LH79520

Application Note

Combining On-chip SRAM with External SDRAM
to Construct a Low-latency LCD Frame Buffer
INTRODUCTION
The NXP LH79520 has 32KB of on-chip SRAM.
Systems that require high performance and low power
can use this memory as an on-chip frame buffer. Unfortunately, 32KB is not enough memory for most color
displays. For example, a 320 × 240 8-bits per pixel display requires 75KB. Even so, because on-chip memory
is so much faster and consumes so much less power
than SDRAM, using on-chip SRAM for part of a larger
frame buffer is still worth the effort. This application
note describes how to configure your system to make
on-chip SRAM and SDRAM appear like one large, contiguous memory that has lower latency and consumes
less power than when using SDRAM alone.

MEMORY CONFIGURATIONS
The LH79520 has an ARM720T core. The ARM720T
has an MMU that makes it necessary to make the distinction between physical memory addresses and virtual memory addresses. If the MMU is active in the
ARM720T core, code executes in the processor from

0xFFFFFFFF
0xFFFF0000
0xFFFEFFFF
0xFFFC0000
0xFFFBFFFF

virtual memory addresses. A virtual address can map to
a completely different physical address.
At first glance, the task of merging the SRAM and
SDRAM sounds like a job for the MMU. Unfortunately,
the MMU performs address translation for the processor core only. DMA peripherals like the Color LCD Controller (CLCDC) are not part of the ARM720T core, so
DMA peripherals use physical addresses only. In order
to merge on-chip SRAM and SDRAM into one contiguous physical address space, you have to take advantage of LH79520’s REMAP capability and the on-chip
SRAM’s address mirroring property.
After reset, the LH79520 has the memory map that
corresponds to the leftmost map shown in Figure 1. By
setting the REMAP register in the LH79520’s Reset,
State, and Power Controller (RCPC) to 0b10, your program will move the on-chip SRAM bank next to the
SDRAM memory. Since the on-chip SRAM is only
32KB, there is a big gap between the last address of
on-chip SRAM, 0x00007FFF, and the first address of
SDRAM, 0x20000000.
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Figure 1. LH79520 Memory Configurations
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Addressing mirroring describes what happens when
your program tries to access memory at an address
that is past the last physical address of a particular
device. With REMAP equal to 0b10, the 32KB on-chip
SRAM has the physical address range of 0x00000000
- 0x00007FFF. The on-chip SRAM’s address bus has
only 15 bits. If your code tries to access memory at
address 0x00008000, then bits 14 through 0 of the
SRAM’s address bus will be 0; the fact that address bit
15 is set to 1 is ignored because it is not wired. Therefore, an access to 0x00008000 will actually access
memory at address 0x00000000. As Figure 2 shows, in
the address range 0x00000000 - 0x1FFFFFFFF, this
address wrapping phenomenon causes the on-chip
SRAM to appear to be mirrored every 32KB in the
address space.
Therefore, to create a 75KB frame buffer out of onchip SRAM and SDRAM, set the CLCDC upper panel
frame buffer at address 0x1FFF8000. The frame buffer
will span from 0x1FFF8000 - 0x2000ABFF.

