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Resistive and diode temperature sensors based on silicon nanowires 
(SiNWs) are fabricated. Silicon nanowires are obtained by two-stage met-
al-assisted chemical etching (MACE) technique. The influence of SiNWs 
synthesis parameters on device characteristics is investigated. In particu-
lar, the influence of the duration of the first and second stages of MACE, 
the content of solutions based on AgNO3 and H2O2, the presence of tex-
tured surface of silicon wafer before the MACE process, additional pro-
cessing in an isotropic/anisotropic etchant after the MACE process on the 
characteristics of temperature sensors is determined. The electrical and 
thermosensitive parameters for obtained sensors are calculated, namely, 
resistance, rectifying coefficient, and coefficient of thermosensitivity. A 
significant influence of the MACE-process parameters on the lateral 
roughness and volume porosity of the thermosensitive surface is deter-
mined. As established, the following technological operations lead to an 
increase in resistance: a raise in the deposition time of silver nanoparti-
cles and the use of additional post-chemical treatment, as well as a de-
crease in the etching time and a decrease in the amount of H2O2. The re-
sistance of the array of silicon nanowires is in the range of 27.6–199.6 . 
As established, the following process parameters improve the rectifying 
characteristics: increasing the content of hydrogen peroxide, the presence 
of preliminary texturing of silicon surface, as well as the use of additional 
post-chemical treatment in an acid etchant. The maximum rectifying coef-
ficient of diode temperature sensors is of 2503. Significant impact of pro-
cess parameters on the lateral roughness and bulk porosity of the thermo-
sensitive surface is revealed. As found, the thermal sensitivities of both 
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diode sensors and resistive ones are improved with the increase of MACE 
first-stage parameters and the decrease of MAСЕ second-stage parameters, 
as well as in the presence of acid etching treatment. The maximum ther-
mal sensitivity coefficient of thermistors based on silicon nanowires is of 
2336 ppm/K, while, for thermodiodes, this coefficient is of 2.5 mV/K. 

Синтезовано резистивні та діодні сенсори температури на основі крем-
нійових нанониток (КНН). Кремнійові нанонитки було одержано мето-
дом двостадійного металостимульованого хемічного щавлення (МСХЩ). 
Досліджено вплив параметрів синтези КНН на характеристики прила-
дів. Зокрема, було встановлено вплив тривалости першого та другого 
етапів МСХЩ, вмісту розчинів на основі AgNO3 й H2O2, наявности тек-
стури на поверхні кремнійової пластини до процесу МСХЩ, додатково-
го оброблення в ізотропному/анізотропному щавнику після процесу 
МСХЩ на характеристики сенсорів температури. Було розраховано 
електричні та термочутливі параметри для одержаних сенсорів, зокре-
ма опору: коефіцієнт випрямлення та коефіцієнт термочутливости. Ви-
значено значний вплив технологічних параметрів синтези масиву КНН 
на латеральну шерсткість та об’ємну пористість термочутливої поверх-
ні сенсорів температури. Встановлено, що до збільшення опору приво-
дять наступні технологічні операції: зростання часу осадження наноча-
стинок срібла та використання додаткового пост-хемічного оброблення, 
а також зменшення часу щавлення та зменшення кількости H2O2. Роз-
рахований опір масиву кремнійових нанониток знаходився в межах 
27,6–199,6 . Встановлено, що наступні технологічні параметри по-
ліпшують випростувальні характеристики: збільшення вмісту перекису 
Гідроґену, наявність попереднього текстурування поверхні кремнійової 
пластини, а також використання додаткового пост-хемічного оброблен-
ня у кислотному щавнику. Максимальний коефіцієнт випростування 
діодних сенсорів температури склав 2503. Встановлено, що термочут-
ливість як діодних, так і резистивних сенсорів поліпшується зі збіль-
шенням параметрів першого етапу МСХЩ та зменшенням параметрів 
другого етапу МСХЩ, а також за наявности додаткового хемічного об-
роблення кислотним щавником. Максимальний коефіцієнт термочут-
ливости термісторів на основі кремнійових нанониток становив 2336 
ppm/K, тоді як для термодіод цей коефіцієнт становив 2,5 мВ/K. 

