Designing Single Stage Amplifier

Designing Single Stage BJT Amplifier

Objectives:

· We would like to design a low noise BJT amplifier with a theoretical noise figure of less than 1.8dB and a power gain exceeding 15dB (more than 7 times).

· The operating frequency of the amplifier would be centered at 410MHz.

Background:

· The first step is to choose a suitable transistor for the job.  For this example we select the NPN wide-band transistor BFR92A.  This transistor comes in a SOT-23 package and has a transition frequency of 5.0GHz.  Both Siemens and Phillips Semiconductor manufacture this device.

· We will choose common-emitter configuration with emitter bypass capacitor as the biasing network for the transistor.  The amplifier will be of Class A type.

· The load and source impedance is to be fixed at 50Ohm.  Thus the block diagram of the amplifier is as shown in Figure 1.


Figure 1 – The block diagram of the amplifier.

Step 1: DC and S-Parameter simulation

The first step is to design the dc biasing network of the circuit and to check that the S-parameter of the basic unmatched amplifier has the capability to produce the required power gain.
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Figure 2 – The basic circuit used for inspection of dc current and S-parameters of the amplifier.

The DC simulation results are:

VC
VE
VB
IC

4.5V
0.48V
1.27V
4.75mA

This result is reasonable.  A rule of thumb for good thermal stability is VE(0.1VCC, which is fulfilled by our design.  Further IC less than 10mA ensure small power dissipation.  However if higher operating frequency and gain is required, then we have to increase the IC as the transition frequency and hFE of the transistor is a function of IC.  The simulated S-parameter for the schematic of Figure 2 is shown in Figure 3.
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Figure 3 – The S-parameters of the basic circuit in Figure 2, from 50MHz to 1.2GHz
Step 2: Checking the figure of Merit and stability

The figure of merit (FM) of the basic circuit is given by


FM = 41.622dB.

This set the upper limit of the gain that we can design.
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Figure 4 – K versus frequency.

Since the Rolette stability factor K is less than 1 at 410MHz, the device is conditionally stable.  We have to plot the load and source stability circles to determine the allowable source and load reflection coefficient.

Step 4: Finding the S-parameters and plotting the relevant circles

Using the basic schematic of  Figure 1.  We plot a number of circles in the data display window.  Since we are only interested in the operating frequency 410MHz.  The S-parameter simulation is fixed at 410MHz.  The schematic with the appropriate simulation control is shown in Figure 5.
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Figure 5 – The schematic for design at 410MHz.

Among the circles plotted in the smith chart are:

· The load and source stability circles.  Since both |S11| and |S22| are less than unity, the stable load and source reflection coefficient region as shown in Figure 6.

· The constant power gain circles for Gp=15dB, 17dB, 19.5dB.  The gives the load reflection coefficient (L needed to achieve the specified power gain.

· Mininum noise figure point for NFmin = 1.7dB for the transistor BFR92A.  The corresponding input impedance is ZSM = 43.352+j31.792. 

· Constant noise figure circle for NF=1.8.  This gives the required source reflection coefficient (S to achieve an amplifier noise figure of 1.8dB or less.

· Constant VSWR mismatch circle for the input reflection coefficient (S.  This circle is dependent on the selected input VSWR and the (L.

· The final smith chart used for the design is shown in Figure 7.
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Figure 6 – Stable region for source and load reflection coefficient.

The macros for plotting all these circles are shown in appendix A, which depicts the data display window itself.
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Figure 7 – The final smith chart.

Step 5: The tuning procedure

· Selection of power gain and input mismatch.  The noise figure NF of the amplifier and the input VSWR both depend on the input reflection coefficient (S.  Usually a value of (S that minimizes NF (ideal equal 1dB) will results in large input VSWR (ideal also equal 1) and vice versa.  A small input VSWR is desirable so that all power channels to the amplifier actually get absorbed by the amplifier and not reflected.  So a compromise is made, we settle on a NF and a input VSWR that are not the smallest by are acceptable for amplifier performance.  This NF and input VSWR must share the same (S.  In addition to this requirement, a properly design amplifier should also has small output VSWR.  If this stage is used as the first stage in a multi-stage amplifier, then the output VSWR of the first stage becomes the input VSWR of the second stage.  This assumption is valid if the impedance matching network between both stages is lossless, which is always true in practice. 

