“Gateway” lab exercises

1. HelloWorld - Making a new project with a module and controlling a
single LED with a button.

2. Hello lots of Worlds - making a bus to wire all switches to all LEDs;
the UCF (User Constraints File).

3. HelloWorldSynchronous - using registers and wires, simulation with
a verilog test fixture; the sensitivity list in always@ in simulation. “If
within a module you have a signal that is on the left hand side of an
assignment within an 'always@(...)' statement, then it needs to be
defined as a register ('reg')”.

4. ShiftingTheWorld - synthesizing a shift register with fd D-FlipFlops
using gate level and behavioral level design; register transfer level
(RTL) design; module instantiation; signalconcatenation;
introduction to generate.

5. ShiftingManyWorlds - 2d array of shift registers (memory);
simulation exercise.
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“Gateway” lab exercises

ShiftingTheWorld - synthesizing a shift register with fd D-FlipFlops
using gate level and behavioral level design; register transfer level
(RTL) design; module instantiation; signalconcatenation;
introduction to generate.

ShiftingManyWorlds - 2d array of shift registers (memory);
simulation exercise.

5. Shifting many worlds
(simulation-only exercise)
"SNnnnnnnn

L] 1 2 3

“Gateway” lab exercises

CountingWorlds - simple arithmetic, multiplexing.

TimingTheWorld - a second-counter watch using two counters, one
clocking the other, both up/down with enable.

DecodingTheWorld - Number representation; 7-segment

display decoder (see BASYS2 manual). See 7seg for the code for this
exercise.

TimingTheWorldInDecimel - multiple counters, using generics to
instantiate modules with parameters; revisit generate.

6. Counting the world

Arithmetic, multiplexing, +/-, if/else

.. 21 module CountihngWorldsi(
On the rising edge of the 22 input BUTTON,

signal from the Button, if 23 input CONTROL_SUITCH,

the control signal from 24 output [7:0] LEDS
the slide switch is '1' then gg I
the number stored in the 27 reg [7:0] Value;

register takes the value of 28

the number stored in the 29 alwaysB (pogedye BUTTON) heg|
. 30 if (CONTROL_SWITCH)

register plus one. Else 24 Value <= Value + 1

then the number stored 32 else

in the register takes the 93 Value <= Value - 1:

value of the number 2; =nd

stored in the register 35 assign LEDS = Value:

minus one. 37

38 endwodule

RTL schematic

BUTTON
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Technology schematic for counting
up/down

“Gateway” lab exercises

6. CountingWorlds - simple arithmetic, multiplexing.

7. TimingTheWorld - a second-counter watch using two counters, one
clocking the other, both up/down with enable.

8. DecodingTheWorld - Number representation; 7-segment
display decoder (see BASYS2 manual). See 7seg for the code for this
exercise.

9. TimingTheWorldInDecimel - multiple counters, using generics to
instantiate modules with parameters; revisit generate.

7. Timing the world

Using on-board clock (instead of switch)
Multiplexing

COUNT_ENABLE

1

RESET|
COUNT_CONTROL

Logic Block

“timescale /

module counter(
input CLK,
input UP,
input RESET,
input ENABLE,
output [7:0] LEDS

reg [7:0]value;
reg [24:0] downCounter;
always@(posedge CLK) begin
iF(RESET)
downCounter<=0;
else begin
iF(ENABLE) begin
if(UP) begin
if(downCounter== )]
downCounter<=0;
else

downCounter<=downCounter+1;
end

else begin
bruck < if(downCounter==

always@(posedge CLK) begin
iT(RESET)
downCounter<=0;
else begin
iF(ENABLE) begin
if(UP) begin

if(downCounter== )]
downCounter<=0;
else
downCounter<=downCounter+1;
end
else begin
if(downCounter==
downCounter<= H
else
downCounter<=downCounter-
end

end
end

alwavs@(posedge ClK)hegin o

always@(posedge CLK) begin
iF(RESET)
value<=0;
else begin
if(downCounter == 0) begin
if(UP)
value <= value + 1;
else
value <= value - 1;

end
end

assign LEDS=value;
endmodule




5/10/2013

NET "UP" LOC="P11"; // SWO controls up / down
NET "ENABLE" LOC=L3; // SW1 must be up to count
NET "RESET" LOC=C11; // BTN1 resets counter
NET "CLK" LOC=BS; /I global clock @ default
50MHz

NET "LEDS<7>" LOC="G1";

NET "LEDS<6>" LOC="P4";

NET "LEDS<5>" LOC="N4";

NET "LEDS<4>" LOC="N5";

NET "LEDS<3>" LOC="P6";

NET "LEDS<2>" LOC="P7";

NET "LEDS<1>" LOC="M11";

NET "LEDS<0>" LOC="M5";

. CountingWorlds - simple arithmetic, multiplexing.
. TimingTheWorld - a second-counter watch using two counters, one
clocking the other, both up/down with enable.

