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Application example bbbl ' ‘

Close-up of Power Amp/Power Transistor
Antenna

Power Transistors ; ;

\T'

Transmit
Power Amplifier

Signal to handset :
Nucea )

2G/2.5G/3G Wireless Base Station

AlGaN/GaN HFETs are used in rf-generators, telecommunication
and other applications where power devices at higher frequencies,
voltages and temperatures are needed.
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AlGaN/GaN Heterostructure and 2DEG s HelGameinsa
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S G D
Ohmic Schottky Ohmic
contact contact contact
AlGaN

—
2DEG
GaN

heterostructure is the layer system with
different band gap materia e.g. with
AlGaN grown on GaN.

This 2DEG “charge plate”’ createsthe area
with very high mobility and sheet
concentration of carriers

—— High Electron Mobility Transistor

Ohmic contacts are controlled by the
Schottky Gate conntact

Formation of 2DEG in AlGaN/GaN heterostructure
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How to improve power performance o et e
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Example |-V characteristic

\ Vg =07

Max. output power: f(l .,V 4)

\ Vg =0

= D (Vbreakdown'vknee) /8

I:)OU'[
Vg = —1
™,
'ﬁlassA operating point
\\/f /

Vos Vbreakdown

for increasing P,

| ax INCreases dueto
INncrease carrier density
and velocity

Vo eakdown INCrEases e.g.
-with fieldplate technology
-wide bandgap

Opt. R.=(V,-V)/l

an output voltage- and current increase is needed
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Theory of HFETs: DC behavior
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How do the DC measures translate into device geometry and material properties?

Drain Current (1)

|, = gnuW —=
ds
T |, = gnvW
/
i
/
/
Vg

the formulas tell us to:
«charge carrier concentration T
mobility, velocity T

Transconductance (g,,)

absolute charge underneath
the gate equals charge in
active region of 2DEG:

LW

gnL ;W = g,¢, Vv

insertion of expression into
saturated current formula...

|4 = gnvW
...ylelds:

W
Id = Eu€, vads

differentiation yields intrinsic

transconductance

g - g _ . W
= = E£,E, —
"9V, " h

(robertson2001a)
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Advanced Material Properties

w. 4 ./('
"!«E‘rﬂ' 7 7

Important for high output power:
- high breakdown field and voltage, i.e. wide bandgap
-high thermal conductivity

Important for high frand f__, :

max
. . Frank Schwierz Fachgebiet
FaSt carriers (l-e- u01 Vpeak ) Vsat) Festkdrperelektronik, Technische

Universitat liImenau, Germany

s | Gaas |'"SS| sy sic|eHSC| GaN

Es eV 1.1 1.4 0.7 3.2 3 3.4

Egr, 105V/iem | 5.7 6.4 4 33 30 40

o, CMZ/V/'S 710 4700 | 7000 610 340 680

Vpeak» 107CMY/S 1 2 2.5-3 2 2 2.5
Vg 107cm/s 1 0.8 0.7 2 2 1.5-2

@ K, Wicm-K 1.3 0.5 0.05 2.9 2.9 1.2

CWRF2008
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HFET performance improvement e o s
G degradation of dc and @
transport properties due to i
S D long S _D distance
AlGaN
2DEG
GaN

*Jurgj Bernat ,, Fabrication and
characterisation of AIGaN HEMT* (Diss
"2005@RWTH Aachen)

Enlarging of the Source - Drain distanceis limited
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HFET performance improvement ot s ,,,;7

— Fieldplate technol ogy:
|ayer => Known since 1969 on S
/ = Higher breakdown voltage
= Different electric field
distribution
AlGaN between Gate and Drain
2DEG
GaN

*Jurgj Bernat ,, Fabrication and
characterisation of AlIGaN HEMT*
(Diss "2005@RWTH Aachen)

Performance improved by Fieldplate technology on AIGaN-HEMT
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Fieldplate Technology - Results
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V =-2.8V;V =50V
gs ds

3.5x10°
i o —— AlGaN/GaN HEMT
3.0x10° F
T R | v AlGaN/GaN HEMT
S 25x10°F with 50nm Si,N,
> L
S— g F
o 2A0x10:' ----- AlGaN/GaN HEMT
o o f with Field-Plate
5 15x10°F
= r w
B 1.0x10°FO =
8 3 Z
W 50x10°F 3 _; \ Y
L . \
o0f2 2 : ~ °
e ) Field Plate
-5.0x10° E . [EEE——Cate =
0.0 05 1.0 15 20 25

distance between source and drain (um)

output power (W/mm)

