DPAI HOC SU PHAM KY THUAT PAP AN PE THI CUOI KY HQC KY 2 NAM

THANH PHO HO CHi MINH HOQC 15-16
KHOA PAO TAO CLC Mén: thiét ké vi mach véi HDL
R Ma moén hoc: DSIC330563
NGANH PTTT D& S6/M& A& o P? thi ¢ 2 trang.

Thoi gian: 75 phat.
Khéng duoc phép str dung tai liéu.

Céau 1: Cac ban duoc chon lam 2 trong cac cau sau: (3d)
a. Hay vé mot mach dién va giai thich dé minh hoa cho khai niém thoi gian hazard tinh.
Hazard tinh 1a mot sy c6 xdy ra trong thuc té ¢ tin hiéu ngd ra khi xét dén thoi gian tré, nhung vé mit
1y thuyét thi tin hiéu nay khong thay d6i gia trj khi khong xét dén thoi gian tré; Vi du va dang song cta
hién tugng Hazard tinh:
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(b) Timing diagram

b. Hay v& mach cho port I/O hai chiéu ding 2 cong 3 trang thai va giai thich hoat dong ctia mach.
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- Tin hiéu bi c6 kha ning doc luu vao tin hiéu sig_in, xuat gia trj cta tin hiéu sig_out ra ngoai;
- Tin hiéu sig_out dugc xuat ra ngoai khi dir co gia tri logic 1;
- Tin hi€u sig_in nhan gia tri cua bi khi dir ¢6 gia tri logic 0;
- Tai mot thoi diém, chan bi chi c¢6 thé doc vao hodc xuét gia tri logic ra ngoai;
c. Hay vé& so d6 khdi co ban ctia mach dong bo va giai thich hoat dong ctia mach theo xung clk.
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- Hé théng dong bd bao gdm 3 khdi chinh:
o Mach t6 hop ngd vio;
o Mach t6 hop ngd ra;
o Mach ghi nhén trang thai;
- Nguyén ly hoat dong:
o Khi xuét hién canh 1én xung clk, tin hiéu state_reg dugc cap nhat gia trj cta state_next
va tr¢ thanh trang thai mai;
o Gia tri cua tin hiéu state_next dugc tao ra tir mach t6 hop ngd vao next-state logic;
Mach t6 hop ngd ra ouput logic tao gia tri ngd ra cdn cur vao trang thai hién tai
state reg va gia tri ngd vao external input;

d. Hay viét bang trang thai, viét code VHDL va v& so dd khai niém cho Flip Flop D ¢6 tin hiéu cho phép.
Bang trang thai cua FlipFlop D c6 nhitng ngd vao: E, R, CK tac dong canh Ién dugc trinh bay & Bang
1:

Béng 1. Bang trang thai cua FlipFlop D

R|]E |CK|Q
1 | - -~ o
0] 0| - |0Q
0 | 1 | 1 | D

So dd giao dién 10 dugc mo ta nhu Hinh 1:
Question_1_d clc

D Ql—
—Px

—-E

—-R

Hinh 1. So d6 giao dién IO cua FlipFlop D

Chuong trinh mo ta VHDL:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity Question 1 d clc 1is
Port ( D, CK, E, R : in STD LOGIC;
Q : out STD LOGIC);
end Question 1 d clc;
architecture Behavioral of Question 1 d clc is
begin
PROCESS (CK, E, R)
BEGIN
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IF R = "1l" THEN
Q <=

IOI;
ELSE
IF E = 'l' THEN
IF RISING EDGE (CK) THEN
Q <= D;
END IF;
END IF;
END IF;

END PROCESS;
end Behavioral;
e. Hay néu cac thong s6 thoi gian co ban cia Flip Flop D, vé dang séng minh hoa.

