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1 Mb High Speed Quad SPI MRAM

FEATURES

« High bandwidth - Read and Write at 52MB/sec
+ Quad I/0 with the use of dual purpose pins to maintain a low pin count

‘/RoHS

« Operates in both standard, single SPI mode and high speed quad SPI mode
« Fast quad Read and Write with quad address input and quad I/O

+ Intended for next generation RAID controllers, server system logs, storage
device buffers, and embedded system data and program memory

- Data is non-volatile with retention greater than 20 years 16-S0IC
« Automatic data protection on power loss

+ Unlimited write endurance

« Low-current sleep mode

+ Dual 3.3vVp, /1.8vVpp, power supply

«  Tamper Detect function will detect possible data modification from outside magnetic fields.

+ Quad Peripheral Interface (QPI) mode is supported to enhance system performance for Execute in
Place (XIP) operation.

« MSL Level 3.
DESCRIPTION

The MR10Q010 is the ideal memory solution for applications that must store and retrieve data and programs quickly
using a small number of pins, low power, and the space saving 16-pin SOIC package. The four I/O’s in Quad SPI mode
allow very fast reads and writes, making it an attractive alternative to conventional parallel data bus interfaces in next
generation RAID controllers, server system logs, storage device buffers, and embedded system data and program
memory.

Using Everspin’s patented MRAM technology, both reads and writes can occur randomly in memory with no delay
between writes.

Standard Serial Peripheral Interface (SPI), Quad SPI and Quad Peripheral Interface (QPI) modes are supported at a clock
rate up to 104MHz. XIP operation is supported for Read commands in all three modes.

The MR10Q010 Quad MRAM is organized as 131,072 words of 8 bits.

Operational Overview

Mode Command Set Utility Commands XIP Command Operation

Write Enable/Disable, Sleep Mode, Read/Write
Status Register, Tamper Detect, Read Device ID, | Fast Read
Enable QPI Mode

Read 40MHz. Write, Fast Read

SPI Mode 104MHz

Quad I/0 mode Read/Write data, Fast Read Quad Output, Fast Read

QLIS SR or both address and data None. Quad Address and Data
Enables command instruction . Fast Read, Fast Read Quad Output,
QP Mode entry in quad I/O mode. (2 clocks) Disable QP Mode. Fast Read Quad Address and Data
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OVERVIEW

The Serial Peripheral Interface, SPI, is becoming increasingly popular in system design due to the reduced
pin count of the serial interface and increasing data bandwidth offered when compared against x8 or x16
parallel interface architectures. The SPI interface has evolved from a single data line to a four data line, or
quad architecture. This interface provides a data bandwidth in excess of 50Mbytes/sec.

SPlis currently well-established in microcontroller/microprocessor based systems. The Everspin family of
single /0 SPI MRAM is popular in smart meter applications and a variety of other embedded systems. How-
ever, the 40MHz limitation with a single data I/O may be too slow for higher performance applications such
as the next generation RAID controllers, server system logs, and storage device buffers .

Operating at 52MB/second for both Read and Write the Everspin 1Mb Quad I/0 SPI MRAM will meet the
needs of these applications. And as a non-volatile memory with over 20 years of data retention, this SPI
memory family is equally suited for embedded system data and program memory.

The Quad Peripheral Interface, QPI, mode provides a lower overhead to load commands, which will improve
system throughput when operating in an Execute in Place, XIP, environment. This added feature will make
the device attractive in embedded applications that store program code in an external memory. QPI effec-
tively increases the effective clock rate and, when combined with Quad SPI instructions, Quad SPI memory
performance will outstrip asynchronous parallel memories.

Table 1 - Operational Parameters Summary

. Voltage | Read/ | Active Current Standby | Sleep
Density Interface V) Write R/W (mA) Current | Current | Package
(mA) (HA)
33vV
1 Mb 104MHz Quad SPI DD | 52MB/sec 80/200 5.0 100 16-SOIC
1.8v Vppq

|
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Figure 1 - MR10Q010 Block Diagram
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Figure 2 - System Configuration
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Figure 3 - Package Pin Assignment
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Table 2 - Pin Functions

Pin | SPIMode | QuadsPl

Name Mode 1 Description

An active low chip select for the serial MRAM. When chip select is
high, the memory is powered down to minimize standby power,
(@ 7 Chip Select Chip Select inputs are ignored and the serial output pin is Hi-Z. Multiple serial
memories can share a common set of data pins by using a unique
chip select for each memory.

SPI Mode: The data output pin is driven during a read operation and
remains Hi-Z at all other times. SO is Hi-Z when HOLD is low. Data
transitions on the data output occur on the falling edge of SCK.

SO (1/0,) 8 Serial Output 1/0 1 Quad SPI Mode: Bidirectional I/0O to serially write instructions, ad-
dresses or data to the device on the rising edge of SCK or read data
output from the device on the falling edge of SCK.

SPI Mode: A low on the write protect input prevents write opera-
tions to the Status Register.

WP (170,) 9 Write Protect 170, Quad SPI Mode: Bidirectional I/0 to serially write instructions, ad-
dresses or data to the device on the rising edge of SCK or read data
output from the device on the falling edge of SCK.

Vg 11,14 Ground Ground Power supply ground pin.

Vssq 10 Ground Ground 1/0 Voltage ground pin.

SPI Mode: All data is input to the device through this pin. This pin
is sampled on the rising edge of SCK and ignored at other times. SI
can be tied to SO to create a single bidirectional data bus if desired.

SI(I/0y) 15 Serial Input 1/0 0 Quad SPI Mode: Bidirectional I/0 to serially write instructions, ad-
dresses or data to the device on the rising edge of SCK or read data
output from the device on the falling edge of SCK.

Table continues on next page.
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Pin Functions - Continued

Signal Pin SPI Mode Quad SPI

Name Mode ! Description

Synchronizes the operation of the MRAM. The clock can operate up
to 104 MHz to shift commands, address, and data into the memory.
Inputs are captured on the rising edge of clock. Data outputs from
the MRAM occur on the falling edge of clock. The serial MRAM sup-
ports both SPI Mode 0 (CPOL=0, CPHA=0) and Mode 3 (CPOL=1,
CPHA=1).In Mode 0, the clock is normally low. In Mode 3, the clock
is normally high. Memory operation is static so the clock can be
stopped at any time.

SCK 16 Clock Clock

SPI Mode: A low on the HOLD pin interrupts a memory operation
for another task. When HOLD is low, the current operation is sus-
pended. The device will ignore transitions on the CS and SCK when
1 HOLD /0 . HOLD is low. All transitions of HOLD must occur while CS is low.

HOLD

(1/05)
: Quad SPI Mode: Bidirectional I/0 to serially write instructions, ad-
dresses or data to the device on the rising edge of SCK or read data

output from the device on the falling edge of SCK.

Vop 3,6 Power Supply Power Supply | Power supply voltage from +3.0 to +3.6 volts.

1/O Bus Power 1/O Bus Power

Vbpa 2 Syl Sl 1/0 Bus supply voltage from +1.7 volts to +1.9 volts.
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STATUS REGISTER

The status register consists of the 8 bits shown in Table 3 below.

The Status Register Write Disable bit (SRWD, Bit 7) is used in conjunction with the Write Enable Latch (WEL,
bit 1) and the Write Protection pin (WP) to provide hardware memory block protection. Their usage for
memory block protection is defined in “Table 4 - Memory Protection Modes”. The Status Register Write Dis-
able bit is non-volatile and will remain set whenever power is removed from the memory. The WEL bit (Bit 7)
is volatile and set by the Write Enable command. It is set to “0” at power up and reset to “0” when recovering

from a loss of power.

The status of memory block protection is indicated by the states of bits BPO and BP1 (Bits 2 and 3) and are
also defined in “Table 4 — Memory Protection Modes” on page 12. BP0 and BP1 are non-volatile and re-
main set if power is removed from the memory.

The QPI Mode bit (Bit 6) indicates whether the memory is in QPI mode or not. Its value is set when the En-
able QPI (EQPI) or Disable QPI (DQPI) commands are invoked. Logic“1”indicates QPI mode is enabled. The
QPI Mode Bit is volatile and set to “0” at power up and reset to “0” when recovering from a loss of power.

The fast writing speed of the MR10Q010 does not require write status bit information (Normally Bit 0). The
state of reserved bits 4, 5, and 0 can be modified by the user but do not affect memory operation.

All bits in the status register are pre-set at the factory to the “0” state.

Non-reserved Status Register bits are non-volatile with the exception of the WEL and QPI Mode which are
reset to 0 upon power cycling.

