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1. 4-bit Ping-Pong Counter

Block diagram:

Decoder “+

next [num

h

DFF out
A'b0000 ————» 0
P
[ Fy
clk
> 1 N
MUX DFF » direction
1b1 * 0
[
rst_n
nexi_dir
Decoder -

4-bit ping pong counter input F clk , rst_n, frenable,
output ¥ out[3:0]4rdirection -

A eping pong counter * RFP ¥ A E 4 BINE 22 B
sequential T &4 2 B combinational % . °

]

- T combinational & ¥ &% %35 T - B direction &_i* &
(code ¥ e & s next dir) e A PR - 4 out[3:0]3 &+ &

TR T - @ direction HhiE G e g1 R0 0% 1)



next dir s7EFE T out[3:0]E G B o 4 )I} oy out[3:0]%
>4 b0000 FF > next dir HEF & %= 1" bl m out[3:0]% >

4" bI11l p¥ > next dir (HiE F £ ¥ = 1" b0 -

25 O mlways@(*)begin
O if(enable = 1'bl)begin
7 O if(ont = 4'b0000 ) next dir = 1'bl;
O else if(out == 4'bl1l1) next_dir = 1'b0;
O else next_dir = direction;
end
O else next dir = direction;
end

@m ¥ - i combinational T ¥ * k257 - B out[3:0]E_* A&
(code ® #% &% next num[3:0]) o # % B > next num iE j?
next_dir ¢viEF B o Jl-»{;w next_dir==1" bl P¥ > next_num &

e 1 F 2 > next_dir==1" b0 ¥ > next_num & & 1 -

. O always@(*)begin
50 O if(enable = 1'bl)begin
@] if(next_dir = 1'bl ) next_num = out + 4'b0001;
7 O else next_num = out -| 4'b0001;
end
O else next_num = out;
end

7 i combinational & F %‘K £ &J2 enable==0 - Enable==0 % -

direction frout[3:0]¥%& 457 % o FP AT LA B

Ak

combinational T ¥ *® & p £ 4v— #i% 2 ¥ _enable==0 p+ >
next_num = out( ™ - B out F¥I & out ¥ - k) > next_dir =
direction(™ - ® direction * » I A= » £ - $) o

2 1 Sequential T EFRE* kiF3 ¥ { A7 out[3:0]f= direction =



7L
1=l

o B¢ rst n F & &_synchronize » & clk 1 positive edge
4 rst_n==1" bl p¥ » { #7direction frout g > &

rst_ n==1" b0 FF » 474~ direction=1" bl out[3:0]==4" b0000 -

always @(posedge clk)
begin
it(rst_ n = 1"bl)begin
out <= next_num;

direction <= next_dir;
else begin
out <= 4'"'b0000:

direction <= 1'bl;

end

always@(*)begin

A A5 W
T B4 enable == 1’ bl Bretie > § direction==1" bl ¥ 125 &
3|+ - B clock P positive edge > out[3:0]¢ #c 1 ¥ out ==

4" bl111 p > T - B out §# 1

drst_n

4 enable

> B out[3:0]

®3 cye[31:0]




T Bl %_enable ==

frdirection ¥% ¢ 3% & k hig E 7| enable

4 clk
drst_n
4 enable

1
C—
8

> ¥ out[3:0]

> Wcye[31:0] 00000002

" b0 FFeikir s 4 enable == 17 b0 FF > out

== 1" bl ] ¢ B4i8

2. First-In First Out (FIFO) Queue

counter[3:0]

wptr[3:01]

l

i 3:0

l

7:0] queue [7:0]

module FIFO 8(clk, rst_n, wen, ren, din, dout, error);

input clk;

input rst_n;
1nput wen, rem;
input [7:0] din;

output reg [7:0] dout;

output reg error;
reg [7:0] queve[7:0];
reg [2:0] wptr, rptr;
reg [2:0] counter;

—— dowt[7:0



FIFO queue #% i< input 3 clk, rst.n, 7 renfrwen k3 {7
B~ fodh Deagt o R4 din[7:0] ﬁia?] ~ B~ queue IR FE
output # dout[7:0] ﬁ?lﬂi queue N E o errorﬁ-%]:'z N K
45 3% s module p #% 5 8 i 8-bits cfrqueue > F counter[2:0]
Kisdkqueue 7 7 PR3 E 0 wptr o rptrdp aig 3 TR
Rk o do% wptr 2 rptr # % F| 2 3 queuel[ 7] > £ 4r- ?u

¢ overflow @ = 3| queue[0]e7i= % » # & circular queue °

queue[0] <= 8bl; -+ quene[7] <= 8'hl;
wptr, rplr <= 3'bl;
error <= 'b;
dout <= 8'hi);
counter <= 4'hi);

st n

queue[ 7] queue[(]




always@ (posedge clk)
hegin
if{rst_n == 1'b0) hegin

wptr «= 3'd0;
ptr <= 3'd0;
error <= 1'b0;
dout <= 8'd0;
queue[0] <= 8'd0;
queue[l] <= 8'd0;
queue[2] <= 8'd0;
queue[3] <= 8'd0;
queue[4] <= 8'd0;
queue[5] == 8'd0;
queue[B] <= 8'd0;
queue[7] == 8'd0;
counter <= 3'd0;
end