Key words: metal-assisted chemical etching, silicon nanowires, thermodi-
ode, thermistor. 
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1. INTRODUCTION 

Temperature is one of the most measured physical parameters, as 

many industrial areas require temperature control in manufacturing 
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processes, as well as during operation, for storage and transportation 

of devices, equipment, raw materials, food or pharmaceutical prod-
ucts, etc. Additionally, temperature measurement is an essential com-
ponent of electronic device protection systems, such as computers, 
mobile phones, and others, where high temperatures can lead to a 

breakdown. Specifically, embedded thermistors on a motherboard pre-
vent overheating when the workload increases or a fan fails. 
 Furthermore, temperature sensors allow monitoring temperature 
of the entire computer or individual components and smoothly ad-
justing fan speed, reducing noise levels during downtime. Current-
ly, temperature sensors such as thermistors and thermodiode are 
used. The principle of operation of a monocrystalline thermistor is 
that its resistance decreases with increasing temperature. This is 
because the number of free charge carriers in the semiconductor in-
creases with temperature, reducing its resistance. The most com-
monly used materials for thermistors are Ge [1], Si [2], and gra-
phene [3]. 
 These devices have such advantages as sensitivity to small tem-
perature changes, excellent repeatability and significantly low hys-
teresis [4]. The disadvantages of thermistors include non-linearity 
of their thermosensitive characteristics, aging, and some instability 
in their characteristics. In certain cases, they are not compatible 
with CMOS technology. The principle of operation of a thermodiode 
is based on the decrease in voltage across the p-n junction with in-
creasing temperature at a fixed level of current according to an al-
most linear law. The most commonly used materials for thermodi-
odes are Si [5] and Ge [6]. Thermodiodes have such advantages as 
low cost and almost linear voltage–temperature dependence over a 
wide range (from 4.2 K to 888 K). Despite being widely used sen-
sors, thermodiodes also have their drawbacks, including low sensi-
tivity and self-heating. 
 The use of various types of nanostructures in sensors is highly 
relevant today. These nanostructures include nanofilms [7, 8], na-
noparticles [9, 10], nanofibers [11, 12], nanocrystals [13, 14], nan-
owires [15, 16], nanorods [17, 18], and so on. One-dimensional (1D) 
structures, such as nanowires, with widths up to 100 nm and 
lengths exceeding their width, possess a high aspect ratio (ranging 
from 10 to 100), making those highly promising materials in sens-
ing. The larger area of lateral surface of these nanostructures al-
lows for an increased number of molecules to be absorbed on the 
sensor surface, enhancing its response. Another important ad-
vantage of silicon nanowires is the ability to create complex sensor 
systems with high-density arrangements, which is crucial in many 
branches of industry. 
 Currently, silicon nanowires (SiNWs) can be synthesized within 
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one of two approaches: ‘top–down’ and ‘bottom–up’ [19]. In the 
top–down approach, clusters of monocrystalline silicon are removed, 
resulting in the formation of one-dimensional structures (nanowires 
or pores). Within this approach, such methods of SiNWs obtaining 
can be distinguished: metal-assisted chemical etching (MACE) [20, 
21], reactive ion etching (RIE) [22], and plasma chemical etching 
[23]. In the bottom–up approach, silicon nanowires are grown by 
assembling individual silicon atoms using the following techniques: 
chemical vapour deposition (CVD) [19, 24], vapour–liquid–solid 
(VLS) growth [19, 25], solution–liquid–solid (SLS) growth [19], la-
ser ablation (LA) [26], and thermal evaporation of powder [26]. A 
comparison of the two most common methods within the two ap-
proaches, VLS and MACE, has shown that nanowires obtained 
through the vapour–liquid–solid growth exhibit a high degree of 
ordering in their arrangement, but they have a relatively low sur-
face density. The advantages of the metal-assisted chemical etching 
include its simplicity of implementation, low cost, and the ability to 
synthesize a dense array of nanostructures with a high aspect ratio. 
 The aim of this research is to investigate the application of sili-
con nanowires in resistive and diode-type temperature sensors. For 
this purpose, metal-assisted chemical etching was used, and the in-
fluence of process parameters on the characteristics of temperature 
sensors based on silicon nanowires was studied. 

