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DOCUMENT OVERVIEW 

This document is designed to serve as a high level overview manual for CorDes Radiation Tolerant (RT) HyperRAM 
Memory Interface Intellectual Property [IP] Core.  It includes the System Overview, the Hardware Interface Control 
Descriptions for external and major internal I/O, the Hardware Detail Design Descriptions [HDD] for all modules, 
and the Software Application Programming (API) Interface definitions.    

The IP Core VHDL/Verilog, SystemC, and C++ files [source code form], detailed structural diagrams, module 
testbenches, and system level simulation environment are all provided with the IP core license.  This also includes 
a full build environment for implementation (DCUltra, and Xilinx Vivado 2024.2) of the design for synthesis.     

The IP Core has been successfully implemented in Ultrascale+ AMD-XILINX FPGAs and is silicon proven in GF 
22FDx-SOI ASIC process. 

IP CORE REFERENCE ARCHITECTURE HIGH LEVEL DESCRIPTION 

SYSTEM OVERVIEW 

The HyperRAM IP Core is a VHDL & Verilog implementation that provides a AXI4-128 Slave to 5x External 8-bit 
DDR400 HyperRAM memories.  It provides inline complex interleaved Error Correction capable of correcting 4Bytes 
(or 4 random bits) per 64Byte Block along with 2-bit random correction per 16Byte subblock within the 64B 
cacheline.   The design is optimized for 64B cacheline accesses consistent with most ARM and RISC-V Embedded 
CPU designs.  Read Modify Write for non-aligned or partial cacheline access is supported and handled internally by 
the core.     

Data Rate is dependent on implementation clock speed and the size of the data blocks fed to the core.   Typical 
target implementation frequency is 100Mhz in mainstream Xilinx devices, and 400Mhz in <=22nm ASIC Process.   
At these clock rates the core is capable of up to 2GB/s operation in bursts.    

Software (C/C++) Drivers are provided in the module mixed language testbench to interface with the IP core and 
verify operation.  Minimal configuration is required before operational use of the core and is limited to setting the 
HyperRAM Memories to Fixed Latency operation and performing a self-initialization sequence to preset the ECC 
blocks in all the RAMs.   

.
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Figure 1 RT-HyperRAM-Interface IP Core High Level Block Diagram 
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INTERNAL IP CORE ARCHITECTURE OVERVIEW 

As shown in [Figure 2 Architecture Block Diagram of IP Core] the IP Core has a AXI4-32 configuration interface for 
setting control registers, and a AXI4-128 memory port interface to connect to a CPU or subsystem bus.    The IP 
Core is designed to support 64B cacheline read/writes in bursts of single cachelines or up to 64x64B cachelines 
(4KB) depending on configured FIFO depths.   

The IP Core on writes performs RS ECC and Reduced Hamming Parity encoding over each block, and supports read-
modify/write operations for partial blocks.  On reads the 64B Blocks with ECC are decoded and SECDED is 
performed over each 8Byte subblock within the cache line at no additional latency penalty (Dual SECDED per 144-
bit line). If no additional errors are detected outside the SECDED capability then the block is fetched and 
responded to the memory bus (AXI4-128). If additional errors (up to 4Bytes, or 4-random bits with >9-bit 
separation) per 64B block are detected then the RS(72, 64, 8) ECC Decoder attempts to correct the errors. 
Uncorrectable errors signal a IRQ for use by the subsystem to allow system level handling of the event.   

Internal shadow registers at the end of the memory region provide access to set the IP core to preset any or all 4KB 
regions in external memory, and to provide status counters for the total accumulated and last location of 
correctable and uncorrectable errors.   

All code is synthesizable VHDL or Verilog, except the I/O, RAMs and Delay cells.   The I/O, RAMs and Delay cells 
must be replaced with technology specific cells.  Reference implementation for GF 22FDx-SOI and AMD-XILINX 
FPGAs are provided.    All code is provided in source code (un-encrypted) format for ease of modification and 
integration into the users environment. 
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Figure 2 Architecture Block Diagram of IP Core 
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The AXI4_RSS_MemIF.vhd submodule performs the AXI4x128 interface and RSFEC Encode/Decode and interleaved dual SECDED to the backend.  The AXI4 interface is selectable 
to be a Synopsys Designware AMBA Fabric component [if the user has a valid license] or a lightweight RTL version that is royalty-free but has less capability and performance.  

