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Design Overview
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4 - HC_SRO04 Sensor (1)

(&; Ultrasonic Ranging @)
Module HC - SR04

155, A7|: 45 x 20 x 15mm




4 - HC_SR04 Sensor (2)
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+d - Basys 3 Board |I/0 Q
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AbM| A7 - Controller Block Diagram
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AtM| A7| - SRO4_Controller Block Diagram
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2= - Simulation Result (1) @
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W dist{9:0]

w dist_done
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@-‘?‘—% B E: btnU high -> start high -> trig high -> echo high => 2| 5™ % -> done high

@§f§ e +F2E HEZ U T startdl = LMSIX| 2AS

@I-% 2 E: btnD High-> Auto_start High -> start = w_sec_tick C,,—,:I
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43S - Simulation Result (2) @

W data_reg[T.0]] 57

o ¢ _binU _sr04 § O

@ C_btinD_sr04 ) O

C =& B E: “W”(8’h57) -> start high -> trig high -> echo high => 2| 5% £ -> done high

@qs DM +FRE “W”(8'h57), O &S YH = startdl = HESIX| %S

@If% 2. “D” (8’h53)-> Auto_start High -> start = w_sec_tick )

+& B E H2t: btnD high -> auto_start low -> btnU high -> start high
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Z - Module (SR04_MODE)
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3 - Basys 3 Board I/0
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A - DHT11 Sensor @

,—@ DHT11 Sensor

L1 DHT11 Sensor 2| & ) \
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=M 4 th §| O E 2+l (Single-Wire Serial)

SEHIE: ¥10x= 37|

MM RAE: HA S + NTC (Negative Temperature Coefficient) Thermistor

g (M 25EM 71H) ;




FAM - UART Commands
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AtM| 47| - TOP Module Block Diagram
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AbM| A7| - Data Path Block Diagram
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AtM| A7 - Control Path Block Diagram
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ARM| A7) - Mode TEl FSM

RESET Button_Right ==

Single Time Mode

Real Time Mode

Button_Up ==1

Update Single Time Update per 5 second

Button_Right ==




AtM| A7 - DHT11 Sensor Controller FSM

RESET start == 18 msec 20~40 us

O: ||1 "

O: llOll

50 us

DATA_COUNT < 40

DATA DETECT

DATA SYNC

Update per 5
second

I: DHTIO _DATA
(1 0or0)
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DATA_COUNT >= 40 50 us 80us
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AN A7 - DHT11 Sensor Controller ASM (1)

SYNCH




AN A2 - DHT11 Sensor Controller ASM (2)

dht11_io
==

DATA DETECT

DATA SYNL @




IDLE START WAIT SYNCL SYNCH DATAO DATA1 STOP

Data transmission cjmpleted;

=1 | MCU Sends out DHT Sends Output Data: 3
resistor pulls up bugs voltage

Start Sigal o'ut response |
VO S e B cmmmms B c—
IGND-----+----- » ................ - P I
Pull up & :
SINGLE-BUS wait for Sensor pu‘lls
OUTPUT sensor «f W for sensor's Output Data: 1-bit “1” down bus’
. voltage
response output R
4 PO EPAPEC P& i Pp P
18ms 30us 80us 80us 30us 70us 50us

(0 1 O 11

| R 111




2= - START Timing H|2

U pulis up volt- DHT pulls up
and waits for :
—e VOItage and Lo
' Tort-s;mnsc l keeps it for
us
VOO gl -- - eeememmmcncaainaaas e By || —
I 1
GND --------==--- RENUR—A | SSE—
|

MCU sends out start signal
and pulls down voltage for
at least 18ms to let DHT11

: i 1

DHT sends out response |

SINGLE-BUS
=== signal & keeps it for 80us [

SIGNAL

0,000055000 ms

J ., UUUUUUUUY IS

-

> W i[31:0] 00000000 00000D00

o W_lick 0
> W data_reg[39:0] 000000000 0000(Q0000000000000000D000000000000000(

4 dht11_valid 0

1010101000001171110001100000000001111111

Start data
transmission

4

19,000025000 ms




24= - WAIT Timing bl

1

- =t
N

| 251 SN OUL RIS S DHT sends out response |

SINGLE-BUS d pul It f
S I ST MR SoE signal & keeps it for 80us [

SIGNAL at least 18ms to let DHT11
detect the si nal

Lines cxplan“ B ’

MCU Signal DHT Signal

U pulls up vige- DHT pulis up
| ge and waits fo e VOItage and |
| | :;cu;:s i | Start data
¢ T N R - FRHEASERERRR transmission
| 4
(e ) SERERR 4 -
|
|

29,930000 vus

20 -40us N e T

19,000,025000 us

Name Value 3,000, DU00UU 0S 19,020,000000 us

» W dht11_te...a[39: 101010100 101¢1010000011111100]
> B state_led[2:0] <

é|dht11_io | 0
> W i[31:0] 00000000

o W_lick 0

> W data_reqg[39:0] § 000000000 00000000000000000000

@ dht11_valid 0




24= - SYNCL Timing b2

MCU pulis

‘age and “aJ for
| DHT respo

| (20-40us)
VCC-------- - -
GND--------==--=- ) PSRRI
MCU sends out start signal |
SINGLE-BUS and pulls down voltage for i
SIGNAL at least 18ms to let DHT11 |

