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Lecture - 63
Mixed-Mode Simulation

Hello, welcome to lecture number 63. This will be the last lecture and here I would like to inform
you about a feature of that software or that is also a requirement that the device simulation itself
is good for you know finding out the characteristic of the device and research purpose but the
performance has to be checked in a circuit.
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L.63 MIXED-MODE SIMULATION

*  Mixed-moge simulalion capabifity of Alfas Sivoco

-

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

So, this Silvaco software allows us to allows us to do simulation called mixed mode simulation,
so in mixed mode simulation what you can do you can have circuit framework let us say R CL
whatever. Then in that you can put number of devices and simulated basically is with some
excitation. So, this allows you to have a mixed mode simulation where you have rest of the

circuit is mentioned specified through spice like program.

And then you have your physical device also here. Now this is useful in case you are not able to
get a compact model for your device because all the (()) (01:33) simulation they use the compact

models of the or you do not want to use a compact model you want to use a physical device and



see the device performance. Then this mixed mode simulation is a good capability that is
available with the Atlas Silvaco.
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1 MIXED-MODE SIMULATION 0)

+ MixedMode is a circuit simulator that can include elements simulated using device simulation
and compact circuit models. s

* Useful when
'ngompacl models for a devices are unavailable or not L 50 accurate.
* allows multi-device simulations
» numerical algorithms for ECTImns:ent, small signal AC and small signal network analysis
* Applications of MixedMode: circuits including
* diodes, power transistors, IGBTs, and GTOs, optoelectronic circuits, circuits subject to single
event upset, thin film transistor circuits, high-frequency circuits, precision analog circuits,
and high performance digital circuits.
* can include up to 200 nodej 300 eﬁemgﬂg, and up to ten numerical simulated Atlas

devices. f ——

ments supported include

ent and independent voltage and current sources, resistors, capacitors, inductors,
od inductors, MOSFETs, BITs, diodes, and switches. Common SPICE compact models

Now mixed mode is a circuit simulator that include the elements simulated using the device
simulation and other elements can also included. So, you can have n number of such devices or
you can use a compact circuit models can also be used. Now when it is useful compact models
are useful and mix mode is used when compact models are not available or they are not so

accurate.

Or it allows the multiple devices to be simulated together, numerical algorithm for DC transient
small signal AC and a small signal network analysis. They are used to you know under calculate
the effect of this mixed mode simulation and such devices like diode power transistors, insulated
gate BTs great unknown optoelectronic circuit, you know single event upset, a thin transistor

high frequency circuit, precision analogue circuits, digital circuit.

So, there this mix mode can be used and there is a limit on the mixed mode that it you can
include up to 200 nodes up to 300 elements up to 10 numerically simulated Atlas devices. So,
these 300 elements include the compact models and so on. Now circuit element that are

supported you can have voltage and current sources dependent or independent sources also,



resistors capacitors, inductors, coupled inductors, MOSFETS diodes switches you know (())
(03:29) and so on.
(Refer Slide Time: 03:31)

* Circuit simulators (SPICE) solve systems of equations that describe the behavior of electrical circuits

Y

3 MIXED-MODE SIMULATION

Ay,

* Compact or circuit models are analytic formulae that approximate measured terminal }L ¢ t
. v
characteristics. k-

* Physically based device simulation solves systems of equations that describe the physics of device
ppea =
operation.

* Information is transferred from device simulation to circuit simulation as follows:

* electrical characteristics calculated using a physically-based device simulator.

* Calculated electrical characteristics are used by a device modeling and parameter extraction
package such as Utmost. 5

* The extracted parameters are used to characterize a compact model
AL LA AR e

and devices for which compact modeling is not always satisfactory: precision low
‘power, high frequency circuit simulation, SOI, IGBT, GTO, TFT, and optoelectronic

Now circuit simulator SPICE it will solve for the you know KCL and KVL equations for the
circuit and this compact or circuit models are the analytic formula that approximate the measured
terminal characteristic and physically based device is solved using go atlas and subsequent
commands based on the fix of the device. Then this information from the devices transferred to

the circuit simulation.

So, electrical characteristic calculated using physically device simulator and then this calculated
characteristic are used by the device modelling and parameter extraction. Utmost basically is a
tool which is used to extract the you know model parameters and these extracted parameters are
used to characterize a compact model. Then application and devices for which compact model is

not always satisfactory.

