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SOLAR PANEL CHARACTERISTICS TESTER

Nattee KhuKheiw

Thongpool Wongla

Bundit Puthai

Asst.Prof.Cheerawat Panklang(Advisor)

2"d Semester,Educational Year 2000

Abstract

Solar panel characteristics tester is an equipment using to find the relationship between
current and voltage as solar cell distribute any value of load. By use microcontroller to send
voltages to drive IGBT ( Insuléted Gate Bipolar Transistor) fore it will sink current from the solar
cell, as the current from the solar cell has changed this will change the ability distributing the
voltage from the solar cell. From the data of current and voltage at any value of load. We can

analysis to find the maximum power transfer from the solar cell.
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3.2 Frequency folding and Aliasing
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3.3 Quantizing theory
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v v

dioniusglugilhedemstlszunamadiudaduduiuiiudygnueuaen wu lu

gilvosstialuus (binary) dludu mnduewnavesdyanuenaen wazdsia

A%aoan 1d91nM3s Quantize MWeuns Mo 1ANT1WILAAS Quantizing transfer function
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3.4 Quantizer Resolution and Error
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3.7 29951599 HD1999( Voltage Reference Circuit)
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IR 1 cycle MINTTHIMNAUAFNTATHIUNT ALU 92AUHUNT (execute) SIUNUNLNA
v @ . Pui ~ ° Y Y A £ aa [
dnsnaulu register file Inei register file $112U 6 #2910 32 i eansafiee 11ThiSTamaes
a o &4 sia:j Y dyo 1 1 o ¥
yua 16 Ja 1w 3 ga e ldiludIFawmis address TurirsanuiwuunNIooy
v 9
(Indirect addresing) ¥ 1M IAUIAT address TUseA@NEAMuINTY Seaaesvaril fie X-
register, Y-register, Z-register
] o ~ 4 - N - - Qs
UL UIUNIAMAANETAS (Arithmetic Logic Unit) H38 ALU a1u15al% 1efums
furunadiamaasiuaslefun1eassn (logic function) 23 Jamesaluiu 3o
1 U A w aa o 3 o ¥ Sa Jd A v A
JLUINAIAINALS FaD T IUNINTNTERIA T VA s e A 1R Y7
. o a v aa d o o ] a [] ]
Tunsaniiumsfus Senmes Unldnsdedumisaddress vo93 daae s iUMUI8AY

o . & r @ . A o v A
1 (memory addressing mode) #4lAuA MsalA register file ogTudwmiia $00-$1F Heerusn

Son 149 register file Az i 14 laviE o9d 1A LA IUA WYY address
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¥

MiAU B UNALLIRNA (VO memory) DL 1S Tumsdredumiia address 64
éh_umia dm¥ulF8 Control Register, Timer/Counter, A/D-Converter LazHefdu 1/0 é‘uq
Tﬂﬂ‘ﬂﬁ’lt’lﬂ’ﬂn§15Qﬂ§ﬂﬂﬂ1uﬁ‘nmﬁ\3 $20-$5F

TulnsnouInsamesaszna AVR ldmanmsmeamilasnssuuuy Harvard fie &
mianuifusafuih s fmetadmiuTdsunsuazdoyn Tuaneiisdmilsgn
§uiums midadalszgmindunse ﬁﬁ'ﬂﬂTi‘lcfilzﬁﬂﬁ"V}ﬂ"‘]ﬁﬁ"'\iﬂzgﬂﬁ%ﬂumﬂunﬂﬂ
cycle YBITRYQIVUUIRMN

SmufmdufonfunsiSenuaznsnse Taauuudunng (Relative jump and call ) 1
FamafanseGondumislumissnnui Tsunsy1d Tavass fdei 1 95umiaennus:
Tsunsuaeiivuna 16 n3e 32 fia senefifinmsinterrupt w2 M3 8A subroutine ERa
&M address (Program Counter) iRuneunsnsz Innazgaiiulu stack Fensidou

Tusunsuazdesfitnuann initial 1R stack pointer 1u routined 115U reset A28

Program Memoty Data Memory Data Memory
$003 32 Gen Pipose | SOU0C $000
Working Ragisters | gga1f
002G
64 1'C Regislers
EEFROM

rogtar Flash 4565 y

P(?KMK:( 16} {2565512 x 8
SOUSF
$0060

SOEFSIFF

L

$015F/B025F

STFFISFFF

51t 4.3 urasms dadumiislumiaena1u$r (memory maps) vos lulnsnouInsanes

ATZNA AVR
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4.3.1 Wu"Jﬂﬁ”lu’JamNﬂEﬁﬂmﬁﬂ% (Arithmetic Logic Unit)

ALU 92auaade laeasefiy register file ¥4 32 81 mvaues ALU wiaii 3
sEaUnang A nemuraadiamnaas, Hendumeasin uazfeddussauia
4.3.2 viveanud11Usunsu (Pregrammable Flash Memory)

dosnnideilgifiusidivunn 16 30 32 Ta §fu Flash memory Segnintiiiiu
2K/4K X 16 Flash memory eu1safiag@euuazay Tusunsy'lduszanas 1000 avq
43.3 mbaanudiieya SRAM

mhﬂmm§1%agaﬂ5:ﬂauﬁaadfmﬁtﬂu register file, /O memory L0¢ internal data
SRAM A1M149U83 SRAM 9BHABIINAIUYBA register file Uag /O memory
43.4 vivhenud1923a EEPROM

eEPROM gnialifludnuaiziihevosdoya Fuunsaiiez@eunsesuteyaug
1 byte 14 EEPROM aunsafie @eunseaudeyaldlszana 100000 a¥s v fitims Geu
wiesudeyain EEPROM CPU szwgarhamuiiunahdudyaiamniin 2 cycle Aovfia
dade’ly

3819 address GmSuMoANUI oy 3 573 Av LUUNMIAT, LUDNISOU UL
madewTaosmsunudt, uunmeden Tasmsaamnew, uwumsdew Tasmstuaidenu 330
o 26 84 31 ThidSmaos A 19 LA address Mo daun1s879 address
uuy Tasaseaz 15 1AMIS Sames dynen
435 Tnuamssrdshumisveddsunsuaz oy

lulnsneulnsameiaszna AVR i Tnuamsdrdesdumislumsdnamizennud
T1/51n53(Flash memory) uazvea NI D1A(SRAM Register File,]/O memory)

Y Aa o 1 A ¢ A
ﬂﬁE)Nl’zNﬂHm‘udiﬂfmid!&ﬂﬂiﬁﬁ!ﬂﬂi!ﬂﬂ’)
REGISTER FILE

—
W
S~

[«

oP |d|

31
o o A g ~a du
ﬁ"]gﬂﬂuuuﬂ15 (Opcrand) ‘ﬂggﬂlﬂU1u§‘ﬂﬁLﬁ@ﬂwaﬁ]ﬂ d(Rd)



Y Aa o 7 A 1
ﬂ1iii)Ni)\'iﬂﬂl‘ﬁuﬂﬁﬂﬂ'id!mﬁiﬁlﬁtﬂﬂiﬂ
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REGISTER FILE
4 0
[¢ |
—
B

31

Fagnauiiums (Operand)iz grifiulu3 Senaesaaf r(Ro) uay dRA) Hadns azify

u ~Sa d o a:
nauluSaensaIn d(Rd)

a o ° é
pIRwhMHamEn NGB/ M HMIAEA T

[OPln

I/O MEMORY

63

Sumsueansavosdagnasiiivue 6 da nfe amdedumiudhmunendesms

31

msondsmrddluniannud1veyalaens

19

16

31

R1/Rd

16LSBs

15

Data Space

$0000

$015F/8025F



Y a o 7 aa 1
ﬂ1iE)N?Nﬂumudiﬁﬂﬂi\i!l‘lﬂ]i*ﬂmﬂﬁi\’j
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REGISTERFILE
15 9 4
L[ ¢ [q |
L d
> r
31

o oA [~ aa o A v J a
ANNAUUUNT (Operand)9z gty U3 AR TAIN r(Rr) 1o d(R) HAOWTISINL

Y =) Jd s d‘
naulusIaaesaIn d(Rd)

a o ° é
AP IBIIUNIUIEA NS DU NI M KN IAEA T

Sunseansavesdagnasziiiivune 6 Oa nfe Amsedumiuthmnefidesms

31

I/O MEMORY

63

mIodwhunHluIEn s Yeyalan e

19

16

31

Rr/Rd

16LSBs

Data Space

$0000

$015F/$025F
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o o a o 1 P! a g o
fdfafivun 32 Oa Tasdumiseamsavesdoyaiving 16 Tauaznuduludm

(LSBs) Rd/Rr fip Svenwes it munendeems

Y a o v v oYV b d
mieNmmnmm'luﬁmﬂmmmmayiﬂﬂﬂaeu
Data Space

$0000

15 0
I X,Y OR Z-register i,__

$015F/8025F

o H o oA a 4 a
fumiaueARs AR UHUMI I UNURIET TaARS X,Y wiesvmnes Z

43.6 M31BHHIBANS1 EEPROM
lums@oudoyaas EEPROM 92 ldamnilszana 2.5 — 4 a3 Fueguusedu i
B (V) 719 lum's@ﬂuiﬂmﬂiuﬁwﬁ’ﬂaﬁ%’uﬁm%’uﬁmum'?uﬁau‘luﬂﬁ@ﬂu%ga ey
yauzifimseunse@oudoyans EEPROM #1 CPU szngamshanuiiunal 2 seuves
Fyyronninineufieziiidedaly

S3ames MvivaueAIAsa( The EEPROM Address Register - EEARH and EEARL)

Bit 15 14 13 12 H 10 g g
$1F (635 - % - . . - EEARS EEARH
s T T S T i DR T _—ﬁ
$1E{S83E} EEAR? EEARG EEARS EEARS EEAR3 EEARZ EEAR1 EEARG EEARL
7 & 5 4 3 2 1 G

v
$5ames EEARH Wae EEARL 19fmuauoamsauss EEPROMA 512 Tud faud
AUHUaN 0-511

S3mmesiiudoya (The EEPROM Data Register - EEDR )

git 7 & 5 4 3 2 i &

N

13

510 330 Ms8 158 EEDR
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£ 4 v
Foyavua 8 Ta(dno.7) srgnifuliuiiames EEDR(Msdoyaiazliounuazsu
A o 1 C; o aa
970 EEPROM) Feazifiu ludumtisueansanifmua lag3icaes EEAR

$3eAvINILNUNITHTYU (The EEPROM Control Register - EECR)

ait 7 5 5 4 3 2 1 ¢
§1C (340} - - = » EERIE EEMWE EEWE EERE | EECR

4.4 $umerilumaiioudoyans EEPROM
1. fmunals T EERIE(EEPROM Ready Interrupt Enable) 15 1 (set) oo va1ams
W1y EEPROM
2. senanlviiin EEWE(EEPROM Writc Enable) naneiih o tioflunsduduinding
Aoudoyatounuads ludy
3. fmuauennsaiivzidoudoyaliifiu EEARL uag EEARH
4. fvundoyaiieziiul¥iu EEDR
5. SwualiDn EEMWEEEPROM Master Write Enable) (! 1
6. fimual¥in EEWE dlu 1
45 fumeumisrudoyanin EEPROM
L fmuadundafieredoyaldfiuiTaans EEAR
2. fimual¥iia EERE(EEPROM Read Enable) i 1

A a a g Y Yy 9 A a Pt
3. ieie EERE gradaliiiiu o Taensesuda doyanGonszuegn EEDR

4.6 Mm3l¥nunesansulasduanaeumnasniludyanuadnea(The Analog to Digital
Converter)

msme’c?“tgﬂunmauwaamﬂuﬁmiymﬁ%ﬂﬂa(ADC)mm'luiﬂiﬂaulmmaa%’f: 1973
successive approximation Y19 10 g 1az1/seneUAIBI903 Sample & Hold Lﬁﬂﬁm”ﬁ SN

v W a

sedudygadunaliiamuniveussnheiiviimsulasm msldau ADC szdesld v

L &

o9 2 90 Ao AV, 1Az AGND 108 AV, ADeABU GND LagA1 AV, Aeafia 1319910 v,
a ol Yy v Y a ' Yo A A yyve '
Aut03V uazdeadussrudatennniouonde 190U AREF Gl A 0- AV,
g 9 o A = 3 .
ADC AlFnsviinu 2 Tnua Ao Inuanisudasiuu@fe(Single Conversion Mode)

wae Tmuanisulasuudease(Free Running Mode) Tu Tnuamsudasuuuner mawlasuanay
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v
afeazdnalasumstmuasndld dmSumsuasuuudase ADC 92iigns1ns Sampling
asfitazwwdounlasdoyaussmansAudeyaldies
4.6.1 mamnualing 199l ADCSR (The ADC Control and Status Register)
o ya A Y Yo
1. fvualiiin ADEN(ADC Enable) ilu 1 iWooyanamsldauldniu Apc
o a . 4 A o ~ 3
2. fmualdiin ADSC(ADC Start Conversion) ilu 1 ieiSuihmsuasdeya Tasfiszning
t4 . 9
wmsuasdoya daflezdiu | WowlasdeyamSiseseeSidalidaiidiu o
3. fmunaldia ADFR dlu 1 §1msvieuves Apc dluTnuamsiwlaswudase
4. iin ADIF(ADC Interrupt Flag) 92 gaisaiiiu 1 s ADC vhmsuilasdoyai3s uag Joyall
] b4 )
msifaoumlas dafignsindofmualiunaniu 1
i a / < Aa [
5. ioiin ADIE(ADC Interrupt Enable) tag I-bit 11 SREG gaidiaiiiu 1 umessnvivoans
9 A o
wlasdeyasziuia
6. 1n ADPS2..ADPSO 92uerasf132nounIsnIs(division factor) 5¥HANANNDYDIT QYR

910 XTAL wagdygaundmidleuldiu ADC

4.6.2 %%iﬂﬂ@idﬂ'njﬂNL!@;‘:L!E{QJE\'G1H$‘UBQADC (The ADC Control and Status Register ) -

ADCSR

Bit 7 6 5 4 3 2 1 0
806 (526) l ADEN l ADSC l ADFR | ADIF | ADIE IADPSZ | ADPS1 lADPSOlADCSR

4 o Y 3 o o o aa s ~a ¢
devimsuasdeyainS s wodnsezgriny 13115 3mees ADCL uag33aaos ADCH
Taomssudoyaiwsmdoyannisames ADCL fow

3.6.3 S3mme 3R udeyaADC (The ADC Data Register ~-ADCL AND ADCH)

B+ 15 14 13 12 k3 10 5 8
$05 (325} . . . . . - ADCY ADCB ADCH
§04 15241 ADC7 ADC8 ADCS ADC4 ADC3 ADC2 ADCH ADCO ADCL




30

=
unn s

M31%¥31% LCD MODULE

L% A a [ U ) [ z-t'l =1 4' 9t ;’,’
flagifu Lep dlufitisufusdnann dmsumsudaswalumiosdomiosldae e
<A = ¥ < o v a °
futlosnndianuminzaualelsemsnetn dielumuasssmsnunsguadl ansaLaana
v g ' a é IS
Hufdnusuazdiay  viouamuilunsw@nld  (awzgu) sdailymAediues Fd
° Ao 9 /\194 . Y ' gy a o 1 A ‘ﬂ
seuunsmnungudou wagviginsal ladoudnenn uAvusiARde LCD  szvijuinilu
LCD MODULE senunfietiiu MODULE #iida LCD uazaessaauguunlinion (Soni
£ o v o 1
LeM)  daihlildaunsodedny lu lasaeu Insawes ladeuaz aaanlunms@ou lusunsuy
Q’I’ Ao ' 1Y) 1 9 = A o 9/ 9 9 <
suieldmieduesnhnuaisaimunzaui g ldaudmlulnsaouInsamos
LY . J
Wuan 19umaiaasdao LCD MODULE fiuanniju
a T T Py wa v o & )
LCD MODULE flagunuisvatoiu uaziiguaudauanaisiusen 1y danie i
2 NQUUANAD
1. uuYy DOT METRIX
2. UUL GRAPHIC
Tasuuy DOT METRIX euaasnaiiudisnusvuig 5*8 uaziifuiudisnusuas
ussiauanaenuesn lilluudaziu dauuuy GRAPHIC szueeawaluuuy BIT MAP fip
9 g9 ¥ Y 9 :J’ A v ¥y A [
srasenmnlaqnldewdeans  wuamalumsleauvesis 2 wuy wildnyue lndiReeny
msldaulaenaliiineg1uuy DOT METRIX wnndl iesandsanfignnit uaziies
o/ k4
wodwiuaudiulvg duiulwenaniemsldau DOT METRIX winiu aaerutiaaie
b4
annsaagl 1ddudendeil
1. Hlidennatsiumumsigau lasfifwaudonesuazussiauanaianiuly
2. #OAYILAAIRIY DOT METRIX vu1a 5*8 DOT
3. ensesnsaaeiuszuyluas1d 2 Snuae Aouuy MEMORY MAP (20-PIN
LCD BUS) LAz K1Y 8255 PORT (26-PIN 8255 BUS) lagnsal 26-PIN
8255 BUS 92 19usu PCB (DMCAD) (flufa ADAPTER shlviflu 8255 BUS
N
9y ' = vy Yo
4. msldauheuazaain szunlulasaoulnsamesiiowndeyaliny LCD
MUDULE wideawizdsinguuumnaas tazazasis naoa vlilides

@onmmanvesszuy lulasaouInsamos
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5. ffdefirydmSUsmIeANUAZAINUINIY WU CLEAR DISPLAY, HOME ,
CURSOR ,ON OFF CUSOR ,BLINK ,CHARACTER Lngu‘] an

6. aansauaasnaiiuddnusdinguuazduavld 160 §2 uasdaygndnyel
furen 32§ ST unsafmuasnysieenuues 1480 8 &

9y v Y v
7 Aunszuates wazilthmiinmwn sauveiau lddns Idesssay s5v iy

5.1 NdyayIved LCD MODULE

PI | SYMBO | LEVEL FUNCTION
N |L
1 Vss = 0V GND
2 Vcee - - +5V  POWER SUPPLY
3 Vee e T + V  FOR LIQUID CRISTRAL DRIVE
4 RS H/L REGISTER SELECT

H: DATA INPUT L:INSTRUCTION
5 R/W H/L H: DATA READ L: DATA WRITE
6 E H ENABLE SIGNAL (L--->H)
7 DB 0 H/L DATA BUS BIT O
8 DB 1 H/L DATA BUSBIT 1
9 DB 2 H/L DATA BUS BIT 2
10 DB 3 H/L DATA BUS BIT 3

11
12
13
14

DB 4 H/L DATA BUS BIT 4
DB 5 H/L DATA BUS BIT 5
DB 6 H/L DATA BUS BIT 6

DB 7 H/L DATA BUS BIT 7
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52 msaanfuszuvlulnsneulnsames
i Y o 9 [ A
LCD MODULE v2anifuszunluTasaeuInsames 14 2 dnyae Aoty

