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Abstract

A device used for measuring electrical energy; namely the

energy meter has been studied and built. The circuit is based on

the use of AD7755, energy metering chip and AT89C52

microcontroller. The AD7755 has two channel 16-bit delta-sigma

ADC. The voltage and current inputs were supplied to the AD7755

by using voltage divider and shunt resistor respectively. The real

power is integrated with time producing pulse output. The pulse

signal corresponds the electrical energy drawn by a load was fed to

the counter unit of the 89C52. The reading of kWh was displayed on

16x1 line LCD and was saved at the specified duration.
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Ve {\ € )ANDEIEN (2.23)
3600 x 1000

; AM\MN(

I

Losad
Voltagter

7171 10 uammssenlainsanffimefiauiuginsaiou 1

V:-I-cos ¢-t

N =K (2.24)
3600 x 1000
o W -t
3600 x 1000
3600 x1000 N .
t = AUIN

K -W

K = AAdneedaseedn ([Rauausan/nladnsdalug )
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2.4 WANN9URITUAS THLIADS
nssafumidamesluaastiiiaamianuig 2 aE19Ae AeeNIInA118Y
nezualireenunluslresuseiuliinuassisanisanAzasussiulniia e

WWmnizauiunisae 1w

shiunt
resister

SN

T W

[
(=
o
<

®

g

91l 11 gUnnssledusidaines
angu Mingreslevinazléidn
V=IR (2.25)

an V= wiesuladn  wdseduloas
| = nesudlid  wdoedy wenuds

R = A1ANNAIUNIUTRITIETamas ety lavu



13

s A AL S U LR A 1 Aadlevin e ldAruseiuIndg
ragrl: H 4 gl it
AnAsaNmas Al V=1/1000 (1) TauunganNdussuiniananaAsansa
v -y Pty s a { oy @ o o
Frunuilavinduuililuiuaeanssua i n st usa A unIuaIna i

ausonnAaeanszuatwin ldainnisdnusenulnia

2.4.1993510anLAan lamLAas
navslaasmaailamae fiulasidlunisaanauusesu i naania T

Farusamninmanzaununisuntd ey

M

R

I a Y aTaa

1
L
7y
NI
220v

91l 12 gUavashasimanlasines

A

anguiile

V = usesulniin  sdosilulaas
I = nosudlnfn  wdqendlu wonuwds
R = ANAMNAIUNIYL wuaedu Taviu

a¢lpidn IR1+IR2= 220 Volt (2.26)
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el R1 HAMmANndR2 man«::‘wudﬁLLNﬁﬂ*NﬁW:Mﬂﬂ?‘@NﬁR1mnnfh

R2 17N fatinadgu 1 R1= Twnslaviu uar R2= 1nlalesuy
azlg 1= 220a671.001wnzlavin = 0.000219 uawi] NIITRTUAY
|FusesunnATanRT = 219 Taas  uazANAsaN R2 = 219 Hadlas aziindin
siusaduliiafianesen R2 Tldem azldussdulrfinfignaaneuas

1000 Wi

2.5 lulasaaulvsalaas MCS-51

lulrspeulnsaaasmszna Mcs-51 iululnsnoulnsameiuuudnifen
(Single Chip Microcontroller) Aalulastusigaimeiisauemuiseaiiuan day
ArUAN uazdruBumAe i agludniafuaiu dnwusiliies MCS-51

Usenaumag

- wnusnowadsns i 5 Taav IiReunaaen

_ fiminAaiudn ROM 4 K bytes (8051/8031) #ia 8 K bytes
(8052/8032)

- §imingAInal RAM 128 bytes (8051/8031) %38 256 K bytes
(8052/8032)

- finedv /0 1u1m 8 1m 4 waiv (32 1im)

- i Timer 16 1im 2 51 (UA 8052, 8032, 8752 H Timer 3 WWA)

- @I auneSWiTlE 5 unaa (UA 8052, 8032 , 8752 H 6 UNA)

- ﬁwaa‘wwmuﬁmmm‘?um%’mg@u,'utu Full Duplex ANHITAG

- FramdseannsnTdsunsuniauanls 64 K

- Fremheanuadayaniauanls 64 K

- gnniszananaiiazdnla

- wildpinadndeiuaaizinn 1 Tulasiund anginaudos

Clock 12 MHz
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lulasreulnsanef mezna MCS-51 Widluwefvugulunsenailfe

8031, 8051 wax Wwaf 8751 dailandiuan 40 1wy Tainiavinauluus

avAdarinty Wurarulifinwiniu  uAdeanFAiuAe  1uNATeIuLneAINRY

Tsunsunne Tudw

Po.o-Po 7 LR TR e

A - H‘

[ Port o l)n\uxj ll‘mt lhn NN (
SIS e pie

1
! ol
V\\ - 1 e e o,
— ' Tt ST a ===y
| RAM addr. - — Nl [ Soeme |
: Rx\,l\lnr ::> A rl‘un 0 Lach } F'm\ 1anh EPROM/ <:‘
! /\ . ROM ]
| ~ =
. ‘1 5 ‘i I I
Vg SRR, . TEE ]
1 AR
i T =
N/
i e e l rogam
1 |
| A( 73 Mkt Addr. K
: o "A"“J Regnter
]
1
! TMP 2 TMP 1 N PR i 2
! m ster PCON | SCON [TMOD]TCON <:> Buffer <_>
{ .
'I 11741 1 <1;>
| \u seur | e | Incrementer
1
[ Intertupt, Seral Program
\ ‘ '5\\« l Port and Tumer Blocks Counter <_>
1
WEN 4 . .
= Al Timing E by @ {\[
ALE e f ‘;_ i
; { and 3 -a, DI"IR
EN R =9 T
| Control | 2 = L
RSP L} =

XTAL 1

XTAL 2

Port 1 Latch

Pro-P.7

Pao-PaT

717 13 uanslazeairanelures MCS-51
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2.5.1 AILLUUURIUT MCS-51

PDIP
P10t e 40 vece
P1.1 5 2 39 |1 PO.0 (ADO)
P1.2d 3 38 PO.1 (ADY)
P1.30C] 4 37 O PO.2 (AD2)
P1.4005 36 |7 P0.3 (AD3)
ept.sc]s 35 0 PO.4 (AD4)
Pi1.6]7 34 1 PO.5 (ADS)
P1.7s8 33 gpo.e (ADB)
RET 9 32 1 PO.7 (ADT)
(RXD) P3.0(] 10 a1 (0 EXIvPP
(TXD) Pa.tg 1 30 [ ALE/PROQ
(IRTT) P3.2 LE] 12 29 O PSER
(INTT) P3.3] 13 28 1 P2.7 (A1S)
(T0) P3.4 (] 14 270 P2.6 (A14)
(T1) P3.5C] 15 26 [0 P2.5 (A13)
( IR = RI 25 D P2.4 (A12)
RO) £3.7(4 17 24 0 P2.3 (A1Y)
XTAL2 C 18 23 [0 P2.2 (A10)
xTAL1 ] 19 22 [1 P2.1 (A9)
GND ] 20 21 0 P2.0 (A8)

U7 14 anwuzvesluinsneniniained 89C51/52

v d‘ ' (8
nihnuAazanvedluinsraninsaland

GND FBAINTIN
Vee Aaunaaae IWanszuansawsesiu 5 Taav
Port0 faun 8 in uwuuleiunm auisolfnudunendunn/iaving

vallle dWesaanisldiiiuaunmassiesdedn 1 lTddusiazinmelidu
High Impedance wananiudsldfnsaniteniuanllsunsuuasdaya
nauanldandas Ineniwinhdanennsalusini (A0-A7) sannunigiu
defaya (D0-D7) armmiszanuaIneuenluszndNITdEuTeE
17 a o

daya Ineiasrsyagwniely

Port1 flauna 8 Tin awnsoldeuiunesmdunmiainavialUls Waseanis
Hilugu waazsesdern 1 ldfusazdnieliiu High Impedance

Taadaesyaswniely




TIHN oM

HANAN WIS ’Pul??ﬂﬂ’” 17

winusazanredluinsrauinsaiaes

Port2

Port3

RST

XTAL1
XTAL2
PSEN

Haun 8 On uwuulafiumsu auisnldeuiunesnaunn/ienvinem
vllli eseenisldiiudunmasiesdarn 1 ldausazinielriiy
High Impedance u@nmnﬁuﬁq'ﬁﬁmﬁiwmﬂmmﬁﬂﬂmnmmm’f@:ﬂa
mauenld@ndan aeviutinfidiennsalusigs (A8-A15) Insfiasanya
fnnaelu

faunn 8 On awnanldoududunsmenivava Uy Wedesnisldiy
BunmATaIgas 1 ldausazimiteliilu High Impedance tnsilasms
wasnngly u@nmnﬁﬁﬂ‘i\ﬂu'lum’h?{ﬁLﬂwmqﬁaﬁ

-P3.0(RXD) 15 L4y auLLAYNTNANNAHUBN

-P3.1(TXD) M & tayauuuaynsugn1euen
-P3.2(|NTO)‘L“ELﬂu%uvgm'ma*uﬁngqpm%um@ﬁwﬁmﬂu@nﬁ 0
-P3.3(|NT1)I%Lﬂuﬁuwmzﬁﬂm“umymﬁmﬁumaﬁwﬁmﬂu@nﬁ 1
-P3.4(70) ldidudunsdryryruniauaniiianinasuasinmes o
-P3.5(T1)  ifludunsdyoyruniewanliianiinesaadnues 1
-P3.6(WR) ldiiludtyryanupauannisdsudayaniogainuindayanis
uan

-P3.7(RD) ldifludnyeyrninauanniserudayaniagAiuindayanis
uan

IHdundandn Tngazdosendelaniiiy high etnetes 2 unadu
lafa Awzifianisiian  aasesadasiiumiuyanilld naennis
Fnufteineaniuzani Wi low BELANS

refusanaanieuen Tuiidutunaresnsaseesiaaines
sefuaianeaniauen vuthfidudunnrensaseeaiainimes
daedryrynualagy [agumdeannisunsuiiu 1 lumissmnus
mowenin dladwinaudesllsunsuainmiagaaiadnlisunsume
wan 1insdedynnalnsy 2 afsluusazumiulAs  usiiledn

naumalsunsuainuiagaruanldsunsunialy  azlifdyoin

v
29NN1ANUNH

43936
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wrhnusazenvedlulnsaauinraiaas

ALE/PROG | iluandwiudedryyrcuaaniinieuen LW@ﬂQUQNﬂ’]?LL@V]'ﬁh"]LL@ﬂme
ludmrannasa 0 lusendnanisimsaiuinamusnlusunsuviseds
a dl ] a 1 ] ° é’

yaniouean Unsilaluinisissiamisaatusanilsunsunieuen 1nilas

Ay uiadaanuifeand 1/6 2184ANND004TALAIAES AAaA
as ::/ o dl s;ll v [ dl' v d‘l

a1 AaiweganisadiAdanilllldeueteaulsd lagaias

= 4‘ = v o Y &

waANNLHaiN19 I ANEY move Y98 movx

EA udwiudenldliineuainidsunsuiegnie luinventauandn

Ny 0 usne D Ll TUsunsua nmina A usAfiL N e uendw

winudu 1 nanena ol sunsunte ludw

2.6 LHILAANIHALLLY LCD

thuafuil Heunsolildfsseivlulasreulnssnaslusuuaniuauin

=

NNE FIDENNLTN 7-TNNUA, WARDATIAAIN ey LCD ufdeaf1es LCD fiAad

& -5 dal = [y . a o v o <o 2 &
ﬂqlﬂ?ﬂLLﬂﬂ\'lmQﬂﬂ‘iﬂ’?ﬂNﬂQ']N@tL@EIﬂiﬂuqﬂﬂqquﬂzﬂu‘lwmq W?@NW\?NIVIL@@ﬂ

'
2*X o

Tauldvanausy Wy wwusaenss, wwuniindlulu uas nTAndd Jafiud
A19eanlUlufu1e9A, N19EANULLINGAT, UANNITNNY was N33l
dszgnaliens Taalunsddeiilald LD wuussnusndsminauaz 14
1 9 [ 0 < al a I's o Vv d'

Anuinsuniulugaduiagd nelull LS| Ewiwed HD44780 vinuiinuRw

paat ANz redlNge LCD uananegii 15

717 15 Tugaeea LCD
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'
v

iesantuga LCD fanaaildin HD44780 ynuthiisudeyaisesnis
anlulasaeulnianefuazassindyyindldaunn LCD ﬁ@ﬁ;{@‘ﬁl
Tulnsreulnsainafdeliiu HD44780 azufivlumicgAuaLWIn HD44780
lunisldanuluga LCD fsdenlinstuwmesiailulnsreutnsaedidy

- ’ o iR .
wuy 4 On aasuazandyiui i lunnsawnefinauanesagii 16

LCD Module (4 Bit Mode)

89C52
DB7 '1“‘ P07

DB6 3 P06

DBS|2 POS

B4 1! P04

Vdd Vo Vss RAV E RS '
isy |2 la 1[5 [7 [8 ]9 ]10 [ [4 b
T P35

10k

i}

71071 16 lnazunsuasastumefiialuga LCD Mululnsreulnsained

aziivlgdrazldwan PO auauADAAe PO.7 — P0.4 uazld P3.3 sawdn
fuan RS ielfidenssnindasdimeddaya (1) uatidanaiAde (0) dau P3.5
W sdiadyonunauaunsdaumdsuasdaya lnezunsudanaisasdyyin

nlddumefinauanssiaglin 17

Timing Diagram

RS & ¥
E / AN
Input Data Y X
RS = 0 TPreeibillchksee rTegister

1 Data register
min pulse b is A 50nis

31l 17 laezunsudanateesdynyruilitunesinaiuluga LCD
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dwiutuga LoD fsndenlilunisideiiiuuunianunsuslsnils
ussinrjazAuunmanes wiazAumiilsnguuy LCD axiluaninsailszan

v ﬂll ' :// [l | ' t ' ‘:ll
wazwinasemmAepiiiaiiunguaesanldnsealuil

90 Wi
1 AadNiUNMUA
2 Aednfiuuwasae v
3 Aadfuumasanyln Tldduiudiuauiduminas LCD
4 11 Register Select (RS) #l3dwiuilusiauanui LCD 41 &afiithudiaga (1)

78RR (0)

gy 0 aginmsdoudeyalli LCD
duilu 1 azviniadaudeysaain LCD
6 91 Enable (E) H13@m5udalsf LCD nansuszunana

7-10 | foya 4 Onana

11-14 | Ty’ 4 DAuu

5 | 21 Read/Write instruction # 13 1mFumILANNIsg T uLiaya LCD

2.7 IWg U281 DS1307 Real — Time Clock

Aruunaziiuladn wawmimdauiliunsna¥egiuean aeldln

v
] o

L ) o v o a v 1 =) v

wafAreiusude uififisdenuardeds denvesnsldlinueslululas

e " v ' v 1o Yy = < < o
raulnsaiaas Aa hisessacsasniauenligeann wafiddede Ae neaiindidiu
il inwineuiugueasie 1 wisfanusoudlalélag ns
43w DS1307 iluwnfinuananliiudngwiauaneasdrsaslnanie ludin
DS1307 uanannaziizasmeiifiivnatudedsdiaawmasnldifudayalaan
56 lusl sawisdaunsalisunsuidanadnuiinvinnladndas  1wunglas

af9nd1ed1eaes DS1307 AegLli 18
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LfiOF..

