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AN209853 discusses how the refresh interval in a Cypress HyperRAM™ device can be changed to optimize the read

throughput and standby current when it is operated below the maximum temperature.

1 Introduction

The Cypress HyperRAM family of products are high-speed CMOS, Self-refresh Dynamic RAM (DRAM) devices with
a HyperBus interface.

The core DRAM array requires periodic refresh of all bits in the array. This can be done manually by the host system
reading or writing a location in each row. This access copies a row of bits to an internal buffer. At the end of the
access, the bits in the buffer are written back to the row in memory, thereby recharging (refreshing) the bits in the row
of DRAM memory cells. All rows must be accessed within a given time period, the refresh interval, or the data will
decay and become corrupted.

However, the host system generally has better things to do than to access every row in memory and ensure that each
row in the array is visited within the required refresh interval. The HyperRAM family devices include a self-refresh
logic that will refresh all the rows automatically so that the host system is relieved of the need to refresh the memory.
The automatic refresh of a row can only be done when the memory is not being actively accessed by the host
system. The refresh logic waits for the end of any active access before doing a refresh, if a refresh is needed at that
time. If a new read or write begins before the refresh is completed, the memory will drive RWDS HIGH during the
Command-Address period to indicate that an additional initial latency time is required at the start of the new access in
order to allow the refresh operation to complete before starting the new access.

The required refresh interval for the entire memory array varies with temperature. Table 1 shows the default refresh
parameters for the device. The “Array Refresh Interval” is the time within which all rows must be refreshed. The self-
refresh logic distributes single-row refresh operations throughout the interval. This ensures that the refresh windows
are as short as possible. The host must also leave the device enough time to perform these operations by keeping
the length of the accesses it makes to a safe length. The tcus, CS# LOW maximum time, describes the maximum
amount of time the host can access the device and still allow the self-refresh logic to operate. If there are no active
host accesses, a single row will be refreshed every tcus.

Table 1. Default Refresh Parameters

Maximum Device Operating Array Refresh Interval Array
Temperature (°C) (ms) Rows RRecommended teys (11s)
85 (Industrial) 64 8192 4
105 (Industrial Plus) 16 8192 1
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2 Refresh Parameters

The default tcus time is set to ensure that the device will operate at the maximum operating temperature for the
device. If the device is not operating at the maximum temperature, the device can be configured for a longer tcus.

The tcus value is set by writing to bits 1-0 in Configuration Register 1. Table 2 describes the values in Configuration

Register 1.
Table 2. Configuration Register 1 Bit Assignments
CR1 Bits Function Settings (Binary)
000000h—Reserved (default)
15-2 Reserved Reserved for Future Use. When writing to this register, these bits should be cleared to 0 for
future compatibility.
10b—default
4 us for Industrial temperature range devices
1-0 Distributed 1 us for Industrial Plus temperature range devices
Refresh Interval 11b — 1.5 times default
00b — 2 times the default tcus
01b — 4 times the default tcus

3 Optimizing the Refresh Interval

As described in Table 1, Cypress HyperRAM devices come in two temperature grades: Industrial, which are
optimized for operation up to 85° C, and Industrial Plus, which are optimized for operation up to 105° C. Table 1
shows what the default value of the Distributed Refresh Interval means. If the device is going to be operated at
temperatures below the maximum allowed value for its grade, the Distributed Refresh Interval value in Configuration
Register 1 can be changed to allow for a larger tcus. A larger teus will allow the host more throughput to the device
with a longer refresh interval; this means that less time needs to be dedicated to refresh so the host can use more
time to transfer data. Because of the self-refresh feature, when the device is in the standby state, it alternates
between periods of inactivity and periods of refresh activity. During the refresh periods, the device draws more
current. By making the time between refresh operations larger, there is more inactive time and the average current
draw is lower.

If the device is an Industrial Plus (105° C) device and it is operating at temperatures at or below 85° C, it is safe to
change the Distributed Refresh Interval value in Configuration Register 1 to 01b to allow a tcus of 4 ys. Making this
change will decrease the standby current by approximately 30%.

If the device is an Industrial (85° C) device and it is operating at temperatures at or below 25° C, it is safe to change
the Default Refresh Interval value in Configuration Register 1 to 00b to allow a tcus of 8 ps. Making this change will
decrease the standby current by approximately 15%.

See the Register Space section of the HyperRAM datasheet for information on how to write to Configuration Register
1.

Table 3 shows the additional bytes that can be transferred before CS# must be deactivated to allow self-refresh.
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Table 3. Performance Values

Temperature Operatin Default DLl DU
Gprade Part Number Terg eratugre t Max tcus Bytes per Bytes per
p &S Transfer® Transfer

S27KL06417 Less than 85° C 1 s 4 us 186 786

Industrial Plus
S27KS0641° Less than 85° C 1us 4 us 314 1314
S27KL0641 Less than 25° C 4 us 8 us 786 1406
Industrial
S27KS0641 Less than 25° C 4 us 8 us 1314 2648

4 Summary

If the guidelines described in this application note are followed, it is possible to increase the throughput to/from a
Cypress HyperRAM device while also lowering its average standby current.

5 Related Documents

HyperRAM datasheet

! Transfer bytes = ((tcus / Max Clock) — (3 Command cycles + wait states)) * 2 bytes per cycle
2 Max Clock = 10 ns Wait states required at maximum clock = 4

® Max Clock = 6 ns Wait states required at maximum clock = 6
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Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find
the office closest to you, visit us at Cypress Locations.
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© Cypress Semiconductor Corporation, 2015-2017. This document is the property of Cypress Semiconductor Corporation and its subsidiaries, including
Spansion LLC (“Cypress”). This document, including any software or firmware included or referenced in this document (“Software”), is owned by
Cypress under the intellectual property laws and treaties of the United States and other countries worldwide. Cypress reserves all rights under such
laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other
intellectual property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with
Cypress governing the use of the Software, then Cypress hereby grants you a personal, non-exclusive, nontransferable license (without the right to
sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to modify and reproduce the Software solely for
use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end
users (either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of
Cypress’s patents that are infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software solely for
use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation of the Software is prohibited.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD
TO THIS DOCUMENT OR ANY SOFTWARE OR ACCOMPANYING HARDWARE, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. To the extent permitted by applicable law, Cypress reserves the right to
make changes to this document without further notice. Cypress does not assume any liability arising out of the application or use of any product or
circuit described in this document. Any information provided in this document, including any sample design information or programming code, is
provided only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the functionality and
safety of any application made of this information and any resulting product. Cypress products are not designed, intended, or authorized for use as
critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances
management, or other uses where the failure of the device or system could cause personal injury, death, or property damage (“Unintended Uses”). A
critical component is any component of a device or system whose failure to perform can be reasonably expected to cause the failure of the device or
system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim,
damage, or other liability arising from or related to all Unintended Uses of Cypress products. You shall indemnify and hold Cypress harmless from and
against all claims, costs, damages, and other liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of
Cypress products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are
trademarks or registered trademarks of Cypress in the United States and other countries. For a more complete list of Cypress trademarks, visit
cypress.com. Other names and brands may be claimed as property of their respective owners.
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