MEMORY MAP Iagif1is LCD BUS 4119 20 PIN 4agiuy /O PORT lasW1u 8255 BUS

& 3 d”d ~ \ -7 1 ~ v v di’
14 20 PIN Ganisapanutindenuazdesssuanaranull Tasuaazuuuzivanmsaaail
5.2.1 AMSABMUY MEMORY MAP
1. gunsodehiy cHIP woese T 14wy 8051 v5e z80 Tavazshdszunlulas

aoulnsamosueuiiu LCD -MODULE ludn¥az MEMORY MAP laviu#

N

9 ~ ' vy 9 o 9 4 '
AlFennsadouuazermdoynain LCD MODULE 14 ldueaeaiouiuiiu MEMORY

BUFFER 1/1ué

w

iilesnnaunsasudeyandyld ausovldmusassisaey FLAG anuwioulu
¥aug#l LCD MODULE fhdevhem1a

] v
1188 uuesand Lep BUS inldwdouwiniu

IS

o ga d’, ~ v o 1 & 9 ~ =
5. VITiﬁﬂu‘WHﬂ‘ﬂENﬁu’)fJﬂTm‘iﬂblﬂﬁ’lu‘ﬁu\i iagevdun1s DECODE agogananis

v s 9 T Y
6. misandyanudoadiuliaw CHIP udaziaidie

5.2.2 M3AALLY /O PORT
1. aunsasednsu vo PORT laqdldlasldduamiman 11du uae 15Tdsunsmily

7 L4 3 o o
Frahadyanuduunldassfudedmuaves LCD MODULE

= = & ° ' £
2. AlFzdoudoyal® Lcp MODULE lReduifien dadldnisdmua MEMOR Y uwii
Tifuiadiou BUFFER I¥fiu LCD MODULE 9n#
A ' o N v yyR 9 Y ' ¢ 4
3. oo lmunsnsmdeyandu 1@ fedesddmeniisveslulnsneunsamesiouiioss

1% LCD MODULE A32¥n3e1IuMIaIee
4. 1918Fuuesanaq 11nil PORT

liiuldesdruves MEMORY lums ldau

(9,

m3tandyanunsein ldedudase

o

5.3 gamdanIuguuazmsuaasdenI
P=1 4 as 3 o wa 1
msieuvsesudeyafiy LCD MODULE Ademsfimuanmaudaaie lumsldauves
o W P 4 Y = Y A Y
LCD ﬂ?ﬂﬁjﬂﬂ?ﬁ\iﬂ?ﬂﬂﬂ LLﬁz'i'JiJfNﬂ"liLﬂﬂu%@gﬁﬂlﬂuﬁl@ﬂﬁﬂﬂ L‘W'Eﬂﬂ‘l."i'\ﬂaﬂulm\illﬁﬂﬁ

Y
7Y
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5.4 mnudilougiu

1. ms@eudeyaliiy LCD MODULE sgutiaiiy 2 Gnuazde INSTRUCTION Lag DATA
Tz muandaana RS Ao RS=0 9gnueiedadayg mnIunu (INSTRUCTION)
w3081 FLAG MMA3919148s LCD MODULE uagd1 RS=1 agnuigfiemsideu
¥58A1597U DATA i1l LCD MODULE

2. ndnlums@sudeyald LCD MODULE faeleiimsSoudoyaluuda #1Lep
MODULE 9z dealdnmluns@oudeyaluszesuils (w1 EXECUTE TIME lumso)
Feluszuylu Tasanunsansnaeuiden BUSY FLAG (BF) uazdrieudesiagause
Goudeyndduae 1U1R Tunsdifinsaersesihuuun 1o PORT Aeliaunsasudeya
foundu 14 szuu lulnsPezdesldisnmsmiauauny

3. m3eudeyaldiu LCD MODULE & cunsavildfeuny 8 BIT uay 4 BIT Taonsdl 4
BIT 92 1¥dayanm DATA s 4 1du Ao DB4- DB7 (IddmSuszunlulasuuy 8 BIT
wioonsilsendacne) msfeudoyarynsviumilou 8 BIT deowdldiFoudoya 2 as
4o DB4-DB7 Aouudanniday DBO-DB3 uazezdesfmmuanmiauiiaadt DL Tusids
FUNCTION SET #38

4. DDRAM (DISPLAY DATA RAM) fiewtiseanu§inielud LeD MODULE i
BUFFER v03%03a lasdudousvia ASCII la9) m"lﬂ&lumifmmm%ﬁfﬁ%zﬂsmgrﬂuﬁa
SnusTiumerasiud

5. CGRAM (CHARACTER GENERATOR RAM ) fiptiiaeA21u$11ué3 LCD MODULE
gmiufudsnusigldmusadmua nieaieldies 8 &) Tasads ADDRESS 18
Waniun 64 BYTE fio 8 #36ny3 qaufiu 8 ROW

4315 waziBuaudazA

1. CLEAR DISPLAY

RS RW DB7 DB6 DB5 DB4 DB} DB2 DBl  DBO

0 0 0 0 0 0 0 0 0 1

#1505 CLEAR DISPLAY lageziin1siieuaionys SPACE adlu DDRAM Maviua wag
b4 v
8 muas1 DDRAM ADDRESS 1#iifu 0 wisusis CURSOR azndu ldfidwmisdnenugaues

VNN
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2. CURSOR AT HOME
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 0 0 0 1 *

Gm3ufmuns DDRAM ADDRESS 1 0 w¥eusts CURSOR 1z lagiidumisdhou
gauessen lnsfideyali DDRAM ifnsulfeuulag

3. ENTRY MODE SET

RS R'W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 0 0 0 0 0 0 1 /D S

D=0 fMuaAfiAN19Yed CURSOR Lag DDRAM I¥ifuuuy DECRETMENT
D=1 fvuaian1awes CURSOR tag DDRAM 1#iijuuuy INCRETMENT
s =0 dloRoudeynuds §1CURSOR szgniioulifismanus /D
_1 de@oudeyauda §1CURSOR szagiuii unzdsnyszgnsulifisnisaus vD

mafmua UD uag S Sl mueseums@udeyalu DDRAM uaziofmuauda szdeqls]
19%1d1 CLEAR DISPLAY &1
4. DISPLAY ON /OFF

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBl DBO

0 0 0 0 0 0 1 D & B

D=0fwual# OFF DISPLAY
D=1fmunald ON DISPLAY
C =08 mual OFF CURSOR
C=1fmual® ONCURSOR lag CURSOR wxifluduialédaaonus
B -0 fvuald LidimsnszaSuiidumis CURSOR
B— 1 fvuald finsnsenSufidumis CURSOR  (nagwsuillugfmaom)
5. DISPLAY SHIFT
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DBl  DBO

0 0 0 0 0 1 S/C R/L = .

S/C = 0 fmualiAey CURSOR sunamnie R/L 1 1 duvda
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S/C = 1 fimualiideudonmuuuwaaasauiians R/L 11 1 COLUME (Aouynussiia)
R/L =0 fvualdiinianislidnmede
R/L =1 fmualdiinsmieladnisen
6. FUCNTION SET
RS. R/W DB7 DB6 DB5S DB4 DB3 DB2 DBl DBO

0 0 0 0 1 DL N F * *

DL = 0 fiinualfinsAndeiy LCD MODULERjuwuL 4 BIT
DL = 1 fmualinmsAndefy LCD MODULE iluuuy 8 BIT
sdaungmsmvuas DL famnsonsei147 DB4 - DB7 Fefimsfmualidiu
WU ABITA  udnwsn wdsnndwlwides Ayl LoD MODULE fimsSudoya
WU 4 BIT viufl
N=0 MUUATILIUYIINALUY 1/8 DUTY Wag 1/11 DUTY
N=1 fnuadmuuussviauuy 1/16 DUTY
F=0 fmuali@dnausdiuuy 5*7 DOTS
F=1 smunlidsnysiiuuuy 5410 DOTS (A3l LCD MODULE futuy 5*7 agudanes
litinaoz )
7. SET CGRAM ADDRESS
RS R/W DB7  DB6 DB5S DB4 DB3 DB2 DBl DBO

0 0 0 1 CGRAM ADDRESS

SM3UMIAMUA ADDRESS 494 CGRAM i levhnmstmual3uda msswunzifou
DATA fieiouinis ozithilala1s ADDRESS fifmuasiuii
8. SET DDRAM ADDRESS

RS R/W DB7 DB6 DB5S DB4 DB3 DB2 DBl DBO

0 0 1 DDRAM ADDRESS

& MFuMsfimua ADDRESS 484 DDRAM e laviimssmua 13uds msemuazidion
l t 4 .
DATA fireanileziiiu a1y ADDRESS fifivuayiuil @uniisued ADDRESS Tuusaguil

ALANAIAUTIG 51§ 1UIU NI AR DT INA THmAU
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9. BUSY FLAG AND ADDRESS READ

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

0 1 BF ADDRESS

Yy

o o N N é ot
TMIUNTDIUA BF (BUSY FLAG) muaﬂﬁammw%mm LCD MODULE Tumssudoya

U

& BF = 0 nuneienndeniiveiudeyade 18 uddh BF = 1 mnedeidslundeunieesudo

td
yarelyld uenuniifaiiumssus1 ADDRESS ¥83 CGRAM #30 DDRAM #29

4.4 mIsazlauIeYany DDRAM / CGRAM
1. WRITE DATA TO DDRAM OR CGRAM
RS RW DB7 DB6 DB5 DB4 DB} DB2 DBl DBO

1 0 DATA

SmiumsFeudeyamiteanud DDRAM v5e cGrRAM Tasidovhnis@ouuds
ADDRESS 9z gnifty TaediaTuia audfmuaeing UD lufids ENTRY MODE SET ag
A131Tt1 DDRAM 0 CGRAM faufui Aevunihddaiiimsfmun ADDRESS #iln

2. READ DATA FROM DDRAM OR CGRAM
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A157971 7.1 UEAAITUN NHANIINARBITEHINNTLUAAVLTIAY

AaNUUIE 850 TaA/A1319AT

qunQil 47.4 DaFn AT

U 1 w2 2 I 2 WNAYNTH
AL | LIRS | NTEUA | AL | WK | ATTUR | R1AL | WAL | ATTUA | R1AL | UNAUW | NTTuA
Flw|lw|d|lw|leolidil wlew|d]w|®
1 19.3 0 1 192 0 1 19 0 1 384 0
2 19.3 0 2 19.2 0 2 19 0 2 38.4 0
3 19.2 0 3 19.2 0 3 19 0 3 384 0
4/ 193 0 4 192 0 4 19 0 4 384 0
5 19.3 0 5 192 0 5 19 0 5/ 383 0
6 19.2 0 6 19.2 0 6 19 0 6 38.3 0
7 19.3 0 X 19.2 0 7 19 0 Vs 384 0
8 19.2 0 8 19.2 0 8 19 0 8 384 0
9 19.2 0 9 192 0 9 19 0 9 384 0
10 19.3 0 10 19.2 0 10 19 0 10 384 0
11 19.2 0 11 19.2 0 11 19 0 11 384 0
12| 193 of 12| 192 of 12 19 o 12| 384 0
13 193 of 13 192 o 13 19 ol 13| 384 0
14| 192 of 14 192 o 14 19 0| 14| 384 0
15 19.3 0 15 192 0 15 19 0 15 384 0
16 19.3 0 16 19.2 0 16 19 0 16 384 0
17 193 0 th( 19.3 0 17 19 0 17 384 0
18 19.3 0 18 192 0 18 19 0 18 384 0
19) 193 of 19 193 of 19 19 0| 19/ 384 0
20 19.3 0 20 19.2 0 20 19 0 20 38.3 0
21 193 0f 21 193 0 21 189 0f 21 384 0
22 19.3 0 22 19.2 0 22 19 0 22 383 0
23, 193 0| 23 193 0| 23 19 0| 23| 384 0
24, 192 of 24/ 192 0| 24 19 0| 24/ 384 0
25/ 192 0 25 192 0 25 19 0| 25/ 384 0
26/ 192 ol 26 193 ol 26 19 0 26/ 384 0
27, 192 of 27, 193 o] 27 19 of 27| 384 0
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uu\ﬁi 1 llN\ﬁ'ﬁ; 2 2 WNTUNL 2 UHNBUNTH

AR | WTAL | NTYUA | RO | UNAYW | NTUUA | RIAL | UNAU | NTIUA | RIAL | UTNAU | NTTUA
Pilwlew d i w|wlidlm|e | ilm|®
28] 192 0| 28/ 192 0] 28 19 0| 28 383 001
29| 192 0| 29 192 0| 29| 189 0| 29| 383 002
30, 193 ol 30| 192 0 30 19 0| 30| 382 002
31 192 0 31 192 0] 31 19 0| 31 381 0.04
32| 192 ol 32 192 0f 32 19 0| 32| 379/ 0.02
33 193 o 33 192 0}l \ 33 19 0| 33 378/ 0.04
34| 192 0f 34/ 192 0| 34/ 189 0| 34/ 378/ 006
35 192 g FoEy (oW 0] 35/ 189 0| . 35 375 0.1
36, 192 0, 36 192/ 001 36/ 189, 001 36 375 0.2
37, 192 37| 192 o 37| 189/ 001 37 377 0.4
38| 192 0.01] 38 192 0.02] 38 188/ 0.02 38 376 0.1
39| 192/ 001 39 191} 0.02] 39 188 0.03] 39 376 0.06
40! 19.1) 004 40, 19.1, 0.06 40, 186 006/ 40/ 372 008
41 192, 003] 41 191 004 41 187 005 41 376 0.1
42| 19.1] 0.08] 42 189, 009 42| 186/ 0.08] 42| 372 0.14
43| 191 007 43 19)  0.08] 43 187 008 43| 373 0.2
44| 191 0.07) 44] 189, 0.09, 44, 187, 009 44 372 0.14
45 19| 0.09] 45 188/ 0.12] 45 186/ 0.11] 45 369 .0.19
46| 18.7) 0.26] 46/ 187 0.17| 46/ 187, 0.16] 46| 366 0.28
47\ 189, 0.12] 47| 189, 0.09, 47| 189 0.11] 47 361 0.15
48) 192 002 48 190 002, 48 189 0.08 48 366, 0.06
49/ 192 003 49 190 003 49! 189 006/ 49 357 008
50, 19.1, 0.04 50 19) 0.04| 50, 188 007/ 50 375 008
511 19.1] 004, 51 189 003} 51 18.8! 0.04| 51 371 006
52/ 191 0.04] 52 19 0.04] 521 189 006 52 372 008
53] 19.1 007 53 19 006 53 189 o006 53 36! 0.12
54 19 01 54 188 0.13) 54| ) 189% 0.12| 54 . 37.3Wb.09;
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#1771 (A1)

WA 1

W2

2 WU 2 UAYNTH
ANAIL | UM | NTTUA | AL | WA | ATTUA | &AL | WAL | NTIUE | VAL | WA | nsTua
Pilwmlw| dilw|lewlilw|ew!d|m|®
55 19 0.12 55 18.8 0.15 55 18.8 0.16 55 37.2 0.11
56 18.8 0.2 56 18.6 0.29 56 18.7 0.25 56 371 0.32
57 18.8 0.2 57 18.6 0.3 57 18.7 0.26 57 37 0.35
58 17.8 0.67 58 17.6 0.79 58 17.8 0.76 58 36.9 0.74
59 18.2 0.52 59 17.5 0.82 59 17.6 0.89 59 37.2 0.76
60 17.9 0.62 60 1783 0.9 60 17.6 0.92 60 37.1 0.82
61 17.1 0.93 61 il i 0.97 61 174 1 61 36.8 0.87
62 123 0.84 62 17.2 0.93 62 17.5 0.84 62| 366 0.85
63 17 0.97 63 17 1.06 ' 63 174 0.82 63 36.2 097
64 16.8 1.07 64 17 1.04 64 174 0.84 64 356 08
65 171 0.93 65 4.5 0.85 65 176 0.85 65 35.1 0.76
66| 17.2 09, 66| 174, 086 66| 175/ 1.04 66| 347 0.78
67| 173 09! 67 174! o087, 67, 17.4; 109 67/ 341 079
68| 17.2| 092 68 173 092 68 174 123 68 325 082
69 17 1 69 16.8 1.08 69 16.8 1.43 69 322 0.93
70 167, 1.11| 70| 164 122/ 70| 164 196, 70 311 0.96
71 16/ 1.23; 71 155 137{ 71| 155 218, 71 302 124
720 153 1.43] 72| 149| 153 72| 152| 276/ 72| 285 141
73| 144, 157, 73| 147 157 73| 149, 282 73 279/ 164
74 135 168 74 134 1.7) 74 146 311 74 254 1.7
75 120 175 75 112/ 178] 75 145 322 75 234 185
76 9.3 18 76/ 85 181 76/ 141! 326/ 76 226/ 1.89
77 6.9 18/ 77] ° 6.1 18| 77) 104 322 77 7.4 1.9
78 52| 178/ 78/ 46 178 78 8.4 32| 78 25 191
79 38/ 175/ 79 35 175 79 8.1 319, 79 26| 188
80 3 1750 80 29 173 80 74! 314, 80 25/ 186
81 27 183 81 26/ 186 81 7.1 332 81 24, 195
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4 ;
FT NN 7.1 (5iR)

<
W 1

W 2

2 WRIUNU 2 WHALNTH
AL | U | NTIUA | AL | LR | NTTUA | AIAL | WAL | NFTUA | R1AL | UG | nTTUS
Al wm el i wlwld m || m @
82 2.5 1.83 82 25 1.85 82 6.4 3.34 82 24 1.93
83 2.3 1.81 83 24 1.85 83 5.9 3.34 83 24 1.94
84 23 1.81 84 23 1.84 84 4.8 3.32 84 2.4 1.92
85| 22| 18 85 22/ 184 85 29 332 8 24 194
86 2.2 1.76 86 2.2 1.78 86 2.9 3.34 86 2.3 1.91
87\ 24|/ 17887 21N 76| 87 L29] Ki3e2l. 8RN\ 23] 191
88 2 i 1.74 88 2z 1.75 88 2.8 3.8 88 24 1.91
89 2 1.74 89 2% 1.75 89 2.8 3.34 89 24 1.91
90 2 1.73 90 2 1.74 90 2.6 23133 90 23 1.92
91| | b.ip. J8at—1 3/ AN\ e Dot 42| 201
92 2.2 1.95 92 2.2 1.96 92 29 3.73 92 2.2 2.03
93| 22| 195 93 22| 19| 93] 29| 374 93 22/ 203
94/ 21 193 94 21 196 94 271 373 94 22/ 204
95| 21| 193] 95 21| 196 95 29| 373 95 22| 204
96 2.1 1.93 96 2.1 1.96 96 2.8 3.73 96 2.1 2.03
97 2:1 1.93 97 2.1 1.97 97 2.8 3.73 97 22 2.03
98/ 21 193 98 21 196 98 28 373 98 22 202
99| 21| 193 99 21| 198 99| 28 373 99 22/ 202
100 21| 193] 100, 2.1 197 100 28/ 373 100, 22 202
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Aanuidiuiers 400 Sad/a15 195

