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Abstract

This report concerns about the design and construction of infant incubator, which is the
essential medical device for a newborn where the controlled atmosphere is needed, which is used for
a newborn whose frail health is caused by premature birth.

The operation of the incubator is based on using the Programmable System on Chip. The
input of it includes the sending data of temperature and humidity is controlled of Computer, where
the output of the microcontroller is the Touch screen graphic display and the proportionally controlled
signal for the heating element. The sending data of temperature and humidity are detected by SHT15
Chip. Then show result graphic LCD display, the user can observe humidity temperature and a signal

warns all such as the water level and battery level at the incubator can control all the time clearly.
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1200-1500
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1A 2500 (ag> 36 Fla)
6-12 $3Tua
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1200-1500

1501-2500

(fiu 2500 (Laz> 36 d1lan)
1224 FTus
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1200-1500

1501-2500
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24-36 $1 T4
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36-48 1114
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33.9-34.4
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34.0-354
33.3-343
31.8-33.8

31.0-33.7

34.0-35.0
33.1-34.2
31.6-33.6

30.7-335

34.0-35.0
33.0-34.1
31.4-335

30.5-33.3

34.0-35.0
33.0-34.0
31.2-334

30.1-33.2

1 1200

1200-1500

1501-2500

A 2500 (az> 36 dand)
412U

#1031 1500

1501-2500

1fin 2500 (az> 36 daTv)
4-5 i

5-6 11

6-8 11

8-10 U

10-12

12-14 U

#1031 1500

1501-2500

(fiu 2500 @laz> 36 daland)
2-3 dalenvt

011 1500

1501-2500

3-4 et

191 1500

1501-2500

4-5 Fulad

131 1500

1501-2500

5-6 dalani

#1131 1500

1501-2500

v Ed
ag/Hvn (n3) qungll  (°C) | e1gAahmiin (n5u) gangil  (°0)
0-6 ¥4 72-96 ¥ 114

34.0-35.0
33.0-34.0
33.1-33.2

29.8-32.8

33.0-34.0
31.0-33.2

29.5-32.6
29.4-32.3
29.0-32.2
29.0-31.8
29.0-31.4

32.6-34.0
31.0-33.2

25.0-30.8

32.2-34.0

30.5-33.0

31.6-33.6

30.0-32.7

31.2-33.0

29.5-32.2

30.6-32.3

29.0-31.8
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Ed
- aunsniaguugil lAdwa 0-125°C arwaziBealumsia 0.1°C

¥ v
- AT INEURUTNE 1aRaLA 1-99.9%RH A1mazidealunsin0.1%RE

- umasniel +5 v Aunseuad
- ¥ dyanulumsniugu 2 (du Aie DATA uaz CLOCK

- inmuaiudlunts Tagungiii 0.5°C uazaTuduh 2.0%RH

?Vdd
‘__L DATA - ﬁ

SCK ol I

IVdd 24-535V.

GND

51l 2.3 uansdnyuzYed SHT15

A15 N7 2.2 uaaeRauliA DC Y04 SHT15

Parameter Conditions Min. | Type | Max. Units.
Power supply DC 2.4 5 55 v
Measuring 550 pA
Supply current Average 22 28 RA
Sleep 0.3 1 pA
Low level output voltage 0 20% vdd
High level output voltage 5% 100% Vdd
Low level input voltage Negative going 0 20% Vdd
High level input voltage Positive going 80% 100% Vdd
Input current on pads 1 A
On 4 mA
Input peak current Tractate (off) 10 pA




aand 2.3 uamsndygruves SHT15

Pin Name Comment
1 GND Ground
2 DATA Serial data , bi-directional
3 SCK Serial clock , input
4 VDD Supply 2455V
NC Remaining pins must be left unconnected
[ ° Y =
ANHUTMINNIUYDY SHT1S5 ‘Bstm’ﬁd‘lﬁﬂﬂgﬂ‘ﬂ 24
Block Diagram
%RH
Sensor

R

(A’
Ampicetion

Temp.

&

PAELFY

il

31l 2.4 uerad Block Diagram ved SHT15

g 3
- MSABYT Vee fil GND Avase IW@salfegsznin 2.4- 5.5 v udmdann Asw’d
] ) 3
#hiie SHT15 uda SHT15 seldhanlszunas 1ims iwerdhg Tuua Sleep Auiiudesds

el IC az1dg Tnua Sleep Tunisde Vee iy GND Asiezde C 100 nF ASBUIZHIN

91 Vee il GND

- 37891 DATA 118221 SCK 9@ Serial Interface (Bi-directional 2 —wire) 992

wlumsdeludryasingieiy rC uslimilou e Tasnald mnillldaueedesses

anwazagl 2.5

GHD
vDD
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GND

DATA

ul Master

v VY

SCK |

Vdd24-55V,
1 2.5 urasmisde SHT1S fu TulasaeuInsimed
- m3Ae 11 SCK wziflumsdeunuaseszninlulnsneuInames TuSHTIS
- M3ABY1 DATA 3ziimsae Pull-up tive 1 |Adgygnaiiiinigs FInsee Pull-up 98

aafutiasn lunsly lulasaoulnames uazlugrsiiiimsds DATATulufiszdeaiild

DATA finrnuafios luymz#i SCK high ¥uaA Timing Diagram 1A9931/2.6

DATA

SCK

51/ 2.6 ueA3 Timing Diagram lushamsdadeyaves SHTIS
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a151N2.4 naasnuaiaveidyn s SCK uay DATA

Parameters Conditions Min. Type. Max. Units.
Fsck SCK frequency VDD>4.5V 10 MHz
VDD<4.5V 0 MHz
Trro DATA fall time Output load 5 pF 35 10 20 ns
Output load100 pF | 30 40 200 ns
Teix SCK h/l time 100 ns
Tv DATA valid time 250 ns
Tsu DATA setup time 100 ns
Tro DATA held time 0 10 ns
Tr/Tr | SCK rise/fall time 200 ns

DATA

SCK

51 2.7 uanguauliAvedTiming Diagram vosdRyaaI DATA uay SCK 404SHTI1S

PIN Assignment
1). Ground (GND)
2). Serial data DATA (DATA)

3). Serial Clock Input (SCK) - fy1a1u1iAn1d 11351 synchronizes iUseNINA W AU

1 1 4
sensor 1avazeudeyafivouviiuvesdygin

£

b 4
4).VDD (+2.4-5.5V) - ilumedeya Taoviilezdedeny R pull up 4.7K-10K
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Command sequence

- Transmission Start

DATA | }

SCK

=S g o

‘dd' [y 4 ll @ i‘_] dy
3 2.8 aeNandasNey luodadiaiauidanHausiiuaty

]
=

-Datatfdouan 1idluo  wmizd SCK gausn i 1
-Daaafasurnodlul  wmedis

CK gniiz i 1

- Connection reset sequence

DATA 1 ;r—

Tran‘smission Start
sck_f\f2\J3\J4-8 ¢ \_/_\

1 é = 1 13 1 i d
71l 2.9 msuaauileniansaadefiugilnsal Ifde sck  ‘luedinten 9 gn vz

Data (114 10899124818 Transmission Start

= - TE._ -—
TOH | ol Fsck - — o TF
SCK L____/—\‘
™ v ™o

DATA X

51 2.10 HaRId YO O Characteristics
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AT19A 2.5 LAAIAIWITILIABTA 199

FSCK SCK frequency @ VDD>45V | 10 MHz
| ' VDD <45V 1 MHz
TRFO DATA fall time Output load 5 pF 3.5 10 20 ns
' ' Output load 100 pF 30 40 200 ns
TCLH SCK high time 100 ns
TCLL SCK low time ' ' 100 ns
TV  DATA valid from - 50 ns
THO Output hold time ] ' ' 0o 10 ns
TR/TF |SCK rise/fall time 200 ns

A1519% 2.6 AAA1 List of commands

Command Code Describtion
Reserved ' 0000x  Reserved '
Measure Temperature 00011  Temperature measurement
Measure Humidity 00101  Humidity measurement
Status Register Read 00111  Read access to the status register (see application note)
Status Register Write 00110  Write access to the status register (see application note)
Reserved 0101x-  Reserved |
1110x
Soft reset 11110 resets the chip, clears the status register to default values
' "~ wait11ms before nextcommand -
SHT Ixlist of commands

M381udeYa9IN Sensor

wait for data ready

o IF%III T T T T T TE (T T TTTT]

w 4 2 s ~ kv

990 1y B Oy o M98 4 ¢ 181 L 5B Q1 PRSI B
Adr Command

miudsiona
}llﬁ 2.11 ﬁgﬁﬁ1é’\1ﬂ5 2ABUAIY Transmission Start+Address+Command
Tnefi Address= 000 3 +Command 5 bit
- Measurement sequence (T and RH)
msémmqmﬁgﬁuaxmm?:uﬁ'uﬁ'nﬁ' FreditelaTas deenssunt Humidity 10