So, these are basically you know the high-power high frequency circuit simulation SOI, IGBT,
GTO transistor optoelectronic devices, so in these scenarios we may have to use the mix mode
simulation.
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@ MIXED-MODE SIMULATION: ADVANTAGES A3
* MixedMode simulation provides several advantages

+ physically-based device simulation

* some circuit elements are described by compact models
—_—
* rest of the circuit is modeled using conventional circuit simulation techniques

* referred as mixed-mode simulation

+ The approximation errors introduced by compact models can be avoided
particularly for large signal transient performance.

* can examine the internal device conditions during the circuit simulation.

* Cost is increased CPU time over SPICE

* MixedModesimulation normally uses numerical simulated devices typically on,
critical devices.

* Non-critical devices are modeled using compact models.

—

Now it also provides several advantage you can look inside the physical device in the circuit
framework you know where what are the voltage values, what are the you know in different
region, what is your generation you know, what are different critical parameters. And of course,
some other circuit element can be described as a compact models and rest of the model is

modelled using the conventional circuit elements, conventional circuit simulation techniques.

The approximation error introduced by the compact model can be avoided, especially for a large
signal transient performance and we can also when the internal condition of the device the
numerically simulated device. Now of course, it includes a increased CPU time but the
information we can get is very useful and important and we only use the critical devices as
numerically simulated devices. Non critical devices we instead of them, we can use the compact
models.
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@ MIXED-MODE SIMULATION: SYNTAX &)

* Input file: SPICE and Atlas syntax are joined in MixedMode.

* The first part is SPICE-like and describes the circuit netlist and analysis.
* The second parrmm describes the device simulation model
parameters,
* At the end of the simulation,available information is
* |-V data (in awd branches)

* Internal distributions of solution variables (such as electron, hole, and
potential distributions) within the numerical devices
—_— —_——

* The results of previous runs of MixedMode can be used as initial guesses for
future simulations.

* The SPICE-like part starts with the .BEGIN statement and ends with .END

— —

e first non-comment statement after initializing Atlas (go atlas) has
GIN.

So, the input file will have both the syntax the SPICE like syntax and the Atlas syntax, they are
joined in a mixed mode. So, the first part of the code is basically SPICE like syntax and it
describes the circus netlist and analysis part. Second part is Atlas like command and describe the
device simulation model. At the end of the simulation the information that is available is the IV

characteristic at all circuit nodes and the branches.

And the internal distribution of the solution variables such as electron concentration, hole
concentration, potential distribution, their velocity is band profile within the numerical device.
The result of previous runs of mixed mode can be used initial guesses for the future simulation
and regarding the syntax the SPICE like part start with the dot BEGIN statement and it ends with
the dot END statement. So, the first non-comment statement after initializing Atlas has to be dot
BEGIN.
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! MIXED-MODE SIMULATION: SYNTAX { g

* statement after initializing Atlos (go atlas) has to be .BEGIN.
—— ‘—‘—-
* The order of the netlist and control statements is arbitrary
* SPICE-like statements are exact command (case insensitive) e

¢ At least one numerical Atlas device ("A” device) within the netlist

+ Comment characters are # and S, but not *. ) —)

* Parameters for the numerical device simulation specified after .END

—

+ Simulation has to be explicitly terminated (quit, go <simulator>).

+ MixedMode input files are parsed completely before execution extractions can only be done
e,

_—

ompletion of the simulation

ct results from a MixedMode simulation, EXTRACT should be specified after re-
zation of Atlas (go atlas)

So, here you can see one example in the last next slide. So, after initializing the atlas go atlas, it

has to be dot BEGIN. Then order of the net list and control statement is arbitrary so that is
immaterial you know the way you want to define and SPICE syntax are case insensitive. So, at
least one numerically simulated device has to be used in the netlist, then only it will work and the
comment characters are hash is already comment characters but dollar is also a comment

character here.

Parameter for numerical device simulation are specified after dot END. So, between the dot
BEGIN and dot END is all spice like syntax. And then simulation has to be explicitly terminated
like quit or go simulator go at loss and so on. Mixed mode input file they are passed completely
before the execution unlike the normal Atlas file. So, there you know commands are executed

line by line but in case of a spice it is compiled and then it is simulated.