QUNNN 44.3 DA BT

e 1 w2 2 WTLIY 2 WAYNTH
AL | U | NTTUA | AIAL | UNAL | NTIUA | ANAL | UG | NTTUA | ANAL | LRI | ATTuA
Flwm el i e dm e m | ®
1 192 0 1 192 0 1 191 0 1 38.7 0
2 19.2 0 2 19.2 0 2 19.1 0 2 38.7 0
3 19.1 0 3 19.2 0 3 19.1 0 3 38.7 0
4 19.2 0 4 19.2 0 4 19.1 0 4 38.7 0
5 19.2 0 ) 19.2 0 5 19.1 0 ) 38.6 0
6 19.2 0 6 19.2 0 6 19.1 0 6 38.6 0
7 19.2 0 7 19.2 0 7 19.1 0 7 38.7 0
8 | 192 0 8 | 192 0 8 | 19.1 0 8 | 387 0
9 192 0 9 19.2 0 9 19.1 0 9 38.7 0
10 19.2 0 10 19.2 0 10 191 0 10 38.7 ,O
11 19.2 0 11 19.2 0 11 191 0 11 38.7 0
12 | 192 0 121/ %0 2 0 12 | 19.1 0 12 | 387 0
13 | 192 0 13 | 192 0 13 | 19.1 0 13 | 387 0
14 | 192 0 14 | 192 0 14 | 19.1 0 14 | 387 0
15 19.2 0 15 19.2 0 15 19.1 0 e’ 38.7 0
16 19.2 0 16 19.2 0 16 191 0 16 38.7 0
17 | 192 0 TINNG2 0 17 | 191 0 17 | 387 0
18 19.2 0 18 19.2 0 18 19.1 0 18 38.7 0
19 | 192 0 19 | 192 0 19 | 191 0 19 | 387 0
20 19.2 0 20 19.2 0 20 191 0 20 38.6 0
21 | 192 0 21 192 0 21 | 19.1 0 21 | 387 0
22 | 192 0 22 | 192 0 22 | 191 0 22 | 386 0
23 19.2 0 23 19.2 0 23 19.1 0 23 38.7 0
24 | 192 0 24 | 192 0 24 | 191 0 24 | 387 0
25 1 191 0 25 192 0 25 | 191 0 25 | 387 0
26 | 192 0 26 192 0 26 | 19.1 0 26 | 387 0
27 | 192 0 | 27 | 192 0 27 | 191 0 27 | 387 0
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WNA2

WA 1 2 WRILIY 2 WHIBYNTH
AL | UTNAL | NTTUA | AL | UG | NTIUA | AL | UWNAU | NTTUA | AL | UKNAU | NTIUA
ilwlw| i v lw | dlwlew| i w|®
28 19.2 0 28 19.2 0 28 19.1 0 28 38.6 0
29 19.2 0 29 19.2 0 29 19.1 0 29 38.6 0
30 19.2 0 30 19.2 0 30 19.1 0 30 38.7 0
31 | 192 | 0 31 | 192 0 31 | 191 0 31 | 386 0
32 19.2 0 32 19.2 0 32 19.1 0 32 38.5 0
33 19.2 0 33 19.2 0 33 19.1 0 33 38.4 0.02
34 19.2 0 34 19.2 0 34 19.1 0 34 38.4 0.02
35 19.2 0 35 19.2 0 35 19.1 0 35 38.3 0.04
36 19.2 0 36 192 0 36 19.1 0 36 38.2 0.06
37 19.2 0 37 19.2 0 37 191 0 a7 38.3 0.03
38 19.2 0 38 19.2 0 38 191 0 38 38.1 0.08
39 | 192 0 39 | 192 0 39 | 191 0 39 | 38.1 | 0.08
40 | 192 0 40 | 192 0 40 | 191 0 40 | 38 0.1
41 | 192 0 41 | 192 0 41 | 191 0 41 | 38.1 | 0.08
42 | 192 0 42 | 192 0 42 | 191 0 42 | 378 | 0.12
43 19.2 0 43 19.2 0 43 19.1 0 43 38 0.1
44 | 192 | 0 44 | 192 0 44 | 191 0 44 | 379 | 0.1
45 | 19.1 0 45 | 19.1 | 0.01 | 45 | 19.1 0 45 | 376 | 0.17
46 | 191 | 002 | 46 | 191 | 003 | 46 | 19.1 | 0.01 | 46 | 37.1 | 0.24
47 | 191 | 002 | 47 | 191 | 0.03 | 47 | 19.1 | 001 | 47 | 366 | 0.29
48 | 19 | 003 | 48 | 19 | 004 | 48 | 19 | 002 | 48 | 37 0.3
49 19 0.06 49 19 0.07 49 19 0.03 49 36.2 0.39
50 18.9 0.08 | 50 18.9 0.09 50 19 0.06 50 38.1 0.08
51 | 189 | 008 | 51 | 189 | 009 | 51 z 19 | 004 | 51 | 377 | 0.18
52 18.9 0.08 J 52 18.9 0.09 52 | 19 | 0.06 52 37.9 0.1

r
53 | 188 | 01 ! 53 | 188 | 013 | 53 ' 189 | 0.08 | 53 | 364 | 0.34
54 | 187 | 015 | 54 | 186 | 0.18 | 54 | 189 | 012 | 54 | 379 | 0.12
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FTNN 7.2 (A1)

WA 1 T2 2 I 2 UKREYNTH
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-

RO | UTNAU | NTEUA | RIAL | UNAU | NTEUR | RO | WA | ATTUA | 810U | Ul | ATsug
n

v | @wlal ™| ® ™ | @

=i
S
Sh.

(A)

55 187 | 0.14 55 186 | 0.17 | 55 18.9 0.1 56 | 378 | 0.14

56 187 | 0.14 56 186 | 0.17 | 56 18.9 0.1 56 376 | 0.15

57 186 | 0.18 57 185 | 019 | 57 189 | 0.13 57 | 375 | 0.18

58 185 02 58 18.5 0.2 58 188 | 0.14 58 37.4 0.2

59 188 | 0.14 59 18.7 | 0.15 | 59 18.9 0.1 59 | 374 0.2

60 188 | 0.12 60 188 | 0.12 | 60 189 | 0.09 60 | 372 | 0.23

61 18.5 0.2 61 186 | 0.18 | 61 188 | 0.17 | 61 36.6 | 0.31

62 18.5 0.2 62 18.5 0.2 62 188 | 0.17 62 36.6 0.3

63 183 | 028 63 183 | 025 | 63 18.7 | 0.23 63 36.5 | 0.32

64 18 0.35 64 179 | 0.34 64 18.5 0.3 64 36.3 | 0.36

65 17.7 | 045 65 17.8 0.4 65 182 | 0.47 65 36.1 0.39

66 176 | 0.46 66 11 0.4 66 182 | 0.47 66 35.7 | 0.42

67 16.1 0.69 67 169 | 0.56 67 174 | 0.78 67 354 | 045

68 144 | 0.81 68 156 | 0.67 68 16.7 1.03 68 3563 | 0.46

69 158 | 0.71 69 16.7 | 0.58 | 69 171 | 095 69 | 345 | 0.54

70 16.5 | 0.65 70 16.1 | 0.65 | 70 174 | 084 70 34 0.59

71 167 | 0.73 71 15 0.7 71 169 | 1.04 71 328 | 0.64

72 15 0.78 72 132 | 0.78 72 15.8 1.18 72 32 0.68

73 9.9 0.86 73 6.5 0.78 73 16.7 1 73 314 | 0.1

74 7.2 0.85 74 5.3 0.76 74 14.3 1.47 74 246 | 0.81

75 7 0.85 75 53 0.76 75 154 1.29 75 279 | 0.79

76 6.9 0.85 76 56 0.76 76 143 14 706 256 0.8

77 26 0.95 7 2.1 0.84 14 72 1.56 7 5.8 0.91

78 2 0.97 78 1.8 0.86 78 5.4 1.63 78 1.9 0.93

79 1.9 0.98 79 1.8 0.86 79 4.5 1.68 79 1.9 0.93

80 1.8 1.01 80 1.7 0.89 80 3.6 1.73 80 1.8 0.93

81 1.7 0.8 81 1.5 0.69 81 2.8 1.5 81 1.7 0.81
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W 1

U2

2 WIUNU 2 WNAYNTH
QAL | UTNAL | NTIUA | 8OO | UNAW | NTTUE | 810U | LPIAU | NTIUA | RI6TL | UINAY | NTTUA
Pilw|w|dilwlew|di o ®w|3d o|®
82 16 0.81 82 15 0.69 82 24 15 82 1.7 0.79
83 15 0.8 83 14 0.69 83 2.3 1.51 83 1.7 0.8
84 1.6 0.8 84 1.5 0.69 84 2.3 152 84 1.7 0.79
85 1.6 0.82 85 ) 0.71 85 22 1.52 85 i 4 0.8
86 1.6 0.86 86 16 0.75 86 26 1.58 86 1.6 0.8
87 1.6 0.87 87 1.5 0.75 87 2.2 1.62 87 1.6 0.81
88 1.6 0.89 88 .5 0.76 88 2.3 1.63 88 1.7 0.81
89 | 16 | 089 | 89 | 15 | 076 | 89 | 22 | 165 | 8 | 17 | 0.82
90 1.6 0.89 90 1.5 0.75 90 2.2 1.67 90 1.6 0.84
91 | it - o iadtily ) opttiagy N1 .48l 341 U° 145l | 0.73
92 14 0.7 92 14 0.65 92 1.8 125 92 15 0.75
93 | 14 | 069 | 93 | 14 | 065 | 93 | 19 | 124 | 93 | 15 | 0.74
94 | 14 | 069 | 94 | 14 | 065 | 94 | 18 | 126 | 94 | 15 | 073
95 | 14 | 069 | 95 | 14 | 067 | 95 | 18 | 12 | 95 | 15 | 0.73
9% | 14 | 069 | 96 | 14 | 067 | 96 | 19 | 126 | 96 | 1.4 | 071
97 | 15 | 069 | 97 | 14 | 065 | 97 | 18 | 123 | 97 | 15 | 071
98 14 0.69 98 14 0.65 98 1.8 .25 98 1.5 0.7
99 15 0.69 99 14 0.65 99 1.8 1.25 99 16 0.71
100 | 1.4 | 069 | 100 | 14 | 064 | 100 | 1.8 | 122 | 100 | 15 | 07
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A5 9N 7.3 LA U ANEMINARBITE NI NNTLUANUUTIAY

AAMUDULLAD 200 TAd/A1519UAT

gungll 42 parniraFe

UE7 1 a2 2 WNIuY 2 UNAYNTH
AL | UTIAL | NTSUA | RIAL | WAL | NTEUA | AIAL | UINAU | NTTUA | AL | UMW | neTua
Plw|w v e dlw|®w i m®
1 19.1 0 1 193 0 1 18.8 0 1 38.9 0
2 19.1 0 2 193 0 2 18.8 0 2 389 0
3 19.2 0 3 193 0 3 18.8 0 3 389 0
4 19.1 0 4 193 0 4 18.8 0 e 38.9 0
5 19.1 0 5 19.3 0 5 18.8 0 5 389 0
6 191 0 6 193 0 6 18.7 0 6 38.9 0]
T 19.1 0 7 19.3 0 7 18.8 0 7 38.9 0
8 1912 0 8 19.3 0 8 18.8 0 8 38.9 0
9 191 0 9 193 0 9 18.8 0 9 38.9 0
10 191 0 10 19.3 0 10 18.8 0 10 389 0
11 194 0 1 193 0 11 18.7 0 11 389 0
12 | 19.1 0 12 4INe3 0 12 | 18.8 0 12 | 389 0
13 | 191 0 13 | 19.3 0 13 | 188 0 13 | 389 0
14 | 19.1 0 14 | 192 0 14 | 187 0 14 | 38.9 0
15 191 0 15 193 0 15 18.8 0 15 389 0
16 191 0 16 | 193 0 16 18.7 0 16 38.9 0
17 1941 0 17 193 0 17 18.8 0 17 38.9 0
18 19.1 0 18 183 0 18 18.8 0 18 38.9 0
19 191 0 19 19.2 0 19 18.8 0 19 38.9 0
20 | 1941 0 20 | 193 0 20 | 188 0 20 | 389 0
21 | 19.1 0 21 | 193 0 21 | 188 0 21 | 389 0
22 | 19.1 0 22 | 193 0 22 | 188 0 22 | 389 0
23 19.1 0 23 19.3 0 23 18.7 0 23 38.9 0
24 191 0 24 193 0 24 18.8 0 24 38.9 0
25 | 191 0 25 | 193 0 25 | 187 0 25 | 389 0
26 | 19.1 0 26 | 193 0 26 | 188 0 26 | 389 0
27 | 191 0 27 | 193 0 27 | 188 0 27 ’ 38.9 0
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WA 1

L2

2 WHTU 2 uraynIN
AU | UTNAW | NTTUE | AIAL | UNAU | NTTUA | 816U | UNAU | NTTUA UTAU | NTEUR
Pl wlwldlw e @ m]| ®» v | @
28 19.1 0 28 19.3 0 28 18.8 0 389 0
29 19.1 0 29 19.3 0 29 18.8 0 38.9 0
30 19.1 0 30 19.3 0 30 18.7 0 38.9 0
31 19.1 0 31 19.3 0 31 18.8 0 38.9 0
32 19.1 0 32 19.3 0 32 18.8 0 38.9 0
33 191 0 33 19.3 0 33 18.8 0 38.9 0
34 19.1 0 34 19.3 0 34 18.8 0 38.9 0
35 191 0 35 19.3 0 35 18.8 0 38.9 0
36 19.1 0 36 19.3 0 36 18.8 0 38.9 0
37 19.1 0 S 19.3 0 37 18.8 0 38.9 0
38 19.1 0 38 19.3 0 38 18.8 0 38.9 0
39 | 191 0 39 | 192 0 39 | 188 0 38.9 0
40 | 191 0 40 | 193 0 40 | 188 0 38.9 0
41 | 191 0 41 | 192 0 41 | 188 0 38.9 0
42 | 191 0 42 | 192 0 42 | 187 0 38.9 0
43 19.1 0 43 19.3 0 43 18.8 0 38.8 0
44 | 191 0 44 | 192 0 44 | 187 0 38.7 | 0.01
45 19 | 002 | 45 | 192 | 0.02 | 45 | 187 | 0.01 38.8 0
46 18.9 0.02 46 19.1 0.03 46 18.7 0.02 38.9 0
47 | 189 | 002 | 47 | 191 | 0.03 | 47 | 186 | 0.02 38.8 0
48 | 189 | 003 | 48 | 19 | 004 | 48 | 187 | 0.02 38.7 0
49 | 188 | 006 | 49 | 19 | 007 | 49 | 186 | 0.04 38.7 | 0.01
50 18.7 0.08 50 18.8 0.08 50 18.6 0.06 38.6 0.02
51 | 188 | 008 | 51 | 188 | 009 | 51 | 186 | 0.06 38.5 | 0.03
52 187 | 008 | 52 | 188 | 0.08 | 52 | 186 | 0.06 38.3 | 0.06
53 | 186 | 01 | 53 | 187 | 013 | 53 | 185 | 0.08 384 | 0.04
54 | 184 | 015 | 54 | 185 | 018 | 54 | 184 | 0.13 | 382 | 0.08
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P
U 1

W2

2 WHNIUY 2 WNAYNTH
QAL | WA | NTSUA | AIAL | UNAY | ATEUE | 810U | WAL | NTTUA | 810U | WAL | nTTUE
ilwlw | dilwm|lw|ld|lvw|lelld|lvw]| o
55 184 0.17 55 18.5 0.18 55 184 0.13 55 38 0.1
56 184 0.17 56 184 0.18 56 184 0.14 56 378 0.13
57 18.2 0.2 54 18.2 0.21 ar 18.3 0.17 57 377 0.13
58 18.1 0.21 58 18.1 0.24 58 18.2 0.19 58 375 0.17
59 184 0.17 59 184 0.19 59 18.4 0.14 59 36.9 0.24
60 18.6 0.12 60 18.6 0.13 60 18.5 0.09 60 35.8 0.34
61 18.2 0.2 61 18.4 0.2 61 18.3 0.17 61 35.7 0.28
62 | 181 | 021 | 62 | 181 | 024 | 62 | 182 | 019 | 62 | 364 | 0.26
63 17.8 0.26 63 18.1 0.24 63 18.1 0.23 63 36.3 0.29
64 17.5 0.31 64 179 0.28 64 18 0.28 64 35913 0.36
65 17 0.37 65 17.5 0.34 65 17 0.36 65 354 0.36
66 | 169 | 039 | 66 | 172 | 039 | 66 | 176 | 04 | 66 | 326 | 0.48
67 | 156 | 047 | 67 | 166 | 042 | 67 | 168 | 058 | 67 | 349 | 04
68 13.8 0.52 68 15.5 0.5 68 15.7 0.75 68 344 0.42
69 15 0.5 69 15% 0.5 69 16.8 0.58 69 33.7 0.45
70 13.6 0.53 70 124 0.57 70 16.9 0.58 70 31.3 0.52
71 12 0.54 7 hl.5> 0.56 71 16.4 0.65 7 299 0.56
72 | 11 | 054 | 72 | 103 | 057 | 72 | 157 | 073 | 72 | 28 | 057
73 58 0.59 73 58 0.58 73 9.7 0.95 73 24.7 0.59
74 | 41 | 063 | 74 | 44 | 061 | 74 | 79 1 74 | 234 | 059
75 | 41 | 063 | 75 | 41 | 061 | 75 8 097 | 75 | 192 | 0.61
76 | 39 | 063 | 76 | 41 | 061 | 76 9 093 | 76 | 169 | 0.61
77 0 17 | 069 | 77 | 16 | 068 | 77 | 36 | 1.18 | 77 | 184 | 061
78 | 16 | 069 | 78 | 16 | 069 | 78 | 26 | 119 | 78 | 63 | 0.64
79 | 16 | 069 | 79 | 16 | 069 | 79 | 24 | 12 | 79 | 56 | 0.63
80 | 16 | 069 | 80 | 15 | 07 ! 80 | 22 | 124 | 80 | 39 | 063
81 | 15 | 061 | 81 | 14 | 054 | 81 | 22 | 115 | 81 | 36 | 0.62
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(AN