- Nhiing théng sb thoi gian co ban cia FlipFlop D la: Setup Time (Tsetup), Hold Time (Th014),
Propagation Time (Tpropagation)

- Setup time (Tseryp) 18 khoang thoi gian nho nhat ngd vao phai 6n dinh ngay truéc khi xay xa
su thay d6i cua xung CK. Vi du, gia sa c6 mot FlipFlop D ngd vao CK tac dong canh Ién va
0 Tserup = 1ns. Néu xung CK c¢6 chu ky 5ns c6 canh 1én dau tién xay ra tai thoi diém Ins thi
ngd vao D cua flipflop phai 6n dinh ké tir thoi diém tir Ons dén 1ns. Tuong tu, ngd vao D phai
6n dinh trong nhitng khoang thoi gian tir Sns dén 6ns, tir 10ns dén 11ns ddi v6i canh 1én CK
thir hai va thtr ba. Dang séng dugc moé ta nhu Hinh 2;

ins  2ns  3ns 4 0s 5ns 6ns Tns B80S 4.0 qons 1INS

Inputs Stable Inputs Stable Inputs Stable
3:;29 SETUP SETUP

TIME TIME I_

Hinh 2. Dang s6ng minh hoa cho théng s Setup Time cua Flip Flop D
- Hold Time (T},0;4) & khoang thoi gian nho nhat ngd vao phai 6n dinh ngay sau khi xay ra su
thay d6i ctia xung CK. Vi du, FlipFlop D tac dong tich cuc canh 1én ¢6 Ty,,q = 1ns. Néu
xung CK c6 chu ky Ins tac dong canh 1én dau tién tai thoi diém 1ns thi ngd vao D phai 6n
dinh trong khoang tir 1ns dén 2n. Tuong tur, ngd vao D phai 6n dinh trong cac khoang tir 6ns
dén 7ns va 11ns dén 12 ns cho cac canh 1én thi hai va thir ba. So d6 dang s6ng minh hoa cho
thong s6 Hold Time dwoc mo ta & Hinh 3.

1ns 2ns 3ns 40 sns 6ns  7ns  8ns 9ns 10ns 11ns 12ns

Inputs Stable Inputs Stable Inputs Stable
HOLD HOLD HOLD
TIME TIME TIME

Hinh 3. Dang s6ng minh hoa cho théng s6 Hold Time cta Flip Flop D
= Nhu vay két hop 2 diéu kién Setup time va Hold time, tin hiéu ngd vao D phai 6n dinh
1ns trude khi xudt hién canh 1én CK, va 1ns sau khi xuét hién canh 1&n CK. Tong cong
thoi gian on dinh tdi thiéu phai 1a 2ns, nhu mé ta & Hinh 4.
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ins 2ns 3ns 4 ns 5ns 6ns Tns 38ns 9ns 10ons 11ns 12ns

Inputs Stable Inputs Stable Inputs Stable
Z N N Z N
i Z N ~ N pd N ~ 7
SETUP” HOLD * SETUP™ “poip SETUP " HoLD
TIME  TIME T™E T TIME  yime

Hinh 4. Dang sdng mé ta hai truong hop Setup Time va Hold Time
- Propagation Time (Tpropagation) 1a khoang thoi gian dé Flip Flop xut hién ngd ra Q ké tir
khi xudt hién canh 1én cua xung CK. Propagation Delay con dugc goi véi mot tén khac 1a:
CLOCK to Q Delay (T¢iocktoqs Teq)- Thoi gian Propagation Time duoc minh hoa nhu Hinh 5.

I
— K——TOTAL STABLE TIME
|

CLK |
|

l— HOLD TIME
SETUP TME ~ —

€—— CLK-to-Q Delay

Q (Output)

|
Hinh 5. Dang song minh hoa thoi gian propagation delay
f. Hay tinh tan sb xung ck 16n nhét ciia mach dém nhij phén chay tu do 8 bit, 16 bit theo 2 ché do tdi vu
vé tai nguyén va thoi gian. Cho Va Teq Va Tsetup ctia Flip Flop D la 1 va 0,5 ns tuong tng.
So d0 khai niém ctia mach dém nhi phéan chay tu do 8 bits va 16 bits ding Flip Flop D dugc m ta nhur
Hinh 6 va Hinh 7.

