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Task Tree

In MBP, a unique structure realizes both automated and user-customized modeling
procedures: Task Tree. It is described how to utilize and configure it in this chapter.
This section includes the following topics:

- Checkpoints Customization

- Concept of Task Tree

= GUIl and Main Modules of Task Tree
- Task Customization

- Task Tree Overview

Checkpoints Customization

By using checkpoint, you can realize more flexible and robust model extraction
procedures in Task Tree such as conditional loop, jump and etc.

Checkpoint Customizer Overview

To pop up CheckPoint Customizer window, do one of the following actions:

- Click a checkpoint, then click Edit icon =l in the lower tool bar.

- Double-click target checkpoint.

- Click Add CheckPoint icon % or Append CheckPoint icon = in the lower
tool bar.

As shown in Figure: Main view of Checkpoint Customizer, the main window consists
of the following parts:

- Checkpoint Name
- Condition panel
= Action panel

Set condition statements in the Condition panel and determines action to be taken
in the Action panel.

Modeling 8



Main view of Checkpoint Customizer

CheckPoint Customizer

Matme: Optitnize
~iConditian
Current Type: |:| Contradict Parameter Reach Boundary W
Walue
FParameter Lpper Baundary 0.07
FParameter Lovwer Boundary 0.06
—&ction
Current Type: Jurmp W
to Extract _“tho b

Ok Cancel

Major Parts

Checkpoint Name

Although the name is not necessary for a checkpoint, You can assign one for easy
understanding.

Condition panel

To execute checkpoint, MBP first performs a logic judgment on a specific
expression for true or false. In the condition panel, MBP provides four kinds of
expressions for evaluation, they are: RMS

To choose RMS as expression, assign a value as RMS Maximum Value, which is
"0.01" in following figure. If the RMS value of the preceding task is larger than the
RMS Maximum Value, it returns true; otherwise it returns false.

Expression of RMS

-Candition

Current Type: [] Contradict RS w
Matne Walue
RS Maxirmum alue 0.

NOTE The RMS value of the preceding task is calculated from the selected region or
page (if region is not available).
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Parameter Reach Boundary

This expression does not inherit any parameter from the preceding task. Specify
one parameter and the corresponding upper/lower boundary. If the parameter
value is not within upper and lower boundary, it returns true; otherwise it returns
false. Take the settings in following figure as an example, if UO value is larger than
0.06 or lower than 0.05, the evaluation results are true.

Expression of Parameter Reach Boundary

—izonditian

Current Type: |:| Contradict Parameter Reach Boundary w
Marme Walue '
Parameter i
Parameter Upper Boundary 0.06
Parameter Lower Boundary 0.05

Loop Number Reach

This expression is not merely decision statement, it also involves actions. MBP lists
all tasks of the current Task Tree in the Loop through window, as shown in Figure:
Expression of Loop Number Reach. Sort out which tasks are to run in the loop. Only
when cycle time reaches the Loop Number, loop stops and jumps to the action in
this checkpoint.

To pick up the tasks for loop, hold Ctrl key and left click on the task in the Loop
through window. The selected is highlighted in blue. These highlighted tasks could
be either continuous or separated. Be careful not to fall into the dead loop in the
Task Tree.

Expression of Loop Number Reach

~Conditian

Current Type: Cortradict |L-:u:up Mumber Reach w
Mame Yalue
Loop Murnber |2

All

No judgment is done. The flow jumps to the action of current checkpoint directly at
all events. The window is shown in following figure.

Expression of All
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CheckPoint Customizer

Mame:
-izondition |
Current Type: [ ] Contradict i.ﬂ.ll » |
[ Action 1
Current Type: il:hange Parameter Boundary |
Change Percent: | 2III|
(8131 Cancel

NOTE Above description assumes the option "Contradict" is not checked. If this
option is checked, evaluation returns the reverse value, that the original true
turns false, and vice versa.

Action Panel

You can decide which action to be taken in the action panel. Six actions are
currently available to choose, shown in following figure.

Pre-defined actions for the checkpoint

Jurmp w
Stop
Pauze

Caontinue

Change Parameter Boundary !

Change Parameter Yalues

Stop

To stop running the current Task Tree. It is often used when fatal error occurs.

Pause

To pause the current Task Tree. It is often used to keep a close watch on the flow.

Continue

To continue the flow.

Jump

To redirect the desired task within the current Task Tree. See following figure.

Action of the Jump
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Action

Currert Type: Jurnp b

Change Parameter Boundary

To reset parameter boundary. It is often used to get better fitting effects during
parameter optimization. The parameters involved are from selected parameters of
the preceding task. The boundary is enlarged by percentage, as shown in following
figure.

Action of the Change Parameter Boundary

&Action

Currert Type: Change Parameter Boundary e

Change Percent: | 30.0

Change Parameter Value

To discard the result derived from the previous tasks and assign a value to the
parameter arbitrarily. Such action is used to exclude un-physical parameters. See
following figure.

Action of the Change Parameter Value

".Eu:tiu:un

current Type: Change Parameter Yalue b

Parameter: | Cit

Yalue: | 1e-4

Concept of Task Tree

Tasks and checkpoints constitute a Task Tree. A sample Task Tree structure is
illustrated in following figure.
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Task Tree example

/ Task 1 Yes \

+— CKl1
Task 2 No
F CK2
Task 3 L
N
Task 4 0
Task 5
Yes
CK3 4+
Change o
boundary
Task N CK

k CheckPoint _/

Task is to perform specific actions. For example, extract.BSIM3v3 is a built-in Task
Tree file in MBP and Extract_VTHO is one of its tasks. When executing Extract_Vth0,
program finds the device with largest geometry size in measurement data, locate to
the Ids_Vgs_Vbs(Vds=0) page, and extract parameter VTHO from it.

Checkpoint sets the condition of task execution. For example, we insert a
checkpoint named Adjust boundary after the task Extract_VthO. As shown in
following figure, if the RMS value is larger than 0.05, i.e. 5%, after task Extract_VthO
is done , the boundary of the parameter VTHO is extended by 50%. For example, if
the initial boundary is (1,10), after the change, the new boundary becomes (0.5,15).
And, if the initial boundary is (-10,10), after the change, the new boundary
becomes (-15,15).
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Sample checkpoint

EEm)]n» = 7
=8 AN name: | Adjust boundary
[ Extract_WthD :
L cljust bounkary Condition 7
3 Jump Current Type: w
& Loap .
= = | Mame
B Extract_K1_k2 RS Macdmum Value
=8 [
1 Extract_Lint_Relsw oo
= = L
[
N {5 Extract_Wirt e
3 Extract_L0_Ua_Uk Currert Type [Change Parameter Boundary b
= Change Percent: | 50.0 T
£ Extract_Wotf - |
== (' Cancel
£ Extract_nfactor _Cit
= =
[ Extract_A0
88 25745100
1 WimanLrnax_1
= = 0.000 0412 0.825 1.237 1650
Fol Wirnael ey 2 Vs

GUI and Main Modules of Task Tree

To enable Task Tree, use can either:

- Select Extraction » Task Tree from the main menu, or

- click the Task Tree icon EE‘— in the tool bar.

MBP uses tree view to display Task Tree. The device navigator and parameter panel
appears with Task Tree, as shown in following figure.
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Main window with Task Tree launched
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The main parts of Task Tree include upper tool bar, lower tool bar, and content
panel. Following section describes the same.

Upper Tool Bar

The upper tool bar in task tree is shown in following figure.

Upper tool bar of Task Tree

1 2 3 4 5 6 7 8

ECRECRE- N AT N

Button 1 and 2 are for file management; 3 to 7 are for Task Tree running control.
= 1. Load Task Tree: To load the Task Tree file into MBP.

- 2. Save Task Tree: To save the Task Tree file as a new file or replace the
existing one.

- 3. Clear Task Tree: To clear all the contents in the Task Tree.
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- 4. Step: By default, a Task Tree is executed from beginning to end
continuously. If Step is checked, the Task Tree eeds in steps. It facilitates to
inspect every task and diagnose problem. Press Resume to go to the next
action.

- b. Start: To start running Task Tree, e.g. begin to execute extraction process.
- 6. Pause: To pause the running task.
- 7. Resume: To resume the Task Tree from the paused point.

- 8. Stop: Stop the whole process and return to the starting point.

- It is easier to load built-in Task Tree to perform model extraction.
MBP provides Task Tree for most of the supported models.

- Task Tree file name extension is consistent with the model type,
e.g. .BSIM3v3 and .GP are Task Tree files for BSIM3v3 model and
Gummel-Poon BJT model respectively.

- Pause or Stop can take effect only after the current task is over.

~ The Task Tree file is bound up with project.

Lower Tool Bar

The lower tool bar in task tree is shown in following figure.
Lower tool bar of Task Tree

1 2 3 4 5 6 7 8 9

1

AEIFIF I ic s

- 1. Add Task: To add a new user-defined task. The created task gets added in
front of the action list.

= 2. Add CheckPoint: To add a checkpoint right before the highlighted task.
- 3. Append CheckPoint: To add a checkpoint right after the highlighted task.

- 4. Remove: To remove the task or checkpoint from the Task Tree. To do this,
highlight the one to remove and click Remove.

= 5. Up: This function is to adjust execution sequence of a Task Tree. Up is to
move the highlighted task upward one step.

- 6. Down: This function is to adjust execution sequence of a Task Tree. Down
is to move the highlighted task downward one step.

- 7. Edit: To edit highlighted task or checkpoint. Click Edit to pop up Task
Customizer for the task or CheckPoint.



- 8. Task Tree Property: To provide a choice of recording each step of task
tree result.

- 9. Customize Device Selection: To customize the device selection in graphic
mode.

Content Panel

All tasks and checkpoints are listed and organized in the content panel in a
hierarchical style. The highest level is Action. And Task, represented by blue icon,
constitutes the basis of the action. Double-click a task or checkpoint to invoke
corresponding configuration interface.

When running a Task Tree, it carries out in the sequence as arranged on the
content panel (from top to bottom). You can simply adjust the sequence by
highlighting target task and clicking Up or Down button in lower tool bar.

Unlike the task, if the name is not assigned, MBP shows the detail of a checkpoint
in content panel. As shown in Figure: Content pane of the Task Tree, the
checkpoint right after task WmaxLmax_7 is displayed as:

(Right after 14: WraxLmax_7) (Condition: RVS: [fal se, 0.01])
(Action: Change Paraneter Boundary: 30.0)

In the first parenthesis, it indicates the inserting point; in the second parenthesis, it
sets a condition using RMS; the third parenthesis comprises the action that MBP
takes if the condition is met.

Content pane of the Task Tree

1 VumarLenae_4 A A t
ER= ction
B4 WmaxLmax_5
= = " | .
) @dmamaxﬁ = Vertical scroll bar

B Waslenas_T

B iRight afier 144 mmdmes_71[Cone
= &

51 vumaslenas_5

2 (Right after 1800 meed s B Cone
= =

Bl vumacLmar_3 TaSk
I (Right afier 1634maLmss_3(Con Checkpoint

B4 VmasLrax_10.

B (Right afer 17 W mesLmesz_10.130C
Sh= ,

B vWmaELenax_10.2 |

e ——— 1 Lateral scroll bar

:'g
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Real-time Configuration

Task Tree has a nice feature of showing real-time configuration of a task. Whenever
a task is selected, MBP shows real-time device, page, and curve selection
information together with involved parameters of this task on screen, as illustrated
in following figure. It helps in understanding and configuring the task.

Real-time configuration of the task

[ER T

e Device selection .-

e,

sl att 1 I
D L] L (=i (]
T Lol Tedr RL=008 'H“‘gllL MAX LIF%-

mmmms——t—The task Page and qurve selection
Pt

- Parameter selection

=3
B s 17
Flr e
= @
W vrmriras_#41
2 o o T i | e
= e j ez k| 4| 150 ¥

B s 13 -
[ ¥

[ElEEEEEE

NOTE The checkpoint is tied to the specific task. Do not try to use Up or Down to
move the checkpoint.

Task Customization

Use task and checkpoint to configure each action in the Task Tree. To build user-
defined modeling flow by Task Tree, first configure separate task and checkpoint,
and then organize them together. MBP provides Task Customizer to establish or
modify the task.

Task Customizer Overview

To pop up Task Customizer window, do one of the following actions:

- Click a task, then click the Edit icon @ in the lower tool bar.

- Double-click target task.

18



19

- Click the Add Task icon E in the lower tool bar.

The Task Customizer window (shown in Figure 6.8) includes the following major
parts and editing utilities:

- Task Name.

- Select data points, including Select Device, Select Page, Qualify Data and
Select Region.

- Select parameter.

- Data process & Extract.

- Extensions, i.e. options related to whether to keep data points and
parameters selection after performs the task.

- The Gselect, Code, Edit, Remove button and drop-down box is to edit
corresponding options.

Task Customizer window

# Task Customizer E
Task Type.  Classicsl ﬂ Task Mame:  Extract_K1_k2
(L3, Devics Ssloat ] [F20C000 TN okl =
|GetWimaxLmax GeetLmaxDifferentyv? :h
canrvars |
m P;mms Taa
Seect_CurreriDevice
Rigion Select | Gethiax Tdevices
GethirimDeyices L -
B Desslect i _
GetLmirkvmindrray TDevices
2 ™
Fiter:
Clesr Selactions After Math
[#] Device Selections: [#] Pape Selections [] region Sslections [[] Parameter Ssiections
[ O ! Cancel |

Each part is explained in detail in the following sections.

Major Modules

Parts Description

Task To input the name of task. If an existing task is loaded, you can rename it in this box.

Name

Device To determine data points from which devices are processed. You can select either single device
Select or multiple devices.

Page

Select
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Description

Data Pre-
process

Region
Select

Parameter
Select

Data
Process

As described in Device Navigation, for a data file, a device may be characterized in different ways.
We call each characteristic a page. For example, Ids_Vgs_Vbs(Vds=0) is one of the pages for
MOS device. Unlike Device Select, you can only pick one page, or on same page for a group of
devices in Page Select.

To prevent extraction or optimization from failure, you can choose and qualify the data here.

Extraction and optimization always apply to region of the device characterization. This option is
for you to pick out the desired data points from a page.

To select parameters involved in the task. Its often used when performing optimization tasks.

No necessary to specify the parameters for extraction tasks (such
as "Extract_Vth0", "Extract_K1_k2"...)

This option determines how to process the selected data points. MBP integrates more than
twenty functions for data processing, mainly covering extraction and optimization. You can
access any of them from the drop-down box. In addition, you can implement your functions by
Java scripting in MBP.

Editing Utilities

Editing utilities for the task include drop-down box, GSelect, New, Edit and

Remove.

dropdown box

All available functions are listed in the right pane. In MBP, built-in functions meet
general needs for data processing and selection. You can directly select the
function by double-clicking one of the items from the list, or highlight one and
press Select button. And once you define new functions in the Task Customizer, it
gets added to list automatically, as shown in following figure.

Modeling
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Sample list of the Select Device

e| TaskName: |Exract K1 k2

| Selected Bems: 1 Al e
GetwimaxLmax |t |
| Geliminkmeax Gs
¢ Select | GefyvrintaLminDifferentl k)
| |Gt minkming rray2 |3 |
: GefivimaxDifferentl2 |
| GetmaxSubLmin

|| GERmEL s
é Deselect
| (GetLminkloyminDif ferentif Rermove

| (GetLminDifferertvy v
| Fitter:

GSelect

GSelect enables you to generate functions from graphical interface. We explain this
by taking GSelect in Device Select as an example: click on the GSelect button and
the name of GSelect button turns into "Finish". Check target devices listed in the
Device Navigator. After making the selection, press Finish. Then type the name to
save current device selection, as shown in following figure. The Java code is
generated automatically and this option is appended to the drop-down box.

Save device selection

Select Dewice

Flease Input Mame for Current "Select Device™

- To do GSelect of Parameter Select, bring up Optimization window.
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- To do GSelect of Region Select, draw the region on target page directly, as
shown in following figure. Gselect of Select Region

3—1 ¥=10 L=10 T=25% ids_wg=s vhsévd=z-0.05

WiIL=10/10 T=25@&Nds=0.05

Whe
1E08 0.000
-0.375
TE:D8 : -0.750
1E-07 -1.125
. 1E-08
z
= 1E-09
1E-10
1E-11 j{
n .Iia_n
0.00 0.41 0.8z 1.23 1.65
WSOy
RhS : 0.094% ML  0.282%

New

This button is used to write Java code for the function. Specify the name and class
name for the function as shown in following figure. You can either define a new
function or edit the existing one, depending on the Name and Class Name typed in.