3
@ o

sensor 44i) address =000 (1azA1dI=00101 9z UgAMdT Al
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) Measurement
Transmission Start Address='000 Command="00101 = 55ms for 12 bit

= 11ms for 8 bit

0 1} a L] 0

DATA h <@ Bold = SHT1X controis DATA signal

Normal = uC conirols DATA line

}
a2
SCK

g1l 2.12 msuaasdnyaizdgyaalunsenideyanin Sensor

4 . . g '
(ife Sensor JuNT1WAIF B9z A acknowledge (ACK) #28015A191 Data aaiiu 0 (Fuiin)

Slip acknowiedge to end communicaon
Afler the sensor puls down the DATA {itno CRC is neaded)
pin, measurementis ready forreadoul 12 bit humidity data | ‘
m==- 0 0 plammity 0 0 0 1.U* —
| | | | |
Wag:::b data “ 13 5 31 P =
SCK

NSB (8|
12 01 4 %5 6 7 8 % Wof R OB oW B B o17B

gﬂ"v’; 2.13 yaasdnvazdyana lumseudeyaT/H 2 byte 910 Sensor

-481ya 83 temperature HUU1A 14bit (1A humidity HYUIA 12bit @nnsondould
(i1 12 waz 8 bit 1A status register.)

- 1i1013%0 acknowledge té1 1 uTAs4 sednagilszana >210 ms (o Sensor
wiou udrTadadyana SCK de'lldn2 byte dmsusudeyauas 1 byte dmiy doya
@3990 ATNAANAIA (CRC)

vIndaedezdnnsasudeya 12 bit ve Humidity (4 bit usmilu 0 werwe) 1A
0000 1001 0011 0001= 2353 (dec)=75.79%RH

iie18¥eyansuudamindeants CRC 1¥av1 acknowledge A20M3AY1 Data axiilu 0 wn

w19 g9 : dy
lidaanisfdnusuasuil 1
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Q15 19N2.7 AINIAT dI, d2 VWA 14 bit NUITIAU 5V

Celsius

SOT dl d2

14bit5V -40 0.01

- mslauudeya digital
4 9 . ¥ : Y = o 2
mynlasudeya Digital iludoya temperature A1vee90YA temperature Uanvaziy
Faduensodnn1dTaeldgas
1) MuIam Temperature laglogns
Temperature = d, +d, * SO, 2.1)
Tagfi: SO, fio Serial Output Temperature 1182 d,,d, Ao MAFudY
T D p 1 2
131 81uVeya Digital Y1U1A 14 bit 14 SO, = 011010 111111118 = 06911 decimal
fusadu 5 v diedeamysuaniluednn Celsius 921881 d,=-40, d,=0.01
Wan1IAIUIR Temperature = 29.11C
msilfsudeoya Digital ifludeya humidity Awestoya humidity Tanyme liidhuds
£ o 4 :/' [ dy
du aunsod o lRauduaeudail
2) Myl RE-Linear lagldgas

RH, . =c,+c, SO +c5-SO,,° (2.2)

linear
Iﬁﬂ"ﬁl: RH #® Serial Output humidity 1111 Linear 182 C;,C,,Cs Hautu
¢, =4, ¢, =0.0405, ¢, =-2.8x107° dMTU 12bit SO,
3) tiield M RE-linear 0% Te u§2 a1 R true Taeldgns
= (T, —25)-(t, +1,- SOz )+ RH

RH (2:3)

true linear

Tagil: 7, =0.01, 7,=0.00008, t,=0.00128 &MU 8 bit SOy
1% 81udeya Digital Y11A 12 bit 1@ RE-linear = 0110 11111111B =1791 dec 7
UTIAU 5V 81U
Te=29.11C (110 3.3.1) thiodean¥1A7 humidity 121481 C1= -4 ,C2 = 0.0405 ,
C3 =-0.0000028

Han13ATUINAT Humidity = 60.18%

104380
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2.2.2 EIUAILANUMATUAZANNTH
3/ - o q ¥ = o w 4 o
YAAIAANUTOUHeater) NP lFasAuiideain 1000 wd MININUYBIVARINA
& A o q ¥ < as ~q Y Y uvd o w

wilumsmuaumara FavaaaminnFeziuvaalail lnsuildanudeu a5

— g/ Yt 1 ] 1 o qQ ¥ P aly Yo
awsafvzszveanuiowldanivaataiunihldsmunsafiezaiuauguugii lane

° Y 4 ¥ Qs 5

Tagszuunisianvesda lulasaeu Insamesnededygra llaruguidaveans
MaHvaalInnusou c‘fmaﬁ)im‘nﬂnﬂ1ﬁfimufumwm@mm%’auﬂi:ﬂmﬂﬂﬁw

1. MOC3021

2. BTA24 600B
MOC3021

dlumilnsal Isolation Hlesfuussduldnszuaady lnadnesludiuaiugu

4

i
-1
{.‘\‘

51 2.14 yaasdnyUz VB MOC3021
BTA26
sq ¥ o Y
iugnsaialdaruqumsillanisiauvesesnssuaady Tumsatuguidanis

Frassuaainnudeu Falddeilna9a551u1 MOC 3021 Zero crossing

TO-220AB Insulated
(BTA24)

51 2.15 uansgnsel BTA26

aP
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2.2.3 szuumIuauuUudaluiRyia PID
:ixm;mmmmué”@ﬂuﬂﬁﬂuszuumuﬂmmuﬂauﬂﬁuﬁ%’ﬁ’uaa'mms'wma §4
Lﬂuﬁwﬁmnﬂu%uqﬁzuuf‘;ﬂﬂﬁmmgﬂé’mﬁqaﬂ’iﬂuﬂizmumsﬁwm IRSPEATRIEE
amnsoinld Taseald Proportional { P ) w3o Proportional Integral ( PI ) fgamed sy
sruudusite I35z uuiaeiuuda lndfvsfunnudiuesanniiga Tasssuudaunn
axdeaiinnuannsalumInanIsausIINTNTBITIIL  Fessuudenanawsanldae
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6. Voltage comparator Ao 2vseetlusnililfuSsuoudyaudnudidygamils (nput
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$ridadpussdu Idasaiitfua 1 luga Tasdyanafiged dowdrnuinveseilusud ac3)

a

- a = 4 A o 1 v Y a A =
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Paramestsr Symbol Limit Values Unit Test
prY typ. max. Circuit

Supply current consumption Is 4.5 685 10 maA |1

81 ... S5 0pen

Far=0V

Ca =47 nF, Bs =100 ke

Synchionization pin 5

Inputcument Farme 30 200 gh |1

Rzvaned

Oftsef voliage A% 30 75 my |4

Control input pin 11

Control voltage range T 02 Fitpams Voo

Inpuit resistance R 15 ko |5

3 k4
@ Y ) N o I 3 1 1 o ar (Y
3. dnyazvesiadusensindi maadafadaesnldiizliumnaeduiy Yusdiy

= < o w A = o« q’; 1 3 1 o [ 1
FUAYD 114amJLmﬂ3mmﬁ‘lmﬁmasuummu-@u 1ﬁﬁﬂ@§ aﬂymzmmwaﬁﬁwmmun

Aasif

a4

- Short pulse (B = 30 - 1001S) A5 0 Inaadidumiu

~Long pulse(B = 100uS-1mS) d¥uTvaadidwumuifunszuageuie Ivaadni

~Continuous pulse(B = 180 >-0) g 31 Tvanar a1l L gauing

~Combined pulse §113U299sANMIAouulasueanszing (didde = 1 893 A/uS) %30

o @ ] e 2ot @
dmsugerununa Insameifnveynsudiu

-Double pulse 1¥dmFurarsgaruinInsmaesluiees 3 e viad
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2.2.5 Graphic LCD ABG240128
ABG240128 1311 Graphic LCD Module ¥U1R 240x128 Pixels Y84 AV DISPLAY 1 Inuanis
uaaara 2 Tvuafia 111A Graphic A Triua Text @1u150111901av83 Text 11 Graphic W11

F
1135 OR, AND, EXOR fin'ld Tnamssienl Mode set ABG240128 1% SAP1024 iy ep

14
o o =

Controller M5 UT0azBANTAB 19 1HUB VIR Y89 LCD Module Hif4il

o 01 1A fun Ii@oed ¥y LED Backlight aofIl@o +5v

o 412 K i iEeadm$u LED Backlight #1984 Ground

e 913 Vout ifluvise I -15v

e 14 vo dundmiuduanuduves

e Y15PD ;fJummuﬂmm‘sﬁNm%q Negative Converter ABItNnY +5V
« %16 GND #9943 Ground

o %17VDD Ao lidsa 15v

« w18 VEE Tiduene Lep Chideldam)

o 119 /WR dlundmsudeudoyaliia LD (Active low)

