lab11_1 W4 Bl Bk 1 106061219
Design Specification

VGA displaying functions.

1.1 Inputs of the VGA controller are clk, reset, en and outputs of the VGA controller
are hsync, vsync, vga_red[3:0], vga_green[3:0], vga_blue[3:0].

1.2 At the beginning or when reset (button) is pressed, the VGA display shows the
image (e.g. amumu.jpg). The VGA image stay still until en (button) is pressed.

1.3 Pressing odd times en button to start/resume scrolling. Pressing even times en
button to pause scrolling. Counter for en press is reset to zero when reset is pressed.
Input: clk, rst, start(use to start or resume the scrolling function)

Output: vgaRed[3:0], vgaGreen[3:0], vgaBlue[3:0], hsync, vsync

The block diagram:

Design Implementation
- To generate the count_enable:




The code of start/resume scrolling in the mem_addr_gen module:

always @ (posedge clk or posedge rst) begin
if(rst)
position <= (0,
else if(position < 239 && en)
position <= position + 1;
else if(position < 239 && ~en)
position <= position;
clse
position <= (),
end

The I/O pin assignment for design:

Input clk rst start

LOC W5 ul7 T18

output hsync vsync

LOC P19 R19

Output vgaRed|[3] vgaRed|[2] vgaRed[1] vgaRed[0]

LOC N19 J19 H19 G19

Output vgaBlue[3] vgaBlue[2] vgaBlue[1] vgaBlue[0]

LOC J18 K18 L18 N18

Output vgaGreen|[3] vgaGreen|[2] vgaGreen|[1] vgaGreen|[0]

LOC D17 G17 H17 J17
Discussion

- H4e 2 clock_dividor i fmHh 2 A= E H EIAY clk_25MHz {1 scroll up 5%
(7 clk_22 HI3ER -

- vga_controller (A clk_25MHz) J&FzkIZH] H mifmia 8 a5 - ryui—{E pixel
53 AIEE hsync AT vsync $254] -

- mem_addr_gen (F clk_22) & H2KEE /7 Faymi—(E®s > fHiA COE file f1 /g M
— 4G FRER o FTAEAMFEZE A AL module Y h_cnt /1 v_cnt ZEEHE
T HEREEY—4ERY pixel_addr > BEEMA AR AT E G AZ] blk_mem_gen
o SR FHLIRPISEAYE H B RS VGA | o hh o B T BRI S AL A isE)
HIEE T » FTDAERE S HET—{E 23 position » ZA&IRTE clk_22 » &% posedge &t



## position fIll— > ZAZFEEH module PHYH MR - EHREAESCRR LA
?‘ o

- count_enable FYER4THILE ST start X debounce, one_pulse, FSM = {[&
module JEH% » #tu] LUE4 H count_enable o

- outcome: the picture of scrolling down

Conclusion

- BEEERN AT TR E ARG T - FTAUAZEE S0 E decounce,
one_pulse, FSM 72 ={[f module ZE4: H} count_enable » ZR1EFHE A
mem_addr_gen module FH{F S—{E#Zel R4 - ERHLAESER T -

Reference

- S5 T block diagram A ATTE HRAVFEEFIFE -
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Design Specification

Calculator display.

2.1 Combine the key board controller and VGA displaying controller to design a
calculator with 2-digit addition/subtraction/multiplication. The display function
should be the same as usual calculator or APP in the smartphone.

Inout: PS2_CLK, PS2_DATA

Input: clk, rst

Output: vgaRed[3:0], vgaGreen[3:0], vgaBlue[3:0], hsync, vsync

The block diagram and the code of mux:

H Y blk_mem_gen j2H IP catalog 557 HH2KHY » R A HEREAHA 13 5RiE 5 (Bl
13 {ii blk_mem_gen) » Ff LA{E block diagram H{&E &5 H —{E{E B -




always @ (posedge clk or posedge rst)

