/M3016204

Contents
Lo PEITOMMEANCE ..ot h 8 SR bbb 3
A 1= o 1T = I DT c T o o] 1o o OO TP RTOT 3
K O o 1= ] 0 o @ 01 0] o 1= OSSOSO 4
3.1 Valid COMDINALIONS — SEANGAIT .......covreeiiieieie bbbt 4
4. Signal Description and ASSIGNIMENT. ..ottt s s st b s s bbbt b b b e bbb et e bt b et st e st 7
LT = Tod (€= Vo [ @ 1o LTSS 9
5.1 8-Pad DFN (WSON) (TOP VIBW)....cuuruevreereireeiertietseteteieeseissssss sttt sttt 9
5.2 B-PiN SOIC (TOP VIBW) ..vueeeveiiiieeeieiie ettt sttt sse s es a1t s a5t b s s a8t st b et s e s bbbt et e et s e st san e 9
LT == (o1 €= Vo L= I = LY 1 o TP 10
8.1 B-PAU DFN (WSON) ...euceieireereeeetieisete ettt sttt s st s e85 b2 8558ttt en b s tes 10
8.2 B-PiIN SOIC ..ottt E R R Rt Rttt 11
T ATCRITECIUIE ..ottt bbb bbb S £ 8E£E bbb bbb bbbt b s 12
8. DEVICE INITIAIZALION ..ot bbb 14
O, MEMOIY IMIBP ..k bbb bbb bbb bbb bbb bbb £ 16
10. Augmented STOTAgE AITAY IMAP ..ottt b bbbk bbbttt 16
11, REQISIEN AUUIESSES ...ttt s e £ £t E bbbt bbbttt sttt 16
D LT 1S (=T g/ o OO EPRT 17
12.1 Status Register / Device Protection RegiSter (REAUMIIIE) .......ceviriurriieirinic et 17
12.2 Augmented Storage Array Protection RegiSter (REAAMIIIIE) .......v.veeeriiriierieeeise e sesees 18
12.3 Device Identification ReGIStEr (REAA ONIY).....c.vviuiieriiiieiiiieeise ettt bbbttt 19
12.4 Serial NUMDEr REJISIET (REAUMIIILE) .......vvcveveiicecteie et ettt s b s s b s bbbt 19
12.5 Unique Identification RegIiSter (REAA ONIY) ....cvviurieiiiicieiiie ettt ss st 19
12.6 Configuration REJISIEr 1 (REAAMIIIEE)........ceueirrieieeiiiereieisiie et ettt s e s bbbt bbb st b st ser st 20
12.7 Configuration REJISIEr 2 (REAAMIIIEE)........ceueireeeieeiiecieteiiis st ettt s e s s bbbt bbb st s et s e n s 21
12.8 Configuration REJISIEr 3 (REAGMIIIEE)........ceurirerereieiriereieisie ettt er bbbt bbbttt 23
12.9 Configuration REJISIEr 4 (REAGMIIIEE)........ceurrrieerieirierrieisie ettt er e s bbb bbb bbbttt 23
130 INSTIUCTION SEL.....oiiiiieiicie bbb bbb 8t 24
14, Instruction DeSCIPLON QNGO STTUCTUIES........cviiiieiiieeieis st s bbbttt 27
15. EIECIICAl SPECITICALIONS. .....cuiiiviieiriieieieisie sttt bbbkttt ettt 38
15.1 CSH# OPEIALION & TIMING..vvitrereuriririrreeiriieseeetsieseeetsssesesssss et ssssesasesssseesesessssesesesassesesesss e esese s e s e b b s s b e b s e bbbt ne bbbt ee s bt se st es 42
15.2 Data Output OPEration & TIMING .......cccviieeuerriiereteiisereeeiss s ssss s sssssssse s sssssssse s s ssssse s s s sese s s e s se s s e s e b s s s b s sn s b s e s e s et s arntens 44
15.3 WP OPETAtION & TIMING...vvuiveueiiierieeiiiieseeeisisesetss s esses st ses s ssesssssssesesss et ese s s e ses e b s s s e s s b b s Rt et s e bbb s e st san st s an e ten 45
Enter Deep Power Down Command (EDP = BIN) .......cccvviieiiiceiiiee sttt s ennsans 46
Exit Deep Power Down Command (EXDPD = ABN) .....c.cviiieiiiieiis ettt ssssss s ses s ssssssans 47
Enter Hibernate Command (EHBN — BARN)........ccoiiiiiiiess sttt es 48
16. TREIMMAI RESISTANCE......c..ouiiiiiiiieiieiet bbb bbb bbbt 49
17, REVISION HISTOIY .....iiiieiiiieieie ittt s bbbtk d bbbt 50

Feh.25.21 RENESAS Page 2



M1004204/M1008204/M1016204 M3004204/M3008204/M3016204

1. Performance

Device Operation Typical Values Units
Frequency of Operation 108 (maximum) MHz
Standby Current 160 (typical) HA
Deep Power Down Current 5 (typical) HA
Hibernate Current 0.1 (typical) HA
Active Read Current — (4-4-4) SDR @ 108MHz 19 (typical) mA
Active Write Current — (4-4-4) SDR @ 108MHz 38 (typical) mA

2. General Description

Mxxxx204 is a magneto-resistive random-access memory (MRAM). It is offered in density ranging from 4Mbit to 16Mbit.
MRAM technology is analogous to Flash technology with SRAM compatible read/write timings (Persistent SRAM, P-SRAM).
Data is always non-volatile.

Figure 1: Technology Comparison

SRAM Flash EEPROM MRAM
Non-Volatility - N J v
Write Performance N - _ \/
Read Performance N - _ \/
Endurance N - _ \/
Power - - _ J

MRAM is a true random-access memory; allowing both reads and writes to occur randomly in memory. MRAM is ideal for
applications that must store and retrieve data without incurring large latency penalties. It offers low latency, low power,
virtually infinite endurance and retention, and scalable non-volatile memory technology.

Mxxxx204 has a Serial Peripheral Interface (SPI). SPI is a synchronous interface which uses separate lines for data and
clock to help keep the host and slave in perfect synchronization. The clock tells the receiver exactly when to sample the bits
on the data line. This can be either the rising (low to high) or falling (high to low) or both edges of the clock signal; please
consult the instruction sequences in this datasheet for more details. When the receiver detects that correct edge, it can latch
in the data.

Mxxxx204 is available in small footprint 8-pad DFN (WSON) and 8-pin SOIC packages. These packages are compatible
with similar low-power volatile and non-volatile products.

Mxxxx204 is offered with industrial (-40°C to 85°C) and industrial plus (-40°C to 105°C) operating temperature ranges.
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3. Ordering Options

The ordering part numbers are formed by a valid combination of the following options:

M 1004 204 0108 X Ol WAR

L Packing Type

R: Tape & Reel
Y: Tray

L——» Package Type

WA: 8-pad DFN (WSON)
SA: 8-pin SOIC

\

Temperature Range

Ol: Industrial (-40°C to +85°C)
OP: Industrial Plus (-40°C to +105°C)

Reserved

v

Performance
0108: 108MHz
0054: 54MHz

\/

\/

Sub-Interface Type
04: x4

Interface Type

2: Serial Peripheral Interface (DDR)

Density

004: 4 Megabit
008: 8 Megabit
016: 16 Megabit

\

\/

\/

Operational Voltage

1: 1.8V (1.71V to 2.0V)
3:3.0V (2.70V to 3.60V)

Brand — Product Family

M: Renesas - Persistant SRAM

\/

3.1 Valid Combinations — Standard

Valid Combinations list includes device configurations currently available. Contact your local sales office to confirm
availability of specific valid combinations and to check on newly released combinations.
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Table 1: Valid Combinations List

Valid Combinations — 108MHz

Base Temperature Package Packing Part
Part Number Range Type Type Number

M10042040108x 0l, OP WA, SA R, Y M10042040108X0IWAR
M10042040108X0IWAY
M10042040108X0ISAR
M10042040108X0ISAY
M10042040108X0PWAR
M10042040108XOPWAY
M10042040108X0OPSAR
M10042040108X0PSAY

M30042040108x 0l, oP WA, SA R, Y M30042040108X0IWAR
M30042040108X0IWAY
M30042040108X0ISAR
M30042040108X0ISAY
M30042040108XOPWAR
M30042040108XOPWAY
M30042040108X0PSAR
M30042040108X0PSAY

M10082040108% 0l, OP WA, SA R, Y M10082040108X0IWAR
M10082040108X0IWAY
M10082040108X0ISAR
M10082040108X0ISAY
M10082040108XOPWAR
M10082040108XOPWAY
M10082040108XOPSAR
M10082040108X0PSAY

M30082040108x 0l, OP WA, SA R, Y M30082040108X0IWAR
M30082040108X0IWAY
M30082040108X0ISAR
M30082040108X0ISAY
M30082040108XOPWAR
M30082040108XOPWAY
M30082040108X0PSAR
M30082040108X0PSAY

