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APLAC Simulator

= APLAC was originally developed at the Technical
University of Helsinki, Finland

= It was originally commercialized by APLAC Solutions
Corp., Finland

SR

= APLAC was later acquired by AWR and embedded in
Microwave Office

= AWR was later acquired by National Instruments (NI)

= NI was recently acquired by Cadence

cadence | &
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APLAC Simulator (cont.)

= Original version of APLAC:

* A comprehensive mixed-mode high frequency circuit-based
simulation and optimization system

» It was able to realized EM-based simulation, optimization
and design centering

= Current version of APLAC, restricted to circuit simulation
(with emphasis on HB), is embedded in Cadence/AWR
Design Environment™/Microwave Office

https://www.awr.com/resource-library/microwave-office-aplac-datasheet
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APLAC Circuit Analysis Modes

= DC analysis and DC sensitivity
= AC analysis and AC sensitivity
= Transient analysis

= Monte Carlo analysis

= Stability analysis

= Group delay analysis

= S-parameter analysis

= AC Noise analysis

= Harmonic Balance (Single-Multitone, Large Signal)
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70 EVALUATION\EXAMPLE!

Fie Edit View Insert Presentation Wire Simulation Submodel Options Window Help x
~
DefModsl Mixer_Cell [Base CoP ol _
PARAN § Re Alo Asig Rbias
Cbias Rsub ICoP IColll Bias
IColl
Default Re 1lieg bias IColP o
Defautt Alo 3
Defautt Asig &
Defautt Rbias 1k
Defautt Chias 1p
Defautt Rsub 50
o WODEL = Bjtmod e MODEL = Bjtmod
AREA = Alo azl AREA = Al asl
I —~
—I,A . J
T
R1
—
Rbias { Qe =
a3 Base
~ d I
(1 MODEL = Bfmod MODEL = Bjtmod
AREA = Asig AREA = Asig
Chias
NP >
N
Re[]Ree R3] e Re [] Reub as [ re rel |rsub  R7[] Rsub
J MODEL=Resmod l J MODEL=Resmod J ‘
LoP Lou
Vneg
-

<

| Enter command

[€] Mirosoft PowerPoi P& Adobe Acobat - [e

RCHIVOS DE PROGRAMAVAPLACVAPLAC 7.70 EVALUATIONA\EXAMPLES\EDITOR\MICROSTRIPALP_4GHZ_STUB_OPT.N] x
Fle Edt View Insert Presentston Wire Smulation Submodel Options Window Help 5 X
~
MSub Gigaver210 4 GHz low-pass stubfilter hasur Gigaver210 (E)
optimizaticn Text vars (E}
Text goal (E}
optimMethod MinMax (E)
e 1 m orr N m wax 2o Circuit Diagrem [-en] (E)
var 11 Tm M 3m 20m [
Var WL lm  OPT MIN 100u MAX Sm ?::ip EE:UES‘ owpass...] :E;
Var 12 &m  OPT MIN 3n  MAX 20m e oprimized resu...]  (E)
Var W2 3m  OPT MIN 100u MAX Sm £ z
Var L3 Tm OPT MIN 3m MAX 20m
Var W3 0.8m OPT MIN 100u MAX S5m
t}é““‘ W2 W=w2
S 1-12 I-12
50
Wil
L-L3 L=11
OptimMethod MinMax GoalData pass Sweep M‘ =
+ TYPE FIRST LAST FTS MIN "4 GHz low-pass stubfilter™
+ 1IN 0 46 41 -1 SEARAM Swsep
¥ "I521|" "dB" -50 0 "Optimized resulz®
GoalData stop GORLDATA pass MagdB(5(2,1)) 100P 101 FREQ LIN 0 106
+ TYPE FIRST LAST PTS MAX GOALDRTA stop MagdB(s(2,1)) ©m\S211" mae -50 0
+LI§ 56 76 21 -30 EndSweep Y2 "Bha" "deat 180 180
Display ¥ "[S21|" MagdB{(S(2,1})
+ ¥2 "Pha(S21)" Pha(S(2,1}}
EndSweep
v
>

| Enter command

[E] Microsoft PowerPain
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Fie Edit View Insert Presentation Wire Simulation Submodel Options Window Help

