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ABSTRACT

This project presents the security system through a cellular  which alerts the car owner
by sending a short message service (SMS) via cellular. The user can also check the performance
of the system by sending a monitoring command through SMS back to the security device. This
project consists of 2 parts; onec is a sensor that uses a microphone as the sensor to detect any
signals occurring at the car such as scratching, opening doors, breaking windows, ctc. The

other part is a microprocessor MCS-51  which is connected to the cellular for SMS transceiver.
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5. XTAL2
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Vector | Program Address Source Interrupt Definition

1 5000 RESET Hardware Pin and Watchdog Reset
2 3001 INTQ External Interrut Request )

3 $002 INT1 External Interrut Request 1

4 $003 TIMERI CAPT? | Timer /Counterl Capture Event
5 $004 TIMERT COMP1 | Timer /Counterl Compare Match
6 $005 TIMER] OVF] Timer /Counterl Overflow

7 3006 TIMERO OVFOQ Timer /Counter() Overflow

8 3007 UART , RX UART , Rx Complete

9 $008 UART . UDRE UART Data Register Empty

10 $009 UART . TX UART, Tx Complete

11 $00A ANA COMP Analog Comparator




28

28 ICMAX 232

A o Y P ] 3 . Y
!.‘ﬂ‘!«! IC ‘VWH‘HuTIfIl“lIﬁUuHi{Iﬁu‘m“ll'liJﬁ]']ﬂ Scrial Port hl'lJLﬂHL!.ix‘lﬂUﬂ'ﬂJll"lﬂij'luﬁlBQ

RS$-232 Tnowldoussauussdunfvea (TTL) e 19181480 lu tnspou Tnsaes

3 ar 4 d

2.8.1 MuveusshuneineynIuveIRONRUADT
¥ 4 o ET Y (Y - T
ms l¥unsweineynsuveslulasaeuInaed Mcs-s1 dinideuldlumsdnae

y 1 ar ~ o1 o ! |
!ﬁ'ﬁ]lmﬂtﬂaﬂu“ﬁﬁlyﬂﬂﬂﬂ@uwmﬂﬂ5“1uﬂ13ﬂﬂ5ﬂ@ﬂﬂ'§ﬂ1uﬁ‘]ﬂﬁj11-! RS_232 lﬂuﬂ?‘lﬂﬂiy

¥
@ w ’

1A a oar o =} o @
umﬂmmnﬁzmmmua;1mﬁumwmﬂauﬂm RS-232 HszAUAmMA + 3 D9 12 V Tuameiszdy

Y

[ o - l S ar 3 =) T 4‘ ] o
dyaravoslulnsnounines Mcs-s1 agluszdufifiuon Aniuislumusafoudonssa

o . Vo s o 4 - g
aunsuved lulnsnoulnsmes MCs-s1 dhmmesneynsuvsinauiunes 18 laonse 3d0q

ar dl'

adomayouaonu logmauiivminnlunsulasszdaudyan Tofnmmhilumsutlas

¥
@ Y =

o ’ o ]
saudyanaidonhmiulasdoyodesluTasaeuTnsass Mcs-51 nnszduiifuea’ly

o ar a w = o s o
MuTZAUUDI RS-232 ELﬁZ’I’nﬂ’]ﬂlﬂﬁQ‘ﬁ'ﬂuﬁﬁ'U‘inﬂﬂﬂiJW'Jlﬂﬂ'ﬁ%1ﬂ'§$ﬂﬂﬂl@\3 RS-232 L‘ﬂu'ﬁzwﬂ

—

Hueaieldmmsosenoalydslulasneu Insmes Mcs-5118bdsauysel loddanarii

AuiuMmees MINMMERRAn B11 MAX232 910 MAXIM %38 ICL232 190 HARRIS i1y
{ us L= C§ s 13‘

du Tupihi 27 wamansdenled 1232 Sddlumsulasdygna RS-232 uazgili 2.8

- 1 1 (% o
uanalassrsanmeiuvesled dwrsrsvesnsaenululasnouInsaes MCS-51 waagluy

3

=1.

2.9

o [ ] ve
v+ [z: EI GGND
S MAX232 T vios
o [15] A
o ] o
v 8] (] T
Tean  [7] K
ran [€] 5] e

70 2.7 msdavves MAX232 wie 1C1.232



-5
NPT
Y
1 )
er
24
)
PRV -y Ve vl 2 Joow
R
T Al
—_d -
LI v
— 5
o2 ez _LT_LW‘
T s e
L1Ls v, I
mov
A0
i | v 4*'D° Tlow Y
iV ‘\
R3.737
1TUGNAS
WPUTS < +00h SUTPUTE
¥ | vz0m D_ T2ou z
12| araw Riin o
- ( = Rs-237
oUTPUTS HPLTS
» - Ry .
L -1 n 17 .
LT3
GHE
T
-

-
[ 2Tl
3
Al
_['- T
e =
- %
LI T vee "8 2 MY
C\:%
- d Jor
[
c2
% . | 2
C.CS
1y

| Tioul
O 11 Ta J\\

W | Tiow .__[>o__"£”'__
b

12| frow 1 Riin
Rab i -

[ Rl ‘_/‘I Rzin L

-' 4 1 at .
3N 2.9 uamasaFoNss MAX232 v3e IC1.232 WhAuwesnaynIuvesRDIR IAD T IAE



30

Tulnsaoulnsand MCS-51
n
282 MIdaEIINEINDYNIN RS-232

¥
dnuazvesmsdetayauuveynsuiy Jeyavzdeonuifiasila vinaas sy

9/ L 3 a [ =] 1 as ' : o 1 ¥ 9
doya Tumsdidoyansldreedygnouiios 1 uie 2 Fesdyg omnin Mildaldnely

msdemsszgnnimuuvin  uadanmssu-dadeyassdiniuuurnm Tunsdedeya

- 1 1 o ol td 1 = o o
upveynsy Joyandosnsdezey ludnuuzilulud senesvdeiiazin uazmedriuezdes

o

3 ¥ = = E o ﬂ lll s o a9 1A (1 ‘fl =
UV UA  UAINTTINDHILY LR HINTIHIT VA DIADAATIVDU NUA laltuia

F4

3 = 14 as

= ::‘ =2 T ar =) =
GFuduniotingaiouoedoya msasiememiv ssduegiustuuuvassiauosiindoyaily

& w ' ~ o &
ﬂnﬂumﬁnm‘i’fﬂgmmumgﬂi11 sevd luTnsnoununes nuqﬂﬂiﬂfﬂw weniusuiiu

1 9 o) :;

= ar P ar v g9 a
é’fammmgm“lumssuﬁwagﬁ Wﬂm1ﬁ§j1u1uﬂ1ﬁiﬂﬁ\wﬂl}“ﬁﬂuUilil'lﬂﬂfjﬂﬁﬁ] 1\

RS-232

2.83 AN RS-232

3

A o @ o ] ar o U [ g/ == 9o
I,W'Elilﬁﬂ'lﬂljﬂiﬂHﬂﬂFﬂNﬁﬂﬂ'Nﬂu‘ﬂ'N']uﬁ'Jllﬂu\lﬂi.l'lﬂij'lu‘}‘iﬂ'lﬂﬁﬂ1ﬂ“iiuﬂﬂ§11ﬂ5ﬂﬂ1ﬁ

q

& dawe 4w 4 A & = - v
ponLVTULIAS U TATuesenaunaigane Rs-232C 44 lautnd luInsaeununesey
= ¢ e d ' o vy o W oda 19 ¥
pwasanthuunyeynsegludiogudy  wazdiminniuddoyaluneuniy  Tasmsls

u =1 9} 1 3 o 1 3 . 1
medanuiies 3 dumtu As 1¥me D @1w RD mons1e winiu lumsidouds
E

d o o o LY o
TulasnouTnsiaed Auneseeynsuvesnouiumestiu wldaewtinmesuuy DB e

W1P3F I RS-232

4 ' o
ﬂ'l1'Nﬁ 2.20 swm:ﬁﬂﬂmsﬂaﬂaumﬂma:ﬂmu DB9 ¥1%3 14 RS-232

HINURYIT Y Fovoseny Yooy 1
1 Data Camer Detect
2 Receive Data
3 Transmitted Data
4 Data Terminal Ready
5 Signal Common
6 Data Set Ready
7 Request To Send
8 Clear To Send
9 Ring Indicator




31

»
A Yo

- 41 1 (Data Carrier Circuit CF, DCD) 3 Tn1ULIWUDY Receive Line Signal Detect

L1}

FY ] »

(RLSD) 5041 Carrier Detect (CD) Syyiailaging Active dinfadygiavuziimnzay
r o A P 4§ @ ¥ 1 o 1
sznieelnsel DCE fanniifuiegszes Ina dledyamiiegluszes “OFF dyn miiv RD

mszgni1 iAseg lumn iz “Mark™ (@ouz «1” Tuaag o)

. . @ 1 : 3/ o
- 7 2 (Receive Data Circuit BB, RD) dqygnufiviilszgnaineengdnsal DCE

- ¥ o y o ~ a3
nssuata synsuiveduliniuiignsel DTE daemamsihunandavaisesiudoyaves

]
A

o s dyw o J o«
gilnsel DCE Fyanaiiintudeyaignaiiulaegingsl DCE

L) a

as \ «
- 97 3 (Transmitted Data Circuit BA, TD) ﬁ'flumﬁtyigmﬂi’fau“aﬁaaﬂmnqﬂﬂsm DTE

- R A4 4 A w <
nssuTDaeYNsRINYII Aevoyafignaiunen i TaoTaau wiagnooasiilasginiel DCE

- 914 (Data Terminal Ready Circuit CD, DTR) #ayaios DTR gminnidlumsanqy

@

a 4 a W 4 o ' ;r o {5
a3ngunsel DCE idusinaelums Fems fyg s DTR ON 1937 gUnsei DCE Al
5
1 o s

4 I e @ 1 ¥ o [ =l 4 1w o o e 4 |
Sausenued adwesivuiy  wagtdeluinmsiseuasiudmuisai lviinsdouseiunss

a4

¥ e

T 18 UnAndrdaam DTR wegluaniiz “OFF” Wenssdui IMiaan12e “ON HOOK”

o F=Y ] % )
(M) gUnsal DCE laoindudnzanuaussremsnisqunndagin DTR Taonisld
al (&)
#rysy 1 DSR Loniv
. . . . o [ a ¥ = o w
- %47 5 (Signal Common Circuit AB) fT'IEJLI%“ﬂﬂ‘ﬁ URYIUD NI BDINITIAITIUNY
] 14 ]
dm¥unaesmsuansudeyaianua ondua1s AA 139 Protective Ground o MuA
Y] e Y Y . s ¥ ¥
RS-232 vzeyanaliieesiigndaderiu@uiy Protective Ground melugilnsal DCE 14 i
ity
@ o 1 L4 1
- 47 6 (Data Set Ready Circuit CC, DSR) dfyay1s DSRezgntinnaegilnsal DTE 1
4 oy @ a - - [ Y -~ r :!yl o L]
atlnsal DCE MapfudinaamsdomshignAewds uazluunnsdiszia¥hme Insdwney

4 w 1 ey 0w ' 0w
Tuen1rz “OFF HOOK” dssuiudnisihgunsal DCE Mdeyluivua Dialing H3af1ds

a

]
4

a1 1 as o o W £ = dy ' o [~
anapegiugUnial DCE Bndanilvogiledyaim DSR fogluaniig “OFF” minsel DTE N

@ a

o
o

o P v o A o 3 o dv 3 ¥
msazgnimua i lanlidygradupiamuaningUnsa DCE Midyanadigninlvegly
4 s o ¥ X : -:
an1ag “OFF” fouginsel DTR udagnsal DCE Aazagiliimsfemstiudugans
- a1 7 (Request To Send Circuit CA, RTS) dFyanutinzlddmsu wivundonginsal
DCE dwsumshnsdedoyadlodynnu rRTS fogluanaz “oN» sshldginsal DCE
! " @ . = o = o q ¥ a
oglulvuadsdoyn (Transmit Mode) luvmziidyanuiiegluanne “oFF” Midginsu
" [ . o . roqs
DCE agluTnuniudoyn ( Receive Mode) 91ln3al DCE A1392A0UAUDINOAYHYIN RTS ON
Taomshlddana Clear To Send (CTS) agluan1iz “ON” Ay iffa RTS oglumnnz

W 13
“OFF” Foymmiilinisez “ON® Tudnsunhidyae CTS ofluaniiz “OFF” idvnou



32

¥
[ =1 " a as o 3 1
dunnuiivzgnldswiudynru DTR DSR uaz DCD widywiw RTS segnldadianiniy

MIAIRUMS Inaveadeya

3

- %18 (Clear To Send Circuit CB, CTS) dynsfiszaousy ndvludginsal DTE

o ldsudyaa RTS wazdoyaaunsodieenTlld doyavzgnadssenlilaudinmanly

o 9
I ¥
@ U ar w

3 d 1 i o ciy 1 1
Aoms 14 Arodiedyanu s § oglueaniiz “oN" windu dygadies ¥ wivdyyin

1 3/

¥
DTR DSR uag DCD ndnanuilaoz 1950w RTS dmsuaioaums Inadoya

El ab
b d 13
i 4

- 919 (Ring Indicator Circuit CE, RI) @012 “ON” 49301H119%71 s udyam

o

= o o @ A~ = :3" Vo -
Fonmo nsdwinndananslumseoms lasdnaud yusgiulusunsuaiugy Tumshnee

& ¥ oa al dyg -~ 1
W ldRaduanaiitunioly

¥
Y = T 1 o
“U'Ll?l'ﬂﬂﬂﬁﬂﬂﬂﬂ‘izﬁ'ﬂﬂ@‘ﬂﬂim DTE uag DCE

[

A ] o o (Y dd [}
1. dotwhidaau iy DTE vazednsainzdadyg i DTR o0

o J @ Y oa . 2 s
2. gUn3el DCE gnitlavuuas Sugdysyiw DR Naunnngynsel DTE
3. g1nsal DCE dadynm DSR peni uae TuAnAnszinszuIun1s OFF HOOK

¥ @ ) a de A d @ @ @ Y
4, mﬁweﬁytgmaqiuﬁmww Liﬂgfgﬂﬂﬁmﬂﬂﬂﬂ\]rﬁu\i ﬂWﬁﬂMﬂ%ﬁUﬂ]@HﬂHﬁ? iﬂﬂ‘ﬂ&’

1 Qs

&« @¥ o
Azt uwydyanunmzudigilnisi DCE udididygim CTS ponin

o

¢ '
5. Qﬂﬂiﬂl DCE %mauﬁumﬁ"sﬂmimﬂmmm CTS 80N

e o

= ¥ ; g a ﬁg - o ! w
6. myAmapdoasniuiu Tlsunsumuguezimsdmieiudoya

1 o o 3 o o d L% :?‘
mumﬁu*‘uumuﬁlum‘iﬁﬂmumﬂumu

1. 91lnsal DTE azdsdyn1as DTR 00031

1]

o ] @ W e A ar
2. g1lnsial DCE szogluTnun ao1u7 160 A (Auto Answer Mode) Tanssii o

DSR 890N

=1 1 ar = o o A = o
3. goniiaemnidadyyiasen 8ilnsal DCE uazginial DCE iWehszdadyny o

RI 99N

]
= [} 1

s o 3 : o o
4. 9insl DTE Su304 RI Agndseemnainnieatlatenis uazginssi DCE Mg

79192 OFF HOOK
o o 1 Y o i A
5. gUnial DCE viimsuanideudoyanu ginsal DCE fonilaomianiia naziims
ey DCD 80N
o oo - 4 J XY
6. 9Un3al DTE azoadyn 1w RTS aanu1 W3vazsedeya yuegiulisunsuniugy

o L = ) A =
7. 9ln3al DCE 12Apuau0A8Ms #9d a1 DTS 0onu1 MsAnasiens N5y



33

2.9 ?mﬁ (Relay)

Wugilasahimiiduaied Sudnmslumssiaunde Auvaanuiinan Wi
ninlduesdSolenoid)  Tiadl#lumanrunuizes b Ided oy SadshuaSad
AauRuithamdan Wi wisesnmudnpmems e 18 2 dssmm fn

L. 5100/18% (Power Relay) ¥585n50nfs1 nouLmnmes (Contactor or Magnetic
Contactor) 19 Iumsnangu iings Svuialnainhisiodsss e

2. S1dn30RY (Control Relay) fivaindda T Wlursesmnguia lufisiss
Tl ldinmin w3omnl4lunsaumisiag ioneuummmaivalng Sadniuguned

s 1 1 =1 o
Foniudien 1 “Sing”

g L3 o ' = sl o
TagSiadii Idgminmlszgndldluen I 1ded srarnmme  Sadasianume

' v - w ) & =R 4 a4 ga
N Maawuns siansous iy i ndniswesses lgindunils Sadivawviig

¥
a g o (-3 [} F-- ar
wazalhitlszgndldden i d lisildanauddanlsznevitng nesmiioudy



uni 3

NIODNUULLBLNITNS 192997

3.1 MILBNUDVINDY

»
duaw iz linuages

] o
daululnsmoulnsameiniungy

v o ' o 1 o o
U ade FUAULSTIAUIN Microphone ﬁﬁ]ﬁﬂ'l?l.ﬂi'wﬁ

[} A | o % ¢ A A A = 4
ﬂQULﬁiﬂuﬁﬂﬂﬂJiﬂﬁﬁWﬂLﬂﬂﬂuﬂﬂiﬂﬂ'ﬂij'ﬂ?mﬂ‘i

] o
3.2 29939 0m39ed I InIcuany
P ] @ n’d‘ 0 o : d o .dy
?i]']ﬂﬂ']'ﬁﬂﬂﬂ13ﬂﬂﬂﬂqﬂiﬂ3ﬂﬂulrﬂﬁalaﬂﬂwaunﬂﬂjﬂﬂmﬂ'ITVI'I\TmNu Qﬂﬂ'ﬁﬂ!‘lﬂ«!ﬂu
W Y — a C;V aa dyy Q! -=!'. & o 14
ADINITLILIIAU ‘Vﬁ]zu’]ll"lhﬁﬁlﬂjﬂi]iﬂilsﬂu"Iﬂﬁ]‘W'l:ﬁ ‘1u1maamummmmamuw S5V iNTI’lcl‘H

» kY
AoIM Iy I ILYD290T UL IR UA IS

g
+l | vout+
> T
220 V. '_9 - J- | Ground
H v
= T |
I Vout-
220/ 24-0-24 K

§UN 31 esnous ey Ildhnszuaass

N - I~ 4 . 3 =
1. lnToausadvtiaaundy (Full Wave Bridge) Aoalinnuaiunsnlums nunszua
Iepmatievaouy voanszuadl nardu lalon wazlin s $uWIna0 (Break Down Voltage)
AN 42 veas e Twihgsge

a Y A

> a 7 ar o =) oy d? A e a Qs -dl.’
2. ﬂ)lﬂﬂﬂizﬂ m‘Hmﬂmzﬂmﬁdﬂu”lﬂﬁmmmLstmmmm FIUNTINILIN AU



35

Cz1_, /(F xAV)

nszuagaganmsz ihdoams

-
MmAT ﬂ

o}

P a A oY o
c o fe anwbveauseuRasnIn lalaausai

AV @p 9au9 s 9 uNI s NN 1IN

o ¥ Y v ¥ = o Y @ a ¥
FINNMITATHIN mﬂqmﬂmnuum 1 lmwimsm"lﬂh AURNVITNaDNLLL i]%llﬂﬂ1

b4
A °1 AU

——

7 3.2 K9snezsh I dfuasesReonuu

3.3 tauALRIMIIINY

TuTasaanuil 5192 1 lodnd a00s2313 Tunsimntdumnouay walums d 1%
adc0820cen FIMINTIFURTI15005 2930 18UTT 219052313 uBTmTeHa N IR e dafd
TS Ins At lunsndadoulunsd #5nseilad Sauwaiuose nievildsn

= 1 a0 T dyw dy
e Tagdogilnsaiaig ) Tuduiidaii



36

7 K 2.
de 1 p—— 23 =
— ] 1l —
R I S Y — 2z =
—{] 22 1¢ | o e
—d 7 s b—— 2=
s oopo— A N
32 -
NS
R -
ED
e T
EA LS -
N pE—

o 1 [
I‘IJTI i3 NATTIUATURUNITNINIU

¥ J W LY oy
3.4 207 luanuasmusein hhilu§yanaiiaes
1InMA a190s2313 i Tugaiezemausidu laeass ildisedesinnmsulo
LY ooy A Y q 1 e o 1 t=:. 9 3
ganuewaen Tilluaineamuldfinusaiguiou Jsezamnimimildsenumiv i

o = a - 3 s = o ) ar ::y
AIMsAAs 1A 182995 a 1o d Aeenuuiniveldiv avos2313 Hgilnsoiaig q dail

o e
o

PEostliiia
— 1 I
13 3 [ —
o I 6 |—
i 3 -~
i I e b
o] Lt 2
—i1 13 o
o1z >
117 [omrrerererel
3 —3 1% | —
-
5 =
| NN
3 -+
. ]
L
1‘\/\.,/
v -
2
N,
23 -
L
22
2
e
21