# clk posedge }+ > 4r% rst_n ﬁg i# 7 reset(synchronous
reset) » ¥ wptr ~ rptr #4p 7 queue[0]ei= % » ¥ 3 queue P

e

% 2%F F > output hdout ~ error 3R & 0 °

dout

8'd0)

LT e
1'n0)

else

case ({ren, wen})

2'b00: begin
error <= 1'b0;
dout [7:0] <= 8'd0;
counter <= counter;
end

ek rstn=1>2¢ ren‘wen‘ﬁfiffx 0FF2 27 E® write ~

read 7 i¥ » error - dout *‘,SW%J 410 > counter » # % o



il{counter == 4'b100K)

] 0 0 0 dout

counter + [

| . dout
‘ | | ‘ | | |L'|il‘l | | error -, .
I'b0

———— §d0

2'b01: begin
if{counter == 3'b111) error == 1'bl;
else begin
error <= 1'bi;
queue[wptr + 1'b1][7:0] <= din;
dout[7:0] <= 8'd0;
wptr == wptr + 1'bl;
counter <= counter + 3'dl;
end

end
% ren = 0~wen = 0 FFiE{7 write &8 1% > A wptr eh = :f -
8 » din ~ wptr A = # - > counter + 1 dout - errorﬁ%l
10 2igfF4r%E counter = 3’ blll #9554 & queue & & 2%

TR gkt s v g error = 1



ifi{counter == 4'h0000) counter

OO0 10710 dout

HEEEEE NN

Clse

counter - |

dout .
quenel[rptr + 1'b1]

HEEEEEEE L.

2'b10, 2'bil: begin
if{counter == 3'b000) error <= 1'bl;
else begin
error <= 1'h0;
dout[7:0] <= queue[rptr + 1'bl];
1ptr == rptr + 1'bl;
counter <= counter - 3'dl;
end
end
endcase

end

endnodule

% ren=1~wen = 0% ren =1-wen = | ¥ ¢ i&{7 read »

=# - ¥ error ﬁis?lt'i 0 > counter - 1 i&PF4r% counter =
0 %7 queue P LF P> 307 § & (711 ) ehde (T i 2 error =
1o

A5



- Bdedreset REF = p FEFA D > FERAT 7 4R first
in first out # 4 > T rrzifawen = 0~ren = 1 & wen = 1 ~ ren
=1l @ErHiFread TFEFNF e 2N FFerror = 15 RisP
queue B &% o FEILEH > A ,.éﬁ}u% LB T error i 1 s >

g A EE;GL’@%?J e 3 e eF 2 € £ MR TR queue R

3. Multi-Bank Memory

e Memory



[7:0] Memory [127:0]
addr [6:0)] ——— . dout [7:0]

din [T:0] ————

clk  ——

¢ * 3| basic question 2 #® ¥ Memory > input 7 clk >
ren ~ wen * i£ read fr write U EL > addr & B F » g oo

din i%lbﬁiﬁ * Memory p % > output 3 dout #5 4! Memory £p

2b10, 2'b11 /\ 20
{ren, wen}

2'hi)]

dout <= Memory[addr] ) »
Memaory[addr] <= din[7:0] out <= 8'd0
dout <= 8'd0)




always @(posedge clk)begin

case{{ren, wen})

2'b00: dout <= 8'd0;

2'b01: begin
Memory[addr] <= din[7:0];
dout <= 8'd0;
end

2'bl0, 2'bll: dout <= Memory[addr];

endcase

end

& posedge clk B3 ren ~ wen #0iE > 4r% {ren, wen} = 00
#m G write frread > # ! dout = 0 {ren, wen} = 01 %
37 write » #-din B » Memory ¥ 4p T address » X i )
dout = 0> {ren, wen} = 10 & 11 4 {7 read - # Memory 45 <

ernaddress sp % 4 dout ﬁis?l a1 o

e Bank

[6:0] addr [3:0]
subbank ren [3:0] Memory —

subbank wen [3:0]

bank ren

m()

bank_wen

waddr [10:0] —— Memory —

o 1l [7:0]subbank_out[3:0]

raddr [10:0]——
bank out [7:0]

Memory —

din[7:0] — o m?2

Memory —

L ms

Bank ¢ input 7 clk i#¥:i& w2 # subbank(Memory) > bank_ren -

bank wen % # £ read & ¥_write > waddr[8:0] ~ raddr[8:0]%_



& write >~ read e 1t > W B [8:7]:iE # subbank ~ ¢ = =
[6:0]:% 4% subbank p ehaddress > din &_& 5 p 7 5
output i dout ﬁ%l 31 Memory p % ;5 bank p $%% [6:0]addr
[3:0]i# 422 & subbank e addr[6:0] > subbank_ren[3:0]:& 4
2 % subbank 7 ren > subbank_wen[3:0]i# & » # subbank

wen ° = i# subbank #& 7! subbank out # {$ ¢4 bank out ﬁis?]

