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A B S T R A C T   

Thermal management of both digital and power electronics is becoming challenging with device miniaturization 
and a need for delivering higher power. Diamond thin films and substrates are attractive for thermal manage
ment applications in power electronics because of their high thermal conductivity. However, deposition of 
diamond by microwave plasma enhanced chemical vapor deposition requires high temperatures, which can 
degrade metallization used in power electronic devices. In this research, Titanium (Ti)- Nickel (Ni) thin films are 
deposited by direct current magnetron sputtering on p-type Silicon (Si) (100) substrates using a physical mask for 
creating dot-patterns for measuring properties of the contact metallization. The influence of processing condi
tions and post-deposition annealing in Argon and hydrogen at 380 ◦C for 1 h on the properties of the contact 
metallization are studied by measuring the current - voltage characteristics and Hall effect. The results indicated 
ohmic contact resistance for both, the as-deposited films and after post annealing treatments. In addition, the 
results on contact resistance, resistivity, carrier concentration and hall mobility of wafers extracted from Ti/Ni 
metal contact to p-type Si (100) are presented and discussed.   

1. Introduction 

Since the last decades, the increasing demand for miniaturization of 
electronic devices has created huge interest in research on thin film 
technology [1–7]. Thin films of metals or their alloys, such as copper 
(Cu), nickel (Ni), aluminum (Al) or Titanium (Ti)-Cu, Ti-Ni, Ti-Al, 
exhibit varied mechanical, electrical, chemical, or magnetic properties 
and have been used for the metallization in microelectronic devices 
[1–3,8–11]. For example, Cu thin films on semiconductor substrate have 
shown properties such as high conductivity, good electromigration 
resistance and high melting point, which make them suitable candidate 
for interconnection [2,12,13]. Also, fabrication of Ni-based thin film 
materials possess good corrosion and wear resistant and have gathered 
attention in broad range of applications from contact metallization of 
micro devices to lithium-based energy storage materials [14]. Further
more, the unique properties of metal alloys of Ti-Ni and thin films are of 
scientific interest in micro-electro-mechanical systems. These alloys 
have properties like good corrosion resistance, biocompatibility, pseudo 
elasticity, damping capacity, and shape memory effect [8,15–18]. 

To fabricate thin films, plasma-assisted techniques such as plasma- 

enhanced chemical vapor deposition, physical vapor deposition alone 
or in combination with laser ablation, plasma etching, ion beam 
etching/deposition, and reactive ion etching are widely used in micro
systems and semiconductor technology. For instance, magnetron sput
tered nanocrystalline Ni films deposited on silicon (Si) substrates 
function as a solar absorber in solar cell [5]. There are various routes to 
fabricate Ni–Ti based thin alloy film on Si substrate by sputter deposition 
technique [17,19,20]. These include deposition either by sputtering 
from Ni–Ti alloy targets or by co-sputtering from elemental Ni and Ti 
targets on the Si substrates. Ni/Au films are also used as interconnect 
metallization in GaN-based power and microwave electronics [21–27]. 

Si based high-power electronics device have been used in high- 
frequency circuit applications for the last few decades. Si based de
vices can be operated at high-temperatures and high-power levels. In 
addition, as electronics feature become smaller, their high-power den
sity and high heat flux density cause an increase in temperature, which 
can result in poor performance and a shortened lifespan. Various kinds 
of high-power electronics are being used in extreme environment con
ditions, such as high temperature and high-pressure where performance 
degradation and operational failure are more likely to occur for 
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electronics. High current densities in semiconductor electronics oper
ating at high power levels result in significant self-heating of devices, 
which necessitates the development of thermal management technolo
gies to effectively dissipate the generated heat. To improve the heat 
dissipation, materials with high thermal conductivity and low thermal 
expansion are needed [18–24]. Diamond is being explored because of 
these attributes but requires effective metallization such as Ni/Ti 
described in this paper. 