URIA2

2 WHEIUY 2 uNaunTN
AL | WA | NTTUA | fIAL | UNAW | ATIUA | RAL | UTNAW | NTTUA | RIALH | WAl | nTsus
7 Y R P O V) 7S S A O \Y) S 7. B B\, S
82 1.3 0.62 82 1.3 0.54 82 19 1.18 82 6.2 0.62
83 1.4 0.61 83 14 0.54 83 2 1.18 83 4.8 0.63
84 1.4 0.62 84 "3 0.54 84 19 1.19 84 1.4 0.65
85 14 0.63 85 w3 0.57 85 2 12 85 1.5 0.64
86 1.4 0.67 86 1.3 0.61 86 1.9 1.25 86 14 0.64
87 | 14 | 067 | 87 | 14 | 062 | 87 | 19 | 125 | 87 | 15 | 0.65
88 | 14 | 068 | 88 | 14 | 063 | 8 | 1.9 | 126 | 88 | 14 | 065
89 | 14 | 069 | 89 | 14 | 063 | 89 | 18 | 128 | 89 | 14 | 067
90 14 0.69 90 14 0.63 90 1.8 1.29 90 14 0.67
91 12 | 045 |91 4 1.2 |/ 041 91 1.7 1098 |1 91 1| 1.2 | 0.51
92 | Wit <f 0431792\ Ti.1 4hoat 920 1.6 [J093t]r 92 L 1.3 | 0.5
93 12 0.45 93 1.2 0.41 93 1.6 0.96 93 1.3 0.5
94 | 12 | 045 94 | 11 | 041 | 94 | 17 | 097 | 94 | 13 | 053
95 | 12 | 0451 95 | 1.1 | 041 {95 | 17 | 096 | 95 | 1.3 | 052
96 1.2 0.45 96 1N 0.41 96 1.6 0.96 96 1.3 0.51
97 | 12 | 045 | 97 | 12 | 041 | 97 | 17 | 098 | 97 | 13 | 052
98 | 12 | 045 | 98 | 1.1 | 041 | 98 | 17 | 097 | 98 | 13 | 052
99 1.2 0.45 99 1 2 0.4 99 1.7 0.97 99 1.2 0.51
100 | 1.1 | 043 | 100 | 12 | 041 | 100 | 17 | 096 | 100 | 1.3 | 0.52
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ProgramSolarTest

;Title

Ha
:SOLAR1.ASM
i~

ST T T T

.include"8535def.inc”
.equ  cr = s0d
equ If = SOa
.equ  eos = $10
.equ  EndRbuf = 10
.equ EndSbuf = 40
.equ  pmc = 0
.equ s =
.equ ™w = 6
.equ enable
.equ DAen
.equ  rowl
.equ  row?2
.equ coll
.equ col2
.equ col3
.equ coM
.equ  measu
.equ getl
.equ Loadl = 2
.equ  sendMsg = 3
.equ  Krepeat = 4
.equ Kpress
.equ Enter
.equ  LoadPC = V

oy
WNHOWNJ}\J

T I T TR T
I
o

.equ _measure = 1
.equ _getl = 2
.equ _loadl = 4
.equ _sendMsg = 8
.equ _Krepeat = 0x10

.equ _Kpress = 0x20

.equ _Enter = 0x40

.equ _lLoadPC = 0x80

.equ IntroScr = 0

.equ ViewScr = 1

.equ ThScr = 2

.equ StrScr = 3

.equ ParamScr = 4

.equ Endscreen= 5

.equ MaxTh = 70

.def b = 0

def a = rl

.def ansl = 3

.def ans2 = 4

.def give = )

.def Buffer2 = 9]

.def asc0 = r7

.def ascl = B

def asc2 = ]

.def asc3 = ri0

def asc4 = ri1

.def Temp = ri6  ;Temporary Store Register for Gen.Pur
.def Buffer = r17  ;Auxilary Register for Gen.Pur
def Aux = r18 ;Auxilary Register for Gen.Pur
.def devidel = r19 ;Counter Register

def devide2 = r20

def acca = 21

def acch = 122
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.def indexl = 23
def index2 = 4
def div = r25
.dseg
Channel: .byte 1
Rbuffer: .byte 10 ;Receiving Buffer
Rbufindex: .byte 1 ;Index of Receiving Buffer
ChkRindex: byte 1 ;Index for Checking data in Receive Buffer
Sbuffer: .byte 40 ;Sending Buffer
Sindex: .byte 1 ;Index of Sending Buffer while Sending
Sbufindex: .byte 1 ;Index of Sending Buffer while storign
result: .byte 3
Daout: .byte 1 ;store Dauot in ram
Keycode: .byte 1 ;keyboard input code
LcdMsg: .byte 32 ;message buffer of lcd display
LcdAddr: .byte 1 :lcd buffer address start at 0
ModuleAdr: .byte 1 ;lcd module address start at 0x80
KeyDel: .byte 1 ;delay for debounce
Counter: .byte 1 ;general counter
screen: .byte 1 ;store led screen
countsec: .byte 1 ;second counter
AdcAcc: .byte 2 ;Analog to digital Accumulator
AdcCount: .byte 1
Current: .byte 2 ;Solar cell current buffer
Voltage: .byte 2 ;Solar cell voltage buffer
Light: .byte 2 ;Light intensity of solar cell
Viewladr: .byte 2 ;view current address
ViewVadr: .byte 2 ;view voltage address
Point: byte 1 ;view point
Saveladr: .byte 2 ;save current address
SaveVadr: .byte 2 ;save voltage address
SaveCount: .byte 2 ;save counter (start = 0,max = 100)
Temperature: .byte 2
LoadCount: .byte 1
LoadIadr: yte 1
LoadVadr: .byte 2
AdcBufl: .byte 32
AdcBuf2: .byte 32
AdcNum: .byte 1
LightBuf: .byte 2
TempBuf: .byte 2
Sec: .byte 1
Min: .byte 1
Hour: .byte 1
Threshold: .byte 1 ;Gate threshold voltage
SetVal: .byte 1
MulVolt: .byte 2
SaveMul: .byte 1
Keep: byte 1
Flagl: .byte 1
;system status flag
;Flag1.0 ==> On measurment flag

ProgramSolarTest

;Flagl.1 ==> Get current flag
;Flag1.2 ==> Load Current to PC
;Flag1.3 ==> Sending message flag
;Flagl.4 ==> KeyRepeat

;Flagl.5 ==> KeyPress

;Flagl.6 ==> Enter

;Flag1.7 ==> LoadPC

okkokK:

!

.cseg

org 0
gmp reset ;Vectorl: Reset Handler
gmp dummy ;Vector2: IRQO Handler
gmp dummy ;Vector3: IRQ1 Handler
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jmp  Timer2Int ;Vector4: Timer2 Compare Handler
jmp dummy ;Vector5: Timer2 Overflow Handler
jmp dummy ;Vector6: Timerl Capture Handler
rmp dummy ;Vector7: Timerl CompareA Handler
gmp  dummy ;Vector8: Timerl CompareB Handler
rmp dummy ;Vector9: Timer1 Overflow Handler
rjmp  dummy ;Vector10: Timer0 Overflow Handler
rmp dummy ;Vector11: SPI Transfer Complete Handler
rimp  dummy ;Vector12: UART RX Complete Handler
rjimp  dummy ;Vector13: UDR Empty Handler
gmp dummy ;Vector14: UART TX Complete Handler
gmp dummy ;Vector15: ADC Conversion Complete Interupt Handler
gmp dummy ;Vector16: EEPROM Ready Handler
jmp dummy ;Vector17: Analog Comparator Handler
dummy:
nop
reti
Getkey:
lds  AuxFlagl ;load system flag
cbi  portd,rowl ;column 1 ==> low
cbi  portd,row2 ;column 2 ==> low
nop
in Temp,pinb ;load key value
andi Temp,0xOf
cpi  Temp,0xOf ;check key pressed
breq notpress
sbrc  Aux,Kpress ;previous pressing
rjmp Getkey2 ;yes
Ids  Temp,KeyDel ;if not you should debounce 50 mS
inc  Temp
sts  KeyDel, Temp
cpi  Temp,10
brlo  quitGetKey
cr  Temp
sts  KeyDel, Temp
sbr  Aux,_Kpress ;debounce already
sts  Flagl,Aux
rcall KeyEncode ;and get keycode
ret
Getkey?2:
sbrc  Aux,Krepeat ;check repeating of key press
mp Getkey3 ;yes
lds  Temp,KeyDel ;if no you should delay 1 S for key repeating
inc  Temp
sts  KeyDel, Temp
cpi Temp,75
brio  quitGetKey
cr  Temp
sts  KeyDel, Temp
sbr  Aux,_Krepeat ;Key is repeated
sts  Flagl,Aux
ret
P
notpress:
cr Temp
sts  KeyDel, Temp
cbr  Aux,_Kpress
cbr  Aux,_Krepeat
sts  Flagl,Aux
quitGetKey:
ret
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Getkey3:
lds  Temp,KeyDel
inc  Temp
sts  KeyDel, Temp
cpi Temp,10
brio  quitGetKey
cr  Temp
sts  KeyDel, Temp
cbi  portd,rowl ;column 1 ==> low
sbi  portd,row2 ;column 2 ==> low
nop
Rrowlcoll:

sbic  pinb,coll
jmp Rrowlcol2

ldi  Temp,'1
sts  Keycode, Temp
ret

Rrow1col2:

sbic  pinb,col2

rjmp  exitGetkey3

Idi  Temp,2'

sts  Keycode, Temp
exitGetkey3:

ret

KeyEncode:
cbi  portd,rowl ;column 1 ==> low
sbi  portd,row2

nop
rowlcoll:
sbic  pinb,coll
gmp rowicol2
Idi  Temp,'1'
sts  Keycode, Temp
ret
rowlcol2:

sbic  pinb,col2
jmp rowlcol3

Idi  Temp,2'
sts  Keycode, Temp
ret

rowlicol3:

sbic  pinb,col3
gmp rowlcol4

Idi ~ Temp,'3'
sts  Keycode, Temp
ret

rowlcol4:

shic  pinb,col4
jmp row2coll

di  Temp,'4’
sts  Keycode, Temp
ret

row2coll:

sbi  portd,rowl
cbi  portd,row2
nop

sbic  pinb,coll
mp  row2col2

ldi  Temp,'5'
sts  Keycode, Temp
ret

row2col2:

shic  pinb,col2
jmp row2col3

Idi  Temp,'6'
sts  Keycode, Temp

ret
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row2col3:
sbic  pinb,col3
jmp row2col4
ldi  Temp,'7'
sts  Keycode, Temp
ret
row2col4:
sbic  pinb,col4
ret
ldi  Temp,'8'
sts  Keycode, Temp
ret

;input:Keycode

FuncKey:

Ids Temp,KeyCode
cpi Temp,'l ;check key 1
brne  FuncKey2
rcall  UpKey ;up key function
rjmp  exitFunckey

FuncKey2:
cpi Temp,'2’ ;check key 2
brme  Function3

rcall  DownKey ;down key function
rjmp  exitFunckey

Function3:
cpi Temp,'3’ ;check key3
brme  Function4

rcall RoundKey ;select function key
jmp  exitFunckey

Function4:
cpi Temp,'4’ ;check key 4
brme  Function5
rcall  EnterKey ;enter key

exitFuncKey:
cr  Temp ;clear keycode
sts  KeyCode, Temp
ret

Function5:

cpi Temp,'s’ ;check key 5
bme exitFuncKey

lds  Aux,Flagi

sbr  Aux,_LoadPC

cbr  Aux,_LoadI

sts  Flag1,Aux

cr  Temp

sts  LoadCount, Temp

sts  Loadladr,Temp

Idi  Temp,200

sts  LoadVadr,Temp
sts  LoadVadr+1,Temp
jmp  exitFuncKey

;Select function key operation
;check screen for operation

RoundKey:
rcall  LcdSpace ;clear led buffer before
lds  Aux,Flagl ;check enter flag
sbrc  Aux,Enter ;and clear if it is set

rjmp OutEnter
lds Temp,screen ;change to next screen
inc  Temp

sts  screen, Temp
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cpi Temp,Endscreen
brlo  ExitRound

clr  Temp

sts  screen,Temp
ExitRound:

ret
OutEnter:

cbr  Aux,_Enter

sts  Flagl,Aux

ret
;*********:k*****x*****************************************************
EnterKey:

lds  Aux,Flagl

sbrs  Aux,Enter

rjmp SetEnter
ClrEnter:

lds  Temp,screen

cpi Temp, ThScr

brne  exitEnter

lds  Temp,Setval

sts  Threshold, Temp

ret

SetEnter:
sbr  Aux,_Enter
sts  Flagl,Aux

lds  Temp,screen
cpi  Temp,ThScr
brne  ChkStrScr
lds  Temp,Threshold
sts  SetVal, Temp
exitEnter:
ret
ChkStrScr:
cpi  Temp,StrScr
bme exitEnter
lds  Aux,Flagl
sbr  Aux,_measure
sbr  Aux,_Getl
sts  Flagl,Aux

cdr  Temp

sts  Saveladr,Temp ;initial save current address
sts  Saveladr+1,Temp

Idi  Temp,200 ;initial save voltage address
sts  SaveVadr,Temp

cr Temp

sts  SaveVadr+1,Temp

ldi  Temp,0

sts  SaveCount, Temp
cr acca

lds  accb,Threshold
ldi  Aux,29

rcall  Mull6vs8

mov  Devidel,ansl
mov  Devide2,ans2

Idi  div,10

rcall  Deviderl

sts  Daoutansi

rcall beforeTest

ret

;input Devider1,Devider2.div
GetTemplight:

ldi  Temp,3
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out admux,Temp
rcall  Getadc

rcall  Getadc

Idi  ZL,Jlow(AdcBufl)
Ildi  ZH,high(AdcBufl)
lds  Aux,AdcNum

Isl  Aux

add  ZL,Aux
cr  Aux

adc  ZH,Aux
st Z,acch
adiw  ZL,1

st Z,acca

Idi  ZL,low(AdcBufl)
Idi  ZH,high(AdcBuf1)
rcall Average

Idi  Temp,2
Idi  Aux,0x33
clc

sbc  accb,Aux

sbc  acca, Temp

sts  Temperature,accb
sts  Temperature+1,acca

;Get Light Intensity
idi  Temp,2
out admux, Temp
rcall  Getadc
rcall  Getadc
Idi  ZL,low(AdcBuf2)
Idi ~ ZH,high(AdcBuf2)
lds  Aux,AdcNum

Isl Aux

add  ZL,Aux
cr  Aux

adc  ZH,Aux
st  Zacch
adiw  ZL,1

st Z,acca

Idi  ZL,low(AdcBuf2)
Idi  ZH,high(AdcBuf2)
rcall Average

sts  Light,accb

sts  Light+1,acca

lds  Temp,AdcNum

inc  Temp
sts  AdcNum,Temp
cpi  Temp,16
brio  QuitTempLight
cr  Temp
sts  AdcNum,Temp
QuitTempLight:
ret
f
Average:
cIr acca
cr accb
Idi  Aux,16
L_Aver:
d ~ Temp,Z
adiw  ZL,1
add accb,Temp
Id Temp,Z
adc  acca, Temp
adiw  ZL,1
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dec  Aux
brne L_Aver
Idi  Aux,4
L_Aver_shift:
lsr  acca
ror  accb
dec  Aux
brne L_Aver_shift
ret
;xxxx 4 ok e ok e kK K K K K Kk kK K Sk e e ok e ok K ok K Ok KOk K kKoK kK
UpKey:
lds  Temp,screen
cpi  Temp,ThScr
brne  ChkViewScr
lds  Aux,Flagl
sbrs  Aux,Enter
rmp  ExitUpKey
lds  Temp,SetVal
cpi  Temp,MaxTh
brge ExitUpKey
inc  Temp
sts  SetVal, Temp
ExitUpKey:
ret
ChkViewScr:
cpi  Temp,ViewScr
brne  ExitUpKey
lds  Temp,Point
cpi Temp,101
brge ExitUpKey
inc  Temp
sts  Point,Temp
lds  ZL,ViewVadr
lds  ZH,ViewVadr+1
adiw  ZL,2
sts  ViewVadr,ZL
sts  ViewVadr+1,ZH
lds  ZL,ViewlIadr
lds  ZH,Viewladr+1
adiw  ZL,2
sts  Viewladr,ZL
sts  Viewladr+1,ZH
ret
DownKey:
lds  Temp,screen
cpi Temp,ThScr
brne  ChkViewDown
lds  AuxFlagl
sbrs  Aux,Enter
jmp ExitDownKey
lds  Temp,Setval
cpi  Temp,0
breq ExitDownKey
dec Temp
. sts  SetVal,Temp
ExitDownKey:
ret
ChkViewDown:
lds  Temp,screen
cpi Temp,ViewScr
brne ExitDownKey
lds  Temp,Point
cpi  Temp,1
breq ExitDownKey
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dec Temp
sts  Point, Temp

lds  ZL,ViewVadr
lds  ZH,ViewVadr+1
sbiw 71,2

sts  ViewVadr,ZL
sts  ViewVadr+1,ZH

lds  ZL,ViewlIadr
lds  ZH,Viewladr+1
sbiw ZL,2

sts  Viewladr,ZL
sts  Viewladr+1,ZH
ret

23Kk * *%k * kK

chgscr:
lds  Temp,screen
cpi  Temp,IntroScr
brne chgscr2

rcall displayl
ret

chgscr2:
cpi  Temp,ViewScr
brme  chgscr3
rcall display2
ret

chgscr3:

cpi  Temp,ThScr
brne chgscr4

lds  Aux,Flagl
sbrc  Aux,Enter
gmp  SetThreshold

rcall display3
ret
SetThreshold:
rcall Set_Threshold
ret
7
chgscr4:

cpi  Temp,StrScr

brne  chgscr5

rcall  display4
exitchg:

ret

chgscr5:
cpi  Temp,ParamScr
brne exitchg
rcall  display5
ret

display1:
Idi  ZH,high(2*Messagel)
di  ZLJow(2*Messagel)

rcall LoadMsg
ret

display2:
lds  Aux,Flagl
sbrc  Aux,Enter
gmp OnView

Idi  ZH,high(2*Message2)
Idi  ZL,low(2*Message2)
rcall LoadMsg

ret
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sts  LoadCount, Temp
rcall  LoadTemp
ret

ChkLight:
cpi Temp,1
brne NormLoad
inc  Temp
sts  LoadCount, Temp
rcall  LoadLight
ret
NormLoad:

sbrc  Aux,lLoadl
rjmp LoadCurr

sbr  Aux,_Loadl

sts  Flagl,Aux

lds  ZL,LoadVadr
Ids  ZH,LoadVadr+1

push ZH

push ZL

adiw  ZL,2

sts  LoadVadr,ZL
sts  LoadVadr+1,ZH
pop ZL

pop ZH

rcall  ReadEEPROM
mov  rl,Temp
adiw  ZL,1

rcall ReadEEPROM
mov 10, Temp

lds  r3,MulVolt+1

lds  r2,MulVolt
rcall Mulléw16
Clie ¢
ldi ~ Temp,100
mov 14, Temp
rcall Div32w16
mov  ZH,r1
mov  ZL,10
rcall HTD
mov  Temp,asc4
rcall  Send
mov  Temp,asc3
rcall Send
mov  Temp,asc2
rcall  Send
Idi  Temp,.'
rcall  Send
mov  Temp,ascl
rcall  Send
ldi  Temp,"'
rcall  Send
ret

LoadCurr:
cbr  Aux,_LoadI
sts  Flagl,Aux
cr  ZH
lds  ZL,LoadIadr
push ZH
push ZL
adiw  ZL,2
sts  LoadIadr,ZL
pop ZL
pop ZH
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Idi  Aux,26
ldi  Temp,.
rcall  Putlcd
Idi  Aux,27
mov  Temp,ascO
rcall  PutlLcd
ret