—

—_ = N
o N A O 00 O

o

N R O

f=2-10GHz
E 0 SiC, Publ. bk
L & SIC Field Plate, Publ, ; © Field Plate
E A Si, Publ. ,’ﬁ, Technology
f o Sapphire, Publ. /
~ m SiC - this work i
L * SiC Field Plate - this work ﬁ
é_ * II:: @
: ] 0 :
Y O ; 0
O Cm |
O Il ogas

= m" B

2000 2001 = 2002 = 2003 = 2004 2005

Year

HEMT" (Diss 2005@RWTH Aachen)

Smulation: by ATLAS, Slvaco

* Juraj Bernat ,, Fabrication and characterisation of AlGaN

Confirmed by: A. Koudymov, |EEE Electr. Device
L. 26, Oct. 2005

Increase of the output power is due to modification of the electric
field on GaN cap
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Experiment e W )

« Simultaneous fabrication of unpassivated & passivated
SIC/GaN/AlGaN HFETs and MOSHFETSs:

* 10 nm SIO, layer for passivated HFETs and MOSHFETSs (PECV D),
e L;=0.3-0.9 um, L,,, =200 pm (2-fingers), > Gero Heidelberger:

Technology related issues regarding
fabrication

SiO, ~10 nm SiO, ~10 nm

f—d T

S| |G| |[D
30 nm Al, ,;Ga, ,,N
3 um GaN
4H-SiC
Unpassiv. passivated MOS
HFET HFET HFET

CWRF2008 12



HFET- technology oo )

Mesa etching
— ECR RIE or Ar* sputter
— Depth: 250 ~ 300 nm

Ohmic contacts
— Ti/Al/Ni/Au
— Annealing: 850°C, 30sec

Schottky contacts
— Ni/Au

 Pads
—Ti/Au

Fabrication of our HFET Devices

CWRF2008 13



Hetero Field Effect Transistor S— )

HFET Layout

SEM picture of AlGaN/GaN HFET
wg=200 um
Lg=0.3 um

SEM picture of AlGaN/GaN HFET with
airbridge technology >> increasing |,

posi 5 P Erdge -/ :
! ~ mterconm_gct ".

Detalled view of HFET De\/lceasfabrlcated inour lab
prepared for on-wafer measurements with 100 um pitch -, . @;14



f 'y
Forschungszentrum Jilich £ ]] y
r i

OUtI I ne in der Helmholtz-Gemeinschaft A 4 y
&

M easurements

RF-power

S-Parameter ey

RF-power Simulation

Comparison of
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RF-power performance
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DC-, S-parameter
analysis
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Simulation
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S-parameter Measurement System it ,.-»«/

 Important for microwave design and characterization
e Basicsfor parameter extraction and simulation
e Our measurement system:

— Frequency up to 110 GHz

— Network Analyzer

— On wafer measurements

— Control System and Calibration (LRM)

CWRF2008 16



110 GHz Measurement System il o

P

! -Network Analyser HP8510C
~| - RF source 45 MHz 50GHz
= Synth. sweeper HP 83651
| | -LO source 45MHz to 20GHz
Synth. Sweeper HP 83621
-mm-wave controller
-Cascade probestation
; -Connectors: 1 mm coaxial
o= R —= == -Coplanar Probetips 110 GHz
| -LRM Cadlibration , attanuation

5 .F  HP8510XF NWA-System:

o i = mm-wave controller
mm-wave controller O —

We are well prepared for high quality s-parameter measurements

CWRF2008 17



Results of S-parameter measurements
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cut off frequency HFET, MOSHFET |

237 —u— 3¢ HFET
1 —a— 3a MOSHFET
207 —e— 3d pas.HFET
15 e
) ' . "
- 10 s A
S ", MOSHFET:
9 N, ft=24GHz
= g ‘.!'ik
5 HFET. \
=~ ft=17GHz
-10 ————— |
1E10 1E11

freq.[Hz]

drain source voltage: 20V
gate length: 500 nm
SO, layer thickness: 10nm

cut off frequency (f,) is the
frequency where current gain
h,,=0 [dDb]

MOSHFETSs show significantly higher cut off frequencies

CWRF2008 18



Variation of f, vs. gate length
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Cutoff Frequency [GHZz]

25

~ N
(6] o
I | I I I I | I I I

H
(@)
1 | 1 1 1

—Aa— MOSHFET |

- pass. HFET }
- m- HFET i

500 600 700 800 900

Gate Length [nm]

Higher cut-off frequencies (f,) are observed for MOSHFETSs for all
kinds of gate lengths. f, increases with decreasing gate lengths.

