This chapter shows the basics of AC simulations, including small
signal gain and noise. It also shows many detailed features of the
system.

Lab 3: AC Simulations



Lab 3: AC Simulations

OBJECTIVES
Perform AC small-signal and noise simulations
Sweep variables, tune parameters, write equations
Control plots, traces, datasets, and AC sources

About this lab: This lab continues the mixer project and uses the same sub-circuit as
the previous lab.

PROCEDURE

1. Use copy/paste to create a design

a. Open the last design from lab 2 (dc_net) and select (Shift click) the
following items: Vdc, both bias resistors, the bjt_pkg, and the ground.
Then click: Edit > Copy / Paste > Copy to buffer. Select the Default
origin and then close the window.

D

iy

|_Probe L2
I RC Copy To Buffer:1
R=470 Ohm Set Paste Origin
bd N
v _DC ! |
SRC1 Wi Mote: Default uses the first unconnected pin or lower

Woc=2.0% left comer of bounding box as the reference paint.

W T bit_okg Drefault Carcel | Help
)
: beta=144
Wi )
FB
R=100K

b. Use the File> New command to create a new schematic window and
name it: ac_sim. Then click Edit > Copy/Paste > Paste from buffer
and insert the ghost image on the schematic.

c. Save the new file. You must save it or it will not be written to the disk
drive.
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d. Continue building the circuit shown here using the following steps:

NOTE: After inserting a
node name, use the F5
key to move component

text as needed. Tocc Voo
o +
R=470 Ohm —[ B=RCT
Wdc=2.0 Y
" | 1 o

o I Vo —

KB DC_Block

R=100K DC_Block2 aud

| | bit_pkg a1

—w . Q1
L vin Il hetac 44 R=50 Ohm
DC_Block
W AC DC_Block
SRC2 _L_

wac=palar(1,0) v
Freo=freq

e. Insert the remaining components: AC Simulation controller, dc
blocking capacitors, and the V_AC voltage source, 50 ohm load,
etc. Use the palettes to find the desired items.

f. Add Vcc as a Node Name instead of using a wire.
g. Add Vin and Vout as Node Names also.
h. Select the bjt_pkg and push into the sub-circuit <ifir.

(using the icon) to verify that it is your circuit, and ' l!‘ |
then push out again.

[Simulation-AC =] jac e
. Set up the AC Simulation

&=

. R A G| Options A C

a. Insert an AC Simulation I__I
]| S
controller. Frn S
- AT

bl Start=1.0 GHz

Stop=10.0 GHz

ess] | [ Step=1.0 GHz
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Frequency Moize Parameters] Displayl

b. Edit the AC controller start, stop, and

Step as shown here [ Calculate noise
Modes for noise parameter calculation
c. Turn on the Calculate noise button Select Edit

and add the Vout node. Also, set the
Mode to Sort by Name. You could
sort by value to see the greatest
contibutors listed first and then list the
name in order to locate them on the
schematic (good for large circuits)

Add | Cut | |

d. Turn on the Display for each of the

paramete rs. Moize contributors
tode |8

Dynarnic range to display ] dB

iy C W Include port noise in node naoise valtages
B andwidth [ ﬂ

ACT

Start=100 MHz
Stop=2 GHz
Step=100 MHz
Calchoise=yes
MoiseMode[1]="vout"

e. Simulate the circuit: press the F7 key (default dataset name is the same
as the schematic: ac_sim). Look at the status window. It should give a
warning message like the one here because the default simulation-
temperature is room temperature (25° C) and not at the IEEE standard
for noise measurements (290° Kelvin).

Simulation ~ Synthesiz Messages

Warning detected by HFEESOFSIH during AC analysis "ACL'.
The simulation temperature (25.0 C) i= not the same as the IEEE standard
noise temperature (290 K or 16 .85 C) in the noise analysis “ACL'.
If the simulation temperature iz not equal to the IEEE =s=tandard temperature.
then the loss and the noise figure will not agree for a passive circuit.
The "Tenp' parameter on the Options item can be =et to 16.85 C to

eliminate this warning message.
Er=» or110NS
Opkickz

3. Set the Options card and Simulate

From the simulation palette, insert the Options Options
card. This is a global used for temperature. Set Options1
Temp to 16.85. Simulate again and there TempeIBS

- . opologyCheck=yes
should be no warning message. The Options V_RelTol=1e-6
card also sets the tolerance for DC solutions. | RelTol=1e-6

GiveAllWarnings=yes
MaxWarnings=10


Administrator
Highlight

Administrator
Highlight

Administrator
Highlight
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4. Display the noise data
a. Open a new data display and save it as ac_data.

b. Insert a list of name and vnc (voltage noise contributors) and click Plot
Options and Suppress Table Format. As shown here, Q1.BJT1 is the
total noise voltage for the device. It is composed of two pieces:
Q1.BJT1l.ibe and Q1.BJT1.ice. This means that the total BJT noise comes
from both the base-emitter current (ibe) and collector-emitter current
(ice).