2. EXPERIMENTAL PART 

Device Fabrication. Resistive and diode temperature sensors were 
fabricated in this research. The resistive sensors consist of a SiNWs 
and two front contacts (labelled as 1 and 2 in Fig. 1). The diode 
sensors consist of a p–n junction, one front contact (either 1 or 2 in 
Fig. 1) and one back contact (labelled as 3 in Fig. 1). The initial Si 
wafers were of p-type conductivity with resistivity of 1 and 10 
cm, both textured and non-textured. To synthesize the experi-
mental samples, the silicon substrates were cleaned using a three-
stage cleaning process [27]. The texturing process was performed to 
obtain a more developed surface by making of pyramids. For this, a 
solution of 970 ml H2O/30 g KOH/70 ml IPA was used at a temper-
ature of 75C for 15 min. The synthesis of silicon 1D structures 
was performed using metal-assisted chemical etching (MACE), de-
scribed in our previous work [29]. In this study, additional etchants 
were applied after the MACE process in order to remove the dam-
aged layer on the SiNWs. The acid etchant HF/HNO3/CH3COOH 
(1:4:4) at room temperature for 10 min provided isotropic etching 
of the surface, while the alkaline etchant NaOH/IPA/H2O (2:10:88) 
at a temperature of 90С for 10 min ensured anisotropic etching. 
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Then, a p–n junction was obtained in the p-type SiNWs. Phosphorus 
was introduced into the SiNWs in a two-step process using a diffu-
sion furnace: phosphorus predeposition (constant source diffusion) 
step at 750C for 5 min and phosphorus drive-in at 830C for 20 
min. As a result, an n-type silicon layer with a sheet resistance of 
50 /□ was obtained. A continuous backside aluminium contact was 
deposited on the substrate using the DC magnetron sputtering. The 
operating parameters of the vacuum deposition system were as fol-
lows: voltage—400 V, current—4 A, argon pressure—310

4 mm 
Hg, deposition time—40 min. Subsequently, the aluminium film 
was annealed in a diffusion furnace at a temperature of 650C in a 
nitrogen atmosphere. Thus, a backside contact with a thickness of 
1.5 µm was obtained. For the formation of point front contacts 
(Ti/Ni), electron-beam deposition was used. The deposition parame-
ters in the vacuum system were the following: chamber pressure—
10

5 mmHg, voltage—13 kV, current—120 mA. The deposition time 
for titanium and nickel layers was 3 and 20 min, respectively. As a 
result, a front contact with thickness of approximately 0.5 µm was 
formed. 
Characterization Techniques. To investigate the surface morpholo-
gy of silicon substrates after MACE, an atomic force microscope 
(AFM) SolverPro was used in semi-contact mode. AFM images pro-
cessing was performed using the Nova software with scanning areas 
of 5050 µm, 2020 µm, and 1010 µm. The I–V characteristics of 
the obtained diode and resistive-type sensors were measured using 
the Power Supply HM8143 and the digital voltmeter MS8040. The 

 

Fig. 1. Structure of a temperature sensor based on silicon nanowires: 1, 
2—front contacts Ti–Ni; 3—back contact Al; 4—SiNWs; 5—n-type Si; 6—
p-type Si. 
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quantitative evaluation of porosity of the silicon material was per-
formed using the weight by means of OHAUS Pioneer PX163 ana-
lytical balances. The temperature characteristics of the experi-
mental samples were measured in the range of 293 K to 353 K. 
Temperature stabilization in the thermal chamber was achieved us-
ing the digital temperature controller PULSE PT20-N2 with an ac-
curacy of 1C. The thermal sensitivity of the devices was evaluated 
in constant current mode for the diode and constant voltage mode 
for the resistor. 

3. RESULTS AND DISCUSSION 

Surface Morphology of Silicon Nanowires. Figure 2 shows the 2D 
and 3D views of the surface morphology of SiNWs array. In Figure 
2, it can be observed that the array of SiNWs exhibits a high densi-
ty. The structural parameters are presented in Table 1. The average 
height of silicon nanowires ranged from 1638 to 2328 nm, with a 
maximum height diapason from 3030 to 5440 nm. The porosity co-
efficient ranged from 56% to 96%. 
 It should be noted that the surface of the silicon wafer after 
MACE looks blurry and diffuse (Fig. 3, a). This can be attributed to 
the presence of a damaged surface layer and natural oxide. To re-
move these layers, both alkaline (anisotropic) and acidic (isotropic) 
etching were performed (Fig. 3, c, d). As shown in Figure 2, b, ad-
ditional pre-texturing of the initial wafer leads to the formation of 

