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Abstract—Electronic parts in space  inevitably subject 
to  radiation effects leading to  the degradation of electronic 
performance or even failure, so radiation performance of  an 
electronic part must be assessed to ensure it work normally in 
space. At present, to assess the ion radiation effects on a 
semiconductor device is directly through irradiation tests. 
However, due to the scarcity of cyclotron resources, the test 
time is difficult to appoint and the cost is huge. Due to 
schedule and budget constraints, it is also impossible to 
conduct irradiation tests on all semiconductor devices in actual 
space missions. Therefore, assessment of the radiation effects 
on semiconductor devices through irradiation tests has caused 
difficulties. Radiation susceptibility of semiconductor device 
is determined by the design topology and fabrication 
technology, and the irradiation test data shows that similar 
semiconductor devices has similar radiation susceptibility, so a 
method to assess the radiation effects on semiconductor 
devices base on similarity theory is proposed at first time in 
this paper. This assessing method does not require irradiation 
testing and does not require separate sampling. It has the 
virtues of easy implementation, quick response and low cost, 
providing an efficient method of assessing radiation effects on 
semiconductor devices. 

Keywords-semiconductor devices; semiconductor and 
devices physics ; physical mechanisms; radiation effects; 
radiation susceptibility;similarity principle 

I. INTRODUCTION 

Electronic parts in space applications inevitably subject 
to radiation effects leading to  the degradation of electronic 
performance or even failure, especially for semiconductor 
device[1]. Space radiation effects include cumulative effects 
such as total ion dose(TID) and displacement damage dose 
(DDD), and transient effects such as single event 
latchup(SEL), single event upset(SEU), single event 
transient(SET), single event burnout(SEB), single event gate 
rupture(SEGR) and etc, which can reduce the performance of 
semiconductor devices or directly lead to failure, Therefore, it 
is necessary to know the radiation susceptibility of the 
semiconductor devices in order to ensure their reliability in 
aerospace applications[2]. 

At present, the acquisition of radiation susceptibility of 
semiconductor devices is completed through irradiation tests 
on the ground, irradiating γ-rays, protons, neutrons, and high-
energy charged particles directly to semiconductor devices. 
Due to cyclotronis rare and it runs only a few months a year, 
so the test time is difficult to appoint and the cost is huge, 

which cannot conduct irradiation testing on all semiconductor 
devices in space missionsand meet the mission development 
progress. This has caused difficulties in evaluating the 
radiation susceptibility of semiconductor devicesapplied in 
aerospace, especially in commercial aerospace missions. 

The single event effect(SEE) simulation experiment using 
laser pulse is another fast and economical method to obtain the 
radiation susceptibility of semiconductor devices. However, 
due to the limitation of the range of light pulses within the 
semiconductor devices, the equivalence of their results with 
cyclotron heavy ion tests has not been fully recognized [3]. In 
practical, laser pulse simulation experiments are a good 
method to verify the effectiveness of radiation hardening. 

The irradiation test data shows that semiconductor 
devices with the similar function  have similar radiation 
susceptibility.The TID and SEL performance of Xilinx Virtex-
4 FPGA, the SEL and DDD performance of  four COMS 
image sensors from COMSIS, the DDD susceptibility of 5 
semiconductor laser Diodes  from five manufacturers and the 
SEL susceptibility of  3 ADCs from ADI are shown in table 1, 
table 2, table 3 and table 4, respectively. These irradiation test 
data are partly from [2] [4] [5] [6], and partly from the 
irradiation tests of Chinese space missions. Table 1, table 2, 
table 3 and table 4 provide a suggestion that semiconductor 
devices with the same or similar functionmay have the same or 
similar radiation susceptibility. Therefore, the similarity in 
design topology and manufacturing technology of 
semiconductor devices can be used to assess their radiation 
susceptibility. This assessment technique based on the 
similarity theory does not require cyclotron testing, nor does it 
require separate sampling. It has the virtues of easy 
implementation, quick response and low cost, providing an 
efficient method of assessing radiation effects on 
semiconductor devices. 

