Get Started with DesignKit

I Class D Audio Amplifier Using IRS2092
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1. DesignKit Simulations folders

» Ready to use simulation projects

v Test conditions are set and
easily changeable.

v Appropriate simulation settings
i _ and Initial Condition (.IC).

g 2 e doscm v .Option setting is done without

CAD Capture CIS

FH & 2 - - (RAzaaN v BRRA® vl T REld . R

tUp-Startllp v B )rPB 2R Q2 VI, W

D:\2009\DesignKit\DAUDAMP\Simulations... = [B]X]
2/ - (StartUp : StartUp(Page1))

s 2 g . . convergence problem.

hEE B e : v Libraries are included and
o B, B v Simulation results (ex. Power

_|.R == and %Efficiency) are calculated

and displayed.

0 items selected Scale=100%
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2. How the initial condition are set?

1. Open Project: ...¥Simulations¥StartUp¥StartUp.op;j .
2. Setinitial value of charged-up capacitors (C2, C3, C7, C8, C9, and C10) to be zero (IC=0).
3. Run the simulation (0-1sec. or until circuit is startup).

QD@FHE & 0 " 2D - (iRAzaeN vIBBQ@® Ul o T NDlE T ®
vBEO)B PLRL VLI W

StartUp-StartUp

Display Properties X
_ Font
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s e
Value: |
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© Do Not Display ) L
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£ R7 4 33k 5
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2. How the initial condition are set?

4. Initial conditions are the startup voltage at each capacitor.
5. Change the IC values ,then run the simulation (0-100usec. with maximum time step 10nsec.).

C10:
Jou IC=15 | .
L ]
15v4 } bbb pr oo dode i b b e bt dopJott ettt
1ov-f- i -
svL Co: :
o | P
ov IC=12.850 | sEL>:
o V(VCC,-B) e V(VB,VS) . o V(VCC,-B) o VI{VE,VS)
40V * 40V
' 1
: aEaluBaln M "r—ql-——--v————o = ulm almPy
o 1{ (1 AR
r gt E a a2 a aug - 1 ] L £
gV : —| ] D _h‘l d L q | ‘l— L
—zov2 C2: | —40v
a V{LO) e V({HO) IC=7 ] a V(LO) e V{HD)
10v — 10V
- 1
OV/ 4_‘_'_‘_.__,_._5——'—; =2 1=1 o a
CT: 1 o
k 14>|C>(7+2.8)
SEL>> r
-10v 1 T ¥ 1 _: 10V
0s 200ms 400ms 600ms 800ms 985{'{:5 " os Z‘Ulus %'us 6(.':u5 8I'Jlus 100us

a VICED) e VIVAAl v V(VSS) a V(CSD) o V(VARA) v V(V33)

Time c8:IC=7 | -

Class D Startup
@ 0.976second.
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3. Example of Using Design Kit

Estimate design specification.
v Y%Efficiency.

v % THD.

v Frequency response.

Create reference waveforms.

Change the design parameters and simulate to see
results.

Component stress test.
Simulate switching losses.
Simulate Short-circuit scenarios.
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4. How to Estimate Design %Efficiency?

1. Open Project: ...¥Simulations¥Efficiency¥Efficiency.op;j .
2. Enter test condition parameters: Po,=25W, G,=15.85(24dB), R,=4ohm, and f,;=1kHz.
3. Run the simulation from 1 to 3 ms. (about 3x1kHz output cycles )

4 & 9 - IRFIZ24N v BRRQ® Ul T HBE] . ®
lClEfficiency v BIO P B PAKFP V I, W
L] 1 [ 1 3
R3
e aw
AV 2
820
1
2% Display Properties
R4 VR1 N | VAA d
1 GND Name: Po
. £ ctow B [ T w
vi s =ha it ;‘Eﬂ"v _T_“ = IN- Value: |EEN]
@ 5* ?0:11: Ic=7 - Inf_COMP| . o
—+- = ‘CD3U - 1n o €50 .cp o] Display Foimat
VOFF =0 o i <o RN pm— © Do Not Display
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- e L © Name and Vakie Rotation
FnRAMiTERs- = IRS2092 © Name Only ®o O 180~
o = 25 () Both if V alue Exists O 80~ O 270~
sl -
RL=4
fin = 1kHz RS [ OK ][ Cancel ][ Help l T
g Y. e =]
00 e
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4. How to Estimate Design %Efficiency?

