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Céu 1: (2 diém)
Sinh vién chon 2 trong 5 céu sau day:
a. Co6 bao nhiéu loai cong nghé thlet bi (Device Technologies) dugc sir dung trong linh vuc thiét ké vi
mach? Mbi loai hdy néu ra tén, ciu tric bén trong va cho vi du vé mot IC ma anh/chj biét,

Hién c6 3 cong nghé dugc str dung dé thiét ké vi mach so:
. ASIC Standard Cell:

o CAu tric cua Standard Cell ASIC la tp hop nhimg Logic Cell dugc céu thanh tir nhiéu loai
cong Logic cho moi cell. ) ’
o Nhirng loai IC nay thuong dugc san xuat trong nha may va dugc xuat xuong voi 1 chirc nang

cu thé khong thé thay doi duoc trong qua trinh sir dung.
. ASIC Gate array:

o Céu truc cia Gate Array la tap hop nhiing Logic Cell duoc c4u thanh tir mot loai cong Logic
cho moi cell. Thuong cong logic dugce str dung la cong NAND. )
o Nhiing loai IC nay thuong dugc san xuat trong nha may va dugc xuat xudng véi 1 chirc nang

cu thé khong thé thay ddi duoc trong qua trinh str dung.
. Non-ASIC FPGA/CPLD
o CAu trac cua FPGA 1a tap hop nhitng Logic Cell dugc cdu thanh chil yéu boi nhitng lookup-
table va nhiing cong logic khac. Cac Logic Cell ¢ thé 1ap trinh két ndi, va nhimng thanh phan nho
trong mdi cell ciing c6 thé duoc 1ap trinh két ndi.
° Nhimng loai IC nay thudong dugc quy dinh chirc ning boi ngudi sir dung. Khi xuat xuong, IC
nay chua c6 chirc ning cu thé.

b. Dinh nghia Abstraction trong thiét ké hé thong vi mach s6? Liét ké cac 16p trong Abstraction va cho
biét loai tin hiéu quan tim, phan tir co ban ctia mbi 16p.

e Abstraction 1a su khai quat hoa nhitng dic tinh hoat dong ctia mdi 16p hé théng vi mach sb. M6i
16p hoat dong ctia hé théng vi mach s duge dic trung bdi tin hi¢u quan tam xu 1y, cac dai lugng
quan tim xr 1y, cdu triic co ban nhét ctia mdi 16p.

e Abstraction dugc ciu tao phd bién bao gdm nhiing 16p sau:

o Processor level:
o bdi tuong quan tdm xu 1y 1a nhitng hanh vi cua hé théng duogc thuc hién dudi dang
lwu @6 chuong trinh;
e Céc dai luong quan tm 13 nhing bién s va cau 1énh trong chwong trinh dé thyc hién
tig budce trong luu do.
« Thanh phan co ban nhat 1a cac 1énh trong luu 6 chwong trinh.
o Register Transfer Level:
« Ddi twong quan tam xur 1y 14 tap hop nhimg bus dif liéu tao thanh 1 con sb cu thé theo
kiéu dir liéu duge quan tam.
« Céac dai lugng quan tdm xtr 1y 1a nhitng bus tin hiéu ctia timg khdi trong hé thong.
« Thanh phan co ban nhét cua 16p nay 1a cac khéi chirc ning trong hé thong. Mdi khoi
c6 mot chirc nang cu thé va két hop véi nhau tao thanh mot h¢ théng hoan chinh.
o Logic Level:
« Dbi tugng quan tam xir Iy 12 ting bit dir liéu dé tao thanh bus dir liéu hoan chinh & 16p
Register Transfer Level.
o Dai lugng quan tam xur 1y 1a gia tri logic 0 va 1 trong ham logic.
« Thanh phan co ban nhét cua 16p nay 1a cac cong logic. Nhiéu céng Logic két hop lai
thanh khdi logic bén trong RTL level.
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o Physical Level:
« Dbi tuong quan tm xtr 1y 1a cac muc dién 4p, tan s hoat dong va thoi gian tré cia
mach.
« Dai luong quan tim xir 1y 1a cac dai luong vt 1y cap thip nhu dong dién, dién ap, tan
s6 hoat dong, thoi gian tré.

