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Lecture / Laboratory #6 

• Review major points from Lecture 5 

• Review laboratory work (demonstrations) 

• Operational Amplifiers (Op-Amps) 

 -  Differential Ampl. 

 -  Summing Ampl. 

 -  Integrators and Differentiators 

• Sample – and Hold (S & H) ckt. 

 -  QUAD Bilateral Switch 

 -  JFET (Junction Field Effect Transistor)   

 -  MOSFET (Metal-Oxide-Semiconductor FET) 

• Analog Computer 

Lab.:  Construct analog computer and measure   θ(t)   for               

 ω = 104 sec-1   
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Differential Amplifier 

VA = VB  ← 1st golden rule 
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Vout 

I1 + I2 + I3  = 0  at point  B 

I3 = 0 ←  2nd golden rule 

€ 

I1 =  V2 −VB( ) R1
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Summing Amplifier (Voltage Summation) 

Point A  is at virtual 
ground. 

V2 

V1 

V3 

R1 

R1 = 10 k 

R1 = 10 k 

R2 = 10 k 

Vout 
A 

Hence: 

If  R2 = R1 

Note that inputs can be positive or negative.  If resistors  R1 are not 
equal, the sum will be weighted sum. 
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Integrators 

Op-amp allows to make 
nearly perfect integrator, 
without the restriction that   
V0 << Vi   

C 
Ri Vi 

V0 A 

Some problems: 

    (a)  Leakage current in op-amp 

 (b)  Offset  of  V0(t) 

Vi(t) 

V0(t) 

Solutions: 

 For (a) → choose very large  C  (but should be 
optimum, because impedance) 

 V = Q / C 

                    → small  ΔI (leakage) doesn’t really   
change  Q, hence   V0(t) 
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Integrators (cont.) 

Solution for  (b)  →  choose offset on square wave to 
compensate for  V0(t)  offset 

Vi(t) 

V0(t) 

Note offset of   V0(t)   even with input grounded (virtual 
ground).   

Integrator can be zeroed periodically by closing the 
switch across capacitor  C  (usually an FET n – channel  
JFET) 

Vi 
C 

R 
V0 
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Block diagram: 

Front – 
End Adj. 
Ampl. & 
Offset 

Sample 
& Hold 
S/H; 
(IC) 

Analog 
to 

Digital 
Conv. 
A/DC 
(IC) 

Digital to 
Analog Conv. 
D/AC; (IC) 

Memory 
(IC) 

Univerisal 
Asyn. Rec. 
Trans. 
(IC) 

To pc 

“hand 
shakes” “Glue”: logic & control (clock, 

combinational logic) 

1. Acquisition Mode (Memory)       
→Not fast 

2. Display Mode (Reading from 
memory) → Fast 

3. Transfer Mode  ←  Slow 

Modes of  

Operation }⇒ 

Digital Sampling Oscilloscope (DSO) 
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Sample – and – Hold Circuit 

An analog switch which when closed passes the local voltage 
to the other side is the basis ofr a sample – and – hold ckt.  The 
control signal drives the switch “on” and “off”.   

When switch is closed, the ckt “samples” what is on line, and 
when open, it “holds” the voltage there, so eq.  A/D converter 
can perform an operation on it. 

C 

C should be such that it 
will provide good source 
impedance and sample 
time (As large as possible, 
but not too large for input 
impedance).  

output from S/H 

sample 

input – sine wave output 

input  

hold 
switch open switch closed 
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S & H Circuit (cont.) 

Analog 
in 

Analog 
out 

(→ to A/DC) 

Digital logic control 
 ⇓ 
Clock from time (: example 555 IC)  
+    switch :  example ⇒ 4066 Quad 
Analog Switch  (4JFET) 

Junction Field Effect 
Transmission 

4x 4066 

+5V closed 
-5V open 

+5 V From timer 
(clock) 

Clock 

-5 V 
Quad. Analog 

Switch 
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MOSFET  

Sample – and – hold circuit with FET switch (MOSFET) 

n - channel p - channel 

The insulated – gate FET or MOSFET ⇒ metal-oxide-
semiconductor FET. 
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MOSFET (cont.)  

JFET – gate forms a diode junction with the drain-source channel.   
 Leakage current (~nA), which increases with increasing drain  
 voltages. 

 For forward – biased gate in respect to drain or source ⇒ 
 regular diode construction. 

MOSFET -  gate is separated from the conducting channel by thin 
 SiO2 layer ⇒ hence, input resistance (on gate)  > 1014 Ω 
 (MOSFET is called insulated gate).  Gate electric field effects 
 channel conduction → MOSFET very sensitive to static 
 electricity (easily damaged by touching it).  Operates at any 
 polarity on gate (without current on gate). 


