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. Main points:

The Karnaugh map is a graphical way of visualising logical expressions - it capitalises on the human eye’s
ability to detect clusters of similar items.

Each cell corresponds to a particular combination of states of the input variables (logical AND).

To map a function, place 1, 0 or X (don’t care) in the cell corresponding to each combination of inputs.

The possible input states are ordered such that combinations in cells which are adjacent horizontally or vertically
differ in the value of one variable only, e.g. 00, 01, 11, 10. Hence groups of two cells (vertical or horizontal) are
independent of one variable.

The map is continuous - the rightmost column is adjacent to the leftmost; similarly with top and bottom rows.
Thus groups of cells (2, 4, 8 or 16 cells arranged as squares or simple rectangles) may be identified by drawing
loops; each loop thus corresponds to a simplified logical expression. The larger the loop, the smaller the number
of input terms ANDed together.

Several loops can be considered and ORed together to determine the complete function in the form of a sum of
products. Loops may overlap a cell or cells more than once.

The Karnaugh map is of greatest use in problems involving 2, 3, 4 or possibly 5 input variables.

Other points:

It is sometimes useful to note that cells which are adjacent along a diagonal are related by the XOR of two input
variables.

The KM also facilitates the detection of static hazards, which are indicated on the map by loops which meet but
do not overlap.

Two’s complement is important in information engineering since it provides a consistent means of representing
negative and positive numbers and a way to carry out subtraction using the same hardware used for addition.

Input Output Input Output
X3 | x2 | x1 | x0 | ¥3 | Y2 | vl | YO X3 | x2 | x1 | X0 | Y3 | Y2 | Y1 | YO
0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
0 0 0 1 1 1 1 1 1 0 0 1 0 1 1 1
0 0 1 0 1 1 1 0 1 0 1 0 0 1 1 0
0 0 1 1 1 1 0 1 1 0 1 1 0 1 0 1
0 1 0 0 1 1 0 0 1 1 0 0 0 1 0 0
0 1 0 1 1 0 1 1 1 1 0 1 0 0 1 1
0 1 1 0 1 0 1 0 1 1 1 0 0 0 1 0
0 1 1 1 1 0 0 1 1 1 1 1 0 0 0 1
X?)go 00 | 01 | 11 | 10 x’:}g{o 00 | 01 | 11 | 10 xfxﬁn oo | o1 ] 11 ] 10

oo | o |f2 ﬁ) 1 00 \o/| 1/ oo | o |f1})] o
} H -

I\
0 Q
01 (1 1 |\ 01 (1\ ol ol o o1 | o2l ol
i
11 0 0 0 0 11 bj 0 0 0 11 0 1 0 1
10 1l ol o} o 10 | o (1 m 1\ 10 o N1/l o I\1)
— — — 7 ] —
Y, = oKy + X, + X)) + X, X, X, X, Y, = X, XX, + Xy(Xy + X)) ¥, = X,X, + X.X,

Xo Yo Xo
K _'[>°"Z _ i R
Xy X Xo
Xz*-DO— X2 Xo— )-(—‘ X3 13
% 2
s Xo X —




6. —
S
R
- {
R &
S R Q o’
0 0 not allowed
0 1 1 0
1 0 0 1
1 1 no change

Contact bounce due to wear etc in switch
mechanisms gives rise to a sequence of rapid close-

open-close events over a few ms. During these

..S‘*_—

With inputs: S and R and outputs: Q and Q’,

Q0 =
o =

0|

O

=S+ 0

R.O0=R+0Q

The outputs obey the table below:

/ Debounce Cilcurk

Oov

events, the other input remains HIGH, preventing Q
from following these transitions.

