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Low-Temperature Data Retention in Nonvolatile SRAM

Abstract: This article dispels any concerns about battery performance at low-temperatures. The article details
the current characteristics necessary to reliably support nonvolatile memory (SRAM) under extreme low-
temperature environmental conditions.

Lithium coin cells have been used for decades as a stable power source for memory backup applications.
Fundamental end-product lifetime estimations can be accomplished by taking the total charge available
(capacity) in the backup power source (lithium coin cell) and calculating the time required to consume that
charge at a known rate.

Low-power SRAM has historically been the obvious solution for nonvolatile memory applications, primarily due to
the very low supply currents required to reliably maintain system data during external power loss. This
parameter is typically identified as data retention current (Iccpr)-

Battery component selection in a design usually comes down to a trade-off between the desired system data-
retention time and the physical size of the required lithium cell. This discussion does not address the physical cell
size as a constraint in the design, so two similarly sized 20mm coin cells were evaluated.

In Figure 1 the ambient data-retention current consumption of three different memory components is
illustrated. The memory densities differ quite significantly and the voltage dependency in those measured
currents also varies among the samples. Nonetheless, all three memory components appear to meet the basic
low-current requirements for extended data retention under battery-backup conditions.
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DATA RETENTION CURRENT (lccor)
vs. BACKUP SUPPLY VOLTAGE
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Figure 1. SRAM data retention current.

The graph clearly shows that the Vendor X 256kb sample possesses both a higher quiescent current and a more
pronounced voltage acceleration slope than the other SRAM samples analyzed.

BR2032 BATTERY VOLTAGE
vs. TEMPERATURE
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Figure 2. BR2032 voltage vs. temperature.
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In Figure 2, a BR2032 primary (nonrechargeable) lithium coin cell (190mAh nominal capacity) was subjected to
various load conditions across the indicated temperature range. From the chart, the cell voltage under any of the

listed loads was —3.4V at +25°C.

Referencing the Vendor X 256kb current characteristic (Figure 1), we can then determine that this specific SRAM
will require —1.2pA of battery current with 3.4V applied. Given the BR2032 cell capacity rating, the expected
ambient data-retention time would be in excess of 19 years. There is, however, a historic drawback with using

most batteries: when depleted, they must be replaced.

Also observed in Figure 2 is a detectable change in the cell performance at reduced temperatures. As the various
loads were applied, the departure in the measured voltages was initially observed at +25°C. The deviation is
more pronounced as the load-current requirement increased. This loss of battery efficiency is due to the slowing
of the electrochemical reaction as the temperature decreases.

To understand the battery behavior in Figure 2, we turn again to the Figure 1 "Vendor X 256kb" lccpr
characteristic. We can then estimate that this SRAM provides a 3MQ equivalent load to the cell.

ML2020R BATTERY VOLTAGE
vs. TEMPERATURE
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Figure 3. ML2020R voltage vs. temperature.

In the Figure 3 graph, a ML2020R secondary (rechargeable) lithium coin cell (30mAh nominal capacity) was
subjected to various load conditions across the indicated temperature range. From the chart, the charged cell
voltage under any of the listed loads is ~2.8V at +25°C.

Using the same Vendor X 256kb 1/V characteristic, the reduction in nominal bias from the ML2020R cell gives the
user an immediate 35% reduction in the required SRAM current. The estimated ambient data-retention time
would then be —5.4 years, or 28% of that using a BR2032, even though the stated capacity is only 15% of that

hefty primary cell.

Factoring in that the ML2020R can be fully depleted and recharged up to 15 times, this translates to over 80
years of field life expectancy for the system using these specific components. This lifetime expectancy assumes
that the system could be powered on for ~3 days at least once every 5 years.

For comparison and again using the Figure 1 Vendor X 256kb Iccpr characteristic, we can estimate that the

SRAM provides a 4.5MQ equivalent load to this cell, due solely to the reduction in the applied bias.
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Further, as observed on the BR2032 cell (Figure 2), the ML2020R has a similar, but less pronounced change in
cell performance at reduced temperatures. Under the same loads applied to the other battery, the departure in
the ML2020R measured voltages was initially observed at -15°C. It is again more pronounced as the load-current
requirement increased.

DATA RETENTION CURRENT (lccpr)
vs. BACKUP SUPPLY VOLTAGE
2.0
Ta = +25%C,
CE = Vee
T 15
= VENDOR X
= 256kD \
Ll
(i
T 10 ™
o VENDOR ¥
o VENDOR Z 1Mb
L 16Mb
= ""“'n-h._
05
-\-“""--.,‘_\_| w
0.0
20 2.5 3.0 3.5
SUPPLY VOLTAGE (V)

Figure 4. SRAM data retention current (Iccpr at -40°C).