' DHT sends out response
[ signal & keeps it for 80us

1

detect the signal

tlT pulls up
Itage and g

beps it for
!us Start data
| transmission

\ ¢/

S EEYYEEL <

19,030,035000 us

Name Value

> W dht11_te...3[39:q 101010100

> W state_led[2:0] 3

00000000

o W_lick 0
> W data_reg[39:0] § 000000000

@ dht11_valid 0

-20,000000 vus

0,000000 us

19,050,000000 vus

20,000000 us

40,000000 us

60,010000 vus
80 _000000 us

19,110,035000 vus

i ST

101010100000111111000110000p000001111111

00000000

| |

000000000000000000000000000POO00O0O00O00000

80,000000 us

60,000000 us 80,000000 us




24= - SYNCH Timing |2

MCU pulls up volt- DHT pulls up

age and waits for ,
| — voltage and
| |l.‘.\'HI response | keeps it for
VCC-- YPERRT ST - - - Start data
' 1 transmission
GND - . B T e T T

MCU sends out start signal | | DHT 4 .
SINGLE-BUS and pulls down voltage for S A SO,
SIGNAL at least 18ms to let DHT11 | signal & keeps it for 80us

detect the signal

<+ 9 |80.000000 us

80us MY OOV . i -
19,190,035000 us

19,110,035000 vus

> W dht11_te...a[39:(
» W state_led[2:0]

d|dntiito _-____

> W I[31:0] 00GO0000

o W _lick
» W data_reg[39:0]
o dht11_valid




43 - DATA 0 Timing H|w

Y - S ™

Name Value

W dht11_te..3[39:Q 101010100
state led(2:0

W data_reg[39:0]
@ dht11_valid

voltage-length
means data "0"

| start to trans- QATA 0

mit 1-bit data (=

(50us)

<lll’¢llll’

50us 26 ~ 29us

19,308,035000 us

Start to transmit
next bit data

4

|29.000000 us

1 B T BEEVON Aam
19,387,035000 us

195 eeaT|
1000110000000000

L s b e led B B b e Ll Bl e e e bl




24= - DATA 1 Timing H|»

VOC--------8n-

SINGLE-BUS
SIGNAL

W dht11_te...a[39:Q 101010100
di20

70us voltage-length means 1-bit
data “l”

=== bit data

Start to transmit next

4

Start to trans-

mit 1-bit data |"
|

llll"lllllllllll’
50us 70us

19,387,035000 us m
S, 400, 000000 us g, ).000000 us

10101010000011111100011000000000019 11111

. ale | B o) .

0
W data_reg[39:0] 100000000
& dht11_valid

4
|
4
|
! |
$

10DDGObODOOODDnDDDODOD&OOOOOODOOOOODOODﬂ

56 000000 §|

19,505,035000 us
19,9 1

118,000000 us
120,000000 us




7-l

- STOP Timing H|x

Data transmission @mpleted;
resistor pulls up bulfs voltage
for next transmissig

Sensor pulls
down bus’s
voltage

FEN. =Y

23,091

Name Value 23,050, 000000 vus

[so 000000 us

23 141035000 vus

1010101000001 7 | 1111000771 0000000

o W_tick

W data_reg[39:0]
o dht11_valid

1001100000000001111110

S0,000000 us
40,000000 us ™~ 60,00000




24,010,035000 us
19,000,000000 us 20,000,000000 us 21,000,000000 us 22,000,000000 us 23,000,000000 us

Name Value
> N dht11 te3[39:Q 11111111111 R RERRRERERRRRAR AR RARRERRERRERAREAREEEE
— U T U I=:4 8y"vey\vBY'\B b"l:-b 68y Y8YYBY'YE I.:L‘.uf'l th;"'t-t'-E-"btbF'Ftnr-l

1

o dht11 _io
W i[31:0]

~F
mmjﬂrﬁrrHWﬂrrWﬂﬂrrmuﬂrWrﬂﬂﬁrrﬂﬂﬂrrﬂwﬂﬂry—ﬂﬂ

00000028

o W_lick 0

> W data_reg[39:0] l]l:||:||:n:n:uj|:||:n:|I:u:ll]...' G YL Y LYLY LYY LUYLLLY LYY YL YL YYD LY LUYLLYLUYLLYLLYLLUYLLYLL Y

20| 25 0|ZI42101 A2

Name Value 20,500,000000 us 21,000,000000 us 21,500,000000 us 22,000,000000 us

W dht11_te...a[39:Q 00000000000C I ' 0000000000000000000000000000000000000000

~ W state_led[2.0] 5 VEY S VBY S VBY S VBY S V6 55 VBV S VBY S VY S VBY S VBY S VBY S VB S YBY S YBY S YBY S YBY S VBY S VY S YBY S VBV S VBY S VB S YBY S VBY S VBV S VB S By T Vo
1 dht11_io |

> W i[31:0]

