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Blocking Example (incorrect result)

B ISE Text Editor - [blocking.v*] & ISE Schematic Viewer - [blocking [RTL2)]
% B File Edt Wew ‘Wndow Layoub  Help
File Edit Wiew Window Lawout  Help D3 s > o | M |
LDPEP S dDEX v o dhix
1= 21 mwodule blocking| X
= 22 input clk, ]
— 23 input &,
24 output reg d
o Z5 Ju
Z6 i
27 reg b, c:
Z5
za A4 using blocking
A 30 alvays B (posedge clk)
% 31 hegin 123
32 h = a; ¢
A 33 c = h; @
5 34 d = o _
35 end
36 z :
- 37  endwodule 3— blOCk|ng
blocking. w*
5] blacking (RTLZ)
[256,272]

Synthesizing Unit <blocking>.
WARNING:Xst:646 — Signal <c> is assigned but never used. This unconnected signal
will be trimmed during the optimization process.
WARNING:Xst:646 — Signal <b> is assigned but never used. This unconnected signal
will be trimmed during the optimization process.

Found 1-bit register for signal <d>.

Summary:

inferred 1 D-type flip-flop(s).

Unit <blocking> synthesized.




Non-Blocking (expected result)

Bi ISE Text Editor - [non_blocking.v]
File Edit Yiew indow Layvout  Help

D -b - ot _\I E) o m [-.'Z_-‘| /+
4= 21 module non blockingf
= Zz input clk,
— 23 input a,

24 outpur reg d
o 25 1

Z6

27 reg b, o
= 28

z9 4 uzing non-hlocking statements
A 30 always B (posedge clk)
% 31 hegin

3z h <= a;
* 33 c <= h;
% 34 d <= o

35 end

36

37 endmwodule

<

non_blocking. «

& ISE Schematic Viewer - [non_blocking {RTL1)]
B Bl Ed WView Window Layout Hep
ag ) o s AP HK
X

non_blocking

B non_blocking (RTL1)

[1576,516]

Thl ool weriog |

Synthesizing Unit <non_blocking>.
Related source file is "non_blocking.v".
Found 1-bit register for signal <d>.
Found 1-bit register for signal <b>.
Found 1-bit register for signal <c>.

Summary:

inferred 3 D-type flip-flop(s).

Unit <non_blocking> synthesized.




Timing Constraints

e Used to guide the synthesis tools
e Example 32-bit counter - no constraints (speed grades -4 and -5)

Advanced HDL Synthesis Report
Macro Statistics

# Counters

32-bit up counter

Speed Grade: -4
Minimum period: 6.680ns (Maximum Frequency: 149.703MHz)
Minimum input arrival time before clock: No path found
Maximum output required time after clock: 8.094ns
Maximum combinational path delay: No path found

Speed Grade: -5
Minimum period: 5.767ns (Maximum Frequency: 173.400MHz)
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Adding timing constraint

e Add to UCF file:

— NET "clk" PERIOD = 6ns HIGH 50%;

WARNING:Par:62 — Your design did not meet timing.

Constraint | Check | Worst Case | Best Case | Timing |Timing | Slack | Achievable |
Errors | Score
* NET "clk_BUFGP/IBUFG" PERIOD = 6 ns HIGH | SETUP| -0.456ns | 6.456ns | 9] 1430
50% | HOLD | 2.432ns | | 0] 0

1 constraint not met.
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Try relaxing constraint

« NET "clk" PERIOD = 6.5ns HIGH 50%;

Constraint | Check| Worst Case | Best Case | Timing | Timing | Slack| Achievable |
Errors | Score

NET "clk_BUFGP/IBUFG" PERIOD = 6.5 ns HIG | SETUP| 0.203ns| 6.297ns| 0| O
H 50% | HOLD | 2.280ns| [ O O

All constraints were met.

e Also see Timing Constraint User Guide

e Examples:
NET ‘abc’ OFFSET = OUT xx ns AFTER ‘clk’;

NET “‘def’ OFFSET = IN xx ns BEFORE ‘clk’;
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Clock Skew

* The difference between the time a clock signal arrives at
the source flip-flop in a path and the time it arrives at the
destination flip-flop.