  
a      b 

Fig. 2. AFM images of SiNWs synthesized using the MACE technique: 2D 
view (a) and 3D view (b). 
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pyramid-like structures that randomly cover its surface and in-
crease the surface roughness from 599 to 897 nm. However, a de-
gree of porosity has decreased from 82.5% to 56%. This may be 
attributed to the fact that silver nanoparticles (Ag NPs) are depos-
ited less effectively on the side surface of the pyramids. After un-
dergoing treatment in an alkaline etchant, the width of the trenches 
between the SiNWs increases, and the surface becomes rougher. 
This is evidenced by the increase in surface roughness from 897 to 
1006 nm. It can be due to the different etching rates, depending on 
the crystallographic orientations. As a result, predominantly lateral 
chemical etching of the trench-like pores is observed. 
 With the addition of an acidic etchant, isotropic etching takes 
place, which removes the rough surface layer of the material. This 
is indicated by the decrease in surface roughness from 897 to 771 
nm. Additionally, a well-developed network of nanoscale pores is 
formed on the surface, which has a square shape with a side length 
of approximately 1 µm (Fig. 3, d) due to etching at an equal rate of 

TABLE 1. MACE parameters of Si nanowire synthesis. 

S
a
m

p
le

 
n
u
m

b
e
r
 Parameters of the standard 

MACE process 
Additional chemical treatment 

before or after the MACE process 

t1, sec. t2, min AgNO3, mg H2О2, ml Texturing Post-surface treatment 

1 20 90 34  0,4 — — 

2 20 90 34  0,8 — — 

3 20 90 34 1,2 — — 

4 20 45 34 0,8 — — 

5 20 135 34 0,8 — — 

6 60 45 34 0,8 — — 

7 60 90 34 0,8 — — 

8 60 135 34 0,8 — — 

100 20 90 68 0.8 — — 

101 60 90 68 0.8 — — 

102 20 30 68 0.8 — — 

104 20 90 68 0.8 — isotropic etching 

105 20 90 68 0.8  anisotropic etching 

106 20 90 68 0.8  — 

109 60 30 68 0.8  — 

110 20 90 68 0.8  isotropic etching 

111 20 90 68 0.8 — anisotropic etching 

112 20 90 68 0.8  — 

113 20 90 68 0.8 — — 
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hills and pits. As can be seen in Fig. 3, the depth of the pores is de-
termined by different shades: lighter shades indicate small pores, 
and darker shades indicate deeper pores. Such surface morphology 
of SiNWs will influence the characteristics of devices based on 
them. After the post-surface treatment, the degree of porosity of 
the initial textured surface increased from 56% to 92% (for iso-
tropic etching) and to 96% (for anisotropic etching). 
Resistive Temperature Sensors. The principle of operation of resis-
tive temperature sensors involves a change in device resistance with 
temperature variation. The electrical and thermosensitive properties 
of these sensors were studied based on the volt-ampere characteris-
tics (I–V) shown in Fig. 4, a and calculated coefficients of thermo-
sensitivity (Table 2). 

  
a      b 

  
c      d 

Fig. 3. AFM 2D images of SiNWs obtained using the MACE technique: 
without additional treatment (a), on a textured substrate (b), on a textured 
substrate with alkaline etching (c), on a textured substrate with acidic 
etching (d). 
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 Produced resistive structures based on SiNWs are characterized 
by linear and symmetric I–V characteristics. Calculated resistance 
of the silicon nanowire array ranged from 27.6 to 199.6  depend-
ing on the synthesis parameters: the change in resistance increased 
deposition time of Ag NPs and additional post-chemical treatment. 
For example, increasing deposition time of silver nanoparticles from 
20 to 60 sec leads to an increase in sensor resistance from 27.6 to 
91.8 . This is probably due to the formation of a well-developed 
surface, as evidenced by the increase in r.m.s. from 226 to 753 nm 
and the increase in porosity from 82.5% to 98%. The use of an 

