Using ADS to simulate Noise Figure

ADS can be used to design low noise amplifiers much in the same way you have already
used it for MAG or MSG designs. Noise circles and available gain circles are the tools
that give the most guidance on design tradeoffs. Refer to Chap. 4 and Appendices K and
L of Gonzalez for the theory behind these analyses. The ADS files shown below are
available from the course web page as a.zap file.

Here are 3 cases that you might encounter with device models when analyzing alow
noise amplifier.

1. The ADS large signal transistor model is used to represent the device. Thisisthe
ideal case, but unfortunately, the large signal models sometimes do not produce accurate
S parameters. If you use this model, you should check the ssmulated S parameters with
the manufacturer’ s data sheet to verify that it provides reasonably accurate results. It
should be useful for DC simulations however.

2. The ADS S-parameter transistor model is used to represent the device. Thisisthe
most accurate case. Of course, no DC simulations will be possible with this model, but it
will represent the S parameters and noise parameters accurately. Be sureto select the
model that represents the actual bias condition to be used in your analysis.

3. No S parameter model is available for the devicein the ADS library. Inthiscase,
check the manufacturer’ s web site and download an S2P file for the device. Place an S2P
block from the Data Items menu in your schematic and identify the file name. ADS will
look for thefilein the ADS project’ s data directory. See the appendix at the end of this
tutorial for more information on S2P files. In this case, you may have to enter the noise
parameters as well using equations on the data display panel.

Case 1. Using ADS large signal model library.

First you must bias the transistor. Let'ssay VCE =5V and IC=5mA. Thishias
condition might be selected from the plot of noise figure vs. bias condition provided by
the manufacturer.
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Set up a biasing circuit such as the one below. Select alarge signal device model from
the Analog/RF — RF Transistor/Packaged BJT library. Then perform aDC simulation.
To see the results of the DC simulation, you go to the Simulate Menu > Annotate DC
solution. Sometimesit is helpful to move component text aside so that the annotation is
easier to read. Use F5 to move text.

5V 5V 5V

ssun [422uA 15,06 mA tt-sjz mA
ﬁ DC I_DC =
SRCA # R1 DC_Feed —=v._DC
o lde=IB R=1 MOhm DC_Feed1 —| sRc2
Vde=5V
VAR 776 nAF6|mv =
= f DTV
VAR1 ! PV
IB=0.055 mA 59 2 uA
% DC_Feed 5V [ oV
DC_Feed? 0A Il oy
DC_Block
T o DC_Block2 .
oV I 776 mv 776 mv 5.06 mA T Term2
et - 0A I 59.2 UA ph_mot_MRF9011_19961023 L um=2
Termi DC_Biock Q1 Z=50 Chm
Num=1 DC_Block1 Ls 12ma

Z=50 Ohm

Thisistheresult. WehaveVce =5V and Ic =5.06 mA. (MRF901_DC schematic file)
Next, compare the S parameters from the large signal model with those from the small

signal measured S parameter model. This model can be found in the Analog/RF S
Parameter component library. Simulate over the specified frequency range.
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+ Term
Termé
MNum=4

compare S-parameter measurement 7=50 Ohm

with large signal model predictions
533, 534, 543 and S44 are the
results from the small signal sp
data

sp_rmot_MRFO011_1_19920301
ShP1

Bias="Bjt: Vce=5V lc=5mA"
Frequency="{0.10 - 3.00} GHz"

&%

S-PARAMETERS I

S_Param
SP1
Start=0 1 GH
St:p:Z 0 GH§ R tL
Step=0.1 GHz 'S_Ff’é v gi o DC_Feed _; v_DC
Mo = DC_Feed! SRC2
Yelo=5 v
vard -
IB=0 055 ma
DC_Feed |
% DC_Feed? I r
DC_Block
DC_Block2
i Term
- . 11 pb_mof_MRFS011_19961023 1 e
Term1 DC_Block @ T 750 Ohm
MNum=1 DC_Block1
7=50 Ohm =
- (MRF901_sparamtest)
m1 freq=500.0MHz
freq=500.0MHz Pty
$(3,3)=0.710 /131,000 S(2.200.508 /44 I e 1 336
impedance = Z0 * (0.204 - j0.440) impedance = 20 * (1.403 - j1.336)
m2
freq=500.0MHz
S(1,1)=0.646/-135.513
// impedance = Z0 ~ (0.249 - j0.387)]
A I =00
o a)
LEpReH] Wi

mH

freq (100.0MHz to 2.000GHz) freq (100.0MHz to 2.000GHz)
ma3 meé
freq=500.0MHz freq=500.0MHz
S(2,1)=6.362 / 100.064 5(1.2)=0.069 / 35.977
m4 m7
freq=500.0MHz freq=500.0MHz