CWRF2008
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RF-Power measurement
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Networkanalyzer

K_JRef.pl ane

DC
Supply

Y ez}

Power
refl.

Coupler

step attenuator

Termination

DUT

Power
meter

Isolator
resonanz.

Power
Amplifier

Sweep
Oscillator

Computer controlled System

L oad Pull Measurement System

N T

/\_/

Microwave Tuner System
slotted coaxial line

computer controlled slug

Tuner cal.
deembeding
Focus Microwave

CWRF2008 21



RF-Power measurement system " ooz 4 ‘

~ Networkanalyzer
' | HP8510B

. .
e

P / FZ-Jalich, 1SG1, A. Fox

L arge signal measurements were performed on wafer at 7 GHz by
source and load pull measurements

CWRF2008
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L oad pull measurement
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Sample: S2661_3d M11_j
Date: 14.02.2008

—o— Pout ([dBm])

@7GHz V,=-25V —o— Gain ([dB])
32 = —— P.A.Eff ([%
[U_=224V ([%])
[ U, =175V
28 [---=
: = 40
24 ]
O
Y 430
.a X 8\0/
O 16F =
= w
£ [ _ <
o 12F O
S CF
rJ_g 8
r - 10
4t ]
ol Io

P_(dBm)

Power performance will increase with further increase of V 4

for passivated HFET

CWRF2008
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Power measurement at differend SIO,layer
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Comparison of P,

@ 7 GHz

ut

Pout[dBm]

for HFET and MOSHFET with different SO, dielectric layer

26 -
25 ]
24 ]
23
22 4
21 4
20 4
19 -
18 4
17 4
16 -

15

—u—5nm SiO2
27 4+— i | N 1 , |
- 10nm SlO2
—v—20nm SiO, ./././.-.~I’I L
_m
—e&— HFET " -
l/./. |
v
| |
/'/ -
e
/ g /‘;',Q:'/g—v L
/. v/'/z/ ~ L
u /v/v/v P
/ v o L
S S i
v’ ’/’
/ o B
v ’/
S
v /0 . B
Pl Bias:Ug=-3V,Ud=20V i
*
| v T T T T T
0 5 10 15 20 o5
Pin[dBm]

Performance improvement by optimising the dielectric layer thickness
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Comparison of Power measurements R .
7 L
ot SiO, layer thickness: 10nm
| W;=200 pm, Ls = 0.7 um
] f=7GHz
S ! V,=-25V HFET
. AF V =-2.5V passiv. HFET
n® | v = -7V MOSHFET
3L
2

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Vds [V]

The RF output power increases from 2.9 W/mm (HFET) to
6.7 W/mm (MOSHFET) with no fieldplate implemented

CWRF2008 25
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Modelling gz o Y )

Equivalent circuit for the AlGaN/GaN MOSHFE

INTRINSIC

o

ds

C4 and g,,, change with the dielectric layer

CWRF2008 27
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EXtraCtm Parameters CgS’ gm in der Helmholtz-Gemeinschaft
600 ———— 70 —
i pass. HFET col pass. HFET
SCD_
400' 50
TR —HEF— @ 40l HFET
o 200l c
v —_
A i e 30F
@) 00k o
_ MOSHHET 20 - NMOSHEET
100+ C
/ WeE200 HmLg=700nm 2 wd=200 pm,Lg=700nm
O " 1 X X X X 1 X X X X o X 1 X X X X 1 X X X X
5 10 15 5 10 1
\Y M Vds [\/]

J1,

g. = —egw—v
WG ~ = 5 " cofr

Vg Increases with passivation

Cysdecreasesfor MOSHFETS due to additional SIO, layer

CWRF2008 28




Modelling
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Comparison of g,,/C  ratio

