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Introduction
o Motor current profile including stall current and application mission profile
o Motor driver thermal challenges requiring accurate loss estimation

Motor driver power stage basics
o Topology (B2, B4, B6 bridges)
o Switching waveforms
o EMC trade-offs
o Power stage losses introduction

Motor driver power dissipation estimations
o SPICE simulation
o Lab measurements

Conclusions
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Motor Load Current Mission Profile
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Thermals and Losses Under Pulsed Operation

Under pulsed load operation, higher peak
power dissipation can be tolerable. The critical
junction temperature is not reached
instantaneously, even when excessive power is
being dissipated in the device.
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Thermal Modeling
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T,(t) =TJ(0) + f(©)

T,(t) can be found using curve fitting techniques

T,(t) = Tamb + PD(t) = Zth(t
(©) + PD(t) * Z¢h(t)

T, '
1 T(0) f(t)
Zin L l
P /]\ # ; L{T](t) —T] (0)} = PD(s) Zth(s)
Tamb Tamb L{T,(0) - TJ(0)}
Zth(S) - P D(S)

To know Zth(s) one needs:
-T,(t) time response (i.e. to step or impulse power dissipation stimuli)

-resting condition T,(0) (temp. when no power dissipation is applied)

-stimuli function (i.e. step or impulse and its amplitude)
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Thermal Modeling (Cont’d)

Any Z,(s) impedance can be synthesized in a passive network using the Cauer or Foster algorithm.
For thermal models, RC networks result quite handy and representative of the reality.

RC network extraction from Z,(s):
Cauer or Foster representation

_ N (s)
D(s)

Z . (s)



Basic DC Motor Driver Topologies

Half-Bridge H-Bridge (B4)

* 1-direction Brushed DC motor « 2-Direction Brushed DC motor « BLDC motor — electrically

. commutated.
* Three modes: Run, Coasting and « Four modes: Run, Reverse,

Braking Coasting and Brakin * Four modes: Run, Reverse,
J J Coasting and Braking
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Understanding MOSFET Basic Switching (Inductive Load)
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Half-Bridge Switching Waveforms

VIN

SO

Low-side
recirculation

PWM
A
ov + Time
High-Side MOSFET
Control Signal &
,,,,,,, € € O O 5 O @ e m e | N

Low-Side MOSFET
Control Signal ‘

Time

Time

Time

ov beocccccccocccoocooo ccccccoocoooc reccccccccceedgp TiMe
f
GH-OUT //_\\
{ 1 &
ov >
)
f (
GL-SL
\ / ) \_\ /
ov >
10UT
I
ouT
Low-side High-side
recirculation recirculation
ov >

Time

High-side
recirculation




Conducted Emission Spectrum — Trapezoidal Signal
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Frequency roll-off vs. rise/fall times

Rise/Fall Times Roll-Off Freq.
t. (ns) f, (MHz)
100 3.2
150 2.1
500 0.65
1000 0.33
1500 0.21
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Half-Bridge Power Losses: 1st Order Estimation

MOSFET Turn-On Losses MOSFET Turn-Off Losses eHouT

P _ VIN I tRISE V]N tFALL
b = =X lmoror X Pp = —XxImoToOR X
PWM 2 PWM GL SL

\ tRISE = tFALL (VDS tranSition) /
loutr A
MOSFET Switching Losses High-Side

Recirculation

2 1 e » Time
PSW = VIN X IMOTOR X fPWM X S_l:{ Rle;c?i\:\gjlfg?on
Where lyoror IS assumed to have a very low ripple y y Vos.us 4
T i N Vi ImoTor ()() ImoTor Yin
HSD Ips_ns
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ov )) t-7 el - Time
— 2 —
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Gate IDSfLS
Pconp = Rps (ony X I*moToR X D e —\/—y
ov
MOSFET Back-Gate Diode Losses Vo

Pgg = 2 x Vg X IyoTOR X teG TIME X fewm

ImoTor ,_l—'_Ai
K #» Time
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Where the I transition is assumed to be negligible Siew Rate
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IPPSBOCN10N SPICE Model Level O

MOSFET
Drain-Source On-State Resistance
Datasheet Parameter

Ip [A]
TolE T NS

20

Vies=10V, I5=13 A,
Drain-source on-state resistance R bsion) {TCSZSZ) L - 59 78  |mQ

de linv2050.1  V1list4555566.57810

MOSFET

Drain-Source On-State Resistance

V3
0
M2 V2

IPPSOCN10N_LOT 10

Model Verification

Rds(on) = 65mQ (Vgs = 10V)

