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ABSTRACT

This project is a model for creating a small or large size humidity control chamber. It can
reduce the ¢ost to purchase temperature and humidity controllers from abroad.

The humidity controller consists of a controller and a regulator. The control part uses a
Microcontroller (MCS-51) for processing humidity values from an IC measuring temperature and
humidity no.SHT15 and displays results on a LCD. In controlling the operation of the original
humidity, a DC source of electricity is used to power a Peltier by using an aluminum control
panel on cool plate to catch the humidity in the chamber. It can control the target value of

humidity from 10 to 90 %RIH.
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iuweinsiedugamgiinazanuy SHT-15

si o ¢ o = A
3 0.1 Buresas et ugunglinaza Ay SHT-15

RN
oy di’ :l.r [ Pd .Y ar o o
- garngiiuazauBunda ldanuduiusiiu
1 o ey
- °lﬁmm11wgmi'flummaa
= = S 9 9
- mﬁnﬂ'jmwmmmﬂ‘mmmu
L1 ] d a
- ludessaginsaliaSuniousn
- Aundsnu iddhdn
= o @ ar
- HUUTRALEGD ASNATH
- Dew point

- Fu_]l)_( calibrate

e
|
|

=t o  a  da

d R ' ~ A 4 g
SHT-15 1i/u chip R8T NUANVTUAUTNIUITZHIQUNHUUALANUFY 9411

E
o ar =i I=)

A7 sensor Nlsznoudisgilnsoimsiannuiutazguuginuaaswalussuu digital

. . = a 1 ar  ar . . A o EIN
o Tamih application 484 CMOS #1¥1191U5 208167 micro machining GadlfRaa
indedoguiledelfenuilunam Tavhdd SHT-15 UszneudvgilnsalnGont
. . 4 o v d g Y A g o~ . - {
capacitive polymer sensing msﬂum‘nmﬂmmmmm%uuﬁsqmﬂgu A4 device AT
iiludaconverter 110 analog 15114 digital LU 14bit tazA9esMETudDf Uz Ly

A o q 9 " o gad 4 a 1
ﬂl}!ﬂiu ‘?]Nﬂﬂﬂﬁmﬁﬂ?ﬂﬂmﬂTWﬁJ@Qﬁiyimm]lﬂﬂﬂwu 3Jﬂ1§'§v‘]’é)‘l_lt’;1'uﬂ\3ﬁa]"m!.’m'l1’|
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) t ar A o
saaiia waz T hdedygusuniu Fawa sHT-15 greonuuunIiivinadnuay

y Aundanuvdd
SHm
- - T T T - T qKf 5 | _ T
: o GND 1[°
—, B0R | TDATA 2
= SCK_3
o—#YDD_4(
2.4-5.5v
T :
- - - - —guﬂ‘ﬂﬂ'_PlrrL’HO‘ut - —
1, Pin Assignment

131 M1 Pin Description

Pin_ [Name.: :[Comment =~
1 |GND Ground
2 |DATA Serial data, bidireclional

3 [8CK Serial clock, input

4 |VDD  |Supply24-55V _
NC Remaining pins must be left unconnected

2. MAVAITIUD9 SHT15 (Command Sequence)

2.1 Transmission Start

DATA L {

SCK \

31|ﬁ 0.3 Transmission start sequence

o 4 y
dnuazieu lvvesdyanadidnyuniy

-Data lavunin 160 ¥ amg sck grusn i 1

-Datafdvuninodfu 1 4 vazh sk ganz2 i1
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2.2 Connection reset sequence

- pATA \_F

bmissionStart

g‘ljﬁ 0.4 Connection reset sequence

- lienamsanaonuginsal THae SCK Ted19rios 9 gn 4z Data 11y 1

L!.ﬁ”JFITN ?Rl”JEJ Transmission Start

2.3 I/O Characteristics

SCK

DATA

1914 0.2

| VDD < 4.5V
TRFO DATA fall time ‘Output load 5 pF 3.5
: " __‘Output load 100 pF 30 40

—[min T

SCK frequancy.

TCLH_ Sk hahame

,;TCLL SCK low tme - 160 " ns
TV DATA valid from 80 | ins
éTHOI Qutput hold time : ' ] ns

TR/TF éCK_r_ise/falI time




42

3, NUAZIBUAYBIMTS

AR
- - MIN 0.3 List of Command _— e

. command . Code ____‘Describtion__ _ _ _
Reserved 0000x__-Reserved - - -
ﬁeasure Temperalure - ¢ ooon ‘Temperalure measurement o
Measure Humidity 00101 ?Humtdi_l_y__rr_lia_sisﬁ;ément - T
Slalus Reg}ﬁé?ﬁeﬂd Coommnm ;RBﬂd_ﬂEC_E“S_S_t_;J the status register (see appllcallun nule)

T T T T T T T T “Silaws heiéfsﬁiriwme — 00110 ‘Write access lo lhe status register (see ﬁppllC&llDr-l. n_ule) T
Reserveaﬁﬁr 0101x- %ﬁe_sérved
1110x |
- ——Softresel ———— -”----H1*1-’)—rresetsﬁhe-cl}lp—clears-lhe—stalusmglsterto—defaultvaIues————'

_ ‘ ‘wait 11ms betore next command _

3.1 migdeyaniniduiaed

ﬂg’ﬂﬁ’lﬁdﬂ izﬂﬂ‘uﬁ”]ﬂ Transmission Start + Address + Command

Tae Address = 000 3 + Command 5 bit

wail for dala ready

NARERE IIHIII TTTITT T III(IH
m 4 23 K4
OO0 I8 O MYE B PR e Py |8
Adr GCommand

31 0.6 M3 sudatoya

! r T
3.2 MIBIUMYUNGIAEANNTUTUNNT (Measurement sequence T and RH)
ar L] é ] I é
dedrudio Tulng4 A94n15910A1 Humidity 310 sensor @43 address = 000

T 1 »
waz M = 00101 vlgadideasdl

Keasuremert
Transmission Slart Address- 000" Cummand-‘oom‘: = 55ms [or 12 bit
e _ : . . o I] = 11ms for 8 bit
DATA ] A= Nold = SHT1X contro's DATA signal
PD Normal = uC controfs DATA Ene
8CK

-ﬂ' o o ] ¥
sl 0.7 Sauasdyonalunissiudesyan Sensor
g U a

iila Sensor NS WMTIUA92 89 acknowledge (ACK) A18157991 Data a9

1 o adufin)
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Skip ackrwiedge bo end corsmunicaion
A the censcr pulls down e DATA ({08 CRC 16 nesded)
phmammﬂlsreadjhrm 12 bit humidity data ‘

DATA \

Wait for dala
" "Ready - !

