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1. The Simulation of DC Motor Control Circuit i~ Bhe.gees

S e e e e T e

Key simulation models

DC Motor Model
=The model features on transient characteristics of the motor.

LM555 Timer IC Model
=The model features on functions of the IC.
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2.1 Manufacturer Specification i~ Bhe.gees

SRS R S R R R S

MABUCHI MOTOR RS-380PH

T —————
* \Voltage Range..........ccceeeevveenenn 120V
 Normal Voltage..............cceeeeeen 7.2V
* Normal Load..........cccvvvvmnennnnn. 9.8 mN-m
 Speedat No Load..................... 16,400 rpm

« At Normal Load
o Speed....cccceeieiiiiiiiiiieeiiinnn. 14,200 rpm
LI G111 (=] 0| S 2.9A
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2.2 Torque Constant and Back EMF Constant i~ Bhe.gees

e i s e Tl et e

* The Torque Constant K is obtained as:

Torque =Kr- 1 (1)

RS-380PH at Normal Load:
Torque = 9.8 mMN-m

INormal Load — 29A
K,=9.8/2.9 = 3.379 mN-m/A

 The Back EMF Constant K is obtained as:

Vewr = Ke - Speed (2)
RS-380PH at No Load:
Speed = 16,400 rpm

Veur = Vi

o

mat - Bt Ivo Loaa = 7-2-0.3456 = 6.8544 V
,R,~=0.576Q and I, ;.4 =0.6A (measurement data).

K =6.8544/16,400 = 0.41795 mV/rpm
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2.3 The Armature Inductance and Resistance i~ Bhe.gees

S e e e T =

A: [Z] TOP 28 o BOTTOM SEE mo 585233 ma

o ] N D S S S O OO SRR -SRI
N O D O S SO SO S S SRR ot ol S I

...................................................................................................

ExtRef S ren st SO S Calculated | :
Rl o ey 1 B e e e S b S SO RO L SRR SRS
%!w e S S DO SRR SO RS SR IR
YAC --- IAC --- WAIDE ——-
3TART 18@ H=z 0s5C 5898 molt 3TOP 18 kHz

Precision Impedance Analyzer |Z| vs. Frequency measured data.

 The Armature Inductance and Resistance are obtained with a Precision Impedance
Anayzer (Agilent 4294A)

e Lg=165uH and Rg =575.977 mQ

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010 6



b
2.4 The DC Motor Equivalent Circuit i< BES

! Mechanical Part
(torque and speed)

» The Back EMF Voltage is the
voltage generated across the
motor's terminals as the windings
move through the motor's
magnetic field.

* The Back EMF voltage is
linearly proportional to the
motor's velocity in the
Mechanical Part.

equivalent circuit
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* This figure shows the equivalent circuit of DC motor model that includes the |Z]-
frequency part ,Back EMF Voltage part ,and Mechanical part.
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2.5 Transient Response at No Load

-Measurement

>
> .

&
<

M[T00ms| A Cha & 40.0mA

@IE[ 5.00V |Ch4] 2.00 A0

This figure is the motor current and voltage at
start-up transient (oscilloscope screen captured).

2z Bee

i\ Technologies

S S S S

The test setup include 12Vdc source

.series resistor and the motor.

The result is used to obtain the start-up

current and the steady state current.

The time constant of the current
response will be used to determine the

parameters that model the motor shaft’s

inertia.
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2.6 Transient Response at No Load (Model) i~ ﬁelg

142+ 20%
1 |

Simulation
1224

Ul

10A4

87 I

é; "\ RS-380PH

wf o ; 1_/ KT =3.379m

N ol

27 - R & iiFrant

Torgue constant and
back EMF constant.

& >
< >

0A- -

Time constant

s r

—2A- -20V
0s 0.1s 0.2 0.3s 0.4s 0.5 0.6s 0.7s 0.8s (0.%s
o I(V2) s V{UL:l)

Time

» This figure shows the result of the start-up transient simulation with RS-380PH motor
model at condition 12V ,no load.
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2.7 Speed at No Load (Model) 4\ Tochnologies

e .