In this instance the states: 0000, 0001, 0010, 1101,

The next state of Q, Qp, Qc and Qp is determined by their p
the permitted transitions. Unused states are assumed not to occu
determined by referring to the J-K excitation table in the Data Book.

o ST
2 l M\
S2
+Sv Q .._:
Ee

1110 and 1111 are unused.

resent state. The state transition table shows
r. The required values of JA - Kp are

Present state Next state J & K inputs
onl 9 | 9% |9 ]9 |2 |99 Jg | Xg | Jc
0 0 1 1 0 1 0 0 1 X X
0 1 0 0 0 1 0 1 X 0 0
0 1 0 1 0 1 1 0 X 0 1
0 1 1 0 0 1 1 1 X 0 X
0 1 1 1 1 0 0 0 X 1 X
1 0 0 0 1 0 0 1 0 X 0
1 0 0 1 1 0 1 0 0 X 1
1 0 1 0 1 0 1 1 0 X X
1 0 1 1 1 0 1 1 1 X X
1 1 0 0 0 0 1 1 X 1 1
2| oo | o1 | 11 | 10 Jp & K | o0 | o0 | 01 | 11 | 10
N A%
00 U U 1 U 00 u U X U
01 X X X X 01 0 0 1 0
11 X U U U 11 1 0] 0] U
10 0 0 1 0 10 X X X X
Hence Jp=0:0p K, =0,+0:0p



_SS_

e | oo | o1 | a1 | 10 Jo & K| ol | oo | 01 | 11 | 10
00 U U X u 00 U U 1 U
01 0 1 X X 01 X X 1 0
11 1 U U U 11 X U U U
10 0 1 X X 10 X X 1 0
Hence: Je =005 +0p K. =0p
Although Jy, K4, Jp and Kp are not required, it can be seen immediately by inspection that:
J,=1 K, =1

There are alternative (less efficient) ways of drawing the loops which will give different expressions for the J
and K inputs.

If the counter enters the unused state 1111 at the moment of applying power, the equations given/derived
above may be used to determine all four J/K inputs in terms of the corresponding Q values. From this can
be deduced the states the counter will enter on subsequent clock pulses.

Present state J & K inputs ’ Next state
on | 9 [ Q| 9| Ia | Kn| ds | KB Jc | Ke | Ip | Ko | ®a | 98 | 9 | 9

1 1
0 0
0 0
0 0

mlololw

0 0 1 0
0 1 1 0
0 0 1 1
0 0 1 1

mlol|lr]o

0 0
0 0
0 0
0 0

[y

0
1
0
0

olrlolr

0 0 0
0 0 0
0 0 0
0 1 0

In other words, after 4 clock pulses the counter reaches the state 0011 and enters the correct cycle. If the
unused states were entered in the state transition table, it would be possible to allow for a quicker entry into
the correct cycle from this and/or other unknown states; however, this would be expected to require
additional logic gates.
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7(a) Fig. 4 shows a weighted-resistor DAC. With the OA assumed ideal, the inverting input terminal
(summing junction) may be taken as a virtual earth. Voltage sources connected at So-S3 contribute
currents to the summing junction in inverse proportion to the value of the summing resistor. Hence
the contribution of each source to the output voltage Vo is also in inverse proportion to the
corresponding resistor. Hence Sp is the LSB.

The sources need to be Thevenin voltage sources capable of being switched ON or OFF under the
control of a digital signal. Typically MOS transistor switches are used for this purpose.

If the resistors are chosen to be in powers of 2, the output voltage is given by:-

R[S, & .S .8
= | ettt
28R 4R 2R R
. 5[t 1.1 1} 75
(b) IfSp=8;=38,=35;=>5V, the output voltage is: _2_\:—§+Z+_2—+I]:—1_6_: 26875V

Since the inverting input to the OA is a virtual carth, the input resistance at S; is 4R = 4KQ. The
input resistance at S; is R = 1KQ.

(c) Inthe R-2R circuit, only two different resistor values are used. Each voltage source feeds through a
resistance of 2R, then the current splits, part going to the left, the remainder going to the right. If the
voltages sources connected to S;-S; are perfect Thevenin sources, and using superposition, it can be
shown that at each split, exactly half the current input proceeds to the right (towards the OA inverting
input). At each junction the current splits again, part bypassed to earth via 2R. Hence the current

contribution from S, is divided by 2 four times; that from S; only once. The LSB is thus Sp.

Again, assuming perfect voltage sources and assuming that the OA inverting input is a virtual earth,
the input resistance at any input S,~S;is 2R + 2R || 2R) =3R.

