Problems of noise modeling in the

presence of total current branching
in HEMTs and FETs channels

P. Shiktoroy, E. Starikov, V. Gruzhinskis
Semiconductor Physics Institute, Vilnius, Lithuania

ol 2 ° . K (731" . p ° ° X : < o !
% ;' & }‘J‘ KA G \ 7 A , ., - Ny o ‘."‘ & ‘; - , , M‘ { . a8 [ . : ., \ 3 < .,. ) ’ oz >3 \_. s e ks : .,‘ o ' -"lil,,,w e "'v-‘ Y ;","}'. 3
e A repna eyt ye) Erom. £ 005 B B | PV NG fairs 75 | D s 1 I 1 ) PR SR Rl 175 11 80 1) ) O ) O S i S D 3 S i RO M S
0 me ¥V RI LRIy e VAR EALITIIy 1 e 1T TORI 1T Twl 1AW P ohbia e gabes > B GUA SN S TRs LR g bl ¥ TS S i




Qutline

® Current branching

® Circuit model




Conservation of total current

® Maxwell egs.=> conservation of total current => Kirchhoff law




No branching => 2 terminals = Diode




No branching => 2 terminals = Diode
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No branching => 2 terminals = Diode
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|5 consequence: Ramo-Shockley theorem
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|5 consequence: Ramo-Shockley theorem
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2" consequence: Thevenin-Norton theorem




Branching => 3 terminals = transistor

Jaf E

® Jotal current conservation = zero-sum rule (Kirchhoff)

® J[ypical of field-effect transistors

® Channel = total current branching between source-drain and
channel-gate directions



Aim of the study

Discuss problems related to the intrinsic
noise in FET channels induced by the
continuous branching of the total current
between 3 terminals
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Circuit model
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Circuit model
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Circuit model
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Je(n) — Je(n —1) + Jg(n) =0
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Circuit model
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Circuit model

Ug
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ircuit model: impedance network
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Circuit model: impedance network
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Circuit model: impedance network

e.coWo eqeoW Az
_I I_ Ce(n) = X:c ok

: / 7 ) : i / i
w—— P i wenas i el | o et P e P T /—/—/,—/—/—' o
4

/ Y

Sourc Drain




Circuit model: impedance network
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Discretization of current conservation
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Discretization of current conservation

Culm) - fp(n+ 1) — o(m)] + JE(k)




Discretization of current conservation

— Qut source—drain




Discretization of current conservation

— Qut source—drain




Discretization of current conservation

— Qut source—drain

py taking the limit Az — 0
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Conservation of total current in differential form




Conservation of total current in differential form
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Conservation of total current in differential form

1
Total ' 5J9 () =0

Channel
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Conservation of total current in integral form

By integrating between source (x=0) and drain (x=L)

—Je(0) kg +Je(L) =0




Quasi-2D Poisson equation

By using the charge conservation law
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Quasi-2D Poisson equation

By using the charge conservation law
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Quasi-2D Poisson equation

By using the charge conservation law
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|5t limit of quasi-2D Poisson equation

Gate
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|5t limit of quasi-2D Poisson equation
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|5t limit of quasi-2D Poisson equation
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|5t limit of quasi-2D Poisson equation

I Gate
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2"9 |imit of quasi-2D Poisson equation

¢ I Gate
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Ungated transistor d(z) — oo




2"9 |imit of quasi-2D Poisson equation
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2"9 |imit of quasi-2D Poisson equation

g I Gate

A

Kir® 1 3D




2"9 |imit of quasi-2D Poisson equation

}i I Gate

Ungated transistor d(z) — oo
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Closure relations

® No transport to gate — j%(z) =0

® Drift current in the channel — jff(fl?) = enw(ﬂ?)’v(m)

TRty o ek e gt P R AT AR L
153 ™ oY vy £ 5, ol " Y. e by » a b
il e o Al ,1‘ o hald P e ‘ »,_,':;

. Gt RISt S i, TS el i SO & S RO B R T e e T b SRV 3 L OB R T M oY 00 e o AR AN e e St g
M ' Al i ._.‘a‘. S iae LY g -?‘,fq.v: e Jaarall S5 e ""/ L% ..,r'.--.:'_-.‘.,:"'r)g_-l‘,u.‘ ’ ‘»‘_M_\_s.'.- s _‘\: \'.w.x.-“sx. e B ) ‘ Fy:t SO glram o) el (RAEELY
‘ LY Trom drodvynamnm ADDrOZ¢
el 4 A 11 % s bad




Closure relations

® No transport to gate — j%(z) =0

® Drift current in the channel — jg(w) = 6n3D($)U($)

rom hydrodynamic approach
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Closure relations

® No transport to gate — j%(z) =0

® Drift current in the channel = j%(z) = en
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Closure relations

® No transport to gate — j%(z) =0

® Drift current in the channel — jf(w) = 6?”&3D(33)U($)
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Closure relations

® No transport to gate — j%(z) =0

® Drift current in the channel — jf(w) = 6?”&3D(33)U($)
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Analytical Model

® Carrier concentration in the channel ng

® No drift velocity vo =0
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® Neglecting diffusion
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Linearized equations in frequency domain
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Self-consistent fluctuating potential
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Solution in common source configuration
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Model structure

L = 1000 nm

d = 15 nm
NEC =Bz dlilemet
30 + 30 nm ungated
V=Bl

m™ = 0.048my
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Model structure
L = 1000 nm

di= 15 nm d
D — 8 x 1017 em™

30 + 30 nm ungated

V — 3 x 1012

i 0 O48m0

J< z‘"*»( :."




Model structure

L = 1000 nm

0= l5snm i _Iﬂ
di— o d

AL 8o dlilicomed

30 + 30 nm ungated




Model structure

L = 1000 nm
0= l5snm i _Iﬂ
d = 15 nm d
AL =B dllcome
30 + 30 nm ungated
v—=45 1=
= 0.048my
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Current response at equili
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Current response at equilibrium
IGate IGate
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Current response at equilibrium
IGate IGate
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Current response at equili

I Gate I Gate




Current response at equilibrium
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Current response at equilibrium
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Effect of time delay
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Spectra of current fluctuations
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Unsolved problem #1

Is it possible to measure
electronic noise at TeraHertz
frequencies!?




Plasma waves in semiconductors
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Travelling plasma waves
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Travelling plasma waves
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Plasma modes in field-effect transistors




Unsolved problem #2

Is it possible to exploit plasma
waves to obtain a detector or
emitter of TeraHertz
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From ungated to gated transistor
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From ungated to gated transistor

excess noise
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Unsolved problem #3

Which is the physical origin
of the excess noise!?
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Noise vs operation mode
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Noise vs operation mode
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Noise vs operation mode
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Noise vs operation mode
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Noise vs operation mode

AUSQ — O A]g — O I Gate

g %
t*‘i Y




Suppression of odd harmonics
Aj, =0

Gate
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Unsolved problem #4

Which is the intrinsic noise of
the transistor?

~ Noise spectra depend on operating conditions
Failure of Thevenin/Norton equivalence!




Conclusions

® Novel circuit + analytical model

® Thermal fluctuations excite standing
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® Current branching strongly influences




unsolved problem on branching