K — —>Q[7:0]

cout STATE_REG[7] GND_23 o, add_{ l STATE REG
d[7:0] ql7:0]
e[7:0]

— 17:0]
a[7:0] clk
¥=B"00000001"{(7:0]
s[7:0]

cin RTL_add_8u_8u 1 RTL_wide_fdrse_8

Hinh 6. So d6 khéi niém mach dém nhj phan tu do 8 bits
CK[ > - —{ > q[15:0]

cout STATE_REG[15] GND_14_a_add_1 l STATE REG

H\ L agd_ r[15:0]
o clk

d[15:0] q[15:0]

e[15:0]
s[15:0]

in 1 RTL_wide_fdrse 16

Hinh 7. So d6 khéi niém mach dém nhj phan tu do 16 bits;
Thong qua 2 trudng hop, chung ta nhan thiy rang du 1a mach dém 8 bits hay 16 bits thoi gian
tré cua tang FlipFlop déu bang nhau, vi cac flipflop duoc mic song song dé tao thanh nhiéu
bits hon. Thoi gian tré cua khdi FlipFlop D trong 2 truong hop dugc tinh nhu sau:
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) ) TDelay—of—D = ch + Tsetup =1+ 0.5 = 1.5ns
- DOi voi mach dém nhi phz}m tu do 8 bits: ’ ‘
o Tan so xung CK toi da theo hudng toi wu vé tai nguyén:
1

F, = = = 256.41MHz
. ] Max T+1a8bits + TDelay’—of—D . 2.4ns + 1;5715
o Tan so xung CK toi da theo hudng toi wu vé thoi gian tre:
F = = = 333.33MHz
, Ma)f T+1d8bits + TDelay—of—D 1.5ns + 1.5ns
- Doi voi n]ach,dém nhi ph@n tu do 16 bits: ) ‘
o Tan so xung CK t6i da theo hudng toi wu vé tai nguyeén:
1
F, = = = 142.86MHz
Max T+1a16bits + TDelay—of—D 5.5ns + 1.5ns
o Tan s6 xung CK tbi da theo hudng téi uu vé thoi gian tré:
F, = = = 208.33MHz
MO T drebies T+ Tpetay-of-p 3.3ns + 1.5ns
Cau 2: Cdc ban dwoc chon lam 2 trong cdc cdu sau: (4d)

a. Hay viét code VHDL va vé so d6 khai niém cho mach dém chay tu do 8 bit dém lén gém cac tin hiéu
vao la clk, reset va en, tin hiéu ra gdm g 8 bit va tin hiéu max_pul. Tin hi¢u en bang 0 thi mach nging,
bang 1 thi cho phép mach dém.

Chuong trinh m6 ta VHDL.:
library IEEE;

use IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
entity Counter8Bits 1is

Port ( R,E,CK : in STD LOGIC;
Q : out STD LOGIC VECTOR (7 downto 0);
MAX PUL : OUT STD_LOGIC);

end Counter8Bits;
architecture Behavioral of Counter8Bits is

SIGNAL STATE NEXT, STATE REG : STD LOGIC VECTOR(7 DOWNTO O0) 1=
"00000000";
begin
PROCESS (CK)
BEGIN
IF R = 'l' THEN
STATE REG <= "00000000";
ELSE
IF E = 'l' THEN

IF RISING EDGE (CK) THEN
STATE REG <= STATE NEXT;
END IF;
END IF;
END IF;
END PROCESS;
STATE NEXT <= STATE REG + 1;
Q <= STATE REG;
MAX PUL <= 'l' WHEN STATE REG = "11111111" ELSE
'0';
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end Behavioral;
So do khai niém nhu mo6 ta & Hinh 8.