M10162040108x 0l, oP WA, SA R, Y M10162040108X0IWAR
M10162040108X0IWAY
M10162040108X0ISAR
M10162040108X0ISAY
M10162040108XOPWAR
M10162040108X0PWAY
M10162040108X0OPSAR
M10162040108X0PSAY
M30162040108x 0l, OP WA, SA R, Y M30162040108X0IWAR
M30162040108X0IWAY
M30162040108X0ISAR
M30162040108X0ISAY
M30162040108XOPWAR
M30162040108XOPWAY
M30162040108X0OPSAR
M30162040108X0PSAY

Valid Combinations — 54MHz
Base Temperature Package Packing Part
Part Number Range Type Type Number

M10042040054 % 0l, OP WA, SA R, Y M10042040054X0IWAR
M10042040054X0IWAY
M10042040054X0ISAR

M10042040054X0ISAY

M10042040054X0PWAR
M10042040054X0PWAY
M10042040054X0PSAR
M10042040054X0PSAY
M30042040054 % 0l, oP WA, SA R, Y M30042040054X0IWAR
M30042040054X0IWAY
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Valid Combinations — 54MHz

Base Temperature Package Packing Part
Part Number Range Type Type Number

M30042040054X0ISAR
M30042040054X0ISAY
M30042040054X0PWAR
M30042040054X0PWAY
M30042040054X0PSAR
M30042040054X0PSAY

M10082040054 X 0l, OP WA, SA R, Y M10082040054X0IWAR
M10082040054X0IWAY
M10082040054X0ISAR
M10082040054X0ISAY
M10082040054X0PWAR
M10082040054X0PWAY
M10082040054X0PSAR
M10082040054X0PSAY

M30082040054 % 0l, OP WA, SA R, Y M30082040054X0IWAR
M30082040054X0IWAY
M30082040054X0ISAR
M30082040054X0ISAY
M30082040054X0PWAR
M30082040054X0PWAY
M30082040054X0PSAR
M30082040054X0PSAY

M10162040054 % 0l, oP WA, SA R, Y M10162040054X0IWAR
M10162040054X0IWAY
M10162040054X0ISAR
M10162040054X0ISAY
M10162040054X0PWAR
M10162040054X0PWAY
M10162040054X0PSAR
M10162040054X0PSAY
M30162040054 X 0l, OP WA, SA R, Y M30162040054X0IWAR
M30162040054X0IWAY
M30162040054X0ISAR
M30162040054X0ISAY
M30162040054X0PWAR
M30162040054X0PWAY
M30162040054X0PSAR
M30162040054X0PSAY
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4. Signal Description and Assignment

CS#

WP# / 10[2]

S1/10[0] -—»

CLK ——p»

10[3] «—»]

Figure 2: Device Pinout

4Mb — 16Mb
Quad SPI
MRAM

l«— SO /10[1]

Table 2: Signal Description
Description

Chip Select: When CS# is driven High, the device will enter standby mode. All
other input pins are ignored and the output pin is tri-stated. Driving CS# Low
enables the device, placing it in the active mode. After power-up, a falling edge
on CS# is required prior to the start of any instructions.

Write Protect (SPI): Write protects the status register in conjunction with the
enable/disable bit of the status register. This is important since other write
protection features are controlled through the Status Register. When the
enable/disable bit of the status register is set to 1 and the WP# signal is driven
Low, the status register becomes read-only and the WRITE STATUS
REGISTER operation will not execute. This signal does not have internal pull-
ups, it cannot be left floating and must be driven. WP# is valid only in Single SPI
mode.

Bidirectional Data 2 (DPI/QPI): The bidirectional I/O transfers data into and out
of the device in Dual and Quad SPI modes.

Clock: Provides the timing for the serial interface. Depending on the mode
selected, either single (rising or falling) edge or both edges of the clock are
utilized for information transfer.

In Single Data Rate mode (SDR) command, address and data inputs are
latched on the rising edge of the clock. Data is output on the falling edge of the
clock.

In Double Data Rate mode (DDR) command is latched on the rising edge of
the clock. Address and Data inputs are latched on both edges of the clock.
Similarly, Data is output on both edges of the clock.

The following two SPI clock modes are supported.

e SPI Mode 0 (CPOL =0, CPHA =0) — SDR and DDR

e SPI Mode 3 (CPOL =1, CPHA = 1) — SDR only
Bidirectional Data 3 (DPI/QPI): The bidirectional I/O transfers data into and out
of the device in Dual and Quad SPI modes.

Serial Data Input (SPI): The unidirectional I/O transfers data into the device on
the rising edge of the clock in Single SPI mode.

Bidirectional Data 0 (DPI/QPI): The bidirectional I/O transfers data into and out
of the device in Dual and Quad SPI modes.

Signal Type
CS# Input
Input
WP# /10[2] /
Bidirectional
CLK Input
10[3] Bidirectional
Input
SI1/10[0] /
Bidirectional
Feb.25.21
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Signal Type Description
Outout Serial Data Output (SPI): The unidirectional I/O transfers data out of the device
SO /10[1] /p on the falling edge of the clock in Single SPI mode.
Bidirectional Bidirectional Data 1 (DPI/QPI): The bidirectional 1/0O that transfers data into
and out of the device in Dual and Quad SPI modes.
Vee Supply Vce: Core and I/O power supply.
Vss Supply Vss: Core and 1/O ground supply.
Feb.25.21 RENESAS Page 8
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5. Package Options

5.1 8-Pad DFN (WSON) (Top View)

Figure 3: 8-Pad DFN (WSON)

CS#

SO /10[1]

wP#/10[2] | 3

Vss | 4

2

8[| Vec

7 | 10[3]

6 || CLK

5 || s1/10[0]

5.2 8-Pin SOIC (Top View)

Figure 4: 8-Pin SOIC

o
CS# o1 8 ™= Vce
SO/I0[1] =2 7 (w 10[3]
WP# /10[2] =3 6 [% CLK
Vss = 4 5 = SI/10[0]
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6. Package Drawings

6.1 8-Pad DFN (WSON)

=]
E =
=
(] =
PIN #1 o
A i —_ L
|
]
| (]
L]
dd—— L _ 1 _|q-
l i .
I A1 Pl #1
B 10P_VIEW s ©
1
| | A
1
: SIDE_VIEW
TYUBDL] MM, | NOW | uAx
Talol thickness A | oo | o | oso
Standall Al | 000 |00z | 005
Meold thickness a2 | 052 | 055 | 058
Lead Bhickness M3 0.20 REF.
. 1] 590 | 600 | B0
Body size E | 430 | 500 | 5.10
Leod widlh b | 035 | 040 | 048
Exposed pad width D2 | 335 | 240 | 348
Exposed pod kength E2 | 395 | 400 | 405
Leod pitch . 137 B5C
Lead lenghh L 055 | 0.60 | 065
Lead count N BL
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6.2 8-Pin SOIC

8 DIMENSION (MM) DIMENSION (MIL)
/-l—_ SYMBOL
‘ MIN. NOM. MAX. MIN. NOM. MAX.
8 ‘ 5 ﬂ:ﬂ A 2.16 85.04
i I i i Al 0.05 0.15 | 025 1.97 9.84
T —— T — = a2 1.70 1.80 131 66.93 75.20
T
i a3 [ 32.40
i 4 078 32.40
: b 0.36 0.41 051 | 1417 20.08
e T~ ;r c 0.19 020 0.25 7.48 9.84
/ ‘ :l } D 513 523 5.33 20197 20591 20984
———t e — e — - I - R el —_—— e —
* ! ] i 1 E 7.70 7.90 8.10 303.15 | 311.02 | 31890
|
N B ' E1 5.18 5.28 5.38 | 20394 | 20787 | 211.81
~
== 1 . 1.27 BSC 50 BSC
A \ [l R L 0.50 065 | o080 | 1989 | 2558 | 3150
| | 4 | L 1.27 1.37 1.47 50.00 5394 57.87
1 —— A s 0.62 0.74 0.88 2441 | 2003 | 3485
i il 17 i ! ! : T 5 G T 5 7
' ; | e : 4 i ﬂ i y 0.075 285
| E— | i

NOTE:

SEATING PLANE

1.

DIMENSION "D" DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS
OR GATE BURRS. MOLD FLASH, PROTRUSIONS AND GATE BURRS
SHALL NOT EXCEED 0.15mm (6mil) PER SIDE.

. DIMENSION "E" DOES NOT INCLUDE INTERLEAD FLASH OR

PROTRUSIONS. INTER-LEAD FLASH AND PROTRUS SHALL
NOT EXCEED 0,25mm (10 mil) PER SIDE.

. CONTROLLING DIMENSION: MILLIMETER

DETAIL "X”
Feh.25.21 RENESAS Page 11
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7. Architecture

Mxxxx204 is a high performance serial STT-MRAM device. It features a SPI-compatible bus interface running at 108MHz,
eXecute-In-Place (XIP) functionality, and hardware/software based data protection mechanisms.

When CS# is Low, the device is selected and in active power mode. When CS# is High, the device is deselected but can
remain in active power mode until ongoing internal operations are completed. Then the device goes into standby power
mode and device current consumption drops to Iss.

