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N Remote Login

» Follow the instructions in the additional document to log
onto the SuS machine

= |n the CIP Pool in OMZ:

* Login on a machine with your university account

» Go to https://sus.ziti.uni-heidelberg.de/password/
to change your password
> 8 characters, 3 from 4 types (normal, capital, number, special)

* Open (lower left on screen)
Applications->ziti-Tools->x2Go Circuit Design

« Use the provided login and the (new) password
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Preparing Cadence...

= |[f you start for the first time:

= Copy the files required to run cadence from our 'template’
directory into a (newly created) subdirectory CCS:

cp -r /shares/designs/teaching/ccs/workdir template CCS

» Change to the CCS directory and have a look...
e cd CCS
e ls —-al

= Your working directory now contains 3 small files:
 a start script start.sh

 a configuration file .cdsinit
» a file with library paths eds.1ib
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Starting Cadence

= Start cadence with
./start.sh &

The usual file menu Start more stuff from
(with ‘exit’) here

Error messages are
shown here

File Tools Options Help

Loading seismic. cxt

Loading ci.cxt

Loading ams. cxt

Virtuoso Framework License (111)/ was checked out successfully. Total checkout time was 0.07s.
Loading default bindkeys.

" fopt/eda/environment /bind_keys/leSchBindKeys. i1"function setSnapGrid redefined

3
3

L\ I s

5
(&)
=
ben)

Can type in commands /programs here.
The language ‘skill’ is very close to LISP
Try (plus 3 4)

or (sgrt 10)
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* Open the library browser under Tools — Library Manager...

Cateqories — Cells _ Fornow:
= 9 = (in category) = Only symbol
_ File Edit ¥iew Desic anager Help cadence
Enable this!
¥ Show Categories — Show Files
Library Category Cell View
analogLib Everything cap symbol|
SUSLIB_UMCO18 || bys B View
: UMC 18 CMOS auCdl
Basic components _analogLib | cees ALy
are here [avTech cevs hspiceD
Some more stuff cdsDefTechLib core |
here functional Para: o corefragment symbol_xfo
e || 2 ||
Messages :
Preview
Log file is "/netthomeffischer/C CS/cadenceflibhanager.log”. area
i 11}
4
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» Create an empty library from the Library Manager under
File — New — Library

Edit View Design hanager Help cadence
T T
Open... ctrivo | Cell View..
Open (Read-Only)...  Ctrl+R Category...
Open YWith...
14 Technology File for library "LibFirst"

Load Defaults... You can: o Compile an ASCII technology file

Save Defaults...  Reference existing technology libraries

Open Shell Window...  Ctrl+P Attach to an existing technology library
E xit Ctrl+X éo not need process information

functional ‘ . Cancel /| Help |

|
» Choose ‘do not need process information’

* The new library should now be visible in the library browser
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Creating a new Schematic

= [n the library browser, select your library

» Create a new schematic with File — New — Cell View...

= Select type ‘schematic’ by selecting from the drop down list
» Give the cell a name ' ‘

* The schematic editor opens HE i
Cell LowPass
= Save the cell! o —
Type schematic '
. _ Application é‘iﬁﬁl
= Check that the cell is now in Open with config
. ways use this W of file
your library — ARSI Yopice =
EER Ilt?igitlwriter
= [f you select the cell, you should | /eet/mene/fisel 5 c s, Lib
. ‘ .y schematic
see the view ‘schematic shanaic Syl
sysplétceernVeﬁlogText L\ Help
= (You can create cell categories Verles,
to sort your stuff with VerlloghMSTex
VHDLAMST ext

File — New — Category)
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CHECK and
save

Property editor *everty E-

Opening the Schematic

= Double click on the ‘schematic’ entry (or right
* The schematic editor of ‘virtuoso’ comes up:

click & open)

I
@

A Virtuoso® Schematic Editor L Editing: LibFArst LowPass schematic v) 2 X
Launch File Edit View Create Check Options Migrate Window Help cadence
’ - = gy —— ~ - v a { il
- o e O R X O T, ¢ R-7 v XK ARG [ L L »
= |Workspace:| Basic B & s 7y R T & |+ B-
| Navigator  2.8X] | : ——
¥ Default B. Zoom infout/.. _
Sl el — Add connection
Q B-
Name ~] Add component
I~ LowPass

78X

¢ 1
e ——l e
limouse L: schSingleSelectPt() M: schHiMaousePapUp() R: ddsOpenlibManager(
12 | > | cma: sel: 0 ||

CCS: Cadence & Simulation

© P. Fischer, ZITI, Uni Heidelberg

Page 10




RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG | - Addlng a Component (1)

* To add a component (‘instance’)
* Press the ‘Create Instance’ button :Il-o- or
» select Create — Instance or

e press ‘I’
= Browse to the correct library (for now: analogLib)

» Choose a cell from the library browser, for instance ‘cap’
« Make sure View ‘symbol’ is selected!