Rds(on) =80mQ (Vgs = 7V)




IPPSBOCN10N SPICE Model Level 0 (Cont‘d)

MOSFET Gate Charge MOSFET Gate Charge
Datasheet Parameters Model Verification

Gate to source charge Qg 3 4 nC
Gate to drain charge Qgy 2 3
— Vpo=50 V, Ip=13 A,

Switching charge Q.w Vee=01to 10V 3 5

Gate charge total Qq 8 11

Gate plateau voltage V piateau - 5.7 - \Y

ry 12 VGS
Vs ! \%1
50V
Qg

10
l'-.\ 20V 80V
. pulse 0 10 0 400n 400n 1y 2y
. tran 0 10p 8y 1n Qg
B1

Ew 6l — V=idt(-1(V1),0,0)

Sy ,0,
Vgsitn) '

- | step param VDSbias list 13.5 20 50 80
/V .param IDSbias=13 Rload=VDSbias/IDSbias
> 2 |
gg(ml Qew > ante
Qgs > |4 QQ‘! o 0 |
0 2 4 [ 8 10

an'e [nC]




IPPSBOCN10N SPICE Model Level 0 (Cont‘d)

MOSFET Output Charge MOSFET Output Charge
Datasheet Parameters Model Verification

Output charge |Qnss |VDD=50 V, Vgs=0V | - | 8 | 10 |nC

VDS
IPPS8OCN10N_LO

P

pulse 0 VDSbias 0 400y 400pQ100000p 200000y ; Qoss =8nC
0SS

tran 0 400y 0 1n
B1
V=idt(-1(V1),0,0)

.param VDSbias=50

M2 Vi




Simple Switching MOSFET SPICE Model

Testbench Model Verification

.subckt simpleFET G Drain Source Dp region

3 *External resistances
4 R2 Drain D Rdrain

dc linV2050.1 V1list4555566.57810  © &3 e s mecusee «{  Saturation
o _ Region
g *Body diode model
V3 9 D1 DR D Diode
region B,y 10 R4 Dp DR RDon
U 11  .model Diode D(Ron=Rdiode Roff=RDoff Viwd=VD Vrev=vVBD EPSILON=0)
SIMPLEFET p] 0 :_ *Mosfet c::.:u:rent
G . V2 14 *Mosfet current
<> 15 Bl D 5 I=if(V(G,S)<VIH, 0, if(V(G,S)-VIH>=abs (V(D,S)),
V4 10 16 + Kp* (V(G,S)-VIH-abs (V(D,S})/2)*V(D,S) ,Kp/2* [ (V(G,S)-VIH) **2) )) +
Vi X1 0 17+ 1£(V(D,5)>0 & V(G,5)>VTH,V(D,5)*lanbda, 0)
5 : *Mosfet operating region 2V . .
20 B2 region O V=if (V(G,S5)<VTH, 0, if(V(G,5)-VIH>=V(D,5),1,2 } ) Linear Reglon

b7 N2 22 *Mosfet parameter extraction

23 -param Kp=FKp lin

.param Kp lin=IDSx/ (VGSx-VITHx-VDS5x/2)/VDSx
.param Kp_sat=IDSx*2/ ((VG5plx-VTHx) ~2)

'\\/ 10V, 1.=13A 26 .param VD5x=(Rdsx-Rdrain-Rsource)*ID5x
Drain-source on-state resistance Roson) oo 20 - 59 72 Imo = VTH=VTH:
l(IUZbZ) 2 .param F Hx
*Mosfet parspeters

sparam RDStgt=64m

.param ERdrain=lu Rsource=lu

.param lambda=1/23%

.param Rdsx=RDS5tgt Rdsoff=10Meg

.pa¥r.m VG5x=10 IDSx=13 VITHx=4 VGS5plx=5.7

Gate threshold voltage Iv(.s_.n. |Vm=v.;5.fu=12uA| 2 | 3 ] 4 IV

V,

Gate plateau valtage [

#*Diode parameters
.param RDon=10m Rdiode=lu RDoff=10Meg VD=0.7 VBD=1lMeg
.ends simpleFET

No body-diode reverse recovery modeling (Qrr)

No gate charge modeling




ench Comparison
FET Level O Model vs. Simple MOSFET)