N S(4,3)=6.100 / 102.000 S(3.4)=0.080/35.000 /ﬂ/

= o
bt -148 -10 -5 b 10 15 bt -0145 -01a0 -0.05 o.po 0.0s 0.1a 0.1a

freq (100.0MHz to 2 000GHz) freq (100.0MHz to 2.000GHz)
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From this simulation, we can see that the agreement at our design frequency of 500 MHz

isfairly good. S12 isoff by about 20%, which will h
MSG, but the other parametersfit pretty well at thisf
sufficient. Now we must test for stability.

%

S-PARAMETERS

ave an effect on the predictions of
requency. Let'sassumethisis

Noise, stability, and gain calculation from large signal model.

S_Param ] )
SP1 If the device model includes noise
. data, you need fo enable the noise = vV DC
CalcNoise=yes  simulation in the S-Parameters T =
Freq=500 MHz  controller. ~ R1 DC Feed +| SRCZ
I_DC + R=1 MOhm DC Feedi — Vdc=5V
— SRC1 - _
OPTIONS do=1B
Options The standard temperature for =
Options1 calculation of noise figure I3 |0
Temp=16.85 290K (16.85 C) DC_Feed 11 3
Tnom=25 DC_Feed2 ==
DC_Block
; DC_Block2
- { Term
o OB Term2
Temp + 11 pb_mot_MRF9011_19961023 = Num=2
Term1 DC_Block o Z-50 Ohm
Num=1 DC_Block1
7=50 Ohm = ] VAR
- VAR1
= 1B=0.055 mA
\ | @ @ ». MeasEqgn
MaxGain SStabCircle LStabCircle meas5
MSG=10%log(mag(S21)/mag(S12))
MaxGain S_StabCircle L_StabCircle
MaxGain1 S_StabCircle1 L_StabCircle1
MaxGain1=max_gain(S) S_StabCircle1=s_stab_circle(S,51) L_StabCircle1=I_stab_circle(S,51)
" ]]]m m ’” MeasEqn
Meas1 i
StabFact mag_delta=mag(S11*522-521%512) MRFO0L_large_sig
StabFact
StabFact1
StabFact1=stab_fact(S)
Load plane stability circle Source plane stability circle
= 2
El e
G ]
g 8
17 9
_|I [o]
indep(L_StabCircle1) (0.000 to 51.000) indep(S_StabCircle1) (0.000 to 51.000)
freq mag_delta StabFact1 freq MSG MaxGain1
500.0MHz 0.299 0.485 500.0MHz 19.769 19.769
(Display file: stability.dds)
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We can see that the device is potentialy unstable, but if we are careful and can give up
some gain, we may be able to find a stable solution and still retain low noise figure. This
may give us lower noise figure than if we first make the device unconditionally stable
with resistive loading. To evaluate this possibility, we need to look at the available gain
and noise figure circles. Itismore convenient to calculate the gain and noise circles
(Available gain for noise calculations) on the display panel rather than the schematic
panel so you can change the noise figure without having to resimulate the circuit.

ADS can be used to calculate the noise parameters from the large signal transistor
models. Y ou must first enable the S Parameter controller icon for noise simulation. Y ou
will generally want to calculate noise parameters at one frequency, so use the Single
Point Sweep option on the frequency panel. Also choose Options and set the temperature
to 16.85 degrees (standard temperature for noise is 290K).

Scattering-Parameter Simulation:1 x

5_Param Inztance Mame = - .
5P | ‘ OPTIONS. I

Frequency Parameters  MNoise |Displa_l,ll S
ptions
Dptions
CTemp=1685

W Calculate noise - IStandard temperature for
noise analysis)

m1

indep(m1)=47

gacir2=0.052 / 122.559
freq=500.0000MHz

impedance = Z0 * (0.942 +j0.083)

.. MSG amma_opt
MSG-2 dB freq MNEmIn Rn Sopt
500 .0MHz 1167 7560 | 0213786426
s stalycircle
freq WaxGain MSG
500.0WHz 19.769 14.769

nfcir_ 2

gacir?
gacir_maxg

nfcir_15

calculate available gain circles relative to MSG
or MAG:

mgacir_maxg=ga_circ|e(8,MaxGain1 51)
EMoaciri=ga_circle(S MaxGain1-1,51)
FMgacir2=ga_circle(S,MaxGain1-2,51)

@M oacirs=ga_circle(S MaxGain1-3,51)