— Misalignment of clock edges
— Degrades (reduces) time for flip-flop to flip-flop timing

e (Can be caused by different things but wire interconnect

delays are the main cause inside FPGAs

— There are fast dedicated clock circuits and slower data paths
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Old method of deriving slower clocks

B ISE Text Editor (M.63c) - [counter.v*] :

=X
= | O X

File Edit Wiew Window Layout  Help
DAEI L DOX v Ma2ALPRR 2R [AREOIB LR
= 15 // create one second clock from S0MHz oscillator s
= 16 always @ (posedge reset or posedge clk 50H) i
— 17 if (reset == 1'k1)
15 hbegin
e 19 clk 1Hz <= 0;
20 counter S0M <= 0;
21 end
o 22 else
23 begin
A 24 counter 50M <= counter S50M + 1;
% 25 if (counter SOM == 25 000_000)
Z6 begin
P2 27 counter S0M <= 0O;
% 28 clk 1Hz <= ~clk 1H=:
29 end
30 end
31
3z // count seconds from 0O to 9
35 always @ (posedge reset or posedge clk 1Hz)
34 if (resert)
35 count <= 0;
36 gelze if (count == 9) B
37 count <= 0;
38 else
39 count <= count + 1; 3
£ >
COUnEEny x| |
Ln 36 Col 12 “erilog
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WARNING:Route:455 — CLK Net:clk_1Hz may have excessive
skew because 0 CLK pins and 1 NON_CLK pins failed to
route using a CLK template.
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Synthesis uses two clock signals

ISE Schematic Viewer (M.63c) - [counter (RTL3)]
o File Edit Wiew \Window Layout Help
D ¥
= in

L\: counker (RTL3) (x|

[3436,1996]
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Two clock signals — not good!

B ISE Schematic Viewer (M.63c) - [counter (RTL3)] CEX
! File  Edit Wiew Window Layout Help = | &l %
Y= =i & X oo ' 2ALPERALARA ZTE D) LR

L3 -
X

o counter:1

%3

Q

= COUNTER:2

Dg

COUNT
up

clk_1Hz

< 3|

; counker (RTL3) B8

[3028,1524]
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Modity to only use one clock signal

B ISE Text Editor (M.63c) - [counter.v] Ml=1E3
File Edit Wiew Window Layout Help - 8 X
DHF LYk DEBX 0o Ma APBER2RA(NBEIE[LN
1= 13 -
= 14 ff oreate one second clock - THHEZ oscritator B
r= 15 alwayz @ (posedge reset
16 if (reset == 1'hl)
3 17 counter S0M <= 0O;
15 else
19 if f{mounter 50M == 25 000 000 - 1)
e z0 counter S0M <= 0O;
21 else
A 22 counter S0M <= counter 5S0M + 1;
“% 23
24 A4 count seconds from O to S
“ 25 alwayz @ (posedge reset D
b 8 26 if (reset)
27 count <= 0;
28 else if (counter S0M == 0
z9 if [count == 9) L
30 count <= 0;
31 else
32 count <= couht + 1;
33 ~
£ >
' counker. v @ |
Ln 22 Col 46 ‘erilog
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Clock signals use dedicated lines