0SCILLATOA il
ANC DIVIOER
SQUARE WAVE
BANIUT ~—T our le—— o
156 X 8)
CONTROL
LOGC
Vg et
i R POWER
&ND CONTACL
iy e
SERIAL BUS XAt S e ADDAESS
INTERFACE REGBTER : >
mA ~——— i

jL N i

U7 18 laazunsulasaianieluin DS1307

azivlfdnisaumesn DS1307 fululaspaulnsaaafiiu azld e
2 [ Uit AB SDA uar SCL wieldunanaginauikdinisdensauLuiia 1°C
1V, dusetuLuawees +3 V 9 ldindawaddmasnae SQW/OUT §msu

aa I8 I < [ cil
T’Q@Lﬁlﬂ‘i“l’l’N“ll‘ﬂNi"lElﬂtL'ﬂElﬂLL‘ﬂﬂLﬂi‘ﬂmdgﬂ‘r’] 19

H
\ SECONDS

MINUTES
HOURS
DAY
DATE
MONTH
YEAR
O7H CONTROL

08H RAM
3FH 2oxe

717 19 FRamefrreusazuannsanieludn DS1307
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AU 00H - 06H tiuthizaaimesldiiuAaan A 07H Tl
FAAABTALIANTN SQW/OUT daumnumis 08H - 3FH {hiFAamaiisnainiem
deudeyalamasiifuwargmunduaunld dwiuAduduwnfnniusaiy

s%a BCD lnaiisdavidanvasudazinisgii 20

L e ol

00H | cH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-5¢
19 10HR 01-1%
X i <sanl 1918 HOURS S

X X | x X X DAY -7

T
x | x| 100aE DATE 01-30
X [P | gl MONTH 01-12
MONTH
10 YEAR YEAR 00-99
ol ot | x | x |sawe] x | x | mst | Rso

U7 20 el araessaamaiseAivAease)asiuiiuia BCD

doulud 7 huihiFAamesldaruanan SQW/OUT d1azliiAIAND

win'la
BIT?7 BIT ¢ BIT 5 BIT 4 BIT3 BIT2 BIT 1 BIT @
QuT X X SOWE X X RSI RSO

fm 7 MivusAtrzsuaaannsmne lugaan1snutlavadaan s o1
OUT #Anflu 1 91 SQW/OUT aziilu 1 61 OUT il 0 97 SQW/OUT asiilu 0

Z2MEN
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in 4 f1 sQWE lu 1 aznlanadAmaaniaMuieIWARN BIT 1

WAy BIT 0 Aatl

RSI1 RSO SQwW OuUTPUT
FREQUENCY
0 0 | Hz
0 1 4.096 kHz
| 0 ¥.192 kHz
1 1 32.768 kHz

2.8 UANN15224 Serial EEPROM

- = <
7UN 21 waman1siaanAIuD

Serial EEPROM uiiluniingiAnuanaianian lasuniswmun

P
IND

dszlogwlunisifinauinnoiuquesnuagplIns 14 1uiussuy

lulnsraulnsaiaef wardmiuiivinmdeyamszandfizes EEPROM iy

thuiindayauasasdeyalalaglisiadldniaes ammisnidsunsuuazaulsidagiv

W1 AasRusNRAINA1IN LR aMRAg N snagU e Aall

v
v o

- flaun 8 91 TuAnwuzussasinusiuuy DIP uay PLCC

- AYINAWUIEANANFAUE 16 kbit T4 256 kbit

- Aunseuaiamn

- aulé 1,000,000 ATY davargnisiiudays 100 T T 400 T (A uus

AuaNiFredn) Tnglisaeldlnides

- 1l Rea +5.0 Taat

- Muamsgaunis@eansuu Microwire v3e I°C ¥5e SPI
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Tnelunsidaildin 24C16 Aauandlidagiin 22

BLOCK DIAGRAM
WP
T ﬁHV GENERATORl
o] MEMORY
CONTROL}a—#i CONTROL|—p EE;S;?B;A
LOGIC LOGIC XDEC
[J—_] PAGE LATCHES
SDA  SCL
vee [+ SENSE AMP
Vs [ RAY CONTROL

311 22 uanslaazunsunieludn 24C16

FDIP — Name Function

AO E 1 8 D Vee Vss Ground
N

a2z & 1[gwe SDA Serial Address/Data VO
=3
g SCL Serial Clock

TR~ 57 1 AbISck
g wp Wiite Proxect Input

vss[]4 s[1soA ves +4.5V 10 5.5V Power Supply
A0, A1, A2 No Internal Connection

717 23 TaseaFanalunazniadnanaesdn 24C16

Slave address 189@n 24C16 azadlulusnauanludusniisadaluiy
24c16 fussil azdunadnfidanldi@eniiumisresmieninudiagainin

fngl A2 B2 B1 way BO



Operation Cg:g:l Block Select RW
Read 1010 Block Address 1
Vrite 1010 Block Address 0

FIGURE 3-2: CONTROL BYTE
ALLOCATION
START READ/VWRITE
/ \
L l T {avk acoress T Iwwl A l
| | | | | |
1 0 1 82 | B1 B0

dl =< va a o '
317 24 wanstenslidnRanA UM

Wosunmvesaiuludildlunsaruannisdisudeyaasluin 24C16

BUSACTIVITY
MASTER

s

ORD s 1
ADCRESS DATA 0
32 f— A p

SDALINE

BUS ACTIVITY

KOOI

REY '@ T RISLT K|
P
Mg 1 Do N | BOVEE
A

PN ek _J
=
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¢=I v % 3 £ % :l/ a :I/ dl < =3 1'%
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q
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U

word address wazdeyansoininidauaslumisaaauan dauiunisansdiess

dl v < v :// ;% a o
‘1]’3\3L‘ﬁﬂﬂﬁl@\?ﬂ"]ﬂ‘ﬂﬂﬂ‘ﬂﬂ“ﬁﬁﬂ\ﬂﬂuu WATANWIUAZWATAILANNITLULUITNNIU

Tnedmntul® nsvunumasanaazinealeznnn 2 ms AMNUARZENAR

daunefunngdvlufliluniseudeyauuusimidaqdudil 19

Faeldnszuaunimnanidsuiiumisiisieenissnuduineaiuninidsudeyalag

szymnumisluaadludusn mudaelusrruanuusifunisdun ludndaad

Yol Taasnaenldnissumefinanululasrauinsawesuuy I°C

§

if
EUSACTIVITY p
= R

MASTER 8YTE

CONTROL

WORD
ADDHRESS (n

CONTROL
HYI!: ATA(")

Vo

@ | ®> -

SDALINE I—I_HH—H mumlm_ﬂﬂﬂm

BUS ACTIVITY
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2.9 1a I'C

1ia I°’c Lﬂuﬁﬂlumiﬂﬁqaﬂm"ﬁfaf«%’]ﬁmmwamﬁl‘ﬁﬁums‘éum'ﬂﬁmﬂuim
paulnsamasivdnniauen tnatia I°C ﬁuﬁmmimﬂ‘mmﬁﬂmmnguwhﬁu
Ao lsannsoseiudwlfuanudanieniu nmiudedeyavasia I'C iy
wuueynsuuaziidduiilulnulsianeasenia I'C A dFudedeya
driuuuui Wi ldanunsonalafe 100 koivs A9 I°C feiaunann Inter

Integrated Circuit

2.9.1 Wslnpaauastia I°C

rannsoseta PC dviusuliisiuasdcgnuanesialaauanaly

G vl
Aagih 25
ge=j D
g D
0 p SCL
g h— -
| L g SDA
g p
s il
a 0
g p
g il
a p
g
MASTER SLAVES

3117 25 ugaeRsnsldtia °C lumssieriudwniousnuanes

aedunidiiiesaeadu Ao Serial Data Line (SDA) uat Serial
Clock Line (SCL) mazi*rgmﬂmvmimﬁLﬂuLmudw&ycmmlﬁamﬁﬁma 19A9T
wimwanazdeafiuunlefiuesuy via Tefunesaames vinlisessios
Fununadwateuenidu 10 flalaviu fragansasmeluzeawend ity

a B 1% :I/ a o o ell
aasianng Ae ldlivedunauazievinnuanfagili 26
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+*VpD
pullup o
resistors Rph [jﬂp

SCA (Seflat Daa Ling)

SCL (Serlal Cleck Line)

[ R T TR R

1
SCLKN DATAN1
! OLUT ’_j s out —J

e

| SCLK RENY

fais

DEVICE 1 DEVICE 2 PIGCRS T

3171 26 wamaasneluiduuuuaniAnig
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2.9.1.1 Tayausazin

o

7N 27 uamsdnwusdeysudazin doyauildnaciudeiunidnyoin

win1muikign deyaiisinguu SDA azsesanas luanzi SCL usedn “1”
= o asa o a E P e e

wininsiasundaslugosn scL fluasdn “1" azgnaAudndudynnnu

AauAN Tudaad SCL luaadn “0” dayan SDA arunsnwasuuaald

stabia:

| |
| data line | change |
| 1
| data val |

alowed | L2

37 27 uamanisdrinbauuia 1°C

2.9.1.2 Aeyrynod START/STOP

a0uzi SCL wluaedan “1" nhailAsuullasansszauasani SDA an 1

d (% dl [ el o o
(i 0 Aa Start wAn@euan 0 1w 1 Aa Stop N1EUAIENIIY Start 17@Ay
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PIN CONFIGURATION

DIP and SSOP Packages
DYoo [1|® = haa
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AVoo [ 22] cr
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scr [12] 73] 81
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4.1 Han19INARaINFIRATNAINUIAAN NI nanFIS

411 ansnaaaaninlaly 1 9u Nluanligiiana

AT 1 HAN1INAReIN A a I aN1due

dalie | Wit (Kwh) wiaaui 1410 wiuiialéaan
usinsdalia Aladnsianesiiines

0 0.00 - 0

1 0.04 0.04 0.04
2 0.08 0.04 0.08
3 0.12 0.04 0.12
4 0.16 0.04 0.16
5 0.27 0.1 0.27
6 0.29 0.02 0.29
7 0.41 0.12 0.41
8 0.51 0.10 0.51
9 0.55 0.04 0.55
10 0.67 0.12 0.67
11 0.75 0.08 0.75
12 0.80 0.05 0.80
13 0.90 0.10 0.90
14 0.98 0.08 0.98
15 1.07 0.09 1.07
16 1.17 0.10 1507
572 1.29 0.12 1.29
18 1.37 0.08 13 1
19 1.40 0.03 1.40
20 1.49 0.09 1.49
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#include "8051i0.h"
#include "8051reg.h”
#include "8051int.h"
#include "8051bit.h"
#include "ds1307.c"
#include "scankey.c"

#include "lcd.c"

INTERRUPT(_IEO_)external0_interrupt()

{
clrbit(TCON. 1);

if (count++==1205)
{
count=00;

if (num++==99999)

{
num=00;
}
}
}
main()
{
i_LCD();
initRTC();

count=num=00;
hh=mi=00;
dd=01;
mm=00;

yy=00;

setbit (IE.7); //setbit EA
setbit (IE.0); //setbit INTO
setbit (TCON.0); /Isetbit ITO



setbit (TCON.4); //setbit TRO

while (1)

{
readRTC();
selecttimel();
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/*
*ds1307.c
* Real-time Clock Chip with 12C Interfacing DS1307

*

* Compiled with Dunfield Micro-C for 8051 Release 3.2

*

=/

extern register char cputick,lastread;

unsigned register char i, flag1, buffer[8], mi2, s1, s2, date;

unsigned register char dat, mou, yea, hou, minu, se1;

unsigned register char sec, min, hour, h1, h2, mi1, mouth;

unsigned register char year, dat1, mou1, yea1, hou1, min1, se2;

unsigned register char y1, y2, m1, m2, d1, d2, hh, mm, yy, dd, mi;

unsigned register int temp, xch;
unsigned register int count, num;

register char ho, mo, da;

initRTC()

{
send_start();
send_byte(0xD0);
send_byte(0x00);
send_byte(0x00);
send_byte(0x04);
send_byte(0x04);
send_byte(0x02);
send_byte(0x18);
send_byte(0x03);
send_byte(0x02);

send_stop();

// point to address 0

/I sec register

// min register

// hour register
// day register

/I date register
// month register

/l ye'ar register



output_1Hz()

{

send_start();
send_byte(0xDO0);
send_byte(0x07);
send_byte(0x09);
send_stop();

readRTC()

{

send_start();
send_byte(0xD0);
send_byte(0x00);

send_stop();

send_start();
send_byte(0xD1);

lastread = 0;
for (i=0;i<6;i++)
buffer(i] = read_byte();
lastread = 1;
buffer[i] = read_byte();
send_stop();

updateclock();

updateclock()

{

date = buffer[4];
mouth = buffer(5];
year = buffer[6];
hour = buffer[2];
min = buffer[1];

// point to address 7
/I enable 1Hz output



sec = buffer[0];

showdex();

showdex()

{

dat = xchdex(date);
mou = xchdex(mouth);
yea = xchdex(year);
hou = xchdex(hour);
minu = xchdex(min);

se1 = xchdex(sec);

xchdex(int x)

{

bcd()

asm{

if (x<=9)

return (x - 0);

if (x>=16) && (x<=25))
return (x - 6);

if (x>=32) && (x<=41))
return (x - 12);

if (x>=48) && (v<=57))
return (x - 18);

if (x>=64) && (x<=73))
return (x - 24);

if (x>=80) && (x<=89))

return (x - 30);

MOV A, date



ANL A #OFh
MOV d2,A
MOV A date
ANL A #0F0Oh
SWAP A
MOV d1,A
MOV A ,mouth
ANL A #OFh
MOV m2,A
MOV A mouth
ANL A #OFOh
SWAP A
MOV m1,A
MOV Ayear
ANL A #OFh
MOV y2,A
MOV Ayear
ANL A #OF0Oh
SWAP A
MOV y1,A

MOV A hour
ANL A#OFh
MOV h2,A
MOV A hour
ANL A#OFOh
SWAP A
MOV h1,A
MOV Amin
ANL A#OFh
MOV mi2,A
MOV  Amin
ANL A #OFOh
SWAP A
MOV mi1,A



MOV A,sec
ANL A #0Fh
MOV s2A
MOV A sec
ANL A #0F0h
SWAP A
MOV s1A

send_clock()

{

bed();
lcdwi(0x80);
lcdwd(d1+48);
lcdwd(d2+48);
lcdwd('/");
lcdwd(m1+48);
lcdwd(m2+48);
lcdwd('/");
lcdwd(y1+48);
lcdwd(y2+48);

send_settime()

{

lcdwi(0x80);
lcdwd('S");
lcdwd('e");
lcdwd('t);
ledwd('");
lcdwd('T");
ledwd('');
lcdwd('m');
lcdwd('e’);



lcdwi(0xC0);
lcdwd('");
lcdwd('");
lcdwd(h1+48);
lcdwd(h2+48);
lcdwd(":");
lcdwd(mi1+48);
lcdwd(mi2+48);
lcdwd(' ");

send_setdate()

{
lcdwi(0x80);
lcdwd('S");
lcdwd('e");
lcdwd('t);
lcdwd('D");
lcdwd('a');
lcdwd('t);
lcdwd('e");
chwd(; "%
lcdwi(0xC0);
lcdwd(d1+48);
lcdwd(d2+48);
lcdwd('/");
lcdwd(m1+48);
lcdwd(m2+48);
lcdwd('/");
lcdwd(y1+48);
lcdwd(y2+48);

send_test()

{



bed();

lcdwi(0x80);

lcdwd(h1+48);

lcdwd(h2+48);

lcdwd(":");

lcdwd(mi1+48);
lcdwd(mi2+48);

ledwd(*:");

lcdwd(s1+48);

lcdwd(s2+48);

lcdwi(0xCO0);

lcdwd('");
lcdwd((num/10000)+48);
lcdwd!(num%10000)/1000)+48);
lcdwd(((num%1000)/100)+48);
lcdwd('.");
lcdwd(((num%100)/10)+48);
lcdwd((num%10) +48);
lcdwd("");



@6

e : 7dyd dl ;/O. ;J . yiv Vlﬂ' il ;ﬁv ; Iz 1 7 Y o ¥ i 70’9}’ v
wnansiduenansianulidwiunisidanuienisfnyirinuu lesygislmhlulgusslosiaunism

lidnsdllag visdu Bnnaudlidaualienuasiesssdadadivedenaisynasanidnisiluly



/*
* scankey.c
* Compiled with Dunfield Micro-C for 8051 Release 3.2

*

*/

unsigned register int add, lo,hi,ddata,hdata,mdata,whdata,energy,b1,b2,b3;

unsigned register int a,b,c,high,low;
unsigned register char boyd, boyd1, day, boyd?2;
unsigned register char sw_data, key, flag;
char *title1 = "settime ",

char *title2 = "or data";

char *td1 =" 3Set",

char *td2 =" Time"

char *td3 = " Seb

char *td4 =" Date";

char *sel=" Select"

char *data =" Data";

char *press="Press Ot";

char *other="her Key";

char *plese=" Plese ";

char *wait="Wait ";

char *minhour="Min Hour";

char *hourdate=" Date #";

char *helio=" Hello";

char *ja="Ja ~_""

char *en=" Enter"

keypa()