However, these are two uncorrelated noise voltages that have been
added as noise powers:  (Viota)? = (Vibe)? + (Vice)>.

Also, note that the total vnc is the same as Vout noise. If you have time,
insert a separate list of Vout.noise and verify this.

D atazetz and Equations vne name
i ﬂ 18.02pV RB
262.9pY RC
AC freq 1.184nV _total
name | freq=9000MHz
FC freq 826.1pV Q1.BJTH
SACT. 10.44pV/ Q1.BJT1.ibe
SRC2i 826.0pV Q1.BJT1.ice
type 8054pV R1
Vi RB
Win Table Format RC
whC T able format iz available and used by default for _total
WoLt liztz with 2 independent and 1 dependent trace only.
W out. hioise _ . Q1.BJT1
[+ Suppreszs Table Formak

c. Save the data display.
5. Write a Measurement Equation to calculate gain

a. Insert a MeasEgn from the AC simulation palette. Or, you can type in
MeasEqgn in the component history list.

MeasEdgh

= meast
yvour_measurement_eguation_here

b. Now, edit the equation so it looks like the one shown. It computes the
gain in dB using voltages at name nodes Vin and Vout:

FEGE
MeasEqn

meas2
Gain_dB=20"log{mag(Vout)/mag{¥in))
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6. Simulate without noise and display the results

| AC I

a. Inthe schematic, turn off the noise

calculation by editing the simulation controller AC

setting on-screen. Turning off the noise g?:t—1oo "
calculation will save simulation time and data, Stipgz e
especially for large circuits. Of course, this will =

make the list you inserted (name and vnc) CalcNoise=no
become invalid. NoiseNode[1]="Vout"

b. Save the schematic. Simulate again. When the simulation is finished,
insert the Gain_db equation in a list.

Datazets and Equations freq Gain_cB
l2ad i 100.0mMHz 5572
2 - 200.0MHzZ 5572
300.0mHz 5871
Gain_dB |::> 400.0MHz 5.571
T 200 .0mMHz 5570
SRCZi G00.0MHz 5 59
Voo T00.0mMHzZ 5867
\in 800.0MHz 5 566
Yot 900.0mHzZ 5 564
1.000EHzZ 5863

c. Now, in the data display, insert an equation to calculate the same
gain. However, this time give it a different name, such as dB_Gain:

dB_Gain=20*Iog(mag(Vout) / mag(Vin))

d. Edit the list and add the data display equation: dB_Gain. Now you
have two results (they are the same) from two equations — one written
before simulation and one after simulation.

freq Gain_dB dB_Gain
100.0MHz 5572 5572
200.0MHz 5572 5572
300.0MHz / 5571 f 5571
400 0MH=z 5.571 / 5.571
Equation from schematic Equation from data display
UL UMW T T
700.0MHz 5.567 5.567
800.0MHz 5.566 5.566
900.0MHz 5.564 5.564
1.000GHz 5.563 5.563
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e. Edit the list one more time and add Vout. With the Tieres
Vout data selected, click the Trace Options button. Trace Dptiors

f. Inthe Trace Expression field, change Vout to read: dB
(Vout) as shown and click OK. You are using the built-in
dB function on the Vout data. Because the AC signal at
Vin is 1 volt, the dB value of Vout will have the same
value as the dB gain equations you wrote.

Trace Exprezzion

|dE[‘v’|:uut]
freq dB_Gain Gain_dB dB{Vout)
100.0MHz 5.572 5.572 5.572
200.0MHz 5.572 5.572 5.572
300.0MHz 5.571 5.571 5.571
400.0MHz 5.571 5.571 5.571

NOTE on equations: The point of these last steps was to show the similarity and
difference between equations you write in schematic and those you write in the data
display. In addition, you should remember that variable equations in schematic
(VarEqgn) are primarily used to initialize (declare) variables sweeping, scaling, etc.

