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Lecture #11:     LNA (Low Noise Amplifier) Design

1.     Introduction
2.     Single-ended Single Device LNA

o     Size of Device
Restriction of W/L due to the consideration of Vgs
Optimum Width Wopt of Device

o     Raw Device Set-up and Testing
Challenge for a Good LNA Design
Optimum of Source Reflection Coefficient, Γopt
Simultaneously Approach to both NFmin and Gmax
Variation of Input Impedance due to Degeneration Inductor

o   Input and Output Impedance Matching
o   Gain Circles and Noise Circles
o   Stability
o   Non-linearity

Spectrum at LNA Output
1 dB Compression Point
3rd and 2nd Order Intercept Point, IP3 and IP2

o   Design Procedures
o   Other Examples

3.    Single-ended CascodeLNA
o   Bipolar CE-CB CascodeVoltage Amplifier
o   MOSFET CS-CG CascodeVoltage Amplifier
o   Why Cascode
o   Example

Raw Device Testing
Gain and Bandwidth
Noise
Non-linearity

4.    LNA with AGC (Automatic Gain Control)
o   AGC Operation
o   TradictionalLNA with AGC
o   Increase of AGC Dynamic Range
o    Example

5.   Differential LNA ---(optional)

Discussion
6.   Key points to approach G max and NFmin.
7.   Advantages and disadvantages of CS-CG or CE-CB cascodeLNA
8.   Why AGC?
9.   Why differential?
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1.   Introduction

o  Importance of LNA in a communication system
• Sensitivity of a receiver is mainly determined by the noise figure of LNA
• Linearity
• Isolation
• AGC (AtomaticGain Conrol) 

o  Topics
• Typical design procedure
• Improve of linearity
• CascodeLNA
• AGC

o  A great challenge : Simultaneously to get Gmax and NFmin

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture #11 Richard Li,  2007 3

1.    Single-ended single device LNA
o  Specification

o  Size of Device
Restriction of W/L due to the consideration of Vgs
Optimum Width, Wopt, of Device due to consideration of NFmin

o  Raw device setup and testing
“Zero” capacitors and “infinitive “ inductors
Tested parameters :S 11, Гopt, S21, S22, µ, NF and G circles

o  A great challenge : Simultaneously to get Gmax and NFmin
Tradictionalstatus : Trade-off between Gmax and NFmin

Key Issue : S11
* = Гopt

o  Three way to get Gmax and NFmin Simultaneously
Degeneration inductor
Variation of current drain
Variation of device size

o  Example
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oSpecification
The main goals for the design example are

Vcc =3.0 V,
Icc <3.0 mA, 
Frequency range = 850 to 940 MHz,
NF < 2.5 dB,
Gain                      > 10 dB,
IP3                         > 0 dBm,
IP2                         > 40 dBm.
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o    Size of Device
* Restriction of W/L due to the consideration of Vgs
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Example:

εox =3.45x10-13F/cm, 

tox = 23.3 Ao=23.3x10-8 cm, 

µn = 170 cm2/V-sec, 

Cox = 14.81  fF/ µ2, 

Vtn =0.49 V, 

----------------------------------

µn Cox= 251.72 µA/V2.
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0.530.491.00224.3720000.000.0918005.00251.72170.014.812.33E-0723.33.45E-13