{
while(flag)
detectk();
delay(5);
while(!flag)
detectk();

ola



delay(5);
Key()
}
detectk()
{
char x;
P2=0x0f;
delay(1);
x = P2 |= 0xf0;
if((~x)==0)
{
flag=0;
show();
} else
flag=1;
}
show()
{
readRTC();
Savedata();
send _test();
}
keypad()

while(flag)

detectkey();

delay(5);
while(!flag)
detectkey();
delay(5);
Key();

eam



detectkey()
{
char x;
P2=0x0f;
delay(1);
X = P2 |= 0xf0;
if((~x)==0)
flag=0;
else

flag=1;

Key()

P2 || OXFF:
sw_data = P2;

sw_data & 0x0f:

switch {~sw_data)

case 0x08:key=1;
break;
case 0x04:key=2;
break;
case 0x02:key=3;
break;
case 0x01:key=4;

break;

[5ce



select()
{
keypa();
switch (key)
{
case 1: lcdclr();
send_clock();
delay(1500);
select();
break;
case 2: lcdclr();
lcd2(hello,ja);
delay(1500);
select();
break;
case 3: lcdclr();
selectdata();
break;
Sase 4: select();

break;

selecttime()
{Icd2(td1,td2);
delay(500);
while(1)
{lcdclr();
send_settime();

keypad();

o&



{

switch (key)

case 1: boyd|=0x08;

case 2:

case 3:

case 4.

settime();
break;
boyd1|=0x01;
settime();
break;
boyd1|=0x04;
settime();
break;
selectdate();

break;

}send_settime();

selectdate()

{
lcdclr();

send_setdate();

while (1)

{ keypad();
switch (key)

r
L

case 1:

case 2:

boyd|=0x01;
boyd1|=0x02;
settime();
break;
boyd|=0x02;
settime();

break;

case 3: boyd|=0x04;

settime();

break;
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case 4. select();
break;

}send_setdate();

settime()

{
if (boyd1&0x02)
{
boyd1&=0x00;
if (++day>7)
{
day=01;

if (boyd&0x01)
{
boyd&=0x00;
if (mm==2)
{
if ((yy%4)==0)

{
if (++dd>29)
{
dd=01;
}
}
if ((yy%4)!=0)
{
if (++dd>28)

{
dd=01;



if (mm==4 || mm==6 | mm==9 || mm==11)
{
if (++dd>30)

dd=01;

if (mm=:1 [l mm==3 || mm==5 || mm==7 | mm==8|| mm==10 || mm:=12)

{

if (++dd>31)
{
dd=01,;
}
}
date=xchbcd(dd);
}
if (boyd&0x02)

{
boyd&=0x00;
if (++mm>12)
{
mm=01;
}

mouth=xchbcd(mm);

if (boyd&0x04)
{

[0~



boyd&=0x00;
if (++yy>99)
{
yy=00;
}
year=xchbcd(yy);

if (boyd&0x08)
{
boyd&=0x00;
if (++hh>23)
{
hh=00;
}
hour=xchbcd(hh);

if (boyd1&0x01)

{
boyd1&=0x00;
if (++mi>59)
{
mi=0;

}

min=xchbcd(mi);

if (ooyd1&0x04)

{
boyd&=0x00;

sec=00;

send_start();

oY~y



send_byte(0xDO0);
send_byte(0x00);
send_byte(sec);
send_byte(min);
send_byte(hour);
send_byte(day);
send_byte(date);
send_byte(mouth);
send_byte(year);
send_stop();

send_clock();

int xchbed(int n)
{
char s[3];
intj;
for (j=0;j<2;j++)
s(jl=n;
s[j1=\0"
return ((s[01/10)<<4)|((s[1]%10));

Savedata()
{ mo=minu;
ho=hou;

da=dat;

a=(hou+100);
b=(dat+200);

if (se1==00)
{

wword(minu,num);



if (minu==0 && se1==0)
{

wword(a,num);

if (hou==0 && minu==0 && se1==0)

{

wword(b,num);

wword(int j,int k)

{
=2
eewrite(j,k);
eewrite(j+1, k>>=8);
}
rword(int j)
{
Il
lo=eeread(j);
hi=eeread(j+1);
return((hi<<=8)|l0);
}

selectdata()
{ lcd2(sel,data);
delay(500);
lcdclr();
lcd2(minhour,hourdate);
while (1)
{keypad();



switch (key)

{

case 1: lcdclr();
setmo();
break;

case 2: ledclr();
setho();
break;

case 3: lcdclr();
setda();
break;

case 4: select();

break;
}
}
}
setmo()
{
send_min();
while (1)
{keypad();
switch (key)
{
case 1: if (++mo>59)
{
mo=0;
}
send_min();
break;

case 2: if (--mo<0)
{
mo=59;

J

send_min();



break;

case 3: b1=mo;
ledclr();
energy=rword(b1):
lcd2(plese,wait);
delay(500);
ledclr();
delay(500);
send_data();
delay(1500);
select();
break;

case 4: select();

break;

setho()
{

send_hour();

while (1)
{keypad);
switch (key)

{
case 1: if (++ho>23)
{
ho=0;
}
send_hour();
break;

case 2: if (-ho<0)

{
ho=23;

laen



}

send_hour();

break;

case 3: b2=(ho+100);
energy=rword(b2);
lcd2(plese,wait);
delay(500);
lcdclr();
delay(500);

send_data();

delay(1500);
select();
break;

case 4: select();

break;
}
}
}
setda()
{
send_date();
while (1)
{keypad();
switch (key)
{
case 1: if (++da>31)
{
da=01;
}

send_date();
break;

case 2: if (-da<01)



da=31;
}
send_date();
break;

case 3: b3=(da+200);
energy=rword(b3);
lcd2(plese,wait);
delay(500);
lcdclr();
delay(500);
send_data();
delay(1500);
select();
break;

case 4: select();

break;

seAnd_data()

{

icdwi(0x80):
lcdwd(' ");
lcdwd('");
lcdwd('");
lcdwd('D");
lcdwd('a’);
lcdwd('t);
lcdwd('a");
lcdwd(' ");
lcdwi(0xc0);
lcdwd('");
lcdwd((energy/10000)+48);

&



Icdwd(((energy%10000)/1000)+48);

lcdwd(((energy%1000)/100)+48):
ledwd('.");
lcdwd(((energy%100)/10)+48):;
lcdwd((energy%10)+48);

lcdwd(' ');

send_min()

{

lcdwi(0x80);

ledwd(' );
lcdwd('M");

lcdwd('i');

lcdwd('n");

lcdwd("");
lcdwd((mo/10)+48);
lcdwd((mo%10)+48);
lcd1(en);

send_hour()

{

lcdwi(0x80);
ledwd('H');
lcdwd('0");
lcdwd('u');
lcdwd('r');

lcdwd('");
lcdwd((ho/10)+48);
lcdwd((ho%10)+48);

lcd1(en);

send_date()

|G)



lcdwi(0x80);
lcdwd('D");
lcdwd('a’);
lcdwd('t);
lcdwd('e);
lcdwd(');
Icdwd((da/10)+48);

lcdwd((da%10)+48);

lcd1(en);

LI}
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/
*8051ledle

* 4-bit intefacing LCD driver functions
* signal 8051 port bit

* E P3.5 (15=>6)

* RS P3.4 (14=>4)

* D4 P0.4 (35=>11;

* D5 P0.5 (34=>12)

* D6 P0.6 (33=>13)

* D7 PO.7 (32=>14)

i/

register unsigned ACCU;

asm_equ()
{
asm "EREQU B3e¥
asm "RS EQU P3.4";
}
pulseE()
{
asm{
SETB E
NOP
CLRE
}
}
pause(int j)
{

inti;

loed



for (i=0;i<j; i++)

lcdwi(char c) /* write instruction to instruction register */
{
ACCU = c; /* use ACCU forinterfacing to Assembly */
asm {
MOV A,ACCU /* copy ACCU to accumulator */
CLR RS /* RS = 0 instruction register */
CLRE
MOV PO,A /* put high nibble first */
SEFR'E
NOP
O R¥E
MOV A,ACCU
SWAP A /* swap high and low nibble */
MOV PO,A /* then foliowed with low nibble */
SERB
NOP
CLRE
}
pause(1);
}
lcdwd(char c) /* write data to data register */
{
ACCU = c; /* use ACCU for interfacing to Assembly */
asm {
MOV A,ACCU
SETB RS /* write data */
CLRE



MOV PO,A /* similarly put high nibble first */
SETB E
NOP
CLEE
SWAP A
MOV PO,A /* then followed with low nibble */
SETBE
NOP
CLRE
}
pause(1);
}
i_LCD()/*initialize LCD in accordance with HD44780 4-bit mode*/
{
asm" CLR RS";
asm" CLR E";
PO = 0x30;
pulseE();
delay(10);
pulseE();
delay(1);
pulseE();
delay(1);
PO = 0x20;
pulseE();
pulseE();
pulseE();
lcdwi(0x28); // set 4-bit bus, 1/16 line, 5*7 dots
lcdwi(0x0c); // on display,off cursor, no blink
lcdwi(0x06); // entry mode DDRAM auto acdress increment

lcdwi(1); // clear display

mo
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delay(5);

lcdcelr()

lcdwi(1);

delay(10);

print_LCD(char a,char *s)

{
Icdwi(a);
while (*s I=0)
lcdwd(*s++);
}
lcd(char *s1)
{
print_LCD(0x80,s1);
}

lcd1(char *s1)

{
print_LCD(0xCO,s1);

lcd2(char *s1, char *s2)

{
print_LCD(0x80,s1);
print_LCD(0xCO0,s2);
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Features

Compatible with MCS-51™ Products

8K Bytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable 1/O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel
Low-power Idle and Power-down Modes

Description

The AT89CE2 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instructicn set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.
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8-bit
Microcontroller
with 8K Bytes
Flash
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static-logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional I/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
‘impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
Whken 1s arc written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P11 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Poit 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled !ow will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input) |
P36 WR (e;t:r;al daia ;em_ory—w;té strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the.device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt
programming is selected.

XTALA1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH 5 OF7H
00000000
OE8H OEFH
ACC
OEOH: |- o0 i 0E7H
0D8H ODFH
PSW
ODOH. [ n 0D7H
ot T2CON T2MOD RCAPZL RCAP2H TL2 TH2 SBEL
00000000 XXXXXX00 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
OE8H e 0BFH
XX000000
P3
DEODREL - Srida OBk
0A8H e OAFH
0X000000
P2
Qs 11111111 iy
SCON SBUF
98H 1 00000000 XXXXXXXX LA
P1
B0H | 1114144 o
e TCON TMOD TLO L THO TH1 At
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
i PO SP DPL DPH PCON s
11111111 00000111 00000000 | 00000000 0XXX0000
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON — Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2

7 6 5 4 3 2 1 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK =1 or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(DCEN =1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 cverflow to be used-for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop ccntrol for Timar 2. TR2 =1 starts the timer.

C/T2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1. this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AQH (which is P2).
MOV OAOH, #data
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address 0AOH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CF/RL2Z | TR2 | MOLE
0t 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off) 2

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.



Figure 1. Timer in Capture Mode
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INTERRUPT
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T2EX PN [ J—— % O//O

EXEN2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 2. In this mode, the T2EX pin controls

AIMEL
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the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)
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Table 4. T2MOD - Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
- - - - - - T20E DCEN

Bit 7 6 5 4 3 2 1 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be ccnfigured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12
ae

.

osc | =2 -\
CR% 0 €2

\o———o/—j_o—r{ TH2 | T2 e A -S“—«

4
e L
; l REliE
| conTROL : cLOoCK
Sy TR2 e e
0 CciT2 = 1
T2 PIN
RCAP2H | RCAP2L Tx
TRANSITION HELO0K
DETECTOR
E
T2EX PIN[J— % JJ/ O EXF2 |——> ITERRUPT
| conTROL
EXEN2

AIMEL



ATET

Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates = 16

The Timer can be configured for either timer or counter
uperation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536 — (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-t0-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 isin use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned oif (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

; TR TL2 TH2
0sc 22 e (8-BITS) { (8-BITS)
i pit |
TR2 12
; RCAP2L | RCAP2H
' C/T2 BIT
prof” ) | = 5
(T2) \/ ' . é
T20E (T2MOD.1)
TRANSITION
+__ DETECTOR
Pl N ol . TIMER 2
(T2EX) e j e Hase > INTERRUPT

EXEN2




Programmable Clock Out

A 50% duty cycle clock can be programmed tc come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 1/0 pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To_configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Feauency
536 — (RCAP2H,RCAP2L)]

Clock-Out Frequency= IX[65

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is bossible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT88
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)
l?A |- |ET2 |ES IET1 |EX1 IETO IEXO |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables all interrupts. If EA =0,
no interrupt is acknowledged. If
EA = 1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

BT IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IEA Timer 0 interrupt enable bit.

EXO0 IE.0 External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources
INTO —CV1 L m»

TFO —
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode
In the power-down mode, the oscillator is stopped, and the

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

c2
-—n——If XTAL2
i a1
o—)p——I—— XTAL1
— GND

Note:  C1, C2 =30 pF + 10 pF for Crystals

= 40 pF * 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC —— | XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis-

ters retain their values until the power-down mode s =

terminated. The only exit from power-down is a hardware p

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before V¢

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 u U U No program lock features.

MOVC instructions executed
from external program
memory arc disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

2 P U U

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that nin in order for the cevice to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp =5V
Top-side Mark AT89C52 AT89C52

XXXX XXXX - 5

yyww yyww

Vpp =12V Vpp=5V
Signature (030H) = 1EH (030H) = 1EH
(031H) = 52H (031H) = 52H
(082H) = FFH (032H) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the
AT89C52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has oeen completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the KDY/BSY outpu: signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulied to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN | ALE/PROG EAN,p P26 | P27 | P36 | P37
Write Code Data H L H/12V L H H H
QAT
Read Code Data H H H L BrasleioH H
Write Lock Bit - 1 H H12V H H H H
97
Bit - 2 H L H/12V H H L L
X
Bit - 3 H L H/12V H L H L
TN 4%
Chip Erase H Lt 1) H/12V H L {E; L
NS
Read Signature Byte H L H H L, B L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
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Figure 9. Programming the Flash Memory

AT89C52

Figure 10. Verifying the Flash Memory

+5V +5V
AT87F52 T AT87F52 T
appR, A9 ATy py Vee apDR. A% AT py Veo
OOOOH/1FFFH PGM OOOOH/1FFFH PGM DATA
P2.0 - P2.4 PO (¢— DATA P2.0 - P2.4 PO » (USE 10K
A8 - A12 A8 - A12 PULLUPS)
—> P2.6 —» P2.6
SEE FLASH —n F2.7 ALE [<¢—— PROG SEE FLASH —>» P27 ALE (¢
PROGRAMMING PROGRAMMING
MODES TABLE | — »| P36 MODES TABLE | —»] P38 I
—»{ P37 —>» P3.7 2
XTAL2 EA le— VNV o XTAL2 EA |«
3-24 MHz 3-24 MHz | 1
- ] W
XTALA1 RST [«—— V, e XTAL1 RST |¢——— Vi
GND PSEN —1 E GND PSEN ——_L
Flash Programming and Verification Characteristics
T, =0°Cto 70°C, Vo= 5.0+ 10%
Symbol Parameter Min Max Units
Ve Programming Enable Voltage 11.5 12.5 v
Ippt™ Programming Enable Current 1.0 mA
Mool Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48tc oL
taHax Address Hold after PROG 48tc oL
tovaL Data Setup to PROG Low 48ic oL
teHDX Data Hold After PROG 48tc oL
tensH P2.7 (ENABLE) High to Vpp 48tc oL
tshaL Vpp Setup to PROG Low 10 ps
tons ! Vpp Hold after PROG 10 ys
e PROG Width 1 110 us
tavav Address to Data Valid 48tc oL
teLay ENABLE Low to Data Valid 48tcicL
tenaz Data Float after ENABLE 0 48tcicL
tansL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

AilNEL
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AIMEL

Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P1.0 - P1.7
P2.0 - P2.4

PORT 0

ALE/PROG

EANpp

P2.7
(ENABLE)

P3.4__
(RDY/BSY)

PROGRAMMING VERIFICATION
————_—J\ ADDRESS ﬁ ADDRESS
<— tavav
,—
J/ DATA IN A ( DATA OUT
B [:" tovaL  teHox [
tavaL > > taHax
Nl
tswa * =<"_tGLGH_—>
. Vrr mm—
EEE RS R B ] @y
::1 [ tensh
tareL —
3 BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

PROGRAMMING VERIFICATION
Gl 0 Rl ADDRESS ) ADDRESS
P2.0 - P2.4 - ¥y
+— tavav
PORT 0 ——————f_’ DATA iN ' DATA OUT p————
g toveL  tamox [<
tavaL > tghax
ALE/PROG N\ A
fsvaL e—torei—]
Lt LOGIC 1
A N s 0. 8, o T B L (e A1 pasol gy - ol
le—t t
P2.7 s teLqv e— < Tenaz
(ENABLE)
taHeL —
P34
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature ............ccoe..eweevsseesssess -55°C to +125°C “NOTICE:
Storage Temperature .........ocoeeeecrnniicninnnnes -65°C to +150°C

Voltage on Any Pin

with Respect to Ground .........ceeeeencnciciiacns -1.0V to +7.0V

Maximum Operating Voltage .......cccveveeeneeniiiiniiininnns 6.6V

DC Output CUITENL.....coviiiiiriieneeieen et 15.0 mA

DC Characteristics

The values shown in this table are valid for T,

= -40°C to 85°C and Ve = 5.0V + 20%, unless otherwise noted.

