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Recently, the need for high power, high frequency devices continues to grow 

with the increase in wireless communication, radar systems, HDTV, digital 

communication, and other military application of the RF spectrum. Traditionally 

when higher power is needed, one needs to either combine the output power of 

multiple devices or use vacuum tubes, which are still uncontested at very high power 

levels, capable of up to a few hundred kilowatts at 5GHz [11]. But wide band gap 

semiconductor devices capable of competing in this application. Moreover, the static 

induction transistor(SIT) in silicon carbide can provide very high total power at 

microwave frequency. This is due to the vertical structure of the SIT which consists of 

a vertical channel that is defined by a mesa with gate electrodes of the Schottky type 

to control the current between a top side source contact and a drain contact on the 

backside of the wafer. 

This thesis demonstrates that through careful modeling by means of 

simulations and inclusion of all significant device physics, good agreement is reached 



 

 

between theoretical prediction and simulation results. It is shown in particular that by 

careful choice of the device critical parameters, such as mesa width, gate length, and 

contact resistance, SIT should be able to obtain cut-off frequency up to 42GHz and 

shown temperature simulation results of SIT. 



 

ii 

 

 

ACKNOWLEDGMENTS 
  

I would like to express my sincere appreciation to my major professor Dr. 

Jeffrey B. Casady for his wise guidance, friendship, support, and endless 

encouragement during this research. He is one of the few best teachers I have ever 

met. I have learned a great deal from his approach of conducting research and life. I 

also want to thank Dr. Michael S. Mazzola for unconditional support in this work. 

Special thanks Dr. Seong-Gon Kim for thorough advice in dissertation. Also, I would 

like to express thanks Dr. Song-Yul Choe for serving on my dissertation committee.  

In addition, I would like to thank all my colleagues in the Emerging Material 

Research Laboratory and in the Mississippi Center for Advanced Semiconductor 

Prototyping. 



 

iii 

 

 

TABLE OF CONTENTS 
Page 

ACKNOWLEDGMENTS .........................................................................................ii 

LIST OF TABLES ....................................................................................................v 

LIST OF FIGURES ...................................................................................................vi 

CHAPTER 

I. INTRODUCTION..........................................................................................1 

1. Background :Review...................................................................................1 
2. Properties of SiC.........................................................................................3 

2.1 Crystal Structure...................................................................................3 
2.2 Energy Band Structure .........................................................................5 
2.3 Intrinsic carrier concentration ..............................................................5 
2.4 Low field mobility................................................................................6 
2.5 Thermal conductivity ...........................................................................8 

References....................................................................................................10 

II. STATIC INDUCTION TRANSISTOR .........................................................12 

1. Device Structure .........................................................................................12 
2. Operation ....................................................................................................15 

2.1 Ohmic region region ............................................................................18 
2.2 Exponential region ...............................................................................19 
2.3 Space Charge Limited Conduction region ...........................................19 

3. Limitations for Design ................................................................................20 
3.1 Thermal Limit on Total Power.............................................................20 
3.2 Impedance and Area Limit on Total Power .........................................21 

4. Qualification of the simulation ...................................................................23 
4.1 Thermal Equilibrium condition............................................................23 
4.2 Compare to measured data for parameter fitting..................................27 

References....................................................................................................30



 

iv 

CHAPTER  Page 

III. STATIC CHARATERISTICS .......................................................................31 

1. Device Physics............................................................................................31 
2. Voltage Gain and Maximum Current Physics ............................................32 
3. Basic Dimension parameters for SIT Design .............................................33 
4. Drain and Source Resistance ......................................................................40 
5. Basic considerations of Power and frequency performance.......................41 

References....................................................................................................42 

IV. HIGH FREQUENCY CHARATERISTICS ..................................................43 

1. Small Signal Equivalent Circuit of SIT ......................................................43 
2. Effect of contact Resistance........................................................................49 
3. Effect of Mobility .......................................................................................58 

3.1 Analytic Mobility ................................................................................58 
3.2 Perpendicular Electric Mobility Model................................................58 
3.3 Surface Mobility Model .......................................................................59 
3.4 Hewlett-Packard Mobility Model ........................................................59 

4. Effect of Saturation Drift velocity ..............................................................62 
5. Considerations for high frequency SIT Design ..........................................65 

References....................................................................................................67 

V. TEMPERATURE SIMULATIONS...............................................................69 

1. Theoretical Considerations .........................................................................69 
2. Gate-Drain Breakdown Voltage .................................................................70 
3. Temperature Dependent DC performances ................................................79 
4. Temperature Dependent Frequency performances .....................................84 

References....................................................................................................96 

VI. CONCLUSION AND FUTURE WORK.......................................................97 
1. Conclusion ..................................................................................................97 
2. Future Works ..............................................................................................100 

References....................................................................................................101 

APPENDICES 

A. Reported gain of SiC SIT’s over the past 5 years..........................................102 
B. Simulation Results for I-V Characteristics ....................................................104 
C. Conversion from Y-parameter to S-parameter ..............................................129 
D. Simulation Results for Frequency and Transconductance Characteristics ....131



 

v 

 

 

 

LIST OF TABLES 

TABLE Page 

1.1  Properties of SiC polytypes ··············································································  4 



 

vi 

 

 

 
LIST OF FIGURES 

FIGURE Page 

1.1 Intrinsic carrier concentrations vs temperature of 4H-Sic, Si and GaAs ···· 6 

1.2 Low field electron and hole mobility of 4H-SiC, Si, and GaAs  
at room temperature··············································································· 7 

1.3 Mobility vs doping and temperature for electron and holes  
4H-SiC,  GaAs, Si ·················································································  9 

2.1 Structure of recessed gate static induction transistor ································· 13 

2.2 Structure of well-suited recessed gate static induction transistor ··············· 14 

2.3 Structure of surface gate static induction transistor ··································· 14 

2.4 SIT’s three regions of current flow···························································· 16 

2.5 Conduction Band Energy of one half drift channel···································· 16 

2.6 Conduction Band Energy in some bias······················································ 17 

2.7 Conduction Band Energy in the center of channel (X=0)  
for different drain voltages ···································································· 17 

2.8 Electron current densities inside the SIT ···················································  24 

2.9 Current densities inside the SIT·································································  25 

2.10 The simulation result of electron quasi-Fermi potential  
under thermal equilibrium ····································································· 26 

2.11 The simulation result of hole quasi-Fermi potential under  
thermal equilibrium. ·············································································  26 

2.12 Output I-V curve for a 0~50 [V] drain voltage scales. The “+” symbols 
are measured data and the solid line are the results obtained from 
Medici Simulations. ·············································································· 27