Dialog box of starting Code

Select Dewice

GetWinazLmin

Click OK, Java programming interface appears as shown in following figure.
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Java coding interface

31 File: C:\Documents and Settingstwiyanjun, ACCELICONUNb_set\tasks\bsim#\Layout_Effect\etementsiSetect_De... |- | 054
File Edit Tools Debugger Help
|G me|; ] Sz--l C: elm| ]R cn" {15} em" [ Pana | 2 umsnl & moe | | Bh FMI |Com|r||
thenal e jav : hpurl com, accelicon modelbuilder. antosxec. tazk element. mozfet, BOSPETDeviceSelect:
pablic class GetWancloax extends BOSPETDeviceSelect |
public woid zelectDevices () |
int[ldevicer=zel ectDevice (TTFE_F_MAY_L _WAX):
selllevi coxfelectiad (devices):
T T T T T T T o
“Comson Conpserowpa |
u CADocuments and SetingshwiyanjunACCELICONmb_sentasksbsim4iLayoul_EfechelementsiSalact_Deavc.. 10

NOTE Check Java Engine to display the Java coding interface. Since MBP integrates
compiler and debugger , it is not required to leave MBP for the coding.

Edit

To edit directly, access the code of selected function in drop-down box.

Remove

To remove the function from the list of drop-down box.

Sample Task

The following figure shows a sample task of optimizing parameters VOFF and
NFACTOR. Root device (the one with maximum L and W in this case) and the page
of Ids_Vgs_Vbs at Vds=0.05V are selected. Subthreshold region (SubVth_Vbs_0)
acts as the target region; VOFF and NFACTOR (VOFF_NFACTOR) are parameters
for fine-tuning. We choose built-in "Optimize" function to process data. Thus
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during the task running, MBP's optimizer takes care of the whole optimization
procedure. Since Parameter Selections is unchecked, parameters selected in this
task are transferred to the next task. Other selections are cleared after completing

this task.

Sample task for optimizing VOFF and NFACTOR

# Task Customizer E
Task Type: Classical w| TaskName: | Oplimize_Votf_Ntsctor
Sl _ ters —
Subwih_Vbs_0 Idin_Vbe_all [ |
in_Vhs_0 (5] [Coseeat ]
s | [oseea |
e Subvth_wis_0
4
. Region Salect Wihzst_Subl
Parametar Salacd Rock Vi m
Deselect =
Wik_Subvibs_2 [ ]
Fiter:
Clear Selactions After Math
Device Selections Page Selections [#] Region Sslections [[] Parameter Selections
( oK i Cancsl ]

Task Tree Overview

Task Tree of MBP features flexibility, automation, powerful data processing, and

efficiency.

- Flexibility: The parameter extraction and optimization procedures are all
open for use. It enables modeling engineer to interact with whole modeling
process. You can easily create, modify, and organize every task according to
their own demands. The checkpoint provides a way to execute task
conditionally thus helps you to further control model extraction procedures.

- Automation: MBP already integrates complete modeling solutions to
implement automated modeling. In addition, you can implement their own
model extraction tasks into task tree and execute the tasks automatically.

- Powerful data processing: More than 15 functions are integrated in the task
tree to process the data used in model extraction and optimization.

- Efficiency: Both beginner and experienced can benefit from the specialized
features of Task tree by building their own extraction and optimization flow.
Moreover, the built-in extraction and optimization methodology is proved to

be applicable to general device data.
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Managing Models

- Binning Model
- Corner Model
- Generate Point Model

- Model File Manager

Binning Model

MBP supports binning model generation. Click Utilities > Binning, the binning
generation window pops up as shown in following figure. Load point models first to
generate the binning. Click Load Point Model. The Figure Binning Window with
point model loaded shows a sample window with 8 point models loaded.

NOTE Point model recognizable in MBP means wmax=wmin and Imax=lmin in model
files. Or it does not proceed with binning process.

Binning Generation

Elnmng g

Status Index

Load Foint Model

Select Bin

Generate

Save

Exit
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Binning Window with point model loaded

Status Index
Load Foint Model

1 demo_0.28_. .. [0.28 0.12
2 demo_0.28_. .. |0.28 0.2 L
3 demo_0.28_. .. |0.28 0.5
4 demo_0.28_. .. [0.28 10
5 demo (.34 . __|D.34 0.12 Generate
B demo_0.34 ... |0.34 0.2
7 dema_0.34_. .. [0. 34 0.5 Save
g8 demo_0.34 ... |0.34 10

Exit

Binning region selection is done in a geometry plane. Click Select Bin and the
graphical bin selection window pops up. Press and hold Ctrl, use mouse to select
the bin region, a sample is shown in Figure: Bin Select Window , the 8 devices are
divided to 3 bins. You can also press Auto button to let MBP auto-generate bins
from every nearest 4 devices. To date, Auto function can only take effect when to
every possible bin, none of 4 point models is missing. Overlapped bins are not
allowed in modeling. However, in some cases, point models especially those with
small sizes are too close to recognize in geometry plane. By dragging mouse over
the geometry plane, you can zoom-in the covered region and draw binning region.
Double-click returns the plane to the origin.

NOTE If selected binning region covers more than 4 point models in geometry plane,
MBP always calculates binning parameters only from the four point models

located in the corner.
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Bin Select Window

o R =

Devices Selection In Graphic Mode
1E+01| T ; i
= 1] [ e e e e e e e e
: !
a0
[+ £
JE-1
Wi
Diouble click on xfy scale region to change betweeen log and linear
[ Auto ] [ Clear ] [ 0K ] [ Cancel ]

If you do not have the point models that can perfectly occupy every corner of each
bin, MBP provides options to create pseudo bin, you can select models of other
devices for this bin as the pseudo model, as shown in Figure-Pseudo Bin Window.
Click OK after the bin selection is done. After the bin selection is done, click
Generate, put in the bin model name and click OK. To keep the generated binning
model by pressing Save button. You can choose to expand bin boundary as shown
in Figure: Bin boundary expansion.

Pseudo Bin Window

Select Bin |28

Dewices Selection In Graphic Mode

e e e e e ;
1EHIL| H :

. r :

g Select [ i

() LmaxW¥min LmaxWmax

© Lmin¥min @ LninNmax

g 1ED L ---------------------------------------- | ’ [1):4 ] [ Cancel | [\~~~ TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
. .

3E1
Wira)
Double chick on x5 scale region to change between log and linear

| #uto || clear || ox || cancer |
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Bin boundary expansion

Binning | 2
Status Index Name W L
Load Foint Model
i
2 Select Bin
3
4
5 Generate
B
T Save
g8
Exit

Then, you can load saved bin model and bring up the parameter window to show
all the binning model parameters. The following figure for Bin Model shows an
example binning model parameter window. In addition, you can choose to expand
bin boundary for generated bin model in this step.

Parameter Window for Bin Model

Dptimization [E];I
DDA s CERECTET
..ﬁ binmadel. 1

- Y  General | /DL | VIH | MOB | SUE | Rout | Tenp | Diode | < 28 @
""" gt dem-:u 2 . .
Ll demo. 3 Checlk Hame Value Lower Upper Step

level 49 1] -

wversion (3.2 1] |:|

binunit |2 1]

Imin GE-T 0 1 1E-7

Lmax 1.01E-5 [0 1 1E-7 -

‘ nzpecified Parameters

MBP even support binning process to MOS models included in a subcircuit. After a
group of point subcircuit models are loaded, MBP parses all MOS point models
automatically. You can select elements to form the bin, as shown below.
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Subcircuit bin model selection

Status e =T e

S5elect Nodel

Load Poirt Model

hModels

ANCORE

Zelect Bin

zenerate

| ok || cancel |

Save

Exit

If more than one MOS elements in a subcircuit model are to bin simultaneously,

MBP assume that they have the same size point models.

Corner Model

The Corner Model module is designed to facilitate modeling engineer to generate
corner models. It finally offers a model library which contains all corners specified.
We will use an example to explain the steps to generate corner model.

1. Click Utilities > Corner Model from the main menu to open the window
shown in following figure. Choose the SPICE simulator first: hspice or spectre
. There are two methods to construct the corner model library: from one or
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several model cards, or from an existing model library by adding the model in
it. We choose the former one as the example. Guidance for starting with the

corner model

7 comrvese-son =

Supported SFICE

Choose SPICE: i

@ Construct corner model lib from tuned meodels.
Details
User starts with one or several model cards. This module helps user to

accomplish the process of parameterization, tuning, constructing and final
deliver a complete model library. Flease follow the flow in the right column.

(0) Construct corner model lib from existing lib
Details
User always starts with an existing model library. User can insert any

model including BSIM3+3, Bsimé ete into the library. It also sllows tuning and
exporting the model library. Please follow the flow in the right column.

3 Steps

« 1. Add Model
v 2. Parameterize
v 3. Preview And Export

4 Steps

« l.Import Lib
v 2. Add Model
« 3.Parameterize

v 4 Preview And Export

2. Add models. It allows to either load a single model card, or load one NMOS
and PMOS model cards together. After loading model card, the window is
shown in following figure. Set model library structure

Group Trae ’ Add Model ” Bemove Model ]’ Set Group ]
# Root mos
Group Model Name Merge Name Type Corner Typical File Mame
——————————————

e N )
-
| Add Defanlt i | Load Save

Model 1ib names: Corner names of selected group

[ ada | | HAdd]

Set Default
Remave

Remove

’ Choose Lib ] ’ Previous ] ’ Next ]

3. Specify the whole model library structure, as shown in Figure: Set Model
Library Structure In the left column of the window, type in the name of the
library for putting core model cards. In the right column, edit the corners.
Here, you can also click Load Default button to get built-in mode library
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template. After this step, the model library is initially established. Click OK
button. MBP now analyzes this model library automatically and show its
structure by tree view in the leftmost pane. To understand what exactly
Group and Corner mean, refer to the tree view illuminated in the next step.

Set Model Library Structure

Group Tree ’ Add Model ][ Remowve Model ] ’ Set Group ]
1 Root mos
o
(=8 W Mos Group Model Name Merge Mame Iype Corner Typical File lame
o T
DL e nos rmos nmos bsimdv3  [IT | [test.1
-y FF
- ss
H-i Fs
- ) sF
AY
EMOS
Group Model Name Merge Mame Type Corner Typieal File NMame
[ Choose Lib ] ’ Previous ] [ Mext ]

4. Go to the next step, a window pops up as shown in following figure. Select

the parameter from the bottom pane for parametrization. MBP also offers a
set of skew parameters by default, which can be invoked by Set Default or
Apply Defaultbutton. Set Model Library Structure

Group: [MOS - | Merge: mmos -

Name Skewllame xpression IT

0.0

dvth0_n j ). 225505. . .

[ Export Excel ][ De-parameterize ]

AY

Search: |wthQ | Parameterize [ Set Default ][ Apply Default ]

Name Value

Lvoffl 0.0 e

wvaf £l 0.0 —

pvaffl 0.0 S
Cancel [ Frevious ] [ Next ]

During parametrization, select Type of skewing parameters. Lets take vthO as
the example to explain the definition to "Type" of skew parameters (Table:
Definition to the TYPE of skew parameters).

- Type Delta for dvthO_n means in the corner model vthO gets expressed as
vthO=original_vthO_value+dvthO_n and dvthO_n can be skewed.

- Type Absolute for dvthO_n means in the corner model vthO gets expressed
as vthO=dvthO_n and dvthO_n can be skewed.

- Type Ratio for dvthO_n means in the corner model vthO gets expressed as
vthO=original_vthO_value*dvthO_n and dvthO_n can be skewed.
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- Type DRatio for dvthO_n means in the corner model vthO gets expressed as
vthO=original_vth0_value(1+dvthO_n)* and dvthO_ncan be skewed. Table:
Definition to the TYPE of skew parameters

TYPE Value Calculation

Delta S_vth0="vthO+dvth0_n'

Absolute  S_vthO='dvth0_n'

Ratio S_vth0="vthO*dvth0_n'

DRatio

S_vth0="vth0*(1+dvth0_n)'

- For these parameter which does not exists in all bins, MBP will add the
parameter into the model and set it to "0"

Corner Model -- Parameterize (Step 2 of 3) P |
Pt
Group: [test - Merge: |demo =
Name Skewllame Type Expression TIT FF 58 FS SF
g
Add parameter w
@ Do you want to add the parameter:vth0=0?
E Yes i ’ Mo
Fi
Export Excel [ De—parameterize ]
AY
Search: !lvthﬂ | Parameterize Set Default “ Apply Default ]
Name Value
I uw FRE PR )
-
rdwmin 0.0
rsw 100.0
rswmin 0.0
prwh 0.32 =
prwg -8. 360055E-5
L 1.0
voff -0. 107073
-0. 004834105
[ Frevious ] [ Next l

5. Set initial skew parameters. Type in values as the start of skew parameters, as

shown in following figure.

Set skew parameters for FS and SF corner
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/ Corner Model -- Parameterize (Step 2 of (o

Group: Merge: mmos

Name Skewllame TIype

wihi dvthl_n Delta

dtox_n Delta

Expression 1T FF 55 ES SP

0.225505. .. (0.0 0.0 0.0 0 i 0.0
2:98-9 ... 0.0

| [ Export Excel ][ De-parameterize ]
AY

Search: |tox |[ Farameterize [ Set Default ][ Apply Defanlt l
Nama Value

x] 1.5E-7 -
nch 1. TE17 |~
wint 5. 23294E-5 -

Previous ] ’ Next ]

6. Then MBP prints out the complete model library for your review, as shown in following
figure. By this, it can be clearly seen how this model library is organized. You can go
back to rebuild the model library until the satisfying result is obtained. Finally, export the
model library directly.

Output corner models

ot s 3

Preview
. ENal oo

.1ib F5 El

.param
+dvthl n = 0 dtox_n =10
.1ib  “preview_path’ MOS

.endl F5§

.1lib &F

.param

+dvthl_n = 0 dtox_n = 0
.1ib " preview_path’ MOS

.endl SF

.1ib  MOS

.model nmos. 1 nmos

#%% Flag Parameter #=x

+level = 49 wversion = 3.2 binunit = 2

+mobmaod = 1 capmod = 3 ngsmod = 0

Previous l [ Export

NOTE Above content describes how to build a corner model. As for how to tune a
corner model to fit ones own target, refer to the document Model Tweaking in
MBP Modeling Guide.*
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Generate Point Model

For your convenience, MBP also offers a tool of generating point model from a
binning model. The instance parameter, including W, L and T, for each point model
comes from measurement data. Do one of the following to specify instance
parameters:

- Open a project with full set of measurement data and a binning model
already, then click Utilities > Point Model, select device size from the table
or by G_Select.

- Open or create a project with a global or binning model only, then click
Extraction > Point Model, use tool bar at the bottom of the window to edit
measurement data, as shown in following figure. By pressing Generate,
point models are saved to designated directory. The file names of point
models are suffixed with W and L value, such as snmos_1_10.l in this case.

Generate point models

Save to path: |D:'Accelicon'modelbuilder’data |
File Name: |mmos | Madel Hame:%nm-:-s |
Status Index W L
7 Select

 E ] 0.28 0.12 -

2 .28 0.2 F

< .28 0.5

4 .28 10 L

5 0.34 0.12 1

B 0.34 0.2

7 0.34 0.5 L

5 0.34 10

g 1 .12

10 1 0.2 Exit

[ 11 1 o5 3
[ Add ][ Insert ][ Bemowe ]

Model File Manager

Model Manger in MBP provides an efficient platform to manage model files. You
can start up the window as shown in following figure by clicking Utilities > Model
File Manager from the main menu.
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Model file manager

"7 odel Fie Mansger

File Edit View Tools

WRXvNaEEBRR
Bfio-

Name Buther Lazt Modified  Twype Fath
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Tweaking Models

Modeling

- Binning Model Tweak
- Model Tweaking

Binning Model Tweak

General

With process variation or the requirement of fitting a specific target, instead of
tuning a model totally from the beginning, tweaking is used as a fast way of
achieving corresponding model. For a binning model, modeling engineer should
always keep continuity from bin-to-bin. MBP integrates binning tweak capability to
meet such request.

MBP mainly supports the following three ways of tweaking a binning model:

- Change bin model directly, or say tune model parameters in each bin
section.