1,80E+011
,,ll. ./.l.‘.l.
I/. \\ /'/./
1,60E+011- ——— "
o —=— MOSHFET
) —A— HFET
\ —_— N
=, 1,40E+011- * HFET(pass.)
o 0e®®®—0 .
QE o—o *— 9o o “ o o
O 1,20E+011- A
_aat
//A///A//A
A//A/A/
1,00E+011 A
AAAL
5 10 15 20

f =f( 9/Cyo)

9./Cs Isin agreement with the increase of cut off frequency from hy,
for the MOSHFET compared to HFET

CWRF2008 @29
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Modelling e vt comararat | PO A

Comparison of measurements and model

T

S11 S21 -

797
5.0 7
257

v >0 MOSHFET

-1.97 Vg:-lv

10 20 30 40 V=19V

_ o Frequency: 2 to 50GHz
S12 S22 Measurement: blue curves

Model: red curves

-10.0 0

2257

-25.0 7

-21.5 7

-30.0 -

325 - Parameterextraction
350 - / done by TOPAS, IMST
-37.5

0 10 20 30 40
freauencv GH -

Good agreemér;t between measurement and optimized model
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DC analysis e ey '

DC design circuit DC simulator
bias sweep
DUT with the modeled parameters
ID
| Probe ®
o~ =
@ DUT VDS l L
T] 1]
Lo VGS -
- Ti
i V_DC t }; V_DC _T_ V_DC
+| SRC G +| SRC_Ti +] SRC._D
j Vdc=VG V — Vdc=T V —— Vdc=VD V

Advanced Design System, —é—
Agilent
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Output 1-V- curves o Transconductance
200 ]
30 ./
) d
£, 20
£ ]
10 -
B e B L L I B 0:‘“‘\HH\HHMH‘\HH\HH
O 2 4 6 8 10 12 14 16 18 2« -5 -4 -3 -2 -1 0 1
VDS [V] VGS [V]
00 Transfer |-V- curves
The curves are comparable
S0t to DC-measurements and
-5 -4 -3 -2 -1 0 1 . . . .
p—_—— reflect the intrinsic behavior
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S-parameter analysis
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S-parameter design circuit

Port
P1
Num=1

S-parameter simulator
frequency sweep

= - VAR
V_DC VAR1 V_DC
- SRC_G VG=-2 — SRC_D
= Vdc=\VGV VD=16 = Vdc=VD V
+ +
- VAR - VAR
1 VAR2 VAR3 1
Ve Lg=0 Rg=0 Vb
|_Probe Ld=0 Rd=0 N |_Probe
'9 IG Ls=0 Rs=0 lg ID
DC_Feed DC_Feed
DC_Feedl DC_Feed2
Tj Tj
_| | —2VV : L _orv W\ —~—1 | _J\D
| i Ti i 111
Port
DC_Block L1 L2 DC_Block
P2
DC_Blockl L=Lg nH L=Ld nH DC_Block2 Num=2
R=Rg Ohm R=Rd Ohm
L ¥ v.DC
L3 +] SRC_Ti
L=Ls nH — Vdc=TV
R=Rs Ohm =

CWRF2008 34
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Comparison of Transistor Scattering Parameters

S11 321

S(3,3)
S(1.1)
S0

0T
QT
0¢
q'¢

(
SN

freq (2.000GHz to 50.00GHz) I &
NN

freq (2.000GHz to 50.00GHz)

different fitting at dif. biaspoints
needs further optimazation
@that working point

CWRF2008 35
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L oad-pull simulation O o ,.-»«/

» Specifying and generating desired load and source
reflection coefficients (impedance)

e Biasing the device and running a simulation

o Calculating desired responses (delivered power, PAE,
etc.)