91 3.4 295 luamnlasswsedu liludyaudsnea



37

¥ A' 1 e w o A' :;
3.5 ganveuAsfuInIANNIndoUN
1Y . r ¥ ] »
Tudieztd max232 Tumsdmiisoudony Insdwinaoud varludiuiidls
lumaifeours Auneuiumes Meaznadaull av0s2313 aunsafivzdadoyanie sony

PR ¥ sy 4 ' o< v A& o a
1edagndndndiu maFeusogilnsaiaiey Tudauilihu dadl

.
*
3}
q

+
“J -
by
&
L]

1
T
R 4
3 ("
U b B e e 1

TTTTTTTL

ll' 1 3 o as a 4
JUA 3.5 2vsdnudeusenu Insdnniadeud

¥
s

o ) t ] 3 Y ko 3 =4
e ndatidoiuz laee1a dai

jﬂ‘ﬁ 36 ’Naﬂﬁgﬁmny'jﬂf

Tnssas1aveeloBans 9 N14luTaswuanniog 1690 datasheet Tunawuon



3.6 UNHAINITNINH

@ o 4 c; ] W dl. o )
1. MIasdaeuanIue Insannm@manun NI aunaziaunse 1y

C i>

| NO. OK>

T

YES

7 AT+CMGF=1

|

YES

NO ,
OK w3 SMS

YES

79 ATHCMGS=<NUMBER> L

H
H

]

= o P '
3'1.'71 A7 LLNUNQﬂﬁﬂNW‘H“lJﬂﬂﬂ"]uFlﬁ"]i]ﬂ'ﬂ‘ijﬁ'ﬂ’luﬁﬁ’i]ﬁﬂlmg Cell site



2. MImuv s ungudden Ao

39

SunIRTa 1
wWuaily R1

|
4
t

v

o 4 Toa

Sunmyan 2
o
AN R2

[ TIlu R1uags R2
nlSennaunin

a1 lsinuly B3

|

A at command

“open the door™

™4 at command

“scratch™

r bl
= w @ I 1 g o
71N 3.8 lunudimahianuvsadumugumiaadenudy




uni 4

Twnsufléniugumsrinu

Anclude "2313def.ine”

.def  baudRate =R23

.def bitcnt =R16 ;bit counter

def  Txbyte =R18 :Data 1o be transmitted
.def  RXbyte =R19 :Received data

.def  sTX byte =R20 ;Reyister used for UART TX/RX
.def  sRX byte =R21

def  itemp =R22

defl  threshold =R21

.def  threshold2 =Rz20

.def  prev =R24

det  next =R25

o 2% 3 2 ok ok ok ok ok 2k ok K 3k ok ko ok ok ok ok 3k ok ok sk ok ok 3 3k kK KK R OK ROk ok KK kK Kk ROk
b

;register declared for Delay subroutine

def  counter = rl7

ok 2 2 a2 3 o ok 3k T sk ok ok ok ok ok ok ok ok ok ok ke ko ok e ke e K ok ok koK Kok sk 30K K Rk KOk
1

equ RxD =0 ;Receive pin is PDO

cqu TxD =1 ;Transmit pin is PD1

o 3 3 30 24 3t 20 ok o o0 ok ok o oK oK ook ok ok ok sk ok 3k ok e ok ok 3 ok ok ok o 3 3k 3k ok ok e ok ik ok ok ok ok X ok
b

sregister and const declared tor led subroutine

equ 18 = 3

Lqu . MW = 4



cqu

equ
.equ
equ
.equ
.equ
.equ
£qu

.equ

e = 5
do = 0
dl = ]
d2 = 2
d3 = 3
d4 = 4
ds = 5
d6 = 6
d7 = 7

.+ ok e fe ok o ok ke ok ok ok ok ok ok ok i ok ke ok ok ok ok ok 3 ok kK ok ok ok Kok Ak ok Kok ok ok ok
L]

.org0
§mp  main
main:
idi itemp, low(ramend) :MUST set STACK
out spl, itemp
rcall Delay 100us ;Delay waiting for all system ready
rcall Delay 100us
rcall reset :Resct and Preset some register
start_adc:
1di threshold,$10 ;level threshold level

1di threshold2,$20

reall call ade sstart ADC

mov next, Txbyte ;keep data in r3 for looping check

41



adc_loop:
mov prev.next
rcall reset
reall call adc

mov next, Txbyte

sub prev,next

cp prev,threshold

brge send com

rcall ade_loop

send com:

rcall prog loop

cp prev,threshold2

brge send com_trouble

reall send textl

rjmp adc loop

send_com_trouble:

rcall send text2

2*threshold) - SERIOUS LIEVEL

rimp adc_loop

42

:Transfer the newest data to r2

;start ADC and always keep new data into r3

2 = 12-r3

a2 =r2-rl
:f r2 > 0 --> go to send_com
;if 12 < 0 - NO PROBLEM - go to detect ADC

loop again and again

;There is some problem - PRESET GPRS

BOARD

72 =r2-1l

;if r2 > 0 --> system have the voltage level too
much different {more than 2*threshold) -->
send text?2 (SERIOUS)

;1f 12 < 0 --> system have voltage higher than
level but still under 1 threshold

;g0 to check ADC again

;voltage detect higher than threshold (>
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R YRR H B R IR R

;SMS sending
HHH I R BRI R R B R

prog_loop:
stest at send ‘SEND AT<ENTER>
1di ZH,high(2*at_commandi ) :Load pointer that point to labcl

"at_command]”

Idi ZL,Jow(2*at comumandl) :Need to load using high and low command
reall send at :Now Jump to send data out of microcontroller
;end test

rcall Delay 4s

Idi ZH,high(2*at command2) SEND AT+CMGF=1<ENTER>
1di ZL low(2*at_command2)

rcall send at

rcall Delay_4s

Idi ZH,high(2 *at_command.?) SEND AT+HCMGS=+66813761926
Idi ZL,low(2*at command3)

rcall send at

rcall Delay 4s

ret

send_textl:
Idi ZH,high(2*problem!) :SEND Problem Occur
Idi ZL low(2*problem1)

reall send at



rcall Delay 1s

rcall Delay 1s

ret

send text2:
1di ZH,high(2*problem?2) :SEND Serious Problem
Idi ZL Jow(2*problem?2)

rcall send_at

rcall Delay_ls

reall Delay 1s

ret

AR R R R R R R R BRI

;ADC checking

R R R H R R R R R R Y

call adc:

equ cs =4

equ rd =5

equ  rdy =3

.equ int =12

snd_cs: cbi PORTD,cs Jdower CS BIT - Start to wake up ADC
chkrdy: in itemp,PIND WAITING for RDY SIGNAL from ADC

andi itemp,308
bme chkrdy

snd_rd: c¢bi PORTD,rd :GOT RDY - NOW send RD SIGNAL to ASK for DATA

chkint: in itemp,PIND JWAITING for INT SIGNAL from ADC

44
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andi itemp,$04

bme chkint

start rcv:

reset:

in Txbyte, PINB ;GOT INT - NOW ADC send the DATA

sbi PORTD,rd ;SET RD BIT - Tell ADC that finish reading data
rcall Delay 100us
sbi PORTD .cs :SET CS8 BIT - To tell ADC to take a rest

rcall Delay_100us

ret

1di itemp, $F3
out DDRD, itemp ;set portD) as a output port
Idi itemp, $FF

out PORTD, itemp

Idi itemp, $00
out DDRB, itemp
1di itemp, $FF

out PORTB, iternp ;sct portB as a input port

sbi PORTD,TxD .Init port pins

sbi DDRD,TxD

ret



»

: Module: Detay lus, t0us, 100us

; By: Thada Soongsongkunnatum

: Create Date: 20-09-2003

; Version: 1.0.0

: Module: AT9052313, 8Mliz Crystal

; 12 Cycle/1 instruction

Delay 4s:
rcall Delay 1s
rcall Delay 1Is
rcall Delay 1s
rcall Delay 1s

ret

Delay 001us:
1d1 counter, 3
Delay 001lus_loop:
dec counter
brne  Delay 001us loop

ret

Delay 010us;
1di counter, 38
Delay_010us_loop:
dee counter
bme  Delay 010us loop
nop

ret

Delay_100us:

Idi counter, 0x09
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Delay 100us _loop:
push  counter
rcall  Delay 010us

pop counter

push counter
Delay 100us Calib:
Ici counter, 0x3
Delay 100us Calib loop:
dec counter
brme  Delay 100us Calib loop

pop countcr

dec counter
bme  Delay 100us_loop

ret

Delay 1ms:
Idi counter, 0x0A
msl Call Delay 100us:
push  counter
rcall  Delay 100us
pop counter
dec counter
brne  ms! Call Delay 100us

ret

Delay 10ms:
idi counter, 0x64
ms10 Call Delay 100us:
push  counter

rcall  Delay 100us



pop counter
dee counter
bme msl0 Call Delay 100us

ret

Delay 100ms:
Idi counter, 0x0A
ms100 _Call Delay 10ms;
push  counter
rcall  Delay [Oms
pop counter
dec counter

brne  ms100 _Call Delay 10ms

Delay 1s:
1di counter, Ox0A
s1_Call Delay 100ms:
push  counter
rcall  Delay 100ms
pop counter
dec counier
bme si _Call Delay 100ms

ret

33 3 3 3o o ook ok ok ke o ok ok ke ke dk koK ok Rk ok ki ko
k)

<3 o o Rk o ok R o ok oo e ok Sk R Rk kR Rk R Ok ok ok
L]

Put Character to RS232

»

3ok o e o ok o o ool s o sk ok ok o o ok sk o KOk Kk kR R ko R
X

cqu sh =] :Number of stop bits (1, 2, ...

48



putchar: ;cli

puichar(k:

putcharl:

putchar2:

Idi
com

sce

brce
chi

jmp

sbi

nop

reall

rcall

Isr
dec
bme
ssel

ret

bitent,0+sb

Txbyte

puicharl
PORTD,TxD

putchar2

PORTD,TxD

UART delay

UART dclay

Txbyte
bitent

putchar()

;1+8+sb (sb is # of stop bits)
JInverte everything

:Start bit

:If carry set
: senda'l

else

: senda'l

:0One bit delay

:(Get next bit

JIf not all bit sent
; send next
;else

, o return

<% gk ko sk ok ok ok kb dk ko k kR kok kk ke dkok ok kokdkdk ki k ok Rk Rk ok ko kb ok kk
»

; Get Charaeter from RS$232

L}

- e gk e ok e gk sk ok ook koo ol ok ok sk ok ok ok gk ko ok ke ko kR ko ok k Rk Rk ok ok ok
L]

getchar: 1di

getcharl:

bitcnt,9 ;8 data bit + | stop bit

shie
gmp

reall

PINB.RxD
getcharl

UART dclay

;Wait for start bit

:0.5 bit delay

49



getchar2:

getchar3:

rcall
rcall
cle
sbic
sec
dec

breq

Ior
rjmp

ret

UART delay

UART delay

PINB,RxD

bitcnt

getchar3

Rxbyte

getchar2

50

.1 bit delay

;clear carry

;1 RX pin high

It bit is stop bit

; return

else

; shift bit into Rxbyte

; g0 getnext

vk ek kM Rk Rk ok ke ok kok ok ok ke kA kR kR ok ko okk ki kR kR R F Rk E ¥
N

*

UART delay:

UART delayl:

Idi
dec

brne

ret

itemp,a
ttemp

UART delayl

Lk gk etk Ao kR ok kA ko gk gk ke ok R ek Rk etk ke gk ko A kok ok gk ke kR kR ke e ke ok kb ok kb kR ok ko
r

*

:a=19 is used for 8. 00MHz at baudrate 57600 bps

.equ a

conv_H2T:
push
push
mov
swap

andi

=137

Txbyte
itemp
Txbyte )
Txbyte

Txbyte, 0x0F



ldi itemp,0x30

add Txbyte,itemp

1di itemp,0x39

cp Txbyte,itemp

brit next conv H2T 01
Idi itemp,0x07

add Txbyte.itcmp

next conv H2T 01:

rcall  putchar

mov  Txbyte,r0

andi  Txbyte,0x0L

1di itemp,0x 30

add Txbyte,itemp

1di itemp,0x39

ep Txbyte.itemp

brit next conv H2T 02
1di itemp,0x07

add Txbyte,itemp

next conv H2T 02:

send at:

rcall  putchar

pop itermp
pop Txbyte
ret

lpm

tst

breqg end sending

mov Txbyte,r0

:load data that ZL and ZH point to )

stest that r0 is not zero, if r0 = zero -> end
sending data

;r0 not equal to zero -> send data

:move data to Txbyre

51



rcall putchar :send data to R8232

adiw ZL,1 ;increase pointer to next character

rjmp scnd_at ;send next character -> until find zero (end of
sentences)

end sending:

ret

at commandl:

DB "AT",$0D,30A.0,0
at_eommand?2:

DB "AT+HCMGE=1",50D,50A.0
at_command3:

DB "AT+CMGS=166813761926",30D,$0A,0,0
problem]:

DB "Problem Occur”,$1A.30D,$0A.0,0
problem2:

.DB "Serious Problem",$1A,50D,30A,0,0
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Features

= Utilizes the AVR® RISC Architecture

* AVR - High-performance and Low-powar RISC Architecture
-~ 118 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x B General-purpose Working Registers
- Up to 10 MIPS Throughput at 10 MHz

Data and Nonvolatile Program Memory _®
— 2K Bytes of In-System Programmable Flash

Endurance 1,000 Write/Erase Cycles

- 128 Bytes of SRAM

~ 128 Bytes of In-System Programmable EEPROM B-bit AVR®

Endurance: 100,000 Write/Erase Cycles

- Programming Lock for Flash Program and EEPROM Data Security i

* Peripheral Features M'croco I'Itr0| Ier
— One B-bit Timar/Counter with Separate Prescalar H
— One 186-bit Timer/Counter with Separate Prascaler, W|th 2K Bytes

Compare, Capture Modes and B-, 9- or 10-bit PWM
- On-chip Analog Comparator Of |n-sy5tem
- Programmable Watchdog Timer with On-chip Oscillator
- SP1 Serial Interface for In-System Programming P rog ra m ma b Ie
- Full Duplex UART
* » Special Microcontrolier Features F Ias h

- Low-power |dle and Power-down Modes
- External and Internal Interrupt Sources
+ Specifications
- Low-powet, High-speed CMOS Process Technology AT90$231 3
= Fully Static Operation
* Power Consumption at 4 MHz, 3V, 25°C
~ Active: 2.8 mA
— Idle Mode: 0.8 mA
- Power-down Mode: <1 pA
* IO and Packages
— 15 Programmable O Lines
— 20-pin PDIP and SOIC
Operating Voltages
— 2.7 - 6.0V (AT90523134)
- 4.0 - 6.0V {AT90S2313-10)
* Speed Grades
- 0 -4 MHz (AT9052313-4)
~ 0-10 MHz {AT9052313-10)

Pin Configuration

PDIP/SOIC

- _/

RESET .| 1 20] vco
(RAD) FDG || 2 191 FB7ISCK)
{TXDy PD1 |3 18| PBE (MISC)

XTALZ |4 173 PES {MDSI)

XTALY 15 16 . PBa
(INTO) PD2 | & 151 PR3 (OC1)
(INTH} PD3 |7 4 pB2

{T0) PD4 8 13 PB1 AINTY
(113 PD5 _| 0 12| PHD {AIND)
GND | 10 11" POB (iCP)

Rev. 0839G-08/01
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Description

AIMEL

The ATS082313 is a low-power CMOS 8-bit microcontroller based on the AVR RISC
architecture. By executing powerful instructions in a single clock cycle, the AT90S2313
achieves throughputs approaching 1 MIPS per MHz allowing the system designer to
optimize power consumption versus processing speed.

The AVR core combines a rich instruction set with 32 general-purpose working regis-
ters. All the 32 registers are directly connected to the Arithmetic Logic Unit {ALU),
allowing two inde pendent registers to be accessed in one single instruction executed in
one clock cycle. The resulting architecture is more code efficient while achieving
throughputs up to ten times faster than conventional CISC microcontrollers.

Figure 1, The AT9052313 Block Diagram
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The AT9082313 provides the following features: 2K bytes of In-System Programmable
Flash, 128 bytes EEPROM, 128 bytes SRAM, 15 general-purpose /0 lines, 32 general-
purpose working registers, flexible timer/counters with compare modes, internal and
exiernal interrupts, a programmable serial UART, programmable Watchdog Timer with
internal oscillator, an SPI serial port for Flash memory downloading and two software

Pa0 - PRT PDO - PD6

2 AT90S2313 e ————

0839G-08/01
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Pin Descriptions
VCC
GND

Port B (PB7..PBO)

Port D (PD6..PDO0)

RESET

XTAL1

XTAL2

0835G-08/01

selectable power-saving modes. The Idle Mode stops the CPU while allowing the
SRAM, timer/counters, SPI port and interrupt system to continue functioning. The
Power-down Mode saves the register contents but freezes the osciliator, disabling ail
other chip functions until the next external interrupt or hardware reset.

The device is manufactured using Atmel's high-density nonvolatile memory technology.
The on-chip In-System Programmabie Flash allows the program memory to be repro-
grammed in-system through an SP| serial interface or by a conventional nonvoiatile
memory programmer. By combining an enhanced RISC 8-bit CPU with In-System Pro-
grammable Flash on a monolithic chip, the Atmel AT90S2313 is a powerful
microcontroller that provides a highly flexible and cost-effective solution to many embed-
ded control applications.

The ATS0S2313 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators and evaluation kits.

Suppiy voitage pin.
Ground pin.

Port B is an 8-bit bi-directional I/O port. Port pins can provide internal pull-up resistors
{selected for each bit). PBO and PB1 also serve as the positive input (AINQ) and the
negative input (AfN1), respectively, of the on-chip analog comparator. The Port B output
buffers can sink 20 mA and can drive LED displays directly. When pins PB0 to PB7 are
used as inputs and are externally pulled low, they will source current if the internal puil-
up resistors are activaled. The Port B pins are tri-stated when a reset condition
becomes active, even if the ciock is not active.

Port B also serves the functions of various special features of the AT9082313 as listed
on page 53.

Part © has seven bi-directional /O ports with internal pull-up resistors, PD6..PD0. The
Port D output buffers can sink 20 mA. As inputs, Port D pins that are externally pulled
low will source current if the puli-up resistors are activated. The Port D pins are tri-stated
when a reset condition becomes active, even if the clock is not active.

Port D also serves the functions of various special features of the AT90S52313 as listed
on page 58.

Reset input. A low level on this pin for more than 50 ns will generate a reset, even if the
clock is not running. Shorter pulses are not guaranteed to generate a reset.

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

Qutput from the inverting oscillator amplifier.

AIMEL 3
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Crystai Oscitlator XTAL1 and XTAL2 are input and output, respectively, of an inverting amgplifier that can
be configured for use as an on-chip oscillator, as shown in Figure 2. Either a quariz
crystal or a 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 3.

Figure 2. Oscillator Connections

MAX 1 HC BUFFER

— Iy JxTat2
—S T Ixtas

¥

Note:  When using the MCLU! Cscillator as a clock for an external device, an HC buffer should be
connected as indicated in the figure.

Figure 3. External Clock Drive Configuration

NC ————— XTAL2
EXTERMNAL

OSCILLATOR ————1 XTAL1
SIGNAL

GND

-

ATI90S2313 m————— e ————

0839G-08/01
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Architectural

QOverview

Q0B839G-08/01

The fast-access register file concept contains 32 x 8-bit general-purpose working regis-
ters with a single clock cycle access time. This means that during one single clock cycle,
one ALU (Arithmetic Logic Unit) operation is executed. Two operands are output from
the register file, the operation is executed, and the result is stored back in the register

file —in one clock cycle.

Figure 4. The AT9052313 AVR RISC Architecture
AVR ATS0S2313 Architecture

[ DCaia Bus B-bit
y
Program Status Control
1K x 16 < e o] -
Program Counter and Tes! Registrers
FLASH
l . Interrupt
I » 32x8 o Unit
Instruction General »
Register Purpese
T < Registrers &PI
‘ " Unit
Instruction
Decaoder ¥ ) J -
@ N Serial
2 @ N - UART
] ® ALU
@ !
‘ 5 3
Control Lines 3 < ! - 8ot
- § ! o | TimerCounter
s B
[a] £
16-bit
N * Timer/Counter
128x 8 with PWM
Data R
SRAM Watchdog
Timet
128x 8 N Analog
EEPROM "l Comparator
15
IO Lines

\/

Six of the 32 registers can be used as three 16-bit indirect address register pointers for
Data Space addressing - enabling efficient address calculations. One of the three
address pointers is also used as the address pointer for the constant table look-up func-
tion. These added function registers are the 16-bit X-register, Y-register and Z-register.

The ALV supports arithmetic and logic functions between registers or between a con-
stant and a register. Single register operations are also executed in the ALU. Figure 4
shows the AT9052313 AVR RISC microcontroller architecture.

In addition to the register operation, the conventional memory addressing modes can be
used on the register file as well. This is enabled by the fact that the register file is
assigned the 32 lowermost Data Space addresses (500 - $1F), allowing them to be
accessed as though they were ordinary memory locations.