_SCK

M5B LERB
1 P 4 5 B 7 8 3 10 1 12 13 14 15 B 47| 18

o

31 0.8 SnwazdygulunisemdoyaT/H 2 byte 110 Sensor

- Bnﬁﬂlfl\‘l_temperature__iﬁjll:lﬂ 14b1t_l.1ﬁu_hum1d1ty_1l"Ull’lﬂ_llbxt (@123

Lﬂ’ﬂ'ﬂﬂ"iﬁ[ﬂﬂ [ZTGE S it A0 sfatus register.)

- Wo'lA%Y acknowledge uda 1% luTnsa sednagilszuar >210 ms Hold

Sensor W§o uA Tedadyaa SCK ae 11Jdn 2 byte dmSnsudoya uaz 1 bye dmiy doya
ATIVADY AWHANA1A (CRC)

nndrediszamsasiudoya 12 bit ¥o9 Humidity (4 bit usnilu 0 wue)
‘18313 0000 1001 0011 0001=2353 (dec)=75.79%RH

de'lAeyansuudinindeens CRC 18noy acknowledge 2280159991 Data

¥ ¥
audlu o i lideemspimdunond v

3.3 n13gmveyaifionsdoaeudeRanain (CRC)

CRC-6 Checksum Wit for next measurement

SHT lxrehensto
skep

31 n.9 dhvazdyanalunisemdeyn CRCS 1byte 990 Sensor

- dladRyey 9 SCK sio 18N 1 byte (8 bit) d w3y Jaya CRC
» ]
- mndugansaanon lApmnY Acknowledge Uans1¥ Data iilu 1 13 1o
W1 SCK gnh 9

- mndesmstudoyase 1%AoY Acknowledge #28m15A441 Data aviu 0
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1919 0.4 A151HIA d1, d2 VWA 14 bit, 12 bit NTIAY 5 bag 3V

Celsius Fahrenheit
o SoT a1 a2 d1 dz
— oL 14bitSV. [ 40 | 001 | =40 [ 0018 | _
12bit 5V -40 0.04 -40 0.072
L 14bit3V | -384 | 0.0098 | -371 0.0176 e
12bit 3V -38.4 | 0.0392 =371 0.0704

FanTInlaaneyn digital

4y ital (e & v
ﬂ”lﬁlﬂfltluﬂjﬁlyﬁ Digital 11 U8y temperature Wi ANU03991 A temperature 9

[

fisnwaniuSaduansedwon1dlnoldges

Temperature = d, +d, * SO, (v.1)
({18 SOT = Serial Output Temperature d1, d2 iy ArnsFudu iwududoya
digital Y4914 bit 14 SOT =011010 111111118 = 06911 dec ALUTIAY 5 V [iT0AINITOIUA

({uearn Celsius 9% 14A1 d1=-40, d2 = 0.01 HANTTAIUIY temperature = 29.11C

] k4
msalaeudoya Digital 1Wudoya humidity 111 Arvesdioya humidity vzl
SnvasiluFaduaunsodmon1dlaoldgas

2
RHlinear 7 Cl + CZ % ORH +C3 , SORH (su‘z)

(10 RH = Serial Output humidity LANT Linear Uaz €y, €, , Cy dantu

c,=—4 ¢,=0.0405 ¢;=-28%10"° wor1mitSOp;  (13)
e =—4 ¢,=0648 ¢, =-72%10" ForspitSOy  @4)

18’14 A1 RH-linear 4y Temperature HA2 1171 RH true Taoldgns

RH,, =T —25)e(t+1, SO0y, )+RH, (v.5)

true THeqr

t, =0.01;¢£, = 0.00008 , t,=0.00128  For 8bit SO, (v.6)
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wusudon Digital Yu1A 12 bit 1A RH-linear = 0110 111111118 =1791 dec
TIN5 V 9AT Te = 29.11C (3INAN Temperature)  (ilod0IN1TMIAT

humidity 3% 1Af1 ¢1= -4, ¢2 = 0.0405, ¢3 = -0.0000028

_____#am3IAMIUAT Humidity = 60.18% __
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iwaifierd (Peltier)
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ssANEnTnveunaies

L L _maalyszAninmwesawadies.

Hot Side Temperature (°C) 25°C 50°C
- | Qmax(Waws) | 8 | 96 -
Delta Tmax (°C) 66 75
Imax (Amps) 10.5 10.5
Vmax (Volis) 152 17.4
L)
Module Resistance (Ohms) 1.05 1.24
Performance curves
Th=25TC viv) Th=50T Viv)
== TOAT ] 18.0 ey 18.0
== 14.0 __—| T . 16.0
e e 120 | P L [ |
eA——+—1— 10,0 — e T 120
-1 4A | 8o 1Al | ‘ 90
8.0 = .5
< | oA LA 40 doaf | | -
- 1] 8¢
0.0
0 70 80 50 40 30 20 10 0 50 70 60 50 40 30 20 10 0O
Delta T{C) Della T{T)
| Cow) Qotw}
3 120 - 120
100 — 100
/] 1A/
—4 B0 e TNy
s g4l
A 60 14 60
A Y aPd
7// 4 ra B % }Av/ ' 40
/////'y// 20 /414 /45;2/ 20
XA, XA |
BO 70 60 S50 40 30 20 0 O 80 70 60 50 40 30 20 10 0
Delta T({C) Dalta T{C)

31 a1 navhlszdnTamvsuwadios



AWG 16 TEFLON ~

47

/L= 150MM

() BLAC

a d
AT A2 YUIAUBILARNE T

A

B

-

40

40

33

jU a2 Tnseadrveumaiiod

Ceramic Material: Alumina (A1203)

Solder Construction: 138°C, Bismuth Tin (BiSn)

Operating Tips

® Max. Operating Temperature: 138,C

®. Do not exceed Imax or Vmax when operating module.