Table 3 - Status Register Bit Definitions

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SRWD QPI Mode R> R1 BP1 BPO WEL RO
(Non volatile) | (Volatile) (Non-Volatile) | (Non-Volatile) (Volatile)

Bit Definitions:
7 - SRWD - Status Register Write Disable

6 - QPI Mode bit. Logic 1 =The device is in QPI Mode. Set by the Enable QPI (page 35) and Disable QP Commands (page
36). Cannot be modified by the Write Status Register Command (page 18). Reset to “0” upon any power cycling.

5-R2 - Reserved bit 2

4 -R1 - Reserved bit 1

3-BP1 - Block Protect bit 1

2 - BPO - Block Protect bit 0

1 - WEL - Write Enable Latch bit. Set by the Write Enable (page 16) Command. Reset to “0” upon any power cycling.

0 - RO - Reserved bit 0. This is the “Write in Progress” bit for many memory devices. For MR10Q010, the “Write in progress” bit (bit
0) is not written by the memory because there is no write delay with MRAM.
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Memory Protection Modes

When WEL is reset to O, writes to all blocks and the status register are protected. When WEL is set to 1, BPO
and BP1 determine which memory blocks are protected. While SRWD is reset to 0 and WEL is set to 1, status
register bits BP0 and BP1 can be modified. Once SRWD is set to 1, WP must be high to modify SRWD, BP0 and
BP1.

Table 4 - Memory Protection Modes

WEL SRWD wP Protected Blocks Unprotected Blocks Sta‘tus
Register
0 X X Protected Protected Protected

1 0 X Protected Writable Writable
1 1 Low Protected Writable Protected

1 1 High Protected Writable Writable

Block Protection Modes

The memory enters hardware block protection when the WP input is low and the Status Register Write Dis-
able (SRWD) Bit is set to 1. The memory leaves hardware block protection only when the WP pin goes high.
While WP is low, the write protection blocks for the memory are determined by the status register bits BPO
and BP1 and cannot be modified without taking the WP signal high again.

If the Wsignal is high (independent of the status of SRWD Bit), the memory is in software protection mode.
This means that block write protection is controlled solely by the status register BPO and BP1 block write pro-
tect bits and this information can be modified using the WRSR command.

Table 5 - Block Memory Write Protection

Status Register Memory Contents
BP1 BPO Protected Area Unprotected Area
0 0 None All Memory
0 1 Upper Quarter Lower Three-Quarters
1 0 Upper Half Lower Half
1 1 All None
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SPI COMMUNICATIONS PROTOCOL

The MR10Q010 can be operated in either SPI Mode 0 (CPOL=0, CPHA =0) or SPI Mode 3 (CPOL=1, CPHA=1).
For both modes, inputs are captured on the rising edge of the clock and data outputs occur on the falling
edge of the clock. When not conveying data, SCK remains low for Mode 0; while in Mode 3, SCK is high.
The memory determines the mode of operation (Mode 0 or Mode 3) based upon the state of the SCK when
CS falls.

All memory transactions start when CS is brought low to the memory. The first byte is a command code.
Depending upon the command, subsequent bytes of address are input. Data is either input or output.
There is only one command performed per CS active period. CS must go inactive before another command
can be accepted. To ensure proper part operation according to specifications, it is necessary to terminate
each access by raising CS at the end of a byte (a multiple of 8 clock cycles from CS dropping to avoid partial
or aborted accesses.

SPI MODE COMMANDS

All memory transactions start when CS is brought low, selecting the memory. The first byte is an 8-bit com-
mand code in hexadecimal. The subsequent 24 bits entered are address input. Following the address input
(except for the FREAD command) the device will read/write data beginning at the address entered.

For the FREAD command the Mode Byte must be entered following the address. The Mode Byte will either
set or reset the XIP mode. See "Execute in Place (XIP) Mode” on page 37.

There is only one command performed per CS active period. CS must go inactive before another command

can be accepted. Note: To avoid partial or aborted accesses, memory access must remain active (CS low) for
a multiple of 8 clocks from CS going low (the end of a byte.)

At power up, the default operational mode is SPI mode.
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SPI Mode Commands Overview

MR10Q010

Table 6 - SPI Mode Commands Overview

Name Operation Code |Description
RDSR Read Status Register 05h Returns the contents of the 8 Status Register bits.
WREN Write Enable 06h Sets the Write Enable Latch (WEL) bit in the status register to 1.
WRDI Write Disable 04h Sets the Write Enable Latch (WEL) bit in the status register to 0.
WRSR Write Status Register 01h Writes new values to the entire Status Register.
READ Read Data Bytes 03h Continuously reads data bytes starting at an initial address specified.
FREAD' Fast Read Data Bytes 0Bh High-speed READ with XIP operation option.
WRITE Write Data Bytes 02h Continuously writes data bytes starting at an address specified.
SLEEP Enter Sleep Mode B9h Initiates Sleep Mode.
WAKE Exit Sleep Mode ABh Terminates Sleep Mode.
TDET Tamper Detect 17h Returns 4 data bytes indicating corrupted or uncorrupted memory.
RDID Read ID 4Bh Returns the Everspin device ID assigned by JEDEC.
Notes:

1. FREAD has the option of using XIP operational mode. See “Execute in Place (XIP) Mode” on page 37 for details of XIP mode
with the FREAD command.
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Read Status Register (RDSR)

The Status Register can be read at any time to check the status of the Write Enable Latch Bit, status register
Write Protect Bit, QPI mode, and the block write protect bits. The RDSR command is entered by driving CS
low, sending the command code, and then driving CS high.

See “Table 3 - Status Register Bit Definitions” on page 11 for Status Register Bit definitions.

Figure 4 - Read Status Register (RDSR) Command Operation

Clock Number 2
Name Operation 0-71 8-15 16-23 24-31 32-39 40-n
RDSR Read Status Register 05h $7-503 - - - -
Notes:

1. Clocks 0 - 7 are the command byte.
2. See“ACTiming Parameters” on page 56 for timing requirements.
3. See”Table 3 - Status Register Bit Definitions” on page 11 for status register bit definitions.

S\ /
Mc:?g} 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

|<7 Instruction (05h) >
I (CHRER RS AR AN AR 0000000000009
Idi Status Register Bits 4>|
SO High Impedance (7X6X5X4X3X2X1X0)Highz
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MR10Q010

Write Enable (WREN)

The Write Enable (WREN) command sets the Write Enable Latch Bit (WEL) in the status register (Bit 1). The
Write Enable Latch must be set prior to writing in the status register or the memory. The WREN command is
entered by driving CS low, sending the command code, and then driving CS high.

See “Table 3 - Status Register Bit Definitions” on page 11 for Status Register Bit definitions.

Figure 5 - Write Enable (WREN) Command Operation

Clock Number !

Name Operation 0-72 8-15 16-23 24-31 32-39 40-n
WREN Write Enable 06h - - - - -
Notes:

1. See”ACTiming Parameters” on page 56 for timing requirements.
2. Clocks 0 -7 are the command byte.

SCK  Mode0 |||||||||||||||| Mode 0
’47 Instruction (06h) —»‘

50 High Impedance
. _________________________________________________________________________________________________________________________________________________________________________|
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MR10Q010

Write Disable (WRDI)

The Write Disable (WRDI) command resets the Write Enable Latch (WEL) bit in the status register (bit 1) to 0.

This prevents writes to status register or memory. The WRDI command is entered by driving CS low, sending
the command code, and then driving CS high.

The Write Enable Latch (WEL) is reset to 0 on power-up or when the WRDI command is completed.

See “Table 3 - Status Register Bit Definitions” on page 11 for Status Register bit definitions.

Figure 6 - Write Disable (WRDI) Command Operation

Clock Number
Name Operation 0-72 8-15 16-23 24-31 32-39 40-n
WRDI Write Disable 04h - - - - -
Notes:

1. See“ACTiming Parameters” on page 56 for timing requirements.
2. Clocks 0 -7 are the command byte.

'47 Instruction (04h) —»‘
Si XXOOUR\ e o o o o /1\ o o

High Impedance
SO
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=
;'; MR10Q010

Write Status Register (WRSR)

The Write Status Register (WRSR) command allows new values for certain bits to be written to the Status
Register. The WRSR command cannot be executed unless the Write Enable Latch (WEL) has been set to 1 by
executing a WREN command while pin WP the SRWD Bit correspond to values that make the status register
writable as seen in Table 4 on page 12.

QPI Mode Bit, Bit 6, and the WEL Bit, Bit 0, are set by other commands and cannot be changed by this com-
mand.

The WRSR command isgtered by driving CS low, sending the command code and status register write data
byte, and then driving CS high.