0x3FFFFFFF
SDRAM
0x20000000
0x1FFFFFFF
32K MIRROR OF ON-CHIP SRAM
0x1FFF8000
0x1FFF7FFF
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OTHER CONSIDERATIONS
Most LH79520 applications require exception vectors
to be located starting at virtual address 0x00000000.
Since you have set the REMAP register to 0b10, the
physical address space starting at 0x00000000 is
already taken by the first 32KB or your frame buffer. For
systems that have a high interrupt rate, your program
might benefit from using some of the on-chip SRAM for
exception processing. For such systems, simply set the
on-chip frame buffer start address in the CLCDC to the
address within internal memory that follows all exception
processing code. For example, if the exception handling
code takes 1KB, set the CLCDC frame buffer start
address to 0x1FFF8400.
On the other hand, since the LH79520 fetches
instructions using virtual addresses, you don’t have to
reserve the space exception vectors require from use
by your frame buffer. The MMU allows you to put any
memory you want at virtual address 0x00000000. For
example, you could map a 4KB page of SDRAM to virtual address 0x00000000 and copy your exception
vectors to the new virtual address. Of course, you will
have to use the MMU to create a contiguous virtual
memory space for the frame buffer, too. If you have a
fast graphics library, program the MMU so that the
frame buffer’s virtual memory space is cached, but not
write buffered. This will minimize the latency of frame
buffer updates. For more details on how the MMU
works, see the ARM720T Technical Reference Manual, ARM Doc Number DDI0191A, available at
http://www.nxp.com/redirect/arm.com.
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Figure 2. Address Mirroring of On-chip SRAM,
REMAP = 0b10
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ANNEX A: Disclaimers (11)
1. t001dis100.fm: General (DS, AN, UM, errata)
General — Information in this document is believed to be accurate and reliable. However, NXP
Semiconductors does not give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability for the consequences of
use of such information.
2. t001dis101.fm: Right to make changes (DS, AN, UM, errata)
Right to make changes — NXP Semiconductors reserves the right to make changes to
information published in this document, including without limitation specifications and product
descriptions, at any time and without notice. This document supersedes and replaces all
information supplied prior to the publication hereof.
3. t001dis102.fm: Suitability for use (DS, AN, UM, errata)
Suitability for use — NXP Semiconductors products are not designed, authorized or warranted
to be suitable for use in medical, military, aircraft, space or life support equipment, nor in
applications where failure or malfunction of a NXP Semiconductors product can reasonably be
expected to result in personal injury, death or severe property or environmental damage. NXP
Semiconductors accepts no liability for inclusion and/or use of NXP Semiconductors products in
such equipment or applications and therefore such inclusion and/or use is at the customer’s own
risk.
4. t001dis103.fm: Applications (DS, AN, UM, errata)
Applications — Applications that are described herein for any of these products are for
illustrative purposes only. NXP Semiconductors makes no representation or warranty that such
applications will be suitable for the specified use without further testing or modification.
5. t001dis104.fm: Limiting values (DS)
Limiting values — Stress above one or more limiting values (as defined in the Absolute
Maximum Ratings System of IEC 60134) may cause permanent damage to the device. Limiting
values are stress ratings only and operation of the device at these or any other conditions above
those given in the Characteristics sections of this document is not implied. Exposure to limiting
values for extended periods may affect device reliability.
6. t001dis105.fm: Terms and conditions of sale (DS)
Terms and conditions of sale — NXP Semiconductors products are sold subject to the general
terms and conditions of commercial sale, as published at http://www.nxp.com/profile/terms,
including those pertaining to warranty, intellectual property rights infringement and limitation of
liability, unless explicitly otherwise agreed to in writing by NXP Semiconductors. In case of any
inconsistency or conflict between information in this document and such terms and conditions, the
latter will prevail.

7. t001dis106.fm: No offer to sell or license (DS)
No offer to sell or license — Nothing in this document may be interpreted or construed as an
offer to sell products that is open for acceptance or the grant, conveyance or implication of any
license under any copyrights, patents or other industrial or intellectual property rights.
8. t001dis107.fm: Hazardous voltage (DS, AN, UM, errata; if applicable)
Hazardous voltage — Although basic supply voltages of the product may be much lower, circuit
voltages up to 60 V may appear when operating this product, depending on settings and
application. Customers incorporating or otherwise using these products in applications where
such high voltages may appear during operation, assembly, test etc. of such application, do so at
their own risk. Customers agree to fully indemnify NXP Semiconductors for any damages
resulting from or in connection with such high voltages. Furthermore, customers are drawn to
safety standards (IEC 950, EN 60 950, CENELEC, ISO, etc.) and other (legal) requirements
applying to such high voltages.
9. t001dis108.2.fm: Bare die (DS; if applicable)
Bare die (if applicable) — Products indicated as Bare Die are subject to separate specifications
and are not tested in accordance with standard testing procedures. Product warranties and
guarantees as stated in this document are not applicable to Bare Die Products unless such
warranties and guarantees are explicitly stated in a valid separate agreement entered into by
NXP Semiconductors and customer.
10. t001dis109.fm: AEC unqualified products (DS, AN, UM, errata; if applicable)
AEC unqualified products — This product has not been qualified to the appropriate Automotive
Electronics Council (AEC) standard Q100 or Q101 and should not be used in automotive critical
applications, including but not limited to applications where failure or malfunction of an NXP
Semiconductors product can reasonably be expected to result in personal injury, death or severe
property or environmental damage. NXP Semiconductors accepts no liability for inclusion and/or
use of NXP Semiconductors products in such equipment or applications and therefore such
inclusion and/or use is for the customer’s own risk.
11. t001dis110.fm: Suitability for use in automotive applications only (DS, AN, UM, errata;
if applicable)
Suitability for use in automotive applications only — This NXP Semiconductors product has
been developed for use in automotive applications only. The product is not designed, authorized
or warranted to be suitable for any other use, including medical, military, aircraft, space or life
support equipment, nor in applications where failure or malfunction of an NXP Semiconductors
product can reasonably be expected to result in personal injury, death or severe property or
environmental damage. NXP Semiconductors accepts no liability for inclusion and/or use of NXP
Semiconductors products in such equipment or applications and therefore such inclusion and/or
use is at the customer’s own risk.