T
o

always @ (waddr or raddr) 200

2bl] m

bank wen}

2h01

subbank ren = 4'd0
subbank_wen = 4'd0

2'hl10
subbank _ren = 4'd0)
fraddr [3:71 ==y _NO
raddr [8:7]
2'hi0
subbank wen =4'd0 >
2'bll I 2’101
waddr]2:7]
10 subbank wen = 40001
=Y addr{ (1] = waddr[6:0]
subbank wen = 400
addr|3] = waddr|6:0]
subbank wen = 4'h0010
addr| 1] = waddr|6:0]
2'000 subbank_wen = 4'h0100
addr] 2] = waddr|6:0]
2'hll L 201
raddr[&:7]
b10 subbank_ren = 4'b0001
cblt addrl0)] = raddr]6:0]
subbank_ren = 451000

addr[3] = waddr]6:0]

subbank ren = 4'BO010
addr|1] = raddr|6:0]

subbank ren = 4'b0O100
addr]2] = raddr|6:0]




s+ always block # & wddr { raddr % 7 3% ¢ §4 7 - = *
| ¥7{bank_ren, bank _wen} ’ 4=% Z_00 F|7* write » % read °
= i# subbank ¢ ren ~ wen 83K &

4o % {bank_ren, bank_wen} = 01 TT%JQ H 7 write L3
subbank_ren #%3% 5 0(% read) » £ ¢ waddr[8:7]4) ¥/ & write
¢ subbank - 3¢ 45 T subbank_wen Kk & 10 H4G 0 £
waddr([6:0] # %4 < subbank s addr % » Memory -

4% {bank_ren, bank_wen} = 10 TT%JE 7 read » AP
subbank_wen #%3% & 0(%# write) > £ ¢ raddr[8:7]4) #|& read

¢ subbank » 3¢ 45 L subbank_renk & 10 B45 0 £

!
SR

raddr[6:0] @ %45 < subbank 2 addr #-p % & Memory 3
A e

4c% {bank_ren, bank wen} = 11 & £ ¥|%7waddr[10:9] ==
raddr[10:9](&_% &  P¥ write ~ read ¢  subbank) > 4-% &_
AL F {7 read e0# 1 0 Aok T el P 1 %7 waddr[8:7] -

raddr[8:7] » % B subbank F ¥4 i read ~ write = % o

Memory m0 (clk, subbank_ren[0], subbank_wen[0], addr[0], din, subbank_out[0]);
Memory ml (clk, subbank_ren[1], subbank_wen[l], addr[1], din, subbank_out[1]);
Memory m2 (clk, subbank_ren[2], subbank_wen[2], addr[2], din, subbank_out[2]);
Memory m3 (clk, subbank_ren[3], subbank_wen([3], addr[3], din, subbank_out[3]);

assign bank_out = subbank_out[0] | subbank_out[l] | subbank_out[2] | subbank_out[3];



¢ 1@ 3|2 B subbank e output © %] & “ﬁ% 7 & 3 4 e subbank

2. *F & 4 ¢h subbank_out ¥%4_0 - #74 bank 7 output

bank _out i‘%%'—qt i# subbank_out s bitwise or °

e Multi bank memory

Wen

waddr [10:0]

raddr [10:0] ——

din[7:0] ——

clk —

bank ren [3:0] —————®—

bank wen [3:0]

Bank

Bank

[7:0]bank_out[3:0]

Bank

Bank

dout|[7:0]

Multi bank memory p #%% 4 % bank > * bank ren[3:0] -

bank_wen[S:O]ﬁi%J » = i bank 7 subbank ren -~ subbank_wen

ﬁis?] 4t bank_out # i# 4 7] dout °



always@(waddr or raddr) 2H00

2bl1

{ren, wen}

201 bank_ren = 4'd0
bank_wen = 4'd0

2'b10

bank_ren = 4'd0

2'b00

bank_wen = 4'd0 ;

2'b11 N 2101
waddr[10:9]

2'b10 bank_wen = 4'h0001

bank_wen = 4'b1000

bank_wen = 450010

2b00 bank_wen = 4'b0100

2'b01
raddr[10:9

bank_ren = 4'b0010

bank_ren = 4'h1000

bank_ren = 450100

¢t always block ¥ & wddr f- raddr 2% 7 ,ﬁﬁgzﬁ F- =% %
2%t {ren, wen} > 4% Z_00 7 write~ 7 read > = i bank
ren > wen F8K 5 0 e