Mxxxx204 contains an 8-bit instruction register. All functionality is controlled through the values loaded into this instruction
register. In Single SPI mode, the device is accessed via the Sl /10][0] pin. In Dual and Quad SPI modes, 10[0:1] and 10[0:3]
are used to access the device respectively. Furthermore, Single Data Rate (SDR) and Double Data Rate (DDR) instructions
utilize CLK edges differently to transfer information; SDR uses a single CLK edge whereas DDR uses both edges of CLK.
Table 3 summarizes all the different interface modes supported and their respective I/O usage. Table 4 shows the clock
edge used for each instruction component.

Nomenclature adoption: A typical SPI instruction consists of command, address and data components. The bus width to
transmit these three components varies based on the SPI interface mode selected. To accurately represent the number of
I/Os used to transmit these three components, a nomenclature (command-address-data) is adopted and used throughout
this document. Integers placed in the (command-address-data) fields represent the number of 1/0Os used to transmit the
particular component. As an example, 1-1-1 means command, address and data are transmitted on a single 1/0 (Sl / 10[0]
or SO /10[1]). On the other hand, 1-4-4 represents command being sent on a single 1/0 (Sl / I0[0]) and address/data being
sent on four 1/0s (I0[3:0]).

Table 3: Interface Modes of Operations

Instruction Single Dual Dual DPI Quad Quad QPI
Component SPI Input /0 Input /0
Output SPI Output SPI
SPI SPI
(1-1-1) (1-1-2) (1-2-2) (2-2-2) (1-1-4) (1-4-4) (4-4-4)
Command S1/10][0] S1/10][0] S1/10]0] 10[1:0] S1/10]0] S1/10]0] 10[3:0]
Address S1/10][0] S1/10][0] 10[1:0] 10[1:0] S1/10]0] 10[3:0] 10[3:0]
Data Input S1/10]0] 10[1:0] 10[1:0] 10[1:0] 10[3:0] 10[3:0] 10[3:0]
Data Output SO /10][1] 10[1:0] 10[1:0] 10[1:0] 10[3:0] 10[3:0] 10[3:0]
Table 4: Clock Edge Used for instructions in SDR and DDR modes
Instruction Type Command Address Data Input Data Output
(1'1'1) SDR fr fr fr FL L
(1'1'1) DDR fr rREYF rREYF B Z I
(1'1'2) SDR fr fr fr FL L
(1'2'2) SDR fr fr fr FL L
(2-2-2) SDR fr fr fr FLl
(2-2-2) DDR fr rREYF rREYF LR 1
(1'1'4) SDR £fr fr fr FL L
(1-4-4) SDR f= fr fr FLl
(1'4'4) DDR Ar REYF REYF FLfdr 1
(4'4'4) SDR fr fr fr FL L
(4-4-4) DDR fr rREYF rREYF B Z I

Notes:

R: Rising Clock Edge

F: Falling Clock Edge

1: Data output from Mxxxx204 always begins on the falling edge of the clock — SDR & DDR
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Mxxxx204 supports eXecute-In-Place (XIP) which allows completing a series of read and write instructions without having
to individually load the read or write command for each instruction. Thus, XIP mode saves command overhead and reduces
random read & write access time. A special XIP byte must be entered after the address bits to enable/disable (Axh/Fxh)
XIP.

Mxxxx204 offers both hardware and software based data protection schemes. Hardware protection is through WP# pin.
Software protection is controlled by configuration bits in the Status register. Both schemes inhibit writing to the registers and
memory array.

Mxxxx204 has a 256-byte Augmented Storage Array which is independent from the main memory array. It is user
programmable and can be write protected against inadvertent writes.

Two lower power states are available in Mxxxx204, namely Deep Power Down and Hibernate. Data is not lost while the
device is in either of these two low power states. Moreover, the device maintains all its configurations.

I v
CS#

Serial
1/0s

Figure 5: Functional Block Diagram

]

Column
Decoder
&

Vee

Address Register

Status Register
Command Register

SO/10[1] 10[3]

H

Array ClK

&
Control

ow Decoder
v

High Voltage
Generator

L

Vs

WP# / 10[2] I Command ™
) I

SI/10[0]

MRAM I

Regulator

Table 5: Modes of Operation

Mode Current CS# CLK SI1/10[3:0] SO /10[3:0]
Standby Iss H Gated Gated / Hi-Z Hi-Z / Hi-Z
Active - Read IrREAD L Toggle Command, Address Data Output
Active - Write IwriTE L Toggle Command, Address, Data Input Hi-Z
Deep Power Down lopD H Gated Gated / Hi-Z Hi-Z / Hi-Z
Hibernate IHeN H Gated Gated / Hi-Z Hi-Z / Hi-Z

Notes:

H: High (Logic ‘1")

L: Low (Logic ‘0")
Hi-Z: High Impedance
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8. Device Initialization

When powering up, the following procedure is required to initialize the device correctly:

Ramp up Vee (RVR)

CS# must follow Vcc during power-up (a 10KQ pull-up Resistor to Vcc is recommended)

It is recommended that no instructions are sent to the device when V¢c is below Vce (minimum)

During initial Power-up, recovering from power loss or brownout, a delay of tey is required before normal operation
commences

e Upon Power-up, the device is in Standby mode

Figure 6: Power-Up Behavior

Voltage

e —
Device
Fully

Vee Operational

(Maximum)

VCC
(Minimum)

Time

ov
When powering down, the following procedure is required to turn off the device correctly:
e Ramp down Vcc (Rve)
e CS# must follow Vcc during power-down (a 10KQ pull-up Resistor to Vcc is recommended)
e Itis recommended that no instructions are sent to the device when Vcc is below Vcc (minimum)
e The Power-up timing needs to be observed after Vcc goes above Vec (minimum)

Figure 7: Power-Down Behavior

Voltage
A ‘ "
Device
Fully

v Operational

cC
(Maximum)
L

VCC

(Minimum) \\
Vee-cutorr
(Cut Off)
-t

ov

» Time
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Table 6: Power Up/Down Timing — 3.0V

Parameter Symbol Test Conditions Minimum Ty3p.)?c\:/al Maximum | Units
Vce Range Vce 2.7 - 3.6 \%
Vce Ramp Up Time Rvr 30 - - ps/V
Vcec Ramp Down Time Rvr 20 - - ps/vV
Vcc Power Up to First Instruction tru 250 - - Hs

o ] Vee. All operating
Vce Cutoff — Must Initialize Device cUTorE voltages and 1.6 - - \Y
Time to Enter Deep Power Down tepPD temperatures - - 3 us
Time to Exit Deep Power Down texopD - - 400 ps
Time to Enter Hibernate tenTHiB - - 3 VS
Time to Exit Hibernate texHis - - 450 ps
CS# Pulse Width tcsppp 50 - - ns
Table 7: Power Up/Down Timing — 1.8V

Parameter Symbol Test Conditions Minimum T;/lp;?c\:/al Maximum | Units
Vcec Range Vce 171 - 20 \%
Vce Ramp Up Time Rvr 30 - - ps/V
Vce Ramp Down Time Rvr 20 - - ps/V
Vcc Power Up to First Instruction tru 250 - - ps
Vcc Cutoff — Must Initialize Device Vee- All operating 1.6 - - \%

CUTOFF voltages and

Time to Enter Deep Power Down teoPD temperatures - - 3 us
Time to Exit Deep Power Down texopD - - 400 ps
Time to Enter Hibernate tenTHIB - - 3 ps
Time to Exit Hibernate texHis - - 450 ps
CS# Pulse Width tcspprp 50 - - ns
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9. Memory Map
Table 8: Memory Map

Density Address Range 24-bit Address [23:0]
4Mb 000000h — 07FFFFh [23:19] — Logic ‘0’ [18:0] - Addressable
8Mb 000000h — OFFFFFh [23:20] — Logic ‘0’ [19:0] - Addressable
16Mb 000000h — 1FFFFFh [23:21] — Logic ‘0’ [20:0] - Addressable

10. Augmented Storage Array Map

Table 9: Augmented Storage Array Map

Density Address Range 24-bit Address [23:0]
4Mb 000000h — 0000FFh 1 [23:8] — Logic ‘0’ [7:0] - Addressable
8Mb 000000h — 0000FFh 1 [23:8] — Logic ‘0’ [7:0] - Addressable
16Mb 000000h — 0000FFh 1 [23:8] — Logic ‘0’ [7:0] - Addressable

Notes:
1: The 256-byte augmented storage array is divided into 8 individually readable and writeable sections (32 bytes per section). After an individual section is programmed,
it can be write protected to prevent further programming.