Therefore, it is important to create effective thermal management 
strategies for Si-based power electronics or high-power electronics de
vices [28–30]. In this context, thin film diamond is being used as an 
attractive material for thermal management of semiconductor elec
tronics owing to its outstanding optical, electrical, mechanical, and 
thermal properties [30]. Diamond has high thermal conductivity, a large 
band gap and a large breakdown electric field. Also, Diamond is an 
electrical insulator but at the same time it is an excellent thermal 
conductor, which is being explored to remove heat generated in elec
tronic devices. 

Among the numerous diamond deposition processes, the hot fila
ment chemical vapor deposition (HFCVD) process and the microwave 
plasma enhanced chemical vapor deposition (MPECVD) methods have 
proven to be the most widely used diamond deposition processes for 
producing high-quality diamond films. However, high temperature 
diamond synthesis comes with limitations, so for electronics device, low 
temperature diamond synthesis (<400 ◦C) is desirable. Low temperature 
diamond thin film or nanocrystalline diamond synthesis methods using 
MPECVD or HFCVD methods on Si based power electronics require 
temperature below 400 ◦C [30,31]. However, it is still unclear from the 
literature whether the metallization of the device will be degraded by 
the deposition of a diamond thin film on Si. Our team has conducted 
research on the processing of diamond thin films for thermal manage
ment of GaN-based power electronics with Ni/Au metallization at 

temperatures below 400 ◦C [21–27]. 
Nickel metallization of silicon is considered a valuable method for 

semiconductor device fabrication [9,32]. Numerous reports on nickel 
silicide formation in the metallized layer after annealing 
nickel-metallized silicon at 200 ◦C–325 ◦C can be found in the literature 
[33,34]. Diffusion barriers like titanium, vanadium, molybdenum, tita
nium nitride etc. are utilized to prevent interdiffusion between layers of 
doped silicon and metal metallization [35–38]. A thin diffusion layer 
between nickel and silicon would prevent the formation of nickel silicide 
at temperatures lower than 400 ◦C. Titanium thin films have been used 
as a successful diffusion barrier as well as an adhesion promoter in 
semiconductor technology due to their characteristic properties, such as 
high thermal and chemical stability as well as low electrical resistivity. 
We have selected Ti/Ni for contact metallization on Si for application in 
power electronics where diamond can serve as heat spreader for thermal 
management. 

When evaluating electrical characteristics of semiconductor mate
rials, such as resistivity, carrier concentration/density, and hall 
mobility, the Van Der Pauw method is one of the techniques that has 
been used the most in the literature [39–41]. It can be used to measure 
samples of arbitrary shape, although few basic assumption of sample 
conditions must be satisfied to obtain accurate measurements such as 
the thickness of the measured sample must be constant (and less than 1 
mm), point contacts placed at the edges of the samples must be used for 
the measurements, and the sample should be homogeneous with no 
hole. Most semiconductor samples satisfy these conditions. Therefore, 
this approach is widely utilized in semiconductor technologies. 

The main objectives of this paper are processing and measuring 
electrical properties of Ti/Ni metal contact on Si. The processing was 
carried out using a sputtering technique, and Hall measurements in a 
Van Der Pauw configuration were used to determine the electrical 
properties at room temperature. The results were analyzed for deter
mining the nature of the metal-Si contact resistance from current (I)- 
voltage (V) data, and resistivity, career concentration, Hall mobility and 
Hall coefficient of the Si substrate. In addition, Ti/Ni metal contact on Si 
were subjected to post annealing treatments in Ar and H2 atmospheres at 
380 ◦C for 1 h (typical for diamond deposition as heat spreader), and the 
I-V characteristic and electronic properties were determined and dis
cussed after post annealing in Ar and H2 environments. 

Table 1 
A summary of DC magnetron sputtering conditions used for Ti and Ni de
positions sequentially.  