 

vii 

FIGURE Page 

2.13 Output I-V curve for a 0~130 [V] drain voltage scales. The “+” symbols 
are measured data and the solid line are the results obtained from 
Medici Simulations.···············································································  28 

3.1 On resistance, voltage gain, maximum current and knee voltage··············· 32 

3.2 I-V curves for various gate length and mesa widths with  
ND = 5·1015 cm-3, Lsg=0.5 µm and t=2a. Curve start at a  gate voltage  
Vg=0 and progress in -2V steps ····························································· 36 

3.3 Maximum Current for various gate lengths and mesa widths on the IV 
curves. ···································································································  37 

3.4 Maximum Current for various gate lengths and mesa widths. ·················· 38 

3.5 Blocking gain as a function of gate lengths and mesa widths ···················· 39 

3.6 Cut-off Frequency as function of gate lengths and mesa widths 
for fixed voltage gain 10 dB····································································· 41 

4.1 Pi-equivalent circuit for small signal modeling ·········································  45 

4.2 General Hybrid-Pi equivalent circuit ························································ 46 

4.3 Magnitude of Yf and Yo as function of frequency at bias point 
Vd = 10V, Vg = 0V. ················································································· 47 

4.4 Gate-Drain and Gate-Source Capacitance as function of frequency 
 at bias point Vd = 10V, Vg = 0 V. ·························································· 48 

4.5 Cut-off Frequency as a function of gate length and mesa width with 
drain contact resistivity 1·10-5 [Ω cm2]···················································  50 

4.6 Transconductance as a function of gate length and mesa width at drain 
contact resistivity 1·10-5 [Ω cm2], source contact resistivity 0.5·10-5, 
1·10-5, 5·10-5, 10·10-5, 50·10-5 [Ω cm2], from top to bottom,  
respectively ··························································································· 51 

4.7 Gate-source capacitance as a function of gate length and mesa width  
with drain contact resistivity 1·10-5 [Ω·cm2], source contact resistivity 
 0.5·10-5, 1·10-5, 5·10-5, 10·10-5, 50·10-5 [Ω cm2], from top to bottom, 
 respectively ··························································································  52 

4.8 Gate-drain capacitance as a function of gate length and mesa width 
at drain contact resistivity 1·10-5 [Ω·cm2], source contact resistivity  
50·10-5, 10·10-5, 5·10-5, 1·10-5, 0.5·10-5 [Ω cm2], from top to bottom,  
respectively. ·························································································· 53 



 

viii 

FIGURE Page 

4.9 Cut-off Frequency as a function of gate length and mesa width with  
source contact resistivity 1.0·10-5 [Ω cm2], drain contact resistivity  
0.5·10-5, 1·10-5, 5·10-5, 10·10-5, 50·10-5 [Ω cm2], from top to bottom,  
respectively ···························································································  54 

4.10 Transconductance as a function of gate length and mesa width at  
source contact resistivity 1·10-5 [Ω cm2], from top drain contact  
resistivity 0.5·10-5, 1·10-5, 5·10-5, 10·10-5, 50·10-5 [Ω cm2],  
respectively. ·························································································· 55 

4.11 Gate-source Capacitance as a function of gate length and mesa width 
with source contact resistivity 1·10-5 [Ω cm2], from top drain  
contact resistivity 50·10-5, 10·10-5, 5·10-5, 1·10-5, 0.5·10-5 [Ω cm2], 
 respectively ··························································································  56 

4.12 Gate-Drain Capacitance as a function of gate length and mesa width at  
source contact resistivity 1·10-5 [Ω cm2], from top drain contact  
resistivity 50·10-5, 10·10-5, 5·10-5, 1·10-5, 0.5·10-5 [Ω cm2], respectively 57 

4.13 Cut-off Frequency depend on mobility model ·········································· 61 

4.14 Cut-off Frequency in several mobility models, LSSMMOB :  
Analytic Mobility model, HPMOB : Hewlett Parkard mobility, 
SRFMOB : Surface mobility model, PRPMOB : Perpendicular  
Electric Mobility····················································································  61 

4.15 Cut-off Frequency depend on Saturation Drift velocity ····························  62 

4.16 Transconductors depend on Saturation Drift velocity, from top to 
bottom, 2.5·107, 2.2·107, 2.0·107 and 1.5·107[cm/s], respectively ·········· 63 

4.17 Gate-drain capacitances in other saturation drift velocity, from  
top to bottom, vsat : 2.5 · 107, 2.2 · 107, 2.0 · 107, and 1.5 · 107[cm/s] ·····  64 

4.18 Gate-source capacitances in other saturation drift velocity, from top 
to bottom, vsat : 1.5 · 107, 2.0 · 107, 2.2 · 107, and 2.5 · 107[cm/s] ··········· 65 

4.19 Cut-off Frequency as a function Doping ND and Gate length with  
source contact resistivity 1.0·10-5 [Ω·cm2] ·············································  66 

5.1 Avalanche Breakdown voltage and Electric Field at Impact Ionization 
integral reaches unity for a) 300K, b) 400K, c) 500K, d) 600K, e) 700K, 
d) 800K ································································································· 72 

5.2 Avalanche breakdown voltage as a function of mesa width and gate  
length with doping 5·1016 [cm-3] for temperature increase  ··················· 76 



 

ix 

FIGURE Page 

5.3 Avalanche Breakdown voltage as a function of mesa width and gate  
length with the doping 2·1017 [cm-3] for temperature increase  ············· 77 

5.4 Avalanche Breakdown voltage with doping 5·1016 [cm-3] for  
temperature increase, from top to bottom, 300K, 400K, 500K, 
 600K, 700K, 800K················································································ 78 

5.5 Avalanche Breakdown voltage with temperature increasing for  
the doping 2·1017 [cm-3] from top to bottom 300K, 400K, 500K,  
600K, 700K, 800K····················································································78 

5.6 I-V Curves at (a) T=300K, (b) T=400K, (c) T=500K, (d) T=600K, (e)  
T=700K, (f) T=800K, respectively. The ten curves in each figures  
correspond to Vg=0V, -2V, -4V, -6V, -8V, -10V, -12V, -14V, -16V, -18V, 
from the top to the bottom. ··································································· 80 

5.7 I-V Curves at T=300K, 400K, 500K, 600K, 700K, 800K for Vg = -8V, 
-10V, from the top to the bottom, respectively······································· 83 

5.8 Maximum Current at T=300K, 400K, 500K, 600K, 700K, 800K  
for 2·1017 cm-3, from top to bottom, respectively ·································· 84 

5.9 h21 parameter from simulated Y-parameter showing the  
bandwidth-gain product (fT) of 9.6 GHz at 600 [K]. Bias point is  
Vd = 50 V, Vg = -4 V ·············································································· 86 

