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Using MRAM to Optimize System Energy Consumption

By Duncan Bennett, Product Marketing Manager, Everspin Technologies, Inc.

For many wireless and portable applications, especially in the growing Internet of Things applications, there is a
critical energy budget (total power consumed over time). As a member of the technical staff at Everspin Technol-
ogies | spend a lot of time working with system designers on applications for MRAM. An idea that | have wanted
to investigate for a long time is whether the fast-Write and power-up-to-Write times for MRAM can significantly
reduce total system energy consumption compared to either EEPROM or Flash.

Abstract

For this article, | compared system energy consumption in a typical data acquisition system using Flash, EE-
PROM or MRAM. The comparisons showed that:

1. Non-volatile memory write time is a major contributor to overall system energy consumption, thus the
shorter write time of MRAM can actually reduce total energy consumption.

2. Further system energy reductions can be achieved using a power-gating architecture with MRAM be-
cause its faster power-up to write time allows MRAM standby power to be reduced to zero.
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Typical System

| used the schematic in Figure 1 to represent the Low-Voltage Dropout Regulator (LDO), microcontroller
(MCU), non-volatile memory and a decoupling capacitor typical in data acquisition applications such as
medical monitors, data loggers, etc. Other system components, such as sensors and the power they con-
sume were not considered.

The MCU was assumed to be in a low power sleep state and with a periodic wake up to make an acquisition
of data. The data acquired was stored in the non-volatile memory and then the system returned to the sleep
state.
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Application with Flash or MRAM Using Power Gating for Standby Mode

| compared non-volatile memory with a SPl interface and looked at only Write operations, which typically
consume much more power than Read operations. The number of data bytes that can be written is four less
than the number of bytes on the SPI bus due to overhead of the Write command, the WREN bit and two ad-
dress bytes. The number of bytes written to the non-volatile memory was selected as 4 and 46. Four is per-
haps most likely, representing the storage of one data acquisition sample. Forty-six is the optimum amount
of data that can be written to an MRAM when powered from a 1.0 uF decoupling capacitor.

Power Gating Considerations

A few quick calculations revealed that the decoupling capacitor is very important when power gating. The
energy used to charge the capacitor from zero is significant.

EEPROM can be powered directly from the I/0 of a standard microcontroller, typically 4mA, and consequent-
ly a small 0.1uF capacitor was used for decoupling. MRAM and Flash need more current than is available
from a standard MCU I/O. For these memories | assumed a larger decoupling capacitor so that the Flash or
MRAM could run on the energy stored in the larger capacitor.
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Phases of the WRITE operation

The energy consumption of the non-volatile memory was calculated during the phases of the write opera-
tion shown in Figure 2.

Figure 2
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MRAM Vpp During Power-Up and Access Times using Power Gating

Rise Time

During this phase | assumed that all of the energy goes into the decoupling capacitor and that the non-vola-
tile memory consumes negligible energy.

Power-Up Time

Once the voltage on V, is above a threshold, a small delay (PU) is required for MRAM to become ready but
not for EEPROM or Flash. During this phase | assumed that the MRAM consumes the current shown in the
stand-by specification of the datasheet.

Write Time

During this phase, the non-volatile memory consumes the current shown in the active specification of the
datasheet.

Assuming a 3.3V system with a tolerance of + 10%, the lowest voltage on the I/O could be 3.3V -10% =
2.97V. This voltage of 2.97V was used in calculations.
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Energy Calculations

| started by looking at the energy used by the non-volatile memory during writing.

Energy Used by an EEPROM

| looked at a typical 3.3V EEPROM with a standby current of 1uA, a write time of 5ms and a write current of

3mA.

For EEPROM | assumed the following:

1. The EEPROM is ready to begin operation as soon as V rises to be within operating limits (a power up
time of zero).

2. The amount of data written fits into one page and writing takes place using the block write capability.

3. The write time of the EEPROM is only that required to perform the write operation of the EEPROM and |
ignored any processing and communication time of the MCU and SPI interface. (This assumption is the
opposite of that used for MRAM, which only requires communication time because the write time is so
short that it can be considered to be zero.)