 
a 

 
b 

Fig. 4. I–V characteristics of thermistor based on SiNWs (a) and their 
thermosensitivity in dependence on additional-chemical treatment (b). 
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acidic etchant resulted in an increase in sensor resistance from 42.5 
to 79.4 , while an alkaline etchant increased it from 42.5 to 54.1 
. This can be attributed to the significant increase in porosity 
from 56% to 96%, while the surface roughness remained almost 
unchanged, since the etching process primarily etched the surface 
layer with defects. Thus, the influence of these fabrication process-
es on resistance of the SiNWs array can be associated with an in-
crease in bulk porosity and/or surface roughness, which likely dis-
rupts the conducting channels and consequently leads to an increase 
in resistance. 
 The following process parameters contribute to a decrease in re-
sistance of thermistors: increased etching time, increased amount of 
H2O2, and texturing of the surface. Increasing the duration of the 
second stage of MACE and presence of textured surface result in an 
increase in surface roughness and significant reduction of the sur-
face porosity. This is expected to promote the formation of a great-
er number of conducting channels within the SiNWs array, thereby 
reducing the surface resistance of the sensors. Moreover, increasing 
the etching time leads to a change in the shape of the SiNWs array, 
which enhances the conductivity of the sensors (due to the connect-
ed together SiNWs by sidewalls). Changing t2 from 45 to 135 min 
resulted in a decrease of resistance from 47.3 to 31.9 . Texturing 
the sample surface before the MACE process reduced the sensor re-
sistance from 106.4 to 54.1 . It is worth noting that varying the 
hydrogen peroxide content from 0.4 to 1.2 ml resulted in a decrease 
in SiNWs resistance from 61.9 to 27.6 , despite the increase in 

TABLE 2. Influence of texturing and post-chemical treatment on surface 
morphology for SiNWs. 
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Root mean square (r.m.s.), nm  599 813 624 771 1006 897 

Maximum height of SiNWs, nm 3030 4026 3704 4151 5440 4137 

Average height of SiNWs, nm 1786 1869 2180 2276 2328 1638 

Degree of silicon porosity, % 82 99 98 92 96 56 
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surface roughness and porosity. Clearly, treating the SiNWs in a 
concentrated hydrogen peroxide solution significantly affects the 
electrical characteristics of the sensors, which requires further in-
vestigation. 
 The thermosensitivity of resistive temperature sensors was de-
termined as the relative change in resistance with temperature var-
iation from 20 to 80C. It was found that thermosensitivity exhibits 
a clear dependence on resistance, whereby an increase in sensor re-
sistance leads to an increase in thermosensitivity (Table 2). Specifi-
cally, certain technological operations were identified to enhance 
thermosensitivity. Increasing the deposition time of silver nanopar-
ticles from 20 to 60 sec. results in a significant increase in the co-
efficient of thermosensitivity from 221.1 to 985.4 ppm/K. Treat-
ment with an alkaline etchant impairs an increase in thermosensi-
tivity from 192.7 to 428.4 ppm/K, while, in the case of an acidic 
etchant, it increases from 192.7 to 785.8 ppm/K. This dependence 
of thermosensitivity on resistance is likely due to the increased de-
gree of porosity, which provides a larger specific surface area in-
volved in thermal generation of charge carriers. 
 A decrease in the resistance of the SiNWs array impairs deterio-
ration in the thermosensitivity of resistive temperature sensors, at-
tributed to a lower surface porosity and thermosensitive area of the 
sensor. Specifically, an increase in etching time and a presence of 
surface texturing result in a decrease in coefficient of thermosensi-
tivity. For instance, increasing the etching time from 45 to 135 min 
leads to a decrease in the coefficient of thermosensitivity from 
1628.3 to 812.3 ppm/K. The presence of surface texturing signifi-
cantly reduces the coefficient of thermosensitivity to 192.7 ppm/K. 
Similarly, the change of H2O2 concentration from 0.4 to 1.2 ml re-
sults in a decrease of SiNWs thermosensitivity from 321.3 to 47.5 
ppm/K. The influence of the two-step MACE etching process on 
thermosensitivity is likely due to electrical factors rather than 
structural factors (as surface roughness and porosity increase, 
along with the thermosensitive surface area). It could possibly have 
a negative impact on charge carrier lifetime. The maximum coeffi-
cient of thermosensitivity achieved for the resistive temperature 
sensor was 2335.8 ppm/K. 
Temperature Diode Sensors. Thermodiodes operate based on the 
change in voltage drop across the p–n junction with temperature 
variation under constant current. The electrical and thermal sensi-
tivity properties of diode-type temperature sensors based on SiNWs 
were investigated using voltage–current characteristics shown in 
Fig. 5, a and calculated rectification and thermosensitivity coeffi-
cients (Table 3). 
 Thermodiodes based on SiNWs are characterized by rectifying 
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properties, as confirmed by the I–V curves in Fig. 5, a. The rectifi-
cation coefficients were calculated as the ratio of forward current 
to reverse one at a voltage of 1 V. In addition, the maximum recti-
fication factor was 2503. The magnitude of thermosensitivity was 
determined using the equation 