- Change point model. That is breaking the binning model to point models.
After tuning parameters of point models, redo the binning.

- Extend bin. It supports rescaling bin region and also inserting new binning
region.

After loading any binning model, those options are available by right-clicking on
the model node as shown in following figure.

Select Binning Solution

» [
SOt O iDL | v TH | MOB || SUB | Rout | Temp | DIDdB Cap [ Stress v |
% pll  To Foint Mode Mame alue Laovwver Upper Step |
WPl Extend bin leved 439 0 Al
wh ple T (] wersion 3.2 0 =1
s (] |binunt 2 0 5
5 pl6 Lo binflea 10 0 o8|
whply w | ." Unzpecified Parameters

| Parameters | Messags

- Set bin boundary

For a binning model, one often extends the maximum channel width and length to
an extent to verify the simulation of Wmax/Lmax device. For example, model is
extracted from Wmax/Lmax=10um/10um device. However, in final binning model,
we get bin boundary of Wmax/Lmax=10.Tum/10.Tum. This option allows you to set
maximum width and length and back.

- To point mode

Convert the loaded bin model to point models, and newly generated point models
are right the original bin boundary points. After this operation, you can tune the bin
boundary point models directly.
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- Extend bin

Change to extend bin dialog. In this dialog, you can re-scale the bin region or
generate a binning model which makes all the target devices including the new
inserting points as bin boundary point devices.

Following are the methods to tweak a binning model:

1. Select a parameter (eg. Vth0) and then parametrize it (vthO='0.5+dvth0"), you
can tune the parameter 'dvthQ' directly;

2. Tune bin parameter directly.
3. Convert to point mode, then tweak the point model directly

4. Generate a new binning model which makes all the target devices as one of
the bin boundary points. Then, the issue has been converted to tweak the
new binning model.

5. Expand bin boundary.

Binning model tweak

Change binning model directly

Both 1) and 2) are the methods used to tweak a binning model directly. In this way,
you can tweak a binning model just like tune a global model. The main advantage
of this idea is convenient and easy to understand. The followings are the detail flow
of tweaking a binning model directly.

Determine the new target device and target values

To define the new target devices and target values, activate the module of corner
tweak. Through this module, MBP can display the target values of both the newly
defined target devices and the original devices. After active the corner tweak
window and define the target (has been introduced in the chapter of corner tweak),
you can switch to the tweak interface as shown in following figure. In this interface,
you can add new target device through click Add device button or select on Graph
button. By double-click the detail information of instance parameter and _DES, you
can change the value of device geometry and target.
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Tweak Interface

|Tweak interface : Let user define new target, show original target and doing optimizations

Terpets =
- Target interface : Let user define target ‘
optimizs 3]
e formad Abaoite v
| Adtoricn | ot onteosh | 7] Showerror cobemn Select rows and press <Dekder key 1o delebe Constard
Check here to Seel w L T Vih_Des Vih_Se B
select  the > 1] 10 %0 on e IMTES 4.L_{New|y define target
devices 1o be |
optimized ]
L + + +
1 - : _ [ : |
e T— ! - Click here to hide original
foighg Devces | Reset T Vies L¥] device targets
w L T Vih [es Wi S Ermox
o e 3 = founs foms o |3 e T
il b3 0 =0 s fome 0 \ Original bin points target values,
|8 0220 03 %0 Hng DM 0 -
0 o= 078 %0 o o 0 Here MBP displays all the
9 0;‘ 20 am7 7 0 original bin points which was
] 024 ] -3 ant om7 ] | . f
0 & i = Toor ST 5 not contained in the above
0 ] 0 =0 Lom7 ELI] 0 newly defined targets
0 K] (1000 =0 Aanz JuLiH] o w

- If a device, which is just a point model of bin model added, the
point should be removed from the table which shows the bin
points.

- The target design value (ex: vth_Des) of original bin point device
cannot be changed, the value is from the original bin model.

- The function of the button reset target values in the above
Figure: Tweak interface is to set the simulation value as the
target value for the original devices instantly.

Determine which bin gets tweaked

Obtain the geometry of the target devices (the devices selected to be optimized)
then check which bin contains these devices. And these bins are the ones which

gets tweaked.

Select tweaking parameters

According to the target value and the bins to be tweaked, you can select the
parameters to tweak this binning model. In the process of selecting tweaking
parameters, you can do the followings:

- Add: This section describes how to add a parameter to the model.
- Non-binable parameter: This parameter is added to all bins. (E.g. tox)

- Bin-Core parameter: This parameter can only be added to the current
selected bin. When the parameter is added, MBP calculates current
bin point values and then update the reference parameters of other
bin. (E.g. vth0)
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- L/W/P parameter: This parameter can only be added to the current
select bin. When the parameter is added, calculate current bin point
values and then update the reference parameters of other bin. (E.g.
lvthO)

- Remove: This section describes how to remove a parameter from the model.

- Non-binable parameter: This parameter is removed from all bins. (E.
g. tox)

- Bin-Core parameter: Remove the parameter from the select bin. Then
MBP calculates the current bin point values and then update the
reference parameters of other bin. (E.g. vth0)

- L/W/P parameter: Remove the parameter from the select bin. Then
MBP calculates the current bin point values and then update the
reference parameters of other bin. (E.g. lvth0)

- Parametrize: It can only be used on non-binable and bin-core parameters.
- Optimize: If the same bin parameters are selected from different bins, then
optimizer does not work, else it works.
Optimize
Checking the optimize function as shown in following figure, you can do

optimization.

Target Select

Targets -
optimize
error format |Ahsolute |

Save newly generated model

Check if the tweaking binning model can satisfy your requirement. If yes, you can
save the newly generated model directly and if no, tweak this binning model
furthermore.

Change bin point models

3) is the method to tweak a binning model through tuning bin point models. It is
essentially the way to tweak a binning model. The following introduces the detailed
flow of tweaking a binning model through tuning the bin point models.

Change to point mode and determine the new target devices and target values

The second method mainly focuses on the bin-point models. Change to point mode
first, once you break binning model to point models, MBP generates a set of point
models with each bin boundary point is a point model as shown in following figure.
Then, define new target devices and target value just as the way used in *change
binning model directly.
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Point Models

Genettate point models:
param
-+ vih0=0 d_tox=0

odel nehl nmos

Hevel=49
Criginal model:
Hinin=10e-6 lmarx=10e-6 wimnin=10e-6 wimax=10e-6
param
+d_wih0=0 d_to=0 +Hao=1e-8 wihi=0.51
model nich.] nmos
L e
Hmin=35e-6 lmax=10e-6 wmin=2e-6 wmazr=10e-8 model neh 2 nmos

Hoe="1e-2+d_tox wthi="05+dvth(’ rth(=1e-7

Hevel=49
T sinoayias
e Hinin=1Oe-6 lmar=10e-6 winin=2e-f wmazr=2e-6

Hevel=49 Hox=1e-8 wthl=0.51
Himin=2e-6 lmax=>5e-f wmin=2e-f wimax=10e-6

Hoe="e-8+d_tox” wthil="05+dvth]’ rihl=1e-7

Homaas model neh 6 nmos

Hevel=49

Hmin=2e-f lmax=2e-6 wmin=2e-6 wmax=2e-8

Hox=1e-8 wthi=0.501

Determine which point model gets tweaked

Similar to the way used in change binning model directly, obtain the geometry of
the target devices (the device selected to be optimized), then check which instance
of the point model parameters are exactly equal to the target devices. These point
models are the ones which gets tweaked.

Select tweaking parameters

According to the target value and the point models to be tweaked, select the
parameters to tweak these point models. In the process of selecting tweaking
parameters, you can do the followings:

- Add parameter: If a bin-core parameter is added to a point model, add this
parameter to other points at the same time as well;

- Remove parameter:

- If a bin-point model parameter is removed from a point model, all the
reference points must delete this parameter at the same time as well;

- Select parameter:
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- If one non-binable parameter is selected, then the same parameter in
other point models cannot be selected again (E.g. tox). If itis a
binable parameter, then we can select and change the same
parameter of each point model (E.g. vthO).

Optimize

Checking the optimize function, you can do optimization.

Save newly generated model

Check if the tweaking point models can satisfy your requirement. If yes, you can
save the newly generated model directly and if no, tweak these point models
furthermore.

Extend bin

Both 4) and 5) are the methods used to tweak a binning model through extending
bin. In this way, you can tweak a binning model by adding more point models or
extend bin boundary. It mainly has two advantages: On one hand, you can expand
the bin boundary of the current model to cover more devices (as the red point in fig.
5.); On the other hand, he can also generate a new binning model which makes all
the target devices including the newly inserted devices are bin boundary point
devices. Therefore, you can tune all the parameters of target devices to the
expected value (as the blue point in Figure: Extend Bin). The followings are the
detail flow of tweaking a binning model through extending bin.

Determine the new target devices and target values

Similar with that of the above 1 and 2 methods, the first step is to determine the
new target devices and the target values through corner tweak module. Normally, if
we use the function extending bin, the target device is often not the bin boundary
point devices or is out of binning boundary.

Determine which bin/point model should be tweaked

This process is also similar with that of the above 1T and 2 method, you can tweak
this binning model through tweaking the binning model directly or tweaking the
point model.

Select tweaking parameters

Please see the details from the above 1 and 2 methods.
Optimize
Checking the optimize function, you can do optimization.

Save newly generated model

Check if the tweaking model can satisfy your requirement. If yes, you can save the
newly generated model and if no, tweak these point models furthermore.
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Extend Bin

PAdExtend Bin

[~Mockels: ] & 4 ~Criginal Bin

o] 1 =wrnini"022 | vnax| 10001 |
HANAES] | Lrin (048 | Lmax [10001 i

Extend Ein Boundary

I:I:I 1 Generated Bin- 1
! -

Wiin| 0.2 | winax[ 15 .
| Lmin | 018 | Lmax |15 |
Generate Bin For Target Devices m
= [~ Mew Points ]
1.0000E 00 | w L
b 2 SE-5 0.3 EAES
= 3E-7 1.5E-5 03 3
|13 SE-T 1.56-5 W03 L0
I 4 1E-6 1.56-5 W03 L0
|5 SE-6 1.56-5 W03 L0
B 1E-5 1.56-5 W03 L0
7 1.5E-5 1.8E-7 W03 L0
5 1.5E-5 3E-T W03 L0
=] 1E1 |9 1.5E-5 SE-T W03 L0 w
ium) L —
Generate Bin ] [ Cancel ]

- In Figure: Extend Bin the black bin points are the original bin
points, the blue ones are the newly inserted target devices which
are not the bin boundary points, the red ones are the extended
bin boundary generated points and the grey ones are the psedo
points.

- The use of the extend button in the figure is to extend the bin
boundary to fit the new target, also, you can determine which
point model can be used as the model for the extended points.

- The use of the import button in the fig is to provide you the tip
that the blue points are originated from corner tweak. Also you
can activate corner tweak module to re-edit the target
information.

Model Tweaking

General

The model card is tied to the actual fabrication process used to manufacture the
device. Even a well developed fabrication process results in variations in the
devices produced. These variations are likely to affect the device characteristics
and circuit behavior. To account for the variations in a semiconductor device
fabrication process, based on an initial set of typical and comer device models, re
target the process dependent model parameters by fitting the process fluctuation.

The smart model tweaking module integrated with MBP enables easy model re
targeting, adjustment of global or binning models according to new specification.
Both model cards and model libraries are well supported. We have an individual
chapter on the binning tweak. This chapter mainly focuses on tweaking a global
model.
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Global model tweaking

Starting with a global model card, the main flow is as follows:
- Define the tweaking target
-~ Define target devices for tweaking
- Tweak the model to fit tweaking target of target device

Click Extraction > Model Tweaking to activate the key frame for model tweaking,
within which you can interact with re targeting process.

Define the tweaking target

The process specification may include typical values and deviation values for
specific electrical quantities, such as threshold voltage (Vth), drain saturation
current (Idsat), etc, what we call tweaking target . We cite typically included

targets Vth and Idsat as the example to append tweaking target in MBP.

1. Click cross sign to add a tweaking target

2. Assign the name to this target,Vth for example

3. Choose one built-in algorithm to achieve above target from this drop-down

list. The Vth_gm means to get the Vth with max GM method.

4. Determine the input for performing the algorithm. For Vth_gm, specify bias

and sweeping conditions, like constructing a virtual Ids_Vgs_Vbs curve at
Vbs=0 and Vds=Vdlin.

5. Click Apply button to confirm the configuration.
6. Repeat steps from 1-5 to add Idsat as tweaking target. Tweaking target

definition
< Model Tweaking
Twsks | Target
WY Const
Maene “nhse: String Walue 50T Seng Deescription
loan 1E-T A -7 o [Corstant Current
[V sbsmaaviis) 00 | L] [The: maot Vs vahue
Vag (sbemaa(Vigs) oo ] W [The mas vgs value
Targets Targed Defirdion @
[] toerwr_ 0 Target Naene: Wh
Method Mo wih_ge y_ % ||
o om L34
vge Start b ] step: D0t v ] stop: g ~]
vids: 0.1 v] @
vhs 0 j
=& %) ]
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To be stressed, IMV const represents constant values that you can refer in
configuring bias conditions. It shares origin with IMV Pages, that defined in
imv_const.ini under MBP HOME\jeR\usr\imv\device\mosfet. If you do not want to
refer any value from it, just type in the figure directly.

Here, ISDTSens is the flag to determine if this IMV constant is sensitive to the
model type (nmos or pmos). For P-type devices, checking ISDTSens means the
value string gets multiplied by '-1'. Refer to the table1 for details (we have set value
string of icon as 1E-7). For NMOS devices, whether checking ISDTSens makes no
difference.

Table 1 Sample Icon settings

Model type Icon value (check IsDTSens)  Icon value (uncheck IsDTSens)

NMOS 1E-7 1E-7

PMOS -1E-7 1E-7

Define target devices

After defining tweaking targets, switch to tweaks pane as shown in Figure :Adding
target devices. Press Add device button to make target device on the list. Then edit
the device to requested size and condition, like changing W L and T in this case.
Right-click on the table pops up instance parameter list. MBP allows you to save or
load device information.

Following device information, MBP shows the design target (e.g. vth_Des and
Idsat_Des, suffixed by _Des), simulated value (e.g. vth_Sim and Idsat_Sim), and
their difference (e.g. Error). You can choose the error format from the drop-down
list, as shown in Figure :Error format.

You are only allowed to edit design target. The simulated value and error response
instantly once you tune model parameters

Adding target devices

 'Model Tweaking
Tweaks | Target
Targels
vth R
optimize optimize ]
error formal  Absolute v] error format | Absolue v]
[ Add device ][ Save ][ Lodad ] Show errar column Select rows and press =Delete= key to delete devices
Select W E T wih_Des | wih_Sim IEnrDr kisat_Des' kisst_Sim Error Weight
10.0 018 (250 043 0463 0033|0011 [a817E-3 [1.0826-3 1.0 |
oo oo 250 ] 0257 _ 4.224E-4 | 1.0 [=]
[ 1B |
L] !
B | : | | |
| . l | | ]
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Error format

Targe{s

wth Icfzat —
optimize optifmiz:
error formst  |[Ahsolute || error fo

Absolite

Add device

Tweak the model

Select proper parameters from the Optimization/Parameter window, then you can
start model tweaking.

MBP provides both manual tune and semi-automated tune. For the latter, make
sure that the design targets are set, parameters are selected, the optimized items
for tweaking target are checked and the select items for target device are chosen.
Then, press optimize button in the Optimization window, MBP invokes internal
optimizer and get the solution in a few seconds.

Tweak the model

" Model Tweakang ey
Tweaks | Target |

Targats

I[ adddevice || Save || Losd | [)Snow error column Select rows and press <Dekstes key o delets devices

| Select W L T wih_Desx wth_Sim Ervor ldeat Des | ldeat Sim | Error Wieight
Ty oo 018 5.0 0.4% 0463 0.0%3 0,011 [9HTE-3  [1.082E-3 1n
101 100 0.26T 4 I _'__ 4 |

E3)

sﬂm'm

Once more than one target devices are set for semi-automated tune, you can
differentiate the importance among devices by specifying the Weight item. Higher
weight value with the device generally promises higher accuracy.
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BSIM3v3 Modeling

This chapter is to give guidelines on how to extract BSIM3v3 DC model. We provide
information on the following topics:

BSIM3v3 Overview

- Device Requirements

- Measurement Conditions

- Extraction and Optimization of BSIM3v3 Model
BSIM3v3 DC Modeling

- Binning Method

Binning Method

All above discussion is focused on global model. By implementing of single-piece
equation with physical major parameters and all geometry parameters built in,
global model can cover a wide range of geometry with reasonable accuracy.
However, due to some fabrication-related issues and there are occasions the
device physics is too complicated to understand, to extract a global model that is
accurate over the entire geometry range is often difficult. To improve the accuracy
for certain device sizes, bin model parameters are normally used. MBP also provide
a complete flow for binning model extraction.

