Lecture 5: Microwind/DCSH

CSCI 5330
Digital CMOS VLSI Design

Instructor: Saraju P. Mohanty, Ph. D.

NOTE: The figures, text etc included in slides are borrowed
from various books, websites, authors pages, and other
sources for academic purpose only. The instructor does
not claim any originality.
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Lecture Outline

e Microwind Tool
e DCSH Tool
e Silicon Tool

Source:
1. http://www.microwind.org

2. Microwind Based Design (http://vsp2.ecs.umass.edu/vspg/658/
TA_Tools/microwind/Microwind.html)
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Microwind and DSCH

 Microwind is a tool for designing and simulating circuits
at layout level. The tool features full editing facilities
(copy, cut, past, duplicate, move), various views (MOS
characteristics, 2D cross section, 3D process viewer),
and an analog simulator.

« DSCH is a software for logic design. Based on primitives,
a hierarchical circuit can be built and simulated. It also
Includes delay and power consumption evaluation.

 Silicon is for 3D display of the atomic structure of silicon,
with emphasis on the silicon lattice, the dopants, and the
silicon dioxide.
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Microwind and DSCH ...

 Download the followings from
http://www.microwind.org/
—Microwind3
—DSCHS3

—User Manual: http://intrage.insa-
toulouse.fr/~etienne/microwind/manual lite.pdf
e Installation and Use:

—Unzip the files above to be able to work with
Microwind.

— Read the reference manual for the software.

—Double click on Microwind3.exe to start the layout
editor or on Dsch3.exe to start the schematic editor.
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Tools from Microwind

http://www.microwind.org/
e Microwind
e DSCH
e Microwind3 Editor
 Microwind 2D viewer
e Microwind 3D viewer
* Microwind analog simulator
e Microwind tutorial on MOS devices
* View of Silicon Atoms
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Microwind and DSCH : NOR Example

 We will learn both the design flow and the CAD
tools.

 The specifications we are going to see may be
different for different foundry and technology.

e Design Example (3 Levels) : NOR Gate
— Logic Design
— Circuit Design
— Layout Design
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Microwind / DSCH NOR Example: Logic

mﬂschE - example

° Open the SChematIC E; it [:E“je;f;magﬂﬂzﬂg on A "L-d W& a © % B
Editor in  Microwind
(DSCH3). Click on the
transistor symbol in the
S_ymbol Library on the s |sovwems|
right.

e |nstantiate NMOS or
PMOS transistors from
the symbol library and
place them in the editor
window.

FEH Y @Az a P

A
S

Loaded C:5Dzch 2 05E sparth EEEnmaoz. 5k
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Microwind / DSCH NOR Example: Logic

e Instantiate 2 NMOS and 2 e Connect the drains and
PMOS transistors. sources of transistors.
=10} x| 5 [% =10] %
== \iﬂ‘ﬁdﬂgﬂanln AL e e @ % ik EEHD X P LS00 ATy RS e

N

Symhul library |3

dra |rlI drain

L \P

TITI'I

pazte beginning... Click at 55,25
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Microwind / DSCH NOR Example: Logic

e« Connect Vdd and GND ¢ Connect input button and

to the schematic. output LED.
EDSChZ-example = _[B[x]
File Edit |nsett Wiew Simulate Help k %
cHD xFFLSBBHALG WAADSDE | cHD WP PSR AL (WAL % B

B

X

Basic l Achvanced l

x|

Basic l &chvanced l

[
o
n-D

P E Y E 5O

Click at 55,4 Editing "example.sch'
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Microwind / DSCH NOR Example: Logic

e You now have NOR schematic
ready.

« Use your logic simulator to
verify the functionality of your
schematic.

e The next step is to simulate
the circuit and check for
functionality.

e Click on, Simulate -> Start
simulation.

 This brings up a Simulation
Control Window.

e Click on the Input buttons to
set them to 1 or 0. Red color
In a switch indicates a '1".
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[ Simulation Control

[ E T g Fast |_ Slowy .