Figure 7 - Write Status Register (WRSR) Command Operation

Clock Number
Name Operation 0-71 8-152 16-23 24-31 32-39 40-n
WRSR Write Status Register 01h S7-S0 - - - -
Notes:

1. Clocks 0 - 7 are the command byte.
2. Neither the QPI Mode Bit, Bit 6, or the WEL Bit, bit 0, can be changed by this command.

CS

SCK  modeo!

1
|<7 Instruction (01h) 4>| |<7 Status Register In 4>|

S| M\o o 0 0 0 O 0/1_\(7X6<DC>X5X4X3X2X1XO(DOX

MSB

High Impedance
SO g p

Notes:
1. Neither the QPI Mode Bit, Bit 6, or the WEL Bit, bit 0, can be changed by this command. Treat as Don’t Care.

L ___________________________________________________________________________________________________________________________________|]
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MR10Q010

Read Data Bytes (READ)

The Read Data Bytes (READ) command allows data bytes to be continuously read starting at an initial ad-
dress specified by the 24-bit address entry. The data bytes are read out sequentially from memory until the
read operation is terminated by bringing CS high. The entire memory can be read in a single command.
The address counter will roll over to 0000H when the address reaches the top of memory.

The READ command is entered by driving CS low and sending the command code. The memory drives the
read data bytes on the SO pin. Reads continue as long as the memory is clocked. (Maximum READ clock
frequency 40MHz.) The command is terminated by bringing CS high.

Figure 8 - Read Data Bytes (READ) Command Operation

Clock Number
Name Operation 0-7" 8-15 16-23 24-31 32-39 40-n
READ Read Data Bytes 03h A23-A16 A15-A8 A7-A0 D7-DO, until CS high

Notes:
1. Clocks 0 - 7 are the command byte.
2. Fortiming details, see “Figure 34 — Synchronous Data Timing (READ)” on page 58.

|<— Instruction (03h) —>|<— 24-Bit Address —>|
s Qo o o o o of i i\ a2)a)s ﬂOIOIOIOIOIOIOIOIOI%IOI01010101%MOIOIOIOIOMOIOIOI:

MSB fe—— Data Out 1 ——»{=-DataOut2

“ High Impedance 5 . ann 7&

Data Clocked Out Continuously until cs high.
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MR10Q010

Fast Read Data Bytes (FREAD)

The Fast Read Data Bytes FREAD command is similar to the READ command except that the device can be
operated at the highest frequency (fSCK = 104MHz ) and the command has an XIP operation option. For
more detail on the XIP option, see “Table 12 - XIP Mode with FREAD Command” on page 38.

The FREAD command is entered by driving CS low and sending the command code. The memory drives the
read data bytes on the SO pin. Reads continue as long as the memory is clocked. The command is termi-
nated by bringing CS high.

Figure 9 - Fast Read Data Bytes (FREAD) Command Operation

Clock Number
Name Operation 0-71 8-15 16-23 24-31 32-39 40-n
ite 2 | D7-DO, until
FREAD Fast Read Data Bytes 0Bh A23-A16 A15-A8 A7-p0 | Modebits < =7
(7-0) CS high

Notes:
1. Clocks 0 - 7 are the command byte.

2.  Mode Byte to Set/Reset XIP operation. Set/Continue XIP Mode = EFh. Reset XIP Mode FFh (exit XIP). See “Execute in Place
(XIP) Mode" on page 37 for more detailed information on XIP operation with FREAD.

3. Fortiming details, see “Figure 35 — Synchronous Data Timing Fast Read (FREAD)” on page 58.

I\
D)

SCK  modeo.

Pi Instruction (0Bh) 4*7 24-Bit Address 4>‘
s o o o of 1 \o/ T (a0

MSB LSB

High Impedance

SO

cs

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

SCK [
F— Mode Bits Set /Reset XIP Mode —»‘

I {0 )7 (e s J(wa ) ez Y2 X wer Yoo X €€ GOOOOOOOHXIXIXHXIXHXIXIXNXNXIKHOXHKHXKININNAK)
|

Data Out 1 Data Out 2

High Impedance

SO
Data Clocked Out Continuously until CS high, —————#=
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MR10Q010

Write Data Bytes (WRITE)

The Write Data Bytes (WRITE) command allows data bytes to be written starting at an address specified by
the 24-bit address. The data bytes are written sequentially in memory until the write operation is terminat-
ed by bringing CS high. The entire memory can be written in a single command. The address counter will
roll over to 0000h when the address reaches the top of memory.

MRAM is a random access memory rather than a page, sector, or block organized memory so it is ideal for
both program and data storage. Unlike EEPROM or Flash Memory, MRAM can write data bytes continuously
at its maximum rated clock speed without write delays or data polling. Back to back WRITE commands to
any random location in memory can be executed without write delay.

The WRITE command is entered by driving CS low, sending the command code, and then sequential write

data bytes. Writes continue as long as the memory is clocked. The command is terminated by bringing cs
high.

Figure 10 - Write Data Bytes (WRITE) Command Operation

Clock Number
Name Operation 0-71 8-15 16-23 24-31 32-39 40-n
WRITE Write Data Bytes 02h A23-A16 A15-A8 A7-AO D7-DO, until cs high
Notes:

1. Clocks 0 - 7 are the command byte.
2. For timing details see “Figure 36 — Synchronous Data Timing (WRITE)” on page 59.

|<— Instruction (02h) —>|<— 24-Bit Address >I: Data Byte 1 —>|
Sl XXXX\O 0 0 0 0 0
High Impedance
I\ ¢
SO ) -
S ¢ /

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

|<— Data Byte 2 —>|<— Data Byte 3 —>| |<— Data Byte N —>|

SI
High Impedance
SO
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MR10Q010

Enter Sleep Mode (SLEEP)

The Enter Sleep Mode (SLEEP) command turns off all MRAM power regulators in order to reduce the overall
chip standby power to 15 pA typical. The SLEEP command is entered by driving CS low, sending the com-
mand code, and then driving cs high. The standby current is achieved after time, IDP. See “Table 22 - AC
Timing Parameters” on page 56 for the 'DP value.

If power is removed when the part is in sleep mode, upon power restoration, the part enters normal standby.
The only valid command following SLEEP mode entry is a WAKE command.

Figure 11 - Enter Sleep Mode (SLEEP) Command Operation

Clock Number
Name Operation 0-71 8-15 16-23 24-31 32-39 40-n
SLEEP Enter Sleep Mode B9h - - - - -
Notes:

1. Clocks 0 - 7 are the command byte.

|<— Instruction (B9h) 4"

st X0\ /e o /o XXX XXKXKXKKHXXXXXXXXKXN

Active Current »—-a— Standby Current —#[=aSleep Mode Current#
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MR10Q010

Exit Sleep Mode (WAKE)

The Exit Sleep Mode (WAKE) command turns on internal MRAM power regulators to allow normal_operation.
The WAKE command is entered by driving CS low, sending the command code, and then driving CS high.

The memory returns to standby mode after 'tRDP. See“Table 22 - AC Timing Parameters” on page 56 for
the 'RPD value.

The CS pin must remain high until the tRDP period is over. WAKE must be executed after sleep mode entry
and prior to any other command when the device is in Sleep mode.

Figure 12 - Exit Sleep Mode (WAKE) Command Operation

Clock Number
Name Operation 0-71 8-15 16-23 24-31 32-39 40-n
WAKE Exit Sleep Mode ABh - - - - -
Notes:

1. Clocks 0 -7 are the command byte.

S\
SCK
SI
Sleep Mode Current Standby Current =
SO
___________________________________________________________________________________________________________________________________________________________________|]
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! Sannadl MR10Q010
Tamper Detect (TDET)

The Tamper Detect command is used to check whether the memory contents have been corrupted by ex-
posure to external magnetic fields. The command is invoked by entering the command code followed by
the 8-bit Mode Byte. The device reads dedicated pre-programmed memory bits located around the memory
physical array. The contents of these bits are compared to reference bits that are hard programmed into the

device via a metal mask. The result of the comparison is returned in 32 status bits of data on SO beginning
after the last Mode Byte clock.

All 0’s in the 32 TDET status bits indicates that the tamper check bits are correct against the reference bits
and the memory has not been corrupted. Presence of any 1s in the 32-bit string indicates that at least one
of the check bits does not match its reference bit and the memory contents have likely been corrupted.

Following CS high, any new command can be entered on the next access, except another TDET command.
If it is necessary to immediately enter another TDET command, a Tamper Detect Exit (TDETX) command must
be issued first to reset the device for another Tamper Detect sequence.

Figure 13 - Tamper Detect (TDET) Command Operation

Clock Number
Name Operation 0-7" 8-15 16-47 48-n
TDET Tamper Detect 17h ,\Sﬁ:l; [Sgt;: T31-T02 CS high
Notes:

1. Clocks 0 - 7 are the command byte.
2. 32 Tamper Detect indication bits. Any 1's present in the 32-bit string indicate probable corruption of the memory contents.