STATE_REG[7]_PWR_29_o_equal_4
R D a[7:0
cK[ > STATE_REG hbm} = 2 [y MAX_PUL
c[7:0]
cout Ik RTL_equal_8
STATE_REG[7] GND_32 0 add 2l -0 ..o D arro)

e[7:0]
p[7:0]
| RTL_wide_fdcpe_8

a[7:0]
- o T
V=B'00000001" | hy7-0)

inl RTL_add_8u_8u

E[>

Hinh 8. So d6 khai niém mach dém 8 bits
b. Hay viét chuong trinh va v& so d6 ctia mach xor giam c6 8 ngd vao dang ndi tiép va dang cdy va nhan
xét vé thoi gian tré cia 2 mach. Hiy cho biét 2 mach nay minh chimg cho diéu gi?
Chuong trinh mé ta VHDL mach XOR 8 bits ngd vao dang ndi tiép:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity QUESTION 1 B is
Port ( I : in STD LOGIC VECTOR (7 downto 0);
Y : out STD LOGIC);
end QUESTION 1 B;
architecture Behavioral of QUESTION 1 B is
begin
Y <= I(0) XOR I (1) XOR I(2) XOR I(3) XOR
I(4) XOR I(5) XOR I(6) XOR I(7);
end Behavioral;
So d6 khai niém mach XOR 8 bits theo dang ndi tiép dugc mé ta ¢ Hinh 9:

][] XOR_1

roD—-2

o0 XOR_2
1 al

; I[0]_I[3]_%OR_3

[0]_[4]_XOR_4
AT XOR an. [ H1LHOR oo 0 NE] XOR_5

0 ad

L HOR 1[0]_I[B]_XOR_B

RTL_OR
o IOLI7LXOR_7

RTL_XOR Tt T\u Oy

RTL_XOR

Hinh 9. So d6 khai niém XOR 8 bits theo dang nbi tiép

Chuong trinh m6 t&4 VHDL mach XOR 8 bits dang hinh cay:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

entity QUESTION 1 B is

Port ( I : in STD LOGIC VECTOR (7 downto O0);
Y : out STD LOGIC);

end QUESTION 1 B;

architecture Behavioral of QUESTION 1 B is

begin

Y <= ((I(0) XOR I(1l))XOR(I(2) XOR I(3)))XOR

((I(4) XOR I(5))XOR(I(6) XOR I(7))):

end Behavioral;

So d6 khai niém mach XOR 8 bits theo dang hinh cay dugc md ta nhu Hinh 10.
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]XOR 8

I[7:0] D—
L XO
3 OR 9 *N%O-H{}XORL1O 20 \[01_I[4]_XOR_14
™ at) Y
RTL_XOR
L XO RTL_XOR
5 OR 11
5%:>g Lol[4L 16 XOR 13
[¢]
1
RTLXOR “JL)
6 aolBLI7I_XOR_12 RTL_XOR
:7 m) °

RTL_XOR
Hinh 10. So d6 khéi niém XOR 8 bits theo dang hinh cay
Tinh toén tai nguyén va két luan:
- Thoi gian tré:
o Dang nbi tiép: Delay = 8 x 0.4 = 3.2ns
o Dangsongsong: Delay =3 X 0.4 = 1.2ns
- Tai nguyén:
o Dang nbi tiép: Gate count = 7 x 44 = 308gates
o Dangsongsong: Gate count =7 X 44 = 308gates

Két luan: Mic du co cung tai nguyén dugc st dung, nhung thoi gian tré ctia ctia cdu trac dang song

song nho hon thoi gian tré ctia cu trac ndi tiép gap 2.66 lan.
c. Hay viét code VHDL va v& so d6 khai niém cho mach dém mod 100.
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
entity Question 2 c 1is
Port ( CK, E, R : in STD_LOGIC;
Q : out STD LOGIC VECTOR (6 downto 0));
end Question 2 c;
architecture Behavioral of Question 2 c is
SIGNAL Q NEXT, Q REG : STD LOGIC VECTOR (6 DOWNTO 0)
OTHERS=>'0") ;
begin
-— FOR D FLIP FLOP
PROCESS (CK, E, R)

BEGIN
IF R = 'l' THEN
Q REG <= (OTHERS=>'0");
ELSE
IF E = 'l' THEN
IF RISING EDGE (CK) THEN
Q REG <= Q NEXT;
END IF;
END IF;
END IF;

END PROCESS;

Q NEXT <= (OTHERS => '0') WHEN Q REG = 99 ELSE
Q REG + 1;
Q <= Q REG;
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end Behavioral;
So do6 khai niém dugc mo ta nhu Hinh 11.