P [+ ‘wire state [ Pinwalue [T DRegs [T Debug

|Hunning, abzolute time=5660.000ns; CPU time=—7o

b
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Microwind / DSCH NOR Example: Logic

e Inputs: 00 e Inputs: 0 1

-ofx = I [= B
EHw % PP %o a4 wele 24 nlm EH P F LR AL ?*““T-'\':-k@_ﬁ&lllluuh

Running, absolute time=4560.000ns; CPU time= 101z

UNT CSCE 5730: Digital CMOS VLSI Design

UMIVERSITY @QF NORTH TEXAS
the OWET of ¢ £as

Dviscover the




Microwind / DSCH NOR Example: Logic

e Inputs: 1 0

File Edit Inzet “iew Simulate Help

== N - R e e s o W -

il @ 9 _@_ % M Im
B

ﬂ Lﬁ

Running, absolute time=6060.000ns; CPU time= 135z

e Inputs: 11

File  Edit Inzert “iew Eimula Help

EEH w P F LS I0op AL

il @ 9 _@_ % M Im
B

Running, absolute time=6880.000ns; CPU time= 155z
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Microwind / DSCH NOR Example: Logic

« The simulation output can be observed as a waveform after the
application of the inputs as above. Click on the timing diagram icon in the
icon menu to see the timing diagram of the input and output waveforms.

B4 Timing diagrams of example_sch
Cut  Wiew Al Help

n.a

a0.0  100.

1500 2000 2500 3000 3500 4000 4500 5000 65500 BO0.0 EBS0.C
ninolnommolnnthmmmboanotaommbombmmmdmmeetnmmedoommbamohm g

LLLLE & il (L)

= =
inT [button1) 0
inZ [buttong) 0
aut [light1] 1

080 i

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

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

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

--------------

-----------------------------------------------------------------------------------

k&, current 0.000md,
Aovg, current 0. 000ms,
Pawer dizzip. 0.000mmhw

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

---------------------------------------------------------------------------------------------------------------------------

|Eursu:ur at time 0.0ns

|Supply 2.8000 |Ma:-:. current 0 000mmd,

|F'|:|wer dissip. 0000w

UNT

UNIVERSITY OF NORIH TEXAS
£as

Discover the power of id

CSCE 5730: Digital CMOS VLSI Design




Microwind / DSCH NOR Example: Circuit

e Simulate your system with
your hand calculated
tran5|stor sizes.

xample_sch
FI Edit Inset Wiew Simulale Help

H
Z

|Hunning, abzolute time=6230.000nz; CPU time= 1552

» Click File -> Make Verilog
File. The Verilog,
Hierarchy and  Netlist
window appears. This
window shows the verilog
representation of NOR
gate. Click OK to save the
Verllog as a .txt file.

/¢ Simulation parameters The Yerilog file has 17 lines
The design includes 9 symbols
The circut has 5 nodes

0 10
/4 in2 CLE 20 20

UNT CSCE 5730: Digital CMOS VLSI Design

U I'\.JV._.JQ‘-JI[‘Y F NORI'H JL)R."\E
|) I,1||_' '::u'»:;r ;_lr |




Microwind / DSCH NOR Example: Circuit

« Open the layout editor <« Click on Compile ->
window in  Microwind. Compile Verilog File. An
Click File -> Select Open Window appears.
Foundry and select X.rul. Select the .txt verilog file
This sets your layout saved before and open it.
designs iIn X technology.

FI Wiew Edit  Simulate r pile  Analyziz Help File  “iew Edit Simulate Compile Analyzic Help
\a.\f?@Jo\e\-h;. w23 (A TEKE 2 \E\D'rﬂ&o\-\:;. \°v‘3£‘.ﬂ\A11é>E\< b
5lambda- - . L 5 lambda: - - - - . P . P

Ep
’ % AddaTest bt ast e norlabtxt

| |Z] 4ddBCD et

% alutbictst [E] cmosBuft st 2] nwetter kst [E] ubd. tx

| Filesoftype: | Test Files [~.t) = cel |

[ Openasteadonly S

Mo Errar CHOS 018pm -
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Microwind / DSCH NOR Example: Circuit

o After selecting the .txt file,

e Click on Size on the right
a new window appears

called Verilog file.