3. Inthe TDET command operation, the Mode Byte is used as a time delay to read the check and reference bits. The Mode Byte
must be set to FFh.

Cs

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 44 45 46 47
sck - _ Tyl T

rdi Mode Bits' ——— p]

{47 Instruction (4Bh) ———— | Y. 6 Vs v V3 v i Mo portcare Don't Care
Sl _XX\ o /1\N o o 1 0 T 1 1 1 1 1 1 1 wmm __________ () X’Z’X’X‘X‘X’X‘X’X‘X’X’X‘X‘r’I’ .........
SO - o D N
Notes: e

1. Inthe TDET command operation, the Mode Byte must be set to FFh.
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MR10Q010

Tamper Detect Exit (TDETX)

After running a TDET command, any other command can be run as the next command, except another TDET
command. If another TDET command is to be run, then the Tamper Detect Exit (TDETX) command must

be run first to reset the device. This is necessary only if immediately running another TDET command. See
“Tamper Detect (TDET)” on page 24.

Figure 14 - Tamper Detect Exit (TDETX) Command Operation

Clock Number
Name Operation 0-71 8-n?
TDETX Tamper Detect Exit 07h CS high. Any command can be entered on next access.
Notes:

1. Clocks 0 - 7 are the command byte.

2. After CS goes high any other command can be given on the next access.
-
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MR10Q010

Read ID (RDID)

The Read Device ID command (RDID) returns 40 bits of information that identify the Everspin device. The
command is invoked with CS low, and sending command code 4Bh on the Serial Input (SI) pin. See “Fig-
ure 15 - Read ID (RDID) Command Operation” below. After 8 clocks for the Mode Byte, 40 bits of data
uniquely identifying the Everspin device are returned on the Serial Out (SO) pin. See “Table 7 — Device ID for

MR10Q010” If CS remains low after reading the 40 ID bits, additional clocks with CS low will return zeros on
SO until CS goes high.

Figure 15 - Read ID (RDID) Command Operation

Clock Number
Name Operation 0-7" 8-15 16-23 24-31 32-39 40-n
2
RDID Read ID agh | ModeBre Device ID 3 Clocks 16 - 55

Notes:
1. Clocks 0 -7 are the command byte.
2. Inthe RDID command operation, the Mode Byte is used as a time delay to read the device ID bits. The Mode Byte must be

set to FFh.
3. For the Everspin device ID codes, see “Table 7 — Device ID for MR10Q010” on page 27.
TN e
Modes O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 50 51 52 53 54 55
sk e [Ty, T L L L
4»]47 ModeBits' ————— ]
447 Instruction (48h) M7 M6 M5 M4 M3 M2 M1 Mo
s e /N e /N UK (XK RRRRRRRRR
S0 High Impedance p
}47 Device ID Data Bits }

Notes:

1. Inthe RDID command operation, the Mode Byte must be set to FFh.
|
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Table 7 - Device ID for MR10Q010

MR10Q010

RDID Device ID for MR10Q010
Bit # 39-24 23-20 19-16 15-12 11-8 7-4 3-0
. Manufacturer’s ID . q
Meaning (JEP 106AH) Technology | Interface Speed Density Voltage Die Rev
. Toggle 3.3vVpp/
MR10Q010 6Bh, eighth bank MRAM Quad |10 SPI 104MHz 1 Mb 18v VDDQ A
Binary 0000_0111_0110_1011 0001 0001 0001 0001 0001 0001

Complete Hexadecimal and Binary Device ID for MR10Q010

Hexadecimal 076B111111

Binary

0000_0111_0110_1011_0001_0001_0001_0001_0001_0001

|
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MR10Q010

QUAD SPI MODE COMMANDS

Quad SPI commands allow data to be transferred to or from the device at least four times the rate of conven-
tional SPI mode. When using Quad SPI commands the DIl and DO pins become bidirectional 10, and 10, and
the WP and HOLD pins become 10, and 105 respectively. Address and data information can be input to the
device on four IO’s and data output can be read from four 10’s, offering a significant improvement in continu-
ous and random access transfers. XIP mode operation is available for FRQO and FRQAD commands.

Quad SPI Mode Commands Overview

Table 8 - Quad SPI Mode Commands Overview

Name Operation Code |Description

Initial address entry on 10, returns data continuously in Quad SPI
1 0
FRQO Fast Read Quad Output 6Bh Mode on all four I/0. Has XIP operation option.

Initial address entry on 10, writes data continuously in Quad SPI

FWQD Fast Write Quad Data 32h Mode on all four 1/O.
FRQAD ' Fast Read Quad Address EBh Initial address entry on all four 10’s, returns data continuously in
and Data quad mode on all four I/0’s. Has XIP operation option.
Fast Write Quad Address Initial address entry on all four 10’s, writes data continuously in quad
FWQAD 12h )
and Data mode on all four 1/0’s.
Notes:

1. XIP mode option. See“Execute in Place (XIP) Mode” on page 37 for details of how to use FRQD and FRQAD in XIP mode.
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MR10Q010

Fast Read Quad Output (FRQO)

The Fast Read Quad Ouptut (6Bh) command is similar to the Fast Read Output except that a data byte is
output on the four I/O pins, requiring only two clocks. An XIP mode is availble for this command. See
“Table 14 — XIP Operation Quad SPI Mode FRQO and FRQAD Command Summary”on page 32 for more
information about XIP mode operation. The I/0 pins should be high impedance prior to the falling edge of
the first Mode clock.

Figure 16 - Fast Read Quad Output (FRQO) Command Operation

Clock Number
Name Title 0-7" 8-15 16-23 | 24-31 | 32-33 34-35 36-n
FRQO Fast Read Quad Output 6Bh A23-A16 | A15-A8 | A7-A0 [ M7-M0? [ D7 - DO, until CS high 3
Notes:

1. Clocks 0-7 are the command byte. All commands and address bits on I/0,.
2. Mode Byte. See “Execute in Place (XIP) Mode” on page 37 for more information on XIP operation with FRQO.

3. Quad Mode data output. 1/0, switches from Input to Output. 1/0, 5 active outputs until CS returns high.

=

<«——  Instruction (6Bh) 4*7 24-Bit Address
05 TN o /7 T\ o7 \o /T X

MsSB LSB
High Impedance
o, @——ere
IO2 High
IO3 High
¢ ow) oo

Mode Bits !
Set /Reset XIP 1
'4— 10 switches from Input to Output

Byte 1 ; Byte 2 ; Byte 3 ; Byte 4

Data Clocked Out Continuously until CS high, —————»
Note:

1. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.
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o MR10Q010

Fast Read Quad Address and Data (FRQAD)

The Fast Read Quad Address and Data (FRQAD) command is similar to the FRQO command except that the
address bits are loaded into the four I/O’s, requiring six clocks instead of 24. The data bytes also are read
from the four 1/0’s as shown in Figure 17 below. An XIP operating mode is available for this command. See
“Table 14 — XIP Operation Quad SPI Mode FRQO and FRQAD Command Summary” on page 32 for more
information on the XIP operating mode for this command.

Figure 17 - Fast Read Quad Address and Data (FRQAD) Command Operation

Clock Number

Name Description 0-71 8-134 | 14-152 [ 16- 17 18-n
FRQAD Fast Read Quad Address EBh | A23-A0 | M7-M02 |  D7- D0 every two clocks until CS high 3
and Data
Notes:
1. Clocks 0-7 are the command byte. All commands and address bits on I/0,.
2. Mode Byte. See “Execute in Place (XIP) Mode” on page 37 for more information on XIP operation with FRQAD.
3. Quad Mode data output. 1/0, switches from Input to Output. 1/0, 5 active outputs until CS returns high.
4. Fortiming details, see “Figure 37 — Synchronous Data Timing Fast Write Quad Data and Fast Write Quad Address and Data

(FWQD and FWQAD)" on page 59.

24-Bit Address
(<——  Instruction (EBh) 4>4 A23-16 ‘ A15-8 ‘ A7-0 Mode Bits

€00 O3 E0 e
0, High Impedance 2 6 B0 B0 D
0, YW/ B OO0 0 e

©s X D (O T EN S

1
Bits ‘ }4— 10 switches from Input to Output

100 (Lo )(maX{mo s JCo Yo Xo XTa XCo XCa X0 X
10, ] X ] ]

10,

10

Byte1 | Byte2 | Byte3 | Byte4
Data Clocked Out Continuously until CS high.

Note:
1. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.
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MR10Q010

Fast Write Quad Data (FWQD)

The Fast Write Quad Data FWQD command provides a high speed write capability to the memory using four
/O’ for data input. The FWQD command can operate at the highest frequency, fSCK = 104MHz.