4o % {ren, wen} = 01 i‘%lﬁ 7 write > A4 bank ren 353K 5
0(# read) » £ ¢ waddr[10:9]4) F]& write s bank » 3= 45 T

bank weni% % 1> H&4 5 0

4% {ren, wen} = 10 f‘%i 17 read > 3 bank_wen ¥%3K 5

0C# write) > £ ¢ raddr[10:9]45 ¥| & read ¢ bank » 3= 5 T



bank ren%k 5 1> 245 0-
4o% {ren, wen} = 11 & F PF 2] %7 waddr[10:9] ~

raddr[10:9] > &% T bank F F¥#4 {7 read ~ write & iF o

Bank bO(clk, bank_ren[0]), bank_wen[0], waddr, raddr, din, bank_out[0]};
Bank bl(clk, bank_ren[1], bank_wen[1], waddr, raddr, din, bank_out[1]);
Bank b2(clk, bank_ren[2], bank_wen[2], waddr, raddr, din, bank_out[2]);
Bank b3(clk, bank_ren[3], bank_wen[3], waddr, raddr, din, bank_out[3]);

assign dout = bank_out[0] | bank_out[l] | bank_out[2] | bank_out[3];
endmodule

B {4 1% ¥ 2 B bank #output » F| "$ 7 &3 debank 2 A

¢ e bank_out ?K{O » #7117 dout f]&{w i# bank_out =

bitwise or e

W waddr{10:0]

W raddr(10:0]

F LRl # B subbank PR L REE - - 7L

write ~ read 7 st & ¥ 0 £ RIRFHE O - B IR ¢hehaddress £.F €

EL|
ey
Y
=
wt



£ KRI3EB 3] 4 B bank 4p e subbank ~ address &_F ¢ = ¥

read ~write > &SRR ETE & F BF A% e subbank write

read > ™ % £ F % s 2.l B subbank write ~ read °

4. Round-Robin FIFO Arbiter

al7:0] FIFO_8
|
! dout[3:0]
bl 7:0] FIFO 8 [7:0] Output[3:0]
|
I
c[7:0 ) —
[7:01 FIFO_8 error[3:0]
: valid
d[7:0] FIFO & fiforead [1:0]
I
clk I——— ren[3:0]
wen[3:0] rst_n

Round-Robin FIFO Arbiter # * 3|4 % & advanced question # i®
e fifo queue> 4 a~b~c~d input %3P % & queue ® > H s
input & 7 clk‘rst_n’wen[S:O]@?J ~ 4 % queue Frwen A Eeoutput

7 dout[3:0]> % valid & i & % @) 2 P56 11505 - Round-Robin



FIFO Arbiter p#%% ren[3:0]3#% & 4 i queue ren 35> [7:0]
Output[S:O]ﬁs?] 41 queue “output ’ error[3:0]§‘i%] 41 queue I error

bit - fiforead[1:0]7 1 2| %r$5 3|98 B queue ﬁ%l a1 o

rst n==1b0

fiforead <= fiforead + 1'bl fiforead <= 2'b00

always @ (posedge clk) begin
if(rst_n = 1'b0) fiforead <= 2"h00;
clse fiforead <= fiforecad + 1'bl;

end
#t always block # posedge clk PF3{ 7 » Z|¥rrst.n == 0 4%

{fjﬁﬂ%—fiforead R Aok T RI-fiforead + 1 -

wen([fiforead - 1'b1] == 1'bl

valid = 1'b0

error(fiforead - 1'v1] == 1'b1

valid = 1'b0

valid = 1'bl




Eal'.s'af.-'s @ (error or titoread)
Ehcgm
if(wen[fiforead - 1'bl1] = 1'hl) valid = 1'hi;

clse if(error[fitoread - 1'bl] == 1'bl) valid = 1'b0;
else valid = 1'hl;

Ecnd
#t always block # error 2 fiforead % i* FF#4 {7 L 2% & output
queue 2 F L EBAE O~ o Aok {,T%Li:fkvalida{ 21 F P 2

- 1 cycle s#rqueue #_F % @& error bit = 1 P valid fT*u;Q =0

ERlvalidk 5 1

always @ (fiforead or wen)
No  Agen[fiforead] Yes
== 1bl
2'b00
2‘b1 1 2'b01 1en = 4'b0’000
fiforead —
ren = 40001
2'v10
ren = 4'b1000 ren = 4'b0010

ren = 4'b0100




always @ (fiforead or wen)
begin
if(wen[fiforead] == 1'b1)

else
casei(fiforead)
2'h00: yen = 4"h000T;
2'001: ren = 4'H0010;

2'010: yen = 4'b0100;
2'bil: ren = 4'b1000;
endcase

end

¢t always block % fiforead = wen % i* BF34 {7 » 4v% fiforead #
Flehqueue &+ &AL B ~ Fﬁ’*‘fjfu;i ren = 0000 - 3% queue Fwrite #
§ X TIF 4R o ok queue G RALE » fEgh R 247 fiforead G

- i# state > fiforead = 00 % queue a iia?]ﬂi »ren 3k » 0001 i@ ﬂﬁs?]