s inx FPGA Editor - H:\ee574\counter_verilog\counter.ncd
Ei

le E Yiew Tools Window Help
D|=(@|&| = E|5|~| BlS(E=]5] K80 @0 & B £] - |—|H-+EEH E X Alslalalmll
= et
add
attrib
- e m m m om om e om om om om Tm o= o= om o= o= = |A:N8tSF_It autoroute
GooOoo 0o ame Fiker Clear
HDDDEI oo oo F < [ev] el
- [ dric
g g g ENB B g g Mame | Fanout | Max Pin Del| Hilited |~ citblock
1 clk_50M_BUF |15 ? [red ] o
D D D D D o D D 2 ck_50M_BUF |1 ? o color : I:ir:: :
cooonoo oo 3 count< 0> 1z ¥ [nocalor | |ye|\ovv|%
gcooo|oo oo 4 Jeouncts 11 ? 5
gooaloco oag 5 countd 2s 1 ¥ o color s
coooloo oo E count¢ 3x 10 ? o color probes
Gooopoo oo e e R A = | [
oooo)oco EEN 9 cuunter:50M< 2 K no color “3:‘5
coooloo 0ig 10 counter_S0M< |2 ? o color mut:w;mw
Coogoilo o oig 11 courter_S0M<¢ |2 ? o color e
HD godnd o 0O 12 counter_80M< |2 K i color delet;
ocooaloo oo 13 counter_S0M< |2 ? o color
coooloo O 14 counter_S0M< |2 ?
coooloo O 15 counter_S0M< |2 ?
e 16 |counter_50M< |2 2 =
oooopto =
goo DND’ ]
Gooo|oo
|I_3I_J_EII_:I 0o - World1
cooopoo
CooOojcoc
OO0 o)
coooio o
aooDxrooD oooooO0Do000]
n=t "clk_50M_EUOFGP-IBUEG" -~
-
|
For Help, press F1 %C35200-4ft256 Mo Logic Changes Wild Cards
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Clock drives all thip-flops

2 Xilinx FPGA Editor - H:\ee57 4\counter_verilog\counter.ncd

Eile Edit Wew Took Window Help
D|=(@|&| = E|5|~| BlE(E=[5 KB & Bo|L] - |—|H-+EEH EE /v alaoll
1 exit
@ - [BX] e
attrib
Al Met: -
| = J autoroute
Narne Filter ot
§ [=] ||l delay
dric
Name | Fanout | Max Pin Del|  Hilited |~ citblock
1 clk_50M_BUF |15 ? fleg ] editmode
2 clk_S0M_BUF |1 7 hio color i
3 count<0x 12 ¥ |ye|\0v = | hilite
4 count< 1> " ? ia
5 countd 2s 1 ¥ o color s
E countc3: 10 ? o color probes
T counter_S0M¢ |2 7 hio color autoprobe
8 counter_S0M< |2 7 o color e
9 counter_80M< |2 K no color T T
10 counter_S0M¢ |2 ? hio color swap
1 counter_S0M< |2 ? nocolor | 0T ou =
12 counter_S0M< |2 K i color delete
13 counter_S0M¢ |2 7 hio color
14 counter_S0M< |2 ?
15 counter_S0M< |2 ?
counter_S0M< |2 ? v
n=t "clk_50M_EUFGP-IBUFG" -~
-
For Help, press F1 #Cc35200-4ft256 Mo Logic Changes Wild Cards

Jim Duckworth, WPI 14 Verilog (Misc) Module



Verilog Lower Level Module with Parameters

B ISE Text Editor (M.63c) - [xyz.v] M=
Eile Edit Yiew Window Layout Help -8 %
DPEHF | L X DEX| v M ALPBRAPRAIANBZEI=;:FN
4= N R R R S e R S R S e e S R S S r S e R e S R S A
= 21 module xve| 0
— 22 input clk,

23 input reset,
e 24 output
25 put reg v,

output reg =

28
A parameter X = 1176; // pazz in the divider constants
% parameter ¥ = 1176}

parameter £ = 1176;

. 3 .
% 33 reg [10% rx: // to d

34 reg [10:0] divider ¥; // to divide by 1765

a5 reg [10:0] divider z; // to divide by 1765

36

37 ff/ T square wave output

35 always [ (pozedge reset, posSedge colk)

39 if (reset)

40 divider x <= 11'h0;

41 elze if (diwvider x == X

42 divider x <= 11'h0;