The FWQD command is entered by driving CS low and sending the command code (32h). Data is input on
all four 1/0’s and Writes continue as long as the memory is clocked. The command is terminated by bringing
CS high.

Figure 18 - Fast Write Quad Data (FWQD) Command Operation

Clock Number
Name Title 0-71 8-15 16 - 23 24 - 31 32-33 34-35 36-n
FWQD Fast Write Quad Data 32h | A23-A16 | A15-A8 | A7-AO D7'D°e"eryhti"§‘]’ﬁ§'°d<5“”t"cs
Notes:

1. Clocks 0-7 are the command byte. All commands and address bits on I/0,,.

2. Quad Mode address input. I/O, remains input. 1/0,_3 active inputs until CS returns high.

3. Fortiming details, see “Figure 37 — Synchronous Data Timing Fast Write Quad Data and Fast Write Quad Address and Data
(FWQD and FWQAD)" on page 59.

S\

Modes] O 1 2 3 4 5 6 7 8 9 10 29 30 31
SCK Mode 0 S§

<«——— Instruction (32h) « 24-Bit Address ———————
0 T o o/ oo [T\ BEEEND
Io1 High Impedance
|02 High
IO3 High
cS towgp

31 32 33 34 35 36 37 38 39
SCK

Data Bytes

10 (o X0 Ko Ko Xe Xo)

Byte 2

Byte 3

Data Writes Continuously until CS high.
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Fast Write Quad Address and Data (FWQAD)

The Fast Write Quad Address and Data Command (FWQAD) provides a very fast write at both the highest
frequency and fewest clock cycles. The 24-bit address is input on all four I/O’s, reducing the number of clock
cycles. The data bytes to be written are also input on all four 1/0’s following the address bits. The FWQAD
command can operate at the highest frequency, fSCK = 104MHz.

The FWQAD command is entered by driving CS low and sending the command code (12h). Data are input

on all four I/O’s and Writes continue as long as the memory is clocked. The command is terminated by bring-
ing CS high.

Figure 19 - Fast Write Quad Address and Data (FWQAD) Command Operation

Clock Number
Name Description 0-71 8-134 14-152 16-n
Fast Writ d Add —
FWQAD ast Write Qua ress 12h A23-A0 D7 - DO every two clocks until CS high 2
and Data
Notes:

1. Clocks 0 -7 are the command byte. All commands and address bits on I/0,.

2. Quad Mode address input. I/0, remains input. 1/0,_; active inputs until CS returns high.

[

24-Bit Address
<«——— Instruction (12h) ——————| A23-16 | AI5-8 { A7-0 |

|O1 High Impedance 21 a -----
W 0000

0, High G o) o )G
65 ww

}7Data Bytes
10, DO0a0
10, ) | )
10,
10, ! 1 ‘ 1
Byte 1 ; Byte 2 ; Byte 3 ; Byte 4 %Byten
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QPI MODE

QPI Mode is designed to reduce command entry overhead in an XIP environment. QPI mode allows the
instruction code to be entered on all four I/O’s, which reduces the number of clock cycles required for com-
mand entry to two from eight. Otherwise, all SPI or Quad SPI commands operate normally.

In SPI or Quad SPI mode device operation is determined by which command is entered. To operate in QPI
Mode, the device must be specifically placed into QPI Mode by invoking the Enable QP Command. When
in QPI Mode, the Status Register Bit 6 is set to 1 and will reset to 0 when either power is removed from the
device or the QPI Mode is exited with an DQPI command.

At power up, QPI mode is disabled.

Table 9 - SPI Mode Command Structures in QPl Mode

Clock Number
Name Description 0-1"1 2-9 10-17 18-25 26 -33 34 -n
RDSR Read Status Register 05h S7-S0 - - - -
WREN Write Enable 06h - - = - -
WRDI Write Disable 04h - - - - -
WRSR Write Status Register 01h S7-S0 - - - =
READ Read Data Bytes 03h A23-A16 A15-A8 A7-A0 D7-DO until CS high
FREAD | FastRead DataBytes |  Osh A23-AT6 | A15-AS azh0 | m7-mo2 | P7POund
CS high

WRITE Write Data Bytes 02h A23-A16 A15-A8 A7-AO D7-DO until CS high
SLEEP Enter Sleep Mode B9h - - - = =
WAKE Exit Sleep Mode ABh - - - - ,
TDET Tamper Detect 17h M7 - M0 3 T7-T0

RDID Read ID 4Bh M7 -Mo3 Device ID 40 bits

DQPI Disable QPI FFh - - = . :

Notes:

1.  Clocks 0 -1 are the command bits while in QPI mode.

2. M7-Mois the Mode Byte to Set/Reset XIP Mode. Set XIP Mode = EFh; Reset XIP Mode = FFh.
3. Mode Byte must be FFh for TDET and RDID.
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Table 10 - Quad SPI Mode Command Structures in QPI Mode

MR10Q010

Clock Number
Name Description 0-1"1 2-9 10-17 18-25 26 -27 28-n
DQPI Disable QPI FFh - - - - -
D7-DO until
FRQO Fast Read Quad 6Bh A23-Al6 | A15-A8 A7-AO M7-M02 | —
Output CS high
FWQD Fast Write Quad Data 32h A23-A16 A15-A8 A7-A0 D7-DO until CS high
Clock Number
Name Description 0-11 2-3 4-5 6-7 8-9 10-n
B D7-DO until
FRQAD Fast Read Quad Ad EBh A23-A16 A15-A8 A7-AO M7-M02 | —
dress and Data CS high
FWQAD | FastWrite Quad Ad- 12h A23-A16 A15-A8 A7-AO D7-D0 until CS high
dress and Data
Notes:

1. Clocks 0 -1 are the command bits while in QPI mode.

2. Mode Byte. Set/Reset XIP operating mode. See“Execute in Place (XIP) Mode” on page 37.
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Enable QPI (EQPI) Command

The Enable QPI command is used to enter the device into QP mode. The command code, 38h, is entered
on the DI pin. The command is entered by driving CS low and sending the command code. The command is
terminated by driving CS high. When in QPI Mode, the Status Register Bit 6 is set to “1”and the device stays
in QPI mode until a power-on reset or the Disable QPI command is entered.

Figure 20 - Enable QPI Mode (EQPI) Command Operation

Clock Number

Name Description 0-71 8 9-n

EQPI Enable QPI Mode 38h CS high In QPI Mode

Notes:
1. Clocks 0-7 are the command byte.

s\ /

SCK weseor | | [ LT LT LT LTI

‘(7 Instruction(38h)—>|
R o o /T N o o

High Impedance

SO
|
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Disable QPI (DQPI) Command

The Disable QPI command is used to exit QPI mode and return to the standard SPI/Quad SPI mode and set
the Status Register Bit 6 to “0".

The command code FFh is entered on all four 10’s in just two clock cycles as shown below. The command is
entered by driving CS low and sending the command code. The command is terminated by driving CS high.

Figure 21 - Disable QPI Mode (DQPI) Command Timing

Clock Number

Name Description 0-1" 2 9-n

DQPI Disable QPI Mode FFh CS high Now in SPI / Quad SPI Mode

Notes:
1. Clocks 0 - 1 are the command byte on all four I/0.

S\ /
_Mode3 O 1
SCK' Modeo; | | | |
Instruction (FFh)
O UV T OO
O 00V KKK
O W GO

o, WY WK

L ___________________________________________________________________________________________________________________________________|]
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EXECUTE IN PLACE (XIP) MODE

Execute in Place (XIP) mode provides faster read operations by not requiring a command code for each
new starting address during consecutive reads. This improves random access time and eliminates the need
to shadow code onto RAM for fast execution. The read commands supported in XIP mode are FREAD (SPI
Mode), FRQO, and FRQAD (both Quad SPI Mode commands).

XIP may be run when in QPI mode. Entering or exiting XIP mode will not affect other aspects of QP mode
operation. The device will stay in QPI mode until QPI is disabled with the DQPI command.

XIP mode for these commands is Set or Reset by entering the Mode Byte as shown in“Table 11 - Mode Byte
Definitions to Set/Reset XIP Mode” on page 37 below.

In XIP Mode it is possible to perform a series of reads beginning at different addresses without having to
load the command code for every new starting address / CS cycle.  XIP can be entered or exited during
these commands at any time and in any sequence. If itis necessary to perform another operation, not
supported by XIP, such as a write, then XIP must be exited before the new command code is entered for the
desired operation.