0.550.491.00158.6610000.000.099005.00251.72170.014.812.33E-0723.33.45E-13

0.580.491.00112.195000.000.094505.00251.72170.014.812.33E-0723.33.45E-13

0.620.491.0075.562268.330.092045.00251.72170.014.812.33E-0723.33.45E-13

0.690.491.0050.171000.000.09905.00251.72170.014.812.33E-0723.33.45E-13

1.120.491.0015.87100.000.0995.00251.72170.014.812.33E-0723.33.45E-13

2.480.491.005.0210.000.090.95.00251.72170.014.812.33E-0723.33.45E-13

0.520.491.00141.9120000.000.0918002.00251.72170.014.812.33E-0723.33.45E-13

0.530.491.00100.3410000.000.099002.00251.72170.014.812.33E-0723.33.45E-13

0.550.491.0070.955000.000.094502.00251.72170.014.812.33E-0723.33.45E-13

0.570.491.0047.792268.330.092042.00251.72170.014.812.33E-0723.33.45E-13

0.620.491.0031.731000.000.09902.00251.72170.014.812.33E-0723.33.45E-13

0.890.491.0010.03100.000.0992.00251.72170.014.812.33E-0723.33.45E-13

1.750.491.003.1710.000.090.92.00251.72170.014.812.33E-0723.33.45E-13

0.510.491.00100.3420000.000.0918001.00251.72170.014.812.33E-0723.33.45E-13

0.520.491.0070.9510000.000.099001.00251.72170.014.812.33E-0723.33.45E-13

0.530.491.0050.175000.000.094501.00251.72170.014.812.33E-0723.33.45E-13

0.550.491.0033.792268.330.092041.00251.72170.014.812.33E-0723.33.45E-13

0.580.491.0022.441000.000.09901.00251.72170.014.812.33E-0723.33.45E-13

0.770.491.007.10100.000.0991.00251.72170.014.812.33E-0723.33.45E-13

1.380.491.002.2410.000.090.91.00251.72170.014.812.33E-0723.33.45E-13

(V)(V)(kΩ)(mA/V)(µm) (µm) (mA)(µA/V2)cm2/(V.s)(fF/µ2)(cm)(Ao)(F/cm)

VgsVtnRdgmW/LLWIdµnCoxµnCoxtoxtoxεox

Table 11.1 Restriction of W/L due to the consideration of Vgs
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VgsVtnRdgmW/LLWIdµnCoxµnCoxtoxtoxεox

(V)(V)(kΩ)(mA/V)(µm) (µm) (mA)(µA/V2)cm2/(V.s)(fF/µ2)(cm)(Ao)(F/cm)

0.630.491.00709.5320000.000.09180050.00251.72170.014.812.33E-0723.33.45E-13

0.690.491.00501.7110000.000.0990050.00251.72170.014.812.33E-0723.33.45E-13

0.770.491.00354.775000.000.0945050.00251.72170.014.812.33E-0723.33.45E-13

0.910.491.00238.952268.330.0920450.00251.72170.014.812.33E-0723.33.45E-13

1.120.491.00158.661000.000.099050.00251.72170.014.812.33E-0723.33.45E-13

2.480.491.0050.17100.000.09950.00251.72170.014.812.33E-0723.33.45E-13

6.790.491.0015.8710.000.090.950.00251.72170.014.812.33E-0723.33.45E-13

0.580.491.00448.7520000.000.09180020.00251.72170.014.812.33E-0723.33.45E-13

0.620.491.00317.3110000.000.0990020.00251.72170.014.812.33E-0723.33.45E-13

0.670.491.00224.375000.000.0945020.00251.72170.014.812.33E-0723.33.45E-13

0.750.491.00151.132268.330.0920420.00251.72170.014.812.33E-0723.33.45E-13

0.890.491.00100.341000.000.099020.00251.72170.014.812.33E-0723.33.45E-13

1.750.491.0031.73100.000.09920.00251.72170.014.812.33E-0723.33.45E-13

4.480.491.0010.0310.000.090.920.00251.72170.014.812.33E-0723.33.45E-13

0.550.491.00317.3120000.000.09180010.00251.72170.014.812.33E-0723.33.45E-13

0.580.491.00224.3710000.000.0990010.00251.72170.014.812.33E-0723.33.45E-13

0.620.491.00158.665000.000.0945010.00251.72170.014.812.33E-0723.33.45E-13

0.680.491.00106.862268.330.0920410.00251.72170.014.812.33E-0723.33.45E-13

0.770.491.0070.951000.000.099010.00251.72170.014.812.33E-0723.33.45E-13

1.380.491.0022.44100.000.09910.00251.72170.014.812.33E-0723.33.45E-13

3.310.491.007.1010.000.090.910.00251.72170.014.812.33E-0723.33.45E-13
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• The underlined values of Vgs in the most right column in Table 4.1 
are unacceptable because they are higher than 0.7V, which is
considered as a highest value of Vgs
when the DC power supply is low, say, 1.0 to 1.8 V. 

• Therefore, the rows with the underlined values of Vgs in Table 4.1
must be abandoned  in the selection of the ratio W/L. 
It implies that the ratio of W/L is restricted for the given values of Id
and gm due to the limitation on Vgs. 

• The rest rows in Table 4.1 are acceptable and are the candidates. 
They will be furthermore selected with the consideration ofso-called 
“power-constrained noise optimization.”