« 9110 /RD Slundmsusudeyasin LCD (Active low)

o 4111 /CE fluands1f LCD ¥ (Active low)

e w1 12 oD fuvidentier snuideu deya nie e ('1=doya, "or=Ardv)
e 113 RST WundmsuSida LCD

s

e 1114-21 DBO~DB7 Wutiadeya

= L

® %122FSLﬂu%lﬁTW%iﬂﬁ@ﬂ%ﬂ?ﬂ%ﬂ@ﬁ?ﬂﬂyi("FE£X8fTV=8X8)

A P w . £y ¥ ¥ g 2 Yo q ¥ A 3
AMIIAFEUABAL Graphic LCD dovlduidoyaniaiwiua 8 1 liannsalemsiyouns
. 2 o ZJ} é'i 1 Qs . . & ¥ 4

WU 4-bits 18 SeNUMTIFBURDAY Graphic LCD azildesviveslulasasuinsames

WOTURAIT
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(P4(3) -E-—T
CPA et
PiG) -
P3(1) ',;1
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I

—  CY829666
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1 A 1 o
71l 2.27 W lumsiseude 240128 fiu CYSC29666

VCC
P4-P3
. ‘
3
Al — R
s S e
- PO(7) V‘g ‘—47- R1 . vce
+ POG) PO() ——pr - GND
N M e 20k —— vcC
i X
PAT) POO) —r P4(0) —5— P46
PA5) PA6) —p- = & P41(12
P23) PAA) =7 = P 5 PA2(37
PAT) PA) —g THA) o PAGS
PAS) PAG) — P07 PRI
PAG) PA4) — Pild) TP BT
PAI) PAQ) — PAO) ) PRR
13)31»13 }gg) — Pi0). PG) r— PB(S
(1) i Pid) = DU
PX5) P3O g PI6) P35) o P05
P3) P — P34 PI6) 5 P3G
PY(1) P3Q) —r DA PI1) o P304
P5(3) P3O —a< P30)> (PAG) . P4S(10)
b0 mo 2
- PIT) P5(0) i
S — LCD graphic
PI3) PI() —pp
PI) PIO) —r
Vss  PI(0) —=—

b 4 E
dmiumsUSuauduvesve LCD 111 #2 LCD Module (83321 1i@eq -15V sanin

T 3 e Tddedhiy AadmmudSuan 18 e idmsulSuanuduvesse LeD Asgyl

1IA VY
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A1519% 3.10 uaasiunoU sllﬁ)\iﬂ'licl‘ffl Initial
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A1e c/D|D7{D6|D5|D4| D3| D2| D1 | Do | Hex | 510021080
Power on Power on
Hard reset 41 /RST="0" 9619%0¢ 1ms
Control word set | 0 0 J0 [0 J0 [0 JO fO JOOH 2 .. P oA
AIATIATUAUITUAUUB
Graphic Homefo o o o jo |o |o |o Jo ]ooH
Graphic = 6000H
address set
1 0 j1 Jo 10 j0o J0 J1 }j0 }42H
Control word set 0 0 [0 JO JL |1 f1 f1 [0 [IEH AaA1 Graphic area =
Graphic Homel]g o lo 1o 1o 1o lo o 1o {oom jOO1EH
address set 130 240/8 = 30-bytes
1 0 1 Jo 10 jo jo j1 f1 }43H
Control word set|® |9 [0 10 |0 [0 O [O |° |9 |fedrdumnuaiudue
Text Home o 1o lo 1o 41 11 11t 11 ioFH|Text = 0FO00H
address set %30 128x30 = 3840-bytes
1 0 |1 j06 Jo |0 JO JO JO |40H
Control word set 0 0 JO |1 |0 U [0 JO |0 |28H 2,
@A Text arca = 0028H
Text Homefo fo {o jo {o jo jo jo o JooH| 4
178 240/6 = 40-bytes
address set
1 0 J1 jo {0 O 0 JO §1 {41H
Y 3
XOR mode 01JATIa Text
L a e Graphic
Mode set 1 1 }Jo Jo {0 §0 |0 JO 1 |81H

v
TBIVOYAVBI Text U1

XOR 111 Graphic

Initial end
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[ ] x
3 9 o &

3 g 3 &Y ¥ t 9 .
msdetoyadIdaiid 2-bytes Hfuvzdidoyadidaiow byte Tlildeuudinudae high byte

L]

g °

P4 T I ) ¥ 1
f10619 MIsamdniasudu Text doyavasiida Wy oF00H 151desds 00H lilneu e
' 3 s o
&8 0FH udimudae 408 femdamsdemdiumuaTuduyes Text dmiusidaianung 1d
11 Datasheet
o @ cs:' 1 3 g oA g & < A -
AMTUNIAIAT Mode set 11U U1ARenlHe1u 3 Tnua Av OR, AND taz EXOR N3
k- 3
a 0 o < 1 Y . °
a1 Mode set 171 1Hum318n319219 190 yaY0 Text 11 Graphic 11111115 OR, AND 13®
as % z - & i -
EXOR i1 #4013 OR, AND #58 EXOR Huagiinansoiiaiinsilanisuaainaiiuyl Graphic
L

uay Text neufuiniy dutlanis 1#91uaw1e Text 150 Graphic MIAIAT Mode set 92 11Tl

Wa

Text

“AND" "EXOR”

¥
28 1ARIAIBE19UBINIAIAT Mode set TULULIAT

1fi 2
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¥ k4 4
135199 2.13 Mateudoyan 111y Graphic area Tiuasudil
HATE C/D|D7|D6|D5|D4| D3| D2 | D1 | DO | Hex | 510azitun
Select  font
Y7 FS="g"
8x8
0 O |0 JO [0 O [0 JO |0 [OH I&ie1 Pointer 1Tl
Address . .2y
0 0 1o lo 1o 10 10 10 10 |ooH{®IUUUILTHAUYB
pointer set
Graphic = 0000H
1 0 o j1 §0 §6 31 JO 10 |24H
a4 k7 q
0 x Ix fx Ix fx |x |x [x jxxH mauﬁuagaa\ilu
Data  write @f11tM I8 Graphic
(Graphic) . i ¥
p | e o e 1o 1o 1o lcon A'ddryess pointer 9
MuAuda Tula
| et 3 : = 3 a dy
A1319% 2.14 Msdeutoyaad 11 lu Text area dunoudail
A c/D|D7|D6|Ds|D4| D3| D2 | D1 | Do | Hex | 510021880
Select font
Y1 FS="1{"
6x8
E 14 1
0 0 10 0 [0 10 |0 }0 10 JOOH | 451 Pointer %% 1%
Address . A
0 o 10 1o 1o 11 1 11 11 lorg (a1 UILTUARUUYB
pointer set
Text = 0FO0H
i 0 jo 1 jo fo 1 |0 j0 j24H
o Ix |x |x |x |x |x [x |x |x<# | @oudoyandludumisves
Data write Text
(Text) 1 v 11 1o 1o o 1o lo lo lcom|Address pointer WANTY
RN
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o e’: & o W dy =1 1
dwsun s dusziluvidenvuinvesdidnys ntlvziinansnisuaanalulvua
4 . Ll v W B H g
Graphic #1881 1INUAAINA Graphic 8y uduAenuadISnusiiu 6x8 amii1de: luiidinve
k' 1
AIUANUUANANTEHINYUIAUBIAIOANT 6x8 M 8x8 1u Text mode NWUITANNUN

sTozvNvBIRIenYT Aegildlededuan

711 2.29 M1suEA FS="0" AI16NHTVUIA 8x8

311 2.30 Mm3uaAd FS="1" A19nEIVHIA 6x8

o7 d
2.2.6 ilszananaveyaiduyes (Microcontroller)
3
o 4 ¥ o
dmfnlulansnudsudnminiis ¥ lulasreuInsamefiludvhaulssuiana

5 o 4 o 3 < H
auau Feziminlunsauqusznumsinuvesdeudnmniessuy



Tassaravedlulasnoulnsatass MCS 51

830154 BOCS2/B3C154/83C1540

79 KT T2T2EX

£

SERIAL] ~» TXD
PORT

0 P2 Pl P3
M it -
ADDRESS/IDATA
. ) ,
51 2.31 TnseadrveduinsaouInsames
¥ 8
gauaniiAiieoad e Micro controller Tuasza MCS-51 agiifail
- 4o , o & d
-ii Core CPU #uilu 8-Bit uazaadrdsiinunz lunuaiugu uazaunsalszuiana
Y14 Logiciudoyaluszau BIT 14
] 1 o 3 o 3 L 3
Hmiasanudildsunsy 4K melu nazsesfumsldaussaniteanuillsunsy
14 64x
divasanud deya RAM) 128 Bytes nwlu uazsesfumsldamvemiae
aud Jeya’ld fe 64K
i g ei: us/’ q [
5 Port Fuslu 187 1/ 0 Wantua 4 port stazansn e 18 lusedu BIT
-{J87U Timer / Counter Y119 16 Bit aoya dmiuldlumsiunar nieruduau
i1 Full duplex UART dwfuld Su/de doyauvveynsu 51 Interrupt 18910 6 unaa
Auiialag 3 5 Aunuaved ISR tazmg Interrupt Iasaunsodaszauanudiig 16 2 sea