The Figure 4 chart is the result of the same bias applied to the three samples illustrated in Figure 1, but now
the component case temperature is -40°C.

Given the same Vendor X 256kb, the reduction in temperature raises the on-chip transistor thresholds enough to
cut off any parasitic leakage paths within the memory chip. This effectively increases the SRAM load to be
greater than 11MQ if using a BR2032, or greater than 20MQ if using a ML2020R.

Conclusion

For backup supply load calculations, the effective resistance of a low-power CMOS memory is inversely
proportional to the temperature. This relationship is illustrated in Figure 5, using the typical bias applied by the
battery samples analyzed.
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EFFECTIVE SRAM RESISTANCE
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Figure 5. SRAM effective loading.

When comparing the SRAM effective resistance (Figure 5) to the battery current-delivery capabilities (Figures 2
and 3), it becomes clear that the worst-case SRAM load resistance over this temperature range is well above the
region of any electrochemical efficiency loss for either battery chemistry.

Either battery will perform effectively for, at a minimum, over 5 years of continuous battery backup using any of
the sampled memory components.

Application note 4289: www.maxim-ic.com/an4289

More Information
For technical support: www.maxim-ic.com/support

For samples: www.maxim-ic.com/samples
Other questions and comments: www.maxim-ic.com/contact

Automatic Updates
Would you like to be automatically notified when new application notes are published in your areas of interest?
Sign up for EE-Mail™.

Related Parts
DS1220AB: QuickView -- Full (PDF) Data Sheet -- Free Samples

DS1220AD: QuickView -- Full (PDF) Data Sheet -- Free Samples

DS1220Y: QuickView -- Full (PDF) Data Sheet -- Free Samples

Page 5 of 7


http://www.maxim-ic.com/an4289
http://www.maxim-ic.com/support
http://www.maxim-ic.com/samples
http://www.maxim-ic.com/contact
http://www.maxim-ic.com/ee_mail/home/subscribe.mvp?phase=apn
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2643/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1220AB-DS1220AD.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1220AB&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2643/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1220AB-DS1220AD.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1220AD&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/3126/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1220Y.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1220Y&ln=en

DS1225AB:
DS1225AD:

DS1225Y:

DS1230AB:

DS1230W:
DS1230Y:

DS1245AB:

DS1245W:
DS1245Y:

DS1249AB:

DS1249W:
DS1249Y:

DS1250AB:

DS1250wW:
DS1250Y:

DS1258AB:

DS1258W:
DS1258Y:

DS1265AB:

DS1265W:
DS1265Y:

DS1270AB:

DS1270W:
DS1270Y:

DS2030AB:

DS2030W:
DS2030Y:

DS2045AB:

DS2045W:
DS2045Y:

DS2050W:
DS2065W:
DS2070W:
DS3030W:
DS3045W:
DS3050W:
DS3065W:
DS3070W:

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

-- Free Samples

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

QuickView -- Full (PDF) Data Sheet

Page 6 of 7


http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2646/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1225AB-DS1225AD.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1225AB&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2646/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1225AB-DS1225AD.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1225AD&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/3127/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1225Y.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1225Y&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2648/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1230AB-DS1230Y.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1230AB&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2647/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1230W.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1230W&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2648/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1230AB-DS1230Y.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1230Y&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2664/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1245AB-DS1245Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2663/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1245W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2664/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1245AB-DS1245Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2666/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1249AB-DS1249Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/3140/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1249W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2666/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1249AB-DS1249Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2668/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1250AB-DS1250Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2667/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1250W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2668/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1250AB-DS1250Y.pdf
http://www.maxim-ic.com/samples/index.cfm?Action=Add&PartNo=DS1250Y&ln=en
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2672/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1258AB-DS1258Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2671/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1258W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2672/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1258AB-DS1258Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2675/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1265AB-DS1265Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/3141/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1265W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2675/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1265AB-DS1265Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2677/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1270AB-DS1270Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/3133/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1270W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/2677/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS1270AB-DS1270Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4473/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2030AB-DS2030Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4479/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2030W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4473/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2030AB-DS2030Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4472/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2045AB-DS2045Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4480/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2045W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4472/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2045AB-DS2045Y.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4571/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2050W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4573/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2065W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/5219/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS2070W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4860/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS3030W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4861/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS3045W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4718/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS3050W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4721/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS3065W.pdf
http://www.maxim-ic.com/quick_view2.cfm/qv_pk/4574/ln/en
http://pdfserv.maxim-ic.com/en/ds/DS3070W.pdf

AN4289, AN 4289, APP4289, Appnote4289, Appnote 4289
Copyright © by Maxim Integrated Products
Additional legal notices: www.maxim-ic.com/legal

Page 7 of 7


http://www.maxim-ic.com/legal

	maxim-ic.com
	Low-Temperature Data Retention in Nonvolatile SRAM - AN4289