MOSFET Model Level 0 Testbench

VI
Vs
System Voltages
Simulation related commands i Viggic v i R4
.tran 0 Tsim 0 100n FEATHER=0.01  : E : 6m
.options TRTOL=1
i HL1)=Toad O PWLOGIMVEAYL ¢ D_HA

IPPBOCNION_LO

logicH i
2 V6 _Ha———]

X6
&
o
N
FAYER i
1o i
LS Vio
’ A VSV HA
HA S_HA VS| 1\2/r\n, viz
PYUMA 0
V4
0
vz
M2
VG,
TPPROCNI1ON_LD L
PULSE 0 ViogicH 0 10n 100 Ton Tsw N LA Load
Viggic = loadA
-
N ou
H1 So
<
R=V(res)
()v13
ra [
A-side MOSFETs Voltages 1m
VGG HA VDS, HA VeI LA 2

2

1
—V(VG_LAVS_LA) FV=V(VS_HAVS LA}

—V(VG_HA,VS_HATV=V(VD_HA,VS_HA)

'=Tload-1(V13)
.ic V(res)=0
9

.model Diode D{Ron=1 Roff=10Meg Vfwd=0 Vrev=1Meg EPSILON=0.5)

=V(lerr) LAPLACE=(s*Lload/Rload+1)/(s)*(-10e3)*sqrt(Rload)/(s/1K/2/pi+1)

Post-processor commands for average power estimation (& others)

.meas Tonx Duty* Tsw

.meas Toffx (1-Duty)* Tsw

.meas Tslew Vs/SRset

.meas TmON Tmeas+Tslew + (Tonx-Tslew)/2

.meas TmOFF Tmeas+Tonx +Tslew +{ Toffx-Tslew)/2
.meas Navg floor( Tint/ Tsw)

.meas PowerTotalCalc_LA avg V(Ptot_LA) from intA to intB
.meas PowerTotalCalc_HA avg V(Ptot_HA) from intA to intB
.meas PowerTotalFETS_A PowerTotalCalc_HA + PowerTotalCalc_LA

.meas PowerFETSA_check avg V(Ptot_FETSA) from intA to intB
.meas PowerPCBA avg (V(Ppch_HA)+V(Ppch_LA}+V(Ppch_SwW)) from intA to int8
.meas PowerPCBandFETs PowerPCBA+PowerTotalFETS_A

.meas RDSon_HA V(VDS_HA)/I(V10) at=TmON
.meas RDSon_LA V(VDS_LA)I{V11) at=TmOFF
.meas Vload avg V(VioadA) from intA to intB

.meas Powerlnput avg V(PINPUT) from intA to intB

.meas PowerSWnode avg V(PSW) from intA to intB

.meas PowerCheck Powerlnput-Power -PowerTotalFETS_A-Pi PCBA
.meas EffBR PowerSWnode/Powerlnput

.meas lloadAVG avg I(B7) from intB-Tsw to intB

.meas SRITGT SRset

.func P(Voltage,Current) {Voltage*Current}

Sources used for istantaneous power estimation
Bin PINPUT 0 V=P(W(VIM),I (V5))

BL PL 0 V=P(V(VloadA),I(V13))

BSW PSW 0 V=P(V(VSW_HA),I(V12))

Btot_LA Ptot LA 0 V=P(V(VDS_LA),I(V11}}
Btot_HA Ptot_HA 0 V=P(V(VDS_HA),I(V10))
Btot_FETSA Ptot_FETSA 0 V=V{Ptot_HA)+V(Ptot_LA)

Bpch_HA Ppch_HA 0 V=P(V(VIN,VD_HA),1(V5))
Bpch_LA Ppch_LA 0 V=P(V(VS_LA,GND),I(V11)}
Bpch_SW Ppcb_SV 0 V=P(V(VS_HA,VSW_HA),I(v12)}

Stepped and fixed parameters

.step param Ioad list 1 246 8

*.step param SRset list 50Mag 100Meg 150Meg
*.step param RDSon list 35m 50m 70m

*.step param Duty list 0.05 0.5 0.95
*Qperating Conditions
.param VlogicH=5 VS=1.
.param Fsw=20K Duty:

3.5 Toad=6 Rload=(Vioadtarget/Tload)*0.9 Lioad=2m
496 DeadTr=0.5y DeadTf=1.3p Vioadtarget=Duty*Vs

*Drivers
.param GDrive=1 Rcomp=100 VdreH=10 VdrvL=10 SRset=50Meg VSmax=1.1*Vs VSmin=-0.2*Vs
.param SRR=42Meg SRF=42Meg