2w o A o ;
-uaInuuUaaIun Clock «ﬂ']ﬂclu
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Tassadravesneanusily MCS-51Logical separation of program and data memory
¥
s s . Y 1 o o 1Y =3
&MU Micro  controller  MCS-51 ffugnesnuuumIdiiniiearudrdminfiu

v "o o v o { v
T1/51n5% (Op-code) ttazniroanuddmiunudeyafiuonsenviniudagy

PROGRAM MEMORY DATA MEMORY
{READ ONLY} (READMWRITE)
FFFEH] FFFFH:

EXTERNAL )

EXTERNAL \ X

LI
[ 1
INTERNAL
FFH
EA=0 EA=1
EXTERNAL INTERNAL
0900
0060
x ag

1
BSEN RD

|
X

51 2.32 Taseadwveanizenausilu MCs-51
< e o q Y Y q v
A1590ALUUVEY Data memory Nueneenuil sz lvannsoFonldnulalagly
. 3 :j % e B3 1 d g g s 1 9/
Address 83 8 Bit tn1iy Favgsildedresiais 11y cpU futlu 8 Bit uan1s 19 Address 1He9 8
. ¥ © Y o ] ¥ o o 1 ¥ .:s;’ ¢
Bit 1 1zl i@ urtveanasanud1 1A 256 Sunuan iy (00h — FFh) 490
o o) o t 1 3t o ]
eanedmsun15819898 1M1 9ve4 Internal Data Memory 8814 15AAN15819096 1114 Data
.. 8 @’ < o 1 -~ )
memoryiﬂﬁli% Address 111 16 Bit #1751 External data memory AT413 29114 Tael¥ DPTR:
Data pointer (Data memory address register)
[ o ] o = Y Y =2 1 P -y g
@919 Program memory viiluntitsanudrfiow laesediaden vazansoild

¥
o

FIMUA 64K AT

w N
FFFF FFFF FFFF FFFF
60K SEK
BYTES BYTES

EXTERNAL 84K EXTERNAL 6K

1000 >' BYTES 2000 >' BYTES
EXTERNAL EXTERNAL

OFFH 1FFF

4K BYTES 8K BYTES
0000 INTERNAL _» G000 pooo INTERNAL s G400

57 2.33 Talsunsy memory 483 MCS 51
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¥
a A

&5y MCS-51 TunuURt Program memory ety fvziiuiilumsfinTsunsy
el IC 184 4K, 8K, 16K 1ie 32K Address (MU0 5004 IC 7119) $ 151 Address finn
ﬂi155%$@§!u Program memory 18UBA U MCS-51 ‘ﬁlhi'f! internal program memory 7
U84 Program memory ﬁgwmwagjmﬂuaﬂ

§1MTUNI8 1 External  program  memory ¥u MCs-51 9318 1deyny s PSEN
{Program Store Enable)

&3 Data memory Feannsafinzeruniedoudoyaluls Aoz Address Aiuen
88131N Program memory iazl@uv1aveq External data memory "lﬁ’v%wm 64K Address 11

3
MIAAABNY External data memory 1Y MCS-51 %:1%'%117:@@@ RD uas WR Program

memory
—m\.--"“-‘—._,___l\\\ ‘r--—\.
—
e — (O033H)
—N Oo2BH
INTERRLIPT
LOCATIONS | —H D023H
T R— 001BH
S 051_31—11Ta BYTES
_— UooBH
A —— 0o03H
RESET — 4 OOUOH

51§ 2.34 MyA® External program memory L8% External data memory SR

a

) v
a3 g

Tunsalfinesn1s aIUvo3 External program memory 8% External data memory TINAULY T2

3
I=3

w18 Tasmahdeyana PSEN wag RD 13 Tagld AND gate Azl Iddynnaiic
1N1591U External Program/Data memory

JiluaaeaIUYBe Program  memory Tuduniasudu Fuile cPU By
WEWINMS Reset 923 UMSMOUATRER Address 0000k uayd M3y Address iuans
sioriy azfumiaitogues ISR: Tnterrupt Service Routine 181591911584 Interrupt 1u
MCs-51 deifindynu Tnterrupt 19131 fufeznsslaanisianandaddmnsludumid

&

3 X
Svuatl Wueaded19u iy nterrapt 0 91001000 1o MCS-51 @S udyn 1w
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g
=3

Interrupt 1§ SufvzaszlaamsyiauundaTusunsulu Address 0003h taz @141 Interrupt i
(R0 Timer 0 Haznszlaamainauandalusunsulu Address 000Bh (ag Interrupt 0 910
mouen mznsz TaamsvhaandaTusunsulu Address 00130 . Tuusiag Address fviuald
FMS0 ISR TTueRRulumsdiuTsunsu1d s Address G987 ISR Adeams Wulusunsud
Sue Sazannanladn 118 uaduiu 1sr feruinudfiesinld Tasms19sida fump Tulé
Tsunsufidesnsenii
External Program Memory

1151 MCS-51 #13] Internal program memory i é’i%’ﬁ1msaﬁ%u§an“lﬁiw 1%
484 Internal program memory 1'?14 n3e 1l Iﬂﬂﬂﬁﬁf@mm‘mﬁigtmeA: External access Wy
VCC %30 GND@U#1 MCS-51 1i Internal program memory 4K (0000h-O0FFFh) d160%1
doyn BA §191/1 VCC M3 Fetoh fdeft Address 1108031 0FFFh 719218010 Tnternal
program memory Lmsé'nf]u Address @i‘lu@i 1600h ?1 9218 un158119710 External program
memory U8 HABIABYT EA 19771 GND 113 Fetch Srdaanunnenszify External
program memory dIMTU MCS-51 ﬁulﬁﬁ internal program memory 1187 V1 EA 12A040 GND
APl t?'q;fgwm PSEN éatﬂuﬁmm}mﬁ‘lﬁuma Fetch ﬁwé?amﬂ External program memory ﬁ"u
%8‘13]?31Q1ulﬁ?}i§]umi Fetch ﬁmé’} 3911 internal program memory

713019 External program

MCS-51 EPROM
<ﬁ> 1 o < NSTR.
BA — |__.,[:‘
| %
INTERNAL = A
ROM
ALE
LATCH ADDR
|
(::‘D P3 P2 )
PSEN SE

3 ﬂ% 2.35 115@0 External program memory
MCs-51 95 1d1dayaal 183 VO port 16 bit (Port 0 48 Port 2) wiimiiifiiily Bus vesszuy
Taoaz 19 11ue4 Port 0 nthitiilu Address a2 Data bus adufu AodaA1uns Low byteyed
Program counter (PCL) 90nY17 Port 0 i n191nder1ves PCL sonumdaifuszdiganio

Float tesofuf1danaze 1 1d91n External program memory Tuseran
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' { S o R 1 o 9 ¥ o
#1904 PCL 08nu#l PO i dayaias ALE: Address Latch Enable 33 Tdvih1¥iawes PCL gridu
1 3 - ' ’ 3
¥l LATCH wazlumaniy Awes PCH Agnasesninii Port 2 tileaiuiiu Address y119
. < o 3 @ 1 Py

16 bit &7 Foyaat PSEN Aeziiludeudeyanin Memory Hifoants
Data memory

k4

o t o
Data memory Y893 MSC-51 HuazuLseanilu Internal data memory 0% External data

3 3 1 dy =t P a9

memory Taen151991uv04 Data memory MNABITIUHITY Address HINVINNUAIY
MCS-51 with 128 bytes Internal Data memory (41&)

MCS-51 with 256 bytes Internal Data memory (¥731)

INDIRECT _
ADDRESSING ONLY
FFFE 80H TO EFH FEEE
FF
Fe SFRs FF[SERs
DIRECT DIRECT
ADDRESSING 84K ADDRESSING 84K
go| LY EXBTYE%SAL BOJONLY ~ EXBT\gR;EE\?AL
7e| DIRECTR TF I DIRECTS
INDIRECT INDIRECT
ADDRESSING ADDRESSING
00 0000 00 _/ 0ooo

gﬂ‘ﬁ 2.36 Data memory U834 MSC-51

Internal Data Memory
o @ ¥ g c{ ar 8w ¥
HINTIAULNNUNYDN Internal data memory %xg‘ﬂumgﬂ mwngmmwamﬂu