4. Add traces: “AVG(W(LOAD))” for PO[W],
“~(AVG(W(+B))+AVG(W(-B)))” for Supply power [W], and
“~100*AVG(W(LOAD))/ (AVG(W(+B))+AVG(W(-B)))” for %Efficiency

20V
0V >
““““ T=1/i,
e SN R W : ™ Efficiency =
SEL>> % P % :
-20V : N % : 93%
50% - 100
1 2 [ < |
454 - 90 N T
40 80 .. Y%Efficiency . .
350 70 .
30W 60 ‘ S_UPPW power
251 4 50 st
20W 40 o
15w 30 -
10wy 204 S e —
1 s WO S S W o e o
0w 0 HE— S S S S

1.0ms 1.5ms 2.0ms 2.5ms 3.0ms
o BVG(W(LOARD)) o — (AVG(W(+B))+AVE (W(-B)))

v —100*AVG (W (LOARD) )/ (AVG (W (+B) ) +AVG (W (-B) ))

Time
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5. How to Estimate Output THD?

1.  Open Project: ... ¥Simulations¥THD¥THD.op; .
2. Enter test condition parameters: Po=10W, G,=15.85(24dB), R,=4ohm, and f,;=1kHz.

1Zd & = 2 IRFIZ24N v BRQ®& U Y NOly] 5. 9
;CHEMATIC1-THD v EO)PB L9 AL2L V IIL WY
s I [ 1 E] 1
[
& 7K
Ay £ -
&0 l
200H
Ls1
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[ GND B VB] mf: et e ZF R13
i cz €1 1oy « B2 1N HO L 20nH
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. J a0, ] Mo P Font [1_ris 200
_U — - ame. Fo Arial 7 --‘I\;DA'
VOFF=0 < " IC =14 10u Value: m
VEMPL = (1.4142'S QRT(Po"RLYGV} Ic=7 Use Defock
TEST CONDITION: DISD‘EI_',I Format
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ARAYETERS: © Do Not Display
v = 15.86 (O Value Only m"’_
RL=4
fin= 1k (S)iane and Y akis Fiotation A :
() Mame Only @0~ O 180~ rvva
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[ ok ][ conce |[ Hep |
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5. How to Estimate Output THD?

3. THD is calculated by checking the box “Perform Fourier Analysis” in the Output File Options
setting. Center Frequency is 1kHz same as f,, and “V(OUT)” is the Output Variable(s).

B - - [(IRFZ2N v B AM® Ur S T N Dl s, R
v BEOrPB PRRL VI W
1 [ | E] | | [l
o v iﬁv
1 @€ =
Simulation Settings - THD , 2 % co
== C15_ 2 ERMGS00ELLIZIMLPYS
General Analysis ICorfwabonFieﬂ Options | Data Collection | Probe Window | % oy %:lm ;ﬁﬁilﬂg_ﬂlnﬂﬁklﬂ]la
Lt 0 0
Analysis type: =Ci4
i | ! MRS
m Bun to time: 3ms seconds [TSTOR) _chn
RPERTIHIKZKIA01E
Qptionsé Start saving data after: [0 seconds R i —
—1 Transient options
Masimum step size: |100n seconds % 200K i
CJF ic Sweep e e ; 220
T ermperaxs (Swese] ¥ Skip the inital iansient biss point calculation (SKIPBP) = IGINTORE | | gy
¥ L | [CIsaveBiss Pont
[]Load Bias Pomt ™ Bun in resume mode
[ |Save Check Points
FRUYGY) _|Restant Simulation
oK
Pri'tvaimh!heumﬂeml seconds _
¥ Peiform Fourier Analysis Q
0K Cancel . Lerker Frequencie 1k ha
— Number of Hamonics:

Output V arisbles: V(ouT)

I™ Include detaded bias point information for nonfinear
trolled sources and semiconductors [/0F)
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5. How to Estimate Output THD?