Stresses beyond those listed under “Absolute

Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any

other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect

device reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 V0.1 \Y
Vi Input Low-voltage (EA) 0.5 0.2 V0.3 \Y
Vin Input High-voltage (Except XTAL1, RST) 0.2 Vee+0.9 Vect0.5 A
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Veet0.5 A
Vou Output Low-voltage!!) (Ports 1,2,3) loL= 1.6 MA 0.45 \Y
VoL Output Low-w_:ltaie_(‘) loo=38.2mA 0.45 Vv
(Port 0, ALE, PSEN;
Vou Output High-voltage low =60 PA, Vec = 5V + 10% 2.4 \
(Ports 1,2,3, ALE, PSEN) lon= -25 A 0.75 Voo v
loy=-10 pA 0.9 Vee \'
Vo Output High-voltage lon = -800 PA, Ve =5V £ 10% 2.4 \'
(Port 0 in External Bus Mode) Jop = -300 pA AT 0.75 Ve v
lon = -80 pA 0.9 Ve Vv
e Logical 0 Input Current (Ports 1,2,3) | V= 0.45V -50 HA
e Logical 1 to 0 Transition Current Vin=2V, Vec =5V = 10% -650 pA
(Ports 1,2,3) 0
Iy Input Leakage Current (Port 0—, EA) | 0.45<Vy<Vee +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, =25°C g 10 pF
lec Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode(") Vee =6V 100 pA
Vee=3V _ 40 pA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum I, per port pin: 10 mA
Maximum lg,_ per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 1I5mA

Maximum total I, for all output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is 2V.

AIMEL
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

AIMEL

12 MHz Oscillator

Variable Oscillator

Symbol Farameter Min Max Min Max Units
1hteel Oscillator Frequency 0 24 MHz—
o ALE Pulse Width 127 2tg o 40 ns
tavie Address Valid to ALE Low 43 tooL-13 ns
tLiax Address Hold After ALE Low 48 tercL-20 ns
tuy ALE Low to Valid Instruction In 233 4ig 65 ns
( ALE Low to PSEN Low 43 too-13 ns
tei PSEN Pulse Width 205 3tg 20 ns
toity PSEN Low to Valid Instruction In 145 Bte o 45 ns
tei Input Instruction Hold after PSEN 0 0 ns
texiz Input Instruction Float after PSEN 59 toc-10 ns
toxay PSEN to Address Valid 75 tooL8 ns
taviv Address to Valid Instruction In 312 5tcLcL-55 ns
toaz PSEN Low to Address Float 1C 10 ns
e RD Pulse Width 400 Blcy e -100 ns
v WR Pulse Width 400 6t c -100 ns
teiny RD Low to Valid Data In 252 5tey o -90 ns
truox Data Hold After RD 0 0 ns
tanpz Daia Float After RD 97 2tc o -28 ns
tiov ALE Low to Valid Data In 517 8tg ¢ -150 ns
tavov Address to Valid Data In 5eE 9t oL -165 ns
B ALE Low to RD or WR Low 200 300 TtCLCL-so 3tg o +50 ns
AL Address to RD or WR Low 203 4_tc,_CL-75 R
tavwx Data Valid to WR Transition 23 toLol-20 ns
tavw Data Valid to WR High 433 Tt o -120 ns
triox Data Hold After WR 33 toLoL-20 ns
thiaz RD Low to Address Float 0 0 ns
i RD or WR High to ALE High 43 123 teLol-20 tecL+25 ns

18



AT89C52

External Program Memory Read Cycle

L —
ALE e Wi
l ¢ 3 * toLpn
taviL BT tv
g i U N ) o s
PSEN P A  teuv
=1 [ teaz e
t toxiz
LLAX |« >
toxix —
PORT 0 > A0-A7_ —=xINSTRIN } A0-A7_ >
< taviv >
PORT 2 K A8 - A15 X N8B A5

External Data Memory Read Cycle

t—
ALE N
il twhLH

PSEN A onongon PV RNy

+— tRLaH —>
— tw —
BD L
RD e— 1t aox — t—/ t
t < > {RLDV RHDZ
[ AVLL—] AR W :
—] RHDX
PORT 0 _ (A0 - A7 FROM Rl OR DPLX ) K DATA INDD>KAO - A7 FROM PCL>—C INSTR IN
< tavwi %
——— tavov
PERT 2 150X F2.0 - P2.7 OF. A8 - A15 FROM DFH D& A8 - A15 FROM PCH

AIMEL
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AIMEL

External Data Memory Write Cycle

“‘; L i—
ALE
G twhLH

PSEN N\ /

— tow ——e—twiwn —

YV, N Vs
WR ek e U
le— tavL—>] tavwx = > [ tyhax
i tQVWH ==p

PORT 0 >« A0 - A7 FROM RI OR DPL DATA OUT X A0 - A7 FROM PCL>—INSTR IN

tAVWL

PORT 2 X P20 - P27 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

tenex

toLch — *+— tonoL
cc.”

0.2 Vgg- 04V K v . <

0.45V
NS O
¢ torer X
External Clock Drive
Symbol Parameter Min Max Units
_1 RereL Oscillator Frenuency 0 24 MHz
toLeL Clock Period 41.6 ns
tohex High Time 15 ns
toLex Low Time 15 : » ns
teLen Rise Time 20 ns
tehoL Fall Time 20 ns




Serial Port Timing: Shift Register Mode Test Conditions

The values in this table are valid for V¢ = 5.0V = 26% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tyix Serial Port Clock Cycle Time 1.0 12t oL ys
tquxn Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns
txHax Output Data Hold After Clock Rising Edge 50 2to o117 ns
txHDx Input Data Hold After Clock Rising Edge 0 0 ns
txHpv Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION | =0 AT [ posSN A AT 7 | NN T} 8|
ae - [T A PEECERSTT FERCEFT] NNETLTERLT
B " tixe
CLAGK t \y 2727 RN~ 1 € £ ;Yo el I W R NS
QVXH [« >
— J— tXH!JX
M*EI_O% P oA ON [ AMALDSN Si N0, DG BV X 7/
—> ld—t
OUTPUT DATA by SRR SETTI
L CLEARRI ,
T f
INPUT DATA SET Rl
AC Testing Input/Output WaveformsY  Float Waveforms("
Voor 0T _ NG~ Q3 (& Vidad P — o
TEST POINTS Vs s Timing Reference ,
Points
0.45V —— “M— el Vioapg™ WV — v oy
Note: 1. AC Inputs during testing are driven at V¢ - 0.5V Note: 1. Fortiming purposes, a port pin is no longer floating

for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V, min. for a logic 1 and V,_ max.
for a logic 0.

AlMEL

when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded V,/V, level occurs.
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Ordering Information

Speed . Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% AT89C52-12AC 44A Commercial
AT859C52-12JC 44) (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
AT89C52-12Al 44A Industrial
AT89C52-12JI 44) (-40°C to 85°C)
AT89C52-12PI 40P6
AT89C52-12Ql 44Q
16 5V +20% AT89C52-16AC 44A Commercial
AT83C52-16JC 14J (0°C to 70°C)
AT89C52-16PC 40P6
AT89C52-16QC 44Q
AT89C52-16Al 44A Industrial
AT89C52-164I 44) (-40°C to 85°C)
AT8CC52-16PI 40P6
AT89C52-16Ql 44Q
20 5V +£20% AT89C52-20AC 44A Commercial
AT89C52-20JC 44J (0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT89C52-20Al 44A Industrial
AT89C52-20JI 44J (-40°C to 85°C)
AT89C52-20PI 40P6
AT89C52-20Ql 44Q
24 5V +£20% AT89C52-24AC 44A Commercial
AT89C52-24JC 44) (0°C to 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24Al 44A Industrial
AT89C52-24J 44) (-40°C to 85°C)
AT89C52-24PI 40P6
! | AT89C52-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q ! 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Packaging Information

AT89C52

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21(0.478)
PIN1ID 11.75(0.458) =

0.45(0.018)

0.80(0.031) BSC —1_ _I 0.30(0.012)
= !

g . 10.10(0.394)
9.90(0.386)

r 1.20(0.047) MAX

0.20(.008)

0.05(:003) j i
.H.w 0.15(0.006) l

0.45(0.018)  0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

.045(1.14) X 45°  PINNO. 1 -045(1.14) X 30° - 48 445( 305)
IDENTIFY :
_'_ _zla_,\)[ —F ! .008(.203)
i . CNEl
1 656(16.7) .630(16.0)
=4 650(16 5) .590(15.0)

032(813) |}

s ~ = .021(.533)
1026(.660) 13 685(17 sa l 1013(.330)
T LD

050(1.27) TYP — o= 07 ooT= =" 043(1.09)
et - . .500(12.7) HEF sa L-F = 020(508)

.120(3.05)
1090(2.29)

.180(4.57)

165(4.19)

_i .022(.559) X 45° MAX (3X)

),

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

| 2.07(52.6) |
2.04(51.8) PIN l

.566(14.4)

530(135)

|-— ogo\z 29)
A
SEATING il

1.900(48.26) REF
.220(5.59)
MAX

BLANE S .065(1.65)
5‘(409 JL [015(:381)
‘25(3 022(.559)

.065(1.65) TES]
110(2.79) 041(1.04)
1090(2.29) e
"* 590(15.0)
O REF

.012(.305) 213
1008(.203) s
10(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525) g
12.95 (0.506)

PIN 11D

== 0.50 (0.020)

0.80/0.031) BSC 1 = l 035 (0.014)
=]
=

=

m
|

10.10(0394) o
9.90 (0.386,

r 2.45 (0.096) MAX

0.17 (0.007)

013(0 005) | i
..J L_ 1.03(0.041) E 0.25 (0.010) MAX

0.78 (0.030)
Controlling dimension: millimeters
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ANALOG
DEVICES

Energy Metering IC
with Pulse Output

FEATURES

High Accuracy, Supports 50 Hz/60 Hz IEC 687/1036
Less than 0.1% Error Over a Dynamic Range of
500to1

The AD7755 Supplies Average Real Power on the
Frequency Outputs F1 and F2

The High Frequency Output CF Is Intended for
Calibration and Supplies Instantaneous Real Power

The Logic Output REVP Can Be Used to Indicate a
Potential Miswiring or Negative Power

Direct Drive for Electromechanical Counters and
Two Phase Stepper Motors (F1 and F2)

A PGA in the Current Channel Allows the Use of Small
Values of Shunt and Burden Resistances

Proprietary ADCs and DSP Provide High Accuracy over
Large Variations in Environmental Conditions and
Time

On-Chip Power Supply Monitoring

On-Chip Creep Protection {No Load Threshold)

On-Chip Reference 2.5 V 6 8% (30 ppm/8C Typical)
with External Overdrive Capability

Single 5 V Supply, Low Power {15 mW Typical}

Low Cost CMOS Process

AD7739*
GENERAL DESCRIPTION

The AD7755 is a high accuracy electrical energy measurement
IC. The part specifications surpass the accuracy requirements
as quoted in the IEC1036 standard. See Analog Devices’
Application Note AN-559 for a descriptien of an IEC1036
watt-hour meter reference design.

The only analog circuitry used in the AD7755 is in the ADCs
and reference circuit. All other signal processing (e.g., multipli-
cation and filtering) is carried out in the digital domain. This
approach provides superior stab:!ity and accuracy ovcr extremes
in environmental conditions and over time.

The AD7755 supplies average real power information on the
low frequency outputs F1 and F2. These logic outputs may be
used to directly drive an electromechanical counter or interface
to an MCU. The CF logic output gives instantaneous real power
information. This output is intended to be used for calibration
purposes, or interfacing to an MCU.

The AD7755 includes a power supply monitoring circuit on the
AVpp supply pin. The AD7755 will remain in a reset condition
until the supply voltage on AVpp reaches 4 V. If the supply falls
below 4 V, the AD7755 will also be reset and no pulses will be
issued on F1, F2 and CF.

Internal phase matching circuitry ensures that the voltage and
current channels are phuse matched whether the HPF in Chan-
nel 1 is on or off. An internal no-load threshold ensures that the
AD7755 dues not exhibit any creep when there is no load.

The AD7755 is available in 24-lead DIP and SSOP packasges.

FUNCTIONAL BLCCK DIAGRAM

AVpp  AGND

AC/IDC DVpp DGND

ViP g:r/ N
VIN (&)1 paA

x1,x2,x8,x16 4

V2P (e)—+ N,
V2N (7 -

REFERENCE 2

DIGITAL-TO-FREQUENCY
CONVERTER

REFpyour CLKIN CLKOUT SCF S0 S1REVP CF F1 F2

*U.S. Patents 5,745,323, 5,760,617, 5,862,069, 5,872,469.

REV. B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices 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 Analog Devices.

One Technology Way,P.0. Box9106, Norwood, MA 02062-3106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2000



AD7755-SPECIFICATIONS

(AVpp = DVpp =5V = 5%, AGND = DGND = 0V, On-Chip Reference, CLKIN = 3.58 MiHz,
Tumm Tm = -40°C to +85°C)

Parameter A Version | BVersion | Unit Test Conditions/Comments
ACCURACY!"?
Measurement Error! on Channel 1 Channel 2 with Full-Scale Signal (£660 mV), 25°C
Gain =1 0.1 0.1 % Peading typ | Over a Dynamic Range 500 to 1
Gain = 2 0.1 0.1 % Reading typ |Over a Dynamic Range 500 to 1
Gain = 8 0.1 0.1 % Reading typ |Over a Dynamic Range 500 to 1
Gain = 16 0.1 0.1 % Reading typ | Over a Dynamic Range 500 to 1
Phase Error! Between Channels Line Frequency = 45 Hz to 65 Hz
V1 Phase Lead 37°
(PF = 0.8 Capacitive) 10.1 +0.1 Degrees(°) max|AC/DC = 0 and AC/DC = 1
V1 Phase Lag 60°
(PF = 0.5 Inductive) $0.1 10.1 Degrees(°) max|AC/DC = 0 and AC/DC = 1
AC Power Supply Rejection’ ACDC=1,80=81=1,G0=Gl=0
Output Frequency Variation (CF) 0.2 0.2 % Reading typ |V1 =100 mV rms, V2 =100 mV mms, @ 50 Hz
Ripple on AV, of 200 mV ms @ 100 Hz
DC Power Supply Rejection’ ACDC=1,80=81=1,G0=Gl1=0
OQutput Frequency Variation (CF) 0.3 0.3 % Reading typ |V1 =100 mV ms, V2 = 100 mV rms,
AVp=DVpp =5Vt 250 mV
ANALOG INPUTS See Analog Inputs Section
Maximum Signal Levels 1 t1 V max V1P, VIN, V2N and V2P to AGND
Input Impedance (DC) 390 390 kQ min CLKIN = 3.58 MHz
Bandwidth (-3 dB) 14 14 kHz typ CLKIN/256, CLKIN = 3.58 MHz
ADC Offset Error':? 125 125 mV max Gain = 1, See Terminology and Performance Graphs
Gain Error! £ 7 % Ideal 1yp External 2.5 V Reference, Gain = 1
V1 =470 mV dc, V2 = 660 mV dc
Gain Error Match! +0.2 0.2 % Ideal typ External 2.5 V Reference
REFERENCE INPUT
REFpvour Input Voltage Range 257 27, V max 2.5V + 8%
213 i3 V min 25V-8%
Input Impedance 3.2 32 kQ min
Input Capacitance 10 10 pF max
ON-CHIP REFERENCE Nomiral 2.5V
Reference Error 1200 1200 mV max
Temperature Coefficient +30 30 ppm/°C typ
160 ppo/°C max
CLKIN Note All Specifications for CLKIN of 3.58 MHz
Input Clock Frequency 4 4 MHz max
1 1 MHz min
LOGIC INPUTS?
SCF, 80, 81, AC/DC,
RESET, G0 and GI
Input High Voltage, Vinn 2.4 2.4 V min DVpp=5Vt5%
Input Low Voltage, Vpg 0.8 0.8 V max DVpp=5Vt5%
Input Current, Iy 13 13 MA max Typically 10 nA, Viy =0V to DV
Input Capacitance, Cpy 10 10 pF max
LOGIC OUTPUTS?
F1 and F2
Qutput High Voltage, Von Isourcx: = 10 mA
4.5 4.5 V min DVpp=5V
Ourput Low Voltage, V. Tank = 10 mA
0.5 0.5 V max DVpyp=5V
CF and REVP
Output High Voltage, Von Isoures = 5 mA
4 4 V min DVpp=5V
Output Low Voltage, Vo Lank = 5 mA
0.5 0.5 V max DVpp=5V

REV.B



AD7735

Parameter A Version| B Version | Unit Test Conditions/Comm«nts
POWER SUPPLY For Specified Performance
AVpp 4.75 4.75 V min 5V-5%
5.25 5.25° V max 5V+5%
DVpp 4.75 4.75 V min 5V-5%
5.25 5.25 V max 5V+5%
Alpp 3 3 mA max Typically 2 mA
DIpp 25 2.5 mA max Typicaily 1.5 mA
NOTES

’See Terminology section for explanation of specifications.
*8ee Plots in Typical Performance Graphs.
*Sample tested during initial release and after any redesign or process change that may affect this parameter.