Please consult HB for moistureprotection options (seeling).

Life expectancy: 200,000 hours

Failure rate based on long time testings: 0.2%.

—— o
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NAKNUIN 9

Tetalsunsa

CPU"8051.TBL"
HOF"INT8"

INCL"HEADS1.H"

sda: equ p3.0
sck: equ pl.0

sw_set: equ p3.5
sSw_up: equ p3.4

sw_down:equ p3.2

PORT LCD: EQU Pl ;Port data to LCD
RS LCD: EQU Pl.l ;RS select
E LCD: EQU P13 ;Enable LCD
RW_LCD: EQU Pl2 ;R/W select
RELAY: EQU P37 :Relay

N - .
;Bit define
nuhif' equ Q0
temp sign: equ a_bit
meas_sel: equ a_bit+1
[2C ACKNOW: EQU a_bit+2
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y ;Internal RAM define
e aram: equ _ 30h _ __ _
leadd: EQU a ram
leadl: EQU a ram+l
 lead2: equ  amamt2 B B o
—_— . leadd: equ aramt3 S —
multid:—EQU—a—ram+4
multil: EQU a ram+5
resultd: EQU a ram+6
LY resultl: EQU  a _ramt7
result2: EQU  a_ram+8
result3: EQU  a ramt+9
xleadO: EQU a ramt+10
xleadl: EQU a ramtll
xlead2: EQU a ram+12
xlead3: EQU a ram+13
xlead4: EQU a ram+14
xlead5: EQU a ram+15
xmultiQ; EQU a ram+16
. xmultil: EQUI a_ram+17.
- xresult(: EQU a_ram+18
xresultl: EQU a ram+19
xresult2: EQU a ram+20
xresult3: EQU a ramt2l
xresultd: EQU a ram+22
xresults: EQU a ram+23
rhlin 0: equ a ram+24
rhlin 1: equ a_ram+25
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rhlinl 0: equ ' a_ram+26

Y rhlinl 1: equ  a_ramt27
rhlin2 0: equ a_ramt+28

e e _thlin2_1: equ.___aramt29 — S -
rhtrue0: equ a_ram+30Q
- thwueliequ arams3t B

— rhtuel 0:  _equ avamtd2 _
rhtruet—1- equ a—ram+33
rhtrue?2 (: equ a ram+34
rhtrue2 1: equ a_ramt35

Y rhtrue3 (0: equ  a ramt36
rhtrue3 1: equ a ram+37
rhtrued 0: equ a ram+38
rhirued 1: equ a_ram+39
sorh0O: equ a_ram+40
sorhl: equ a ram+4l
temp _0: equ a ram+42
teﬁpml : equ a ram+43
tempt O: equ  a_ram+d4

¥ i B templ_1: equ a_ram+45
sotl: equ a_ram+46
sotl: equ a_ram+47
bedO: equ a_ram+48
bedl: equ a_ram+49
hex_m: equ a_ram+50
dspbufl: equ a_ram+51



dspbufl: equ a ram+52

dspbuf2: equ a ram+53

L

— e tempshow0: _ _equ A ram+S$4 .

tempshowl: equ a_ram+55
tempshow2: equ a_ram+56
- _ thshow0:  equ aram¥57 0
rhshowt: equ a_ram+58
rhshow2: equ 'a_ram+59
i rhmin(Q: equ a ram+60
rhminl: equ a ram+o6l
rhmax0: equ a ramt62
rhmax]1: equ a ram+63
rh_minset: equ a_ram+64
rh_maxset: equ a_ram+o65

12C_ ADDR:  EQU a ram+66
2C_DATA:  EQU  a ram+67
TEMP RAM: EQU a ram+68
DATA BUF: EQU a ram+69
il ) ) ~ EEP_ADR_D: EQU a_ramt70

meas_lemp: equ 00000011b  ;measure temp code = 03h

meas_humi: equ 00000101b  ;measure humi code = 05h

EEP ADR_W: EQU (QAQH ;1010xxx0B is code eeprom wr

EEP ADR_R: EQU 0AIH ;1010xxx1B is code eeprom rd



EEP AD min;: EQU 10h

eep ad max: equ 26h

sk sk o s ke o k3 o ok o 3 e ok g ok e sk sk s sk o ko ok ok ok s ok ok sk sk ok s ok ke s oOR ok sk 0B ok oK o oK s sk sk ok ok o e ok
. 2 . . . .

52

ORG  0000h
- MAN: o vy -
e mov_bg®
mov—ri#a—ram
clr_ram: mov  @r0,#00

inc 10

o djinz  b,clr_ram
;Ehu‘ﬁﬂl‘l]ﬂiﬂﬂ egprom
mov  a,#EEP_AD_ min
lcall ~ rd eeprom
mov  rh_minset,data_buf
mov  a,feep_ad max
leall  rd eeprom
mov  rh maxset,data_buf

N . . T
CLR RW_LCD
CLR E ICD ;Disable LCD
MOV R2 #0ffH ;Power-on delay

PWR DLY: MOV  R3#0FFH

DINZ R38
DINZ R2,PWR DLY

o

LCALL DELAY
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LCALL INIT L.CD  ;Initial LCD 4 bit 16X1
;1st message