7. Use the what function on the Vout data

a. Insertanew list (dataset is still ac_sim). Add the Vout data again,
select it, and click on the Trace Options button.

b. When the dialog box appears, insert the cursor in front of the trace
expression and type the what function in front of the dB of Vout as
shown here, using parentheses on each side. Click OK and you get the
similar information as clicking Variable Info but you get it for the
explicit expression: dB(Vout). Of course, the dependency is the same
for dB(Vout) and Vout: freq. Try clicking Variable Info and see. Later
on, you will use this function to determine how to index into dataset
values, especially S-parameters and harmonic balance simulations where
there is mixing.

what (B auth
Trace Expression Cependency : [fraq]
[what [dB [v/out]) Hum. Paoints : [20 ]
hd atriz Size : scala
Y ariable Info;.. Functions Help Type : Real
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8. Copy the data display equation using Ctrl C Ctrl V

a. Select the dB_Gain equation and then press: Ctrl C and Ctrl V. Move
the cursor and click nearby. The highlighted copy of the equation will
appear with “1’ appended to the equation name (dB_Gainl).

17N

|MdB_GaiHZED*IDg(magWDutj / mag(&fin)jfgl

b. Edit the copied equation to become a voltage gain equation:

v_[zain= [maglout] ¢ maalvin]

c. Return to the schematic, change the simulation stop frequency to 10
GHz, and simulate.

d. Inthe data display, insert a plot and add the v_Gain equation. You
should see a plot similar to the one here showing the voltage gain.

14

v _(5ain

1.6

|
] a 10

|
4

freqg, GHz

|
2

=
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Tune the beta parameter:

Lab 3: AC Simulations

a. Position the schematic window and the data display so you can see them
both. The select the bjt_pkg and start the tune mode (Simulate
>Tuning). Put a marker on the trace — as you tune the parameter, the

marker will move to the most recent trace.

Jelg|s) 1| W2n] 9] 4

m2
freq=1.000GHz
v_Gain=1.791

22

2.0

¥_i3ain
i
}

CEEs®E 7]k

freq, GHz

g B

= ] o] @il o] [ »

iLumped—Components L” _i D‘l = | = ml
| |4

R R
e | S

|
BH| = 77 Ko optors

Gin_d Be 2Pl ogimag Ve imag g anlorsd
G DG Feed Temp= 1525
Clue AlIETIng s =ye:

== R
OGElck | SHORT =

: m ;"f_‘z i Tune Control:1
ﬁ ;ch‘himllllx - . -
MUTIND | PLG ::n ok S Select a parameter to tune by clicking on it

-
”G\ﬁ" e no?-m--\rwr | Vou! Sl —
PRG | PRL ve_Be i Imulate: After each change
ot | e . .
ol | Ry s . M orm Trace Histary 7 =]
;o ;l
= bt ;;;'; ! L
SR SRL T vacpom oy = |
Fren=teq A
= ac_zim. A1, beta 130,46 ﬂ

Update| Details| Reset | I:ance|| Help |

Try clicking Update to see the updated value of beta on the schematic.

Note that the Reset button only resets the initial value on the Tune
Control dialog. Be sure that beta is 144 when you Cancel the tuning or

simply edit beta on the schematic to be 144.
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10. Use another source for the analysis

This step shows how sources are related to simulation controllers. By
substituting a different source in the design, you will see the relationship.
The V_AC, I_AC and P_AC sources are specifically designed for use with
the AC Simulation controller. However, almost any frequency domain
source can be used for an AC simulation if it has the Vac, lac or Pac
variable.

a. In the circuit schematic, select the V_AC source and move it (Edit >
Move > Move and Disconnect) to the side of the schematic and
deactivate it.

YA

+4% i n
)K-hl:] ‘ |:]+)$( \ Activate and Deactivate icons / N \\ P
") sk

|/'

-

|
|
|
|
|
Y

_ “Vac=polai(1,0)
b. InsertaV_1Tone source (Frequency Domain ) Freg=freq .|
sources). This source is designed to be used = ®— =L ——
with the harmonic balance simulator but can +
be used here also. Note the difference in the (”:”}
default for freq (= freq or 1 Ghz). o 1Tone

c. Simulate with the dataset name = V_1.

— + V_1Tone
Simulation Setup:1 SRC3
D ataset V=p0|ar(1 ,O) \'
Browse. .. Freq=1 GHz

Remote Simulation Host

|I|:|c:al ﬂ
Simulatel Apply | Eancel| Help |

d. Inthe data display, insert a plot of the

magnitude of Vout. ]
e. Go back and change the voltage from 1 ]
V to 100 volts: V=polar (100,0) V. Now, -

set the dataset name as: V_100.
Simulate and add the trace to the plot.
You will see the exact same value. The

next step will explain this...

