
,l 
l 

200001836-6 
· 3 .. :0·MAR ZB 

Novel Technique to Generate Negative Conductance 

in CMOS Tuned Cascode RF Amplifiers 

Background of the Invention 

1. Field oflnvention 

This invention relates to printed and integrated circuits and in particular to integrated . . . 

CMOS tuned RF amplifiers. 

2. Description of Related Art 

Advances in CMOS technology has made it posSI"ble to integrat onto a single chip a 

communication system Opt:7a:ting in a ftequency range between 0.9 and 2.5 GHz which can be 

used in mobile phones and global positioning systems. An important aspect of the communication 

system is having a low noise amplifier {LNA). The prime objective of the LNA is to produce a 

. signal at a given noise figure for a minimum expenditure of power. Since an LNA is a first stage 

of a receiver, the overall design will be dominated by the noise figure. When the gain of the LNA 

is large, noise contn"bution by subsequent stages becomes insignificant. Also a narrow bandwidth 

LNA proVides increased immunity for low frequency base band signals. · 

In US 5,861, 778 (Louagie et al.) a low noise amplifier is based on a differential difference 

amplifier having a differential output with two pairs of differential inputs ThiS is done to minimize 

harmonic distortion. IIi US 5, 710,523 (Kobayashi') a low noise amplifier utilizing a high mobility 
. . 
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transistor and a tunable heterojunction bipolar transistor is described. In US 5,642,080 (Whang et 

al.) a lownoise amplifier is described that includes an input impedance component consisting of 

an inductor and a capacitor. Two MESFETs are comected in cascade with a capacitor connected 

between them to enhance the stability of the amplifier. In US 5,574,405 (Razavi) a low noise 

amplifier is combined with a mixer and synthesizer circuit to produce an RF system front end. The 

·synthesizer shares power with the low noise amplifier to reduce power consumption. In US 

5,488,382 (Fenzi et al.) a low noise amplifier with high input impedance is descn"bed using a · 

cascode pair ofFET transistors. A feedfback is provided from output to input to lower the Q of 

the antenna at the input of the amplifier, broadening the bandwidth of the detector and matching. 

the antenna to the noise factor of the amplifier. 

A conmon source tuned RF amplifier is frequently used as a low noise amplifier. Using a 

caseode amplifier as an input stage isolates an inter stage tank circuit from any input matching 

networks which can improve stability. An integrated inductor which forms a part of the tank 

circuit has a low Q (quality factor) which limits the Q.ofthe LNA amplifier. The gain and Q of the 

LNA can be enhanced by adding a negative conductance at the output of the LNA to the tank 

circuit, but this usually means added active devices which results in more noise and more power 

dissipation; 

SUMMARY OF IBE INVENTION 

In this invention a single capacitor is added to a cascode low noise amplifier to produce a 

negative conductance and increase the Q and gain, as well as improves the noise performance, of 

the amplifier. An LC tank circuit is comected to the drain of the output transistor of the cascode 
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amplifier, and the added capaci,or is connected from drain of the output transistor to the drain of 

the input transistor. The capacitor between the two drains produces a negative conductance which 

when combined with the LC tank circuit produces a higher amplifier Q and gain. The added 

capacitor being passive does not generate noise or add additional power to the amplifier, and 

enhances the characteristics of the low noise amplifier by providing better gain Without additional 

power consumption. The higher Q allows the low noise amplifier to perform some bandpass 

functions. 

The LC network connected to the drain of the output transistor of the LNA (low noise 

amplifier) is designed to produce a peak gain at the center frequency of the amplifier. The added 

capacitor connected between the drains of the cascode transistors of the LNA is chosen to 

produce a maximum gain. The value of the added capacitor creates a negative conductance which· 

when combined with the LC tank circuit increases the Q and gain of the LNA and shifts the center 

frequency of the amplifier. The capacitor of the LC tank circuit is adjusted to return the center 

frequency to the required design point producing a high Q and gain for the LNA. 

The techniques of this invention are applicable in tuned RF amplifiers developed :from a 

wide range devices and technologies. Devices such as BIT, :MESFET, HBT and HEMT can be 

used to form tuned RF amplifiers using similar tuning techniques disclosed ill this Invention. • 

These devices can be constructed using various processes and technologies such as CMOS, BIT, 

BiCMOS, SIGe and SOI. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be described with reference to the accompanying drawings, wherein: 
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FIG. l is a schematic diagram of the LNA of this invention, 

FIG. 2 is a set of curves that shows the effect of inductor Q and added capacitance 

between stages of a cascode amplifier on the total output conductance of the amplifier, 

FIG. 3 is a set of crirves showing amplifier Q, gain and frequency versus the added 

·• capacitance between cascode stages of the LNA, 

FIG. 4 shows the effect of adjusting capacitance on gain of the LNA, and 

FIG. 5 shows a method of creating an LNA with high Q and high gain. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT . . 

In FIG. l is shown a schematic diagram ofthe.LNA of this invention. An input signal 10 is 

connected through an input capacitor Cl to the gate of transistor 11 designated as Ml which 

forms a cascode amplifier 14 with transistor 12 desigriated as M2 .. A bias network comprising 

transistor 13 M3 and resistors Rl and R2 is connected to the gate of transistor Ml to provide an 

appropriate bias for the cascode amplifier 14. An LC tank circuit is formed between inductor Lt . 

and capacitor C3 which is connected to the drain of transistor M2 of the cascode amplifier 14. 

The drain of the transistorM2 provides the output 15 of the LNA. A capacitor C2 is added 

between the drains of transistors Ml and M2 of the cascode amplifier. This added capacitor 

produces a negative conductance at the drain of transiStor M2 which when combined with the LC 

tank circuit produces a higher gain and higher overall circuit Q. 