. DecodingTheWorld - Number representation; 7-segment
display decoder (see BASYS2 manual). See 7seg for the code for this

exercise.

. TimingTheWorldInDecimel - multiple counters, using generics to
instantiate modules with parameters; revisit generate.
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module DecodingTheWorld(
input [1:0] SEG_SELECT_IN,
output reg [3:0] SEG_SELECT_OUT,
input [3:0] BIN_IN,
output reg [7:0] HEX_OUT,
input DOT_IN
)

case(SEG_SELECT_IN)
: SEG_SELECT_OUT <=
: SEG_SELECT_OUT <=
: SEG_SELECT_OUT <=
: SEG_SELECT_OUT <=
default: SEG_SELECT_OUT <=

endcase

end

always@(BIN_IN or DOT_IN) begin
case(BIN_IN)

SHEY QUTLCOleo

Demultiplexor
to select one 7
segment

always@(SEG_SELECT_IN) begin JelNs]EW,

Taeg
Display
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always@(BIN_IN or DOT_IN) begin

case(BIN_IN)

: HEX_OUT[6:0] <= i

: HEX_OUT[6:0] <= ;

L ECNIEGORER Demultiplexor

+ HEX_OUT[6:0] <= ‘Rie RS [TadelsI-W4

segment

+ HEX_OUT[6:0] <= JIe]EW

: HEX_OUT[6:0] <= ;

: HEX_OUT[6:0] <= i
default: HEX_OUT[6:0] <= ;
endcase

HEX_OUT[7] <= ~DOT_IN;
end
endmodule

Taeg
Display

8. Using a lookup table

always@(BIN_IN or DOT_IN) begin

case(BIN_IN)
: HEX_OUT[6:0] <=
: HEX_OUT[6:0] <=
+ HEX_OUT[6:0] <=
: HEX_OUT[6:0] <=
: HEX_OUT[6:0] <=
: HEX_OUT[6:0] <=
+ HEX_OUT[6:0] <=
: HEX_OUT[6:0] <=

default: HEX_OUT[6:0] <=

endcase

HEX_OUT[7] <= ~DOT_IN;
end
endmodule

Patterns for each value

;

Decimel point

8.DecodingTheWorld schematic - interface

DecodinTheWorldTop
4 N

A y
DecodinTheWorldTop

8.DecodingTheWorld technology schematic

“Gateway” lab exercises

6. CountingWorlds - simple arithmetic, multiplexing.

7. TimingTheWorld - a second-counter watch using two counters, one
clocking the other, both up/down with enable.

8. DecodingTheWorld - Number representation; 7-segment
display decoder (see BASYS2 manual). See 7seg for the code for this
exercise.

9. TimingTheWorldIinDecimel - multiple counters, using generics to
instantiate modules with parameters; revisit generate.
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9. TimingTheWorldInDecimel 9. TimingTheWorldInDecimel
A decimal up timer that displays its result in
seconds on the 7-segment display block

EnaBLE RESET & CountingInDecimal_Labd
41 1 - fd xc3s100e-4cpl32

7, CountingInDecimal (CountinglnDecimal.v)

Counterléb - GenericCounter (GenericCountery)

DownCounter - GenericCounter (GenericCounterv)

CounterDeci - GenericCounter (GenenicCounterv)

Counterlnits - GenericCounter (GenericCounter.v)

CounterDecades - GenericCounter (GenericCountery)

CounterThousands - GenericCounter (GenericCountery)

Counter2b - GenericCounter (GenericCounterv)

Muzd - FourWayMux (FourWayMux.v)

CLK —]