5.10 h21 parameter from simulated Y-parameter with bais point is Vd = 50 V, 
Vg = -4 V, Doping  5.0e+16 cm-3, from top to bottom, 300, 400 500, 600,  
700, 800 [K], respectively······································································  87 

5.11 Cut-off frequency as a function of gate length and mesa width for 
a  bias point of Vd = 50 V, Vg = -4 V, Doping 5.0e+16 cm-3, from top  
to bottom curves, 300, 400, 500, 600, 700, 800 [K], respectively ·········  88 

5.12 Transconductance  plotted as a function of gate length and mesa width 
 for a  bias point of Vd = 50 V, Vg = -4 V, Doping value 5.0e+16 cm-3, 
 from top to bottom curves, 300, 400, 500, 600, 700, 800 [K],  
respectively. ··························································································  89 

5.13 Gate-Source capacitance plotted as a function of gate length and  
mesa width for a  bias point of Vd = 50 V, Vg = -4 V, Doping value 

 5.0e+16 cm-3, from top to bottom curves, 300, 400, 500, 600,  
700, 800 [K], respectively······································································  90 



 

x 

FIGURE Page 

5.14 Gate-Drain capacitance as a function of gate length and mesa width 
for a  bias point of Vd = 50 V, Vg = -4 V, Doping value 5.0e+16 cm-3, 
from top to bottom, 800, 700, 600, 500, 400, 300 [K], respectively ······ 91 

5.15 Cut-off frequency plotted as a function of gate length and mesa width  
for a  bias point of Vd = 25 V, Vg = 0 V, Doping value 5.0e+16 cm-3,  
from top to bottom curves, 300, 400, 500, 600, 700, 800 [K], 
 respectively··························································································· 92 

5.16 Transconductance  plotted as a function of gate length and mesa width 
for a  bias point of Vd = 25 V, Vg = 0 V, Doping value 5.0e+16 cm-3,  
from top to bottom curves, 300, 400, 500, 600, 700, 800 [K],  
respectively ··························································································· 93 

5.17 Gate-Source capacitance plotted as a function of gate length and 
 mesa width for a  bias point of Vd = 25 V, Vg = 0 V, Doping value 
 5.0e+16 cm-3, from top to bottom curves, 300, 400, 500, 600,  
700, 800 [K], respectively ······································································ 94 

5.18 Gate-Drain capacitance plotted as a function of gate length and  
mesa width for a  bias point of Vd = 25 V, Vg = 0 V, Doping value  
5.0e+16 cm-3, from top to bottom curves, 800, 700, 600, 500, 400, 
300 [K], respectively ············································································ 95 
 

B.1 I-V curves for different values of Lg and 2a, with ND = 5·1015 [cm-3]  
and 300 [K]. ··························································································· 105 

B.2 I-V curves for different values of Lg and 2a, with ND = 5·1015 [cm-3] 
and 400 [K]. ··························································································· 106 

 
B.3 I-V curves for different values of Lg and 2a, with ND = 5·1015 [cm-3]  

and 500 [K]···························································································· 107 
 

B.4 I-V curves for different values of Lg and 2a, with ND = 5·1015 [cm-3] 
 and 600 [K]. ·························································································· 108 

 
B.5 I-V curves for different values of Lg and 2a, with ND = 5·1015 [cm-3]  

and 700 [K]. ··························································································· 109 
 
B.6 I-V curves for different values of Lg and 2a, with ND = 5·1015 [cm-3]  

and 800 [K]. ··························································································· 110 
 
B.7 I-V curves for different values of Lg and 2a, with ND = 1·1016 [cm-3]  

and 300 [K]. ··························································································· 111



 

xi 

FIGURE                                                                                                                 Page 

 
B.8 I-V curves for different values of Lg and 2a, with ND = 1·1016 [cm-3] 

 and 400 [K]. ·························································································· 112 
 
B.9 I-V curves for different values of Lg and 2a, with ND = 1·1016 [cm-3] 

 and 500 [K]. ·························································································· 113 
 
B.10 I-V curves for different values of Lg and 2a, with ND = 1·1016 [cm-3]  

and 600 [K]. ························································································· 114 
 

B.11 I-V curves for different values of Lg and 2a, with ND = 1·1016 [cm-3] 
 and 700 [K]. ························································································ 115 

 
B.12 I-V curves for different values of Lg and 2a, with ND = 1·1016 [cm-3]  

and 800 [K]. ························································································· 116 
 
B.13 I-V curves for different values of Lg and 2a, with ND = 5·1016 [cm-3]  

and 300 [K]. ························································································· 117 
 
B.14 I-V curves for different values of Lg and 2a, with ND = 5·1016 [cm-3]  

and 400 [K]. ························································································· 118 
 
B.15 I-V curves for different values of Lg and 2a, with ND = 5·1016 [cm-3]  

and 500 [K]. ························································································· 119 
 
B.16 I-V curves for different values of Lg and 2a, with ND = 5·1016 [cm-3]  

and 600 [K]. ························································································· 120 
 
B.17 I-V curves for different values of Lg and 2a, with ND = 5·1016 [cm-3]  

and 700 [K]. ························································································· 121 
 
B.18 I-V curves for different values of Lg and 2a, with ND = 5·1016 [cm-3]  

and 800 [K]. ························································································· 122 
 
B.19 I-V curves for different values of Lg and 2a, with ND = 2·1017 [cm-3]  

and 300 [K]. ························································································· 123 
 
B.20 I-V curves for different values of Lg and 2a, with ND = 2·1017 [cm-3]  

and 400 [K]. ························································································· 124 
 
B.21 I-V curves for different values of Lg and 2a, with ND = 2·1017 [cm-3]  

and 500 [K]. ························································································· 125 
 
B.22 I-V curves for different values of Lg and 2a, with ND = 2·1017 [cm-3] 

 and 600 [K]. ························································································ 126



 

xii 

FIGURE                                                                                                                 Page 

 
B.23 I-V curves for different values of Lg and 2a, with ND = 2·1017 [cm-3]  

and 700 [K]. ························································································· 127 
 
B.24 I-V curves for different values of Lg and 2a, with ND = 2·1017 [cm-3] 

 and 800 [K]. ························································································ 128 
 

D.1 Cut-off frequency for different values of Lg and 2a, with  
ND = 5·1015 [cm-3], from top to bottom, 300, 400, 500, 600, 
 700, 800 [K], respectively.·································································· 132 
 

D.2 Cut-off frequency for different values of Lg and 2a, with  
ND = 1·1016 [cm-3], from top to bottom, 300, 400, 500, 600,  
700, 800 [K], respectively.··································································· 132 