To bin is to calculate geometrical parameters to encompass all sizes of interests, as
given below:

LP, WP, PP

i Lo X W or

P= H}+i

eff eff
P stands for the binned model parameter, PO is the zero-order term of the
parameter, LP, WP and PP are its corresponding three binning parameters, account
for the length dependence of PO, the width dependence of PO, and the cross term
dependence of both the length and width respectively.
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An exemplar binning strategy that breaks devices width-length space into
12 subregions

W

A

> L

Not all the parameters are binnable, we list part of non-binable parameters in Table
12.

Non-binnable |-V model parameters for BSIM3v3

Task Tree  Explanation

TOX gate oxide thickness

TOXM Nominal Tox at which parameter are extracted

WINT Width offset fitting parameter without bias effect

WW Coefficient of width dependence for width offset

WL Coefficient of length dependence for width offset

WWL Coefficient of length and width cross term for width offset
WLN Power of length dependence of width offset

WWN Power of width dependence of width offset
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Task Tree  Explanation

LINT

LL

LW

LWL

LLN

LWN

Length offset fitting parameter without bias effect

Coefficient of length dependence for length offset

Coefficient of width dependence for length offset

Coefficient of length and width cross term for length offset

Power of length dependence of length offset

Power of width dependence of length offset

A general procedure to generate binning model is as follows:

1.
2.
3.

Extract model parameters that cannot be binned, such as LINT, WINT.
Extract point models separately for each devices.

Create bin model subregions. Extract a complete set of model parameters for
each bin. Use Utilities-Binning of MBP to do it.

Check the continuity of the parameter at all bin boundaries, since binning
may result in discontinuity in device characteristics as the device geometry
varies. Optimize PO, PL, PW, and PP for certain parameters if necessary.

~ As for how to use MBP to generate binning model, refer to
Utilities.

~ Although easier for extraction and more accurate for certain
device sizes, binning parameters are un-physical parameters that
describe un-physical scaling behavior. It should be only used for
special cases.

BSIM3v3 DC Modeling

We present a compact flow in this section to demonstrate pmos global model
extraction by using MBP.

Do Measurements

Refer to Measurement for detailed information on how to carry out measurements.

Load Measurement Data

Load all measured data into MBP. Acquaint with device geometry and bias
condition through Device Navigator. To be noted, always set right model type
before loading data.
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Select model type

Bodel Type :
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Load measured data
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Check Measured Data

To prevent bad data from impacting subsequent extraction and optimization, it's
better to do measurement QA first. Select Extraction > Data Check. See whether
these measured data follow the right physical trend. If not, pick out those
unreasonable data, do measurements again, or delete it from the Device Navigator.

NOTE MQA (Model Quality Assurance) is more efficient and powerful in Measurement
QA, also developed by Keysight.

Set Process Parameter

Click Model > Set model options to input process parameters. Process parameters
affect device characteristics markedly. And since they are referred in extraction,
assure their accuracy.
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Set process parameters

Set Nodel Option @

Userhiame || | LotName | | Date | 2006-7-11
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Trefe) | 25 | wifum) | 0085 | naitumy 0135 ]

| ok || canca |

Use the Task Tree to Extract Initial Model

Select Extraction > Task Tree to launch Task Tree window. Load built-in extract.
BSIM3v3 and start auto extraction. After a few minutes, an initial model file with
improved fittings is displayed.

The Task Tree extract_conplex. BSIM3v3 is applicable to extracting global model. It
has certain requirements on measurement data, that is at least 8 devices with
proper size distribution is needed. Make sure that measurement data meets
requirements, or extraction procedure may even be halted.

The extract_complex. BSIM3v3 includes efforts and experience of our modeling
experts. Different built-in Task Trees have different applications, as listed in Table
11. Proper checkpoints set to handle specific situations, you can easily achieve
satisfying fittings with performing extraction.

Table 11 Built-in Task Tree for extracting BSIM3v3 model

Task Tree Explanation
autobin. or binning model generation. It starts with one point/global model and finishes with full set
BSIM3V3 of point models, determined by geometry sizes of loaded devices.

autobin_temp.  The supplement to autobin.BSIM4 tree for temperature coefficient extraction.
BSIM3V3

extract_CggCgc. For CV related parameters extraction.
BSIM3V3

extract_complex. For global model extraction. Generic DC parameters are extracted and optimized. Binning

BSIM3V3 parameters are included in final extracted model.
extract_hv. Providing a starting model for our built-in HY modeling methodology.
BSIM3V3
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Task Tree Explanation

extract_nobin.  For global model extraction. Generic DC parameters are extracted and optimized. Binning

BSIM3V3 parameters are not allowed in this task tree.
LOD_STI. For STl effect related parameters extraction.
BSIM3V3

For DC parameters of one device extraction. Since, only one device is available, the result
may not be physical and reasonable.

single device.
BSIM3V3

temp.BSIM3V3  The supplement to extract_complex.BSIM4 tree for temperature coefficient extraction.

To perform extraction by extract.BSIM3v3, all devices are required to be
measured on the same bias scheme. Or error may occur during automated
extraction in MBP.

Refer to the Task Tree for running a Task Tree.

Extract the initial model by the Task Tree
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Otimization

Subtle adjustment to model is always needed after auto-extraction. You can
choose one of the following two ways for optimization:

Use the Task Tree for optimization

Actually, reload extracted initial model (to let MBP reset parameter boundary) and
run extract. BSIM3v3 again, it probably shows good fittings, since extract. BSIM3v3
also includes the complete flow of optimization. However, each data from different
process has its own specialty. To ensure an efficient optimization process, you can
establish a new Task Tree from extract.BSIM3v3.

Use the Optimization

Locate the page and region not fitted well, launch Optimization window, optimize
parameters dominate selected region. to do it manually or by optimizer, as shown
in following figure. By this method, one gets experienced in BSIM3v3 modeling.
Refer to the extraction routine for understanding BSIM3v3 model parameters. Refer
to Optimization optimization operation.

Model parameters optimization

Optimization
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Optimization on IMV pages

MBP provides a useful feature by optimizing model parameters directly on IMV
(intermediate variables) pages. An example of Idlin_L is shown in following figure.
Apparently, IMV pages help you to know the entire trend and are of more physical
meanings. This makes optimization more efficient and more accurate compared to
separate |V pages. After MOS data loaded, MBP generates all IMV pages
automatically. You can easily select the desired pages from IMV table.

NOTE The IMV page is displayed on active window.
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The IMV page of Idlin_L
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Extract Temperature coefficient

Above extraction and optimization are for reference temperature. To model
temperature behavior, load data taken under high, low, and room temperature
together and extract temperature coefficient.

Export Model File

After the model is fine-tuned, you can export the model to a SPICE model file. This
model file is compatible with HSPICE. It is recommended to save the model file for
every update.

BSIM3v3 Overview

BSIM3 model is the industry-standard MOSFET model for deep-submicron digital
and analog circuit designs down to 0.18 m technologies, developed by the BSIM
Group at the University of California at Berkeley. It adopts a single-equation to
describe device characteristics in various operating regions. This eliminates the
discontinuity in the |-V and C-V characteristics. BSIM3 has evolved through three
versions. BSIM3v1 and BSIM3v2 contain many mathematical problems so these are
largely replaced by a third version, BSIM3v3. BSIM3v3 eventually grew into further
variations with minor differences. It accounts for the following physical effect in
MOSFET as:

- Short channel effects
- Narrow channel effects
- Non-uniform doping effects in both vertical and lateral directions

- Mobility reduction due to vertical field
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- Bulk charge effect

- Velocity saturation

- Drain-induced barrier lowering (DIBL)

- Channel length modulation (CLM)

- Substrate current induced body effect (SCBE)
- Subthreshold conduction

- Source/drain parasitic resistances

More information on BSIM3 can be found at: http://www-device.eecs.berkeley.edu.
bsim3. The version described in this section is BSIM3v3.2.

Device Requirements

BSIM3v3 is a scalable model that its model parameters apply to transistors of
various lengths and widths. In other words, accurately modeled BSIM3v3 model
correctly predicts device behavior in all operating regions for all the allowed device
geometries called global model. For a proper extraction of global model,
measurement data from a set of devices with different size is required.Devices

1. Wmax/Lmax: such as 10/10, used to extract to parameters which are
independent of short and narrow channel effects and parasitic resistance.

2. Major Length Array: such as 10/10, 10/1, 10/0.7, 10/0.5, 10/0.3, 10/0.25.
These devices are used to extract parameters that are related to the short
channel effects.

3. Major Width Array: such as 10/5, 1/5, 0.5/5, 0.4/5, 0.3/5. These devices are
used to extract parameters that are related to the narrow width effects.

4. Minor Length Array: such as 0.3/5, 0.3/1, 0.3/0.7, 0.3/0.5, 0.3/0.3, 0.3/0.25.
These devices are used to adjust short channel effects related parameters.

5. Minor Width Array: such as 10/0.25, 1/0.25, 0.5/0.25, 0.4/0.25, 0.3/0.25.
These devices are used to adjust narrow width effects related parameters.

For MBP, the minimum set of devices should comprise 8 devices for extraction,
marked with red color in following figure. Four of them locate at the corner,
including one device with long, wide channel (Wmax/Lmax); one device with short,
narrow channel (the smallest device in designed process); one device with long,
narrow channel and one device with short, wide channel. The other four devices
locate on the major length array, major width array, minor length array, and minor
width array respectively. They should embody short and narrow effects in -V
characteristics more or less. More devices with different sizes surely contribute to
more accurate extraction.
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An example of device geometry for DC parameter extraction
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Extraction and Optimization of BSIM3v3 Model

Actually, modeling engineer could never take extraction and optimization apart.
The optimization is often concomitant with the extraction. So we integrate them
into a unified procedure. This section includes two parts:

- Suggested extraction and optimization procedure

= One example on BSIM3v3 model extraction and detailed explanation on
referred modules.

Extraction Routine

To extract BSIM3v3 parameters correctly, we recommend you to follow the steps in
tables below

Table 1 Proc.1: Input process parameter

Step Device Curves Parameter

1 Measure CV to get TOX

2 Input process parameter such as TOX, XJ, NCH, Rsh, etc.
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Table 2 Proc. 2: Basic parameters for Vth, subthreshold region and mobility

Step Device

Curves

Extracted Parameter

3 Wmax/Lmax

Lin Gum. @Vbs=0

Lin Gum. All Vbs

Lin Gum. All Vbs

Lin Gum. All Vbs

Lin Gum. @Vbs=0

Lin Gum. All Vbs

VTHO,

U0, UA, UB,

VOFF, CIT, NFACTOR, NCH, NSUB, VBX
uc

repeat 3-4

K1, K2

VOFF, CIT, NFACTOR,
VTHO, U0, UA, UB

uc

Table 3 Proc. 3: Narrow width related parameters

Step Device

Curves

Extracted Parameter

9 Wmin/Lmax

10 Wmin/Lmax

Wmax/Lmax
M Major WA
12
13
14

Lin Gum. @Vbs=0

Lin Gum. @Vbs=0

Lin Gum. @Vbs=0

Lin Gum. All Vbs

Lin Gum. @Vbs=0

Lin Gum. All Vbs

K3, WO, WINT

WO, WINT, K3, VTHO, U0

K3, VTHO, WINT, Ww, UQ

K3B, K1, K2, K3
VTHO, UO, WINT, WW

DWG

VTHO, U0, UA, UB, UC,
DWG, WINT, WW, K3,
DWB, K3B

Table 4 Proc. 4: Short Channel related parameters

Step Device Curves Extracted Parameter
15 Wmax/Lmin  Lin Gum. LINT
@Vbs=0
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Step Device Curves Extracted Parameter

16 Major LA Lin Gum. AllVbs ~ DVTO, DVT1, DVT2, NLX, VTHO, K1, K2

17 Lin Gum. LINT, LL, UO
@Vbs=0
18 Lin Gum. All Vbs ~ LINT, LL, DVTO, DVT1, DVT2, NLX, VTHO, K1, K2, LINT, U0
19 Wmax Lin Gum. VOFF, CIT, NFACTOR
/Lmax @Vbs=0
20 Major LA Lin Gum. LVOFF, CDSC
@Vbs=0
21 Lin Gum. AllVbs ~ CDSCB, VTHO, K1, K2, DVTO, DVTT, DVT2, NLX, LINT, LL, UO, UC

Table 5 Proc. b: Series Resistance related parameters

Step Device Curves Extracted Parameter
22 Wmax Lin Gum. RDSW, PRWG
/Lmin @Vbs=0
23 Major LA Lin Gum. RDSW, PRWG, A1, A2, VTHO, K1, K2, DVTO, DVTT, NLX, LINT, LL, UO
@Vbs=0
24 Wmax Lin Gum. All Vbs ~ PRWB
/Lmin

25 Major LA Lin Gum. AllVbs ~ PRWB, UC, DVT2

26 Minor LA Lin Gum. All Vbs ~ DVTOW, DVTTW, DVT2W, WL, LW
Minor WA

27 Lin Gum. PRDWS, PPRWG
@Vbs=0

Table 6 Proc. 6: Narrow width related parameters (Il)

Step Device Curves Extracted Parameter
28  Major WA Lin Gum. VTHO, UO, UA, UB, DWG, WINT, WW, K3
@Vbs=0
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Step Device Curves Extracted Parameter
29 Lin Gum. AllVbs  K3B, K1, K2, UC, DWB
30 Major LA Lin Gum. VTHO, U0, UA, UB, K1, K2, DVTO, DVTT, LINT, LL, NLX, RDSW,
@Vbs=0 PRWG
31 Wmax Lin Gum. VOFF, CIT
/Lmax @Vbs=0
32 Major LA Lin Gum. LVOFF, CDSC
@Vbs=0
33 Lin Gum. AllVbs  CDSCB, UC, PRWB
34 Minor LA Lin Gum. AllVbs ~ DVTOW, DVTTW, DVT2W, WL, LW
Minor WA
35 Lin Gum. PRDSW
@Vbs=0

Table 7 Proc. 7: Parameters for subthreshold region (ll)

Step Device

Curves

Extracted Parameter

36 Major LA Sat Gum. @Vbs=0

37

Sat Gum. All Vbs

CDSCD, DSUB, ETAO

CDSCD, DSUB, ETAQ, ETAB

Table 8 Proc. 8: Parameters for |-V model

Step Device Curves Extracted Parameter

8 Satl-V @Vbs=0  VSAT, AO, LAQ, AGS, LAGS
39 Sat I-V All Vbs KETA, LKETA,

40  Major WA Satl-V@Vbs=0  BO

Table 9 Proc. 9: Parameters for Rout

Step Device

Curves

Extracted Parameter

41 Major LA Gds@Vbs=0

PVAG, DELTA, PCLM, PDIBLCT, PDIBLCZ2, DROUT
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Step Device Curves Extracted Parameter

42 Sat Gum. AllVbs ~ CDSCD, DSUB, ETAQ, ETAB

43 Satl-V@Vbs=0  AQ, LAQ, AGS, LAGS, VSAT

44 Sat -V All Vbs KETA, LKETA, BO

45 Gds@Vbs=0 PVAG, DELTA, PCLM, PDIBLCT, PDIBLCZ2, DROUT, VSAT,

LPVAG, LDELTA, LPCLM, LPDIBLC2, RDSW, WR, PRWG

46 Gds All Vbs PDIBLCB, PRWB

Table 10 Proc. 10: Further optimization

Step Device Curves Extracted Parameter

47 repeat 42

48 Gds LPVAG, LDELTA, LPCLM, LPDIBLC2, PVAG, DELTA, PCLM, PDIBLC1, PDIBLC2,
@Vbs=0  DROUT, VSAT, AQ, LAO,AGS, LAGS
Sat |-
V@Vbs=0

49 repeat 36-44

50 repeat 28-36

51 repeat 48

52 repeat 37-46

53 repeat 48

This procedure is for reference. In some cases, no need or not possible to
extract all the parameters, leave them as default value and skip corresponding
steps. Also, you can reorganize it, depending on your experience and request.