 
 

Table 1.Radiation performanceofXilinx V4 FPGA 

Device Technology Node 
TID 

(krad Si) 

SEL LETTH 

(MeV-cm
2
/mg) 

XC4VFX60 90nm, bulk process >300 >75 

XC4VLX60 90nm, bulk process >300 >75 
XC4VSX35 90nm, bulk process >300 >75 
XC4VSX55 90nm, bulk process >300 >75 
XOR4V55 90nm, EPI process >300 >109 

XOR5V55 65nm, EPI process >1M >125 
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Table 2.Radiation performanceofCOMSimage sensors fromCOMSIS 

Device Technology 
SEL LETTH 

(MeV-cm
2
/mg) 

DDD 
(p/cm

2
) 

CMV2000 5.5 μmpixle <14 10
11

 

CMV4000 5.5 μmpixle 9.3-13.2 10
11

 

CMV12000 5.5 μmpixle <14 10
11

 

CMV20000 6.4μmpixle <15 >4.1*10
10

 

 
Table 3.Radiation performanceof Laser Dioses 

Device Manuf. Technology 
λc 

(nm) 
DDD 

(p/cm2) 

BMUT5-915-02-R  Oclaro GaAs 915 
 

10
11

 

JDSU-30-7602-660  
 

JDSU  GaAs 976 10
11 

K808D06FA-4.00W  BWT Beijing  GaAs 808 10
11 

CP-405-PLR-40-2  OndaxInc GaAs 405 10
11 

QLD-808-150S  Qphotonics GaAs 808 10
11 

 
Table 4.Radiation performanceof 12-bit ADCfromADC 
Device topology Technology 

SEL LETTH 

(MeV-cm
2
/mg) 

AD7854 SAR CMOS 6.7<,<11.4 

AD7858 
 

SAR CMOS 11.4<,<22.8 

AD7888 SAR CMOS 16.7<,<22.8 

 
The similarity theory has been extensively studied and 

applied [7] [8] [9] [10]. For example, in the field of fluid 
mechanics, an aircraft is too large to directly study the flight 
problems in wind tunnel, and insects is too small to conduct 
wind blowing experiments directly in wind tunnels. So the 
most concerning question is whether the physical phenomena 
described from the experimental results of the model can 
truly reproduce the original physical phenomena? If the 
accurate quantitative data obtained from model experiments 
can accurately represent the flow phenomenon of the 
corresponding prototype, the following similarities must be 
met between the model and the prototype. These lead to the 
similarity theory, including the first and second theorems of 
similarity. 

Similar physical phenomena must follow the same 
objective laws. If these laws can be expressed by equations, 
the physical equations must be exactly the same, and the 
corresponding similarity criteria must have equal numerical 
values. This is the first theorem of similarity. It is worth noting 
that a physical phenomenon has different values for similarity 
criteria at different times and spatial positions, while similar 
physical phenomena have equal values for similarity criteria at 
corresponding times and points. Therefore, similarity criteria 
are not constants. If two physical phenomena are similar, they 
must be of the same type. Therefore, the system of differential 
equations describing physical phenomena must be the same, 
which is the first necessary condition for phenomenon 
similarity. Single valued condition similarity is the second 
necessary condition for physical phenomenon similarity. 
Because there are many phenomena of the same kind that 
follow the same system of differential equations, the single 
value condition can distinguish the research object from 
countless phenomena, and mathematically it is a definite 
solution condition that makes the system of differential 
equations have a unique solution. The similarity criterion 
consisting of physical quantities in a single value condition is 
equal, which is the third necessary condition for phenomenon 
similarity. On the other hand, when belonging to the same 
class of physical phenomena and having similar single value 

conditions, two phenomena only have a corresponding 
relationship in time and space, as well as the same physical 
quantities related to time and space. If the corresponding 
similarity criteria are equal and the physical quantities at the 
corresponding time and space points are maintained at the 
same ratio, it ensures the similarity of the two physical 
phenomena. In summary, the similarity condition can be 
expressed as: for the same type of physical phenomenon, when 
the similarity criteria composed of physical quantities in the 
single valued condition are equal and the single valued 
conditions are similar, then these phenomena must be similar. 
This is the second theorem of similarity, which is a necessary 
and sufficient condition for determining whether two physical 
phenomena are similar. 