CWRF2008 37



Load pull smulation
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Load- Pull design circuit

One Tone Load Pull Simulatiorn;

output power and PAE found at

each fundamental load impedallce

Data Display Window:

DISP_HB_1Tone_LoadPul

ADS © Agilent

LY
[4

am

V_DC

- SRC1
= =)
T Vdc=Vlow

+

Vs_low

- |_Probe
_ Is_low

P=dbmtow(Pavs)

Freq=RFfreq

C
p_1Tone &
porT1 C71
Num=1
Z=7s

-

L3
L=Lg nH
R=Rg Ohm

Harmonic-Balance-simulator
for nonlingar circuit behavior

ANTSI

V_DC
= SRC2
: Vdc=Vhigh
+
p
Vs_high
5 |_Probe
§§H 1s_nigh
P L
L2
; L=1H |_Probe
R= lload
ANV \ i vioad
L 71
(€
L4 c2
L=Ld nH C-1F S1P_Egn
R=Rd Ohm * gﬁl]L -
=LoadTunel
V_DC [ ] '
SRC_Ti 20
= Vdc=T V

L

Load pull ssimulation varies the load reflection coefficient presented

to adevice...

CWRF2008
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PAE (thick) and Delivered
Power (thin) Contours

Set Delivered Power
contour step size (dB)
and PAE contour step
size (%), and number of
contour lines

Pdel_step=0.5

o O

oo Seli| PAE_step=4

= MINUMPAE_lines=5

S8

EIEI Zea|NumPdel_lines=5

&o

Maximum
Maximum Power
Power-Added Delivered,
Efficiency, % dBm
40.84 2567

indep(PAE_contours_p) {0.000 to 32.000)
indep{Pdel_contours_p) (0.000 o 41.000)

This data shows the simulation results when the reflection
coefficient is the value selected by the marker’s location.

...to find the optimal value to maximize power or PAE, etc.

CWRF2008
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Calcuation Harmonic Balance simulator
| nput power sweep

AS V_DC
TOPAS2 - SRC2
—_ File="C:\users2005\topas_fox_prj\data\2_fox.sim" = vdc=VhighV
T Simtype=Splines +
V_DC N=-1
- SRC1 W=-1 .
= Vdc=ViowV Vs_high
+ |_Probe
]9 Is_high

Vs_low

Matched g

Is_low

Matched

DC_Feed
DC_Feed4

\.A.A.r"_'l

Input impedance 1_
bC_Feeds R=Rd Ohm Y
|_Probe 3 - DUT — i'-} .

Term
Term2
Num=2
Z=ZIOhm

) Tj Temperature
vinput } | v PR g S [ ’ DG IFeeek

DC_Feed L3
P_nTone DC_Feedl L=LgnH
PORT1 R=Rg Ohm
Num=1
Z=7ZsOhm
Freq[1]=RFfreq- fspacing/2
Freq[2]=RFfreq+fspacing/2
P[1l]=dbmtow(RFpower- 3)
P[2]=dbmtow(RFpower- 3)

linput
it | 4 DC_Feed %

Non linear circuit ssimulation resultsin P, and PAE of the DUT

CWRF2008
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Comparison of smulated and measured  roschungsenrum icn @ 7 A
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40_ —« PAE meas MOSHFET.

vy, - i )
" N 7 PAESIM SO, thickness:
35 - v/v -/_/-/""'\-\- Ty i 10nm

NEh Y l/-/ -\-\

é. 30 - v / = —

L - v, N\ _

< v/ \

QO 254 / [ B

Yy / .
| ) _
- // L, =0.7 ym; W_ =200 um i

\ A Bias:Ugs=-3V, Uds=20V
| / f=7GHz [
ISE . -
T T T T T T T T T
0 5 10 15 20 25
Pin [dBm]

Curves are acceptable between measurement and simulation of PAE
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Comparison of simulated and measured
output power
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Pout [dBm]

2

30 l 1 A | |
- —A—A— —A—A
2 /‘:‘:ﬁ:éiﬁiffﬁzﬁzﬁ“—ﬁ‘ﬁ ia-a ';
20 - Py 3 B —=— Pout_meas
[ o —4— Pout_sim
15+
10 + i
5_- L, =0.7 um; W_ =200 um _
- Bias:Vgs=-3V, Uds=20V
. f=7GHz B
-5 : : . . | | | |
Pin [dBm]

MOSHFET,

SO, thickness:

10nm

Good agreement between measurement and simulation of P,

CWRF2008
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Conclusion rcungzatun i Y

* Increase of RF-performance by introduction of the
MOSHFET-technol ogy.

- MOS-HFET superior to unpassivated and passivated HFET
regarding DC-, RF-, and power-performance.

* Increase of output power, PAE and cut-off frequency.
o Simulations verify the measured large signal results.