O LOOP LCD: MOV A4 ) :1st location of line 1

—LCAlL _¢oroi1en

LCALL PRINT LCD
DFB  "Humi" ;Message on line-1
o _—B}g _00;_1_ el
_ MOV __A#40H ____ ;2st location of line 2 _
LCALEL GOTO_LECH
LCALL PRINT LCD
DEB  "dity" ;Message on line-2
DFB  00H

mov  17,#250
lecali  delay_10ms
mov  17,#250

Icall ~ delay 10ms

loop_meas: leall shtl5 con rst

lcall  shtl5 meas  ;0IAINIGIADIN SHTILS

lcall  temp convt ;L‘]Jﬁﬂu temp Nﬁﬂtﬁu temp l,temp 0
lcall  rh convt aaey rh Naag”l.u rhiruel rhitueQ
clr c

mov  a,yh_maxset
subb  a,rhtruel

jc onrelay

clr c

mov____arh minset

subb  a,rhtruel
jne onrelay
clr relay
simp  wwww

onrelay:setb  relay



WWWW! mov  hex m,temp 1 ;Lﬂﬁﬂu temp MIVHE LCD
lcall  bin2bcd
“lcall  bed2asc,
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oy _tempshowQdspbuf_

mov  tempshowl,dspbufl

mov  tempshow?2,dspbuf2

_ moy _ hex mrhtrue] 180U th ﬁT_I"ISﬁJ_ﬂ"Q L.CD

fealt—bin2bed
leall  bed2asc
mov  rhshow0,dspbuf0
mov  rhshowl,dspbufl
mov  rhshow2,dspbuf2

leall norshow

clr ¢

JNB  SW_set;swset chk

sjmp coce

swset chk: mov  17,#]
ICALL delay_10ms
B SW_set;ccce

Icall  set rh

ceee: limp  loop meas

simp 3
'

o

S L o B B o S S S o

AT LT T

3



; Pl'ogram-read data from EEPROM
VP
;O/P:

3

; Reg :-RO,R2

RD _EEPROM: MOV 12C ADDR#EEP ADR W

ACALL I2C TX ADDR ; Connect to slave

MOV 12C DATA,a
ACALLI2C TX DATA

MOV I2C ADDR#EEP ADR R

ACALL IZC TX ADDR ; Connect to slave

MOV RO#DATA BUF ;“ngJ agaaéiu data buf

ACALL 12C_RX_DATA

SETB SDA
ACALLIZC DELAY
ACALLI2ZC CLK
ACALL I2C_STOP
RET

; [2C Slave Data Read
;1P

; O/P

; Reg :A\R3

3

[2C_RX DATA: PUSH A
CLR A

MOV  R3,#08H

; EEPROM ADD. Pointer

55



[2C DATA RD 1: ACALL [2C_DELAY
i SETB SCk
ACALLIZC DELAY

56

R ———— Moy CcSpA -

RLC A
CLR SCk

DINZ R3,12C_DATA_RD 1
MOV__@ROA.__

POP—A

—

; Program write data to EEPROM
(I/P

;O

WR EEPROM: MOV  I2C_ADDR #EEP ADR W

ACALL I2C TX ADDR ; Connect to slave
MOV I2C DATAA : EEPROM ADD. Pointer
ACALL [2C TX DATA

MOV  RO#DATA BUF
MOV  12C_DATA,@RO
ACALL I2C TX DATA

ACALL [2C_STOP

RET
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; 12C Slave Address Connect

1P

12C_TX_ADDR: PUSH A
_SETB_ 12C ACKNOW_

——

MOV—2A;12€—ADPR
ACALL 12C_START
MOV R3,#08H

I2C SLAVE I: RLC A
MOV  SDAC
ACALL I2C CLK
DINZ R3,12C SLAVE 1

SETB SDA ;Acknowledge bit
ACALL 12C DELAY
SETB SCk
ACALL I2C DELAY
JB  SDA,I2C SLAVE 2
CLR I12C_ ACKNOW
I2C_SLAVE_2: CLR SCk
POP A
RET




I2C_TX_DATA: PUSH A
SETB I12C_ACKNOW

MOV AJI2C DATA |

58

- MQY __R3#08H.-

12C_DATA_WR_1: RLC A
MOV  SDAC

ACALL I2C CLK

DINZ _R3,J2C_DATA_WR_]

y

-l

ACALL I2C_DELAY
SETB  SCk
ACALL 12C DELAY
JB  SDA,I2C_DATA_WR_2
CLR 12C_ACKNOW
12C_DATA WR_2: CLR  SCK
POP A
RET

; 12C Start Condition
/P

O/P:

;Reg:

[2C_START: SETB SCK

SETB SDA
ACATI [2C DELAY
CLR  SDA
ACALL 12C_DELAY
CLR  SCK

RET



: [2C Stop Condition
s /P

59

SO,

; Reg:

2C_STOP:  CLR

SDA

ACALL _12C DELAY
SETB SCk
ACALL 12C DELAY
SETB SDA
RET
; 12C Clock
(1P
O
; Reg :
I2C CLK: ACALL [2C_DELAY
SETB SCK
ACALL 12C DELAY
CLR SCK
RET
; 12C Delay
1P
; O/P :
;Reg : Ré
12C DELAY: MOV R6,#0CH



I2C_ DELAY 1: NOP
a NOP
DINZ R6,2C_DELAY 1

60

sebrh—min

set th: clr relay

y lcall ~ showsetmin

jnb sw_set,§ /T

sel_rhminl; jnb sw_up,rhmin_up
jnb sw_down,rhmin down
JNB  SW_sel,set_rhmax

sjmp  set_rhminl

rhmin_up: mov  r7#l1
Icall  delay 10ms
jb sw_up,set_rthminl
MOV R4,h _minset
CINE R4,#99,INC rhmin
sIMP NOmin UP