In mathematics, the similarity between two similar systems 
can be expressed as the existence of feature or attribution with 
the same components or elements but different in 
values.Suppose two similar systems X and Y, where X has a 
total of a attributions  x1,x2,..,xa, and Y has a total of b 
attributions  y1,y2,..,yb. If the xi in X and the yj in Y have the 
same attributions, then xi and yj are similar to each other. 

Assuming that the similarity attribution z constituting of xi 
and yj has n elements e1 ,e2 ,…en, the classic similarity 
attribution calculation formula is: 

𝑆 𝑧 = 𝑤1𝑒1 + 𝑤2𝑒2 + ⋯ + 𝑤𝑛𝑒𝑛 =  𝑤𝑖𝑒𝑖
𝑛
𝑖=1         (1) 

In(1), ei is a element of the similarity attribution z, wi is the 
weighting coefficient of ei, which satisfies 0≤ei≤1, 0≤wi≤1, 
w1+w2+…+wn=1, 0≤S(z)≤1. 

Suppose the attribution numbers of systems X and Y are a 
and b respectively, and the number of similar attributions is m, 
z1 ,z2 ,…,zm, then the overall similarity of the system Xand Y is: 

S 𝑋，Y =
m

a+b−m
 𝑤𝑖 

𝑚
i=1 𝑆 𝑧𝑖                                      (2) 

In(2), S(zi) represents the similar value of the i-th similar 
attribution, and wi is the weight coefficient of it, which 
satisfies: 0≤wi≤1, wl+w2+…+wm=1, S(X,Y)≤1. 

For example, for bipolar transistors(BJTs), their similar 
attributions include current amplification function, power 
amplification function, and switching function. The current 
amplification attributionhas two similar elements, the common 
base current amplification factor α and the common emitter 
current amplification factor β. Generally, the weight 
coefficients are set by application requirements and the 
experience of engineers, such as the space radiation effect on 
the current amplification factorβis significant, therefore its 
corresponding weight coefficient will be higher. 

The basiccomponents of semiconductordevice is the PN 
junction, BJTs, and MOS transistor. The basic component of 
logic devices is the logic NOT composed of NMOS and 
PMOS transistors. The differential equation of the relationship 
between Fermi level and electric field is describing the 
physical properties of these basic component [11] [12] [13]. 
The physicalmechanism of radiation effect is that high-energy 
particles enter devices and change the Fermi level, leading to 
changes in the performance parameters of  devices [1]. 
Regardless of the type of device, the physical mechanism of 
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its radiation susceptibility is the same, and the impact on 
parameters is also single valued, thus belonging to the same 
physical phenomenon. 

The second section of the paper discusses in detail the 
physicalmechanism for assessing the radiation susceptibility 
based on the principle of similarity, which includes 
semiconductor physics, semiconductor device physics, 

topology and technology， to ensure that the radiation 

susceptibility of semiconductor devices comply with the first 
and second theorems of similarity. The third section of the 
paper introduces a specific method for assessing the radiation 
susceptibility based on similarity. The fourth section of the 
paperpresents an application cases, and finally concludes with 
conclusions and discussions. 