4. Run the simulation 0 to 3ms. (maximum time step 100ns. ).
5. View Output File to see the simulated result THD(%)

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE  NORMALIZED
NO (HZ) COMPONENT COMPONENT  (DEG) PHASE
| vouT):
104 ..._TkHz sine 1 1.00E+03 g _81E+00 1.00E+00 1.79E+02 0.00E+00
' 2 2.00E+03  4.62E-04 5.25E-05 4.18E+01 -3.15E+02
3 3.00E+03 2 78E-04  3.16E-05 8.49E+01 -4.51E+02
0V 4 4.00E+03 3 23E-04 3.67E-05 6.91E+01 -6.45E+02
S 5.00E+03  3_73E-04  4.23E-05 8.66E+01 -8.06E+02
6 6.00E+03 6_G9E-04 7.60E-05 6.10E+01 -1.01E+03
B USRI A..ouioniofSNUN TOOTRROON: RSOSSN ST 7 7.00E+03 2 g5E-04  3.24E-05 8.09E+01 -1.17E+03
8 8.00E+03  4.32E-04  4.91E-05 7.17E+01 -1.36E+03
9 9.00E+03 5 95E-04 6.76E-05 2.70E+01 -1.58E+03
20V r e TS S=sq
].0:]?;-‘.:-3.'_1?;. 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms TOTAL HARMONIC DISTORTION = (:];-438206E—02 PERCENI:‘

ime

i o o

X Please note that the simulated result is only an estimate of % THD and the value is influenced by maximum step size.

All Rights Reserved Copyright (c) Bee Technologies Inc. 2009



6. How to Estimate Frequency Response?

1. Open Project: ...¥Simulations¥FrqRsp¥FreqResp.opj.

2. Enter test condition parameters: Vq,1=2V, G,~=15.85(24dB), R =4/8 ohm, and f,=20kHz.

3. Run the simulation from 0 to 2 ms. (about 40x20kHz output cycles ). Use Parametric Sweep
(Global parameter: RL with value = 4 and 8)

1 & o JRRAM | : I Ol s ®
TIC1-FaRsp v EoO bl 2AEL VI LW

L3 I

I 3 I

R
—
820
General Analysis | Configueation Fies | Dptions | Data Collection | Probe Window |
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22 n\e Domnan (Transient J " Mokage source
" VR veaf] = " Cument sousce ’— :
[ = i * Global parameler
1 1w R T 4 " [ General Setlings  Model
[ = i} Ak o - [IMonte Caro/Worst Case ok Hodel pas a—
) 41 67 g~ Lurcoe oy Beoe
E x in csg or (Sweep)
= |[ % = ]J:ﬁi. vE: “15ave Bias Pont Sweep lype
C=08 ; [
FF=0 ([SRT] % : VREF [ILoad Biss Point " Linear
WPL = [ 1.4142°VOUT/GY } a7 i o Save Check Points !—
£0 = {fin] 8.2k OCSET | Restat Si  Logadimic [ﬁ
#5T COMDITION: %:ﬂk ] |
PARAMETERS i
" & Vaelst [4.8
?567‘-5 T Ro
#20 | (3 | Cancel Apply Help
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6. How to Estimate Frequency Response?

4. Add traces: “ DB(RMS(V(OUT))/2)” for the frequency response of 2Vg,,s output in dB.

st

Vo=2Vays .20kHz
1\ ”
Frequency

HULREHEIUL
~ Response in dB

4.0v

1

!

. Frequency Response @R =dohm

T T T
0.5bms 1.0ms 1.5ms 2.0ms
o ¢ DB(RMS (V(OUT))/2)
Time
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7. How to Create Reference Waveforms?

1. Open Project: ...¥Simulations¥Waveforms¥Waveform.opj .

2. Enter test condition parameters: V5 ;1=2V, G,,=15.85(24dB), R,=4ohm, and f,=1kHz.
3. Run the simulation from 100n to 3 ms. (about 3x1kHz output cycles )

4. Put the Voltage/Level Marker (or Current Marker) to see the waveform(s).

v&éq LS N[BT ?

PR AL V I W
Voltéagﬁ_e\rel Marker| .

