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1. Introduction

In the space environment, a common problem in
memory semiconductors is soft errors. The soft error is
a sort of single event effect (SEE) caused by radiation,
which means that a single active particle additionally
generates electric charges or current inside the
semiconductor chip, resulting in malfunction [1].

Static random access memory (SRAM) is now widely
used in many digital circuits. The memory device of
which cell consists of inverters can retain its stored
information as long as power is supplied. Also, it has
some advantages in fast processing speed and minimum
power consumption. However, SRAMs are also
vulnerable to radiation, especially when single event
upset (SEU) occurs [2]. The SEU is a type of SEE that
makes bits inverted. Therefore, it is critical for SRAM
and must be considered when designing for specific
applications under radiation environments.

In this study, we propose a new 10T SRAM structure
which is simply added a tri-state buffer to a
conventional 6T SRAM as shown in Fig. 1 and Fig. 2.
The additional tri-state buffer provides more drive
strength onto the internal data nodes to prevent a data
flip in a situation of SEE. And we compare the
performances with the conventional 6T SRAM structure
by simulations.

2. Conventional 6T SRAM
2.1 Operation
* Read mode

First, the word line (WL) is given a LOW signal to
turn off the access transistors. Then bit line (BL) and bit
line bar (BLB) are precharged by half of VDD. When
the access transistors are turned on by giving HIGH
signal to WL again, the values stored in nodes Q and
QB are transmitted into BL and BLB. Finally, it is
amplified by a sense amp at the end of BL and BLB.

* Write mode
In contrast to the read operation, the access

transistors are initially turned on by applying a HIGH
signal to the WL. BL must get HIGH signal for writing

BLB BL

S8 UE

Fig. 1. Schematic and block diagram of the conventional 6T
SRAM cell

Fig. 2. Schematic and block diagram of the proposed 10T SRAM
cell

HIGH to memory, and LOW signal for writing LOW.
Finally, turning off the access transistors by giving the
LOW signal to the WL ends the operation and keeps the
memory value until next writing.

2.2 Single Event Upset

A data of the conventional 6T SRAM is easily flipped
by the radiation. In the worst case, current is generated
in a sensitive node due to radiation effects. If the data of
the affected node is changed, then the other is instantly
changed along. To address this problem, we propose a
new radiation hardened SRAM cell using ten transistors.

3. Proposed 10T SRAM

Proposed 10T SRAM consists of three inverters in
parallel as shown in Fig. 2. One of them is a tri-state
buffer with a PMOS switch at the top and bottom of the
inverter, and it raises the drive strength. As a result, a
10T SRAM can stand higher radiation energy level after
irradiated than 6T SRAM. So, it has better durability to
radiation effects.
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Fig. 4. Hold SNM of 6T SRAM (left) and 10T SRAM (right)

4. Simulation Results
4.1 Static Noise Margin

Static noise margin (SNM) is one of the indicators to
determine the stability of SRAM operation [3]. As
shown in Fig. 3, read SNM is 0.316 V for both of
conventional 6T SRAM and proposed 10T SRAM. But
hold SNM of the 10T SRAM is reduced than the 6T
SRAM as shown in Fig. 4. However, it does not affect
normal operation of SRAM.

4.2 SEU Test Simulation

To verify radiation resistance, we injected the
exponential current source to the sensitive node Q or
QB in hold mode [4]. As shown in Fig. 5, 6T SRAM
data is flipped when 220 pA is injected to the sensitive
node Q unlike 253 pA of 10T SRAM. The exponential
current source of 220 uA has 43.6 fC and that of 253
A has 49 fC. Linear energy transfer (LET) can be
obtained by: 1 MeV/um = 4.31 MeV-cm’/mg = 44
fC/pum [5]. As a result, the proposed 10T SRAM can
stand higher radiation energy level of 27.2 MeV-cm’/mg
than the conventional 6T SRAM of 23.7 MeV-cm?/mg.
On actual irradiation tests, we anticipate that a LET
value for the bit flip will be obtained much larger
because of less leakage current generation induced by
radiation than the ideal current source enforcing the
node in the simulation.

g1 SRAM . 10T SRAM
\ e T SRAM QB e T SRAM QB
\ - K

~ [1]

EHOEONOYNE NN AR O ENETDET
E338AnRARANATRAREENEIRES

§86d0d8ccccc6668888868088~ $35003066006000G0606G60606a ™

Time (ns) Time (ns)
Fig. 5. SEU test of 6T SRAM and 10T SRAM when current is
220 pA.

Fig. 6. Proposed 10T SRAM: Test chip photo and Layout

TABLEI
COMPARISON OF 6T SRAM AND 10T SRAM
6T SRAM 10T SRAM

Cell size (um?) 41.69 65.83

Hold SNM (V) 0.716 0.7

Read SNM (V) 0.316 0.316
Conscu‘;']'p‘t’i%":e(z)w) 83.942 97.006

Threshold LET

at SEU failure 237 27.2

(MeV-cm?mg)

5. Conclusions

For memory semiconductor devices such as SRAM,
soft errors must be considered for harsh radiation
environments. So, we design a new 10T SRAM which
has an additional tri-state buffer compared to
conventional 6T SRAM as shown in Fig. 6. This 10T
SRAM cell size is 65.83 u m? and the cell power
consumption is 97.006 pW as shown in Table I. The
proposed 10T SRAM has SNMs of 0.7 V and 0.316 V
and LET of 27.2 MeV- cm?mg. Although the hold
SNM is reduced by 2.28 %, it does not affect normal
operation and LET of the 10T SRAM is 14.8 % better
than the conventional 6T SRAM due to the additional
tri-state buffer. The simulation results show that the
proposed 10T SRAM has better radiation tolerance than
the conventional 6T SRAM.

