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

ource:
http://www.microwind.org

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

S
1.
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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.

e 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
—DSCH3

—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
 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.

o [ ”.

L’ \

'I'I

OR Gate

I_\ 111 \ V o « I N

ample (3 Levels) : R
— Logic Design
— Circuit Design

— Layout Design
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Microwind / DSCH NOR Example: Logic

EDSChE - example

° Open the SChemath 5; it ;EHEE;‘EEHZHDZJ% op A L-p b &8 P % g
Editor in  Microwind
(DSCH3). Click on the
transistor symbol in the
Symbol Library on the S oy
right.

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

N
i}
i3
&I
B

A
-

Loaded C:A\Dzch 2. 0AE wport|EEE Yhimoz. S5k
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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.
= O \?‘ﬁdﬂaﬂanhﬂ ATL-S @ e @ % in EOn WP FLIBRop AT Lo A &S %% bk

N

c

dra |rl; drain

LH%

SN NCNCNSE-
O S e
9 HE @ D

= &

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.

File Edit |nzert Yiew Simulste Help k ; %

EHD wRPF LS00 A0 W OO D % B = 0w | x P F LB ALy

x|

Basic l Peivanced l

ct

Click at 95,4 Editing "example. sch'

ll] &,

=10] x|

@ ® o5 M

x|

Basic ] Ardvanced ]

o
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{t
B

L
oy I
e
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B
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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.

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

e Click on, Simulate
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".

UNT
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->  Start

|)im_;_|1.|,'|' I,1||_' POwWerT Ol

ducha - -
t% Simulation Control

[ @ T g Fast |— Sloy .

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

|F|unning, absolute tirme=5660.000ns; CPU time=—o

b

B
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Microwind / DSCH NOR Example: Logic

e Inputs: 00

=10 x|

Ly
e EHD w P F L0 an AL WS

Q| % % M im

(] by Fast [T Slow g

v “Wire state [~ Pinwvalue [T DRegs: [~ Debug

Running, abzolute time=5660.000ns; CPU time=Tm

e Inputs: 0 1

=10 x|

Q ® 4% O im
]

= O \i[;\kﬁ’:f”aﬂanln AL g @

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

UNT

UMIVERSITY @QF NORTH TEXAS
the OWET of ¢ £as

Dviscover the

CSCE 5730: Digital CMOS VLSI Design 11




Microwind / DSCH NOR Example: Logic

e Inputs: 1 0

File Edit Inzet “iew Simulate Help

B HD xS laRon AL WSS 2% O

Al Lﬁ

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

e Inputs: 11

File  Edit Inzert “iew §imula Help

EEHD w7 F LR on A TL-n 6 S

Q ® % O m
[]

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.

Timing diagrams of example_sch
Clut Wiew Al Help

dLLLLE < Onsidin (L DO 500 100 1500 2000 2500 3000 3500 4000 4500 5000 5500 EBOD.O  E5O0C
-+ e B T T T a  a e T T T
[ A R T T T e

inl [button1] . _i~~~ -------------- 1 --------------------------------- i -----------------
in2 [button2) IR | 5 SR RS SONE SS SO. -
out [ight1) [ — _| O S SN NSRS SN

080 i

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

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

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

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

k&, current 0.000md,
Aovg, current 0. 000ms,
Paower digzip. 0.000mmhw

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

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

|Eursu:ur at time 0.0ns

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

|F'|:|wer dissip. 0000w
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Microwind / DSCH NOR Example: Circuit

e Simulate your system with
your hand calculated
transistor sizes.

File. The

File  Edit Inzert “iew §imula Help

“|  representation

Yerilog l Hierarc:hy] Metlist ]

Hierarchy and
window appears. This
T T T T window shows the verilog

e Click File -> Make Verilog

Verilog,
Netlist

of NOR

gate. Click OK to save the
Verilog as a .txt file.

I (=[S

‘Werilag Description

i L2a
/4 9/23/01 5 " Hierarchy Verilog
J /4 example -sch I e Flat “erlog far Microwind2
Haamp { 1
1,1
output out; Infarmatior
wire iOwl;
- mmosi (o s=3,in2) ; Module name [8 char. max]
il nmnosz (o =3, 11: W
prwosl (o Owl,in2)
mos2 (10wl,wdd, inl)
endmodule v Append simulation infomations
/4 Himulation parameters The Verilog file has 17 lines
£
4 The dezign includes 9 symbols
The circuit has 5 nodes
-
Kl » [l o oK
Running, absaolute time=6820.000ns; CPU time= 155s
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Microwind / DSCH NOR Example: Circuit

« Open the layout editor <« Click on Compile ->
window Iin  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 In X technology.