Metal target Pressure 
(Pa) 

Power 
(Watts) 

Deposition Time (min) /Thickness 
(µm) 

Titanium 
(Ti) 

0.4 50 5 min/.01 µm 

Nickel (Ni) 0.4 300 45 min/ 1 µm  

Fig. 1. Photographs Showing Ti/Ni type I contact on p-Si (100) of (a) the continuous contact dot pattern and (b) corner contact dot pattern. Photograph in (c) Ti/Ni 
dots of different diameters deposited on p-Si (100) wafer. Ti/Ni contact type I (2 mm), type II (1 mm), type III (0.5 mm) and type IV (0.05 mm) are defined based on 
the diameter of the circular dot. 
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2. Materials and methods 

2.1. Deposition of Ti/Ni metal contacts on Si (100) wafer using a metal 
mask 

Ti and Ni films were sequentially sputtered on p-type Si (100) wafer 
substrate using Direct current (DC)-magnetron sputtering system (Model 
# ATC ORION 8 Sputtering System from AJA INTERNATIONAL, Inc.), 
which is a five-gun system. DCXS-750-4 Multiple Sputter Source DC 
Power Supply was used as sputtering power supply. The sputter chamber 
was evacuated to a base pressure lower than <1.33 × 10−5 Pa using 
turbo molecular pump and a rotary pump. Ni and Ti targets (99.9 % 
pure) of diameter of 2″ and thickness 0.25″, respectively, were employed 
as the sputter target. The Argon (Ar) gas (of 99.9 % purity) was used as 
the sputtering gas with a constant flow rate of 20 sccm. The chamber 
pressure was measured by ion-gauge and the Ar gas pressure was 
controlled by the throttle valve. Before deposition, p-type Si (100) 
substrate was ultrasonically cleaned with acetone for 5 min and rinsed 
with water. Then, it was ultrasonically etched with 5 % Hydrofluoric 
acid for 5 min followed by rinsing with water and isopropyl alcohol to 
remove native oxide layer from the Si surface. 

Pre-sputtering of Ti and Ni targets was carried out in order to ensure 
the purity of the films. The surface of the Ti and Ni targets was cleaned 
using pre-sputtering with pure Ar. Pre-sputtering for Ti and Ni targets 
took place for a total of 5 min, with pre-sputtering powers of 50 W and 
300 W, respectively. Also, sputtering power was slowly increased by 50 

W/10 s when the Ti and Ni targets were pre-sputtered. In addition, there 
was good circulation of cooling water to ensure continuous sputtering 
with high power without the interruption. 

Substrates were rotated at 20 rpm during deposition for uniformity. 
Ti and Ni films were sequentially deposited at the same deposition 
pressure (Pa), different DC sputtering power (W) and different deposi
tion time (min) as mentioned Table 1. Working distance between target 
and substrate of 20 cm was used for all depositions. Also, a 2″ x 2″ mask 
was placed on top of the 4” diameter Si (100) wafer before sputtering. 
Since Ni is a magnetic material, it required a different setup for sput
tering to ensure plasma formation and good deposition rates. The Ti 
target did not require any special setup because it is non-magnetic. We 
used very thin Ti layer (~ 0.01 µm) for ensuring good adhesion to Si 
substrate followed by deposition of a relatively thicker Ni film (~ 1 µm . 

2.2. Characterization of Ti/Ni contact on Si (100) substrate using Van 
der Pauw method 

Before I-V and Hall measurements, smaller samples approximately 
~1″ x 1″ were obtained from a larger Ti/Ni deposited on the p-Si (100) 
(Fig. 1c) by cleaving into 4 parts and named as Ti/Ni contact type I, type 
II, type III, and type IV, depending on the circular dot size of the contact. 
Contact type I refers to bigger dot type and contact type IV refers to 
smallest contact type. For this paper, Ti/Ni contact type I was used and 
explored. To measure I-V characteristics and Hall measurements, Ti/Ni 
contact type I was broken into 4 square shape samples ~ 1 cm x 1 cm, 

Fig. 2. I-V characteristics of Ti/Ni continuous contact of type I on Si (100) in the as-deposited state between contacts (a) 1-2, (b) 2-3, (c) 3-4, and (d) 4-1.  