* Restriction of W/L due to the consideration of Vgs

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture #11 Richard Li,  2007 9

*    Optimum Width Wopt of Device

Sox
opt RLC

W
ω3

1
=

,

where 
Wopt= Optimum width of device (MOSFET transistor);
ω = Operation angular frequency;
L = Length of device (MOSFET transistor);
Cox = Capacitance per unit area of the gate oxide;
RS = Source resistance.

Example:

εox =3.45x10-13F/cm, 

tox = 23.3 Ao=23.3x10-8 cm, 

µn = 170 cm2/V-sec, 

Cox = 14.81  fF/ µ2, 

Vtn =0.49 V, 

---------------------------------

µn Cox= 251.72 µA/V2.
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*    Optimum of Length Lopt andOptimum ofWidth Wopt of  Device

Sox
opt RLC

W
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• To see if this raw device can approach a good LNA design or not.

o     Raw Device Set-up and Testing

*    The purpose of raw device testing is twofold:

A good LNA design is that
The minimum of Noise figure  and the maximum of gain 
can be obtained simultaneously.

• To create a starting point for impedance matching so as to continue 
the next design step.
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*     Set-up for raw device testing 

Figure 11.1    Setup for raw device testing, f =850 to 940 MHz, ID=2.6 mA
Cin, Cout : “Zero” capacitor;
Lbias, Lc, Ld : “Infinitive” inductor.
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Figure 11.2       S parameters from raw device testing , f =850 to 940 MHz,  ID =2.6 mA
(The intermediate frequency 895MHz is marked with dot on each trace.)

(b) Magnitude of Sij, dB
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(a) S11, S22 and ГS,opt on Smith Chat 
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Point N

S11
Point G
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Point T
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*     Raw device testing   
Main tested parameters: S11, Гopt
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*     Haus’ Theory

(H. A. Hauset. al., “Representation of Noise in Linear Twoports,” Proceedings of the IRE, 
Vol. 48, pp. 69-74, January, 1960.) 

( ) ( )[ ]2
,

2
,min optSSoptSS

s

n BBGG
G
RNFNF −+−+=

SSS jBGY +=

Where    NF = Noise figure of the noisy block;
NFmin = Minimum of noise figure of the noisy block;
Rn = Equivalent noise resistance;
YS = Admittance of input source;
GS = Conductance of input source;
BS = Subceptanceof input source.
YS,opt = Optimum admitttanceof input source;
GS,opt = Optimum conductance of input source;
BS,opt = Optimum subceptanceof input source.

optSoptSoptS jBGY ,,, +=

optSS ,Γ=Γ
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Noise figure, 
dB
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Frequency. MHz

Figure 11.3      Noise Figure from 850 to 940 MHz, ID =2.6 mANF = 8.7 dB when f = 895 MHz

*     Raw device testing   
NF, Gain and NF circles

Figure 11.3    Constant gain circles and constant noise figure circles 
when f =895 MHz

*        Gain circles: Gmax = 3.0 dB at point G, step = -1.0 dB, 
*        Noise figure circles: NFmin = 5 dB at point N, step = 0.5 dB.

Input reflection coefficient ГS plane

V

U
EW

N

S

0

ГS,opt
Point N

S11
Point G

At point G,      G = Gmax = 3.0 dB, and    NF = 8.7dB, 
At point N,      G = -4.8 dB,              and    NF = NFmin = 5 dB. 
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Figure 11.4    Input and output impedance matched networks are added 
to the raw device.

f =850 to 940 MHz, ID=2.6 mA
Cin, Cout : “Zero” capacitor;
Lbias, Lc, Ld : “Infinitive” inductor.

Out

In

ID
id

M

VddBias

Lbias

Ld
Zout

S11

S22Zin Input 
impedance 
matching 
network

Input 
impedance 
matching 
network

Raw device

*    Impedance matching

Is it possible to pull the point G and N together 
after input impedance matching network is build?
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Figure 11.5 Constant gain circles and constant noise figure circles when f =895 MHz
o    Gain circles: Gmax = 13 dB at point G, step = 1.0 dB, 
o    Noise figure circles: NFmin = 1.8 dB at point N, step = 0.5 dB,

V

U
EW

N

S

0

G

Input reflection coefficient ГS plane

N

P

*    The answer is
Impedance matching is not a good assistant to the NFmin!
Trade-off must be taken!