41> fiforead 01 % queue b ﬁi%]ﬂz »ren % = 0010 f%—,t!éiﬁﬂi ’

fiforead = 10 % queue c ﬁiﬁﬂz »ren &k = 0100 @ —,’F—!ﬁi%lt'z » fiforead

= 11 % queue d 33%]:'1 »ren 3%k = 1000 f%ﬂﬂis?J:'ﬂ o

assign dout = valid 7 Output[fiforead - 1'b1] : 8'd0;

FIFD_8 fa(clk, rst_n, wen[0], ren[0], a, Output[0], error[0]};
FIFO_8 fb{clk, rst_n, wen[l], ren[l], b, Output[l], error[l]);
FIFD 8 fc(clk, rst_n, wen[2], ren[2], c, Output[2], error[2]);
FIFO_8 fd{clk, rst_n, wen[3], ren[3], d, Output[3], error[3]);

endmodule
ﬁx%éﬁs?] It dout F|%7E_F 5 valid ¥ ™M # {7 output » 4-% H_eiisk

i &1 B cycle # %5 ¥l <7 queue # & 50 Output > & Al dout = 0 -



#A5 W
]

Value  R¥i5Te 10.000ns  20.000ns  30.000ns  40.000ns  50.000ns  60.000ns  70.000ns  30.000ns  90.008ns 100.00ns

4 clk

drst_n

W wen[3:0]

s dout[7:0]
4 valid
> wWa[7:0]
W b[7:0]
W c[7:0]
W d[7:0]

A BB A fE ppt b ek A0 DIRIRE > R T B R

120.000ns  140.000ns  160.000ns 18000008 200.000ns 220.000ns 240.000ns 260.000ns 280.000ns  300.000ns  $20.000ns 3400000 360
arst_n
W wen[3:0]
¥ dout(7:0]
« valid
wa[7:0)
wb[7:0)

we[7:0)

3

\

£ kd 4B queue 7 0 REEREF 4B queue Bib o T EFAF B

ns 420000 ns t X S . tns S60.000ms S58(

arst_n

¥ wen[3:.0]
W dout[7:0]
o valid

W a[7:0]

W b(7:0]

wc[7:0]

~

T\
SO

:L
(@]
[
R

FEiu& B queue © ot 3BT PR T RIS A queue R 4

o
[

valid = 0 ~dout = 0 -



5. 4-bit Parameterized Ping-Pong Counter with
max and min

Block diagram:

Decoder -

next | num

h J

DFF S out
4'b0000 ——» 0
I
A Fy
clk
- 1 e
MUX —  pfr » direction
1'b1 * 0
A
rst_n
nexi_dir
Decoder -«

4-bit parameterized ping pong counter with max and min 7 6
® input §== # output °

A8 2 B2 % - 49 ping pong counter {xHE N7 0 Hd = BINA
E o 2 i sequential ¥ #4r 2 # combinational & B = o
#H ¥ - B combinational & B & * %38 T - B direction & A&

i (code ¥ “H¥# s next_dir) - Fl& input PEH § oo Hrr A



N

&R R & g ® R input € 2% next_dir - @ L &_enable >
enable==1" bl 41 ¢ &£ F&H - £ XA max > min ik & > 2 F L
min <= out <= max ’ & & L H|¥rE F 3 flipe 7 flip %5
next dir & FIR fehdirection X w 0 X3 flip %8 > & 2%
out tHE & 7 & max & 4 7% F_min o ¥_comax 3% > next dir & =&
1" b0 A 4r% &_min 0% > next_dir 8 %= 1" bl o F it #riieand

next_dir §#c®iE » STUAPE R LAY - BIEEA L

next_dir frug A4F M i direction hiE (+ )*T&{next_dir =

direction)
O always@(*)begin
@] if(enable == 1'bl)begin
@] if(max > min)begin
O if(out > max |l out < min) next_dir = direction;
else begin
7 O if(flip = 1'bl) next_dir <= ~direction;
clse begin
O if(out = min) next_dir = 1'bl;
O else if(out = max) next_dir = 1'b0;
O else next _dir = direction;
end
end
end
@] else next_dir = direction;
end
57 O else next_dir = direction;

end

endmodule

<

¥ — i combinational & B E_* k335 T - B out ¥ A & (code
o sc i next_num) o B3 E next_dir {%#E ek 3§ E (%S

# 3§ - feo 7§ L _enable > enable==1" bl 4 §:&{7&EE - L



% £ max > min FiE % > BF L min <= out <= max > 5L E 2

%7 next _dir g > 4c% next dir £.1° bl » next_num *¢

4" b0001 > 4% next_dir #.1° b0 > next_num /& 4" b0001 - F if
ST end_next num € R E o T APLE R R HY - BiEiE 7
#+ & > next_num ?j‘ug B#F IR A direction FiE(~ )‘I&{next_num =

out)

\
always@(*)begin
if(enable == 1'bl)begin
if(max > min)begin
if(out > max || out < min)next_num = out;
else begin

if(next_dir = 1'hl) next_num = out + 4"h0001;

ONCENNONONON®)

else next_num = out - 4'bO00I;
end

end

O

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
:
: else next_num = out;
!

