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EEL 4712 — Digital Design
Test 1 — Fall Semester 2009

Problem 1

A

1. VHDL Analysis (timing diagrams): Given the following VHDL specification, complete the

16 pis following timing diagram fer outputs Z(0), Z(1), Z(2), Z(3).

LIBRARY ieee ;

USE ieee.std_logic_1164.all;

ENTITY Prob1 IS

PORT ( D, CLOCK, CLR1, CLR2 JIN

STD_LOGIC;

IMPORTANT:
Throughout this test,
please be neat and write

Z - OUT STD_LOGIC_VECTOR(0 TO 3)); (or draw) carefully. If we
END Prob1 : &L/e/ cannot read it with a
CHITECTURE P1Arch OF Prob1 IS reasonable effort, it is
QQG,N e o D D 62 - 27/0) assumed to be wrong.
PROCESS (CLOCK, CLR1) 0Ll —
BEGIN “o 0tk
IF CLR1 = '0' THEN Z(0) <='0;
ELSIF CLOCK'EVENT AND CLOCK="1' THEN o
IF CLR2 ='0' THEN Z(0) <= '0", 2 (1)
ELSE Z(0) <= D; D— W ——
END IF;
END IF; [ 2OCIK- \
END PROCESS;
PROCESS (D,CLOCK) _
BEGIN Important Note:

IF CLOCK="1' THEN Z(1) <= D
END IF;

END PROCESS;

PROCESS (D, CLOCK)

BEGIN
IF CLOCK="1' THEN Z(2) <= D;
ELSE Z(2) <= ‘0";
END IF;

END PROCESS;

o Every flip-flop and latch starts off with
an unknown value.

o Please show propagation delays.

Wj\ 2(2)

PROCESS (CLOCK) C Lol
BEGIN
IF CLOCK'EVENT AND CLOCK="1' THEN Z(3) < iy
END IF:
END PROCESS; “‘*}P & k\ 2)
END P1Arch : C L2 —
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EEL 4712 - Digital Design
Test 1 — Fall Semester 2009 Problem 2 Name

2(a). Using the GENERIC feature of VHDL, complete the following code that will define a
“generic” component named nBitAdd shown below. The generic component is a n-bit,

ripple-carry adder containing “n” full adders.

/gfé nBitAdd
n A n Equations for a fuil adder:
A 1s SI™ S <= A XOR B XOR Cin;
Cin Cout }— Cout <= (A AND B) OR ((A OR B) AND Cin);
LIBRARY ieee;

USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

ENTITY nBitAdd IS
=)

CEWER le (v} IVTEGE,
PRT (A, B> zn ST2 4&(/5/%72%”/« /%ﬂm@éj}
Cm T STP-LE/C
;Vm T STD. CG 4 LA g ¢ Loepi {yg’
: U7 ST L06)C ),

END nBitAdd;

ARCHITECTURE genericAdder OF nBitAdd IS o ) ) .
SGNAL O 7 2 STRLIE I NVECTH (7 DONTE &) [ - =924/ b7

BEGIN '
PROCESS ( /4/ B, Cn ) —Hint: Use FOR loop;

Gs6 0/

LT0)<= Cem
FMI) w O 70 mey L0

S )<= Ale) xor Bl) Xk L7
C7lir)<=(AE)AVD BLa)) O
(CAGIOR EC)ard CT(4));
Enp o0l
LOvTLEET(m);

END PROCESS;
END genericAdder;
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EEL 4712 - Digital Design
Test 1 — Fall Semester 2009 Name

2(b). Given the following ENTITY definition, give me the PORT MAP statement that will create a
32-bit adder using the above generic adder.

ENTITY TestGenAdd IS
PORT( Cin : IN STD_LOGIC;
= x y:INSTD_LOGIC_VECTOR(31 DOWNTO 0); -
Cout: OUT STD_LOGIC;

sumOut: OUT STD_LOGIC_VECTOR(31 DOWNTO 0));
END TestGenAdd;

Put the PORT MAP statement here:

2N 32} n BAALL GNVERIC MAP (ot =732)
1ORT WAP (X, Y Cam, sumdid, Caet)

Problem 3 | Shown below is the desired timing of a 2-bit counter (countOut).

Mester Time Bar. 180ns |paner 6136ns iterva 595,69 ns St End:

s 80.(]]!18 160,10ns 24{)]0ns 320,10ns 40{).'0ns 480.10ns SSO;Ons Giif}.lons 720.]0:13 80{}}%3 BSO.I{)ns 980.|0ns mrllus
Narti 18 G ns
ol

22 pts.

S Iy Ny gy )y S S Y )y Sy Yy 0y N

Reseln J : v

X . : : : : : . l ; ' ; : | : : o .
@ couniOut ﬂ X 2 X K S X K X 10 X 2 x 3 & 1 X 0 X2
2 g S S NS A I e B
2 T = T /T
B _ f SRR | ! IR ] ; : | I N R

3. Complete the ARCHITECTURE section on the next page to implement the 2-bit counter

with an asynchronous Resetn.