 

Figure 3 AXI4 RSS Memory Interface Block Diagram 
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As shown below the front end is designed to run at the AXI4 interface clock rate (clk400), and the front end runs at ½ that rate (clk200 phase-0).  All data and configuration 
register transfers are handed off using asynchronous FIFOs between domains to remove any phase alignment requirements between the clk400 and clk200’s.   

 

Figure 4 Front to Backend Clock Handoff 
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An example use of the IP Core in a Full embedded CPU Subsystem is shown below.  

 

Figure 5 Example CPU Subsystem use of HyperRAM IP Core 
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For 400Mhz operation the timing analysis shows that a typical implementation budget has a Data Valid window of 1.267ns.   In the HyperRAM PHY interface provided example 
ODDR and input IDelay modules are provided that perform alignment and programmable delay adjustment of the critical RWDS signal per the specification.   The user design 
must provide 4x phase-aligned clocks at ½ the main AXI4-128 clock rate.  E.g. for 400Mhz interface clock, the user must provide 200Mhz Phase[0, 90, 180, 270] input clocks.  This 
can be from a PLL, DLL, or a divider output with fixed phase alignments.  A reference clock manager that provides these phase aligned outputs is optionally available if needed. 

 

Figure 6 HyperRAM Clock period Timing for DQ/CK layout 

  

 

CK DDR Period = 2.35ns (Min with duty cycle distortion)

Jitter/Uncertainty on clock = 50ps
tIS = 500ps
tIH = 500ps

HyperRAM Layout guidelines recommend max skew of 33ps between DQ and CK on PWB. 

Data valid window = 2.35ns – (50 + 500 + 500 + 33) == 1.267 ns
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Figure 7 FSM Architecture of RSS CacheLine Access w/FEC control 

 

For reference the Finite State Machine of the RS-FEC AXI4-128 64B cacheline Access controller is shown above. 
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Store prefetch to 
rdCacheLineMod[]
Mask in 1.4x 16B

*Set prefetchAgain if 
Mlast=0 and End of 
Cacheline modified 

WAIT_FOR_PREFETCH
_ALT

* On rdCacheLineVld 
update rdCacheLineMod[] 
with ByteEn Write data in 

rdCacheLine[]

MODIFY

* Issue 64B Wr using 
rdCacheLineMod[] + 
xctr_stored.addr[]

FLOW_CONTROL

IGNORE

rdCacheLineMod 4x128-bit 

rdCacheLine 4x128-bit 

xctr_r1 RECORD{}

xctr_stored RECORD{}

presetReq

More 4K Blocks to preset

Single Cycle (mlast=1) and Illegal Xfer

Multi Cycle and illegal Xfer

InternalFC=1

InternalFC=0

64B Aligned Addr
Nx 64B length

64B Aligned Addr
>= 64B burst

Non Aligned Write

Non Aligned Read
*2:

Mlast = 0

Mlast = 1

*1:
We need to compute if we have to stop burst early due 
to non-aligned ending address.             However, we 
dont know if the last cycle is going to have byte enables 
set so we have to pre-emptively always process the last 
1-4 x 16B writes as a 1st to cache then either write if its 
aligned, or rd/modify/wr if its not.

Burst Wr to xctr_r1
Until maddr >= 

addrToSTopWrBurst

Mlast=1
Mwstrb=xFFFF

Maddr[5:4] = 2'b11
(Aligned 64B write ending)

Mlast = 1
Non_Aligned Ending
 (1-63Bytes to write)

Need prefetch

AltPrefetch <= 1
 altPrefetch=1

altPrefetch=0

rdCacheLineVld = 1 and 
(Mlast = ‘1’ or 

(madrr[5:4] = 11 (End of Cacheline) 
+ prefetchAgain = 1))

rdCacheLineVld

preFetchAgain=1

4x16B Burst Wr to xctr_R1.

preFetchAgain = 0

aligned start, 
< 64B in length (1..3 cycles) 

does not cross 64B address boundary

*2: <<< 4 conditions >>> for Non Aligned Reads
1. aligned start, <64B in length read that does not cross 64B address boundary        
2. unaligned read that does not cross 64B address boundary
     =>  issue single prefetch w/mask (solves both of these).
            