M. Singh et al.                                                                                                                                                                                                                                   



Thin Solid Films 785 (2023) 140092

4

and each square sample was used for measurements. Also, to measure 
Ti/Ni contact type I, two different approaches were considered, first is 
the continuous contact and second is the corner contact as shown in 
Fig. 1a, b. To measure I-V characteristics, initial current of -10 µA was 
applied. Final current was set to 10 µA and step current used was 1 µA. 

The electrical properties of the Ti/Ni type I contact were studied 
using Hall effect measurement system from Lake Shore Cryotronics, Inc. 
in the Van der Pauw configuration at room temperature from which 
resistivity, Hall coefficient and Hall mobility were calculated. Si samples 
of thickness 500 µm was used to carry out the Hall measurements. For 
variable magnetic field measurement, linear sweep field reversal was 
selected, maximum and minimum fields were 250 mT and 50 mT, 
respectively. The field step used was 50 mT and a constant current of 10 
µA was applied to the Ti/Ni type I contact on Si (100). 

2.3. Annealing procedures 

Post annealing of Ti/Ni films deposited on p-Si (100) substrate was 
performed in a tube furnace. Ti/Ni films were annealed at 380 ◦C under 
Ar atmosphere. Ti/Ni film on Si substrate was placed in a quartz boat at 
the central zone of the horizontal 3-zone tube furnace. The furnace was 
evacuated to 10−5 Pa and purged by using N2. Then, the system was 
evacuated to 10−5 Pa and purged with Ar to reach atmospheric condi
tion (760 torr). The sample was heated to 380 ◦C for 1 h in a flowing Ar 
atmosphere at a flow rate of 20 sccm. Then, the furnace was cooled 
down in the Ar cover gas. Another set of Ti/Ni samples were annealed at 

380 ◦C under pure hydrogen (H2) atmosphere following similar steps. 
The annealed samples were characterized for electrical properties as 
well. 

3. Results and discussion 

Ti/Ni metal contacts on p-Si (100) were processed and the properties 
of these contacts were determined using I-V and Hall measurements as 
described earlier and the results are presented and discussed in the 
following sections. 

3.1. Current-Voltage (I-V) behaviors of Ti/Ni type I metal contact on p-Si 
(100) 

After DC magnetron sputtering Ti/Ni metal contacts in the form of 
dot patterns are obtained on p-Si (100) wafer as shown in Fig. 1c. As 
mentioned earlier first a thin Ti layer (adhesion promoter) is deposited 
followed by a thicker Ni layer. The I-V measurements used type-I contact 
of 2 mm diameter on samples in the as-deposited state and after 
annealing in Ar or H2 at 380 ◦C for 1 h. 

The results for samples in the as-deposited state are given in data of 
Fig. 2 and Fig. 3, respectively, for the continuous and corner contacts 
measured between 1-2, 2-3, 3-4 and 4-1 probe locations. Fig. 2 (a-d) 
show almost linear I-V response with the correlation coefficient slightly 
less than 1 indicating almost ohmic contact measured on continuous dot 
pattern. The results obtained for the corner contacts are given in Fig. 3 

Fig. 3. I-V characteristics of Ti/Ni corner contact of type I on Si (100) in the as-deposited state between contacts (a) 1-2, (b) 2-3, (c) 3-4, and (d) 4-1.  
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(a-d) and show more non-linear response than the data of Fig. 2. This is 
most likely a result of not well-formed contacts created upon cleaving 
smaller samples for the measurements. This indicated that continuous 
contacts may be more appropriate for I-V characterization. 

The Ti/Ni samples deposited on p-Si (100) were then annealed in the 
Ar atmosphere at 380 ◦C for 1 h and I-V characteristics were measured in 
a manner similar to the as-deposited samples. The results are given in 
Fig. 4 and Fig. 5, respectively, for the continuous and corner contacts. 
All the I-V curves show linear responses and the correlation coefficient 
approaching very close to 1. These results indicated that the ohmic 
contacts of Ti/Ni on Si can be readily made after a low-temperature 
annealing in an inert Ar atmosphere. 