¥ Show Categories

Library Category Cell View
analogLib Passives cap symbol|
LibFirst - E Evenything View | _|
SUSLIB_UMCD18 -~ & Uncategorized ||core S
UMC_1_CMOS _j Actives‘ corefragment |.;5
analongb & Analysis delay symbol xorm | =
avTech - = Interface_Eleme [fracpole B 2 Ve
basic - 5 Misc ideal_balun
cdsDefTechLib - = Parasitics ind
functional e |nind

& = Sources msline

r i oW mtline i

Close Filters... Display... Help
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Adding a component (2)
» Set the parameters (values) of the instance
 For instance the capacitance of a capacitor...
» Place the instance on the sheet (mouse click)
= R nctance (auf suzp ) 52 ) =[]
Library  analogLib Browse Launch File Edit View Create Check Options DMigrate Window Help cadence
::u Caplbl b B2 @ l® 0 m X0 TE ¢ B-7 719K » |5 -~
ew symbo ‘ : : : J
Names M@~ @~ 0 G [Workspace: Basic BS @ [ s A B
| Nawvigator i |5'x|
¥ Add Wire Stubs at: =
« allterminals @ registered terminals only i ¥ Default g -
Array Rows 1 Columns 1 Q = - v]
ame -
47 Rotate Ak Sideways | |55 Upside Down = LowPass
Maodel name
| Capacitance 1pF | | Property Editor 78X
Width
Length
Multiplier
Scale factor . ,
Telnllp e fr.o.m et | llmeuse L: mouseAddPt(t) - M: schHiMeusePopUpQ R: Rotate 90
[l o 4(5) | Paint at location for the instance. Cmd: Instance Sel: O J

Temperature coefficient 1

Temperature coefficient 2

Capacitor Area

Capecos P - Press ESCAPE to finish.
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Modifying Parameters

= To modify an existing instance, select it and #« 2
unch File Edit View Create
* Press the ‘Edit Properties’ button [©@, or ﬁj m——r—
» select Edit — Properties — Object or ‘ ' .

19,0~ 0 O s

* press ‘q’ or Navigator 78X
. i Stow: |7 Deta [
use the Property Editor Panel e
Name &l
] F’ LowPass
= For values, use the suffixes
°m for milli =103
*u for micro =10 e
* n,p,f,a for nano, pico,... © insrance i A1
Model name i
« k for kilo =103 Copaciarce 1pF
[ ] f— 6 eNgL
M for Mega =10° (m — M!) L -
G for Giga =10° = ||
] . _llmouse L: schSingleSelectPr()
* Do NOT add a unit (like mV) 1@

* It is added automatically
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» There are two possibilities for most commands:

= Execute command once:
» Select objects (or multiple objects with shift-click)
* Press command key (for instance ‘c’ for copy)
» Execute command (once)

= Multiple execution:
* Press command key — switch to command mode (new cursor)
» Select objects to execute commands on them
* Press ESC = escape to end

= Example:
e Select — delete delete one instance
* Delete — click — click ... - click — escape  delete multiple
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Cadence Ul: Getting more command options

* |[n general, pressing F3 while executing a command opens
a window with more options.

« rotate, flip
« allowed routing angles
* colors

= Sometimes you need to press F3 twice

CCS: Cadence & Simulation © P. Fischer, ZITI, Uni Heidelberg Page 15




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Cadence Ul: Zooming ...

» show everything: ' (fit)

= scroll: arrow keys

= zoom in: ctrl-z or ]

= zoom out: shift-z or [

= zOOM area: right mouse — drag
= pan selection: tab

= See menu View— ...
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Moving an Instance

= Select the instance with the mouse

* |leftclick to select individual instances
* shift — leftclick to add instances to selection
« ctrl — leftclick to remove instances from selection
 drag rectangle select instances in area
- TO move B . A Virtuoso® Schematic Editor L Editing: LibRrst LowPass schematic v x

° Press ‘Move’ button %’ or launch File Edit Miew Create Check Options Migrete Window Help cadence

, e @Gl 6 @M% Q0 TLEs ¢ -7 17
select Edit — Move or 53 0 T8 R.Q.8 8% L »