Measurement Conditions

We recommend you to take the following data type for each device:

- Data Sets
Vdsmax=Vdd*1.1
Vbsmax=-Vdd*1.1
Vgsmax=Vdd*1.1
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- Linear Characteristics
Vgs=0 to Vgsmax by 0.1 (or 0.05 if Vdd in 1.2V)
Vds=0.05 (or 0.1)
Vbs=0 to Vbsmax in 4 or 5 steps

- Saturation Characteristics
Vgs=0 to Vgsmax by 0.1 (or 0.05 if Vdd in 1.2V)
Vds=Vdsmax
Vbs=0 to Vbsmax in 4 or 5 steps

- |-V Characteristics
Vds=0 to Vgsmax by 0.1 (or 0.05 if Vdd in 1.2V)
Vgs=Vth to Vgsmax in 5 steps
Vbs=0, Vbsmax

- Saturation |-V Characteristics
Vds=Vgs=0 to Vgsmax by 0.1 (or 0.05 if Vdd in 1.2V)
Vbs=0 to Vbsmax Vgsmax in 4 or 5 steps

- Substrate Current
Vds=0.5%(Vdd*1.1), 0.75%(Vdd*1.1), 1*(Vdd*1.1)
Vgs=0 to Vgsmax by 0.1 (or 0.05 if Vdd is 1.2V)
Vbs=0

These bias schemes are recommended but not necessary. You can take your
own measurement setup, e.g. setting Vdsmax=Vdd and taking more steps in I-
V characteristics.
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Diode Modeling

Modeling

Diode is the most fundamental non-linear element of electronic circuits. This
chapter describes how to model a diode. It provides information on the following
topics:

- Diode DC Modeling
- Diode C-V Modeling

Diode C-V Modeling

The C-V behavior of diode is modeled using a space charge capacitance (dominant
at reverse biasing) and a diffusion capacitance (dominant at forward bias). The later
is usually measured using network analyzer, we provide guidelines on space charge
capacitance modeling in this section.

Measuring C-V Data

Perform C-V measurement according to the following steps:

Start CV measurement

Go to Measurement > CV, the Measurement Monitor appears.
Specify the file name and directory for saving measured data

Set CV measurement

Click Setup, set Device type as D(diode), add devices for measurement. The bias
condition is required to cover not only reverse region but also forward region,
typically from 2 to 0.2V, as shown in following figure.

Set bias condition for diode CV measurement

Neasurement Setup rz|
| HP4284 icj|
Start Stop Step Pairt
v o2 I ER
~DUT -
H: p
L:n
[ Back ” Save Setup ” Load Setup ][ Ok H Cancel ]
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Do zero

Do Zero before starting CV measurement to eliminate open parasitic capacitance.
Put probe heads a little above diode pads when doing zero.
Click Measure to execute CV measurement

Save measured data

Refer to Chapter 6 for detailed Measurement operation.

As mentioned in Diode I-V Modeling, measure the two diode devices with
different sizes for both area related parameters and side wall related CV
parameters.

AC Diode Model Extraction

Follow the steps below to perform CV extraction:

Load measured C-V data

First, select model type as diode. Load C-V data of both area diode and finger
diode together.

Extract C-V parameters
Define the space charge capacitance of the diode using:
\ MY F i MISW

i f r
C=Cly |1 + CISW . -| 1 |
o | PR :| afl ] PHEP |

CJ, PB(VJ), and MJ are junction zero-bias depletion capacitance, junction built-in
potential, and junction exponential factor respectively; CJSW, PHP, and MJSW are
corresponding parameters for sidewall junction.

During extraction, for area diode, formula is reduced to:

y y M j p o
CuCly|l-—| =CJ.AREA-M.[1-—|
Sy PR} . PR}
For finger diode, formula is reduced to:
i I v = MISH / » = MISHT
CrCISW | 1 -—— =CISW-PJ-M-|1l-——
=\  PHP . PHP)

Bring up the Task Tree window, load diodeCVExtractor.Diode as task tree file and
execute extraction as shown below. All the above CV parameters are well extracted.
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Diode C-V parameters auto extraction

E] m o» = 2 Area=2. 8E-8 Pj=6.8E-1 T=35 c_w [B] Bli-1  Area=2.52E-
o J Bt B B
B Extract_(CJ PB_M) 2ETE a 286611
=]
i}
I (Right aiter 1:Extract_CISW_PHP_MISWICond| | o g 1y 2BIEAT
23N 236641
(&) L&)
213811 2A0E-11
1 55E-11 185611 w:v""'j
450 42 078 03 [T 480
Area=2 SE-E Fj=0.8E.4 T=25 RME t0.010%  MAX : 0001% | Area=Z S52E8 Fp
=
4 | ¥
CERERERFEA R EAEE
Mmhwl'l‘rw|

Optimize C-V parameters

Our optimizer has good effects on the CV parameters optimization. Select CV
parameters and data region (usually the whole region if no bad data exist) to do
auto optimization, as shown in following figure. However, since junction
capacitance is always small, note your RMS settings. Optimizer does not work with
zero RMS, as we explained in Equation Viewer.
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CV optimization with our optimizer

:"!-I Areai=2. BE-8 Pj=6.8E-1 T=2L e_w
2.87E-11 r" 0
Fi
Optimization |l ;".
4
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| 1} o2aree-3s |« 7E-1 | 1 B6TIEE ¢ /
i} 7 Iy
I p
2 B2E-11 /.{
o
i
e
2.38E-11 A
© g
E
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."
.-'frr
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2.13E-11 //_,.e-f
S
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o
‘_.4—'-
-—"I--
1.8BE-11| o—""
150 112 075 037 a.00
i)
Arex=2 BEE PFEBEA T=25 RMS : D.016% MAX  0.061%

Export model file

Save model file to the designated location.

NOTE Equipped Task Tree diodeExtractor. Diode combines DC and AC extraction for
diode devices.

Diode DC Modeling

Measuring I-V Data

The |-V measurements of the diode includes forward part and reverse part.

Forward |-V

Normally the forward bias is from O to 1.2V or to a voltage the current reaches
expected value, such as 10 mA.

Reverse |-V

To model reverse characteristics, applying voltage till to the breakdown voltage
(BV) or larger.

NOTE = Unlike MOS and BJT measurements, bias conditions for diode
measurement mainly depend on its operation region and ones
experience.
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- Ideally, at least two geometries for diode measurements: one
area diode with a large area to perimeter ratio and one finger
diode with a large perimeter to area ratio must be present. If only
one diode is available, extract parameters related to area and set
perimeter related parameters as default.

Diode DC Model Extraction

Do the following to perform DC extraction:

Load measured |-V data

In the first step, select model as diode. And then, load both area diode data and
finger diode data, if available, into MBP. Extract DC parameters

Shipped diodeDCExtractor.Diode is for modeling diode DC behavior. Load
diodeDCExtractor.Diode into MBP to extract DC parameters, as illustrated in

following figure.

Diode DC parameters auto extraction
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We illustrate extraction procedure of diodeDCExtractor.Diode as follows:

- Extract IS and N, from linear part of area diode |-V plot, see Figure: Extract

IS and N.

- Extract JSW, from linear part of finger diode |-V plot, see Figure: Extract

JSW.
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- Extract RS, from high current part of -V plot, where current deviates from
ideal exponential curve due to series resistance in the diode and high
injection effect as well, see Figure: Extract RS.

- Extract IK, from transition part of I-V plot, where current begins to deviate
from ideal exponential curve due to high injection effect and series
resistance in the diode as well, see Figure: Extract IK.

Extract IS and N
AREAPJ=3 6E-9/7.32E-4 T=25

1E-01
1E-02
1E-03
1E-04
1E-05
1E-06
L 1E-07
1E-08
1E-08
1E-10
1E-11

-0.50 -0.07 0.35 0.rv 1.20

W
REMS 0% “ MAK - D0%

Extract JSW
AREAPJ=1.6E-9/1 4E-3 T=254

1E-01 |
. = -
:
1E-04
1E-05
1E-0F
§1 E-0O7
= s
1E-09
1E-100
1E-11

-0.50 -0.07 0.35 0.7y 1.20

i
RME 0% o PAK 0%
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Extract RS
AREAPJ=3 BE-9/7.32E-4 T=25

0.0y

0.05

0.0z

1A

0.01

0.0o

-0.50 -0.07 0.35 0.7y 1.20
RS 0% P 0%

Extract IK
AREAPJ=3.BE-9/7 32E-4 T=2%

1E-01
1E-02
1E-03
1E-04
1E-05
1E-08
L 1E-07
1E-08
1E-09
1E-10
1E-11

-0.50 -0.07 0.35 0.7y 1.20

W
RME 0% “ PAK 0%

Optimize DC parameters

Change the plot to the proper scale to view effect on parameters more clearly, such
as X-Lin, Y-Log for optimizing IK. As shown in Figure-Diode |-V parameters
optimization, open Optimization window, select parameters and target data points
and then let the optimizer to do optimization, until we get the best fitting results.
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Export model file Save the model file to the designated location.

Diode |-V parameters optimization

Optimization u.

.
. | G
. SETF ET1NE UFIFIEI’ StEFI
"""" Parameters 2
ZE- TR 127567 169 |™ | G _select
Core Model 5 2025E-7 1E-8
rsh = T 123 |
0 AE-20 1E-20 01
xtrinsic| HE20 1E-20 01
11 33 01 Delete Al
11 33 01
wthO 0. 1] 019774 059336 0.1 b
pprl :| pp2 i= ;| n wiho !
_4] 1E-12 » m 5 3E-4 _4] 1E-15 » m 1E0 » _4] 30558E-1
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Gummel-Poon BJT Modeling
This chapter describes DC modeling of bipolar transistors (BJT) in MBP including
the following parts:
- AC Measurement of BJT
- DC Measurement of BJT
-~ Introduction to Gummel-Poon model
- Gummel-Poon AC Model Extraction

= Gummel-Poon DC Model Extraction

AC Measurement of BJT

BJT Junction Capacitance Data Set
In this section, we only discuss measuring space charge capacitors of BJT.
- Cbe (capacitance of B-E junction) versus Vbe
- Cbc (capacitance of B-C junction) versus Vbc
- Ccs (capacitance of C-S junction) versus Vcs if Vertical BJT
- Cbs (capacitance of B-S junction) versus Vbs if Lateral BJT

All these measurements follow the similar scheme, that is the junction is reverse
biased, and recommended voltage range is 2V, 0.2V with step=0.1V.

Measuring C-V Data

Refer to the guidelines of measuring |-V data.

Start CV measurement

Go to Measurement > CV, Measurement Monitor appears.

Specify the file name and directory for saving CV data Set CV measurement

Differ from IV measurement, it is not required to configure node assignments. As
seen in following figure, simply connect high port and low port to right node
according to the instructions.
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Instrument connection for BJT CV measurement

Neasurement Setup

| Hpaza4 | Chc_vhe | che_vie |

Start Stop Step Poirit

X

whe | -2 oz |{oa ||z |
-DuUT
H: b
2 )
[ Eack ” Save Setup ” Load Setup ][ 0,3 H Cancel ]

Do Measurements

To compensate parasitic capacitance of the measuring system, open calibration, i.
e. zero, is recommended to be done before performing CV measurement, as shown
in following figure. Then click Measure to execute CV measurement.

Strictly speaking, zero is recommended to be done before each measurement, not

only before a series of measurements.

Zero calibration

Neasurement Nonitor |

Save t|:|:| Lo measurement BJT CY . mea

E

S

Setup

Zero

Meazure

Save

Save Current

HIH

_ZJ carea=1.0 areab=1.0areac=1.0T=250 !z

| ok || cancel |
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DC Measurement of BJT

Standard BJT Data Sets

There are four operating modes of a BJT as shown in Figure: Operating modes of a
npn BJT. The bias conditions covers the forward and reverse region for DC
extraction. Further more, the flyback method is proposed to measure RE and RC.

Operating modes of a npn BJT

A VBC
N W ““\\\ Saturation
N Rev erse
t\ o \\ Q\
NN \ \\ e
\ x\ \;\ \:» \ VBE
Cutoff meu(l\ k
\\\\Qs\\\\\\i\a

Forward measurement

- Forward Gummel: Measure Ic and Ib, sweep Vbe for Vbc=0, as shown below.
An exemplar Forward Gummel

Areafreabireac=1M1 T=215@Ws2=0

Whe
h oo

le 00

TE-2
1E-3
1E-4
1E-5
1E-6
17 T

1E-8

0.50 0.60 n.va 0.vg n.30

Whie
BRI ;0% o Wl 0%
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- Forward Output: Measure Ic, sweep Vce for each discrete value of Ib, as
shown below. An exemplar Forward Output

Areafreabffreac=11 1 T=215@se=0

[3]

217VE-3 iE-5

1E-5

237E-2 IE-8

4iE-5
1.98E-3
7.91E-4
-1.9GE-G

0.an 1.25 250 aTE 5.00
Ve
RS 0% Mlo 0%

- Forward Beta: Measure Beta, sweep Vbe for each discrete value of Vce, as
shown below. An exemplar Forward Beta

Beta

93.4

e

fid 3

447

3541

Areaffreabfreac=11 1 T=15@vse=0

1E-G 1E-5 1E-4 1E-2
RMS 0% Pl 0%
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Reverse measurement

- Forward Beta: Measure reverse Beta, sweep Vbc for each discrete value of
Vec
To do reverse measurement, simply exchange emitter and collector node
and take the similar bias scheme. We show a sample with all reverse
characteristics as shown below. An example of reverse characteristics

L1 L] [ ) om [ ) i 1% 28 s 500

Lpwas] Mpesks] fssses] To3S  Beiar lelfeasd
Aewmtsmabareica 1t Te efpuncel Aenniyg s B0s 11 Te Hgvncel

e g, (] e g,
i . i e

————————— ey
Tuw

! L
i e “‘l \ i ar '-““. \

Ll ] k% 1 3] TEd 1E4 e 13
-

Re flyback
- Set Ic=0
- Sweep Ib
= Measure Vce versus Ib

- Re can be extracted as the slope of Vce_lb plot

Rc flyback
- Set le=0
- Sweep Ib

- Measure Vce versus Ib

- Rc can be extracted as the slope of Vce_lb plot

NOTE The bias condition for BJT measurement is up to device characteristics and IC
designers interest as well. Focus on those regions where BJT is operated.

Measuring I-V Data

Follow the following steps to perform measurement:
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Start IV measurement

Go to Measurement > IV, Measurement Monitor pops up. Specify the file name and
directory for saving measured data.

Measurement monitor window

Neasurement Nonitor

Save to) Chlcceliconmodelbuilderdemobit\WPMS_S mea I ]

MeaszLre

Zave Current

ki 2

| ok || cancel |

Set DC measurement

Click Setup, select the Device type (npn or pnp) and Meter model respectively.
Select the I-V curve to measure in the Analysis frame, then click Add or Insert to
add device, as illustrated in following figure, click OK to confirm the setup.
Measurement Setup window appears.
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General Setup window

Neasurement Setup r>_(|
Meter Mocdel HP4155 W Device type [PMNP %
~&nalysis |
Izlb_vhe Who

I _ioe_lk - lelb_ho_Yhe
T ¢ Remove i
_ le_wec kb
@ Select

~Device Table

Index; ares areakh areac T

1 10 _1 a 250 Al

Remove

=
i
i
)

| ok || concel |

Set connection (Figure: Connection setup) and bias conditions (Figure: Bias
condition setup), respectively.
Connection setup

Neazurement Setup §|

| HP4155 | Ich_vhe_Whe | Ie_vce_lb | Beta_lc | lsub_he_voe |

GRE |17 integration  [Short | HolefTime(s) \:| DelayTime... | 0

-DUT
Colector  lsmul v Complsy | 01
Easze SHUZ | . Compaial | 04
Ernitter Comp.a) |c|.1
Substrate Compial | 01

[ Back H Save Setup ][ Load Setup ][ oK ][ cancel ]
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Bias condition setup

Neasurement Setup

X

HP4155 | Ichh_vbe_vbe | 1c_vee_tb | Beta_ic | Isub_vhe_vce

Start Stop Step Poirt

| | [
vee |04 |[42 |[oo [let |

Vo Ratio: |1 | offset: | 0 |
vee [0 [{o ffo [[1 |
[ Back I [ Zave Setup ] [ Load Zetup ] | Ok %[ Cancel I

Do measurements

Click Measure button in Measurement Monitor to execute IV measurement. Refer
Measurement for detailed Measurement setup and operation.