Table 10: Individual Section Address Range

Section Address Range 24-bit Address [23:0]
0 000000h — 00001Fh [23:8] — Logic ‘0’ [7:0] - Addressable
1 000020h — 00003Fh [23:8] — Logic ‘0’ [7:0] - Addressable
2 000040h — 00005Fh [23:8] — Logic ‘0’ [7:0] - Addressable
3 000060h — 00007Fh [23:8] — Logic ‘0’ [7:0] - Addressable
4 000080h — 00009Fh [23:8] — Logic ‘0’ [7:0] - Addressable
5 0000AOh — 0000BFh [23:8] — Logic ‘0’ [7:0] - Addressable
6 0000C0Oh — 0000DFh [23:8] — Logic ‘0’ [7:0] - Addressable
7 0000EOh — 0000FFh [23:8] — Logic ‘0’ [7:0] - Addressable

11. Register Addresses

Table 11: Register Addresses

Register Name Address
Status Register 0x000000h
Configuration Register 1 0x000002h
Configuration Register 2 0x000003h
Configuration Register 3 0x000004h
Configuration Register 4 0x000005h
Device Identification Register 0x000030h
Unique Identification Register 0x000040h

Note:
1: Register address space is different from the memory array and augmented storage array.

MRAM INITIALIZATION REQUIREMENT
After reflow temp cycle, MRAM Registers must be reconfigured to default settings. Please see the apps note; “Programming
Non-Volatile Registers to Factory Default State Post-Reflow Application Note” for details.
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12. Register Map

12.1 Status Register / Device Protection Register (Read/Write)

Status register is a legacy SPI register and contains options for enabling/disabling data protection.

Table 12: Status Register — Read and Write

Bits Name Describtion Read / | Default Selection
P Write | State Options
1: Protection Enabled — write protects
Hardware Based WP# when WP# is Low
SR[7] WP#EN Protection Enable/Disable RIW 0 0: Protection Disabled — Doesn't write
protect when WP# is Low
. . 1: S/N Write protected - protection
SR[6] | SNPEN Eﬁgg:e'\/‘gi“;:;':mtec“on RIW 0 | enabled
0: S/N Writable - protection disabled
Software Top/Bottom 1: Bottom Protection Enabled (Lower
SR[5] TBSEL Memory Array Protection R/W 0 deress Rang_e) bled (High
Selection : Top Protection Enabled (Higher
Address Range)
SR[4] | BPSEL[2] | Block Protect Selection Bit 2 R/W 0 . .
SR[3] | BPSEL[1] | Block Protect Selection Bit 1 R/W 0 ﬂc))(:k Protection Bits (Table 13, Table
SR[2] | BPSEL[O] | Block Protect Selection Bit 0 R/W 0
Write Operation Protection 1: Write Operation Protection Disabled
SR[1] WREN Enable/Disable R 0 0: Write Operation Protection Enabled
SR[0] RSVD Reserved R 0 Reserved for future use
Table 13: Top Block Protection Address Range Selection (TBPSEL=0)
BPSEL | BPSEL | BPSEL Protected
2] 1] (0] Portion 4Mb 8Mb 16Mb
0 0 0 None None None None
07E000h — OFC000h — 1F8000h —
0 0 1 Upper 1/64 07FFFFh OFFFFFh 1FFFFFh
07C000h — 0F8000h — 1F0000h —
0 1 0 Upper 1/32 07FFFFh OFFFFFh 1FFFFFh
078000h — 0F0000h — 1E0000h —
0 1 1 Upper 1/16 07FFFFh OFFFFFh 1FFFFFh
070000h — 0E0000h — 1C0000h —
1 0 0 Upper 1/8 07FFFFh OFFFFFh 1FFFFFh
060000h — 0C0000h — 180000h —
1 0 1 Upper 1/4 07FFFFh OFFFFFh 1FFFFFh
040000h — 080000h — 1F0000h —
1 1 0 Upper 1/2 07FFFFh OFFFFFh 1FFFFFh
1 1 1 All 000000h — 000000h — 000000h —
O7FFFFh OFFFFFh 1FFFFFh
Table 14: Bottom Block Protection Address Range Selection (TBPSEL=1)
BPSEL | BPSEL | BPSEL Protected
2] 1] [0] Portion 4Mb 8Mb 16Mb
0 0 0 None None None None
000000h — 000000h — 000000h —
0 0 1 Lower 1/64 001FFFh 003FFFh 007FFFh
000000h — 000000h — 000000h —
0 1 0 Lower 1/32 003FFFh 007FFFh 00FFFFh
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BPSEL | BPSEL | BPSEL Protected

) 4Mb 8Mb 16Mb
[2] [1] [0] Portion
000000N — 000000h — 000000N —
0 1 1 Lower 1/16 007FFFh 00FFFFh 01FFFFh
000000h — 000000h — 000000h —
1 0 0 Lower 1/8 00FFFFh 01FFFFh 03FFFFh
000000h — 000000h — 000000h —
1 0 1 Lower 1/4 01FFFFh 03FFFFh 07FFFFh
000000h — 000000h — 000000h —
1 1 0 Lower 1/2 03FFFFh 07FFFFh OFFFFFh
1 1 1 All 000000h — 000000h — 000000h —
07FFFFh OFFFFFh 1FFFFFh

Table 15: Write Protection Modes

Status Memory? Memory?
WREN WP#EN WP# & Array Array
(Status Register) (Status Register) (Pin) Configuration Protected Unprotected
Registers Area Area
0 X X Protected Protected Protected
1 0 X Unprotected Protected Unprotected
1 1 Low Protected Protected Unprotected
1 1 High Unprotected Protected Unprotected
Notes:
High: Logic ‘1’
Low: Logic ‘0’

X: Don’t Care — Can be Logic ‘0’ or ‘1’

Protected: Write protected

Unprotected: Writable

1: Memory address range protection based on Block Protection Bits

12.2 Augmented Storage Array Protection Register (Read/Write)

Augmented Storage Array Protection register contains options for enabling/disabling data protection for eight 32-byte
sections.
Table 16: Augmented Storage Array Protection Register — Read and Write

Read :
Bits Name Description / Default Sele_ct|on
Write State Options

ASA Section 7 Write
ASP[7] | ASPS[7] Protection Enable/Disable RIW 0

ASA Section 6 Write
ASP[6] | ASPS[6] Protection Enable/Disable RIW 0

ASA Section 5 Write
ASP[5] | ASPS[5] Protection Enable/Disable RIW 0

ASA Section 4 Write
ASP[4] | ASPS[4] Protection Enable/Disable RIW 0

ASA Section 3 Write
ASP[3] | ASPS[3] Protection Enable/Disable RIW 0

ASA Section 2 Write
ASP[2] | ASPS[2] Protection Enable/Disable RIW 0

ASA Section 1 Write
ASP[1] | ASPS[1] Protection Enable/Disable RIW 0

ASA Section 0 Write
ASP[0] | ASPS[0] Protection Enable/Disable RIW 0

: Protection Enabled
: Protection Disabled

. Protection Enabled
: Protection Disabled

: Protection Enabled
: Protection Disabled

: Protection Enabled
: Protection Disabled

: Protection Enabled
: Protection Disabled

: Protection Enabled
. Protection Disabled

: Protection Enabled
. Protection Disabled

: Protection Enabled
. Protection Disabled

oOr  OFr Or | OFr OFr OFr OFr o
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12.3 Device ldentification Register (Read Only)

Device identification register contains Avalanche’s Manufacturing ID along with device configuration information.

Table 17: Device Identification Register — Read Only

Bits Avalanche Device
Manufacturer's ID Configuration
Interface Voltage Temp Density Freq
ID[31:0] ID[31:24]

ID[23:20] | ID[19:16] | ID[15:12] | ID[11:8] ID[7:0]

Manufacturer Interface Voltage Temperature Density Frequency

ID

31-24 23-20 19-16 15-12 11-8 7-0

1110 0110 0000-HP QSPI | 0001 - 3V 0000 - -40°C- 85°C | 0010 - 4Mb | 00000001 - 108MHz
0010 - 1.8V | 0001 - -40°C-105°C | 0011 - 8Mb | 00000010 — 54MHz
0100 - 16Mb | 00000011 - Reserved
00000100 - Reserved
00000101 - Reserved

12.4 Serial Number Register (Read/Write)
Serial Number register is user writable.

Table 18: Serial Number Register — Read and Write

Read Selection
Bits Name Description / Default State ! )
. Options
Write
SN[63:0] SN Serial Number Value R/W OOOOOOOOOOOOhOOOO Value stored is based on the customer
Notes:
1: The default value is how the device is shipped from the factory.
12.5 Unique lIdentification Register (Read Only)
Unique ldentification register contains a number unigue to every device.
Table 19: Unique ID Register — Read Only
. _— Read / Selection
Bits Name Description Write Options
. Unique ldentification Value stored is written in the factory and is
UID[63:0] uID Number Value R device specific
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12.6 Configuration Register 1 (Read/Write)

Configuration Register 1 controls locking/unlocking data protection options set in the Status register. Once locked, the
protection options cannot be changed in the Status register.