S_StabCircle

indepi{gacir_maxg) (0.000 to 51.000)
indep{gacir2) {0.000 to 51.000)

gamma_opt=Sopt
indepinfcir_2) (0.000 to 51.000)
indep(nfcir 15) (0.000 to 51.000)

indep(s_StabTircle1) [0.000 to 51.000) calculate noise circles at 1.5 and 2.0 dB
Zopt=50*(1 +gamma_opt)i(1-gamma_opt) mnfcwj B=ns_circle(1.5,NFmin,gamma_opt,Rn/50,51)

fredq Zopt nfcir_2=ns_circle(2,NFmin,gamma_opt, Rn/50,51)
500.0MHz 46 855 + |20 854

(Display file: circles.dds Use page menu to select gain and noise circles page)
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The syntax used in the available gain and noise circle equations will be discussed in
Section 2. However, you can see in this example, that the MSG is high (19.8 dB), and if
we give up 2 dB in gain, a perfect noise source match can be achieved. The noise
parameters for the transistor under the given bias condition are shown in the table. These
were calculated from the large signal model.

Now, you could go back and vary the bias to determine whether you could improve on
gain or noise, or you could complete the design by determining matching networks,
biasing and wideband stability. Completing the design follows the same procedure
described below in Section 2.

2. Simulation from S Parameter Model Library

The next example illustrates how the noise figure simulations can be carried out using the
S Parameter Model Library in ADS. Choosing a different device, we start again by
evaluating stability at the design frequency of 500 MHz.

| @ S-PARAMETERS Noise, stability, and gain calculation from S Parameter model.
aram sp_nec_NE68139_4 19940401
SP1 Idf the device n;odel inctlg'ildeﬁ noise SiI_P1 o -
. ata, you need to enable the noise B .
CalcNoise=yes  sjmulation in the S-Parameters Bias="Bjt: Vce=8V lc=7TmA
Freq=500 MHz  controller. Frequency="{0.10 - 12.00} GHz"

Noise Frequency="{0.50 - 4.00} GHz"

El OPTIONS The standard temperature for
calculation of noise figure is

— 290K (16.85 C) })
Options Sp

+

Options1 Term
Temp=16.85 Term1 _| | Term
Tnom=25 Num=1 Lermzz
Z=50 Oh = — oum=
m T = =50 Ohm
D P
MaxGain SStabCircle LStabCircle
MaxGain S_StabCircle L_StabCircle
MaxGain1 S_StabCircle1 L_StabCirclet
MaxGain1=max_gain(S) S_StabCircle1=s_stab_circle(S,51)  L_StabCircle1=I_stab_circle(S,51)
m M ﬂ] ' MeasEqgn
Meas1
Slabiact mag_delta=mag(S11*522-§21*S12)
StabFact ] MeasEqn NE68139_stab
StabFact1 = meas5
StabFact1=stab_fact(S) MSG=10%log(mag(S21)/mag(S512))

If the device model includes noise data as this one does in the exampl e above, enable the
noise simulation in the S Parameter controller. Thiswill then calculate NFmin, T"opt
(called Sopt), and Rn (un-normalized). Also include the maximum gain (MaxGainl)
equation (calculates either Maximum Available Gain MAG or Maximum Stable Gain,
MSG) and stability circle equations on the schematic panel. Y ou must first determine
stability before proceeding with the noise analysis. Sincethisisalow noise design, we
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will try first for a solution that does not require resistive stabilization which would
degrade the noise figure.

Load plane stabliity circle Source plane stability circle

S_SlabCirclet

L_StabCircle1

indepiL_StabCircle1) (0.000 to 51.000) indep(S_StabCircle1) (0.000 to 51.000)

500.0MHz 0.289

freq mag_delta
500.0MHz | 24045 | 24 046

StabFact1 freq | MSG | MaxGain 1
0.85

(Display file: stability.dds)
We can see that the device is potentially unstable, but if we are careful and can give up
some gain, we may be able to find a stable solution and still retain low noise figure. To
evaluate this, we need to look at the available gain and noise figure circles. The noise
parameters needed for noise figure calculation are not included in the S Parameter model
library, so they must be added to the display panel. It is more convenient to calculate the
gain and noise circles (Available gain for noise cal culations) on the display panel rather
than the schematic panel so you can change the noise figure without having to resimulate
the circuit.

The syntax for calculating available gain circles (ga_circle equation) is the same as that
for power gain circles. It isusually convenient to plot the gainsrelative to the MaxGainl
value. The Gav circles must be plotted on the source plane. They assume that the load is
conjugately matched to the output for all I's values.