m

Signal Type Variables
1°F

Text
Sequence Systen Diagran Sys
2 Ones omly Text
3 Zeros only Text
4

Sweep
EER

E
EEi Systen Diagran Sys
{E)| |D DELTAT Deltat

Alternating Ones and Zeras

In

Clack p—#{ BitGensrator BltModulator

=T

=ion P

FC = 2 402G-TF
PHASE_NOISE =
QFFSET = 100k

WOISE_FLOOR = -130

AMF = UdBm(-10)-2
PNC

< |

$Variables
Yar Deltat = 1-1Meg10
Yar WP = 1024%64

Yar StartTime = 30u
Yar NS = 10

Yar PHC = -125

Yar IF = 10Meg

Declare VECTOR ¥Frg REAL NP-1
+ VECTOR VSpec COMPLEX HP-1
+ VECTOR Res REAL 3

Sweep "In-Out
+ LOOF 501 TIME LIN 0 80u
+Wao

HE S ETI

Shaw W 0
+ ¥ Vsys(sys.in)
¥ Vsys(sys, out)

N
EndSwesp

Var Time = 0
Var Errors = 100

Swesp "BER"

+ LOOF 11 VAR PWC LIN -100 -E50
+ X "PNC" "" -100 -50

+ NATICKS = 11

+F """t 005
+ NYTICKS 1

Call REsctSysten(Sys)
Call Time - 80u
Call Signal{Sys,out,TIne)
Repeat
Call Time = Time + 10w
Call Signal(Sys, out, Tine)
Until (Res[1] > Ervors)

Display Y "Ber’ Pnc Res[0]
EndSwesp

] >

| Enter command

+4 Inicio [€] Mirosoft PowerPoi

APLAC Programs

= Aplac Simulator (aplac.exe)
= Aplac Editor (aplaced.exe)
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APLAC Editor

= Diagrams
Circuit diagrams
System diagrams

= Control objects

Dr. J. E. Rayas-Sanchez

Drawing Schematics

Insert > Component

Component Library

L. Circuit comps Aclin L
Circuit Circulator
Clin
Al
Discrete time . Cmbend
" Basic Components Cpw
" Semiconductors EM .
Formula i Maclin
* Microwave Maclin(asymmetric_coupled_ms]

Mbend[bend 90 degree]
Mbend[mitered_bend)
Macro Model Mbend(optimally_mitered_bend)
Mbend[theta_degree_bend)
Symbols Meclin

Mclin[mclin2)

MEMS Mcros

Mcurve

Mgap(gap]

Micap v

-
Mixed Mode B
-

[ Bl
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Drawing Schematics (cont.)

APLAC Editor ntitled>]
le Edit View Insert Presentation Wire Simulation Submodel Options Window Help

Right click: [ . .
Basic »
Semi »
rbend
Sources v stripine » Madin
Macro Models v Adn Madin(asymmetric_coupled_ms)
el s ,|  Craator Mbend(bend_50_dearee)
M”“ DQ”IE ources , cn Mbend(mitered_bend}
cem’“sj | demod v cow WMbend(optimally_mitered_bend)
iy macs femess yoEm Mbend(thets_degres_bend)
ter
MultLayerStruct Mein{mcin2)
Logic 3
- " , Risbon
nelogue and logic o pra.
Channel models »
— , spindrnd) Maurve
easuing ssdin(meinz) Mgap(gap)
Waveform coding 3
i . sein(stripine) Micap
isc e
Miange(asymmetric_coupled_ms)
Experimental >
i , Min(stipline)
brery Mioc
Formula > Misc
MLSLange (ssymmetric_coupled_ms)
Basic Modeling Objects » o
o . Mrind(rind)
Interface Objects ' Mren
Ea:;cnmp;n‘ents‘ ' it
La ‘ES T" F‘“j“‘”i e Wspind{rind)
Demultiplexer and Multiplexer ' Mssin
Mise Mstep(asymmetric_step)
Resonators 3 Mstep(symmetric_step)
Transducers 3 Mtaper
GasDampers > Miee
Limiters and Cantacts 3 Mtfc{cap)
Devices » Mtfr res)
Library Symbels »
Dr. J. E. Rayas-Séanchez 11

Drawing Schematics (cont.)

Double click: insert wire

[#%) Fil=  Edit View Insert Presentstion Wire Simulad

1+
T

Dr. J. E. Rayas-Séanchez 12
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Drawing Schematics (cont.)

Inserting ports:

Component Library

Circuit Circuit comps
Discrete t Al
screte ime {* Basic Components
Formula (" Semiconductors
{° Microwave

" Sources

" Macro Models
Symbols
MEMS

Library...