3. unaligned read that crosses 64B address boundary and does not end on 64B boundary
     => issue prefetch then burst till end of xfer, but pad ending to multiple of 64B
            
4. unaligned read that crosses 64B address boundary and ends aligned
      => issue prefetch then burst till end of xfer

Aligned start,
> 64B in length 

(Crosses 64B boundary)

Non-Aligned start

numPostRdCycles(N) > 0

numPostRdCycles(N) = 0

SHADOW_ACCESS
_PENDING

*Wait for pipeline to empty 
& complete Shadow Ram 

Acess.
Clear blockAllNewXfers

blockAllNewXfers = 1

InternalFC=1

READY

WAIT_FOR_PIPELINE_IDLE

*Wait for pipeline to empty

READY

Addr = Shadow RAM

rxFIFO!Empty
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REED SOLOMON & REDUCED HAMMING INTERLEAVING 

The RS(72, 64, 8) FEC along with Dual Reduced 64-72-bit Single Event Correct, Double Event Detect (SECDED) parity is encoded and 
interleaved for each 64Byte Cacheline block before sending to memory in the format as shown: 

 

Figure 8 RS/ECC Interleaved Format 

NOTE: dual 64/72 (128->144) ECC adds 16-bits parity.  There is not enough bits 
spare to cover entire 144-bits of RSS output.  

Instead we selectively take 128-bits out of the RSS output and add ECC.  This way 
on receive from RAM you have all the data + ECC needed concurrently in each 
cycle to perform reverse.

Par7

Par6

Par5

Par4

Par3

Par2

Par1

Par0

Data[143:134]

Data[133:124]

Data[123:114]

Data[103:94]

Data[93:84]

Data[83:74]

Data[73:64]

Data[113:104]

Data
[143:0]

Data
[143:0]

Data
[143:0]

ECC[7:4]

ECC[15:12]

ECC[11:8]

ECC[3:0]

ECC[7:4]

ECC[15:12]

ECC[11:8]

ECC[3:0]

ECC[7:4]

ECC[15:12]

ECC[11:8]

ECC[3:0]

ECC[7:4]

ECC[15:12]

ECC[11:8]

ECC[3:0]

HYPERRAM[0]

HYPERRAM[1]

HYPERRAM[2]

HYPERRAM[3]

HYPERRAM[4]
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AXI4 32-BIT INTERFACE AND INITIALIZATION 

All configuration registers in the reference design use the AXI4 32-bit Interface internally bridged to a AXI4-Lite register set.  Only 32-
bit reads and writes are supported – byte accesses are prohibited and will not function correctly (perform read/modify writes if 
required).  All AXI4Lite slave interfaces are synchronous to the datapath clocks.  Refer to [AMBA AXI Protocol Specification for AXI4 
and AXI4-Lite] for details on the AXI4 and AXI4-Lite peripheral interface. 

The External HyperRAM memories require some initial configuration before supporting pseudo-synchronous operation from the RT-
HyperRAM controller.   This is achieved via AXI4-32 register writes to the internal controller – a steering register selects which 
external Memory DIE is targeted – then the configuration write is sent to the external memory via the shared I/O.  The software 
initialization driver uses this path to set the external memories into fixed latency operation, adjust the timing parameters (if 
needed), and se the Master Clock Type in CR1 to Differential.   

After initializing the registers in each external Memory the driver uses the AXI4_RSS_Mem_IF controller to preset all 4KB blocks with 
valid computed ECC.  This is done via accessing the shadow registers which are mapped to the last 64B block at the end of the 
256MB region.   Once preset is complete the memory is available for the system/CPU to use it for normal 64B read/write cacheline 
operations.  
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IP CORE TOP LEVEL I/O  

The following parameters are configurable for the core at the top level: 

Table 1 IP Core Top Level Generics 

Name Type Description 
CORR_PARALLELISM Integer [1,2,4,32] Selects RS Decoder internal Parallelism – lower reduces AREA but 

increase latency when errors are detected and require RS correction.   
Latency increases from nominal 6cy w/out errors to: 
Parallelism 1 == 116 cy latency  
                    4 == 62 cy latency  
                   32 [Full parallel] == 39 cy latency on correct. 

cFIFO_DEPTH Integer Default is 256.  Sets Depth of AXI4_RSS_MemIF FIFOs.  Width internally is 254bits.  
Depth should be set to the largest outstanding burst length of xfers supported on 
the AXI4-128 interface. 