So, that means the input file has to be completely passed before execution. Then extraction can
only be done after completion of the simulation to extract the result from an export simulation
extract command should be specified after re initialization of the atlas. We have to write go Atlas
and then write the extract statements.
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%

SAMPLE COMMAND FILE

1goatlas.

oy,

Line 1: All Atlas input files should begin with go atias
i Line 2: The N and.EN - I

SPICT
Lines 3-7: Circuit components, topology, and analysis

{ —_ _— Line 8: The ADIODE: device analyzed by Atlas, INFILE=structure file.
R e e Lines 9-10: options: WRITE = tenth ti saved (.SAVE statement)
nth timestep saved Stdlemen

Line 12: previous MixedMode file to be used as an initial guess
Line 13-14: output log and solution roatnames

Line 16: transient simulation \asm_glstnh initial timestep 0;1_n5
Line 18: end of circuit description

e Lines 20-22: physical models, DEVICE=ADIODEhnecmed for each line
196 Line 24: METHOD, must come after all other dg S ®lation statements.
20 MODELS DEVICE=ADIODE REG=1 CONMOB FLOMOB CONSAANR.ZERG@NIas or a QUIT statement is needls 2 e simulation.

21.MATERIAL DEVICE=ADIODE REG=1 TAUNO=SE-6 TAUP=2¢ -6 Line 27: The TonyPlot command is used to plot
EVICE=ADIODE REG=1 SELB =

M.DD=1.E8 DVMAX=1E6

So, this is a sample code for mixed mode simulation, so you are invoking the Atlas simulator
there is a go atlas, then dot BEGIN. So, there is a voltage source between node 1 and 0 and let us
say this value is 1000. Then resistor one between node 1 and 2 let us say this is node 0 between
node 1 this is 1 this is 0. So, there is a voltage source here then between 1 and 2 there is a resistor

R1, this is the node 2. Then between 2 and 3 there is inductor, so this is L1, this is the node 3.

Then 4 and 0, they raise this is 1 0 1 2 2 3, then between 4 and 0. So, let me write like this 4 and
0, there is IL, so this between 4 and 0, there is R2 one MG exponential. So, some kind of
between two and three there is inductor L1, between 4 and 0, there is R2. So, between this is zero
terminal and 0 and 4 is R2, so this is R2 between 0 and 4 and there is a IL independent current

source between 0 and 4. So, there is a current source also here, between 3 and 4, there is a diode.

So, here i1s a numerically simulated device, so 3 is cathode, 4 is anode. So, you have this device
here connected to 3 and 4 here, then its width is mentioned because in 2D device simulation the
width has to be mentioned otherwise you get the current density per unit length. So, this is pi V7
that is a width in Micron so that means it is 5 to 10 raised to power 7 Micron, so some you know.

Then the N file is mentioned p d dot str does the structure file used in the simulation.

Then numerical low concentration error tolerance and voltage change they are you know not

numeric commands are there then dot option print relative plot. These are the basic commands



with respect to the 9 and 10, tenth time step save statement and then you lower it in file pd save
that will basically it will load the in file then log out file is pd. So, the finally pd dot log and that

same master means all the subsequent file have this pds common.

Then we are doing transient simulation for 0.1 nanosecond to 2 micro second so and dot N so
that basically ends the spice like syntax. So, here it is described basically no, so a tangent
simulation lasting for 2 micro second with the step size or the initial step size of 0.1 nanosecond.
Then after that from 20 to 27 is basically the models physical models used by the device. So,
structure file does not have these models so these models have to be specified in the command

itself.

So, here model device is the a diode region one these are the model CONMOB FLOMOB and so
on, then material TAUN TAUP, then you may have to this impact device region Salvaco model
method shield limit of the this doping DVMAX. Then go Atlas and Tony plot, so this will end
here and for (()) (12:16) again either go atlas. So, what this tip is basically doing here? There is a

voltage source here which is fixed voltage DC voltage. So, it is some kind of bias basically.

So, it is probably you know biased this device PN junction diode here with a series resistance
inductance and this is a current source with a parallel resistance, so that means we have included
a realistic current source because real current source can be represented as a current source with
some series parallel resistance or similarly a real voltage source can be some voltage source with

a series resistance and so on.