*Timing calculations

.param Tsw=1/Fsw Ton=Duty*Tsw

.param tsi 0m Tint=1m intA=Tsim-floor( Tint/ Tsw)* Tsw-Tsw intB=Tsim-Tsw

.param Tmeas=(floor(Tsim/ Tsw)-1)* Tsw TmeasON=Tmeas+Ton/2 TmeasOFF=Tmeas+Tsw-Tsw/2+Ton/2




ench Comparison (Cont‘d)
FET Level O Model vs. Simple MOSFET)

Simple MOSFET Testbench

System Voltages
Simulation related commands

-tran 0 Tsim 0 100n Vinsoon
.options TRTOL=1 FEATHER=0.01 Viggic 12
ic I[L1)=Toad
i€ V(TIHA, Tamb)=DeltaTstart
ic V(TILA, Tamb)=DeltaTstart V3 Vi

logicH

PWLOO1ImVS

X6
H1 ovt— N\
Hs |
IN_HA
viz
V2 0
L1
PULSE 0 VlogicH 0 10n 10n Ton Ts IN LA Load
i X2
Viggic loadA
w51 our- N\
>B7
Ls
B
hS,HA R=V(res)
VS_L Vi3
0
A-side MOSFETs Volages
VGS_HA VDS_HA VGS LA vD§ LA Vie
v
1 2
=V(VG_HA,VS_HAYA/=V(VD_HA,VS_HRN=V(VG_LAVS_LA) JV=V(VS_HAVS_LA)

~Toad-1(V13)

=V(lerr) LAPLACE=(s"Lload/Rioad+1)/(s)*(-10e3)"sart(Rload)/(s/1K/2/pi+1}

«ic V(res)=0

.model Diode D(Ron=1 Roff=10Meg Vfwd=0 Vrev=1Meg EPSILON=0.5)

.meas Tonx Duty* Tsw Bin PINPUT 0 V=P(V{VIN),I (V&))

.meas Toffix (1-Duty)*Tsw BL PL 0 V=P(V(VloadA,GND),I(V13})

‘meas Tslew Vs/SRset BSV/ PSW 0 V=P(V(VSW_HA),I(V12))
.meas TmON Tmeas+Tslew + (Tonx-Tslew)/2 _func P(Vokage, Current) {Voltage™Current}

.meas TMOFF Tmeas-+Tonx +Tslew +(Toffx-Tslew)/2
.meas Navg floor(Tint/ Tsw)

.meas PowerChannel_LA avg V(Pch_LA) from intA to int8
‘meas PowerCond_LA avg f{V(rL5AJ==1, V(pch_L&),0) from intA o intB BT A T A
.meas PowerSw_LA avg if(V(ILSA)==2, V(pch_LA),0) from intA to intB Bd_HA Pd_HA 0 V=P(-V(VDS_HA), I(VE))

.meas PowerDiode_LA avg V(Pd_LA) from intA to intB
.meas PowerTotalCalc_LA PowerCond_LA + PowerSw_LA + PowerDiode_LA Btot_HA Ptot_HA 0 V=V(Pch_HA)+V(Pd_HA)

.meas PowerChannel_HA avg V(Pch_HA) from intA to intB =
.meas PowerCond_HA avg if{V(rHSA] Boch_HA Poch HA 0 V.
.meas PowerSw_HA avg f(V(iHSA)
.meas PowerDiode_HA avg V(Pd_HA) from intA to intB

.meas PowerTotalCalc_HA PowerCond_HA + PowerSw_HA + PowerDiade_HA

.meas PowerTotalFETS_A PowerTotalCalc_HA + PowerTotalCalc_LA

.meas EFfBR PowerSWnode/Powerlnput

.meas loadAVG avg I(B7) from intB-Tsw to intB
.meas RDSonTGT RDSon

.meas SRETGT SRset

Post-processor commands for average power estimation (& others) Sources used for istantaneous power estmation

Bch_LA Pch_LA 0 V=P(V(VDS_LA),I(V11))

Btot_LA Ptot_LA 0 V=V(Pch_LA)+V(Pd_LA)
Btot_FETSA Ptot_FETSA 0 V=V(Ptot_HA}+V(Ptot_LA)

PV(VIN,VD_HA),1(v9))
1, V“iv:h_HA)’[g from intA to N8 Bpch_LA Ppch_LA 0 V=P(V(VS_LA,GND),I(V16))
, V(pch_HA),0) from intA to int8 Bpch_SW Ppch_SW 0 V=P(V(VS_HA,VSW_HA),I(V12))

