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Data Converters 



Determine the ratio of the small-signal transconductance

 

of a BJT to that of a 
MOSFET is both are biased at a quiescent current of 1mA.   
Assume uCOX

 

=1E-4A/V2

 

, VT

 

=1V, W=10u, L=8u,  λ=0, JA

 

=1E-15, β=100, 
AE

 

=100u2

 

and VAF  = ∞.
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And the number is ?
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Small Signal-Large Signal Model of MOSFET in Saturation Region
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Large Signal Model for Q-Point Calculations

Small Signal Model 

SimplifiedBasic Model

Review from Last Time:



Small signal analysis example
Consider again:
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The gain expressions appear to be different !

Review from Last Time:



Small
 

Signal Model of BJT

3-terminal device

Usually operated in Forward Active Region 
when small-signal model is needed
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Forward Active Model:

Review from Last Time:
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Small Signal-Large Signal Model of BJT in Forward Active Region
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Large Signal Model for Q-Point Calculations

Summary

Small Signal Model 

SimplifiedBasic Model

Review from Last Time:



Data Converters

Analog to Digital Converter

Digital to Analog Converter

Standard Symbols:



Data Converters

Analog to Digital Converter

Digital to Analog Converter

Other Symbols:

IN OUT

IN OUT

Number of Boolean Bits (n) is termed the resolution of the ADC



Data Converters

XIN XOUT

ADC Analog Digital
DAC Digital Analog

Analog variables:  Voltage, Current, time, charge, occasionally other
physical  variables

Digital variables:  Usually represented in binary form but other forms 
occasionally used (e.g. gray, Thermometer code) 



Data Converters

Applications:

 

Dominantly the interface between the continuous-time
Continuous-amplitude physical environment and a digital system such as 
a computer, microprocessor, microcontroller, or finite state machine



Data Converters

XIN

 

:  [b1 b2

 

….bn

 

]

Ideal n-bit DAC has 2n output levels

XREF

 

defines the output range of the DAC



Data Converters

XOUT

 

:  [b1 b2

 

….bn

 

]
Ideal n-bit ADC has 2n -1

 

transition values
XREF

 

defines the input range of the ADC



Data Converters

XIN

 

:  [b1 b2

 

….bn

 

]

IN OUTn

An

 

ideal DAC

( )
n

k
OUT REF IN REF kk=1

bX =X D X =X
2

∑

D(x) is the decimal equivalent of the boolean signal x



Least Significant Bit
IN OUTn

The LSB is the nominal value of the smallest change that occurs in the output 
of an ideal  DAC or the nominal value of the smallest increment in the input 
that causes a change of a single binary digit in an ADC

REF
LSB n

XX =
2

XLSB

 

:  [0,0,…0,1]

Continuous Domain
Boolean  Domain



Data Converters

XOUT

 

:  [b1 b2

 

….bn

 

] An

 

ideal ADC

( ) ( )REF IN REF LSB
X D B <X <X D B +X



Example
Determine VLSB

 

for a 16-bit ADC if XREF

 

is a voltage of 1V.

LSB 16

1VX = =15.25μV
2

Observe XLSB is very small and for a 16-bit ADC, must resolve an input signal
to ±XLSB

 

/2=±7.5μV



Resolution

The term “resolution”
 

is an indicator of the number 
of levels an ADC can distinguish or the number 
of levels a DAC can provide

The exact meaning of the word “resolution” as 
related to data converters depends upon the 
context 

e.g.  Consider a 10-bit data converter with a given VREF

 

=1V (VLSB

 

=.977mV).

“the resolution of this data converter is 10-bits”
“this resolution of this data converter is 0.977 mV”
“this data converter resolves 1024 levels”



Resolution of audio DACs



Resolution of audio DACs



Example
Determine the number of bits of resolution, n,  required in an ADC if 
it is to be used in a DMM that has accuracy corresponding to m 
decimal digits  

Resolution of an m-digit DMM is  VREF

 

/10m

Thus equating the resolution of an ADC represented in binary form to that 
of the DMM, we obtain the expression

REF REF

n m

V V=
2 10

Solving for n, we obtain

10
m=nlog 2It thus follows that

10

mn=
log 2

If m=6, n=20 If m=7, n=23+

Very high resolution is required in applications such as this!

If VREF

 

=1V, VLSB

 

=0.95μV If VREF

 

=1V, VLSB

 

=112nV



Example
If an ADC has ±x% accuracy, determine the effective resolution. (Will 
be more specific about ENOB later)

n

1 2x=
2 100

10
100

10 10
0=nlog 2 + log logx −

If m=6, n=20 If m=7, n=23+

Very high resolution is required in applications such as this!

If VREF

 

=1V, VLSB

 

=0.95μV If VREF

 

=1V, VLSB

 

=112nV

10

10

2- logn =
log 2

x



The DMM and the Oscilloscope  we have in the laboratory are basically
an ADC, amplifier, and a computer with a case and front panel that makes 
them resemble the mulitmeters and oscilloscopes of the 50’s and 60’s.  
Interface is either through buttons and knobs on front or through computer 
interface.

Amplifier Computer
Display

INV



The DMM and the Oscilloscope  we have in the laboratory are basically
an ADC, amplifier, and a computer with a case and front panel that makes 
them resemble the mulitmeters and oscilloscopes of the 50’s and 60’s.  
Interface is either through buttons and knobs on front or through computer 
interface.

Amplifier Computer
Display

INV

What is the resolution of the ADC in the Oscilloscope and the DMM 
used in the laboratory?





Accuracy is 1.5%









End of Lecture 35
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