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. 4 AR If (sel=40").
B if(sel="'1")then
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= y <=0} yH?
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B endif
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IS - FL B ER) A6 491 1 I e A B AR E (293 93

Process( clk ) Process( clk, )
Begin Begin
If( clk'event and clk =1")
then
clk2d <= not din; If( clk’event and clk = “1")
End if; then
End process; clk2d <= not din;
End if;
End process;
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Process( sel, latch_in)
Begin
if( sel = ‘1" )then
out <= latch_in;
end if;
End process;

Process( sel, in)
Begin
if( sel = 1" )then

out <=in;
else

out <=0’;
end if;

End process;
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Process( clk, reset )
Begin
iIf( reset = 1" )then
Pst <= s0;
elsif( clk’'event and clk = “1’) then
Pst <= Nst;
end if;
End process;
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Process( Pst, din )

Begin
case Pstis
when s0O =>
If( din ="1" ) then fidin = O’I, HI2EHIELE
Nst <= s1- YIRS BRI, WATA
’ I NstIRAE, A e R
NstFPstH){E—FE, #EHM
s0, FHIE—REBSEZ 4.
_ ISz b, XA ARG
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End process;
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Case sel is Case sel is
when “000” => dout <= dina; when “000” => dout <= dina;
when “010” => dout <= dinb; when “010” => dout <= dinb;

End case; End case;
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2. Multiple if statementHisingle if statement
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Single if

Process( a)
Begin
if (a(0)="1")thenb<="001"

elsif( a(1) = ‘1’ ) then b <= “0107;
elsif( a(2) = ‘1’ ) then b <= “1007;
else b <="0007;
end if;

End process;
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Multiple if

Process( a)

Begin
b <="000%
if(a (0) ="
ifta(1)="
if(a (2) ="

End process;
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hen b <= "0017; end if;
hen b <="0107; end if;

hen b <=“100"; end if;
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douta
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If (sel =1") then
dout <= douta;
Else
dout <= doutb
End if;
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bidir

- Ext IC-> FPGA :
In <= bidir;
- FPGA - Ext IC:
if( sel ='1") then

bidir <= out;
else

bidir <= “Z7;
end if;
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JABI
Delay M

(=
MMins
81ns

atrix =
Destinaton/

ANDJ J#EiR 50.2ns

(LI 87 Sl

For Signal b :

(Trace delay of b) + AND gate internal delay = 8. 1ns
(Trace delay of b) + 0.2ns = 8.1ns

(Trace delay of b) = 7.9ns

For Signal a :

(Trace delay of a) + AND gate internal delay=11.1ns
(Trace delay of a) + 0.2ns = 11.1ns

(Trace delay of a) = 10.9ns
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a 5544k 10.9ns
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q1 . ,
PROBET 42 § ;FF!IIIB?l_ :
Ipem_counter;1idfts0.0 3.9ns R
lpm_counter. 1idffs1.0 37ns
Ilpm_counter:1)dffs2.() 20ns
Q2 QI QO
0 0 0 .
~«——— Glitch ? No
0 0 1
~——— Glitch ? No
0 1 0
——— Glitch ? No
0 1 1
~—————— Glitch ? Yes
1 0 0 )
~———— Glitch ? No
1 0 1
= (Glitch ? Yes
1 1 0
«——— Glitch ? No
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~1: y OV o e Glicth comes out from “5” to “6”
Glitch comes out from “3” to “4 :

This two Glitch are not expected
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P e B T N e = = 0 < B =N P o= = ]
2ns | Interval: [1.7ns |

@i}i\"i% _p05ns
“3”7to “4”
PROBET o T 1T 1 T [l __
011 -=100 |
lpm_counter, 1jdffs0.0 3.9ns Y 3 f 3 P 1
I ; . . 1
Ipm_counter: 1jdffs1.0 3.7ns | —
llpm_counter Tidfts2.() 20ns
“ﬁ” to ”’6” wval:  |UZ2ns n92_1n5
101 =110
I
A
q
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q0 =3.9ns AT REI - XK I 1) 5 7
ql =3.7ns JFRE—EHH ...
g2 = 2ns
(V=S
o 1) BRI
A TR XL 75 (BATTFRZ A dirty solution)
1.) extend the delay of q1 by +0.2ns 2) BHT...