Important notes and hints:

¢ You can determine the count sequence from the above timing diagram (countOut).

» The count sequence is also affected by input X (as seen from timing diagram).

e There are three more outputs (Z1, Z2, and Z3). They are determined by the countOut
value and input X. '

e Hint: Z3 is true for one clock cycle after countOut = “11”. (‘70,
v

o CASE statement will make your life a lot easier.
2
ENTITY T1Prob3 IS ‘!/
PORT ( Clock, Resetn, X D IN STD_LOGIC ; _ 3
countOut : OUT STD_LOGIC_Vector (1 DOWNTO 0); % o
]
END T1Prob3 ;

21,722,273 : OUT STD_LOGIC);
/




EEL 4712 — Digital Design
Test 1 — Fall Semester 2009 Problem 3 Name

ARCHITECTURE T1P3Arch OF T1Prob3 IS
SIGNAL cauid : ST LOGIC-VEETDR (/ MWWG? é{) ’

BEGIN

PROCESS ( /Alatdor |, LLEZA. )

BEGIN
TF Reawlr = 0 THEW
sz <= ”ﬂﬂ”*
ELSIE, ((lock EvanT aup Clock =1 °) THey

CASE popad TS
wHEN Dp’ =5
<="70";
WHEL "D/ =>
<= Jo’;
WHEY " 0" -=--7
VI
/(//'/é’/t/{r&ﬁ/é‘gg, =>  ~~cawil =11
~ 755# cod<="y0"

£LS5E ot <= 'a/f
ENP (F -

EUD casE ;7

/F Zﬁzm%"-‘: “ry" - i e ’fué’/t/r

TIEN Z3<=! ’y--
Ei5E Z3<L= Q‘, - MW p A
EP /0 A LTl

WEZ/?@/F g
CEZS ; =
7
/P /(c;mz" G )R (=11 A ¥ = 7))
THEN Zy<= VAl

£LSE Z/<= (pl ~
EAD /F
E (coneat = 9r"),
THEL 22 <=y ',
ELSE Z2 <=p';
ELIFE
ELL AAESS
o <= Lopenl

END T1P3Arch; -
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Test 1 — Fall Semester 2009 Name
Problem 4 Z0_H
Z1 H
X D Q D Q D QF— Z2_H
-+  Q S >
p QF—— Z3.H
tenp 24 Tomp2/ 1
D Q
> Q. Z4 L (active low)
/ ;/; E )3 Z5_L (active low)

4. Compilete the following Architecture section to implement the above circuit.
e Note that Z4_L and Z5_L are active low output signals. All the other signals active high.
¢ The signal Clock is connected to the clock inputs of all the flip-flops.
¢ All you code must be inside the PROCESS block.

ENTITY P4Circuit IS
PORT (  Clock, X :IN STD_LOGIC;
Z0_H, 21 H 22 H, Z3_H, Z4 L,Z5_L :0UT STD_LOGIC);
END PA4Circuit ;

ARCHITECTURE Behavior OF P4Circuit IS

Stene. 20, 727 Z/STR LG e,

BEGIN -- Other than SIGNAL statements, your code must be inside the PROCESS block.

PROCESS ide
BEGIN rec )X )

TE ((eath CVENT AVD cedlc= Y ) e/

20 <= X

W%M % %

23 po= /%7%/

2 Lz WOT (FenpZd),
LMD //’ % v

72

= c = A7 , .
ENBP%O%E§'8<’ oy /fW%d /f/’/) X)

END Behavior ;

S %2 W?/M % LN Ev T




EEL 4712 — Digital Design

Test 1 - Fall Semester 2009 Problem 5 Name
BCDCounter8
— EN Digit1[3..0] p=———

Digit0[3..0] f——= -

—— CLK TCl—

5. Complete the Architecture section (see next page) for the above BCDCounter8, which

20 pts. consists of two 4-bit counters (Digit1[3..0] and Digit0[3..0]). If EN = ‘1", then BCDCount8 will

count in_hex as followings:

00, 01, ...08,09,10,11, ..., 17,18,1?8,18,19,20, ., 91,92, ..., 99,00,01,...
X

EN =0 here
e EN is an active high “enable” input. See example above.
e When Digit1,Digit0 reaches hex 99, TC will become ‘1’ during that clock cycle and the
BCDCounter8 resets to 00 at the next active clock transition.
Be sure to follow these instructions:

e PROCESS block 1: Implement the Digit0 counter here. You must use a WAIT UNTIL
statement.

e PROCESS block 2: Implement the Digit1 counter here. Don’t use a WAIT UNTIL
statement.

e You must implement TC after PROCESS block 2 and must use a conditional
assignment statement.

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all,

ENTITY BCDCounter8 IS

PORT( EN, CLK: IN STD_LOGIC;
Digit1, Digit0O : BUFFER STD_LOGIC_VECTOR(3 downto 0),
TC : OUT STD_LOGIC ),

END BCDCounter8;

-- Complete the Architecture section on the next page.