! end

!

1 else next_num = out;

!

)

|

!

end

2 B Sequential T B A B A * ki3 { #7out[3:0]4- direction
i o Y rst n & ¥_synchronize » A clk s positive edge
2+ rst_n==1" bl ¥ > { #7direction fvout & > &

rst n==1" b0 F¥ » 474~ direction=1" bl out[3:0]==4" b0000 -

end

end

17 E O hluays@{poscdgc clk)begin

18 E O E if(rst_n = 1'bl)begin

9 O out <= next_num;

20 E O E direction <= next dir;
21 . end

22 E E ¢lse begin

23, O . out <= min;

2 O direction <= 1'bl;



2250
T B E_% enable == 1’ bl > max > min > min <= out <= max ¥

N

flip==1" bl & 358 - 1% spec * # flip #_one cycle in
length > #rr2§ flip==1" bl P - = € & %f§# - direction &iz
®cycle @ - BEF w 1o

Untitled 4

QMW @ @ X |« MM e

& clk

4 enable

|-

> W max[3:0]

0
drst_n 1
1
1

4
> WAmin[3:0] 0
g direction 0
> W out[3:0] 3
> ®cyc[31:0] 0000000a

T Bl&_enable==1" b0 pFerL A5@] - ¥ 123 IR & enable == 1" b0

¥ > direction frout #Ra4F 2 % -

Untitled 4

LMK ne” T2HL(KHEns 140, 0HKn) ‘l{d'l.ﬂﬂﬂnr, 150 (KK} ns |f“.ﬂﬂ.l'll'll'}ns 220K ns 240K} ns |?.ﬁﬂ.ﬂﬂﬂnr. 280 0KKkns  3KLIKKD ms

|
drst_n

4 enable

4 fip

W max[3:0]

W min[3:0]

W out[3:0]

> W cye(31:0] 00000002

T Bl E_out> max frout < min Bl 0 F O IRF E E out <



max # out < min - out frdirection 48§ #3F7 & o

Untitled 4

Q W @ a X = | M = o 4 1

SHLKKEns  320L0KK ns 340K s 360K ns  T@lbiiHins ALK ns

4 flip
W max([3:0]
W min[3:0]

l:rImc:-:_-_._._

0000000a

Out < min Out > max

6. fpga 3¢

Fpga 328 % H4gchat ¥ » w3 % 545 7 — ¥ fpga
clock ¥ 7 & &grehclock .7 - ke k13 &F 1 1R
e 1 H) 1 it e o Fpt > ANigd ¥ - fﬁ“,fﬁﬁﬁﬂclock(ﬁ 1
5 1  cycle) X7 Fiz4g o

Fpga %31 & 5 7 i submodule » 1 ¥ clock divider ~ 2 & debounce
curcuit ~ 2 i# one pulse circuit ~1 I 7 B & 7 £ Hmodule friz
2 if {4 fparameterized ping pong counter °

Clock divider:

Block diagram:



COURLET

+1'b

F

NEXT_num
= —

ML » DFF *  num

100 —

]

one_second_clk

b0 —>
MUX — one_second_cycle

b1 —»

ok — 27-bit counter

Clock divder eni®* g7 it— i * fpga ¢ clock “,f AE 1 fe % = 1
#yericlock - #1% fpga iclock 2_100MHz - ~ )*T}u{sitﬁﬁ 10 #-8 =
FFy oo BT EQ,T&?* 1 1 sequential circuit §= 2 T combinational
Circuit * fa(=~ fl'*‘uil # counter = 1  combinational)

#H ¥ - B combinational & B &_* %> counter #F — B EE
F-(code ¥ s #c i next _count) ° 4-% one_second_counter==10
78 =t * -1 > next_count *r§F 0> & 2 - one_second_counter “r |
Sequential curcuit * k& 3 { #7 one_second_counter =g o 4o
% rst_n==1" b0 > one_second_counter %30 & 2 » { 37

one_second_counter i (one_second_counter = next_count)

¥ 1 B combinational curcuit i®* {%ﬂj%“fﬁﬁ@%é ok A (% #



= reg one_second_cycle) - ¥ one_second_counter %3t 10 8

= > 1>one_second cycle 31 K25 0-

Lab3_Team30_Parameterized Ping_Pong_Counter.v » Lab3_Team30_Parameterized_Ping_Pong_Counter_fpga.v * X
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7 module one_second_clk(clk, rst_n, one_second cycle):
 input clk, rst_n;

