Digital to analog converters (DAC), analog to digital converters (ADC)
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e Resolution: given in number of bits (e.g. 10 or 16 bits, corresponding to dividing the voltage
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Digital to Analog Conversion
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same as for above “weighted resistor DAC”
Advantage: Resistors having only ( 5 )

two different resistances are required.

FIGURE 2.36 Ladder DAC circuit.
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Figure 2.40 The circuit of a sample-and-hold chip.
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Figure 2.38 Successive appgroximation ADC.

For example, a weighted-resistance or ladder DAC




Example: 4-bit ADC with Signal Range 0-5v
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Figure 2.38 Successive approximation ADC.

Suppose: Analog Input = 3 1/6 v

Targeted functionality:
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@V < Analog Input < 1/3V = Digital Output = 0000

1/3 V < Analog Input < 2/3V =- Digital Output = 0001
2/3V < Analog Input <1V = Digital Output = 0010



Example: 4-bit ADC with Signal Range 0-5v

Base Base
) 10 Volts
Start
conversion (SC) 0000 ) 0
Conversion 0001 Lo 173
complete (CC) 0010 210 2/3
0011 310 1
Clock 0100 = 410 1173
. ¢ > Data valid signal 0101 210 1273
Comparator i J 0110 610 2
O Control logic 3 Output %5 Digital 0111 = ?1@ 2 1/3
Input Range: 0-5 V} Analog 5@/? g unit T?;T}?;ﬁry 2] register [—> output ) 1000 = 8io 2 2/3
input signal | 7 1001) = 910 3
(from S/H) 1010 = 1010 3173
1011 1110 3 273
DAC 1100 1210 4
1101 = 1310 4 1/3
. . L 1110 = 1410 4 2/3
Figure 2.38 Successive approximation ADC. 1111 1510 5
Analog Input = 3 1/6 v
Bit 3: Temporary Register = 1000 , ,
(first guess is always 1000) Bit 2: Temporary Register = 1100
= DAC Output = 2 2/3v = DAC Output = 4v
= Analog Input — DAC Output = Positive = Analog Input — DAC Output = Negative

= Bit3 =1 = Bit2 = 0




Example: 4-bit ADC with Signal Range 0-5v

Base Base

) 10 Volts
Start
conversion (SC) 0000 = O 0
Conversion 0001 = 1lio 1/3
complete (CC) 0010 = 210 2/3
0011 = 3o 1
Clock 0100 = 410 1 1/3
. - > Data valid signal 0101 = S 123
Comparator i J 0110 = 610 2
Y Control logic 3l Output %5 Digital 0111 = 710 2 13
Input Range. 0-5 V} Analog 5@/? ) unit T?;T}?;ﬁry 2] register [—> output ) 1000 = 8o 2 2/3
input signal | 7 | Zl@@fD = 99 3
(from S/H) 1010 = 1010 3 173 |
1011 = 111 3 273
DAC 1100 = 1210 4
1101 = 1310 4 1/3
. . . 1110 = 1410 4 2/3
Figure 2.38 Successive approximation ADC. 1111 = 151 5
Analog Input = 3 1/6 v
Bit 1: Temporary Register = 1010 Bit 0: Temporary Register = 1001
= DAC Output = 3 1/3v = DAC Output = 3v
= Analog Input — DAC Output = Negative = Analog Input — DAC Output = Positive

= Bitl = 0 = Bit0 = 1




Example: 4-bit ADC with Signal Range 0-5v
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Figure 2.38 Successive approximation ADC.

Analog Input = 3 1/6 v

Finish: Temporary Register = 1001
= Output Register = 1001
Conversion Complete!

—

Bazse Bil(s)e Volts
0000 0 0
0001 110 1/3
0010 210 2/3
0011 310 1
0100 419 1 173
0101 510 1 2/3
0110 010 2
0111 /10 2 1/3
1000 = 810 2 2/3
@) = 919 3
1010 = 1010 3 173
1011 1110 3 23
1100 1210 4
1101 1310 4 1/3
1110 14410 4 2/3
1111 1510 5




Constant-Voltage Resistance Bridge
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Example Application: An Unbonded Strain Gage

Input
motion

1,2,3,4 are preloaded strain wires

(Electrical connections not shown)
Flexure
plate

Wire length is of the
order of 1in. or less

Fixed base

Unbonded strain gage.



Constant-Voltage Resistance Bridge
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Vo

F»’L

- \-If R, >> R;, then negligible current flows

through the load.
— +
8 Vier —
(Constant voltage)
R, R, RiR; —R,R,
VUV =0V, —0Up = — U, = (4
> PR +R, Ry+R Y |(Ry Ry )(Ry Ry )|
R, R
=0 when — = R3 <€— Balanced Bridge Condition
2 4
With Ry = Rz =Rs=R and R;1 =R + éR:
6v, =0, — 0, [ (R4+6R)R)—(R)(R) B R(6R)
N T IR+oR+R(R+R) |~ [4R2 1 2R(R)|
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( éR/R
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]Uref €— v, due to 6R is a nonlinear function of 6R

12



Constant-Voltage Resistance Bridge
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R, R
=0 when Rl = R3 €— Balanced Bridge Condition
2
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With R3=Rs=Rand Ri =R + 6R and R, = R — éR:

(R+6R)(R)—(R—6R)(R)
(R+6R+R—6R)(R+R)

N lZR((SR)
ref 4R2

vref

R,=R,=R,=R,=R

R.=R,=R
\=R, [vmf

SR €— 00U, proportional to OR!!

Example 2.11 in de Silva
13 treats this same example

and gets a wrong result!




Constant-Current Resistance Bridge
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For constant-voltage bridge this was 62/
With Ry = Ry = Ry = R and Ry = R + 6R: x 4+20R/R
6R/R .
ov, =7, — Y — / R1,,, €— év,duetodRisa
Ry=R+éR 4+6R/R nonlinear
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function of 6R
(Derivation in Sec. 2.8.2)



Constant-Current Resistance Bridge

Small i
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WitthzRngandR1=R+(SRandR4=R+(5R:

6v, = v, - 0, = [%]Riwf <€— 00, proportional to 6R!!
Ezgﬁ% R,=R,=R,=R,=R
R,=R;=R

(Derivation in Example 2.12)



Another Constant-Voltage Resistance Bridge

Or, equivalently:
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Another Constant-Voltage Resistance Bridge
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Impedance Bridge
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An Owen Bridge is a practical example of an Impedance Bridge



Owen Bridge

/Z,(s)=R
Qutput 2( ) 2
VO
Z,(s)=R, +L,s

With vyr(t) = sin(wt), balance the bridge (i.e., make v, = 0) by varying Rz and Ry, then:

Z(jw) _ Zs(jw)
Z,(jw) Z,(jw)

= Z,(jw)Z,(jw)=Z,(jw)Z;(jw)

= ——|[R, +L,jw|=R, [R; +—1_
Cjw C,yjw
=N Ly =R,R;, and Ry — Ry
¢ G G
R
=L, = CR,R, and C; = 12;:1
4

= L4 and Cs can be determined if Ci, Ry, R3 and R4 are known
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