AMEL 5
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The IO memory space contains 64 addresses for CPU peripheral functions such as
control registers, timer/counters, A/D converters and other I/O functions. The /G mem-
ory can be accessed directly or as the Data Space locations following those of the
register file, $20 - $5F.

The AVR has Harvard architecture — with separate memories and buses for program
and data. The program memory is accessed with a 2-stage pipeline. While one instruc-
tion is being executed, the next instruction is pre-fetched from the program memory.
This concept enables instructions to be executed in every clock cycle. The program
memory is In-System Programmable Flash memory.

With the relative jump and call instructions, the whole 1K address space is direclly
accessed. Most AVR instructions have a single 16-bit word format. Every program
memory address contains a 16- or 32-bit instruction.

During interrupts and subroutine calls, the return address Program Counter (PC) is
stored on the stack. The stack is effectively allocated in the general data SRAM, and
consequently the stack size is only limited by the total SRAM size and the usage of the
SRAM. All user programs must initialize the SP in the reset routine (before subroutines
or interrupts are executed). The 8-bit stack pointer (SP) is read/write accessible in the
I/O space.

The 128 bytes data SRAM + register file and I/C registers can be easily accessed
through the five different addressing modes supported in the AVR architecture.

The memory spaces in the AVR architecture are all linear and regular memory maps.

JA T S10'S 231 3 1000000000000

0B39G-08/01



s A T90S52313

Figure 5. Memory Maps

Program Memory Data Memory
o0 32 Gen. FPurpose 00
Working Registers | g4F
320
&4 I/O Registers
Program Flash
{1K x 16} $5F
$60
SRAM
/ (128 x8)

$DF

$3FF

A flexible interrupt madule has its control registers in the /O space with an additional
global interrupt enable bit in the Status Register. All the different interrupts have a sepa-
rate interrupt vector in the interrupt vector table at the beginning of the
program memory. The different interrupts have priority in accordance with their interrupt
vector position. The lower the interrupt vector address, the higher the priority.

AIMEL ’
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General-purpose
Register File

X-register, Y-register, and Z-
register

AIMEL

Figure 6 shows the structure of the 32 general-purpose registers in the CPU.

Figure 6. AVR CPU General-purpose Working Registers

7 0 Addr.
RO $00
Rt §01
R2 02
R13 50D
General R14 SCE
Purpose R15 $0F
Wworking R16 $10
Registers R17 $11
R26 $1A X-register low byte
R27 $1B X-register high byle
R28 51C Y-register low byte
R29 31D ¥-register high byle
R30 $1E Z-register iow byte
R31 $1F 2Z-register figh byte

Ali the register operating instructions in the instruction set have direct and singie-cycle
access to all registers. The only exception is the five constant arithmetic and logic
instructions SBCI, SUBI, CP1, ANDI, ORI between a constant and a register and the LDI
instruction for load immediate constant data. These instructions apply to the second half
of the registers in the register file (R16..R31). The general SBC, SUB, CP, AND, OR and
all other operations between two registers or on a single register apply to the entire reg-
ister file.

As shown in Figure &, each register is also assigned a data memory address, mapping
them directly into the first 32 locations of the user Data Space. Although the register file
is not physically implemented as SRAM locations, this memory organization provides
great flexibility in access of the registers, as the X, Y and Z registers can be set to index
any register in the file,

The registers R26..R31 have some added functions to their general-purpose usage.
These registers are the address pointers for indirect addressing of the Data Space. The
three indirect address registers X, Y and Z are defined in Figure 7.

Figure 7. X, Y and Z Registers

15 0
X-register I 7 0 [ 7 (LI
R27 ($1B) R26 ($1A)
15 2
Y-register I 7 0 7 Q I
R29 ($1D) R28 ($1C)
15
Z-register l 7 0 E 7 0 I
R31 ($1F) R3D ($1E)

8 A T700'S:2: 31 73 0000000000
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ALU — Arithmetic Logic
Unit

In-System
Programmable Flash
Program Memory

EEPROM Data Memory

0838G-08/01

In the different addressing modes these address registers have funchions as fixed dis-
placement, automatic increment and decrement {see the descriptions for the different
instructions).

The high-performance AVR ALWU operates in direct connection with all the 32 general-
purpose working registers. Within a single clock cycle, ALU operations between regis-
ters in the register file are executed. The ALU operations are divided into three main
categories — arithmetic, logical and bit functions.

The AT90S2313 contains 2K bytes on-chip In-System Programmable Flash memory for
program storage. Since all instructions are 16- or 32-bit words, the Flash is organized as
1K x 16. The Flash memory has an endurance of at teast 1,000 write/erase cycles.

The AT80S2313 Program Counter (PC) is 10 bits wide, thus addressing the 1,024 pro-
gram memory addresses.

See page 62 for a detailed description on Flash data downloading. See page 11 for the
different addressing modes.

The AT9052313 contains 128 bytes of EEPROM data memory. It is organized as a sep-
arate data space in which single bytes can be read and written. The EEPROM has an
endurance of at least 100,000 write/erase cycles. The access between the EEPROM
and the CPU is described on page 40, specifying the EEPROM address register, the
EEPROM data register and the EEPROM control register.

For the 5P| data downloading, see page 69 for a detailed description.

AIMEL °



SRAM Data Memory

Almg}

Figure 8 shows how the ATS052313 data memory is organized.

Figure 8. SRAM Organization

Register File Data Address Space
e e v R —
R1 $01
R2 302
R29 $1D
R30 31E
R31 31F

T e e e .

%00 ' o $20
0t $21
$02 $22
33D $5D
$3E $5E
$3F $5F
e e e N T—
$60
$61
$62
DD
SDE
$DF

The 224 data memory locations address the Register file, 1/0 memory and the data
SRAM. The first 96 locations address the Register File + I/Q Memory, and the next 128
locations address the data SRAM.

The five different addressing modes for the data memory cover: Direct, indirect with Dis-
placement, Indirect, Indirect with Pre-decrement and Indirect with Post-increment. In the
register file, registers R26 to R31 feature the indirect addressing pointer registers.

The Direct addressing reaches the entire data address space.

The Indirect with Displacement mode features 63 address locations reached from the
base address given by the Y and Z registers.

When using register indirect addressing modes with automatic pre-decrement and post-
increment, the address registers X, Y and Z are used and decremented and
incremented.

The 32 general-purpose working registers, 84 1/O registers and the 128 bytes of data
SRAM in the AT90S52313 are all directly accessible through all these addressing modes.

10 AT90S2313 e ——
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Program and Data
Addressing Modes

Register Direct, Single
Register Rd

Register Direct, Two
Registers Rd and Rr

O Direct

0839G-08/01

The AT8052313 AVR RISC microcontroller supports powerful and efficient addressing
modes for access to the program memory (Flash) and data memory. This section
describes the different addressing modes supported by the AVR architecture. In the fig-
ures, OP means the operation code part of the instruction word. To simplify, not all
figures show the exact location of the addressing bits.

Figure 8. Direct Single Register Addressing
REGISTER FILE

15 4 0

| oP ]

kXl

The operand is contained in register d (Rd).

Figure 10. Direct Register Addressing, Two Registers
REGISTER FILE

15 5 54 0D
pooe [ [ e ]

33

Operands are contained in register r (Rr) and d (Rd). The result is stored in register d
(Rd).

Figure 11, 1/O Direct Addressing
110 MEMORY

63

AIMEL i



Data Direct

Data Indirect with
Displacement

Data Indirect

ATmE}

Operand address is contained in & bits of the instruction word. n is the destination or
source register address.

Figure 12. Direct Data Addressing

Data Space
3 2019 18 $00

oP [ RriRd

16 LSBs

$DF

A 16-bit data address is contained in the 16 LSBs of a 2-word instruction. Rd/Rr specify
the destination or scurce register.

Figure 13. Data Indirect with Displacement

Data Space

300

Y DR Z - REGISTER

SDF

Operand address is the result of the Y- or Z-register contents added to the address con-
tained in 6 bits of the instruction word.

Figure 14. Data Indirect Addressing
Data Space

$00
15 0

X, Y OR Z-REGISTER |

3DF

Operand address is the contents of the X-, Y- or Z-register.

0B839G-08/01



s A T90S 2313

Data indirect with Pre- Figure 15. Data Indirect Addressing with Pre-decrement

decrement
Data Space

300
15

3 | X, Y OR Z - REGISTER

$0F

The X-, Y- or Z-register is decremented before the operation. Operand address is the
decremented contents of the X-, Y- or Z-register.

Data Indirect with Post- Figure 16. Data Indirect Addressing with Post-increment
increment
Data Space
$00
15 a
_>I X, Y QR Z - REGISTER I_
+
SDF

The X-, Y- or Z-register is incremented after the operation. Operand address is the con-
tents of the X-, Y- or Z-register prior to incrementing.

Constant Addressing Using Figure 17. Code Memory Constant Addressing

the LPM Instruction PROGRAM MEMORY

$000

| Z-REGISTER

53FF

Constant byte address is specified by the Z-register contents. The 15 MSBs select word
address (0 - 1K), the LSB selects low byte if cleared (LSB = 0} or high byte if set {LSB =

D,

AINEL 13
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Indirect Program Addressing, Figure 18. Indirect Program Memory Addressing

IJMP and ICALL PROGRAM MEMORY

5000

I Z-REGISTER

S3FF

Program execution continues at address contained by the Z-register (i.e., the PC is
loaded with the contents of the Z-register).

Relative Program Addressing, Figure 19. Relalive Program Memory Addressing
RJMP and RCALL

FROGRAM MEMORY

5080
15 ]
PC —
a
Q
i 32 M 0
OP | K I
| I
S3FF
Program execution continues at address PC + k + 1. The relative address k is -2048 to
2047,
Memory Access and This section describes the general access timing concepts for instruction execution and
Instruction Execution internal memory access.
Timing The AVR CPU is driven by the System Clock @&, directly generated from the external

clock crystal for the chip. No internal clock division is used.

Figure 20 shows the paratlel instruction fetches and instruction executions enabled by
the Harvard architecture and the fast-access register file concept. This is the basic pipe-
lining concept to obtain up to 1 MIPS per MHz with the corresponding unique results for
functions per cost, functions per clocks and functions per power-unit.

14 AT O0'S 2313 5500000000000
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Figure 20. The Paratlel instruction Felches and Instruction Executions

T T2 T3 T4
[ ' '
| b t :

1 | | ¥
SystemClock® __ /"~ N/ \___ / N__ /T

1st Instruction Fetch

1st Instruction Execute

i N
2nd Instruction Fetch !
2nd Instruction Execute

3rd tnstruction Fetch
3rd Instruction Execule
4th Instruction Fetch X ‘ |

!
1
1
T L
k
|
T
i
'

Figure 21 shows the internal timing concept for the register file. in a single clock cycle
an ALU operation using two register operands is executed, and the result is stored back
to the destination register.

Figure 21. Single-cycle ALU Cperation

Tt T2 T3 T4
H il r 1
I 1 1 1
b 1 1 L]

Systern Clock @ / \ ) \ / \ ! \

1 1 1 il
Total Execution Time — Ty . :
1 1 1 1
Register Operands Fetch < pe : . :
t 3 ' t
. ! /——\ r r I
AlLU Operation Execute : 14 — : T
Resuit Write Back . <y : .

1 T 1 1
' 1 1 [

The internal data SRAM access is performed in two System Clock cycles as described

in Figure 22.
Figure 22. On-chip Data SRAM Access Cycles
™ 2 T3 T4
i 1 ] 1
1 1 b 1
1 1 r 1
SystemClock @ __ N/ N\ /T TNV \___
1 1 i i
Address | Prev. Address X Address ! j
1 t I 1
Data : ~ ) ; .
3 ! 1 1 E
WR __ Y mm—— : 2
| 1 ] +
. | 1 /———.ﬂ i
Data ) — . . -
¥ 1 3 b [T
RD ! 1 f \ 1 [
T T t
I 1 |
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The /O space definition of the AT9052313 is shown in Table 1.

Table 1. AT9052313 I/O Space

Address Hex Name Function
$3F (35F) SREG Status Register
I __§§D (S_SD) SPL Stack Pointer Low
$SVBV (7$7587 GIRA_SK_ Generé] t;terrupt MaSK registe.r
$3A (_55102 e GIFR ‘ G_eneral Interrupt Flag .Registerrr |
$39 ($59) TIMSK Timer/Counter interrupt MaSK register
$38 ($58)7 TIF]?I Timer/Counter I-Hte.rrupt Flag register R
i 7 7555}555) MCUCR MCU general Control hegiété.f T o
$33 (353} 7 TCCROQ Timer/Counter 0 Control Register
32553 | TONTO | TmedCoumero@tty
soF ($4F) TCCRIA | Timer/Counter 1 Control Régisi& A )
”m$2E ($4E}7 ) TCCR1B_ Timer/Counter 1 Controt Régiste: B 7
| $2D(s4D) | TONTIH | TimedCounterd HighByte ]
‘ T$EC($4C) TCNT1VL Timer/Counter 1 Low Byte _
I $2B (34B) OCR1AH Cutput Compare Register 1 High Byte
$2A(34) - OCRIAL | Outpul Compare Register 1 Low Byte
$25 (345) ICR1H . T/C 1 Input Capture Register High Byte
| $24 (344) ICRIL T/C 1 Input Capture Register Low Byte
I 7517(73;:41)7 7 "\VN'DTCF-E.— Waichdog Tirr{(.e.rmControI Register o
$1E ($3E) EEAR EEPROM Address Regis.t_é;m
I $1D ($3D) EEDR EEPROM Data Register -
B $1C ($3C) EECR EEPROM Control Register - B
318 (338} PORTB Data Register, Port B
B $17 (837) DDRB Data Direction Register, Port B
] $16 ($3é) PINB . Input Pins, Port B B
$12 (532) PORTD  Data Register, Port D
I $11 (83 1.) DDRD ¢ Data Direction Register, Port D
| 7;107 ($30) PIND Input Pins, P;n D -
) $_OC($2C) - UDR UART /O Data Register o -
$0B ($2B) USR UART Status Register
 50A (524) UCR | UART Control Register e
509 ($29) UBRR | UART Baud Rate Register -
308 ($23) ACSR Analog Comparator Control and Status Register

Note:

Reserved and unused locations are not shown in the table.

All AT9052313 I/0 and peripherals are placed in the I/O space. The YO locations are
accessed by the IN and OUT instructions transferring data between the 32 general-pur-

16 AT90S52313 messese———
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pose working registers and the IO space. /O registers within the address range $00 -
$1F are directly bit-accessible using the SBI| and CBl instructions. In these registers, the
value of single bits can be checked by using the SBIS and SBIC instructions. Refer to
the instruction set section for more details. When using the /O specific commands IN
and OUT, the /O addresses $00 - $3F must be used. When addressing I/O registers as
SRAM, $20 must be added to this address. All O register addresses throughout this
document are shown with the SRAM address in parentheses.

For compatibility with future devices, reserved bits should be written to zero if accessed.
Reserved I/O memory addresses shoutd never be written.

Some of the status flags are cleared by writing a logical “1" to them. Note that the CBI
and SBI instructions will operate on all bits in the /O register, writing a “1” back into any
flag read as set, thus clearing the flag. The CBI and SBI instructions work with registers
$00 to $1F only.

The /O and peripherals control registers are explained in the following sections.

Status Register - SREG The AVR Status Register (SREG) at /O space location $3F ($5F) is defined as:
Bit 7 6 5 4 3 2 1 0
ssFspy 1 7 T | H | s { v | N | 2Z | ¢ |sreG
Read/Write RMW RAW R RAV RW RAW R RW
Initial value a a 0 o o o o 4]

+ Bit 7 - I: Global Interrupt Enable

The global interrupt enable bit must be set {one) for the interrupts to be enabled. The
individual interrupt enable control is then performed in separate control registers. If the
global interrupt enable bit is cleared (zero}, none of the interrupts are enabled indepen-
dent of the individual interrupt enable settings. The I-bit is cleared by hardware after an
interrupt has occurred, and is set by the RETI instruction to enable subsequent
interrupts.

* Bit 6 - T: Bit Copy Storage

The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source
and destination for the operated bit. A bit from a register in the register file can be copied
into T by the BST instruction, and a bit in T can be copied into a bit in a register in the
register file by the BLD instruction.

» Bit 5 - H: Half-carry Flag

The half-carry flag H indicates a half-carry in some arithmetic operations. See the
Instruction Set description for detailed informatton.

+Bit4-5:8ighBit,5=N@V

The S-bit is always an exclusive or between the negative flag N and the two's comple-
ment overflow flag V. See the Instruction Set description for detailed information.

* Bit 3 - V: Two's Complement Overflow Flag

The two's complement overflow flag V supports two's complement arithmetics. See the
instruction Set description for detailed information.

+ Bit 2 — N: Negative Flag

The negative flag N indicates a negative result after the different arithmetic and logic
operations. See the Instruction Set description for detailed infoermation.

«Bit1~-2Z: Zero Fiag

The zero flag Z indicates a zero result after the different arithmetic and logic operations.
See the Instruction Set description for detailed information.

AIMEL 7
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+Bit 0 - C: Carry Flag

The carry flag C indicates a carry in an arithmetic or logic operation. See the Instruction
Set description for detailed information.

Note that the Status Register is not automatically stored when entering an interrupt rou-
tine and restored when returning from an interrupt routine. This must be handled by

software.
Stack Pointer - SP An 8-bit register at /O address $3D ($50) forms the stack pointer of the AT9052313, 8
bits are used to address the 128 bytes of SRAM in locations $60 - $DF.
Bit 7 L] 5 4 3 2 1 o
s3@sD) | SP7 | SPe | SPs [ SPa | sPa | sP2 | sP1 | sP0 | sPL
Read/Write R Rw RW W R Riw RW AW
tnitial value 0 0 1] 0 Q 0 0 0

The Stack Pointer points to the dala SRAM stack area where the Subroutine and Inter-
rupt stacks are located. This stack space in the data SRAM must be defined by the
program before any subroutine calls are executed or interrupts are enabled. The Stack
Pointer must be set to point above $60. The Stack Pointer is decremented by 1 when
data is pushed onto the stack with the PUSH instruction, and it is decremented by 2
when an address is pushed onto the stack with subroutine calls and interrupts. The
Stack Pointer is incremented by 1 when data is popped from the stack with the POP
instruction, and it is incremented by 2 when an address is popped from the stack with
return from subroutine RET or return from interrupt RETI.

Reset and Interrupt The AT90S2313 provides 10 different interrupt sources. These interrupts and the sepa-

Handling rate reset vecior each have a separate program vector in the program memory space.
All the interrupts are assigned individual enabte bits that must be set (one) together with
the I-bit in the Status Register in order to enable the interrupt.

The lowest addresses in the program memory space are automatically defined as the
Reset and Interrupt vectors. The complete list of vectors is shown in Table 2. The list
also determines the priority levels of the different interrupts. The lower the address, the
higher the priority level. RESET has the highest priority, and next is INTO (the External
Interrupt Request 0), etc.

Table 2. Reset and Interrupt Veclors

Vector No. | Program Address | Source Interrupt Definition
Hardware Pin, Power-on Reset and
1 $000 RESET Watchdog Reset
2 $001 INTQ External Interrupt Request 0
773”77 o 7””55'0627 - INT1 ] External Interrupt"i?é;;ést 1
- 4 ‘ 5003 ik TIMER1 CAPT1 Timer/Counter! Capture Event
5 3004 . TIMER1 COMP1 Timer/Counter1 Compare Match
B 6 5005 TIMER1 OVF1 TimerlCc;Ht;ri“ averﬂow
7 | so06 | TMEROOVFO | TmerCounter Overlow |
_gj o 3007 UART, RX I UART, RX Complete

18 AT90S2313 m———————
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Table 2. Reset and Interrupt Vectors {Cortinued)

Vector No. | Program Address | Source

Interrupt Definition

9 $008 UART, UDRE UART Data Register Empty
10 $009 UART, TX UART, TX Complete
11 $00A ANA_COMP Analag Comparator

The most typical and general program setup for the Reset and Interrupt vector

addresses are:

Address labels Code Comment s

%000 rimp RESET ; Reset Handler

5001 rimp EXT INTQ ; IRQO Handler

5002 rimp EXT_INT1 ; IRQ1 EHardler

5003 rimp TIM_CAPT1 ; Timer} Capture Handler
5004 Timp TIM_COMPL ; Timerl Compare Handler
5005 rimp TIM_OVF1l : Timerl Overflow Handler
S006 rimp TIM_OVFO ; Tirer( Overflow Handler
s007 rjmp UART _RXC ; UART RX Complete Handler
soea rimg UART_DRE ; UDR Empty Eandler

<009 rijmp UART TXC ; UART TX Complete Handler
£G0a rimp ANA_COME ; Analog Comparator Handler
s00h MAIN: 141 rlé6, low(RAMEND); Mair program start

500 out SPL,rls

5004 <instr> Kxx

The AT9052313 has three sources of reset:

+  Power-on Reset. The MCU is reset when the supply voltage is below the Power-on

Reset threshold (Vpqr).

+ External Resel. The MCU is reset when a low level is present on the RESET pin for

more than 50 ns.