INC_rhmin: INC  rh minset

NOmin UP:  ICALL showsetmin

SIMP  set rhminl



rhmin down: mov  r7,#1
Icall  delay 10ms

jb sw_down,set_rhminl

61

- e — e~ e MONV_R4gh-minsetr————————

CINE R4,#00,dec_rhmin

sJMP  NOmin_down

dec rhmin: dec th minset

NOmin downr  ICALL showsetmin

SIMP  set rhminl

set rhmax: mov  17,#1
Icall  delay 10ms
jb sw_set,set rhminl

teall showsetimax

jnb sw set,$

set rhmaxl:  jnb sw_up,thmax_up
jnb sw_down,rhmax_down
JNB  SW set,saveset

simp  set rhmaxl

rhmax_up: mov  17,#]

jb sw_up,set_rhmaxl
MOV  R4,;h maxset
CINE R4,#99,INC rhmax
sJIMP  NOmax_ UP

INC rhmax: INC  rh maxset



it

NOmax_UP: 1CALL showsetmax

62

rhmax_down: mov  17,#]1

Icall  delay 10ms

_jb sw down,set rhmaxl

MOV—DR4rhmaxset
CINE R4#00,dec rhmax
sIMP  NOmax_down

dec_rhmax: dec th maxset
NOmax down: ICALL showsetmax
SIMP  set_thmaxl

saveset: mov  17,#1
Icall  delay lOms

jb sw_set,set rhmaxl

mov  r7,#200
saveDELAY: MOV TMOD#OLI ;TO to timer model DELAY 10mS
MOV THO#0DCH
MOV  TLO#0BFH
SETB TRO

fi: ib sw_set.set rhmaxl

INB  TFOjiij
CLR  TRO
CLR  TFO

DINZ R7,saveDELAY



mov  a#EEP AD min

63

LCALL WR_INS

;Clear display,Set DD RAM addr=0

¢ )\ mov  data buf;rh minset
i lcall  wr eeprom
mov  t7,#20
Icall  delay 10ms
_ - mov afecpadmax _ __
mev——data—bufirh—mexset
lcall ~ wr_eeprom
» lcall  norshow
jnb sw set,$
RET
;*************$**************
; Normal show temp. § %RH
;*****************************
. norshow: MOV  A#OIH iClear display

MOV A#) :1st location of line 1
LCALL GOTO LCD

LCALL PRINT LCD

DFB "T=" :Message on line-1
:DFB  0dfh

DFB  00H

MOV  A#4CH. ;2st location of line 2



LCALL GOTO LCD

64

_mov___atempshow?2

LCALL PRINT LCD

DFB " RH=" ;Message on line-2
_DFB _ Q0H - -

MOV  A,#03h ;I temp on led
LCALL  GOoTO LcD

efne—a;#3 0h;nextshow

sjmp  nextshowl

nextshow: leall — wr_led
C nextshowl: mov  a,tempshowl
cjne a,#30h,nextshow2
simp  nextshow3
nextshow?2: leall  wr led
nextshow3: mov  atempshow0
leall  wr led
mov  a,#0dfh
lcall  wr_led
MOV A #44h ;LA temp on led
LCALL GOTO_1.CD
h ) smov  a,rhshow?
| deall  wr led
mov  a,rhshowl
cjne a,#30h,nextshow4
simp _ nextshow$5
nextshowd: _ leall  wr led
nextshows: mov  a,thshow(

lcall  wr led .
mov  a,#25h

leall — wr led



mov  7,#250

65

eall delay_10ms__

mov  r7,#250

Icall  delay 10ms

_ret

REEEL I ELE LI LSRR E )
3

; Show set min

oo o g sk ok s ok o ook o ok o sk sk sk ok ok sk ok ok sk ok ok
3

showsetmin: mov  hex m,zh minset ;Lﬂéﬂu temp §IM5UHe LCD
lcall  bin2bed
leall ~ bed2ase
mov  rthmin0,dspbuf0

mov  rhminl,dspbufl

MOV AROH  ;Clear display
LCALL WR_INS  ;Clear display,Set DD RAM addr=0

MOV  A#0 ;1st location of line 1
LCALL GOTO_LCD

LCALL PRINT_LCD

DFB__ "Set: Low" :Message on line-1
DFB  00H

MOV A #40H ;2st location of line 2
LCALL GOTO LCD

LCALL PRINT LCD

DFB " RH=" ;Message on line-2
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DFB 00H
e e MON—_A#A4h  UdRdsetmincthoonled
LCALL GOTO LCD
;mov  a,rhshow2
leall  wr led

_mov _ aghminl___

cife 7,30, dddshowd
‘ simp  dddshows
dddshow4: Icall — wr led
Y dddshow5: mov  a,rhminQ
leall  wr led
mov  a,f#25h
leall  wr_led
mov  7,#50
Icall  delay 10ms
ret

ok ook ok R ok ok ok ok sokok ok ok kok ok
;)

: Show set max

« 5 ok ok 2K ok ok ok ok o K i K ok ok ok i ok okl ko SRk ok kR
)

showsetmax: mov  hex m,rh maxset ;Lﬂﬁﬂu temp F115" Ve LCD
leall  bin2bed
leall bed2asc
mov  rhmax0,dspbuf0
mov  rhmax],dspbufl
MOV  A#0IH ;Clear display

LCALL WR_INS ;Clear display,Set DD RAM addr=0
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MOV  A#0 11st location of line 1
L LCALL GOTO _LCD
. LCALL . PRINT_LCD

———eereeee e e RDEB - "SetHigh® . Messageonline-l

DFB  00H
MOV A #40H ;2st location of line 2
o ____IE\L_L_ go%a_Lc_]) B
- 1CALL PRINT_ICD _ —
DFB— “RHE="Message on line-2
DFB  00H
3 MOV A #44h HETAN set min th on led
LCALL GOTO _I.CD

;mov  arhshow?2

sleall  wr led

mov  arhmax]

¢jne a,#30h,eceshowd

simp  eeeshow5
eceshowd: Icall  wr led
eceshow5: mov a,rhmax0

lcall  wr_lcd

mov  a#25h

Icall  wr lcd

mov 7 #50

lcall  delay 10ms

ret

REEEEE L EL LS PSR E s E L 2]
H

. MIBUTOYAIN SHTIS

- 3 3 ok e e vk ok s ok ko ko ke e s ok ok sk o o ke sk ok ek sk sk skok sk skokek b ok
s

shtl5 meas: clr meas_sel ;0 temp



Icall  shtl5 rd meas

mov | 7,#30 .