“Verilog File

II DSCH 2.2a3, FlatYerilog
HAI2301 5:34:07 PM
I example.sch

-

module exampledin ,in2,out);
inputint,in2;

output out;

wire i0w;

nmas nimos1{outvss,in);
nmos nmos2ioutyss,int);
pmos prmost{outi0w? in2);

-

Kl »
[
" o

,‘I, Compile H Showy gridl w Backto editor

off |

gize | Labels Ruuting|

top menus. This shows up
the NMOS and PMOS
sizes. Set the sizes
according to choice.

>Werlog File

NDSCH 223, Flat'erilog

Size |Labels | Routing |
1 912301 5:34:07 PM

Routing layers i | " ~Mos size {urm)
example.sc
' Metal2/Metal3 module exampledin ,in2,out);
inputini,inZ; Length P ID-EDD
) output out;
E ¥ addVertical bus wire 1Dve1- Vidth M 0.400
e nmas nimos1{outvss,in);
D I™ Add IO Pads nImMos AMos2(outyss,iny; Length W |0.200
pmos prmost{outi0w? in2);
dd Vss: |1 -
Ll >|
W Limit row width to _I
[2000 urn =
—Compiler Status —Compiler Status
Compiled cells : 0/4 Compiled cells : 0/4
Routed wires : 0 Routed wires : 0
Pads : 0 Pads : 0
Mo error Mo error
' y )

&2 Help |

,‘I, Compile

T Show gridl " Backtn editor

off |
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Microwind / DSCH NOR Example: Circuit

e Click Compile and then Back <« Add a capacitance to the
to editor in the Verilog File output of the design. The
Window. This creates a  value of the capacitance
layout In layout editor depends on your choice.
window using automatic
layout generation procedure.

'-.:"-Micmwind 2 - example
File “iew Edit Simulate Compile Analyzic Help

EEI Y iIE e

- Microwind 2 - E xample.msk

File “iew Edit Simulate Compile  Analyzidg Help

3R AZTEE (2

ttSIUNve N
. Cptions

—Farameter
value : IU.U15| oF

. L
T

Enter a fived vaiue (le d) in
PF fo joad the fine with &
capaciance o ground.

<A AT AR AT

472 1pm CHMOS 0.18pm - |
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Microwind / DSCH NOR Example: Circuit

e Click on OK. The e Click on the label marked Inl1. A

capacitance is shown on window appears. Click on the
the left bottom corner Pulse option in the window. Ins_e_rt
_ a 01 sequence for that specific
with a value of 0.015fF. input and click on Insert. Then
click on Assign. Perform this

assignment on the other inputs.

Microwind 2 - Example.msk '-.:"-Micmwind 2 - Example.msk
File “iew Edit Simulate Compile  Analpsis  Help

File ‘“iew Edit Simulate Compile Analysis Help

PH SPEE Q0N e 2B g ATER (3

7

PH 7E 0N 2,8 R ATER (2
0 lambad:

10 lambda
1.000pm Add a property
BN L ahel narne Iin2 —

| oC supply | Clock Pulse | inus | variable | Ground |

- I—DDHDDH ..........
o IL Insert | = | hd

B 8B @B = - ®mo8 - - - e

Chaoser.

a

|Perind 4.000 e, frequency 0,250 GHz |dhr=0.035 |CHWOS5 0.18um - 4

|Select the area to zoom in |dtr=0.431 |CMO5 0.18pm -
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Microwind / DSCH NOR Example: Circuit

e Click Simulate -> Run simulation. A simulation window appears with
Inputs and output, shows the tphl, tplh and tp of the circuit. The power
consumption is also shown on the right bottom portion of the window.