43 else

44 divider x <= diwider x + 1:

ac I

£ [ >
EVE N @ |
Ln1cCaoll ‘“erilog
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B ISE Text Editor (M.63c) - [mantenna_tx.v*] : EI[ZI
File Edit WYiew Window Layout Help -8 X

DPEP L idDEX v M 2ALPEBRPRAANTE IS,
4= 55 parameter ¥ 2 = 1149 - 1; ~
~ 56 parameter I 2 = 1148 - 1; i
= 57
1= parameter X 3 = 1126 - 1;
w3 5a parameter ¥ 3 = 1125 - 1;
&0 parameter Z 3 = 1124 - 1 ;
61
. [ wire clk;
63
A 64 wire tx 1 x, tx_2Z x, tx_ 3 x;
“% 65 wire tx 1 ¥, tx_2 v, tx_3_¥:
1 wire tx 1 =z, tx 2 =z, tx 3 z;
A 67
% =] J/ instantiate the dom
59 dem dem 10
7o .CLEIN IMNifpga clk),
71 -R3T _IN{reset), o
T .CLEFX_OUT(clk), // 4 input = Z00MH=z
73 .CLETN IEUFG_OUT(),
74 .CLED OUT(}],
75 .CLEZX OUT(},
76 -LOCEED _OUT ()
77 1
=
74 f¢ instantiate 3 copies of the ZVE transmitter module
=1} xve # LE(E 1), WYY 1), JZ(E 1) ) tx_ 1 .elk (clk), .resetireset), .xitx_1 x), .¥i(tx_1 wj, .2{tx_1 =) };
51 xvez # JE(X &), .¥(¥ 2), .Z(Z2_2) ) tx_2Z( .clk (clk), .reset(reset), .xl(tx_ 2 x), .¥(tx_2 ¥, .z(tx 2 2] I:
g2 xyE SE(E 3), LJY(Y_3), JZQE_3) ) bH_3( .elk (clk), .resetireset), .x(tx 3 x), .¥(tx 3 ¥, .2(tx_3 =] |7
53
a4 always @ (posedge clk)
55 case (dip[2:0])
g6 3'b0O00 3
L [ >
= rmankenna_tx. v B |
Ln 79 Cal 52 ‘werilog
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Three copies of XYZ module

Eile Edit View Project Source  Process Tools  Window  Layout  Help - 8%
ED..}Hﬂ:;.éan 1 X (g o ”5:*’.?7’@3*1*E]|£|§1-_T:!-TT'EJ"E?EPEf§?
Desian w08 x| &= 51 e
[] | Miewn (O] {l':jklmplementation @ Simulation = 62 wire clk; T
; — 53
WE' Hlerarchy 64 wire vx_ 1 x, tx_2_x, tx_3_x;
A m @ 65 wire tx_1 ¥, tx 2 ¥, TX_3_¥:
|~ = £3 xc3s700a-4fg484 \ 66 wire tx_1 =, tx 2 z, tx_3_z;
oY= =] ;-,;u;; mantenna_tx (mantenna_toy) 67
£ v dom_l - dem (domacaw) 2 63 // instantiate the dem
te_1 - xyz (ovzo) 69 dem dem 10
tw_2 - Wz O‘YZ-\") A 70 «CLEIN IN(fpga clk),
te_3 - wyz (vz.v) % 71 LB3T IM(reset],
[« Pl manterna_teuck 7z .CLEFX OUT(clk), // 4X input = ZOOMHz
< )‘/ 73 .CLETH_IBUFG_OUT(),
B % 74 .CLEOD_QUT(},
75 .CL — i
P | P2 Mo Processes Running 26 TLOCKED_OUT ()
T H
'?ﬁ Processes: mantenna_tx AN !
'f:."{: L Design Summary/Reports /¢ instantiate 3 copies of the IYI transmitter module
‘ﬁ' Design Utilities t=1n} ®vz #( JE(X 1), ¥(Y_1), .Z(Z 1) )} tx_1i .clk (clk), .resetireset],
o ‘ﬁ' Lzer Constraints Sl xyz #( .H(X 2), .¥({Y 2), .E(Z 2) )} tx_Zi .clk (clk), .resetireset],
— E}JB Synthesize - X5T xyz #( .EI(¥X 3), .¥(Y 3), .EZ(Z 3) )} tx_3i .clk (clk), .reset(reset],
| = @ Implement Design 8
c} Translate = ways B (posedge clk)
c}@ Map Cas ! 0])
C}@ Place & Route ?f 3 bE??_ v
P2@ Gererate Programrning File w < S
E Start | B Desian |ll,|_‘| Files |E Libraries | EMI-S.EDesignSLiite InfoCenter ___ L Design Summary mantenna_kx.vi2 @|
Errars 08 x
< | ¥
e Errors |L Warnings | Ip§ Find in Files Resulks |
Ln 41 Caol 1| Yerilog
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RTL Schematic showing 3 modules