Specifications subject to change without notice.

(AVpp = DVpp = 5V = 5%, AGND = DGND = 0 ¥, On-Chip Reference, CLKIN = 3.58 MHz, Ty, to

TIMING CHARACTERISTICS" ? 1= 40t 10 +8°0)

Parameter A, B Versions Unit Test Conditions/Comments

17 275 ms F1 and F2 Pulsewidth (Logic Low) :
1; See Table I1I sec Output Pulse Period. See Transfer Function Section
13 21 sec Time Between F1 Falling Edge an” F2 Falling Edge
0t 90 ms CF Pulsewidth (Logic High)

15 See Table [V sec CF Pulse Period. See Transfer Function Section

16 CLKIN/4 sec Minimum Time Between F1 and F2 Pulse

NOTES

‘Sample tested during initial release and after any redesign or process change that may aftect this parameter.

*See Figure 1.

*The pulsewidths of F1, F2 and CF are not fixed for higher output frequencies. See Frequency Outputs Section.
*The CF pulse is always 18 ps in the high frequency mode. See Frequency Outputs section and Table IV.
Specifications subject to change without notice.
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Figure 1. Timing Diagram for Frequency Outputs

ORDERING GUIDE
Model Package Description Package Options
AD7755AAN Plastic DIP : N-24
AD7755AARS Shrink Small Outline Package RS-24
AD7755ABRS Shrink Small Outline Package RS-24
EVAL-AD7755EB | AD7755 Evaluation Board
AD7755AAN-REF | AD7755 Reference Design PCB (See AN-559)
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AD7733

ABSOLUTE MAXIMUM RATINGS*
(Ta = +235°C unless otherwise noted)

ANt AGND:: L e A -03V1wo+7V
DVop o DGND: . il iinae it i, -03Viwo+7V
DVDD 10 AVDD ...................... -03V10+4+03V
Analog Input Voltage 1o AGND

VIR VIN, V2P and V2N o v i v v -6Vio+6V

Reference Input Voltage to AGND .. -03V1to AVpp+ 03V
Digital Input Voltage to DGND ... -0.3 Vto DVpp+ 0.3V
Digital Output Voltage to DGKD .. -0.3 Vto DVpp+ 0.3V
Operating Temperature Range

Industrial (A, B Versions)

Storage Temperature Range ............ -65°C 10 +150°C
Junction Temperature = i iv inihiins s iman e 150°C
CAUTION —_—

24-Lead Plastic DIP, Power Dissipation .......... 450 mW
674 Thermal Impedance .................... 105°C/W
Lead Temperature, (Soldering 10sec) ............ 260°C
24-1.ead SSOP, Power Dissipation .............. 450 mW
674 Thermal Impedance .................... 112°C/W
Lead Temperature, Soldering
Vapor Phase(60:SBC) . vuie v vooin vsimoin sim i 215°C
Infrared (15 88C) il oot vesinsis ssiomens oo 220°C

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD7755 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high-energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid perfcrmance degradation or loss of functionality.

TERMINOLOGY

MEASUREMENT ERROR

The error associated with the energy measurement made by the

AD7755 is defined by the following formula:

Energy Registered by the AD7755 — 1rue Energy
True Encrgy

Percentage Eror = X 100%

PHASE ERROR BETWEEN CHANNELS

The HPF (High Pass Filter) in Channel 1 has a phase lead
response. T offset this phase response and equalize the phase
response between channels, a pkase correction network is also
placed in Channel 1. The phase correction network matches the
phase to within +0.1° over a range of 45 Hz 10 65 Hz and £0.2°
over a range 40 Hz to 1 kHz. See Figures 22 and 23.

POWER SUPPLY REJECTION
This quantifizs the AD7755 measurement error as a percentage
of reading when the power supplies are varied.

For the ac PSR measurement a reading at nominal supplies

(5 V) is taken. A 200 mV rms/100 Hz signal is then introduced
onto the supplies and a second reading obtained under the same
input signal levels. Any error introduced is expressed as a per-
centage of reading—see Measurement Error definition.

For the dc PSR measurement a reading at nominal supplies
(5 V) is taken. The supplies are then varied +5% and a second
reading is obtained with the same input signal levels. Any error
introduced is again expressed as a percentage of reading.

ADC OFFSET ERROR

This refers to the dc offset associated with the analog inputs to
the ADCs. It means that with the analog inputs connected to
AGND, the ADCs still see a small dc signal (offset). The offset
decreases with increasing gain n channel V1. This specification
is measured at a gain of 1. At a gain of 16, the dc offset is typi-
cally less than 1 mV. However, when the HPF is switched on,
the offset is removed from the current channel and the power
calculation is not affected by this offser.

GAIN ERROR

The gain error of the AD7755 is defined as the difference between
the measured output frequency (minus the offset) and the ideal
output frequency. It is measured with a gain of 1 in channel V1.
The difference is expressed as a percentage of the ideal frequency.
The ideal frequency is obtained from the AD7755 transfer func-
tion—see Transfer Function section.

GAIN ERROR MATCH

The gain error match is defined as the gain error (minus the
offset) obtained when switching between a gain of 1 and a
gain of 2, 8, or 16. It is expressed as a percentage of the out-
put frequency obtained under a gain of 1. This gives the gain
error observed when the gain selection is changed from 1 to 2,
8 or 16. :
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PIN FUNCTION DESCRIPTIONS

Pin No.

Mnemonic

Description

4,19
5,6

7,8

10

11

12

13, 14

15, 16

17

18

20

DVpp

AC/DC

AVpp

NC
V1P, vIN

V2N, V2P

RESET

REFout

AGND

SCF

81, SO

Gl1, GO

CLKIN

CLKOUT

REVP

Digital Power Supply. This pin provides tue supply voltage for the digital circuitry in the AD7755.
The supply voltage should be maintained at 5 V + 5% for specified operation. This pin should be
decoupled with a 10 pF capacitor in parallel with a ceramic 100 nF capacitor.

High Pass Filter Select. This logic input is used to enable the HPF in Channel 1 (the current channel).
A logic one on this pin enables the HPF. The associated phase response of this filter has been inter-
nally compensated over a frequency range of 45 Hz to 1 kHz. The HPF filter should be enabled in
power metering 2pplications. y

Analog Power Supply. This pin provides the supply voltage for the analog circuitry in the AD7755.
The supply should be maintained at 5 V + 5% for specified operation. Every effort should be made to
minimize power supply ripple and noise at this pin by the use of proper decoupling. This pin should
be decoupled to AGND with a 10 PF capacitor in parallel with a ceramic 100 nF capacitor.

No Connect.

Analog lnputs for Channel 1 (Current Channel). ‘These inputs are fully differential voltage inputs with
a maximum differential signal level of +470 mV for specified operation. Channel 1 also has a PGA and
the gain selections are outlined in Table I. The maximum signal level at these pins ist1 V with respect
10 AGND. Both inputs have internal ESD protection circuitry and in addition an overvoltage of 16 V
can be sustained on these inputs without risk of permanent damage.

Negative and Positive Inputs i Channel 2 (Voltage Channel). These inputs provide a fully differential
input pair. The maximum differential input voltage is £660 mV for specified operation. The maximum
signal level at these pins is +1 V with respect to AGND. Both inputs have internal ESD protection
circuitry and an overvoltage of 6 V can also be sustained on these inputs without risk of permanent
damage. ;

Reset Pin for the AD7755. A logic low on this pin will hold the ADCs and digital circuitry in a reset
condition. Bringing this pin logic low will clear the AD7755 internal registers.

This pin provides access to the on-chip voltage reference. The on-chip reference has a nominal value
of 2.5 V + 8% and a typical temperature coefficient of 30 ppm/°C. An external reference source may
also be connected at this pin. In either case this pin should be decoupled 10 AGND with a 1pF
ceramic capacitor and 100 nF ceramic capacitor.

This provides the ground 1eference for the anaiog circuitry in the AD7755, i.e., ADCs and reference.
This pin should be tied to the analog ground plane of the PCB. The analog ground plane is the ground
reference for all analog circuitry, e.g.. antialiasing filters, current and voltage transducers, etc. For
good noise suppression the analog ground plane should only connected to the digital ground plane at
one point. A star ground configuration will help to keep noisy digital currents away from the analog
circuits.

Select Calibration Frequency. This logic input is used to select the frequency on the calibration output
CF. Table IV shows how the calibration frequencies are selected.

These logic inputs are used to select one of four possible frequencies for the digital-to-frequency con-
version. This offers the designer greater flexibility when designing the energy meter. See Selecting a
Frequency for an Energy Meter Application section.

These logic inputs are used to select one of four possible gains for Channel 1, i.e., V1. The possible
gains are 1, 2, 8 and 16. See Analog Input section.

An external clock can be provided at this logic input. Alternatively, a parallel resonant AT crystal can
be connected across CLKIN and CLKOUT to provide a clock source for the AD7755. The clock
frequency for specified operation is 3.579545 MHz. Crystal load capacitance of between 22 pF and

33 pF (ceramic) should be used with the gate oscillator circuit.

A crystal can be connected across this pin and CLKIN as described above to provide a clock source
for the AD7755. The CLKOUT pin can drive one CMOS load when an external clock is supplied at
CLKIN or by the gate oscillator circuit.

This logic output will go logic high when negative power is detected, i.e., when the phase angle between
the voltage and current signals is greater that 90°. This output is not latched and will be reset when
positive power is once again detected. The output will go high or low at the same time as a pulse is
issued on CF.

REV. B
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Pin No.

Mnemonic

Description

21

22

23, 24

DGND

This provides the ground reference for the digital circuitry in the AD 7755, i.e., mukiplier, filters and
digital-to-frequency converter. This pin should be tied to the analog ground plane of the PCB. The
digital ground plane is the ground reference for all digital circuitry, e.g., counters (mechanical and
digital), MCUs and indicator LEDs. For good noise suppression the analog ground plane should only
be connected to the digital ground plane at one peint only, e.g., a star ground.

Calibration Frequency Logic Output. The CF logic output gives instantaneous real power informa-
tion. This output is intended to be used for calibration purposes. Also see SCF pin description.

Low Frequency Logic Outputs. F1 and F2 supply average real power information. The logic outputs
can be used to directly drive electromechanical counters and two phase stepper motors. See Transfer
Function section.

PIN CONFIGURATION
DIP and SSOP Packages

DVpp E o [24] F1

AchE [2] 23| F2

Avpp [3] 22 cF
Ne [4] 21] DGND
viP[s] ,o7res [ZIREVP

VIN[e] ropview [EINC
van [7 ] Wette Scale) [35] ¢1xout

vzp [8] [17] CLKIN
RESET [9] 16] G0
REFpout [19] [15] a1
AanD [11] [14] so
scr [12] [13] 51

NC = NO CONNECT
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Typical Performance Characteristics—AD7753
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THEORY OF OPERATION

The two ADCs digitize the voltage signals from the current and
voltage transducers. These ADCs are 16-bit second order
sigma-delta with an oversampling rate of 900 kHz. This analog
input structure greatly simplifies transducer interfacing by
providing a wide dynamic range for direct connection to the
transducer and also simplifying the antialiasing filter design. A
programmable gain stage in the current channel further facili-
tates easy transducer interfacing. A high pass filter in the current
channel removes any dc component from the current signal.
This eliminates any inaccuracies in the real power calculation
due to offsets in the voltage or current signals—see HPF and
Offset Effects section.

The real power calculation is derived from the instantaneous
power signal. The instantaneous power signal is generated by a
direct multiplication of the current and voltage signals. In order
to extract the real power component (i.e., the dc component),
the instantaneous power signal is low-pass filtered. Figure 20
illustrates the instantaneous real power signal and shows how the
real power information can be extracted by low-pass filtering the
instantaneous power signal. This scheme correctly calculates real
power for nonsinusoidal current and voltage waveforms at all
power factors. All signal processing is carried out in the digital
domain for superior stability over temperature and time.

DIGITAL-TO-
FREQUENCY

INSTANTANEOUS REAL
POWER SIGNAL

INSTANTANEOUS
POWER SIGNAL — p(t)

Vx| plt) = ift)xvit)

WHERE:
Vxl vit) = Vx cos(eat) Y1) Y Tl
o —4-=— ift) = Ixcos{wt) 2

pit) = V_;' {1+c08 (2et)}

TIME

Figure 20. Signal Processing Block Diagram

The low frequency output of the AD7755 is generated by accu-
mulating this real power information. This low frequency inher-
ently means a long accumulation time between output pulses.
The output frequency is therefore proportional to the average
real power. This average real power information can, in turn, be
accumulated (e.g., by a counter) to generate real energy infor-
mation. Because of its high output frequency and hence shorter
integration time, the CF output is proportional to the instanta-
neous real power. This is useful for system calibration purposes
that would take place under steady load conditions.

Power Factor Considerations

The method used to extract the real power information from the
instantaneous power signal (i.e., by low-pass filtering) is still
valid even when the voltage and current signals are not in phase.
Figure 21 displays the unity power factor condition and a DPF
(Displacement Power Factor) = 0.5, i.e., current signal lagging

i g

the voltage by 60°. If we assume the voltage and current wave-
forms are sinusoidal, the real power component of the instanta-
neous power signal (i.e., the dc term) is given by

V x 1} :
3 X cos (60°).

This is the correct real power calculation.

INSTANTANEOUS
POWER SIGNAL

INSTANTANEOUS
REAL POWER SIGNAL

cumrenT ¥ b 7
VOLTAGE %/ N
L Ly i
INSTANTANEOUS  INSTANTANEOUS

POWER SIGNAL REAL POWER SIGNAL

voLTage " _—ts\;‘:pA e Al

Figure 21. DC Component of Instantaneous Power Signal
Conveys Real Power Information PF < 1

B
S

Nonsinusoidal Voltage and Current

The real power calculation method also holds true for nonsinu-
soidal current and voltage waveforms. All voltage and current
waveforms in practical applications will have some harmonic
content. Using the Fourier Transform, instantaneous voltage
and current waveforms can be expressed in terms of their har-
monic content.

Wi = + 2 XE'" Xy O (Xh) th)

70
where:

o(t) 1s the instantaneous voltage

Vo  1s the average value

Vh  is the rms value of voltage harmonic /

and

ah  is the phase angle of the voltage harmonic.

="+ 2T to BB @

R0
where:

i(t) 1is the instantaneous current

Ip  is the dc component

Ik is the ms value of current harmonic A

and

Bk is the phase angle of the current harmonic.
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Using Equations 1 and 2, the real power P can be expressed in
terms of its fundamental real power (P;) and harmonic real
power (Py).