FI View Edit Simulate pl fAnalysis Help

\a-\ frJqqn|:;. (2B R ATEH <2 B -\:;. (r2 B B(ATEE 2>

Ep
’ % AdddTest bt st bl riorab.txt

| |Z] AddBCD bt

. ockDive. b .t ot
%’j Al bt bt cmozBuff.tx riverter b ubd. s

| Files of type: | Tast Files [~ - e
[~ Openasmead-ony N

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

o After selecting the .txt file, < Click on Size on the right
a new window appears top menus. This shows up
called Verilog file. the NMOS and PMOS

sizes. Set the sizes

according to choice.

“Verilog File

‘7~ Verilog File
W DSCH 2.2a , Flatverilag ] Sie | Labels Routing | fiDSCH 2.2a , Flat verilag . S |Laveis| Routing |
ﬁ 9123101| 5:34:]:0?' Ph Routing layers ﬁ 9123101| 5:34:]:0?' Ph ~Mas size {um)
example.sc example.sc
module example(ini,inZ,ouf); % Metal2/Metal2 module example(ini,inZ,ouf);
inputint,in2; inputin,inZ; Length P |U-?DD
output out; ) output out;
weire i0wi; E W' Add Vertical bus weire i0wi; idth M 0.400
nmos nmos1{outyss,in2y; et nmos nmos1{outyss,in2y;
nmaos nmos2{outyss,inty; l:_' I™ Add D Pads nmaos nmos2{outyss,inty; Lenath K 0.200
pmos pmostout il ,in2); pmos pmostout il ,in2);
- Wdd Vs |1 -
4] » 4] A
W Limit row width to
;' 2000 yrm ;I
—Compiler Status —Compiler Status
Compiled cells ; 0/ Compiled cells ; 0/
Routed wires : 0 Routed wires : 0
Pads:0 Pads:0
Mo errar Mo errar
o oIl o .~ aEEEEEER
B2 compile | T Show gridl o Backtn editor [ off | & Help | B2 compile | T Show gridl o Backto editar
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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.

File Wiew Edit Simulate Compile Analyzic Help

B &e\\:;./\w.e_n. ﬂ\A 11@@\«:»

ans .
W ttFNve IR

arameter
Value : ID.D15| pF

. L

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

AT AT

47s21pm CHMOS 018pm -

omi ig opet, oerror ___________________ nte yout, ix eapaitace osition... - .
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Microwind / DSCH NOR Example: Circuit

e Click on OK. The
capacitance is shown on
the left bottom corner

with a value of 0.015fF.

Click on the label marked Inl1. A
window appears. Click on the
Pulse option in the window. Insert
a 01 sequence for that specific
input and click on Insert. Then
click on Assign. Perform this
assignment on the other inputs.

“~ Microwind 2 - Example.msk

“ Microwind 2 - Example msk
FIV Edit Simulate Compile  Analsis Help

FIV Edit  Simulate Compile  Analysis  Help

|BI| ad &»]_QIHJ. I”“oﬁﬂﬁullém«:»

E e s&B =2 - W8 - - - e

Chomer
dir=0.431 CHMOS 0.18pm -

R I Insert | = |
T = B
. W Assign | ¥ cancel | ¥ wisible in simulation |
frL = -
ot o

Periad 4.000 nz, frequency 0.250 GHz

\a-!_r@ B O w2 ATEE (3

10 lamib:
oium |Add a property
i &

Gename: 2 (YT T R

| oc supply | clock Pulse | sinus | variable | Groung |

| 01 seq: IDD11DD11

a

dir=0.036 CHOS 0.18um - 4
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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.

Step (psi——
ID.SDD

¥ close |

F=11.007 0w
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Microwind / DSCH NOR Example: Layout

« Design the layout * Vdd and GND ralls 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.

manually

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

- Microwind 2 - mple ind 2 - C:\mw2\labTnor M5K

FIV EdSIIAIHI File “iew Edit Simulate Compile  Analvsiz  Help

\a-\ Pa®oe i e w28 R ATER 2 =1 r-&o\e\kgm:;. 2B R A TIEHE (2

FE e T A S PP

F e

T

|The curment kechralogy iz "CMOS 0.18um - 6 Metal”, power supply 200 [Ma Enar |CMOS 018um - Ltz ke [T ] L= 00 DL WE - 7
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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

o H 7O &AW e w2l A EIéEI'EE"E'W@ 1 /7 E 69005 w28 R ATER 2
. . ‘IEE#“\’\‘M ........................................

5 lambda Layout Generator

LI‘LILI-rn: Pads'lnductorl Contacts  MOS |Path |L0g0 | Bus | Tt AN v< PR

—hos Parameter: . Options | [ | |

. Metsl 6
i a a
Wyidth MOS . . J——

clr i X
Length MOS a a . Wetal 4 &

Mir of Gates |1 . NEEER |

¥ Add metal2 to drain ite © EEEE |

Metal 1 i

~Type Optian Unit: : T
@ n-Channel  low leakage " in micron (um) ' =
: . Polysilicon 2 .
" p-Channel  high speed & in lambda
. Palysilicon .