EEL 4712 - Digital Design
Test 1 — Fall Semester 2009 Problem 5 Name

(Problem 5 — continued)

ARCHITECTURE design OF BCDCounter8 IS
BEGIN
-- Use this PROCESS block to implement Digit0. You must use an WAIT UNTIL statement.

PROCESS
BEGIN

Wmf’ LTV ( Nl EvaT AND (Ll =70
JEEN Y THEY
/7= ;D,o/// > OO/ "

THEL fﬁfﬂé = Qwod”,

[zég é%f‘&" - B4
é,éfV 7 '4
LY /[

END PROCESS;

-- Use this PROCESS block implement Digit1. Don’t use an WAIT UNTIL statement.

PROCESS (g LK)
BEGIN

J/'[KL&Z&?«;&“W; MDD Ll ) THEY
- IF £ ,
= //J;. 4 / oo pup p,%ﬁb 720/

7’/ <= '200p"

E LS/F d 4 w/ mfn; /|
=/ /
L0 7’ 7<= Ox
ELD 1F 5
END 1)
END =

END PROCESS;
-- Implement TC here; You must use a conditional assignment statement.

7T <=V wetey (2 /M%/w Yool A wd Bz /ﬂ%’m a9
£ese g

END design;

07
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6. Miscellaneous:
LSA Question The signals A, B, C, and CLK represent synchronous outputs from your UF-

4712 board. The LSA is connected to your board in the following fashion:

12 pts.
LSA channel Signal name
16 ) AL
17 i B
18 C
31 CLK

Let’ assume that “actual” signals behave as follows (vs. what is captured by an LSA).

Draw the data that would be captured by the LSA, as it would appear on the screen, for each
of the following scenarios:

6(a). The LSA is sampling using “Channel 31" as the clock source. Assume the first sample
is taken after 30 ns. Draw your answer for part a:

ch-16 || XK KXY XL f

o171 |IKK ) XHHC KR s —
chs [JOUL YOI KK

ERIHL

by
e




EEL 4712 - Digital Design
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6(b). The LSA is sampling using an internal 50 MHz clock source. Assume the first sample is
taken right before 20 ns. Draw your answer for part ¢: -

s |01 = ;
e I |
ot GO [ J L] .

6(c). For an n-bit adder, the inputs are A(n-1)..A(0) and B(n-1)..B(0) and carry-in C(0). The
outputs are SUM(n-1)..SUM(0) and carry-out C(n). (4 pts.)

For an n-bit look-ahead carry generator, the equation for carry-out of stage
C(i+1) = G(i) OR P(i) AND C(i)

What is the equation for C(2) as a function of P(i)’s, G(i)’s, and C(0) in a sum-of-product
form?

= GI+ACl =61 +P - (6O+FIC0)
=G) PO+ PIPOCO

i"is:

What is the equation for C(n) as a function of P(i)’s, G(i)’s and C(0)? You can use the ...
notation. '

C(n)=@? /0 6, W/%j}“zg F oo

-2 -2

//727@,- o
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ENTITY _entity_name IS
GENERIC(__variable_name: INTEGER := __constant_value);

PORT(__input_name, __input_name “IN STD_LOGIC,
__input_vector_name :IN STD_LOGIC_VECTOR(__high downto __low);
__bidir_name, __ bidir_name S INOUT STD_LOGIC;
__output_name, ~_output_name ~ : OUT STD_LOGIC),

END __entity_name;

ARCHITECTURE a OF __entity_name IS
SIGNAL __signal_name : STD_LOGIC;
SIGNAL __signal_name : STD_LOGIC;

BEGIN

-~ Process Statement

-- Concurrent Signal Assignment

-- Conditional Signal Assignment

-- Selected Signal Assignment

-- Component Instantiation Statement
END z;

__instance_name: __component_name
GENERIC MAP (__variable_name => __constant_value)
PORT MAP (__component_port => __connect_port, component_port => __connect_port);

WITH __expression SELECT
__signal <= __expression WHEN __constant_value,
__expression WHEN __constant_value,
__expression WHEN __constant_value,
__expression WHEN __ constant_value;

__signal <= __expression WHEN __boolean_expression ELSE
__expression WHEN __boolean_expression ELSE
__expression;

IF __expression THEN
statement; <optional_label>:
" statement: for <loop_id> in <range> loop
ELSIF _ expression THEN -- Sequential Statement(s)
__statement; end loop;
__statement;
ELSE <generate_label>:
statement; ' FOR <loop_id> IN <range> GENERATE
__statement; -- Concurrent Statement(s)
END IF; END GENERATE;

CASE __ expression IS

WHEN __constant_value =>
__statement;
__statement;

WHEN __constant_value =>
__statement;
__statement;

WHEN OTHERS =>
__statement;
__statement;

END CASE;

WAIT UNTIL __expression;
10
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IMPORTANT: Please be neat and write (or draw) carefully. If we cannot read it with a
reasonable effort, it is assumed wrong.

- COVER SHEET:

Problem: Points:

1 (16 pts) Total
ota

2 (15 pts)

3 (22 pts)

4 (15 pts)

5 (20 pts)

6 (12 pts)

Re-Grade Information:
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