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| Inverting Summing Amplifier
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| Scaling or Weighted Sum Ampllfler

In the given circuit, if R, # Ry, # R,

From (1), we get the output voltage is scaled or

weighted sum of input voltages
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| Averaging Amplifier
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Hence, output voltage is negative average of

input voltages.



Non-inverting Summing Amplifier

o . R, Rp
For simplicity, assume R, = R, = R, = R and determine V, AN\, —= I)\N\'
using Superposition Theorem as
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Non-inverting Averaging Circuit

Rp
The output voltage of the circuit A .
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The output voltage is the average of the input voltages.




|Weighted-Resistor & R-2R Ladder DAC
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| Why R-2R Ladder DAC

Limitation of weighted-resistors DAC
1. Resistor value get doubled with increasing bits

2. Output is erroneous, if resistors are inaccurate

Advantages of R-2R Ladder DAC
1. Only two values resistors are required
2. Easily scalable to any number of bits

3. Total output resistance of the network is R



|Thevenin Resistance of R-2R Ladder
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Voltage Analysis

CASE 1: Assume binary input 001
Here 15V,.r and 050V Vier  Vier  Vier

Voltage at node A, B and C get halved subsequently
2R 4 R B R ¢ R

_Vrer v, _ Vrer _ Vrer —WWW1+—" WA+ AVN—F+ANN—
VA— Z,VB— 4,andVC— 3
=~ 28RS 28RS 28RS
The output voltage of the DAC after OpAmp is o
R ReV, er T 7
F F Vref
001 R /C R 8

For Rp = Rand V,..p = 5V,

5
Voo1 = 3= —0.625V (Resolution of DAC)



Voltage Analysis

CASE 2: Assume binary input 010

2R 4 R B R ¢ R

The voltage at node B is given as Vy = Vrzef — WV WAHAVWAAW—
Voltage at node C is further calculated as V, = Ures T 2R § 2R§ 2R§
The output voltage for 010 binary input — V:")ef —
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Voltage Analysis

CASE 3: Assume binary input 100

2R R R R
Here 15V,.r and 050V A B C

The output voltage for 100 binary input

RF RF Vref
V = ——V = — —
100 R C R 2




Voltage Analysis

Generalized Output Relation R

Let’s apply Superposition Theorem IR R R R

The overall output will be

Ry <Bovref Ve Vref> = 2RZ 2R k% -

V,=—— B B >
0 R 2 T 51 4 T 52 8 s) o o §
By B, B

Here, B, BB, is the binary number from 000 to 111

This is scalable to n-bits as

RF Vref Vref Vref Vref
‘/Oz_?<BO 21 +Bl 22 +BZ 23 +"°++Bn_1 Zn



| Practice Problems

1.

2.

Explain working of weighted-resistors summing amplifier.

Relate weighted-resistors summing amplifier network with that of R-

2R Ladder DAC network.

Draw and explain working of Summing, Scaling and Averaging

Amplifiers circuits.
Draw the transfer characteristics of an ideal 4-bit A/D converter.

Describe the working of weighted resistor D/A converter
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