* If you are unable to meet the specifications of the circuit change the
transistor sizes. Generate the layout again and run the simulations till

you achieve your target delays.

S e B i Evaluate
— I
SRR [ Freguency

I nmos1_oL vl

rTime Scale—
|5 ns vI

Step (psi——
|n.snu

¥ Ccloze |

---------- oo | L
| H i hp =7 007Uk

Yoltage vs. time Avoltages and currents Avoltage vs. voltage AFrequency vstime
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Microwind / DSCH NOR Example: Layout

« Design the layout * Vdd and GND rails are of
Metall. The top rail is used
as Vdd and the bottom one
as GND. Click on Metal 1 In
the palette and then create
the required rectangle in the
layout window.

X - C:Amw2\labTnor MSK
FIV EdSIIAIHI File Yiew Edit Simulate Compile  Analvsis  Help

o E i"‘@&»l@\ kw2 B R(ATEH (3
gl

manually

« Open the layout -editor
window In  Microwind.
Click File -> Select
Foundry and select X.rul

- Microwind 2 - example

\al\ Fa ke e \wv‘i_'l.ﬂ\Allévu\< b

F e T

FE e T T S P

FE e

: : : ©o100
I ) o = 3 =l .
The current technology iz "CMOS 0.18pm - B Metal”, power supply 2,004 Mo Ermor CMOS 0.18pm - | o100 ezl [/ 00 il 108 OHIE W 18 —
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Microwind / DSCH NOR Example: Layout

« The next step is to build < Then click on Generate
the NMOS transistors. device. The source of the
Click on the transistor transistor IS connected to
symbol in the palette. Set  the GND raill.
the W, L of the transistor.

'-.:"-Micmwind 2 - C:A\mw2\labInor MSK '-.:"-Micmwind 2 - C:A\mw2\labInor MSK
File “iew Edit Simulate Compile  Analysis ﬂelph File “iew Edit Simulate Compile an{:gsis|ﬂelp

B Y IE T T Xt 1|7 oA W L w2l ATEM S
5 lambda --.E‘-—Layoul Generator . tE= "\'\‘-"‘"‘-

LI’-LILI-rn: Pads'lnductorl Contacts MOS |F'ath |L0g0 | Bus | Tt AN v< P

Mos Parameter: ) Options

. Metal 6 HE
Width MOS Cl a
| Metal 5
clrai X = .
Length MOS . Metal 4 s

Mbr of Gates . Metal 3 A

7 Add metal2 to drain e Metal 2 . ........................................

Metal 1 i

—Type Option Unit: : pom——
* n-Channel  low leakage " in micron (um) ' =
: . Polysilicon 2 [l
" p-Channel " high speed @ inlambda
B Foiyvsiicon [l

——  highwalt :
I~ with buried nwell el ol e P+ Diffusion [l

H

AT AA

B i+ Diffusion [l

- R O

.‘|. Generate Device | x Cancel |

Mo Errar CHOS 0.18um - 2

Set mos gates to 1 Mo design rule error. Congratulations [0.4% memory used)
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Microwind / DSCH NOR Example: Layout

» Create another NMOS and e« The next step is to place
place it in parallel to the first two PMOS transistors in
NMOS device. We share the series.
two devices' drain diffusions. A
DRC check can be run by
clicking on Analysis -> Design
Rule Checker.

