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AN98547 is intended to help customers who perform X-ray inspection of surface-mounted ICs on circuit boards.
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Introduction
This document is intended to help customers who perform X-ray inspection of surface-mounted ICs on circuit
boards. X-rays behave basically the same as visible light rays, since both are wavelike forms of electromagnetic
energy carried by particles called photons. The difference between X-rays and visible light rays is the energy for
individual photons (energy is inverse to wavelength). Just as filtering of visible light wavelengths (i.e. energies)
can be used effectively to prevent damage to photosensitive materials, Cypress and AMD® have shown that
filtering of specific X-ray energy levels can be used to minimize damage to X-ray sensitive semiconductor ICs.
(See http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1176469.)
It has been well established that semiconductor ICs can suffer damage from (dis)charging effects caused by X-ray
energy. While this phenomenon does not always result in a hard failure, customers might have no way to recover
from the effects of the X-ray exposure. Cypress studies have shown that there is a change in threshold voltage as
a function of X-ray dose. It is the purpose of this Application Note to show how such damage can be mitigated and
how a user can achieve a state where X-ray effects will be undetectable.
In many cases inspection instruments subject ICs to X-ray dose values that are significantly greater than what is
necessary to achieve successful inspection. The key is to minimize the total cumulative dose to the IC while
achieving a useful inspection image.
The goal of Cypress's recent experimentation was to extend from small floating gate devices to large capacity
MirrorBit™ devices. As memory capacity has grown roughly 50-fold in the interim, it is now necessary to see more
subtle effects. When we examine normal probability plots for threshold voltage of current devices, we see wider
“tails.” As there are so many more bits on these high capacity devices, some bits are closer to the point at which
we would see read errors. This larger number of “tail bits” increases the probability of a read failure on a given
device.
We observe a perfect Gaussian (normal) threshold voltage distribution for programmed bits (erased bits are not
affected by X-rays). After X-ray irradiation a small number of the bits are found in a second normal distribution, but
Cypress expects no read errors if recommendations 1-5 are followed, as the change in Vt would be so small. As
X-ray dose increases, the size of the perturbed population (number of bits affected) increases linearly with X-ray
inspection time. However, threshold voltage change is NOT linear with dose or time. We find the change in
threshold voltage to vary as square root of time, while dose varies as the 1.5 power of time. More importantly,
dose varies as the square of the KVpeak used during inspection, linearly with tube current, and inversely with
distance from X-ray tube to IC being inspected. Apart from X-ray energy and flux, we find a Zinc filter to be
extraordinarily effective, for which we estimate that read errors would be reduced by more than 100X. While there
is no condition which is absolutely safe against X-ray exposure, it is possible to make X-ray inspection mild
enough that read errors will not be seen.
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Cypress Recommends
1.

www.cypress.com

Using a 300 µm thick Zn filter is the single most important change. A thin zinc filter is a very effective agent to
absorb very soft X-rays to which silicon is particularly vulnerable, yet transmit soft and medium energy X-rays
required to obtain good. Zinc foil can be integrated with the inspection “carrier” or put near the X-ray source.
AMD was issued a patent (free usage is encouraged) for the use of zinc filtering that enables X-ray inspection
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users to protect proper performance (enter 6,751,294 into http://www.freepatentsonline.com to get full text
PDF for this patent).
2.

Using the smallest KVpeak possible that still produces adequate images, recommending near 50 KVpeak
rather than 80-110 KVpeak. This action reduces number of bits affected by 5-fold (for 50 vs. 110 KVpeak)
and threshold voltage change by 2-fold.

3.

Using the smallest X-ray tube current possible that still produces adequate images, recommending near
(or smaller than) 20 µA rather than traditional 40 µA. This action reduces number of bits affected by 2-fold
and threshold voltage change by 1.4-fold.

4.

Use as a large X-ray tube to sample distance as possible (low magnification) because X-ray dose varies
inversely with distance.

5.

Use the shortest inspection time possible, preferably on a sampling basis rather than 100%. If
X-ray inspection is used after Surface Mount Technology (soldering components to Printed Circuit
Boards), refresh data, i.e. program same data again in system without erasure for floating gate devices,
but erase and reprogram for MirrorBit® devices.

Prudent Practice, Best Known Methods – Future
6.

Another strategy is NOT to use X-ray inspection at all, but instead to use an electrical detection technique,
namely IEEE 1149 Boundary Scan (See http://ieeexplore.ieee.org/iel5/7481/20326/00938734.pdf and
http://www.ieee.li/pdf/viewgraphs_jtag_boundary_scan.pdf) IEEE 1149 permits “internal nodes” on the
PCB to be examined by reading a shift register. However, this method does require an extra design
feature for future system-level products.

As a general rule, customers should limit the cumulative X-ray inspection exposure to the SMT memory devices to
as small a value as possible, as this minimizes the number of bits affected AND the perturbation to each affected
bit.

www.cypress.com

Document No. 001-98547 Rev. *B

2

Dose Minimization During X-ray Inspection of Surface-Mounted Flash ICs

Document History Page
Document Title: AN98547 - Dose Minimization During X-ray Inspection of Surface-Mounted Flash ICs
Document Number: 001-98547
Rev.

ECN No.

Orig. of
Change

Submission
Date

Description of Change

**

–

–

10/10/2008

*A

4955661

MSWI

10/09/2015

Updated in Cypress template

*B

5799014

AESATMP8

07/06/2017

Updated logo and Copyright.

www.cypress.com

Initial version

Document No. 001-98547 Rev. *B

3

Dose Minimization During X-ray Inspection of Surface-Mounted Flash ICs

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.

PSoC® Solutions

Products
ARM® Cortex® Microcontrollers

cypress.com/arm

PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP | PSoC 6

Automotive

cypress.com/automotive

Cypress Developer Community

Clocks & Buffers

cypress.com/clocks

Interface

cypress.com/interface

Forums | WICED IOT Forums | Projects | Video | Blogs |
Training | Components

Internet of Things

cypress.com/iot

Technical Support

Memory

cypress.com/memory

cypress.com/support

Microcontrollers

cypress.com/mcu

PSoC

cypress.com/psoc

Power Management ICs

cypress.com/pmic

Touch Sensing

cypress.com/touch

USB Controllers

cypress.com/usb

Wireless Connectivity

cypress.com/wireless

All other trademarks or registered trademarks referenced herein are the property of their respective owners.

Cypress Semiconductor
198 Champion Court
San Jose, CA 95134-1709

© Cypress Semiconductor Corporation, 2008-2017. 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) (1s) 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.

www.cypress.com

Document No. 001-98547 Rev. *B

4