Ti was applied to p-Si (100) as a diffusion barrier and an adhesion 
promoter. For the Ti-Si system, due to the use of room-temperature DC 
magnetron sputtering, Ti shouldn’t diffuse into p-Si (100) in the as- 
deposited state. Also, Energy-dispersive X-ray did not show any diffu
sion after annealing at 380 C in the Ar/H2 atmosphere within the 
detectability limits (data not shown). So, significant Ti-Si reaction 
should not occur during annealing at low temperature of 380 ◦C, while 
some intermixing may be possible to promote adhesion and ohmic 
contact formation. For the Ti-Ni system, literature showed amorphiza
tion of the Ti/Ni layers after annealing at temperatures between 200 ◦C 
and 330 ◦C [42,43]. At relatively low temperatures (200–300 ◦C), it has 
been found that amorphization results from faster Ni atom diffusion into 
Ti layers. It is significant to note that intermetallic TiNi3 and Ti2Ni alloy 

phases are more likely to form in the Ni-Ti system after annealing at 
temperatures above 500 ◦C [44]. Both of the constituent elements 
involved must diffuse for the Ti-Ni intermetallic compound to form. So, 
at higher temperatures, Ni and Ti diffuse into one another, forming 
intermetallic Ti-Ni nucleation sites at the interface [44]. Since our 
annealing temperature is low, we do not expect intermetallic formation 
or significant interdiffusion. 

Similarly, I-V characteristics were measured after annealing the Ti/ 
Ni samples deposited on Si(100) wafers in pure H2 gas at 380 ◦C for 1 h. 
Both the continuous and corner contacts were investigated, and the re
sults are shown in Fig. 6 and Fig. 7, respectively, for the continuous and 
corner contacts. The results show purely ohmic contact resistance for all 
H2-annealed samples, which are similar to post annealing treatment in 
Ar atmosphere as well. These I-V behaviors indicated that essentially 
ohmic contact resistance can be readily obtained for Ti/Ni contacts on p- 
Si (100) by annealing preferably in H2 atmosphere at low temperatures. 

3.2. Characterization of properties of p-Si (100) using Ti/Ni metal 
contact through Hall measurement 

The Hall measurement was done using the Ti/Ni contact metalliza
tion as described in the previous sections. This approach utilized the Van 
der Pauw configuration (dot-pattern) to measure properties of the p-Si 
(100) substrate. All measurements were done at room temperature at 
different applied magnetic fields and on continuous and corner dot 

Fig. 4. I-V characteristics of Ti/Ni continuous contact of type I on Si (100) after annealing in Ar at 380 ◦C for 1 h between contacts (a) 1-2, (b) 2-3, (c) 3-4, and (d) 
4-1. 
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patterns. From these measurements, resistivity, carrier concentration, 
and Hall mobility of the p-Si(100) were obtained. The following equa
tions describe how these properties were measured automatically using 
software as a part of the Lake Shore Hall instrument. 

To measure resistivity using Van der Pauw method, four contact 
points are used as shown in Fig. 8a for Ti/Ni corner contact of type I on Si 
(100). The procedure for measuring resistivity requires two resistance 
measurements. For instance, the current source is connected between 
contacts 2 and 1 and the voltage is measured between contacts 3 and 4. 
The current is reversed to remove thermoelectric voltages and a current 
reversed resistance is measured. This is denoted as R21,34. The current 
source and voltmeter are rotated to source the current between contacts 
3 and 2 and the voltage is measured between contacts 4 and 1. The 
current is reversed again to remove thermoelectric voltages to obtain a 
current reversed resistance R32,41 

R21,34 =
V34

(
I+

21
)

− V34
(
I−

21

)

I+
21 − I−

21
(1)  

R32,41 =
V41

(
I+

32
)

− V41
(
I−

32

)

I+
32 − I−

32
(2) 

These two resistance readings are converted to a resistivity by solv
ing the non-linear equation for the factor “f” to calculate the resistivity. 
This measured resistivity is the sheet resistivity. 

