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Motivation

* Are you a “Spice Monkey”?
 According to Kenneth Kundert,
there are two types of circuit designers:

* Reactive users:

* Run the simulator and hope that nothing goes wrong.
* If something goes wrong, try different “tricks™ hoping that one will solve it.
* |f not solved, redesign circuit to avoid the problem or don’t use simulator...

* Proactive users: T Despers e
.. : SPIC -
 Anticipate the problems. &pxzcm

« When one occurs, knows why and what to do. | N -
* Let’s turn you from reactive into proactive users!

KENNETH S, KONDERT




History

* Circuit simulators started to appear
in the late 1960s and early 1970s

« Two major contributors:
* IBM ASTAP group , | |
. Berkeley SPICE group Lay Nagel R Ronrotver pon Pederson

* SPICE started as a class project of Prof. Ron Rohrer (called CANCER)
« 1972: SPICE released by Larry Nagel (under Prof. Don Pederson)
« 1975: SPICEZ released, 1989: SrPICE3 released

* Why did SPICE succeed? Q Q

|t was targeted at Integrated Circuit design
* The source code was made available (for a small pric
* |t was disseminated by Berkeley graduates




Reminder: Kirchoff’'s Laws

* Kirchhoff’s Current Law (KCL)

* The sum of all currents flowing out
of a node at any instant is zero.

* Kirchhoff’s Voltage Law (KVL)

« The algebraic sum of all branch voltages

around a loop at any instant is zero.
 Associated Reference Direction

« Current runs from the high potential (+)

to the low potential
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Currents Entering the Node
Equals
Currents Leaving the Node

Currents
Out

I1+Ig+Ig+{-L+-IE}=D

A = B
The sum of all the Voltage
Drops around the loop
is equal to Zero - -
D : C

Vag + Ve + Vep + Vpa =0



Circvuit Simulation

* A circuit simulator is provided with:

 Circuit connectivity by means of netlist.

« Component behavior by means of device models and model parameters.
* The Initial state of the circuit, known as initial conditions.

« Something that is input to the circuit, called stimulus.

* This information is used to:

« Construct a set of ordinary differential equations that describe the circuit.

« Solve the equations using nodal analysis*, which for a circuit containing
resistors, capacitors and current sources is simply:

current (i) entering d . current sources
nodes (v) from resistors ™ j (V(t)) n a g (V(t)) Tu (t) ~0
charge (q) entering — initial

; V(0)=a < condition
nodes (v) from capacitors ( ) *In practice, modified nodal-analysisis used



Main Analysis Types

« DC Analysis

* Find the DC operating point of the circuit, I.e., all voltages and currents.

 Since it is not possible to explicitly solve a system of nonlinear algebraic
equations, the systems are linearized and solved using Newton’s method.

« This Is an iterative process the run to convergence.
* Transient Analysis

 Since there is no known method to solve the nonlinear differential equations,
the simulator discretizes time.

* |n other words, it solves a DC Analysis for each timestep based on initial
conditions.

* AC Analysis

« Find the DC operating point and assume linearity for small signals.




Example: A simple RC Circuit

RC Circuit

*4*% SETTINGS #++
simulator lang=spice

wdkx NETLIST *+*
*+ Parameters =«
.PARAM wdd=5 «Supply voltage

D00 =] O U = L ba

10 | »* Voltage Source #=*
11 | +«VIN N1 0 AC 5 SIN(O 5 1MEG)
12 |VIN N1 0 PULSE(0 wvdd 1lu) #5V pulse with lus delay

14 |+ Elements ==
15 |R1 W1 N2 50
16 |C1 W2 0 1lu

18 | **% RAnalysis =+«

19 |«.AC DEC 10 0.1 100MEG

20 | *.PRINT AC V(NZ2)

21 | .TRAN 1n 200u +200us simulation with lns steps.
22 | _.MEAS TRAN tau TRIG V(N2) VAL=0.000001 RISE=1
23 |+ TARG V(NZ2) VAL="0.63+xvdd" RISE=1

24 | _.PRINT TRAN V (N2)

26 | .END |spectre rC.Clr !
—A
]
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Why DC Operating Point?

* Every simulation starts with calculation of the DC Operating Point (DC OP).
- .op calculates the voltage, current, power, etc. at each component.

« .dc computes the op point as a function

of some independent variable.