Fd &
CHEMATIC1-Waveform
3

Al =N=

2
é = C14
< R9 MMHES0
= 4k C“

TIH1g48

|Rr|zuu

MUR1Z0RLI
]

(7
M
" < RIt= 1 g_‘;; R13
- 02 = 1
= iu ik aw T N- e EAFEE Rﬂ‘l
an =7 it n F COMPY . v 5 1 47
v c L AL AN §

g C
5 " =Heso wee +

T 1 Ris 200
—i— | = = 10y V8§ Lo = ivp Ls3
VOF ce IC =10 e hiad Lo R0 |C10 20w {9 M
oL - {|4m wuwc v} [Cvid VR | s |IC=18
FRED = {fin} lc-r A VREF COM .
2CSET ) oeser ot |2
PARAMETERS: R7
Wur=z 12k IRsI092 %R?l RF izzan
G = 1585 K o7
fin= 1k RPEF:
200H =
] Ls# T
A ? r\r\r\ 1 ia
”" VT
=0
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7. How to Create Reference Waveforms?

4. Set X and Y Data Range in Axis Setting according to oscilloscope scale.
5. Use simulated waveforms as reference to compare with real circuit waveforms.

2.0 Vo(Simulated) — _“ Vo(Measured)
2.0V
1.0V
s A i Result are
-1.0 correlated according
-2.0V fo simulated dafta.
Os 0.1lms 0. 3ms 0.5ms 0.Tms 0.%9ms Em 1.00 W M 100ups A Chl & 366V
o V[OUT)
|'-|[If'.'
b ) ;
) I VS(Measured)
F r
‘x. sssss @l 100V M[1.00us| A Chl S 0.00V
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8. Change Ry (R2) and simulate to see change in G,,

1. Open Project: ... ¥Simulations¥Gv¥Gv.op;j.

2. Enter test condition parameters: V|=100mVgys(0.14142Vpeak), Ry=2.4 / 3 kohm, R =8 ohm
(speaker), and f,,=1kHz.

Run the simulation from 0 to 1 ms. (about 1x1kHz output cycles ). Use Parametric Sweep (Global
parameter: RIN with value = 2.4k and 3k)

Hd & : IRFIZZM w| GG R SEE v R
ATICT-GV AE R EFESE VI W
? i -

L 13 |

Wh—
| r-}
Simulation Settings - GY

. . | e Ansbysin | Configuaation Fiks: | Options | Diate Cobection | Probe Window |

e WR1 e

AR b Swomep varisbin

o (I - | | olage souce i
& € Rl | ok - age |

- + ki Ticer L AT Optior < . .

{‘.‘r- fwu. | i — e T Global pasmeter - - —_I
1 it 1"]_.:. S cgf  [@eneral Soitrgs  Modelpatpmatsr oo o o= —— 1’z 15
= = it T Monte Cafafwirit Cabe = - s 1 EPEAK

0 e Ticum [ b e Tempeeanre € Pavamater narec [RIN 2 r

VORF = e id | it (12 W 2 b T -

SAEPL = 014388 iCa? — - Tempesstwe [Sweep] =202z 020 0z N am—m—_—- BT 400N 10

[' [ - c 5ave Bins Powt Sweep hps ; =
PARAMETERS 2 87 -y Luad Bias Poni
- - (Lt " 1
'z’rm-'m\ 7= S.ave Chack Ponls Liness —
futi= ) Restat Simdatice I Logaimse L
S " i |
At L F vaelt [2ac ’> .
e e

PARAMETERS: RIN=2.4k, 3k e
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8. Change Ry (R2) and simulate to see change in G,,

4. Simulated result shows Vo with different gain G,,.
5. Change parameter: RIN until you get a satisfied result.

4.0V

Vg with Rjy=2.4kohm

0w

74-0\’] T T T T
Os 0.Zms 0.4ms 0.6éms 0.8ms 1.0ms

Time
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9. Use Design Kit to select proper VR value

1. Open Project: ...¥Simulations¥OSC¥Waveform.opj.

2. Input voltage: V=0, R =8 ohm (speaker).

3. fosc=400kHz is chosen for this design, C4=C5=1nF, R4=220, a variable resistor:
VR1 value will be varied.

