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#4.50 Relate the output voltage v, in Fig. P4.50 to vs.

vs 50 kQ

1kO _izm

Figure P4.50: Circuit for Problem 4.50.
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50 kQ

T 10 kQ

g

8kQ

md.1 Ideal Op-Amp Model:

(a) Determine a general expression for vgy in terms of the
_resistor values and is for the circuit of Fig. md.l (no
Multisim or myDAQ for this part).

(b) Find V,, for these specific component values:
Ry =33KkQ, Ry=47kQ, Ry=10kQ, and
;= 1.84 mA.

(¢) Replace Ry with a potentiometer. Use myDAQ and the
potentiometer 1o determine Viy for each of the following
values of Ro: 2.5 K2, 10 k2, and 25 kS2.

\ aﬁﬁ@

Figure m4.1 Circuit for Problem md.1.
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Figure m4.7 Circuil for Problem md4.7.
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Figure m4.7 Circuit for Problem md.7.

md.7 Cascaded Op Amps: Find the voltage at each of the
three op-amp outputs in the circuit of Fig. m4.7.
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Since in, = in, = 0 (op-amp current constraint),
U _ -
TR T R
and
Uoy — Vo = i2(R) + Ry + Ry)
Ri+ R+ R
v - (w) (V2 = V1), 4.50)
Ry

Opamp 3 is a standard inverting amplifier, 5o we can use Table
4-3(¢) 10 oblain

ul, = (—' toy = — U
g, =— o = —Voy.
= k)" 3

Opamp 4 is an inverting summing amplifier (Table 4-3(c)) with
output

verting Summing Amp
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Fa
— —
Amplifier ADC To computer
—
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Flgure 4-34: Neural-probe circuit for Example 4-11.

nebit digital input
signal [V ¥...¥,]

MsB__ Wi

¥y

DAC > Vour= G271 + 27305 4 oo 4 2¥py 4 V)

Flgure 4-24: A di
sequence.

“Tiable 4-4: Correspondence between hinary sequence and
decimal value for 3 4-bit digital signal and output of a DAC

With G = —0.5.

proporti of the digital

1o cither Table 4-3(c) or B, (4.34) yields

ViViVaVy  Decimal Value DAC Output (V)

0000 0
0001
0010

ik Va— s vy
4R 8R
R vy + ava b 2v 4 158)
=g BV Va2V H V),
which satisfies the relative weights given in Fa. (4.57). Also, in
this case,
[ 4.59)
- @59
R

For [ViVaVaVy] = [1111], Vyy = 15G. By selecting
G =—05 (comesponding o Ry = 4R). the output will
vary from 0 to —7.5.

Example 4-8: A-2R Laddar

The circuit in Fig. 4-26(a) offers an aliemnative approach 1o
realizing digital-to-analog conversion of a 4-bit signal. 1t is

called an R-2R ladder, because all of the resislors of its

4-10 Digital-to-Analog Converters
(DAC)

» A digital-to-analog converter (DAC) is a circuit that
transforms a digilal sequence presented toits inpul into an
analog output voltage whose magnitude is proportional to
the decimal value of the input signal. <

An m-bit digital signal is described by the sequence
[V)VaVs. .. V,), where V| is called the most significant bit
(MSB) and V), is the least significant bit (LSB). Voltages Vy
through V,, can cach Iwop cithera ()
ora | When abitis in the 1 state, its decimal value is 2™, where
m depends on the location of that bit in the sequence. For the

most significant bit (Vy), its decimal value is 205 for V5 itis
20=2); and so on. The decimal value of the least significant bi
27" =20 = |, when that bit is in state 1. Any bitin state 0 has

a decimal value of 0. Table 4-4 illustrates the correspondence
between the binary sequences of a 4-bit digital signal and their
decimal values. The binary seques start at [0000] and end at
[1111], representing 16 decimal values extending from 0 to 15
and inclusive of both ends. To do so, the DAC in Fig. 4-24 has
1o sum V) 1o V,, afler weighting each by a factor equal to its
decimal value. Thus, for a 4-bit digital sequence, for example,
the output voltage of the DAC has (o be related 1o the input by
Vou = G2V + 272 + 293 424y