1f (rst) begin
outd <= 4'd0:
out2 <= 4'd();
outl <= 4'd0;
out) <= 4'd0);
mode <= 2'd0:; end
else if (key_down[9R079]) begin
out3 <= out3 a;
out? <= our?_a;
outl <= outl_a;
outl) <= ourl)_a:
mode <= 2'd1: end
else if (key_down[9'h07B]) begin
out3 <= outd_s;
out? <= our?2_s;
out]l <= outl_s;
outl <= outl)_s;
mode <= 2'd2; end
else if (key_down[9'h07C]) begin
out3d <= outd_m:
out2 <= our2_m;
out]l <= outl_m:
outl) <= out_m;
mode <= 2'd3: end

else
if (mode==2'd1) begin
out3 <= out3_a;
out2 <= out?_a;
outl <= outl_a;
outl) <= out()_a;
mode <= mode; end
else if (mode==2'd2) begin
out3 <= out3_s:
out2 <= out2_s:
outl <= outl_s;
outl) <= out()_s:
mode <= mode: end
else if (mode==2'd3) begin
out’ <= out3_m;
out2 <= out2_m;
outl <= outl_m;
outl) <= out()_m;
mode <= mode; end
else begin
out3 <= out3 a;
out <= out2_a;
outl <= outl_a:
outl) <= out()_a;
mode <= mode: end

O ItRE 2 MUX 2K 7EEHE outO,
outl, out2, out3 & adder,
subtractor, multiplier [ H 5

A — 1 -




Design Implementation
- KeyboardDecoder /&[] KeyboardCtrl 1 Ps2Interface — & — & B LAY -
The I/O pin assignment for design:

Input clk rst

LOC W5 Uiz

Inout PS2_CLK PS2_DATA

LOC C17 B17

output hsync vsync

LOC P19 R19

Output vgaRed[3] vgaRed[2] vgaRed[1] vgaRed[0]

LOC N19 J19 H19 G19

Output vgaBlue[3] vgaBlue[2] vgaBlue[1] vgaBlue[0]

LOC J18 K18 L18 N18

Output vgaGreen|[3] vgaGreen|[2] vgaGreen|[1] vgaGreen|[0]

LOC D17 G17 H17 J17
Discussion

- B—4 1 [ KeyboardDecoder 4 ! last_change[8:0], key_down[511:0],
key valid » DLz inout: PS2_CLK, PS2_DATA - i H A clock_dividor module {1 5%
FEAHEHIFERR > 41 ¢ clk_25MHz, clk_22 -

- BB 00 ¢ % last_change[8:0]#5; A 2 decoder module & » FEA4H 4-bit 1Y
decode_out °

- 5=  47EL adder, subtractor, multiplier =347 ©

1. F decode_out, key down[last_change], key_down[9’h05a], clk, rst &g A £l
decimal_adder module /1 » {E BAERFEZAY input FIHZEHIERSE - 2 &P
out3 a, out2 a,outl a,out0 a-

2. 2 decode_out, key_down[last_change], key_down[9’h05a], clk, rst fif A Z|
subtractor module H > {E BAERFEZAY input FIFEHIERSE - 2 1% P
out3_s, out2_s, outl s, outO s °

3. 2 decode_out, key_down[last_change], key_down[9’h05a], clk, rst & A Zl] multi
module 1 > {E B EIFZZHY input FIFZEHIERSE - 2 &P out3_m,



out2_m, outl_m, out0_m °

- A MUX %4 adder, subtractor, multiplier =347 RlE4HY output » IFFEAD
mode ZKfif out3, out2, outl, out0 HY{EfEE £ adder, subtractor, multiplier =3 H:
-

- vga_controller (A clk_25MHz) &z H mifeit 2 a5 - AyHF—{E pixel
3 R E hsync KT vsync $24] -

- mem_addr_gen (F clk_22) & 2KEE /7 Faymi—(E®s > FHiY COE file /&M
—4EIEA G FE R 0 BTDAFRMIRE ZE R B AL module #Y h_cnt F1 v_cnt &1 E
T HEREEY —4ERY pixel_addr > EEEMA AR AT (EEG AZ] blk_mem_gen
o> SRS PR S E E BETE] VGA [ o 546 - diR S AL AT B 1ab9_3 Tf
REAEDIAY 2 AT 8HVETHAE - FrDATR SR FEE 1 4 (ETHE(64*64/() RS
FREEUREZMIINAE - BEAN > TRt 13 58 64*64 f[E S (437172 0123456789
+ —X) e

* f£ top module ot > PR 1 {EAHY MUX (RIZRE L IUETENLE) £ 4
(/N case (BEEEERAE AUNITLERIZR) - BARBEAE MU lab9_3 —HHVLIRE
T e