AN—
fs a7k
Ay
820
/;’—_ ===
‘/ R4 VRIS i us -~ Fay
—Lk ?5& — VAA  CSH
NP 1 Is VB < F
gt =4 v | GND VB RiTe |
c1 10y R2
(111 c2 1L A 1 N- _HD 10k
i i — 10u 1F 3; \ ?l: T ﬁ IN- HO
= \ AP VS
IRnim,: cns Csn_ A\ln:,'ﬁ COMP Vs [
= c3 1n s | wve
—L: = 10u 5 =
0 cs Tic=10 | - V5§ Lo R0
VOFF =0 =14 | 10u / 32 )
FRED 1k IC.x ¥ 6 8.2k OCSET e, DT
Fhie % ' 0CSET  OT
R7 >
1.2k IR$2002 = R
8.2k
RS
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9. Use Design Kit to select proper VR value

4. Change VR1 value until simulation result with fo5c=400kHz (VR1=750hm).
5. Choose VR1 that value more than 100 ohm for the design (this time VR1:1k is chosen).

. OV Tekswop | —— — = B :
- VS(Measured) :
5y g - .
\ ) : : : :
D N U Wi st ND s SN B o mi SO s wss NN SRR latunal I S T et
1.0V L S e S e
: Vo(Measured)
0.5V e i i o e .
o4
0.5V
O T E— T A Gh T seomy
Ref2 [ 20,0V 1.00Ws [0++~[0.00000 s
Simulated waveform with VR1: Value=75 Measured waveform from real circuit using VR1: Tk
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10. Use Design Kit to Predict
Spike Voltage vs. Dead-time setting

1. Open Project: ...¥Simulations¥DT¥Waveform.opj.
2. Input voltage: V|\=0, R =8 ohm (speaker).

3. Select dead-time setting DT1: R,,=3.3k / R,,=8.2k, Simulate and compare result with
dead-time setting DT3: R,,=8.2k / R,,=3.3k

R&
820
75 i us s le D2
Rd VR VAA  CSH = MUR120RLG
ol GND va B é R12
R2 B o7 R11= 10k | C9
e e T inf IN- HOZ 10k 72y
T W—=g o ol F7 Tic=128
Al Inf__COMPl oopp - vs |24 L
s y
= - [ €58 ¢sp vee ¢ M—
10u WS §) e -
Tic=10 — Ao RIS 10 220
VREF |, cec I‘:OM 33 _Jic= 15
§ 8.2k OCSET oT I
== 0CSET \ OT !
R7
s IRS2002 g_g;/
\N~_ _”
RS ‘
A ——
oM
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10. Use Design Kit to Predict
Spike Voltage vs. Dead-time setting

4. Compare the results to see that spike voltages are acceptable or not for each dead-time

setting.
Spike voltage
Does spike voltage decrease with wider
accepltable? dead-time setting.
1.0V 1.0V
— ) O — )
0w 0v
— U eV i
SEL»> SEL>>
-1.0% . L L . . L L L -1.0w
o ¥ {ouT) o V(CoUT)
16V 1ev
12v4 12v4
g DT1(25ns) s DT3(65ns)
4% 4 47
0V L] v 0 T
-4 t L L L L t L L L 2 -4V . . L L ¥ L L . “I' t
994, 0us 995, 0us 995, Sy 0.9551ms 0.9%60ms 0.9570ms
o ¥V{LO,-B) e V{HO,VS) o V(LO,-B}) & V(HO,VS)
Time Time
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11. Use Design Kit to Develop the Design (Change the FETS)

1. Use the simulation files for the performance evaluation (ex. Efficiency, THD, and Waveform).
2. Replace MOSFET model IRFIZ24N with IRFI4024H-117P.
3. Run simulation file to check the design performance.

R s =p
" s
" i A ;ﬂ
W
B0 i L o5 2 Eosooe izzmair s
2 w07 _T reerditioakzisote
3 Let ! o To
—=ci4
2 Ra ! o hAHES0KERS
i RPER11H10412K12018
R4 i Ict 0z | FET1
20 R L P o1 MURTZORLG L MURTZOFLG IRFI4024H- 117R
T gl oo e w| e
P i o EREeLy | we g
W i =iy == 1h- Ho | T ERrr-a i ) Lst TG14N-220-RB
é R Ic=7 m T tnr  come e = 47 k ARAS,
%mnk 1 COMP 45 FTE |)‘
I = o |neznoso.102 csf W
L | rPEdiTH K0 [ FT s £sm wEC . It L ris 22004 c12J~
) "0 Tece Tic=n | WS Lo =m0 [Ci0 % * WACZ50 K474
) i e cou|—F S {ict |
FREQ = 1k acser T 2L = l
IRS2092 =
ERZI:( \FREFrlz“UEf‘H-H P C17
RPER11H104K2K1 4018
il ‘ ol <o 1
RS
e IRFIZ24N Key Parameters IRFI4024H-117P Key Parameters
Vps 55 A" Vps 55 A"
- o 14 A o 11 A
Rpsion typ. @ 10V 70 mQ Rpsomn typ. @ 10V 48 mQ
Qg typ. 13.4 nc Qq typ. 8.9 nc
ton tYp- 38.9 ns ton tYp- 7.9 ns
torr typ. 46 ns torr typ. 16.4 ns
Qi typ. 120 nc Qrr typ. " nc
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11. Use Design Kit to Develop the Design (Change the FETS)

