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5.4 THE CASCODE AMPLIFIER 
The DC analysis of the cascode amplifier was presented in Chapter 3. Let us now cany 
out the complete AC analysis for the cascode amplifier of Figure 5-27 as shown below: 

- - 

TI - - 
R3 1 - - 10kQ 

Figure 5-27: Cascode amplifier 
7 - - - 

DC analysis: 

The base voltage VBI is determined with Equation 3-49, as follows: 

For the 2N2222 transistor, the Ic of 2 rnA corresponds to P = 160. 

The base voltage VB2 is determined with Equation 3-56, as follows: 
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AC analysis: 

We will start the AC analysis with the AC equivalent circuit, which will be a cascade of a 
common-emitter followed by a common-base configuration, as shown in Figure 5-28 
below: 

Figure 5-28 : Small-signal equivalent circuit of Figure 5 -27 

First stage (common-emitter): 
Rb = Wre +  RE^) 

R~ = i60(13 n + 22 n) = 5.6 kn 
The resistance RB is the parallel combination of R2 and R3. 

The input resistance Rin is the parallel combination of RB and Rb. 

The load for the first stage is the input resistance of the second stage, which is simply re. 
Hence, the gain of the first stage is determined with Equation 5-43 as follows: 

Second stage (common-base): 

The load for the second stage is the parallel combination of Rc and RL. 

The gain for the second stage is determined as follows: 

"CI P i e  Piare re 
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The overall voltage gain is the product of the two gains. 

Practice Problem 5-5 

Determine all the amplifier parameters for the following cascode amplifier: 

Answers: 
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Summary of Equations for the Analysis of the Cascode BJT Amplifier 

DC analysis: 

R3 VEl 
vB1 = vCC VEI = VBI - VBE, IEl = - 

R, +R2 +R3 ' RE 

Icl z IEl = Ia E Im 
26 mV 

re =- 
IE 

VB2 = vcc 
R2 + R3 vn = vcl = vB2 - VBE 

R, +R,  +R3 ' 

V C ~  = vcc - IcRc, V C E ~ = ~ C ~ - ~ E I ,  V C E ~ = V C ~ - V ~  

AC analysis: 

If RE is split; that is, RE = REl + RE2 

A, =- RL ' 
re + RE, 

where REl is the unbypassed portion of the RE, otherwise 

RL ' 4=- 
re 

RB=R2 11 R3, Rin = RB )I Rb, Rb = Ere + REI),  

i 'in 
A, = +- = A,,, - 

'in RL 

Ap = Ai xAo(m) 

vin = vs ' i n  

Rs + ' i n  

VO(WL) = Ao(w~)vin 
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8.7 ANALYSIS OF THE FET CASCODE AMPLIFIER 
Similar to the BJT cascode amplifier, which is a cascade of common-emitter and 
common-base configurations, the FET cascode amplifier is a cascade of common-source 
and common-gate configuratios. Recall that the common-source amplifier can provide a 
very high input resistance, and the common-gate offers a much desirable high-frequency 
response, but it suffers from a very low input resistance. The FET cascode configuration 
utilizes the superior characteristics of both configurations, while avoiding their 
undesirable characteristics. The circuit of a JFET cascode amplifier is shown in Figure 
8-41 below. 

Figure 8-41: A JFET cascode amplifier circuit 

DC analysis: 

Applying the voltage divider rule at GI, we can solve for the voltage Vcl, as follows: 

VGsl is determined with Equation 7-32, as follows: 

where, 

- - - b + 4 b 2  -4ac 
'GS 1. 

n - channel 2a 

a =  
12mAx1.5kn 

= 2 
(3 V) ' 
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-13+ ,/(13)~ - 4 ~ 2 x 1 5  
vGSl = G-1.5 v 2 x 2  

Having determined VGS, ID can be determined with Equations 7-15, as follows: 

Applying the voltage divider rule at G2, we can solve for the voltage VG2, as follows: 

Both transistors being identical, and drain cwents being equal, the gate-source voltages 
VGsl and VGS2 must be equal. This can also be verified easily with Shockley's equation. 

VGsl = VGS;! = -1.5 V 

Small-signal analysis: 

The small-signal equivalent circuit of the cascode amplifier of Figure 8-41 is shown in 
Figure 8-42 below. 

Figure 8-42: Small-signal equivalent circuit of Figure 8-4 1 
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Input resistance: 

The input resistance Rin is the parallel combination of R3 and R2: 
Rin= RG = R3 ( 1  R2 Rin=470 kn 1 1  330 kn= 194 W 

Output resistance: 

The output resistance Ro is simply RD 
ROzRD R~ = 2.7 w 
First stage load resistance: 

The load of the first stage (RLI)  is the input resistance (Rid) of the second stage, which is 
a common-gate configuration, and its input resistance is simply given by 
RLI=  R id=rm= l lgm= 114 mAN ~ 2 5 0  AN 

Second stage load resistance: 

First stage voltage gain: 

Second staae voltage gain: 

Overall voltage gain: 

Note that the effect of the transistor ro was neglected in the process for two reasons: ( I )  to 
make the analysis simpler, (2 )  its effect is negligible with the cascode configuration. 
However, if ro is to be accounted for, then Ro and RL' would be as follows: 
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Practice Prubfern 817 

Analyze the JFET cascode amplifier of Figure 8-43, and detem~ine the following: 
VGS, ID, VDS~ , VDSZ, Rin, Ro, Av. 

Figure 8-43: A JFET cascode amplifier circuit 

Answers: 

8.8 DESIGN OF SMALL-SIGNAL JFET AND MOSFET AMPLIFIERS 

Although the approach to designing the JFET or MOSFET amplifiers for a set of given 
specifications is somewhat different fiom that of the BJT amplifiers; however, the same 
basic design strategies apply equally to FET amplifiers. That is, we will first design the 
DC bias for an optimum and stable operating point that allows maximum signal swing at 
the output. In addition, we will employ a configuration that permits designing for a 
specific gain without significantly altering the established Q-point. 

Let us design a common-source JFET amplifier for the following set of specifications: 
Supply voltage: VDD = 16 V Drain current: IDQ = 2 rnA 
No load voltage gain: CqvWJ = 26 Output voltage swing: v,(,~) 2 6 V(p-p) 
Input Resistance Rin 2 330 kR Output Resistance R, 5 3.3 kR 
Stability considerations: 