Discussion

- outcome:

i A 31 fii A 65

31+65 31-65 31*65



Conclusion

B EAHEREETS - RBMIFIAE AR | s s BIEEIERY - ATl
FEsTE A —EIGE - Sl —ERE - ERURHIRIVE ARIEEEED - 24
1% T EL 1% 1Y vgaRed, vgaGreen, vgaBlue fYE 4T » #EFH R A1 4] 5 88 B
F o 2B EER G HEGIE R M B EEIEER S » A RE AR
MUX BT E B EURE R -

Reference

- EZENHY KeyboardDecoder, KeyboardCtrl, Ps2interface » D) K sEF
last_change[8:0], key_down[511:0], key_valid FY{si F3 757% - A6 » &%
Tz HHY block diagram M1 AR HLATHE FIFE -
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Design Specification

TETRIS element generator

3.1 Generate basic elements of TETRIC (as follows) randomly in the VGA monitor, and
plot each of them in the center of the first row of the display, which is a 10 x 20
(WxH) square 2D playing space.

3.2 Each generated basic element moves down by the step of a square at the speed
of 1Hz. Finally, they disappear below the playing space. When a basic element
disappears, a new basic element is generated again and fall down again repeatedly.
3.3 (Bonus) The same function of 3.1 and 3.2 are designed except that basic
elements are stacked up until they are higher than the height of the playing space.
Input: clk, rst

Output: vgaRed[3:0], vgaGreen[3:0], vgaBlue[3:0], hsync, vsync

The block diagram and the code of mux:

H Y blk_mem_gen ZH IP catalog 55 & H 2K » R A ttRE A 7 sRE (B 7
{i& blk_mem_gen) » FifLAAE block diagram H{% 25 H—{E{E Fs (L -



Design Implementation
- The code and the logic diagram of linear feedback shift register:

assign tmp = q[2]4g[ 1];

always @(posedge pulse or posedge rst)
1t(rst)
begin
g[0] <= l'bl:
q[l] <=
q[E]
nd

L].sL clk
pegin VQNIMQRIMQE
L[ L

q[0] <= tmp;

q[1] <= q[0]: [
al2] <=q[1]: t;__—
'l .

CIU

The I/O pin assignment for design:

Input clk rst

LOC W5 U1z

output hsync vsync

LOC P19 R19

Output vgaRed|[3] vgaRed|[2] vgaRed[1] vgaRed[0]

LOC N19 J19 H19 G19

Output vgaBlue[3] vgaBlue[2] vgaBlue[1] vgaBlue[0]

LOC J18 K18 L18 N18

Output vgaGreen|[3] vgaGreen|[2] vgaGreen|[1] vgaGreen|[0]

LOC D17 G17 H17 J17
Discussion

BRESOR By T B AR ER W T SRFE AT - AT LA LFSR (Linear
feedback shift register) ZRE4FEIEEE » 525 0~7 1 3-bit AYELEL > v DL
—{l&l 3-bit {Y shift register » & RAME—{EFF B IARLRE A S —R - E—EAVER]
Rtz WA{IEHY{E XOR HiZKAYEESR - FE=E bits BiHVAIR » L] AEAE—(EFELDAF
R ELEGESR - 5540 » RBEEE ZKEHREER - g KSR HiNTT
YR > FTLAMGEE —EHEE T position SRS NEIVENE < 7EFH position fill_I pulse



1E Ry HllET e o5 e A LU T T BRA IR

- vga_controller (A clk_25MHz) &z H mifeit 2 a5 - AyHF—1{E pixel
3 R E hsync KT vsync $24] -

- mem_addr_gen (F] clk_22) 2 FHZAHE 5 FHyIHE—{E%s - iR COE file f12 M
—HERIP A EEFE R o ATEARIFE A $E AL module Y h_cnt A1 v_cnt X515
M —4ERY pixel_addr > BRI AW A E S AZ] blk_mem_gen
o SRS PRI MR E F BERE] VGA | o &S —E HBRAYE A (251 J,
L, S, Z line, O, T) » F—5RIE 7 HYA/NEH H CHIECEH

- A£ MUX HYER ST RN E—E7E A % > HU2FIF case REEEHBURHIIE S

+ outcome:

Conclusion
B — MRS AR, - S —RIE A A module & > P FR{DIAY EEEE
0375 Bl DISERGERE T -

Reference
- 2 T EEFE Y block diagram AR EEVEIBIFES - 2 ETE AR

{1 linear feedback shift register ©