Table 20: Configuration Register 1 — Read and Write

; L Read Default Selection
Bits Name Description / S
Write tate Options
CR1[7] | RSVD | Reserved R 0 Reserved for future use
CR1J6] | RSVD | Reserved R 0 Reserved for future use
CR1J5] | RSVD | Reserved R 0 Reserved for future use
CR1[4] | RSVD | Reserved R 0 Reserved for future use
CR1[3] | RSVD | Reserved R 0 Reserved for future use

Status Register Lock
CR1[2] = MAPLK Enable/Disable R/W 0
(TBSEL, BPSEL[2:0]

1: Lock TBSEL and BPSEL[2:0]
0: Unlock TBSEL and BPSEL[2:0]

CR1[1] | RSVD | Reserved R 0 Reserved for future use

1: Write Protect Augmented

Augmented Storage Array Data Storage Array

CR1[0] = AsSPLK | Protection RIW 0
0: Not Write Protect Augmented

Storage Array
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12.7 Configuration Register 2 (Read/Write)

Configuration Register 2 controls the interface type along with memory array access latency.

Table 21: Configuration Register 2 — Read and Write

Read | . it Selection
Bits Name Description S
Write tate Options
CR2[7] RSVD Reserved R 0 Reserved for future use
A 1: Quad SPI (QPI 4-4-4) Enabled
CR2[6] QPISL Quad SPI (QPI 4 4-4) Interface R? 0
Mode Enable/Disable 0: Single SPI (SPI 1-1-1) Enabled
CR2[5] RSVD Reserved R 0 Reserved for future use
o 1: Dual SPI (DPI 2-2-2) Enabled
CR2[4] DPISL Dual SPI (DPI 2 2-2) Interface R? 0
Mode Enable/Disable 0: Single SPI (SPI 1-1-1) Enabled
0000: 0 Cycles - Default
CR2[3] | MLATSI3] 0
0001: 1 Cycle
0010: 2 Cycles
CR2[2] | MLATS[2] 0
0011: 3 Cycles
0100: 4 Cycles
CR2[1] | MLATSI1] 0
0101: 5 Cycles
0110: 6 Cycles
Memory Array Read Latency 0111: 7 Cycles
S R/W
Selection 1000: 8 Cycles
1001: 9 Cycle
1010: 10 Cycles
CR2[0] | MLATSIO] 0
1011: 11 Cycles
1100: 12 Cycles
1101: 13 Cycles
1110: 14 Cycles
1111: 15 Cycles
Notes:

1: Latency is frequency dependent. Please consult Table 22 and Table 23.
2: These interface options can only be set through instructions.
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Table 22: Memory Array Read Latency Cycles vs. Maximum Clock Frequency (with XIP)
Max Frequency

Read Type Latency Mxxxx2x108xx MXXxXx2X054XX
(1-1-1) SDR 108MHz 54MHz
(1-1-1) DDR 54MHz 27TMHz
(1-1-2) SDR 108MHz 54MHz
(1-2-2) SDR 8-15 108MHz 54MHz
(2-2-2) SDR 108MHz 54MHz
(2-2-2) DDR 54MHz 27MHz
(1-1-4) SDR 108MHz 54MHz
(1-4-4) SDR 108MHz 54MHz
(1-4-4) DDR 12-15 54MHz 27MHz

108MHz
(4-4-4) SDR 5AMHz
(4-4-4) DDR 54MHz 27TMHz

Table 23: Memory Read Latency Cycles vs. Maximum Clock Frequency (without XIP)
Max Frequency
Mxxxx2x108xx MXXXX2X054xX

(1-1-1) SDR 0 50MHz 40MHz

Read Type Latency

Table 24: Augmented Storage Array Read Latency Cycles vs. Maximum Clock Frequency
Max Frequency

Mxxxx2x108xx MXXXXx2X054xX

(1-1-1) SDR 8-15 50MHz 40MHz

Read Type Latency

Table 25: Read Any Register Command Latency Cycles vs. Maximum Clock Frequency

Read Type Max Frequency Latency Cycles
(1-1-1) SDR 108MHz 8
(2-2-2) SDR 108MHz 4
(4-4-4) SDR 108MHz 2
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12.8 Configuration Register 3 (Read/Write)

Configuration Register 3 controls the output driver strength along with read data wrap selection.
Table 26: Configuration Register 3 — Read and Write

Read Default ;
Bits Name Description / Seleptlon
Write = 18V | 3.0V Options
1.8V 3.0v
CR3[7] | ODSEL[2] 0 0 | 000: 450! 350

001:  120Q  75Q
010:  90Q 60Q
CR3[6] | ODSEL[1] | Output Driver Strength Selector | R/W 0 1 |01 70Q 450!
100:  45Q 35Q
101:  60Q 400

CR3[5] | ODSELJ0] 0 1 110:  30Q 20Q
111: 20Q 15Q
Read WRAP Enable / Disable 1: Read Data Wrap Enabled
CR3[4] WRAPS (16/32/64/128/256 Byte) RIW 0 0: Read Data Wrap Disabled
CR3[3] RSVD Reserved R 0 Reserved for future use
000: 16-byte Boundary
CR3[2] | WRPLS[2] 0 001: 32-byte Boundary

010: 64-byte Boundary
011: 128-byte Boundary

CR3[1] = WRPLS[1] Wrap Length Selector? RIW 0 100: 256-byte Boundary
101: Reserved
CR3[0] | WRPLSJ0] 0 110: Reserved

111: Reserved
Notes:
1: Default Setting (Vcc dependent).
2: If Wrap is enabled, the read data wraps within an aligned 16/32/64/128/256-byte boundary at any address. The starting address entered selects the

group of bytes and the first data returned is the addressed byte. Bytes are then read sequentially until the end of the group boundary is reached. If read
continues, the address wraps to the beginning of the group and continues to read sequentially.

12.9 Configuration Register 4 (Read/Write)

Configuration Register 4 controls Write Enable protection (WREN — Status Register) reset functionality during memory array
writing!. This functionality makes SPI MRAM compatible to other SPI devices.
Table 27: Configuration Register 4 — Read and Write

: I Read Default Selection
Bits Name Description / .
Write State Options

CR4[7] RSVD Reserved 0 Reserved for future use

CR4[6] RSVD Reserved 0 Reserved for future use

CR4][5] RSVD Reserved 0 Reserved for future use

CR4[4] RSVD Reserved 0 Reserved for future use

CR4][3] RSVD Reserved 0 Reserved for future use

CR4[2] RSVD Reserved 1 Reserved?
WREN Reset R/W 00: Normal: WREN is prerequisite to all Memory Array
Select Write instruction. (WREN is reset after CS# goes High)

CR4[1] = WRENS[1] elector 0 01: SRAM: WREN is not a prerequisite to Memory Array

Write instruction (WREN is ignored)

(Memory & 10: Back-to-Back: WREN is prerequisite to only the first
rugmented Storage Inructon must be execUted 10 oSt WREN,

CR4[O] WRENS[O] Array _ertg 1 (WREN does not reset once CS# goes High)
Functionality) 11: lllegal - Reserved for future use

Notes:

1: Write Enable protection (WREN — Status Register) for Registers is maintained irrespective of the Configuration Register 4 settings. In other words, all
register write instructions require WREN to be set and WREN resets once CS# goes High for the write instruction.

2: Must be set to “1”. Writing a “0” to this bit may impact device functionality.
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13. Instruction Set
Table 28: Instruction Set

n >

2 2 @
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o< () © =

T O 3 a
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Control Instructions

: NOOP 108
1 | No Operation 00h . . . . fyrd
: WREN 108
2 | Write Enable o6h . . . . v
: : WRDI 108
3 | Write Disable 0ah . . . . fyed
DPIE 108
4 | Enable DPI p— . . . it
QPIE 108
5 | Enable QPI S8h . . . v
SPIE 108
6 | Enable SPI el . . . fyed
DPDE 108
7 | Enter Deep Power Down Boh . . . . MHz
: HBNE 108
8 | Enter Hibernate BAR . . . . v
SRTE 108
9 | Software Reset Enable 6h . . . . fyed
SRST 108

10 | Software Reset ooh . . . . vhz | SRTE
; DPDX 108
11 | Exit Deep Power Down ABh . . . . v