FeedthruCapacitor ~
Ground
or
|dealTransformer
Ind
Input
H
Muc
Oscar

Outiut

RCWire
Res
RmPort

RmReliind)

SrSwitch e

Close

Or... Insert > Port

Dr. J. E. Rayas-Sanchez

APLAC Control Objects

= Using Wizards
= Manually
= Using Analysis Templates

Dr. J. E. Rayas-Sanchez
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Using Wizards to Setup an Analysis

Type of analysis and corresponding sources are easily defined

File Edit View

APLAC Editor - [C:\DOCUMENTS AND SETTINGS\ERAYAS\MIS DOCUMENTO

Component... Ctrl+L
External Library Component...

Submodel...

NodeMName

-

Template ...

Control Object ...
Control Object as Text ...

Comment Note Box ...

INEEel Presentation  Wire  Simulation  Submodel

Options  Window

Tran Wizard...
HE Wizard...

....... Ind L

....... Ground L

0T Volt(voltage_source) SRR

....... Qutput L.

....... Cap L

....... Ree L

....... Wire L

b ey P A AR .
LAC Editor - [C:\DOCUMENTS AND SETTINGS\ERAY 4 Object Editor
= Edit View BOEERH Presentation Wire Simulation Subr
Component... Crl+ Obiect; iSWEEp :J
..... External Library Component... l:l [” Disabled
S Submodel.... Attributes:
""" ModeMame I
""" Analysis 3
_____ Template ...
S Control Object ..
..... Control Object as Text ...
: Comment Note Box ...
R I
""" Ground
S Volt(voltage_source)
..... Qutput
..... Cap Syntax:  [Tie |
o Res -~ Display: -
----- Wire & ShowAll  © Selective F]
0K I Cancel Help I
Dr. J. E. Rayas-Séanchez 16
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Setting up an Analysis Using Templates

g
Object Editor

Object: |sweep |
] " Disabled
Attributes: i
Undo Alt+BkSp !
Cut Shift+Del
Copy Ctrl+Ins L
Paste Shift+Ins
Delete Del I}
selectal
Insert predefined 'Sweep' object AC Analysis, Magnitude in dB's and Phase
Insert ModeMame 3 AC Analysis, only Gain in dB's
Insert Aplac object AC Analysis, Step Temperature
Insert file AC Analysis, Advanced
Insert filename Transient Sweep
Save text HB Spectrum
| Start Editor HE Spectrum and Waveform
- [ HE 2 Tone Spectrum and waveform
Display: HE 2 Tone Spectrum IMD3 IMDS
RX Mixer Compression
i i i
O w241 Seleciive HE 3 Tone Spectrum and waveform
HB 3 Tone Spectrum IMD3
oK Cancel [ Help | L

Dr. J. E. Rayas-Sanch

Setting up an Analysis Using Templates (cont.)

Object Editor

Object: |sweep -
Attributes:
"AC Analysis™
i #pta type range
LOCF 101 FREQ LOG 1 1G
Show Y MagdB(Vac(nodel)) § replace nodel by measured node
+ Y MagdB (Vac(node2)) § replace node2 by measured node
+ Y MagdRB (Vac(node3)) § etc.
Syntaxt  [Title |
-Display: -
& ShowAll Selective L= []

0K Cancel ‘ Help

Dr. J. E. Rayas-Sanch
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A Simple Example

Output $
$File :C:\APLAC\PROJECTS\TEST2.|

10K $ Schema file : C:\APLAC\PROJECTS\TEST2.N
AC=1 ’D + C $ Generated with APLAC Editor version 2.7.1

$ Mon Apr 07 09:12:42 2003
s 10nF s

= L1 Res R node1 Output
1mH +10K
Cap C Output node2
- +10nF
Volt Vin node1 GND
+AC=1
Ind L1 node2 GND
+1mH
Sweep "AC Freq Sweep Analysis"
+ loop 51 freq log 100Hz 10MEGHz
Display Y “Transmission" MagDB(Vac(output))
EndSweep

Dr. J. E. Rayas-Sanchez

A Simple Example (cont.)

AC Freq Sweep Analysis
plac 7.70 User: Evaluation Customer: ITESO Apr 07 200:
0.00

-20.00 1

-40.00 1

-60.00 1

-80.00 T T T T
100.0 1.0k 10.0k 100.0k 1.0M 10.0M
f/Hz

Transmission ——

Dr. J. E. Rayas-Sanchez
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Declaring and Using Variables

R1 L1 c=cL1 Out
o

Declare
VAR = CL1

"AC Filter Gain, for Different Values of CL1"
LOOP 5 VAR CL1 LOG 1p 1n

+ LOOP 10000 FREQ LOG 10Hz 10MEGHz
Show Y MagdB(Vac(Out))

EndSweep

Dr. J. E. Rayas-Sanchez

Declaring and Using Variables (cont.)

