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Many slides in this section are from
T. A. Fjeldly, T. Ytterdal,
M. S. Shur, Introduction to Device
Modeling and Circuit
Simulation for VLSI, Wiley, 1998
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Outline

Principle of operation

MESFET modeling

MESFET design

Gate leakage in MESFETS
MESFET characterization.
MESFET technology -

Digital and microwave applications

SDM-2, ©Michael Shur 1999-2009
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Basic MESFET Operation
Drain

eutral channel depletion reg
semi-insulating substrate

Cdep = &/dd Cedge =e W
Capacitance per unit area (F/m”2) Capacitance (F)
SDM-2, ©Michael Shur 1999-2009
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Basic MESFET Operation
(Cont.)

The channel is defined by the neutral part of the doped n-
type layer. The gate voltage controls the width of the
Schottky barrier depletion region

The threshold voltage is defined by the total depletion of

the channel

The current saturates because of saturation of the
electron velocity near drain

MESFETSs are typically made from GaAs because of its
low effective electron mass and the velocity overshoot
effect

SDM-2, ©Michael Shur 1999-2009
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Saturation velocity region under the
gate
(at the drain side of the channel)
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Basic MESFET
Model

depletion region d, |

neutral channel

dx

semi-insulating subsuate

Use results from the Schottky (metal-semiconductor) diode.
Depletion width (Gradual Channel Approximation):

SDM-2, ©Michael Shur 1999-2009
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Basic MESFET Model

cont.)
Threshold voltage:

VT =Vhi _Vpo

Pinch-off voltage:

SDM-2, ©Michael Shur 1999-2009
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Model

Assume a constant mobility

|-V characteristics (g, = qN4u,Wd/L):

dVv
lg = aNaW[d —dg () Jun -

2

312 312
= g = go{VDS Vi [(VDS +Vhi —Vas )7 ~(Vbi —Ves) ]
po

Pinch-off condition:
dgq(L)=d

Saturation voltage (Pinch-off):
VsaT =Vgs —V1 =VaT

SDM-2, ©Michael Shur 1999-2009
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MESFET C-V Model

Because of the similarity between the MESFET
Shockley model and the simple MOSFET models,
a Meyer-type capacitance model may be used.

Total gate charge (Vps=0):

|Qsol = ANgWLd g = NgWLA 1=V /V o

Corresponding gate-channel capacitance
(C, = e WL/d):
Cop — Qa0 Co

ch

) NGT Vps ) Jl_VGT/Vpo

SDM-2, ©Michael Shur 1999-2009
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Meyer's Model

Qs|= [ aN WLd, (x)dx

Differentiate QG with respect to Vg and Ve

SDM-2, ©Michael Shur 1999-2009
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MESFET C-V Model
cont.)

“Meyer” capacitances:

Cos =4 Can Cop =0

SDM-2, ©Michael Shur 1999-2009
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MESFET Velocity Saturation Model

Two-piece linear v—F model:
uF, for F<F.=v/u

V(F) _ S S

Vo, forF=>Fg

Below saturation — same
as for Shockley model
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Additional MESFET Models
.

Curtice model (1980): |14 = lqt (1+AVpg )tanh(aVpg )

V
Statz model (1987): [l lsat = 15(1—6\/;
"

 2e VW
d (Vpo T 3\/L)

Shur (1987): S

SDM-2, ©Michael Shur 1999-2009
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Basic SPICE MESFET Model

The Statz model — Level 1 in AIM-Spice, Level 2 in PSpice

Linear regime (Vs < 3/ALPHA):

BETA V&7 | ALPHA -V g\ |
lg = L+ LAMBDA - V) Gl 1—(1— @)
1+B-Vgr | 3 |

Saturation regime (Vs = 3/ALPHA):

BETA V&1
1+B- Vgt

VTO =V, -V,, (Threshold voltage)

ALPHA =g/l (Saturation parameter)

BETA . (Transconductance parameter)
LAMBDA : (Channel length modulation parameter)
B: (Doping tail extention parameter)

lg = L+ LAMBDA - Vpg)

SDM-2, ©Michael Shur 1999-2009
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MESFET Subthreshold
Characteristics