cRAM_BASE_ADDR 64-bit 
SLV 

Base address of transactions to decode. Must be 64B aligned.  

cRAM_END_ADDR 64-bit 
SLV 

End address of transactions to decode. Must be 64B aligned. Must include 64B 
address of SHADOW Regs. Should be larger than actual memory range used by 
external memory devices to support shadow regs. 

cSHADOW_ADDR 64-bit 
SLV 

Base address of memory to map to internal shadow registers. Must be 64B Aligned.   
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Table 2 IP Core Top Level I/O w/Example I/O from 22FDX Design 

 

The External I/O are shown in the table above for the connections to the external memory (5x) HyperRAM devices from the IP Core 
front end PHY. 
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SIMULATION ENVIRONMENT 

ENVIRONMENT VARIABLES 

All component directories contain a local ./simulation directory containing a makefile and one or more 
testbenches.  Testbenches use a _tb.vhd postfix.  Each makefile is a linux gnu compatible make file that contains 
rules to rebuild the testbench’s associated libraries, module files and testbench itself.  The makefiles are setup by 
default to use Questa-sim [>=2022.02] and inherit parameters from a global shared makefile.inc file.   

Each makefile requires the following user/system environment variables to be set: 

1. ${PROJECTS} – This is typically the directory one up from the source and is the root of all the IP. 
2. ${RTHYPERRAMIP} – This is the base address of the IP Core e.g. ${PROJECTS}/RTHyperRAMIPCore/ 

MODULE LEVEL SIMULATION 

Each module directory has a local simulation testbench available.  To run individual module level simulation 
regressions perform the following: 

1. > cd  <module-dir>/simulation 
2. (Only required one time at project setup) > make clean_all  
3. > make clean REGRESSION 
4. This will build, run and report the pass/fail status of the complete regression suite. 

TOP LEVEL SIMULATION 

The top level IP Core has a directed test sequence and constrained random sequence test environment.  The 
outputs of the IP core are dynamically checked using a SystemC (C++ Core) CPU Model that exercises the AXI4 Bus. 

1. > cd  <top-level-dir>/simulation 
2. (Only required one time at project setup) > make clean_all  
3. > make clean REGRESSION 
4. This will build, run and report the pass/fail status of the complete regression suite. 
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IMPLEMENTATION 

SYNTHESIS SCRIPTS 

Example DC Ultra synthesis scripts and SDC timing scripts are provided with the IP. 

 

IMPLEMENTATION RESOURCE ESTIMATES 

The complete IP Core has been Synthesized, Placed and Routed, static timing analyzed, and processed using Xilinx 
Vivado 2024.2 tool suite for emulation.  

The summary of the per module, and total resource utilization is provided below: 

- Target FPGA is set to XCKU3P-FFVA676-2-E 
- Clock Constraints are set to 100Mhz 
- The RS FEC Decoder is configurable to trade latency for performance during error correction.  The Area of 

the Decoder varies significantly based on this setting [12K to 39K LUTs]  
- In 22FDX-SOI the Full Design is approximately 1.2mm2  

o Actual silicon area will vary significantly based upon FIFO Memory Type, Depth, Decoder 
Parallelism, Frequency, and DFT options.   

 

 

[ UPDATE TO BE PROVIDED FOR EMULATION COMPILE in US+ FPGA ]  

Figure 9 IP Core Resource Utilization in AMD-XILINX Ultrascale+ Emulation FPGA 
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VERIFICATION, WARRANTY DISCLAIMER, LIMITATION OF LIABILITY, AND EXCLUSIVE 
REMEDY 

CUSTOMER VERIFICATION RESPONSIBILITY 

The IP Core has undergone internal verification and testing by the Vendor; however, such verification is performed 
for the Vendor's internal purposes only and does not constitute a representation, warranty, or guarantee that the 
IP Core is error-free, defect-free, suitable for any particular application, or capable of meeting the Customer's 
specific functional, performance, timing, reliability, safety, security, regulatory, environmental, or operational 
requirements. 

The Customer acknowledges and agrees that it is solely responsible for the verification, validation, integration, 
implementation, qualification, and testing of the IP Core within the Customer's design and for determining the 
suitability of the IP Core for the Customer's intended application. The Customer assumes all risks associated with 
the use of the IP Core in any FPGA, ASIC, SoC, or other hardware or software implementation. 