 

II. PYSICAL MECHANISM OF RADIATION 

SUSCEPTIBILITYASSESSMENT BASE ON SIMILARITY THEORY 

A. The physical mechanism of semiconductor devices 

The motion of charge carriers inside semiconductor 
device under the external electric field can be described by a 
set of basic equations, which are derived from Maxwell's 
equations combined with the solid-state physical, including 
Poisson's equation, current density equation, and continuity 
equation. The physical description of semiconductor device 
can be found in any textbook or lecture on semiconductor 
physics and semiconductor device physics. Here are some 
relevant conclusions [11] [12] [13]. 
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(a)                              (b)                                 (c) 

Fig.1 Energy band in silicon bandgap of a PN junction 

 
The basic element of semiconductor devices is the PN 

junction, where the drift and diffusion of electrons and holes 
are related to the Fermi energy level and its position between 
the conduction band bottom and the valence b and  top. The 
Fermi energy levels of a PN junction in equilibrium are equal 
everywhere, and in order to achieve equal Fermi energy levels, 
the entire valence band in the P region needs to be shifted up 
Efn-Efp relative to the valence band in the N region. This 
energy difference is actually caused by the potential difference 
of the electric field in the charge region, as shown in Figure 1 
(a). Note that the top of the valence band and the bottom of the 
conduction band in the charge region of the band diagram are 
curves rather than straight lines, which are for the convenience 
of drawing. When an electric field is applied to the PN 
junction, the energy band undergoes a change. The first 
scenario is to add a forward voltage - connect the P zone to a 

high voltage and the N zone to a low voltage. The direction of 
the external electric field is opposite to the original direction 
of the internal electric field in the charge region, weakening 
the original electric field and causing a decrease in the height 
of the potential barrier. The diffusion flow is greater than the 
drift flow, so there will be non-equilibrium minority electrons 
diffusing from the N region to the P region, as well as non-
equilibrium minority holes diffusing from the P region to the 
N region. They form a pile up on the outer side of the charge 
region, triggering diffusion currents inside the P and N regions. 
The second scenario is to add a reverse voltage - connect the P 
region to a low voltage and the N region to a high voltage. The 
external electric field enhances the internal electric field in the 
charge region and suppresses the diffusion of non-equilibrium 
minority carriers. The PN junction energy band diagrams with 
applied forward and reverse voltages are shown in Figure 1 (b) 
and Figure 1 (c). 

In the differential equations of semiconductor devices 
introduced below, the focus is on the relationship between 
electrical performance ,material parameters, geometric 
parameters, and process parameters, ignoring the specific 
meaning of the subscripts. 

The carrier concentrations n0 and p0 in the equilibrium PN 
junction follow a Boltzmann distribution and are determined 
by the valence band EV, conduction band EC, Fermi energy 
level EF, and doping concentration Nc and Np: 

𝑛0 = 𝑁𝑐𝑒𝑥𝑝 −  𝐸𝐶 − 𝐸𝐹 𝑘𝑇   

𝑝0 = 𝑁𝑉𝑒𝑥𝑝 − 𝐸𝐹 − 𝐸𝑉 𝑘𝑇   

Therefore, the current-voltage equation of an ideal PN 
junction derived from Poisson's equation, current density 
equation, and continuity equation is: 

𝐽 = 𝐽𝑝 + 𝐽𝑛 = 𝐽𝑠  𝑒
𝑞𝑉

𝑘𝑇 − 1  

Here Jn: 

𝐽𝑛 = −𝑞𝜇𝑛𝑁𝑐𝑒𝑥𝑝  
𝐸𝐹−𝐸𝐶+𝑞𝑉

𝑘𝑇
 

𝑑𝑉

𝑑𝑥
+ 𝑞𝐷𝑛

𝑑

𝑑𝑥
 𝑁𝐶𝑒𝑥𝑝  

𝐸𝐹−𝐸𝐶+𝑞𝑉

𝑘𝑇
                    (3) 

It can be seen that Jnis related to external electric field V, 
and also related to material parameters such as EF, Ec, un and 
Dn, geometric parameterssuch asx, and the process 
parameterssuch asN. So is JP. 