 
D.3 Cut-off frequency for different values of Lg and 2a, with 

 ND = 5·1016 [cm-3], from top to bottom, 300, 400, 500, 600,  
700, 800 [K], respectively.··································································· 133 

 
D.4 Cut-off frequency for different values of Lg and 2a, with  

ND = 2·1017 [cm-3], from top to bottom, 300, 400, 500, 600,  
700, 800 [K], respectively.··································································· 133 

 
D.5 Transconductance for different values of Lg and 2a, with 

 ND = 5·1015 [cm-3], from top to bottom, 300, 400, 500, 600,  
700, 800 [K], respectively.··································································· 134 

 
D.6 Transconductance for different values of Lg and 2a, with  

ND = 1·1016 [cm-3], from top to bottom, 300, 400, 500, 600,  
700, 800 [K], respectively.··································································· 134 

 
D.7 Transconductance for different values of Lg and 2a, with 

 ND = 5·1016 [cm-3], from top to bottom, 300, 400, 500, 600,  
700, 800 [K], respectively. ·································································· 135 

 
D.8 Transconductance for different values of Lg and 2a, with  

ND = 2·1017 [cm-3], from top to bottom, 300, 400, 500, 600, 
700, 800 [K], respectively.··································································· 135 



 

1 

 
 
 

CHAPTER I 
 
 

INTRODUCTION 
 
 
1 Background :Review 

Silicon Carbide (SiC) as a semiconductor material is provided with several 

special properties. The primary research areas for SiC have been high power RF 

devices, high temperature electronics and radiation hard electronics (space electronics 

and nuclear reactor). This can be attributed to special material properties of SiC. The 

large bandgap of SiC (3.2 eV for 4H polytype) and high electron field strength (3.0 

MV/cm) allows for high voltage applications and reduces series resistance in the 

lightly-doped drift region. The high saturated drift velocity of SiC is also 

advantageous in the development of high speed devices such as high frequency 

amplifiers [1]. Table 1-1 shows a comparison of material parameters for various 

semiconductors. 

SiC’s Static Induction Transistor (SIT) is well-suited for high power and high 

frequency (71 Kw demonstrated at UHF). The leading parameters for design are 

developed through careful modeling by means of simulations and inclusion of all 

significant device physics, this thesis demonstrates that good agreement is reached 

between theoretical prediction and results of various simulations, such as temperature, 

saturation drift velocity, and contact resistance.  

The SiC Static Induction Transistor is based on the original SIT concepts 

developed in 1950 [2] by Nishizawa, which have received continued development for 
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the past five decades [3-5]. As compared to a Si Bipolar Junction Transistor (BJT), 

the SIT has advantages in being a majority carrier device, voltage-controlled, and 

often higher breakdown voltage and input impedance.  While most SIT development 

has occurred in Si, renewed interest in the use of SiC SIT's over the past 10 years has 

occurred because of SiC's ten-fold advantage (3 MV/cm) in critical field strength and 

nearly two-fold advantage in saturated electron velocity (1.6~2.2 x 107 cm/s) [6-10].  

Additionally, SiC has an extremely high thermal conductivity (θk = 3 W/cm⋅K) which 

far surpasses that of Si and GaAs, and allows an increased junction operating 

temperature (Tj) to nearly 400°C because of the high θk and dramatically reduced pn 

junction leakage currents resulting from its wide (Eg = 3.2 eV for the 4H-SiC 

polytype) bandgap.  By use of SiC, it is thus possible to increase the voltage (power) 

rating of high-frequency amplifiers, and also increase the power density by a factor of 

4 to 10 in UHF to S-band transistors.  Parasitic capacitances are reduced by shrinking 

the device area while maintaining the power level and higher input/output impedance 

of the devices often requires little or no impedance matching.  Limitations, which 

have slowed commercial insertion of SiC devices to date, include wafer size (75 mm 

maximum diameter available in 2002), wafer cost, device/epitaxy processing, and 

wafer defects.  Currently, solid state devices are available provide a total power of 

tens of watts at 1 GHz, such as the silicon based bipolar transistor, and a few watts at 

10 GHz, like the GaAs based MESFET [21]. When higher power is needed, one needs 

to either combine the output power of multiple devices or use vacuum tubes, which 

are still uncontested at very high power levels, capable of up to a few hundred 

kilowatts at 5 GHz [11]. High total power for a single device means that a smaller 
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number of devices is needed to build a high power amplifier. This should lead to 

higher reliability, easier circuit design and lower cost.  

 

2 Properties of SiC 
 
 

2.1 Crystal Structure 

 SiC exhibit a one-dimensional polymorphism called polytypism. An almost infinite 

number of SiC polytypes are possible, and approximately 200 polytypes have already 

been discovered.[12]  SiC polytypes differentiated by the stacking sequence of each 

tetrahedrally bonded Si-C bilayer. With the exception of 2H and 3C, all of the 

polytypes form 1-D superlattice structure [13]. The polytypes are divided into three 

basic crystallographic categories; cubic (C), hexagonal (H), and rhombohedral (R). 

Cubic SiC has only one possible polytype, and is referred to as 3C-SiC or ß-SiC. Each 

SiC bilayer can be oriented into only three possible positions with respect to the 

lattice while the tetrahedral bonding is maintained. If these three layers are arbitrarily 

denoted A, B, and C, and the stacking sequence is ABC/ABC.... then the 

crystallographic structure is cubic zinc blende and referred to as 3C-SiC. It possesses 

the smallest bandgap (~2.4 eV) [14], and one of the largest electron mobility of all the 

SiC polytypes, and has been grown on 6H-SiC substrate. If the stacking of the bi-

layers is AB/AB…., then referred to as 2H-SiC, stacking sequence with 

ABCB/ABCB…. and ABCACB/ABCACB…., is referred to as 4H-SiC and 6H-SiC. 4H-

SiC consists of an equal number of cubic and hexagonal bonds. 6H-SiC is composed 

of two-thirds cubic bonds and one-third hexagonal bonds.  
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These SiC polytypes have substantially different thermal, optical, and electrical 

properties due to their different crystal structure. The properties of the commonly 

used SiC polytypes which are most important for device applications are 

comparing with the similar properties of silicon and gallium arsenide in Table 

1.1[14, 20]. 

The properties of SiC, such as wide band gap, excellent thermal conductivity, 

high breakdown filed, high saturation drift velocity, provide a great deal of 

attractiveness in high speed, high power devices working at elevated temperature 

and radiation, such as high power switch and high power amplifier. Also, SiC’s 

properties of high chemical stability and radiation tolerance have attraction for 

aviation, nuclear, and space applications. 

