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Correspondence Address: 

Twarreil L‘ Franz’ Esq‘ d A tWo stage loW noise ampli?er (10) includes a ?rst stage 
Mexsaggggtruments ncorporate (12) and a second stage (14). The ?rst stage (12) receives an 
P /0 B 6 4 4 input signal (VIN), performs single to differential conversion 
D‘ H‘ 95X 2; 5 U S on the input signal (VIN), and generates an input differential 
a as’ ( ) signal (VA and VB) therefrom. A bias level of the input 

_ differential signal (V A and VB) may be adjusted to an 
(21) Appl' NO" 09/770’335 optimal bias point of the second stage (14). The ?rst stage 
22 Fl (12 _ 26 2001 (12) provides the input differential signal (V A and VB) to the 

( ) 1 6 Jan ’ second stage (14) Without any loss in ampli?er gain. The 
Related US Application Data second stage (14) performs image rejection on the input 

differential signal (VA and VB) and generates an output 
(63) Non-provisional of provisional application No. differential Signal (V+ and V-) therefrom- The ?rst Stage (12) 

60/179,313, ?led on Jan 31, 2000 and the second stage (14) include a tuning circuit to adjust 
a center operating frequency of the ampli?er (10). The ?rst 

Publication Classi?cation stage (12) and the second stage (14) receive control signals 
from a control bus (16) in order to adjust the center operating 

(51) Int. Cl.7 ............................ .. H03F 3/45; H03F 3/191 frequency. 
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TWO STAGE LOW NOISE AMPLIFIER 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates in general to radio 
frequency receiver technology and more particularly to a 
tWo stage loW noise ampli?er. 

BACKGROUND OF THE INVENTION 

[0002] In radio frequency receiver topologies, radio fre 
quency ?lters provide outputs Which are single ended. 
HoWever, typical receiver implementations require differen 
tial signals in order to take advantage of isolation bene?ts. 
In order to obtain differential signals though, current radio 
receiver implementations use off chip balun circuits Which 
increases the cost for the receiver. Also, effective receivers 
need to have frequency trimming and image rejection capa 
bilities. Therefore, it is desirable to have a receiver circuit 
that can provide the necessary capabilities in a more effec 
tive manner. 

SUMMARY OF THE INVENTION 

[0003] From the foregoing, it may be appreciated by those 
skilled in the art that a need has arisen for a receiver circuit 
that can perform single to differential conversion With 
frequency tuning and image rejection functions. In accor 
dance With the present invention, a tWo stage loW noise 
ampli?er circuit is provided that substantially eliminates or 
reduces disadvantages and problems associated With con 
ventional receiver implementations. 

[0004] According to an embodiment of the present inven 
tion, there is provided a tWo stage loW noise ampli?er that 
includes a ?rst stage performing single to differential con 
version of an input signal. A second stage receives a differ 
ential signal from the ?rst stage. The second stage performs 
differential tuning of a center operating frequency in order to 
provide image rejection of the differential signal. 

[0005] The present invention provides various technical 
advantages over conventional receiver implementations. For 
eXample, one technical advantage is to provide single to 
differential conversion, frequency tuning, and image rejec 
tion in an ampli?er circuit design on a single semiconductor 
device. Another technical advantage is to eliminate a need 
for AC. coupling and DC. bias level shifting betWeen 
stages of an ampli?er circuit design. Yet another technical 
advantage is to provide single to differential conversion 
Without a loss in ampli?er gain. Other technical advantages 
may be readily apparent to those skilled in the art from the 
folloWing ?gures, description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing description taken in conjunction With the 
accompanying draWings, Wherein like reference numerals 
represent like parts, in Which: 

[0007] FIG. 1 illustrates a block diagram of a tWo stage 
loW noise ampli?er; 

[0008] FIGS. 2A-C illustrate circuit diagrams of the tWo 
stage loW noise ampli?er. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] FIG. 1 is a block diagram of a tWo stage loW noise 
ampli?er 10. Ampli?er 10 includes a ?rst stage 12 and a 
second stage 14. First stage 12 receives an input signal VIN. 
First stage 12 converts the single ended input signal VIN to 
a differential signal V A and VB. Second stage 14 receives the 
differential signal VA and VB from ?rst stage 12. Second 
stage 14 performs image rejection on the differential signal 
VA and VB and generates a differential output V+ and V_. 
First stage 12 and second stage 14 each receive control 
signals over a control bus 16 to provide a tuning capability 
for a center operating frequency of ampli?er 10. 

[0010] FIGS. 2A-C shoW a simpli?ed circuit implemen 
tation for ampli?er 10. FIG. 2A shoWs the circuit imple 
mentation of ?rst stage 12. First stage 12 receives input 
signal VIN at transistor Q10. Single to differential conversion 
occurs through the generation of V A and VB that is presented 
to second stage 14. Since inductor L1 is a short at DC, the 
DC. bias level or common mode level for second stage 14 
is identical at V A and VB. The DC. bias level can be varied 
Within ?rst stage 12 by varying the drop across resistor R2 
in response to adjusting the current level through current 
source I1. In this manner, the DC. bias level can be placed 
at an optimal bias point for second stage 14. 

