Physics 116B: Final Exam
3/19/2001
Closed book and notes except for three 8.5 X 11 in? sheets of paper, the MAS Manual

and the M68000 Programmer’s Reference Manual excerpts. Show reasoning for full credit.
There are 7 problems (4 long and 3 short) and 200 points.

Skeletm & eirewls:

1. Consider the state diagram above. There is one input (D) and one output (E). The
circuit is to be implemented using two JK flip-flops, NAND gates and inverters. This
is a two bit binary up/down counter.

(a) Design the combinatorial circuits for Jg and Kp. Be reasonably efficient. Note
that you are not being asked to design the connections for the inputs of flip-flop
A.

(b) Design the combinatorial circuit for the output, E.

(c) Calculate the maximum clock frequency for the circuit as developed so far (ignor-
ing the input gating for flip-flop A) using the specifications in Table 1.

(d) Explain how the output, E, could be used to cascade two of these circuits to make
a 4 bit counter.

Table 1: Chip Timing Specifications for Problem 1

Parameter Maximum | Typical | Minimum
NAND propagation delay 15 ns 10 ns -
Inverter propagation delay 15 ns 10 ns -
Flip-flop propagation delay 30 ns 20 ns -
Flip-flop setup time - - 25 ns
Flip-fiop hold time - - 5 ns
Flip-fiop clock pulse width - - 20 ns
Flip-flop clock frequency 30 MHz - -




2. The circuit below shows an ADC to produce & binary number proportional to the
charge, Q, contained in a finite-length current pulse, i(t) (i(t} > 0). The capecitor
is discharged initially by closing Sp momentarily. These switches are actually FET
circuits controlled by logic levels. S; is controlled by A and S; by B (closed when the
corresponding inputs are “true”). (The gating for switch Sy is not shown. It is closed
momentarily and opened to discharge C before S; is closed, and remains open for the
rest of the digitization cycle.)

As you can see from the diagram, S is closed for the 10 us maximum duration of the
current pulse, then opened again by the signal on A. The op-amp output, Ve, is fed
into the “” input of the comparator which has an open collector output.

- With S; open, closing S; will cause V,,; to increase.

(a) Find an expression for V., in terms of Q and C at the instant just before A makes
its downward transition.

(b) Find dV,,./dt when 5; is closed and S is open. Show that this quantity is
constant. ( ﬂ alQQ ‘/rec = ~1 \1)

(c) Explain in some detail how this circuit works to produce a number proportional to
the charge. Include a timing diagram showing A, B, (t), Vout and the comparator
output.

(d) Find the time required to digitize a pulse resulting in V,,;; = —10 V at the end of
the input current pulse. < lece. wenty = o MH%-)

(e) What is the purpose of the 1 k£ resistor connected to the comparator output?
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4. (a) Use NANDs and inverters to implement the function represented by the Karnaugh
map below. Be efficient, making use of “don’t care” states appropriately.
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(b) The logical variables A and B represent a two bit binary number, m, with B the
less significant bit. C and D represent another such number, n. Both are normal
weighted binary positive integers. Make a Karnaugh map for the logical function,
m > n, and implement efficiently using NANDs and inverters.

5. The Macintosh system does not allow absolute addressing modes to be used for access-
ing code or data words via their labels in an assembly language program.

(a) What sort of indirect addressing is used to access data?

(b) What important precaution is therefore necessary in writing instructions involving
the A registers?

(c) What 68000 register is used for indirect addressing of instruction code?
(d) What is the advantage of this restriction on absolute addressing?

6. Explain the advantages of digitizing an audio waveform of & musical performance at a
sempling rate of 44 kHz and 16 bit resolution rather than 22 kHz and 8 bit resolution.
(Note: Human hearing typically extends up to 17 kHz or so.) What is a possible
disadvantage?

7. What is meant by “saturation” in the context of BJT operation in & logic circuit? Why
is it desirable to avoid this mode of BJT operation for high speed circuits? Which of
the following logic families are subject to this effect: (a) TTL; (b) LSTTL; (c) CMOS?
Explain briefly.
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; Program to

For Pnb.

'm

read and store 20 ASCII characters and sum up any integers

xref getchar, strout, decout, newline, stop
start: lea msg,al aQ ; put address of msg in al
move.w nchar,dl1 & ; number of bytes to read
clr d2 @ ; clear the register for the sum
jmp enter @9 ; enter loop at end
loop: jsr getchar ; getchar puts the character in 40
move.b d0,(al)+ ; move the character to memory
jst addit ; subroutine to test and add integers
enter: dbra di,loop &9 ; subtract 1 from dl1 and see if done

; now output
lea

the information
msg,a0 & ; set up for outputting character string

move.w nchar,d0

jsr
jsr

jsr
jsr
jsr
; Subroutine
; and if so,

addit: and.

strout
newline

; output the string

decout
newline
stop ; end of program

addit tests ASCII characters to see if they represent numbers
adds them to the sum in d2

b #$7F,d0 ; mask off parity bit of character

nove.w d2,d0 g ; output the sum

cmp.b ‘#%$30,d0 5%2 ; see if it is less than $30
blt skip ‘9 ; if so, skip to return statement
cmp.b #$39,d0 D ; see if it is greater than $39
bgt skip o, ; if so, skip to return statement
and.w #$000F, 40 ; get the number
add.w d0,d2 E§§5 ; add to sum in d2
skip: rts Cig) ; return from subroutine
data
nsg: ds.b 100 ; set aside 100 bytes of storage
nchar: dc.w 20 ; number of characters to read
end



Branch Instructions and Signed Comparison Branches

Branch instructions (Bce) check the condition codes, which take on meaning in the con-
text of the instruction which set the codes. We will consider the case when the codes are set
by execution of a CMP instruction, as in the program above. Some branch instructions and
the condition codes they test are given in the next table. Note that the branch must be to
a statement label, not an absolute address.

Instruction Case for branch
BEQ <label> Z=1
BNE <label> Z=0
BMI <label> N=1
BPL <label> N=0
BVS <label> V=1
BVC <label> V=0
BCS <label> C=1
BCC <label> C=0

Some other variations of Bee with more complex condition code tests are useful with CMP
(or CMPI). The CMP instruction (as in cmp.b <source>, <destination>) compares two
numbers by subtracting the destination from the source and setting the condition codes
accordingly. For example, if the result is zero, the Z bit is set (see Sec. 1.1.4 of MPRM
for details). The computer does this in such a way that the numbers themselves remain
unchanged. Some other handy Bcc tests for use after a CMP instruction are:

Instruction Case for branch

BGE <label> destination > source (destination - source > 0)
BGT <label> destination > source (destination - source > 0)
BLE <label> destination < source (destination - source < 0)
BLT <label> destination < source (destination ~ source < 0)

‘These must be performed before another instruction changes the condition codes. The
instruction descriptions tell which codes each affects. For example, MOVE affects N, Z, V
and C. Conversely, MOVEA does not affect the condition codes at all, allowing addresses to
be moved to address registers without affecting the results of a previous calculation.

Note the awkward inversion of the notation: BGE branches when second argument >
first argument, for example.
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