*  Watchdog Reset. The MCU is reset when the Watchdog timer period expires and

the Watchdog is enabled.

During reset, all I/O registers are then set to their initial values, and the program staris
execution from address $000. The instruction placed in address $000 must be an RJMP
(relative jump) instruction to the reset handling routine. if the program never enables an
interrupt source, the interrupt vectors are not used, and regular program code can be
placed at these locations. The circuit diagram in Figure 23 shows the reset logic. Table 3
defines the timing and electrical parameters of the reset circuitry.

ATMEL
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Figure 23. Reset Logic

Power-On Reset POR
vCoo ——» Circuit
D 100-500K
RESET J. »| Reset Circuil _r-\ S Q
./ E
77}
w
o
Watchdog 5 =
Timer E FSTRT @
= 14
T 8 ¥ l z
Z
On-Chip —3 ; [ved
RC-Oscillator | o 14-5tage RIPQPTIE Counler s —1R Q g
EEEREEEEEEEEE -
Table 3. Reset Characteristics (V. = 5.0V)
Symbol | Parameter Min Typ Max Units
o Power-on Reset Threshold Voltage (rising) 1.0 1.4 18 v
V S
Fot Power-on Reset Threshold Voltage (falting) | 0.4 | 06 0.8 v
VirsT RESET Pin Threshold Voltage - 085V . v
Reset Delay Time-out Perod
trou FSTRT Unprogrammed no | 1.0y 210 ms
Reset Delay Time-out Period
trout FSTRT Programmed 0.25 | 028 0.31 ms
Note: 1. The Power-on Rese! will not work uniess the supply voltage has been below Voo

{falling).

The user can select the start-up time according to typical oscillator start-up. The number
of WDT oscillator cycles used for each time-out is shown in Table 4. The frequency of
the Watchdog Oscillator is voltage-dependent, as shown in "Typical Characteristics” on
page 75.

Tabie 4. Number of Watchdog Oscillator Cycles

FSTRT Time-out at V., = 5V Number of WOT Cycles
Programmed 0.28 ms 256
Unprogrammed 16.0 ms 16K

A Power-on Reset (POR) circuit ensures that the device is reset from power-on. As
shown in Figure 23, an internal timer is clocked from the Watchdog Timer. This timer
prevents the MCU from starting until after a certain period after V. has reached the
Power-on Threshold voltage (Vpqy) (See Figure 24). The FSTRT Fuse bit in the Flash
can be programmed to give a shorter start-up time if a ceramic resonator or any other
fast-start oscillater is used to clock the MCLU.

If the built-in start-up delay is sufficient, RESET can be connected to V. directly or via
an external pull-up resistor. By holding the RESET pin low for a period afier V. has
been applied, the Power-on Reset period can be extended. Refer to Figure 25 for a tim-
ing example of this.

20 ATO0S23 13 s —
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Figure 24. MCU Start-up, RESET Tied to V..

¥y
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Figure 25. MCU Start-up, RESET Controlled Externaily

vee _4,____j/f{ Veor

RESET

TIME-QUT

INTERNAL
RESET

External Reset An external reset is generated by a low level on the RESET pin. Reset pulses longer
than 50 ns will generate a reset, even if the clock is not running. Shorter pulses are not
guaranteed to generate a reset. When the applied signal reaches the Reset Threshold
Voltage (Vrqr) On its positive edge, the delay timer starts the MCU after the Time-out
period tys,1 has expired.

Figure 26, External Reset during Operation
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RESET
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When the Watchdog times out, it will generate a short reset pulse of one XTAL cycle
duration. On the falling edge of this pulse, the delay timer starts counting the Time-out
period t5,1. Refer to page 38 for details on operaticn of the Watchdog.

Figure 27. Watchdog Reset during Operation
veo

RESET

—! «—— 1 XTAL Cycle
wDT
TIME-CUT ﬂ

RESET
TIME-QUT

INTERNAL
RESET

The AT90S2313 has two B-bit interrupt Mask control registers: the GIMSK (General
Interrupt Mask register) and the TIMSK (Timer/Counter Interrupt Mask register).

When an interrupt occurs, the Global Interrupt Enable |-bit is cleared (zero} and all inter-
rupts are disabled. The user software can set (one) the I-bit to enable interrupts. The |-
bit is set {one} when a Return from Interrupt instruction (RETI) is executed.

For interrupts triggered by events that can remain static (e.g., the Output Compare
Register1 matching the value of Timer/Counter1}, the interrupt flag is set when the event
occurs. If the interrupt flag is cleared and the interrupt condition persists, the flag will not
be set until the event occurs the next time.

When the Program Counter is vectored to the actual interrupt vector in order to execute
the interrupt handling routine, hardware clears the corresponding fiag that generated the
interrupt. Some of the interrupt flags can alsc be cleared by writing a logical “1” to the
flag bit position(s) to be cleared.

if an interrupt condition occurs when the corresponding interrupt enabte bit is cleared
{(zero), the interrupt flag will be set and remembered until the interrupt is enabled, or the
flag is cleared by software.

If one or more interrupt conditions occur when the global interrupt enable bit is cleared
(zero), the corresponding interrupt flag(s) will be set and remembered untit the global
interrupt enable bit is set (one), and will be executed by order of priority.

Note that external level interrupt does not have a flag, and will only be remembered for
as long as the interrupt condition is aclive.

Note thal the Status Register is not automatically stored when entering an interrupt rou-
tine and restored when returning from an interrupt routine. This must be handled by
software.

22 A2\ T79100'S 231 3 1000000000000
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General interrupt Mask
Register — GIMSK

General Interrupt FLAG
Register — GIFR
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Bit 7 6 5 4 3 2 1 0
$38 (35B) } INT1 ] INTO - - - - | - ] - }omsx
Read/Wrie RAW RAN 2} R R R R R

Initial value 0 a 0 [+] [+] ) v]

* Bit 7 — INT1: External Interrupt Request 1 Enable

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set {one),
the external pin interrupt is enabled. The Interrupt Sense Control1 bits 1/0 (ISC11 and
ISC10) in the MCU generat Control Register (MCUCR) defines whether the external
interrupt is activated on rising or falling edge of the INT1 pin or level sensed. Activity on
the pin will cause an interrupt request even if INT1 is configured as an output. The corre-
sponding interrupt of External Interrupt Request 1 is executed from program memory
address $002. See also “External Interrupts”.

« Bit 6 — INT0: External Interrupt Request 0 Enable

When the INTO bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense ControlQ bits 1/0 (ISC01 and
ISCO0) in the MCU general Control Register {MCUCR) defines whether the external
interrupt is activated on rising or falling edge of the INTO pin or level sensed. Activity on
the pin will cause an interrupt request even if INTO is configured as an cutput. The corre-
sponding interrupt of External Interrupt Request 0 is executed from program memory
address $001. See also “External Interrupts.”

« Bits 5..0 — Res: Reserved Bits

These bits are reserved bits in the AT9052313 and always read as zero.

Bit 7 6 5 4 3 2 1 a
ssassay  [INTFT | INTFO ] - | - 1 - I ~ ] GIFR
Read/Wrie RAN R R R R R R R

Initial vahie 0 0 0 0 0 0 0

* Bit 7 — INTF1: External Interrupt Flag1

When an edge on the INT1 pin triggers an interrupt request, the corresponding interrupt
flag, INTF1, becomes set {one}. If the I-bit in SREG and the corresponding interrupt
enable hit, INT1 bit in GIMSK, are set (one}, the MCU will jump to the interrupt vector.
The flag is cleared when the interrupt routine is executed, Alternatively, the flag can be
cleared by writing a logical “1” to it. The flag is always cleared when INT 1 is configured
as level interrupt.

* Bit 6 — INTFO: External Interrupt Flag0

When an edge on the INTO pin triggers an interrupt request, the corresponding interrupt
flag, INTFQ, becomes set (one). If the |-bit in SREG and the corresponding interrupt
enable bit, INTO bit in GIMSK, are set (one), the MCU will jump to the interrupt vector.
The flag is cleared when the interrupt routine is executed. Alternatively, the flag can be
cleared by writing a logical “1" to it. The flag is always cleared when INT0 is configured
as level interrupt.

= Bits 5..0 - Res: Reserved Bits
These bits are reserved bits in the AT9052313 and always read as zero.

Note that external level interrupt does not have a flag, and will only be remembered for
as long as the interrupt condition is active.

AIMEL &



Timer/Counter Interrupt Mask
Register - TIMSK

Timer/Counter Interrupt FLAG
Register - TIFR

Ait 7 & 5 4 3 2 1 0
$39 {359) | TOIE1 OCIE1A } - ] - TICIE1 - TOIEQ - ] nmsx
ReadMirile RAW RAW R R RW R RW R
tnitial value a ¢ [¥] 0 0 0 Q a

+ Bit 7 ~ TOIE1: Timer/Counter1 Overflow Interrupt Enable

When the TOIE1 bit is set (one) and the |-bit in the Status Register is set (one), the
Timer/Counter1 Overflow Interrupt is enabled. The corresponding interrupt (at vector
$005) is executed if an overflow in Timer/Counter1 occurs {(i.e., when the TOV1 bit is set
in the Timer/Counter Interrupt Flag Register [TIFR]}.

* Bit 6 — OCIE1A: Timer/Counter1 Output Compare Match Interrupt Enable
When the OCIE1A bit is set (one) and the I-bit in the Status Register is set {one), the
Timer/Counter1 Compare Match Interrupt is enabled. The corresponding interrupt {at

vector $004) is executed if a compare match in Timer/Counter1 occurs (i.e., when the
OCF1A bitis set in the Timer/Counter Interrupt Flag Register [TIFR]).

» Bit 5,4 - Res: Reserved Bits

These bits are reserved bits in the AT8052313 and always read as zero.

+ Bit 3 - TICIE1: Timer/Counter1 Input Capture Interrupt Enable

When the TICIE1 bit is set (one) and the I-bit in the Status Register is set {one), the
Timer/Counter1 Input Capture Event Interrupt is enabled. The corresponding interrupt

{at vector $003) is executed if a capture-triggering event occurs on PDG(ICP) (i.e., when
the ICF1 bit is set in the Timer/Counter Interrupt Flag Register [TIFR]).

» Bit 2 — Res: Reserved Bit

This bit is a reserved bit in the AT9052313 and always reads as zero.

+» Bit 1 - TOIEO: Timer/Counterd Overflow Interrupt Enable

When the TOIEO bit is set {one) and the I-bit in the Status Register is set (one), the
Timer/Counter0 Overflow Interrupt is enabled. The corresponding interrupt (at vector

$006) is executed if an overflow in Timer/Counter0 occurs (i.e., when the TOVO bit is set
in the Timer/Counter Interrupt Flag Register [TIFR]).

« Bit 0 - Res: Reserved Bit
This bit is a reserved bit in the AT9052313 and always read as zero.

Bit 7 & 5 4 3 2 1 0
$38 {$59) | Tova | ocria ] - | - ICF1 | -~ | TOva - | mer
Read/Write RW RAW R R RAW R RAW R
Initial walue 0 a D 0 0 o] o] Q

« Bit 7 - TOV1: Timer/Counter1 Overflow Flag

The TOV1 is set {one} when an overflow occurs in Timer/Counter1. TOV1 is cleared by
hardware when executing the corresponding interrupt handling vector. Alternatively,
TOV1 is cleared by writing a logical "1” to the flag. When the I-bit in SREG and TOIE1
{Timer/Countert Overflow Interrupt Enable) and TOV1 are set (one), the
Timer/Counter1 Qverflow Interrupt is executed. In PWM mode, this bit is set when
Timer/Counter? changes counting direction at $0000.

» Bit 6 — OCF1A: Output Compare Flag 1A

The OCF1A bit is set {one) when a compare match occurs between the Timer/Counter1
and the data in OCR1A (Output Compare Register1 A). OCF1A is cleared by hardware
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when executing the corresponding interrupt handling vector. Alternatively, OCF1A is
cleared by writing a logical “1” to the flag. When the |-bit in SREG and OCIE1A
(Timer/Counter1 Compare Match Interrupt Enable) and the OCF1A are set (one), the
Timer/Counter1 Compare Match Interrupt is executed.

* Bits 5, 4 — Res: Reserved Bils

These bits are reserved bits in the AT9052313 and always read as zero.
* Bit 3 - ICF1: Input Capture Flag 1

The ICF1 bit is set (one) to flag an input capture event, indicating that the
Timer/Counter1 value has been transferred to the Input Capture Register (ICR1}. ICF1
is cleared by hardware when executing the corresponding interrupt handling vector.
Alternatively, ICF 1 is cleared by writing a logical “1” to the flag. When the SREG I-bit
and TICIE1 (Timer/Counter1 Input Capture Interrupt Enable) and ICF1 are set {one), the
Timer/Counter1 Capture Interrupt is executed.

+Bit 2 - Res: Reserved Bit

This bit is a reserved bit in the AT90S2313 and always reads as zero.
* Bit 1 — TOV0: Timer/Counter0 Overfiow Flag

The bit TOVQ is set (one) when an overflow occurs in Timer/Counter0. TOVO is cleared
by hardware when executing the correspending interrupt handling vector. Alternatively,
TOVQ is cleared by writing a logical *1” to the flag. When the SREG i-bit and TOIEQ
(Timer/CounterQ Overflow Interrupt Enable) and TOVD are set (one), the
Timer/Counter0 Overflow Interrupt is executed.

* Bit 0 -~ Res: Reserved Bit
This bit is a reserved bit in the AT9052313 and always reads as zero.

The External Interrupts are triggered by the INT1 and INTO pins. Observe that, if
enabled, the interrupts will trigger even if the INTO/INT1 pins are configured as outputs.
This feature provides a way of generating a software interrupt. The External interrupts
can be triggered by a falling or rising edge or a low level. This is set up as indicated in
the specification for the MCU Control Register (MCUCR). When the External interrupt is
enabled and is configured as level-triggered, the interrupt will trigger as iong as the pin
is heid low.

The External Interrupts are set up as described in the specification for the MCU Control
Register (MCUCRY}.

The interrupt executicn response for all the enabled AVR interrupts is four clock cycles,
minimum. Four clock cycles after the interrupt flag has been set, the program vector
address for the actual interrupt handling routine is executed. During this 4-clock-cycle
period, the Program Counter (2 bytes) is pushed onto the stack, and the Stack Pointer is
decremented by 2. The vector is normally a relative jump to the interrupt routine, and
this jump takes two clock cycles. If an interrupt occurs during execution of a multi-cycle
instruction, this instruction is compieted before the interrupt is served.

A return from an interrupt handling routine takes four clock cycles. During these four
clock cycles, the Program Counter (2 bytes) is popped back from the stack, the Stack
Pointer is incremented by 2, and the I-flag in SREG is set. When the AVR exits from an
interrupt, it will always return to the main program and execute one more instruction
before any pending interrupt is served.
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The MCU Control Register contains control bits for general MCU functions.

Bit 7 6 5 4 3 2 1 0
s35855) | - | - [ SE | SM [ ISC1% | I1SC10 [ ISCO1 | ISCOO { MCUCR
Read/Wiite R R RAW RAW RW RIW RIW RW
Initial value 0 0 0 0 0 1] 0 0

* Bits 7, 6 — Res: Reserved Bits

These bits are reserved bits in the AT9052313 and always read as zero.
+ Bit 5§ — SE: Sleep Enable

The SE bit must be set (one) to make the MCU enter the Sleep Mode when the SLEEP
instruction is executed. To avoid the MCU entering the Sleep Mode unless it is the pro-
grammer’s purpose, it is recommended fo set the Sleep Enable (SE) bit just before the
execution of the SLEEP instruction.

* Bit 4 — SM: Sleep Mode
This bit selects between the two available sleep modes. When SM is cleared {zero), Idie

Mode is selected as Sleep Mode. When SM is set (one), Power-down Mode is selected
as Sleep Mode. For details, refer to the paragraph “Sleep Modes”.

* Bits 3, 2 - ISC11, 1ISC10: Interrupt Sense Control 1 Bit1 and Bit 0

The External interrupt 1 is activated by the external pin INT1 if the SREG I-flag and the
corresponding interrupt mask in the GIMSK register is set. The level and edges on the
external INT1 pin that activate the interrupt are defined in Table 5.

Table 5. Interrupt 1 Sense Control

ISC11 I ISC10 Description
0 0 The low level of INTt generales an inlerrupt request.
0 1 Reserved
71 7 O” The falling edge of‘I'I‘\I‘T1 generates;n interrupt request. ]
1 1 1 . The rising edge of INT1 generates an interrupt request.

* Bits 1, 0 -~ ISC01, 1SC00: Interrupt Sense Controi ¢ Bit 1 and Bit 0

The External Interrupt O is activated by the external pin INTO if the SREG I-flag and the
corresponding interrupt mask is set. The level and edges on the external INTO pin that
activate the interrupt are defined in Tabie 6.

Table 6. Interrupt 0 Sense Control

1SC01 ISCO0 Description
0 0 The low level of INTO generates an interrupt request.
B 70 _ 1 Reserved
71 e 0 The falling edge of INTOI ge;r;erates an Enterrijpt fequé-st. ]
B 1 1 The rising edge of INTO generates an interrupt request.

The value on the INTn pin is sampled hefore detecting edges. If edge interrupt is
selected, pulses with a duration longer than one CPU clock period will generate an inter-
rupt. Shorter pulses are not guaranteed to generate an interrupt. if low-level interrupt is
selected, the low level must be held until the compietion of the currently executing
instruction to generate an interrupt. If enabled, a tevel-triggered interrupt will generate
an interrupt request as long as the pin is held low.
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To enter the sleep modes, the SE bit in MCUCR must be set {one) and a SLEEP instruc-
tion must be executed. If an enabled interrupt occurs while the MCU is in a steep mode,
the MCU awakes, executes the interrupt routine, and resumes execution from the
instruction following SLEEP. The contents of the register file, SRAM and IO memory
are unaitered. If a reset occurs during Sleep Mode, the MCU wakes up and executes
from the Reset vector.

When the SM bit is cleared (zero), the SLEEP instruction forces the MCU into the Idle
Mode, stopping the CPU but allowing Timer/Counters, Watchdog and the interrupt sys-
tem to continue operating. This enables the MCU to wake up from external triggered
interrupts as well as internal ones like Timer Overflow interrupt and Watchdog reset. If
wake-up from the Analog Comparator Interrupt is not required, the Analog Comparator
can be powered down by setting the ACD-hit in the Analog Comparator Control and Sta-
tus Register (ACSR). This will reduce power consumption in Idle Mode. When the MCU
wakes up from !die Mode, the CPU starts program execution immediately.

When the SM bit is set (one), the SLEEP instruction forces the MCU into the Power-
down Mode. In this mode, the externai oscillator is stopped while the externat interrupts
and the Watchdog (if enabled) continue operating. Only an external reset, a Watchdog
reset (if enabled}, an external level interrupt on INTQ or INT1 can wake up the MCU.

Note that when a level-triggered interrupt is used for wake-up from power-down, the low
level must be held for a time longer than the reset delay Time-out period tyq;. Other-
wise, the device will not wake up.

The AT9052313 provides two general-purpose Timer/Counters — one 8-bit T/C and one
16-bit T/C. The Timer/Counters have individua! prescaling selection from the same 10-
bit prescaling timer. Both Timer/Counters can either be used as a timer with an internal
clock time base or as a counter with an external pin connection that triggers the
counting.

AIMEL 2
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Figure 28 shows the general Timer/Counter prescaler.

Figure 28. Timer/Counter Prescaler
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The four different prescaled selections are: CK/8, CK/684, CK/256 and CK/1024, where
CK is the oscillator clock. For the two Timer/Counters, added selections such as CK,
external clock source and stop can be selected as clock sources.

Figure 29 shows the block diagram for Timer/CounterO.

The 8-bit Timer/Counter0 can select clock source from CK, prescaled CK or an external
pin. In addition, it can be stopped as described in the specification for the
Timer/Counter0 Control Register (TCCRO). The overflow status flag is found in the
Timer/Counter Interrupt Flag Register (TIFR). Control signals are found in the
Timer/Counter0 Control Register (TCCRO). The interrupt enable/disable settings for
Timer/CounterQ are found in the Timer/Counter Interrupt Mask Register (TIMSK]}.

When Timer/CounterQ is externally clocked, the externat signal is synchronized with the
oscillator frequency of the CPU. To assure proper sampling of the external clock, the
minimum time between two external clock transitions must be at least one internal CPU
clock period. The external clock signal is sampled on the rising edge of the internal CPU
clock.

The 8-bit Timer/Counter0 features both a high-resoluticn and a high-accuracy usage
with the lower prescaling opportunities. Similarly, the high prescaling opporiunities make
the Timer/Counter0 useful for tower speed functions or exact timing functions with infre-
gquent actions.
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Figure 29. Timer/CounterD Block Diagram
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Bit 7 § 5 4 3 2 1 0
533 (353) 1 - | - - - cs02 | Csof CS00 ]chno
ReadANrite R R R R RIW R RAW
Inilial value a 0 o 0 0 0

» Bits 7..3 ~ Res: Reserved Bits

These bits are reserved bits in the AT9052313 and always read zero.
* Bits 2,1,0 - C802, CS01, CS00: Clock Select0, Bit 2,1 and 0

The Clock SelectD bits 2, 1 and 0 define the prescaling source of Timer/CounterD.