Microwind 2 - C:\mw24lab1nor. MSK

Microwind 2 - C:\mw24lab1nor. MSK

File “iew Edt Simulate Compile Analysis Help '-.,-;'-"-Palelle File “iew Edt Simulate Compile Analysis Help -.,::'-"-Palelle
cB|sPa e |H.r|w,a AT ELREREY cB|sP e C R Al pATELREEEY
sohe | B EE L e - [N B = e oo BN

T R S tt%MRM(:::

Options

- N
—Mos Parameter: Ciptions

Metal 6
i |1 3 lamhda
Width MOS - T .
Length MOS |2 larmbda

Medal 4 =
rbr of Gates |1

Metal 3 R
[~ Add metal2 to drain

Pads' Inductnr' Contacts  MOS IPath I Loga | Bus |

Metal 6 HE
""""""""""""""" Metel 5 B
O ctci ¢
_____________________________ Twetss B
............................. etz [l
Metal 1 [

Contact

metzl 2 [l
hetal 1 =

ale
—Type Option Lnit: ’ Cortact
" n-Channel  low leakage i micran {Wrm) i =
_ . Polysiicon 2 [l
& p-Channel £ high speed @ inlambda
: Polysilicon .

= ity fried ryel | © high valtage

H

< <R %R A TR A

:

< <R %R A TR A

Polysiicon 2 [l
Polysilicon .
P+ Diffusion [

P+ Diffusion [

B - Diffusion [l

O

ni+ Ditfusion [l

[l
Show palette menu... Mo Errar ChMOS 0.18um -
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Microwind / DSCH NOR Example: Layout

e Place the PMOs transistor on
layout close to the Vdd rail on the
top. To construct two PMOS
transistors in series, diffusions are
shifted to a side and another poly
line is added as second transistor.
The diffusion is shared to save

area and reduce capacitance.

'-.:"-Micmwind 2 - C:\mw2\lab1nor. MSK

File “iew Edit Simulate Compile Analysiz  Help

e The next step Is to
connect the inputs and the
output of the two
transistors.

'-.:"-Micmwind 2 - C:\mw2\lab1 nor. MSK
File ‘iew Edit Simulate Comple Analziz Help

Mo Errar CHOS 0.18um - 2

Mo dezign rule error. Congratulations [0.7% memon used)

S B ATEHPOIDRY
EE%W\-M

Show palette manu... Ma Errar CHWOS 0.18pm - 2
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Microwind / DSCH NOR Example: Layout

 The next step is to connect

e Poly inputs are connected  the poly to metall and then

e Metal output is to metal2. The first symbol in

connected. the first row of the palette Is
the poly to metall contact.

“ Microwind 2 - C:\mw2\labTnor MSK .  Microwind 2 - C:\mw2\labTnor MSK
FI Yiew Edit Simulate  Compile  Analysis - -~ Palette FI View]Edit Simulats  Compils Analysis  Help

\a-| 'P@quum. LA R ATERHPDDRE \a-r_r@ O O |5 b w2 B A IEHPEEEE

|—E L e . EENEEEN i L = = -y - NSNS
R+ LUV d DADDMM - - -« . e T
Options . Options
Metal 6 [ Metal 6 [
Metsl 5 B Metsl 5 B

Metal 4 B Metal 4 B
metal 3 [ metal 3 [

AT AA
AT AA
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Microwind / DSCH NOR Example: Layout

« Then we connect the
metall to metal2 contact
to the previous contact.
This Is the 4th contact on

the first row.

.~ Microwind 2 - C:\mw2\lab1nor. MSK
FIV Edit Simulate Compile  Analysis Help

e The next step Is to
connect the  output
Metall to Metal2. Once
again use the 4th
contact in the first row.

FIV Edit Simulate Compile  Analysis  Help

ERE G R R R B B S

\BIH_?'- &tqn|:;.J| L

............................. Polysilicon 2 .
i = B

Palysilicon .

............................. Po——

............................. t+ Diffusion [l

AR ADAAI DRI

............................. M el D

Show palette m CHMOS 0.18pm

Ma Errar CHMOS 0.18pm -

Show palatte reru.
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Microwind / DSCH NOR Example: Layout

« Now we connect metal2 to the two inputs and one output
and bring them to the top to go out of the cell.

e Observe the two inputs (left & right) and an output (middle)
above the Vdd rall in dark blue color.