}

VQs
SDM-2. ©Michael Shur 1999-2009
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Universal MESFET Model

To calculate g, and I, we need an expression for n, :

sat

Above threshold (uniform doping):

d _
Vot —V (X
Nsa = JN(y)dy:Ndd 1_\/1_ ot ~V(X)

dq i Vo

SDM-2, ©Michael Shur 1999-2009
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UCCM for MESFETs

VeT —VE

Below threshold: Ngp ~ Ng exp[
MVih

Unified charge density expression:

. ~_sallsb  _ 1 1-
> ngg+Ngy | Ngd

Use same expression for V

SDM-2, ©Michael Shur 1999-2009




shurm@rpi.edu # 17

MESFET Saturation Current

Combine above- and below- threshold expressions:

P~ |sata Isatb
sat ~
lsata + lsath

2
213\/gte

sata —
1+ 2BV gteRs + T+ 4BVigreRs i+ teVge

2Weg Vg

MESFET transconductance parameter; B= d(\/po—+3VL)

SDM-2, ©Michael Shur 1999-2009
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MESFET-MOSFET I-V comparison

Transconductance (mS/mm) Drain current (mA/mm)

SDM-2, ©Michael Shur 1999-2009
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"Haste still pays haste,

and leisure answers leisure;
Like doth quit doth,

and Measure still for Measure."

William Shakespeare

SDM-2, ©Michael Shur 1999-2009
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MESFET |-V
Characteristics

0.5 um MESFET from Vitesse modeled with
the universal MESFET model,implemented
as MESFET Level 2 in AIM-Spice.

SDM-2, ©Michael Shur 1999-2009
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Drain Induced
Barrier
Lowering
Potential

Source Drin

Distance

Coale xource voliese [V]

SDM-2, ©Michael Shur 1999-2009
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Unified MESFET C-V Model

-10 O 10 20 30 40 50

Combine below- and above-threshold
expressions (V4 = 0):
VGT/Vth . C C
Cep = D
Below threshold Above threshold

Capacitance geometry
SDM-2, ©Michael Shur 1999-2009
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Meyer-Like Capacitance Model for MESFETSs

2
1_( VGTe _VDSe ]

2VGTe _VDSe
SDM-2, ©Michael Shur 1999-2009 - -
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Improved Equivalent Circuit

The gate series resistance limits the gate
finger width

SDM-2, ©Michael Shur 1999-2009
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Universal MESFET AIM-Spice Model

Threshold voltage:
V1 =VTO -oVy

VTO =V, (V4 =0) (Threshold voltage at zero drain bias)

|-V characteristics:
_ OchVys 1+ LAMBDA V)

g =
/M
[:H(gchvds/lsat )M]

M=m (Knee shape parameter)
LAMBDA = (Channel length modulation parameter)

SDM-2, ©Michael Shur 1999-2009
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MESFET Level 2

(Cont.)
Channel charge density:

Jchi

o = e (RS+RD)

SDM-2, ©Michael Shur 1999-2009
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MESFET Level 2
Saturation current:

_ | sata Isatb

sata + lsath

g = —————————9°
[+ 2PV geRS + T+ 4BVgieRS Ji+ TC Ve

qnoViHETA-MU - W
lsath L

2eVS-W

- D-(V o +3VS-L/MU

SDM-2, ©Michael Shur 1999-2009
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MESFET Level 2

RS, RD (Series resistances)

MU = pn (Low-field mobility)

L, W (Gate length and width)

D (Active region thickness)
TC=t, (Transconductance compression)
VS = v, (Saturation velocity)

DELTA =06 (Threshold transition width)
ETA=n (Ideality factor)

SDM-2, ©Michael Shur 1999-2009
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MESFET Level 2
(Cont.)

The |-V model also contains expressions for:

Gate leakage current

Temperature dependencies of key parameters
Frequency dependencies of key parameters
Sidegating and backgating

Se
(

parate model for delta-doped MESFET
_evel 3)

SDM-2, ©Michael Shur 1999-2009




shurm@rpi.edu

Delta Doped MESFET

Substrate

Distance

A

LD Distance Substrate
SDM-2, ©Michael Shur 1999-2009
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MESFET Level 2 (Cont.)