For this design the output voltage Vo is:-

V=R[ S, 5 L =
0~ "Fl16x3R 8x3R 4x3R 2x3R

This must equal 75/16 V.
Hence Ry 75 ,and Rp= 3KQ.
48R 16

Some advantages of R-2R ladder

e Only two resistor values are required. Leads to ease of integration and compact design, since values can
be quite low, say 1KQ and 2KQ. Weighted resistor version may need a wide range of resistor values.

e Temperature stability is easier to achieve since all resistors being of similar values can use the same
technology and be of similar dimensions.

e The input resistance seen by each voltage source is fixed. This simplifies design of voltage sources and
enhances accuracy.



8. A register is a small memory within the CPU. As well as being available for storing information,
registers may have additional functions - for example, some can be incremented or decremented, or can
receive results from the arithmetic unit. Other registers may simply be a convenient way to group sets of
bistables which determine the state of the CPU (e.g. CCR). The following exclude discussion of interrupts
which are not covered in the IA course.

Seven registers are available in the 6800 microprocessor. These are shown diagrammatically in the
Microprocessor Data Book.

Accumulators A, B
These are 8-bit data registers which can participate in virtually all arithmetic and logical operations, as well
as being shifted or rotated, loaded and stored.

Index register X

A 16-bit register which can be loaded, stored, incremented or decremented. May thus be used as a 16-bit
counter. Its main use is in indexed addressing where it holds the address of a block of data. INC/DEC
instructions allow the address to be changed to reference each item of data conveniently.

Stack pointer SP
A 16-bit register which holds the address of a dedicated area of memory (the stack) used to hold the return
address during function/subroutine calls and for access by the programmer using PSH/PUL instructions.

Program counter PC

A 16-bit register which holds the address of the next instruction to be executed. It is incremented
automatically during each instruction, but can be changed by the programmer using Branch, JMP or JSR
instructions. '

Condition code register
An assembly of bistables which indicate the outcome of logic and arithmetic instructions. Used in Branch,
arithmetic and other instructions.

C - Carry bit - used in arithmetic operations on signed numbers, when it represents the Carry out of Bit 7.
Also required for unsigned binary addition and subtraction for numbers larger than 8 bits. Several of
the Shift and Rotate instructions shift data via the Carry bit. This allows for easy testing.

V - 2°s complement overflow - set to 1 whenever overflow is detected in 2s complement signed arithmetic.
This is the logical XOR of the carries out of Bits 6 and 7.

Z - Zero - set 1 whenever an arithmetic operation generates a zero result.
N - Negative - set 1 when the MS bit of the result of an arithmetic or logical operation is 1.

H - Half-carry - set 1 when an arithmetic operation causes a carry to be generated out of bit 3. Used in
BCD arithmetic.

(b)
(1) ASLB - Arithmetic shift left accumulator B (through the C bit of the CCR)

ACCA remains unchanged. ACCB becomes $02. C becomes 1, Z becomes 0, N becomes 0.

(ii) ABA - Add accumulator B to accumulator A

ACCB remains unchanged. ACCA becomes $00 ($81+87F). C becomes 1, Z becomes 1, N becomes 0.

(iii) INCA - Increment accumulator A

ACCB remains unchanged. ACCA becomes $80 ($7F+8$01). C is unaffected (stays at 0), Z becomes 0,
N becomes 1.



(c) When power is applied, C is initially discharged, holding v at 0 V and v; at logic 1. v will rise as
C charges. When v reaches 2.5 V (see Schmitt trigger transfer function), v, will switch to
logic 0. Hence the time constant formed by C with the 20 KQ resistor must be adjusted so
the C charges from 0 to 2.5 volts in 10 ms (or more).

Note that the output signal v, is in the wrong logical sense to hold the RESET pin low for 10
ms. Hence an inverter is needed to connect to the pin.

To determine a suitable value for C, assume the 5 volt rail rises abruptly at switch-on (t = 0),
then:

25=5(1-e"®)y. Thus: e 'R =05.

Take logs to base e, then: —Zf—é =-0.693

t 1 107
0693 R 0693x2x10*

Hence C= =072x10®F = 07 uF (or greater)

To allow the RESET signal to be generated manually, connect a push-button switch in
parallel with C. )

6300

RESET

)~
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