ShowTest:
Idi  ZH,high(2*ViewStor)
i ZL low(2*ViewStor)
rcall  LoadMsg
lds  ZL,SaveCount
ssr ZL
cr ZH
rcall HTD
Idi  Aux,25
mov  Temp,asc2
rcall  PutlLcd
Idi  Aux,26
mov  Temp,ascl
rcall  PutLcd
Idi  Aux,27
mov  Temp,ascO
rcall Putlcd
ret

/ &

Set_Threshold:
ldi ZH,high(2*Message5)
Idi  ZL low(2*Message5)
rcall LoadMsg
lds  ZL,Threshold
cr ZH
rcall HTD
ldi  Aux,9
mov  Temp,ascl
rcall Putlcd
Idi  Aux,10
Idi  Temp,".
rcall PutlLcd
Idi  Aux, 11
mov  Temp,ascO
rcall  Putlcd
Ids  ZL,Setval
cr ZH
rcall HTD
Idi  Aux,25
mov  Temp,ascl
rcall  Putlcd
ldi  Aux,26
Idi  Temp,'.'
rcall  Putlcd
Idi  Aux,27
mov  Temp,ascO
rcall  Puticd
ret

1

LoadToPc:
lds  Aux,Flagl
sbrs  Aux,LoadPC
ret

NextLoad:
lds  Temp,LoadCount
cpi  Temp,0
brne  ChkLight
inc  Temp
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OnView:
rcall  ViewEEPROM
ret
display3:
Idi  ZH,high(2*Message3)
Idi  ZL,low(2*Message3)
rcall LoadMsg
ret
display4:
lds  Aux,Flagl
sbrc  Aux,Enter
jmp OnTest
Idi  ZH,high(2*Message4)
Idi  ZL,low(2*Message4)
rcall  LoadMsg
ret
OnTest:
rcall  ShowTest
ret
display5:
Idi  ZH,high(2*ViewParam)
ldi  ZLlow(2*ViewParam)
rcall LoadMsg
Ids  r0,Temperature
lds  r1,Temperature+1
ldi  Temp,0x12 ;get rid of offset
mov  r2,Temp
Idi  Temp,0x13
mov  r3,Temp
rcall
ldi  Temp,100
mov  r4,Temp
cr 15
rcall Div32wi16
mov  ZL,r0
mov  ZH,r1
rcall HTD
Idi  Aux,7
mov  Temp,asc3
rcall  Putlcd
Idi  Aux,8
mov  Temp,asc2
rcall  Puticd
Idi  Aux,9
ldi  Temp,"
rcall  PutLcd
Idi  Aux, 10
mov  Temp,ascl
rcall  Putlcd
lds  ZLLight
lds  ZH,Light+1
rcall HTD
ldi  Aux,23
mov  Temp,asc3
rcall  Putlcd
Idi  Aux,24
mov  Temp,asc2
rcall  PutLcd
Idi  Aux,25
mov  Temp,ascl
rcall  Putlcd

Mul1bw16 ;convert to Temperature
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rcall ReadEEPROM
mov  rl, Temp
adiw 7,1
rcall ReadEEPROM
mov 0, Temp
car 3
Idi  Temp,122
mov 2, Temp
rcall Mullbw16
cr 15
ldi  Temp,100
mov 4, Temp
rcall Div32w16
mov  ZH,r1
mov  ZL,r0
rcall HTD
mov  Temp,asc3
rcall  Send
mov  Temp,asc2
rcall  Send
ldi  Temp,.'
rcall  Send
mov  Temp,ascl
rcall Send
mov  Temp,ascO
rcall  Send
Idi  Temp,cr
rcall  Send
Idi  Temp,If
rcall Send
lds  Temp,LoadCount
inc  Temp
sts  LoadCount, Temp
cpi Temp,102
brio  exitLoad
lds  Aux,Flagl
cbr  Aux,_LoadPC
sts  Flagl,Aux
exitLoad:
ret
LoadTemp:
Idi  Temp,T
rcall Send
ldi  ZL,204
Idi  ZH,1
rcall ReadEEPROM
mov  rl,Temp
adiw  ZL,1
rcall ReadEEPROM
mov 10, Temp
ldi  Temp,0x13
mov 13, Temp
ldi  Temp,0x12
mov 2, Temp
rcall Mulléw16
cr 15
ldi  Temp,100
mov 4, Temp
rcall  Div32w16
mov  ZH,r1
mov  ZL,10
rcall HTD
mov  Temp,asc3
rcall  Send
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mov  Temp,asc2
rcall  Send
ldi  Temp,
rcall  Send
mov  Temp,ascl
rcall  Send
ldi  Temp,)
rcall  Send
ret

LoadLight:
Idi  Temp,T
rcall  Send
ldi  ZL,202 ;load Light
Idi  ZH,1
rcall ReadEEPROM
mov  rl,Temp
adiw  ZL,1
rcall ReadEEPROM
mov 0, Temp
;idi - Temp,0x13 ;edit later
;mov 3, Temp
;idi - Temp,0x12
;mov  r2,Temp
;rcall Mulléwi16
;clr 15
;idi - Temp,100
;mov  r4,Temp
;rcall Div32w16
mov  ZH,r1
mov  ZL,0
rcall HTD
mov  Temp,asc3
rcall  Send
mov  Temp,asc2
rcall Send
mov  Temp,ascl
rcall  Send
Idi  Temp,'.'
rcall  Send
mov  Temp,ascO
rcall  Send
idi  Temp,cr
rcall  Send
Idi  Temp,If
rcall  Send
ret

¢

ViewEEPROM:
lds  Temp,Point
cpi  Temp,101
bme NextView
Idi  ZH,high(2*ViewParam)
Idi  ZLlow(2*ViewParam)
rcall LoadMsg
Idi 7,204 ;Load Temperature
Idi  ZH1
rcall ReadEEPROM
mov  rl,Temp
adiw  ZL,1
rcall ReadEEPROM
mov 0, Temp
Idi  Temp,0x13
mov  r3,Temp
Idi  Temp,0x12
mov 2, Temp
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Idi  Temp,100
mov  r4,Temp
rcall Div32w16
mov  ZH,1

mov  ZL,r0

rcall HTD

Idi  Aux,4

mov  Temp,asc4
rcall  PutlLcd

Idi  Aux,5

mov  Temp,asc3
rcall  PutLcd

Idi  Aux,6

mov  Temp,asc2
rcall  PutLcd

Idi  Aux,8

mov  Temp,ascl
rcall  PutlLcd

lds  ZL,ViewlIadr
lds  ZH,ViewIadr+1
rcall ReadEEPROM
mov  rl,Temp
adiw  ZL,1

rcall ReadEEPROM
mov 10, Temp

cr 13
Idi  Temp,122
mov 2, Temp
rcall Mull6wi16
Clrmed 15
ldi ~ Temp,100
mov 4, Temp
rcall Div32w16
mov  ZH,r1
mov  ZL,i0
rcall HTD
Idi  Aux,20
mov  Temp,asc3
rcall  Putlcd
Idi  Aux,21
mov  Temp,asc2
rcall PutLcd
Idi  Aux,23
mov  Temp,ascl
rcall  PutLcd
ldi  Aux,24
mov  Temp,ascO
rcall  Putlcd
lds  ZL,Point
cr ZH
rcall HTD
Idi  Aux,29
mov  Temp,asc2
rcall  Puticd
Idi  Aux,30
mov  Temp,ascl
rcall  Putlcd
Idi  Aux,31
mov  Temp,ascO
rcall  Putlcd
ret

7

ReadEEPROM:
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rcall
clr
Idi
mov
rcall

mov
mov
rcall
Idi

mov
rcall
Idi

mov
rcall
Idi

mov
rcall

Idi

Idi
rcall
mov
adiw
rcall
mov
;idi
;mov
;idi
;mov
;rcall
;clr
sidi
;mov
srcall

mov
mov
rcall
Idi
mov
rcall
Idi
mov
rcall
Idi
mov
rcall
Idi
mov
rcall
ret
NextView:
Idi
Idi
rcall

lds
lds
rcall
mov
adiw
rcall
mov
lds
lds
rcall
clr

Mulléw16
5
Temp,100
r4, Temp
Div32w16

ZH,r1
ZL,r0
HTD
Aux,7
Temp,asc3
Putlcd
Aux,8
Temp,asc2
Putlcd
Aux, 10
Temp,ascl
Putlcd

71,202

ZH,1

ReadEEPROM
r1,Temp
ZL1

ReadEEPROM
0, Temp

Temp,0x13
r3,Temp

Temp,0x12
r2, Temp

Mull6w16

5

Temp,100
r4, Temp

Div32w16

ZH,r1
ZL,r0
HTD
Aux,23
Temp,asc3
Putlcd
Aux,24
Temp,asc2
PutLcd
Aux,25
Temp,ascl
Puticd
Aux,27
Temp,ascO
PutLcd

ZL, low(2*ViewVI)
ZH, high(2*ViewVI)
LoadMsg

ZL,ViewVadr
ZH,ViewVadr+1
ReadEEPROM
r1, Temp
ZL1
ReadEEPROM
0, Temp
r3,MulVolt+1
r2,MulVolt
Mulléw16
5

Page 15

;load Light

sedit



ProgramSolarTest

sbrs
rjmp
Idi
out
mp
Load1:
Idi
out
nextGetadc:
rcall
lds
rcall
rcall
clr
rcall

Ids
lds
add
adc
sts
sts

lds
inc
sts
cpi
brlo
clr

sts
sts
clr
AdcOp2:
lsr
ror
inc
cpi
brio
bypass:
rcall
lds
sbrs

rimp
cbr
sts
ret

NextAdcOP:
sbr

lds
cpi
breq
inc

NextAdc:
lds
inc
sts

cpi

cbi
cbr

Idi

Aux,GetI
Load1
Temp,0
admux, Temp
nextGetadc

Temp,1
admux, Temp

Getadc

Temp,Daout ;on gate voltage
Dadrive

Getadc

Temp ;Off gate voltage
Dadrive

Temp,AdcAcc
Aux,AdcAcc+1
acch, Temp
acca,Aux
AdcAcc,accb
AdcAcc+1,acca

Temp,AdcCount
Temp
AdcCount, Temp
Temp,8
ExitAdcOp
Temp
AdcCount, Temp
AdcAcc, Temp
AdcAcc+1,Temp
Temp

Acca
Accb
Temp
Temp,3
AdcOp2

SaveToEE

Aux,Flagl

Aux,Getl
NextAdcOp

Aux,_Getl
Flag1,Aux

Aux,_Getl
Flag1,Aux
Temp,Daout
Temp,255
NextAdc
Temp
Daout, Temp

Temp,SaveCount
Temp
SaveCount, Temp
Temp,100
ExitAdcOp
portb,4 sretum to measure high voltage
Aux,_measure
Flagl,Aux
Temp,1 ;Sign for keep Light and Temp
SaveMul, Temp
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sbic  eecr,eewe
rjmp ReadEEPROM
out eearlZL

out eearh,ZH

sbi  eecr,eere

in Temp,eedr
ret
BeforeTest:
lds  Temp,Temperature ;save Temperature to buffer

sts  TempBuf, Temp
Ids  Temp,Temperature+1
sts  TempBuf+1,Temp

lds  Temp,lLight ;save Light to Buffer
sts  LightBuf, Temp

lds  Temp,Light+1

sts  LightBuf+1,Temp

i Temp,1
out admux,Temp
rcall Getadc
rcall Getadc

;mov  ZH,acca
;mov  ZL,acch

;push acca
;push accb
;rcall HTD

;pop  accb
;pop  acca

;mov  Temp,asc3
;rcall Send
;mov  Temp,asc2
;rcall Send
;mov  Temp,ascl
;rcall Send
;mov  Temp,ascO
;rcall Send

cpi acca,0
brne quitBefore
cpi  accb,251
brio toLowV

Idi  Temp,0xf9
sts  MulVolt, Temp
Idi  Temp,0x10
sts  MulVolt+1,Temp
quitBefore:
ret
ToLowV:
ldi  Temp,1
sts  MulVolt, Temp
Idi  Temp,4
sts  MulVolt+1,Temp
sbi  portb4
ret
!
AdcOperate:

lds  Aux,Flagl
sbrs  Aux,measure
ret
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cr  Temp
sts  countsec, Temp
lds  Temp,Sec
inc  Temp
sts  Sec,Temp
cpi Temp,60
brne  exitRtc
cr  Temp
sts  Sec,Temp
lds  Temp,Min
inc  Temp
sts  Min, Temp
cpi Temp,60
brne exitRtc
exitRtc:
ret
sinput : ZH,ZL (start address of message) Aux (start address of lcd buffer)
LoadMsg:
cr  Aux
LoopMsg:
Ipm ; Load byte from program memory into r0
mov  Temp,r0
cpi  Temp,eos ; Check if we've reached the end of the message
breq quit_LoadMsg ; If so, quit
push ZH
push ZL
rcall  Putlcd
inc  Aux
pop ZL
pop ZH
adiw  ZL,1 ; Increase Z registers
rjmp LoopMsg
quit_LoadMsg:
ret

input : Temp (data) Aux (Address)

f’uthd:
Idi  ZL,low(LcdMsqg)
Idi  ZH,high(LcdMsg)

add  ZL,Aux
push  Aux
cr Aux
adc  ZH,Aux
pop  Aux
st Z,Temp
ret
¥
LcdDrive:
Idi  Aux,5
LLcdDrive:
push  Aux

Idi  ZL,low(LcdMsg)
Idi  ZH,high(LcdMsg)
lds  Temp,LcdAddr
add ZL,Temp

cr  Temp

adc  ZH,Temp

lds  Temp,LcdAddr

cpi Temp,16
brio  LcdDrive2
clc

Idi  Aux,16

sbc  Temp,Aux
Idi  Aux,0xcO

add Temp,Aux
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clr  Temp

sts  Keep,Temp
ExitAdcOp:

ret

SaveToEE:
lds  Aux,Flagl
sbrc  Aux,Getl
rimp Savel
lds  ZL,SaveVadr
lds  ZH,SaveVadr+1
push ZH
push ZL
adiw  ZL,2
sts  SaveVadr,ZL
sts  SaveVadr+1,ZH

pop 7L

pop ZH

rjmp  SaveBoth
Savel:

lds  ZL,Saveladr
Ids  ZH,Saveladr+1
push ZH

push ZL

adiw  ZL,2

sts  Saveladr,ZL
sts  Saveladr+1,ZH

pop ZL
pop ZH
SaveBoth:

mov  Temp,acca
rcall WrEEPROM
adiw  ZL,1

mov  Temp,acch
rcall  WrEEPROM
ret

;Temer 2 compare match interupt routine
;This interrupt occur every 10 mS

4
Timer2Int:
push Temp

lds  Temp,Flagl
sbrs  Temp,measure
rcall Getkey

rcall  GetTemplLight

rcall  FuncKey

rcall LoadToPC

rcall  chgscr

rcall KeepPara ;have to before AdcOperate
rcall  AdcOperate

rcall Rtc

rcall  LcdDrive

pop Temp

reti

.~ oS

;Generate real time clock from Timer 2 compare match interupt

’
’

lds  Temp,countsec
inc  Temp

cpi Temp,100

sts  countsec, Temp
brne  exitRtc
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rjmp  LcdDrive3

LcdDrive2:

Idi  Aux,0x80

add  Temp,Aux
LcdDrive3:

rcall  LedWi

Id Temp,Z

rcall  LedwWd

Ids  Temp,LcdAddr

inc  Temp

cpi Temp,32

brlo  LcdDrive4

cr  Temp
LcdDrived:

sts  LcdAddr,Temp

pop Aux

dec  Aux

brne  LLcdDrive

ret

;Space all Led Buffer

'LcdSpace:
Idi  ZL,Jow(LcdMsg)
Idi ~ ZH,high(LcdMsg)

di  Temp,"'

Idi  Aux,32
LcdSpace2:

st  ZTemp

adiw  ZL,1

dec  Aux

brne  LcdSpace2

ret

>3

;Main Program Start Here

reset:
Idi  Temp,high(RAMEND) ;initial stack
out  SPH,Temp
Idi  Temp,low(RAMEND)
out SPL Temp
rcall  SysInit
rcall  Delay2m ; delay for reset lcd module
rcall Delay2m
rcall Delay2m
rcall Delay2m
rcall Delay2m
rcall InitRS232 ;initial rs232
rcall  DmcSet ;clear lcd screen
rcall  LcdSpace ;space led buffer
rcall initadc ;initial analog to digital converter
rcall  InitTimer2 ;initial compare match interupt of timer 2
sei
Main:
gmp Main
WrEEPROM:

shic eecr,eewe
rjmp WrEEPROM
out eearl,ZL
out eearh,ZH
out eedr,Temp
shi  eecr,eemwe
sbi  eecr,eewe
ret
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KeepPara:
Ids
cpi
brne
ret

ToKeep:
lds
cpi
brne
inc
sts
lds
Idi
Idi
rcall
ret

Keep2:
cpi
brne
inc
sts
lds
Idi
Idi
rcall
ret

Keep3:
cpi
brne
inc

Ids
Idi
Idi
rcall
ret
Keep4:
cpi
brne
inc
sts
lds
Idi
Idi
rcall
ret
Keep5:
cpi
brme
inc
sts
Ids
Idi
Idi
rcall
ret
Keepb6:
cpi
brne
inc
sts
lds
Idi
Idi
rcall
ret
ClrKeep:
clr

Temp,SaveMul
Temp,0
ToKeep

Temp,Keep
Temp,0
Keep2

Temp
Keep,Temp
Temp,MulVolt+1
ZH,1

71,200
WrEEPROM

Temp,1
Keep3

Temp

Keep,Temp

Temp,MulVolt

ZH,1

71,201

WrEEPROM

Temp,2

Keep4
Temp
Keep, Temp
Temp,LightBuf+1
ZH,1
21,202
WrEEPROM

Temp,3

Keep5
Temp
Keep,Temp
Temp,LightBuf
ZH,1
ZL,203
WrEEPROM

Temp,4

Keepb
Temp
Keep, Temp
Temp,TempBuf+1
ZH,1
ZL,204
WrEEPROM

Temp,5
Cirkeep

Temp

Keep, Temp

Temp, TempBuf

ZH,1

21,205

WrEEPROM

Temp
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sts
ret

SaveMul, Temp

0K K KK K KR KKK KKK IR ORI KR I OISR K K KOK AR KK K KKK KOR K KKK KK KK oK Kok oK
’

SysInit:
clr
sts
sts
sts
;out
Idi
out
Idi
out
Idi
out
Idi
out

sbi
cbi

cr
sts
sts
sts
sts
sts
sts

sts
sts
sts

sts
sts

Idi
sts

Idi

sts
clr
sts

Idi
sts

Idi
Idi
rcall
sts
Idi
rcall
sts

Idi
rcall
sts
Idi
rcall
sts

Idi
rcall
Idi
rcall

Temp
SaveMul, Temp
Daout, Temp
LcdAddr, Temp
ddra,Temp
Temp, Oxff
DDRC, Temp
Temp,0b11111110
DDRD,Temp
Temp,0b00011111
portd, Temp
Temp, 0xff
portb, Temp

ddrb,4
portb,4

Temp

AdcNum, Temp
KeyDel, Temp
Flag1,Temp
Counter, Temp
KeyCode, Temp

screen, Temp

AdcAcc, Temp
AdcAcc+1,Temp
AdcCount, Temp

Viewladr, Temp
Viewladr+1,Temp

Temp,1
Point, Temp

Temp,200
ViewVadr, Temp
Temp
ViewVadr+1,Temp

Temp,40
Threshold, Temp

ZH,1

ZL,200
ReadEEPROM
MulVolt+1,Temp
Z1,201
ReadEEPROM
MulVolt, Temp

71,202
ReadEEPROM
Light+1,Temp

- 21,203

ReadEEPROM
Light,Temp

71,204
ReadEEPROM

;reset data of DAC

;reset Led address counter
;initial port a

;initial port ¢

;initial port d

;initial port b

;clear keyboard debounce counter
;clear system flag

;clear keyboard code
;first screen = 0

;initial current view address

;view index = 1

;initial voltage view address

Temperature+1, Temp

21,205
ReadEEPROM

Temperature, Temp
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;initial for A/D Converter

o dokokok Kk ok K
.

