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A. List of key codes

Graphic keys-to-keycodes map

Key names are on top, with the hexadecimal make code below.

Figure A.1. Keycode map
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Nexys4 DDR™ FPGA Board Reference Manual

rPuise Width Digital Signal \ Analog Signal (PWMA) \
-

Gnd ":‘IMUEHM

‘o
A_ Pulse Window = 1/ Pulse Frequency (f)

Figure 31. Simple waveform represented as PWM.

The PWM signal must be integrated to define an analog voltage. The low-pass filter 3dB frequency should be an
order of magnitude lower than the PWM frequency, so that signal energy at the PWM frequency is filtered from

the signal. For example, if an audio signal must contain up to 5 KHz of frequency information, then the PWM
frequency should be at least 50 KHz (and preferably even higher). In general, in terms of analog signal fidelity, the
higher the PWM frequency, the better. Figure 32 shows a representation of a PWM integrator producing an output
voltage by integrating the pulse train. Note the steady-state filter output signal amplitude ratio to Vdd is the same
as the pulse-width duty cycle (duty cycle is defined as pulse-high time divided by pulse-window time).

i PWMA = 0.1-Vdd PWMA = 0.5-Vdd PWMA = 0.9-Vdd

Gnd
‘+— e > p

10% Duty Cycle 50% Duty Cycle 90% Duty Cycle

Figure 32. Representation of a PWM integrator producing an output voltage by integrating the pulse train.
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SR ImADAL TR

CHF /G MEXRE
sH HEMz 4 HEM

60 £&1 262 72+%F1 523

61 (= F1# 277 13 +F1# 554

62 £F2 294 rm4a+EF2 587

63 xZ2# 311 715+ F2# 622

64 =3 330 76 +=3 659

65 =4 349 717 +E4 698 =

66 ==4# 370 78+ E4# 740 90 F =44
67 =5 392 719+ F 784 9NMEES
68 x&5# 415 so+EF5# 831 e27FF5#
69 £ = 440 g1+ E6 880 @93FE=
TOEE6# 466 @2+ E6# 932 eaEE6#
TIEET7 494 83+ &7 988 es5FEET

HEANAEERELWN Y2 ,
1# (FH3¢%) f2b (BF%F) WHREAF

rf1=[0, 0, 0, 17, 26, 26, 26, 25, 23, 23, 23, 22, 23, 23, 23, 23, 0, 0, 0, 27, 26, 26, 26, 25, 23, 23, 23, 22, 23, 23, 23, 23, 0, 0, 0, 27, 26, 26, 26,
25,23,23,23,22,  23,23,23,23, 25,25,25,25,  26,26,26, 26,
r£2=[26, 26, 26, 26, 0, 0, 0, 27, 26, 26, 26, 25, 23, 23, 23, 22, 23, 23, 23, 23, 0, 0, 0, 27, 26, 26, 26, 25, 23, 23, 23, 22, 23, 23, 23, 23, 0, 0, 0, 23, 25, 25, 25, 26,
27, 27,27, 32, 33,33,33,33, 32,32,32,32, 33,33,33,33, 35,35,35,35]
rf3=[36, 36, 36, 36, 0, 0, 0, 37, 36, 36, 36, 35, 33, 33, 33, 32, 33, 33, 33, 33, 0, 0, 0, 37, 36, 36, 36, 35, 33, 33, 33, 32, 33, 33, 33, 33,0, 0, 0,
37, 36, 36, 36, 35, 33, 33, 33, 32, 33, 33,33, 33,  35,35,35,35,  36,36,36,36, 37,37,37,37]
rf4=[36, 36, 36, 36,0,0,0,37,  36,36,36,35, 33,33,33,32, 33,33,33,32,33,33,33,33, 0,0,0,33,
35,35,35,36, 37,37,37,42,  43,43,43,43,42,42,42, 4

M dic={11:700001",12:700010"}
dic[13]="00011"
dic[141="00100"
dic[15]="00101"
dic[161="00110"
dicl17]1="00111"
dic[21]1="01000"
dic[22]="01001"
dic[23]1="01010"
dic[22]="01001"
dic[241="01011"
dic[25]="01100"
dic[261="01101"
dic[27]="01110"
dic[31]="01111"
dic[321="10000"
dic[33]="10001"
dic[34]1="10010"
dic[351="10011"
dic[36]="10100"
dic[371="10101"
dic[381="10110"
dic[39]="10111"
dicl411="11000"
dic[42]="11001"
dic[43]="11010"
dicl44]1="11011"
dic[45]="11100"
dic[46]="11101"
dicl47]="111107
dic[0]1="00000"
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175 datadhalpha=1, &Mt T—E+HY
l&EH ;(j}?_\i?d a?ap | *

if(dout_p@ rune[3:0]==4'beee@) wdata<=dout_bk;
else wdata<=dout_p® run@[15:4];

I \ > [
) ¥EAZLL* g
University of Science and Technology of China



| SEEGSBREEERART)
T

|

€ D > [}
) ¥FRAZELXE
= University of Science and Technology of China



| AEE SRR E RS

sCORE:00033

ntmlac.nl IM |aeaiae o
-8 sasars 4 - -
aIc Ill n-q !"!‘I nqaunnd

O ¥RAzLL %

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn




| SEES B REE ST

, kb %Eﬁu_ﬁgg%%éﬁgg% %@ZE% 2
a Jsign[alHJBAY, LREERERIE X nE
flltE 2 i Eﬁ;ﬁ%bé&iﬁ% BHRE,

if(x_coordinate>=pl_x_ coordinate
&& x_coordinate<=p2_x_coordinate
&& y_coordinate>=pl_y coordinate
&& y_coordinate<=p2_y coordinate

) begin

if(sm_sign<4'di2
&& x_coordinate>=sml_x_coordinate
&& x_coordinate<=sm2_x_coordinate
&& y coordinate>=sml_y coordinate
&& y_coordinate<=sm2_y coordinate
) begin

gameover<=1;
end
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Tel Console Messages Leog Reports Design Runs DRC Methodology Power Timing Utilization

aQa = = : Summary

Hierarchy .

Resource Utilization Available Utilization %
Slice Logic LUT 63400
F7 Muxes (<1%) FF 126800
- Slice Registers (1%) BRAM 135
Reqister as Flip Flop (1 10 210
Register as Latch (=1% MMCH 6
» Slice LUTs (3%)
LUT as Logic (3%)
+ Slice Logic Distribution
~ Slice Registers (1%)
Register driven from wi

-~ Register driven from ou

LUT in front of the r 50 75
LUT in front of the r Utilization (%)
~ LUT as Logic (3%)

£
K é‘ >
¢ and Technology of China




| WS

BT ERSTER /9 100MHz

Tcl Console Messages Log Reports Design Runs DRC Methodology Power Timing

a| =2 | = { Design Timing Summary

General Information
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 0.616 ns Worst Hold Slack (WHS): 0.098 ns Worst Pulse Width Slack (WPWS): 3.000 ns
Clock Summary (4) Total Negative Slack (TNS): 0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
# Check Timing (418) Number of Failing Endpoints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0
Intra-Clock Paths Total Number of Endpoints: 2976 Total Number of Endpoints: Total Number of Endpoints: 997
Inter-Clock Paths All user specified timing constraints are met.
Other Path Groups
User Ignored Paths

Unconstrained Paths
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