P= " +Py
where:
P =" % Icos ¢,
R L
and o
Py =Y " x Ihcos ¢k
gl )

Qi o B
As can be seen from Equation 4 above, a harmonic real power
component is generated for every harmonic, provided that har-
monic is present in both the voltage and current waveforms.
The power factor calculation has previously been shown to be
accurate in the case of a pure sinusoid, therefore the harmonic
real power must also correctly account for power factor since it
is made up of a series of pure sinusoids.

Note that the input bandwidth of the analog inputs is 14 kHz
with a master clock frequency of 3.5795 MHz.

ANALOG INPUTS

Channel V1 (Current Channel)

The vohage output from the current transducer is connected to
the AD7755 here. Channel V1 is a fully differential voltage
mput. V1P is the positive input with respect to VIN.

The maximum peak differential signal on Channel 1 should be
less than £470 mV (330 mV rms for a pure sinusoidal signal) for
specified operation. Note that Channel 1 has a programmable
gain amplifier (PGA) with user selectable gain of 1,2, 8 or 16
(see Table I). These gains facilitate easy transdvcer interfacing.

Figure 22. Maximum Signal Levels, Channel 1, Gain =1

The diagram in Figure 22 illustrates the maximum signal levels
on V1P and VIN. The maximum differential voltage is £470 mV
divided by the gain selection. The differential voltage signal on
the inputs must be referenced to a common mode, e.g. AGND.
The maximum common mode signal is £100 mV as shown in
Figure 22.

REV. B

Table I. Gain Selection for Channel 1

Maximum
Gl GO Gain Differential Signal
0 0 1 1470 mV
0 1 2 +235 mV
1 0 8 +60mV
1 1 16 +30mV

Channel V2 (Voltage Channe!)

The output of the line voltage transducer is connected to the
AD7755 at this analog input. Channel V2 is a fully differential
voltage input. The maximum peak differential signal on Chan-
nel 2 is £660 mV. Figure 23 illustrates the maximum signal
levels that can be connected to the AD7755 Channel 2.

V2
jl
+660mV 1+

A \/

y

DIFFERE‘JTIAL INPUT
X PEAK *.

COMMON—HODE 1
+=100mV MAX

Figure 23. Maximum Signal Levels, Channef 2

Channel 2 must be driven from a common-mode voltage, i.e.,
the differential volage signal on the input must be referenced to
a common mode (usually AGND). The analog inputs of the
AD7755 can be driven with common-mode voltages of up to
100 mV with respect to AGND. However best results are
achieved using a common mode equal to AGND.

Typical Connection Diagrams

Figure 24 shows a typical connection diagram for Channel V1.
A CT (cumrent transformer) is the current transducer selected for
this example. Notice the common-mode voltage for Channel 1

is AGND and is derived by center tapping the burden resistor
to AGND. This provides the complementary analog input sig-
nals for V1P and VIN. The CT turns ratio and burden resistor
Rb are selected to give a peak differential voliage of+ 470 mV/
Gain at maximum load.

I cT Rf ViP
ol [e ]
%N% iy fome 57 v
Py AGND Rt %cr

PHASE NEUTRAL

Figure 24. Typical Connection for Channel 1

i e



AD7735

Figure 25 shows two typical connections for Channel V2. The
first option use: a PT (potential transformer) to provide com-
plete isolation from the mains voltage. In the second option the
AD7755 is biased around the neutral wire, and a resistor divider
is used to provide a voltage signal that is proportional 1o the line
voltage. Adjusting the ratio of Ra, Rb and VR is also a conve-
nient way of carrying out a gain calibration on the meter.

cT Rf V2P

I;:E 4 =ss0mv =
UaanD :

. cf

<

?

V2N

e

Q

HH <HH

PHASE NEUTRAL

Ra* ct
]
,p?
Rb*
+=680mV vap
VR* '
) \Y% Rf V2N
: v Lot
PHASE NEUTRAL  ‘Ra>>Rb+VR <

*Rb+ VR = Rf

Figure 25. Typical Connections for Channel 2

POWER SUPPLY MONITOR

The AD7755 contains an on-chip power supply monitor. The
Analog Supply (AVpp) is continuously monitored by the AD7755.
If the supply is less than 4 V + 5%, the AD7755 will be reset.
This is useful to ensure correct device start-up at power-up and
power-down. The power supply monitor has built in hysteresis
and filtering. This gives a high degree of immunity to false trig-
gering due to noisy supplies.

As can be seen from Figure 26, the trigger level is nominally set
at 4 V. The tolerance cn this trigger level is about £5%. The
power supply and decoupling for the part should be such that
the ripple at AVpp does not exceed 5 V £ 5% as specified for
normal operation.

AVpy

sV
av -—-

ov

TIME

INTERNAL
RESET

RESET ACTIVE

RESET

>

Figure 26. On-Chip Power Supply Monitor

gl

HPF and Offset Effects

Figure 27 shows the effect of offsets on the real power calcula-
tion. As can be seen, an offset on Channel 1 and Channel 2 will
contribute a dc component after multiplication. Since this dc
component is extracted by the LPF and used to generate the
real power information, the offsets will have contributed a con-
stant error to the real power calculation. This problem is easily
avoided by enabling the HPF (i.e., pin AC/DC is set logic high)
in Channel 1. By removing the offset frcm at ieast one channel,
no error component can be generated at dc by the multiplica-
tion. Error terms at cos(mt) are removed by the LPF and the
digital-to-frequency conversion—see Digital-to-Frequency
Conversion section.

{ i) =

+

T DC COMPONENT (INCLUDING ERROR TERM)
e I IS EXTRACTED BY THE LPF FOR REAL
08 %08 4 POWER CALCULATION

VxI

log XV

Vog X1
0 N 20
FREQUENCY - RAD/S

Figure 27. Effect of Channel Offset on the Real Powei
Calculation

The HPF in Channel 1 has an associated phase response that is
compensated for on-chip. The phase compensation ‘s activated
when the HPF is enabled and is disabled when the HPF is not
activated. Figures 28 and 29 show the phase error between
channels with the compensation network activated. The AD7755
is phase compensated up to 1 kHz as shown. This will ensure
correct active harmonic power calculation even at low power
factors.
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Figure 29. Phase Error Between Channels (40 Hz to 70 Hz;

DIGITAL-TO-FREQUENCY CONVERSION

As previously described, the digital output of the low-pass filter
after multiplication contains the real power information. How-
aver since this LI'F is not an ideal “brick wall” filter implemen-
tation, the output signal also contains attenuated comnonents
at the line frequency and its harmonics, i.e., cos(h®t) where
h=1,2,35 et

The magnitude response of the filter is given by:

1
O )
1+(f/8.9 Hz)

For a line frequency of 50 Hz thi> would give an attenuation of
the 20 (100 Hz) component of approximately -22 dBs. The
dominating harmonic will be at twice the line frequency, i.e.,
cos (2a) and this is due to the instantaneous power signal.

REV. B

Figure 30 shows the instantaneous real power signal at the output
of the CPF which still contains a significant amount of instanta-
neous power information, i.e., cos (20t). This signal is then
passed to the digital-to-frequency converter where it is integrated
(accumulated) over time ir order to produce an output fre-
ouency. This accumulation of the signal will suppress or average
out any non-dc components in the instantaneous real power
signal. The average value of a sinusoidal signal is zero. Hence
the frequency generated by the AD7755 is proportional to the
average real power. Figure 30 shows the digital-to-frequency
conversion for steady load conditions, i.e., constant voltage and
current.

- T
1

DIQITAL-TO-
FREQUENCY

FREQUENCY

DIGITAL-TO-

FREQUENCY

FREQUENCY -

Vx) (DC TERM) E
2 A TINE
5 cos{2ut)
ATTENUATED BY LPF

Lz

0 @ 20
FREQUENCY -~ RAD/S
INSTANTANEOUS REAL POWER S8IGNAL
(FREQUENCY DOMAIN)

Figure 30. Real Power-to-Frequency Convsrsion

As can be seen in the diagram, the frequency output CF is seen
to vary over time, even under steady load conditions. This fre-
quency variation is primarily due to the cos (2 ®t) component in
the instantaneous real power signal. The output frequency on
CF can be up to 2048 times higher than the frequency onF1
and F2. This higher outpu: frequency is generated by accumu-
lating the nstantaneous real power signal over a much shorter
time whil2 ccnverting it to a frequency. This shorter accumula-
tion period means less averaging of the cos (2 ®t) component.
As a consequence, some of this instantaneous power signal passes
through the digital-to-frequency conversion. This willnot be a
problem in the application. Wher~ CF is used for calibration
purposes, the frequency should te averaged by the frequency
counter. This will remove any ripple. If CF is being used to
measure energy, e.g., in a microprocessor-based application, the
CF output should also be averaged to calculate power. Because
the outputs F1 and F2 operate at a much lower frequency, a lot
more averaging of the instantaneous real power signal is carried
out. The result is a greatly attenuated sinusoidal content and a
virtually ripple-free frequency output.
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Interfacing the AD7755 to a Microcontroller for Energy
Measurement

The easiest way to interface the AD7755 to a microcontroller is
to use the CF high frequency output with the output frequency
scaling setto 2048 X F1, F2. This is done by setting SCF = 0
and SO = S1 = 1, see Table IV. With full-scale ac signals on the
analog mputs, the output frequency on CF will be approximately
5.5 kHz. Figure 31 illustrates one scheme which could be used
to digitize the output frequency and carry out the necessary
averaging mentioned in the previous section.

CF
FREQUENCY
RIPPLE
AVERAGE| N __\____ A T
FREQUENCY [~ <> \/T
TIME 5
Mcu
ADT755
COUNTER

i G 7 46
REVP* (] UP/DOWN

"REVP MUST BE USED IF THE METER IS BIDIRECTIONAL OR
DIRECTION OF ENERGY FLOW IS NEEDED

Figure 31. Interfacing the AD7755 to an MICU

As shown, the frequency ouiput CT is connected to an MCU
counter or port. This will count the number of pulses ir a given

integration time which is determined by an MCU intemal timer.

The average power is proportional to the average frequency is
given by:

B Clounter
Awverage Frequency = ursge Red cwor = T_
imer

The energy consumed during an mtegration period is given by:

Counter .
= X

Energy = ° X

o

= Counter
Time
For the purpose of calibration, this integration time could be 10
to 20 seconds in order to accumulate enough pulses to ensure
correct averaging of the frequency. In normal operation the inte-
gration time could be reduced to one or two seconds depending,
for example, on the required undate rate of a display. With
shorter integration times on the MCU the amount of energy in
each update may still have some small amount of ripple, even
under steady load conditions. However, over a mute or more
the measured energy will have no ripple.

—14-

Power Measurement Considerations

Calrulating ard displaying power information will always have
some associated ripple that will depend on the integration period
used in the MCU to determine average power and also the'load.
For example, at light loads the output frequency may be 10 Hz.
With an integration period of two seconds, only about 20 pulses
will be counted. The possibility of missing one pulse always exists
as the AD7755 output frequency is running asynchronously to
the MCU timer. This would result in a one-in-twenty or5%
error in the power measurement.

TRANSFER FUNCTION

Erequency Outputs F1 and F2

The AD7755 calculates the product of two voltage signals (on
Channel 1 and Channel 2) and then low-pass filters this product
to extract real power information. This real power information
is then converted to a frequency. The frequency information is
output on F1 and F2 in the form of active low pulses. The pulse
rate at these outputs is relatively low, e.g., 0.34 Hz maximum
for ac signals with SO = S1 = 0—see Table III. This means that
the frequency at these outputs is generated from real power
information accumulated over a relatively long period of time.
The result is an output frequency that is proportional to the
average real power. The averaging of the real power signal is
implicit 1o the digital-to-frequency conversion. The output
frequency or pulse rate is related to the input voltage signals by
the following equation.

Flgg-a 8.06 X 71 x "2): TR XF,
Viyer~
where:
Freq = Qutput frequency on F1 and F2 (Hz)
V1 = Differential rms voltage signal on Channel 1 (volts)
2 = Differential rms voltage signal on Channel 2 (volts)
Gain =1, 2,8 or 15, depending on the PGA gain selection
made using logic inputs G0 and G1
Vrer = The reference voltage (2.5 V+ 8%) (volts)

Fy 4 = Oue of four possible frequencies selected by using the
logic inpats 8O and S1—see Table II.

Table II. F,_ Frequency Selection

S1 S0 Fi4 (Hz) XTAL/CLKIN*
0 0 157 3.579 MHz/2%!
0 1 3.4 3.579 MHz/2%°
1 0 6.8 3.579 MHz/2!°
1 1 13.6 3.579 MHz/2!®
NOTE

*F, 4is a binary fraction of the master clock and therefore will vary if the speci-
fied CLKIN frequency is altered.
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Example 1

Thus if full-scale differential dc vohages of +470 mV and -660 mV
are applied to V1 and V2 respectively (470mV is the maximum
differential voltage that can be connected to Channel 1 and

660 mV is the maximum differential voltage that can be con-
nected to Channel 2), the expected output frequency is calcu-
lated as follows:

Gain = 1,G0=Gl=0

Fy4 = 1.7Hz 8S0=81=0

V1 = +470mV dc = 0.47 V (rms of dc = dc)
V2 = -660mV dc=0.66 V (rms of dc = |dc|)
Vree = 2.5V (nominal reference value).

NOTE: If the on-chip reference is used, actual
output frequencies may vary from device to device
due to reference tolerance of £8%.

8.06 X 0.47 X 0.66 X 1X1.
Freq = ! = (0.68

2.5°

Examplc 2

In this example, with ac voltages of £470 mV peak applied to
V1 and £660 mV peak applied 1o V2, the expected output fre-
quency is calculated as follows:

Gam = 1,G0=G1=0

Fi4 = 1.7Hz,80=81=0

Vi = mms of 470 mV peak ac = n.47W2 volis
V2 = rmms of 660 mV peak ac = 0.66/N2 volts
Vrer = 2.5V (nominal reference value).

NOTE: If the on-chip reference is used, actual

output frequencies may vary from device to device

due to reference tolerance of £8%.

8.06 x(0.47 x0.66 x1x1.7
Freq = : =0.34
2R\ 2% 8,5°

As can be seen from these two example calcnlations, the mexi-
mum output frequency for ac inputs is always half of that for dc
inpnt signals. Table III shows a complete listing of all marimum
output frequencies.

Table II. Maximum Output Frequency on F1 and F2

Max Frequency Max krequency
S1 S0 for DC Inputs (Hz) for AC Inputs (Hz)
0 0 0.68 0.34
0 1 1.36 0.68
1 0 2:72 1.36
1 1 5.44 2.72

Frequency Output CF

The pulse output CF (Calibration Frequency) is intended for
use during calibration. The output pulse rate on CF can be up
10 2048 times the pulse rate on F1 and F2. The lower the Fy 4
frequency selected, the higher the CF scaling (except for the
high frequency mode SCF = 0, S1 = S0 = 1. Table IV shows
bow the two frequencies are related, depending on the states of

the logic inputs S0, S1 and SCF. Because of its relatively bigh
pulse rate, the frequency at this logic output is proportional to
the instantaneous real power. As is the case with F1 and F2, the
frequency is derived from the output of the low-pass filter after
multiplication. However, because the output frequency ic high,
this real power information is accumulated over a much shorter
time. Hence less averaging is carried out in the digital-to-
frequency conversion. With much less averaging of the real
power signal, the CF output is much more responsive to power
fluctuations—see Signal Processing Block in Figure 20.

Table IV. Maximum Output Frequency on CF

SCF | S1 | S0 |Fy4 (Hz) CF Max for AC Signals (Hz)
1 0 02117 128 x F1, F2 =43.52

0 0 O {17 64 xF1, F2 =21.76

1 0 1 |34 64 xF1, F2 =43.52

0 0 1 3.4 32 xF1,F2=21.76

1 1 0 6.8 32 xF1, F2 =43.52

0 1 0 |68 16 xF1, F2 =21.76

1 1 1 13.6 16 X F1, F2 =43.52

0 1 1 13.6 2048 xF1,F2=557kHz

SELECTING A FREQUENCY FOR AN ENERGY METER
APPLICATION

As shown in Table II, the user can select one of four frequen-
cies. This frequency selection determines the maximum fre-
quency on F1 and F2. These outputs are intended to be used to
drive the energy register (electromechanical or other). Since only
four different output frequencies can be selected, the available
frequency selection has been optimized for a meter constant of
100 imp/kWhr with a maximum current of between 10 A and
120 A. Table V shows the output frequency for several maxi-
mum currents (Iyax) with a line voltage of 220 V. n all cases
the meter constant is 100 imp/kWhr.