Microwind 2 - C:vmw2%lablnor. M5K

File “iew Edt Simulate Comple  Analpziz Help

- R

|Saved 55 boxes in "C:\mw24lablnor MSEK" |Ma Errar |CMOS 0.18um -
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Microwind / DSCH NOR Example: Layout

« Now we label the inputs and output as Inl, In2 and out.
Click on Add a Pulse Symbol in the palette (5th from the
right in the 3rd row). Then click on the metal2 of one of the
iInputs. A window appears. Change the name of the input
signal. Insert a 01 sequences and click on Insert. The click

on Assign. Similarly assign the 2nd input a pulse.

- Microwind 2 - C:\mw2\lab1nor.MSK =] . Microwind 2 - C:\mw2\lab1nor. M5K

ile Yiew Edit Simulate Compile  &nalysiz  Help ile YWiew Edit Simulate Compile analysi%ﬂelp
o H|s P AN TR RATER (3 oE P a &0 W e w28 R ATEE] (2
5 Slambda - - . . P .

&-lambda- . Add a pulze « | I
—_— D x|

os00pm - [T Ipulse1 ...............

| oo Supply| Clock Pulse | ginus | variapte | Ground | SRR

. 01 seq: IDD11DD11 ...............

S J'Llnsertl _!l T ||

Mo Errar CHOS 0.18um - 2

Mo existing test here Mo Errar CHOS 0.18um - 2
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Microwind / DSCH NOR Example: Layout

 Now select the Visible Node symbol from the palette (7th
In the third row). Select it and click on the output. The 'Add
a Visible Property' window appears. Change the label
name to out. Select Visible in Simulation. Click on Assign.
Now the output is also labeled.

Microwind 2 - E'k\mWZ\Ial:ﬂ nor. M5K '-.:"-Micmwind 2 - C:Amw2\labInor MSK
File ‘iew Edit Situlate Compile Analyziz Help File  “iew Edit §imulatr\ LCompile  Analyziz  Help

P LPIEAQN Ly wLSBRATERE 2 | 2H/TIEAAN L e

4 lamb 8 a L]
'_.E:T'. S Int St 2L
T S —

8 DG Supply | Clock | Pulse | Sinus Variable | Ground |

Parame tar:

Add a tick in "Visible in simulation” to see the
signal waveform at the next simulation

A Jﬁssignl xoancellFVisibleinsimulation L

Mo existing text here Ma Errar CHMOS 0.18pm -
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Microwind / DSCH NOR Example: Layout

* Select Vdd Supply and GND from the « To run the Simulation of your
palette (third row). Also click on the circuit, click on Simulate -> Start

capacitor (3rd in 2nd row) symbol and Simulation. Depending on the input

add it to the output. Also, extend the p- , -
well into the Vdd Rail. The click on Edit ~ Scduences assigned at the input
the output is observed in the

-> Generate -> Contacts. Select PATH _ : .
and then in Metal choose Metall and simulation. The power value is also

N+ polarization. given.

Microwind 2 - C:\mw2\lablnor. MSK

Fie iew Edit Simuate Compie Analbsis Help k. aoimulstion[ofltehm AN ot TorH 5Ky =10} x]

oB sPoeaaIl B RATEE S

¥ Freguency
|0ut =l
Time Scale——

|5 ns vl
|:519Fl (ps)j
.00 IU.SUU
|z More |

oo |
1L, FFT |

x Close |

IlY  F=4 066N

SomRERE

|dr=2017

|Redraw C:imw24ablnorMSK (62 boxes) |CMO5 0.18pm -
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More Reading from Microwind Site

http://intrage.insa-toulouse.fr/~etienne/microwind/docs.html

UNIVERSITY
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Introducing basic design rules. MOS design
rules, Interconnect design rules, supply design
rules.

Technology Influence on design rules resistance
effect, capacitance effect, propagation.

Specific design rules salicide, |dd, antenna ratio,
matching, supply rules, ESD.

Introducing CMOS 90nm technology

A very simple four-bit microprocessor designed
and simulated at gate level with DSCH3