Table 7. Clock 0 Prescale Select

C502 c801 CS00 Description
0 0 0 Stop, the Timer/Counter0 is stopped.
0 0 1 CK
B 7077 . 1 0 CK/8 - |
i D 1 - 71 CK/64
- W; ] 0 0 CK/256
| o 1| ckros
1 1 | 0 |ExemaiPinTo falling edge
1 1 1 ! External Pin TQ, rising édge
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The Stop condition provides a Timer Enable/Disable function. The CK down divided
modes are scaled directly from the CK oscillator clock. Iif the external pin modes are
used for Timer/Counter0, transitions on PD4/(TO) will clock the counter even if the pin is
configured as an output. This feature can give the user software control of the counting.

Bit 7 6 5 4 3 2 1 a

s3z2(s52) | MSB | | | | | | Lsa ] TCnTo
Readwrite R RW RAW RAY RW RIW RW RW

Initial value 0 0 0 o a 2} 0 o

The Timer/CounterQ is realized as an up-counter with read and write access. If the
Timer/Counter0 is written and a clock source is present, the Timer/CounterO continues
counting in the timer clock cycle following the write operation.

Figure 30 shows the block diagram for Timer/Counter?.

Figure 30. Timer/Counter? Block Diagram
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The 16-bit Timer/Counter{ can select clock source from CK, prescaled CK or an external
pin. in addition, it can be stopped as described in the specification for the Timer/Counterd
Control Register {TCCR1B). The different status flags (Overflow, Compare Match and
Capture Event) and control signals are found in the Timer/Counter interrupt Flag Register
{TIFR). The interrupt enable/disable settings for Timer/Counter1 are found in the Tim-
er/Counter Interrupt Mask Register (TIMSK).
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When Timer/Counter1 is externally clocked, the external signai is synchronized with the
oscillator frequency of the CPU. To assure proper sampiing of the external clock, the
minimum time between two external clock transitions must be at least one internal CPU
clock period. The external clock signal is sampled on the rising edge of the internal CPU
clock.

The 16-bit Timer/Counter?y features both a high-resolution and a high-accuracy usage
with the lower prescaling opportunities. Similarly, the high prescaling opportunities
makes the Timer/Counter1 useful for lower speed functions or exact timing functions
with infrequent actions.

The Timer/Counter1 supports an Output Compare function using the Output Compare
Register 1A (OCR1A) as the data source to be compared to the Timer/Counter! con-
tents. The Output Compare functions include optional clearing of the counter on
compare matches, and actions on the Cutput Compare pin 1 on compare matches.

Timer/Counter1 can also be used as an 8-, 9- or 10-bit Pulse Width Modulator. In this
mode the counter and the OCR1 register serve as a glitch-free standalone PWM with
centered pulses. Refer to page 36 for a detailed description of this function.

The Input Capture function of Timer/Counter1 provides a capture of the Timer/Counter1
contents to the Input Capture Register (ICR1), triggered by an externat event on the
input Capture Pin {ICP}. The actual capture event settings are defined by the
Timer/Counter1 Control Register (TCCR1B). In addition, the Analog Comparator can be
set to trigger the input capture. Refer to "Analog Comparator” on page 50 for details on
this. The ICP pin logic is shown in Figure 31.

Figure 31. ICP Pin Schematic Diagram

ICP
ﬂ NOISE CANCELER  1—™ EDGE SELECT —>» ICF1
ICNC1 ICES
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ACIC. COMPARATOR IC ENABLE
ACO COMPARATOR OUTPUT

If the Noise Canceler function is enabled, the actual trigger condition for the capture
event is monitored over four samples, and all four must be equal to activate the capture
flag.

Bit 7 6 5 4 3 2 1 o

$2F (34F) | COM1A1 | COM1AD - - - 1 - } PWM11 | PWMI10 | TCCRtA
ReadMWrite RW RW R R R R RW RAWV

Initial value o 0 0 o 0 4] 1] o

+ Bits 7,6 - COM1A1, COM1AQ: Compare Output Mode1, Bits 1 and 0

The COM1A1 and COM1AQ controi bits determine any output pin action following a
compare match in Timer/Counter1. Any output pin actions affect pin OC4 (Output Com-
pare pin 1) (PB3). This is an alternative function te the VO port, and the corresponding

AIMEL 3
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direction control bit must be set {one) to control an output pin. The control configuration
is shown in Table 8.

Table 8. Compare 1 Mode Select

COM1A1 COM1AQ Description
0 0 Timer/Countert disconnected from output pin GC1
i E) 1 Toggle the OC1 output Iine..
1 o 0 Clear the ©C1 output line (to zera).
I 1 Setthe OC1 output line {to one). o
Note:  in PWM mode, these bits have a different function. Refer to Table 12 for a detailed
description.

« Bits 5..2 - Res: Reserved Bits

These bits are reserved bits in the AT90S2313 and always read zero.
» Bits 1,0 - PWM11, PWM10: Pulse Width Modulator Select Bits

These hits select PWM operation of Timer/Counter1 as specified in Table 9. This mode
is described on page 35.

Table 9. PWM Mode Setect

PWM11 PWM10 Description
L 0 0 PWM operation of Timer/Counter1 is disabled
0 1 Timer/Countert is an 8-bit PWM
1 0 Timer/Caunter? is a 9-bit PWM
1 ] Timer/Counter? is a 10-bit PWM
Hit 7 5 5 4 3 2 1 0
S2F (34E) | rcnNct o icest - - CcTC1 €s12 | cst1 | Cs10 ] TcCR1B
ReadMrite RW RAW R R RW R/W RW RAW
Initial value 0 0 0 a 0 0 0 0

« Bit 7 = ICNC1: Input Capture’$ Noise Canceler (4 CKs})

When the ICNC1 bit is cleared {(zero), the input capture trigger noise canceler function is
disabled. The input capture is triggered at the first rising/falling edge sampled on the ICP
{input capture pin) as specified. When the ICNC1 bit is set (one), four successive sam-
ples are measured on the ICP (input capture pin), and all samples must be high/iow
according to the input capture trigger specification in the ICES1 bit. The actual sampling
frequency is the XTAL clock frequency.

* Bit 6 — ICES1: Input Capturat Edge Select
While the ICES1 bit is cleared (zero), the Timer/Counter1 contents are transferred to the
input Capture Register (ICR1) on the falling edge of the input capture pin (ICP). While

the ICES1 bit is set {one), the Timer/Counter1 contents are transferred to the input Cap-
ture Register {{CR1) on the rising edge of the input capture pin (ICP).

* Bits 5, 4 — Res: Reserved Bits

These bits are reserved bits in the AT80352313 and always read zero.

0835G-D8/D1
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» Bit 3 — CTC*: Clear Timer/Counter! on Compare Match

When the CTC1 control bit is set (one), the Timer/Counter1 is reset to $0000 in the clock
cycle after a compareA match. if the CTC1 control bit is cleared, Timer/Couniert contin-
ues counting and is unaffected by a compare match. Since the compare maich is
detected in the CPU clock cycle foliowing the maich, this function will behave differently
when a prescaling higher than 1 is used for the timer. When a prescaling of 1 is used,
and the compareA register is set to C, the timer will count as follows if CTC1 is set:
|C-2]C1|CJO}1]..

When the prescaler is set to divide by 8, the timer will count like this:

..|C-2 C-2 C2C-2C2C-2C-2C2|C1,C1,C1,C1,C1,C-1,C-1,C-11C, 0
000000

In PWM maode, this bit has no effect.

« Bits 2,1,0 - CS12, C811, CS10: Clock Seiect, Bits 2, 1 and 0

The Clock Select! bits 2, 1 and O define the prescaling source of Timer/Counter1.

Table 10. Clock 1 Prescale Select

cs12 | CSN €S10 | Description
0 I 0 0 Stap, the Timer/Countert is siopped.
| 0 N 0 1 CK
0 ) 1 0 CK/8
0 1 1 CK/64
i 0 0 | CK25B
g b 1 | ckrMo24
1 1 “ 0 | External Pin T1, falling edge
F1 "; 1| 1| Extemal Pin T1, rising edge ]

The Stop condition provides a Timer Enable/Disable function. The CK down divided
modes are scaled directly from the CK oscillator clock. If the external pin modes are
used for Timer/Counter1, transitions on PD5/(T1) will clock the counter even if the pin is
configured as an output. This feature can give the user software control of the counting.

Bit 15 14 13 12 " 10 9 B
12D ($4D) MSB TENTIH
$2C ($4C) LSB TCNTIL
7 6 5 4 3 2 1 Q
Read/Write RW RwW R RAN RW RW RAW RAN
RW R R/W RW RAY R/ RAW R/W
Initial value o a 0 0 0 0 D a
o a 0 a 0 Q 0

This 16-bit register contains the prescaled value of the 16-bit Timer/Counter1. To
ensure that both the high and low bytes are read and written simultaneously when the
CPU accesses these registers, the access is performed using an 8-bit temporary regis-
ter (TEMP). This temporary register is also used when accessing OCR1A and ICR1. {f
the main program and interrupt routines perform access to registers using TEMP, inter-
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rupts must be disabled during access from the main program or interrupts if interrupts
are re-enabled.

« TCNT1 Timer/Counter1 Write:
When the CPU writes to the high byte TCNT1H, the written data is placed in the
TEMP register. Next, when the CPU writes the low byte TCNT1L, this byte of datais
combined with the byte data in the TEMP register, and all 16 bits are written to the
TCNT1 Timer/Counter1 register simultaneously. Consequently, the high byte
TCNT1H must be accessed first for a full 16-bit register write operation.

« TCNT1 Timer/Counter1 Read:
When the CPU reads the low byte TCNT 1L, the data of the low byte TCNT1L is sent
to the CPU and the data of the high byte TCNT1H is placed in the TEMP register.
When the CPU reads the data in the high byte TCNT 1H, the CPU receives the data
in the TEMP register. Consequently, the low byte TCNT 1L must be accessed first
for a full 16-bit register read operation.

The Timer/Counter1 is realized as an up or up/down (in PWM mode) counter with read
and write access. If Timer/Counter1 is written to and a clock source is selected, the
Timer/Counter! continues counting in the timer clock cycle after it is preset with the writ-
ten value.

Ait 15 34 13 12 11 10 9 8
$28 (348) MSB OCR1AH
$2A {34A) LS8 OCR1AL
T [ 5 4 3 2 1 a
Read/Write R RIW RV RAV R RIW R R
RwW RAN RANV RAW RW RMW RAN RAW
tnitial value 1] o] 0 1] (] 0 a a
b} o] o] o] il D a ¢}

The output compare register is a 16-bit read/write register.

The Timer/Counter1 Qutput Compare Register contains the data to be continuously
compared with Timer/Counter1. Actions on compare matches are specified in the
Timer/Counter1 Control and Status registers.

Since the Cutput Compare Register {OCR1A) is a 16-bit register, a temporary register
TEMP is used when OCR1A is written to ensure that both bytes are updated simulta-
neously. When the CPU writes the high byte, OCCR1AH, the data is temporarily stored in
the TEMP register. When the CPU writes the low byte, OCR1AL, the TEMP register is
simultaneously written to OCR1AH. Consequently, the high byte OCR1AH must be writ-
ten first for a full 16-bit register write operation.

The TEMP register is also used when accessing TCNT1, and ICR1. If the main program
and interrupt routines perform access fo registers using TEMP, interrupts must be dis-
abled during access from the main program or interrupts if interrupts are re-enabled.
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By 15 14 13 12 11 10 9 8
525 (545) MSB ICR1H
524 (304) LSB ICRIL
7 ] 5 4 3 2 1 C
ReadMWrite R R R R R R R R
R R R R R R R R
Initial value [¢] 0 1] a o] 1] u] 0
0 a 4 0 0 [¢] ¢ C

The input capture register is a 168-bit read-only register.

When the rising or falling edge {according to the input capture edge setting [ICES1]) of
the signal at the input capture pin (ICP) is detected, the current value of the
Timer/Counter1 is transferred to the Input Capture Register (ICR1). At the same time,
the input capture flag (ICF 1) is set (one).

Since the Input Capture Register {ICR1) is a 18-bit register, a temporary register TEMP
is used when ICR1 is read to ensure that both bytes are read simultaneously. When the
CPU reads the low byte ICR 1L, the data is sent to the CPU and the data of the high byte
ICR1H is placed in the TEMP register. When the CPU reads the data in the high byte
ICR1H, the CPU receives the data in the TEMP register. Consequently, the low byte
ICR1L must be accessed first for a full 16-bit register read operation.

The TEMP register is also used when accessing TCNT1 and OCR1A. If the main pro-
gram and interrupt routines perform access 1o registers using TEMP, interrupts must be
disabted during access from the main program or interrupts if interrupts are re-enabled.

When the PWM mode is selected, Timer/Counter1 and the Output Compare Register1
{OCR1A) form an 8-, 9- or 10-bit, free-running, glitch-free and phase-correct PWM with
output on the PB3{OC1) pin. Timer/Counter1 acts as an up/down counter, counting up
from $0000 to TOP (see Table 11), where it turns and counts down again to zero before
the cycle is repeated. When the counter value matches the contents of the 8, 9 or 10
least significant bits of OCR1A, the PB3(OC1) pin is set or cleared according to the set-
tings of the COM1A1 and COM1AQ hits in the Timer/Counter1 Control Register
(TCCR1). Refer to Table 12 for details.

Table 11. Timer TOP Values and PWM Frequency

PWM Resolution Timer TOP Value Frequency
8-bit $OOFF (255) fre (/510

o .-_Q—bit - B $01FF (511) - f;[c,.l16.’2-.‘2
“ 10-bit - $03FF{1023) fro4/2046
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Table 12. Comparel Mode Select in PWM Mode
COM1A1 | COM1AD | Effect on OC1

0 : 0 Not connected
b i 1_____ ﬂdt conneciérd
N ) o .D‘ Cleared on compare match, upcounting. Set on compare match,
down-counting (non-inverted PYWM).
7 1 1 | Cleared on compare match, downcounting. Set on compare match,

up-counting (inverted PWM}.

Note that in the PWM mode, the 10 least significant OCR1A bits, when written, are
transferred to a temporary location. They are latched when Timer/Counter1 reaches
TOP. This prevents the occurrence of odd-length PWM pulses (glitches) in the event of
an unsynchronized OCR1A write. See Figure 32 for an example.

Figure 32. Effects on Unsynchronized OCR1 Latching
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Compare Value

r.l m r—! I—l | L.. PWM Qutput OC1

Synchronized OCR1A Latch

Compare Value changes

Counter Value
Compare Value

[l [ [l [ [ L- PWM Qutput OCH

Unsynchronized OCR1A I.altch‘L Gtitch

During the time between the write and the latch operations, a read from OCR1A will
read the contents of the temporary location. This means that the most recently written
value always will read out of OCR1A,

When the OCR1 contains $0000 or TOP, the output OC1 is updated to low or high on
the next compare match according to the settings of COM1A1/COM1AQ. This is shown
in Table 13.

Note: | the compare register contains the TOP value and the prescaler is not in use
{CS12..CS10 = 001}, the PWM output will not produce any pulse at all, because the up-
counting and down-counting values are reached simultaneously. When the prescaler is
in use (CS12..CS10 # 001 or 000), the PWM output goes active when the counter
reaches the TOP value, but the down-counting compare match is not interpreted io be
reached before the next time the counter reaches the TOP value, making a one-period
PWM puise.
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Table 13. PWM Outputs OCR = $0000 or TOP

COM1A1 COM1AG OCR1A Output OC1
1 0 $0000 L
1 0 TOP H
- 1 O © $0000 H
B 1 1 TOP L

In PWM mode, the Timer Overflow Flag1 (TOV1) is set when the counter advances from
$0000. Timer Overflow Interrupt! operates exactly as in normal Timer/Counter mode
{i.e., it is executed when TOV1 is set, provided that Timer Overflow Interrupt1 and giobal
interrupts are enabled). This also applies to the Timer Output Compare1 flag and

interrupt.

AIMEL
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Watchdog Timer

Watchdog Timer Control
Register — WDTCR

AIMEL

The Watchdog Timer is clocked from a separate on-chip oscillator that runs at 1 MHz.
This is the typical value at V.. = 5V. See characterization data for typical values at other
V¢ levels. By controlling the Watchdog Timer prescaler, the Watchdog resel interval
can be adjusted. See Table 14 for a detailed description. The WDR (Watchdog Reset)
instruction resets the Watchdog Timer. Eight different clock cycle periods can be
selected to determine the reset period. If the reset period expires without another
Watchdog resel, the AT9052313 resets and executes from the reset vector. For timing
details on the Watchdog reset, refer to page 22.

To prevent unintentional disabling of the Watchdog, a special turn-off sequence must be
followed when the Watchdog is disabled. Refer to the description of the Watchdog Timer
Control Register for details.

Figure 33. Watchdog Timer

WATCHDOG
1 MHz OSC [« PRESCALER
Y i x| x2| 2| 2| x
elgl 288128 3|
WATCHDOG HEIE IR R R
RESET 000"0’8%§§
v L LA A
WDPO ‘;\k
WDP1 r\
WDP2
WDE
MCU RESET
Bil 7 6 5 4 3 2 1 0
321 (541} | - WDTOE WOE | WOP2 | woP1 | WOPo | WDTCR
ReadMrile R R RAW RAW R RMY RAW
Initial value o] 0 0 0 0 Q o] o]

« Bits 7..5 - Res: Reserved Bits

These bits are reserved bits in the AT9052313 and will always read as zero.
+» Bit 4 - WDTOE: Watchdog Turn-off Enable

This bit must be set (one) when the WDE bit is cleared. Otherwise, the Watchdog will
not be disabled. Once set, hardware will clear this bit to zero after four clock cycles.
Refer to the description of the WDE bit for a Watchdog disable procedure.

= Bit 3 - WDE: Watchdog Enable

When the WDE is set (one) the Watchdog Timer is enabled, and if the WDE is cleared
{zero), the Watchdog Timer function is disabled. WDE can only be cleared if the
WDTOE bit is set (one). To disable an enabled Watchdog Timer, the following proce-
dure must be followed:
1. In the same operation, write a logical *1” to WDTOE and WDE. A logical “1” must

be written to WDE even though it is set to 1 before the disable operation starts.

2. Within the next four clock cycles, write a logical "0” to WDE. This disables the
Watchdog.
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+Bits 2..0 - WDP2, WDP1, WDP0: Watchdog Timer Prescaler 2,1 and 0

The WDP2, WDP1 and WDPO bits determine the Watchdog Timer prescaling when the
Watchdog Timer is enabled. The different prescaling values and their correspending
lime-out periods are shown in Table 14.

Table 14. Watchdog Timer Prescale Select

Number of
WDT Oscillator Typical Time-out Typical Time-out
WDPZ | WDP1 | WDPO | Cycles at V.. =3.0v at Voo = 5.0V
0 0 0 16K cycles 47 ms 15ms
B 0 0 1 32K cycles 94 ms 30ms
B 0 1 0 64K cycles 0.19s 60 ms
0 N ﬁ71 1 . -128K cycles 0.38 s -0-.-12 s
1 0" 0 256K cycles 0.75s 0245s
'1 0 1 512K cycles 15s 049s
1 1. 0 1,024K cycles 30s 0.497s
1 1 1 2,048K cycles 60s 19s

Note:

The frequency of the Watchdog Oscillator is voltage-dependent, as shown in the Electn-
cal Characteristics section.
The WDR (Watchdog Reset) instruction should always be executed before the Watch-
dog Timer is enabled. This ensures that the reset peried will be in accordance with the
Watchdog Timer prescale settings. If the Watchdog Timer is enabled without reset, the
Watchdog Timer may not start counting from zero.
To avoid unintentional MCU reset, the Watchdog Timer should be disabled or reset
before changing the Watchdog Timer Prescale Select.

0839G-08/01
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EEPROM Read/Write
Access

EEPROM Address Register —
EEAR

EEPROM Data Register —
EEDR

EEPROM Control Register —
EECR

AIMEL

The EEPROM access registers are accessible in the WO space.

The write access time is in the range of 2.5 - 4 ms, depending on the V. vollages. A
self-timing function, however, lets the user software detect when the next byle can be
written. If the user code contains code that writes the EEPROM, some precaution must
be taken. In heavily filtered power supplies, V. is likely to rise or fall slowly on power-
up/down. This causes the device for some period of time to run at a voltage lower than
specified as minimum for the clock frequency used. CPU operation under these condi-
tions may cause the Program Counter to perform unintentional jumps and eventually
execute the EEPROM write code. To secure EEPROM integrity, the user is advised to
use an external under-voltage reset circuit in this case.

In order to prevent unintentional EEPROM writes, a specific write procedure must be fol-
lowed. Refer to the description of the EEPROM Control Register for details on this.

When the EEPROM is written, the CPU is halted for two clock cycles before the next
instruction is executed. When the EEPROM is read, the CPU is halted for four clock
cycles before the next instruction is executed.