c. V& cau triic cia mach dong bo 3 thanh phan va giai thich nguyén Iy hoat dong.
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next-state | state_reg

external logic
state_next
input - > clk

output

ck

Giai thich chirc nang ting khdi:
o Khéi Nex-State logic: Co chirc ning tao trang thai méi dua vao cac tin hiéu ngd vao va trang thai
hién tai;
o Khéi output logic: C6 chirc nang tao ra tin hi€u ¢ ngd ra dua vao trang thai hién tai va céc tin hiéu
ngd vao diéu khién;
o Mach FlipFlop D: C6 chirc ning cp nhat trang thai hién tai bang trang thai méi;
Giai thich nguyén ly hoat dong: Ban dau mach dang & trang thai hién tai, ngd ra dugc gan mot gia tri xac
dinh boéi mach t6 hop ngd ra dua vao trang thai hién tai state_reg va ngd vao diéu khién. Mach t6 hop ngd
vao tao trang thai mai state_next ¢ ngd vao d cua Flip Flop. Khi ¢6 canh 1én clk tac dong vao chén clk cua
Flip Flop, trang thai hién tai state_reg duoc cap nhat bang trang thai méi state_next. Qua trinh tiép tuc khi co
xung canh 1én clk tiép theo.

d. V& cu trac cia cong 2 chiéu dbung 2 céng dém 3 trang thai va viét chuong trinh VHDL mé ta cu
truc nay.
dir

sig_out ﬁ <+—>
P * bi

sig_in

entity bi_demo is
port(bi: inout std_logic;

begin
sig_out <= output_expression;
<= expression_with_sig_in;

bi <= sig_out when dir="1’ else ’Z’;
sig_in <= bi;
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sig_in <= bi when dir=’0’ else ’Z7;

e. Dinh nghia Hazard, Hazard tinh, Hazard dong. Cho vi du mot mach dién tao Hazard dong va giai
thich dang séng dé chirng minh su xuat hién ctia Hazard.

Hazard 1 hién tuong xay ra trong khoang thoi gian tré cta hé thong dugc dinh nghia 14 sy mat 6n dinh &
ngo ra cua mach trude khi 6n dinh & mot trang thai ma no phai co.
Hazard tinh 13 sy mat 6n dinh xay ra & ngd ra vé mat 1y thuyét 1a 6n dinh.
Hazard dong 1a sy bt 6n dinh x4y ra & ngd ra trong qua trinh chuyén trang thai. Vé mit 1y thuyét, ngd ra
chuyén trang thi tir 0 dén 1 hay tir 1 vé 0 khong c6 trang thai trung gian.
Vi du mot mach dién tao hién twong Hazard va giai thich dang song:
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(a) Karnaugh map and schematic

Trot
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a_b_not

sh
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L Tam

(b) Timing diagram

Céu 2: (2 diém)

Sinh vién chon 2 trong 5 cau sau day:

a. Thiét ké mach giai da hop tir 1 sang 4 ¢6 ngd vao la I, ngd ra la Y[3:0] su dung VHDL bang 2 cau
trac: 1énh gan c6 diéu kién, 1énh gan c6 lua chon. V& so d6 khai niém mdi ciu tric va giai thich cdu
tric nao phil hop nhét.

Chuong trinh VHDL mé ta 2 céu trac:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity Mux4Tol is
Port ( A, B, C, D : in STD LOGIC;
Y0, Y1 : out STD LOGIC;
S : in STD LOGIC VECTOR (1 downto 0));
end Mux4Tol;
architecture Behavioral of Mux4Tol is

begin

YO <= A WHEN S = "00" ELSE
B WHEN S = "01" ELSE
C WHEN S = "10" ELSE
D;

WITH S SELECT
Yl <= A WHEN "0O0",
B WHEN "01",
C WHEN "10",
D WHEN OTHERS;
end Behavioral;

So db khai niém dung 2 cu tric:
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Screenchpplngtaken 28/12/2016 13:16
Trong 2 cAu tric trén thi cdu tric dung 1énh gan c6 lya chon 1a phu hop nhét vi so d6 khai niém 1ngd ra dung la
mach mux tir 4 sang 1, hon nita cic ngd vao khong c6 su phan biét vé& do wu tién va thoi gian tré.