.meas PowerFETSA_check avg V(Ptot_FETSA) from intA to intB TIHA
.meas PowerPCBA avg (V(Ppch_HA)+V(Ppch_LA)+V(Ppch_SW)) from intA to intB Rtk
.meas PowerPCBandFETs PowerPCBA+PowerTotaFETS_A Tamb =
g [

=V(Ptot_HA)
.meas RDSon_HA V(VDS_HA)/I(V10) at=TmON |—
.meas RDSon_LA V(VDS_LA)/I(V11) at=TmOFF Cth 72<R“
.meas Vload avg V(VioadA) from intA to intB <
.meas TIHA_ss avg V(TIHA) from intA to intB R3 T
.meas TILA_ss avg V(TILA) from intA to int thhv

6
.meas PowerInput avg V(PINPUT) from intA ta intB Va4 o) —V(Ptot_LA)
.meas PowerSWnode avg V(PSW) from intA to intB Aomb it !
.meas PowerCheck PowerInput-PowerSWnode-PowerPCBA-Power TotalFETS_A EL cltlh

Stepped and fixed parameters
=step param Tamb lst 25 120 130
step param lload st 124 68
= step param SRset list 50Meg 100Meg 150Meg
*.step param RDSon list 35m 50m 70m
*.step param Duty list 0.05 0.5 0.95

“Operating Conditions

-param VlogicH=5 V5=13.5 Iload=6 Rload=(Vloadtarget/lload)*eta_est Lioad=2m Tamb=25 eta_est=1
-param Fsw=20K Duty=0.496 DeadTr=0.54 Dead Tf=1.3u Vioadtarget=Duty*Vs

*“MOSFETS

.param VGSth=3 RDSon=64m IDStarge
.param VDiode=0.6 Rdiode=15m Vqua
.param mth=1/115 TI0=25

.param Rth=35 Cth=0.05m Tlstart=Tamb deltaTstart=T]start-Tamb

.param Ciss=538p Coss=76p Cres=8p Cgs=Ciss+Crss Cds=Coss-Crss Cgd=Crss

3 VGStarget=10 VGSthx=3
55

*Drivers
.param GDrive=1 Reomp=100 VdrvH=10 Vdnd=10 SRset=50Meg VSmax=1.1"Vs VSmin=-0.2%Vs
_param SRR=42Meg SRF=42Meg

*Timing calculations

-param Tsw=1/Fsw Ton=Duty*Tsw

-param tsim=10m Tint=1m intA=Tsim-floor( Tint/ Tsw)* Tsw-Tsw intB=Tsim-Tsw

.param Tmeas=(floor( Tsim/ Tsw)-1)* Tsw TmeasON=Tmeas+Ton/2 TmeasOFF=Tmeas+Tsw-Tsw/2+Ton/2




Testbench Comparison
(MOSFET Level 0 Model vs. Simple MOSFET)

50% PWM Duty-Cycle
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Model Comparaison

Invalid assumption
Rs(on) drop > BG diode V¢

High-Side MOSFET Low-Side MOSFET PCB Low-Side + High-Side MOSFETs MOSFETs + PCB
Conduction| Turn-On | Turn-Off [Switching|Back-Gate Diode | Total Conduction| Switching | Back-Gate Diode | Total Total copper Total losses Total losses
Average Motor Current Losses Switching |Switching| Losses Losses [W] Losses Losses Losses [W] losses [W] [W]
[A] W] Losses Losses W] W] W] W] W] W]
W] wi
1 0.030 0.046 0.046 0.092 0 0.122 0.030 0 0061 | [o0.001 0.21
2 0.132 0.092 0.092 0.184 0 0.316 0.132 0 0122 | [o.254 0.57
1™ order approximation 4 0.600 0.184 0.184 0.367 0 0.967 0.600 0 0258 | [o.858 Not included 1.83
6 1.620 0.275 0.275 0.551 0 2171 1.620 0408 ! | 2028 4.20
8 4,032 0.367 0.367 0.734 0 4,766 4.000 8.77
1 0.143 0.058 0.015 0.20 0.22
IFX FET 2 0.349 0.179 0.062 0.53 0.59
Spice Model Level 0 4 not available in the vendor model 0.940 not available in the vendor model | 0.610 0.25 1.55 1.80
(T, fixed at 25°C) 6 1.780 1.280 0.56 3.07 3.63
8 2.880 2.210 0.99 5.09 6.10
1 0.030 0.093 0 0.123 0.029 0 0.026 0.055 0.015 0.18 0.20
2 0.120 0.190 0 0.310 0.120 0 0.056 0.176 0.062 0.49 0.55
Simple FET Spice Model 4 0.580 0.370 0 0.950 0.540 0 0.120 0.660 0.25 1.61 1.86
6 1.650 0.540 0 2.190 1.500 0 0.190 1.690 0.56 3.89 4.45
8 4.390 0.690 0 5.080 1.700 0 0.950 2.650 0.99 7.73 8.72
1 0.24
2 Not practical Not practical 0.65 <7.5%
Lab Measurement 4 Not practical to measure experimentaly Not practical to measure experimentaly to measure to measure 2.15 error
2 experimentaly experimentaly ;“22