 

Table 1.1 Properties of SiC polytypes  

Property Si GaAs 4H-SiC 6H-SiC 3C-SiC 

Band Gap(eV) 1.12 1.42 3.2 3 2.4 

Breakdown Field 
(MV/cm) 0.6 0.6 3.0 3.0 3.0 

Saturated Drift 
Velocity (cm/s) 107 107 2.2x107‡ 1.9x107‡  2.5x107 

Thermal Conductivity 
(w/cm °C) 1.5 0.5 4.9 4.9 5 

Electron Mobility 
(cm2/Vs)† 1100 6000 900 370 750 

Hole Mobility 
(cm2/Vs)† 420 320 115 90 40 

†: at doped concentration of 1017 cm-3 

‡: [15] 
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2.2 Energy Band Structure 

 The energy band structure of SiC strongly depends on the polytypes. Both 

experimental and theoretical results show that the valence band maxima for all 

common polytypes are located at the center of the Brillouin zone (Γ point). For all 

polytypes but 2H-SiC the conduction band minimum of 4H-SiC is found to be at the 

M point of the Brillouin zone. The indirect energy band gap varies with the polytype 

reaching values between Eg=2.3 eV for 3C-SiC and Eg=3.2 eV for 4H-SiC. 4H-SiC 

has the largest energy band gap among all common SiC polytypes. 

 The temperature dependent energy band gap is not known for 4H-SiC. 

Experiment results in Ref. [16] show that the temperature coefficients of energy band 

gap for 6H-SiC and 3C-SiC are -3.3 x 10-4 eV/K and -5.8 x 10-4 eV/K, respectively, 

Since crystal structure of 4H-SiC is closer to 6H-SiC than to 3C-SiC, following the 

same approach as in Ref.[17] and using the temperature coefficient of the energy band 

gap of 4H-SiC, the following temperature dependent band gap of 4H-SiC is obtained 

 )300(103.319.3)( 4 KTTEg −×−= −  eV        (1.1) 

 

2.3 Intrinsic carrier concentration 

 In semiconductor 4H-SiC, effective densities of states in the conduction and 

valence bands can be expressed as 

2

4( )c
c

m kTN
h

π
=   (1.2) 

                                2

4( )v
v

m kTN
h

π
=   (1.3)  

where k is the Boltzman constant. For 4H-SiC mc(300k) = 0.76m0, mv(300k) ≈1.2m0 , 

m0(300K) = 9.11x10-31 Kg in room temperature.  
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 The intrinsic carrier concentration at thermal equilibrium is given by 

                         
( )

exp( )
2

g
i c v

E T
n N N

kT
−

=     (1.4) 

The temperature dependant intrinsic carrier concentrations of 4H-SiC, Si, and GaAs 

according to are shown Figure 1.1. 

 

Figure 1.1  Intrinsic carrier concentrations vs temperature of 4H-Sic, Si and 
GaAs.  
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where the electron set of data are min
nµ =0 ㎠ /(V sec), delta

nµ =947 ㎠ /(V sec), 

nN µ =1.94 × 1017  ㎠ /(V sec), nγ =0.61 and 2.15nα = − ; the hole set of data are  

min
pµ =15.9 ㎠/(V sec), delta

pµ =108.1 ㎠/(V sec), pN µ =1.76×1019 ㎠/(V sec), pγ =0.34 

and 2.15pα = − . Note: this mobility model does not contain the effects of electron-

hole scattering, which may be important in power devices operating under high-

injection conditions [17]. 

 

Figure 1.2 Low field electron and hole mobility of 4H-SiC, Si, and GaAs at 
room temperature 

 
 

The low field mobility of 4H-SiC higher than those of 6H-SiC for both electrons 

and holes; the mobility of Si is high than that of 4H-SiC, and that of GaAs is highest. 

Thus GaAs has the tremendous advantage in high speed application field over both Si 

and 4H-SiC at low fields. The low field mobility of 4H-SiC, Si, and GaAs at room 
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temperature is shown in Figure 1.2. In the low doping case, as the temperature 

increases, the lattice atoms vibrate more about their mean position, thus effectively 

increasing in “size” and thereby increasing the chance of collisions. The mobility 

therefore decreases with increase T. The theoretical dependence is 
3
2Tµ

−
∝ [18] 

and it shown in Figure 1.3. 

 

2.5 Thermal conductivity 

The other important physical property of SiC is its high thermal conductivity. 

Typically, the thermal conductivity depends on polytypes and doping but the thermal 

conductivity of SiC exceeds that of copper (4.01Wcm-1K-1), silver ((4.29Wcm-1K-1), 

Al2O3 , and is about 5 times higher than that of Si. This is mainly due to the phonon 

dispersion relation distribution. Also, this property leads to a simple design of heat 

dissipation of the device and the circuit even in high temperature and high power field 

[19]. 
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Figure 1.3 Mobility vs doping and temperature for electron and holes 4H-
SiC, GaAS, Si. 
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CHAPTER II 
 
 

STATIC INDUCTION TRANSISTOR  
 
 

1 Device Structure 

Both recessed gate and planar gate SIT’s have been fabricated in Si and SiC.  

However because of difficulty in deep ion implantation (p-type dopant Al implanted 

at energy of 380 keV has a peak range of only 0.42µm into SiC) and the lack of 

diffusion at temperatures below 1800°C, the recessed gate structure has been favored 

in SiC. Typical recessed gate SIT structures are shown in Fig. 2.1, with primary 

differences found in the gates. The gate may be a Recessed Gate - Bottom contact 

(RG-B), as shown in Fig. 2.1, or a RG with Sidewall and Bottom contact (RG-SB), as 

shown in Fig. 2.2 which provides a longer gate length (Lg). Increasing Lg improves 

gate control, voltage gain (µ), and transconductance (gm), while reducing the output 

resistance (rDS).  The gate material may be formed from either a Schottky metal or a 

pn junction, and can be thought of as analogous to a vertical dual-gate MESFET or 

JFET structure, respectively.  The gate depletes the channel from each side a distance 

(xd) into the channel.  The total channel thickness (2a), trench width (t), and drift 

region length (Lgd) are illustrated in Fig. 2.1. Planar gates can also be fashioned in SiC 

[1], but the recessed gate with a Schottky barrier offers the lowest parasitics and most 

efficient gating [2].  A PN junction gate can be used with higher gate resistance (Rg), 

but offers less gate-to-source leakage at a higher maximum junction temperature 
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(Tjmax) and potentially higher power density.  The PN gate leakage at high 

temperatures in SiC devices is substantially reduced (proportional to the intrinsic 

carrier concentration of ni or ni
2) compared to Si or GaAs devices, and degradation of 

the Schottky contact is not limiting reliability if one uses a PN gate, as shown Fig. 2.3. 