4. The EEPROM is powered directly from the microcontroller I/0 and uses a small (0.1uF) decoupling ca-
pacitor. (Table 1)

Table 1
Rise Time L Write E /D
Number of . Write time Total nergy/Data
Capacitance Energy 3 Energy ' 5
SPI Bytes (uF) (ms) Energy (1) Byte “ (uJ)
(uJ) (1)
4 0.1 0.44 5.0 49.5 49,9 12.5
EEPROM
46 0.1 0.44 5.0 49.5 49.9 1.0
1. WriteEnergyisVpp x Write Currentxtime.
Notes 2. Thenumber ofdatabytesis4less than the number of SPI bytes due to the overhead required.
3. RiseTimeEnergy = 1/2 cv?

Energy Consumed During Write Operations for EEPROM

Energy Used by a Serial Flash

Serial flash has much higher write and standby currents. | used a standby current of 50uA, a write time of
3ms and a write current of 15mA.

Since Flash is similar to EEPROM | made three of the same assumptions, (1) zero power up time, (2) the data
fits into one page and (3) the write time is so long that | ignored the communication time. | also assumed
that the Flash writes are to a pre-erased page. (Table 2)
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Table 2
Rise Time se g Write E /Dat
Number of Capacitance - . Write time Eneray ! Total nergy/Uata
SPIBytes | (uP) - (ms) 9| Energy () | Byte2()
(W) (p)
4 1.0 4.41 3.0 148.5 152.9 38.2
Flash
46 1.0 4.41 3.0 148.5 152.9 33

1. WriteEnergyisVppx Write Currentx time.

Notes 2. Thenumber of data bytesis 4less than the number of SPI bytes due to the overhead required.
3. RiseTimeEnergy = 1/2 cv2
Energy Consumed During Write Operations for Serial Flash
Energy Used by an MRAM

For MRAM there is only Everspin Technologies who have commercially available products, so | used the
MR25H256, 256Kbit serial SPI MRAM.
Table 3 shows the energy per data byte is lowest when all of the energy from the decoupling capacitor is
used. The decoupling capacitor size should be chosen to match the amount of data that is typically ac-

quired by the system.

Table 3
RiseTime tpy Write Write Total
Number of Capacitance ;i t i : 2 Energy/DataByte?
SPIBytes (WF) Energy PU Energy Time @ Energy Energy W)
(jJ) () 40 MHz (ps) () ()
4 1.0 4.41 400 0.14 1.6 0.06 4.6 1.15
46 1.0 4.41 400 0.14 10 0.48 5.0 0.1
1. The energy consumed by the MRAM during the power up delay (*PU) is given by Vpp x Standby Current x Time.
Nt 2. The Write Energy is given by Vpp x Active Current x Time.
otes
3. Thenumber ofdata bytesis 4 less than the number of SPI bytes due to the overhead required.
4. RiseTimeEnergy = 1/2 CV2

suming 27mA. This calculation is the source of using 46 bytes for comparisons.

Serial MRAM Energy Consumed During Write Operations
A TuF capacitor allows the writing of 50 bytes (46 data bytes) on the SPI bus at 40MHz with the MRAM con-
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Energy used by MCU and LDO

For the MCU, | assumed that it takes 100us to wake up, make a measurement, and communicate the result to
non-volatile memory and any housekeeping required. During this time, | assumed an active current con-
sumption of 500pA (typical of small microcontrollers running at ~5MHz). This gives us an energy consump-
tion of 3.3V x 500uA x 100us = 0.165J per data acquisition. In addition to the energy to make an acquisition,
| added the energy required to keep the microcontroller active during the non-volatile memory write.

When not acquiring or storing data, the MCU was in a sleep state consuming 5pA.

The power supply was assumed to be an LDO that consumes 1uA during all phases of operation, active and
sleep.