After performing the actual radiation test on the tape-
out chip, the results will be announced in conference.
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l. Introduction

" |n the space environment, a common problem in memory
semiconductors is soft errors.

* The soft error is a sort of Single Event Effect (SEE) caused by
radiation, which means that a single active particle additionally
generates electric charges or current inside the semiconductor chip,
resulting in malfunction [1].

= SRAMs are vulnerable to radiation, especially when single event
upset (SEU) occurs. The SEU is a type of SEE that makes bits inverted

[2].

= Proposed 10T SRAM structure has stronger radiation resistance
than conventional 6T SRAM in the SEU simulation.

ll. Conventional 6T SRAM

= Operation
/» Read Mode \ /ﬁ Write Mode \
= 2 : 2 N
s 3 "'E!?I‘ngv L i f\w
0.9V | QOB }_ _* 1.8 by 2 1.8V QOB }_ _{ 1.8

N N /

=" Single Event Upset (SEU)

BLB BL
o |f the induced current by radiation is w
injected to these sensitive volumes, the l D
bit of affected node is changed due to hil — =
the influence of radiation, and then the aB 8
other is instantly changed along. 1 —o<}— :

o Therefore, the bit is easily flipped by the radiation in 6T SRAM cell.

V. Results

* Simulation test
= SEU test of 6T SRAM and 10T SRAM when current is 220 PA.

/ Lb o
] SRAM Q) . s [T SRAM O
s 10T SRAM Q

e 6T SRAM QB
\ 08
Fllp over \ y /\
() —
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lime (ns) Time (ns)
mlmm Read SNM
0.716 V 0.316 V 220uUA
10T 10 0.7V 0.316 V 253UA

Table. Comparison of 6T and 10T SRAM

" Actual irradiation test
» Radiation test at KAERI KOMAC (Korea Multi-purpose Accelerator Complex)

o We irradiate the tape-out chip of 6T and 10T SRAM with energy
level 69MeV and 100MeV.

= As a result, there were many soft errors found in the irradiated
chips but some issued on data acquisition blocks.

o The second test will be performed with upgraded SRAM chips this
summer.

Ill. Proposed 10T SRAM

" Proposed 10T SRAM consists of three inverters in parallel.

= One of them is a tri-state buffer with a PMOS switch at the top and
bottom of the inverter, and it raises the drive strength.

= As aresult, a 10T SRAM can stand higher radiation energy level after
irradiated than 6T SRAM.

= So, it has better durability to radiation effects. WL«||:

VDD

BLB BL BLB _q“: |_4|: BL

T 4R |—|t T
[ -I-lt;a' iole WLQIIEL_ 'Q-l-r |
1k )
-
Block diagram of 10T SRAM Sche;natic of 10T SRAM

V. Conclusion

= Conclusion

o For memory semiconductor devices such as SRAM, soft errors must be considered for harsh
radiation environments.

o So, we design a new 10T SRAM which has an additional tri-state buffer compared to
conventional 6T SRAM.

o Although the hold SNM is reduced by 2.28 %, it does not affect normal operation and LET of
the 10T SRAM is 14.8 % better than the conventional 6T SRAM.

o Result of actual irradiation test on the tape-out chip is not what | expected. And this result
shows that there are some effects.

= Future work

o We have designed the upgraded SRAM chip. And then, the irradiation test will be performed
again to obtain the desired results.

Acknowledgement

This work was supported in part by Basic Science Research Program through

the National Research Foundation of Korea (NRF) funded by the Ministry of
Science and ICT (2017M2A8A4056388 and 2020M2A8A1000830).

References

[1] R. C. Baumann, "Radiation-induced soft errors in advanced semiconductor technologies," in IEEE Transactions on Device and Materials
Reliability, vol. 5, no. 3, pp. 305-316, Sept. 2005.

[2] L. D. Trang Dang, M. Kang, J. Kim and I. Chang, "Studying the Variation Effects of Radiation Hardened Quatro SRAM Bit-Cell," in IEEE
Transactions on Nuclear Science, vol. 63, no. 4, pp. 2399-2401, Aug. 2016.

[3] T. B. Hook et al., "Noise margin and leakage in ultra-low leakage SRAM cell design," in IEEE Transactions on Electron Devices, vol. 49, no. 8,
pp. 1499-1501, Aug. 2002.

[4] L. D. Trang Dang, J. S. Kim and I. J. Chang, "We-Quatro: Radiation-Hardened SRAM Cell With Parametric Process Variation Tolerance," in
IEEE Transactions on Nuclear Science, vol. 64, no. 9, pp. 2489-2496, Sept. 2017.

[5] N. Kamal, A. Lahgere and J. Singh, "Evaluation of Radiation Resiliency on Emerging Junctionless/Dopingless Devices and Circuits," in IEEE
Transactions on Device and Materials Reliability, vol. 19, no. 4, pp. 728-732, Dec. 2019, doi: 10.1109/TDMR.2019.2949064.



«w+. KOREAN NUCLEAR SOCIETY

(Floor 4, Nutopia Building, Jangdae—dong) 794, Yuseongdaero, Yuseong—gu, Daejeon 305-308, Korea.
Tel : +82-42-826-2613, 826-2614 Fax : +82-42-826-2617 E-Mail : kns@kns.org, web@kns.org, www.kns.org

A2021-170=

ol o] 2o F2ue

O stadawsly @ d=rdat=ers] 2021 22 £AaT 2]
O sk s] 94 120219 59 129(5) ~ 149(=)
0

=A% Analysis on Static Noise Margin and Single Event Upset of 10T SRAM
for Radiation Tolerance

[0 A2 : Eunju Jo, Inyong Kwon

20214 59 17¢