! ; = high woltage :
™ wyith buried rwell 4 ] P+ Diffusion [

|

AW AT AA

B .+ Diffusion [l

el O

.‘|. Generate Device | x Cancel |

Mo Errar CHOS 0.18um - 2

Mo design rule error. Congratulations [0.4% memory used)

5
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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.

'-.:"-Micmwind 2 - C:\mw24lablnor MSK
File “iew Edit Simulate Compile Analziz Help

Microwind 2 - C:\mw24lab1nor. MSK -
- - Palett

== I I NE N e T R R ! AEIé»EIE'El@
o

CREEEEE

File “iew Edit Simulate Compile Analziz Help

PH sPE e Q8 W e w2

Padsl Inductnrl Contacts MOS |Path ILogo | Bus | TNV L

—has Parameter ) Options
Metal &

Width MOS . . e =

drai X
Length MOS Metsl 4 B

Mbr of Gates - EZER
metzl 2 [l

Metal 1 i

Type Option Unit: : po—
= n-Channel " low leakage " in micron (urm) )
. . Paolysilicon 2 .
@ p-Channel "~ high speed &« inlambda
: Polysiicon [l

! - " high voltage :
I | it e d el g a P+ Diffusion [l

[~ Add metal2 to drain

R e N R N
R e N R N

B i+ Dittusion [l

R ] ]
Show palette menu... Mo Error CHOS 0.18pm - 2 MOS General tor Mo Error CHOS 0.18pm - 2
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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

P PP EAN L w28 R ATER (3

Mo Error ChOS 0.18um -

Mo degign rule error. Congratulations [0. 7% memorny used)

S B ATEEHPIDRY

Options
Metal 6 [BE

Metal s B

Metal4

Metal 3 7
metsl 2 [l
............................. Y= &
............................. Tl
Polysilicon 2 .
Folysilicon .
P+ Diffusion [
N+ Diffusion [l

R ]

i

XA AAA A A A

Show palette mern... Mo Ermror CrOS 0.18pm -

,fg*.wm_ —
> o E ULV B
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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
FIVI}_dtSItEpIAI}I Help

\aufr- O AW W w2 A 11@@:!-@@@

“Microwind 2 - C:\mw2\lablnor MSK
Fie Wiew Edi Siulate Compile Anabsic Wi

\a-| 'r-@o\e\-m. 2 B A EEEIFIEHEI@
s’ OEEEEEEEEEEEEEE 000 = =L e oo OEEEEE

............................. Palysilicon 2 .
&= = &
Polysiicon [l

............................. Palysilicon 2 .
&= = &
Polysiicon [l

P+ Diffusion [
............................. 1+ Diffusion [l
----------------------------- N el ]

Show palette mepw... . |DRCEmors ChOS 0.18pm - 2
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Microwind / DSCH NOR Example: Layout

e Then we connect the e The next step Is to

metall to metal2 contact connect the  output
to the previous contact. Metall to Metal2. Once
This is the 4th contact on again use the 4th
the first row. contact in the first row.

.. Microwind 2 - C:\mw2\lablnor. MSK .. Microwind 2 - C:\mw2\lablnor. MSK

File ‘“iew Edit Simulate Compile Analsiz Help File ‘iew Edit Simulate Compile  Analysic  Help

E : - E
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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 k

|Saved 55 boxes in "C:hmwtlab] nor MEE" |Ma Eror |CMO5 018m -
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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
B Y T S IR PEPE e w2l R ATER (2
5-lamb Slambda - 5 . B R

Slambda - USRS =l - - - -
_ . E x|

0.500um (SR |pu|se1 ...............

d oo Supply| Clock Pulse |Sinus | variable | Ground| |

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

S J'Llnsertl _!l T ||

/Assignl ¥ cancal | W visible in simulation [P

Mo Error ChOS 0.18um - 2

Mo existing text here Mo Error 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 - C;\mw2\lab1nor MSK -, Microwind 2 - C:\mw2\ablnor MSK

ile Wiew  Edit §| late Compile  Analyziz Help ile Wiew  Edit §imulatr\ LCompile  Analyziz  Help
oH PO &0 B w2 B ATEE (2 PH P a &AW e w28 R ATE] 2
4lambda T ) i bda o

.‘.','no!._-ljll_lif.-jnz._‘_r_.................

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 XCancellWViSibleinSimulation L

Mo existing text here Mo Erraor CHOS 0.18pm - 2
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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:A\mw2\lablnor. MSK

Fie Yiew Edit Simuate Compie Analysis Help k. aoimulstion[ofltehm AN ot TorH 5Ky =10} x]
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More Reading from Microwind Site

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

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

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

o Specific design rules salicide, Idd, antenna ratio,
matching, supply rules, ESD.

 Introducing CMOS 90nm technology

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