Table V. F1 and F2 Frequency at 100 imp/kWhr

[MAX I'1 and F2 (HZ)
125 A 0.076
25 A U:153
40 A 0.244
60 A 0.367
80 A 0.489
120 A 0.733

The F, 4 frequencies allow complete coverage of this range of
output frequencies on F1 and F2. When designing an energy
meter the nominal design voltage on Channel 2 (voltage) should
be set to half-scale to allow for calibration of the meter constant.
The current channel should also be no more than half-scale
when the meter sees maximum load. This will allow over current
signals and signals with high crest factors to be accommodated.
Table VI shows the output frequency on F1 and F2 when both
analog inputs are half-scale. The frequencies listed in Table
VI align very well with those listed in Table V for maximum load.
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Tabie VI. Fl1 and F2 Frequency with Half-Scale AC Inputs

Frequency on Fl and F2-
S1 | S0 | Fiy CH1 and CH2 Half-Scale AC Inputs
0 0 1.7 0.085 Hz
0 1 3.4 0.17 Hz
1 0 6.8 0.34 Hz
1 1 13.6 0.68 Hz

When selecting a suitable F; 4 frequency for a meter design, the
frequency output at lyjax (maximum load) with a meter con-
stant of 100 imp/kWhr should be compared with Column 4 of
Table VI. The frequency that is closest in Table VI will deter-
mine the best choice of frequency (F; 4). For example, if a meter
with a maximum current of 25 A is being designed, the out-
put frequency on F1 and F2 with a meter constant of 100 imp/
kWhr is 0.153 Hz at 25 A and 220 V (from Table V). Looking
at Table VI, the closest frequency to 0.153 Hz in column four is
0.17 Hz. Therefore F, (3.4 Hz—see Table II) is selected for this
design.

Frequency Outputs

Figure 1 shows a timing diagram for the various frequency out-
puts. The outputs F1 and F2 are the low frequency outputs that
can be used 1o directly drive a stepper motor or electromechani-
cal impulse counter. The F1 and F2 outputs provide two alter-
nating low going pulses. The pulsewidth (t,) is set at 275 ms and
the time between the falling edges of F1 and F2 (13) is approxi-
mately half the period of F1 (). If however the period of F1
and F2 falls below 550 ms (1.81 Hz) the pulsewidth of F1 and
F2 is set to half of their period. The maximum output frequen-
cies for F1 and F2 are shown in Table III.

The high frequency CF output is intended to be used for com-
munications and calibration purposes. CF producas a 90 ms-
wide active high pulse () at a frequency proportional to active
power. The CF output frequencies are given in Table IV. As in
the case of F1 and F2, if the period of CF (15) falls below 180 ms,
the CF pulsewidth is set to half the period. For example, if the CF
frequency is 20 Hz, the CF pulsewidth is 25 ms.

NOTE: When the high frequency mode is selected, {i.e.,, SCF =
0, S1 = 80 = 1) the CF pulsewidth is fixed at 18 ps. Therefore 14
will always be 18 ps, regardless of output frequency on CF.

NO LOAD THRESHOLD

The AD7755 also includes a “no load threshold” and “start-up
current” feature that will eliminate any creep effects in the
meter. The AD7755 is designed to issue a minimum output
frequency on all modes except when SCF =0 and 81 =80= 1.
The no-load detection threshold is disabled on this output mode
to accommodate specialized application of the AD7755. Any
load generating a frequency lower than this minimum frequency
will not cause a pulse to be issued on F1, F2 or CF. The mini-
mum output frequency is given as 0.0014% of the full-scale
output frequency for each of the Fy 4 frequency selections—see
Table IT. For example, an energy meter with a meter constant
of 100 imp/kWhr on F1, F2 using F, (3.4 Hz), the maximum
output frequency at F1 or F2 would be 0.0014% of 3.4 Hz ox
4.76 x 10 * Hz. This would be 3.05 x 10 > Hz at CF (64 x F1 Hz).
In this example the no-load threshold would be equivalent to
1.7 W of load or a start-up current of 8 mA at 220 V. Compar-
ing this value to the IEC1036 specification which states that the
meter must start up with a load equal to or less than 0.4% Ib.
For a 5A (Ib) meter 0.4% of Ib is equivalent to 20 mA.

OUTLINE DIIMENSIONS

Dimensions shown in inches and (mm).
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MICROCHIP

24AA16

16K 1.8V I2C"" Serial EEPROM

' FEATURES

Single supply with operation down to 1.8V

» Low power CMOS technology

- 1 mA active current typical

- 10 pA standby current typical at 5.5V

- 3 pA standby current typical at 1.8V
Organized as 8 blocks of 256 bytes (8 x 256 x 8)
2-wire serial interface bus, 12C™ compatible
Schmitt trigger, filtered inputs for noise suppres-
sion

Output slope control to eliminate ground bounce
100 kHz (1.8V) and 400 kHz (5V) compatibility
Self-timed write cycle (including auto-erase)

» Page-write buffer for up to 16 bytes

+ 2 ms typical write cycle time for page-write

» Hardware write protect for entire memory

» Can be operated as a serial ROM

» ESD protection > 4,000V

+ 1,000,000 erase/write cycles guaranteed

» Data retention > 200 years

» 8-pin DIP, 8-lead or 14-lead SOIC packages
Available for extended temperature ranges

- Commercial (C): 0°C to +70°C

- Industrial (I): -40°C to +85°C

DESCRIPTION

The Microchip Techinology Inc. 24AA16 is a 1.8 volt
16K bit Electrically Erasable PROM. The device is
organized as eight blocks of 256 x 8-bit memory with a
2-wire serial interface. Low voltage design permits
operation down 10 1.8 volts with standby and active cur-
rents of only 3 HA and 1 mA, respectively. The 24AA16
alsc has a page-write capability for up tc 16 bytes of
data. The 24AA16 is available in the standard 8-pin DIP
and both 8-lead and 14-lead surface mount SOIC pack-
ages.

.

12C is a trademzrk of Philips Corporation.

PACKAGE TYPES
PDIP =
A0 []1 8[Jvece
A1[]2 g 7[wp
A2[]3 > 6] ]SCL
Vss[|4 5[ ]SDA
8-lead =
e Bb- A0 ! 8 vece
A1 2 g T awe
A2 3 > 6 1 scL
vss[_| 4 5[ spa

14-lead SOIC
f**‘v’ir‘f_r
ne £ " 2 ne
A0 E: 2 13 77 vee
A=) B L LB 47 aif
NG 4 § YL Ne
(=]
o 15 10 [ JscL
vss (6 917 spa
Ne 7 &N
BLOCK DIAGRAM
WP
T HV GENERATOR
110 MEMORY iy
CONTROL |«—»|CONTROL}—] E;\E:gg(M
LOGIC LOGIC XDECI—>
PAGE LATCHES
SDA  SCL
vee — SENSE AMP
vss[J RAW CONTROL
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1.0 ELECTRICAL CHARACTERISTICS
11 Maximum Ratings*

Vce. 7.0V
All inputs and outputs w.r.t. VSS................. -0.6V toVcce +1.0V
Storage temperature -65°C to +150°C
Ambient temp. with power applied................. -65°Cto +125°C
Soldering temperature of leads (10 seconds).............. +300°C

ESD protection on all pins

*Motice: Stresses above those listed under “Maximum ratings”
may cause permanent damage to the device. This is a stress rat-
ing only and functional operation of the device at those or any
other conditions above those indicated in the operational listings
of this specification is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability

TABLE 1-1: PIN FUNCTION TABLE
Name Function
Vss Ground
SDA Serial Address/Data I/O
SCL Serial Clock
WP Write Protect Input
Vce +1.8V to 5.5V Power Supply
A0, A1, A2 No Internal Connection

TABLE 1-2: DC CHARACTERISTICS
Vcce = 1.8V to +5.5V
Commercial (C): Tamb = 0°C to +70°C
Industrial (I): Tamb =-40°C to +85°C
Parameter Symbol [ Min Typ Max | Units Conditions
WP, SCL and SDA pins:
High level input voltage VIH .7Vcc — Vv
Low level input voltage ViL — BVec vV,
Hysteresis of Schmitt trigger inputs | VHYs |.05Vcc — V | (Note)
Low level output voltage VoL — .40 V  [lo.=3.0 mA, Vcc= 1.8V
Input leakage current ILI -10 10 pA  [Vin=.1V to Vcc
Output leakage current Lo -10 10 pA | Vour=.1V to Vcc
Pin capacitance CIN, — 10 pF [Vcc=5.0V (Note 1)
(all inputs/outputs) Cout Tamb = 25°C, Fcik= 1 MHz
Operating current lccWrite — — 3 mA |Vcc=5.5V, SCL =400 kHz
— 0.5 — mA |Vcc= 1.8V, SCL = 100 kHz
IccRead| — — 1 mA [Vcc=5.5V, SCL =400 kHz
el — 0.05 — mA |Vcc= 1.8V, SCL = 100 kHz
Standby current Iccs — — 100 MA | Vee= 5.5V, SDA=SCL=Vcc
— — 0 A | Vce= 3.0V, SDA=SCL=Vcc
— 3 — A | Vce= 1.8V, SDA=SCL=Vcc
| WP ='ss
Note: This parameter is periodically sarnpied and noi 100% tested.

SCL

SDA

FIGURE 1-1: BUSTIMING START/STOP

VHYS

. .
START

. .
STOP
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TABLE 1-3: AC CHARACTERIETICS

STANDARD Vcc = 4.5-5.5V
Parameter Symbol MODE FAST MODE Units Remarks
Min Max Min Max

Clock frequency FcLK — 100 — 400 kHz

Clock high time THIGH 4000 — 600 — ns

Clock low time TLOW 4700 — 1300 — ns

SDA and SCL rise time TR — 1000 — 300 ns (Note 1)

SDA and SCL fall time TF — 300 — 300 ns |[(Note 1)

START condition hold THD:STA 4000 — 600 — ns | After this period the first

time clock pulse is generated

START condition setup TSU:STA 4700 — 600 — ns | Only relevant for repeated

time START condition

Data input hold time THD:DAT 0 — 0 — ns

Data input setup time TSU:DAT 250 — 100 — ns

STOP condition setup Tsu:sTO 4000 -— 600 — ns

time

Output valid from clock TAA — 3500 — 900 ns (Note 2) .

Bus free time TBUF 4700 — 1300 — ns | Time the bus must be free
before a new transmission
can start

Output fall time from Vi1 ToF — 250 20 +0.1 250 ns |[(Note 1), Cs <100 pF

min to ViL max Cs

Input filter spike suppres- TspP — 50 — 50 ns |(Note 3)

sion (SDA and SCL pins)

Write cycle time TWR — 10 — 10 ms | Byte or Page mode

Endurance — ™M — 1M — cycles | 25°C, Vcc = 5.0V, Block
Mode (Note 4)

Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF.

2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions

2: The combined Tsp and VHys =specifications are due to new Schmitt trigger inputs which provide improved
noise and spike suppression. This eliminates the need for a Ti specification for standard operation.

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific
application, please consult the Total Endurance Model which can be obtained on our website.

FIGURE 1-2: BUSTIMING DATA

TF

THIGH

B

THD:STA

THD:DAT f=—>

TSU:DAT

TSU:STO—»
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2.0 FUNCTIONAL DESCRIPTION

The 24AA16 supports a Bi-directional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as transmitter, and a device
receiving data as receiver. The bus has to be controlled
by a master device which generates the serial clock
(SCL), controis the bus access, and generates the
START and STOP conditions, while the 24AA16 works
as slave. Both. master and slave can operate as trans-
mitter or receiver but the master device determines
which mode is activated.

3.0 BUS CHARACTERISTICS

The following bus protocol has been defined:
* Data transfer may be initiated only when the bus
is not busy.
* During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH will be
interpreted as a START or STOP condition.
Accordingly, the following bus conditions have been
defined (Figure 3-1).

3.1 Bus not Busy (A)

Both data and clock lines remain HIGH.

3.2 Start Data Transfer (B)

A HIGH to LOW transition of the SDA line while the
clock (SCL) is HIGH determines a START condition.
All commands must be preceded by a START condi-
tion.

3.3 Stop Data Transfer (C)

A LOW to HIGH transition of the SDA. line whiie the
clock (SCL) is HIGH determines a STOP condition. All
operations must be ended with a STOP condition.

3.4 Data Valid (D

The state of the data line represents valid data when,
after a START condition, the data line is stable for the
duration of the HIGH period of the clock signal.

The data on the line must be changed during the LOW
period of the clock signal. There is one clock pulse per
bit of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The number of
the data bytes transferred between the START and
STOP conditions is determined by the master device
and is theoretically unlimited, although only the last 16
will be stored when doing a write operation. When an
overwrite does occur it will replace data in a first in first
out fashion.

3.5 Acknowledge

Each receiving device, when addressed, is obliged to
generate an acknowledge after the reception of each
byte. The master device must generate an extra clock
pulse which is associated with this acknowledge bit.

- Note:  The 24AA16 does not generate any
- ! its if an internal program-

. mingcycleisin progress. -

The device that acknowledges, has to pull down the
SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH
period of the acknowledge related clocl pulse. Of
course, setup and hold times must be taken into
account. A master must signal an end of data to the
slave by not generating an acknowledge bit on the last
byte that has been clocked out of the slave. In this
case, the slave must leave the data line HIGH to enable
the master to generate the STOP condition.

FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS

(A) (B) (D)

SCL \ | /————_ _/——//——\ /

(D) © A

SDA——\

{ [ e
17 \ /—
Y e 4

JJ
Y e VTt = e TR e
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ALLOWED CONDITION
VALID TO CHANGE
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3.6 Device Addressing

A control byte is the first byte received following the start
condition from the master device. The control byte con-
sists of a 4-bit control code, for the 24AA16 this is set as
1010 binary for read and write operations. The next three
bits of the control byte are the block select bits (B2, B1,
BO0). They are used by the master davice to select which
of the eight 256 word blocks of memory are to be
accessed. These bits are in effect the three most signifi-
cant bits of the word address. It should be noted that the
protocol limits the size of the memory to eight blocks of
256 words, therefore the protocol can support only one
24AA16 per system.

The last bit of the control byte defines the operation to
be performed. When set to one a read operation is
selected, when set to zero a write operation is selected.
Following the start condition, the 24AA16 monitors the
SDA bus checking the device type identifier being
transmitted, upon a 1010 code the slave device outputs
an acknowledge signal on the SDA line. Depending on
the state of the R/W bit, the 24AA16 will select a read
or write operation.

Operation ngg:' Block Select | RW
Read 1010 Block Address 1
Write 1010 Block Address

FIGURE 3-2: CONTROL BYTE
ALLOCATION
START READ/WRITE

: éILAV%ADleES$ : RW| A

X =Don't care

4.0 WRITE OPERATION

4.1 Byte Write

Following the start condition from the master, the
device code (4 bits), the block address (3 bits), and the
R/W bit which is a logic low is placed onto the bus by
the master transmitter. This indicates to the addressed
slave receiver that a byte with a word address will follow
after it has generated an acknowledge bit during the
ninth clock cycle. Therefore the next byte transmitted by
the master is the word address and will be written into
the address pointer of the 24AA16. After receiving
another acknowledge signal from the 24AA1€ the mas-
ter device will transmit the data word to be written into
the addressed memory location. The 24AA16 acknowl-
edges again and the master generates a stop condi-
tion. This initiates the internal write cycle, and during
this time the 24AA16 will not generate acknowledge
signals (Figure 4-1).

4.2  PageWrite

The write control byte, word address and the first data
byte are transmitted to the 24AA16 in the same way as
in a byte write. But instead of generating a stop condi-
tion the master transmits up to sixteen data bytes to
the 24AA16 which are temporarily stored in the on-
chip page buffer and will be written into the memory
after the master has transmitted a stop condition. After
the receipt of each word, the four lower order address
pointer bits are internally incremented by one. The
higher order seven bits of the word address remains
constant. If the master should transmit more than 16
words prior to generating the stop condition, the
address counter will roll over and the previously
received data will be overwritten. As with the byte write
operation, once the stop condition is received an inter-
nal write cycle will begin (Figure 4-2)

‘Note: - Page write operations are limited to writing
bytes within a single physical page, reaard-
less of the number of bytes actually being
written. Physical page boundaries start at
addresses that are integer multiples of the
page buffer size (or ‘page size’) and end at

~addresses that are integer multiples of
[page size - 1]. If a page write command
attempts to write across a physical page
boundary, the result is that the data wraps
around to the beginning of the current page
(overwriting data previously stored there),
instead of being written to the next page as
might be expected. It is therefore neces-
sary for the application software to prevent
page write operations that would attempt to

cross a page boundary.