Table 11 - Mode Byte Definitions to Set/Reset XIP Mode

XIP Operation Hex M7 Mé M5 M4 M3 M2 M1 Mo
Set/Continue EF 1 1 1 0 1 1 1 1
Reset/Stop (Default) FF 1 1 1 1 1 1 1 1

___________________________________________________________________________________________________________________________________________________________________|]
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Table 12 - XIP Mode with FREAD Command

Initial Command Clock Number
SPI Mode 0-71 8-31 32-39 40 - 47 48-n
QPI Mode 0-11 3-26 27-34 35-42 43-n
FREAD Fast Read Data Bytes 0Bh A23-A0 M7 - MO 2 D7 -DO0 Read Next Byte
. Set XIP Read Data —— .
24-bit Address Mode 3 Byte Repeat until CS goes high.

Notes:
Command code eight bits.

2. Mode Byte will Set/Reset the XIP mode. See“Table 11 — Mode Byte Definitions to Set/Reset XIP Mode” on page 37 above
for the Set/Reset XIP mode bit definitions.

3. Ifthe XIP mode is not Set on the initial command, the command operates in normal SPI Mode until Ehigh. And, on the next
new address, the FREAD the command must be reentered. If XIP Mode has been Set during this initial command entry, the

command still operates normally until CS goes high. But on the next CS low, the device remains in FREAD Command mode.
No command is entered and the initial read address is entered on the first clock. See the table below.

IfXIP Set - Next CS Low Clock Number
Either SPI or QPI Mode 0-231 24-31 32-39 40-n
FREAD Fast Read Data Bytes A23-A0 M7 - MO D7 -D0 Read Next Byte

If XIP Mode is Set, the Command need
not be reentered. Initial 24-bit ad- 24-bit Address
dress entry begins on the first clock.

Set/Reset XIP Read Data

Mode Byte Repeat until CS goes high.

Notes:

1. In XIP mode, the last command code sent remains in effect. The starting address is entered beginning on the first clock after
CS low.

2. If XIP Mode is Reset, the device is out of XIP mode and any command may be entered on the next access.
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Table 13 - XIP Operation with FRQO Command

Initial Command Clock Number
Quad SPI Mode 0-71 8-31 32-33 34-35 36-n
QPI Mode 0-1"1 2-25 26 -27 28 -29 30-n
FRQO Fast Read Quad 6Bh A23-A0 M7-M02 | D7-DO Read Next Byte
Output
. Set XIP Read Data —— .
24-bit Address Mode 3 Byte Repeat until CS goes high.
Notes:

Command code eight bits.

2. Mode Byte entered Set/Reset the XIP mode. See “Table 11 - Mode Byte Definitions to Set/Reset XIP Mode” on page 37
above for the Set/Reset XIP mode bit definitions.

3. Ifthe XIP mode is not set on the initial command, the command operates in normal SPI Mode until CS high. And, on the next
FRQO the command must be reentered. If XIP has been set during this initial command entry, the command still operates

normally until CS goes high. But on the next CS low, the device remains in FRQO Command mode, and the initial read ad-
dress is entered on the first clock. See the table below.

If XIP Set - Next CS Low
Either Quad SPI or QPI Mode 0-23 24-25 26 -27 28-n
FRQO Set Fast Read Quad A23-A0 M7 - MO D7-DO Read Next Byte
Output
If XIP Mode is Set, the Command
need not be reentered. Initial 24-bit . Set/Reset XIP = .
address eniry begins on the first 24-bit Address Mode Read Data Byte Repeat until CS goes high.
clock.
Notes:

1. In XIP operating mode, the last command code sent remains in effect and no command entry is required on the next access.
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Figure 25 - FRQO Command - Set XIP Mode - Initial Access

sckwee [ [T U L THHLE

e

——— Instruction (6Bh)

24-Bit Address

> |

0y TR e /7 T \e/ T \o/

High Impedance

1 \(,\;:BX22X21 3 (2 X 1 XL:B) .....

o, Yy
IO2 Wigh
IO3 High
c¢s oy
----- 31 32 33 34 35 36 37 38 39 40 41
sce U UL UL LLT
—>| £rh 2
Slazt)i(lep '4— 10 switches from Input to Output2
0, (o) o/ TS0
0, /GO OG0
0, T O OGN
o T GG GG
Byte 1 . Byte 2 . Byte 3 . Byte 4 .
Data Clocked Out Continuously until cs high, —— &
Notes:

1. Initial access, XIP Mode Byte set for next access.

2. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.
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Figure 26 - FRQO Command - XIP Mode Set - Next Access

< 24-BitAddress ——»|
10, <XXX><23X22X21>—§3—< 3 X2 K1 KXoy
MSB LSB

High Impedance

IO1

IO2 High

IO3 High

cs eow)

23 24 25 26 27 28 29 30 31 32 33

EFh 112

_>_
Set (Continue)
L<a Mﬁ';e IO switches from Input to Output
0, (oo /T H{DEXDG

\%X
|O—/1 1\—<5X

e A

\_<

XD
X

2 6 2X;6X2
I

7X3;X7X3 7X3

4

6

Byte 1 Byte 3

(@)}
><
N
(@)

Data Clocked Out Continuously until CS high. —————

Notes:
1. Next access, set to continue XIP Mode.
2. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.
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Figure 27 - FRQO Command - XIP Mode Exit

- 24-Bit Address e — |

0, [ EEHEOE0)

High Impedance

IO1 -
IO2 High '
IO3 High )
(S (ow

1,2

FFh <
Reset X
LSB M);'je ’47 10 switches from Input to Output

IO0 1 1\—(4X0X4X0X4X0):(4X0X_4_"_

10, — /7, 1\_<5X1

10, 1 1\—<6 2X6X2X6X2X6X2 6
YY)

Byte 1 i Byte 2 i

._><__
”
>
>
”
>
._><__
”
>
w

O
w
N
><
w
>
N
><
w
~<
N

Data Clocked Out Continuously until cs high. —— &

Notes:

1. XIP Mode Byte FFh. Exit XIP Mode.

2. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.

3. After this access a command must be entered on the next access. Any new command may be entered, including the original
command.

. _________________________________________________________________________________________________________________________________________|
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Table 14 - XIP Operation with FRQAD Command

Initial Command Clock Number
Quad SPI Mode 0-7" 8 -13 14 -15 16-17 18-n
QPI Mode 0-1"1 2-7 8-9 10 - 11 12-n
FRQAD FastRead Quad Ad- | ¢qp) A23-A0 M7-M02 | D7-DO Read Next Byte
dress and Data
. Set XIP Read Data e .
24-bit Address Mode 3 Byte Repeat until CS goes high.

Notes:
Command code eight bits.

2. Mode Byte entered Set/Reset the XIP mode. See “Table 11 - Mode Byte Definitions to Set/Reset XIP Mode” on page 37
above for the Set/Reset XIP mode bit definitions.

3. Ifthe XIP mode is not set on the initial command, the command operates in normal SPI Mode until Ehigh. And, on the next
FRQAD the command must be reentered. If XIP has been set during this initial command entry, the command still operates

normally until CS goes high. But on the next CS low, the device remains in FREAD Command mode, and the initial read ad-
dress is entered on the first clock. See the table below.

If XIP Set - Next CS Low

Either Quad SPI or QPI Mode 0-5 6-7 8-9 10-n
FRQAD Set Fagrsse::n%“;:tg\d' A23-A0 M7 - MO D7-DO Read Next Byte

If XIP Mode is Set, the Command

need not be reentered. Initial 24-bit . Set/Reset XIP = .
Bdel72E6 Ay s s e i 24-bit Address Mode Read Data Byte Repeat until CS goes high.
clock.
Notes:

1. In XIP operating mode, the last command code sent remains in effect and no command entry is required on the next access.
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FRQAD Command - Set XIP Mode - Initial Access

S The MRAN Company
Figure 28 -
SN\
Mode3| O 1
SCK. wmodeo

————

10 11 12 13

24-Bit Address

Instruction (EBh) A7-0

———»{ A23-16

A15-8 |

VIRV R A Y ) H O B 6
IO1 High Impedance (21 X 17)2(13)( 9 X 5 X 1 )
|02 _XX/ High \<22X18>:<14X10>:(6X2>:
10, XX/ High \<23X19>i(15X11)i(7X3>i
cs tow

13 14 15 16 17 18 19 20 21 22 23

1
‘ S’\gg:’ ‘ |<7|OswitchesfromInputtoOultput2 _____
0o Coho/ e o e o e Koo Xoke.
|O1<1>‘1 1\—<5X1X5X1X5X1X5X15
I021 1\—<6X2:X6X2X6X2X6X2;:6::
o, Gy GG GG
Byte 1 : Byte 2 : Byte 3 : Byte 4 :
Data Clocked Out Continuously until CS high.

Notes:

1.
2.