l Q_REG

CK c"c([S:O]
R G D os0]
E[ e[6:0]
plo:0]

cout | RTL wide_fdcpe_7
Q_REG[6] GND_5_0_add_3 Q_REG[6]_GND_5_o_mux_4 -

a[6:0] .
%+ o[6:0] d0ig:0) o[6:0

Y=B"0000001"|y15:0] d1[6:0

¢inl RTL_add_7u_7u cond| RTL_mux_7

Y

Q_REG[6]_PWR_5_o_equal_3 L

a[6:0
wv=B"1100011" B[E:0]1 =

o

RTL_equal_7

, Hinh 11. So d6 khéi ni¢m mach dém Mod 100 ,
d. Hay viét code VHDL va v€ so do khai niém cho mach dém mod m c¢6 thé 1ap trinh 8 bit, theo cach toi

uu.

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
entity Question 2 D is
Port ( CK, E, R : in STD LOGIC;
M : in STD LOGIC VECTOR (7 downto 0);
Q : out STD LOGIC VECTOR (7 downto 0));
end Question 2 D;
architecture Behavioral of Question 2 D is

STIGNAL Q_NEXT, Q_REG : STD_LOGIC_VECTOR(7 DOWNTO 0) =
(OTHERS=>'0") ;
begin

-- FOR D FLIP FLOP
PROCESS (CK, E, R)
BEGIN
IF R = 'l' THEN
Q REG <= (OTHERS=>'0");
ELSE
IF E = 'l' THEN
IF RISING EDGE (CK) THEN
Q REG <= Q NEXT;
END IF;
END IF;
END IF;
END PROCESS;

Q_NEXT <= (OTHERS => '0') WHEN Q_NEXT = M ELSE
Q REG + 1;
Q <= Q REG;
end Behavioral;
So dd khai niém dugc mo ta nhu Hinh 12.
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CK[ >

Q_REG[7]_GND_5_o_mux_4

elr? o[7:0] [ Q_REG
E[ 4170 @U ol
Q_NEXT[7]_M[7]_equal_3
a7 0 cong| RTL_mux_8 arol g7 > ai7:0]
|v1[7:0]D:,'j1/“O - F = T Wity
RTL_equal_8 i RTL_wide_fdcpe_8
R[>

coul o REG[7]_GND_5_o_add_3

al7:0]
+ A
W=B"00000001" bU O]

RTL add_8u_8u

Hinh 12. So d6 khai niém mach dém Mode M theo dang t6i vu

Cau 3: (3d)
Hay thiét ké mot thanh ghi dich c6 chirc ning xoay phai (rotate right), dich phai logic (logic shift right) va
dich phai s6 hoc (Arithmetic shift right), c6 tin hiéu dit liéu vao dé dich 1a a 10 bit, tin hiéu ctrl 2 bit dé
chon 1 trong 3 ché d6 dich va tin hiéu amt 2 bit c6 4 trang thai dé chon dich 1, 2, 3, 4 bit, tin hiéu ra 1a O.
a. Hay viét chuong trinh dung ngén ngit VHDL thuc hién chic ning trén bang cach ding 1énh gan tin
hiéu c6 lua chon.
library IEEE;
use TEEE.STD LOGIC 1164.ALL;
entity Question 3 a clc 1is
Port ( A : in STD LOGIC VECTOR (9 downto 0);
CTRL : in STD LOGIC VECTOR (1 downto O0);
AMT : in STD LOGIC VECTOR (1 downto 0);
Q : out STD LOGIC VECTOR (9 downto 0));
end Question 3 a clc;

architecture Behavioral of Question 3 a clc is

SIGNAL ROTATE, LOGICRIGHT, ARITHRIGH : STD LOGIC VECTOR(9
DOWNTO 0) := (OTHERS=>'0");
begin
WITH AMT SELECT
ROTATE <= A(0)&A (9 DOWNTO 1) WHEN "0O0",

A (1 DOWNTO 0)&A (9 DOWNTO 2) WHEN "O1",
A (2 DOWNTO 0)&A (9 DOWNTO 3) WHEN "10",
A (3 DOWNTO 0)&A (9 DOWNTO 4) WHEN OTHERS;