Read Register Instructions

: RDSR 54
12 | Read Status Register o5h . . . . 1 MHz
; : : RDC1 54
13 | Read Configuration Register 1 25h . . . . 1 Mz
; : : RDC2 54
14 | Read Configuration Register 2 3Fh . . . . 1 Mz
. . . RDC3 54
15 | Read Configuration Register 3 a4 . . . . 1 MHz
. . . RDC4 54
16 | Read Configuration Register 4 45h . . . . 1 Mz
17 Read Configuration Register 1, RDCX . . . . 4 54
2,3,4 46h MHz
f RDID 54
18 | Read Device ID oFh . . . . 4 Mtz
: RUID 54
19 | Read Unique ID ach . . . . 8 Mz
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: . RDSN 54
20 | Read Serial Number Register C3h 3 3 . . 8 MHz
,, | Read Augmented Array RDAP . . . . 1 o4
Protection Register 14h MHz
Read Any Register - Address RDAR 108
| Based 65h * . . . o | 1t08 | o
Write Register Instructions
. : WRSR 108
23 | Write Status Register o1h . . . . 1 Mhz | WREN
Write Configuration Registers WRCX 108
2 1,2,3,4 87h ° i 3 . 4 VHy | WREN
. . . WRSN 108
25 | Write Serial Number Register coh . . . . 8 Mhz | WREN
Write Augmented Array WRAP 108
26 ; : 1 WREN
Protection Register 1Ah ‘ ‘ ‘ ‘ MHz
Write Any Register - Address WRAR 108
27 Based 71h . . . . 1to8 MHz WREN
Read Memory Array Instructions
READ 1to 50
28 | Read Memory Array - SDR o03h . . . Mtz
RDFT 1to 108
29 | Fast Read Memory Array - SDR 0Bh . . o | oo . - MHz
DRFR 1to 54
30 | Fast Read Memory Array - DDR | "o, . . o | o o | e . Mz
a1 Read Dual Output Memory RDDO . o | o . 1to 108
Array - SDR 3Bh © MHz
- Read Quad Output Memory RDQO . o | o . 1to 108
Array - SDR 6Bh ° MHz
33 | Read Dual I/O Memory Read - RDDI . o | . | 10 108
SDR BBh B MHz
24 | Read Dual /O Memory Read - DRDI . . e | o | 10 54
DDR BDh w MHz
s Read Quad I/0 Memory Read - RDQI . o | o . 1to 108
SDR EBh w MHz
6 Read Quad I/0O Memory Read - DRQI . . e | o | 100 54
DDR EDh B MHz
Write Memory Array Instructions
: WRTE 1to 108
37 | Write Memory Array - SDR 02h . . . Mhz | WREN
; WRFT 1to 108
38 | Fast Write Memory Array - SDR DAh 3 . o | o o o MHz | WREN
Fast Write Memory Array - DRFW 1to 54
¥ | DDR DEh * . o | o . ” Mz | WREN
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Write Dual Input Memory Array WDUI 1to 108
' _spbr A2h ° o | o o Miz | WREN
Write Quad Input Memory WQDI 1to 108
“ Array - SDR 32h ® o | o " Mhz | WREN
Write Quad Input Memory DWQI 1to 54
“ Array - DDR 31h . . . ” Mz | WREN
Write Dual I/O Memory Array - WDIO 1to 108
* | spbr Alh ° o | o o Miz | WREN
Write Quad I/O Memory Array - WQIO 1to 108
44 SDR D2h . . . - MHz WREN
Write Quad I/O Memory Array - DWQO 1to 54
“ | DDR D1h * . J o MHz | WREN
Augmented Storage Array Instructions
5 Read Augmented Storage RDAS R . . lto 50
Array -SDR 4Bh 256 MHz
Write Augmented Storage WRAS 1to 108
47 Array _SDR 42h . . w MHz WREN
Notes:

1: A typical SPI instruction consists of command, address and data components. The bus width to transmit these three components varies based on the
SPI interface mode selected. To accurately represent the number of I/Os used to transmit these three components, a nomenclature (command-address-
data) is adopted and used throughout this document. Integers placed in the (command-address-data) fields represent the number of I/Os used to transmit
the particular component. As an example, 1-1-1 means command, address and data are transmitted on a single 1/0O (Sl / 10[0] or SO / I0[1]). On the other

hand, 1-4-4 represents command being sent on a single I/O (Sl / I0[0]) and address/data being sent on four 1/Os (10[3:0]).

2: XIP allows completing a series of read and write instructions without having to individually load the read or write command for each instruction. A special
mode byte must be entered after the address bits to enable/disable XIP — Axh / Fxh.
3: Read instruction must include Latency cycles to meet higher frequency. They are configurable (Configuration Register 2 — CR2[3:0]) and frequency
dependent.
4: The augmented storage array is 256-Bytes in size. The address bits ADDR[23:8] must be Logic ‘0’ for this instruction.
5: Registers do not wrap data during reads. Reading beyond the specified number of bytes will yield indeterminate data.
6: WREN prerequisite for array writing is configurable (Configuration Register 4 — CR4[1:0]).
7: For the Exit Deep Power Down command, the maximum frequency is 108MHz for 1-1-1 operation and 36MHz for 2-2-2 and 4-4-4 operations.
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14. Instruction Description and Structures

All communication between a host and Mxxxx204 is in the form of instructions. Instructions define the operation that must
be executed. Instructions consist of a command followed by an optional address modifier and data transfer to or from
Mxxxx204. All command, address and data information is transferred sequentially. Instructions are structured as follows:

Each instruction begins with CS# going Low (logic ‘0’) and ends with CS# returning High (Logic'l").
CLK marks the transfer of each bit.

Each instructions starts out with an 8-bit command. The command selects the type of operation Mxxxx204 must
perform. The command is transferred on the rising edges of CLK.

The command can be stand alone or followed by address to select a memory location or register. The address is
always 24-bits wide.

= SDR: The address is transferred on the rising edges of CLK.
= DDR: The address is transferred on both edges of the CLK in DDR.

The address bits are followed by data bits. For Write instructions:

= SDR: Write data bits to Mxxxx204 are transferred on the rising edges of CLK.
= DDR: Write data bits to Mxxxx204 are transferred on both edges of CLK.

In normal operational mode, Write instructions must be preceded by the WREN instruction. WREN instruction sets
the WREN bit in the Status register. WREN bit is reset at the end of every Write instruction. WREN bit can also be
reset by executing the WRDI instruction. Mxxxx204 offers two other modes, namely SRAM and Back-to-Back Write
where WREN does not get reset after a write instruction to the memory array or the augmented storage array.
These modes are set in Configuration Register 4.

Similar to write instructions, the address bits are followed by data bits for read instructions:

= SDR: Read data bits from Mxxxx204 are transferred on the falling edges of CLK.
= DDR: Read data bits from Mxxxx204 are transferred on both edges of CLK. The start of read data transfer is
always on the falling edge of the CLK.

Mxxxx204 is a high performance serial memory and at higher frequencies, read instructions require latency cycles
to compensate for the memory array access time. The number of latency cycles required depends on the
operational frequency and is configurable — Configuration Register 2. The latency cycles are inserted after the
address bits before the data comes out of Mxxxx204.

For Read and Write instructions, Mxxxx204 offers XIP mode. XIP allows similar instructions to be executed
sequentially without incurring the command cycles overhead. XIP is enabled by entering byte Axh and disabled by
entering byte Fxh. These respective bytes must be entered following the address bits.

For Read instructions, Mxxxx204 offers wrap mode. Wrap bursts are confined to address aligned 16/32/64/128/256
byte boundary. The read address can start anywhere within the wrap boundary. 16/32/64/128/256 wrap
configuration is set in Configuration Register 3.

The entire memory array can be read from or written to using a single read or write instruction. After the staring
address is entered, subsequent address are internally incremented as long as CS# is Low and CLK continues to
cycle.

All commands, address and data are shifted with the most significant bit first.
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Figure 8 to Figure 24 show the description of SDR instruction types supported.

Figure 8: Description of (1-0-0) Instruction Type
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Figure 9: Description of (1-0-1) Instruction Type
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Figure 10: Description of (1-1-1) Instruction Type (Without XIP)
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Figure 11: Description of (1-1-1) Augmented Storage Instruction Type
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Figure 12: Description of (1-1-1) Instruction Type (With XIP)
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Figure 13: Description of (1-1-2) Instruction Type (With XIP)
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Figure 14: Description of (1-2-2) Instruction Type (With XIP)
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Figure 15: Description of (2-0-0) Instruction Type
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Figure 16: Description of (2-0-2) Instruction Type
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Figure 17: Description of (2-2-2) Any Register Instruction Type
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Figure 18: Description of (2-2-2) Instruction Type (With XIP)
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Figure 19: Description of (1-1-4) Instruction Type (With XIP)
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Figure 20: Description of (1-4-4) Instruction Type (With XIP)
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Figure 21: Description of (4-0-0) Instruction Type
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Figure 22: Description of (4-0-4) Instruction Type

1
Byte 1to8
K QK BytesT ¢
(g’:ad)

cst ] -
cLk Zg UL U e~

Command

@ p»-¢—Output Data—Pp»
10[0] ——{ 4T o[ [ ofJ[T 4T of[[[ e[ o}—

o[y ——ELaT s ffTs [T 1

Read

10[2) —{ e[l e[ 2[[[T e[ 2[[fTe[2}—

lor8] — =T 7 e [ff 7T e [T o—

Figure 23: Description of (4-4-4) Any Register Instruction Type (Without XIP)

2
1

Byte 3 Lg;‘i lrg 1to0 8
KA Bytes QS l?g’etaed)s b\
cs# | [
ek Z3 UL UL ULy UL T UL TUT
@ <€—Addiess—p ~¢—Output Data—p»

10[0]
10[1]

Read
10[2]

10[3]

Write

6] 2[J[T el 2[]IT e 2[ e[ 2[]IT e 2[JT e[ 2F—

Bl KBl (KEKEIKEI KE

Feh.25.21 RENESAS Page 33



M1004204/M1008204/M1016204 M3004204/M3008204/M3016204

Figure 24: Description of (4-4-4) Instruction Type (With XIP)
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Figure 25 to Figure 29 show the description of DDR instruction types supported.