Notes:
- 13.5Vinputvoltage

-1A/2A/4A 76/ 8A average motor current L d . | t.
- 20kHz PWM operation OwW-Side recirculation

- 50% duty-cycle

- 2us back-gate diode time . . . . .
- 40V/us slew-rate (340ns rise time, 340ns fall time) High-side active switch (i.e. output slew-rate control)
- 65mOhm Rds(on), 0.85V back-gate diode voltage

- ca 20mOhm PCB trace resistance




Conclusion

« 1storder approximations are very handy to draw an initial picture of the power-stage losses

« Simple MOSFET model provides a powerful method to breakdown the losses

 Simple MOSFET model can be easily defined with datasheet parameters

* Fast simulation time

« Temperature dependencies help to improve first order estimates

 Good degree of accuracy: predicted power dissipation off by less than 10% vs. bench measurements

* Q. modeling is usually not required in motor driver applications switching at ca. 20kHz.

» Helpful to optimize the tradeoff conduction losses, switching losses and electromagnetic noise emissions

Do not underestimate PCB copper losses
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COMPLEMENTARY MATERIAL




MOSFET SPICE Level (sub) O

Drain.
a(vV(D,S),V(G,S)) f(V(D,S),V(G,S)) V=g(V(D,5),V(G,S))
Cut Off Ve =V I,,=0 R1
Linear Vg >V, Voo =V =V, 174 V.2 Rdrain
. pomme Iy =nC, — (VGS -V; )VDS - 211+ AVps) D
L 2 ~B1
: — @ D1
Saturation | V. >V,, V, >V. -V, I = lu c K(Vcs SV (14 AV, I=f(V(D,S),V(G,S)) /N
2 L Diode
§R2 R4
VGS3
Rsource §
Non- RDon
| b | saturation
” +° Saturation Source . Dp
+‘||:‘, Vos
VGS = Symbol Properties - ¥
= Application
o %l_ 3£
E:;:::‘ét'}y: = ::I\;.Tchine generated s
. Xl : I;::r; T:t s simpleFET lib
., [ASIMPLEFET =52




MOSFET SPICE Level (sub) O

Cut Off |
Linear Ve >Vy, Vo sV =V,
Saturation | V>V, V, >V, -V,

region

[V=g(V(D,S),V(G,S» é}%z
<

R1

B1
@I#(V(D,S),V(GIS))J ZSDI

R2

Rsource

Symbol Properties -~

|Application
BibLOg

Symbol Type X
Desaription Machine generated s.
Mow Shotted Fins False

X 1 Library File: simpleFET Jib
Stiing Attributes:

" SIMPLEFET  moe it cones

Name: X1

1t attnbute SIMPLEFET
2nd attribute RDStgt=60m
3rd attribute VGSx=10
4th attribute IDSx=13
Sth attribute VTHx=3

Gth attribute VD=1

are overwritten
Ah attribute RDon=1m
= when new values
- are passed
= through symbol

LRy

.subckt simpleFET G Drain Source Dp region

*External resistances
R2 Drain D Rdrain

R3 Source S Rsource
R1 G S 10Meg

f*Body diode model Simple PWL diode model h
D1 DR D Diode
R4 Dp DR RDon
.model Diode D (Ron=Rdiode Roff=RDoff Vfwd=VD Vrev=VBD
\FPSILON=quad) Y

Rdrain \

Params in subckt

*Mosfet current

B2 region 0 V=if (V(G,S)<VTH, 0, if(V(G,S)-VTH>=V(D,S),1,2 ) )
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