ES ST 22 ok * Nk

okokok kK

initadc:
ldi  Temp,0
sts  AdcCount, Temp
sts  AdcAcc, Temp
sts  AdcAcc+1,Temp
out admux, Temp
ldi  Temp,0010010110
out  adcsr,Temp
ret
InitTimer2:
ldi  Temp,78 ;Output compare register = 16
out ocr2,Temp
in Temp,timsk ;Enable timer2 interupt
ori  Temp,0b10000000
out timsktemp
ldi  Temp,0b00001111 ;Select counter clock and compare behavior
out  tcecr2,temp ;counter clock = clock/1024, and clear when
;compare matching
cr Temp
sts  countsec, Temp
sts  Sec,Temp
sts  Min,Temp
sts  Hour,Temp
ret
Dadrive:
out  portc, Temp
cbi  portd,DAen
Idi  Temp,25
DLay:
dec Temp
brne DlLay
sbi  portd,DAen
ret
AdcAverage:
cr  Temp
cr  Aux
cr  Buffer
LoopAvg:
rcall  Getadc
add  Buffer,acch
adc  Aux,acca
inc  Temp
cpi  Temp,16
brio  LoopAvg
cr  Temp
LoopAvg2:
clc
ror  Aux
ror  Buffer
inc  Temp
cpi  Temp,4
brlo  LoopAvg2
mov  acch,Buffer
mov  acca,Aux
ret

Page 24



ProgramSolarTest

» ok ok R KR K KK KR o R KoK KRR ROk koK
’

kK R K R OK K o K oK R K K KK K KR K K K KR K R kKK

;output:acca(high byte) acchb(low byte)
; 3k ES = = 3 S ok R KSR KOK 3K KK KRR KKK K KK AR K K K K R K KKK K HOK KK K KR OKR K K oKk
Getadc:
sbi  adcsr,adsc
nop
nop
getadc2:
sbic adcsr,adsc
jmp getadc2
in acch,adcl
in acca,adch
ret
JrE koK * *x PO ——
receive:
sbis  usr,rxc
gmp receive
in Temp,udr
ret
send:
sbis  usr,udre
imp send
out udr,Temp
ret
f §
DmcSet:
Idi  Temp,0b00111000 ;function set
rcall  LcdWi
ldi  Temp,0b00001100 ;on display
rcall  LcdWi
ldi  Temp,1
rcall  LcdWi ;Clear screen
rcall  Delay2m
ret
Delay2m :
push  Temp
push  Aux
cr  Temp ;Temp=0
Loop1:
Idi  Aux,15
Loop2:
dec  Aux
brne loop2
dec Temp
brne loopl
pop  Aux
pop Temp
ret
7
LedWi:
out portc,Temp ;data to port
cbi  portd,rs ; 15=0
chbi  portd,rw s rw=0
cbi  portd,enable ;e=
rcall DelayLCD
sbi portdenable ;e=1
rcall DelayLCD
cbi  portdenable ;e=0
Idi  Temp,0 ;delay for execute instruction
LpLcdWi:
dec Temp
cpi  Temp,0
brne LplLcdWi
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ret
;x kK Sk K A S K kK ik K A K ok K e kK K Ok K kK kK ok Ak ok ok * *%k
Lcdwad:
out  portc, Temp
sbi  portd,rs ;=1
cbi  portd,w sw=0
cbi  portd,enable ;e=0
rcall  DelaylLCD
sbi  portd,enable ;e=1
rcall  DelayLCD
cbi  portd,enable ;e=0
Idi  Temp,0 ;delay for execute instruction
LpLcdWd:
dec  Temp
cpi Temp,0
brne  LpLcdWd
ret
DelayLCD:
push  Temp
ldi  Temp,10
DlaylLcd:
dec Temp
cpi Temp,0
brne Dlaylcd
pop Temp
ret

;This routine for initial RS232
;Buad rate : 9600

;Receive : Interupt

;Send  : polling

!

InitRS232:
Idi Temp,51
out ubrr, Temp
sbi ucr,rxen
sbi ucr,txen
ret

input Deviderl,Devider2.div
output Xi(remainder),ansi(low byte result),ans2(high byte result), Temp
used register XH,XL, Temp,a,b,acca,Aux

NE me me me s N~

Devider1:
Idi  XL0
cpi  div,0
brme Devider2
Idi  Temp,'F
ret

Devider2:
cpi  div,1
brne modl

mov  ans2,devide2
mov  ansl,devidel

Idi  Temp, T
ret

mod1:
ldi acca,4
cr ansi

Page 26



ProgramSolarTest

cr  ans2
cr XL ;low Byte Buffer
cr  XH ;high byte buffer

mov  a,devidel
mov  b,devide2

mod12:
Idi  Aux,4
loopmod1:
sl a ;devidel
rol b ;devide2
rol XL
rol  XH
dec  Aux
brne loopmod1
tst  XH
brne loopmod?2
cp  XLdiv
brio  mod2
clr  Aux
loopmod2:
sub XL, div
sbci  XH,0
inc  Aux
tst XH
brme loopmod2
cp div, XL
breq loopmod2
brlo loopmod2
sl Aux
Isl  Aux
Isl  Aux
sl Aux
mod2:
ldi  Temp,4
mod3:
Isl  Aux
rol ansl
rol  ans2
dec Temp
brne mod3
dec acca
bme modi2
ldi  Temp,T
ret
1
;Convert HextoDec

;input : ZH,ZL
;output : asc4,asc3,asc2,ascl,ascO

!

HTD:
idi  div,100
mov  devidel,ZL
mov  devide2,ZH
rcall Deviderl
mov  YLansl
mov  YH,ans2
mov  ascO,XL

mov  devidel,YL
mov  devide2,YH

rcall Deviderl
mov  asc4,ansl
Idi  Buffer,0x30

add  asc4,Buffer

Idi  div,10
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mov
clr

mov
add

mov
mov
rcall
mov
add

mov
clr
rcall
mov
add

mov
mov
rcall
mov
add
ret

devide1,XL
devide2
Devider1

asc3,ansi

asc3,Buffer

devide1,YL
devide2,YH
Devider1
asc2,XL
asc2,Buffer

devidel,ascO
devide2
Deviderl

ascl,ansi

ascl,Buffer

devidel,ZL
devide2,ZH
Devider1
ascO,XL
asc0,Buffer

; 8*8bit multiplier

;input :a,b

;output : ans2(high byte),ans1(low byte)

’

mul88: cIr ans2 ;clear result High byte
cr ansi
ldi  Temp,8 ;init loop counter
mov  give, Temp
m8u_1: Isr a ;rotate multiplier
brcc  m8u_2 ;camy set
add ans2,b ;add multiplicand to result High byte
m8u_2: ror ans2 ;rotate right result High byte
ror ansi ;rotate right result L byte and multiplier
dec give ;decrement loop counter
brne m8u_1 ;if not done, loop more
ret

;input : acca(high byte multiplicant),accb (low byte multiplicant)
; : Aux(multiplier)
;output : ansi(low byte result),ans2(high byte result)
;used register : Buffer,Temp

,MuI16v58:

mov
mov
rcall
mov
mov
mov

mov
push
rcall
pop

add
mov
mov

a,Aux
b,accb
mul88
Buffer,ans2
a,Aux
b,acca

Temp,ansl

Temp
mui88

Temp

ans1,Buffer
ans2,ansl
ansi,Temp
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ret

;************************* S ok ok ok Sk e R ROk K R K OK ok koK %
: multiple 16 bit with 8 bit

;input :rO(Multiplicant low),r1(multiplicant high),r2(multiplier low),r3(high muitplier)
;output:rO(lowest byte),r1,r2,r3(highest byte)

;used register : Temp,Aux

Mul16w16:

Idi
mov
mov
mov
mov
clr
clr
clr
cr

Temp,16 ;checking counter
r4,r0 ;save Multiplicant low
r5,r1 ;save Multiplicant high
r6,r2 ;Save Multiplier low
r7,r3 ;Save Multiplier high

r0
rl
r2
3

L_Mulibw16:

Isl
rol
rol
rol

Isl
rol
brcc
add
adc
cir
adc
adc

ret

0
ri
r2
3

r6
r7

;clear for accumulate

;check each bitin r2

M_Mull6w16

r0,r4
1,5
Aux

;add multiplicant to accumulator

r2,Aux

r3,Aux

M_Mul16w16:
dec Temp ;sixteen cycle only
brme L_Mulléwi16

Kk

’

“input :r0(l

dividing 16 bit with 16 bit

owest byte divident),r1,r2,r3(highest divident)

; r4(low byte divider),r5(high byte divider)
;output:ri(high byte result),r0,r2,r3(highest byte resuit)
; r4(low byte remainder),r5,(high byte remainder)

;used register : Temp,Aux

!
Div32w16:
Idi Temp,32 ;checking counter
mov 16,0 ;save low divident
mov 17,1 ;save high divident
mov 18,12
mov 19,13
cdr 10 ;clear for accumulate
cr
cr 2
cr 13
cr 110 ;clear buffer
cr ril
cr  ri2
L_Div32w16:
Isl 16 ;shift divident
rol 17
rol 8
rol M
rol  ri0 ;shift into 24-bit buffer
ol ri1
rol  ri2
tst  ri2
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ProgramSolarTest

brne J_Div32w16
cp ri1,r5

brio  M_Div32w16
brne J_Div32wi16

cp ri0,r4
brio  M_Div32w16
J_Div32w16:
cr  Aux
clc
sbc  ri0,r4 ;sub divident with divider
sbc  ri1,15
sbc  ri2,Aux
sec
ol 10
jmp N_Div32w16
M_Div32w16:
Isl 0
N_Div32w16:
rol  rl
rol 12
rol 13
dec Temp ;sixteen cycle only
brne L_Div32w16
mov  r4,r10 ;get remainder
mov  15,ri1
ret
Messagel:
.db " Solar Tester "
.db " By KMITL Team ",eos
; Kk
Message2:
.db " VIEW DATA "eos
!
Message3:
.db " SET THRESHOLD "
.db " VOLTAGE "eos
’
Message4:
.db " START TESTING ",eo0s
Message5:
.db " Now = V"
.db "Set= V",eo0s
: N
ViewVI:
db "v= .V P"
db  "I= A Teos
!
ViewStor:
.db " Data Storing "
.db " Point ",eos
ViewParam:
.db "Temp: . deg”
.db "Lightt . W"eos N
’
;c:\avrtools\solar1.hex
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General Description

The LM135 series are precision, easily-calibrated, integrated
circuit temperature sensors. Operating as a 2-terminal zener,
the LM135 has a breakdown voltage directly proportional to
absolute temperature at +10 mV/'K. With less than 1Q dy-
namic impedance the device operates over a current range
of 400 pA to 5 mA with virtually no change in performance.
When calibrated at 25°C the LM135 has typically less than
1°C error over a 100°C temperature range. Unlike other sen-
sors the LM135 has a linear output.

Applications for the LM135 incdlude almost any type of tem-
perature sensing over a ~55°C to +150°C temperature
range. The low impedance and linear output make interfac-
ing to readout or control circuitry especially easy.

The LM135 operates over a -55°C to +150°C temperature
range while the LM235 operates over a =40'C to +125°C

'&National Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

May 1999

temperature range. The LM335 operates from -40°C to
+100°C. The LM1351M235/LM335 are available packaged
in hermetic TO-46 transistor packages while the LM335 is
also available in plastic TO-82 packages.

Features

= Directly calibrated in "Kelvin

# 1°C initial accuracy available

u Operates from 400 pAto 5 mA

u Less than 1Q dynamic impedance
= Easily cafibrated

s Wide operating temperature range
® 200°C overrange

a Low cost

Schematic Diagram

< a1
Sua

© 1999 National Semiconductor Corporation DS005698

www.national.com
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Connection Diagrams

TO-92
Plastic Package

Bottom View
Order Number LM335Z
or LM335AZ
See NS Package
Number Z03A

S0-8
Surface Mount Package
ve 1 \_/ |s s
2 7
NC — — NC
3 6
NC = — NC
4 5
i f— ADJ
DS005688-25
Order Number LM335M
See NS Package
Number M0SA

TO-46
Metal Can Package™

“Case is connected to negative pin
Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
See NS Package
Number HO3H

www.national.com




Absolute Maximum Ratings (Note 4)

Specified Operating Temp. Range

i MilitarylAerospace specified devices are required, Continuous ;’r;“:g“z‘;“’"‘

please contact the National Semiconductor Sales Office/ . 5 .

Distributors for ava"ab"hy and speclﬂeaﬁons. LM135, LM135A =55 C to +150°C 150°C to 200°C

LM235, LM235A -40°C to +125°C 125°C to 150°C

Reverse Gurpent 1SmA | M335 LM335A -40°C 0 +100°C  100°C to 125°C

Forward Current 10 mA Lead Temp. (Soldering, 10 seconds)

Storage Temperature T0-62 Package: 260°C
TO-46 Package -60'C to +180°C TO46 Package: 300'C
TO-92 Package ~60°C to +150°C SO-8 Package: 300'C
SO-8 Package —65'C t0+150°C Vapor Phase (60 seconds): 215°C

Infrared (15 seconds): 220°C

Temperature Accuracy (Note 1)

LM135/LM235, LM135A/LM235A
Parameter Conditions LM135ALM235A LM135/M235 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25C, Ik = 1mA 297 | 298 | 299 | 295 | 298 | 3.01 v
Uncalibrated Temperature Error Tc=25C, Ik =1mA 0.5 1 1 3 C
Uncalibrated Temperature Emor | Ty S Te S Tiax Ir = 1 MA 13 -- @77 2 5 C
Temperature Error with 25°C Taiw S TS Taax, e A THA 0.3 1 05 | 15 C
Calibration
Calibrated Error at Extended Te = Tuax (Intermittent) 2 2 ‘C
Temperatures
Non-Linearity I = 1mA 0.3 0.5 0.3 1 'C
Temperature Accuracy (Note 1)
LM335, LM335A
Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25C, g = 1mA 295 | 298 | 301 | 292 | 298 | 3.04 v
Uncalibrated Temperature Emror Te =25°C, lg = 1 mA 1 8 2 6 ‘C
Uncalibrated Temperature Emor Tum S Te <Taax. In = 1.mA 2 5 4 9 C
Temperature Error with 25°C Tuin S Te S Tuaxs lr = 1 mA 0.5 1 1 ? 'C
Calibration
Calibrated Error at Extended Tc = Tuax (Intermittent) 2 2 ‘C
Temperatures
Non-Linearity lr = 1mA 0.3 1.5 0.3 15 FS
Electrical Characteristics (ot 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<IL<5 mA 25 10 3 14 mv
Change with Current At Constant Temperature
Dynamic Impedance Ig=1 mA 05 0.6 Q
Output Voltage Temperature +10 +10 mV/'C
Coefficient
Time Constant Stifl Air 80 80 sec
100 fMin Air 10 10 sec
Stirred Oil 1 1 sec
Time Stability To=125°C 0.2 0.2 “C/khr

www.national.com



Electrical Characteristics (Note 1) (Continued)
Note 1: Accuracy measurements are made in a wedi-stimed oil bath. For other conditions, self heating must be considered.
Note 2: Continuous operation at these temp for 10,000 hours for H package and 5,000 hours for Z pack may fife y of the device.
Note 3:
Thermal Resistance T0-82 TO-46 SO-8
84 (junction to ambient) 202°C/W  400°CW  165'CW
8,¢ (junction to case) 170°CwW N/A N/A
Note 4: Refer ta RETS135H for military spedifications.
Typical Performance Characteristics
Reverse Voitage Change Calibrated Error Reverse Characteristics
1] 4 w F
i ]1 1[ lr T-ae
w 7 Ti=—5°C 44 S =
E A £ X / ¢
g £ o .
w 8 1= 25% 4 g, |t £ 3 il
= s | ’P: 1 S
g 3 74 e z E.-.f
g 3 LA T 125°c—] @ z
: LA L1 g = ERE
o 11 -4 5 A l
(Y ¥ L s [ ] 55 <18 25 65 105 W5 185 1 2 3 . s
REVERSE CURRENT (mA) TEMPERATURE (°C) REVERSE VOLTAGE (V]
DEs698-27 DS00SE98-28 500565620
Response Time Dynamic Impedance Noise Voltage
4 R LN ——— 380 T
=25 ‘L = 1z=1mA
3 - <n = ] - Tj=25°C
SRS A% L =
g 2 y: 1 g @
= <
L J A v £ Fe A AT b ER) N
] z [ Tj=-s5°C =
S ‘;’ iy m'cr\< &
S 3 E S
z oW [ weut E = h
[ T 25—
[) IR T 1) o 200
A W12 0 4 g 1 100 1® 106 100k 12 100 1k 106 100k
TWE ) FREQUENCY (Kz) FREGUENCY (i}
DSOEES-30 DS005698-31 DSD0S698-32
Thermal Resistance Thermal Time Constant Thermal Response in Still Air
Junction to Air “©
40 “ FRL]
& s X% - y
«5_ % § 3 2 - 4
g -3 PR ]
g .y 2 § 4 ]
g ™ s o £
= D 0
H AY 2 . \ ik g
E \.‘ M 2 9
£ bhic; o o2
0 l 1 8 480 80 1200 1800 2080 [ H 4 5 s
0 <00 808 1200 1668 2000 AIR VELOCITY (FPM) TIME (WINUTES]
AIR VELOCITY (FPad} DS005698-34 DS005698-35
DSD0S68-33
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Typical Performance Characteristics (continued)

Thermal Response in Stirred Oil Bath

g 180
E Wi
2 7
2 y,
i w
! I
s w0
o
2
=
g
e
<
] 2 4 s s
TIME (SECONDS)

Application Hints

CALIBRATING THE LM135

Included on the LM135 chip is an easy method of calibrating
the device for higher accuracies. A pot connected across the
LM135 with the amm tied to the adjustment terminal allows a
1-point calibration of the sensor that corrects for inaccuracy
over the full temperature range.