 0 0
( ) ( )U T U T S T T   , 

where U(T) and U(T0) are the applied biases at temperatures T and 
Т0 respectively, S is the thermosensitivity coefficient. Such a char-
acteristic was measured at 100 µA current to avoid self-heating of 
the device, which would introduce errors in the measured tempera-
ture value. 

 
a 

 
b 

Fig. 5. I–V characteristics of thermodiodes based on SiNWs (a) and their 
thermosensitivity in dependence on additional chemical treatment (b). 



          T
A

B
L
E
 3

. 
E
le

c
tr

ic
a
l 
a
n
d
 t

h
e
r
m

o
s
e
n
s
it

iv
e
 p

a
r
a
m

e
te

r
s
 o

f 
r
e
s
is

ti
v
e
 t

e
m

p
e
r
a
tu

r
e
 s

e
n
s
o
r
s
. 

S
a
m

p
le

 n
u
m

b
e
r
 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

1
0
0
 

1
0
2
 

1
0
5
 

1
0
9
 

1
1
0
 

1
1
1
 

1
1
3
 

R
, 


 
6
1
.9

 
2
7
.6

 
3
8
.1

 
4
7
.3

 
3
1
.9

 
6
5
.7

 
9
1
.8

 
5
4
.4

 
1
9
9
.6

 
6
7
.3

 
1
0
6
.4

 
8
5
.3

 
5
4
.1

 
7
9
.4

 
4
2
.5

 

S
r
, 

p
p
m

/
K

 
3
2
1
.3

 2
2
1
.1

 
4
7
.5

 
1
6
2
8
.3

 8
1
2
.3

 2
7
4
.6

 9
8
6
.4

 9
8
9
.4

 2
3
3
5
.8

 1
2
1
5
.0

 
5
7
4
.9

 
8
6
8
.5

 7
8
5
.8

 4
2
8
.4

 1
9
2
.7

 

T
A

B
L
E
 4

. 
E
le

c
tr

ic
a
l 
a
n
d
 t

h
e
r
m

o
s
e
n
s
it

iv
e
 p

a
r
a
m

e
te

r
s
 o

f 
d
io

d
e
 t

e
m

p
e
r
a
tu

r
e
 s

e
n
s
o
r
s
. 

S
a
m

p
le

 n
u
m

b
e
r
 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

1
0
0
 

1
0
1
 1

0
2
 

1
0
4
 

1
0
5
 

1
0
9
 

1
1
0
 

1
1
1
 1

1
2
 1

1
3
 

K
R

R
 

1
2
3
 

1
6
5
 

9
0
 

4
8
 

6
 

7
7
 

1
5
2
 

4
4
 

5
5
 

1
3
 

5
7
 

1
9
2
4
 

2
 

2
5
0
3
 
1
7
4
5
 

3
2
 

5
4
 

9
0
 

S
d
, 

м
V

/
K

 
2
.3

 
0
.9

 
1
.3

 
2
 

1
.3

 
1
.3

 
1
.8

 
1
.3

 
1
.7

 
0
.8

 
1
.5

 
2
.3

 
0
.2

 
2
 

2
.5

 
1
 

1
.7

 
1
.5

 

         