· Let us fix our target performance at, power gain GP=19.5dB, noise figure NF<1.8dB and VSWRin<1.8, VSWRout<3.0.

· Our target is to select input reflection coefficient (S and output reflection coefficient (L that meet the above criteria.

· As a first step we select the output reflection coefficient (L on the GP=19.5dB circle.  This location of (L should be as far as possible from the load stability circle to ensure good stability margin.  This is because the S-parameter of the transistor changes from unit to unit and also dependent on layout.


                                [image: image9.png]



Figure 8 – Optimum placement of load reflection coefficient.

· The location of (L and VSWRin=1.8 will determine the position of the constant input mismatch circle (the VSWRin=1.8 circle).  The source reflection coefficient (S must be located on this circle.  The criterias for (S on this circle are (a) (S must be sufficiently far from the source stability circle. (b) (S must be be within the NF=1.8dB circle. (c) the output VSWR must be less than 3.0.

· So we put a marker on VSWRin=1.8 circle and calculate VSWRout at each position.  At marker position as shown in Figure 7, we find that the VSWRout is the minimum, that is VSWRout=2.768.  The input reflection coefficient (S at this position is also within the NF=1.8dB circle.  Note that it is also sufficiently far away from the source stability circle.  So (S at this position is accepted.  

· The final value: (L=0.176+j0.090, (S=0.098+j0.285.

· If the criterias above cannot be fullfilled, then we have to change the position of marker 1, the position of (L on the GP=19.5dB circle and repeat the tuning procedures.  If after trying all the suitable values of (L we still could not meet the criterias, then we can try lowering the power gain.  Alternatively we could try different biasing scheme or even changing the transistor.

Step 4: Implementing the input impedance matching network
The required source impedance corresponding to (S=0.098+j0.285 is ZS=50.807+j31.797.  A simple L impedance transformation network is used to transform the 50Ohm source into this value.  The schematic is shown below.  For the design procedure, please refer to the document on impedance matching network.



Figure 9 – The input matching network.

Step 5: Implementing the output impedance matching network

The required load impedance corresponding to (L=0.176+j0.090 is ZL=69.937+j13.073.  A simple L impedance transformation network is used to transform the 50Ohm load into this value.  The schematic is shown below.
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Figure 10 – The output matching network.

Step 6: Final schematic and verification

The final schematic for verifying the S-parameter is shown in Figure 11.  While that for checking the actual transient response is shown in Figure 13.  From Figure 12, observe that the simulated S21 has a magnitude of 19.2dB, which is quite close to the required value of 19.5dB.
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Figure 11 – The final schematic including input and output impedance matching networks.
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Figure 12 – The magnitude of S21 of the complete amplifier.
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Figure 13 – The final schematic for performing a transient simulation at 410MHz.
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Figure 14 – The result of transient simulation when a 20mV peak-to-peak sinusoidal source is supplied to the amplifier.
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Figure 15 – The frequency spectrum of the output voltage.

Step 7: Circuit layout

The layout is done on a FR4 printed circuit board with 1.6mm thickness and one ounce copper.


[image: image17.emf]
Figure 14 – The layout of the circuit, only the component side is shown.  The solder side is ground plane.
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Instead of using a single 470nH inductor, two 220nH inducotrs are used.  This is because the self-resonating frequency of 330nH inductor are around 800MHz while for 470nH inductor it is around 600MHz.





Decoupling capacitor for power supply





The commercially available inductor is 12nH.  Since we require 12.9nH, the loop here will contribute the extra 0.9nH.
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