WARRANTY DISCLAIMER 

THE IP CORE IS PROVIDED "AS IS" AND "WITH ALL FAULTS." TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE 
LAW, THE VENDOR DISCLAIMS ALL WARRANTIES, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, 
INCLUDING, WITHOUT LIMITATION, ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR 
PURPOSE, NON-INFRINGEMENT, TITLE, ACCURACY, COMPLETENESS, PERFORMANCE, RELIABILITY, OR ERROR-FREE 
OPERATION. 

The Vendor does not warrant that the IP Core will operate without interruption, meet the Customer's 
requirements, or be free from defects, vulnerabilities, design errors, implementation errors, documentation errors, 
or other deficiencies. 

 

LIMITATION OF LIABILITY 

TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, THE VENDOR SHALL NOT BE LIABLE FOR ANY DIRECT, 
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, CONSEQUENTIAL, OR PUNITIVE DAMAGES OF ANY KIND, 
INCLUDING, WITHOUT LIMITATION: 

* Silicon re-spin costs; 
* Mask costs; 
* Manufacturing costs; 
* Assembly or test costs; 
* Product recall costs; 
* Qualification or certification costs; 
* Field failures; 
* Warranty claims; 
* Loss of profits; 
* Loss of revenue; 
* Loss of business opportunity; 
* Loss of data; 
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* Business interruption; or 
* Failure of the Customer's product or system to satisfy its intended functional or operational requirements, 
whether arising in contract, tort (including negligence), strict liability, warranty, or otherwise, even if the Vendor 
has been advised of the possibility of such damages. 
 

LIABILITY CAP 

Notwithstanding any provision of this Agreement to the contrary, the Vendor's aggregate cumulative liability 
arising out of or relating to the IP Core, this Agreement, or the use of the IP Core shall not exceed the total license 
fees actually paid by the Customer for the specific IP Core giving rise to the claim. 

 

EXCLUSIVE REMEDY 

The Customer's sole and exclusive remedy for any defect, nonconformity, or other claim relating to the IP Core 
shall be, at the Vendor's sole discretion: 

(a) correction of the defect; 
(b) provision of a corrected or updated version of the IP Core, if available; or 
(c) refund of the license fees actually paid for the affected IP Core upon termination of the applicable license. 

The remedies set forth in this Section are exclusive and are in lieu of all other rights or remedies available at law or 
in equity. 

 

HIGH-RISK APPLICATIONS 

Unless expressly agreed to in writing by the Vendor, the IP Core is not designed, intended, or warranted for use in 
life-support systems, nuclear facilities, aviation safety systems, weapons systems, or other applications where 
failure of the IP Core could reasonably be expected to result in death, personal injury, or severe property or 
environmental damage. The Customer assumes all risks associated with any such use. 
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APPENDIX A – THIRD PARTY SOFTWARE LICENSE 

Portions of the Licensed IP incorporate software and RTL licensed from Cypress Semiconductor (now Infineon 
Technologies) and are subject to the attached End User License Agreement below. 

The Licensed IP incorporates certain third-party software and RTL components that are licensed by their respective 
owners. Customer acknowledges that use of such components is subject to the applicable third-party license 
agreements included with the Licensed IP. By accepting delivery of, installing, copying, or using the Licensed IP, 
Customer agrees to be bound by the terms and conditions of all applicable third-party licenses, including those 
attached as Appendix A, which are incorporated herein by reference. 

Vendor grants Customer a license solely to Vendor's proprietary modifications, additions, integrations, 
documentation, and other original work. Any third-party software or RTL incorporated into the Licensed IP remains 
subject to its respective license agreement, and no rights are granted by Vendor beyond those expressly permitted 
by the applicable third-party license. 