1mH Declare VAR = CL1

R1 L1 c=cL1 Out
(] Res R1 node1 node2

+ 50

Ind L1 node2 Out

+ 1mH

+ C=CL1

Res R2 Out GND

+ 50

Cap C1 node2 GND

+ 0.1uF

Cap C2 Out GND

+ 0.1uF

Volt Vs node1 GND

+AC=1

Sweep "AC Filter Gain, for Different Values of CL1"

+ LOOP 5 VAR CL1 LOG 1p 1n

+ LOOP 10000 FREQ LOG 10Hz 10MEGHz
Show Y MagdB(Vac(Out))

EndSweep

Dr. J. E. Rayas-Sanchez
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Declaring and Using Variables (cont.)

AC Filter Gain, for Different Values of CL1
plac 7.70 User: Evaluation Customer: ITESO Apr 07 200:
0.00

-55.00 1

-110.00 1

-165.00 1

_220-00 L) L L) Ll Ll N
10.0 100.0 1.0k 10.0k 100.0k 1.0M 10.0M

f/Hz
MagdB(Vac(Out) ——

Dr. J. E. Rayas-Sanchez

Transient Analysis - Example

i Rs out

TRAN=5*sin(2*pi*1KHz*t) i

Sweep
"Transient Analysis, Filtered Half-Wave Rectifier”

LOOP 300 TIME LIN O 15ms

Show Y Vtran(in)
+ Y Vtran(out)

EndSweep

Dr. J. E. Rayas-Sanchez
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Transient Analysis — Example (cont.)

in

Res R out GND
+ 1K
Diode D1 node1 out

Volt Vs in GND

+ TRAN=5*sin(2*pi*1KHZz*t)

Res Rs in node1

+10

Cap C out GND

+ 100uF

Sweep "Transient Analysis, Filtered Half-Wave Rectifier"
+ LOOP 300 TIME LIN 0 15ms

Show Y Vtran(in)

+ Y Viran(out)

EndSweep
Dr. J. E. Rayas-Sanchez 25

Transient Analysis — Example (cont.)

Transient Analysis, Filtered Half-Wave Rectifier
APLAC 8.10 Student version FOR NON-COMMERCIAL USE ONLY

5.00 ﬂﬂ/\/\/\[\[\/\{\f\/\f\ﬂ

2.501
0.00+
-2.501
-5.00 ¥ T T
0.000 3.750m 7.500m 11.250m 15.000m
Vtran(in) —— t(/iran (out)
Dr. J. E. Rayas-Sénchez y

13



An Introduction to APLAC
Dr. José Ernesto Rayas-Sanchez
April 29, 2020

Combining Several Analysis — Example

Rs CE e 222 ¢ o out
in | 7o o +
: I+ RC I
#define ¥ 1KHz 85 10u
B 270 10u
#define A 1V + RB2
V RE —
° 910 > I Td l vee b
AC=1 | 5.3K 1K
g - B —* RB1 _OL
TRAN=A*sin(2*pi*f*t) 10u 7.5k VCCTDC=12
_I__
Sweep -
"'Common Base Amp - AC Analysis"
LOOP 100 FREQ LOG 10Hz 90OMEGHz Sweep o
WINDOW=O grid Y "Av" "dB" -40 20 Common Base Amplifier
WINDOW=1 grid Y "Zin" ™ 0 1K LOOP 1000 TIME LIN O 5ms

GRID Y ™ "V -3 3
Show W=0 Y=MagdB(Vac(out)) B
Show W=1 Y=1/((1-Mag(Vac(nodel)))/85) Show Y=Vtran(in) Y=Vtran(out)
EndSweep EndSweep

Dr. J. E. Rayas-Sanchez

Combining Several Analysis — Example (cont.)

Rs CE CL

e 2N2222 c out
in | o o + | o
#define f 1KHz el S 1|c|>
#define A 1V + - "
Vs glgE b — RL :I
L] VCC
e . - cB Jl RB1 o _OL a
TRAN=A*SIN(Z*pi*F1) lOuT 7.5K Vec TDC=12
' -
3.00 - -
\Y
1.50
auwrauwa laANVA
VARVAREVERVERY
-1.50
-3.00
0.000 1.250m 2.500m 3.750m 5.000m
t/s
T Vtran(in) —— Vtran(out)

28
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Combining Several Analysis — Example (cont.)