b. Thiét ké mach tim gia tri 1on nhit ciia 5 s6. Ngd vao 1a A, B, C, D, E c6 8 bits, ngd ra 1a MAX ¢6 8
bits. V& so d6 khai niém cta mach.
Chuong trinh VHDL mé t4 mach tim gia tri lon nhéat:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity MAXS5INPUTS is
Port (
A, B, C, D, E : in STD LOGIC VECTOR (7 downto 0);
Y : out STD LOGIC VECTOR (7 downto 0));
end MAX5INPUTS;

architecture Behavioral of MAX5INPUTS is

begin
Y <= A WHEN (A > B) AND (A > C) AND (A > D) AND (A > E) ELSE
B WHEN (B > C) AND (B > D) AND (B > E) ELSE
C WHEN (C > D) AND (C > E) ELSE
D WHEN (D > E) ELSE
E;

end Behavioral;
So do khai ni€ém ctia mach tim gid tri 16n nhat:
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c. Thiét ké mach tao Flip Flop D hodac T duoc diéu khién bﬁng chan chon lya. Ngo vao 1a CK, Ctrl, D,
ngo ra 1a Q. Khi Ctrl ='0" mach tr¢ thanh Flip-Flop D, khi Ctrl ='1' mach tré thanh Flip-Flop T.
Chuong trinh VHDL m6 ta FlipFlop:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
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entity FlipFLopTD is
Port ( TD, CTRL : in STD LOGIC;
Q : out STD LOGIC;
CLK : in STD LOGIC;
RST : in STD LOGIC) ;
end FlipFLopTD;

architecture Behavioral of FlipFLopTD is
SIGNAL Q REG, Q NEXT T, Q NEXT D, Q NEXT : STD LOGIC;
begin
-— D FLIP FLOP
PROCESS (CLK, Q NEXT, RST)
BEGIN
IF RST = '1' THEN
Q REG <= '0"';
ELSIF RISING EDGE (CLK) THEN
Q REG <= Q NEXT;
END TF;
END PROCESS;
-— INPUT LOGIC

Q NEXT T <= NOT(Q REG) WHEN TD = 'l' ELSE
Q REG;

Q NEXT D <= TD;

Q NEXT <= Q NEXT T WHEN CTRL = 'l' ELSE
Q_NEXT D;

-- OUTPUT LOGIC

Q <= Q REG;

end Behavioral;

So d6 khai niém cua chuong trinh da vé:

Q REG_Q_REG_MUX_3

Q_REG_INV_6 a0 . Q_NEXT_D_Q_NEXT_T_MUX_4
i o al —‘ a0
o)

RTL_INV JJRTL_MUX al
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CTRL> _
RST[

| Q REG
a¢ g [a

CLK[ > clk

p
| RTL_FDCPE

Screen clipping taken: 28/12/2016 13:41

d. Thiét ké mach dém ma Gray 8 bits st dung m6 hinh d@)ng b0 3 thanh phﬁn. Ngb vao 1a CK, RST, E,

ngd ra la Q[7:0].
Chuong trinh VHDL mé ta mach dém mi Gray:

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
Use IEEE.STD LOGIC UNSIGNED.ALL;
entity GRAYCOUNTER is

Port ( CLK, RST, ENA : in STD LOGIC;
Q : out STD LOGIC VECTOR (7 downto 0));

end GRAYCOUNTER;
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architecture Behavioral of GRAYCOUNTER is
SIGNAL Q REG, Q NEXT : STD LOGIC_VECTOR (7 DOWNTO 0) := "00000000";
begin
--— D FLIP FLOP
PROCESS (CLK, RST, ENA)
BEGIN
IF RST = '1' THEN
Q REG <= "00000000";
ELSIF RISING_EDGE(CLK) THEN
Q REG <= Q NEXT;
END IF;
END PROCESS;
-— INPUT LOGIC
Q_NEXT <= Q_REG + 1 WHEN ENA = '1' ELSE
Q REG;
-— OUTPUT LOGIC, CONVERT TO THE GRAY CODE
Q <= Q REG XOR 'O'&Q_REG(7 DOWNTO 1) ;
end Behavioral;

e. Thiét ké mach nhan 4 bits str dung VHDL. Ngé vao 1a A[3:0], B[3:0], ngd ra la Y[7:0].
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
USE TIEEE.STD LOGIC UNSIGNED.ALL;

entity MULTIPLYING_4BITS is
Port ( A, B : in STD LOGIC VECTOR (3 downto 0);
Y : out STD LOGIC VECTOR (7 downto 0));
end MULTIPLYING_4BITS;

architecture Behavioral of MULTIPLYING 4BITS is
SIGNAL BO, B1, B2, B3 : STD_LOGIC_VECTOR(3 DOWNTO 0) ;
SIGNAL PO, P1, P2, P3 : STD LOGIC VECTOR(7 DOWNTO O0);

begin
BO <= (OTHERS=>B(0));
Bl <= (OTHERS=>B (1))
B2 <= (OTHERS=>B(2));
B3 <= (OTHERS=>B(3));

PO <= "0000"& (A AND BO);

Pl <= "000"&(A AND Bl)&'0"';
P2 <= "00"& (A AND B2)&"00";
P3 <= '0'&(A AND B3)&"000";