[0011] FIGS. 2B shoWs the circuit implementation for 
second stage 14. The differential signal V A and VB is passed 
to second stage 14 Without any loss in ampli?er gain. This 
is accomplished by eliminating any A.C. coupling betWeen 
?rst stage 12 and second stage 14 and the use of DC. bias 
level shifters there betWeen. A.C. coupling include capaci 
tors that cause a gain loss due to bottom plate parasitics. 
DC. bias level shifters require a source folloWer that also 
results in a loss in ampli?er gain. 

[0012] Second stage 14 performs image rejection at a ?rst 
image frequency by about 20 db for typical heterodyne 
applications, especially at a center operating frequency of 
1.9 GHZ With a local oscillator of 1.6 GHZ to place the image 
at 1.3 GHZ. FIG. 2C shoWs hoW the center operating 
frequency can be tuned by sWitching on or off transistors Q21 
Q22, Q23, Q31 Q32, and Q33 in order to activate capacitors 
C21, 22, C23, C31, C32, and C33, respectively, Within the 
circuit. 

[0013] Ampli?er 10 operates With loW poWer consump 
tion that is bene?cial for use in radio frequency topologies. 
Single to differential conversion is achieved on chip Without 
any loss in gain. Avoltage developed across a tuned load at 
radio frequencies is used to drive a differential stage. Image 
rejection is provided through the tWo stage structure. Also, 
ampli?er 10 uses tWo tank circuits tuned to the same 
frequency. 

[0014] Thus, it is apparent that there has been provided, in 
accordance With the present invention, a loW noise ampli?er 
that satis?es the advantages set forth above. Although the 
present invention has been described in detail, it should be 
understood that various changes, substitutions, and alter 
ations may be readily ascertainable by those skilled in the art 
and may be made herein Without departing from the spirit 
and scope of the present invention as de?ned by the folloW 
ing claims. 
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What is claimed is: 
1. A tWo stage loW noise ampli?er, comprising: 

a ?rst stage operable to perform single to differential 
conversion of an input signal; 

a second stage operable to receive a differential signal 
from the ?rst stage, the second stage operable to 
perform differential tuning of a center operating fre 
quency in order to provide image rejection of the 
differential signal. 

2. The ampli?er of claim 1, Wherein the ?rst and second 
stages operate on a single integrated circuit. 

3. The ampli?er of claim 1, Wherein the ?rst stage 
performs single to differential conversion Without a loss in 
gain. 

4. The ampli?er of claim 1, Wherein image rejection of 
about 20 db occurs at a ?rst image frequency. 

5. The ampli?er of claim 1, Wherein the ?rst stage is 
operable to adjust an input bias level of the differential signal 
presented to the second stage. 

6. The ampli?er of claim 5, Wherein the second stage is 
operable to set an output bias level independently of the 
input bias level. 

7. The ampli?er of claim 1, Wherein the second stage is 
operable to generate an output differential signal associated 
With the input signal. 

8. The ampli?er of claim 1, Wherein the ?rst stage 
presents the differential signal to the second stage Without 
any A.C. coupling. 

9. The ampli?er of claim 1, Wherein the ?rst stage 
presents the differential signal to the second stage Without 
any DC. bias level shifting. 

10. The ampli?er of claim 1, Wherein the ?rst stage 
provides the differential signal at the optimal bias point of 
the second stage. 

11. A tWo stage loW noise ampli?er, comprising: 

a ?rst stage operable to perform single to differential 
conversion of an input signal, the ?rst stage operable to 
generate an input differential signal from the input 
signal, the ?rst stage including a ?rst tuning circuit 
operable to adjust a center operating frequency of the 
ampli?er, the ?rst tuning circuit operable to receive 
control signals to adjust the center operating frequency, 
the ?rst stage operable to vary a bias level of the input 
differential signal; 

a second stage operable to receive the input differential 
signal from the ?rst stage, the second stage operable to 
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perform image rejection on the input differential signal, 
the second stage including a second tuning circuit 
operable to adjust the center operating frequency, the 
?rst tuning circuit operable to receive the control 
signals to adjust the center operating frequency, the 
second stage operable to generate an output differential 
signal. 

12. The ampli?er of claim 11, Wherein the ?rst and second 
tuning circuits include a series of transistors operable to 
activate corresponding transistors in response to the control 
signals. 

13. The ampli?er of claim 11, Wherein the second stage 
includes a current source operable to adjust a bias level of 
the output differential signal independent of a bias level of 
the input differential signal. 

14. The ampli?er of claim 11, Wherein the ?rst stage 
provides the input differential signal to the second stage 
Without any loss in ampli?er gain. 

15. The ampli?er of claim 11, Wherein the ?rst and second 
stages include tank circuits tuned to a same frequency. 

16. Amethod of generating a differential signal, compris 
ing: 

receiving an input signal; 

converting the input signal into an input differential 
signal; 

performing image rejection on the input differential sig 
nal; 

generating an output differential signal in response to the 
input differential signal; 

adjusting a center operating frequency associated With the 
input and output differential signals. 

17. The method of claim 16, further comprising: 

varying a bias level of the input differential signal. 
18. The method of claim 17 further comprising: 

varying a bias level of the output differential signal 
independently of the bias level of the input differential 
signal. 

19. The method of claim 17, Wherein the bias level of the 
input differential signal is varied to an optimal bias point of 
the second stage. 

20. The method of claim 16, Wherein the ?rst stage 
provides the input differential signal to the second stage 
Without any loss in ampli?er gain. 

* * * * * 