ρA
sheet =

πf
(
R21,34 + R32,41

)

ln(2)2
(3) 

Here f is the solution to the equation. 

q − 1
q + 1

=

f cosh−1

(

e
ln2
f

2

)

ln(2)
(4)  

where 

q =
R21,34

R32,41
or q =

R32,41

R21,34
which ever is larger 

Similarly, resistance R43,12 and R43,12 are obtained by considering 
other current and voltage contacts as shown in Fig. 8b, 

R43,12 =
V12

(
I+

43
)

− V12
(
I−

43

)

I+
43 − I−

43
(5)  

R14,23 =
V23

(
I+

14
)

− V23
(
I−

14

)

I+
14 − I−

14
(6)  

ρB
sheet =

πf
(
R21,34 + R32,41

)

ln(2)2
(7) 

Here f is the solution to the equation. 

q − 1
q + 1

=

f cosh−1

(

e
ln2
f

2

)

ln(2)
(8) 

Fig. 5. I-V characteristics of Ti/Ni corner contact of type I on Si (100) after annealing in Ar at 380 ◦C for 1 h between contacts (a) 1-2, (b) 2-3, (c) 3-4, and (d) 4-1.  
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where 

q =
R43,12

R14,23
or q =

R14,23

R43,12
which ever is larger 

Thus, the final sheet resistivity is given by 

ρ =
ρA

sheet + ρB
sheet

2
(9)  

ρbulk = ρsheet ∗ t (10)  

Resistivity = ρbulk = ρsheet ∗ t  

where t is the thickness of Si. 
Further, to measure Hall voltage using Van der Pauw method, cur

rent source is connected across the diagonal of the sample and the 
voltage is measured across the other diagonal (see Fig. 8c). The voltage 
is measured at both positive and negative fields as well as positive and 
negative currents to eliminate misalignment voltages thereby resulting 
in four separate measurements. These four measurements are then used 
to calculate the Hall voltage, VHall. 

For the current source applied between contact 3 and 1 as shown in 
Fig. 8c (left figure), 

VB+
13,42 =

VB+
42

(
I+

13
)

− VB+
42

(
I−

13

)

2
(11)  

VB−
13,42 =

VB−
42

(
I+

13
)

− VB−
42

(
I−

13

)

2
(12)  

VAHall =
VB+

13,42 − VB−
13,42

2
(13) 

Similarly, when current source is applied between contact 2 and 
contact 4 as show in Fig. 8c (right figure), 

VB+
24,31 =

VB+
31

(
I+

24
)

− VB+
31

(
I−

24

)

2
(14)  

VB−
24,31 =

VB−
31

(
I+

24
)

− VB−
31

(
I−

24

)

2
(15)  

VBHall =
VB+

24,31 − VB−
24,31

2
(16)  

VHall =
VAHall + VBHall

2
(17) 

The Vhall is related to the fundamental properties as, 

VHall =
IBz

nqt
(18)  

where, n is the carrier density, t is the thickness of sample, q is the 

Fig. 6. I-V characteristics of Ti/Ni continuous contact of type I on Si (100) after annealing in H2 at 380 ◦C for 1 h between contacts (a) 1-2, (b) 2-3, (c) 3-4, and (d) 
4-1. 
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Fig. 7. I-V characteristics of Ti/Ni corner contact of type I on Si (100) after annealing in H2 at 380 ◦C for 1 h between contacts (a) 1-2, (b) 2-3, (c) 3-4, and (d) 4-1.  
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electronic charge, BZ is the magnetic field, and I is the current. 
The Hall coefficient, RH, can be expressed as, 

RH =
VHallt
IBz

(19) 

After we measure the resistivity and Hall coefficient, then the carrier 
concentration and Hall mobility can be obtained from the following 
equations, 

Carrier concentration = n =
1

qRH
(20)  

Hall mobility = μ =
1

ρnq
=

RH

ρ (21)  

where n, µ, ρ, RH, q represents the carrier concentration, Hall mobility, 
resistivity, Hall coefficient and carrier charge, respectively. 