= Alternative: ——

& LowPass'
« First press ‘m’ ey

@ instandfig A1 [~ |
* select — move — drop, ...ESC [

Capacitance 1pF
Width =

= Alternative: H—
Enause L: mouseAddPr(t) M: schHiMousePopUpQ R: Rotate 90
° CI iCk . d rag _ d ro p Ll 2 | Paint at destination peint for move Cmd: Mave Sel: 1 Jj

» For options (rotate, flip,..): F3 or right mouse
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Adding Wires

= Wires connect the pins of instances

ﬁ . A Virtuoso® Sch... ¥ & X

* To add a (narrow) wire (‘path’) lemch File Edit View ncadence
b

» Selectthe 1, button NS T = I o

- select Create — Wire or LG R L e o

* press ‘p’
= to change to ‘path mode’
= Connect pins by multiple mouse clicks
* Finish with ESC

= Changing behavior: press F3
e change angle
: Change COIOr llmeuse L: schAddSelectPt() M: R:

° .. 19| > |cmd:8e1:0'_l
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Adding net Names

* To identify nets, you can

e
* assign names (labels) to nets or e 56‘;6
- connect them to pins. oW 150
Wev® o\ o™
o 0™ ol
. ¢ a\)\o “QG"G
= To assign a label: Oo%

* Press the &£ button or

» Select Create — Wire Name or

* Press ‘I (Iabel)
* Type in the label name and click on the net
= Continue with further labels

= End with ESC.

* To add a pin:
- Press the ™ button or press ctrl-p or Create — Pin
» Select input / output and place pin
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Example

= \Ne create a schematic

‘LOWPaSS, ﬂ . A Virtuoso® Schematic Edito... v & x
[ We add Launch File Edit View Create scadence
* A resistor (‘res’) of 10 kQ. o & @ & ¥ 0 m X Q »
(name it 'RT’) Iy A Wy g IR 7% »
A capacitor (‘cap’) of 10 pF

(name it ‘C1")

« A ground symbol (‘gnd’)

A pulse generator (‘vpulse’)
which generates rectangular
pulses from 0—1V
(voltage 1 / voltage 2) at a
frequency of 1 MHz with rise /
fall times of 10 ns

° Set 'AC Magr"tude' to 1 llmeouse L: schAddSelectPt() M: R:

] 12 | > Cmd: Sel:OJ
» We save the design | )
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* For a simulation to work properly, there must be the net
‘gnd!’” in your schematic.

» Best use the ‘gnd’ pin found in analogLib

° Th|S SymbOI attaCheS ﬂ . |A Virtuoso® Schematic Edito... (v & X
the net name ‘gnd!’ lanch Fle Edit View Cree  »cadence
f[o th_e net connected to M= RN e o e
Its pin...

IEERT LT E

limeuse L: schAddSelectPt( M Bi
12 | > | cma: set: 0 ]
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* [n an open schematic, start the simulator with
» Launch — ADE L (top left menu) | Virtuoso
File Edit View Create C
. A \Virtuoso® Analog Design Environment (1) - LibFirst Low @ [
ADE XL
Launch Session Setup Analyses Varables Outputs Simulation | ADE GXL = '
2= =0 1= |
Design Variables analvees z QAZ‘,! f
- | Type , “uable] Arguments | << Select type
Name | Valie |
' m| . of .
Can set design List of analysis n:, simulation
variables tasks ]
(parameters here) X  Start
Ouiputs -._?;@/\Z'«i e simulation
|  MName/Signal/Expr | Value| Plot| Save| SaveOptions | (regenerate
Q the netlist)
List of signals to Flot
~ Plot afte be pIOtted ’lotting made: Beplace ' _J
limouse L: M: ) R:
2(3) | Status: Ready | =27 I Simulator: spectre ﬂ
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= Open the panel

By pressing the &&= & button or

* In Analyses — Choose Menu

A . A Choosing Analyses -- Virtuoso® An... (2 v/ & o3
Analyis C@® tran U de  wac D w nise
= Choose the analysis On Do Qew O
you need (we will only 4 :z::’s :Z:je :Zidse
use 'tran’, 'dc', 'ac’) Qaxt Opp @b @libec
_ hbneise  hbsp
Transient Analysis
» Provide the parameters SopTme 23l
required by the analysis pang e e

__ Transient Naise

— Dynamic Parameter

= Press ok

Enabled __ Options...