20KA
Simulation
r g
] Speed at No Load
.g’ (973.041w, 16. 400K) =16,400 rpm.
10KA {
SEL>>
02
o I(¥ UlL.V rpem)
| larg 2w
1274
Y PN N Normal Voltage
M [ - ? =7.2V.
S o ':.'...
47
] NViotor curkent
-
= ;_
25 207 ; :
Oz O.1l= 0.2z 0.3= 0.4 0. b= 0. bz 0.7z 0.8z 0.%= 1.0z

o I(V2) s V(UL:l)

Time

This figure shows the simulated speed at no load (16,400rpm). To monitor the speed ,trace
“I(X_UL1.V_rpm) " inside the model .SUBCKT.
Note: for OrCAD 16.0 set "All"* for the Currents of the Data Collection Options of the Simulation Settings.
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#§  Technologies

2.8 The Motor Steady-State Current Condition Setting (1/2)

e

Simutation 1

Ul

IZA_:W.....‘

‘‘‘‘‘ L /1= 10

82

Steady-state current

0 — {1}, -
j =3.8A (motor with fan)

Input the Steady-State
Current load condition.

4;\_2 ..............................................
i . ‘Steady-state current (ex. 1L=0.6A for the No
ZA__, ................................................ S~ m ,,,,,,,,,,, ............ =O A(nOlO&(H) ................. | Load or IL=3.8A for the
L ' [ v motor with fan).
0B :3 ,,,,, -
72A T T T l T T I
0s 0.1s 0.2 0.3s 0.4s 0.5 0.8 0.73 0.8s 0.9s
o o I(V2)
Time

This figure shows the current waveforms of the motor with the different rated torque load

.that result as the different steady-state current.
Since the simulations are focused on the electrical world ,the RS-380PH spice model is

directly conditioned by input the steady-state current.

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010 11



Mz Bee

2.8 The Motor Steady-State Current Condition Setting (2/2) %I~ oo

et

— ——

Steady-state current simulated result will match the model input value “IL” only when the condition Vcc is 12Vdc .
In the other case , “IL” value is changed until the desired steady-state current condition is met.

14A T i s
Simulation

IL=1.1

] Input the value of “IL"=1.1A

] Steady-state current for the steady-state current

120 6A condition 0.6A (the value is
] not matched).

—2n+ : ; ; ; ; i i i ;
0s 0.1s 0.2 0.3s 0.4 0.5 0.6 0.7z 0.8s 0.9s
o I(V2)

Time

This figure shows the unmatched value of the steady-state current condition when Vcc condition is
7.2Vdc (not a 12Vvdc).
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2.9 Transient Respo_nse at_ Load 3.8A alr Bee
(Measurement vs. Simulation) F§ Technotogies

e S —

The test setup include 12Vdc source ,0.8Q series resistor and the RS-380PH motor with fan.

Measurement : s : Simulation
i V(1) ,5V/IDIV 1
........................................................ 4— -
M|100m5| A| Ch4 S 40 UmA| Os 0.1s 0.2s 0.3s [:'.145:‘. 0.5s [:'.16.':; 0.7s 0.8s 0.9s

Ch3[ 5.00V |&iE 2.00AQ |

» This figure shows the result of the start-up transient simulation with RS-380PH motor model at
condition 12V ,3.8A load.

* Theresultis compared to the voltage and current waveforms obtained by the oscilloscope.
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3. LM555 DC Motor Speed Control Circuit (No Load)

e e,

— ——

2z Bee

v 4 i\ Technologies

» The circuit is simulated and compared with the measured waveforms from oscilloscope
(Tektronix: TDS3054B) to verify the simulation using the RS-380PH model.

Vi
VOFF =0 @

VAMPL = 15
FREQ = 50

Analysis directives:

. .TRAN 0 1.5s 0 4u SKIPBP
. .OPTIONS ABSTOL= 1.0u

. .OPTIONS GMIN= 1.0E-8

. .OPTIONS ITL4= 15

. .OPTIONS RELTOL=0.01

. .OPTIONS VNTOL= 1.0m

D7
U3
D4001 uPC7812A
Reg,
IN  OouT =
10k
D5 GND A
D400l == C3 D1 D2
1000u D1N4148 D1N4148 NN ®| L,,| l
c2
R3 U1 InF
1 30k LM555 =0 Ic=0
=5 RV2

{vr1} {500k-v r1}

Vsense,

u2
2 RS-380PH
- IL=0.6

R4
W @
BC547
PARAMETERS: l 10k Q
vrl = 250K C1l Q1
l 1nF Q2SC1061
= ic=0
- O je—
0