WITH AMT SELECT
LOGICRIGHT <= '0'&A (9 DOWNTO 1) WHEN "0O0",
"00"&A (9 DOWNTO 2) WHEN "O01",
"000"&A (9 DOWNTO 3) WHEN "10",
"0000"&A (9 DOWNTO 4) WHEN OTHERS;
WITH AMT SELECT

ARITHRIGH <= A(9) &A (9 DOWNTO 1) WHEN "0O",
A(9)&A(9) &A (9 DOWNTO 2) WHEN "O1",
A(9)&A(9)&A(9) &A (9 DOWNTO 3) WHEN "10",
A(9)&A(9) &A(9) &A(9) &A (9 DOWNTO 4) WHEN OTHERS;

WITH CTRL SELECT
Q <= ROTATE WHEN "0O0",
LOGICRIGHT WHEN "O1",
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ARTTHRIGHT WHEN

A WHEN OTHERS;

end Behavioral;
b. Hay cai tién lai chuong trinh cho toi uu.
library IEEE;

use IEEE.STD LOGIC 1164.ALL;

entity Question 3 a clc is

"10",

Port ( A : in STD LOGIC VECTOR

CTRL : in STD LOGIC VECTOR

(9 downto 0);

AMT : in STD LOGIC VECTOR (1

Q : out STD LOGIC VECTOR

end Question 3 a clc;

(1 downto 0);

downto 0);

(9 downto 0));

architecture Behavioral of Question 3 a clc 1is

SIGNAL TEMP : STD LOGIC VECTOR(9 DOWNTO 0) := (OTHERS=>'0");

begin
WITH CTRL SELECT

TEMP <= A WHEN "00",

(OTHERS =>

|O|)

(OTHERS => A(9))
A WHEN OTHERS;

with AMT SELECT

Q <= TEMP(0) &TEMP (9 DOWNTO 1)
(1 DOWNTO 0) &TEMP (9 DOWNTO 2) WHEN "O1",
TEMP (2 DOWNTO 0) &TEMP (9 DOWNTO 3) WHEN "10",
(

TEMP

WHEN

WHEN "01",

"10",

WHEN "00",

TEMP (3 DOWNTO 0) &TEMP (9 DOWNTO 4) WHEN OTHERS;

end Behavioral;

Bang tai nguyén va thoi gian tré ciia 1 sb toan tir.

Kich thwéc Toan tir VHDL
ngd vao
n nand [ xor | >a | >4 | = | +1a | +14 | +a | +4 | mux
TAI NGUYEN
8 8| 22| 25| 68| 26| 27| 33| 51| 118 21
16 16| 44| 52| 102 51| 55| 73| 101 | 265 42
32 32| 85| 105| 211|102 | 113 | 153 | 203 | 437 85
64 64 | 171 | 212 | 398 | 204 | 227 | 313 | 405 | 755 | 171
THOI GIAN TRE (ns)
8 0104 40| 19| 10| 24| 15| 42| 32| 0.3
16 01| 04| 86| 3.7| 17| 55| 33| 82| 55| 0.3
32 01)04)176| 67| 1.8/116| 75|16.2|11.1| 0.3
64 01 04]357(143| 22(240|15.7|322|229| 0.3

Cdn bé coi thi khéng dwoc gidi thich dé thi, cho dé thi vao tii bai thi dé cham bai.

Chuan dau ra cia hoc phan (ve kién thirc)

Néi dung kiém tra

[G 1.2]: C6 kha nang tinh todn cac van dé vé thoi gian

Caul
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[G 2.1]: C6 kha nang phan tich chia s¢ toan tur ‘ Céu 2

[G 2.2]: C6 kha nang phan biét mach dong bd va khong dong bd Caul

[G 4.1]: C6 kha nang phaén tich tinh toan hi¢u sudt va cai tien Cau 3

[G 4.2]: C6 kha nang thict ké mach tuan tu: mach dém Cau 4
Ngay 13 thdng 06 nam 2016

Thoéng qua Trudong nganh
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