2.) extend the delay of q2 by +1.9ns
3.) then all q[2..0] delay 1s 3.9ns

1 7R

l | ‘ﬁ} TU;D_
g2 —|~—|_|_‘ | |_|

g0
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The cirucit work 1F
QO delay is 3.9ns \ Lo W anne

The circuit work IF AR
Q1 delay 1s 3.7ns + 0.2ns extra delav\b- | | cEE ’)—I_j :
The circuit work IF :’
Q2 delay 1s 2ns + 1.9ns extra delay or. 18

screrpis Tree if IF IF 7B, TEdE. T

Dangerous

and

Risky
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subdesign modcount begin
( clk. reset : input: ql]= ]
q[2..0] : output; counter3.reset = reset;
) counter3.clk = clk;
variable CASE counter3 IS
counter3 when r0 == counter3 =rl;
:MACHINE OF BITS (11]2..0]) when 11 == counter3 = 12;
WITH STATES(10 =B"101", when 12 => counter3 =r13;
r1 =B7100", when r3 == counter3 = 14;
12 =B"000", when 14 == counter3 =r135;
13=B"001", when r5 == counter3 = 16;
4=B"011". when 16 == counter3 =17
15=B7010", when r7 == counter3 =10;
16 =B"110", END CASE:
17=B"111"): end:

Q0,Q1,Q24: K —4v
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XA T BT A ?
— take a look...

AREW RS / RIS BN IR, AR AR

A IR W e (LR ZS)

5, Simulator: Timing Simulation M= 3 |
:f’““:a:“‘ Messages - Simulator =101
) a "'Warning: Found hold time violation at 14.0ns on register ":1.Q" =
Start T"“'“."‘n’:arning: Found setup time violation at 18.6ns on register .1.Q"
[T Use De
 «
Rememb | 4 Message p Dof2 [" Locate in Floorplan Editor Help on Message
check op [ ¢ taeate bl 0ofD Lovate &1
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r 117,

TN TE
£» Timing Analyzer [ _ O] x|
Setu p.{HDId Time AI"I&WSIS Setup time = 2.21s

L .
Clocks Hold time = 0.7ns
clk1
1.0

di 2.2ns/0.7ns

FY

el = - =

Mame: wvalue] B 4dns 12.8ns

g— d1 ' [ ]

= k1 1 5 | | |

Setup time = 2ns Hold time = 0.1ns
According to Setup/Hold Matrix oot
. =7 e : -
Setup time needs = 2.2ns It is easy. Extend the Setup time from 2ns to 2.2ns
Hold time needs = 0.7ns Extend the Hold time from 0.1ns to 0.7ns
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Process( clk, reset )
Begin
if( reset = ‘1" ) then
clk_vec <= ( others => 0" );
elsif( clk’event and clk = ‘1" ) then
clk_vec <= clk_vec + ‘1;
end if;
End process;

Process( clk_vec)
Begin
if( clk_vec =“00” ) then
endd <= ‘1’;
else
endd <=‘0’;
end if;
End process;



=

E\‘A%Fj D=zl

N : I e AN EEE AT AT 20 5 LR
ko AN B H] 20 5 HL i AR I A
N AT ARGV, WAz R E D I

PHEH, BN RSHA NP, BE R
IRAEINBIR, SE HIRAAE B 24U

89



90

[R5 LT IS
« B i o 2 ) ORAE




PR AT AEIR

Din

Din
—>
clk
Tco Tcom Tsu
[ 1
clk

91

TcomB & T &
28 M & &
HITHZER

PRATIEIR

it T
NT B R FER



B E X

W R Sehn RS R B BE ) — RS U R I
i ] PLH BN E 5 4% (net) 5 — 415 5 I 2%
AR 3 R UM R

W AR A pad Zf — AN AL o (A fidoA A A7
HOT) % i T, — B 2B R —padE—4
[7) 20 T A4 B i N 3w B 2611

92



JL

EE A2 ) B 7

Fir] BE H I 42

Every path has a start point and an end point:

Start Points: End Points:
* Input ports  Output ports
* Clock pins e Data input pins

of sequential devices
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BE—MUE 5 EATE DX DA, E H2-bit rx_clkfit A& FIAS A7 77 A ds 4L
VA ) ke 2 R AT A as

AL ARy TR 1L AE A (metastability) fUHE (unknown
state, for 3.3v TTL:0.8v~2.4v) . Hdi o — Ay A7 astan th I T 2 28 — 2
[, 52 2 IR 2 K.
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bdat1

bdat2

din
aclk
bclk Sync_a2b

aclk ‘ — |__|

adat / \
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AT 3N
bdat1 \_/\/__> J
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#F FIFO Buffer(:)

B YR DTl R D I e, SRAIFIFO buffersd—
P ST B

B X JHAltera's MegaWizard® Plug-In Manager ] LLIR 75 5

31—~ FIFO buffer.