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010
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3.1 Rectified dc voltage with ripple i~ Beg

e - —

D4001
Reg,

o |/ Rectified dc voltage with ripple veense: |

IN ouT

Vi
©
VOFF =0

VAMPL = 15
FREQ = 50

DS GND

u2
D400l = C3 D1 b\ Rs-380PH
1000u D1N4148 @| |.n| - ) iL=06

1 LM555
=0
™) <
) R4
- AN V Q2
BC547
PARAMETERS: J_ 10k Q
vrl = 250K C1 Q1
1nF Q25C1061
L ic=o0
h O je—

"0
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3.1 Rectified dc voltage with

ripple

2z Bee

#§  Technologies

e

Measurement Simulation
................... e | 2ove oV
________________ Rectified dc voltage with rlpple . . Rectified dc voltage with npple _
” T . .
L, \‘“\m .......... \f . &”“‘w 10V 10V ll
5V 5v ‘
)]SI CIVECPEVAACIR DAL EA DT VAT S EALE 0 DL REILE DAL AL LT MR M P ESE (L A EELI0 LD SO DRI TR VB D002 R (L AR LT OV OV H
___________________ IC555 Output pulse voltage — — IC555 Output pulse voltage
: : : : ' -10v -10v :
: : : : : i : : , : : ~15v ~15v-
Ch.3. 5..0.0.V....:.... ..... +M4.00ms A Ch3 /' 10.0V 1.056s  1.064s  1.072s 1.080s  1.088s
o V(Ul:3) o V(REG)
Time
Rectified dc voltage with ripple
All Rights Reserved Copyright (C) Bee Technologies Inc. 2010 16



3.2 IC 555 Output Pulse Voltage

@
VOFF =0

VAMPL = 15
FREQ = 50

e

2z Bee

i\ Technologies

D7
U3
D4001 uPC7812A
Reg
IN  ouT =T
10k
b5 o —AMW
D400l == C3 D1 D2
1000u D1N4148 D1N4148 o q,| L,,| l
c2
R2 R3 U1 InF
L ic=o0
1 5k 30k LM555 =
=5 RVL  RV2

{500k-v r1}

Vsense,

u2
o} RS-380PH
- IL=0.6

R4
AWV Q2
PARAMETERS: l 10k QBCS47
vrl = 250K C1l Q1
l 1nF Q25C1061
= ic=0
~0

IC 555 Output Pulse Voltage

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010
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3.2 IC 555 Outpu

t Pulse Voltage

2z Bee

i\ Technologies

Measurement

EE[ 5.00V ; _

iM[200us| Al Ch3 £ 10.0V|

S — ——

Simulation

20v

15V IC555 Output pulse voltage

10V

)T

ov

—5vd .. o

—10v4d ...

5

—20V .
1.4544s 1.4848s
o V{UL:3)

T T T
1.4852s 1.4856s 1.4860s 1.48¢é4ds

Time

|IC 555 Output Pulse Voltage
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3.3 Transistor Q2: VCE =:=Bee

' §N  Technologies

e

Vsense,
D7 e
U3 B
D4001 uPC7812A
Rel
C)V 1 4 IN  ouT =1
~o
VOFF =0 10k
VAMPL = 15 D5 GND - - AN D3
FREQ = 50 A Ds001
U2
D4001 == C3 D1 %+ \ RS-380PH
1000u DIN4148 @| |.o| l - ) L=06
c2
U1 inF
——I;_ Ic=0
LM555 =
= 0
0
o) <t
R4
- MW L a
BC547
PARAMETERS: l 10k l\ﬁ Q
vrl = 250K c1 [ Q1
1nF Q25C1061
L ic=o
0

0

Transistor Q2: VCE
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3.3 Transistor Q2: VCE F Bhegees

SRS R S R R R S

Measurement Simulation
20V
: : : : : +  Transistor Q2: VCE - : : Transistor Q2: VCE
........................................................ 15V

10v4 -

5v4 -

............................................................ —5V1
............................................................ —love-
............................................................ ke

;W ;:Mm :;| Ch3: F 150 v|' -20v 1 . . .
1.4744s 1.4748s 1.4752s 1.4756s 1.4760s

o V(R2:c,02:e)
Time

Transistor Q2: VCE
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3.4 Transistor Q1: VCE, IC

e

2z Bee

i\ Technologies

Vsense,
D7 e
U3 B
D4001 uPC7812A
Re
C)V ! 4 IN  ouT RI
o
VOFF =0 10k
VAMPL = 15 D5 GND o AN\ D3
FREQ = 50 A 01 Uz
D4001 = C3 D1 % \ RS-380PH
1000u D1N4148 <.o| |.n| l -] IL=06
c2
U1 inF
——ic=0
LM555 =
= 0
0
™) <
R4
e I~ Q2
BC547
PARAMETERS: l 10k Q
vrl = 250K c1 Q¢
1nF Q25C1061
—L—Ic=0
TO p—
0