Introduction to Gummel-Poon model

Gummel and Poon developed the Gummel-Poon model. It has been the industry
standard BJT model for more than 20 years. By introducing the integral charge
control concept, this improved model adds several important features to the
famous Ebers-Moll model. It inherently considers the base width modulation (Early
effect) through using the normalized majority base charge. Further on, a current-
dependent base resistance RB was introduced. Later, the model was extended to
include the Kirk effect. Charge storage effects are modeled in GP model with the
help of three capacitors: Base Emitter junction capacitors (CBE(=CJE+CDE)), Base
Collector junction capacitance (CBC(=CJC+CDC)) and substrate capacitance
(CSUB), The following Equivalent Gummel-Poon DC Model shows the equivalent
circuit of the Gummel-Poon model.

Modeling


http://edadocs.software.keysight.com/display/mbp2017/Measurement

Equivalent Gummel-Poon DC Model
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Gummel-Poon AC Model Extraction

GP CV parameters extraction in MBP proceeds like extracting junction capacitance
parameters of separate three p-n junctions. For a BJT device, it has B-E junction, B-
C junction, and C-S junction (vertical structure) or B-S (lateral structure). We can
describe CV behavior for each junction with the same formula:

ro= Yo

7 L
(1-=2)
T Yy

CjO, VjO, and Mj are junction zero-bias depletion capacitance, junction built-in
potential, and junction exponential factor respectively. So, you can take the same
extraction strategy to B-E junction, B-C junction, and C-S/B-S junction
respectively. In MBP, extractorCV. GP does all the extractions for you, as shown
below.
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Extract B-E capacitance
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In practice there are always parasitic capacitances, e.g. package or pad
capacitances, with such measurement. If they are not calculated out of the
measured data, in some cases, the extracted CV parameter may have rather
unreasonable values, especially to small capacitance.

Some CV parameters such as transit time parameters are required to be
characterized using S-parameter. MBP is capable of modeling S-parameter soon.

Equipped Task Tree extractor.GP combines DC and CV extraction for BJT devices.

Gummel-Poon DC Model Extraction

Follow the following steps to perform extraction:
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Modeling

Select Model Type

Be sure of choosing model type before you do any extraction. Click Model > Select
Model, select GP as model type as shown below.

Select GP as model type

Nodel Twype @

-Model Format

(%) Hepice Spectre

~=imulator

() Internal () Hepice

[ ] macrohiodel
-hodel

== ==

() BSIMPD (@ CF

i) Diode

EREER

Load Measured Data

Load measured BJT data to the Model Builder. By default, the Gummel plot
displays in X-Lin, Y-Log scale, and Beta_lc(le) in X-Log, Y-Lin scale.

MBP automatically sets a default model that matches measurement data. For
example, once PNP data is loaded, then MBP uses the model file of model_pnp.ini
(default pnp G-P model under ~etc\Hspice\GP\model_core) as an initial model for
the project.

Extract Model Parameters

Select Extraction > Task Tree to pop up the Task Tree window. Load extractorDC.
GP to run extraction, in the sequence of extracting VAF, IS, NF, IKF, RE, ISE, NE,
BF, XTI, and XTB. The following is the extraction strategy for extractorDC.GP:

- Extract VAF from the Forward Output plot

- Extract IS, NF from linear part of Forward Gummel plot

- Extract IKF from transition part of Forward Gummel plot

- Extract RE from high current part of Forward Gummel plot

- Extract ISE, NE, BF from low current part of Forward Gummel plot

- Extract XTI from multiple (under different temperatures) Forward Gummel
plots

- Extract XTB from multiple (under different temperatures) Beta_lIc plots
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And as we have emphasized, MBP allows you to configure their own extraction
strategy.

Further Extraction and Parameters Optimization

Since test scheme for BJT is flexible, MBP only provides auto extraction procedure
for forward characteristics. Bring up optimization window, select the rest of the
parameters for extraction, adjust their value to make simulated data best fit
measured data. See Optimization for more details.

The modeling of reverse characteristics is similar to the modeling of forward
characteristics. And if reverse parameters are extracted, it probably affects the
forward modeling. Iterate optimization for several times, you can get a good fit.

Export Model File

Follow similar steps used in MOS model extraction.
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HiSIM HV Modeling

Modeling

This chapter is to give a general guideline on how to extract HiSIM_HV model. We
provide information on the following topics:

- HiSIM HV Overview
- Extraction of HiSIM HV Model
- Optimization of HISIM HV Model

HiSIM HV Overview

HV devices are widely used nowadays, and HiSIM_HV model has already been
defined as standard by CMC. HiSIM_HV is valid for modeling both asymmetrical
laterally diffused structure (LDMOS) and symmetrical structure type, and has been
developed as an extension of the HiSIM model for conventional MOSFETSs. HiSIM
(Hiroshima-university STARC IGFET Model) is the first completesurface-potential-
based MOSFET model for circuit simulation based on the drift-diffusion theory. The
basic modeling method of HISIM_HV is taken over from the HiSIM2 model for
advanced MOSFETSs, and additional equations for capturing the drift-region effects
are included. The high-voltage effects covered by HISIM_HV model are listed
below:

- Quasi-saturation effect

- Self-heating effect

- Independent bias-dependent S/D resistance
= Asymmetric S/D structures

= Gm fall-off in the saturation region

- Bias dependent drift resistance

- Impact lonization effect

Extraction of HISIM HV Model

This section introduces the suggested extraction and optimization procedure of
HiSIM_HV model in MBP. This routine is just for reference and because of IP
protection issue, we only provide the rough operation flow and explanations in the
modeling guide. To get more detailed information, please contact mbp_pdl-
eesof@keysight.com.

In the following section, the extraction related operations are demonstrated.

Do Measurements

Refer to Measurement for detailed information on how to carry out measurements.

82


http://edadocs.software.keysight.com/display/mbp2017/Measurement

83

Load Measurement Data

Load all measured data into MBP. Acquaint with device geometry and bias
condition through Device Navigator. To be noted, always set right model type

before loading data.

sc4 stands for the latest HiSIM_HV version.

Select model type

Nodel Twxpe

X

’—F‘ruject Type

(®DC () RF

() Statistical

rModel Selection

= hspice
= 4§ mosfet
[] baim3vs
[] baimé
[] hisim2
[] mo=6E
L
= hisim2hy
[Jac2
s04

E=R
H | dioce
| ifet
E R Bt
# ] spectre

[] LayoutCanfig

| ox

|| cancer |

Use the Task Tree to Extract Initial Model

Select Extraction > Task Tree to launch Task Tree window. Load built-in task tree
and start auto extraction. MBP now provides different task tree for sc2 and sc4
which cover the most important extraction steps for HiSIM_HV model.

To be noticed, because of the great different performance of HV devices, the
default auto extraction flow is only for reference. We recommend you to involve
into the extraction flow or build his own task tree.

The default task tree list is shown below:
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Task Tree Explanation

extract_DC_RT.HISIM2HV  For generic DC extraction in room temperature.

extract_sc2.HISIM2HV For extraction with sc2.

The first task in the tree extract_ DC_RT.HISIM2HV is to confirm the device
characteristic. If the HV device has strong self-heating effect or lonization Current,
tune the model manually at certain step. Click yes in the confirm window, see
Confirm window as shown in following figure, to let the task tree paused at the pre-
defined step.

Confirm window

\"’) If there 1 strong self=hesting effect or lomizatieon cwrrsnt, the tres will be pansed al certain step and plesse tune it sasaally!

CreeJ (e

The second task is to confirm whether the device is symmetry or asymmetry. Select
Yes to confirm the symmetrical structure. (see following figure)

Confirm window 2

@ Symmetrical high woltage dewice?

The default trees could not cover all the different HV devices, however the task
tree is flexible. You can pause the flow and fine tune the model manually or to
build ones own tree if better results are expected. Please mail to mbp_pdl-
eesof@keysight.com if any questions or requirements.

Optimization of HISIM HV Model

Subtle adjustment to model is always needed after auto extraction.

Use the Optimization

Locate the page and region not fitted well, launch Optimization window, optimize
parameters dominate selected region. To do it manually or by optimizer, you must
be experienced in HiSIM_HV modeling. You can refer to our Parameter Guide for
the extraction tips provided by Keysight.
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Refer to Optimization for optimization operation, and Application Note
Parameter Guide for more details of the Comments.

Export Model File

After the model is fine-tuned, you can export the model to a SPICE model file. This
model file is compatible with HSPICE. Indeed, we recommend you to save the
model file for every update.
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Macro Modeling
This section describes how to generate, simulate, and optimize an MBP
recognizable macro model.
- Macro Models Construction
- Macro Models Simulation

- Macro Models Optimization

Macro Model Structure

Macro model techniques are often applied for high voltage, RF, and other specific
applications. A macro model always includes an intrinsic compact model and an
extrinsic part composed of parasitic components to form an equivalent circuit over
a specified range. There should be only one intrinsic (core) model. Extrinsic
elements could be also compact models or behavior models like dependent current
/voltage source. MBP differentiate macro models by intrinsic models.

Node Assignment

To construct a macro model that MBP can recognize, follow the node assignment

rules below:

Intrinsic model Node assignment
BSIM3 D,GS,B

BSIM4 D,G,S B
BSIMPD D,G,S,B

Gummel-Poon BJT Modeling Guide C,B,E
Diode Modeling Guide PN
Table 1 Node assignment rules

For example, core model is of BSIM3v3 type, macro model is defined as:

assi
macro model name node assignment

subckt E}?\ﬂllll.‘ﬂﬂ'i DG5S B W=le-6 L=1e-6 count=1
RADDI 10 .
RsSSI10

mcore DI G 51 B nmos W=W L=L M=count

instance parameters
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NOTE - Actually, you can edit analysis.ini to assign nodes to macro
models freely.

- If the nodes are assigned to a macro model without following
MBP rules and no proper modification to analysis.ini, MBP cannot
run simulation or operate model correctly.

Macro Models Optimization

After MBP reads in a macro model, it groups parameters according to elements in
optimization windows. As shown in following figure, you can left-click the model
name or param (para) in the left column to access corresponding model
parameters or user-defined parameters.

Optimization window of exemplar macro model

Optimization

Search ! \-'thI:I|
— Oser Defined T Step
""" Parameters =
ZE- s 127567 B3 ™ | G select
Tors MedalER o 025E-7 1E-8
= T 123 | 2
o AE-20 1E-20 01
S ircastel 10 1E-20 01
o o= = Delete &1
11 K
0.39555 : v
P A np2 | is [l f I wth
,i] 1E-12 » |_<J 53E-4 b |L] 1E-15 |_<J 1E0 » |_<] 3.9558E-1 ¢

The rest optimization procedure performs similarly to optimizing compact models
described in Optimization. You can select parameters and data points to invoke the
optimizer or do optimization manually. Moreover, another great feature of MBP is
that you can use the Equation Viewer to analysis macro models, as shown in
following figure for exemplar macro model. Click any element to link to
corresponding equations, operating points or other functions. .
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The Equation Viewer for exemplar macro model

Equation ¥Viewer

_ Selected Points(BEM3VE) Infa;

Pl W=1L=I0.T=2%vgs=16,vhs=0;wds =005,

2@ @i I

[Flerments and nodes [l i

g fet nl nl [ =

mrpaTa nl g na b 1

meore nl g n b =

diopara b nl

rsnoiseles: nd g '{E? o

rdnoiseless d nl =
=
-
]
=
b

Sources

[P1-Voliage

1w )=0 vgs=1_6000 plvgs)=0

iwhsl= 151.0214p whg=(] pivha=(

iwds)= 1.7108u wde=50.0000m plwds)= 8554000

plotal= 85 54000
NOTE = Our optimizer works with macro models.

~ The MBP optimizer works with remote simulator.

Macro Models Simulation

You can simulate macro models either with our internal engine or call remote
HSPICE.

Set Model Type

Since, MBP can recognize macro model automatically, you are required to check
the right core model type first as shown below.
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Set model type for macro models

Model Type

~Project Type
® bc CJRF () Statistical
~Model Forrmat
(@) hspice () spectre eldo uch
Subcircuit Model
~Care Model
() bsimEws %) BSIM4 ) bsimpd
7 hisimz i LayoutConfig () Lewvelae
() mos6e i psp ) jfet
) diode gp i whic
[ 4 ] [ Cancel ]

Run Simulation with Internal Engine

With its internal engine, you can simulate most of macro models with good
efficiency and speed. All supported compact models in MBP, including BSIM3v3,
BSIM4, BSIMPD, GP, and Diode, can act as core models. As for extrinsic elements,
besides compact models, it provides fully support to behavior elements such as
controlled sources.

Run Simulation with Calling Remote Hspice

MBP also provides you with an option of calling remote HSPICE for verification.
Check External Spice in Simulation > Simulator (Figure: Check External Spice for
remote call) for invoke external simulator. Moreover, to call remote HSPICE
successfully, specify spice.ini properly. Refer to MBP Files for configuring file

spi ce. i ni . MBP saves the latest netlist (. sp) and simulation results (*.lis, *.ac0)
to ~\ Keysi ght\ MBP_201x_xx\ hspi ce\ . You can debug with these files if
meeting any issues in remote call.

Check External Spice for remote call

(=g Extraction  Oprimization L!!:ilities chul

Sirmulakor Internal Spice
Simulate
Couble Sim Cerl+R

Maodel Autamatch
-

T'A"l 1.&25—&5[- “

e
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- Calling remote simulator leads to substantial increase in the
actual simulation time.

- Calling remote HSPICE is also applicable to compact models.

Modeling 90



MOSRA Modeling

MBP offers environment for MOSRA device reliability analysis, capable of
simulating HCI and NBTI aging effect and embedded in HSPICE. This chapter
describes how to MOSRA implementation in MBP. It provides information on the
following topics:

- Data Format
- MOSRA simulation

Data Format

The data format for MOSRA analysis is similar to general measurement data in MBP
(see MBP Files for details). A sample MOSRA data is shown as follows.

condition {corner = tt,date = oct_20_02,i nstrunent =
(hp4145, probe_station), node=forward, datatype=
nosra, version=1.0, type=nnos }

Page (nane=ids_vgs vbs, x=vgs, p=vbs, y=ids) { vds=0.05
, W=10.0, L=0.13, T=25.0 } stress (time=0.0, vds=2.0,
vgs=1. 0, vbs=0.0)

curve { 0.0 }

0.0 5. 000E- 14
0. 05 5. 002E- 14
0.1 5. 010E- 14
0.15 5. 055E- 14
0.2 5. 315E- 14

The keyword datatype is required to be specified as mosra. The version=1.0
corresponds to MOSRA level. And stress item describes bias conditions and also
the timing node during aging test.

MBP also supports another kind of MOSRA data that allows to take aging span as
the variable.

condition{corner = tt,date = oct 20 02,instrunent=
(hp4145, probe_station), node=forward}

Dat at ype {s_target}

Version{2. 1}

type {nnos}

Delimter{,}

I nstance{L, W T}

Strss_Condtion{S vgs=1, S vds=2, S vbs=0, S tine}

| nput { Vgg=2, Vdd=2, Vbb=-1, Vdli n=0. 05}

Data{ w, |, t, S vgs, S vds,S vbs, Stine, vth lin,
vthsat, Idlin, lIdsat, loff, gnt

Modeling



http://edadocs.software.keysight.com/display/mbp2017/MBP+Files

10, 2, 125, 1, 2, 0, 0O, 0.728628, 0.697769, 7.348435E-5
, 8.848617E-4, 2.029162E-12, 4.2957E-4}}

10, 2, 125, 1, 2, 0O, 1le5, 0.728985, 0.698127, 7.
343337E-5, 8.8407E-4, 2.028872E-12, 4.2903E-4}}

The Datatype is s_target as the differential from general DP data (see DP data
format for reference).

All variables in the MOSRA data must start with S. For example, name the Vgs
during aging test as S_vgs for the data.

The whole data, including instance parameters, bias conditions, timing nodes, and
physical quantities is stored in the following data session.

In MBP, we pre-defined several IMV pages to help you to catch the trend of stress
data, as shown below.