MESFET gate-channel capacitance
(contained Iin Meyer’s capacitance model):

SDM-2, ©Michael Shur 1999-2009
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MESFET Ring Oscillator

I =1 sw tanh(V,_ /VLSS)(].—I— 7\|_V|_)

SDM-2, ©Michael Shur 1999-2009
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Temperature dependent Model
Parameters

Built-in voltage

11

Channel mobility Subthreshold ideality factor .
i . : |
Parasitic resistances

SDM-2, ©Michael Shur 1999-2009
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Threshold voltage versus

Temperature
Low temperatures High temperatures

0.5
Slope = -1.6 mV/K Slope = -1.6 mV/°C

0.0— L]
Enhancement MESFET

05 ?
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i Depletion MESFET
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V1 =V10— Kyt (T = To)
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Mobility
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Temperature [K]

Impurity scattering: Wimp = po(T /T,,)*T™O

Polar optical phonon scattering: ppo = pa(T W/T)X™? + pp(T /T)XT™2

1/Mn0 — 1/Mimp + llupo

SDM-2, ©Michael Shur 1999-2009
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Subthreshold Ideality Factor

Low temperatures High temperatures

Subthreshold Ideality Factor

| ! | ! | ! |
100 150 200 250 300 200 300

Temperature [K] Temperature [°C]

N =no(L+T/Two) + T2 /T

SDM-2, ©Michael Shur 1999-2009
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Additional T-dependent parameters

Reverse Schottky 0q = 9go EXP[E(T - To)]
conductances:

Series resistances: R= RO[1+ n(T—To)+ (T - T0)2]

SDM-2, ©Michael Shur 1999-2009
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|-V Characteristics at

120 °C

Vitesse BPLDD process, L = 0.515 um

1072
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Gn/lg and Gq at 120 °C

Vitesse BPLDD process, L = 0.515 um

1072
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Gate-source voltage [V] Drain-source voltage [V]

T=120°C

SDM-2, ©Michael Shur 1999-2009
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Gate Leakage Current
Vitesse BPLDD process, L = 0.515 um

[N
<
©

[N

2
[N

o

H

2
N
=

Reverse gate-current [A]

=

2
[N

N

Gate-source voltage [V] Reverse gate-source voltage [V]

Forward direction Reverse direction

SDM-2, ©Michael Shur 1999-2009
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|-V Characteristics at Room
Temperature and 77 K

Triquint process, L4 =1 um

250
Topmost curve: Vgs = 0.65 V; Step: -0.1V Topmost curve: Vgs = 0.8 V; Step: -0.05 V
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Subthreshold Characteristics

Vitesse BPLDD process, L4 = 0.515 um Triquint process, L =1 um
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2D Simulation (Silvaco FLASH)

ATHENA/FLASH
len lmplanind Gata MESTET

Courtesy of Sivaco, International
SDM-2, ©Michael Shur 1999-2009
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T-gate and regular gate

SDM-2, ©Michael Shur 1999-2009
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Advanced Pulsed Doped GaAs
MESFET

Depletion
Stop Layer

Undoped GaAs Buffer (p')

cap layefr (xA, n=1E15) Doping layer (B0A, h=2.7TE18)
=.l. GaAs sub

From

SDM-2, ©Michael Shur 1999-2009
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Comparison of Performance

IDS (mA'mm) gm (mS'mm)

300 1 SEl's Pulse-doped 500.0
MESFET

| [ Canvéntional
MESFET | gm flatness

50.00

‘div
los LII'IH-ErIth' >//’_'

SDM-2, ©Michael Shur 1999-2009
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Power GaAs MESFET Performance

Type No. P1dB (dBm) IP3 (dBm) IDS (mA) gm (mS) Freq
(MH2z)

P0110002P 24 39 80 90 ~DC-2.5GHz
P0110003P 28 43 ~DC-2.5GHz
P0110004P 30 45 ~DC-2.5GHz

SDM-2, ©Michael Shur 1999-2009




