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Noise Matching 
 
From the noise tutorial the equivalent noise at the input of the device was given by: 
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To minimise the noise factor, set dF/dRs = 0  
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Usually Rs is given and vn2 and in2 are optimised for best noise. Sometimes we must find a 
suitable value for Rs. 
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CE stage + series source impedance (Broadband) 
 
 

Veq 

Zs+rb 

Internal re 

 
 
The equivalent noise voltage (Veq) is given by:- 
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If we assume that Zs is resistive and ignore the flicker noise contribution the above equation 
simplifies to:- 
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If rb << Rs  then 
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Eg 
 
β NF(dB) 
  
10 1.19 
50 0.57 
100 0.41 
  
 
If rb is not << Rs then assuming β=100 
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rb/Rs NF(dB) 
  
2 5.18 
1 3.42 
0.5 2.17 
0.1 0.82 
 
 
 
To minimise the noise factor we need to make rs << Rs  
 
 
We could decrease the value of rb by adding transistors in parallel, however the value of cbe 
will double lowering the frequency reponse of the amplifier. 
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As an example consider the following Bipolar amplifier circuit. The device is biased at 5mA 
(The 500 ohm resistor thus dropping 2.5V). Initially a 50-ohm source resistor is connected to 
the amplifier input. (Note the DC blocks & feeds are ideal). The plot shows the noise figure 
(dB) at 10MHz resulting from a rb/Rs ratio of 50 ohms (rb = 50 ohms). 
 

Term
Term1

Z=50 Ohm
Num=1

S_Param
SP1

Span=5 MHz
Center=10 MHz

S-PARAMETERS

R
R3
R=500 Ohm

Term
Term2

Z=50 Ohm
Num=2

BJT_Model
BJTM2

AllParams=
Lateral=no
Ffe=
Fb=
Ab=
Kb=
Af=
Kf=
Rc=120
Re=1

RbModel=MDS
Rbm=
Irb=
Rb=50
Mjs=0.38
Vjs=0.49e-12
Cjs=1.3e-12
Mje=0.33
Vje=
Cje=0.62e-12
Fc=
Xcjc=0.5
Mjc=
Vjc=
Cjc=

Ns=
Iss=
Nk=
Tnom=
Xti=
Imax=
Is=
Eg=
Tr=22.5e-9
Nr=1
Var=19
Nc=1.44
Isc=1.5e-15
Ikr=
Br=1.5

Approxqb=yes
Xtb=
Ptf=
Itf=
Vtf=
Xtf=
Tf=0.45e-9
Nf=1
Vaf=100
Ne=1.44
Ise=0.11e-15
Ikf=100e-3
Bf=80
PNP=no
NPN=yes

V_DC
SRC2
Vdc=0.82 V

V_DC
SRC1
Vdc=5 V

BJT_NPN
BJT2

Mode=nonlinear
Temp=
Region=
Area=
Model=BJTM2

DC_Feed
DC_Feed1

DC_Block
DC_Block1

DC_Block
DC_Block2

I_Probe
I_Probe1

DC
DC1

DC

 
 
 I_Probe1.i 

4.860mA 

nf(2) 

3.844 
3.857 
3.873 

 
 
If we decrease the source resistor Rs to 25ohms (ie rb/Rs ratio of 2) then the noise figure 
degrades to :- 
 
 I_Probe1.i 

4.860mA 
nf(2) 

5.545 
5.555 
5.567 

 
 
These results seem to agree with the theory. Theory suggests that increasing Rs will 
decrease the noise figure. However in reality this is not the case.  
 
Repeating the simulation with rb/Rs ratio of 0.5 ie Rs = 100 we obtain the following data:- 
 
 I_Probe1.i 

4.860mA 

nf(2) 

2.775 
2.793 
2.816 

 
 
An improvement on Rs = 50 ohms but not the predicted 2.2dB noise figure. The optimum 
noise figure of the device is limited by the device process. 
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The one thing this example shows is that if you want to use a source with a low source 
impedance then some form of low-loss matching is required. For example assume we want to 
connect a 10ohm source to our amplifier. The resulting simulation results in:- 
 
 I_Probe1.i 

4.860mA 

nf(2) 

11.182 
11.190 
11.199 

 
 
However, we could use a transformer to match 10ohms to say 100 ohms to improve our noise 
figure ie 
 

Vn 

Iin 
T 

Rs 

Vns 

RsT Ropt 2=

 
 

4.4 T  ;  
5

100 T then 5  Rs and 100  Ropt   so   Rs.T  Ropt 2 =====  

 
So the circuit is modified with an input transformer with a turns ration of ~4.4 
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Term
Term1

Z=5 Ohm
Num=1

BJT_Model
BJTM2

AllParams=
Lateral=no
Ffe=
Fb=
Ab=
Kb=
Af=
Kf=
Rc=120
Re=1

RbModel=MDS
Rbm=
Irb=
Rb=50
Mjs=0.38
Vjs=0.49e-12
Cjs=1.3e-12
Mje=0.33
Vje=
Cje=0.62e-12
Fc=
Xcjc=0.5
Mjc=
Vjc=
Cjc=

Ns=
Iss=
Nk=
Tnom=
Xti=
Imax=
Is=
Eg=
Tr=22.5e-9
Nr=1
Var=19
Nc=1.44
Isc=1.5e-15
Ikr=
Br=1.5