Pre-defined IMV pages for stress data

E ] Il
] ldss

& ih_time
# h_L_time
# th W tine
& ldlin_L_fime
»
»

Idlitn v _tirne
Idzat_L_tirme
Idd=at W tine

MOSRA simulation
MBP invokes external HSPICE for simulating MOSRA model. Make sure that remote
HSPICE has been set up correctly.

Set Model Type

Choose Model > Select Model from main menu and select Reliability. Then,
determine the core model in the upper section and MOSRA in the lower section, as
shown below.
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Selecting MOSRA analysis
Model Type |g|
~Praject Type

(@)= O FRF () Stetistical  (3) Reliability

~Core Mods| Selection
= 9 hapice
= mosfet
[] baimavs
bzitng
[] hizitm2
[] hisitn_tw
[] LayoutConfig
[] mo=6E
_ Ipsp
=0

=l

>

|

~Reliahility

= 4 mosta
levvel!

| ok || cance |

Run Simulation of MOSRA Model

After setup of the model type, MBP merges defaulted core model and defaulted
MOSRA model as per selection. For example, as seen from Figure: Selecting
MOSRA analysis, the upper one is defaulted MOSRA level 1 model and the lower
one is defaulted BSIM4 core model. Double-clicking to access any of them.

Model Viewer for MOSRA

s model_nmos |_model_nkti |
i Brrosramocdel
L nmos
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If clicking Load Model in such case, it pops up MOSRA compose dialog window as
shown following figure. Hence, you can deal with core model and MOSRA model
separately. The Compose & Load is to replace current MOSRA model. The
Compose & Add is to append a MOSRA model.

Model Composer for MOSRA

MOSRA Compose Dialog fE

Mozta model iz composed of a core model card and a mosra part.
Please load & select a core model card and a mosra part to compose a Mosra model card.

[ Core | Mozrs

[coms ] [oen ] [omemonions |
’ Remove ][ Save ] ’ Remove H Save ] ’ Compose & Acdd ]
mocel_nmos | . model_nkti | i
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PSP Modeling

This section provides general guideline on how to extract PSP models.
= PSP Overview
- Extraction of PSP Model
= Optimization of PSP Model

PSP Overview

The PSP model is a compact MOSFET model intended for digital, analog, and RF-
design, which is jointly developed by NXP Semiconductors Research (formerly part
of Philips) and Arizona State University (formerly at The Pennsylvania State
University). The roots of PSP lie in both MOS Model 11 (developed by Philips) and
SP (developed by Penn State University). PSP is a surface-potential based MOS
Model, containing all relevant physical effects to model present-day and upcoming
deep-submicron bulk CMOS technologies. The source/drain junction model, c.q.
the JUNCAP2 model, is fully integrated in PSP. PSP accounts for the following
physical effect:

= Non-uniform lateral doping

~ Non-uniform vertical doping

- Field-dependent mobility

- Velocity saturation

- Conductance effects

- Series-resistance

= Short-channel effects

- Narrow-width effects

- Gate poly-depletion

- Quantum-mechanical corrections

- Overlap capacitances (j-based)

- Impact ionization current

- Gate leakage current

- Gate-induced drain/source leakage (GIDL, GISL)
- Junction diode IV and CV (forward and reverse)
- Diode reverse breakdown

- Noise (1/f, thermal, induced gate and shot noise)
- Non-quasi-static effects

- Gate and bulk resistances

- STl stress effect

Modeling



The PSP model has a hierarchical structure which means that there is a strict
separation of the geometry scaling in the global model and the model equations in
the local model. Consequently, PSP can be used at either one of two levels.

- Global parameter set: To model a geometry range with instance parameters.
- Local parameter set: To model one specific geometry.

For more information about Parameter Extraction, refer PSP documentation page.

Extraction of PSP Model

This section introduces the suggested extraction and optimization procedure of
PSP model in MBP. This routine is just for reference and because of IP protection
issue, we only provide the rough operation flow and explanations in the modeling
guide.

We recommend a rough extraction routine via following steps:
1. Establish temperature range, model specs, and determine process
parameters.
CV Model Extraction.
DC Model Extraction.
Gate Current and GIDL model Extraction.

Temperature Coefficients Extraction.

o o & w DN

Check Error criteria, if not satisfied, do the iterations from Step 2.

In the following section, the related operations are demonstrated.

Perform Measurements

See Measurement for detailed information on how to perform measurements.

Load Measurement Data

Load all measured data into MBP. Acquaint with device geometry and bias
condition through Device Navigator. To be noted, always set right model type
before loading data.
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Select model type

Nodel Type E|
Project Type
(=) DC CIRF () Statistical

~Model Selection

= _{ hspice
= 4 mosfet
[] beim3v3
[ bsimd
[] hisim2
[] mose6
= ZApsp
global
[Jocal
& ] hisim2hy
[] LayoutConfig
@ bt
B ] diode
@ ) jfet
B ) soi
& || spectre

| Ok ]| Cancel ]

Set Process Parameter

Click Model > Set model options to input process parameters. Process parameters
affect device characteristics markedly. And since they are referred in extraction,
assure their accuracy.

Set process parameters

Set Nodel Option IX'

Uzertame | | Lot Mame ‘ Dste _2008-5-22

Toxo(A) 20 Tr(c) 21

| ok || cencel |
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Use the Task Tree to Extract Initial Model

Select Extraction > Task Tree to launch Task Tree window. Load built-in task tree
and start auto extraction. After a few minutes, you get an initial model file with
improved fittings. MBP now provides several different task tree to cover the
different requirement or steps in the extraction flow with PSP model. Divide the
extraction flow in to several different tree to let you involve in the auto extraction
process more freely and fine turn the model after each step, which could improve
the extraction result at the end. Besides, you can add the check points to control
the process in the middle of the task tree or customize their own extraction flow.
For Task Tree related introduction, see Task Tree section.

The build-in task tree list for PSP global model is shown below:

Task Tree Explanation
extract_withCV.PSP For both DC and CV extraction.
PSP_QuickDC.PSP For the extraction of a comparatively coarse model in a short time

GIDL and Gate Current.PSP For Gate/GIDL current related parameters extraction.

LOD_STI.PSP For STl effect related parameters extraction.

temp.PSP For temperature coefficient extraction.

Extract the initial model by the Task Tree
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Optimization of PSP Model

Subtle adjustment to model is always required after auto-extraction.

Use the Optimization

Locate the page and region not fitted well, launch Optimization window, optimize
parameters dominate selected region. To do it manually or by optimize. For this
method, your require experience in the PSP modeling. Refer to our Parameter
Guide for the extraction tips that Keysight provides. See Optimization for
optimization operation, and Application Note > Parameter Guide, for more details
of the Comments.

Use the PSP scaling tweaking

MBP provides a new feature named Scaling tweaking especially for the extraction
of Global parameters from Local parameters. For more details, see Application
Note > PSP scaling tweaking for more details of the Comments.

Export Model File

After the model is fine-tuned, you can export the model to a SPICE model file. This
model file is compatible with HSPICE. Indeed, we recommend you to save the
model file for every update.
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RF Modeling

Modeling

- RF Data and Simulation

- Parameter Conversion

- De-embedding

= Customization by Script

= MBP Package and Solution

- References

Customization by Script

Customize Target

MBP defines many useful targets for RF Application in default package, such as
Leff, Reff, Q for inductor model and ft, fmax for MOSFET model. Additionally, MBP
supports user-defined targets. For example, take the implementation of Leff, Reff,

Q.

Select Script > Script Project from the main menu. In the left Project panel, select
default > imv > imv. Right-click and choose New > Data in the popup menu, as
shown in following figure.

Create New Data

Define the target in the right panel with MBP Script, as shown in following figure.
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Target Definition

I.Hl-' Soript
File Eal MEag Te-plekda

(£ (H v | BB (» &= % & 5[ (&
Fevivet [ Fufvm, Alx]=]

[C vz mize Cacka Kpzisa

- AR N NIRRT RN TS |

“alaa et SRV MR L2 T

[F] [F LSRN ] PR S P I S-S AT I AL P S L i R |
anh.an o

R R e L RN T LTSSl N R
e T m AR T R Ul eArARenT el T

[ELT VIR BT

=13 ZLET FAcemr < =it hhLAn

Right-click and select New > Graph from the popup menu, as shown in following
figure.

Create New Graph
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Edit the property of graph. Input the information such as Title, Axis[x], Axis[y] in the
GRAPH_PROP tab, as shown in following figure.
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Edit Graph Property
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Select default > sys > gui > navigator in the left Project panel. Right-click and
choose New > Navigator from the popup menu, as shown in following figure.

Add New Navigator
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Select the navigator. Right-click and choose New > Graph from the popup menu,
as shown in following figure.
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Add Graph to the Navigator
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Click the run button. The new navigator is shown in the main GUI of MBP. Two
example results are shown in Figure:New navigator L_Q_R in GUI and Figure:New
navigator SweepR in GUI, respectively.

New navigator L_Q_R in GUI
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New navigator SweepR in GUI
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Plot Model Parameters versus Instance Parameter

Choose Script > Script Project from the main menu to pop up the MBP Script
interface. Define the data (default > imv > imv > Target > Cox1), as shown in
following figure. This example can be loaded by choosing Model > Select Model >
RF > standard > scalable from the main menu.

Show Data Table
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Define the plot (default > imv > imv > Target > Cox1 > Cox1), as shown in following
figure. Select the targets for X, Y, and P axes.
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Define Plot

EOF Fveipn

e KL g,
Ui [e[m|w| @ % o [0][]d
Skt bl art g acegao Il L
‘-‘|—|A'_ Flew - I_l.'u Lize Lale egraed o uwph L _ e | rid e Fmimne
|__". i_nd:l To1e o ful =
3—$ e iz }‘ L
! -I.‘.ci; + waall bl [P ¥
| EH e N - =
" w [ E Lt F 2
I & [l s PR | L g
= e, e o
[ o e |
11 -g Lise " I
L Y
I =L ! - I
| 1 B s ésa T V- I
[
11 —g e LR ]
L1 g g ! s | &
11 #®E LT I E_
1 WEL e |
P % b STIEE
11 B UE s TR M
1 - o | i snnr [ ERCTWEI [M1als el
[ CYET LN TR Lazw.im.

Add the plot to the
figure.

navigator (default > sys > gui > navigator), shown in following

Add Plot to Navigator
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Load the initial scalable model first and load point models from Model > Local
Model Manager. Select the navigator from the Navigator menu, as shown in
following figure
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Select Navigator
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De-embedding

The De-embedding window can be enabled by choosing Utilities > Deembedding
from the main menu. After loading the measurement data for different test
structures (such as dut, open, and so on), click the Deembedding button, as shown

in following figure.

Load data for de-embedding

e N

[ LoadData ] [ Delete ] [ ClearData ]
name instance filePath
open_1 ||ie- o_OPEN. mea
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Choose the de-embedding method from the drop-down menu, as shown in
following figure. Finally, click the Run button and save the de-embedding result.

Choose de-embedding method

& Dee_“

()dut ©cpen () short ) thru () pad | BackloFile || LosdCenfig |

| Set Column || Set to all || Load config || Bun |

dut Method openn.  short thru pad input

open_deembedding
short_desmbedding
open_short_deembedding
pad_deembedding
open_short_thru_deembedding

improved_open_short_thru_deembs

cascaded _deembedding

Currently, there are seven de-embedding methodologies available in MBP. The
subsequent subsections introduce them one by one.

Open De-embedding Method

S Y

Step1. O P Yd"f 5 open open

Step 2. Yde—emb = quf o }rc:-pen

Step 3. ng — 5

—emb de—emb

Short De-embedding Method

Step 1. Saru_r — Zd:.-t; Sshan‘ — Zsharf
Step 2. Z de—emb — z dut Zsharf

— 8

Step 3. Zd de—emb

e—amb
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Open Short De-embedding Method

Step 1. Sdur — 1 dut Sapen — open” S short 2 Yshorr
Step 2. }l = L g — }::pen ; YE = }.Ehﬂl'f - Yapen

Step 3. Yl —;-Zl ;YE —}Zz; Zde—emb :Zl _ZE

Step 4. Z de—emb _}S

de—em

Pad Open Short De-embedding Method [1]

Step 1. Sdur — T S — Y S — Ypad

dut * open open’

- Yhorr ; S

short s pad

Step 2. I’1 :}dur_ypadf }2 :Yshoﬁ_ypad; }3 :K::‘pen _Ypad

seps. ¥, >Z,; Y, >Z,, ¥, > Zy Zy=Z,~Zy; Zs=2Zy—Z,

stend. 2, > Y, Z; > 1., T

de—emb

:Kl_YS

Step 5. Y —> S

de—emb de—emb

The layout of test and dummy structure is shown in Figure: Layout of Test and

Dummy Structure, and the equivalent circuit is shown in Figure: Equivalent Circuit.

Layout of Test and Dummy Structure

(a) Layout of the measured test structure consisting of a MOSFET surrounded

by pads in GSG configuration
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(b) Layouts of the dummy structures used to determine the pad parasitic effects
CALIBRATION

Equivalent Circuit
(a) General model for complete test-structure

(a) Assumed equivalent circuits for the pads, short, and open structures

.,:' }, .
L :
v, | DUT 7,
£ — Z
£ : ®
) )
[ - . L °
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Open Short Thru De-embedding Method [2]

Step 1. Gl = Yopeu [1][1]+ Yopsu [1][2] ; Gz = Yopm[z][z]-i_ Yop«mll][z]' GS = _YW{I][E]

¥la[1[1] = Yo [1[1] - Gy ¥'au[2][2] = Y [2][2] - G,

1 1 1

Step 2. Z = _( 1

+ - )
277, [0[2] " ¥, (0] ¥, [2]02]

1 1 1 1
= _( - +
2 Vi [U[2] Yoo [0 Yo [2][2]

)

1 1 1 1

Zy=—(- + + )
2 2l Y0l Y.[2102]

1 1
Yiaw = Z dur N

Zae [21)= Z'a[2]0]- Z,; Z%aw [2][2]=Z'ae[2][2]- 2, - Z,

Step 3. Zou = Vi . ¥V [N =V w11 - Gy, ¥ [1][2] = ¥* au[1][2]+ Gs .

Y [2]1]= Y aa[2][1]+ Gs; ¥an [2][2] = ¥ au[2][2] - G;

Y% — S dur

Zqe 1] =2 [[1]-2Z, - Z,; Z%a [1][2]= Z'a[1][2] -

Z,:
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Improved Open Short Thru De-embedding Method [3]

sept. Gy =¥, [1[1]+ Y, [10[2] G, =Y,.[2][2]+¥,..[1][2];

1 —1 1 B
3 — +
2 [Ym[ll[l] Y,h.ulll[ll]

1 -1 1 1
~( . - )
2 7,12 %, [0-G, %,,[R2I2]-G;

Z, =

-1 1 1
o mm-6,  T,.2a-c,

‘23:

o | —

)

1 1 1
+
Irr}:m[l][z] Y

3 =

(

)

Ix_.'|||—l

-G, ¥, [2]2]-G,

G, 0
Y, =Y, -
: 0 G,

L +Z, Z,
Step2. Ly =2, —

Z, Z,+Z,
Gl _Gl
Step3. Y =¥; s G
3 3

Modeling



Modeling

Cascaded Line Method

St&p". Sdm- — Ydu-,* . Sﬂpg;r; — Yﬂp&n . Sﬂ]?’u - I?.fj’"'l-l'
Step 2. I(:ium_pen = Yn‘ur - Irr.'l_r.le'u . I:‘ = ‘K‘hm - Yapsu
Step 3. Ifd’um_peu - Aﬂ’rwpem where Adum;»grj = A:IAF'HJA:E

1
( 2 2 E
Stepd. 7 = 70 [-1 + Sll'rhm.ﬂpm ),‘ Sz_l.ﬂ:m.apsu
(1= 511+t apen )~ — 3 " 2shru open
D= 1- Sjll.ﬂ]?’u:m + Sj:l.ﬁi‘m:apm

1 1

[[_1 + Sll.ﬂjm.opm)z - Sljl:fhvu_npsw]: [Ll - Sll_rhru.npﬁf }1 - Sjll.ﬁm.!:apsu ]2

111(D+1)
1=-_D-1
21

‘30‘311(}'51:3) Z sinh(yl Lz]I
A, =|sinh(#,,) _
-t | ————  cosh(y,,
7 [-J'Jl:_')

-1 -1
steps. Apg = A 4 4

dut open <52
R

Some parameters should be set to reasonable values before de-embedding: L7, L2
are the length of extending lines (as shown in following figure) that should be de-
embedded from the initial data. L is the total length of the transmission line in the
thru de-embedding structure. Z0 is the characteristic impedance of test system (Its
default value is 50).
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Extending lines de-embedding
Extending lines

MBP Package and Solution

Standard Inductor Package Introduction

MBP provides inductor package for generic usage of standard inductor modeling.
The default inductor model has 2-pi structure. Its equivalent circuit is shown in
following figure.