* .ac and .noise first compute the DC OP and the linearize the circuit
around it to compute the small-signal behavior of the circuit.

« .tran computes the DC OP for an initial state of the circuit.
Transient simulations are then basically a collection of sequential DC Ops,
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DC Analysis Starting point

* DC OPs are equilibrium points, i.e., do not change with time

 Independent sources are configured to be constant.
 dv/dt=0 -> capacitors are open circuits.
* di/dt=0 -> inductors are short circuits.

« DC OP Starting State

 All Caps and Inductors are removed.

« DC Sources values are assigned.

* Node Sets are assigned.

* Time varying part of signal sources is ignored.
e |[nitial Conditions are ignored.

* Now Nodal Analysis i(v(t)) d

+—q(v(t))+u(t)=0
can be applied. dtv?s)iti) ) ) %q(v(t)):O — i(Vg )+ U =0




DC OP Nodal Analysis

» We will write Kirchoff’s Current Law (KCL) using branch constitutive equations

* Node 1: (V V)
+1,=0 |
R,
. Node 2: (Vl—Vz) Vv,V
R, R,

* Lets now replace with G= 1/R and we get:
G, (V2 —V1)+ l,=0

L. GV, -GV, =1, ‘ (Gl -G, j(\/l]:(%]
G,(V,-V,)-G\V, -GV, =0 -G G +G,+G )\V,) |\ 0
L GV, +(G, +G,+G,)V, =0

13 1




« We can directly write the conductance matrix:
* Diagonal Elements:

DC OP Nodal Analysis %WW

y to node 1.

« For element @;; add all conductances attached directl

« Off Diagonal Elements:

* For element a;;, add all conductances connected /

directly between node | and node |.
Multiply by -1.

« For most off-diagonal elements there are no
direct connections, so we get a sparse matrix,
which is easy to solve.
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DC OP Nodal Analysis

 Source Vector (1):

« For element | of the source vector, sum all source currents

ANV

0

flowing into node | and subtract all currents flowing out of node 1.

* Modified nodal analysis
« Nodal analysis doesn’t work with voltage sources

 However, we know the voltage on its node,
so we get an equation such as V=V, .

« But we don’t have an ohmic relationship on the
voltage source, so we add another unknown to

the voltage node vector (V), i.e. |,

* Let’s see this by example




Modified Nodal Analysis Exercise




Solution

« Start with diagonals

 Add the conductances
for each node.

* Next the off-diagonals

 Minus the conductances
between nodes

 Zero for all others
e Current sources
* The voltage source adds a variable

* |, added to node V,
* V,i1s equal to 1V

R5

R6

0
0

\_

-G; (G3+G,+Gg) -Gs 1

0

0

“B1 (G+G,+Gy) -Gy

'G5 (GS+GG) 0

1

0O O

L

S < =< <




Newton-
Raphson

Newton-Raphson Method
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Nonlinear Devices

 Modified nodal analysis works for solving circuits made up of linear elements
* Resistors, capacitors, inductors, current/voltage sources
* However, not all devices are linear

 Diodes,
e BJTs
« MOSFETs

» Nodal analysis attempts to solve equations of the form: I (VdC ) +U,. =0

* However, when nonlinear elements are part of the circuit,
these are nonlinear algebraic systems and so cannot be solved directly.

 We need an algorithmic approach to find a solution



Solving Nonlinear Equations

* The Newton-Raphson algorithm (a.k.a. “Newton’s Method”):

. Makes an initial guess on the solution v\*

. . . . d
+ Linearizes the circuit around the guess J(v%)=— f (v

dv

- Solves the resulting system of linear equations y(*)

* Re-linearizes the circuit ) _ d (K)
around the new point J (V )_E f (V )
« Repeats until the process converges
* Formally, Newton’s method solves:

+ By repeatedly solving f(V)=0
or J (v(k))(v("”) —v<k>) = _f (V(k))

where v** =y J—l(v(k)) f (V(k))

Step O: Initialize
set k<0
choose v©)
Step 1: Linearize about v

J(v) =of (v(k))/av
where J; is the Jacobian of f
Step 2: Solve the linearized system

VASOMRY O Jf—l(v(k)) f (V(k))
Step 3: lterate

set k&k+1

if not converged, go to Step 1
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Newion-Raphson Method

* First thing is we need to linearize our non-linear elements

* For example, a diode.
 Linearizing the diode at the

foio
]

Slope=Geg

operating point gives us: oo = Geq Vo + qu

« S0, we replace the diode with this expression
(equivalent to an |, current source In parallel to an R, resistor)

 But what is the operating point?
* |t looks like a chicken and egg question...

legt

But we are looking for the operating point, aren't we?
Exactly, so we'll guess, solve and check if we were right.