 Further work: alternative dielectric material and
additional fieldplate implementation
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Thank you!
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RF-Power measurement (L oad-Pull )

&9
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(dBm) ; Gain (dB)

out

P

Comparison of RF-Power performance for passivated HFET and MOSHFET

HFET

f=7GHz U,=-25V —— PAE

P_(dBm)

P.A.Eff (%)

(dBm) ; Gain (dB)

out

P

MOSHFET

32

f=7GHz, VG=-7V

14974V

[ UDS e g e e S N
U= 19.972V B N K
28 |- O o ] —_
i et Y ] X
24 EUpe= 2597V 1% =
r E Y—
. 150 LU
20 b—o— Pogt ([dBm]) | <
16 °— Gain ([dB]) 140 o
[ 0 ]
e PAES (%) a0
[ % ]
8L o \O\j@ —0=A 120
: fj/jfy?dﬁ%\oi%% ]
4 ;— VA g O\O\i\ ng _: 10
L O\ L
oL 1 N 1 MG o'
10 L5 (dBm) 20 25
in

M atched @max-Pout
PAE=(Pout-Pin)/Pdc

MOSHFETSs show significantly higher output Power and PAE
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L oad-Pull design circuit

matched
source

S4P_Eqn

SimpleCouplerl | DUT
) S[1,2]=1 =
Impedance e |‘ |

S[B1=1 CD

sla.21=1

Harmonic Balance
| nput power sweep

matched
load
Impedance

S4P_Eqn
SimpleCoupler2
S[1,2]=1
S[2,1]=1
S[3,1]=1
S[4,2]=1

|_Probe

P_1Tone 1 /
PORT1
Num=1
Z=7Zs Ohm
P=dbmtow( R Fpower)

== Freq=RFfreq ==

: (
a2
: \%4

\l/ Term
Term2
Term Term Num=2
Term5 Term6 7=7| Ohm
= Num=5 = Num=6
Z=ZI Ohm = Z=ZI Ohm L

Non linear circuit ssimulation resultsin P, and PAE of the DUT
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Load pull smulation

Forschungszentrum Jilich
in der Helmholtz-Gemeinschaft

- VAR

V._DC VAR1 V_DC
- SRC_G VG=- — SRC_D
= Vdc=VG V VD=19 = Vdc=VD V
+ +
- VAR - VAR
G VAR2 VAR3
U Lg=0 Rg=0 VD
|_Probe Ld=0 Rd=0 \—| |_Probe
_]8 IG Ls=0 Rs=0 _]Q ID
¥ DC_Feed DC_Feed
§ DC_Feedl D U T § DC_Feed2
T T
- || +-2nr i =S aml
Port L L
P1 DC_Block L1 L2 DC_Block
Num=1 DC_Blockl L=Lg nH L=Ld nH DC_Block2
R=Rg Ohm R=Rd Ohm
L b v .DC
L3 +] SRC_Ti
L=Ls nH — Vdc=TV
R=Rs Ohm =
TOPAS
TOPAS1

Detail circuit of Load-Pull

design circuit

File="C:\users2005\topas_22_8_2006_fox_prj\data\2_f34_0O11i.sim"

Simtype=Splines
DeltaCgs=1.0
DeltaCgd=1.0
DeltaCds=1.0
Deltalds=1.0
DeltaRi=1.0
DeltaG=1.0
Shiftvp=0.0
N=-1

W=-1
Conv_dx=0.001
Conv_dy=0.001

Port

Num=2
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:EF];obe | Frobe
CD s high
=T - - \s_high
1 g L L
=v.Doc Lot tu =V.DC
_T sRCZ _ _ _T SRC1
Wdo=" oy ;I;Udc:‘u’high
- - | Probe
— I [load
| — L
N A | | - wload
= ] S i A g
P 1Tone __5 ==
PORT1 C1 = C2 S1P_Eqn
MU= 1 C=1.0uF HP oS ©=1.0uF <
=7 5 HFMOS1 S[1,11=LoadTuner
P=dbmtow(Pavs) hModel=hpmos Z[1]=20
Freqg=RFfreq Witot=( 704 e-6)"cells
M=8"cells

Load pull simulation varies the load reflection coefficient presented to a device...
... to find the optimal value to maximize output-power
CWRF2008 50