C
|
Laa  Raa R;L. Lz
La | R |
AN J_
oxl
Rauey Canl %

Equivalent circuit of the inductor with 2-pi structure
The definitions of Leff, Reff, and @ are shown:
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) 1 . 1 , 1
I.'I‘H(IQ e .'.'I‘H(?L = —Iinagoe|l—
g(}, ) 2(} ) g(r )

L= n_. I, = oy Ty 2
Y 2xPIxFreq' 7 2xPIxFreq = 2xPIxFreq
real (};} real (Fi) —real {Fi}

B oo 11 R, = gl ; R12 12

" EXPIXFF*E(J{: = 2 x PI x Freq :2><PI><FF€g

0, = imag(¥,,) _ _imag(Yy,)
Y oreal@y) T T real(Ty,)

For standard inductor model extraction, there are two projects in MBP inductor
package: local project and scalable project.

Local Project

In the local project, each device is extracted by a point model. You can open it by
choosing Mode > Select Model > RF > inductor > standard > local from the main

menu. The flow is displayed. Click the Run icon ® o run the flow from InitPath_1.
A window pops up and you should input the following information, as shown in
Figure: Set Initialized Condition.

1. InitialModel: to set initial model name.

2. Measurement: to set measurement data folder.

3. LocalModel: to set folder for all the generated point models.
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Set Initialized Condition
(H] > [m]w ][]
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After entering the information, MBP runs the flow automatically. It loads one device
every time, then generates the corresponding point model. The fitting results are
shown in following figure.

Generation of point models
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All the point models are saved automatically in the target folder. If the point model
is not good, it can be due to the boundary of parameters or the initial model. You
can extend the boundary or select the point model of similar size as the initial
model, and run the flow again.

Scalable Project

All the generated point models are optimized with different instance parameters.
You can open the scalable project by choosing Model > Select Model > RF >
inductor > standard > scalable from the main menu. Select Model > Local Model
Manager > Add and load the point models with the same turn number. In this
example, the point models with n=4.5 are loaded, as shown in following figure.

Load point models
(e > [ m] » [&]
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Click Navigator > target from the main menu. Check the target versus instance
parameters, as shown in following figure.

Target vs. instance parameters
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Run the extraction flow or single task to fit devices in all geometries. In the first
step (init) of this flow, a table of all the scalable parameters pops up, as shown in
Figure: Scalable Parameter Table. Close this window and click the step LsOw to
continue. The flow runs, as shown in Figure: Run Extraction Flow. Modification of
parameters boundary and initial values can improve the fitting result.

Scalable Parameter Table
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Farsnitare lmwl
Save the scalable model when all the tasks are completed. There are some

requirements for the name of the scalable model. If the point models' turn number
is 4.5, the scalable model should be named as 4p5.L.
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Clear the point models in the local model manager and other load point models
with different turn number, for example, the point models with n=3.5. Repeat the
steps and save the generated scalable model as 3p5.L.

Finally, run the task named mergeModel to merge the scalable models. Select all
the scalable models with different turn numbers, as shown in following figure. Save
the final model.

Merge the model
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NOTE - Pay attention to the boundary of parameters. They are varied for
different data.

- Deselect the bad point model that deviates from the line.

- If the result is not acceptable, the scalable function should be
modified for better result.

= If the number of point models with turn number is high, it is given
preference over other point models with turn number. For
example, there are eight-point models whose turn number is 4.5
and seven-point models whose turn number is 3.5. In this case,
select point models whose turn number is 4.5 prior to 3.5.

3-port Inductor

Choose Model > Select Model > RF > inductor > 3port from the main menu to open
the default project. Check the default 3-port inductor model by clicking the Edit

™
Model icon I JI‘

model freely.

, as shown in following figure. You can load the user-defined
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Default 3-port inductor model
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Choose File > Data > Load to load the measurement data. The demo data is located
under nodel bui | der\ denp\ RF\ i nduct or\ 3port . The RF data conversion
window can be enabled by choosing Tool > GUI Options > RF Graph Config from
the main menu, as shown in following figure.

RF Graph Config
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Parameter Conversion

RF Parameters Supported in MBP

MBP supports different kinds of parameters such as S, Y, Z, T, and H. The
parameter conversion equations are listed in following table.
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Table: RF Parameter Conversion

T Y
" 4+B/Z,-CZ,-D (Y, =Y, )Y, +Y,,)+1
A+B/Z,+CZ,+D (Y, + 1 (Y, +1,)-1
S12 S
2(4D — BC) — 21,1,
A+B/Z,+CZ,+D (Y, + ¥, )X, +Y,)-1]
- 2 ~27, %,
A+B/Z,+CZ,+D (Y, + Y, )Y, +Y,)—]
> D+B/Z,-CZ,— A Y, + Y, )T, —1,,) +1
A+B/Z,+CZ,+D (Y, + Y)Y, +Ty) -1
VA H
o (Z,-2Z,)Z,,+2,)-Z2,Z,, (Hy, —Z,)Hy +1/Z
(Zy+Z N2y +Zy)—ZnZy,  (Hy+Zo)(Hy +1/Z
812 27,7, 2H,
(Z,,+Z N2y +2Z) =22, (Hy +Z)(Hy +1/Z
S21 ZZHZD ZHH

(Zy+Z N2y +Zy)—Z,Zy,  (H, +Z))Hy, +1/2

Modeling 120



822
(Zu +Zu)(zzz _Zn)_ZuZzl (Hll _Zu)(UZU _H;
(Zy+Z N2y +Zy)—ZZ,, (Hy+Zy)(Hy+1/2

Parameter Conversion in MBP

In MBP, you can convert S-parameter to other type's parameter easily. Select Tool
> GUI options > RF Graph Config from the main menu (as shown in following figure)
and then choose the parameter/plot type to be displayed.

RF Parameter Conversion
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RF Data and Simulation

MBP provides complete RF modeling platform for various devices such as BJTs,
MQOSFETs, inductors, resistors, and capacitors. This section provides a brief
introduction to the data structure.

Data Format
An example of RF data file supported by MBP is shown below.
[General]

Dat atype:rf // Fixed for RF data.

Version:2.0 // Can be 1.0 or 2.0. It is related to the
rfoutput option in the Measurenent Condition section.

Operat or: Date:

Lot: Wafer: Die:-1,0

Tile:label 0O

Devi ce-type: nosfet // The device type can be nosfet, bjt,
capacitor, and so on.

Type: nnos // The polarity of the device. For exanple, nnos
or pnos for nosfet, npn or pnp for bjt....

Nodes:

I nst ances: w=32, | =0. 25, nf =8, ad=2e- 11, as=5e- 11, pd=5e- 5, ps=5e-5
Tenperature: 27

Process:

Ports:g,d // Node info. Match with MBP setup files, etc. ZO0:
50

[Measurement Condition]

Dat aNane: Sparaneter // Need to be consistent with the
definition in the file nodel buil der\etc\anal ysis.xm
Measur ement - condi ti on: Spar anet er

Bi asi ng-type: Spar anet er

Bi ases: vgs, Vbs, Vds

rfoutputs: S11 r,S12 r,S21 r, S22 r // The rfoutputs should
be like S for version 1.0 and SXX r, SXX_ mfor v2.0.

[DC Data]

[RF Data]

{Vds=0, vgs=0, Vbs=0, x=f req}

1. 0E8, 0.999983, -0.005338426, 1.184265E-5, 0.002201805,
1.184264E-5, 0.002201805,

0.999982, -0.005427228

4. 98E8, 0.999585, -0.0265799, 2. 935445E-4, 0.0109595,
2.935442E-4, 0.0109595,

0.99956, -0.0270204

8. 96E8, 0.998659, -0.0477995, 9.494757E-4,0.0196952,
9.494748E-4, 0.0196952,
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0.998578, -0.0485849

{Vds=0, vgs=0. 25, Vbs=0, x=f req}

. OE8, 0.999984, -0.005277605, 1.177794E-5, 0.002201806,
.177793E-5, 0.002201806,

. 999982, -0.005427228

. 98E8, 0.999594, -0.0262772, 2.919413E-4, 0.0109595,
.919411E-4, 0.0109595,

. 99956, -0.0270204

ONPMOBRFL P

There are four sections in an RF data file:

- [General]: Describes general information such as device type, instance,
temperature, and so on.

- [Measurement Condition]: The example describes the measurement
condition of an S-parameter data file.

- [DC Data]: It is optional in the RF data file. The example does not contain DC
data.

- [RF Data]: The RF data is displayed in the following sequence: frequency,
S11r, S11i, §12r, §12i, S21r, S21i, S22r, S22i in every line.

NOTE Currently, MBP supports S-parameter or Y-parameter as the input data. If the
raw data contains other kinds of parameters such as H or Z, convert them into

S-parameter or Y-parameter first.

S-parameter Simulation

You can check the S-parameter simulation result with different plot styles,
including Smith Chart, Polar Chart, or simple X-Y graph.

One example of inductor is shown in following figure.

S-parameter simulation
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Noise Simulation

MBP supports noise targets in RF package, including NF(dB), NFmin(dB),
gamma_opt(magnitude), gamma_opt(phase) , and g_as(dB). One noise simulation
result is shown in following figure.

Noise Simulation
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NF (Noise Figure) is calculated as:

NF =14 e
G_kT,Af

Here,
- N is the available noise power at the output of the two-port (due to the
two-port's noise and not due to the input impedance).

- G, is the available power gain.

- kis the Boltzmann's constant.

= T is the 290 Kelvin reference temperature.

= NFminis the minimum Noise Figure.

- gamma_opt means the reflection coefficient values, which if presented at
the input of the noisy two-port, results in the best noise performance.

- g_as is named Associated Gain, which assumes that the in-out impedance is
matched for the minimum noise figure (that is, gamma_opt ), while the
output is matched for the maximum gain.
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External Simulator
MBP can call external simulators (HSPICE or SPECTRE) for simulation.

For the local one (the simulator and MBP are installed on the same PC/Server),
ensure that the simulator can be run in batch mode before switching the simulator
to external by choosing Simulation > Simulator > External HSPICE (or SPECTRE)
from the main menu.

For the remote one (the simulator and MBP are not installed together, but you can
call the simulator from remote server), choose Simulation > External SPICE options
from the main menu, as shown in following figure. Ensure that the network
supports Remote Call command (such as TELNET, RSH, SSH, and so on) and
Remote Transfer command (such as FTP, RCP, and SCP). Input Remote IP, User
name, Password, and so on. Check Call Remote option; then click the button Check
. If MBP responds Success, you can switch to external simulator by choosing
Simulation > Simulator > External HSPICE (or SPECTRE) from the main menu.

External SPICE options

External SPICE options o x™

Hspice | Sr_ectrel ADS | Spice3|
Call Renote
Benote Call .TELITE[ ".
Renote Transfer :FTF‘ 1':
Renote IP 192.158.0. 180
Uaer Mounw tast
Fassworc sk
el hapice
Prompt 3
Directory
| Check J

[¥] Is Ielete Netlist Files

| 0k | [ Conesl |
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Corner Modeling

Corner Modeling

Load the project from ${ MBP_HQOVE} / deno/ Cor ner / nosf et/ cor ner. prj
location, comprising the default settings for corner tweaking.

Corner tweaking is a four step procedure, as depicted below.

Step 1: Open the corner tweaking window

1. Select Extraction > Corner Tweaking from MBP window. This displays the
corner tweaking window.

Step 2: Prepare corner model

You can prepare the corner model either via a library or from TT model. Details of
both the approaches are described below:

Loading Corner model from library

1. Select Model > Load Lib to open the lib file.

IMo-def Data Options
Load Model

2. Select the required model, then click OK to load all the corners in MBP.

= =]

pdio_f
pdio_g
nch

pch
esd

mga_macro

[Cox ] (Cosmea ]

Creating corner model from TT model

1. Select Model > Load Model to select TT model files.
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Model | Data Options
Load Model

Load Lib —‘

2. Edit and confirm the parameterize settings. You can edit an expression or
select a predefined expression(s).

ﬂ

Search : | |[ Parameterize ][ De-FParameterize ]

Parameter Hame Expression

wthi) [value} + dvthd_{model} |
Delta
Absolute
Ratio
DRatio
-Delta
-DRatio

3. Click OK to create all the corners and load into MBP.

Step 3: Setup Corner Spec

1. Select Data > Spec to open the spec setup dialog box.

Model Options

2. Edit the spec.
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Target Bias Table: setup the bias condition for each target
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Device Table

Target List Corner Table

FF, SF, SS, FS columns in the Corner Table display the shift value from TT. In
addition, you can also view the equation on selecting a respective cell, as
depicted below:

T.0115E-1

G
&
T
T

(. 00108E-5 TTw (1+10%)

IT

. BR409E-1
. 411853E-6

. Jg8448E-1

You can use Ctrl+C, Ctrl+V shortcuts to copy/paste on the Corner Table.

a. Edit biases.
Double-click on the Target Bias Table to change the bias name value.

Target Bias

[ 1.5 [ . whb ) 0.05

b. Edit device.
Double-click on the Device Table to change the instance value.

Target Corner

w lum )

1 (um) Target

wthlin
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Right-click on the Device Table to add a new instance/device, or
remove the selected instance/devices.

Target Corner

Add Instances

Femove Instances
Add Device

Remowve Device

10

c. Edit Target.
Right-click on the Target List to add/remove targets and setup the
corner equation.

Target IT
wthlin T.0115E-1 -0.1
wvthsat &, B5409E-1 -0.1 0.08

e 10% -8%

Add Target 10% e

Remove Target -0.15 0.12

Corner Type b Ratio(TT*x)

Add Device DRatio(TT*(1+x%))

Remove Device Delta(TT +x)
idlinGe) [NENBOBAESE Absolute()

3. Apply the spec.
When the spec is ready, click Apply to generate the data.

Step 4: Tweak and Optimize

1. Overview

= [ | B idlin_|W=10@Vga/Vdd/VbbVdiin/lco...
Er

ls_JOB= OIS SN 01 51 61 SRS

Graph

Selection \ B - =Tm '@ =0
_, Target
Selection

Weight idlin
:l 010004E-5
Stop. |
e

Target Table
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2. Graph
You can select the graph from the tree. The default setting comprises three
kinds of graphs:

a. Target Trend

idlin_l{v=10@vaghvddivbbivdlindcon=1.901.501 510,051 E-F)

corner
1.05E-4 T
FF
SF
8.12E-5 ﬂ\\\
Fs
L 968E-3
=
b=
3.24E-5
S
210E-6B \w
1.00 3.25 5.40 7.75 10.0
l{urm}
RMS:0.213% WAK:0.378%

b. Corner-TT Trend

delta_linmos)(A=10@lconMdiinddbbrgo=1E-70.0511 .51 .501.5)

1.44E-5 FF-TT:
SF-TT.
7.57E-6 e
- T
th
m_
E
th  B.58E-T
g &
=
L
m_
£ -6.25E-6
W
L
-1.31E-5
1.00 3.25 5.50 7.75 10.0
Lium)
RMS:2.049% WA 2. 898%
c. Polygon
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You can add more graphs and script (define the data and graphs under
"data/corner"):

Project | Debug) [| data. corner. idsat.idsat_np 52 [ data corner.idsat 2 [T ER Rt g a] =]~
& Froject =] | El custonize Dsta Organize |Sinple Graghe )| Fl Enpty View Add to Navigator
s E,E::::\:;\ands Title - [tdlinl |
ta Data Source | ‘

cee_wgs_vbs_wdsl

.é;;;ds;hsn sl ¢ 1 e

£ corner 3 xisly] © [idlin G eg
i ¢ | B

Hierarchy : | |

Error Function © | |

3. Optimization
a. From the MBP window, select parameters.

b. From Corner Tweaking window, select the targets and devices.

c. Click Optimize, to optimize all the corners.

= (==
Model Data Options
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