Y <= (PO + P1) + (P2 + P3);
end Behavioral;

Cau 3: (3 diém)
Thiét ké mach ALU theo bang sy that sau:

Ctrl[70] Y[70] width VHDL operator
nand xor >q >4 = +1, +1g +a +g4 IMux
0 A+B area (gate count)
8 8 22 25 68 20 27 33 51 118 21
63 C +D 16 16 44 52 102 51 55 73 101 265 42
32 32 85 105 211 102 113 53 203 437 85
64 64 171 212 398 204 227 313 405 755 171
127 A-B

delay (ns)

255 C-D 8 01 04 40 19 10 24 1.5 4.2 3.2 0.3
16 01 04 86 37 1.7 55 33 8.2 5.5 0.3
32 01 04 17.6 67 1.8 11.6 7.5 162 11.1 0.3
Others 0 64 01 04 357 143 22 240 157 322 229 0.3
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a. Mo td mach sir dung VHDL sao cho dung 2 mach "+" va 2 mach "-".

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;

entity ALU is

Port ( A, B, C, D in STD_LOGIC_VECTOR
Y out STD LOGIC VECTOR
CTRL : in STD LOGIC_VECTOR
end ALU;

architecture Behavioral of ALU 1is

begin

Y <= A + B WHEN CTRL = 0 ELSE
C + D WHEN CTRL 63 ELSE
A - B WHEN CTRL = 127 ELSE
C - D WHEN CTRL 255 ELSE

"00000000™;
end Behavioral;

(7 downto 0);
(7 downto 0);
(7 downto 0));

b. V& so do khai niém cua mach va tinh toan tai nguyén va thoi gian tré.
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c. Toi uu so do khai niém cau b sau cho chi st dung 1 mach "+"; Tinh toan tai nguyén va thoi gian tré

cua mach.
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Tai nguyén duoc st dung la:
Cong XOR: 3 cong;

e Mach so sanh "=" 8 bits: 3 mach
Mach mux 2 sang 1 8 bits: 4 mach
Mach "+" 9 bits: 1 mach

Thoi gian tré cia mach:

cond| RTL_frux_8

©0 ThPD_EXTIB]_TMP1_EXT[E]_add_14

D70l
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« DPudng nguy hiém cua hé thong di qua nhimg linh kién sau day: Mach so sanh "=" 8 bits, céng OR,
mach mux 2 sang 1 8 bits, mach cong 9 bits.
« Thoi gian tré duoc tinh bang cach tinh tong cac thoi gian tré cia timg linh kién dugc liét ké.
**Luu y: Tuy theo thiét ké cia mach ma tai nguyén va thoi gian tré s& khac nhau. Sinh vién tinh theo
nhiing gi da thiét ké. Cau nay dugc tinh ding khi sinh vién tinh theo phuong phép dugc hudéng dan
trong qua trinh hoc.

d. Mo ta mach vira toi wu & céu c.
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
entity ALU is
Port ( A, B, C, D : in STD LOGIC VECTOR (7 downto 0);
Y : out STD LOGIC VECTOR (7 downto 0);
CTRL : in STD LOGIC VECTOR (7 downto 0));
end ALU;
architecture Behavioral of ALU is
SIGNAL TMPO, TMP1 : STD_LOGIC_VECTOR(7 DOWNTO O0) ;
SIGNAL TMPO_EXT, TMPl_EXT, SUM_EXT : STD_LOGIC_VECTOR(8 DOWNTO O0) ;
SIGNAL C_IN : STD_LOGIC;
begin
TMPO <= A WHEN (CTRL = 0) OR (CTRL = 127) ELSE
C WHEN (CTRL = 63) OR (CTRL = 255) ELSE
"00000000";
TMP1 <= B WHEN (CTRL = 0) OR (CTRL = 127) ELSE
D WHEN (CTRL = 63) OR (CTRL = 255) ELSE

"00000000";
C IN <= '1' WHEN (CTRL = 0) OR (CTRL = 63) ELSE
lOl;

TMPO EXT <= TMPO&'1l';
TMP1 EXT <= TMP1&C IN;
SUM_EXT <= TMPO EXT + TMP1l EXT;
Y <= SUM_EXT(8 DOWNTO 1) ;
end Behavioral;

Cau4: (3diem) , ‘ ‘
Thiét ké mach dém dong bd dung cau triac 3 thanh phan theo yéu cau sau:

Ctrl[1:0] Chirc nang Mach Thoi gian tré
00 Mach dém 1én BCD tir 0 dén 9 Mux 2-1 (4 bits) 2 ns
01 Mach d¢ém xudng BCD tir 9 vé 0 Mux 4-1 (4 bits) 2.5ns
10 Mach dém 1én tir 0 dén 15 Adder (4 bits) "+" 4.5 ns
11 Mach dém xudng tir 15 vé 0 Subtractor (4 bits) "-" S5ns
D Flip Flop 0.5 ns
Comparator (4 bits) "=" I ns

a. Viét chuong trinh mé ta mach dém dung VHDL bang c4u trac ddng bo 3 thanh phan.
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use ieee.std logic unsigned.all;

entity Counter is
Port ( ctrl : in std logic vector (1 downto 0);
clk : in std logic;
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g : out std logic vector (3 downto 0));
end Counter;

architecture Behavioral of Counter is

signal g next, g reg : std logic vector (3 downto 0) := "0000";
signal up, down : std logic vector (3 downto 0) := "0000";
signal max : std logic vector (3 downto 0);

begin

-- d flip flop
process (clk, g next)
begin
if rising edge(clk) then
q reg <= g _next;
end if;
end process;
-- input logic

g next <= up when ctrl(0) = '0' else
down;

up <= "0000" when g reg = max else
g reg + 1;

down <= max when g reg = "0000" else
q reg - 1;

max <= "1111" when ctrl(l) = '1l' else
"1001",’

-- output logic

g <= g _reg;

end Behavioral;

b. VE€ so d6 khai niém cua mach.
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c. Tinh tan sé hoat dong t6i da cia mach dém nay. Thoi gian tré cta céc linh kién duogc cho trong bang

trén day.
Thoi gian tré cuia mach dugc tinh toan theo so dd khai niém, vi thé tuy

theo so do khai niém da v€ ma

c6 nhitng gia tri thoi gian tré khac nhau cta hé thong Cau nay dugc tinh la dung khi sinh vién hoan
thién ding dugc nhiing budc can ban dé tinh tan s hoat dong ctiia mach dém.

Nhitng budc tinh toan thoi gian tré cho so @b khai niém ctia ciu b.

e Xéc dinh duong tin hiéu qua nhitng linh kién c6 thoi gian tré nhidu nhat: Puong tin hiéu c6 thoi gian
tré dai nhat 1a duong di qua nhitng linh kién nhu sau: Mach cdng 4 bits, mach mux tir 2 sang 1 4 bits,

mach mux tur 2 sang 1 4 bits, va flip flop D.
e Tong thoi gian tré cia nhitng link kién nay la:
Totin = Taddar T Trmux T Togux T Tﬂipﬂn‘p =454+2+2+4+05 =9ns
o Téan sd hoat dong tdi da ctia mach:

D a0
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f = =111.11GH
Mex =g T 91012 z

Ghi chii: Cdn bg coi thi khéng dwoc gidi thich dé thi.

Chuin dau ra cia hoc phan (vé kién thirc) Noi dung kiém tra

[CDR 1.1]:

Trinh bay dugc cic cong nghé thiét bi, quy trinh thiét ké. Cau la, 1b, Ic, 1d, Ie

Mo 1 tdng quat, mé ta ciu tric, m t4 hanh vi, mé phong Cau 2

mach.

Trinh bay tong quan vé ngdn ngit md ta phan cing VHDL.

Trinh bay dugc cdu tric ngdn ngit co ban cia VHDL.

[CPR 2.1]: Cau le
Cau3

Ham Big-O dung dé tinh toan tai nguyén va hiéu suit cua
mach theo ngd vao. Phan tich, giai thich mach dién cta céc
toan tr st dung trong ngoén ngit 1ap trinh VHDL, tim ham
Big-O. Phén tich thoi gian tré hé thong, thoi gian nguy
hiém, cach khéc phuc.

[CDR 2.2]: Cau 3

Phén tich chia s¢ toan tir, phan tich chia sé¢ chuc nang,
phan tich bb tri linh kién trong thiét ké dé tim cach téi wu
vé tai nguyén, t6i wu vé thoi gian tré. Phén tich va so sanh
tai nguyén, thoi gian tré ctia mach trudc va sau khi ti wu.

[CBR 2.3]: Cau 4
Phuong phép thiét ké mach tuan tyr dong bg, thiét ké cac
mach tuan tu co ban.

Tinh todn dap rng tan so cuc dai cua cac mach tuan tu.

Ngay 03 thang 12 ndm 2016
Thong qua B mén

GVC. Ths. Nguyén Dinh Phu
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