Transistor Q1: VCE, IC

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010
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3.4 Transistor Q1: VCE, IC i~ Bhegees

SRS R S R R R S

Measurement Simulation
—y—T———————— | 20Vy o 14A
. ) ) ) ) T ) ) ) ) : 13a4 : : : : : :
...... . L L ...... Transistor Ql: VCE -- 15V 1224 Transistor Ql: VCE
. . . . . - . . . . . 114 : : ) ) ) )
A USRI SR & SRR IUUE SRS SRR 1ov4  1oaf
97
............................................................ 5V SA] _ x _
?3 oV 61 r ¥ J"_""l
...... | and
-5V ant -
............................................................ .
. _ ~10v- 25 : : :
L Transistor Q1. IC ... ... ... . 1a Transistor Q1: IC : ﬁ/\ :
ST Y B S -1sv4 0 — ' ~
4 o L P Sy e o i ) . Z1nd . . .
M 20040 - ; i ; : : ' : —zovd  -2a
Ch3[ 5.00v | . . M200us| Al Ch4 S 600mA 1.2504s  1.2508s  1.251%s  1.2516s  1.2520s

s ViQlic,Ql:e) o IC({Q1)

Time

Transistor Q1: VCE, IC
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3.5 Motor Voltage and Current i~ ﬁ‘?fﬁ

e - e

Motor Voltage and Current voense. |
U3 -
UPC7812A
IN  ouT
G :
VOFF =0 10k
VAMPL = 15 GND . R D3
FREQ =50 ] Wy A b0 )
U
T ¢3 D1 D2 -\ RS-380PH
1000u D1N4148 D1N4148 o q>| L,,| l ~ ) lL=o0s
c2
R3 U1 InF
1 30K > LM555 = c=0
—_ 0
0
{500k-v 1} j_u (r) vl—
"0 R4
- AN V Q2
BC547
PARAMETERS: J_ 10k Q
VIl = 250K c1 o1
1nF Q25C1061
L_ic=o
° O je—
0
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3.5 Motor Voltage and Current i~ ﬁe.gees

e e —

Measurement Simulation

: : : : hd : : : : . 1 2

1574 124 o

VMotor

T e | s 10v4 102
A e M

S| TR A AU L & TR | SO I | O T ovi e o
) S R "L SRS LS S R A RS A~ A8 e

-5V 424

i i . . : : . . : |
IMotor : : _1ovd oad Motor

m\///////, N OAﬂ : /\ m /{\ /\ /
w‘_ e il SR R - e

Ch3[ 5.00v | . . :M200ps| Al Ch4 S 600mA -2ov- Zh

T T T T
1.2722s  1.2726s 1.2730s 1.2734s 1.2738s
x VI(U2:1,1T72:2) v I(Vsense)

Time

Motor Voltage and Current
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4. LM555 DC Motor Speed Control Circuit (Fan Load)

e e,

— ——

e

==Bee

v 4 i\ Technologies

» The circuit is simulated and compared with the measured waveforms from oscilloscope
(Tektronix: TDS3054B) to verify the simulation using the RS-380PH model under the different

load condition .

VSenSe+
o7 =
U3
D4001 uPC7812A
\Z8 Reg,
@ IN ouT R1
VOFF =0 . 10k
VAMPL = 13.5 D5 ND . D3
FREQ = 50 l Wy A 01 U2
D400l = C3 D1 D2 b\ RS-380PH
1000u D1N4148 D1N4148 o @| m| l - IL=1.5
c2
R3 Ul Lo
I 30k > LM555 =0 Ic=0
0
............................................................................ {500k_vr1} | N ™) <
. Analysis directives: 0 R4
y . AN V¥ Q2
. .TRAN 0 1.550 4u SKIPBP PARAMETERS: 1 10k Qacs47
: 1= 250K c1 1
. .OPTIONS ABSTOL= 1.0u v o Qasc1061
L ic=0
"0