A FIFO Buffer
FIFO
m— DATAIN|..0] DATAOUT[N. .0] e
— WRITE_REQ FULL —
—» WRITE_CLK
— READ_REQ EMPTY (—
—4» READ_CLK
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1# FH 32 F 11 —Handshake Protocol
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Data Ready
Sampling Circuit S ——— .
-"'F.‘ Sy
dffr dffr dfr Ready Status
—| 0 o] +—=0 Op——-mD o] Y-
H
1
> an ! > an
RN i RM
[}
i
%,
Data Ready Recaiver
M Lo Protocol
"""" Maching
Transmittar
Protocaol
Machine dffr dfr dffr Read_Ack
—l] 0 Dj— o D[4— 0 D}t
r¥_clk
(ST YT « qdon < an 4 & &
RN RN RN
Read Acknowledgement
ti_clk Reagistar
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5 IR

SN, rx_CIKI Bl iT LA tx ol AU fOs . Sedf AR AT O I £% i clk i
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B IR S ZR R A Binary 2w i Fl1One-hotZm i 4 R 41
Be i AT A BE 2 21X P Fh g id % FPGA/CPLDYY
3 FH AR O ey 2

Binary One-hot
SO 00 0001
S1 01 0010
S2 10 0100
S3 11 1000
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ifiEf) S8 2 BRI %

always @(sel or in)

begin
if(sel == 3'b000)
else if(sel == 3'b001)
else if(sel == 3'b010)
else if(sel == 3'b011)
else if(sel == 3'b100)
else if(sel == 3'b101)
else if(sel == 3'b110)
else

end

out =in
out =in
out =in
out =in
out =in
out =in
out =in
out =in

NO O~ WN = O
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{caseifi ) SLIN81E1 £ Bk %

always @(sel or in) /* synthesis full_case */

begin

case(sel)
3'b000: out = in[0];
3'b001: out = in[1];
3'b010: out = in[2];
3'b011: out = in[3];
3'b100: out = in[4];
3'b101: out = in[5;;
3'b110: out = in[6];
default: out = in[7];

endcase

end
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4.462ns;

{EEP2S15F484C4 15 3| f{) fr & 45 5 —

>
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~ B T 1464 NALUT
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Cascade = Tree

il 1—: forfGEFIKIMAL

W AR S A A
B ATCo
] —Aﬁ:l] /EmH\E%ﬁDF .

result :="0’;

= ik E

1. XHidEdata(3:0)-

for | in data’ RANGE loop
result := result XOR data(l);

end loop;
C <=result;
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Data(3)
Data(2)

Data(1)
Data(0)
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CSCIE ) F 3R VR

Sig1 <= Data(3) xor Data(2);
Sig2 <= Data(1) xor Data(0);
C <= sig1 xor sig2;

Zel: EBFIFT, BEIHAEHPER g, AME
B AT Ay /D SER, 1 HA AT 07 (5 I AN TK LS
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cascade = Tree
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AT IS

assignz=a+b+c+d;
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assignz=(a+Db)+ (c+d);

A B C D
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IR R Y Wi GNEA sk 2

M B IE P as I BRI | -

Sel(0) | Sel(1) | Sel(2) | Sel(3) | z

a

X X X 1 d b

1 0 ¢

X X C d
X 1 0 0 b
1 0 0 0 a

sel
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BRI ZifiEf)

Process(a, b, c, d, sel)
Begin
z<='0; -- ¥l
if( sel(0) = 1" ) then z <= a; end if;
if( sel(1) = 1" ) then z <=Db; end if;
if( sel(2) = ‘1" ) then z <=c; end if;
if( sel(3) = 1" ) then z <=d; end if;
End process;




iR 752, FAifiEf)

Process(a, b, c, d, sel)
Begin

else
end if;
End process;

if (sel(3)='1")then z<=d;
elsif( sel(2) = ‘1" ) then z <=¢;
elsif( sel(1) = ‘1" ) then z <= b;
elsif( sel(0) = ‘1" ) then z <= g;
z <=0}
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BT RIL, bEIEZE
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W, 2T vt
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ZEL DU TSN