=GBV +4Va +2V3 + Vy), “57)

Lsi &4 v : st &4

Figare 4-25: Circs implemessation o DAC.
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1956 Nobel Prize, Physics
(J. Bardeen, W. Shockley,
W. Brattain)

Transistor Invention (1948) to Integrated Circuit (1958)

2000 Nobel Prize, Physics
(Jack Kilby)

Germanium, 1T, 1C, 3R, Oscillator,
0.04 inch X 0.06 inch

Dawon Kahng (May 4, 1931- May 13, 1992)

First Successful Operation of MOS Transistor

= SNU (BS), Ohio State Univ. (Ph.D. 1959)

= Dr. Kahng, with M. Atalla, fabricated a
MOSFET using a gate insulator formed
from high quality SiO2 grown by a new
hiah idati

gh-p e steam
Bell Labs (1960)

first nonvolatile si
gate memory)

Princeton, NJ in 1988

Simon Sze

process at

First successful demonstration of
MOSFET was a major milestone in
semiconductor technology

= Invented in 1967 a field effect memory, the

on memol

» Became Founding President of NEC,
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Figure 4-28: MOSFET (a) circuit, (b) characteristic curves, (c) equivalent cireuit, and (d) associated characteristic lines.

4-11 The MOSFET as a
Voltage-Controlled Current
Source

In carlier sections, we demonstrated how op amps can be used
to build buffers and amplifiers. We now examine how o realize
the same outcome using MOSFETSs. The simplest model of a
MOSFET, which stands for metal-oxide semiconductor field-
effect transistor, is shown in Fig. 4-27(a). The vast majority
of commercial computer processors are built with MOSFETS;
as mentioned in Technology Brief 1 on nanotechnology, a
2010 Intel Core processor contains over 1 billion independent
MOSFETs. A MOSFET has three terminals: the gate (G), the
source (S), and the drain (D). Actually, it has a fourth terminal,
namely its body (B), but we will ignore it for now because for
many applications it is simply connected to the ground terminal.
The circuit symbol for the MOSFET may look somewhat
unusual, but it is actually a stylized depiction of the physical
cross section of a real MOSFET. In a real MOSFET, the gate

Ry

Source Load

(1) Source connected to load direetly

MOSFET
buffer H

Source

(¢) Equivalent circuit

Figure 4-32: Buffer circuit for Example 4-10.

(b) With MOSFET Buffer

For the circuit in Fig. 4-32(c), in which the MOSFET has been
replaced with its equivalent circuit, KVL gives

—us + vGs + Vouty = 0.
Also,

Vout; = IDSRL
=gRiLvgs. = ; R\.(\/; _'.U;u.*’?-)

Simultaneous solution of the two equations gives

gRL
‘-:% Uouty = m Vs

10 A/V and in order for vy, to be no less than 0.99v,,
it is necessary that

R >999,

which is three orders of magnitude smaller than the requirement
for the unbuffered circuit.

Section 4-11: MOSFET

4.59 In Example 4-9, we analyzed a common-source
amplifier without a load resi Consider the amplifier in
Fig. P4.59; it is identical to the circuit in Fig. 4-31, except that
we have added a load resistor Ry . Obtain an expression for vy
as a function of vg.

p—o0
+

ouil?)
vg(t)

)

Figure P4.59: MOSFET circuit for Problem 4.59.

+

UOI.lt( 4 )
vg(1)

— O




*4,60 Determine voy (1) as a [unction of v(¢) for the circuit
in Fig. P4.60. Assume Vpp = 2.5V.

Vop

()

Figure P4.60: Two-MOSFET circuit for Problem 4.60.

% Vpp
”%éz%

(1)

l/ Doul(?)

— O
- qu LRI
(Vpp- 1%x1675)

2 mA

#4.24  Find the value of v, in the circuit in Fig. P4.24. YeL

Figure P4.24: Circuit for Problem 4.24.
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