For BJTs, the key parameter is the common base current 
amplification factor α and the common emitter current 
amplification factor β. It can be expressed as: 

α ≈  1 −
𝑊𝑏

2

2𝐿𝑛𝑏
2   1 +

𝜌𝑒

𝜌𝑏

𝑊𝑏

𝐿𝑝𝑒
  ≈ 1 −

𝜌𝑒𝑊𝑏

𝜌𝑏𝐿𝑝𝑒
−

𝑊𝑏
2

2𝐿𝑛𝑏
2 ≈ 1                                    (4) 

𝛽 =
𝛼

1−𝛼
≈

1

1−𝛼
=  

𝜌𝑒𝑊𝑏

𝜌𝑏𝐿𝑝𝑒
+

𝑊𝑏
2

2𝐿𝑛𝑏
2  

−1

≫ 1                                                             (5) 

For field-effect transistors, the key parameter threshold 
voltage VTcan be expressed as: 

𝑉𝑇 =  𝑞∅𝑔 − 𝑞∅f −
𝑄0

𝐶𝑜𝑥
 ±  

𝑞𝑁𝑎 𝑥𝑑𝑇

𝐶𝑜𝑥
+ 2

𝑘𝑇

𝑞
𝑙𝑛

𝑁𝑎

𝑛𝑖
                                              (6) 

In (6), Q0 is charge quantity，potential Φ It is 

corresponding to the change in Fermi level, 𝐶𝑜𝑥 = εrε0 𝑆 𝑡𝑜𝑥 is the 
oxide layer capacitance related to the geometric parameters (S, 
tox) and material parameters( ε). 



4 

 

Ignoring the specific meaning of the subscripts in (3), (4), 
(5), and (6), it can be seen that the electrical performance of 
semiconductor devices are determined by the material 
parameters ( D, ε and ρ),and the geometric parameters (W, L, S, 
and tox) . and the process parameters(N, n).The material and 
geometric parameters are jointly determined by the design 
topology and the manufacturingtechnology. So, semiconductor 
devices with the same or similar topology and technology 
should have the same or similar electrical properties 

B. The physical mechanism of radiation effects 

Radiation effect is a complex phenomenon that can be 
divided into ionizing radiation effect and non ionizing 
radiation effect. Ionizing radiation is mainly caused by the 
interaction between charged particles and atoms in the device, 
causing atoms to deviate from their original charged state and 
internal energy, resulting in atomic ionization. Ionization 
effect should include the main manifestations of total dose 
effect and single eventeffect(SEE). SEE includes SEL, SEU, 
SET,SEB and SEGR.The non ionizing radiation effect refers 
to the long-term effects of high-energy particles such as 
protons, neutrons, and nuclear fragments, which mainly cause 
the lattice atoms of the semiconductor device to deviate from 
their original positions and produce vacancies, substitutions, 
or more complex complexes,introducing defects and traps can 
have long-term effects on semiconductor devices. 

A systematic study has been conducted on the physical 
mechanism of irradiation effects [1] [14] [15] [16] [17] [18] 
[18] [19].In [1]  [14] [15] , for bipolar transistors and field-
effect transistors, charged particles alter their current voltage 
characteristics by affecting the Fermi level of surface states, as 
shown in Figure 2. Specifically, ionization in the intrinsic and 
extrinsic base regions of bipolar transistors, as well as the 
SiO2-Si interface of field-effect transistors, introduces hole 
trapping and electron charging charges, which change the 
potential corresponding to the Fermi level. In other words, the 
potential term is added to the expressions for transistor current 
amplification and field-effect transistor threshold voltage, 
resulting in changes in electrical performance. If the charges 
generated by these irradiation persist for a long time, it leads 
to a degradation of electrical performance. 
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Fig.2 Band structure at the surface of a semiconductor. 

 

In [1] [16] [18] [19] , the mechanism of single event 
latchup is that parasitic PNP and NPN transistors form a 
thyristor circuit during the manufacturing process of CMOS 
devices, as shown in Figure 3. Under the condition that the 
productof the current amplification factor of the parasitic npn 

and pnp transistors is greater than 1, i.e.βnpn βpnp > 1, when 

the thyristor circuit is triggered and the current latch-up occurs, 

which disrupts the normal operation of the CMOS circuit. βnpn 

and βpnp is described using differential equation (5),  and the 

substrate resistance RSandwell resistance RWis also determined 
by geometric parameters and process parameters. 