B ISE Schematic Viewer (M.63c) - [mantenna_tx (RTL1)]

o] File Edit View Window Layout Help -8 x
DPHF L DEX| v MR ALEBR AR (AN BEODEAN
|):ﬂ!| mantenna_tx:1
: and2b2 tx_x_mux0000_imp fd
. | . i - e Pl s mu0o0n ]
i tx_x_and0000_imp_te_x_and00001 S i
- e
- X
Og ;
| /_\ to_x_mux0000_imp
ED| xyz_1 \ demA fd
A
e = = \ _ z
@ ]
@ x 1 s | — ey
@ dem_1
O =
® \
Wz 2 Dy _mux0000_imp fd
weeppm I
| i —
x2 iz
t_y_mux0000_imp
XyZ_3 / t_z_mux0000_imp
- " / P I
= /
tx_3 |
t_z_mux0000_imp
~—_—" mantenna_x
Q mantenna_tx (RTL1) @J
[3332,2188]
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Shift Register — Fixed Size

i N
ISE Text Editor (P.15xf) - [shift_reg.v*] I. | nlE ﬂ
File Edit View Window Layout Help EEHR
E 22 module shift reg| P
— 23 input clk,

o 24 input reset,
25 input load,
Za input [7:0] data,
_— 27 output reg [7:0] g
28 )5
= 29
e 30 glways @ (posedge clk, posedge reset)
y 31 if (reset == 1'bl)
% 32 q <= 8'b0; S async reset i
Eia) else
A 34 if (load = 1'bl)
g ! 35 g <= data; // load =
= 36 else
"\.:) 37 g <= { g[6:0], 1'b0D }:; // shift left
Q 38
— 39 endmodule T
40 ¥
4 ] p
shift_reg.v* [ |
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Moditying Component Size

i 4
ISE Text Editor (P.15xf) - [shift_reg.] E=RE T
File Edit View Window Layout Help HEEE
| =21 :
= 22 module shift reg # (parameter SIZE = 8) // add parameter for size
= =3 (

24 input clk,
25 input reset,
— 26 input load,
27 input [SIZE-1 : 0] data,
_ 28 output reg [SIZE-1 0] o
== 29 )i
A 30
% 31 always @ (posedge clk, posedge reset) —
32 if (reset — 1'Bl})
ﬁ' 55 g <= 0:
p, | 34 else
A 35 if {load == 1'bl)
"\:) 36 g <= data;:; ff load E
Q 37 el=e
= | =R q <= { g[(SIZE-2}:0], 1'b0 }: // shift left
39
40 endmodule
41 =
14| m r
shift_reg.w [
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Making two copies — different size

-
ISE Text Editor (P.15xf) - [two_shift_reg.v*]

File Edit View Window Layout Help HEE
| 22 -
= 22 module two shift reg(
= 23 input clk,

24 input reset,
25 input [7:0] data 1,
= 26 input load 1,
27 output [7:0] g 1,
= 28 input [5:0] data 2,
— 2g input load 2,
A 30 cucput [2:0] g 2 =
% 31 Vi
3z
A 33 shift reg eight bit (.clk(clk), .reset(reset), .data(data 1), .load(lcad 1), .g(g 1}):
| 34 =