Initial access, XIP Mode Byte set

for next access.

The 1/0 pins should be high impedance prior to the falling edge of the second mode clock.
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Figure 29 - FRQAD Command - XIP Mode Set - Next Access

24-Bit Address

10, 20X16)§(12X8*4X0)§
10, 21X17);(13X9);(5X1>;
10, 22X18>;(14X10>;(6X2>;
10, 23X19;15X11);(7X3>;
¢cs wow

EFh '
Set (Continue)
XIP Mode

|<7 10 switches from Input to Output

N
><
[e))
><
N
[e))
><
N
><_
@)}
><
N
()}

Byte 1 Byte 2
Data Clocked Out Continuously until CS high.
Notes:
1. Next access, set to continue XIP Mode.
2. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.
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Figure 30 - FRQAD Command - XIP Mode Exit

24-Bit Address

10, 20X165X12X8*4X0)i
10, 21X17>:(13X9);(5X1>;
10, 22X18>;(14X10;X6X2>;
10, 23X19>;(15X11);(7X3>;
¢ eow

Reset (Exit)
XIP Mode |<7 10 switches from Input to Output

IOOM1 1\'<4X°X4X°);(4XOX4XOX_4___-
|O1<1_>/1 1\—(5)(1 5X1X5 5.
0, (Y DB EOEEE

IO3<3>1 1\—<7X3X7X3X7X3X7X3
Byte 1 i Byte 2 i Byte 3 i Byte 4
Data Clocked Out Continuously until cs high.

-
>
-S>
wn
—><
<
(%21

~<
N

Notes:

1. XIP Mode Byte FFh. Exit XIP Mode.

2. Thel/O pins should be high impedance prior to the falling edge of the second mode clock.

3. After this access a command must be entered on the next access. Any new command may be entered, including the original

command.
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MR10Q010

ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

This device contains circuitry to protect the inputs against damage caused by high static voltages or electric
fields. However, it is advised that normal precautions be taken to avoid application of any voltage greater
than maximum rated voltages to these high-impedance (Hi-Z) circuits.

The device also contains protection against external magnetic fields. Precautions should be taken to avoid
application of any magnetic field more intense than the maximum field intensity specified in the maximum
ratings.

Table 15 - Absolute Maximum Ratings

Permanent device damage may occur if absolute maximum ratings are exceeded. Functional operation should be restricted to
recommended operating conditions. Exposure to excessive voltages or magnetic fields could affect device reliability.

Symbol |Parameter | Conditions Value Unit
Vpp Supply voltage 2 -0.5 t0 4.0 v
Voba I/0 Bus Supply voltage 2 -05t02.4 %
Vin Voltage on any pin 2 -0.5t0 Vppg + 0.5 %
lout Output current per pin +20 mA
Po Package power dissipation 3 0.600 W
Taias Temperature under bias Commercial Grade -45to 95 °C
Tstg Storage Temperature -55to0 150 °C
Tiead Lead temperature during solder (3 minute max) 260 °C
Hax write | Maximum magnetic field during write Write 12,000 A/m
Maximum magnetic field during read or
e ] simndlny Read or Standby 12,000 A/m
Notes:

1. All voltages are referenced to Vs. The DC value of V) must not exceed actual applied V, by more than 0.5V. The AC value of

V,y must not exceed applied V, by more than 2V for 10ns with I limited to less than 20mA.

2. Power dissipation capability depends on package characteristics and use environment.
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Table 16 - Operating Conditions
Symbol Parameter | Conditions Min Typical Max Unit
Vop Power supply voltage 3.0 33 3.6 Vv
Vbba I/0 Bus Power supply voltage 1.7 1.8 2.0 Vv
Vig Input high voltage 14 Vppg +0-2 Vv
Vi Input low voltage -0.2 0.4 \Y
. Commercial Grade 0 70 °C
T Ambient temperature
A der bi
underbias Industrial Grade -40 85 °C
Table 17 - DC Characteristics
Symbol Parameter Conditions Min Max Unit
I Input leakage current - +2 MA
loL Output leakage current - +2 LA
VoL Output low voltage loL = 4mA - 0.4 \"
Vou Output high voltage loy = -100pA 14 - Vv
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Table 18 - Power Supply Characteristics
Symbol |Parameter Conditions | Typical Max Unit
SPl@ 1 MHz 5.0 11 mA
looR Active Read Current SPl @ 40 MHz 12 17 mA
Quad SPl @
104MHz ) 80 mA
@ 1 MHz 9.0 25 mA
[ Active Write Current @40 MHz 28 42 mA
Quad SPl @
104MHz ) 220 mA
Ibpa Active Vppq Current TBD - TBD mA
leg AC Sjcar.\dby Current (FS High =V,,. No other f <104MHz i 5 mA
restrictions on other inputs.)
lsg; CMOS Standby Current (CS High) f=0MHz - TBD mA
5 Standby Sleep Mode Current (6 High) Sleep Mode - 100 MA
Capacitance
Table 19 - Capacitance
Symbol |Parameter Typical Max Unit
Cn Control input capacitance ! - 6 pF
Co Input/Output capacitance ' - 8 pF
Notes:

1. f=10MHzdV=3.0V,T, =25°C, periodically sampled rather than 100% tested.

L ___________________________________________________________________________________________________________________________________|]
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TIMING SPECIFICATIONS

AC Measurement Conditions

Table 20 - AC Measurement Conditions

MR10Q010

Parameter Value Unit
Logic input timing measurement reference level 0.9 Vv
Logic output timing measurement reference level 0.9 Vv
Logic input pulse levels 0to 1.6 Vv
Input rise/fall time 2 ns
Output load for low and high impedance parameters See Figure 31
Output load for all other timing parameters See Figure 32

Figure 31 - Output Load for Impedance Parameter Measurements

Output [ >—

R =500

/2

Figure 32 - Output Load for all Other Parameter Measurements

Output
R2
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Power Up Timing
To provide protection for data during initial power up, power loss or brownout, whenever V falls below

Vwiop ©F VDDQ falls below VWIDDQ the device cannot be selected (CS is restricted from going low) and the
device is inhibited from Read or Write operations. See“Table 21 — Power-Up Delay Minimum Voltages and
Timing” below.

Power Up Delay Time

During initial power up or when recovering from brownout or power loss, a power up delay time (‘PU)

must be added to the time required for voltages to rise to their specified minimum voltages (Vpp ;) and
Vopaminy before normal operations may commence. This time is required to insure that the device internal
voltages have stabilized. See“Table 21 - Power-Up Delay Minimum Voltages and Timing” below.

'PU is measured from the time that both Vand Vppq have reached their specified minimum voltages. See
“Figure 33 — Power-Up Timing”for an illustration of the timing.

During initial startup or power loss recovery the CS pin should always track Vppq (Up toVppq +0.2V) or

Vs Whichever is lower, and remain high for the total startup time, PU. In most systems, this means that cS
should be pulled up to Vpp, with a resistor. Any logic that drives other inputs or |Os should hold the signals
at Vppq until normal operation can commence.

Table 21 - Power-Up Delay Minimum Voltages and Timing

Symbol Parameter Min Unit
Vwiob Write Inhibit Voltage 2.2 Vv
Vivibba I/0 Write Inhibit Voltage 1.2 \Y
tpy Power Up Delay Time 400 us

L ___________________________________________________________________________________________________________________________________|]
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Figure 33 - Power-Up Timing

INITIAL BROWNOUT or
POWER ON POWER LOSS t
'y ) R
L « > -
STARTUP RECOVER
TIME TIME
- > - B
READ/WRITE operations NORMAL READ/WRITE operations NORMAL
inhibited OPERATION inibited OPERATION
DD min VDD
[ 7 ____________________________ 7 __________________
Viioo 7_ _______________ :\S\ __________ 7 T T T T T T T T T T T T T
min__ | o e——— ] | f e e e ——
VWIDDQ 7[ _____ 1: ________ i& / ______

Note: CS may not be enabled until 'PU startup or recovery time is met.

|
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ACTiming Parameters

Table 22 - ACTiming Parameters

Symbol |Parameter Min Typical Max Unit
sk SCK Clock Frequency for all instructions except READ - - 104 MHz
SCK Clock freq for READ - - 40 MHz
RI Input Rise Time - - 50 ns
RF Input Fall Time - - 50 ns
WH SCK High Time except READ 4 - - ns
YWHR SCK High Time READ 11 = = ns
WL SCK Low Time except READ 4 - - ns
'WLR SCK Low Time READ 11 = = ns
Synchronous Data Timing see Figure 34
tcs CS High Time 40 - - ns
tCss CS Setup Time 5 - - ns
tCSH CS Hold Time 5 - - ns
sy Data In Setup Time 2 - - ns
tH Data In Hold Time 5 - - ns
ty Output Valid 0 - 7 ns
*HO Output Hold Time 0 - - ns
tcsw cs High Time at end of Write Cycles 50 - - ns
'CSR ngﬁgthneatendofReadCydes 10 - - ns