FlelEEEREEREE

A Mo Seg7 - SevenSegment (SevenSegment.v)
] < CountingInDecimal UCF.ucf
Seg7Decader Module ]
T T
a 8
SEG_SELECT DEC_OuT ) N -
module GenericCounter(CLK, RESET, ENABLE_IN, TRIG_OUT, always@(posedge CLK) begin
COUNT) ; iT(RESET) .
parameter COUNTER_WIDTH = 4; Counter <= 0; Ge ne rlCCOU nter
parameter COUNTER_MAX = 9; else begin
iT(ENABLE_IN) begin
input CLK; . if(Counter == COUNTER_MAX)
input RESET; GenericCounter Counter <
input ENABLE_IN; else
output TRIG_OU Counter <= Counter +
output [COUNTER WIDTH-1:0] COUNT; end end
end
reg [COUNTER_WIDTH-1 : 0] Counter; always@(posedge CLK) begin
reg TriggerOut; iF(RESET)
TriggerOut <=
always@(posedge CLK) begin else begi
iT(RESET) iT(ENABLE_IN && Counter == COUNTER_MAX)
Counter <= 03 Triggerout <= 1;
else begin else
iF(ENABLE_IN) begin Triggerout <=
if(Counter == COUNTER_MAX) end
Counter <= 0; end
else assign COUNT = Counter;
Counter <= Counter + 1: assign TRIG_OUT = TriggerOut;
" endmodule : £ i

. . . ‘timescale /
Generic Instantiation module CountinginDecimall
input CLK,
[Module Type] [Unique Module Name] (...[Interface List]...); input RESET,
161 //Instantiate the 7 Segment Decoder :‘u':::LETA-B]LES'EG SELECT,
162 Seg?Decoder Seg? (.SEG_SELECT IN{StrobeCount), : = ’
163 VBIN IN(MuxOut[3:01), output [7:0] DEC_OUT
164 .DOT TN (Muxout[4]), )
165 .SEG_SELECT OUT [SEG_SELECT) ,
166 LHEX OUT(DEC_OUT)} wire TriggerOut_16b, DownCounterEnable, TriggerOut_DownCounter, TriggerOut_CounterDeci,
167 1 TriggerOut_CounterUnits, TriggerOut_CounterDecades, TriggerOut_CounterThousands;
wire [3:0] DownCount; — -
PR, NP . . . wire [3:0] CountDeci; - -
Type] #(...[ D List]...) [Unique Module Name] (...[Interface List]...); wire [3:0] CountUnits;
54 /¢/The 16 bit Counter wire [3:0] CountDecades;
55 GenerieCounter #( .COUNTER _WIDTH(1g), wire [3:0] CountThousands;
56 -COUNTER_MAX (499939) wire [1:0] Select;
50 ! wire [4:0] Bin_Dec; can—
:2 Blt?zui(cuq wire [4:0] DownCounterOut;
P .RESET(l'}’aDJ , wire[ o ]CountDeFTOUt;
61 CENABLE IN(1'bl), w!re[ :0] CountUnitsOut;
62 _TRIGG OUT {Bit16Trigout), wire [4:0] CountDecadesOut; [ [ rETDe———_ 1
&3 L COUNT{Biti6Count) wire [4:0] CountThousandsOut; I . e
64 i
I Delbruck Electronics for Physicists Il {Digital)




wire TriggerOut_16b, DownCounterEnable, TriggerOut_DownCounter, TriggerOut_CounterDeci,
TriggerOut_CounterUnits, TriggerOut_CounterDecades, TriggerOut_CounterThousands;
wire [3:0] DownCount;

wire [3:0] CountDeci;

wire [3:0] CountUnits;

wire [3:0] CountDecades;

wire [3:0] CountThousands;

wire [1:0] Select;

wire [4:0] Bin_Dec;

wire [4:0] DownCounterOut;

wire [4:0] CountDeciOut;

wire [4:0] CountUnitsOut;

wire [4:0] CountDecadesOut;

wire [4:0] CountThousandsOut;

GenericCounter #(.COUNTER_WIDTH(16), .COUNTER_MAX(49999))
Counter16b(

.CLK(CLK),

.RESET(1'h0),

LENABLE_IN(1'b1),

.TRIG_OUT(TriggerOut_16b)
)

assign DownCaunterFnahle = ENARIE && TriggerQut 16h: Dz

5/10/2013

GenericCounter #(.COUNTER_WIDTH(16), .COUNTER_MAX(49999))
Counter16b(

.CLK(CLK),

.RESET(1'b0),

LENABLE_IN(1'b1),

.TRIG_OUT(TriggerOut_16b)
)

assign DownCounterEnable = ENABLE && TriggerOut_16b;