At point G,
G = Gmax = 13 dB,
NF = 3.0 dB, 

At point N,
G = 8.2 dB,
NFmin = 1.8 dB, 

At point P,
G = 11.3 dB,
NF = 2.3 dB, 
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o       Challenge for a good LNA design
* Optimum of Source Reflection coefficient, Γopt

• In order to enable the raw device approaching to the minimumof noise figure , 
ГS,opt is a required optimum of source reflection coefficient, ГS, looked 
from the raw device toward the source. 

• On the other hand, in order to enable the raw device approaching to the maximum 
of gain, Gmax, S11* is a required value of source reflection coefficient, ГS, looked 
from the raw device toward the source since the actual reflection coefficient looked 
from the source toward the raw device is S11. 

Figure 11.6    Directions of ГS,opt, Гin and Гout , S11 and S11
* in the schematic for the raw device testing
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*   Key Issue

*
11, SoptS =Γ
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1)   Increase or decrease of current drain, ID, 
The S parameters as well as the values of ГS,opt will be changed as the current drain is varied.  
The condition, ГS,opt = S11*, could be reached at an appropriate amount of current drain.

*    Schemes to satisfy the condition:

3)   Addition of degeneration part,
Up to the design experience in the practical design, this is an easy way to get success.

*
11, SoptS =Γ

2)   Change of device size, 
The S parameters as well as the values of ГS,opt will be changed as the device size is varied.  
The condition, ГS,opt = S11

*, could be reached at an appropriate device size. 
Of course, this scheme is only possible to the IC designerbut not to the designer 
who implements the circuits by discrete parts.

4)   And so on.
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Figure 11.7     Setup for modified raw device testing by adding of degeneration inductor
Ldegen :  Degeneration  inductor.
Cin, Cout : “Zero” capacitor;
Lbias, Lc, Ld : “Infinitive” inductor.
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*    Addition of degeneration inductor
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*    S11 and Гopt adjusted by degeneration inductor

Figure 11.8 S parameters from modified raw device testing , f =850 -940 MHz,  ID =2.6 mA
(The intermediate frequency 895MHz is marked with dot on each trace.)
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*    Variation of Input Impedance due to Degeneration Inductor

( ) ( ) ω
ω

ωω
ω

ω engsmin
gs

ginendin
gs

ginin jLVgi
C

LjijLii
jC

jLiv degdeg
11

++









−=++










+=

ω
ωω

ω en
gs

inmin
gs

ginin jL
jC

igi
C

Ljiv deg
11











++










−==

inin
in

in
in jXR

i
v

Z +==

vgsCgs RS
Cg

s

(a)    Input stage

ZinRS

vS

Figure 11.9       The input stage of MOSFET transistor with common source configuration

(b)    Equivalent  of input stage
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1)   MOSFET
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2)   Bipolar
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(a)    Schematic of input stage
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Figure 11.10       The input stage of a bipolar transistor with a degeneration inductor 

(b)    Equivalent of input stage
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*    Input and output impedance matching
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Lbias LP,ou
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Modified raw device

Vdd

Figure 11.11     Impedance matching of modified raw device by parts:
At input   : CS1,in = 1 pF,    LP, in = 20 nH,            CS2,in = 39 pF.   
At output : LP,out = 15 nH, RP,out = 1500 Ω, and CS,out = 1.6 pF
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Figure 11.12 S parameters of the design example, f =850 -940 MHz,  ID =2.6 mA
(The intermediate frequency 895MHz is marked with dot on each trace.)

Theinput and output impedances are matched by parts:
At input:   CS1,in = 1 pF.  LP, in = 20 nH,       CS2,in = 39 pF.  
At output: LP,out = 15 nH RP,out =1500 Ω,    CS,out = 1.6 pF
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Noise figure, (Simulated  results)
dB
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Frequency. MHz

Figure 11.13      Noise Figure of the design example,
f =850 to 940 MHz,  ID =2.6 mA

NF = 1.5 dB when f = 895 GHz

Noise figure, (Tested  results)
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Figure 11.14     Constant gain circles and constant noise
figure circles

when f =895 MHz
Gain circles: Gmax = 12 dB at point G, step = 1.0 dB, 
NF  circles: NFmin = 1.5 dB at point N, step = 0.5 dB.
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µ = 1.1 > 1

NF = 1.5 dB

G = 12 dB
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o     Stability

Figure 11.15    Different reflection coefficients and S   parameters 
in a two-port block
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Figure 11.16    Spectrum at LNA output ,        fo = 895 MHz,  Pin = -50 dBm
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Figure 11.17      1dB compression point when  fo = 895 MHz
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10

Figure 11.18     3rd order input intercept point when  fo = 895 MHz
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Figure 11.19    2nd order input intercept point when  fo = 895 MHz
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Specification or Goals

Selection of Device Size

De-Q

Input & Output 
Impedance  Matching

Is S11
*=ГS,opt ?