= 35 /fshift reg #10 ten bit (.clk(clk), .reset(reset), .data(data 2), .load(load 2}, .g{g 2}}:

@ 36 shift reg #{.5IZE (10}) ten bit (.clk(clk), .reset(reset), .data(data 2}, .load(lcad 2}, .g(g 2}):

S 37
—_— 38 endmodule ™

39 =
i | 0 | b
two_shift_reg.v® B |
e
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Schematic of two shift registers

[ ISE Schematic Viewer (P-15xf) - [two,_shift_reg (RTL2)] EEIT)
] File Edit View Window Layout Help [=][=] =]
two_shift_reg:1
- r h |
o shift_reg
_f data_1(7:01 data(7.01 (70} o (70}

load_1 load
reset reset
" eight_bit
%
@ :
) shift_reg_1
i data_2(2:0) data(20) gq(8:0) g 218:0)
u clk
a load_2 load
reset
ten_bit
h A
two_shift_reg
= two_shift_reg (RTLZ) B8 |
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(Misc) Using UCF to specity pin options

B ISE Text Editor (M.63c) - [mantenna_tx.ucf*] D|&|
File Edit Yiew Window Layout Help -8 X
DEP 2| dDDEX vd a:2ALBR2ARIA BB IS FN
f B s
= 7 HNET "dip<0=" LOC = "yg™; # Swo W
b 8 NET "dip<l>" LOC = fI10m; # Swl
g NET "dip<Z>" LOC = "I5"; H 3Wz
s 10
11 # ==== f-pin header J15 ====
12 MET "tx_x" Loc = mrop=2i1™ | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = & ;
o 13 MET "tx w" LoC = "AEzZ1"™ | IOSTANDARD = LVCHMOS33 | SLEW = 3LOW | DRIVE = & ;
14 MNET "tx =7 LoC = 7"ipigr | IOSTIMNDARD = LVCMOS33 | SLEW = 3LOW | DRIVE = & ;
A 15
o 15 # reset - use hottom push bhutton
17 MNET "reset™ LOC = "T1:5" | IOITANDARD = LVCMO3I33 | PULLDOWHN =
% W
y | £ | >
mantenna_tx, uck* ﬂ

Ln 11 Cal 1| UCF
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% Xilinx FPGA Editor - H:\MantennaiMantenna_Evalimantenna_tx.ncd

Eile Edit “ew Tools Window Help

D|s|@l@| s|v| 2= [ EelsE® e w e ml@|L]| [ s]a]#] =)=

|- []X]
- [B]x]
=1t

exit

add

attrib

autoroute

clear

delay

drc

editblock

editmode

find

Ty = it
la

info

probes

autoprobe

raute

route fanout

sWap

unnoute

delete

<PAD:; Bonded; bel <tz =z PAD:.

(<[>

For Help, press F1

|xc257002-4fg484 Mo Logic Changes iWiId Cards /‘
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% Xilinx FPGA Editor - H:\MantennalMantenna_Evalimantenna_tx.ncd

Eile Edit Yiew Tools Window Help

| Dl(@|@| &|x| B8]~ mjm(m/mn| ZHalaweplo|L]| | [H]:[:le] =] E)n|e|aT

* List1
E- World1
* Array1
# Block1 - View Site AA21 with Comp tx_x

532 1] &[F| Halalap)] =

ATE_PULLUR
0N
ATE_KEEFER

exit

add

attrib

autoroute

clear

delay

drc
editblock
editmode
find
I vellov - !%
ila

info

probes

autoprobe

raute

route -fanout

FWap
v unraute
[JPuLLUP delete
[ HSTL I3
[Jotro
{PAD>: Bonded: bel <tx_x PAD>. ~
v

For Help, press F1

!chs?DDa—4fg4El_5 N Logic Changes wvild Cards A
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