Cancel Defaults | Apply | Help
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* [n simulator window
» Select Outputs — To be Plotted— Select on Schematic
» Select the nets (they are highlighted with different colors) to
show voltages
- Select plns to ShOW cu rrents B . A Virtuoko® Analog Design Enviror:;n;ntLEd.‘ing: LibRrst Lo... y_.-’; x)
launch File Edit \Sew Create Check Options Migiate Window pcadence
* End with ESC (important!) UGB @ 0 X @ T QP
{ A Virtuoso® Analog Design Environment (1) - Pefi_Play UMCO018 vorlesun... (v, A x| ‘m b AN ‘HMc'kspace:‘,L‘q Q‘m% M
La;c:Sgssion Setup Analyses Variables Outputs _§imu_lati0n Results ,:5\(;9“(: MEE.- @ l.t:: 6 O ll."k"i— = {;E_ Ama' L" '3} M
My e — ’;D“faf' 3'6':‘(4

Design Variahles GBIERES

SO TR |2 Type’ | Enable Arguments 3 Q
_ Mame | Value ||| 0 1u conservative
4 C1 10p £ F| _ Name 2l

o R 10K . "L gnd
5 C2 g°C1 |]:2- !m =

Qulpus 22 Q | Property Editor 78 X|
Name/SignaVExpr_|‘alu] Plot | Save| Save Options |
ally

Ivout

2 vin ¥ o aly L

Plot after simulation: | Auto B Plotting mode: Replace B B T p |

1S

MGE il i llmouse L: schSingleSelectPt( M: schHiMousePopUp( mtsOnSchematic(sevSession] ‘plat)
2(3) | Delete | Status: Ready | T=27 C | Simulator: spectre | State: spectre_state1 ﬂ
' 1(2 | | Cmd: Sel: O Status: Selecting outputs ta be plotted... | T=27 C | Simulator: 5

» Signals are listed in the lower right panel of the sim. window
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Starting the Simulation

= Press @ or Simulation — Netlist and Run
" A Iog file ShOWS Up m ./ A Itmp/ADE-Sim-fischer/LowPass/spectre/s... v, &) X

File Help cadence

" If your run faiIS: tran: time = 752.4 ns (37.6 %), step = 10.73 ns

tran: time = 854.1 ns (42.7 %), step = 14.58 ns
H tran: time = 958.3 ns (47.9 %), step = 19.78 ns

® tran: ti = 1.085 (52.7 %), step = 5.961
Check the log file o e 10w (627 B step - 506 m
tran: time = 1.26 us (63 %), step = 11.35 ns

: : tran: time = 1.353 (67.7 %), step = 15

° (Re-open it with fran: tine = 1.46 us (73 %), step - 20 n
tran: time = 1.555 us (77.8 %), step = 5.728 ns

1 1 tran: ti = 1.65 (82.5 %), step = 7.825
Simulation — Output Log) oo mme o Lif'se (376 9. ovep o 1070
tran: time = 1.854 us (92.7 %), step = 14.56 ns

tran: time = 1.958 us (97.9 %), step = 19.74 ns
Number of accepted tran steps = 268
. Initial condition solution time: CPU = 0 s, elapsed = 53
. Intrinsic tran analysis time: CPU = 8.001 ms, elapsed
= Some common reasons for failure: [Faia. e G magts fan " 15
Time accumulated: CPU = 452.028 ms, elapsed = 3.75495 s.
Peak resident memory used = 37.7 Mbytes.

¢ SChematiC haS been Changed, finalTime0P: writing operating point information to rawf
designParamVals: writing netlist parameters to rawfile.
but not checked & saved (F8) TSI R O o
» Device parameters (resistor value..) .
are missing or wrong :I;_‘_._I

Design variables (see later) have not been set
Circuit has severe errors (shorts..)

You can disable the automatic display of the log window
under Setup — Environment — Automatic output log

= The waveform viewer should show up
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* The waveform viewer shows all selected signals:

s A Virtuoso (R) Visualization & Analysis XL v 2 X
File Edit View Graph Axis Trace Marker Measurements Tools Window EBrowser Help Overlay/ ce
Separate T
[ % Eﬂ b 4 |[Layout: Auto :S;blwindmvs:sient Response' |[Workspace: | sic ﬂ »
Il Q Q r\-u{ M o= Data Paint 4 (I L (Il o !!.3 (Il Mﬁ , %’

1 LibFirst LowPass schematic Zoom bar

Transient Response

Name

. {.5583%s
Ju ' 0.0V

M /out

Show/Hide
signals

Change axis range or switch to

LOG by double clicking -> Scale |l T USRI T
. time.[us‘,l
imouse L: )
3(6) | plat new graph subwindaow _|
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* You can also add signals after the simulation using
Results — Direct Plot — ...