Bit 7 5 5 4 3 2 1 0

S1E (83E) l - EEARS | EEARS 1 EEAR4 I EEAR3J EEAR2 { EEAR1 EEARO I EEAR
ReadMrile R RW RAW RW RW RAN R/W RW

Initial value o 0 0 V] 0 4] ¢ 0

* Bit 7 - Res: Reserved Bit

This bit is a reserved bit in the AT90S52313 and will always read as zero.
+ Bit 6..0 - EEARG..0: EEPROM Address
The EEPROM Address Register (EEARB..0) specifies the EEPROM address in the 128

bytes EEPROM space. The EEPROM data bytes are addressed linearly between ¢ and
127.

Bit 7 6 5 4 3 2 i 0

$1D (83D) I MEB i LSB l EEDR
ReadNrite RAN RM RW RAN RAN RAN RV RwW

Initiat value 0 o] q 0 0 0 0 1]

« Bit 7..0 - EEDR7..0: EEPROM Data

For the EEPROM write operation, the EEDR register contains the data to be written to
the EEPROM in the address given by the EEAR register. For the EEPROM read opera-
tion, the EEDR contains the data read out from the EEPROM at the address given by
EEAR.

Bit 7 & 5 4 3 2 1 v
$10 {$30) [ - - - EEMWE | EEWE | EERE | EECR
Read/Write R R RAW RW RW
Initial vatue 0 4] Q 0 Q 0 0 0

+ Bit 7..3 - Res: Reserved Bits

These bits are reserved bits in the AT90S2313 and will always read as zero.
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« Bit 2 - EEMWE: EEPROM Master Write Enable

The EEMWE bit determines whether setting EEWE to cne causes the EEPROM to be
written. When EEMWE is set {one), setting EEWE will write data to the EEPROM at the
selected address. If EEMWE is zero, setting EEWE will have no effect. When EEMWE
has been set (one) by software, hardware clears the bit to zero after four clock cycles.
See the description of the EEWE bit for a EEPROM write procedure.

» Bit 1 — EEWE: EEPROM Write Enable

The EEPROM Write Enable Signal (EEWE) is the write strobe to the EEPROM. When
address and data are correctly set up, the EEWE bit must be set to write the value into
the EEPROM. The EEMWE bit must be set when the logical *1" is written to EEWE, oth-
erwise no EEPROM write takes place. The following procedure should be followed
when writing the EEPROM (the order of steps 2 and 3 is unessential):

1. Wait until EEWE becomes zero.

2. Write new EEPROM address to EEAR {optional).
3. Write new EEPROM data to EEDR {opticnal).
4

Write a logical "1” to the EEMWE bit in EECR (toc be able to write a logical “1" to
the EEMWE bit, the EEWE bit must be written to zero in the same cycle).

5. Within four clock cycles after setling EEMWE, write a logical “1” to EEWE,

When the write access time (typically 2.5 ms at V. = 5V or 4 ms at V.. = 2.7V) has
elapsed, the EEWE bit is cleared (zero) by hardware. The user software can poll this bit
and wait for a zero before writing the next byte. When EEWE has been set, the CPU is
halted for two cycles before the next instruction is executed.

Caution: An interrupt between step 4 and step 5 will make the write cycle fail, since the
EEPROM Master Write Enable will time-out. If an interrupt routine accessing the
EEPROM is interrupting another EEPROM access, the EEAR or EEDR register will be
modified, causing the interrupted EEPROM access to fail. It is recommended to have
the global interrupt flag cleared during the last four steps to avoid these problems.

» Bit 0 - EERE: EEPROM Read Enable

The EEPROM Read Enable Signal (EERE) is the read strobe to the EEPROM. When
the correct address is set up in the EEAR register, the EERE bit must be set. When the
EERE bit is cleared {zero) by hardware, requested data is found in the EECR register.
The EEPROM read access takes one instruction and there is no need to poll the EERE
bit. When EERE has been set, the CPU is halted for four cycles before the next instruc-
tion is executed.

The user should poll the EEWE bit before starling the read operation. If a write operation
is in progress when new data or address is written to the EEPROM I/O registers, the
write operation will be interrupted and the result is undefined.

During periods of low V., the EEPROM data can be corrupted because the supply volt-
age is too low for the CPU and the EEPROM io operate properly. These issues are the
same as for board-level systems using the EEPROM, and the same design sclutions
should be applied.

An EEPROM data corruption can be caused by two situations when the voltage is too
tow. First, a regular write sequence 1o the EEPROM requires a minimum voltage to
operate correctly. Secondly, the CPU itself can execute instructions incorrectly if the
supply voltage for executing instructions is too fow.

EEPROM data corruption can easily be avoided by following these design recommen-
dations (one is sufficient):

AIMEL ‘"
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1. Keep the AVR RESET active (low) during periods of insufficient power supply
voltage. This is best done by an external low V; Reset Protection circuit, often
referred to as a Brown-out Detector (BOD). Please refer to the AVR 180 applica-
tion note for design considerations regarding power-cn reset and fow-voltage
detection.

2. Keep the AVR core in Power-down Sleep Mode during periods of low V.. This
will prevent the CPU from attempting to decode and execute instructions, effec-
tively protecting the EEPROM registers from unintentional writes.

3. Store constants in Flash memory if the ability to change memory contents from
software is not required. Flash memory cannot be updated by the CPU and will
not be subject to corruption.
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UART The AT90S52313 features a full duplex (separate receive and transmit registers) Univer-
sal Asynchroncus Receiver and Transmitter (UART). The main features are:

Baud Rate Generator that can Generate a Large Number of Baud Rates (bps)

High Baud Rates at Low XTAL Frequencies

8 or 9 Bits Data

Naise Filtering

Overrun Detection

Framing Error Detection

False Start Bit Detection

Three separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

Data Transmission A block schematic of the UART transmitter is shown in Figure 34.
Data transmission is initiated by writing the data to be transmitted to the UART I/O Data
Register (UDR). Data is transferred from UDR to the Transmit shift register when:

* A new character has been written 1o UDR after the stop bit from the previous
character has been shifted out. The shift register is lpaded immediately.

+ A new character has been written to UDR befcre the stop bit from the previous
character has been shifted out. The shift register is loaded when the stop bit of the
character currently being transmitted has been shifted out.

Figure 34. UART Transmitter

. DATA BUS .
¥
BAUD x 16
wTaL—»] BAUDRATE |PZEXTL s UART I/0 DATA
GENERATOR REGISTER (UDR}
STORE UDR
SHIFT ENARLE ”
PIN CONTROL
LOGIG
1
SAUD N TXD
CONTROL LOGIG + » 10(11)-BIT TX > PD1

SHIFT REGISTER

L IDLE [ T

Ly
TEEEE EEEes
HEEEE [ ]}
UART CONTROL UART STATUS
REGISTER (UCR) REGISTER (USR}
m Iy o
glsls gel §
ZIZ|S; ¢ DATABUS =R
- »
1
TXC  UDRE
RO IRQ

if the 10(11)-bit Transmitter shift register is empty, data is transferred from UDR to the
shift register. Al this time the UDRE (UART Data Register Empty) bit in the UART Status
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Register (USR) is set. When this bit is set (one), the UART is ready to receive the next
character. At the same time as the data is transferred from UDR to the 10(11)-bit shift
register, bit 0 of the shift register is cleared (start bit) and bit 9 or 10 is set (stop bit). If &
bit data word is selected (the CHRY bit in the UART Control Register [UCR} is set), the
TXB8 bit in UCR is transferred to bit 9 in the Transmit shift register.

On the Baud Rate clock following the transfer operation 1o the shift register, the start bit
is shifted out on the TXD pin. Then follows the data, LSB first. When the stop bit has
been shifted out, the shift register is loaded if any new data has been written to the UDR
during the transmission. During loading, UDRE is set. If there is no new data in the UDR
register to send when the stop bit is shifted out, the UDRE flag will remain set until UDR
is written again. When no new data has been written, and the stop bit has been present
on TXD for one bit tength, the TX Complete Flag {TXC) in USR is set.

The TXEN bit in UCR enables the UART transmitter when set (one}. When this bit is
cleared (zero), the PD1 pin can be used for general /0. When TXEN is set, the UART
Transmitter will be connected to PD1, which is forced to be an output pin regardiess of
the setting of the DDD1 bit in DDRD,

Figure 35 shows a block diagram of the UART Receiver.

Figure 35. UART Receiver
P DATA BUS o
UART I/0 DATA
REGISTER (UDR)
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LOGIC > SHIFT REGISTER
A & |
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FAE B #|XI5|8 |8
¥ y [ 1]
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\ﬁ
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The receiver front-end logic samptes the signal on the RXD pin at a frequency of 16
times the baud rate. While the line is idle, one single sample of logical “0” will be inter-
preted as the falling edge of a start bit, and the start bit detection sequence is initiated.
Let sample 1 denote the first zero-sample. Following the 1-to-0 transition, the receiver
sampies the RXD pin at samples B, 9 and 10. If two or more of these three samples are
found to be logical “1”s, the start bit is rejected as a noise spike and the receiver starls
looking for the next 1-to-0 transition.

If, however, a valid starl bit is detected, sampling of the data bits following the start bit is
performed. These bits are also sampled at samples 8, 9 and 10. The logical value found
in at least two of the three samples is taken as the bit value. All bits are shifted into the
transmitier shift register as they are sampied. Sampling of an incoming character is
shown in Figure 36.

Figure 36. Sampling Received Data

RXD
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RECEIVER

sapeunG dilsimmomdiinaaesd oMo Mg Manooc e om B nn M

When the stop bit enters the receiver, the majority of the three samples must be “1” to
accept the stop bit. If two or more samples are logical “0"s, the Framing Error {FE) ftag in
the UART Status Register (USR) is set. Before reading the UDR register, the user
should always check the FE bit to detect Framing Errors.

Whether or not a valid stop bit is detected at the end of a character-reception cycle, the
data is transferred to UDR and the RXC flag in USR is set. UDR is in fact two physically
separate registers; one for transmitted data and one for received data. When UDR is
read, the Receive Data register is accessed, and when UDR is written, the Transmit
Data register is accessed. If 9-bit data word is selected {the CHR bit in the UART Con-
trol Register [UCR} is set), the RXB8 bit in UCR is loaded with bit 9 in the Transmit shift
register when data is transferred to UDR.

If, after having received a character, the UDR register has not been read since the last
receive, the OverRun (OR) flag in UCR is set. This means that the last data byte shifted
into the shift register could not be transferred to UDR and has been lost. The OR bit is
buffered and is updated when the valid data byte in UDR is read. Thus, the user should
always check the OR bit after reading the UDR register in order to detect any overruns if
the baud rate is high or CPU load is high.

When the RXEN bit in the UCR register is cleared (zero), the receiver is disabied. This
means that the PDO pin can be used as a general 1/O pin. When RXEN is set, the UART
Receiver will be connected to PDO, which is forced to be an input pin regardless of the
setting of the DDDO bit in DDRD. When PDO is forced to input by the UART, the
PORTDO bit can still be used to control the pull-up resistor on the pin.

When the CHRO bit in the UCR register is set, transmitted and received characters are
nine bits long plus start and stop bits. The ninth data bit to be transmitted is the TXB8 bit
in UCR register. This bit must be set to the wanted value before a transmission is initi-
ated by writing to the UDR register. The ninth data bit received is the RXB8 bit in the
UCR register.
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UART Control

The UART 1/Q Data Register —
UDR

UART Status Register — USR

AIMEL

Bit 7 8 5 4 3 2 1 ]
30C ($2€) | msB | | | | Ls8 | Uor
ReadMWrite RIW RAW RAW RW R RW RAW RW

Initial value 0 0 0 V] 0 5] 0 4]

The UDR register is actuafly two physically separate registers sharing the same /O
address. When writing to the register, the UART Transmit Dala register is written. When
reading from UDR, the UART Receive Data register is read.

Bil 7 6 5 4 3 2 1 0
$0B ($2B) | rxc TXC UDRE FE OR - - - JusmR
ReadArite R R R R R R R R
Inital value 0 o] 1 0 Q 0 D 0

The USR register is a read-only register providing information on the UART status.
* Bit 7~ RXC: UART Receive Complete

This bit is set (one) when a received character is transferred from the Receiver Shift reg-
ister to UDR. The bit is set regardless of any detected framing errors. When the RXCIE
bit in UCR is set, the UART Receive Complete interrupt will be executed when RXC is
set (one). RXC is cleared by reading UDR. When interrupt-driven data reception is used,
the UART Receive Complete Interrupt routine must read UDR in order to clear RXC,
otherwise a new interrupt will occur once the interrupt routine terminates.

* Bit 6 - TXC: UART Transmit Complete

This bit is set (one} when the entire character (including the stop bit) in the Transmit
Shift register has been shifted out and no new data has been written to UDR. This flag is
especially useful in half-duplex communications interfaces, where a transmitting appli-
cation must enter receive mode and free the communications bus immediately after
completing the transmission.

When the TXCIE bit in UCR is set, setting of TXC causes the UART Transmit Complete
interrupt to be executed. TXC is cleared by hardware when executing the corresponding
interrupt handling vector. Alternatively, the TXC bit is cleared {zero) by writing a logical
“1” to the bit.

* Bit 5 — UDRE: UART Data Register Empty

This bit is set {one) when a character written to UDR is transferred 1o the Transmit shift
register. Setting of this bit indicates that the transmitter is ready to receive a new charac-
ter for transmission.

When the UDRIE bit in UCR is set, the UART Transmit Complete interrupt is executed
as long as UDRE is set. UDRE is cleared by writing UDR. When interrupt-driven data
transmittal is used, the UART Data Register Empty Interrupt routine must write UDR in
order to clear UDRE, otherwise a new interrupt will occur once the interrupt routine
terminates.

UDRE is set {one) during reset to indicate that the transmitter is ready.
* Bit 4 = FE: Framing Error

This bit is set if a Framing Error condition is detected (i.e., when the stop bit of an incom-
ing character is zero).

46 AT90S2313 e ——

0839G-08/01



e A T90S 2313

The FE bit is cleared when the stop bit of received data is one.
« Bit 3 ~ OR: Overrun

This bit is set if an Overrun condition is detected (i.e., when a character already present
in the UDR register is not read before the next character has been shifted into the
Receiver Shift register}. The OR bit is buffered, which means that it will be set once the
valid data still in UDRE is read.

The OR bit is cleared (zero) when data is received and transferred to UDR.
* Bits 2..0 - Res: Reserved Bits

These bits are reserved bits in the AT9052313 and will always read as zero,

UART Control Register - UCR

Bit 7 3 5 4 3 2 1 0
SOA ($2A) | RACIE | TXCIE | UDRIE | RXEN | TXEN CHRS | RXBB TxB8 | UcR
Read\Vrite RAV R/W R RANV R Rw R W
Initial value n] 9] 0 0 0 0 t a

» Bit 7 — RXCIE: RX Complete Interrupt Enahle

When this bit is set (one), a setting of the RXC bit in USR will cause the Receive Com-
plete Interrupt routine to be executed provided that global interrupts are enabled.

+ Bit 6 = TXCIE: TX Complete Interrupt Enable

When this bit is set (one}, a setting of the TXC bit in USR will cause the Transmit Com-
plete interrupt routine to be executed provided that global interrupts are enabied.

* Bit 5 - UDRIE: UART Data Register Empty Interrupt Enable

When this bit is set (one), a setting of the UDRE bit in USR will cause the UART Data
Register Empty Interrupt routine to be executed provided that global interrupts are
enabled.

* Bit 4 — RXEN: Receiver Enable

This bit enables the UART receiver when set (one). When the receiver is disabled, the

RXC, OR and FE status flags cannot become set. If these flags are set, turning off
RXEN does not cause them to be cleared.

* Bit 3 = TXEN: Transmitter Enable
This bit enables the UART transmitier when set (one}. When disabling the transmitter

while transmitting a character, the transmitter is not disabled before the character in the
shift register plus any following character in UDR has been completely transmitted.

= Bit 2 -~ CHRS: 9 Bit Characters
When this bit is set (one}, transmitted and received characters are nine bits iong plus

start and stop bits. The ninth bit is read and written by using the RXB8 and TXB8 bits in
UCR, respectively. The ninth data bit can be used as an extra stop bit or a parity bit.

« Bit 1~ RXBB: Receive Data Bit 8

When CHR is set {one), RXB8 is the ninth data bit of the received character.
* Bit 0 — TX88: Transmit Data Bit 8

When CHRS is set {one), TXB8 is the ninth data bit in the character to be transmitted.
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Baud Rate Generator
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The baud rate generator is a frequency divider that generates baud rates according to
the following equation:
BAUD = e
16(UBRR + 1)
+ BAUD =Baud Rate
«  fex = Crystal Clock frequency
* UBRR = Contents of the UART Baud Rate register (UBRR) (0 - 255)

For standard crystal frequencies, the most commonly used baud rates can be generated
by using the UBRR settings in Table 15. UBRR values that yield an actual baud rate dif-
fering iess than 2% from the target baud rate, are boldfaced in the table. However, using
baud rates that have more than 1% error is not recommended. High error ratings give
less noise resistance.
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Table 15. UBRR Settings at Various Crystal Frequencies

Baud Ratd 1 MHz [%Ermor| 1.8432 MHz |{%Ermor 2 MHz [%Error| 2.4576 MHz |%Emor
2400|UBRR= 25 0.2JUBRR= 47 0.0JUBRR= 51 0.2|JUBRR= &3 0.9
4800|UBRR= 12 0.2JUBRR= 23 0.0JUBRR= 25 0.21UBRR= 31 0.0
9800[UBRR= 6 75|UBRR= 11 0.0)UBRR= 12 0.2JUBRR= 15 0.0

14400|UBRR= 3 7.8|UBRR= 7 0.0JUBRR= 8 37|UBRR= 10 3.1
19200| UBRR= 2 7. BIUBRR= 5 0.0]UBRR= 6 7.5]UBRR= 7 0.0
28B00|UBRR= 1 7.8|UBRR= 3 0.0]UBRR= 3 7.8|UBRR= 4 6.3
38400|UBRR= 11 22.9)UBRR= 2 0.0JUBRR= 2 7.8|UBRR= 3 0.0
57600 UBRR= 0 7.8|UBRR= 1 0.0JUBRR= 1 7.8]JUBRR= 2 125
76800|UBRR= 0} 22.9]UBRR= 11 33.3{UBRR= 1| 22.9|UBRR= 1 0.0
115200| UBRR= 0| 84 3JUBRR= 0 0.0“UBRR= 0 7.8JUBRR= 0] 250

Baud Ratg 3.2768 MHz |%Eror| 3.6864 MHz |%Error 4 MHz |%Eror] 4.608 MHz [%Emor
2400{UBRR= 84 0.4UBRR= 85 0.0JUBRR= 103 0.2|UBRR= 118 0.0
4BD0JUBRR= 42 0.8|UBRR= 47 0.0JUBRR= 51 0.2|UBRR= 58 0.0
9600ILUBRR= 20 1.6jUBRR= 23 0.0)JUBRR= 25 0.2|UBRR= 29 0.0

14400|UBRR= 13 1.6|UBRR= 15 0.0]UBRR= 16 21{UBRR= 19 ¢.0
18200{UBRR= 10 31|UBRR= 11 0.0JUBRR= 12 0.2JUBRR= 14 0.0
28800J UBRR= 6 1.6]UBRR= 7 0.0|UBRR= 8 3.7|UBRR= 9 0.0
38400[UBRR= 4 §.3[UBRR= 5 0.0fUBRR= B 7.5|UBRR= 7 8.7
57600|UBRR= 3| 12.5]UBRR= 3 0.0\UBRR= 3 7.8JUBRR= 4 0.0
76800]UBRR= 2| 12.5|UBRR= 2 0.0jUBRR= 2 7.8|UBRR= 3 6.7
115200| UBRR= 1 12.5|UBRR= 1 0.0“UBRR= 1 7.8{UBRR= 2| 200

Baud Rate 7.3728 MHz {%For] 8 MHz |%Error]  9.216 MHz [%Error| 11.059 MHz [%Emor
2400|UBRR= 191 0.0JUBRR= 207 0.2JUBRR= 239 0.0|UBRR= 287 -
4800|UBRR= 95 0.0]JUBRR= 103 0.2|JUBRR= 119 0.0JUBRR= 143 0.0
9600|UBRR= 47 0.0JUBRR= 51 0.2JUBRR= 59 0.0JUBRR= 71 0.0

14400{UBRR= 31 0.0|JUBRR= 34 0.8|UBRR= 39 0.0JUBRR= 47 0.0
19200|UBRR= 23 0.0]JUBRR= 25 0.2JUBRR= 29 0.0lUBRR= 35 0.0
28B00jUBRR= 15 0.0JUBRR= 16 21|UBRR= 19 0.0]UBRR= 23 0.0
38400|UBRR= 11 0.0JUBRR= 12 0.2JUBRR= 14 0.0lUBRR= 17 0.0
57600 UBRR= 7 0.0|UBRR= 8 3.7]UBRR= 9 0.0|UBRR= 11 0.0
76800|UBRR= 5 0.0]UBRR= 6 7.5|UBRR= 7 6.7|UBRR= 8 0.0
115200{ UBRR= 3 0.0|UBRR= 3 7.8|UBRR= 4 0.0]UBRR= 5 0.0
UART Baud Rate Register —
UBRR Bil 7 5 5 4 3 2 i 0
s09(529) | MmsB | | J Lse | UBRR
Read/vwrite Rw RW RN RV RAN RiW R/ R
Initial value o] 0 0 0 o] 0 )} 0

The UBRR register is an 8-bit read/write register that specifies the UART Baud Rate
according to the formula on the previous page.
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Analog Comparator

Analog Comparator Controt
and Status Register - ACSR

AIMEL

The Analog Comparator compares the input values on the positive input AINO (PBO) and
the negative input PB1{AIN1). When the voltage on the positive input PBO (AINQ) is
higher than the voltage on the negative input PB1 (AIN1), the Analog Comparator Out-
put, ACO is set (one). The comparator's output can be set to trigger the Timer/Counter
Input Capture function. In additicn, the comparator can trigger a separate interrupt
exclusive to the Analog Comparator. The user can select interrupt triggering on compar-
ator output rise, fall or toggle. A block diagram of the comparator and its surrounding
logic is shown in Figure 37.