MR10Q010 Revision 3.0,4/2014
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AC Timing Parameters - Continued

Symbol  Parameter Min  Typical Max Unit
HOLD Timing see “HOLD Timing” on page 60
'HD HOLD Setup Time 2 - - ns
CD HOLD Hold Time 2 - - ns
Yz HOLD to Output Low Impedance - - 12 ns
tHz HOLD to Output High Impedance - - 7 ns

Other Timing Specifications

'WPS WP Setup To CS Low 5 - - ns
YWPH WP Hold From CS High 5 - - ns
DP Sleep Mode Entry Time - - 3 us
‘RDP Sleep Mode Exit Time - - 400 us
DIS Output Disable Time - - 7 ns

. _________________________________________________________________________________________________________________________________________|
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Figure 34 - Synchronous Data Timing (READ)
"R

CS /

tCSS [ <_tCSH —
SCK e R —fe—"WiR —]

|<— ty ——I I——tHo—>‘ >tDis

SO High Impedance

X XARXXXRHXOXXOAXKXNR)

orl/O

Figure 35 - Synchronous Data Timing Fast Read (FREAD)

tCSS — ™

t

SCK

<—tWH —

<—tWL —

I-— ty |<—tHo—> ~
1/0 _—I ‘

High Impedance

UXXAXXARXRAXKXRXRNRONR)
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Figure 36 - Synchronous Data Timing (WRITE)

asw

tesg ———

t
<— CSH

‘_tWH —><—t WL —

“‘tsu =Ty "‘
(XROXRXXRXRXXRXRXXRXRXXXRXAXXKXXXXRXAX

Figure 37 - Synchronous Data Timing Fast Write Quad Data and
Fast Write Quad Address and Data (FWQD and FWQAD)

E:SVV

tess ———— ~—"csH ——

SCK

<—tWH —bd—tWL —

“—tsu _’<_tH "‘
170 XXOOORCKXKXINX XXX XX

Ramsun International Limited

Copyright © Everspin Technologies 2014 59 MR10Q010 Revision 3.0, 4/2014

E-mail: sales@sramsun.com Http://www. sEamgimh: cemles@sramsun. com Http://www. sramsun. com
i [ AT FRA ] Jbat: 010-57169760  Fiff: 021-66787052 ¥HIl: 0755-61119155 #H/H: 0512-66315215



[ IN"
;: MR10Q010

Figure 38 - HOLD Timing

HOLD | |
I‘-tHZ 4“ !— Ith
N\ /

SO / \
|
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PART NUMBERS AND ORDERING

Table 23 - Part Numbering System
| Interface | Density | Revision | Temp | Package | ship | Grade
Example Ordering Part Number MR 10Q 010 C SC R ES

MRAM (Toggle) MR
104MHz Quad SPI Family 10Q
1 Mb 010
4 Mb 040
16Mb 160
No Revision Blank
Revision A A
Revision B B
Commercial 0to 70°C Blank
Industrial -40 to 85°C C
16-pin SOIC e
Tray Blank
Tape and Reel R
Engineering Samples ES
Customer Samples CS
Mass Production Blank

Table 24 - Ordering Part Numbers !

Shipping Con-
Temp Grade | Temperature | Package Density tail:er:mg on Order Part Number
Trays MR10Q010SC
Commercial 0to 70°C 16-SOIC 1Mb
Tape and Reel | MR10Q010SCR
Trays MR10Q010CSC
Industrial -40 to 85°C 16-SOIC 1Mb
Tape and Reel [ MR10Q010CSCR

1 Preliminary Products: These products are classified as Preliminary until the completion of all qualification tests. The specifica-
tions in this data sheet are intended to be final but are subject to change. Please check the Everspin web site www.everspin.com

for the latest information on product status.
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PACKAGE OUTLINE DRAWINGS

Figure 39 - 16-SOIC Package Outline

hox 43%

" BB AR
.

“»** DiA
EJECT DR
SEE NOT E

&)
|
L

Ef2

2
N L_

NOTES:

AN\MAXIMUM DIE THICKNESS ALLOWABLE IS .025,

/A DIMENSIONING & TOLERANCES PER ANSL
! Y145M - 1982,

H H H H H H H H H H %‘T' IS A REFERENCE DATUM,
] “D’ & ‘E* ARE REFERENCE DATUMS AND DO NOT
A DUES INCLUBE MELD MISVATCH AND ARE WEASURED
OE: NCLU MOL TCH AN Mi URE
T0P VIEW BOTTOM VIEW AT THE MOLD PARTING LINE, MOLD FLASH OR
PROTRUSIONS SHALL NOT EXCEED 0,006 INCHES
AT END AND 010 INCHES AT WINDOW.
L IS THE LENGTH OF TERMINAL FOR
SOLDERING TO A SUBSTRATE.

_..‘ ’__h x 45* A ‘N* IS THE NUMBER OF TERMINAL POSITIONS.

SEE DETAIL A

-

/A TERMINAL POSITIONS ARE SHOWN FOR

—— [ — r-—a S[IIBTERE)] REFERENCE ONLY

= T == FORMED LEADS SHALL BE PLANAR WITH RESPECT TO
]] f; [ \ . ONE ANDTHER WITHIN 003 INCHES AT SEATING PLANE.
bal i : i COUNTRY OF ORIGIN LOCATION ON PACKAGE BOTTOM
! ! | | JL J IS OPTIONAL AND DEPENDS ON ASSEMBLY LOCATION.
— _ £ 4 “KOREA® FOR AICL AND *PHILIPPINES® FOR AAPL
10. CONTROLLING DIMENSION: INCHES.
&'—' 11, THIS PART IS COMPLIANT WITH JEDEC STANDARD
MS-013, VARIATIONS AA, AB, AC, AD & AE.

SEATING PLANE

L ”"_-__1\_____../]

PARTING LINE /

"

Y
EI L_L_‘.I \—SEITING PLANE

A DETAIL A
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16-SOIC Package Outline - Continued

THIS TABLE IN INCHES

COMMON NOTE 3 )
DIMENSIONS “a. | VARI- D N

MIN, NOM, | MAX, | el ATIONS [ MIN, NOM., [ MAX,
097 1 101 104 Bh 402 | 407 1| 412 |16
00501 009 | .0119 AB 491 456 | 461 |18
09 092 |.094 AL 200 Dl 210 c0
014 016 019 AD Relnra] 607 | 612 |24
009 010 | .0125 AL /01 J06 | 57T 28

SEE VARIATIONS 3
292 | 296 |.299

050 BSC
400 406 | 410
010 1)) 016
024 | 032 | .040

SEE VARIATIONS o)
0° 5° | &
0° - -
0028 - -
0028

X[ 8| 8= D‘J_mrﬂumwl}‘-}},_nwf‘"

085 | 093 [ .100

THIS TABLE IN MILLIMETERS

T COVMMON NOTE z 5
B DIMENSIONS M. | VARI- D N
U _MIN, NOM, | MAX el ATIONS [ MIN, NOM., [ MAX.

Al 246 | 206 | 264 AA 1021 | 1034 | 1046 | 16
Al Q1271 022 | Q.29 AB 146 | 1158 [ 11,71 118

1Ad 229 | 234 | 239 AL 12./0 1 1283 112599 | 20
Bl 0.35 0.41 0.48 AD D29 154211554 24

[ C10.23 025 1032 AE 1781 11793 11806 |28
D SEE VARTIATIONS 3
Bl /42 | /o2 1799
e 1.27 BSC
H| 10,16 [ 10,31 [ 10,41
h| 0.25 0.33 0.41
L] 061 0.81 1.02
N SEE VARIATIONS D
x| 0° i 8°
Ci| 0° —_ -_

Rl 0.0/ = =
Rl 0.0/ = =
Xl 216 2.36 2.54
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REVISION HISTORY
Revision Date Description of Change
February 26, . .

1.7 2013 Initial Release Preliminary.

1.8 3/7/2013 Revision to Table 5. Revision to HOLD timing Table 15. Corrected package illustration.

1.9 5/14/2013 Added QPI Commands.

20 10/24/2013 Removed QPI Commands, TDET and reference to XIP. These features will be released in a
future product revision.
Major revision. Complete restructure of command section. Added QPI Mode, TDET, TDETX

. commands and XIP operating mode commands, instructions and timing diagrams. Re-

3.0 April 17,2014 . .
moved Preliminary watermark from all pages. Removed Max and Typical values for Vyy,pp
and Viyppq
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