Now what is done? This parallel resistance is modelled as variable resistance. So, 1 MG 2 you
know 1 MG, it in some step size, so this basically simulate this the reverse recovery of this diode
under the circuit framework. So, this is a very nice example to illustrate the use of mixed mode

simulation in understanding how the diode responds in a circuit framework.
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@ MIXED-MODE SIMULATION: SUPPORTED

+ MixedMode supports the use of the following circuit elements:

+ Numerically simulated Atlas devices @idevnces)

+ User-defined two-terminal e\emenlsﬁg: devices)

. Capamcrs_[lg‘ devices)

+ Diodes @“_devices]

* Voltage controlled voltage source (E" devices)

* Current controlled current source (“F" devices)

* Voltage controlled current source (ZG" devices)

+ Current controlled voltage source (“H" devices)

* Independent current sources (“I” devices, may be time dependent)

. lFETs'[:J_“'dewces)

+ Coupled (mutual) inductors (K" devices)

+ Inductors ('L" devices)

* MOSFETs ("M"” devices)

+ Optical sources (0" devices)

' E\pnlarlunchonFmslstorsl“_g';devices)

* Resistors (“R” devices, may be time dependent)

+ Lossless transmission lines [':" devices)

* Independent voltage sources (“V" devices, may be time dependent)
MESFETs (“2" devices)

Now mixed mode also support the devices but there is a naming convention. So, for numerical
simulated device the name has to start with A. So, that is why the name of this device is a diode.
So, the name has to start with a there is a requirement for user defined two terminal elements you
can have this B capacitors has to start with C, diode has to start with D, voltage control source

has to be E, current source F, then voltage controls F, G, now independent current source is I.

So, you can see here this IR is the independent current source, then V is the independent voltage
source, then in R 1 is the inductor R is a resistor and so on. If you want to include JFET the name
has to start with J coupled mutual, inductor is to start with k, inductor L, MOSFETS, optical
source with O, transistor BJT with Q resistor R transmission is T, voltage source with V,
MESFETS with Z. So, this is dynamic convention that is followed by the mixed mode
simulation.
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MIXED-MODE : CIRCUIT & ANALYSIS

* SPICE-like MixedMode statements:
* Flement Statements define the circuit netlist.
* Simulation Control Statements specify the analysis to be performed
* Special Statements: numerics and output (start with " character).

—

* Statements order between .BEGIN and .END is arbitrary

* Element statement = element name + circuit nodes + values

* First letter of an e!em;w;:ﬁe € type of element
* Flements (diodes and transistors) must refer to a model
* Aset of elements can rc'f(;!a the same model i
* Elements such as R, and C, model referencing is optional.
* Bipolar transistor statement (Q) specify an area parameter

ndent voltage and current sources have different specifications for transient,
simulation

pecs: EXPPULSE, GAUSS, SFFM, SIN, TABLE.

* In

So, element statement define the circuit net list then simulation control statement space analysis
that is to be performed. So, here is the dot transient and then a special statement like numeric or
output they start with dot character. So, a statement between order between BEGIN and dot
BEGIN and dot END is arbitrary and then whole thing is compiled and then simulated. Now

element statement is the element name followed by the circuit nodes and the values associated.

Then first letter of element tells you the type of element and the elements like diode and transit
they must refer to a model. So, either it is a physically simulated device or it is a device having a
compact model. Now elements RC model differencing this is optional and for numerically
simulated device also you have to specify the area parameters. Then independent voltage and

current sources have different specification for DC AC and the phase of the simulation.

That for transient space you can use exponential pulse Gaussian and so on. An AC parameter is
start with AC and the ground is set by zero so zero is by default is the ground.
(Refer Slide Time: 16:04)



30 MIXED-MODE : CIRCUIT & ANALYSIS )

+ All voltages at the nodes are calculated wrt ground node.
* Control Statements
* At least one of these statements must appear
+ .DC: steady state analysis including loops
* .TRAN: transient analysis —,
* AC: small signal AC analysis—>
. ET small signal parameter extraction (e.g., s-parameters)

+ Special statements
* beginning with a dot "” specify special parameters for simulation
* compact device models (. MODEL)
* the output files (.LOG,.SAVE)
* initial conditioni_se_i‘tinESTNODESEE.}CJ r
+ initial conditions from a file (.LOAD) - ot
¢ numerics (.NUMERIC,.OPTIONS)

* device parameter output (.PRINT)
miscellaneous {.OPTIONS)

——

“n

Then all the voltage of the node are calculated with respect to the ground node and the control
statement dot DC basically it is a steady state analysis including loops, dot transient, dot AC
small signal AC analysis. So, dot TRAN and dot AC, the difference is that it is a small signal and
in transient you can use the larger change in the voltage or the control parameter and dot NET is

basically extraction of small parameters like s parameters can be extracted using dot NET.