This single point calibration works because the output of the
LM135 is proportional 1o absolute temperature with the ex-
frapolated output of sensor going to OV output at 0'K
(-273.15°C). Errors in output voltage versus temperature are
only slope (or scale factor) errors so a slope calibration at
one temperature comects at all temperatures.

The output of the device (calibrated or uncalibrated) can be
expressed as:

T
VOUTT = VMTO X :r-—o'
where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin. By calibrat-
ing the output to read correctly at one temperature the output
at all temperatures is correct. Nominally the output is cali-
brated at 10 mV/'K.

Typical Applications

Basic Temperature Sensor

Calibrated Sensor

Forward Characteristics

14
12
= L]
- u Tj=-85°C
e b1 L
< I L
s o
3 L
S j=75°c| { L~ L
o 0§ I
< L1
E ui—
g T y-use
", LT
L
[ 8] 1 1
FORWARD CURRENT (mA}
DS005606-37

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing device, self heating
can reduce accuracy. The LM135 should be operated at the
lowest current suitable for the application. Sufficient current,
of course, must be available to drive both the sensor and the
calibration pot at the maximum operating temperature as
well as any external loads.

If the sensor is used in an ambient where the thermal resis-
tance is constant, self heating errors can be calibrated out.
This is possible if the device is run with a temperature stable
current. Heating will then be proportional to zener voltage
and therefore temperature. This makes the self heating error
proportional to absolute temperature the same as scale fac-
tor efrors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as manufac-
tured by Raychem can be used to make low-cost waterproof
sensors. The LM335 is inserted into the tubing about 14"
from the end and the tubing heated above the melting point
of the core. The unfilled 2" end melts and provides a seal
over the device.

Wide Operating Supply

v v v+
SV—asv
R1 A1
L334 a
ouUTPUT
10 mV/K OQUTPUT 18 mV/°K
[ >
< :‘ 68
LM335 LMI3s V- >
OUTPUT
10 mV/K
- -
OSDOSES8-2 - LM33s
DSU0SEESS
“Calibrate for 2.982V at 25°C =
DS005608-10
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DAC0830/DAC0832

General Description

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying
DAC designed to interface directly with the 8080, 8048,
8085, Z80?, and other popular microprocessors. A deposited
silicon-chromium R-2R resistor ladder network divides the
reference current and provides the circuit with excellent tem-
perature tracking characteristics (0.05% of Full Scale Range
maximum linearity error over temperature). The circuit uses
CMOS current switches and control logic to achieve low
power consumption and low output leakage current errors.
Special circuitry provides TTL logic input voltage level com-
patibility.

Double buffering allows these DACs to output a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any number
of DACs.

The DACO0830 series are the 8-bit members of a family of
microprocessor-compatible DACs (MICRO-DAC™).

ﬂNational Semiconductor

8-Bit yP Compatible, Double-Buffered D to A Converters

May 1999

Features

s Double-buffered, single-buffered or flow-through digital
data inputs

= Easy interchange and pin-compatible with 12-bit
DAC1230 series

= Direct interface to all popular microprocessors

= Linearity specified with zero and full scale adjust
only— NOT BEST STRAIGHT LINE FIT.

= Works with £10V reference-full 4-quadrant multiplication

& Can be used in the voltage switching mode

= Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

®m Operates “STAND ALONE" (without pP) if desired

& Available in 20-pin small-outline or moilded chip camier
package

Key Specifications

= Current settling time: 1 ps

= Resolution: 8 bils

Linearity: 8, 9, or 10 bits (guaranteed over temp.)
Gain Tempco: 0.0002% FS/'C

Low power dissipation: 20 mW

Single power supply: 5 to 15 Vpe

Typical Application

Z80% is a registered trademark ot Zitog Corporation.

~ CONTROL 8US
5]
WA
hey 1 +¥eg (15 ¥0c)
XFER
W@
c 9 |7+ 4y
L W2 1 229 p:
! g7 A L
b | Soamsus= Your
s Dgg
Ls8
o se8aBus
DSUOSEI8-1
BI-FET™ and MICROQ-DAC™ are ot Natonal C

© 1999 Nationa! Semiconductor Corporation DS005608
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Connection Diagrams (top Views)

Dual-in-Line and

Small-Outline Packages
s —{1° 20 p— Voo
Ry —{2 19— le (BYTE1/BYTEZ)t
M0 —{3 18— o=,
Dy —4 4 17— XFA
oty =5 16 p—— Dl
P 15— Dy
Dip (L38) ——7 14— Dig
Vorr — 8 13 p— 017 (MSB)
® —19 12— leun
GND ~——{ 10 11— logn
DS00SE08-21

WR,XFER DI, Dis Dig

18 17 16 15 14
19 1

Molded Chip Carrier Package

Lo, (uss)
—loutz
—loutt
—GND
R
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Absolute Maximum Ratings (Notes 1, 2)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V)

Voltage at Any Digital Input
Voltage at Vger Input
Storage Temperature Range

Package Dissipation

at T,=25"C (Note 3)
DC Voltage Applied to

lours of lourz (Note 4)
ESD Susceptability (Note 4)

17 Vpe
Vee fo GND
+25V

~65'C to +150°C

500 mW

~100 mV to Ve
800V

Electrical Characteristics

)r/REFZ'-S'ngOO Vpc unless otherwise noted. Boldface limits apply over temperature, Ty w<Ta<Tuax- For all other limits
A— .

Lead Temperature (Soldering, 10 sec.)
DualHn-Line Package (plastic)
Dual-In-Line Package {ceramic)
Surface Mount Package

Vapor Phase (60 sec.)
Infrared (15 sec.)

Operating Conditions

Temperature Range
Part numbers with "LCN" suffix
Part numbers with “LCWM" suffix
Part numbers with “LCV" suffix
Part numbers with “LCJ” suffix
Part numbers with “LJ" suffix
Voltage at Any Digital Input

260°C
300°C

215°C
220°C

TiinsSTaSTmax
0’C to +70°C
0'C to +70°C
0°'C to +70°C

-40°C to +85°C
-55°C to +125°C
Vee to GND

A I A )
= cc [
Vee = 1575 Ve © 15 Voo £5%
See oC Limit
Parameter Conditions
Note N Tested Design Units
N O'ZP‘Z) Limit Limit
(Note 5) (Note 6)
CONVERTER CHARACTERISTICS
Resolution 8 8 8 bits
Linearity Error Max Zero and full scate adjusted 4,8
~10VEVgers+ 10V
DAC0830LJ & LCJ .05 0.05 % FSR
DAC0832LJ & LCJ 0.2 0.2 % FSR
DACO830LCN, LCWM & 0.05 0.05 % FSR
Lev
DACO831LCN 0.1 0.1 % FSR
DACO832LCN, LCWM & 0.2 0.2 % FSR
Lev
Differential Nonfinearity Zero and full scate adjussted 4,8
Max -10VSVRers+10V
DAC0830LJ & LCJ 0.1 0.1 % FSR
DACO0832LJ & LCJ 0.4 0.4 % FSR
DACO830LCN, LCWM & 0.1 0.1 % FSR
Lev
DACO831LCN 0.2 0.2 % FSR
DACO832LCN, LCWM & 0.4 0.4 % FSR
Lcv
Monotonicity -10V<Vper L& LCY 8 8 bits
s+10V LCN, LCWM & LCV 8 8 bits
Gain Emror Max Using Internal R, 10.2 +1 +4 % FS
-10VSVpers+10V
Gain Error Tempco Max Using intemal Ry, 0.0002 0.0006 %
FSrc
Power Supply Rejection All digital inputs latched high
Vec=14.5V to 15.5v 0.0002 0.0025 %
11.5V 10 12.5v 0.0008 FSRV
4.5V to 5.5V 0.013 0.015
Reference Max 15 20 20 kQ
Input Min 15 10 10 kQ
Output Feedthrough Eror Vger=20 Vp-p, =100 kHz 3 Vp-
All data inputs latched low 2P

wwiw._nationa!.com



A

Electrical Characteristics (continued)
¥R§5§ _1((:).000 Vpc unless otherwise noted. Boldface limits apply over temperature, Ty n<To<Tpnax. For afl other fimits

VoordTsvee | gl oNe R
See Vee = 15.75 Ve t 15 Voo £5% Uit
Parameter Conditions Note Units
Typ Tested Design
(Note 12) Limit Limit
(Note 5) {Note 6)
CONVERTER CHARACTERISTICS
Output Leakage | loyts All datainputs  LI&LCJ 10 100 100 nA
Suiirent Mex latched low  LCN, LOWM & LGV 50 100
lout2 All data inputs  LJ & LCJ 100 100 nA
tatched high LCN, LCWM & LCV 50 100
Output louts All data inputs 45 pF
Capacitance lourz2 latched low 115
louT1 All data inputs 130 pF
lourz latched high 30
DIGITAL AND DC CHARACTERISTICS
Digital input Max Logic Low L 4.75v 0.6
Voltages u: 1575V 08
LCk 475V 0.7 Vpe
LG 15.75v 0.8
LCN, LCWM, LCV 0.85 0.8
Mm Logic High u&Ley 20 2.0 Voc
LCN, LCWM, LCV 1.9 2.0
Digital Input Max Digital inputs <0.8V
Currents LI&Lcd -50 -200 ~200 pA
LCN, LCWM, LCV -160 -200 HA
Digital inputs>2.0V
L& LCd 0.1 +10 +10 bA
LCN, LCWM, LCV +8 +10 .
Supply Current Max L& ey 12 35 35 mA
Drain LCN, LCWM, LCV 1.7 2.0
Electrical Characteristics
¥RE,=2;]g.OOO Vo unless otherwise noted. Boldface limits apply over temperature, Ty nSTa<Tuax- For all other limits
A s
W Vec=15.75 Vpe Vg:;f,;’c"‘fsf;‘ Vec=4.75 Ve v\;c;sis -
Symbol Parameter Conditions Note Tvp Tested Design Limit Typ Tested Design Ur:“ns
(Note 12) Limit (Note 6) (Note 12) Limit Limit
(Note 5) (Note 5) (Note 6)
AC CHARACTERISTICS
& Current Setting Vi =0V, V=5V 1.0 1.0 s
Time
tw Wirite and XFER Vg =0V, V=5V 1" 100 250 378 600
Puise Width Min 9 320 320 900 900
[ Data Setup Time Vi =0V, V=5V 9 100 250 375 600
Min 320 320 900 900
ton Data Hold Time Vi =0V, V=5V 9 30 50 ns
Min 30 50
Control Setup Time | V =0V, V\y=5V 9 10 250 600 900
Min 320 320 1100 1100
Control Hold Time | Vg =0V, V=5V | 9 0 0 10 0 0
Min 0 0

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 2: All vottages are measured with respect to GND, unless otherwise specified.




intersil HGTG20N60B3D

Data Sheet o : January 2000 File Number 3739.6

40A, 600V, UFS Series N-Channel IGBT Features

with Anti-Parallel Hyperfast Diode - 40A, 600V at Tg = 25°C

The HGTG20N60B3D is a MOS gated high voltage - Typical Fall Time. . ...\ oo 140ns at 150°C
switching device combining the best features of MOSFETs )

and bipolar transistors. The device has the high input * Short Circuit Rated

impedance of a MOSFET and the low on-state conduction - Low Conduction Loss

loss of a bipolar transistor. The much lower on-state
voltage drop varies only moderately between 25°C and
150°C. The diode used in anti-parallel with the IGBT is the
RHRP3060.

- Hyperfast Anti-Parallel Diode

Packaging

JEDEC STYLE TO-247
The IGBT is ideal for many high voltage switching

applications operating at moderate frequencies where low
conduction losses are essential.

Formerly developmental type TA43016.

Ordering Information

PART NUMBER PACKAGE BRAND
HGTG20N60B3D TO-247 G20N60B3D COLLECTOR
NOTE: When ordering, use the entire part number. ROV 1Y SIDE MERAR)
Symbol
[
G
1

INTERSIL CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,587,713
4,598,461 4,605,948 4,620,211 4,631,564 4,639,754 4,639,762 4,641,162 4,644,637
4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 4,794,432 4,801,986
4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 4,860,080 4,883,767
4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 4,969,027

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 2000



HGTG20N60B3D

Absolute Maximum Ratings T =25°C, Unless Otherwise Specified

HGTG20N60B3D UNITS
Collector'to Emitter VORBGE: . « & svws s s s s 5 samma v 4 8 mmmisias 5 5 seind 3 350506 ¥ 3 e BVcEs 600 \
Collector to Gate Voltage, RGE = TMQ . ... .. .o ot e ii i BVCGR 600 v
Collector CUrent CONUNUOUS . . cv o« « crvvm s v e swaas s mins s 5 s s s 3 9ims § 8 Siareias 5 Icos 40 A
AT =1100C L ettt e e Ic110 20 A
Average Diode Forward Current at 110%C. .. . ... ... ... .. i, lavG) 20 A
Collector Current Pulsed (Note 1) .. ... e Icm 160 A
Gate to Emitter Voltage Continuous. .. ......... ... ... VGEs +20 %
Gate to Emitter Voltage Pulsed . . ......... .o i VGEM +30 \Y
Switching Safe Operating Area at Tc=150°C ;.. .............ooiiinnnn... SSOA 30A at 600V
Power Dissipation Total at Tc =25°C ............... 545 % endin o9 enenibe, = snmsenn o 5 5 maonas o Pp 165 w
Power Dissipation Derating Te >25%C . . ...t iiin it e 1.32 wrc
Operating and Storage Junction Temperature Range . .. ..................... Ty. TsTG -40 to 150 °c
Maximum Lead Temperature for Soldering ... .............ooitiiininennnan... T 260 °c
Short Circuit Withstand Time (Note 2) at Vg =15V, .. oot it tsc 4 us
Short Clrcuit Withstand Time (Note 2) at Vg =10V. ... oot tsc 10 us

CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause penmanent damage to the device. This is a stress only rating and operstion of the
device at these or any other conditions above those indicated in the operational sections of this spedification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Vg =360V, Te = 125°C, Rg = 25Q.

Electrical Specifications T¢ =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVces Ic = 250pA, Vgg =0V 600 - - \Y
Collector to Emitter Leakage Current lces Vce = BVcEs Tc=25°C - - 250 pA
Tc = 150°C - - 2.0 mA
Collector to Emitter Saturation Voltage Vegisan  |lc=lc11o. Tc =25°C - 1.8 20 v
Veg =15V Tc = 150°C - 2.1 25 v
Gate to Emitter Threshold Voltage VGE(TH) Ic = 250pA, Vce = VgE 3.0 5.0 6.0 \
Gate to Emitter Leakage Cumrent IGES VG =20V - - +100 nA
Switching SOA SSOA  [Tc=150°C VGE = 480V 100 - - A
Vge = 15V, Ve = 600V 30 2 - A
Rg =100,
L = 45pH
Gate to Emitter Plateau Voltage VGep Ic =lc110. Vce = 0.5BVcEs - 8.0 - \
On-State Gate Charge Qg(oN) lc =lc110. Vge = 15V - 80 105 nC
Vce=0.5BVees [vge =20V 3 105 135 nC
Current Tum-On Delay Time t4(ON)! Tc = 150°C, - 25 - ns
Current Rise Time ty Ice =lc110 - 20 - ns
Current Tum-Off Delay Time t4(OFF)! :I/g: : [1)58\/ BVCEs, B 220 275 ns
Current Fall Time tq Rg = 10Q, - 140 175 ns
Turn-On Energy Eon L = 100pH - 475 - wd
Turn-Off Energy (Note 3) EoFF - 1050 - w
Diode Forward Voltage Ve Igc = 20A - 15 1.9 Y
Diode Reverse Recovery Time tr lec = 20A, dlgc/dt = 100A/us - - 55 ns
lgc = 1A, dlgc/dt = 100A/us - - 45 ns
Thermal Resistance RgJc IGBT - - 0.76 ocw
Diode - - 1.2 ocw

NOTE:

3. Tum-Off Energy Loss (Egff) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. Turn-On losses include
diode losses.




HGTG20N60B3D

Typical Performance Curves (Continued)
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HGTG20N60B3D

Typical Performance Curves (Continued)
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HGTG20N60B3D

Test Circuit and Waveform

= Vpp = 480V

FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to
gate-insulation damage by the electrostatic discharge of
energy through the devices. When handling these devices,
care should be exercised to assure that the static charge buift
in the handler’s body capacitance is not discharged through
the device. With proper handling and discharge procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in military,
industrial and consumer applications, with virtually no
damage problems due to electrostatic discharge. IGBTs can
be handled safely if the foltowing basic precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORBD™ LD26" or equivalent.

2. When devices are removed by hand from their carmiers, the
hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vggm. Exceeding the rated Vgg can resutt in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have aninternal
monolithic zener diode from gate to emitter. If gate
protection is required an external zener is recommended.

— 10%

VGe

Vce

e
taom)1
FIGURE 19. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device (Figure 13)
is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
cumrent (Icg) plots are possible using the information shown
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating
frequency plot (Figure 13) of a typical device shows fiyax1 or
fmax2 whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmax1 is defined by fuax1 = 0.05/(tq(oFF)1 tacon)n)-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on- state time for a 50% duty factor. Other definitions
are possible. tyoFF) and tgony are defined in Figure 19.

Device turn-off delay can establish an additional frequency
limiting condition for an application other than T . t4(oFF)i
is important when controlling output ripple under a lightly
loaded condition.

fmaxz is defined by fuaxz = (Pp - Pc)(Eorr + Eon). The
allowable dissipation (Pp) is defined by Pp = (T jm - Tc)/Rayc-
The sum of device switching and conduction losses must
not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (P¢) are approximated by

Pc=(Vcexlce)2.

Eon and Eggg are defined in the switching waveforms
shown in Figure 19. Eqy is the integral of the instantaneous
power loss (Icg x V) during turn-on and Egpf is the
integral of the instantaneous power loss during turn-off. All
tail losses are included in the calculation for Eqpg ; i.e. the
collector current equals zero (Icg = 0).

All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design andlor specifications at any tirme with-
out notice. Accordingly, the reader is cautioned to verify that data sheels are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license Is granted by implication or otherwise under any patent or patent rights of Intersi or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com

6 | _intersjl
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Data-Sheet
CMOS Voltage Converters

The Intersil ICL7660 and ICL7660A are monolithic CMOS
power supply circuits which offer unique performance
advantages over previously available devices. The ICL7660
performs supply voltage conversions from positive to
negative for an input range of +1.5V to +10.0V resulting in
complementary output voltages of -1.5V to -10.0V and the
ICL7660A does the same conversions with an input range of
+1.5V to +12.0V resulting in complementary output voltages
of -1.5V to -12.0V. Only 2 noncritical external capacitors are
needed for the charge pump and charge reservoir functions.
The ICL7660 and ICL7660A can also be connected to
function as voltage doublers and will generate output
voltages up to +18.6V with a +10V input.

Contained on the chip are a series DC supply regulator, RC
oscillator, voltage level translator, and four output power
MOS switches. A unique logic element senses the most
negative voltage in the device and ensures that the output N-
Channel switch source-substrate junctions are not forward
biased. This assures latchup free operation.