3-10



Lab 3: AC Simulations

f. The AC simulation controller only reads the Vac setting. Because the

source can be used with different simulation controllers, the setting of V
is necessary. Therefore, edit the source so that the Vac=5 volts and that

the Vac setting is displayed.

YW 1Tone Farameter Entry bMade

|Standard ﬂ

Yao

Inztance Mame
[SRC2

Select Parameter

W=polar[1,0]
Freg=1 GHz

||:u:u|ar[5,D]

SaveCunent=yes I

Fundlndesx=
Other=

O ptimization.Statistics Setup... |

v Dizplay parameter on schematic
| amponent Jpians. . |

[ac : AC voltage, use palar(] for phaze

Cancel | Reset |

Help |

Vis not used by the
AC simulator. But

Vac is used. \

e. =polar(1,0) V

Freqg=1 GHz
ac=polar(5,0) V

g. Simulate again with the same dataset name: V_5. When the simulation

is finished, edit the plot and add the magnitude of V_5 to the plot and

you should now see the two traces.

Delta Marker Mode: Insert a marker on each trace at 1 GHz. Then
select the two markers (shift click) and then click: Marker > Delta
Mode On and choose M2 as the reference. The text will show the
difference between the two markers on the Y axis. Move ml to 2 GHz

and see the change in the displayed marker text.

rm
freq=0.000 m2
mag’_5. Wout)=7.550 freq=1.000GHz
delta mode OR magly'_1.Voutj=1.897
10
i mi
0 [ Y __-‘-‘-——_.___‘.\
5
7
i
22 ]
2
EE 4
e
mz
7 h J
1
T T T T TITrrTIT T T T
1 H 3 4 5 6 7 g 9 10

fredq, GHz

fm

freq=1.000EY
magly' 5. Vout)=7 569
delta mode ON

tml

~ &
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11. Sweep Vcc (as if the battery voltage dropped below 2 volts)

This step will require you to use the skills you already learned in this lab and
in lab 2. You will set up a parameter sweep for Vdc from 1.8 to 2 volts in
0.05 volt steps.

a.

Replace the V_1Tone source with a V_AC source and deactivate the
V_1Tone — use the command Edit > Move > Move and Disconnect
and Edit > Component > Deactivate.

Insert a VAR (variable equation) Vor
initializing Vbias = 2 volts. :> VAR

_ ] Vbias=2.0 V
Redefine Vcc: Vdc = Vbias.
Insert a Parameter Sweep. Then set the SweepVar tTiCC
(sweep variable) to be Vbias, and be sure the — v .DC
Simulation Instance Name of the AC simulation _T SRci
controller is also set. Vdc=Vbias

Simulate as ac_bat_swp (dataset name) and then
display the magnitude of the Vout data as shown.

Simulated battery drain over
| PARAMETER SWEEP I broad frequency range. Also,
Trace Options used to thicken
the trace lines.

Sweep1
SweepVar="Vhias"

SimInstanceName[1]="AC1" 1.80

SiminstanceName[2]=

SiminstanceName[3]= 185

SimlinstanceName[4]= 150

SiminstanceName[5]= LT

SiminstanceName[6]= 75

Start=1.8 =

Stop=2 \ Whia=2.000
__ﬁ

U ACKout)

brat_ sy

170
Step=0.05 Whia=1.060

Whias=1.900

1.65

magiac

Vhias=1.250

1.60

Whias=1.200

1.85

12. Save all your work and [ L S 10

close the windows

fran, GHE
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EXTRA EXERCISES:

Lab 3: AC Simulations

1. Simulate with port noise and ports. To do this, use a P_AC source as the input
port (Num=1) and place a Term on the output as port 2 (Num=2). These two
components are shown here with the port numbers.

FQ P_ALC

FORT

Mourm= 1

=50 Ohm
Pac=polar(dbmtow( 0y, 0%
Freg=freq

K

+§? Term

Terml
Num=2
=50 Ohm

)

2. Insert the I_AC constant current source and simulate. To do this, you need to put
a large resistance in parallel with the source because the simulator needs to verify
a dc path to ground and the current sources are open circuits.

3. Insert the P_AC source and look at the power gain. Also, sweep another

parameter and plot the results.

4. Try using the node settings in the AC simulation palette. You can set initial
voltages at nodes using the Node Set or by referring to name nodes using the

NodeSetByName component.

NodeSetN2
NodeName= V=0V R=

MNode
Set

NodeSet1
V=0V
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