GenericCounter #(.COUNTER_WIDTH(7), .COUNTER_MAX(99))

DownCounter(
.CLK(CLK),
.RESET(RESET),
.ENABLE_IN(DownCounterEnable),
.TRIG_OUT(TriggerOut_DownCounter),
.COUNT(DownCount) o
)i
GenericCounter #(.COUNTER_WIDTH(4), .COUNTER_MAX(2!
CounterDeci( [ . . O
.CLK(CLK),
.RESET(RESET),

.ENABLE_IN(TriggerOut_DownCounter),

IRIG QUI(TriggerQut CaunterDeci) /(D)

GenericCounter #(.COUNTER_WIDTH(4), .COUNTER_MAX(9))
CounterDeci(
.CLK(CLK),
.RESET(RESET),
.ENABLE_IN(TriggerOut_DownCounter),
.TRIG_OUT(TriggerOut_CounterDeci),
.COUNT(CountDeci)

GenericCounter #(.COUNTER_WIDTH(4), .COUNTER_MAX(9))
CounterUnits(
.CLK(CLK),
.RESET(RESET),
.ENABLE_IN(TriggerOut_CounterDeci),
.TRIG_OUT(TriggerOut_CounterUnits),
.COUNT(CountUnits)
)

GenericCounter #(.COUNTER_WIDTH(4), .COUNTER_MAX(2))
CounterDecades(
.CLK(CLK),
.RESET(RESET),
.ENABLE_IN(TriggerOut_CounterUnits),
IRIG QUT(TriggerQut CounterDecadec) .

assign CountDeciOut = {1'b0,CountDeci};

assign CountUnitsOut = {1'b1,CountUnits};

assign CountDecadesOut = {1'b0,CountDecades};
assign CountThousandsOut = {1'b0,CountThousands};

FourWayMux Mux4(

.CounterDeci(CountDeciOut),

.CounterUnit(CountUnitsOut),

.CounterDec(CountDecadesOut),

.CounterThousand(CountThousandsOut),

.Select(Select), Euame il
.Bin_Out(Bin_Dec)
]

SevenSegment Seg7(
.SEG_SELECT_IN(Select),
.SEG_SELECT_OUT(SEG_SELECT),
.BIN_IN(Bin_Dec[3:0]),
.HEX_OUT(DEC_OUT),
.DOT_IN(Bin_Dec[4])

)

endmodule

LK
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I. Delbruck Electronics for Physicists Il (Digital)

f‘ﬂ CountingInDecimal_Lab9
= £ xc3s100e-4cpl32
=, ‘:‘::: CountingInDecimal (CountingInDecimal.v)

. Counterléb - GenericCounter (GenericCountery)
DownCounter - GenericCounter (GenericCounterv)
CounterDeci - GenericCounter (GenericCounterv)
CounterUnits - GenericCounter (GenericCountery)

CounterDecades - GenericCounter (GenericCounterv)
CounterThousands - GenericCounter (GenericCounter.v)
Counter?b - GenericCounter (GenericCounter.v)

Muzd - FourWayMux (FourWayMux.w)

Seg7 - SevenSegment (SevenSegment.v)
CountingInDecimalUCF.ucf

9. TimingTheWorldInDecimel




“Gateway” lab exercises

10. ColourTheWorld - parameters in generics; VGA display control to
generate sync signals and RGB colors (see BASYS2 manual).

1

[N

. WorldOfStateMachines - making state machines using sequential
and combinational blocks (switch/case statements) and using ROM
modules (Sreadmemb).

1

N

. WorldOfLinkedStateMachines - multiple state machines linked by a
master state machine.

13. Snake - a complete snake game.

5/10/2013

BREDD N

SFEPGA Digte U0 |

F1a BED2 5

o v .