We need to know the operating point (I, and V) to find G, and |

I

If not, we'll use the solution as our guess, re-linearize, and solve again.



Convergence

* When do we stop?

« We'll never get the exact answer. So, we stop based on convergence criteria.
* The Residue Criterion "

* The first criterion is that KCL should be satisfied to a given degree fy (V )‘ <&

 |n practice, a relative criterion is used: ZI (node. ) < r‘eltol-‘l \+iabstol
* reltol is by default 0.001 ! max

* iabstol is by default 1pA
 The Update Criterion
(k) (k-1)

* The second criterion is that the difference in ‘V _v
error between the last two iterations is small: | "

<&

X

* |n practice, a relative criterion is used:

v —vrﬁk‘l)‘ <reltol-max (v(k) RV ) +vabstol

n n n

* vabstol is by default 1uV

23



Changing Convergence Ciriteria

* Simulation = Options = Analog

ADE XL Test Editor - testbench:WriteTest:1

Simulator Options

Launch File Create Tools ©Options Run Parasitics Window  Help
gose Yenopes owbn m— e kdain Algarithm Component Check Annotation kizcellaneous
o @ g
An MOL Contral .. \3@5{ = lm uBod ‘%1 I @j W ﬁ @ 2 Il G " I = -
I T Relxpert » ments | &'} || e Parasitics B-LND Sweeps - | [ [ sensitivit TOLERAMCE QFTIONS ]
Walue S el  oOptions 00 e . -
[ LT A - 1 o Analog e Data View B0
Metlis > Al Craet - | Outputs Setup Res! reltal le-3
) Digital ... 1 v S Tests
Convergence Aids » Qiied Signal . @ = !Cbtﬁ testhench:WriteTest1 ! - % |
E-’ - Simulator spectre Rl v s residualtol
p | Test ~|
b4 testhench:WriteTast:1 B
Edit .. testhench:WritaTest: 235100 1=
= testhench:WriteTest:1
il -0 Delete .
Outputs . \3@25 testhench:WriteTest:1 iahstol 1le-12 £
| MamedSignalfBxpr = | Value| Plot| Save|  Save Options [ & Globall  pesign. testhench:WriteTest 1
1 WL = - v @& Param Load State testhench:WriteTast:1
2 e _ L 3 2T Comel e St festoenchrieTest | TEMPERATURE OPTIONS
F(E Document testhench:WriteTest:1
. . | Setup Sta Simulatar... testhench:WriteTest:1
Opening from ADE Test Editor (L or XL) High-Performance Simstion,.[EStbenchWieTest tetip 27
) ) testhench:WriteTest:1
todel Libraries... T .
Data i testhench:WriteTest:1 T o7
——— & Temperature.. testbench:WritaTest:1
Run Summary]  Stimuli.. testhench:WriteTest:1
1 Tast Simulation Files... testbench:WriteTest tempeffects | Wt o all
¥ 5 Point Swe METLAESimulink » testbench:Wr?teTesH
) testhench:WriteTest:1
wg 1 Comer Environient. testhench:WriteTest1
_  Mominal Co WDL Contral.. tosthench WriteTest 1 MULTITHREADIMNG OPTIOMNS -
Relxpert » ’
i Analog...
Netlist y o Cancel Defaults Apply Help
Histary tem Convergence Alds 4 Mixed Signal... i i . .
BF , [ Simulation 22Options 2*Analog (Main Tab)
MTS Options. .. _—
nmouse L: ]

1¢2) | Add new output

Opening from ADE-XL Data View




What if the circuit fails fo converge?

 Spectre performs maxiters iterations (default 150).

« This usually only happens due to bad models or
non-physical elements (non-continuities in the

transfer curves).

CONYVERGEMCE PARAMETERS

_ gmin _ source _ dptran
_ ptran _ none  __ all

restart _yes _ no

maxiters 150

maxsteps 10000

DC Analysis 2>Options

* If convergence hasn’t been met, it tries alternative methods to converge.