E output one_second cycle;

 reg [26:0] onc_second counter;

1
1
|
|
148 ! o0l Dol coun s
149 & always @(posedge clk)
150 G begin X A
151 & [F(rst_ne=1"10) 27 bit Counter(1 {f sequential
152 4 one_second_counter <= 27'd0; / . .
5 Clee besin #1 1 & combinational)
154 one_second counter <= next_count;
1 end
1 end
157 G always@(*)begin L. .
158 C if(one_second_counter = 27'd99999999) next_count = 27'd0; CIOCk dIVIder E/\:};EZ
159 else next_count = one_second_counter + 27'dl;
160 “ en (1 {
O
:.‘\- E assign one_second cycle = (one_second counter==27'd99999999)7 1'hl:1'h0; I/ Combinational
0 CIdmoduTe

Debounce circuit:

Block diagram:

pb_debounced

2t

debounce

pb ——— DOFF —> D

clk

Debounce circuit ¢ 1 # combinational circuit fr4 &
sequential circuit (4 ® D flip flop)#rie = -
Combinational circuit *#|%r4 B d flip flop éL?wﬁﬁéLl » 4o

% #_output pb debounced %31 ¥ 2. % 0o



Sequential circuit % &% { #7d flip flop #iE » & - B clock

LA

cycle @1 positive edge > input pb & %% - B d flip flop: %

- @ d flip flopehies%% - B d flip flop > & %dE o

30 &) module debounce (pb_debounced, ph, clk):
3] E output pb_debounced;
0 0 input ph:

E input clk;

1

1

1

|

1

134 '

135 reg [3:0] DFF;

136 : always @(posedge clk)
137 @ begin

138 DFF[3:1] <= DFF[2:0];

1 . DFF[0] <= ph;

140 ® end

141 E assign pb_debounced = ((DFF = 4'bl111) ? 1'bl : 1'b0):
|
1

- endmodule

One pulse circuit:

Block diagram:

one_pulse

pb_debounced —» DFF DFF |—— pb_one_pulse

[
clk T

One pulse circuit =it * & & output - ® clock cycle e

Input #_debounced i & 7k = clock -

: module onepulse (PB debounced, CLK, PB one pulse);
240y input PB debounced;
241 input CLK;
2 output PB_one_pulse;
reg PB_one_pulse;
rcg PB debounced delay;
245 I always @(posedge CLK) begin
246 PB_one_pulse <= PB_debounced & (! PB_debounced_delay):
247 E PB_dehounced_delay <= PB_debounced:
248 & end

95 endmodule




7 segment display module:
(modulename: seven_segment LED display)

Block diagram:

seven_segment_LED_display

D011 ——>]

401011 MUX —— AN

41101 —>

4p1110 ——>

first two
most

clk —» 19-bit counter [—| significant
bit

|

7'b0000001(0) ———»
7'b1001111(1) ———
7'b0010010(2) ——>
7b0000110(3) ——>
7b1001100(4) ——»
7'b0100100(5) ——|
X1MUX —> seg
7'b0100000(6) —>|
7b0001101(7) ——>
7'b0000000(8) ——|
7'b0000100(9) ———>
7'b0011101(up) —>»

7'b1100011(down) ——>»

7 segment display module input 3 clk, rst n, out,

direction, output 7 AN, seg-fpgat 3 4 B TEE T F > 7

AR TEETENRLS F- BT bit AR LD ERAcKkAPP

4 % 7T BT *‘,5% B4 BEoT *‘,5 ¢ T fRendcF o T A

P ARG > I FHIBETS - BEHTE 5 BAET- o
2

Module #. & 3 counter, mux °

L AL - B counter(fpga “clock i # €107 -8sec » #f



1078 B fpga srclock #_1ms) % ¢ refresh counter ° counter
TR m - ke F a2 271798100 3y A FHE21T R
clock » FFRFE_Ims> iz AP & fjlice ALy 2 - B 19bit

register &= w 12 % most significant bit ¥ ™ * KEH 7+

" always@ (posedge clk)begin
76 G if(rst n = 1'b0)begin
. refresh_counter = 19"h0000000000000000000 ;

Sources

78 C end
7 . clse begin
180 | refresh_counter <= next_refresh_count;
181 : end
152 %) end
183 E assign next_refresh_count = refresh_counter + 19"b0000000000000000001 ;
|84 . assign activating LED = refresh counter[18:17];
'

Lk APT R F- Boux k0BG 2B bit KiERD kA
o0 bh00 S & F 1 BAAEMN = 4 bOII1) 2 b0l %45 2
BAEA BN = 4 bl011) 2 bl0 &4 % 3 BAs BN =

4" bl101) > 2" bll * 4 % 4 Ba1 (AN = 4 bl110)

) I always @ (*)begin
= case(activating_LED)
2'b00:begin

AN = 4'b0111;