_lcall dpln\}__]nmq

lcall  shtl5 con rst

meas_sel.

e

leall—slwt5_7d_meas

+ 3 s o ol sk s ook ok ol o ok ok R e K ok ok ok sk ok ok ok Kok ok ok ook K Ok sk Ok ok ko ok ok ok ok ik ok ok ok ok ok ok kokokok
H

; SHT1S5 connection reset

« ok e 3 ok A ok ok ke ok ok ok sk ok ok ok ok o ok e ok ok ok ok ok ok ok sk ok sk ok ok s sk s sk ok ol s sie sk ok sl ok Rk sk Rk R kR ek R R R R
s

shtl5 con rst; setb sda

clr sck
mov  b#0%
con_1st_1: setb  sck

lcall  shtl5 wait

cle sck

leall  shtl5 wait
dinz  b,con rst 1
lcall  shtl5 trans st

ret

ok e ok ok ok sk ok ok sk ok S ok ok o koo ke sk ook sk kook sk ok sk sk sk sk sk sk skeok ok ke ke sk s s ok ok ok Rk Ok kR sk oKk SRk
T

: SHT15 transmission start
» e e 2k vk s e ok s s ofe e sk ke ok sk sk i sk sk sk ok o sk ol ol ke o sl sk ook S s sk ok ok ke ok ok ok ok ok skok ok ckokok koo ck sk sk sk
?
shtl5_trans st: seth  sda
clr sck

lcall  shtl5_wait
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REEEEELSE SRS EEL S E S SRR RS R R RS 220
3

3 SHT15 wait

» 3 3 3 o s ke S o sk sk S s ke S sk sk sk sk sk e sk ke sk sk sk ok sk sk S ok e s ok ok ok S S ok s ok Sk S ok ik Ok ok K
3

shtl5_wait: push
mov

shtl5 wait 1: nop
djnz
pop

ret

= S sk s o S kR e e e ok ook sk o sk ok e s ke e ke ok e sk ok ok kR ok ok R OkoR SRR ok ok ook
3

; SHT15 write command

LIS LSRRI SRS ELL LSRR T
3

setb  sck
i lcall ~ shtlS wait
ce  sda
_ _ L o leall  shtls _wait
clr sck
Icall  shtl5 wait
N Cseb  sck
e — __ _ lcall _ shtl5_wait
setb—=sda
lcall  shtl5 wait
clr sck
) ret

b
b,#08

b,shtl5 wait 1
b

sht15 wr emd: mov b #08h
shtl5 wremd l:rle a
mov  sda,c
nop
nop
setb  sck
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lcall  shtl5 wait
v clr sck

dinz  b,shtl5 wremd 1

| S . - _
setb sck
Icall  shtlS wait
S o sk - '
_ret

o 3 sk ok s ok ok sk ok sk kok Sk ook sk ook sk sk ok kosk ok sk sk sk sk sk ok sk e sk sk e ok ok S e Sk sk e e R e ok e ok ok ke kKK
H

s SHT1S read command
} ;**********************************************************
shtl5 rd cmnd: ;setb  sda
mov  b,#08h
shtl5 rdemd 1:setb  sck
nop
nop
mov  ¢,sda
tle a
clr sck
nop
nop
; dinz  b,shtl5_rdemd_1
clr sda
setb sck

lcall  shtl5 wait

clr sck

ret

- S 3 e e o sk e e e ook sk sk ke s oo ok ke ek o o e s ol o e o o s ook st ok e ol skl ok s ke e ok kel R o ok ok R kR s kR
>

; Read measure temp. & humidity from SHT15

- oo e e vk o kR ok ok o ok ok sk ke s ok o ke sk ok R ok S ok ok S ok ok kR s sk ok ok R ko s R R R ok R kR ROk R
>



shtl5 rd_meas: lcall

ib

mov

sht15 trans st

meas_sel,rd meas rh

_a,#meas_temp

71

__lcall__

shtlS we_ecmd

mov

leall

lcall

MoV __

r7,#30

delay 10ms

shtl5 rd_cmd

_sotla

rd _meas rh:

stop rd meas:

= s o o o o ok sk o ke ke ok sk sk sk sk oR skekoR ok R kR ok R ok ok oR okl Kok R ok
1

; Delay 10 mS
;I/P I R7

: Q/P : Noneg

tealt
setb
mov
sjmp
mov
Icali
mov
lcall
Icall
mov
leall
setb
mov

ret

shtt5—rd—cnmd
sda

sot,a

stop_rd _meas
a,fmeas_humi
shtl5 wr cmd
r7,#15

delay 10ms
shtl5_rd cmd
sorhl,a
shtl5 rd cmd
sda

sorh0,a

; Reg. : None

= 3¢ sk ok sk ok ok ok ok ok Sk e sk ok ke ok sk ke ok oR e ok ok e ok o sk ok ok o ok sk sk sk ook ko ok kok ok ok ok kR ko R ok
L]

DELay 10mS: MOV TMOD#OIH ;T0 to timer model

MOV

MOV

THOH#ODCH

TLO,#0BFH
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SETB TRO
A WAIT10mS: INB  TFO,WAIT10mS
CLR TRO
———— — R TEG _

DINZ R7DELay 10mS
RET

= 3¢ e ke s 3k s s e o o sk ok ol ske sk ol ke sk 3 sk ok ok ke sk ol ke ok sk ok ok sk ke s ok sk ok sk ok ok ok ok ok ok ok ok ok ok ok ok sk ok o ok ok ke sk ok

——————————vonvert TEMP.of SHTt5outputto Physicat values

wo ok sk ok ok ko sk ok ok ok sk ok Rk sk ok sk ok ok ok ok ok ok Aok sk ok ok ok skokok ok ok ko R kR ok
3

temp_convt: clr temp_sign
bl mov  lead0,#0f5h ;d2
mov  leadl,#28h
mov multiO,sth ;d2%sot
mov  multil,sotl
leall ~ mull6
mov  templ O,resuif2
mov  templ 1,result3
clr c
mov  a,#02h
subb  ajempl 1
oy jc temp_corl
| clr c
mov  atempl 1
subb  a#02Zh
je temp_con?
clr ¢
mov  atempl 0
subb  a,#80h
jnc temp_conl