© 1999 Microchip Technology Inc.
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FIGURE 4-1: BYTEWRITE
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FIGURE 4-2: PAGEWRITE
S S
BUS ACTIVITY Z T
MASTER R C%'}',TTFEOL AD&%@% o) DATAn DATA N +1 DATA N + 15 8
T B e < o K - A 5 W
i TT = | e T | B ) T
SDALINE n ﬂ“”]ll T T =] T T R\{llll I—ﬂ
el B st ol B | bl s S ST sy ] TS| | || | | S ] ) B |
A A A TNTEERLY A
BUS ACTIVITY C c c c c
K K K K K

DS21054G-page 6

© 1999 Microchip Technology Inc.




24AA16

5.0 ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write
cycle, this can be used to determine when the cycle is
complete (this feature can be used to maximize bus
throughput). Once the stop condition for a write com-
mand has been issued from the master, the device ini-
tiates the internally timed write cycle. ACK polling can
be initiated immediately. This involves the master send-
ing a start condition followed by the control byte for a
write command (R/W = 0). If the device is still busy with
the write cycle, then no ACK will be returned. If the
cycle is complete, then the device will return the ACK
and the master can then proceed with the next read or
write command. See Figure 5-1 for flow diagram.

FIGURE 5-1: ACKNOWLEDGE POLLING
FLOW
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6.0 WRITE PROTECTION

The 24AA16 can be used as a serial ROM when the
WP pin is connected to Vcc. Programming will be inhib-
ited and the entire memory will be write-protected.

7.0 READ OPERATION

Read operations are initiaied in the same way as write
operations with the. exception that the R/W bit of the
slave address is set to one. There are three basic types
of read operations: current address read, random
read, and sequential read.

7.1 Current Address Read

The 24AA16 contains an address counter that main-
tains the address of the last word accessed, internally
incremented by one. Therefore, if the previous access
(either a read or write operation) was to address n, the
next current address read operation would access data
from address n + 1. Upon receipt of the slave address
with R/W bit set to one, the 24AA16 issues an acknowl-
edge 2nd ‘ransmits the 8-bit data word. The master will
not acknowledge the transfer but does generate a stop
condition and the 24AA16 discontinues transmission
(Figure 7-1).

7.2 Random Read

Random read operations allow the master to access
any memory location in a random manner. To perform
this type of read operation, first the word address must
be set. This is done by sending the word address to the
24AA16 as part of a write operation. After the word
address is sent, the master generates a start condition
following the acknowledge. This terminates the write
operation, but not before the internal address pointeris
set. Then the master issues the control byte again but
with the R/W bit set to a one. The 24AA16 will then
issue an acknowledge and transmits the eight bit data
word. The master will not acknowiedge the transfer but
does generate a stop condition and the 24AA16 dis-
continues transmission (Figure 7-2).

T3 Sequential Read

Sequential reads are initiated in the same way as a ran-
dom read except that after the 24AA16 transmits the
first data byte, the master issues an acknowledge as
opposed to a stop condition in a random read. This
directs the 24AA16 to transnmit the next sequentially
addressed 8-bit word (Figure 7-3).

To provide sequential reads the 24AA16 contains an
internal address pointer which is incremented by one at
the completion of each operation. This address pointer
allows the entire memory contents to be serially read
during one operation.

7.4 Noise Protection

The 24AA16 employs a Vcc threshold detector circuit
which disables the internal erase/write logic if the Vcc
is below 1.5 volts at nominal conditions.

The SCL and SDA inputs have Schmitt trigger and filter
circuits which suppress noise spikes to assure proper
device operation even on a noisy bus.

© 1999 Microchip Technology Inc.
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FIGURE 7-1: CURRENT ADDRESS READ
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FIGURE 7-3: SEQUENTIAL READ
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8.0 PIN DESCRIPTIONS 8.3 WE

8.1 SDA Serial Address/Data input/Output

This is a Bi-directional pin used to transfer addresses
and data into and data out of the device. It is an open
drain terminal, therefore the SDA bus requires a puilup
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for
400 kHz) from 24L.C04B/08B.

For normal data transfer SDA is allowed to change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

8.2 SCL Serial Clock

This input is used to synchronize the data transfer from
and to the device.

This pin must be connected to either Vss or Vcc.

If tied to Vss, normal memory operation is enabled
(read/writ the entire memory).

if tied to Vcc, WRITE operations are inhibited. The
entire memory will be write-protected. Read opera-
tions are not affected.

This feature allows the user to use the 24AA16 as a
serial ROM when WP is enabled (tied to Vcc).

8.4 A0, A1, A2

These pins are not used by the 24AA16. They may be
left floating or tied to either Vss or Vcc.

DS21054G-page 8
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24AA16 Product Identification System

To order or to obtain information (e.g., on pricing or delivery), piease use the listed part numbers, and refer to the factory or the listed
sales offices.

24AA16 - __ P -
I P = Plastic DIP (300 mil Body), 8-lead
Packaga: SL = Plastic SOIC (150 mil Body), 14-lead
SN = Plastic SOIC (150 mil Body), 8-lead
Temperature Blank = 0°C  +70°C
IRange: I = -40°Cto +85°C
Dovics: 24AA16 1.8K, 16K I2C Serial EEPROM
: 24AA16T 1.8K, 16K I2C Serial EEPROM (Tape and Reel)

Sales and Support

Data Sheets

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277

3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

© 1999 Microchip Technology Inc. DS21054G-page 11
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18 DALLAS DS1307

64 X 8 Serial Real Time Clock

FEATURES PIN ASSIGNMENT
= Real time clock counts seconds, minutes, e Emra O
hours, date of the month, month, day of the w2 75 sawour
week, and year with leap year compensation Vw3 6 FscL
valid up to 2100 ecNDCl4 s Espa
® 56 byte nonvolatile RAM for data storage DS1307 8-Pin DIP (300 mil)
= 2-wire serial interface
* Programmable squarewave output signai x1 ml 8 HD Vee
* Automatic power-fail detect and switch semlz 7 Hmsawiout
circuitry Vewr |3 6 I SCL
* Consumes less than 500 nA in battery backup oND ml4 5 [mspa
mode witis oscillator running DS1307Z 8-Pin SOIC (150 mil)
* Optional industrial temperature range
-40°C to +85°C
* Available in 8-pin DIP or SOIC PIN DESCRIPTION
* Recognized by Underwriters Laboratory Vee - Primary Power Supply
X1, X2 - 32.768 kHz Crystal Connection
VBat - +3V Battery Input
ORDERING INFORMATION GND - Ground
DS1307 8-Pin DIP SDA - Serial Data
DS1307Z 8-Pin SOIC (150 mil) SCL - Serial Clock
DSI1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Output Driver
DS1307ZN 3-Pin SOIC (Industrial)
DESCRIPTION

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
nonvoiatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the
month date is automatically adjusted for months with less than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery

supply.
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OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When V¢ falls below 1.25 x Vgarthe
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When Vcc falls below Vpar the device switches into a low current battery backup
mode. Upon power up, the device switches from battery to Vcc when Vecis greater than Vear+0.2V and
recognizes inputs when Vcc is greater than 1.25 x Vpat. The block diagram in Figure 1 shows the main
elements of the Serial Real Time Clock.

DS1307 BLOCK DIAGRAM Figure 1

.poh..

OSCILLATOR RTC
AND DIVIDER

SQUARE WAVE

SQW/OUT ~=—— ouT N7 L \l=]

CONTROL
LOGIC

e POWER
Vaar —> WI
GND ———— co

SCL ——»

SERIAL BUS ADDRESS
INTERFAGE REGISTER :>

SIGNAL DESCRIPTIONS

Vce, GND - DC power is provided to the device on these pins. V¢cis the +5 volt input. When 5 volts is
applied within nonnai limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and Vcc is below 1.25 x VpaT, reads and writes are inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As Vc falls below
Veat the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at
VBar.

Viat - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
access to the real time clock and user RAM is denied is set by the internal circuitry as 1.25 x Vpat
nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.
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SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OUT will operate with either Vcc or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5 pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
external 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is floated.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers are located in address
locations 08h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
space, it wraps around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
56 x 8
3FH

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the
appropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a 1, the
oscillator is disabled. When cleared to a 0, the oscillator is enabled.

Please note that the initial power on state of all registers is not defined. Therefore it is important to
enable the oscillator (CH bit=0) during initial configuration.
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The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is
read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

e SR el il e
00H | CH 10 SECONDS SECONDS 00-59
X 10MINUTES MINUTES 00-59
12 10HR 01-12
X Ay R HOURS Ay
X 5 x X DAY =7
0130
X X 10 DATE DATE 0130
X X X IMC;P?TH MONTH 01-12
10 YEAR YEAR 00-99
o7H 0UT| X ,x lsows xJ x[ns1|nso

CONTROL REGISTER
The DS1307 Control Register is used to control the operation of the SQW/OUT pin.

| _BIT7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
outT X X SQWE X X RSI1 RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. If SQWE=0, the logic level on the SQW/OUT pin is 1 if OUT=1 and is 0 if OUT=0.

SQWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RS0 and RS1 bits.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the square wave frequencies that can be selected with ihe RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RS0 SQW OUTPUT
FREQUENCY
0 0 1 Hz
0 1 4.096 kHz
1 0 8.192 kHz
1 1 32.768 kHz
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2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-directional 2-wire bus and data transmission protocol. A device that sends
data onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master are referred to as
slaves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

Rp Rp
<
SDA L 4
2-WIRE
SERIAL DATA
BUS
SCL
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PROCESSOR QLOCK DEVICE

Vee

—23%

Figures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

* Data transfer may be initiated only when the bus is not busy.
* During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

Accordingly, the following bus conditions have been defined:
Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
defincs a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
is stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. There is one clock pulse per bit of data.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions is not limited, and is determined
by the master device. The information is transferred byte-wise and each receiver acknowledges with a
ninth bit. Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.
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Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
reception of each byte. The master device must generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data to the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
the slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

2 . - A - =
= cobl oo
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T SLAVE
i ADDRESS

“RW b
DIRECTION ACKNOWLEDGEMENT
BIT SIGNAL FROM

——{ o RECEIVER

ACKNOWLEDGEMENT
SIGNAL FROM
RECEIVER

SCLeE s 1\ /2 5789_/—1\_/_2\_/;-8

ACK

- by

START STOP CONDITION
le—  REPEATEDIF OR REPEATED

COonTTION MORE BYTES ARE START CONDITION

TRANSFERRED

Depending upon the state of the R/ W bit, two types of data transfer are possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a *not acknowledge’ is returned.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
with the most significant bit (MSB) first.
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The DS1307 may operate in the following two modes:

L

Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W) which, for a write,
is a 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

I
<Slave Address> Vv <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>

['s ] 1101000 [ o [ A | x000000x | A [ xo00000x | A [ xo00000x | A [XXXXXXXXIAIPT

S - START }(}(

AT ACKOWEEDRE DATA TRANSFERRED

P - sTOP (X+1 BYTES + ACKNOWLEDGE)
*R/W ~ READ/WRITE OR DIRECTION BIT. ADDRESS = Doh

2. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave

receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

*direction bit (R/W ) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

A
|
<Slave Address> % <Data(n)> <Data(n+1)> <Data (n+2)> <Data (n+X)>

['s [ 1101000 | 1 [ A [o0ocoox [ A | xooooo | A xoood [ A ] xoooxxxx [a [P ]

bie ’ |
)/
DATA TRANSFERRED

- START
~ ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE); NOTE: LAST DATABYTE IS
- STOP FOLLOWED BY ANOT ACKNOWLEDGE ( A ) SIGNAL)

- NOT ACKNOWLEDGE

>»o>0n

- READ/WRITE OR DIRECTION BIT ADDRESS = D1h

%
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DS1307

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground -0.5V to +7.0V

Operating Temperature 0°C to 70°C (-40°C to 85°C for industrial)
Storage Temperature -55°C to +125°C

Soldering Temperature 260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS
(0°C to 70°C or -40°C to +85°C)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Supply Voltage Ve 4.5 5.0 52 \Y 1
Logic | Vi 2.2 Veet0.3 v 1
Logic 0 Vi -0.3 +0.8 \% 1
VBAT Battery Voltage VBAT 2.0 3.5 \Y4 1

DC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Vcc=4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Leakage I 1 HA 10
I/O Leakage Lo 1 HA 11
Logic 0 Output VoL 0.4 \Y 2
Active Supply Current Icca LS mA 9
Standby Current Iccs 200 LA 3
Battery Current (OSC ON); IgaTI 300 500 nA 4
SQW/OUT OFF

Battery Current (OSC ON); Igam 480 800 nA 4
SQW/OUT ON {32 kHz)
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DS1307

AC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Ve =4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
SCL Clock Frequency fscL 0 100 kHz

Bus Free Time Between a STOP and tBUF 4.7 us

START Condition

Hold Time (Repeated) START Condition tHD-STA 4.0 Us 5
LOW Period of SCL Clock tLow 4.7 us

HIGH Period of SCL Clock tHIGH 4.0 us

Set-up Time for a Repeated START tsu-sTA 4.7 us

Condition

Data Hold Time tHD:DAT 0 s 6,7
Data Set-up Time tSUDAT 250 ns

Rise Time of Both SDA and SCL Signals tr 1000 ns

Fall Time of Both SDA and SCL Signals tr 300 ns

Set-up Time for STOP Condition tsu:sTo 4.7 us

Capacitive Load for each Bus Line Cp 400 pF 8
I/O Capacitance Cro 10 pF

Crystal Specified Load Capacitance 12.5 pF
NOTES:

1. All voltages are referenced to ground.

2. Logic zero voltages are specified at a sink current of 5 mA at Vcc=4.5V, Vor=GND for capacitive
loads.

Iccs specified with Vee=5.0V and SDA, SCL=5.0V.
VCC=OV, VBAT=3V-

After this period, the first clock pulse is generated.

DA T U

A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the
Vium of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

7. The maximum typ.pat has only to be met if the device does not stretch the LOW period (t ow) of the
SCL signal.

8. Cg - total capacitance of one bus line in pF.

9. Icca - SCL clocking at max frequency = 100 kHz.
10. SCL only.

11. SDA and SQW/OUT
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TIMING DIAGRAM Figure 8

fm s o= -
' )

: R 13
. . HO:STA B = Susro __.1
Sy iy tHD:DAT HiGH  tsupar
DS1307 64 X 8 SERIAL REAL TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS
R & L PKG 8-PIN
_f DIM MIN MAX
b : A IN. | 0360 | 0.400
4 RN EER
SpSpsls MM | 610 | 660
. CIN. | 0.120 [ 0.140

MM 3.05 3.56
D IN. | 0.300 0.325
MM 7.62 8.26

Ec EIN. | 0.015 | 0.040

—FF. MM | 038 | 1.02

£y FIN. | 0.120 | 0.140

K *H‘J L 5 MM 3.04 3.56

G IN. | 0.090 0.110
MM 2.29 2:79

H IN. | 0320 | 0.370

R "} MM 8.13 9.40
t-— JIN. [ 0.008 | 0.012
MM 0.20 0.30
J K IN. | 0.015 | 0.021

MM 0.38 0.53
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DS1307Z 64 X 8 SERIAL REAL TIME CLOCK
8-PIN SOiC (150-MIL) MECHANICAL DIMENSIONS

G b o bR 8-PIN

PKG (150 MIL)
1808 DIM MIN | MAX
: AIN. | 0.188 | 0.196
T MM 478 | 4.98
8 hH B IN. | 0.150 | 0.158

0 1 MM | 381 | 4.01
- C IN. | 0.048 | 0.062
I MM 1.22 1.57
1 E IN. | 0.004 | 0.010
MM 0.10 0.25
o FIN. | 0.053 | 0.069
i MM 1.35 1.75

- G IN. 0.050 BSC

| MM 1.27 BSC
t ¥ HIN. | 0230 [ 0.244
£ MM 5.84 6.20
JIN. | 0.007 | 0.011
| MM 018 | 0.8
J = K IN. | 0.012 | 0.020
i : MM 0.30 0.51
', *i K LIN. | 0.01v | 0.050
L MM 0.41 1.27

phi 0° 8°

56-G2008-001
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