Figure 25: Description of (1-1-1) DDR Instruction Type (With XIP)
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Figure 26: Description of (2-2-2) DDR Instruction Type (With XIP)
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Figure 27: Description of (4-4-4) DDR Instruction Type (With XIP)
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Figure 28: Description of (1-2-2) DDR Instruction Type (With XIP)
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Cs# |

Figure 29: Description of (1-4-4) DDR Instruction Type (With XIP)
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15. Electrical Specifications

Table 29: Recommended Operating Conditions

Parameter / Condition Minimum Typical Maximum Units
. Industrial -40.0 - 85.0 °C
Operating Temperature -
Industrial Plus -40.0 - 105.0 °C
Vce Supply Voltage (3.0V) 3.0V 2.7 3.0 3.6 \%
Vce Supply Voltage (1.8V) 1.8V 1.71 1.8 2.0 \Y
Vss Supply Voltage 0.0 0.0 0.0 \%
Table 30: Pin Capacitance
Parameter Test Conditions Symbol Maximum Units
Input Pin Capacitance TEMP = 25°C; f =1 MHz; Vin = 3.0V Cin 5.0 pF
Output Pin Capacitance TEMP = 25°C; f =1 MHz; Vin = 3.0V Cinout 6.0 pF
Table 31: Endurance & Retention
Parameter Symbol Test Conditions Minimum Units
Write Endurance END - 1014 cycles
105°C 10
) 85°C 1,000
Data Retention RET years
75°C 10,000
65°C 1,000,000

Table 32: 3.0V DC Characteristics

3.0V Device (2.7V-3.6V)
Parameter Symbol Test Conditions . . . .
Minimum | Typical | Maximum Units

Read Current (1-1-1) SDR IREADL - 8 9 mA
Vce = 3.6V, lout=0mA,

Read Current (2-2-2) SDR IREAD2 CLK=54MHz (ViL/ Vin), - 9 10 mA

Read Current (4-4-4) SDR lkeaos | Cor Vi SIEViLOT Vi - 10 12 mA

Read Current (1-1-1) SDR IREAD4 - 13 15 mA
Vce = 3.6V, lout=0mA,

Read Current (2-2-2) SDR IREADS CLK=108MHz (ViL/ Vin), - 15 17 mA

Read Current (4-4-4) SDR lkeaps | CoF Vb SIEViLorVin ; 19 21 mA

Read Current (1-1-1) DDR I - 13 18 mA
(1-1-1) READT | Viee = 3.6V, lour=0mA,

Read Current (2-2-2) DDR IREADS CLK=54MHz (ViL/ Vin), - 20 24 mA

Read Current (4-4-4) DDR lkenvs | Cor Vb SI=Vicor Vi - 23 28 mA

Write Current (1-1-1) SDR IwriTEL - 14 16 mA
. Vce = 3.6V, lout=0mA,

Write Current (2-2-2) SDR IwriTE2 CLK=54MHz (ViL/ Vin), - 17 20 mA

Write Current (4-4-4) SDR IwriTE3 CS#= Vi, SI=Vicor Vi - 22 25 mA
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3.0V Device (2.7V-3.6V)

Parameter Symbol Test Conditions . . . .
y Minimum | Typical | Maximum Units
Write Current (1-1-1) SDR lwriTE4 - 22 28 mA
. Vce = 3.6V, lout=0mA,
Write Current (2-2-2) SDR IwriTES CLK=108MHz (ViL/ Vin), - 25 32 mA
Write Current (4-4-4) SDR wrmes | Con Vb SIEViLOrVin - 38 45 mA
Write Current (1-1-1) DDR lwriTE? Vee = 3.6V, lour=0mA, - 15 25 mA
Write Current (2-2-2) DDR IwriTES CLK=54MHz (ViL! Vi), - 20 30 mA
Write Current (4-4-4) DDR weimes | Cor Vb SIZViLOrVin - 30 45 mA
Ta =25°C - 160 - HA
Vce = 3.6V, CLK=Vcc, — aro, ) )
Standby Current Ise CS#=Vee, SI=Vee Ta =85°C 400 HA
Ta =105°C - - 600 pA
Deep Power Down Current IoPD Vce = 3.6V, CLK=Vcc, CS#=Vcc, SI=Vce - 5 25 HA
Hibernate Current IneN Vce = 3.6V, CLK=Vcc, CS#=Vcc, SI=Vce - 0.1 - A
Input Leakage Current L Vin=0 to Vcc (max) - - +1.0 HA
Output Leakage Current ILo Vout=0 to Vcc (max) - - +1.0 HA
Input High Voltage ViH 0.7xVcc - Vce+0.3 \%
Input Low Voltage Vi -0.3 - 0.3xVcc \%
. lon = -100pA Vce-0.2 - - \Y,
Output High Voltage Level Vo
lon = -1mA 2.4 - - \Y;
loL = 150pA - - 0.2 v
Output Low Voltage Level VoL
loL = 2mA - - 0.4 \%
Table 33: 1.8V DC Characteristics
1.8V Device (1.71V-2.0V)
Parameter Symbol Test Conditions . . .
y ! Minimum | Typical | Maximum Units
Read Current (1-1-1) SDR IrREADL - 5 8 mA
Vce = 2.0V, lout=0mA,
Read Current (2-2-2) SDR IREAD2 CLK=54MHz (ViL/ Vin), - 6 9 mA
Read Current (4-4-4) SDR leaps | CoF Vb SIEViLOrVin ; 7 11 mA
Read Current (1-1-1) SDR IREADA - 8 12 mA
Vce = 2.0V, lout=0mA,
Read Current (2-2-2) SDR IREADS CLK=108MHz (ViL/ Vi), - 9 13 mA
Read Current (4-4-4) SDR lkeavs | o7 Vi SIEVicOr Vi - 12 17 mA
Read Current (1-1-1) DDR IREAD? - 11 14 mA
Vce = 2.0V, lout=0mA,
Read Current (2-2-2) DDR IrREADS CLK=54MHz (ViL/ Vin), - 17 20 mA
Read Current (4-4-4) DDR lkeps | P Vi SI=Vicor Vim , 21 25 mA
Write Current (1-1-1) SDR IwriTEL - 13 15 mA
- Vee = 2.0V, lout=0mA,
Write Current (2-2-2) SDR IwriTE2 - 16 19 mA

CLK=54MHz (ViL/ ViK),
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1.8V Device (1.71V-2.0V)

P t I Test Conditions .
arameter Symbo est Londitio Minimum | Typical | Maximum Units
Write Current (4-4-4) SDR wrires | o7 Vit SIS ViLor Vim - 20 23 mA
Write Current (1-1-1) SDR IwriTE4 - 20 26 mA
. Vce = 2.0V, lout=0mA,
Write Current (2-2-2) SDR IwriTES CLK=108MHz (ViL/ Vin), - 23 30 mA
Write Current (4-4-4) SDR IwriTES CS#= Vi, SI= ViLor Vi - 36 43 mA
Write Current (1-1-1) DDR IwriTe? - 13 23 mA
. Vce = 2.0V, lout=0mA,
Write Current (2-2-2) DDR IwriTES CLK=54MHz (ViL/ Vin), - 19 28 mA
Write Current (4-4-4) DDR waires | o7 Vi SI=Vicor Vi - 28 43 mA
Ta =25°C - 140 - HA
Vce = 2.0V, CLK=Vcc, — aro ) )

Standby Current Iss CS#=Vee, SI=Vee Ta =85°C 350 HA
Ta=105°C - - 500 pA
Deep Power Down Current IopD Vee = 2.0V, CLK=Vcc, CS#=Vcc, SI=Vce - 4 20 HA
Hibernate Current IHBN Vce = 2.0V, CLK=Vcc, CS#=Vcc, SI=Vce - 0.1 - HA
Input Leakage Current I Vin=0 to Vcc (max) - - +1.0 HA
WP# Leakage Current IwpsLi Vin=0 to Vcc (max) -100.0 - +1.0 PA
Output Leakage Current ILo Vout=0 to Vcc (max) - - +1.0 HA

Input High Voltage ViH 0.7xVcc - Vce+0.3 \%

Input Low Voltage Vi -0.3 - 0.3xVce \%

) lon = -100pA Vce-0.2 - - Y,

Output High Voltage Level VoH
lon = -1mA 15 - - Y,
loL = 150pA - - 0.2 \%
Output Low Voltage Level VoL
loL = 2mA - - 0.4 Y,
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Absolute Maximum Ratings

Stresses greater that those listed may cause permanent damage to the device. This is a stress rating only. Exposure to
maximum rating for extended periods may adversely affect reliability.