* |n this menu, you can select for instance AC Magnitude and
Phase

* As usual, you must then select the net and stop with ESC.

Environment (1) - CCS2013 LowPass schematic

wriables  Outputs  Simulation

Tools Calibre Help

: Plot Qutputs ’
---------------------------
Main Form ... Print ’
Iransfent Signal Annotate 4
Transient Minus DC Vector 4

el o
ransientistin Circuit Conditions .

Transient Difference
AC Magnitude

Violations Display ...

Reliahility Data ’
AC dB10 Save ...

AC dB20 Select ...

AC Phase Delete ...

AC Magnitude & Phase
A1 [Rain & Phace
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Adding Design Variables

= You can set parameters to symbolic values (‘CF’, ‘FREQ’)
* These ‘design variables’ do not need to be ‘declared’

) \A Virtuoso® Analog Design Environment (1) - PeF_Play_UMCO018 vorlesung_rc sch... (v, ) \)_9‘

u You m USt then Launch Session Setup Analyses Variables Outputs Simulation Results Tools Help cadence

¢ H - ) . c s "

» Add the ‘design variables’ lE@lin: lae o db —
R Easign Variables %‘. — —— iE

by hand in the lower left v T v | i 3
window or . e =
. ®

» Use the Variables — Copy uiputs 255 @

. [ Neme/SignaliEse,—_[/alFlot] avel_Save Opions__|

from CellView command B 2 [ [aw S
Plot after simdlation: |Auto B Plotting mode: Replace ' 1

limouse L: h: R:
‘2(3) | Setup Outputs ... ] Status: Ready | T=27 C | Simulator: spectre | State: spectre_state1 !J

* You can then change the Design Variables in the simulation

window and just re-run the simulatior’ (Simulation— Run)
with no need to make a new netlist

* You can also run several simulations with varying values in
a Tools — Parametric Analysis
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* You can copy the design variables and their values to the
cell view with Variables — Copy to Cellview

 This helps you to remember the best values..

= Caveat:
« If you delete a variable in a schematic component, so that it is
not used any more, it may still be 'saved' in the cell view and

simulation will complain.
In such a case you have to delete the variable in the simulation

window and copy the new set to the cellview
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* For more complex analysis, you can open the Window B
Waveform Calculator under Tools — Calculator §-——————

% Calculator

 Best select the wave you want to analyze first

w Virtuoso (R) Visualization & Analysis XL calculator [FEARET o R

File Tools View Options Constants Help cadence

=Y mbl
O u Ca n a S S e e HH In Context Results DB:  /tmp/ADE-Sim-fischer/LowPass/spectre/schematic/pst
!

eXpreSSIOnS graph|Ca”y I 1x 107 sbs GET0_dB20 e int In_logl0_sat x"2_y"
(USing RPN) | R &3 append B3 rectanguiar

3 t ‘3 l s ; . “fout" Zresult "ac”
th e It w v("/ol

or 0t oo D B 2L B | B = | B

Me SR | o ¢
- —

’ ’ ’ ]
| Function Panel // &)X
(& - Q 1

[ | Send the expreSSion to Mh bandwidih conjugate dza  deriv evmQAM  fip ga getascily

|| off © Family © wave
|

Key ...

/

g
4 5
1 2

W o W

_jitter atan clip convolve dB10 dft eymQpsk  fourEval gac_freq gmax
) acos atanh  compare cos dBz0 ditbh exp freq gac_gain  gmin

H / Rn  acosh  average compression cosh dBm dnl eyeDiagram freq_jitter gainBwProd gmsg
e Ou pu S Wln OW azd asin h1f compressionVRI cross delay dutyCycle fallTime frequency gainMargin gp

Y-

L

so that it is evaluated _ructon rore ] ERESRNESD
every time you run a - |
new simulation Outputs

2 Name/Signal/Expr | Value| Plot |
1 out v
2 deriv(v("/out" Zresult "ac")) v
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= Before you leave, you can save all settings, results... under
Session — Save State

) @ Virtuoso® An

m E - schematic Window ... ﬁz&
L @ .d Save State L x (&) @ Saving State -- Virtuoso® Analog Design Environment (2) \3) & &) Q(/.

Design V| i Load State ... Save State Option O Director
Ng save Ocean script ... N Directony! Options /y
Options ... State Save Directory ~,f. artist stat.s Browse... )
Restore Default View
Save As statel /
Reset Existing States
Quit

* You can save to a file opto the cellview (view 'spectre_state’)
 Better save to the cellview, so that everything is in the library
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