The electrical properties of the Ti/Ni type I contact on Si (100) were 
determined and the results for the continuous and corner contacts are 
presented in Fig. 9a and 9b, respectively. The resistivity, carrier con
centration and Hall mobility are found to be independent of the applied 
magnetic field for all samples tested. Typical values for the Ti/Ni type I 
continuous contact, in the as-deposited state, on Si are 1 × 1022 m–3 for 
the carrier concentration, 0.011 m2/V-s for the carrier mobility, and 
5.64 ohm-cm for the resistivity as presented in Fig. 9. There is only a 
small change to these values when comparing the as deposited and 

annealed (Ar and H2) samples. Similarly, for the Ti/Ni type I corner 
contacts, in the as-deposited state, the electrical properties were 
measured (Table 2) as carrier concentration of 2.4 × 1021 m–3, carrier 
mobility of 0.0325 m2/V-s, and resistivity of 8.45 ohm-cm. Also, a 
comparison of the as fabricated and annealed (Ar and H2) samples shows 
similar resistivity, carrier concentration and carrier mobility values. 

A summary of all measured properties of Ti/Ni metal contacts on Si 
(100) is given in Table 2. After being annealed in the atmospheres of Ar 
or H2, its properties barely changed. However, earlier I-V data are much 
more confirmative on whether the contacts are purely ohmic with high 
degree of confidence. It also confirms that annealing at high temperature 
of 380 ◦C for 1 h did not change the electrical properties, especially the 
contact resistance remained ohmic with values similar to the samples in 
the as-deposited state. Also, the properties of p-Si (100) wafer extracted 
from this study are similar to the range of values supplied by the vendor 
of the wafers (thickness- 500 μm, p-type, doping level of boron in Si 
(100) is 0.74 × 10 21 - 1.67 × 1022 m−3. Also, mobility and resistivity are 
in the range of 0.0368-0.0418 m2/V-S and 1-20 ohm-cm, respectively). 
These results provide strong justification that the contact metallization 
should not degrade after deposition of diamond films on Ti/Ni contact 
metallization useful for power electronic devices based on Si, SiC, and 
GaN semiconductors. Additional, research are planned on SiC and GaN 
substrates in support of the suggestion that no degradation should occur 
to Ti/Ni metallization on these wide band gap semiconductors useful for 
power electronics upon high temperature annealing and deposition in Ar 
or H2 typically used in diamond film deposition. 

4. Conclusions 

We have demonstrated the influence of processing conditions on the 
Ti/Ni contact metallization on the p-Si (100) wafer for thermal man
agement. Firstly, Ti/Ni films have been sequentially deposited on p-Si 
(100) substrates using the metal mask with circular vias by DC magne
tron sputtering using separate pure Ti and Ni targets. The thickness of Ti 
was ~10 nm and of Ni ~1000 nm. Further, the contact resistance and 
electrical properties of metallized Ti/Ni film on Si were measured before 
and after annealing treatments in Ar and H2 atmospheres at 380 ◦C for 1 
h. The post annealing treatments in Ar and H2 atmospheres led to better 
ohmic contacts and electrical properties such as resistivity, carrier 
concentration and Hall mobility. The typical resistivity values of 5-8 
ohm-cm, carrier concentration of ~1×1022 /m3, and Hall mobility of 
~0.01–0.04 m2/VS were obtained. These values are close to vendor 
supplied values for the Si (100) wafers (p-type, doping level of boron in 
Si (100) is 0.74×10 21–1.67×1022 m−3. Also, mobility and resistivity are 
in the range of 0.0368–0.0418 m2/V-S and 1-20 ohm-cm, respectively). 
The future research is focusing on the deposition of diamond on these 
metal layers and measure similar electrical properties and contact 
resistance of metallized semiconductors after diamond deposition as 
heat spreader. Current work in progress will include metallized Si, SiC 
and GaN substrates that are attractive for the present and future high 
power and microelectronic devices. 
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