Rs CE

e 2N2222 c out

+ |

Py faY
s
#define £ 1KHz 85 I Llj 275C llCl)U
#define A 1V +
Vs RE RB2
| RL

b
A1 910 . 5‘—'_ 3R Tvcc 1K
— - CB RB1

—

TRAN=A*sIn(2*pi*f*t) 10u 7.5K vCCIWDc:lz
' =
20.00
Av/dB
5.00
-10.00
-25.00
-40.00
10.0100.01.0k 10.0K00.0k1.0M 10.0M00.0M
f/Hz
Dr. J. E. Rayas-Sanchez Mag d B (VaC (0 Ut) 29

Combining Several Analysis — Example (cont.)

B e 2222 ¢ L out
| = ||

+ o

O
m
#define £ 1KHz 85 I Llj 275C llCl)U
#define A 1V +
RB2
Vs RE — RL
L

b
910
ACsL . - ' cB Jl e _OLVCC e :I
TRAN=A*SIN(Z*pi*F1) lOuT 7.5K Vec TDC=12
-
L000.00
Zin
750.00
500.00 \
250.00 \\\—
0.00
10.0100.01.0k 10.0K00.0k1.0OM 10.0M00.0OM
f/Hz
Dr. J. E. Rayas-Sénchez 1/ ((1-Mag(Vac( -
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S-Parameter Analysis

= S-parameter analysis (and Y-, Z- and H-parameter analysis
as well) is based on the AC analysis

= It is a small signal analysis (for linearized circuits)

= The circuit under simulation must be defined as a multiport
network

= In Aplac a multiport is defined with the statement
DefNPort

Dr. J. E. Rayas-Sanchez

S-Parameter Analysis — Example 1

Portl
Sweep

""'S-Parameters Analysis”

10.4938 BIGSCREEN

+ R L o c LOOP 1000 FREQ LIN 1GHz 5GHz
+ WINDOW=0 SMITH $ Use Smith Chart
— 0.2683n

Show W=0 RI=S(1,1) MARKER=1
+ W=1 Y Mag(S(1,1))

EndSweep

Dr. J. E. Rayas-Sanchez
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S-Parameter Analysis — Example 1 (cont.)

Res R Port10 GND
Portl +50

¢ Cap C Port10 GND
L c +10.4938pF

o
R +
— SOE 0.2683n 10.4938pF InglEECIlD (el

+0.2683nH

DefNPort nport 1

+ Port10 GND 50

Sweep "S-Parameters Analysis"

+ LOOP 1000 FREQ LIN 1GHz 5GHz

+ WINDOW=0 SMITH $ Use Smith Chart
+ BIGSCREEN

Show W=0 RI=S(1,1) MARKER=1
+W=1Y Mag(S(1,1))

EndSweep

Dr. J. E. Rayas-Sanchez 33

S-Parameter Analysis — Example 1 (cont.)

S-Parameters Analysis
\plac 7.70 User: Evaluation Customer: ITESO Apr 07 200:
1.00

0.754

0.50 1

0.254

0.00 T T T
1.0006G 2.000G 3.000G 4.000G 5.000G

f/Hz
Mag(S(1,1)) —

Dr. J. E. Rayas-Sanchez 34
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S-Parameter Analysis — Example

1 (cont.)

S-Parameters Analysis

\plac 7.70 User: Evaluation Customer: ITESO Apr 07 200

Dr. J. E. Rayas-Sanchez

S-Parameter Analysis — Example 2

Bandstop Microstrip Filter with Quarter-Wave Open Stubs

Dr. J. E. Rayas-Sanchez
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H =25 mil

& = 9.4 (alumina)
W, =25 mil

W, =9 mil

W, =19 mil

L, =95 mil
L,=115mil

L, =114 mil

35
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S-Parameter Analysis — Example 2 (cont.)

Decl "'S-Parameter Analysis"
eclare
o e ;8?2 1000 FREQ LIN 5GHz 15GHz MSub Alumina_25mi I
WO 25mil ER=9_4_1
W1 omil Show Y Mag(S(2,1)) A=zl
W2 19mil EndSweep
LO 95mil
L1 115mil
L2 114mil
Dr. J. E. Rayas-Sanchez N

S-Parameter Analysis — Example 2 (cont.)

S-Parameter Analysis
\plac 7.70 User: Evaluation Customer: ITESO Apr 09 200

s B
0:50 \ /
0.25 \ /
0.00 \\\““— —*”///

5.000G 7 .500G 10.000G 12.500G 15.000G
f/Hz

Mag(S(2,1)) ——

Dr. J. E. Rayas-Sanchez 38
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