. Fo_rschungszentrur_n Jilich '
M Odel I ng in der Helmholtz-Gemeinschaft

From physical structure to equivalent circuit

| ez -
i, L
ey
n-dotierter Halbleiter

semiisoherendes Substrat
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300 [ e e e
[ ——HFET
I — — -passivated HFET
250 k- - - - MOSHFET
e 200 F
(8] L
i [
) L
= L
o 150 -
£ L e
= ;
©
g 100 [
© -
50

P S I I I B BT . o =7 7% ST P S TP BT
-13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
gate voltage (V)
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Comparision of measured and simulated 5\?.E;Eli';;arameter

g1 oot - S1
1 _ 2
250
300
\\‘// 350 -
4007 10 20 30 40
freauency GHz -
521 g™ % S22
mea Hm
optl -
15t%%iHHH"““-~_5LH~=-‘_EEE#Q *ﬂ#f,//;
15
125"

0 10 20 30 40
freauency GH7  — CWRF2008 53
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Pdc . Ijat (\/br _anee)

out.lin —
3

Pdc . Idgit (\/br _anee) . 16

out.sat ~

A > _optimal load line

8 t

To reach maximum P ,: L "

out=~ : S

— High! > | >

— HighV,,

— Small V,, . Small R

Vv

Increased output power by increasin;;g |d and Ud
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b i

JE it
Dot

Reduction of Gate L eakage Current e PV

drain current (A/mm)

L= 0.7um, W_= 200um, S_D= 3um . L,=0.9um, W_=200um, S_D=4.0um
1.20 cEEEEEE e 10 ¢
MOSHFET s
1.00 [ V_=+1V ] e HEMT
' ow0F T S 4
0.80 F ] £ i
HEMT < 107 S
O e i e - NPT \" =_+1V :: A\
0.60 |- // _________________ V=6V._- q:} 108— \\
i e V=V ] =
L o (TSI TRRTS) (IO | == J
040 B Jzass T e Gt - 3 10°F MOSHFET
1 V =2V o F
b s s S eSS s s i sl e e R "6 10‘10 R
0.20 [ f4” veav]  ST10F
7 S v, =4V 10" F v =ov
000 ks g s e s T e P T E I T RS T ST T - ds
0 2 4 6 8 10 12 14 16 18 20 107 R

6 5 4 -3 2 2 0

drain-source bias (V) gate-source bias (V)

MOSHFET using 11nm thick SO, gate isolation:
o 30% increase of the drain saturation current
* Reduction of gate leakage current from 10° to 10-1°

A/mm

*Jurg] Bernat ,, Fabrication and characterisation of AIGaN HEMT*

(Diss "2005@RWTH Aachen)
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Wlde bandgap Semlconductors T S P
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Ea

|;onduction band

©
Ec T a
E
= T
Ev 00000®00
Valence band

Common semiconductors
E; around 1 eV

Si Ec=11eV

GaAs Eg=1.4¢eV

Wide bandgap semiconductors
Es>2eV

4H SiC E;=3.2 eV

6H SiC E, =3.0 eV

GaN Eg;=3.4eV

AIN E;=6.1eV

AlGaN E;=3.4..6.1eV

C E.=5.5¢eV

Narrow bandgap semiconductors
E.<<1leV

InAs E;=0.35eV
InSb E;=0.17eV
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SIC and GaN based Transistors vttt w’ﬁ

Cree, Inc : Pout= 32.2 W/mm, PAE= 54,8%, Fe_doped and Field plate
GaN HEMT @10GHz Pout=4.1W/mm, PAE=72%
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Heterostructure and 2DEG i *“7 1

Semiconductor | Semiconductor Il Semiconductor | Semiconductor Il
E. " .
E,.. | F-=-=-=-=-=-3-- e l
-------- - 1 |
{ | . X ODEG |
E/

A heterostructure is the layer system where two semiconductors with different band
gaps Eg are grown one on the other

In the thermodynamical equilibrium,when both semiconductors are "connected"
together, the Fermi-level energy (EF ) of the Semiconductor | and Semiconductor Il
must be in the line what cause the discontinuity in the conductance (EC) and
valence (EV ) band and the band bending. This results in the formation of the
triangular quantum well where carriers are fixed in one axis and the 2DEG is
formed.
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