These are known as homotopies.

There are 5 homotopy algorithms: gmin, source, dptran, ptran, none
The default is all, which tries each algorithm one after the other.

If you see that your solution Is converging with
a certain homotopy, you can select it without
going through all of the options, and thus

reduce runtime.

] ) Slm.ulatur Options E]

hdain algarithm Compaonent Check Annotation kiscellaneous

COMNYERGEMCE OPTIONS [

homotopy __ hone __ gmin __ source __ dptran
_ ptran __ all

limit _delta _log _ dew

gmethod _ dev node _ both

Simulation 22Options 2Analog (Algorithm Tab)



Convergence aids: minr

* Really small resistors cause terrible convergence problems.

« AlpV drop over a 1nQ) resistor results in 1kA of current.
* This is easily due to a “wrong guess” in the convergence process.

* The minr parameter:

e All resistors with R<minr will be converted to minr.

 The default is 1mQ and shouldn’t be reduced. '

* In addition:

* You also shouldn’t extract really small
resistors when extracting parasitics...

* |f you do, then increase iabstol.

Simulator Options

rdain Algorithm

COMPOMNENT OFTIONS

scalem 1.0

scale 1.0

Simulation 22Options 2Analog (Component Tab)



Convergence aids: gmin

« Circuits with a non-isolated solution have a singular Jacobian

* For example, Iif there is a floating component, there are infinite solutions.

« Another example is a CMOS inverter with VIN=VDD/2.
If the FETs have infinite output impedance in saturation,
the output has a range of voltages that satisfy KCL.

* Therefore, Spectre automatically adds big resistors to ground between
potentially floating nets.

* This is done for all nonlinear components. _
« The size of the resistors is 1/gmin. £} §
-

* Pay attention — for MOSFETSs, a resistor
Is added between the source and drain!




The danger of gmin

* The gmin resistors are very big,
so they will not affect the calculation.
« By default, gmin=10"? (R=1TQ).
* However, that may not always scale...
« For example, for a 1V supply, this results in a

‘fake” current of 1pA through a closed transistor.

* Therefore, when dealing with small currents,
gmin should be reduced substantially.

« Example:

* A cutoff (V5¢=0) transistor 1,=11.7pA
with the default gmin.

« Changing gmin=10"'% shows only 9.8pA.

. . . . . )
* Thatis a 20% increase In leakage that Is non-existent!!! jerscemeaemercorcumen ocmoe e

Simulator Options

Main || Algoritm || Component Check Annatation Miscellaneous
COMVYERGENCE OPTIOMS @
homotopy __ none _ gmin _ source __ dptran
 ptran ] all

lirnit _defta _ log _ dev

amethod _ dev _ node _ bath
try_fastop  _wes _ no
i le-12)
gmin_check _ no _ max_v_anly _ ma<_only _ all

rfarce

1 I

Simulation 22Options >Analog (Algorithm Tab)

e LIS UTTETIL A Al
Cutputs Setup Results Diagnostics
\Detal | %‘-l v| 2 [Replace =
Test | Output | Mominal| Spe

transistorbdeasurements:ofCurrent1 | IDCYRDD™ | 11.87p
transistorkdeasurements:offiCurrent  IDCCYMOSS™ | -G.941p
transistorhdeasurements:offCurrentl | IDCYROEB" | -2 403p
transistorbdeasurementsoffCurrentl | IDCMAADAG™ | 52917

With gmin=10e-12 (default)

Ciitputs Setup Results Diagnostics
Detail =| %‘- v| Cd v | L~ Replace
Test | Qutput | Maominal |

transistorteasurements:offCurrent1 IDCCYMOD™ | 9.873p

transistorteasurements:ofCurrent1 IDCCYMOE" | -1 403p
trangistortdeasurements:offCurrent1 | IDCMOAG"Y | -529.11

With gmin=10e-18




Convergence aids: nodeset

* Providing Newton’s Method with an initial guess is beneficial:

* |f the guess Is close enough to the real DC point, convergence will be faster
and will most likely succeed.

* To bias a multi-stable circuit (e.g., latch) towards a particular solution,
an initial guess is provided with the nodeset option.