Then a special statement they begin with a dot. So, you have to especially a special parameter of
simulation. So, like compact device model you include using dot model command output files
dot LOG or dot SAVE initial condition dot NODESET dot IC. If you load from a file then dot
LOAD numeric parameter device parameter miscellaneous, they can be a specified using these
dot commands.
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MIXED-MODE : CIRCUIT & ANALYSIS &)

* second part (aftecEND) defines physical models, material parameters, and
numerical methods for Atlas devices

* statements may appear in this part: BEAM, CONTACT, DEFECT, IMPACT,
INTERFACE, INTTRAP, MATERIAL, MOBILITY, METHOD,MODELS, OUTPUT,

PROBE, TRAF, and THERMCONTACT.

* Always include A-device in each device simulation statement

=

* This allows to define different material properties and model settings for different
devices within the circuit.

* specify the REGION parameter referring to only one region in IMPACT, MATERIAL,
and MODELS statements

* Syntax example: bipolar set of models to a device
* MODEL DEVICE=AGTQ REGION=2 BIPOLAR PRINT
— et s .
dMo A qm( ”
e’
ETHOD DIRECT or GMRES solver in the Atlas part of input deck
se the NOPROJ parameter in the.OPTIONS statement in the MixedMode of the

-\

Now second part which is after dot END so that is basically Atlas physical device simulation,

there you have to specify the physical models the material parameters and the numerical method
for the physically simulated device. So, here there is a you know term like Beam for optical,
contact type you know ohmic or set (()) (17:26) contact defects impact thermocontacts are

basically used in the non-isothermal simulations.

So, this thermocontact what it does if you specify the thermocontact then the contact will
basically have some thermal conducted will be defined along with this one using some alpha
parameter. And the temperature of the lattice will vary with the you know electron temperature
and so on. So, now this the normal contacts have to be specified as thermocontact also for

non-isothermal simulations.

Then of course physically simulated device has to be included in each mixed mode simulation
and then it allows the user to define different material properties and model sighting for different
devices within the circuit. Then the region parameters have to be specified because the structure
file does not have all the information. You have to especially these parameters like impact or

material or model statement.

So, the syntax is like model device name like here is AGTO, so the name is AGTO because it is

a physical simulator the region 2 is bipolar is a macro. So, it include all the models used in



bipolar simulation print. You can also use mix mode 3D, so here the method can be direct or
GMRES solver in the atlas part of the input deck. You can use no projection parameter in the dot
OPTION statement.

(Refer Slide Time: 18:58)

MIXED-MODE : INPUT PARSING &)

* Input Parsing
+ Circuit simulations require the complete input before any
simulation can be performed
+ complete input is read and parsed before any simulation is initiated.

+ An explicit termination of a simulation is required (...
+ All post processing (extraction and plotting) done after reinitializing Atlas

+ Simulation is started after a quiT statement or Go

)
statement in the input file. Fad,“ lflame Suffix
) . 1% femto-  F
* Post-processing done by restarting Atlas 104 pico- P
——
« circuit and device eqns simultaneously using fully 10 nano- N
coupled algorithms | 10 micro- U
i . 107 ili- M
+ MixedMode uses the Newton algorithm 1 1':1;0' ‘
- full Newton method [.OPTIONS FULLN] 10° mega- MG
* rapid convergence for good initial guess 109 m;_ (,_’
+ always used for transient simulation 10" {eras T /

- modified two-level Newton method [.OPTIONS M2LN]
* less sensitive to the initial guess

The input parsing the circuit simulation requires the complete input before any simulation can be
performed. So, a whole input file is read and passed it basically this is compiled and then the
simulation is initiated. Then explicit termination of the simulation is required that is quite or
using go atlas. So, all post process will have to be done after reinitializing, so you see the tony

plot was after you have to write go atlas. Then the tony plot came in the example.

So, simulation is started after a QUIT statement or GO statement in the input file. Then post
processing is done by the restarting the atlas circuit and device equation simultaneously solved
using fully covered algorithm, it is with the Newton's method. So, full Newton meter dot absence
full Newton rapid convergence with good initial gas always used for transient simulation. There

is a modified method, so there is option M2LN.

So, 2 level Newton method it is less sensitive initial guess and then these are the suffix that are
used for indicating the values. So, F for femto, P for Pico, N for nano, U for micro, M for mega,
K for kilo and M for mega it is MG, M is for micro milli and MG for mega, G for giga, T for

terra.
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MIXED-MODE : MUTI-DEVICE STRUCTURE s"ag

* multiple Atlas device structures are merged together internally
* single output solution file contains both structures
+ first structure referenced is on top, rest attached below.