Yes

No

Option#2: Change
of  Idd or Icc

Final  Testing

Yes

No

Raw Device
Testing

Is LNA stable?

Change of
Topology

Yes

No Do all of them
reach goals ?

Test for:       o DC: I/branch; V/node;      o Gain, NF, & theircircles
o   S11, S22, S12,                       o  Harmonics, P1dB, IP3, IP2

Figure 11.20    Flow chat 
of LNA design procedures

Option#1:Addition 
of  Ldegen

Option#3: Change
of DevicSize

Is Flag#1=1 ?

Yes

No

Is Flag#2=1 ?

Yes

No

Is Flag#3=1 ?
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o     Other examples
*     LNA Design for VHF radio

Part list
(Purchased from MuRata)
C1 13 pF
C2 1500 pF
C4 1500 pF
C6 1500 pF
C7 6.2 pF
L1 92 nH
L2 92 nH
L3 33 nH
R1 3.3 kΩ
R2 3.3 kΩ
R3 390 Ω
R6 100 Ω
Q1 BFQ67

Q1

L3

Modified raw device

Vcc

Figure 11.21     LNA designed for VHF radio 

C2

C6

R2

L2

L1

C7

In

Out
C4 R3

C1
R1

R6
50 
Ω

50 
Ω

Specification  Final tested result
Frequency range 130 MHz to 180 MHz
Device BFQ67 (Manufactured by Siemens)
DC power supply 3 V
Current drain < 4 mA 3.47 mA
Gain > 10 dB 15.0 dB
Noise Figure < 2 dB 1.75 dB
IIP3 > 0 dBm 2.5 dBm
Input return  < -10 dB -40.0 dB
Output return  < -10 dB -12.2 dB
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Figure 11.22     Constant gain circles and constant noise figure circles when f =150 MHz
o Gain circles: Gmax = 15 dB at point G, step = 1.0 dB, 
o Noise figure circles: NFmin = 1.75 dB at point N, step = 0.25 dB,
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o     Other examples
*     LNA Design for UHF radio

Q1

L3

Modified raw device

Vcc

Figure 11.23     LNA designed for UHF radio 

C2

C6

R2

L2

L1

C7

In

Out
C4 R3

C1
R1

R6
50 Ω

50 Ω

Specification  Final tested result
Frequency range 400 MHz to 470 MHz
Device BFQ67 (Manufactured by Siemens)
DC power supply 3 V
Current drain < 4 mA 3.43 mA
Gain > 10 dB 12.0 dB
Noise Figure < 2 dB 1.5 dB
IIP3 > 0 dBm 5.0 dBm
Input return  < -10 dB -17.8 dB
Output return  < -10 dB -16.0 dB

Part list
(Purchased from MuRata)
C1 10 pF
C2 150 pF
C4 150 pF
C6 150 pF
C7 1.5 pF
L1 33 nH
L2 33 nH
L3 5.6 nH
L4 33 nH
R1 3.3 kΩ
R2 3.3 kΩ
R3 390 Ω
R6 390 Ω
Q1 BFQ67

L4
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Figure 11.24 Constant gain circles and constant noise figure circles when f =450 MHz
o Gain circles: Gmax = 12 dB at point G, step = 1.0 dB, 
o Noise figure circles: NFmin = 1.5 dB at point N, step = 0.25 dB,
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o     Other examples
*     LNA Design for 800/900 MHzradio

Q1

L3

Modified raw device

Vcc

Figure 11.25     LNA designed for 800/900 MHz radio 

C6

R2

L2

C7

In

Out
C4 R3

C1
R1

R6
50 Ω

50 Ω

Specification  Final tested result
Frequency range 850 MHz to 940 MHz
Device BFQ67 (Manufactured by Siemens)
DC power supply 3 V
Current drain < 4 mA 3.48 mA
Gain > 10 dB 11.0 dB
Noise Figure < 2 dB 1.8 dB
IIP3 > 0 dBm 8.6 dBm
Input return  < -10 dB -11.7 dB
Output return  < -10 dB -17.0 dB