Using MRAM to Optimize System Energy Consumption

Results Summary

Table 4
Energy
. Energy
M Numberof Active Time Consumed
emory um ere i Sleep Time2(sec) ConsumedSleep - Total Energy (pJ)
Type Acquisitions/sec {ms) . Making
Time > (LJ) e
Acquisitions ()
10 4.5 0.995 6.6 20.6 27.2
MRAM
100 4.5 0.955 6.3 2064 212.6
10 5.05 0.950 6.3 934 99.6
EEPROM
100 5.05 0.495 3.3 933.7 937.0
10 35.0 0.965 6.4 441.8 448.1
Serial Flash
100 35.0 0.650 4.3 4,418.0 4,422.3
1. The Active Time is given as 100ps of MCU time + Storage Time.
- 2. TheSleep Time is given as 1 - Active Time.
otes 3. Energy consumed while asleep is given by 3.3V x 2uA x Time.
4. Fourbytes per acquisition.

Summary of the Energy Consumed per Acquisition
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Graphic Summary

The results are graphically summarized in Figure 3.

Figure 3

4500.0 — o
a000.0 +— 4,422 | | .
3500.0 +— | N—
30000+ _ ————— N @
25000 v+~ T -
0000 v —— B
1500.0 + ——— B
1000.0 + 448 e — 7

5000~'“' n .

Flash ‘EEPROM MRAMH_&—___ .-’f

10 ' EEPROM

Total Energy by Type and Number of Acquisitions (L)

Conclusions

The write time of a non-volatile memory significantly affects the total energy consumption of a system. For
systems with a low duty cycle the effects are less pronounced and become more pronounced as the rate of
acquisitions increase.

The write time of EEPROM and Flash significantly increase the energy consumption of the MCU because
they cause the MCU to be active for longer. Energy consumption could be reduced if the MCU was in a sleep
mode while the writes to EEPROM and Flash complete. However, the energy consumed by the EEPROM or
Flash is the majority of the energy consumed by the system so having the MCU in sleep mode will not effect
the overall consumption significantly.

It is clear that the lowest energy consumption can be achieved with a fast-Write, non-volatile memory that is
power gated.
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Why Power Gating has more of an effect on energy consumption than Sleep Mode

EEPROM has low standby power consumption so operating it with V; always present could be considered.
However, the write energy of just one Write operation to EEPROM is equivalent to it being in standby mode
for about 15 seconds. Again, the write energy is dominant.

Power gating really applies to MRAM where the fast Write time significantly reduces the amount of energy
used. The energy consumption of an acquisition using MRAM is 1.54pJ. This is the same as a 3.3V EEPROM
with a standby current consumption of TpA being in standby for 0.46s.

The write energy is dominant over standby energy.

About the Author

Duncan Bennett is a Product Marketing Manager on the marketing staff at Everspin Technologies, Inc. He is
stationed in London. You can reach Duncan at: duncan.bennett@everspin.com.

This article first appeared in eeTimes DesignLines (Memory) on December 9, 2014. http://www.eetimes.
com/author.asp?section_id=36&doc_id=1324917
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Everspin Technologies, Inc.

Information in this document is provided solely to enable system and software implementers to use Everspin Technolo-
gies products. There are no express or implied licenses granted hereunder to design or fabricate any integrated circuit
or circuits based on the information in this document. Everspin Technologies reserves the right to make changes with-
out further notice to any products herein. Everspin makes no warranty, representation or guarantee regarding the suit-
ability of its products for any particular purpose, nor does Everspin Technologies assume any liability arising out of the
application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
consequential orincidental damages. “Typical” parameters, which may be provided in Everspin Technologies data sheets
and/or specifications can and do vary in different applications and actual performance may vary over time. All operat-
ing parameters including “Typicals” must be validated for each customer application by customer’s technical experts.
Everspin Technologies does not convey any license under its patent rights nor the rights of others. Everspin Technolo-
gies products are not designed, intended, or authorized for use as components in systems intended for surgical implant
into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Everspin Technologies product could create a situation where personal injury or death may occur. Should Buyer pur-
chase or use Everspin Technologies products for any such unintended or unauthorized application, Buyer shall indem-
nify and hold Everspin Technologies and its officers, employees, subsidiaries, affiliates, and distributors harmless against
all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of
personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that Everspin
Technologies was negligent regarding the design or manufacture of the part. Everspin™ and the Everspin logo are
trademarks of Everspin Technologies, Inc. All other product or service names are the property of their respective owners.
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