 Node Sets connect a DC source with a 1Q resistor to a defined node.
 Node Sets are only used during the first convergence iteration
and then released.
« Continuation methods (i.e., DC Sweep) use the previous solution
as the initial guess for the next simulation.
* The OP of the circuit can be saved to a file (write command) to load as a
nodeset for a future simulation (with the readns command).




Node Set: 6T Example

« Without setting Node Sets, the
6T settles at its metastable state:

Test |  Qutput | Mominal |
transistorbdeasurements 6TnodeSetExample:1 | YDCMqb™ | 517.7m
transistorbdeasurements: BTnodeSetExample:l | WDC™M g™ al17.7m

* Add nodeset statements to g and gb

" transistorMeasurements:6TnodeSet..

to bias to one solution

cadence

MDL Contral ... zlEix] —

8

Relxpert » Arguments | [L*""

Qptions » Tac

Metlist y s
Convergence Aids

Kode Set . @

Initial Condition ...

Jutputs

7.8 %]

MamesSignal/Expr

P

Opening

— | Walue| Flot | Save|

from ADE Test Editor (L or XL)

Save Cptions |

- @ Simulata
B1@y Analyse
61 &y Design

o & Global V)
o & Paramet;
v = Comers
Documents
Sefup State

Data Hist]

3un Summary
1 Test
! 1 Foint Swee
¢ 0 Comer
! Mominal Corn

Histary Item |
teractive.0

Add Test..

Open Test Editor
Open Design in Tah
add Analysis...
Create Test Copy
Delete

Outputs Setup Hesl
tall " g
Test

Ensistorheasurements: 6T
Bnsistorkdeasurements:6T
ansistortdeasurements:6

Design
Load State...
Save Slate..

Simulatar..

High-Performance Simulation...

Model Libraries...
Temperature. .
Stimuli..
Simulation Eiles...
MATLAB/SImUling
Environment...

MOL Contraol
Relxpert
Oiptions
Metlist

Convergence Aids

Mode Set

BF

MTS Oplions...

» Initial Condition...

Opening from ADE-XL Data View

* Bitcell settles as expected:

transistorteasurements:BThodesetExample:
transistorteasurements:BThodesetExample:

Test

| Cutput | Mominal |
VD" 1.1
VDC(gh") | 139.1n



Saving and loading Node Sets:

 Two options for writing a nodeset file:

- write: File will include state after initial DC solution
 writefinal: will include state after final DC sweep

* To load a saved nodeset as the initial guess of your

simulation, use the readns option.

* Note that readforce and force are slightly different

(generally, don’t use them).
 Another option is restart:

* restart=yes (default) means
the DC OP is calculated from the

beginning if any change has occurred.

COMYERGEMCE PARAMETERS

homotopy _ gmin _ source __ dptran
_ ptran _ none  __ all
restart Ld ves kd no
maxiters 150
massteps 10000
DC Analysis -2Options

« Usually, there’s no reason to change this.

31

DC Options

STATE-FILE FARAMETERS

force

save op in final L

none node dev all

readns

readforce

wirite

spectre. do

writefinal

DC Analysis 2Options

q 1.89999976167207

qb 1.39126719681416e-87

vdd! 1.1

vss! 8

IB.M1l:int d 1.89999976160319
IB.M1l:int s 5.87922470231393e-11
I6.M2:int_d 1.89999999998177
Ie.M2:int_s 1.89999976165384
IB.M3:int_d 1.89999976189583
IB.M3:int_s 1.89999999975509
I.M4:int_d 1.38796083077854e-07
If.M4:int_s 4.08189891047523e-10
IB.M5:1int d 1.89999999961391
IB.M5:int s 1.3949457641895e-07
I6.MG6:int_d 1.39177502299711e-087
IB.MG6:int_s 1.89999999995642
Il.gnd supply:p -4.57967001638684e-17
Il.udd=5upply:p -7.23916508216806e-11

DCop file (spectre.dc) for the 6T run
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Start with a DC Operating Point

* An AC Analysis needs a bias point

» Equivalent to a DC Operating Point.
 |n other words, the bias point is found by DC OP convergence

* However, due to phase shifts, the solution may be different
« Usually due to setting a DC Voltage on sources.

* One thing to do to eliminate some of these differences is
Do Not set the DC Voltage to 0 on Vpulse/VAC sources.



Compirise the AC Matrix

 Equivalent to the DC Matrix, with caps and inductors added as admittances.