PN gate also adds some cost to processing since additional p-type implant and 

activation anneal are required 
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Figure 2.1 Structure of recessed gate static induction transistor. 
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2 Operation 

        With Vg = Vs = 0 V, the conventional SIT has its channel completely depleted 

(xd>a).  If xd < a, which often done to increase maximum total current and power, 

then the SIT is referred to as mixed-mode [4].  Other terms for the SIT include 

gridstor, VFET (Vertical FET), or Permeable Base Transistor (PBT) [5].  PBT's often 

have extremely short gates (Lg<a<xd).  The VFET nomenclature is generally reserved 

for devices with saturated drain-source output curves, unlike the triode characteristics 

of the SIT.  The SIT name itself refers to the fact that the output characteristics are 

modified by static induction and not just the input (gate) voltage as is the case for 

conventional FET's in the saturation mode.  There are three basic conduction 

mechanisms possible when the SIT is on, known as the ohmic, exponential, and Space 

Charge Limited Current (SCLC) regions, which are identified in Fig. 2.4 for a typical 

RG-SB SIT in SiC with a channel and drift region doped at 5×1015 cm-3.  (One may 

increase the channel doping to increase the total maximum current.)  The transistor 

conduction mechanisms are two-dimensional, and a short basic description of the 

various regimes is given. Current flow is modified by gate, drain, and source 

potentials, through saddle point minima between the gate electrodes, as shown in Fig. 

2.5, where the minima is located at the mid-point of the channel.  
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Figure 2.5 Conduction Band Energy of one half drift channel. 
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  Figure 2.6 Conduction Band Energy in some bias. 
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2.1 Ohmic region 

         In the ohmic (linear) region, the channel is not completely pinched off by the 

depletion regions under fairly low gate and drain bias (see Fig. 2.5, Fig. 2.6, and Fig. 

2.7).  The current from drain-to-source (Ids) is controlled by ohmic resistances found 

between the depletion regions under (beside) the gate, undepleted portions of the drift 

region, and the partially depleted portion of the channel immediately above the gate.  

The limiting portion is of course the region between gate depletion regions, which is 

often very narrow.  Each channel is depleted from the gate on both sides by xd which 

is given by Eqn. (2.1), where εs = 10.0 for SiC, ε0 = 8.854 x 10-14 F/cm2, q = 1.6 x 10-

19 C and ND is the channel doping.  Vbi and Vg represent the built-in potential and gate 

voltage, respectively.   

   

02 ( )s bi g
d

D

V V
x

qN
ε ε −

=
     (2.1) 

where:  1
2[ ln( )]g D

i

E N
bi B q nV kTφ= − − . 

The quantity φB is the Schottky barrier height (typically 1.1 eV for Ni on SiC) at the 

metal-SiC junction.  The current density in this region can be given by JD = q .vnD 

.ND, and the area is simply A=2.Aeff .Z per finger.  The quantities Aeff and Z are the 

undepleted channel width and channel depth, respectively.  In this low-field region, 

the current is not limited by vsat, but rather proportional to the effective open area, 

channel doping, and low-field electron velocity (vnD).  For this reason, the 4H 

polytype of SiC is the commercially-available preferred polytype because it has the 

highest electron mobility. 
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2.2 Exponential region 

In the exponential region, even though the channel is depleted with a low gate 

bias, a high drain bias influences conduction over the potential barrier in the channel 

from drain to source.  The potential barrier in the channel (as shown in Fig. 2.5 and 

2.6 for half of a 1.2 µm channel thickness) between the two gate electrodes has barrier 

lowering in the mid-point region exponentially dependent upon the high drain bias.  

Since the exponential relationship exists, the current in this region can be described 

below in Eqn. (2.2) as exponentially dependent upon the amount of barrier lowering 

in the channel (∆Φ), which is a function of the drain and gate bias [6]. 

0

q
kTI I e
∆Φ

=         (2.2) 

where, q is the electron charge, k is Boltzman’s constant, T is the absolute 

temperature, and I0 is a constant that depends on the channel geometry. 

 

2.3 Space Charge Limited Conduction region 

When the current density becomes high, a large drain voltage induces a large 

number of carriers into the gated and drift region. Also, when the carrier 

concentration becomes higher than the doping, the current becomes space charge 

limited. One can modify the treatment by Mott and Gurney [7, 8] and arrive at 

0 22D s SAT
VJ v
L

ε ε=
         (2.3) 

where, V is the voltage drop from the contact (drain terminal) to the saddle point 

minima and L is the distance from the drain to the saddle point minima (≈Lsg + Lg + 

Lgd).  vsat is the saturated electron drift velocity.  Eqn. (2.3) can be expressed in terms 

of total current [2] as shown in Eqn. (2.4).   
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VI v A
L L L

ε ε=
+ +                              (2.4) 

Note that total current for similar voltage and frequency rated Si and SiC devices will 

be quite different as Lgd would be an order of magnitude thinner and vsat would be 1.5 

to 2X higher in the case of SiC.  However, in using these equations, there is an 

intrinsic assumption made regarding the SIT operation, which is explicitly that the 

electric field remains high enough (≫1×105 V/cm in SiC) throughout the device, so 

that the electron velocity remains in saturation.  While this is a simplifying 

assumption, which makes analysis easier, it can easily be violated, and can have 

significant impact on device operation (see discussion regarding temperature limits 

below for example). 

 

3 Limitations for Design 
 
 

3.1 Thermal Limit on Total Power 
 

Most power devices have a heat sink that is usually attached to the backside of 

the wafer. The generated heat must be transferred to it. Assuming a 45° spreading 

angle, the associated thermal resistance can be computed by  

                       ( ))1 ln
( )

sub
TH

TH sub

T W Z
R

W Z T Z Wσ
+

=
− +

   (2.5) 

where, W and Z are width and depth of device. and for a given power density per area 

"P  we find the rise in device temperature T∆  for steady state conditions 

"
THT R P∆ =       (2.6) 
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  The thermal resistance RTH has a sizable spreading part that scales sublinearly 

with an increase of the device area, A=W · Z. This means an increase in internal 

device temperature for larger area devices and a give temperature of the heat sink. 

Typically, the pitch between adjacent mesas, t+2a, affects the thermal resistance as 

well as the thermal power density generated on the top side of the wafer. A larger 

pitch makes it easier to dissipate the heat from the device. Additionally possibilities to 

improve the heat dissipation are a reduction of the generated thermal power by a high 

efficiency, and reducing the thermal resistance by thinning the substrate. However, a 

thinner substrate may in practice not improve the heat dissipation much because the 

thermal conductivity of the SiC substrate is comparable to the thermal conductivity of 

the metals that one would use for a heat sink attached to the backside of the wafer. 