Y

; convert %RH of SHT15 output to Physical values

73
temp con2: clr c |
3y mov  a,fi80h
L subb _ atempl O = _ e )
L moy _ temp O,a _ _
mov  a,#02h
subb  atempl 1
L mov temp la o B
i e __.setb  ternp sign e
simp—tempshift—1
temp conl: clr c
mov  atempl 0
1\t subb  a,#80h
mov  temp 0,a
mov  atempl 1
subb  a,#02h
mov  temp_l,a
temp shift 1: mov  b,#4
temp shift: clr c
mov  atemp 0
tle a
mov  temp 0O,a
Y mov a,tel_‘np_l
rlc a
mov  temp l,a
dinz  b,temp_shift
- mp & XX.XX
;***********************************************************

» 3 ok ok ok sk sk s ok sk sk sk sk sl ok ok s sk ok ke sk sk sk o ok ke ok sk ke ok skl R ok sk kokok ok kR b ok ok skokok ok ek ok
B



th_convt:

rh_shift:

mov
mov
mov
mov

Icall

mov
mov
mov

mov

mov
mov
leall
mov

mov

mov
mov
mov
mov
lcall
mov
mov
movy
clr

mov
ric

mov
mov
rle

mov

lead(,sorh0 ;sorh”™2
leadl,sorhl
multi0,sorh0

multil,sorhl

mullé

xlead0,result®  ;c3*sorh”2

xleadl,resultl
xlead2, resul2

xlead3,result3

xmulti0,#0%h  ;c3
xmultil,#2eh
xmull6

thlinl 0,xresult3

rhlinl _1,xresult4

leadQ,sorh0 ;c2*sorh
lead1,sorhl
multi0#0e3h  c2
multil #0a5h
mull6

rhlin2 O,result2
rhlin2_1,result3

b, #04

c

a,rhlin2 0

a

rhlin2 O,a
a,rhlin2 1

a

thlin2 1,a

74



dinz  byrh shift

clr ¢ . _ _ielde2*sorh

—————mov—a,hlin2_1——

subb  a#04h

mov  thlin 1,a

mov  rhlin_0,thlin2 0

iy C cIFc2*sorhre3 *sory™2

mov  a,rhlin 0
subb  a,rhlinl 0
mov  rhlin 0,a
mov  a,rhlin_1
subb  a,rhlinl 1

mov  rhlin 1,a

clr c ;(tc-25)
mov  atemp |

subb  a,#1%h 125d
mov  rhtruel 1,a

mov  rhtruel 0,#00h

mov  lead(®,sorh0 s12%sorh

mov  leadl,sorhl

mov— multi0#i0e2h 12

mov  multil,#53h
lcall mullé
mov  rhtrue2 1,result3

mov  rhtrue2 0,result3



mov  a,rhtrue? 1

swap a

anl _afOth . _ .
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——mov——-rhirue2—l;a—

mov  a,rhtrue2 0

swap a
anl a,#0f0h
_ - — mov__ rthtme2 0 -

mov  a,rhtrue2 0 ;t1+t2*sorh
add a,#02H
mov  thirued 0,a
mov  thtrue3 1,rhtrue2 1
mov [eadO,rhfruel_O s(te-25)*(t1+2*sorh)
mov  leadl,rhfruel_1
mov  multi0,rhfrue3 0
mov  multil,rhtrue3 1
lcall  mull6
mov  rhtrued O,resultl
mov  rhtrued | result2
B mov  a,thfrue4_0
add a,chlin 0
mov 1'11trueO,é
mov  arhirued 1
adde—ayrhlin 1
mov  rthtruel,a
ret ;stop convert %rh  [rhtruel,rhirue : xx.xx]
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« 3k ke sk ok e ok ok ok ok oK o ok ok ok sk stk ok ok ok Kk sk sk ok R ek ok o ok ok ok sk ok ok sk sk ok ok sk ko ok ok ok sk skok sk ok ko ok ok ok
¥

% ;16 bit multiplier

s register : A,B,RO,R1,R7

i ifp - leadl JeadQ multi | multio

; ofp : result3,result2,result1,result0

;***********************************************************

[ __rml_(;__ _;07_3}66_ T T T T T T T
—— — — —— — —mov—resultha— — T o T T — —
mov — Tesultia
mov  result2,a
mov  result3,a
| |

mov  lead2,#0
mov  lead3,#0
mov  b,#16

mull6_ re: clr c
mov  a,muitil
I a
mov  multil,a
mov  a,multi0
rre a

Sy - mov _ multi0,a ]

jne mullé 1

mov 17,4

clr c

mov  10#lead0

mov  rl,#resultd
mull6_add: mov  a,@r0

addc  a,@rl



mov  (@rla
i inc 10
inc rl

dinz  r7,muli6é add

78

muli6e 1: mov  17,#4

clr c

- mov  10#lead0

— — —————= — = —mull6: 2:— —mov— a;@0
rte a
mov  @il,a
inc 0
N dinz  r7,mullé 2

dinz b,mull6 re

ret

! ok sk o o ok K o b ok Sk e ok 4 e ok 3k 8 ok sk o s ol s Stk ok sk sk ok ok s siokok ok stk sk ok s o ok ok sk R ok sk sk ok R
3

; Extra 16 bit multiplier

; register : A\B,RO,R1LR7

s ifp « leadl,lead0,multil,multi0

; ofp @ result3 result2 resultl,resultO

» 35 38 3 R sk ok R 3K o Ok o R ok ok sk sk o sk sk koK ko sk ke vk ok ok ok ke sk ok sk ok sk ok ok sk ok ook ok sk sk ok kool sk sk ok sk sk ok ok
3

xmullé6: ‘mov  a#00

mov  xresultQ,a

mov  xresultl,a

mov  xresult2,a

mov  xresult3,a
mov  xresultd,a

mov  xresultS,a

mov  xlead4,#00

mov  xlead5,#00
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y mov  b#l6
xmull6_ re: clr c
_ mov  axmullil
e a
mov  xmultil,a
T I‘I;OV _a,xm_lgltio — e e
- - e —a o —

mov—xmultiba
jne xmullé 1

A
moy 17 #6
clr c
mov  10,#xleadd
mov 1l JHxresult)

xmull6_add: mov a@r0

adde a@rl
mov  @rl,a
inc t0
inc rl
dinz  17,xmull6_add

\ ~xmull6_1: mov  I17,#6
clr c
mov  r0#xlead0

62 mev a@o

rle a
mov  {@i0,a -
inc 10
dinz  r7,xmullé 2
dinz  bxmullé re

ret



) « 3k ke v ok ok o sk ok ok ok ok ok ok sk ook ook kol koK ok ook ok ok R ok ok ok sk
’