The noise circle parameters (for the ns_circle equation) are defined as:
ns_circle(nf, NFmin, gamma_opt, rn, 51)
nf = noise figure of the device represented by I's values that fall on the circle.
NFmin = minimum possible noise figure of device at this bias and frequency
Gamma._opt = I'opt = the optimum input match for best noise figure
rn = the noise resistance parameter (normalized to 50 ohms)
51 = number of points plotted on the circle

If the transistor model does not include noise data (not all of them do), you must enter the

NFmin, gamma_opt, and rn from the transistor data sheet manually using equations (Eqn)
in order to calculate noise circles.
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m’
indepé
gacir.

m1
=0.

éZSD
497 171.825

freq=500.0000MHz

impedance = Z0* (0.082 +j0.071)

Moise parameters calculated from device model

freq MFmin Rn Sopt

MSG

500.0MHz 1.180 g.a00 0.2607 42.000)

i) L=
= =
o B e @
T =y =
Faesc gl
o
oEE'E oG
= [
| =]

o

indepdgacir_maxg) (0.000 to 51.000)
indep{gacir?) {0.000 to 51.000)

indepinfcir_2) (0,000 to 51.000)
indepinfcir_14) {0.000 to 51.000)
indep{S_StabCircle1) (0.000 to 51.000)
indepigacir3) (0.000 to 51.000)

ZDptZSD*('] +gamma_opt)/(1-gamma_opt)

freq

Fopt

a00.0mHz

A5.442 + 25541

(Display file: circles.dds

if noise parameters are all equal to 0, then the transistar
maodel does not include naise data. You must then use
equations (Egn) to manually enter NFEmin, rn, and Sopt

freq MaxGaini MSG
500 0hHzZ PENIEL 21045

calculate available gain circles relative to MSG
or MAG:

gacir_maxg=ga_circ|e(5,MaxGain1 a1
gacir1 =ga_circle(S MaxGain1-1,81)
gacir2=ga_circle(5,MaxGaim-2 a1

gacirSZga_circIe(S MaxGain1-3,51)

gamma_upt:SDpt =l rn=Fn/50

calculate noise circles at 1.5 and 2.0 dB

=l nfcir_15=ns_circle(1.5 NFmingamma_opt.rm,51)
[&lg] nfeir_2=nz_circle(2 NFmin.gamma_opt,rm,51)

Use page menu to select gain and noise circles page)

In this example, you can see that MSG is quite high: 24 dB at 500 MHz. If we mismatch
the input such that we give up 3 dB of available gain (brown gain circle), we can come
quite close to the minimum noise figure of the device (1.15 dB). Infact, al's =0 (very
simple match!) could give a NF somewhere between 1.15 and 1.5 dB.

Once you have decided on the I's value, place the marker there on the display. Y ou need
to design matching networks for the source and load. Calculate the corresponding I',
with the usual equation as shown below. Using the circles data display file, use the page
menu to select the Gamma L page. Check the load stability circle to make sure I', does
not fall in an unstable region, and design the output matching network to provideI';.
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-gamma S=m2[0 gamma_L:conj(822+(S1 521 gamma_Si1-51 1 gamma_S)))

|ndep(m2) 44 freq gamma_L gamma_5
gacird=0037 /173 696 S00.0MHZ 0613723683 | 0.037/-173.695

freq=500.0000MHz
impedance = Z0* (0.929 - J0.008)

Source plane Ioad plane

MSE-2dB
ey ;

) (0.000 to 0.000) freq (500.0MHz to 500.0MHz)
indep{gacir3) (0.000 to 51.000) indep(L_StabCircle1) (0.000 to 51.000)

garmma_L

L_StabCirclet

(Display file: circles.dds Use page menu to select gammalL page)

Then, design the matching networks, provide for bias insertion, and simulate the
amplifier over arange of frequencies to verify stability out of band just asyou did in the
Stability and Gain tutorial.

Appendix 1. Representing devices as an S2P file

In the case of the NE34018, the ADS component library does not contain aset of S
parameters for the device. Instead, we can use an S2P file provided by NEC. Thefilefor
our device was measured at the VDS = 2V; ID =5 mA bias point. An S2Pfileissimply
atab delimited ASCII text file containing S parameters measured on a 2 port device. The
format is:

Frequency S11 21 S12 S22
InGHz mag ang mag ang mag ang mag ang
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[Data Items = [MLEF - O =

—

T S2P

L SNP1

i File="N34018B.s2p"

Place an S2P block from the Data Items menu and identify the file name. ADS will look
for thefilein the ADS project’ s data directory.
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