* JwC for a cap
 1/jwL for an inductor

Cl R R
I




Transient
Analysis

Transient Analysis
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Transient Analysis

* Transient analysis generates a system of non-linear ordinary differential equations.
 There is no known method to directly solve these equations.
* Instead discretize time:

dq (ti ) g (ti ) —( (ti—l)

* e.dg., using the Euler formulation ~
dt t —t

« This converts the problem into a system of non-linear algebraic equations.
* In other words:

« Firsta DC OP is calculated (a.k.a. the “initial transient solution™).

« Then caps and inductors are added and their currents/voltages
are linearized according to their integral values.

 Non-linear elements are linearized.

« Newton-Raphson is used to find
the DC OP for each time step throughout the transient.




Transient Analysis

* Timesteps are important to tradeoff accuracy vs. runtime.

* After each timestep, the simulator:

» Decides when the next timestep should be.
 Predicts the values at the next timestep.
» Calculates the DC OP at the next timestep.

* |f the error between the prediction and calculation is bigger than the
Local Truncation Error (LTE), a closer (sooner) timestep is taken.

 The maxstep parameter sets the maximum allowed size of a timestep.
 Breakpoints are set where pre-known discontinuities are simulated

e Such as at VPULSE or VPWL points.
« Calculations around breakpoints are handled separately to ensure convergence.



<

Local Truncation Error

 LTE is the error between the calculated and
predicted values at the next timestep.

e If the LTE is:

« Smaller than the convergence criteria, >
the timestep is kept.

 Otherwise, a closer timestep Is chosen.

LTE

Vtk(predlcted)

> X

LTE Convergence criteria
1 7
V —Vtk(predicted)]< 1teratio- (reltol -V, i max) +vabstol)‘
2 A d

Maximum
voltage
(relref)

Calculated Predicted

value at
current node

Absolute
tolerance

Relative
tolerance

Normalization
factor

value at
current node

relref sets the maximum
voltage:

* pointlocal — the largest
value at this node during
this iteration.

* local —the largest value
at this node so far.

* global —the larges value
at any node so far.




Transient Analysis 2Options [

(Algorithm Step Tab)

Integration method

« Caps and Inductors present an integral relationship:
o« L¥=]vdt C*V=[ldt
* The method parameter sets the integration scheme.

* euler (first order gear): d V(t, )= [v )~V (t)
only good around discontinuities d
- trap (trapezoidal d 2
p (trap ): V(tes) = =[V(te,) - V(1)

good but can cause oscillations dx

* gear2 (second order gear):
good curve fitting but can damp oscillations.

d
« If you have “fake” oscillations, g /()

it’s due to using trapezoidal integration.

Time Step Algarithm State File Cutput hisc

IMITIAL COMNDITION PARAMETERS

dc node devy all

skipdo o ves hia — Waveless

— rampup _ autodc _ sigrampup

readic

COMYERGEMCE PARAMETERS

readns

INTEGRATION METHOD PARAMETERS

method —_ euler _ frap » fraponly
— gearz _ gearZonly __ frapgear?

Cancel Defaults Apply Help

3 2 1
~ Ev(tkﬂ)_ﬁv(tk)_'_%v(tk—l)

X1 X; Xn



Fake Oscillations

|R Active : transistorMeasurements:6TnodeSetExample:1 : transistorMea |~ |0 |X [l *® Active : transistorMeasurements:6TnodeSetExample:l : transistorMea
File Edit Frame Graph Axis Trace Marker Zoom Tools WMeasurements Help [Edenf_e File Edit Frame Graph Axis Trace Marker Zoom Tools Measurements Help céden(e
SREAMNESBE R | =T Macel[ || s@R#BEOFEEE = ERR =T Mavel [ ]
May 25, 2011 Expressions . May 25, 2011 Expressions .
— IT" 10 /01 D" — T /101 D"
4. B39818360504 4. BE98183609044
49 8398183609035 9. B298183609035
9 B39818360903 4 8348183609034
= g
= &
— 9. B3981836090254 — 9. B3298183609025
9.839818360902—W'\B_W/vw\/\/\/\/\/\/\/\/\/\/\/\/\/\/ 5 8398183609024
9. BZ9B1E2609015 9. BZ9B1E32609015
9 EISELEZE090 14 4 8348183605014
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trapezoidal integration Gear-2 integration



B Choosing Analyses -- Virtuoso® Analog Design E X

e l l l e S e t analysis & fran L dc G ac _ noise
Wi K o iehs o domatch o sth

— Pz o 5P — En¥lp s P55
W pac o psth L pnoise L pef

- psp o Upss o gpac w qpnoise

* Most of the important parameters for transient analysis
are preset according to the errpreset parameter:
- liberal — Fast simulation but can lose accuracy. :fw'r:; D (e

conservative moderate __ liberal

* moderate — moderate simulation and accuracy.
* conservative — high accuracy but slow simulation.