When charged particles in space generate a voltage drop on 
the substrate resistance RS orwell resistance RW, or inject 
current into the base of the parasitic transistor, it triggers the 
parasitic thyristor to the latchup state. 
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VDD
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TR1 TR2

N-Substrate

VDD

P-

 
Fig.3 The pnpn electrical latchup structure in COMS 

 
 

C. Applicability of similaritytheory 

From the semiconductor device physics and the physical 
mechanisms of the radiation effectsdiscussed above, it can be 
seen that the current and voltage characteristics of different 
diodes, bipolar transistors, and field-effect transistors follow 
the same semiconductor physical laws and are described using 
the same physical equations. Also, the radiation effect on the 
semiconductor devices still follows these physical laws, and the 
electrical performance parameters and radiation susceptibility 
are the same under the same topology and technology, thus 
meeting the requirements of the first theorem of similarity. At 
the same time, the physical quantities in the physical equations 
are defined the same, and the solution to the equation under 
given topology and technology is unique, thus meeting the 
requirements of the second theorem of similarity. So that is, the 
principle of similarity is applicable to the assessment of 
radiation susceptibility of semiconductor devices. 

III. METHODS OF RADIATION SUSCEPTIBILITYASSESSMENT 

BASE ON SIMILARITY THEORY 

Although the physical mechanism of the radiation effects 
onsemiconductor devices is the same, different topology and 
technology determine different radiation susceptibility. For 
example, the SEL LETth of Samsung's 0.35um process C-

Identify applicable sponsor/s here. (sponsors) 
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version 4M SDRAM (K6R4008C1C)is great than 37MeV-
cm

2
/mg, while the SEL LETth of 0.18um process D-version 4M 

SDRAM (K6R4008C1D) is less than 1 MeV-cm
2
/mg[20]. Due 

to the uncertainty and errors introduced in the manufacturing 
process, it is difficult to directly obtain the radiation 
susceptibility of a semiconductor deviceusing physical models. 
At the same time, it is also difficult for end-users to obtain 
detailed topology and technology parameters. Therefore, in 
practical space applications, a combination of model analysis 
and experimentation is used. So the topology and technologyof 
a semiconductor device, and the accumulated irradiation test 
data are the basis for achieving theassessment of radiation 
susceptibility. 

The method for assessing the  radiation susceptibility base 
on  similarity principle is to obtain the topology and technology 
information of the semiconductor deviceto be assessedas 
muchas possible, and compare it with the topology and 
technology information of the semiconductor device with 
known radiation susceptibility. When the similarity between 
the two is greatthan the criteria of the requirements, it can be 
considered that the radiation susceptibility of the one to be 
assessedis similar to the  known one. 

 The methods for assessing the  radiation susceptibility base 
on  similarity introduced here is to integrate technical means 
such as topology and technology information analysis, big data, 
and similarity analysis. This mainly includes the following 
steps: 

1) Retrieve the topology and technologyinformation of the 
semiconductor deviceto be assessed that have the same or 
similar functions as the known one through database, including 
but not limited to the functions, performance,topology, quality 
level, manufacturing technologyinformation(technology note, 
substrate material, CMOS/bipolar, layout, epitaxial layer 
thickness, isolation well, isolation ring, transverse/longitudinal 
junction, homogeneous/heterojunction, well source structure, 
diffusion resistance, etc.) as much as possible. 

2) Obtain the technologyinformation of the semiconductor 
device to be assessed and the known one byconstruction 
analysis. That is, to use focused ion beam(FIB), scanning 
electron microscope(SEM) and other instruments to obtain the 
manufacturing technologyinformation which not available in 
step 1. 

3) Similarity analysis, that is, to calculate the 
similarityvalue of the one to be assessed and the known one 
using(1) and (2), and the similarity analysis table is shown in 
the table5. 