 

3.2 Impedance and Area Limit on Total Power 

    The output and input impedances can use in a microwave system have a lower 

limit that is fixed by circuit considerations and rarely be influence by the device 

designer. The impedance at the input and output of a device decreases with increasing 

device periphery, thus impedance imposes a limit on the total device size.  The input 

impedance of a typical SIT is mainly capacitive. For example, the input capacitance 

with the output shorted is S
inC , the input impedance with output connected to load  is 

L
inC , and the input inductance is inL . For all cases of interest L

inC  is larger than S
inC  due 

to Miller effect [9]. In power microwave, the loaded input capacitance; L
inC  must be 

small enough so that the desired bandwidth can be achieved. The input impedance of 

the device is realized by synthesizing a transmission line such that the input 
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capacitance of each transistor stage is absorbed into the line impedance. This 

transmission line will have a cut-off frequency given by [10] 

2
c L

in inC L
ω =

                                                                (2.7) 

and, input impedance given by 

                                           

in
in L

in

LZ
C

=
  (2.8) 

Eqn. (2.7) and Eqn. (2.8) lead to the frequency limit for the amplifier given by [10] 

                                          

1
c L

in in

f
Z Cπ

〈
 (2.9) 

The load line is given in Fig. 2.4 between VBR (Ids = 0) to Imax (Vds = Vknee), where VBR 

is the static breakdown voltage between drain and source.  Imax is the maximum total 

current in the ohmic region at Vg = 0 before conduction begins to be affected by 

SCLC and series resistance denoted at Vds = Vknee.  The very high VBR of SiC SIT's (up 

to 450 V for S-band parts has been demonstrated) allows the theoretical power density 

(PD) described in Eqn. (2.10) to be much higher than in Si. Since PD is proportional to 

VBR
2, and SiC's VBR is nominally 10 times that of Si for similar-rated parts, this 

translates to a 100 times higher theoretical power density advantage for SiC SIT's 

over Si. Achieving those advantages will also require exceptional packaging 

technology to be implemented for SiC parts. 

2( )1 ( )m ax8 8
V VB R kneeP I V VD B R knee R L

−
= − =

    (2.10) 

Using SiC provides for another advantage in broadband amplifiers, which require 

minimum output impedance from the transistor.  Since scaling the area up in a device 
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decreases both input and output impedance, the area of the device can be constrained 

by this requirement.  SiC's ability to operate at higher voltages can increase the total 

output power while still maintaining some required output impedance.   

 

4 Qualification of the simulation 

Before using simulation software or tool to perform any serious simulation, 

the simulator must be tested to follow the basic physical principals. Basically, the 

simulator shall predict the thermal equilibrium condition and satisfy total current 

conservation. Only, after the simulator passes these tests, the simulation results for 

non equilibrium cases can be trusted in certain sense. 

 

4.1 Thermal Equilibrium condition 

It is well know that there is no current flowing inside the semiconductor 

device if the thermal equilibrium is imposed. 

, , ,, 0n p n p n pJ q n pµ φ= − ∇ ≡
r

                        (2.11) 

This lead to  

, 0n pφ∇ ≡      ⇒   ,n pφ = constant.    (2.12) 

This means there is a single one Fermi level throughout the device. The choice of the 

constant is arbitrary. Mathematically the value of the Fermi level depends on the 

boundary conditions. The mathematical formulation of different boundary conditions 

must be self-consistent in this manner. Usually the constant is chosen to be equal to 

zero for sake of simplicity. Fig. 2.8 and Fig. 2.9 show the simulation results of 

electron and hole current densities inside the SIT. Except for a peak current in a small 
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region of the device, both electron and hole current densities are essentially zero 

everywhere inside the device. They are all in the order 10-8 [A]. 
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Fig. 2.8 Electron current densities inside the SIT 
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The electron and hole quasi-Fermi potentials are shown in Fig. 2.10 and Fig. 

2.11. The maximum amplitudes of electron and hole quasi-Fermi potential are all in 

the order of 10-12[V]. Considering the finite word length of computer, these can be 

essentially considered as zero. Hence the simulation results fulfill thermal equilibrium 

condition. 
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Fig 2.11 The simulation result of hole quasi-Fermi potential under thermal 
equilibrium.

Fig 2.10 The simulation result of electron quasi-Fermi potential under 
thermal equilibrium. 
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4.2 Compare to measured data for parameter fitting. 

 In this chapter, we describe experimental results that were obtained from a 

device. Details of the fabrication can be found in [10, 11].  From the tests described in 

the previous section, it is evident that the simulation results are eligible to DC model 

steady state behaviors of semiconductor device. However, the simulated DC I-V 

curves are some different from the corresponding experimental results as shown in 

Figure 2.12 and Figure 2.13. The reason is that the material parameters used in the 

simulation are collected from literature.  Since material parameter for SiC technology 

is still in its premature stage, these material parameters used in our simulator may not 
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symbols are measured data and the solid line are the results 
obtained from Medici Simulations. 
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 correspond to the real data of the experimental device. These material parameters 

include low field mobility, high field mobility, saturation drift velocity for electron, 

and source resistance.  

For the perfect fitting, the material parameters adjustment has to be repeated 

iteratively until the overall best fitting is reached. After all these fitting procedures, a 

good agreement is obtained in almost all regions of the available experimental data. In 

such a way, the material parameters may not correspond to the true values, but they 

can be quite close them. In this thesis, the material parameters in order to obtain good 

agreement with experimental data are changed to a saturation drift velocity of 2.2·107 

[cm/s] [12], that is 2.0·107 [cm/s] in previously reported experimental values[2,10]. 
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The drain resistance was accounted with the lumped 10 [Ω] resistance and a lumped 

source resistance was adjusted to obtain the best possible agreement with the 

measured data. The result was a value of 63 [Ω]. These detailed relationships are 

described in Figure 4.5, Figure 4.6, Figure 4.7, and Figure 4.8. The effects of mobility 

and saturation drift velocity were shown as Figure 4.14, Figure 4.15, Figure 4.16, 

Figure 4.17, and Figure 4.18 in the chapter 4.  

The measured and simulated I-V curves are compared in Figure 2.11 and Figure 

2.12. The agreement in the range of low voltages and high currents as shown in 

Figure 2.11 is quite good. The remaining deviation is probably due to not one 

particular material parameter factor but a consequence of the uncertainty of all 

material and device parameters involved. In the IMAX, as shown in figure 2.12, the 

device behavior is particularly sensitive to changes in the channel geometry, but 

overall agreement between measured and simulated result is still acceptable. A better 

overall fitting could probably be enforced by adjusting some of the simulation 

parameters when the output I-V curve would be available for all drain currents. 