* Example: diode and a bipolar transistor are numerical devices
* ABIT 1=BASE 2=EMITTER 4=COLLECTOR WIDTH=1E4 INFILE=bjt.str
* ADIQ 3=ANODE 4=CATHODE WIDTH=1.5E5 INFILE=dio.str

* After outputting the solution with:
* .SAVE MASTER=mas by
* The solution file for the first DC-point, mas_dc_1, contains bﬁ
structures with the second Atlas device (diode) shifted dowrfe &

rdinate shift should be accounted when extracting
ndent solution quantities -

So, multiple Atlas devices such are merged together internally, single output solution file content
both the structures. Now first structure referenced is on the top rest are attached below. So, this is
a structure nature of the file out for file, so example a diode and bipolar transistor are numerical
devices here, so ABJT and ADIO and these are the terminals that are connected one is connected
to BASE 2 is node 2 is connected emitter node 4 is connected to collector the width of the device

the INFILE.

Similarly, for diode the width INFILE. So, after out putting the solution with dot SAVE
MASTER mas the solution file for the first DC point contains both the structure with the second
atlas device shifted downwards. So, coordinate shift should be accounted when extracting the
position. So, it is one structure file which contain both the structures and the second one is

shifted down.

So, if you save the structure file then the parameters have to be carefully X you have to care for
while extracting the parameters.
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MIXED-MODE : RSULT EXTRACTION &)

* EXTRACT initialized with correct name of MixedMode log file
+ Toextract V or | at specific nodes: vect.node."circuit node” or icct.node."circuit node”
— —_——— T S

+ structures as *.str files then referred in the A- element statements
+ To parameterize i/p file: use SET stgtement to define a variable in process simulator
+ Initial Settings

* node voltages (i.e,.IC and NODESET).

* extract the relevant proper'ﬁs in the preceding Atlas run and use them to parameterize the MixedMode
input.

+ Exapmle:
+ # extract the final voltage drop on the anode, gate current
+ extract name="Von" max(vint."anode") Y
—_— R

+ extract name="|_gate" ywal from curve{vint."anode",i."gate") where x.val = §"Von"

+ extract name:'\f—Jale" yval from curve(vint."anode" vint."gate") where xval = 9"Von"
+ goatlas B

TTBEGIN  # define the gate current source, use extracted value as parameter

» 11078"]_gate” # use extracted gate bias and other expressions to calculate node settings
* setRgl=105

setvi=SV_gate + I_gate * SRl
NODESET VI(1)22000 V(2)="Von" V{3)=5"V_gate" V{d)=$"V_gate" V(S}=-25 V{6)z-15 VIT)=5"v7"

Then to extract the result initialize with the correct name of the mixed mode log file then to
extract voltage of current is specified nodes vcet dot node circuit node or icct node the circuit
node. Then structure is saved a dot structure file then reference referred in a statement element
statement, then to parameterize the input file you can use SET statement. So, set will basically

define a variable and then this variable can be used with dollar name.

So, node voltage are set using dot IC NODESET, you can accelerant parameter, so this is
example. So, hash is basically command so hash extract the final voltage drop on the anode or
the gate current so the extract name is Von current maximum of V internal dot anode, so at the
anode what is the maximum of V internal. You can extract I gate; you can extract V gate so y

value from this curve so X versus Y, this is Y versus X and so on.

Where X value is dollar Von, Von is obtained from here. So, now Von is the value the value is
accept extracted using this dollar command, then of course we write go atlas dot BEGIN. Then
this is the use extracted gate bias other two calculator node setting, so this means we are already
using some extracted value to run the simulation. So, this is more like adaptive then you can set
Rgl to 10.5 set v7 to dollar V gate dollar I get plus dollar Rgl. Then dot NODEST and so on.
(Refer Slide Time: 22:56)



2] CONCLUSION )

+  Discussed mixed-mode simulation in ATLAS TCAD

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

So, this is basically you know we have briefly discussed about the mixed mode facility in the
ATLAS TCAD and with that we you know cross this success this course, thank you very much
for your interest. And if you have any queries, we will have you know third session interactive
session in the month of April and I look forward to clearing all the doubts that can be cleared.

And with this I wish you very best luck best of luck for the exam and thank you very much.