Sources

|
|
|
|
190 I end
191 ¢ 2'b01 :begin
192 ! AN = 4'bI1011;
193 ¢ end
| 2'b10:begin
l AN = 4'b1101;
| end
l 2'b11:begin
1 AN = 4'h1110;
| = end
200 & default:begin
201 AN = 4'b1110;
202 : end
( endcase
( . end




Bfs > AT LR R T B omux k2% seg[T:0]eniE £ A o
% out>=10(in decimal) > % - BE T+ B& T 1 2

BTRATE - B

N

f \

REHIMBPEFI(Bd) F=frre B

o B Lz R EIIE PR DOBEN AT a3 (direction
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05 ' always@ (*)begin

( if(AN == 4'b0111)begin

207 ' if(out >= 4'b1010)seg = 7'b1001111;

208 & clse seg = 7'HO000001 ;¢

20 I end

210 . clse if(AN = 4'b1011)begin

7'b1001111;

211 if(out = 4'b0000 |1 out = 4'b1010)seg = 7 H00OOOOO1
212 : else if(out = 4'b0001 11 out = 4' h]ﬂ]])‘cg =
213 clse if(out = 4'b0010 11 out = 4'b1100)scg = 7'b0010010; /2

1 : clse if(out = 4'b0011 11 out = 4'b1101)scg = 7'b0O000110;

1 else if(out = 4'b0100 Il out = 4'b1110)s 7'b1001100;
21¢ I else if(out = 4'b0101 Il out = 4'bl1111)seg = 7"b0O100100; /5
217 else if(out = 4'b0110)seg = 7'HO100000O; 7+
218 I else if(out = 4'b0111)seg = 7'HO00O1101;

219 ¢ else if(out = 4'b1000)seg = 7'HOOOOO0O0O;

220 ¢ clsc sog = 7'HOOOOT00; /-
21 ¢ end
g else if (AN == 4'D1101 || AN = 4'b1110)begin
if(direction == 1'b1)begin
seg = 7'b0O011101; 7ap
end
else if(direction = 1'b0)begin
seg = 7'b1100011 5 Zdonn
end
else seg = 7'b1111111;

end
clse seg = 7'bl1111111;
" end

andmadnla

Top module:

(Lab3 Team30 Parameterized Ping Pong Counter fpga)

Block diagram:



paremeterized ping pong counter fpga

clk rst_n

one_second_clk — dclk

debounce [-pb_reset_debounced —» one_pulse [~ pb_reset one_pulse
L
pb_reset —

rst_n

J7—> debounce [— pb_flip_debounced —» one_pulse —pb_flip_one_pulse

pb_flip

Parameterized ping peng counter out

direction —

seven_segment_LED_display

} |

seg AN

i¢#2 i parameterized ping pong counter $7% 54 B:7 - & >
i=# o parameterized ping pong counter ¥ !4 rg i& clock
divider #clock » AP ¥ 3 blgw PF > 86 adeF 5 Isec
BT K oM P APF Y RTRERFT S iR T Dk
TREL e &g iRk fpga hclock(107-8sec) o B & AR A
1 code s always block ¥ 4r » 4v% dclk==1" bl > out {r

direction ¢ { #7 > 4% dclk==1" b0 > out frdirection # % -
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] : always@ (posedge clk)begin

70 € (ki ' D1)begin
it
if(enable = 1'bl &% max > min & flip = 1'bl)begin
out <= out;
direction <= ~direction;
end
clse begin
out <= next_num;
direction <= next_dir;

end
20 : end
81 € else begin
: if(enable = 1'bl && max > min && flip = 1'bl)begin
out <= out;

direction <= ~direction:
end
86 C else begin
. out <= out;
direction <= direction;
end

1. =@

HEAL B lab 90 (A A G AR g

circuit 7R# & > ¥ _combinational circuit °

delk ZFRIAETZRY clock >
WS delk==1'b1 > (LFRFH
1 out Al direction HY(E

= §_sequential

%8 4 fpga 4l > &

Fied2 button eh 388 5 fpga 4 g clock + % & § BL$L37 o 7]

5 — 1 clock #_fpga siiclock > 5 — ® clock £ &7 #icF { #7pF

giclock » AT T S PFF RIL B -

hE iR - = oen iR

BNV L4 spec ehE& KRR A o pRARANE X ‘%’Kivﬁ ¥7T=lab ¥

P BGRL s R TidE- 5% - cehlab s £ AP ARk ARER > £

MOARTEAR S PR 0 B verilog sh s FRCH - fk o ARG i
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IpE Y 3 18 seqgential circuit ehpF A RP3E> A H A% - i

e submodule pF 7= 7 A g £ cOpF P debug 0 2 16 4 B IR AR AL

w A b & eomodule B always@(posedge clk)pF d1 s &k &2 b
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8. #1

% Fr4f:advanced question 1 ~b ~ fpga 4% » report 1 ~5 ~ fpga 4&

g

#|+4 #+: basic question 2 block diagram - advanced question
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