 
 

Table5.  Analysis table of similarity value S 

 topology technology 

Attributes/ 
elements 

Manuf. function building 
blocks 

… foundry note process … 

known         

to be 
assessed 

        

weight         

elements S         

total S  

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

If the similarity value calculated by analyzing Table 4 is s, 
then one can say that the radiation susceptibility of  a 
semiconductor  device to be assessed is similar to  the known 
one with the confidence levels. 

4) Summarize the assessed results and input them into the 
database for updating, providing data support for subsequent 
radiation susceptibility assessment. 

The flowchart of assessing radiation susceptibility based on 
similarity theory is shown in figure 4. 

IV. A CASE OF RADIATION SUSCEPTIBILITYASSESSMENT 

A DAC converter TLV5638 from TI was selected to be used 
in a Chinese space science mission, ShiJian 10, conducted by 
CAS, and at that time, only the irradiation test data of DAC 
converters TLV5618, TLV5636, and TLV5616 were available. 
The LETth of SEL of TLV5618 was about 5 MeV cm

2
/mg [21], 

and the LETth of SEL of TLV5636 and TLV5616 was both 
greater than 200 MeV cm

2
/mg (last test) [2]. TLV5636 and 

TLV5616 both is a single 12-bit voltage output DAC 
implemented with a CMOS process. TLV5636 is almost 
assame as TLV5616 except for its shorter programmable 
settling time and a built-in reference source [22] [23]. 
TLV5638 and TLV5618 both is a dual 12-bit voltage output 
DAC implemented with a CMOS process. TLV5638 is almost 
as same as TLV5616 except for its shorter programmable 
settling time and a built-in reference source [24] [25]. The 
functions of TLV5636 and TLV5616 are the same, with the 
same electrical characteristics and SEL performance, 
indicating a high degree of similarity. So it is reasonable to 
speculate that TLV5638 and TLV5618 have similar radiation 
susceptibility, as their functions is the same and their electrical 
characteristics is almost the same. 

The similarity analysis for TLV5638 and TLV5618 was 
conducted according to the similarity analysis methods as 
mentioned in Section III. 

1) The functional attributes and their elements, circuit 
architecture attributes and their elements, and electrical 
performance attributes and their elements, obtained from the 
TLV5638 and TLV5618 data sheets, are shown in Tables 6, 7, 
and 8, respectively. 

D
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b
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Fig.4  Flow chart of assessing radiationsusceptibility of a 

semiconductor device base on similarity theory 
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Table 6.Elements of function attribute 

Attribute 
Elements 

Function Weight  
factor 5638 5618 

e1 
Dual 12-Bit Voltage 
Output DAC 

Dual 12-Bit Voltage 
Output DAC 

1/6 

e2 
Programmable 
Internal Reference 

_ 
1/6 

e3 
Programmable 
Settling Time 

Programmable 
Settling Time 

1/6 

e4 
Compatible With 
TMS320 and SPI™ 
SerialPorts 

Compatible With 
TMS320 and SPI 
SerialPorts 

1/6 

e5 
Differential 
Nonlinearity <0.5 
LSB Typ 

Differential 
Nonlinearity <0.5 
LSB Typ 

1/6 

e6 
Monotonic Over 
Temperature 

Monotonic Over 
Temperature 

1/6 

 
Table 7.Elements of topology block attribute 

Attribute 
Elements 

Topologyblock Weight  
factor 5638 5618 

e1 Power-On Reset Power-On Reset 1/8 

e2 
Power and Speed 
Control 

Power and Speed 
Control 

1/8 

e3 
Programmable Internal 
Reference 

_ 
1/8 

e4 
Serial Interface and 
Control 

Serial Interface and 
Control 

1/8 
e5 Buffer Buffer 1/8 
e6 

12-Bit DAC A and B 
Latch 

12-Bit DAC A and B 
Latch 

1/8 
e7 resistor string resistor string 1/8 
e8 x2 output buffer x2 output buffer 1/8 

 
 