00000028

0... Yoo, voo...voo.. . voo.. . voo...voo. . . Voo, Voo, oo, . voo...yoo...voo,.. Voo, oo, ,' 00,..}00,., Y00, ,'ur: Yoo, ..Yoo., .. nrl Voo, .. Yoo, ..vYoo,,.Yo0, ]nrl oo, . .Yo0.

d w_tck I IHIIIIHIH]HIHIHIIII IJIIH]HIHIHIHIHIHI T II I| IHIHIHIHIHIHI [I IIIIHIIIIIIIJIII[H[IHHIIIIHIHIHIHIHIJIIHI Il IJIIHIHIHIHIHIHHII IJIIJIIHIHIHIHIHIIH
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22,840,035000 vus

21,000,000000 us 21,500, 000000 us 22,000,000000 us 22,500,000000 us

> N state_led[2:0]

e dht11_io

"rs F"—'I—SE“r 6 EFEE:EE;ErE.rfEErE.EfrrrfE'.Sr
> M i[31:0) 00000028 Jo0,.. %00, 00,,, Yooooooiz'yoo,,, 'L'ID.., 00, . .%/00000016 Y 00000017 00, ., Y00,,,%00,., 00, ,' 00,,,Yo0,,.Yo0,,,Y00,,.Y0 .. Yoo, .. Yooooo023 ' 00, r_‘uj,“' 00000026 /00, ., Y0000,

I dht‘l1_1&...3[39:['1[]11(](]{]11(]I - l 0110001100000000001 000110000000010010010
. T W_ [r [ I I B | M
d w_tick HII]IIIIIHIIIHIIIIIH'III|HI|HIIIHIHI]IHHIJIHIIIIIHII IHIHIIIIIHI I}IIIIIIHIIIIIHIIII]IIHIHIIIHIIIIIII'IIIHIIIIIIIIIIIHHIIIHIIIHIIIIIIIH]IIHIIIHIIIIIHIIIHIIIIIHIIHIHI|IH|IIIIHIIIIIHIIIHlIII

— —L . — | I — . ] . [ . I . [ . . | .  I— ] . I '. . . _l
W data_reg[39:0] {]111]4]1]111] 110001 100000000000000000 _' 1'I'|1IIl]l:ﬂ'il:llIIII:II'IIII'I[IIII'I'II'IIII:IDIIl'l ) ||1‘||| 07710007 100000000007 10007 10000000000000000 0110001 100000000001 , ,' |'|11E|||I‘|11||I:|CI|||‘|l:|||||l:||'|1 _' ||'|'||'|I‘|I:|*|1Ijl:|

22,762,035000 vs

value T N R T 20,000,000000 us  ,21,000,000000 us 22,000, 000000 us

» N dht11_te..3[39:@ 001101110
> W state_led[2:0]
o dht11_io

W i[31:0]

mr HHHHHW ﬂﬂrrrﬂrﬂr

00000028
0

o W_lick

001101110

» W data_reg[39:0)

I.. dht11_valid .Io I

0...Y..%oo,. .. ... 0011011100000000000000000000. . . ). . /D011011100000000000110000000000. . .%'00110111000000. , .

ChecksumO| 2ELUX|SI=AHL
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0 s 1 I
: RH:64% T:30C
Send : RH:63% T:30C
R ' RH:62% T:30C ,
RH:62% T:30C =
k RH:61% T:30C =3 e
L™ RH:61% T:30C e
] RH:61% T:30C §’
RH:61% T:30C =
RH:65% T:30C
J . J . J
%20} 7|5 Real Time 5% 715 . ecyasoNcYAl|S
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HO = 7ts5HA st &L Ct. LI5+0] JEjUE SEHOIEE
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2% - Trouble shooting, Debugging @
\ f—(a) KEYWORD 9)
N ES
---------------------------- A
ato ﬂut XA %HE”IIE& cl2lo] MIMZ | S0)= =7A
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V ....... "> sous EfO|QS XE5 oxo] 282
~ & =
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(3 TS A|H FAD
SW — Mode Change

© SEXILNX

A0 el = X Q= SW AI0}= x
foo »'i’ § el - 48 S—— i

A =iy . y DHT11_Sensor : SW3 [mode 3]
SR04_Sensor : SW2 [mode 2]

StopWatch : SW1 [mode 1]

Watch : SWO [mode 0]




2mME Qof
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r—(ca

2|AA AMR

gk
gt
\‘;’/

( On-Chip Power )
| Dynamic: 0058 W
45% i ]
| 10% | Clocks:  0.003W
1% Signals:  0.006 W
739% Logic: 0.006 W
55% 1/O: 0.042'W
Device Static: 0.072W
( sta )
Item Value
Worst Setup Time 2.139 ns
Worst Hole Time 0.137 ns

Resource Available Utilization Utilization (%)
LUT 20800 867 4.17 %
LUTRAM 9600 16 0.17 %

FF 41600 527 1.27 %
BUFG 32 1 3.13%
~(o o U g ey a
Item Value

Total On-Chip Power 0.13W
Junction Temperature M 25.6 &
Thermal Margin &M 59.4 & (11.8W)
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