Part list
(Purchased from 
MuRata)
C1 150 pF
C4 39 pF
C6 39 pF
L2 33 nH
L3 4.7 nH
R1 3.3 kΩ
R2 3.3 kΩ
R3 390 Ω
R6 390 Ω
Q1 BFQ67
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Figure 11.26 Constant gain circles and constant noise figure circles when f =850 MHz
• Gain circles: Gmax = 11 dB at point G, step = 1.0 dB, 
• Noise figure circles: NFmin = 1.8 dB at point N, step = 0.25 dB.
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o    Single-ended CascodeLNA

CZero

RL

Bias 1

Bias 2

Vcc

vo

Figure 11.27   A bipolar cascodeamplifier
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Figure 11.28   Equivalent circuit of bipolar cascodeamplifier with CE-CB configuration
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Figure 11.29   Equivalent circuit of bipolar cascodeamplifier with CE-CB configuration
at low frequencies and the resistors, rb, rµ, and rc, are neglected
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Figure 11.30     A MOSFET cascodeamplifier
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Figure 11.31    Equivalent circuit of MOSFET cascodeamplifier with CS-CG configuration

D
MOSFET transistor

gm1v1

S

v1=vS

+

-

ro1

G
S

RS

vS

vi

vds1

+

-
Cdb

Cgd

Cgb
Cgs

Csb

B

-
+

vbs

D

RL

vo

MESFET 
transistor

G

vsg2

Cgs2

s

+

-

Cdb2

Cgd2

Rd

Cgb2

B

Csb2

-

vsb2 +

1/(gm2+gmb2)

(gm2+gmb2)vsg2 ro2

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture #11 Richard Li,  2007 47

Figure 11.32   Equivalent circuit of MOSFET cascodeamplifier with CS-CG configuration
at low frequencies.
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o       Why Cascode
1)  It increases the output impedance, 

2)   It alleviates the Miller effect on a voltage amplifier.
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3)  Better isolation
4)  It could magnify the signal not only voltage 

but also the power of signal as well.
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o   Example

This is an LNA RFIC design example, which is designed for group #1, Band #2 of UWB 

DC power supply: Vdd = 1.2 V,
Current drain: Itotal < 5 mA,
Operating frequency range: f = 3.696 to 4. 4224 GHz,
Gain: G > 12 dB,
Input return loss: S11 <-10 dB,
Output return loss: S22 <-10 dB,
Noise figure: NF < 2.5 dB
3rd order input intercept point: IIP3 > 5 dBm,
2nd order input intercept point: IIP2 > 35 dBm.

( ) %3.13
3960
528

2/36964224
36964224

==
+

−
=

∆
=

f
fBW

L =130 nm
W = 1.25 um
Wtotal=10 um
Fingers = 8
Multiplier = 32
Mtotal= 256
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*   Raw device testing

Figure 11.33    Setup for raw device testing    Idd = 4.54 mA (Bias = 0.482 V)

(a)   Photo of  setup for raw device testing taken from simulation screen

Lbias

Out

In

Cin

Cout

M1

Vdd

Bias

Ld Zout

S11

S22

Zin
M2

Vdd

Czer

o

Czer

o

(b)  Schematic of set-up for raw device testing re-drawn from the screen 
photo. 

o     Cin, Cout, Czero : “Zero” capacitor;
o     Lbias, Ld : “Infinitive” inductor.

Raw device
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Figure 11.34 S parameters from raw device testing 
(The intermediate frequency f =3.96 GHz is marked by a dot on each trace.)

(b) Magnitude of Sij, dB
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(a) S11 and S22 on Smith Chat 
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Point N

S11
Point G

f, GHz 3.696 3.960 4.224
S21, dB 2.45 2.50 2.58 
S11, dB -2.75 -2.50 -2.20
S22 , dB -0.19 -0.18 -0.17
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Lbias
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Vdd
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Ld Zout
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Vdd

Czer

o

Czer

o

Figure 11.35    Schematic of set-up for modified raw device testing 
• Cin, Cout, Czero : “Zero” capacitor;
• Lbias, Ld : “Infinitive” inductor.

