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FET Amplifier
 Chapter8. FET Amplifier
 FET small-signal model Transconductance gmoutput impedance rd
 Model applied to some configurations
 D- & E-MOSFET
 JFET: Fixed biasingSelf biasingVoltage divider
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FET Amplifier
 FET Transconductance
 FET is voltage-controlled device.
 ID = gm VGS
 The VGS controls the ID of an FET.
 The change in VGS will result a change of the ID in the following manner:
 where the gm is referred to as transconductance.It is provided as yfs on datasheet.
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FET Amplifier
 FET Input Impedance
 The input impedance of all commercially available FET is sufficiently large to assume that the terminals approximate an open circuit.
 Zin =
 The typical value of Zin is 109 for JFET and 1012 ~1015 for MOSFET.
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FET Amplifier
 FET Output Impedance
 The output impedance of FET is typically from 20k to 100k.
 Zout = rd = 1/yos
 It is defined by the reciprocal of the slop of the output characteristics, ID~VDS.
 On datasheet, output impedance is provided as yos with the units of S.
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FET Amplifier
 FET AC Equivalent Circuit
 Shown in the figure is the FET AC equivalent circuit.The control of Id by Vgs is included as a controlled current source.The input impedance is represented by the open circuit between G & S.The output impedance is represented by the resistor rd between D & S.
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FET Amplifier
 Figure: FET AC Equivalent Circuit
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FET Amplifier
 JFET Fixed-Bias Configuration
 As shown in the figure, it is the fixed biasing configuration of n-channel JFET. The input signal Vi is applied to the G and
 the output Vo is off the D. For small-signal analysis, VGG is replaced
 with short circuit and VDD ground. Those dc blocking capacitors C1 and C2
 are replaced with short circuits.
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FET Amplifier
 So the RG is in the input port and RDoutput port.
 Input impedance Zi = RG .
 Output impedance Zo = rd || RD .
 Voltage gain Av:From the figure, we find that
 Vo =(- gm Vgs ) (rd || RD)
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FET Amplifier
 AndVi = Vgs
 So that
 Av = Vo / Vi = - gm (rd || RD)
 Phase relationship:The negative sign in Av ,reveals that a 180 phase shift occurs between the input and output signals.
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FET Amplifier
 Figure: JFET fixed-bias configuration & its ac equivalent circuit
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FET Amplifier
 JFET Self-Bias ConfigurationAs shown in the figure, it is the self biasing configuration of n-channel JFET. This network needs only one dc supply.
 For small-signal analysis, VDD is replaced with ground.
 Those dc blocking capacitors C1 ,C2 andbypass capacitor CS are replaced with short circuits.
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FET Amplifier
 So the RG is in the input port and RDoutput port.
 Input impedance Zi = RG .
 Output impedance Zo = rd || RD .
 Voltage gain Av:From the figure, we find that
 Vo =(- gm Vgs ) (rd || RD)
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FET Amplifier
 AndVi = Vgs
 So that
 Av = Vo / Vi = - gm (rd || RD)
 Phase relationship:The negative sign in Av ,reveals that a 180 phase shift occurs between the input and output signals.
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FET Amplifier
 Figure: JFET self-bias configuration & its ac equivalent circuit
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FET Amplifier
 JFET Voltage-Divider Configuration
 As shown in the figure, it is the voltage-divider configuration of n-channel JFET. For AC small-signal analysis, VDD is
 replaced with ground. Those dc blocking capacitors C1 ,C2 and
 bypass capacitor CS are replaced with short circuits.
 So the R1 and R2 are in the input port and RD output port.
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FET Amplifier
 Input impedance Zi = R1 || R2 .
 Output impedance Zo = rd || RD .
 Voltage gain Av:
 Av = Vo / Vi = - gm (rd || RD)
 Phase relationship:The negative sign in Av ,reveals that a 180 phase shift occurs between the input and output signals.
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FET Amplifier
 Figure: JFET voltage-divider configuration & its ac equivalent circuit
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FET Amplifier
 D-MOSFETsThe Shockley’s equation is also applicable to depletion-type MOSFETs. So the gm and the rd are very similar to those encountered for JFETs.The ac equivalent model for D-MOSFETs is exactly the same as that for JFETs.The only difference is that VGSQ can be positive for n-channel devices and negative for p-channel devices.

Page 19
                        

FET Amplifier
 Figure: Depletion-type MOSFET ac equivalent circuit

Page 20
                        

FET Amplifier
 E-MOSFETsFor enhancement-type MOSFETs, the nonlinear relationship between ID and VGS is as following:
 ID = k (VGS – VT)2
 gm= dID/dVGS
 So the gm can be obtained
 = 2k (VGS – VT)
 where k is a constant and can be obtained through VGS(on) and ID(on) from datasheet.

Page 21
                        

FET Amplifier
 Figure: Enhancement-type MOSFET ac equivalent circuit
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FET Amplifier
 Summary of Chapter 8
 AC equivalent model for JFET networks Fixed biasingSelf biasingVoltage divider
 AC equivalent model for D- & E-MOSFET
 FET small-signal model: gm and rd
 Also read Summary Table, Sec. 8.12, p417.
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