SILICON 1D STRUCTURES FOR RESISTIVE AND DIODE TEMPERATURE SENSORS 347 



348 Yaroslav LINEVYCH, Viktoriia KOVAL, Mykhailo DUSHEІKO et al. 

 This research demonstrates that the process parameters of MACE 
significantly affect the rectification coefficient. The following tech-
nological parameters were found to improve rectifying characteris-
tics. The variation in hydrogen peroxide content has shown that the 
best rectification coefficient was achieved at a concentration of 0.8 
ml, resulting in a value of 165. This can be attributed to a non-
monotonic increase in the forward current through the p–n junc-
tion. 
 However, further increase in the content of the second-stage rea-
gent significantly deteriorates the electrical properties of the sen-
sors. The presence of texture on the sensor surface improves recti-
fication coefficient by 65%. This is due to an increase in the for-
ward current through the p–n junction and a slight decrease in the 
reverse current. The use of additional etching by means of an iso-
tropic etchant greatly improved the electrical characteristics of the 
diode sensors. In particular, the rectification coefficient increased 
by more than an order of magnitude (from 90 to 1745), which can 
be attributed to a one-order decrease in the reverse current through 
the p–n junction and a slight increase in the forward current. 
 It has also been found that increasing the duration of the first 
and second MACE stages has a negative effect on the electrical pa-
rameters of the sensors. Especially, changing of deposition time of 
Ag NPs from 20 to 60 sec reduces the rectification coefficient from 
165 to 152, which can be explained by a two-fold decrease in the 
forward current through the p–n junction. In addition, changing of 
etching time in the range of 45 to 135 min decreases the rectifica-
tion coefficient from 77 to 44. This is associated with an increase in 
the reverse current and a decrease in the forward current through 
the p–n junction. It has been shown that a higher content of AgNO3 
in the solution of the first stage leads to a decrease in the rectifica-
tion coefficient from 165 to 55. This is due to a significant decrease 
in the forward current and an 80% increase in the reverse current 
through the p–n junction. 
 The use of additional etching by means of an anisotropic etchant 
resulted in an almost three-fold deterioration of the rectification 
coefficient, which is due to more than a two-fold increase in the re-
verse current through the p–n junction and a slight decrease in the 
forward current. 
 Increasing the duration of MACE first stage has an improving 
effect on the thermal sensitivity of the sensor, resulting in an in-
crease of the thermal sensitivity coefficient from 0.9 to 1.8 mV/K. 
It is evident that increasing the surface roughness of the sensor 
from 226 to 753 nm provides an increase in the sensitive area of 
the sensor. However, when etching time is increased, temperature 
sensitivity of the device decreases by 35%. This observed trend may 
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be attributed to the decrease in porosity, leading to a decrease in 
thermal sensitive area of the sensor. In addition, concentration of 
solution in the first stage of MACE (AgNO3) improves of thermal 
sensitivity coefficient from 0.9 to 1.7 mV/K, which is due to an in-
crease in the device’s sensitive area. On the other hand, using a 
more concentrated solution at the second stage of MACE signifi-
cantly decreases the sensor’s sensitivity from 2.3 to 1.3 mV/K, de-
spite an increase in surface roughness and porosity. It is evident 
that the positive effect of an increased sensitive area (roughness 
increased from 101 to 355 nm) is counteracted by the reduction in 
carrier lifetime during treatment in a concentrated hydrogen perox-
ide solution. Surface texturing reduces heat-sensitive characteris-
tics more than twice. This deterioration in thermal sensitivity can 
be attributed to a sharp decrease in porosity of the silicon nanowire 
array from 82.5 to 56%. The use of additional etching on textured 
samples, using an acid etchant, improved the thermal sensitivity 
characteristics of the diode sensors from 1.5 to 2.5 mV/A. This im-
provement is attributed to the isotropic etching that smoothens the 
surface irregularities (reducing surface roughness from 897 to 771 
nm), while significantly increasing the porosity (from 56 to 92%). 
However, when an alkaline etchant was used, the thermal sensitivi-
ty coefficient deteriorated by 50% despite the increased porosity 
coefficient which needs further explanation. 

4. CONCLUSIONS 

In this research, thermistors and thermodiodes based on silicon 
nanowires were developed, and the influence of MACE synthesis pa-
rameters on their characteristics was investigated. 
 It was determined that the technological synthesis parameters of 
the silicon nanowire array have a significant impact on lateral 
roughness and bulk porosity, which determine the specific surface 
area of the thermosensitive sensor surface and, consequently, affect 
the temperature sensitivity of the sensors. 
 Specifically, it was shown that increasing the parameters of the 
first stage of MACE and using acid etchant leads to an improved 
thermal sensitivity of both diode and resistive sensors. On the other 
hand, increase of the parameters of the second stage of MACE and 
the presence of surface texturing result in a deterioration of ther-
mal sensitivity of both types of sensors. The maximum thermal sen-
sitivity coefficients are as follows: 2336 ppm/K for thermoresistors 
and 2.5 mV/K for thermodiodes. 
 These results indicate that use of a simple and cost-effective nan-
owire synthesis technology (MACE) is efficient for production of 
resistive and diode temperature sensors. 
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