. .OPTIONS GMIN= 1.0E-8
. .OPTIONS ITL4= 15

. .OPTIONS RELTOL=0.01
. OPTIONS VNTOL= 1.0m

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010
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4.1 Rectified dc voltage with ripple i~ Beg

e - —

D4001
Reg,

o |/ Rectified dc voltage with ripple veerse: |

IN ouT

Vi
©
VOFF =0

VAMPL = 13.5
FREQ = 50

D5 GND

u2
D4001 = C3 D1 TH RS-380PH
1000u D1N4148 <.o| L{7| - IL=15

1 LM555
=0
™) <
) R4
W @
BC547
PARAMETERS: l 10k Q
vrl = 250K C1 Q1
1nF Q25C1061
L ic=o0
h O je—

"0
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4.1 Rectified dc voltage with

b

==Bee
i\ Technologies

ripple

Measurement

e

Simulation

oF 5.00V |
‘ch3[ 5.00V | .

........... , 1 20V 5 20V
Rectified dc voltage with ripple L5V 15V+ Rectified dc voltage with ripple
W '.Jl W - ;r
:\“ﬂ-.’ r \.f‘\_w‘__ "
1M I fiad 5V 4 5V
OV ov
- IC555 Output pulse voltage e e
—10VA —-10V+
715\]_ 715\]_. .. e e
I . . . >
‘M4.00ms Al Ch3 & 14.8V| ~20V- -20v . . . : .
e : : : 83 6ms 844ms 852ms 860ms 868ms
o V(Ul:3) o V(REG]
Time

Rectified dc voltage with ripple
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4.2 1C 555 Output Pulse Voltage

@
VOFF =0

VAMPL = 13.5
FREQ = 50

e

2z Bee

i\ Technologies

D7
U3
D4001 uPC7812A
Reg
IN  ouT =T
10k
b5 o —AMW
D400l == C3 D1 D2
1000u D1N4148 D1N4148 o q,| L,,| l
c2
R2 R3 U1 InF
L ic=o0
1 5k 30k LM555 =
=5 RVL  RV2

{500k-v r1}

Vsense,

u2
o} RS-380PH
- IL=15

R4
AWV Q2
PARAMETERS: l 10k QBCS47
vrl = 250K C1l Q1
l 1nF Q25C1061
= ic=0
~0

IC 555 Output Pulse Voltage
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4.2 1C 555 Output Pulse Voltage

Measurement

_:I'\u'l 200us A| Ch3_ S 8.10 V|

S

Simulation

20V

— ——

2z Bee

i\ Technologies

15V

10V

5v4

o~

IC555 Output pulse voltage

|IC 555 Output Pulse Voltage

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010
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- 10V
-15V+
_ZOV T T T T
95.6ms 96, Oms 56, dms 96. 8ms 57.2ms 57.6ms
o V(Ul:3)
Time
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4.3 Transistor Q2: VCE i~ ﬁe.gees

e S —

Vsense,
D7 e
u3 -
D4001 uPC7812A
Re
C)V 1 = IN ouT R1
o

VOFF =0 10k

VAMPL = 13.5 D5 GND R ANV D3

FREQ = 50 ] A b0 U2

D4001 - C3 D1 D2 1 RS-380PH
1000u D1N4148 D1N4148 o ~ ®| m| l - IL=1.5
c2
R3 U1 InF
1 30k > LM555 =0 Ic=0
~o
{500k-vr1} o e
-0 R4
MW——— A
BC547
PARAMETERS: l 10k l\ﬁ Q
vrl = 250K c1 AN Q1
1nF Q2SC1061
—— IC=0
0

0

Transistor Q2: VCE
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4.3 Transistor Q2: VCE

Measurement

" Transistor Q2: VCE

'OEE 5.00 V ; ;

iM[200ps| Al Ch3 £ 10.5V

et

Simulation

20v

— ——

i

==Bee

i\ Technologies

157

100

svd

0w

Transistor Q2: VCE

—5v44. -
-10V+ -
-15vV+q. -
*ZOV T T T T T
195.8ms 196. Zms 196. éms 197 .0ms 197 . 4ms
o V(DZ2:c,02:e)
Time

Transistor Q2: VCE
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4.4 Transistor Q1: VCE, IC

e

2z Bee

i\ Technologies

VSenSe+
D7 e
U3 B
D4001 uPC7812A
Re
C)V ! 4 IN  ouT RI
~o

VOFF =0 10k

VAMPL = 13.5 D5 GND . AW D3

FREQ = 50 A D01 Uz

D4001 == C3 D1 %\ RS-380PH
1000u D1N4148 @| |.n| l - ) iL=15
c2
U1 inF
——I;_ Ic=0
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4.4 Transistor Q1: VCE, IC