L
- vE IK!V
- - - - e 2 ]
;B File Edit View Simulation Trace Plot Took Window Help pf cadence l J—cu J:E.‘&M
- - = - . 2 MY L reeniismsic
in- =i & 4 SCHEMATIC Effciency | bl i 2 .
. % . =cH
RaA®WQ DEaxE 5P -4 s a8 3@ R O W
i ) (% T meemi
o 1 FEFII‘QZ-QH.II.F
! A 1 1 e n 2k u
- A . ah T v 2 76144220 RE
: 4 1 RAFA_,
w 1 20nH l §’.
R A e 2 == 13 (S l
e S A I : : I 5 iy
eyl IR i H e : Lo i : . 2l
o W{OUT) o V(4B) v V{-B} rER . 9
sow IRFI02MH 1P C1T
1 z : RPERTIHIOMKZKIA01E
qow 4-- 200 - J;EL
‘3 oL o
0% +- s 1] '|'
I ) I P c1s
208 aodf i i EXMOSODELLIZIVG
£ ECV- .. .
108 -1
. %Efficiency is
1.0ms 1. Sms 2.0ms 2.5ms 3.0ms . d
[I] o AVC(W(LOADI) o - (AVG(N{+B) ) +AVG(M(-B)}) p
v -100"AVG (WILOAD) } / {AVG (M (48] ) +AVC (W (-B} )) I m rove
Tine
! [ iviv.dat .:B]Elru'my...l
- Efficsancy Evabagion
W. Eces
b1 M LU DR R b T S

IRFIZ24N IRFI4024H-117P
Efficiency (@ 25W, 4Q0) 93.505% 94.578%
Distortion (@ 1kHz, 4Q2, 10W) 0.0144 %THD 0.0201 %THD
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12. MOSFET Professional Model

Library and symbol files are in folder ... ¥Parts¥IRFIZ24N¥IRFIZ24N(PRO)

IRFIZ24N Professional Model consists of MOSFET Professional (MIRFIZ24N_P), body diode
DIRFIZ24N, and body diode Professional DIRFIZ24N_P.

Use MOSFET Professional model to improve an accuracy Gate Charge characteristics Q, of
FET model.

Use body diode Professional model to improve an accuracy Reverse Recovery Time
characteristic Tgg of FET’s body diode model.

]

l DIRFIZ24N DIRFIZ24N_P

MIRFIZ24N_P

%  Using Professional model will slow down the simulation time and might cause some convergence error.

} 24 All Rights Reserved Copyright (c) Bee Technologies Inc. 2009



	Get Started with DesignKit
	Contents
	1. DesignKit Simulations folders
	2. How the initial condition are set?
	2. How the initial condition are set?
	3. Example of Using Design Kit
	4. How to Estimate Design %Efficiency?
	4. How to Estimate Design %Efficiency?
	5. How to Estimate Output THD?
	5. How to Estimate Output THD?
	5. How to Estimate Output THD?
	6. How to Estimate Frequency Response?
	6. How to Estimate Frequency Response?
	7. How to Create Reference Waveforms?
	7. How to Create Reference Waveforms?
	8. Change RIN (R2) and simulate to see change in GV
	8. Change RIN (R2) and simulate to see change in GV
	9. Use Design Kit to select proper VR value
	9. Use Design Kit to select proper VR value
	10. Use Design Kit to Predict�Spike Voltage vs. Dead-time setting
	10. Use Design Kit to Predict�Spike Voltage vs. Dead-time setting
	11. Use Design Kit to Develop the Design (Change the FETs)
	11. Use Design Kit to Develop the Design (Change the FETs)
	12. MOSFET Professional Model