Ldege

n Modified raw device
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Figure 11.36    S parameters from modified raw device testing 
(The intermediate frequency f =3.96 GHz is marked by a dot on each trace.)

(b) Magnitude of Sij, dB
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45.0deg =enL nH,   which satisfies the condition of ГS,opt = S11
*

But   µ = 0.95 < 1
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*      Gain and Bandwidth

• The 1st try of the impedance matching work

In input impedance network:   LS, in = 4 nH, CS,in = 10 pF, 

In output impedance network: LP,out = 10 nH , RP,out = 50 Ω,
CS,out = 1 pF.
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Figure 11. 37     Impedance matching by parts:
At input   : LS, in = 4 nH,  CS,in = 10 pF.   
At output : LP,out = 10 nH, RP,out = 500 Ω, and CS,out = 1 pF
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Ldege

n Modified raw device

• The 1st try to implement impedance matching networks
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Figure 11.38     S parametersafter input and output impedances are matched by parts:
(The intermediate frequency f =3.96 GHz is marked by a dot on each trace.)
At input:    LS, in = 4 nH, CS,in = 10 pF.  
At output: LP,out = 10 nHand R P,out = 500 Ω, CS,out = 1 pF

(b) Magnitude of Sij, dB
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(a)S 11 and S22 on Smith Chat 

µ= 1.23 > 1, it is stable!  
However, G = 8.0 dB,  at  f = 3.960 GHz. The gain is too low!

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture #11 Richard Li,  2007 58

• The 2nd try to re-build impedance matching networks

Figure 11.39    Modified impedance matching by parts:
At input :   CP, in = 0.3 pF, LS,in = 3.3 nH.  
At output : LP,out = 5 nH,   CS,out = 0.13 pF, 

CP,out = 0.3 pF
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Ldege

n Modified raw device
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Figure 11.40      S parametersafter input and output  impedances are matched by parts:
(The intermediate frequency f =3.96 GHz is marked by a dot on each trace.)
At input :   CP, in = 0.3 pF, LS,in = 3.3 nH.  
At output : LP,out = 5 nH,   CS,out = 0.13 pF, and CP,out = 0.3 pF

(b) Magnitude of Sij, dB
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In the entire frequency range, the gain, S21> 20.8 dB, is satisfied!
Unfortunately, the bandwidth becomes narrow and is unable to cover 
the desired frequency range: 3.696 GHz < f < 4.224 GHz!

f, GHz 3.696 3.960 4.224
S21, dB 20.8 25.5 25.5
S11, dB -13.8 -13.6 -6.2
S22 , dB -28.8 -25.0 -1.8
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• The 3rd try to modify impedance matching networks

Figure 4.41      Re-Modified impedance matching by parts:
At input :   LS, in = 3.8 nH, CS,in =   5 pF, 
At output : RP,out = 200Ω, LP,out = 2 nH,    CP,out = 0.97 pF, 

CS,out =  10 pF, LS,out=3.3 nH

In
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Zin CP,in

S11

RP,out

Out
CS,

out

S22

LS,out

CP,ou

t Zout
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Lbias
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Vdd
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o
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o
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n Modified raw device
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V
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Figure 4.42     S parametersafter input and output  impedances are matched by parts:
(The intermediate frequency f =3.96 GHz is marked by a dot on each trace.)

At input :   LS,in = 3.8 nH,  CS, in = 5 pF, 
At output : RP,out = 200 Ω,  LP,out = 2 nH,  CP,out=0.97 pF, 

CS,out =   10 pF,  LS,out=3.3 nH.
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In the entire frequency range, the gain, S21> 13.0 dB, is satisfied!
And the bandwidth becomes wide and is able to cover the
desired bandwidth: 3.696 GHz < f < 4.224 GHz!

f, GHz 3.696 3.960 4.224
S21, dB 13.0 14.0 14.3 
S11, dB -26.2 -25.5 -15.9
S22 , dB -33.2 -33.1 -11.9
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Noise figure, 
dB
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Figure 11.43      Noise Figure from 3.696 to 4.224 GHz.  
NF = 1.8 dB when f = 3.960 GHz

Figure 4.44 Constant gain circles and constant noise figure
circles when f =3.96 GHz

o  Gain circles: Gmax = 14 dB at point G, step = 1.0 dB, 
o   Noise figure circles: NFmin = 1.8 dB at point N, step = 0.5 dB,
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*      Non-Linearity