H 4
= Y

A waIUAI8Y Aa Lower 128, Upper 128 118y SFRUALITNNTTIN Internal data memory Tiudl

9 2
e 256 umamniy 11 1dn15919 Address ansainld Tagldfies 8 Bit nazann1sh

¥ 3

2 = el o t 1w o o 3/
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MANUIN

Tilsunsummiuan Delay yazuaasmagamgil (PSeC)
#include <m8c.h> // part specific constants and macros
#include "PSoCAPLh" // PSoC API definitions for all User Modules
#include<ioport.h>
#include<delay.h>
#pragma interrupt_handler PSoC_GPIO_ISR
char Rx ;
//BYTE voll];
//BYTE voll[];
void PSoC_GPIO_ISR(void)

{

CirBitl 1;

]
o

Delay100uS(XXX); // XXX fiofi1 Delay #11915ugang

SetBitl_1;
¥

void main()
{
BYTE i;

LCD 1 Start();
MSC_EnablelntMask(INT_MSK0, INT_MSK0_GPIO);
UART 1_CmdReset();
UART 1 _IntCntl(UART_|_ENABLE RX_INT);
UART _!_Start(UART_1_PARITY NONE);
MEC_EnableGInt;
LCD_1_Position(0,0);
LCD 1 PrCString("TEMP:");
LCD 1 Position(1,0);
LCD 1 PrCString("HUMI:");
while (1)



-

if (UART _1_bCmdCheck()!=0)

{

LCD_1_Position(0,5);
LCD_1_PrCString(" ")

LCD_1_Position(0,5);

for (i=0,i<7;i++)

{
vol[i]FUART 1 _aRxBuffer[i];
LCD_1_WriteData(UART 1 aRxBufferli});

¥

LCD_1_Position(1,5);

LCD_1_PrCString(" ");

LCD_1_Position(1,5);

for (i=7;i<13;i++)

1
voll[i-6]=UART 1 aRxBufferil;
LCD 1 WriteData(UART 1_aRxBufferli]);
¥
ifor

UART_1_PutCRLF();
UART 1 CmdReset();



ausudeyanInSensor SHT15 nazaadoyallds PsoC Taudauuveynsy

( MCS-51 AT89C52)

#include<AT89x52.h>
#include <intrins.h> //Keil library (is used for _nop()_ operation)
#include <math.li> //Keil library

#include <stdio.h> //Keil library

typedef union

{ unsigned int i;

float f;

} value;

value humi_val,temp val;
float Humi, Temp;

unsigned char round,count;

enum {TEMP HUMI};
#define DATAPI 6
#define SCK P1 7
#define noACK 0
#define ACK 1

#define STATUS_REG_W 0x06 /000 0011 0
#define STATUS_REG_R 0x07 /000 0011 1
#define MEASURE_TEMP 0x03 //000 0001 1
#define MEASURE_HUMI 0x05 //000 0010 1
#define RESET 0x1e /000 1111 0

void start (void)



{

SCON = 0x52; // set speacial function register

TMOD = 0x20;

TH1 = 0x{fd; // Baud Rate = 9600

TCON =0x69;

TRI =1;

}

char s_write_byte(unsigned char value)

{

unsigned char i,error=0;

for (i=0x80;1>0;1/=2} //shift bit for masking

St

{
if (i & value) DATA=1; /masking value with i , write to SENSI-BUS
else DATA=0;
SCK=1; //clk for SENSI-BUS
_nop_(); nop_();_nop_{}; //pulswith approx. 5 us
SCK=0;
}
DATA=1; //release DATA-line
SCK=1; //clk #9 for ack
error=DATA; //check ack (DATA will be pulled down by SHT11)
SCK=0;

return error; //error=1 in case of no acknowledge

char s_read_byte(unsigned char ack)

{
1

unsigned char i,val=0;

DATA=1; //release DATA-line

for (1=0x80;i>0;i/=2) //shift bit for masking

{



SCK=1; //clk for SENSI-BUS

if (DATA) val=(val | i); //read bit

SCK=0;

}

DATA=lack; /in case of "ack==1" pull down DATA-Line
SCK=1; /fclk #9 for ack

_nop_(}; nop_(;_nop_(); //pulswith approx. 5 us

SCK=0;

DATA=1; /frelease DATA-line

return val;

[op

void s_transstart(void)
{
DATA=1; SCK=0; //Initial state
_nop_0;
SCK=1;
_nop_0;
DATA=0;
_nop_0;
SCK=0;
_nop_();_nop_();_11015_0;
SCK=1;
_nop_0);
DATA=1;
_nop_()%
SCK=0;
}

void s_connectionreset(void)
5
|3

unsigned char1;



DATA=1; SCK=0; //Initial state
for(i=0;i<9;i++) //9 SCK cycles

{

SCK=1;

SCK=0;

}
s_transstart(); //transmission start

}

char s_measure(unsigned char *p_value, unsigned char *p_checksum, unsigned char mode)

{

unsigned error=0;

unsigned int i;

s_transstart(); //transmission start

switch{mode)
{
case TEMP : errort=s_write_byte(MEASURE_TEMP); break;
case HUMI : error+=s_write_byte(MEASURE_HUMTI); break;
default : break;
}

for (i=0;i<65535;1++) if(DATA==0) break; //wait until sensor has finished the

measurement
if{fDATA) error+=1; // or timeout (~2 sec.) is reached
*(p_value) =s_read _byte(ACK); //read the first byte (MSB)
*(p_value+1)=s_read_byte(ACK); /read the second byte (LSB)
*p_checksum =s_read_byte(noACK); //read checksum
return error;
H

void calc_sth15(float *p_humidity ,float *p_temperature)

{
const float C1=-4.0; // for 12 Bit



const float C2=+0.0405; // for 12 Bit
const float C3=-0.0000028; // for 12 Bit
const float T1=+0.01; // for 14 Bit @ 5V

const float T2=+0.00008; // for 14 Bit @ 5V

float th=*p_humidity; / th: Humidity [Ticks] 12 Bit

float t=*p_temperature; // t: Temperature [Ticks] 14 Bit
float th_lin; // rh_lin: Humidity linear

float th_true; /7 rh_true: Temperature compensated humidity

float t_C; // t_C : Temperature [7C]

t C=t*0.01 - 40; //calc. temperature from ticks to [?C]

rh_lin=C3*rh*rh + C2*rh + C1; //calc. humidity from ticks to {%RH]
th_true=(t_C-25)*(T1+T2*rh)+rh_lin; //calc. temperature compensated humidity [%RH]
if{rth_true>100)rh_true=100; //cut if the value is outside of

if(rh_true<0.1)rh_true=0.1; //the physical possible range

*p_temperature=t_C; //return temperature [?C]

*p_humidity=rh_true; //return humidity{%RH]

}

void main(void)
{
unsigned char error,checksum,;
unsigned int i;
start ();

s_connectionreset();

while(1)
{
error=0;
error+=s_measure((unsigned char*) &humi_val.i,&checksum, HUMI);

error+=s_measure((unsigned char*) &temp_val.i,&checksum, TEMP);



iflerror!=0) s_connectionreset(); //in case of an error: connection reset
else
{
humi_val.f=(float)humi_val.i; //converts integer to float
temp_val.f={float)temp_val.i; //converts integer to float
calc_sth15(&humi_val.f,&temp_val.f); //calculate humidity,
printf("%63.31 %3.3f\t" temp_val.f,humi_val.f);
}

for(i=0;1<20000;i++);

}

"

Tilsunsududeyandn

/f#include <REGXS52.H>

#include<AT89x52.h>

#include <intrins.h> //Keil library (is used for _nop()_ operation)
#include <math.h> //Keil library

#include <stdio.h> //Keil library

typedef union

{ unsigned int i;

float f;

} value;

value humi_val,temp_val;
float Humi, Temp;
/hunsigned char round,count;
unsigned char c;

enum {TEMP,HUMI};
#define DATA P1_6
#define SCK P1_7
#define noACK 0
#define ACK 1

#define STATUS_REG_W 0x06 //000 0011 0
#define STATUS_REG_R 0x07 //000 0011 1
#define MEASURE_TEMP 0x03 //000 0001 1
#define MEASURE_HUMI 0x05 //000 0010 1
#define RESET Ox1e /000 1111 0



start ()

{

/ME=0x90; // Set EA=1,ES =1

SCON=0x52; // Serial Port working in mode 1

PCON=0; // Serial port working in normal mode

T2MOD=0x00; //

RCAP2H=0xFF; // Set Baud rate to 9600 bps

RCAP2L=0xDC; // Set Baud rate to 9600 bps

T2CON=0x34; // Enable Timer2 TR2 ='1" and use overflow of Timer 2 to
generate clock signal for both Tx & Rx of serial