G13 SRM

G1q SFM2

H13 -BLUED

Ji3 BLuE sma |

10. ColorTheWorld

Pin1:Red Pin 5 GND
PinzGm  Pin& Red GND
Pin3 Bluee  Pin7: Gm GND
Pin1XHS Pin& Blu GND
Pin14&VS Pin 10 Sync GND

Write Enable

[~ plel 0.0

B40 pixels per row are displayed
during forward beam trace

plxel 0.639

VGA

Control 1 nobuss:io
. Display Surface InformaNien
S I }v displayed
ignals =
I| time
(3 Piel 4790 plvel 479,635 |
Stable current ramp - informatien !
I,/\bql is displayed during this time __=~
Curmrent -} _,’—‘// \
S 1] '»
through | 1 ¥ _—" \
harizontal ll_,-f“' L
flatios Total horizontal time
defletion o % retrace
el e Harizontal display time ¥y UM
H: time
S — -
. Horizontal sync signal &
“front ponch sets retrace frequency back porch”

Te

T

asp

Parameter |-
Time

Vertical Sync
Clocks

Horiz. Sync
Lines| Time | Clks

Tg |Syncpulse

16.7ms| 416,800

521 32us| 800

T disp Display time

15.36ms| 384,000

480 [ 256us| 640

10. ColorTheWorld sync signals

HE
CE
Sat > WS
Horizonal Horizontal Vestical
Pixel | Counter Synch Counter

LK Reset

. Delbruck, Electronics for Physicists Il (Dig

pr Pulse width 84 us| 1,800 2 384us| 98
Tfp Front porch 320us| 8000 | 10 | B40ns| 16
pr Back porch 928 us| 23,200 | 29 [1.92us| 48
Delbruck onics for Physicists Il (Digital)

z21 wodule VGAControl |

22 input CLE,

23 output  [9:0] ADDRH,

24 output  [5:0] ADDRV,

25 input [7:0] CIN,

26 output  reg [7:0] COUT,

27 output HS,

28 output Vs

23 |

30

31 £/ Time in Vertical Lines

3z paraweter VertTimeToPulseWidthEnd = 10'dz;

33 parameter VertTimeToBackPorchEnd = 10'd3i1;

34 parameter VertTimeToDisplayTiweEnd = 10'd511;

25 parameter VertTimeToFrontPorchEnd = 10'd521;

36

37 //Time in Horizontal Lines

38 parameter HorzTimeToPulseWidthEnd = 10'd96;

38 parameter HorzTimeToBackPorchEnd = 10'd144:

40 parameter HorzTimeToDisplayTimeEnd = 10'd7584;

41 paramweter HorzTimeToFrontFPorchEnd = 10'ds0o0;

T. Delbruck, Electronics for Physicists If (Digital)




10. Wrapper module

Colour
L
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Colour X ¥
't’s ‘i‘l 0 ‘f ]

VGA Interface [

R

Colour HS Vs

“Gateway” lab exercises

10. ColourTheWorld - parameters in generics; VGA display control to
generate sync signals and RGB colors (see BASYS2 manual).

11. WorldOfStateMachines - making state machines using sequential
and combinational blocks (switch/case statements) and using ROM
modules (Sreadmemb).

12. WorldOfLinkedStateMachines - multiple state machines linked by a
master state machine.

13. Snake - a complete snake game.

11. WorldOfStateMachines

11. WorldOfStateMachines

11. WorldOfStateMachines

11. WorldOfStateMachines




“Gateway” lab exercises

10. ColourTheWorld - parameters in generics; VGA display control to
generate sync signals and RGB colors (see BASYS2 manual).
1

[N

. WorldOfStateMachines - making state machines using sequential
and combinational blocks (switch/case statements) and using ROM
modules (Sreadmemb).

. WorldOfLinkedStateMachines - multiple state machines linked by a
master state machine.

1

N

13. Snake - a complete snake game.
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12. WorldOfLinkedStateMachines

12. WorldOfLinkedStateMachines

12. WorldOfLinkedStateMachines

12. WorldOfLinkedStateMachines

“Gateway” lab exercises

10. ColourTheWorld - parameters in generics; VGA display control to
generate sync signals and RGB colors (see BASYS2 manual).

11. WorldOfStateMachines - making state machines using sequential
and combinational blocks (switch/case statements) and using ROM
modules (Sreadmemb).

12. WorldOfLinkedStateMachines - multiple state machines linked by a
master state machine.

13. Snake - a complete snake game.




12. Snake game
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12. Snake game

12. Snake game
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