— Transient Moise

. — Dynamic Parameter

Oiptions...
N

LTE Maximum

Integration

Maximum Relative error

L Cancel . Defaults | Apply | Help

voltage

timeste tolerance normalization Method : _ _
P reference Transient Analysis =Options
errpreset maxstep reltol lteratio relref method
Liberal Tstop = Tstant 10 3.5 sigglobal gear?

50

Moderate Totop — Tstare 1 3.5 sigglobal traponly
50

Conservative Totop = Tstart 0.1 10 alllocal gear2only
100




Convergence Aids: Initial Conditions

* |nitial Conditions are the same as Node Sets,
but they are not removed after the first DC OP iteration.

* Node sets are to assist in convergence.

« |nitial Conditions are to set a value at a node ~On capacitor properties.
at the beginning of the transient. “

« DC OP and DCSweep analyses ignore Initial Conditions.
. In|t|al Condltlons can be set on the test (. 1c) or on capsllnds. e M=t
Opening from ADE BT s dance Vet
Test Editor (L or XL) S P { capacance e
H_elﬁpert I - | g 1 \LNEI:;h
Qptions b HaC 4 Multiplier
Metlist S Scale factor
Node Set @ Temp rise fram ambient
Initial Condition .. = 'T”;t:na;:;”:::”C”Demciem1
b4 Temperature coeficient 2

3 N Openlng from Outputs Zi}_q Capacitor Perimeter
v ADE-XL Data V|eW _ Mame/Signal/Expr —|::aj|ue| Flot | Save| Sawve Options | € corcel Detauts | Help

BT ey




Saving Time Points

* Initial conditions can also be written to a file and loaded to a simulation:

 write: file that ic of current simulation are written to.
« writefinal: file that final state of simulation is written to.
* readic: file to read initial conditions from.

* Other saving options:

* saveclock: periodically save in real time minutes.
* saveperiod: periodically save in simulation time.
* savetime: save at specific simulation timepoints.
* savefile: name of the save file.

* recover: start simulation from this file. . ...

« infotimes: times to save DC OP. o

infotimes

« actimes: times to run AC simulation.

achames

|- Transient Options
Time Step Algorithm State File Cutput disc

STATE FILE PARAMETERS

wirite spectre. ic

wiritefinal spectre. fo

SAVE-RESTART FARAMETERS

FFFFFFF

Time Step Algorithm State File Cutput disc

INITIAL COMNDITION PARAMETERS

dc node __ dev all

COMNYERGENCE PARAMETERS

readns

43 Tran Analysis 2Options (Output Tab) Tran Analysis 2Options (Algorithm Tab)
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Tools and Versions

* The Cadence Custom IC Design includes the following tool suites:
 Virtuoso (IC 6.1.8) including schematic and layout editors,
Analog Design Environment (ADE), VIVA, etc.
« Spectre (MMSIM) including APS, Spectre X, XPS,
Spectre AMS Designer, Spectre FX, Spectre X-RF, etc.
* Different simulation options are:

« Spectre SPICE engine

« Spectre Accelerated Parallel Simulator (APS)
for high-precision and scalable multi-core simulation

« Spectre X for high-performance, high-capacity simulation

Spectre
« Spectre Extensive Partitioning Simulator (XPS), Spectre (Gl

an advanced FastSPICE engine
« Spectre AMS Designer for mixing these with Xcelium



Spectre APS .