}
char s_write_byte(unsigned char value)
{
unsigned char i,error=0;
for (i=0x80;i>0;i/=2) //shift bit for masking
{
if (i & value) DATA=1; //masking value with i, write to SENSI-BUS
else DATA=0;
SCK=1; //clk for SENSI-BUS
_nop_();_nop_Q);_nop_(); //pulswith approx. 5 us
SCK=0;
}
DATA=1; //release DATA-line
SCK=1; //clk #9 for ack
error=DATA,; //check ack (DATA will be pulled down by SHT11)
SCK=0;
return error; //error=1 in case of no acknowledge

}

char s_read_byte(unsigned char ack)

{

unsigned char i,val=0;

DATA=1; //release DATA-line

for (i=0x80;i>0;1/=2) //shift bit for masking
{
SCK=1; //clk for SENSI-BUS
if (DATA) val=(val | i}; //read bit
SCK=0;
}
DATA=!ack; //in case of "ack==1" pull down DATA-Line
SCK=1; //clk #9 for ack
_nop_();_nop_();_nop_(); //pulswith approx. 5 us
SCK=0;
DATA=1; //release DATA-line
return val;

}

void s_transstart(void)

{



DATA=1; SCK=0; //Initial state
_nop_Q);

SCK=1;

_nop_Q);

DATA=0;

_nop_Q);

SCK=0;
_nop_();_nop_();_nop_();
SCK=1;

_nop_Q);

DATA=1;

_nop_();

SCK=0;

}

void s_connectionreset(void)
{
unsigned char i;
DATA=1; SCK=0; //Initial state
for(i=0;i<9;i++) //9 SCK cycles
{
SCK=1;
SCK=0;
}

s_transstart(); //transmission start

}

char s_measure(unsigned char *p_value, unsigned char *p_checksum, unsigned char
mode)
{
unsigned error=0;
unsigned int i;
s_transstart(); //transmission start
switch(mode)
{
case TEMP : error+=s_write_byte(MEASURE_TEMP); break;
case HUMI : error+=s_write_byte(MEASURE_HUMI); break;
default : break;
}
for (i=0;i<65535;i++) if(DATA==0) break; //wait until sensor has
finished the measurement
if(DATA) error+=1; // or timeout (~2 sec.) is reached
*(p_value) =s_read_byte(ACK); //read the first byte (MSB)
*(p_value+1)=s_read_byte(ACK); //read the second byte (LSB)
*p_checksum =s_read_byte(noACK); //read checksum
return error;

}

void calc_sth15(float *p_humidity ,float *p_temperature)
{



const float C1=-4.0; // for 12 Bit

const float C2=+0.0405; // for 12 Bit

const float C3=-0.0000028; // for 12 Bit
const float T1=+0.01; // for 14 Bit @ 5V
const float T2=+0.00008; // for 14 Bit @ 5V

float th=*p_humidity; // rh: Humidity [Ticks] 12 Bit

float t=*p_temperature; // t: Temperature [Ticks] 14 Bit
float rh_lin; // rh_lin: Humidity linear

float rh_true; // th_true: Temperature compensated humidity
floatt_C; //t_C : Temperature [?C]

t_C=t*0.01 - 40; //calc. temperature from ticks to [?C]

rth_lin=C3*rh*rh + C2*rh + C1; //calc. humidity from ticks to [%RH]

rth_true=(t_C-25)*(T1+T2*rh)+rh_lin; //calc. temperature compensated
humidity [%2RH]

if(rh_true>100)rh_true=100; //cut if the value is outside of

if(rh_true<0.1)rh_true=0.1; //the physical possible range

*p_temperature=t_C; //return temperature [?C]

*p_humidity=rh_true; //return humidity[ %RH]

}

void main(void)
{
unsigned char error,checksum;
start ();
s_connectionreset();

while(1)
{
error=0;
error+=s_measure((unsigned char*) &humi_val.i,&checksum, HUMI);
error+=s_measure((unsigned char*) &temp_val.i,&checksum, TEMP);
if(error!=0) s_connectionreset(); //in case of an error: connection reset
else

{

humi_val.f=(float)humi_val.i; //converts integer to float
temp_val.f=(float)temp_val.i; //converts integer to float
calc_sth15(&humi_val.f,&temp_val.f); //calculate humidity,
if(RI==1)
{
¢=SBUF;
RI=0;
TI=0;
switch(c)
{
case 0x33 : SBUF=c;printf("%3.3f\n

" temp_val.f); break;



case 0x34 : SBUF=c;printf("%3.3f\n
" humi_val.f); break;

default:break;

}
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CY8C29466, CY8C29566,
CY8C29666, and CY8C29866

CEOSYTEN

x;fviid:z

Features

B Powerful Harvard Architecture Processor
MB8C Processor Speeds to 24 MHz
Two 8x8 Multiply, 32-Bit Accumulate
Low Power at High Speed
3.0V to 5.25V Operating Voltage
Operating Voltages Down to 1.0V Using On-
Chip Switch Mode Pump (SMP)
O Industrial Temperature Range: -40°C to +85°C
B Advanced Peripherals (PSoC Blocks)
0O 12 Rail-to-Rail Analog PSoC Blocks Provide:
- Up to 14-Bit ADCs
- Up to 9-Bit DACs
- Programmable Gain Amplifiers
- Programmable Filters and Comparators
O 16 Digital PSoC Blocks Provide:
- 8- to 32-Bit Timers, Counters, and PWMs
- CRC and PRS Modules
- Up to 4 Full-Duplex UARTs
- Multiple SPI™ Masters or Slaves
- Connectable to all GPIO Pins
O Complex Peripherals by Combining Blocks

agoaaQ

ﬂlﬂl

B Precision, Programmable Clocking
O Internal +2.5% 24/48 MHz Oscillator
O 24/48 MHz with Optional 32.768 kHz Crystal
O Optional External Oscillator, up to 24 MHz
O Internal Oscillator for Watchdog and Sleep

B Flexible On-Chip Memory

32K Bytes Flash Program Storage 50,000
Erase/Write Cycles

2K Bytes SRAM Data Storage

In-System Serial Programming (ISSP™)
Partial Flash Updates

Flexible Protection Modes

EEPROM Emulation in Flash

ogrammable Pin Configurations
25 mA Sink on all GPIO
Pull up, Pull down, High Z, Strong, or Open
Drain Drive Modes on all GPIO
Up to 12 Analog Inputs on GPIO
Four 40 mA Analog Outputs on GPIO
Configurable Interrupt on all GPIO

Qoo ooy ooQoo o

W Additional System Resources

O 12C™ Slave, Master, and Multi-Master to
400 kHz
Watchdog and Sleep Timers
User-Configurable Low Voltage Detection
Integrated Supervisory Circuit
On-Chip Precision Voltage Reference

omplete Development Tools
Free Development Software
(PSoC™ Designer)
Full-Featured, In-Circuit Emulator and
Programmer
Full Speed Emulation
Complex Breakpoint Structure
128K Bytes Trace Memory
Complex Events
C Compilers, Assembler, and Linker

oQoaQ

|
[x]

QQQoaa a o

\ Sleep and
I Watchdog

SYSTEM RESOURCES

PSoC™ Functional Overview

The PSoC™ family consists of many Mixed-Signal Array with
On-Chip Controller devices. These devices are designed to
replace multiple traditional MCU-based system components
with one, low cost single-chip programmable device. PSoC
devices include configurable blocks of analog and digital logic,
as well as programmable interconnects. This architecture
allows the user to create customized peripheral configurations
that match the requirements of each individual application.
Additionally, a fast CPU, Flash program memory, SRAM data
memory, and configurable 10 are included in a range of conve-
nient pinouts and packages.

The PSoC architecture, as illustrated on the left, is comprised of
four main areas: PSoC Core, Digital System, Analog System,
and System Resources. Configurable global busing allows all
the device resources to be combined into a complete custom
system. The PSoC CY8C29x66 family can have up to eight 10
ports that connect to the global digital and analog interconnects,
providing access to 16 digital blocks and 12 analog blocks.

The PSoC Core

The PSoC Core is a powerful engine that supports a rich fea-
ture set. The core includes a CPU, memory, clocks, and config-
urable GPIO (General Purpose 10).

The M8C CPU core is a powerfu! processor with speeds up to
24 MHz, providing a four MIPS 8-bit Harvard architecture micro-
processor. The CPU utilizes an interrupt controller with 25 vec-
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tors, to simplify programming of real time embedded events.
Program execution is timed and protected using the included
Sleep and Watch Dog Timers (WDT).

Memory encompasses 32 KB of Flash for program storage, 2
KB of SRAM for data storage, and up to 2 KB of EEPROM emu-
lated using the Flash. Program Flash utilizes four protection lev-
els on blocks of 64 bytes, allowing customized software IP
protection.