Sel(2)

NG|

Z( b ->b_late
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IR )7k Zifien)

Process( a, b, c, d, sel)
Begin
<=0"
if( sel(0) = ‘1" ) then z{ <= a; end if;
if( sel(2) = ‘1" ) then 7t <= c; end if;
if( sel(3) = ‘1" ) then i <= d; end if;

End process;

ol
i )
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AL H IR

JIH

£2: ﬂiﬁ%@

Begin

else
end if;

End process;

Process( a, b, c, d, sel)

if (sel(3)="")then
elsif( sel(2) = ‘1" ) then
elsif( sel(0) =‘1") then

A
I
o

AﬂA
oo 0
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( Sel(1) -> Sel(1)_late)

0

a

Sel(0)

Sel(1)

YENE: {4 <3, Sel(1)
B3k 22 B 1L B 2% i 1) b 2
fhSel(n)i%, FR4 W] 2R ¥k
i, CAER R PR mitiL 2

Sel(3)
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W X1 LfiE A) A (single if statement OR multiple if
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. EryEiEE R

%R T T A

If( CONTROL =’1’ )then

PTR := PTR1;
else

PTR := PTR2;
end if;

OFFSET := BASE - PTR;
ADDR := ADDRESS - OFFSET;
COUNT <= ADDR + B;
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A H bR

BASE ADDRESS ADDR

PTR1

PTR2

PTR OFFSET B

& % CONTROL 2 —Mate arriving input
signal. FL7EEN {5 SHATIAL, WDiZ
155 Z)IACOUNTHIZE AT .
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BASE ADDRESS ADDR1 COUNTH

PTR1 [~ COUNT
OFFSET1 B

BASE ADDRESS NTa

PTR2

OFFSET2 B
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. if S AE A W 2Cr
Gy e

1

2% 18 T T A
if (A + B <24) then
Z<=C;
else
Z<=D;
end if;
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If(A+B<24) —, — If( A <24-B)
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If(A+B<24) ——, —— Tf( A <24-B)
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PEAC Ja HIARAY

if ( ) then
Z<=C;

else
Z <=D;

end if;
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(2) RE&Ir57

_ESE eSS Tl iaa e
Bt N32bit) Ky, SR AIbinarygwid . i
R BETT

If( reset = '1" ) then
dout <= ( others => ‘0" );

elsif( clk’event and clk = ‘1" ) then
dout <= dout + ‘1’;

end if;
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clk Dout(23:10)
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— Counter(9:0) ' Dout(9:0)

171



W B en R ket vE B Oy eIk B R 3

B 25T, HoOHBITER 46.40 ns, clki & E L

VESZ ] 1k
m a0, AT

40.8 MHz !l
RSP )E, SIRSHIEE R & H

BRI EEJ5OR AN, AP T IR B 6 1 1) SE I

172



(3) WAKEEH AR

WK SA LT R
I HAT T FE

W K2R

173

HIIES

=B

FIFeTtan L e

YAN
He s

TRt R g LAEL

=l




MK w1

n %Eitding + din2 + din3 + din4 & %5 H 4 dout.
fHA—Z
TN

mW|III

di

AN —2
R TRJ IR K 2

AN
A3 A7

s =

174



MK &R JR B

AR TIRUE . R — A 2 2 OB (0 K 1
IO LB M 78 AR IEORALLE A I B 01 5 e
BRI AT, S SR 6 AR 101

W R RIEN At N2 EL IR R
59, WIBAR B TT DA b BIZ0t3, AT ARG A ol LI
S JEK I3 M5 / A

ORI MABUKERIS, M SRS A
P HER CEBITAER W26 o LR ik A
FEAC AT 0 L (35 AT 725 6 P

175



176

M/KZE S5FPGA

FFPGAP 25 174 i1 24

IREG G 1 O — P BE eS¢

JE AT MEAT B 7 5 o

—AH—r
_‘EEI9

A

Iy

U ERE, X
ANt B INAA R A 2 o AR BRI L,



SEIFRALH) JLAN 2 K

1. KE§AS I8 R

2. HWATIEH¥IMTIEH
3. LI ) ST G AL
4, FAEE s

5. iz AT Hi

6. TEIEHIL
7
8
9.
1

. HEEEvlE

e s )
0. ALt 14 1%

177



?/_,\\ L —> a
ﬁﬁ/\‘%

Wi )1 D B RIS 454

I

m (FERVE A 00 1 5
m Tk RS SR

178

»\.?A_

A1)