; Binary to BCD

/P : hex

80

; ofp : bed2,bed],bed0

o sk b ok A o ok ool ok o sk sk ok Sk ook sk ke ok ko sl sk sk ok kok ok skok ok sk sk oiok ok
1

~ binZbed: mov  a#0

— - T T T T T T mov—ybed0;a
mov—bedha
mov  ahex m
rle a
3 mov  hex_m,a
jne chk bito
mov  bedl #31h
mov  bed0,#28h
chk bit6: mov  ‘ahex m
rle a
mov  hex m,a
jne chk_bit5
mov_ a,bcdd
add a,#64h
daa
y B mov  bcd0,a
mov  a,bcdl
adde  a,#00h
- hev bedla . -
chk bit5: | mov  ahex m

rle a

mov  hex m,a
jne chk_bit4
mov  a,bed0

add a,#32h




gl

daa
g mov  bed0,a
mov  a,bcdl
] adde a #00h
mov  bedl,a
chk_bitd mov  ahex m
R R e - e
—— - — T - - —- — —mov—hex-ma————— —
jc chk bit3
mov  abed0
add a,f#16h
3 daa
mov  bed0,a
mov  a,bedl .
addc  a,#00h
mov  bcdl,a
chk bit3: mov  ahex m
rle a
mov  hex m,a
jne chk bit2
mov  a,bcd0
add a,#08h
Y S - daa
mov  bedO,a
mov  a,bedl
I _ adde a#00h - B
mov  bedl,a
chk bit2: mov  ahex_m
rle a
mov  hex m,a
jnc chk_bitl
mov  a,bcd0



add a,#04h
daa

mov  bedO,a

moy a,bedl

82

addc  a,#00h

mov bedl,a

mov  ahex m
T - T - —T T - — "1l —a—— — T
MoV hex_m,a
jne chk _bit0
mov  a,bedd
y add  a#02h
daa
mov  bed0,a
mov  a,bedl
adde  a,#00h
mov  bedla
chk_bit0: mov  ahex m
tle a
mov  hex m,a
jne stop bin2bed
mov a,bed0 .
Sy - - add  a#0lh
daa

mov  bedQa

mov

stop binZbcd:

addc  af00h
mov  bedla

ret
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- s o e sk ok s ol e ok sk ok o sk sk sl sk ok o ok sk sk ook ROk Sokok s R kok sk R ok sk ok sk kR kiR
H

 BCD to ASCii

» sk ok ok s sk s ok e ok koo sk ook Sk ok ok sk ok ok kR Ok e sk ke ok S ko skl ok ok ok ok koK ok ok Sk ok skokok ok ok
3

hed?ase: mov  ahed
anl a,#0fh
add a,#30h

“mov  dspbuf0,a

——mov—a;bcd0

swap——a
anl a,ofh .
add a,#30h

mov  dspbufl,a

—

mov  abedl
anl a,#0fh
add a,#30h
mov  dspbufl,a

ret

INIT_LCD: MOV  A#33H ;DL=1,DL=1

Yy LCALL WR_INS

MOV  A#32H ;DL=1,DL=90

LCALL WR INS

;Function set

MOV A#8H_
LCALL WR_INS ;DL=0 4bit, N=0 1line,F=0 5x7
MOV  A#OCH ;Display on/off control
LCALL WR_INS ;Display on,cursor off,not blink
MOV  A#06H ;Entry mode set

LCALL WR_INS /D=1



Increment,S=0 cursor shift

N MOV A0OIH ;Clear display
LCALL WR_INS ;Clear display,Set DD RAM addr=0
RET

T N S Write instruction LCD ™ T T -

sInput--Reg-ACC-(Gommand)

3

WRINS: PUSH A ;Save data low byle

ANL  A#OFOH
j MOV  PORT LCD,A ;High byte & RS=0 Write

LCALLEN_LCD
POP A :Restore data low byte
SWAP A :Shift low byte to high byte
ANL A #OFOI
MOV PORT LCD,A ;Low byte & RS=0 Write
LCALLEN LCD
MOV R2#03H ;Busy instruction delay

INS DLY: MOV R3,#250
DINZ R3.$

DINZ R2,INS DLY

77 :Ena@piniﬁ 6f 1LCD

EN LCD: PUSH B
MOV  B,#50 ;Busy delay LCD
DINZ B,
POP B
SETB E ICD ;Enable LCD (pin E=Px.2=1)
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NOP
o NOP
CLR E LCD :Disable LCD (pin E=Px.2=0)

RET

- Write ASCIltoILCD

—— — —— — — — —Input: ACC(ASCI[)— —— : — : — — -

3

WR LCD: . PUSH A ;Save data low byte
ANL  A{#0FOH

) MOV PORT LCD,A ;High byte & RS=] Writc

SETB RS LCD iSet RS for write data select
LCALLEN LCD

POP A ;Restore data low byte
SWAP A ‘ ;Shift low byte to high byte
ANL A #OFOH

MOV PORT LCD,A ;Low byte & RS=1 Write

SETB RS_ICD :Set RS for write data select

LCALLEN LCD

GOTO_LCD: SETB 0E7H
LCALL WR_INS
RET
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) ;Print data to LCD display
PRINT [.CT: POP DPH
POP DPL
PRINT!: CLR A
T - MOV A@AFDPTR
~CINE—A#0QH;PRINT2-
EIVIP—PRINTS
PRINT2: LCALL WR LCD
INC DPTR
i LIMP PRINTI1
PRINT3: PUSH DPL
PUSH DPH
RET
; Delay time
DELAY: MOV  R2#10
DLY1: MOV  R3#0FFH
DLY2: MOV R4 #0FFH
\ DINZ R4,3

DINZ R3,DLY2

S

end
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