Figure 11.45      Spectrum at LNA output ,        fo = 3.96GHz,  Pin = -50 dBm
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Figure 11.46      1dB compression point when  fo = 3.96 GHz

-25 -15 -5-35 5

-10

-30

-20

0

10 
100

20

30

Pin,  dBm

Pout,  dBm

-45
-3.64

1 dB

0-20 -10-30-40

1 dB compression point = -3.64 dBm

11.6
4

• 1 dB Compression Point

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


Lecture #11 Richard Li,  2007 67

• 3rd order Intercept Point

Figure 11.47     3rd order input intercept point when  fo = 3.96 GHz
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Figure 4.48     2nd order input intercept point when  fo = 3.96 GHz
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o    LNA with AGC (Automatic Gain Control)

• Q:   What does the 90 dB variation of  the field strength
around the antennamean?

• A:   It means that the field strength is varied so many times, that is,

824,741,073,12 3
90

= !

*    Variation of Field Strength around Antenna
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*    Implication of AGC

LNA
with AGC

De-
modulator

Miver
IF 
Amplifier

LPF Detecto
r

Comparator

Receiver

VR

RSSI

Vagc

Figure 11.49    An  AGC control loop in the receiver 
of a communication system

VS,ou

tPS,out

PS, out

Output power of signal

Received input signal, Vi, Vi, 2Vi, 1

Figure 11.50    Expected Characteristics of AGC control
Ideal

Actual performance

AGC control signal, Vagc,
Vagc, maxVagc, min
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*    TradictionalLNA with AGC

Vdd

R2
R1

Out

L1

Vagc M3 M2 Bias
Vd1 C1

C2

In M1

L2

Input 
Matching
Network

Output 
Matching
Network

Figure 11.51    Traditional LNA with AGC

M1, M2 -Cascodeddevices;
C1, C2 -ac short-circuited capacitor;
L1 -Load inductor;
R1 -Stability resistor;
L2 -Degeneration inductor;
M3 -AGC effective device;
R2 -Current control resistor. 
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*    Increase of AGC Dynamic Range

• Diode Clamping

C2

Vagc

In M1

L2

Input 
Matching
Network

Figure 11.52    LNA with large dynamic range of 
AGC
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• To avoid RSSI operated as a current sink or source

Addition  of  R3 and  M4
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• Selection of big device M3

Vgs = 0.35 V

Figure 11.53     DC characteristics of transistor  M3
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Table 11.2    Part list of  LNA with AGC

Part Value                                             . 

M1 Fingers = 8 Wtotal= 128 µm 
M2 Fingers = 16      Wtotal= 256 µm 
M3 Fingers = 100    Wtotal = 1600 µm 
M4 Fingers = 16      Wtotal= 1256 µm 
R1 700 Ω
R2 1 kΩ
R3 10 kΩ
C1 20 pF
C2 40 pF
L1 50 nH
L2 30 nH
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Table 11.3    Goals, simulation, and performance of a LNA with AGC

Goal         Simulation Performance
DC power supply, V 3.0 3.0 3.0 V
Frequency, f 460 to 470 460 to 470 460 to 470 MHz
RSSI Control voltage, Vagc 1.2 to 1.9 1.2  to  1.9 1.2 to  1.9 V
AGC dynamic range, DRagc 0.00 to -40 0.00  to -43.7 0.0  to  -42 dB
Current drain, Ids 2.0  to  * 1.87  to  1.48 2.0  to  1.4 mA
Gain, G 12.0  to -28 12.6  to  -31.1 15.0 to -27.0 dB
Noise Figure, NF 2.0  to  * 1.26  to  29.4 2.7  to  * dB
3rd order intercept point, IIP3-15.0 to  * -10.2  to -7.5  -10.5 to -8.0 dBm
Input Return Loss, S11 *  to  * -15.3  to  -10.4 *  to  * dB
Output Return Loss, S22 *  to  * -23.2  to  -11.7 *  to  * dB
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Discussion

o   Key points to approach Gmax and NFmin.

o   Advantages and disadvantages of CS-CG or CE-CB cascodeLNA

o   Why AGC?

o   Why differential?

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.cn

http://www.fineprint.cn


 
专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com  

 

射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 

 

` 



 

 

 

 

 
专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

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 