Figure 37. Analog Comparator Block Diagram
vee

ACIE
PBC
(AIND) - ANALOG
INTERRUPT D—» COMPARATOR
SELECT IRQ
PB1
i
(AINT) > Al
ACIS1  ACISD ACIC
L »
TO T/C1 CAPTURE
ACO - TRIGGER MUX
Bit 7 6 5 4 3 2 1 0
508 ($28) | aco - | aco | ac ACIE ACIC EACIS1 | Acise | acsr
Read/\Write RAW R R RW RAW RAW RAW RN
Initial value a 0 N/A o] 0 0 a 0

* Bit 7 - ACD: Analog Comparator Disable

When this bit is set (one), the power to the Analog Comparator is switched off. This bit
can be set at any time to turn off the Analog Comparator. This will reduce power con-
sumption in active and idle modes. When changing the ACD bit, the Analog Comparator
Interrupt must be disabled by clearing the ACIE bit in ACSR. Otherwise an interrupt can
occur when the bit is changed.

* Bit 6 - Res: Reserved Bit

This bit is a reserved bit in the AT9052313 and wilt always read as zero.
» Bit 5 — ACO: Analog Comparator Output

ACOQ is directly connecied to the comparator output.
« Bit 4 — ACI: Analog Comparator Interrupt Flag

This bit is set {one) when a comparator output event triggers the interrupt mode defined
by ACISt and ACISO. The Analog Comparator Interrupt routine is executed if the ACIE
bit is set (one) and the I-bit in SREG is set {(one). ACl is cleared by hardware when exe-
cuting the corresponding interrupt handling vector. Alternatively, ACI is cleared by
writing a logical “1” to the flag. Observe, however, that if another bit in this register is
modified using the SBI or CBI instruction, AC| will be cleared if it has become set before
the operation.
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* Bit 3 - ACIE: Analog Comparator Interrupt Enable

When the ACIE bit is set {one) and the I-bit in the Status Register is set (one), the Ana-
log Comparator interrupt is activated. When cleared (zero), the interrupt is disabled.

» Bit 2 — ACIC: Analog Comparator input Capture Enabie

When set (one), this bit enables the Input Capture function in Timer/Counter? to be trig-
gered by the Analog Comparator. The comparator output is, in this case, directly
connected to the Input Capture front-end logic, making the comparator utilize the noise
canceler and edge-select features of the Timer/Counter1 Input Capture interrupt. When
cleared (zero), no connection between the Analog Comparater and the input Capture
function is given. To make the comparator trigger the Timer/Counter1 tnput Capture
interrupt, the TICIE1 bit in the Timer Interrupt Mask Register (TIMSK) must be set (one).

» Bits 1,0 — ACiS1, ACISD: Analog Comparator Interrupt Mode Select

These bits determine which comparator events trigger the Analog Comparator interrupt.
The different settings are shown in Table 16.

Table 16. ACIS1/ACISO Settings

ACIS1 ACISO Interrupt Mode
0 0 Comparator Interrupt on Output Toggle
- 0 1 Reserved
B 1 0 Comparator Interrupt on Falling Qutput Edge
B 1 : 1 Comparaior Interrupt on Rising Cutput Edge

Note: When changing the ACIS1/ACISO bits, the Analog Comparator interrupt must be dis-
abled by clearing its Interrupt Enable bit in the ACSR register. Otherwise an interrupt can
occur when the bits are changed.

AIMEL st
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/O Ports All AVR ports have true read-modify-write functionality when used as general digital ifO
ports. This means that the direction of one port pin can be changed without unintention-
ally changing the direction of any other pin with the SBI and CBI instructions. The same
applies for changing drive vaiue (if configured as output) or enabling/disabling of pull-up
resistors (if configured as input).

Port B Port B is an 8-bit bi-directional 1/0 port.

Three /O memory address locations are allocated for the Port B, one each for the Data
Register — PORTB, $18 ($38), Data Direction Register -- DDRB, $17($37) and the Port
B Input Pins — PINB, $16($36). The Port B Input Pins address is read-only, while the
Data Register and the Data Direction Register are read/write.

All port pins have individually selectable pull-up resistors. The Port B output buffers can
sink 20 mA and thus drive LED displays directly. When pins PBO to PB7 are used as
inputs and are externally pulled low, they will source current i the internal pull-up resis-
tors are activated.

The Port B pins with aliernate functions are shown in Table 17.

Table 17. Port B Pin Alternate Functions

Port Pin Alternate Functions
PBO AINO {Analog comparator positive input)
| PB1 AIN1 (Analog comparator negative input}
PB3 OC1 {Timer/Counter1 Cutput compare maitch output)
) fpégi ﬂhlr\l'lbsrl (ba;(a in-ptll Ii..ﬁt-e.for memory downloading_i
- PBS_ MISO (Data output line for memory uploading)
I __PE:;' o SCK (Serial clock input) B

When the pins are used for the alternate function, the DDRB and PORTB registers have
to be set according to the alternate function description.

Port B Data Register - PORTB

Bil 7 6 5 4 3 2 1 i
$16(s36) ]| PORTB? | PORTBE | PORTHS | FORTB4 | PORTB) | FORTBZ | PORTB1 | PORTED | PORTE
Read/Wrile RW RIW RIW RAN RAW RAW RW RIW
Iniial value 0 0 a 0 0 4] 4] a
Port B Data Direction Register
-DDRB Bil 7 6 5 4 3 2 1 0
$17(337) | DDB? DOB6 DDES DDB4 | DDEY DDB2 | DDB1 | DDBO { oore
Read/Wrile R RW R RN AW RW RAY W
Initial value 0] o a a 0 4] a 0
Port B input Pins Address -
PINB Bit 7 6 5 4 3 2 1 0
$16(536) | PINBY PINBE | PINBS PINB4 FINB3 PINB2 | PINBY | PINBO ] PiNB
Read/Write R R R R R R R R
Inilial value NiA N7A NiA WA N/A NiA NiA N/A

52 JA T 0'S 231 3 0000000000000

0839G-08/01



PR——————————___rr= . W Rl oy

Port B as General Digital I/O

Alternate Functions of Port B
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The Port B Input Pins address {PiNB) is not a register; this address enables access to
the physical value on each Port B pin. When reading PORTB, the Port B Data Laich is
read, and when reading PINB, the logical values present on the pins are read.

Ali eight pins in Port B have equal functionality when used as digital I/O pins.

PBn, general I/O pin: The DDBn bit in the DDRB register selects the direction of this pin.
If DDBn is set (one), PBn is configured as an output pin. If DDBn is cleared (zero), PBn
is configured as an input pin. If PORTBN is set (one) when the pin is configured as an
input pin, the MOS pull-up resistor is activated. To switch the pull-up resistor off, the
PORTBn has to be cleared (zero) or the pin has to be configured as an output pin The
Port B pins are tri-stated when a reset condition becomes active, even if the clock is not
active.

Table 18. DDBn Effects on Port B Pins

DDBn PORTBnN 1o Pull-up | Comment
0 0] Input No Tri-state (High-Z)
a 1 Input Yes PBn will sou‘rwcwéici:urrent if ext. pulled low
1 - 4] CQutput No Push-pull Zero (—)Lt;:ut

;77 Wd1é B Output No ] Push-pull One Outﬁu; o

ﬁote: n: 7,6...0, pin number.

The alternate pin functions of Port B are:
*SCK—Port B, Bit7

SCK, Clock input pin for memory up/downloading.
* MISO - Port B, Bit&

MISO, Data output pin for memory uploading.
* MOSI - Port B, Bit5

MOSI, Data input pin for memory downlcading.

* OC1 - PortB, Bit 3

OC1, Output Compare Match Output. The PB3 pin can serve as an external output for
timer 1 compare match. The PB3 pin has to be configured as an output {(DDB3 is set
[one]) to serve this function. See the timer description for further details, and how to
enable the output.

= AIN1 - Port B, Bit 1

AIN1, Analog Comparator Negative input. When configured as an input {(DDB1 is

cleared [zero]) and with the internal MOS pull-up resistor switched off (PB1 is cleared
fzera]), this pin also serves as the negative input of the on-chip Analog Comparator.

» AINO - Port B, Bit 0

AIND, Analog Comparator Positive Input. When configured as an input {(DDEO is cleared
[zero]} and with the internal MOS pull-up resistor switched off (PBO is cleared [zero]),
this pin also serves as the positive input of the on-chip Analog Comparator.
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Port B Schematics Note that all port pins are synchronized. The synchronization latches are, hawever, not
shown in the figures.

Figure 38. Port B Schematic Diagram (Pins PBO and PB1)
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Figure 39. Port B Schematic Diagram {Pin PB3)
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Figure 40. Port B Schematic Diagram (Pins PB2 and PB4)
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Figure 41. Port 8 Schematic Diagram (Pin PB5)
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Figure 42. Port B Schematic Diagram (Pin PB6)
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Figure 43. Port B Schematic Diagram (Pin PB7)
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Port D Three I/O memory address locations are allocated for the Port D: one each for the Data
Register - PORTD, $12($32), Data Direction Register — DDRD, $11 {$31)and the Port D
Input Pins — PIND, $10($30). The Port D Input Pins address is read-only, while the Data
Register and the Data Direction Register are read/write.

Port D has seven bi-directional /O pins with internal pull-up resistors, PD6..PD0. The
Port D output buffers can sink 20 mA. As inputs, Port D pins that are externally pulled
low will source current if the pull-up resistors are activated.

Some Port D pins have altemnate functions as shown in Table 19:

Table 19. Port D Pin Alternate Functions

Port Pin Alternate Function

PDO RXD (Receive data input for the UART)

- PD_1_ TXD (Transmit data outpu{ fc->r the UART)
B F‘D; ) -INTD {External inte;rupKOinput) -

| PD3 ) INTt {External interrupt 1 input)

PD4 TO (ﬂrﬁerlCoun.!erO external input)
| PDg 7 T (Timc_e_riCountem externalr input)
L PD6 ICP (Timer/Caunter1input Capture pin} 4‘

When the pins are used for the alternate function, the DDRD and PORTD registers have
to be set according to the alternate function description.

ATMEL 7
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Port D Data Register - PORTD

Port D Data Direction Register

- DDRD

Port D input Pins Address —
PIND

Port D as General Digital /10

Alternate Functions of Port D

AlINEL

Bil 7 6 5 4 3 ? 1 ]
si2(s32 [ - | PORIDG | PORTDS | PORTD4 | PORTD | Pom PORTD
Read/Wrije R RAW R RAW W RW W R
Initial value v] 0 o 0 0 Q 0 a
it 7 6 5 4 3 2 1 0
§11(331) [ - DDDB DDDS DDD4 | DDD3 DDD2 DOD1 | 0DDO ] DDRD
Read/Write R RIW RW RiW RW R RAN RAW
Initiat value 0 0 b] o] ] 0 [\] b]
Bit 7 [ 5 4 k! 2 1 0
510(530) | - ] PINDB | PINDS | PIND4 | PIND3 | PIND2 | PIND1 | PINDO ] PIND
Read/Write R R R R R R R R
initial value 0 MiA NIA NiA NIA N/A N/A N/A

The Port D Input Pins address (PIND} is not a register; this address enables access to
the physical value on each Port D pin. When reading PORTD, the Port D Data Latch is
read, and when reading PIND, the logical values present on the pins are read.

PDn, general /O pin: The DDDn bit in the DDRD register selects the direction of this pin.
If DDDn is set (one), PDn is configured as an output pin. If DDDn is cleared {zero), PDn
is configured as an input pin. If PORTDn is set (one) when configured as an input pin,
the MOS pull-up resistor is activated. To switch the pull-up resistor off, the PORTDn has
to be cleared (zero) or the pin has to be configured as an output pin. The Port D pins are
tri-stated when a reset condition becomes aclive, even if the clock is not active.

Table 20. DDDn Bits on Port D Pins

DDDn PORTDn o Pull-up | Comment
0 Q Input . Ne Tri-state {High-Z)
| '"'6' 1 . input | Yes an will source current |f ext. pullednl.o-u.;
1 _ 0 Qutput No Push-pull Zero Output
1 1 Qutput No Push-pull One Qutput

EOtEi n: 6...0, pin number.

The alternate functions of Port D are:

«|ICP ~ Port D, Bit 6

Timer/Countert Input Capture pin. See the Timer/Counteri description for further
details.

*T1-PortD Bit5

T1, Timer 1 clock source, See the Timer description for further details.

« T - Port D, Bit 4

T, Timer/Counterd clock source. See the Timer description for further details.

=INT1 -PortD, Bit3

INT1, External Interrupt Source 1. The PD3 pin can serve as an external interrupt
source to the MCU. See the interrupt description for further details and how to enable
the source.
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Port D Schematics

D8235G-08/01

»INTO - Port D, Bit 2

INTO, Externai Interrupt Source 0. The PD2 pin can serve as an exiernal interrupt
source to the MCU. See the interrupt description for further details and how to enable
the source.

+ TXD - Port D, Bit 1

Transmit Data {Data output pin for the UART). When the UART transmitter is enabled,
this pin is configured as an output regardless of the value of DDRD1.

* RXD - PortD, Bit0

Receive Data {Data input pin for the UART}. When the UART receiver is enabled, this
pin is configured as an input regardless of the value of DDRDO. When the UART forces
this pin to be an input, a logical “1" in PORTDO will turn on the internal pull-up.

Note that ali port pins are synchronized. The synchronization latches are, however, not
shown in the figures.

Figure 44. Port D Schematic Diagram (Pin PD0)
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Figure 45. Port D Schematic Diagram (Pin PD1)
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Figure 46. Port D Schematic Diagram (Pins PD2 and PD3)
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Figure 47. Pont D Schematic Diagram (Pins PD4 and PD5)
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Figure 48. Part D Schematic Diagram (Pin PD6)
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Memory Programming

Program and Data
Memory Lock Bits

Fuse Bits

Signature Bytes

Programming the Flash
and EEPROM

AlmE;

The AT9052313 MCU provides two Lock bits that can be left unprogrammed (*1") or can
be programmed (“0") to obtain the additional features listed in Table 21. The Lock bits
can only be erased with the Chip Erase operation.

Table 21. Lock Bit Protection Modes

Mode | LB1 LB; Protection Type
1 1 1 No memary lock features enabled.
2 0 1 Further programming of the Flash and EEPROM is disabled.("
:_73 0 _{ 0 Samierasr mode 2, and verify is alsa disat.».led. - N

Note: 1. In the Parallel mode, further programming of the Fuse bits are also disabled. Pro-
gram the Fuse bits before programming the Lock bits.

The AT80S2313 has two Fuse bits; SPIEN and FSTRT.

* When the SPIEN Fuse is programmed ("0"), Serial Program and Data Downloading
is enabled. The default value is programmed ("0°).

*  When the FSTRT Fuse is programmed (*0"), the short start-up time is selected. The
default value is unprogrammed (*1”). Parts with this bit pre-programmed (“0”) can be
delivered on demand.

The Fuse bits are not accessible in Serial Programming Mode. The status of the Fuses
are nol affected by Chip Erase.

All Atmel microcontrollers have a 3-byte signature code that identifies the device. This
code can be read in both serial and parallel mode. The three bytes reside in a separate
address space.

For the AT9052313!" they are:
1. $000: $1E (indicates manufactured by Atmel)
2. $001: 391 (indicates 2 Kb Flash memory)
3. 5002: 301 (indicates AT9052313 device when signature byte $001 is $91)

Note: 1. When both Lock bits are programmed (Lock mode 3), the signature bytes cannot be
read in serial mode. Reading the signature tytes will return: $00, 501 and $02.

Atmel's AT9052313 offers 2K bytes of in-system reprogrammable Flash program mem-
ory and 128 bytes of EEPROM data memory.

The AT9052313 is shipped with the on-chip Flash program and EEPROM data memory
arrays in the erased state (i.e., contents = $FF) and ready to be programmed. This
device supporis a high-voltage (12V} Parallel Programming Mode and a low-voltage
Serial Programming Mode. The +12V is used for programming enable only, and no cur-
rent of significance is drawn by this pin. The Serial Programming Mode provides a
convenient way to download program and data into the AT9052313 inside the user’s
system.

The program and EEPROM memory arrays in the AT90S52313 are programmed byte-
by-byte in either programming mode. For the EEPROM, an auto-erase cycle is provided
within the self-timed write instruction in the Serial Programming Mode. During program-
ming, the supply voltage must be in accordance with Table 22.

62 AT90S2313 s —

0839G-DB/1



e ————————————— NS Y LY AT

Parallel Programming

Signal Names

Table 22. Supply Voltage during Programming

Part Serial Programming

Paratlel Programming

AT9052313 2.7-8.0V

45-55v

This section describes how to parallel program and verify Flash program memory,
EEPROM data memory, Lock bits and Fuse bits in the AT90S2313.

in this section, some pins of the AT90S2313 are referenced by signal names describing
their function during parallel programming. Pins not described in the following table are
referenced by pin names. See Figure 49 and Table 23. Pins not described in Table 23

are referenced by pin names.

The XA1/XAQ pins determine the action executed when the XTAL1 pin is given a posi-

tive pulse. The bit coding is shown in Table 24,

When pulsing WR or OE, the command loaded determines the action executed. The
command is a byte where the different bits are assigned functions as shown in Table 25.

Figure 49. Parallel Programming

AT8052313 +5V
+12V ———» RESET VCC
RDY/BSY +—1 PD1 PBO-7 [+ DATA
OE —* PD2
WR —* PD3
BS —* PD4
XAD — ™ PD5
XAl ——* pD&
1. —— x7aL
GND
Table 23. Pin Name Mapping
Signal Name in
Programming Mode | Pin Name | 1/O | Function
_— ~ 0: Device is busy programming, 1; Device is ready
RDY/BSY PD1 © for new command
OE PD2 I | Oulput Enable (Active low)
WR PD3 | | Write Pulse (Active low) -
T LFatll t|11l eted hi h
BS PD4 | Byte Select ("0" selects low byte, “1" s s hig
byte)
XAD PD5 | XTAL Action Bit 0
XA1 PD6& [ XTAL Action Bit 1
DATA PB7-0 IO Bi-directional Data Bus (Output when OE is low)
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Table 24, XA1 and XAQ Coding

XA1 | XAO | Action when XTAL1 is Pulsed

707 0 i " Load Flash or EEPROM Address {High or low address byte determined by BS)
0 1 ‘ Load Data (High or Low data byte for Flash determined by BS)

0 ' Load Command

1| No Action. Idle

Table 25. Command Byte Bit Coding

Command Byts Command Executed .

1000 0000 Chip Erase
0100 0000 Write Fuse Bits
0610 0000 Write Lock Bits

: o 70@760.0.0 . Write Flash " o o
0001 0001 Write EEPROM

_ 0000 1000 Read Signature Bytes

i 0000 0100 . 7RFTad -Fuse and Lock Bit;. )
0000 0010 Read Flash
0000 0011 Read EEPROM

Enter Programming Mode The following algorithm puts the device in Parallel Programming Mode:

1.

Apply supply voltage according to Table 22, between V. and GND.

2. Set the RESET and BS pin to "0 and wait at least 100 ns.
3. Apply 11.5- 12.5V to RESET. Any activity on BS within 100 ns after +12V has
been applied to RESET, will cause the device to fail entering Programming
Mode.
Chip Erase The Chip Erase command will erase the Flash and EEPROM memories, and the Lock

bits. The Lock bits are not reset until the Flash and EEPROM have been completely
erased. The Fuse bits are not changed. Chip Erase must be performed before the Flash
or EEPROM is reprogrammed.

Load Command “Chip Erase”

1.

o s e

Set XA1, XAQ to "10". This enables command loading.

Set BSto "Q".

Set DATA to “1000 0000". This is the command for Chip Erase.
Give XTAL1 a positive pulse. This loads the command.

Give WR a ty ce wide negative pulse to execute Chip Erase. See Table 26
for twown_ce value. Chip Erase does not generate any activity on the RDY/BSY

pirt.

Programming the Flash A: Load Command “Write Flash”

1.
2
3.

Set XA1, XAD to "10". This enables command loading.
Set BS ta “0".
Set DATA to “0001 0000". This is the command for Write Flash.