Table 34:Absolute Maximum Ratings

Parameter Minimum Maximum Units
Magnetic Field During Write 24000 A/m
Magnetic Field During Read 24000 A/m
Junction Temperature 125 °C
Storage Temperature -55to 150 °C
ESD HBM (Human Body Model)
ANSI/ESDA/JEDEC JS-001-2017 2 2000 V| v
ESD CDM (Charged Device Model)
ANSI/ESDA/JEDEC JS-002-2018 2 1500V] v
Latch-Up (I-test)
JESD78 2100 mA| mA
Latch-Up (Vsupply over-voltage test)
JESD78 Passed -
Table 35: AC Test Conditions
Parameter Value
Input pulse levels 0.0V to Vcc
Input rise and fall times 3.0ns
Input and output measurement timing levels Vccl2
Output Load CL = 30.0pF
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15.1 CS# Operation & Timing

Figure 30: CS# Operation & Timing
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Table 36: CS# Operation

Parameter Symbol Minimum Maximum Units
Clock Frequency feik 1 108 (SDR) MHz
Clock Low Time teL 0.45 * 1/ faik - ns
Clock High Time tcwH 0.45 * 1/ faik - ns
Chip Deselect Time after Read Cycle tesa 20 - ns
Chip Deselect Time after Register Write Cyclet! tcs2 5 - us
Chip Deselect Time after Write Cycle (SPI) tcss 280 - ns
Chip Deselect Time after Write Cycle (DPI) tcsa 350 - ns
Chip Deselect Time after Write Cycle (QPI) tcss 4902 - ns
CS# Setup Time (w.r.t CLK) tcss 5 - ns
CS# Hold Time (w.r.t CLK) tcsH 4 - ns

Notes:
Power supplies must be stable
1:SDR operation only

2:For single byte operations, tcssis 280ns
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Command, Address, XIP and Data Input Operation & Timing
Figure 31: SDR Command, Address and Data Input Operation & Timing
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Table 37: SDR Command, Address, XIP, and Data Input Operation & Timing

Parameter Symbol Minimum Maximum Units
Data Setup Time (w.r.t CLK) tsu 2.0 - ns
Data Hold Time (w.r.t CLK) tHp 3.0 - ns

Notes:
Power supplies must be stable

Figure 32: DDR Command, Address and Data Input Operation & Timing
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Table 38: DDR Command, Address, XIP, and Data Input Operation & Timing

Parameter Symbol Minimum Maximum Units
Data Setup Time (w.r.t CLK) tsu 4.0 - ns
Data Hold Time (w.r.t CLK) tHp 4.0 - ns

Notes:
Power supplies must be stable
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15.2 Data Output Operation & Timing

Figure 33: SDR Data Output Operation & Timing
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Table 39: SDR Data Output Operation & Timing
Parameter Symbol Minimum Maximum Units
CLK Low to Output Low Z (Active) tez 0 - ns
Output Valid (w.r.t CLK) tco - 7.0 ns
Output Hold Time (w.r.t CLK) toH 1.0 - ns
Output Disable Time (w.r.t CS#) thzcs - 7.0 ns

Notes:
Power supplies must be stable

Figure 34: DDR Data Output Operation & Timing
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Table 40: DDR Data Output Operation & Timing
Parameter Symbol Minimum Maximum Units
CLK Low to Output Low Z (Active) teLz 0 - ns
Output Valid (w.r.t CLK) tco - 7.0 ns
Output Hold Time (w.r.t CLK) toH 1.0 - ns
Output Disable Time (w.r.t CS#) tHzcs - 6.0 ns
Notes:
Power supplies must be stable
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15.3 WP# Operation & Timing
Figure 35: WP# Operation & Timing
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Table 41: WP# Operation & Timing

Parameter Symbol Minimum Maximum Units
WP# Setup Time (w.r.t CS#) twpsu 20 - ns
WP# Hold Time (w.r.t CS#) twpHD 20 - ns

Notes:
Power supplies must be stable

JEDEC Reset Operation & Timing

Figure 36: JEDEC Reset Operation & Timing
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Table 42: JEDEC Reset Operation & Timing
Parameter Symbol Minimum Maximum Units
CS# Low Time teL 1.0 - us
CS# High Time tcH 1.0 - us
Sl Setup Time (w.r.t CS#) tsu 5.0 - ns
Sl Hold Time (w.r.t CS#) tHo 5.0 - ns
JEDEC Hardware Reset tRESET - 450.0 us
Software Reset?! tsrsT - 50.0 us

Notes:
Power supplies must be stable
1: Software Reset timing is for Instruction based Reset (SRST)
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Enter Deep Power Down Command (EDP - B9h)

The command sequences are shown below. Executing the Enter Deep Power down (EDP) command is the only way to put the
device in the deep power down mode. The device consumption drops to Ipp.

The deep power down mode subsequently reduces the standby current from Iss to Ior. No other command must be issued while
the device is in deep power down mode.

To enter the deep power down mode, CS# is driven low, following the enter deep power down (EDPD) command, CS# must be
driven high after the eighth bit of the command code has been latched in or the EDP command will not be executed. After CS# is
driven high, it requires a delay of teprp (Table 6 and 7) before the supply current is reduced to Ior and the Deep Power Down mode
is entered. The command can be issued in SPI, DPI or QPI modes.

CS# _| |
CLK

-— Command (ABh) [

tEDPD

swoo) [+ o] a o s o]r]x]
. MsB LsB - Deep Power Down Standby

High Z

SO(1/01)

Figure 37: Enter Deep Power Down in SPI Command Sequence

e 7] |

<«— Command (B9h) —p

SI(1/00) 'L'U“_Z| o [ 1] o] 1 I High Z

tEDPD

: LSB Standby Mode . Deep Power Down Mode _
. L >
High z . High Z
sowory “EH 1 [ i [ 1 [ o] 9

: MsB

Figure 38: Enter Deep Power Down in DPI Command Sequence
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CLK
Command - .
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Figure 39: Enter Deep Power Down in QPI Command Sequence
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Exit Deep Power Down Command (EXDPD - ABh)

The command sequences are shown below. There are two ways to exit deep power down mode:
1. Toggling CS# with a CS# pulse width of tCSDPD while CLK and I/Os are Don'’t Care. During waking up from deep power

down, 1/0Os remain to be in high Z.

2. Driving CS# low follows with the Exit Deep Power Down (EXDPD) command. CS# must be driven high after the eight bit
of the command code has been latched in or the EXDPD command will not executed.

tEXDPD

ICSDPD |
o

Standby
Deep Power Down

—

Command (B9h)

tEXDPD

B —

SI(I/OD)|><|1|0|1|1|1|u|o|1|

X

MSB

LsB
High Z

Standby Deep Power Down

SO(1/01)

Figure 40: Exit Deep Power Down in SPI Command Sequence

It requires a delay of texorp (Table 6 and 7) before the device can fully exit the deep power down mode and enter standby mode.
The command can be issued in SPI, DPI, and QPI mode. Status of all non-volatile bits in registers remains unchanged when the
SPnvSRAM enters or exits the deep power down mode.

Figure 42: Exit Deep Power Down in DPI
Command Sequence

cs#
CS#
—I—I {EXDPD
EXDPD o 1
4 5 6 7 CLK
(aBh)
High 7 High 2
‘«— Command (ABh)  —p- SI(100) @
High Z . Highz Lss
siwo0 EEEE KN B
LSB : Deep Power Down Standby
—_—
High 2
High Z High Z Wp#(1/02) HahZ o
souoy T ] ]
o MsB Deep Power Down Standby
T
vos M T3 High 2
msB

Figure 43: Exit Deep Power Down in QPI

Command Sequence
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Enter Hibernate Command (EHBN - BAh)

The command sequences are shown below. Executing the Enter Hibernate command is the only way to put the device in the
hibernate mode. The device drops down to the lowest power consumption mode: Inen. When in hibernate mode, the CLK and Sl

pins are ignored and SO will be high-Z.

To enter the hibernate mode, CS# is driven low, following the Enter Hibernate (EHBN) command. After CS# is driven high, it
requires a delay of tenthis time (Table 6 and 7) before the supply current is reduced to Iusn and the hibernate mode is entered.

Toggling CS# (low to high) will return the SPnvSRAM to standby mode. The command can be issued in SPI, DPI, and QPI modes.

so(01) Highz

n
cs# T
tENTHIB
o 1 2 3 a4 5 & 7 = 3 2
cLK
-~ Command (BAh) —_— «+—» tEXHIB
—_
siwoo) [ x [ 1 o[ a[a[aJo]1]ol} I\
Enter
ms8 Lss Hibernate Hibernate Mode Exit Hibernate
 Exitdibernae

Figure 44: Enter Hibernate in SPI Command Sequence
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sowon ron
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Figure 45: Enter Hibernate in DPI Command Sequence
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Figure 46: Enter Hibernate in QPI Command Sequence
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16. Thermal Resistance

Table 43: Thermal Resistance

Parameter Description Test Conditions 8-pad DFN | 8-pin SOIC Unit
(WSON)
01a Thermal resistance | Test conditions follow 43.67 53.59 oC/W
(junction to ambient) | standard test methods and
05c Thermal resistance | procedures for measuring 18.54 4.29
(junction to case) thermal impedance, per
EIA/JJESD51

Notes:
1: These parameters are guaranteed by characterization; not tested in production.
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17. Revision History

Revision Date Description of Change
Apr.16.20 Initial release.
Feb.25.21 Update to the Endurance and Electrical parameters. Thermal Resistance table added to the
datasheet. Revise various tables including Tables 22, 31, 32, 33, 34, 36 and 43.
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