Table 8.Elements of Electrical Characteristics attribute 
Attribute 

Elements 
Electrical Characteristics Weight  

factor 5638 5618 

e1 IIH Max   1 Max   1 1/22 

e2 IIL Min   -1 Min   -1 1/22 
e3 Ci TYP  8 TYP  8 1/22 
e4 ts(FS) TYP  1 TYP  1 1/22 
e5 ts(CC) TYP  0.5 TYP  1 1/22 
e6 SR TYP  12 TYP  3 1/22 
ei ….. ….. ….. 1/22 
e21 tsu(D) Min  10 Min  5 1/22 
e22 th(D) Min  5 Min  5 1/22 

 

2) The interface, buffer, 12-Bit DAC latchand output 
amplification region in the die of TLV5638 and TLV5618 
were analyzed using FIB and SEM, respectively. The elements 
of fabricate process attribute of different functional regions 
were obtained in Table 9. The cross-sectionSEM photography 
of the 12-Bit DAC latch region and gate region are shown in 
Figure 5. 

 
Table 9.Elements of fabricate process attribute 

Attribute 
Elements 

fabricate process Weight  
factor 5638 5618 

e1 technology CMOS bulk  CMOS bulk  1/7 
e2 node 0.8um 0.8um 1/7 
e3 thickness of SiO2 of gate 0.28um 0.28um 1/7 
e4 Metal layers 2 2 1/7 
e5 transverse/longitudinal junction transverse transverse 1/7 
e6 homogeneous/heterojunction homogeneous homogeneous 1/7 
e7 isolation ring no no 1/7 

 
 

 

 
Fig.5 SEM photography of the cross section of   12-Bit DAC latch and 

gate region.(left)TLV5638,(right)TLV5618. 

 
3) Tables 6, 7, 8, and9 constitute the similarity analysis 

table shown in Table 5. According to the calculations in (1) 
and (2), the similarity between TLV5638 and TLV5618 
S(TLV5638,TLV5618)≈0.89. Therefore, it can be considered 
that the LETth of SEL of TLV5638 is as the same order as 
TLV5618, which is less than 10 MeV-cm

2
/mg. So TLV5638 is 

very susceptible to SEL and a mitigation methodshould be 
used to ensure its reliability in the space mission, for example, 
the method of serially connecting a current limiting resistor r 
between the power supply and VDD as shown in Figure 6 

4) Import the data from steps 1, 2, and 3 into the database 
to provide data support for subsequent radiation susceptibility 
analysis.  

A verification test of  the mitigation method shown in 
figure 6, which a resistor r is connected in series between the 
power supply and the VDDPin, was conducted after 
TLV5638worked normally in the space mission ShiJian 10. 
Under the irradiation of Ge ions (LET=37.3 MeV- cm2/mg), 
TLV5638 showed multiple occurrences of latchup[26], 
indicating that TLV5638 is very sensitive to SEL and directly 
verifying the assessment of SELperformance of TLV5638 
based on similarity principle. 

After the verification test of  the mitigation method as 
shown in figure 6, TLV5638 was also used successfully in 
Chinese space science mission Advanced Space-based Solar 
Observatory(ASO-S) and Chinese Mars mission, further 
validated the effectiveness of applying similarity theory to 
evaluate irradiation susceptibility. 
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Fig.6 A mitigation method of current limitation 
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V. CONCLUSION 

In this paper, based on semiconductorphysics, 
semiconductor device physics and the physical mechanism of 
radiation effect, the possibility of applying similarity theory to 
assess the  radiation susceptibility of semiconductor devices is 
proven, and a specific evaluation method and application case 
is presented.  

The effectiveness of assessing radiation susceptibility based 
on the similarity theorydepends on the acquisition and 
determination of similarity attributes and elements, as well as 
the determination of similarity values. In practical applications, 
it is often difficult for end-users or quality assurance agencies 
to obtain all the required similar information, and also, the 
mathematical algorithms for calculating the similar values and 
the acceptance criteria also require engineers to determine 
based on experience and application requirements. 
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