If1E ] B Bt YR L 2540

B TR ILER T 24000
s

If(sel)

sum = a+b;
Else

sum = c+d;

IVEAS IR E o, Widg
i) U P 24 T
Ee LR STt e R
If(sel)
tmp1 = a;
tmp2 = b;
Else
tmp1 = c;
tmp2 = d;

Assign sum = tmp1 + tmp2;
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TaIAVER)IE DL BE IR AL 254

B 5EFGESMHE, BEMFEHE cerme
LR, WARIEFR G e e |
H—NEEFF, 428 T H Ik, 205
P 45 SRAE - Bl | S
R, e DA N
A NG, A o
reqfs 5 4 R AR B A B UK =t
FIAA Iy gy i e
Hum_1_sqmuxa e sum[16:0]
for(i=0;i<=3;i=i+1) — .
begin )=
f(req[il) g
sum <= vsum + offset]i]; 2 P
end
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always @(posedge clk)

begin :
fOI’( O |< 3 1= |+1) offpet 1_1_sqm a_:L g offset_1
beg|n S offSet 1.9
if(req[i]) | Tl

offset_1 = offset[i]; orfet 1 2 samus
end L%}ux
end

assign sum = vsum + offset_1;
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B

assign tmp = a+b;

assign x = tmp;

assigny =tmp + c;
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B HNenF| B ALMI B k2 iR K
0.367ns

always @(posedge clk)
en <= enpro_0 & enpro_1;

always @(posedge clk)
begin
if(en)
begin
for(i=0;i<=28;i=i+1)
begin
if(i == 0)

cfi] <= (ali] & b[i]) | ((a[i] | b[i]) &

cin);
else

c[i] <= (a[i] & bfi]) | ((a[i] | b[i]) &

cfi-1]);
end
end
end
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IXZh12 N ALMF

oh
[]
[ 1g]

0,361 noToa

0.367 ns
0.367 ns

0.367 ns

L]

0.361 ns
[ TEF—

Y 0.367 ns

0.367 ns 0367 ns

0.367 ns 0367 ns
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B Menz|H

625ns
always @(posedge clk)
en <= enpro_0 & enpro_1;
always @(posedge clk)
begin
if(en)
begin
for(i=0;i<=44;i=i+1)
begin
if(i == 0)
. clil <= (ali] & bi]) | ((a[i] | b[i]) &
cin);
else
_.cli] <= (al[i] & bfi]) | ((ali] | b[i]) &
c[i-1]);
end
end
end
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IR Zh 254 ALM ) 155

B MenF|H'EALMK) I R E 2 48R 4 0. 3 =[= Sie
636ns 1
always @ (posedge clk) =B
en <= enpro_0 & enpro_1; =4 L ;{. .2
i SRR u]
LIl 1 0E34 ng i fep
always @(posedge clk) 0.6 ns ) — // 20
be.’fg'n 063 nm i [0.634 ns /:' Sj -
Ib(en) 0636 ned 0,636 § JM; e "
egin - L 0.6 naff ns NI
for(i=0;i<=46;i=i+1) J—aﬂ
begin _
if(i == 0) .
. . . . . --. n 576
cfil <= (ali] & blil) | ((alil | bli}) &

else m w

cfil <= (ali] & blil) | ((alil | b)) & e o (o

cli-1]); 0962 e i 0576 ns

end 282 ns

end 0.252 Ins EI a2 ns N0 576 n \, 0.576 ns

.
end Wl nzaz ns [ 0.576 ns
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BB AT R BE
//a is the add end
//b is the aug end
//c is the the carry

/lcin is the carry in

assign c0 = (a0 & b0) | ((a0 | b0O) & cin);
assignc1=(a1 &b1)|((a1]|b1) & c0);

cin af bl al bl
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RN BE (FFAT2 1"3)

//ps is propagate = ap b al bl
//gs is generate

Wire p0; /* synthesis syn _keep = 1%/
Wire p1; /* synthesis syn_keep = 1%/
Wire g0; /* synthesis syn_keep = 1%/
Wire g1; /* synthesis syn_keep = 1%/
assign p0 = a0 | bO;

assign g0 = a0 & b0;

assign p1 =a1 | b1;

assign g1 = a1 & b1;

assign c0 =g0 | (p0 & cin);

assignc1=g1|(p1 &g0) | (p1 & pO0
& cin);
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