The PSoC device incorporates flexible internal clock genera-
tors, including a 24 MHz IMO (internal main oscillator) accurate
to 2.5% over temperature and voltage. The 24 MHz IMO can
also be doubled to 48 MHz for use by the digital system. A low
power 32 kHz ILO (internal low speed oscillator) is provided for
the Sleep timer and WDT. If crystal accuracy is desired, the
ECO (32.768 kHz external crystal oscillator) is available for use
as a Real Time Clock (RTC) and can optionally generate a crys-
tal-accurate 24 MHz system clock using a PLL. The clocks,
together with programmable clock dividers (as a System
Resource), provide the flexibility to integrate almost any timing
requirement into the PSoC device.

PSoC GPIOs provide connection to the CPU, digital and analog
resources of the device. Each pin’s drive mode may be selected
from eight options, allowing great flexibility in external interfac-
ing. Every pin also has the capability to generate a system inter-
rupt on high level, low level, and change from last read.

The Digital System

The Digital System is composed of 16 digital PSoC blocks.
Each block is an 8-bit resource that can be used alone or com-
bined with other blocks to form 8, 16, 24, and 32-bit peripherals,
which are called user module references. Digital peripheral con-
figurations include those listed below.

m PWMs (8 to 32 bit)

PWMs with Dead band (8 to 32 bit)
Counters (8 to 32 bit)

Timers (8 to 32 bit)

UART 8 bit with selectable parity (up to 4)
SPI master and slave (up to 4 each)

12C slave and multi-master (1 available as a System
Resource)

® Cyclical Redundancy Checker/Generator (8 to 32 bit)
m IrDA (up to 4)
@ Pseudo Random Sequence Generators (8 to 32 bit)

The digital blocks can be connected to any GPIO through a
series of global buses that can route any signal to any pin. The
buses also allow for signal multiplexing and for performing logic
operations. This configurability frees your designs from the con-
straints of a fixed peripheral controller.

Digital blocks are provided in rows of four, where the number of
blocks varies by PSoC device family. This allows you the opti-
mum choice of system resources for your application. Family
resources are shown in the table titled “PSoC Device Charac-
teristics” on page 3.

y

DigitalClocks ~ ToSystemBus

FromCore

ToAnalog
System

DIGITAL SYSTEM

4

Nding moy

¥ ¥ ¥ ¥
[ sBo0] [ DBBO1] [DCBO2] [ DCBO3]
4

Row Input
Configuration|

Row Input
Configuration|

Row Input

Ci

Row Input

og;mnﬁuuoo
ndyno moy

3

Digital System Block Diagram

The Analog System

The Analog System is composed of 12 configurable blocks,
each comprised of an opamp circuit allowing the creation of
complex analog signal flows. Analog peripherals are very flexi-
ble and can be customized to support specific application
requirements. Some of the more common PSoC analog func-
tions (most available as user modules) are listed below.

m Analog-to-digital converters (up to 4, with 6- to 14-bit resolu-
tion, selectable as Incremental, Delta Sigma, and SAR)

m Filters (2, 4, 8, or 8 pole band-pass, low-pass, and notch)
Ampilifiers (up to 4, with selectable gain to 48x)

Instrumentation amplifiers (up to 2, with selectable gain to
93x)

Comparators (up to 4, with 16 selectable thresholds)
DACs (up to 4, with 6- to 9-bit resolution)
Multiplying DACs (up to 4, with 6- to 9-bit resolution)

High current output drivers (four with 40 mA drive as a Core
Resource)
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m 1.3V reference (as a System Resource)
m DTMF Dialer

a Modulators

m Correlators

m Peak Detectors

m Many other topologies possible

Analog blocks are provided in columns of three, which includes

one CT (Continuous Time) and two SC (Switched Capacitor)
blocks, as shown in the figure below.

POl1]—_, o1 POLO)
f=4
Z-S«Qw P2[6)

P2[3] sfir—— <
[a)
G P2
P2[1] =f»— g P22]

=

~--

|

|

|

|

I _

I

I

I

Iy

I

I

I

Il

L

A

M8C Interface (Address Bus, Data Bus, Etc.)

Analog System Block Diagram

Additional System Resources

System Resources, some of which have been previously listed,
provide additional capability useful to complete systems. Addi-
tional resources include a multiplier, decimator, switch mode
pump, low voltage detection, and power on reset. Brief state-
ments describing the merits of each system resource are pre-
sented below.

m Digital clock dividers provide three customizable clock fre-
quencies for use in applications. The clocks can be routed to
both the digital and analog systems. Additional clocks can be
generated using digital PSoC blocks as clock dividers.

® Two multiply accumulates (MACs) provide fast 8-bit multipli-
ers with 32-bit accumulate to assist in both general math as
well as digital filters.

m The decimator provides a custom hardware filter for digital
signal, processing applications including the creation of Delta
Sigma ADCs.

m The 12C module provides 100 and 400 kHz communication
over two wires. Slave, master, and multi-master modes are
all supported.

m Low Voltage Detection (LVD) interrupts can signal the appli-
cation of falling voltage levels, while the advanced POR
(Power On Reset) circuit eliminates the need for a system
supervisor.

®m An internal 1.3 voltage reference provides an absolute refer-
ence for the analog system, including ADCs and DACs.

m An integrated switch mode pump (SMP) generates normal
operating voltages from a single 1.2V battery cell, providing a
low cost boost converter.

PSoC Device Characteristics

Depending on your PSoC device characteristics, the digital and
analog systems can have 16, 8, or 4 digital blocks and 12, 6, or
4 analog blocks. The following table lists the resources
available for specific PSoC device groups. The PSoC device
covered by this data sheet is highlighted below.

PSoC Device Characteristics

i

CY8C29x66 ,

CY8C27x43 44 2 8 12 4 4 12 | 256 Bytes 16K
CY8C24794 56 1 4 48 2 2 6 1K 16K
CY8C24x23 24 1 4 12 2 2 8 256 Bytes 4K
CY8C24x23A | 24 1 4 12 2 2 6 256 Bytes 4K
CY8C21x34 28 1 4 28 0 2 43 512 Bytes 8K
CY8C21x23 16 1 4 8 0 2 48 256 Bytes 4K

a. Limited analog functionality.
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Getting Started

The quickest path to understanding the PSoC silicon is by read-
ing this data sheet and using the PSoC Designer Integrated
Development Environment (IDE). This data sheet is an over-
view of the PSoC integrated circuit and presents specific pin,
register, and electrical specifications. For in-depth information,
along with detailed programming information, reference the
PSoC™ Mixed-Signal Array Technical Reference Manual.

For up-to-date Ordering, Packaging, and Electrical Specification
information, reference the latest PSoC device data sheets on
the web at http://www.cypress.com/psoc.

Development Kits

Development Kits are available from the following distributors:
Digi-Key, Avnet, Arrow, and Future. The Cypress Online Store
at http://www.onfulfillment.com/cypressstore/ contains develop-
ment kits, C compilers, and all accessories for PSoC develop-
ment. Click on PSoC (Programmable System-on-Chip) to view
a current list of available items.

Tele-Training

Free PSoC "Tele-training" is available for beginners and taught
by a marketing or application engineer over the phone. Five
training classes are available to accelerate the learning curve
including introduction, designing, debugging, advanced design,
advanced analog, as well as application-specific classes cover-
ing topics like PSoC and the LIN bus. For days and times of the
tele-training, see http://www.cypress.com/support/training.cfm.

Consultants

Certified PSoC Consultants offer everything from technical
assistance to completed PSoC designs. To contact or become a
PSoC Consultant, go to the following Cypress support web site:
http://www.cypress.com/support/cypros.cfm.

Technical Support

PSoC application engineers take pride in fast and accurate
response. They can be reached with a 4-hour guaranteed
response at http://www.cypress.com/supportflogin.cfm.

Application Notes

A long list of application notes will assist you in every aspect of
your design effort. To locate the PSoC application notes, go to
http://iwww.cypress.com/design/results.cfm.

Development Tools

The Cypress MicroSystems PSoC Designer is a Microsoft®
Windows-based, integrated development environment for the
Programmable System-on-Chip (PSoC) devices. The PSoC
Designer IDE and application runs on Windows NT 4.0, Win-
dows 2000, Windows Millennium (Me), or Windows XP. (Refer-
ence the PSoC Designer Functional Flow diagram below.)

PSoC Designer helps the customer to select an operating con-
figuration for the PSoC, write application code that uses the
PSoC, and debug the application. This system provides design
database management by project, an integrated debugger with
In-Circuit Emulator, in-system programming support, and the
CYASM macro assembler for the CPUs.

PSoC Designer also supports a high-level C language compiler
developed specifically for the devices in the family.