* Full baseline Spectre accuracy ——— TRk L AL
* No change to core Spectre timestep algorithms
« Same use model as baseline Spectre technology
« Just add +aps to the command line, or enable the ADE option
« Significant performance gain on single/multiple cores

« 5-100x simulation performance vs. baseline Spectre technology for non-RF
« 5-20x vs. baseline SpectreRF

* Much larger simulation capacity

- Designs up to 10M transistors, 50M RCs (no reduction) [ eabi=sEn el ER o]y
« EM/IR simulations with > 500M elements

« Improved convergence over core Spectre technology

IS trivial In size,
use the APS option
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Faster Specire APS

* Designed to produce identical
simulation results as baseline Spectre.
 More accurate: spectre +aps
 Faster: spectre ++aps
« Since postlayout is often hard on
convergence and transient simulation:
* spectre ++aps +postlayout
« Sometimes lightweight simulation
can further speed things up
« spectre ++aps +lite

Simulation Performance Mod
Genera I
Accurac y + Speed
Error Preset: D t
APS Options
Use ++aps: L
+aps
conserva tive
Performance . .
cccccc y . .
aps
conserva tive
postlayout=up
Performance
Accuracy

 To manually specify the number of multithreads (default=8)

* spectre +aps +mt=16

Multi-Threading

~ Auto

- Disable

® Manua

# Threads: |.16| |
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Getting The Most Out Of Specire APS

++aps=moderate
(+postlayout=hpa)

No

Yes

Accuracy good?

+aps=liberal +aps=moderate
(+postlayout) (+postlayout=hpa)
i |
Maximize [ : Maximize Accurac
Performance | J{T:?éfn:i‘s‘i:?}' ++aps=conservative Until perforRALE :
. 10stayo s v )
I L =LayOul, (+postlayout=upa)
Until accuracy | postia) H no longer
no longer " : tabl
eyt 0 | N +aps=conservative B
4 *Try to get additional performance by (+postlayout=upa)

relaxing tolerances until accuracy
becomes unacceptable

*Rare*

Above seftings plus:
reltol: 1e-3—1e-4

End Goal: fastest Spectre APS setting

+- (N N N 8 N _§F & N &8 N N B ¥ B |

Source: Cadence

that delivers acceptable accuracy
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Spectre X

 Spectre X is the next generation of Spectre including:

* Enhanced simulation performance and capacity
with a simple +preset use model

« Highly scalable multi-core simulation with +mt,
and distributed multi-process simulation with +xdp.

* To run Spectre X with a specific preset:  optionname wnen to use..

° — . ox when a golden simulation reference is needed
> pe Ct re + p Pe_s et mx 17 p Ut - 565 . ax for high-precision analog applications
i These presets Ig nore e r\ r\ p r\e S et Opt|0ns o for most anamg appﬁcatigns (defauﬂ)
° For pOStIayOUt you can Set: 1x for power management and other relaxed analog applications

ATa's for custom IC verification

» spectre +preset=mx +postlpreset=cx
» Spectre X uses the +xdp for distributed simulation on up to 512 cores
« Check with your sysadmin what options can work
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Spectre XPS

 Spectre XPS is the new advanced FastSpice simulator
 spectre +xps +mt=16 +cktpreset=dram +speed=1

 Spectre XPS has +cktpreset options for several circuit types
 dram, sram, sram_pwr, pcram, flash

* There are also many options for reducing parasitics, partitioning,
providing more accurate analog simulations, etc.



Spectre MDL

» Spectre MDL (Measurement Description Language) is a scripting language that
enables you to define measurements and batch process simulations.

* Create an mdl control file
° “expor\t” deﬂnes measurements [ | ] J Idintifier[measurement_name] (casesensitivﬁ
eywor

* “run” tells which analysis to t m[xzz][jd{g ________ Variables
run (from your netlist) Qualfier== 7
Calls the run acl| // TD}?E'La;ypaenalysis acl is defined in
= Run the SpECtremdl command Spectre = oSpectre netlist (‘named’ analysis)

analysis ‘ )
‘ In-line comments

 spectremdl -batch myfile.mdl £ dcgain = db (mag (V(out))/mag (V(net21)))@10
—design input.scsS | peining

Variables for zerodbcross = cross (sig=db (mag (V (out)) /

» Postprocess the .raw data MDL hag (V(net21))), \emmWhitespace

ExpressionSC_:> digE>fall, n=1, thresh=0, start=0

° mdl —b teSt.mdl -r input.r‘aw I — Running the above measurement ‘acrun’ using
-m input.measure run_sccun |

Netlist File ™==%) acl ac start=1 stop=1G dec=20 ,
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