Unfortunately, most of measured data was limited to taking the I-V data for 

reasonably low static power levels in order to avoid destruction of the device during 

testing. 
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CHAPTER III 
 
 

STATIC CHARATERISTICS 
 
 
1 Device Physics 

The static I-V characteristics of the basic SIT were computed with the three partial 

differential equations (Eqn. (3-1), (3-2), and (3-3)) self-consistently for the 

electrostatic potential ψ and for the electron concentrations n, respectively. In the SIT, 

the electrical behavior is governed by Poisson’s equation. 

                        2 ( )D
q n Nψ
ε

+∇ = − − +   (3-1) 

and Continuity equation for electrons. 

                                              nJ U∇⋅ =
r

  (3-2) 

where ψ, ε, and n are the electrostatic potential, dielectric constant, and electron 

density, respectively. DN + , J
r

, Un are the concentration of ionized donors, current 

density, and net rate of electron recombination. Since the SIT is a majority carrier 

device and SiC is large bandgap material, the effect of holes has been omitted in this 

analysis. The hole concentration will be smaller than the numerical limit of the 

simulation tools. Carrier transport is given by the drift diffusion equation 

n n nJ q E n qD nµ= + ∇
r r r

                                                (3-3) 

where, nµ , nE
r

, and nD  are the electron mobility, the electric field, and  electron 

diffusivities, respectively. 
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2 Voltage Gain and Maximum Current Physics 

The voltage gain µ is a measure for the possible large signal gain. It changes 

considerably with drain voltage, but for the scope of this work µ is defined for a drain 

voltage of 100V. For practical devices the voltage gain should be at around 10, which 

would correspond to a device that required -10V on the gate terminal to keep the 

device off at 100V on the drain. A graphical interpretation of these parameters is 

shown Fig. 3.1. 

 
 

 

 

 

The zero bias on-resistance, Ron, is simply the initial slope of the drain current 

versus drain voltage curve for zero gate voltage 
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In Eqn. (3-4), a small Ron is desirable for higher total current and smaller knee voltage. 

The definition illustrated in Fig. 3.1 places the point of maximum current where the 

straight line through the origin given by 
4max
VdI
Ron

=  intersects with the drain current 

curve for Vg=0. Since the SIT shows non-saturating I-V curves, Imax is not as obvious 

as for a MESFET type device. Also, it should be mention that Vg can be up to +2.5V 

in wide bandgap(3.2 eV) SiC pn-gate SIT’s without getting forward bias injection 

from the gate. But higher Imax will allow for a higher power density per unit width for 

a given breakdown voltage. The knee voltage Vknee is the drain voltage that 

corresponds to the point of maximum current. The knee voltage is important because 

it is the main factor that degrades the drain efficiency, which is given by [1] 

   

max

0.5

1 2( )

out
D

kneeDC

L

P
VP

I R

η = =
+

    (3-6) 

where PDC is the DC power dissipated in the device, Pout is AC output power which is 

given by 
2

max
28( )

L
out

on L

R VP
R R

=
+

, and RL is a load impedance.  

 

3 Basic Dimension parameters for SIT Design 

We have seen the SIT in Fig. 2.1 and Fig. 2.2, it is defined by four geometry 

parameters (2a, Lg, Lsg, and Lgd) and one doping parameter (ND).  Theoretically, the 

source gate distance Lsg should be as small as possible to minimize the source 

resistance. However Lsg is limited by the requirement that a low leakage path with 

sufficient breakdown voltage must exist between the gate and source. A nominal 

distance of Lsg=0.5 µm works well and this value was also adopted for all simulations. 
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As a side note we mention that the voltage gain improves when Lsg increases for fixed 

Lg, because for increasing drain bias the saddle point tends to move toward and 

eventually reach the source, as was shown in Fig. 2.7. An increased Lsg allows the 

saddle point to move further behind the gate and increase the screening of the drain 

induced field by the gate, thereby increasing the blocking gain. The trench width (t) 

was fixed at one half of mesa width (2a), and except for a small change in spreading 

resistance of the drain drift region,  it had relatively little effect on the static 

characteristic. 

One of the most significant parameters for design is the doping value, ND. In these 

simulations, we used four different values, 5·1015 cm-3, 1·1016 cm-3, 5·1016 cm-3, and 

2·1017 cm-3, spanning a range of nearly two orders of magnitude. Two lower doping 

values correspond to devices used by Northrop Grumman for their pioneering work 

[2] whereas the two higher doping values were used by Purdue University [3]. The 

gate-drain length (Lgd) needs to be tailored to each doping, and is determined by the 

two conflicting requirements of low drain resistance and a large breakdown voltage. 

In lower doping levels, the gate-drain length (Lgd) is limited by the requirements for a 

low drain resistance, due to the low doping and resulting in high bulk resistivity. On 

the other hand, in high doping, the bulk resistivity is low enough that the gate-drain 

distance can be chosen to be comparable to the punch-through depletion depth for 

maximum drain voltage. We investigate the effect of varying two design parameters, 

gate length (Lg) and mesa width (2a) on the static I-V curve by keeping all other 

parameter constant. The computed static I-V curve for SIT with a doping value of ND 

= 5·1016 cm-3 are shown in Fig. 3.2 for five different gate lengths (0.05, 0.1, 0.2, 0.3, 

and 0.5 µm) and five different mesa width (0.4, 0.5, 0.6, 0.7, and 0.8 µm). Other plots 
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for different doping values can be found in appendix B. For the case of a large mesa 

width and very short gate, as shown in the lower left hand corner in Fig. 3.2, it is 

difficult to pinch off the drain current at high gate voltages, which corresponds to a 

low voltage gain µ.  The other extreme cases of a long gate length and a narrow mesa 

width, which the device characteristic is in the upper right hand corner on the Fig. 3.2.  

This device is pinched off for all drain voltage with a relatively small gate voltage at 

the expense of having only a very small maximum current Imax. Maximum current for 

above gate lengths and mesa widths is shown in Fig 3.3. For the case of a large mesa 

width and very short gate, as shown in the lower left hand corner in Fig. 3.3, 

maximum current is maximum and the other case of a long gate length and a narrow 

mesa width, which is the device characteristic in the upper right hand corner in Fig. 

3.3, maximum current is minimum. For example, we will design highest current SIT 

with blocking gain 10 [dB] in doping value of ND = 5·1016 cm-3, mesa width is 0.7 µm 

and gate length is 0.5 µm from simulation results on the Fig 3.3. 
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Figure 3.2. I-V curves for various gate length and mesa widths with ND = 5·1016 cm-3, Lsg=0.5 µm and t=2a. Curve start 

at a  gate voltage Vg=0 and progress in -2V steps. 

 

 

  

 

 