Context
Sensitive
Help

PSoC

Configuration |
PSoC™ .
Designer
Core
Engine Manufacturingl

‘ Project ‘ Information
| Database —/: | File
. User .
Modules
Library o
Emulation

Device
Pod Programmer

PSoC Designer Subsystems

| Application 2N
| Database

In-Circuit
Emulator
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PSoC Designer Software Subsystems

Device Editor

The Device Editor subsystem allows the user to select different
onboard analog and digital components called user modules
using the PSoC blocks. Examples of user modules are ADCs,
DACs, Amplifiers, and Filters.

The device editor also supports easy development of multiple
configurations and dynamic reconfiguration. Dynamic configu-
ration allows for changing configurations at run time.

PSoC Designer sets up power-on initialization tables for
selected PSoC block configurations and creates source code
for an application framework. The framework contains software
to operate the selected components and, if the project uses
more than one operating configuration, contains routines to
switch between different sets of PSoC block configurations at
run time. PSoC Designer can print out a configuration sheet for
a given project configuration for use during application pro-
gramming in conjunction with the Device Data Sheet. Once the
framework is generated, the user can add application-specific
code to flesh out the framework. It's also possible to change the
selected components and regenerate the framework.

Design Browser

The Design Browser allows users fo select and import precon-
figured designs into the user’s project. Users can easily browse
a catalog of preconfigured designs to facilitate time-to-design.
Examples provided in the tools include a 300-baud modem, LIN
Bus master and slave, fan controller, and magnetic card reader.

Application Editor

In the Application Editor you can edit your C language and
Assembly language source code. You can also assemble, com-
pite, link, and build.

Assembler. The macro assembler allows the assembly code
to be merged seamlessly with C code. The link libraries auto-
matically use absolute addressing or can be compiled in relative
mode, and linked with other software modules to get absolute
addressing.

C Language Compiler. A C language compiler is available
that supports Cypress MicroSystems' PSoC family devices.
Even if you have never worked in the C language before, the
product quickly allows you to create complete C programs for
the PSoC family devices.

The embedded, optimizing C compiler provides all the features
of C tailored to the PSoC architecture. It comes complete with
embedded libraries providing port and bus operations, standard
keypad and display support, and extended math functionality.

Debugger

The PSoC Designer Debugger subsystem provides hardware
in-circuit emulation, allowing the designer to test the program in
a physical system while providing an internal view of the PSoC
device. Debugger commands allow the designer to read and
program and read and write data memory, read and write 10
registers, read and write CPU registers, set and clear break-
points, and provide program run, halt, and step control. The
debugger also allows the designer to create a trace buffer of
registers and memory locations of interest.

Online Help System

The online help system displays online, context-sensitive help
for the user. Designed for procedural and quick reference, each
functional subsystem has its own context-sensitive help. This
system also provides tutorials and links to FAQs and an Online
Support Forum to aid the designer in getting started.

Hardware Tools

In-Circuit Emulator

A low cost, high functionality ICE (In-Circuit Emulator) is avail-
able for development support. This hardware has the capability
to program single devices.

The emulator consists of a base unit that connects to the PC by
way of the USB port. The base unit is universal and will operate
with all PSoC devices. Emulation pods for each device family
are available separately. The emulation pod takes the place of
the PSoC device in the target board and performs full speed (24
MHz) operation.
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Designing with User Modules

The development process for the PSoC device differs from that
of a traditional fixed function microprocessor. The configurable
analog and digital hardware blocks give the PSoC architecture
a unique flexibility that pays dividends in managing specification
change during development and by lowering inventory costs.
These configurable resources, called PSoC Blocks, have the
ability to implement a wide variety of user-selectable functions.
Each block has several registers that determine its function and
connectivity to other blocks, multiplexers, buses, and to the 10
pins. lterative development cycles permit you to adapt the hard-
ware as well as the software. This substantially lowers the risk
of having to select a different part to meet the final design
requirements.

To speed the development process, the PSoC Designer Inte-
grated Development Environment (IDE) provides a library of
pre-built, pre-tested hardware peripheral functions, called “User
Modules.” User modules make selecting and implementing
peripheral devices simple, and come in analog, digital, and
mixed signal varieties. The standard User Module library con-
tains over 50 common peripherals such as ADCs, DACs Tim-
ers, Counters, UARTs, and other not-so common peripherals
such as DTMF Generators and Bi-Quad analog filter sections.

Each user module establishes the basic register settings that
implement the selected function. It also provides parameters
that allow you to tailor its precise configuration to your particular
application. For example, a Pulse Width Modulator User Mod-
ule configures one or more digital PSoC blocks, one for each 8
bits of resolution. The user module parameters permit you to
establish the pulse width and duty cycle. User modules also
provide tested software to cut your development time. The user
module application programming interface (API) provides high-
level functions to control and respond to hardware events at
run-time. The API also provides optional interrupt service rou-
tines that you can adapt as needed.

The API functions are documented in user module data sheets
that are viewed directly in the PSoC Designer IDE. These data
sheets explain the internal operation of the user module and
provide performance specifications. Each data sheet describes
the use of each user module parameter and documents the set-
ting of each register controlled by the user module.

The development process starts when you open a new project
and bring up the Device Editor, a graphical user interface (GUI)
for configuring the hardware. You pick the user modules you
need for your project and map them onto the PSoC blocks with
point-and-click simplicity. Next, you build signal chains by inter-
connecting user modules to each other and the 10 pins. At this
stage, you also configure the clock source connections and
enter parameter values directly or by selecting values from
drop-down menus. When you are ready to test the hardware
configuration or move on to developing code for the project, you
perform the “Generate Application” step. This causes PSoC
Designer to generate source code that automatically configures
the device to your specification and provides the high-level user
module API functions.

Generate

% Application

User Module and Source Code Development Flows

The next step is to write your main program, and any sub-rou-
tines using PSoC Designer's Application Editor subsystem.
The Application Editor includes a Project Manager that allows
you to open the project source code files (including all gener-
ated code files) from a hierarchal view. The source code editor
provides syntax coloring and advanced edit features for both C
and assembly language. File search capabilities include simple
string searches and recursive “grep-style” patterns. A single
mouse click invokes the Build Manager. It employs a profes-
sional-strength “makefile” system to automatically analyze all
file dependencies and run the compiler and assembler as nec-
essary. Project-level options control optimization strategies
used by the compiler and linker. Syntax errors are displayed in
a console window. Double clicking the error message takes you
directly to the offending line of source code. When all is correct,
the linker builds a HEX file image suitable for programming.

The last step in the development process takes place inside the
PSoC Designer’s Debugger subsystem. The Debugger down-
loads the HEX image to the In-Circuit Emulator (ICE) where it
runs at full speed. Debugger capabilities rival those of systems
costing many times more. In addition to traditional single-step,
run-to-breakpoint and watch-variable features, the Debugger
provides a large trace buffer and allows you define complex
breakpoint events that include monitoring address and data bus
values, memory locations and external signals.
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1. Pin Information

1.1.3

48-Pin Part Pinouts

Table 1-3. 48-Pin Part Pinout (SSOP)

10 I PO[7] Analog column mux input.
10 10 PO[5] Analog column mux input and column output.
10 10 PO[3] Analog column mux input and column output.
10 I PO[1] Analog column mux input.
10 P2[7]
10 P2[5]
10 1 P2[3] Direct switched capacitor block input.
10 | P2[1] Direct switched capacitor block input.
9 10 P4[7]
10 10 P4[5]
11 10 P4[3]
12 10 P4[1]
13 Power SMP Switch Mode Pump (SMP) connection to
external components required.
14 10 P3[7]
15 10 P3[5]
16 10 P3[3]
17 10 P3[1]
18 10 P5[3]
19 10 PS[1]
20 10 P[7] 12C Serial Clock (SCL).
21 {e] P1[5] 12C Serial Data (SDA).
22 10 P1[3]
23 10 P1[1] Crystal (XTALIn), {2C Serial Clock (SCL).
24 Power Vss Ground connection.
25 10 P1[Q] Crystal (XTALout), 12C Serial Data (SDA).
26 10 P1[2)
27 10 P1[4] Optional External Clock Input (EXTCLK).
28 10 P1[6]
29 10 P5[0]
30 10 P5[2]
31 10 P3[0]
32 10 P3[2]
33 10 P3[4]
34 10 P3i6}
35 Input XRES [ Active high external reset with internal puil
down.
36 10 P4[0]
37 10 P4[2]
38 10 P4[4]
39 10 P4[6]
40 {e] | P2[0] Direct switched capacitor block input.
41 10 | P2[2] Direct switched capacitor block input.
42 10 P2[4] External Analog Ground (AGND).
43 (o] P2[6] External Voltage Reference (VREF).
44 (0] | PO[O] Analog column mux input.
45 10 10 POf2] Analog column mux input and column output.
46 10 10 PO}4] Analog column mux input and column output.
47 10 | PO[6] Analog column mux input.
48 Power vdd Supply voltage.

LEGEND: A = Analog, | = Input, and O = Output.

CY8C29666 48-Pin PSoC Device
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