 HYPERBUS INTERFACE RTL CODE END USER LICENSE AGREEMENT  

PLEASE READ THIS END USER LICENSE AGREEMENT ("Agreement") CAREFULLY BEFORE DOWNLOADING, 
INSTALLING, OR USING THIS SOFTWARE AND ACCOMPANYING DOCUMENTATION ("Software"). BY 
DOWNLOADING, INSTALLING, OR USING THE SOFTWARE, YOU ARE AGREEING TO BE BOUND BY THIS AGREEMENT. 
License - RTL Code. Subject to the terms and conditions of this Agreement, Cypress Semiconductor Corporation 
("Cypress") grants to you a non-exclusive, non-transferable, royalty-free license, without the right to sublicense, 
under its copyright rights in the Software to (i) use, copy, and modify the Software for the purpose of 
implementing the HyperBus Interface in one or more of your products, and (ii) distribute the Software, as may 
have been modified by you, as incorporated into your products. For purposes of this Agreement, "Software" shall 
also include any updates to the Software provided to you by Cypress. License - Trademarks. Subject to the terms 
and conditions of this Agreement, Cypress grants to you a non-exclusive, non-transferable, royalty-free license, 
without the right to sublicense, to use the HyperBus・ HyperFlash・ and HyperRAM・trademarks ("Licensed 
Marks") to promote your products that are fully compatible with the HyperBus Interface, as such interface has 
been specified by Cypress without modification. Your use of the Licensed Marks must be in compliance with the 
applicable Cypress trademark usage guidelines. You acknowledge that Cypress is the sole owner of the Licensed 
Marks and that your usage of the Licensed Marks shall inure to the benefit of Cypress. Term and Termination. This 
Agreement is effective until terminated. You may terminate this Agreement at any time upon written notice to 
Cypress. Cypress may terminate this Agreement if you breach this Agreement and do not cure such breach within 
15 days after Cypress provides you with notice of such breach. Upon termination, you must destroy all copies of 
Software in your possession or control and discontinue use of the Licensed Marks. The following paragraphs shall 
survive any termination of this Agreement: "Disclaimer and Limitation of Liability," and "General." Disclaimer and 
Limitation of Liability. THE SOFTWARE IS PROVIDED "AS-IS," WITHOUT WARRANTY OF ANY KIND. IN NO EVENT 
WILL CYPRESS BE LIABLE FOR ANY LOST REVENUE, PROFIT, OR DATA, OR FOR SPECIAL,  

INDIRECT, CONSEQUENTIAL, INCIDENTAL, OR PUNITIVE DAMAGES HOWEVER CAUSED AND REGARDLESS OF THE 
THEORY OF LIABILITY, ARISING OUT OF THIS AGREEMENT EVEN IF CYPRESS HAS BEEN ADVISED OF THE POSSIBILITY 
OF SUCH DAMAGES. IN NO EVENT SHALL CYPRESS'S TOTAL LIABILITY TO YOU, WHETHER IN CONTRACT, TORT 
(INCLUDING NEGLIGENCE), OR OTHERWISE, EXCEED THE PRICE PAID BY YOU FOR THE SOFTWARE AND LICENSED 
MARKS. THE FOREGOING LIMITATIONS SHALL APPLY EVEN IF THE ABOVE-STATED WARRANTY FAILS OF ITS 
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ESSENTIAL PURPOSE. General. Cypress reserves all rights not granted in this Agreement. This Agreement will bind 
and inure to the benefit of each party successors and assigns, provided that you may not assign or transfer this 
Agreement, in whole or in part, without Cypress' written consent. This Agreement shall be governed by and 
construed in accordance with the laws of the State of California, United States of America, as if performed wholly 
within the state and without giving effect to the principles of conflict of law. The parties consent to personal and 
exclusive jurisdiction of and venue in, the state and federal courts within Santa Clara County, California; provided 
however, that nothing in this Agreement will limit Cypress' right to bring legal action in any venue in order to 
protect or enforce its intellectual property rights. You agree to comply strictly with all export control laws and 
regulations and acknowledge that you have the responsibility to obtain any required licenses to export, re-export, 
or import the Software. No failure of either party to exercise or enforce any of its rights under this Agreement will 
act as a waiver of such rights. If any portion hereof is found to be void or unenforceable, the remaining provisions 
of this Agreement shall remain in full force and effect. This Agreement is the complete and exclusive agreement 
between the parties with respect to the subject matter hereof, superseding and replacing any and all prior 
agreements, communications, and understandings (both written and oral) regarding such subject matter. Any 
notice to Cypress will be deemed effective when actually received and must be sent to Cypress Semiconductor 
Corporation, ATTN: General Counsel, 198 Champion Court, San Jose, CA 95134 USA. 
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