SRS R S R R R S

Measurement Simulation
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4.5 Motor Voltage and Current i~ Bhegees
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Measurement Simulation
20V+ 14a
b : : : : . 1 2
S A ; 15V 1284 -
VMotor
............................. 10V + 104
............................. 5V B8R
E) T OV GA
............................. _5V- 4A_
IMotor )
: : - -10v- 284
SN SN N SN
| [ . ) ) -15v4 A
@' """ o
. 200 A9 . . 4 . . . . - S
ch3[ 5.00V : : iM[200us| Al Ch4 £ 1.52 -20v- ~2ZA . . . . .
ool E | A 1.4928s  1.4932s  1.4936s  1.4%40s  1.4%44s

x VI(U2:1,U2:2) o I({Vsense)

Time

Motor Voltage and Current

All Rights Reserved Copyright (C) Bee Technologies Inc. 2010 35



. . e Bee
Simulations index Z1% Technotogies

Simulations Folder name

¥Simulations¥Transient¥Trans_NolLoa

1. Transient Response at No Load (Model)........ccccooovviiiiiiiiii i, d

2. Speed at No Load (Model)........coooeviiiiiiiiiiieee e ¥Simulations¥Transient¥Speed_NoLoa
3. The Motor Steady-State Current Condition Setting (1/2)........c......c...... d

4. The Motor Steady-State Current Condition Setting (2/2)........c............. ¥Simulations¥Transient¥Steady State
5. Transient Response at Load 3.8A........cccoooiiiiiiiiiiiieecie e ¥Simulations¥Transient¥Trans_1A1l

6. LM555 DC Motor Speed Control Circuit (No Load).........cccceeevvvviieeens ¥Simulations¥Transient¥Trans_3A8

7. LM555 DC Motor Speed Control Circuit (Fan Load)...........cccceevvvnnnne. ¥Simulations¥Trans_NolLoad

¥Simulations¥Trans_FanlLoad
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e S —

Simulation Settings - trans1

Simulation Settings - trans1

X)

General  Analysis lEonfiguration Filesl Dptions] Data Collection ] ProbeWindow] General] Analysiz ] Configuration Files  Options | Data Collection ] Probe W’indow]
Analyziz type: H H Eefeassin H [ORTION] &
: _ ,7 3 gor. : 3
Run to time: 1.5 ssconds [TSTOR) . : Relative accuracy of V's and 0.0 [RELTOL] =
A Start saving data after ,70 ssconds gﬂ:;:?‘:ifel Simulation Best accuracy of valtages: 1.0m wioltz [WMNTOL] :
phions: 0 SR = = Best accuracy of currents: 1.0u amps  [ABSTOL] :
= ] o = Trangient options o : H
':“':["":'t:": 5 : i P ) : = Best accuracy of charges: 0.0p  coulombs [CHGTOL) =
[Monts aro orst Lase e SEp EE: Bl e = Minimum conductance for ang branck: [1.0E-8  1fohm  [GMIN)
[]Parametric Sweep H _ L _ _ . . H . d
CTenperaure Guess) 3, ¥, S he ke andent b pont couten (SKUPEF) ; OCandias bind otonint. 50 my
[]5ave Bias Poirt ¢ DC and bias "best guess" iteration fimit; |20 [ITL)
[ILoad Bias P'Z'inl. [ Runin resume mode Output File Options... Transient time point iteration lirit: 15 (ITL4]
[15ave Che_Ck P?lnts : Default naminal temperatLire: 2.0 L [THORM) =
[“1Restart Simulation
I Use GMIN stepping to improve convergence. [STEPGMIN)
™ Use preordering ta reduce matris fillin. [FREORDER]
AutoCnnverge...| MOSFET Dplions...| Advanced Dptions...| Rezet |

Q. | Cancel Help Ok | Cancel | | Help |

Analysis directives:

: .TRAN 0 1.5s 0 4u SKIPBP
.OPTIONS ABSTOL=1.0u
.OPTIONS GMIN= 1.0E-8
.OPTIONS ITL4=15
.OPTIONS RELTOL=0.01

.OPTIONS VNTOL=1.0m
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