Approxqb=yes
Xtb=
Ptf=
Itf=
Vtf=
Xtf=
Tf=0.45e-9
Nf=1
Vaf=100
Ne=1.44
Ise=0.11e-15
Ikf=100e-3
Bf=80
PNP=no
NPN=yes

Term
Term2

Z=50 Ohm
Num=2

DC
DC1

DC

I_Probe
I_Probe1

DC_Block
DC_Block2

DC_Block
DC_Block1 DC_Feed

DC_Feed1

BJT_NPN
BJT2

Mode=nonlinear
Temp=
Region=
Area=
Model=BJTM2

V_DC
SRC1
Vdc=5 V

V_DC
SRC2
Vdc=0.82 V

R
R3
R=500 Ohm

S_Param
SP1

Span=5 MHz
Center=10 MHz

S-PARAMETERS

TF
TF1
T=4.44

 
 
We now obtain the following noise figure:- 
 
 I_Probe1.i 

4.860mA 

nf(2) 

2.790 
2.808 
2.831 
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Also the noise figure can be reduced, by adding more transistors in parallel. The basic 
amplifier with Rs = 50 ohms yielded a noise figure of 3.8. Adding two more transistors (and 
readjusting the bias to maintain 5mA in the load) improves the noise figure to:- 
 

BJT_NPN
BJT3

Mode=
Temp=
Region=
Area=
Model=BJTM2

BJT_NPN
BJT2

Mode=
Temp=
Region=
Area=
Model=BJTM2

BJT_NPN
BJT1

Mode=
Temp=
Region=
Area=
Model=BJTM2

V_DC
SRC2
Vdc=0.787 VTerm

Term1

Z=50 Ohm
Num=1

BJT_Model
BJTM2

AllParams=
Lateral=no
Ffe=
Fb=
Ab=
Kb=
Af=
Kf=
Rc=120
Re=1

RbModel=MDS
Rbm=
Irb=
Rb=50
Mjs=0.38
Vjs=0.49e-12
Cjs=1.3e-12
Mje=0.33
Vje=
Cje=0.62e-12
Fc=
Xcjc=0.5
Mjc=
Vjc=
Cjc=

Ns=
Iss=
Nk=
Tnom=
Xti=
Imax=
Is=
Eg=
Tr=22.5e-9
Nr=1
Var=19
Nc=1.44
Isc=1.5e-15
Ikr=
Br=1.5

Approxqb=yes
Xtb=
Ptf=
Itf=
Vtf=
Xtf=
Tf=0.45e-9
Nf=1
Vaf=100
Ne=1.44
Ise=0.11e-15
Ikf=100e-3
Bf=80
PNP=no
NPN=yes

Term
Term2

Z=50 Ohm
Num=2

DC
DC1

DC

I_Probe
I_Probe1

DC_Block
DC_Block2

DC_Block
DC_Block1 DC_Feed

DC_Feed1

V_DC
SRC1
Vdc=5 V

R
R3
R=500 Ohm

S_Param
SP1

Span=5 MHz
Center=10 MHz

S-PARAMETERS

 
 
 
 freq  
0.0000 ... 

I_Probe1.i
5.153mA  

freq  
7.500M... 
10.00M... 
12.50M... 

nf(2) 
1.902  
1.912  
1.925  
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Single-frequency noise matching 
 
The previous example was a broad-band LNA as the matching was purely resistive, however 
for frequency matching we need to add frequency dependant components in the matching 
circuit ie inductance and capacitance. 
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To minimise the input noise at a single frequency , we set d(veq2)/dre = 0. 
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To minimise the noise over a given bandwidth  (f2-f1) we perform a similar process to obtain:- 
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CS stage with Series Source Impedance 
 
 

 

Vns = 
4kT.Rs 

Rs 
Vn 

in 
Veq 

Rs 

Cgs Cgs

 
 
For this case we refer back to the input ie  
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We can see from the above equation that making gm as large as possible will minimise the 
second noise contribution and is achieved by making the W/L ratio large. (There is little we 
can do about the first contribution ie the source noise). However making W/L large will 
increase Cgs and hence lower the operating bandwidth of the device. 
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Inductive Source Degeneration Input matching 
 
Previous design examples have assumed that the input is resistive and offered the best value 
of source resistance (Rs) to obtain best noise match. In reality the input of the device is 
reactive with a real and capacitive impedance. The circuit below shows the equivalent model 
of a MOSFet:- 
 
 

G 

Cgs 

Cds 

D 

S
S 

gmVc 

Rds

VcRg

 
What we would like to do is remove the capacitive reactance (and therefore restore the FET 
input to a pure resistance) and one way of achieving this is to add inductive feedback to the 
source. The input impedance of the MOSFet circuit below will be capacitive due to the gate-
source capacitance.  
 
 

Zin 

Rs 

M1

M2 

Vbias 

Ls 
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If we add lossless inductive feedback to the source the above circuit is again re-drawn as 
shown below: 
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Vg 
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Therefore, the impedance of the MOSFET without feedback is:- 
 

  jX  Rg   Rin CGS−=  

Adding series feedback adds the following term to the original input impedance:- 
 

  jX  Ra LS+  

Additionally, another inductor is added in series with the gate Lg that is selected to resonate 
with the Cgs Capacitor. 
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套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 