In FIG. 2 is shown a set of curves relating the value of the inductor Ll quality fuct:or Qi. 
. . 

to the capacitance of the added capacitor C2 for various values of the real part of the output 
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impedance of the LNA. A relatively low valued of the inductor QL is required to maintaining 

circuit stability by providing a positive real part of the circuit output impedance to allow stable .. 

operation. As an eXan1ple, a 1.8 GHz tuned cascode amplifier can be designed using an integrated 

inductor ofL= 9nH and a QL= 5 with C3=0.7pF. As shown in FIG. 2 the added capacitance ofC2 

can be any value and Still produce a stable operation. For values of QL>5 the range of values for 

C2 become more restricted for stable operations. 

In FIG. 3 is shown the effects of capacitoi C2 on overall circuit Q, amplifier gain G 8nd 

center frequency f of the amplifier. A maximum gain G and circuit Q is o~ed for capacitance 

of approximately about 0.8 pF for capacitor C2 when QL.= 5. The frequency of the amplifier 

which produces maximwn gain and Q has shifted below the 1.8 GHz design point. The :frequency 

shift can be corrected by reducing the capacitance of capacitor C3 from approximately about 

· 0.7pf to approximately about 0.51pf. 

FIG. 4 shows examples of the gain effects for various values ofC2, C3 and Lt. Cmve A 

has a center frequency of approximately 1.8 GHz.for L1=9nH and C3=0.7pF. Adding capacitor 

C2= 0.8pF connected between the drains of the cascode amplifier 14 produces curve B which is 

shifted in :frequency, has a higher peak gain and a narrower bandwidth. Curve C shows the effects 

of compensating for the frequency shift of curve B by reducing C3 from approximately about 

i 
f 0. 7pf to approximately about 0.51 pf. Curve C has a higher gain and circuit Q than either curves 

A or B and has a center frequency of approximately 1.8 GHz which is the design point for the 

. amplifier. 

In FIG. 5 is shown a method for optimizing the gain and circuit Q for a cascode LNA. A 

drain of a first trariSistor is connected the source of a second transistor of a cascode amplifier 20. 
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An input signal is connected to the gate of the first transistor of the cascode amplifier 21. An 

inductor and a capacitor are connected to the drain of the second transistor of the cascode 

amplifier 22. The drain of the second transistor is the output for the cascode amplifier. A second 

capacitor is connected between the drains of the first and second transistor of the cascode 

,~ amplifier 23. Values for the inductor and the fifst capacitor are selected to produce a peak gain at 

r. 

, .. 
;frlY! 

a ·required frequency 24. The Q of the inductor in held at a value that maintains circuit stability. A 

value is selected for the second capaciior connected between drains of the transistors of the 

cascode amplifier to produce a maximum gain 25. A frequency shift occurs as a result of the 

capacitance of the second capacitor. This :frequency shift.is compensated for by adjusting the _first 

capacitor to be a lower value 26. The result of this method produces a low noise amplifier with a 

high gain and circuit Q at a required frequency. · 

While the invention bas been particularly shown and descn'bed with reference to preferred 

embodiments thereo~ it will be understood by those skilled in the art that various changes in form 

and details may be made without departing froin the spirit and scope of the invention. 
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CLAIMS 
1. A tuned cascode amplifier, comprising: 

a) a first transistor connected in cascode with a second transistor in a ra.djo frequency (RF) 

amplifier, 

b) an input to said amplifier connected to gate of said first transistor, 

5 c) an output of said amplifier connected from drain of said second transistor 

d) an inductor-capacitor (LC) network connected to drain of said second transistor, 

e) said LC network comprising an integrated inductor connected in parallel with a first 

capacitor, 

:f) a second capacitor connected between said LC network and drain of said first transistor, 

10 2. The amplifier of claim 1, wherein said second capacitor produces a negative 

conductance to enhance said LC network quality fuctor (Q) resulting in an increased gain of said 

8ll1Plifier. 

3. The amplifier of claim 2, wherein increasing capacitance ofsaid second capacitor 

reduces :frequency of peak gain of said RF amplifier. 

15 4. The amplifier of claiin 3, wherein decreasing, or increasing, capacitance of said first 

capacitor compensates for :frequency effects of.said second capacitor which further increases 

circuit Q and :frequency of peak gain of said RF amplifier. 

5. A method of forming a tuned cascode radio frequency (RF) amplifier, comprising; 
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a) connecting a drain of a first transistor to a source of a second transistor to form a 

cascode. amplifier, 

b) cormecting an input signal to gate of said first transistor, 

c) connecting an inductor and a first capacitor to form an LC network at output of said 

5 . amplifier connected to drain of said second transistor, 
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d) cormecting a second capacitor between the drain of said second transistor aruJ drain of 

said first transistor, 

e) selecting values for said inductor and said first capacitor to produce a peak gain at a 

· required :frequency, 

f) selecting a value for said second capacitor to produce a maximum gain, 

g) adjusting said first capacitor to compensate for :frequency shift ~ by said second 

capacitor and produce a tuned amplifier at said required :frequency. 

6. The method of claim 5, wherein selecting a value for said second capacitor produces a 

negative conductance that enhallces the quality mctor (Q) and gain of the tuned cascode 

amplifier. 

7. The method of ~laim 5, wherein said inductor is an integrated inductor. 

8. The method of claim 5, wherein a Q for said inductor is limited to produce a positive 

real part of amplifier output impedance and provide a stable circuit operation. 
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