The oscillator, when unloaded, oscillates ata nominal
frequency of 10kHz for an input supply voltage of 5.0V. This
frequency can be lowered by the addition of an external

ICL7660, ICL7660A

April 1999 File Number 3072.4

Features

« Simple Conversion of +5V Logic Supply to 5V Supplies
 Simple Voltage Multiplication (VoyT = (-) nV|n)

« Typical Open Circuit Voltage Conversion Efficiency 99.9%
- Typical Power Efficiency 98%

» Wide Operating Voltage Range
- ICL7660 ....... ... 1.5Vto 10.0V
5 JCLTOO0A & « cut's s b spm s 5 s 516 e s 5 5. 1.5Vto 12.0V

= ICL7660A 100% Tested at 3V

» Easy to Use - Requires Only 2 External Non-Critical
Passive Components

» No External Diode Over Full Temp. and Voltage Range

Applications

= On Board Negative Supply for Dynamic RAMs

« Localized pProcessor (8080 Type) Negative Supplies
* Inexpensive Negative Supplies

« Data Acquisition Systems

capacitor to the “OSC” terminal, or the oscillator may be Pinouts )
overdriven by an external clock. ICL7660, ICL7660A (PDIP, SOIC)
TOP VIEW
The “LV” terminal may be tied to GROUND to bypass the
internal series regulator and improve low vottage (LV) \Y
operation. At medium to high voltages (+3.5V to +10.0V for ne [1] 8] v+
the ICL7660 and +3.5V to +12.0V for the ICL7660A), the LV cap+ [2] :7_'] osc
pin is left floating to prevent device latchup. anp [3] 5] v
Ordering Information cap- [4 5] Vour
TEMP. PKG.
PART NO. RANGE (“C PACKAGE NO.
e ICL7660 (METAL CAN)

ICL7660CBA Oto70 8 Ld SOIC (N) M8.15 TOP VIEW
ICL7660CBA-T Oto70 8 Ld SOIC (N) M8.15 V+ (AND CASE)

Tape and Reel
ICL7660CPA 0to 70 8 Ld PDIP E8.3
ICL7660MTV+ 0to70 |8 Pin Metal Can T8.C
ICL7660ACBA 0to70 8 Ld SOIC (N) M8.15
ICL7660ACBA-T Oto70 8 Ld SOIC (N) M8.15

Tape and Reel
ICL7660ACPA 0to70 |8LdPDIP E8.3
ICL7660AIBA -40to 85 (8 Ld SOIC(N) M8.15
ICL7660AIBA-T | -40to85 |8 Ld SOIC(N) M8.15

Tape and Reel
ICL7660AIPA -40to 85 |8LdPDIP E8.3
T Add /883B to part number if 8838 processing is required.

3-26 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

http:/Awww.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999



ICL7660, ICL7660A

Absolute Maximum Ratings

Thermal Information

0a (°CIW) 8, (°CIW)

Supply Voitage Thermal Resistance (Typical, Note 1)
ICLTB60Q 1 ciorv s s« wwmvs s ¢ 5 maie €5 smieis 3 w0918 5 5 S0as.s 5 9 +10.5v PDIPPackage . .................. 150
ICLTO60A - op0s & § s s 5 wisgsnsi o 3 § misvmie & 8 9v5ssi 5 & & wompvana 54 +13.0V SOICPackage ................... 165
LV and OSC Input Voltage. . .. .. -0.3V to (V+ +0.3V) for V+ < 5.5V Metal Can Package (ICL7660 Only). . . 160
(Note2) .............. (V+-5.5V) to (V+ +0.3V) for V+ > 5.5V Maximum Storage Temperature Range. .. .......
Currentinto LV (Note 2)................... 20pA for V+ > 3.5V Maximum Lead Temperature (Soldering, 10s)
Output Short Duration (Vgyppry <5.5V) . ........... Continuous (SOIC - Lead Tips Only)
Operating Conditions
Temperature Range
ICL7660M..........conivniiiaen... -55°C to 125°C
ICL7660C, ICL7660AC. . ...........cociuunenn. 0°Cto 70°C
ICLTBB0A s o 5 imsns v 6 555iwie 55 5 50008 5 5 o Saviid 5 -40°C to 85°C

N/A
N/A
70

CAUTION: Stresses above those kisted in “Absolute Maximum Ratings” may cause permanent damage lo the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 844 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications

ICL7660 and ICL7660A, V+ = 5V, Ty = 25°C, Cosc = 0, Test Circuit Figure 11

Unless Otherwise Specified
ICL7660 ICL7660A
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Supply Current I+ R = - 170 | 500 - 80 | 165 pA
Supply Voltage Range - Lo Vi+ MIN < Ta < MAX, R = 10kQ, LV to GND 1.5 - 35 15 - 35 v
Supply Voltage Range - Hi Vyt MIN < Ta < MAX, R = 10kQ, LV to Open 3.0 - |100] 3 - 12 \Y
Output Source Resistance Rout |louT=20mA, Tp =25°C - 55 | 100 | - 60 | 100 Q
louT = 20mA, 0°C < Ty < 70°C - - 120 - - 120 Q
louT = 20mA, -55°C < Ta < 125°C - - {150 | - - - Q
louT = 20mA, -40°C < Tp < 85°C - - - - - | 120| @
VH =2V, lgyT = 3mA, LV to GND - - 300 - - 300 Q
0°C < T4 <70°C
V+ =2V, lgyT = 3mA, LV to GND, - - 400 - - - Q
-55°C < To < 125°C
Oscillator Frequency fosc - 10 - - 10 - kHz
Power Efficiency Peg Ry =5kQ 95 | 98 - 96 | 98 - %
Voltage Conversion Efficiency VouTEer |RL=e 97 999 - 93 (999 | - %
Oscillator Impedance Zposc |V+=2V - 1.0 - - 1 - MQ
V=5V - 100 - - - - kQ
ICL7660A, V+ = 3V, Tp = 25°C, OSC = Free running, Test Circuit Figure 11, Unless Otherwise Specified
Supply Current (Note 3) I+ V+ =3V, R =0, 25°C - - - - 26 | 100 | pA
0°C <Tp < 70°C - - - - - 125 pA
-40°C < T, < 85°C - - - - - 125 | pA
Output Source Resistance Rout |[V+=3V, lgyT =10mA - - - - g7 | 150 Q
09C < Ty < 70°C - - - - - 200 Q
-40°C < Ty < 85°C - - - - - 200 Q
Oscillator Frequency (Note 3) fosc V+ = 3V (same as 5V conditions) - - - 5.0 8 - kHz
0°C <Tp < 70°C - - - 3.0 - - kHz
-40°C < Tp < 85°C - - - | 30 - - kHz

3-27
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ICL7660, ICL7660A

Electrical Specifications ICL7660 and ICL7660A, V+ =5V, Ty = 25°C, Cogc = 0, Test Circuit Figure 11

Unless Otherwise Specified (Continued)

ICL7660 ICL7660A
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Voltage Conversion Efficiency VouTEFF |V+=3V,R = - - - 99 - - %
TMIN < Ta < Tmax - - - 99 - - %
Power Efficiency Pepp | V+=3V,R =5kQ - - - 96 - - %
T < Ta < Tmax - - - 95 - - %
NOTES:

2. Connecting any input terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs
from sources operating from external supplies be applied prior to “power up” of the ICL7660, ICL7660A.

3. Derate linearly above 50°C by 5.5mW/°C.

4. In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very

small but finite stray capacitance present, of the order of 5pF.

5. The Intersil ICL7660A can operate without an external diode over the full temperature and voltage range. This device will function in existing
designs which incorporate an external diode with no degradation in overall circuit performance.

Functional Block Diagram

V+
o CAP+
- N . VOLTAGE
OSCILLATOR - . @AY M A -
0
! s N
| b [le o vour
(-4
osc v E
e
| || Dl
19 !
VOLTAGE » LOGIC
REGULATOR > NETWORK
Typical Performance Curves (Test Circuit of Figure 11)
55 10K
7 >
// & Ta=25°C —
o 4 SUPPLY VOLTAGE RANGE /’ A 4
s / / (NO DIODE REQUIRED) / E
8 A\ v A 7 » % 1000
5 /// / veyd / i X
s ] \,
> 4 p Ay / ,/ A 7 % AN
& / - / d S 100 -
ol o . iz A =z =z e
3
0 10
-55 25 0 25 50 100 125 o 1 2 3 4 5 & 71 8
TEMPERATURE (°C) SUPPLY VOLTAGE (V+)
FIGURE 1. OPERATING VOLTAGE AS A FUNCTION OF FIGURE 2. OUTPUT SOURCE RESISTANCE AS A FUNCTION
TEMPERATURE OF SUPPLY VOLTAGE
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ICL7660, ICL7660A

Typical Performance Curves

OSCILLATOR FREQUENCY fogc (Hz) OUTPUT SOURCE RESISTANCE ()

OUTPUT VOLTAGE
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FIGURE 3. OUTPUT SOURCE RESISTANCE AS A FUNCTION

OF TEMPERATURE
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FIGURE 5. FREQUENCY OF OSCILLATION AS A FUNCTION
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FIGURE 7. OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT
CURRENT

OSCILLATOR FREQUENCY fosc {kHz) POWER CONVERSION EFFICIENCY (%)

POWER CONVERSION EFFICIENCY (%)

(Test Circuit of Figure 11) (Continued)
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FIGURE 4. POWER CONVERSION EFFICIENCY AS A
FUNCTION OF OSC. FREQUENCY
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FIGURE 8. SUPPLY CURRENT AND POWER CONVERSION
EFFICIENCY AS A FUNCTION OF LOAD
CURRENT
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ICL7660, ICL7660A

Typical Performance Curves (TestCircuit of Figure 11) (Continued)
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FIGURE 9. OUTPUT VOLTAGE AS A FUNCTION OF OUTPUT
CURRENT

NOTE:
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FIGURE 10. SUPPLY CURRENT AND POWER CONVERSION
EFFICIENCY AS A FUNCTION OF LOAD
CURRENT

6. These curves include in the supply current that curent fed directly into the load R;_from the V+ (See Figure 11). Thus, approximately half the
supply current goes directly to the positive side of the load, and the other half, through the ICL7660/ICL7660A, to the negative side of the load.

Ideally, VouT = 2V|N, Is = 2l, so ViN X Is = VouT X |-

U
1]
21 jcL7660
C1+ oA
touF= 3]
=

Is V+

<—0 (+5V)

NOTE: For large values of Cogc (>1000pF) the values of C and C2 should be increased to 100pF.
FIGURE 11. ICL7660, ICL7660A TEST CIRCUIT

Detailed Description

The ICL7660 and ICL7660A contain all the necessary
circuitry to complete a negative voltage converter, with the
exception of 2 external capacitors which may be inexpensive
10uF polarized electrolytic types. The mode of operation of
the device may be best understood by considering Figure
12, which shows an idealized negative voltage converter.
Capacitor C4 is charged to a voltage, V+, for the half cycle
when switches S1 and S3 are closed. (Note: Switches Sy
and Sy are open during this half cycle.) During the second
half cycle of operation, switches S, and S4 are closed, with
S4 and S3 open, thereby shifting capacitor C4 negatively by
V+ volts. Charge is then transferred from C4 to C, such that
the voltage on C» is exactly V+, assuming ideal switches and
no load on C,. The ICL7660 approaches this ideal situation
more closely than existing non-mechanical circuits.

In the ICL7660 and ICL7660A, the 4 switches of Figure 12
are MOS power switches; S1 is a P-Channel device and S5,
S3 and S4 are N-Channel devices. The main difficulty with
this approach is that in integrating the switches, the
substrates of S3 and S4 must always remain reverse biased
with respect to their sources, but not so much as to degrade
their “ON" resistances. In addition, at circuit start-up, and
under output short circuit conditions (VouT = V+), the output
voltage must be sensed and the substrate bias adjusted
accordingly. Failure to accomplish this would result in high
power losses and probable device latchup.

This problem is eliminated in the ICL7660 and ICL7660A by a
logic network which senses the output voltage (VoyT) together
with the level translators, and switches the substrates of S3 and
S, to the correct level to maintain necessary reverse bias.

3-30 intersil



LM741

NNational Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.

Schematic Diagram

~
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

Distributors for availability and specifications.
(Note 5)

please contact the National Semiconductor Sales Office/

LM741A LM741E LM741 LM741C
Supply Voltage +22V +22V +22V +18V
Power Dissipation (Note 1) 500 mW 500 mW 500 mW 500 mW
Differential Input Voltage +30V +30V +30V +30V
Input Voltage (Note 2) +15V +15V +15V +15V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range —-55°Cto +125°C 0°Cto +70°C —55°Cto +125°C 0°Cto +70°C
Storage Temperature Range —-65°C to +150°C —65°Cto +150°C —65°C to +150°C —65°Cto +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 2158 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (Note3)
Chrameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ Max | Min | Typ | Max
Input Offset Voltage Ta=25C
Rg < 10k 1.0 | 5.0 20 | 6.0 mV
Rg < 509 0.8 3.0 . mV
Tamin < Ta < Tamax
Rg < 500 4.0 mV
Rg < 10kQ 6.0 7.5 mV
Average Input Offset .
Voltage Drift i prs°G
= 25° =t
|ngut Offset Voltage Ta = 25°C, Vg = £20V +10 +15 £15 mv
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 200 20 | 200 nA
TAMIN £ Ta < TamAX 70 85 500 300 nA
Average Input Offset o
Current Drift 0.5 L
Input Bias Current Ta= 25C 30 80 80 500 80 | 500 nA
Tamin STA S TAMAX 0.210 1.5 0.8 rA
Input Resistance Ta=25C, Vg = +20V 1.0 | 6.0 0.3 2.0 0.3 2.0 MQ
Tamin S Ta < Tamax:
Va o L a0V 05 MQ
Input Voltage Range Tp = 25C +12 | £13 \Y
TAMIN < Ta € TAMAX +12| =13 \"
Large Signal Voltage Gain Tp= 25°C.RL 2 2k
Vg = +20V,Vo = £15V | 50 V/mv
Vg = £15V,Vp = % 10V 50 200 20 200 V/mV
Tamin € Ta < TaMax:
RL > 2kQ,
Vg = $20V,Vg = 15V | 32 V/mv
Vg = 215V, Vg = +10V 25 15 V/mV
Vg = £5V,Vp = &2V 10 V/mV
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LM741

Electrical Characteristics (ote 3) (Continued)

LM741A/LM741E LM74
Parameter Conditions 41/ Srat wlenlc Unit
Min | Typ | Max | Min | Typ | Max | Min Typ
Output Voltage Swing Vg = £20V
RL 2 10k +16 v
RL > 2kQ +15 \"
Vg = £15V
RL 2 10k t12 | +14 12| 14 \
RL 2 2kQ +10 | £13 10 | £13 \
Output Short Circuit Ta = 25°C 10 25 35 25 mA
Current TAMIN € Ta < Tamax 10 40 mA
Common-Mode TaMIN < Ta < TamAx
Rejection Ratio Rs < 10kQ, Voum = 12V 70 90 70 .dB
Rs £50Q,Vgy = £12V 80 95 dB
Supply Voltage Rejection | Tapmin < Ta < TAMAX:
Ratio Vg = +20Vto Vg = £5V
Rs < 50Q 86 96 dB
Rs < 10 k) 77 | 96 77 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 025 0.8 0.3 us
Overshoot 6.0 20 5 %
Bandwidth (Note 4) Ta = 25°C 0.437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 V/ps
Supply Current Ta = 25°C 1.7 | 28 mA
Power Consumption Ta = 25°C
Vg = 20V 80 | 150 mw
Vg = £15V 50 85 mw
LM741A Vg = 20V
TA = TamiN 165 mw
Ta = Tamax 135 mw
LM741E Vg = +20V
Ta = Tamin 150 mw
TA == TAMAX 150 mwW
LM741 Vg = 15V
Ta = Tamin 60 | 100 mwW
Ta = Tamax 45 | 75 mw

Note 1: For operation at eleval
Ratings"”). T = Tx + (64 Pp).

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) S0-8 (M)
6j (Junction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
6ic (Junction to Case) N/A CON/A 25°C/W N/A

Note 2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Unless otherwise specified, these specifications apply for Vg = 115V, —55°

specifications are limited to 0°C < Tp < + 70°C.

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 6: Human body model, 1.5 k2 in series with 100 pF.

ted temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under ‘“*‘Absolute Maximum

C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these
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Connection Diagrams

Metal Can Package

- OFFSET NULL (1)

INVERTING INPUT (2) (6) ouTPUT
NON=INVERTING INPUT rrsn NULL
O,

a

TL/H/9341-2

Order Number LM741H, LM741H/883",
LM741AH/883 or LM741CH
See NS Package Number H08C

Dual-In-Line or S.O. Package

LT
OFFSET NULL—{1 8}—NC
INVERTING INPUT—] 2 v
NON=INVERTING—{ 3 6 |—OuTPUT
INPUT
v —4 5 |—OFFSET NULL

TL/H/9341-3
Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JO8A, MO8A or NOSE

*LM741H is available per JM38510/10101

Ceramic Dual-In-Line Package

NC —{1 7 14 f—NC
NC— 2 13 f—NC -
+OFFSET NULL— 3 12f—NC
-IN— 4 1Mp—V+
+IN—S 10 f—OUT
V-—6 9 f— - OFFSET NULL
NC—7 8 —NC

TL/H/9341-5

Order Number LM741J-14/883%, LM741AJ-14/883"*
See NS Package Number J14A

“also available per JM38510/10101
**also available per JM38510/10102

Ceramic Flatpak
ne—e e
+OFFSET NULL [___:2 g:J NC
-INPUTE___—:i LM741W i:w
+INPUT l:s s: OUTPUT
o S — 3 -OFFSET NULL

TL/H/9341-6

Order Number LM741W/883
See NS Package Number W10A
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Solar Tester
By KMITL Team
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x=[Voltage Data]
y=[Current Data]

coef=polyfit(x,vy,4)

V=[19.5:-0.01:0]

I=polyval (coef, V)

P=V.*I

M=max (P)

Q=find (P==M)

subplot(2,1,1)

plot (V, If/m-1)

hold on

plot ([0,V(Q)],[I(Q),I(Q)

plot ([V(Q),V(Q)]1,[0,I(Q)

Is=coef (5)

xlabel ('Voltage (V) ')

ylabel ('Current (A) ")

hold off

text (V) 72 (O hbutDat (', num2str (V

(Q)), ', \N\n@2 s )T\ ()R 4o | 7//S-r%
'"VerticalAlignment', 'middle', ...
'"HorizontalAlignment', 'left',...
'"Fontsize',10)

NS

Im=T (Q)

Vm=V (Q)

subplot (2,1,2)

plot (V, P)

xlabel ('Voltage (V) ")

ylabel ('Power (W) ')

text (V(Q),M, ["\bullet Pmax="',num2str (M), '

w'l, ...
'"VerticalAlignment', 'middle'’, ...
'"HorizontalAlignment', "left', ...
"Fontsize',10)
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