64 AT90S2313 e ————
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4. Give XTAL1 a positive pulse. This loads the command.

B: Load Address High Byte

1. Set XA1, XAO to "00". This enables address loading.

2. Set BS to "1”. This selects high byte.

3. Set DATA = Address high byte (300 - $03).

4. Give XTAL1 a positive pulse. This loads the address high byte.

C: Load Address Low Byte

1. Set XA1, XAQ to "00". This enables address loading.

2. SetBS to "0". This selects low byte.

3. Set DATA = Address low byte (300 - $FF).

4. Give XTAL1 a positive pulse. This loads the address low byte.

D: Load Data Low Byte

1. Set XA1, XAOD to “01". This enables data loading.

2. Set DATA = Data low byte (300 - $FF).

3. Give XTAL1 a positive pulse. This loads the data low byle.

E: Write Data Low Byte
1. Set BS to "0". This selects low data.

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY
goes low.

3. Wait untit RDY/BSY goes high to prograrn the next byte.
(See Figure 50 for signal waveforms.)

F: Load Data High Byte

1. Set XA1, XAD to “01". This enables data loading.

2. Set DATA = Data high byte (300 - $FF).

3. Give XTAL1 a positive pulse. This loads the data high byte.

G: Write Data High Byte
1. SetBSto 1" This selects high data.

2. GiveWRa negative pulse. This starts programming of the data byte. RDY/BSY
goes low.

3. Wait until RDY/BSY goes high to program the next byte.

(See Figure 51 for signal waveforms.}

The loaded command and address are retained in the device during programming. For
efficient programming, the following should be considered:

= The command needs only be loaded once when writing or reading multiple memory
locations.

* Address high byte needs only be loaded before programming a new 256-word page
in the Flash.

»  Skip writing the data value $FF; that is, the contents of the entire Flash and
EEPROM after a Chip Erase.

These considerations also apply to EEPROM programming and Flash, EEPROM and
signature byte reading.

AIMEL 65
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Reading the Flash
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Figure 50. Programming the Flash
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Figure §1. Programming the Flash (Continued)

XTAL1

DATA X_ DATA HIGH ><

XAd

XAD
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RDY/BSY

RESET  +12V

QE

The algorithm for reading the Ftash memory is as follows (refer to "Programming the
Flash" for details on command and address loading):

-

A: Load Command "0000 0010".

B: Load Address High Byte ($00 - $03).

C: Load Address Low Byle ($00 - $FF).

Set OE to “0”, and BS to “0”. The Flash word low byte can now be read at DATA.
Set BS to “t". The Flash word high byte can now be read from DATA.

Set OE to *1".
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Programming the EEPROM

Reading the EEPROM

Programming the Fuse Bits

Programming the Lock Bits

Reading the Fuse and Lock
Bits

0839G-08/01

The programming algerithm for the EEPROM data memory is as foliows (refer to "Pro-
gramming the Flash” for details on command, address and data loading):

1. A Load Command "0001 0001°.

2. C:lLoad Address Low Byte ($00 - $7F).
3. D:Load Data Low Byte ($00 - 3FF).

4. E:Write Data Low Byte.

The algorithm for reading the EEPROM memory is as follows (refer to “Programming the
Flash" for details on command and address loading).

1. A: Load Command "0000 0011”.

2. C:Load Address Low Byte (300 - $7F).

3. SetOE to"(", and BS to *0". The EEPROM data byte can now be read at DATA.
4. SetOEto“1".

The algorithm for programming the Fuse bits is as follows (refer to “Programming the
Flash” for details on command and data loading):

1. A: Load Command “0100 0000".

2. D: Load Data Low Byte. Bit n = “0" programs and bit n = “1" erases the Fuse bi.
Bit 5 = SPIEN Fuse bit.
Bit 0 = FSTRT Fuse bit.
Bit 7-6,4-1 = “1". These bits are reserved and should be left unprogrammed {"17).

3. GiveWRa twown_pre Wide negative pulse to execute the programming; tw we ren
is found in Table 26. Programming the Fuse bits does not generate any activity
on the RDY/BSY pin.

The algorithm for programming the Lock bits is as follows (refer to “Programming the
Flash” on page 64 for details on command and data loading):

1. A: Load Command “0010 0000".
2. D: Load Data Low Byte. Bit n = "0" programs the Lock bit.

Bit 2 = Lock Bit2

Bit 1 = Lock Bit1

Bit 7-3.0 = “1”. These bits are reserved and should be left unprogrammed (*1"}.
3. E: Write Data Low Byte.

The Lock bits can only be cleared by executing Chip Erase.

The algorithm for reading the Fuse and Lock bits is as foitows (refer to "Programming
the Flash” on page 64 for details on command loading):

1. A Load Command “0000 0100".

2. SetOEto “0", and BS to *1". The status of the Fuse and Lock bits can now be
read at DATA (‘0" means programmed}.

Bit 7 = Lock Bit1

Bit 6 = Lock Bit2

Bit 5 = SPIEN Fuse bit

Bit 0 = FSTRT Fuse bit
3. SetOEto"1".

Observe that BS needs to be setto "1".

AIMEL &7
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Reading the Signature Bytes  The algorithm for reading the signature byles is as follows (refer to “Programming the
Flash” on page 64 for details on command and address loading):

1. A: Load Command “0000 1000".
2. C:Load Address Low Byte ($00 - $02).
Set OF 1o '0", and BS to 0", The selected signature byle can now be read at DATA.

3. SetOEto"1".
Parallel Programming Figure 52. Parallel Programming Timing
Characteristics e,
XTALt A el N -

Yovan triox , teuwe, _

Data & Coniol
{DATA, XAD/1, BS)

— @

WR =

2
RDY/BSY
OF

oL : tonoz 2

oLDY g

DATA o >___

Table 26. Parallel Programming Characteristics, T, = 25°C £ 10%, V¢ = 5V £ 10%

Symbol Parameter Min | Typ | Max | Unils
Vop Programming Enable Volage 1.5 12.5 A
_i):p Programming Enable Current 250.0 uA
m*nva Data and Control Setup before XTALA High 67.0 ns
. XTAL1 Pulse Widi.r.\ High 67.0 ns
1xox " Data and Contral Hold after XTAL1 Low 67.0 ns
Lo XTAL1 Low to WR Low 67.0 ! ns
. BS Valid to WR Low 67.0 ns
1,,451 BS Hoid after RDY/BSY High 67.0 ns
t;,,LWH © WR Pulse Width Low®" 67.0 ns
tyrme WR High to RDY/BSY Low® 20.0 ns
(- WR Low to RDY/BSY High® 05 | 07 | 08 | ms
(. XTAL1 Low to OE Low 67.0 [ ons
tDL-DV OF Low to DATA Vald - lao0 !l i ns
toroz ﬁ High to DATA Tri-stated 20.0 ns
tWLWH_CE_- WR Pulse Width Low fo:Chip Erase 50 | 100 | 150 | ms
S \;\T'\;“I.Dulse Q\hdth Low fbf Prog:amn{ihg the Fuse -
twwi_pre | Bits 10 | 15 | 18 ms

Motes: 1. Use ty,wy cc for chip erase and tyw, prp for programming the Fuse bits.
2. if by i5 Neld Jonger than ty, o, no RDY/BSY pulse will be seen.
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Serial Downloading

Serial Programming
Algorithm

0B39G-08/X01

Both the program and data memory arrays can be programmed using the serial SP{ bus
while RESET is pulted to GND. The serial interface consists of pins SCK, MOSI (input}
and MISO (output). See Figure 53. Aflter RESET is set low, the Programming Enable
instruction needs to be executed first before program/erase instructions can be
executed.

Figure 53. Serial Programming and Verify
AT90S2313 2.7-6.0vV

GND —— RESET VCC

PB7Y |[*— SCK
PB6 §— — MISC
PBS [+ MOSI

CLOCK INPUT XTALA
GND

.||}_|

For the EEPROM, an auto-erase cycle is provided within the self-timed write instruction
and there is no need to first execute the Chip Erase instruction. The Chip Erase instruc-
tion turns the content of every memory tocation in both the program and EEPROM
arrays into $FF.

The program and EEPROM memory arrays have separate address spaces: $0000 to
$03FF for program Flash memory and $000 to $07F for EEPROM data memory.

Either an external clock is supplied at pin XTAL1 or a crystal needs to be connected
across pins XTAL1 and XTAL2. The minimum low and high pericds for the serial clock
{SCK) input are defined as follows:

Low: > 2 XTAL1 clock cycle
High: > 2 XTAL1 clock cycles

When writing serial data to the AT8052313, data is clocked on the rising edge of SCK.

When reading data from the AT9052313, data is clocked on the falling edge of SCK.
See Figure 54, Figure and Table 29 for timing details.

To program and verify the AT9052313 in the Serial Programming Mode, the following

sequence is recommended (See 4-byte instruction formats in Table 28):

1. Power-up sequence:
Apply power between V.. and GND while RESET and SCK are set to "0”. Iif a crys-
tal is not connected across pins XTAL1T and XTAL2, apply a clock signai to the
XTAL1 pin. In some systems, the programmer cannot guarantee that SCK is held
low during power-up. In this case, RESET must be given a positive pulse of at least
two XTAL1 cycles duration after SCK has been set to "0

AIMEL 69



Data Polling EEPROM

Data Polling Flash

AIMEL

2. Wait for at least 20 ms and enable serial programming by sending the Program-
ming Enable serial instruction to the MOS! (PBS5) pin.

3. The serial programming instructions wilt not work if the communication is out of
synchronization. When in sync, the second byte ($53) will echo back when issu-
ing the third byte of the Programming Enable instruction. Whether the echo is
correct or not, all four bytes of the instruction must be transmitted. If the $53 did
not echo back, give SCK a positive pulse and issue a new Programming Enabie
instruction. If the $53 is not seen within 32 attempts, there is no functional device
connected.

4. Ifa Chip Erase is performed (must be done to erase the Flash), wait typ erase
after the instruction, give RESET a positive pulse, and start over from step 2.
See Table 30 for typ prase Value.

5. The Flash or EEPROM array is programmed one byle at a time by supplying the
address and data together with the appropriate Write instruction. An EEPROM
memory location is first automatically erased before new data is written. Use
Data Polling to detect when the next byte in the Flash or EEPROM can be writ-
ten. If polling is not used, wait t,, prog before transmitting the next instruction.
See Table 31 for tywy, prog value. In an erased device, no $FFs in the data file(s)
need to be programmed.

6. Any memary location can be verified by using the Read instruction that returns
the content at the selected address at the serial output MISO (PB6) pin.

7. Atthe end of the programming session, RESET can be set high to commence
normal operation.

8. Power-off sequence (if needed).
Set XTAL1 to “0” (if a crystal is not used).
Set RESET to "1".
Turn Ve power off.

When a byte is being programmed into the EEPROM, reading the address location
being programmed will give the value P1 until the auto-erase is finished, and then the
value P2. See Table 27 for P1 and P2 values.

Al the time the device is ready for a new EEPROM byle, the programmed value will read
correctly. This is used to determine when the next byte can be written. This will not work
for the values P1 and P2, so when programming these values, the user will have to wait
for at least the prescribed time typ prog before programming the next byte. See Table
30 for tyy prog value. As a chip-erased device contains $FF in all locations, program-
ming of addresses that are meant to contain $FF can be skipped. This does not apply if
the EEPROM is reprogrammed without first chip-erasing the device.

Table 27. Read Back Value during EEPROM Poliing
Parl P1 | P2
AT9052313 $80 37F

When a byte is being programmed into the Flash, reading the address location being
programmed will give the value $7F. At the time the device is ready for a new byte, the
programmed value will read correctly. This is used to determine when the next byte can
be written. This will not work for the value $7F, so when programming this value, the
user will have to wail for at least ty proc before programming the next byte. As a chip-
erased device contains $FF in all locations, programming of addresses that are meant
to contain $FF can be skipped.
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Figure 54. Serial Programming Waveforms

SEREALD.;‘IE;.;(ISSLSJE /M?Bx Y X X X X XLSB\
SERIALDAT;BDS%JIPS%T) /M%:SBEX )( X X X X XLSB\

SERIAL CLOCK INPUT I ‘ l l '
PB7{SCK)

Table 28. Serial Programming tnstruction Set

Instruction Format ‘l 1
instruction Byte 1 Byte 2 Byte 3 Byted | Operation
1
. 1010 1100 0101 0011 HAAK KA xxxx xxxx | Enable serial programming while
Programming Enable . BESET s low.
Chip Erase 1010 1140 100x xxxXX HHRN KHXK xxxx xxxx | Chip erase Flash and EEPROM
memory arrays.
. 0010 HOOD XXKX XXA& bbbb bbbb ocooo oooao | Read H {high or low) data o from
Read Program Memory , pregram memory at word address
ahb.
01CC HOOC AXHX KKBL bbbb bbbb 1iii i14i | Write H (high or low} dataito
Write Program Memory program memory at word address
ahb.
Read EEPROM 1010 000C XKEX XHARX xbbb bbbb oooo cooco | Read data o from EEPROM memory
Memory at address b.
Write EEPROM 1100 0000 WXHK  KHAX x«bbb bbbb ii11 441§ | Write data i to EEPROM memory at
Memory address b.
) . 1010 1100 111x x21x KAAN HNAXK HHAH HKHKK | Write Lock bits. Set bits 1,2 = "0" to
Write Lock Bits .
program Lock bits.
Read Signature Bytes | 0011 0000 AXHKX XKXX | XX¥¥ xxbb ocooo cocoo | Read signature byte o at address b.*"

Note:  a = address high bits
b = address low bits
H =0 - Low byie, 1 - High Byte
¢ = data out
i=datain
x = don't care
1= Lock bit 1
2= Lock bit 2

Note: 1. The signature bytes are not readabie in lock mode 3, ie. both Lock bits programmed.

AIMEL s
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Figure 55. Serial Programming Timing
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Table 29. Serial Programming Characteristics, T, = 40°C to 85°C, V= 2.7 - 6.0V
{unless otherwise noted}

Symbol | Parameter Min Typ | Max | Units
1o e Oscillator Frequency (Vge = 2.7 - 6.0V) 0 40 MHz
teloL Oscillator Period (Ve = 2.7 - 6.0V) 250.0 ns
g | Oscillator Frequency (Vo =40-60V) | 0 100 | MHz
fereL Oscillator Period (Veg = 4.0 - 6.0V) | 1000 ns
1SH;: | SCK Pulse Width High l 20150, | ns
tun | SCKPuseWidthilow l 20100, | s
tovsn MOSI Setup to SCK High ‘ telcy ns
- MOSI Hold after SCK High P 20te 0 ns
im SCK Low to MISO Valid 1 100 ! 160 | 320 | 0 |
Table 30. Minimum Wait Delay afier the Chip Erase Instruction
Symbol 3.2v 6V 4.0V 5.0V
two_erase 18 ms 14 ms 12 ms 8 ms
Table 31. Minimum Wait Delay after Writing a Flash or EEPROM Location
Symbol 3.2v lev 4.0v 5.0V
tan proG 9ms 7ms 6 ms 4ms
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Electrical Characteristics

Absolute Maximum Ratings*

Operating Temperature

Storage Temperature

DC Cusrant per /O Pin
DC Current V.. and GND Pins

Voltage on Any Pin Except RESET
with Respect to Ground

Voltage on RESET with Respect to Ground ....-1.0V to +13.0V

Maximum QOperating Voltage ...._............................. 6.6V

........... -65°C to +150°C

...... 1.0V o Ve +0.5V

-565°C to +125°C

DC Characteristics
Ty = -40°C to B5°C, V. = 2.7V to 6.0V (unless otherwise noted)

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause parmanent dam-
age to the device. This is a stress rating oniy and
functional operation of the device at these or
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended pericds may affect
device retiability.

0835G-08/01

Symbol " Parameter Condition Min Typ Max Units
Vi Input Low Voltage (Except XTAL1) -0.5 0.3 v " v
Vi Input Low Voltage (XTAL1) 05 0.3V .M
Vi, - Input High Voltage {(Except XTAL1, RESET) 0.6 Ve Vee + 0.5 Y
Vi Input High Voltage | (XTAL1) 0.7 Vo 2 Ve + 0.5 v
Viis Input High Voltage (RESET) 0.85 V@ Vee + 0.5 v
v Output Low Voltage'™ lo, =20 MA, Vi = 5V 0.8 v
oL {Ports B, D) bor = 10 MA, Ve = 3V 05 1%
v - QOutput High Voltage*" lon = -3 MA, Ve =5V 43 A
oH (Ports B, D) loy = -1.5 MA, Vg = 3V 2.3 v
0 Input Leakage Ve = BV, pin low 15 A
I Current /O pin (absolute value) : K
Input Leakage Vee =8V, pin high
. A
I Current /O pin (absolute value) 980.0 n
RRST Reset Pull-up Resistor 100.0 500.0 k(2
Ryo 10 Pin Pull-up Resistor 350 120.0 k(2
Active Mode, V.. = 3V, 4 MHz 3.0 mA
lee Power Supply Current —
- ldle Mode Vo = 3V, 4 MHz 1.0 mA
WDT enabled, V.. = 3V 9.0 15.0 WA
lee Power-down Mode'® e — S - -
WDT disabled, Vo = 3V <1.0 2.0 WA
Analog Comparator Ve = 5V
Vaco | nput Offset Voltage V, = Vo2 40.0 mY
Analog Comparator Voo = 5V
lacix . Input Leakage Current Vip = Vee/2 50.0 00 nA
N Analog Comparator Ve =27V 750.0 ns
ACPD Propagation Delay Ve = 4.0V 500.0
ATMEL £



Notes: 1.
2
3
4.
5.

External Clock Drive Figure 56.

Waveforms

AImEY

"Max” means the highest value where the pin is guaranteed to be read as fow.

. “Min" means the lowest value where the pin is guaranteed to be read as high.

Although each 1/O port can sink more than the test conditions (20 mA at Ve = 3V,
10 mA at V. = 3V) under steady state conditions {non-transient), the following must
be observed:

1] The sum of all |, for all pors, should not exceed 200 mA

2] The sum of alt il 5, for port DO - D5 and XTAL2 should not exceed 100 mA.

3] The sum of all I, for poris BO - B7 and D6 should not exceed 100 mA.

i |, exceeds the test condition, Vo, may exceed the related specification. Pins are
not guaranteed to sink current greater than the listed test condition.

Alihough each /O porl can source more than the test conditions {3 mA at Ve = 5V,
1.5 mA at V. = 3V) under steady state conditions {non-transient), the following must
be observed:

1] The sum of all Iy, for all ports, should not exceed 200 mA

2] The sum of all Iy, for pori DO - D5 and XTAL2 should not exceed 100 mA.

3} The sum of all Iy, for peris BO - B7 and D& should not exceed 100 mA,

If 15, exceeds the test condition, Vi, may exceed the related specification. Pins are
not guaranteed to source current greater than the listed test condition.

Minimum V. for power-down is 2V,

External Clock

chCX [T

ook — i+ — oo

BT, 25 M

External Clock Drive

Ve =2.TVI0 6.0V | V. =4.0Vto 6.0V

Symbol Parameter Min Max Min Max Units

Mool Cscillator Frequency 0 4 0 10.0 MHz
TCLC,_ Clock Period - 2500 100.0 ns

tenex High Time . 100.0 ! 40.0 ns

toiex Low Time 100.0 . 40.0 ns
lcn | RiseTime 1% 05 | ws |
_tCH;,_ Fall Time 1.6 0.5 us
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Typical
Characteristics
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The following charts show typical behavior. These figures are not tested during manu-
facturing. All current consumption measurements are performed with all YO pins
configured as inputs and with internal pull-ups enabled. A sine wave generator with rail-
to-rail output is used as clock source.

The power consumption in Power-Down Mode is independent of clock selection.

The current consumption is a function of several factors such as: operating voltage,
operating frequency, loading of IO pins, switching rate of I/O pins, code executed and
ambient temperature. The dominating factors are operating voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as
C, * Ve * f where C, = load capacitance, V¢ = operating voltage and f = average
switching frequency of IfO pin.

The parts are characterized at frequencies higher than test limits. Parts are not guaran-
teed to function properly at frequencies higher than the ordering code indicates.

The difference between current consumption in Power-down Mode with Watchdog timer
enabled and Power-down Mode with Watchdog timer disabled represents the differen-
tial current drawn by the Watchdog timer.

Figure 57. Active Supply Current vs. Freguency

ACTIVE SUPPLY CURRENT vs. FREQUENCY
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Figure 58. Active Supply Current vs. Vo

ACTIVE SUPPLY CURRENT vs. V.
FREQUENGY = 4 MHz
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Figure 59. |dle Supply Current vs, Frequency
IDLE SUPPLY CURRENT vs. FREQUENCY
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Figure 60, Idle Supply Current vs. V.

IDLE SUPPLY CURRENT vs. V.
FREQUENCY = 4 MHz
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Figure 61. Pcwer-down Supply Current vs. Vo

POWER DOWN SUPPLY CURRENT vs. V.
WATCHDOG TIMER DISABLED
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Figure 62. Power-down Supply Current vs. V¢

POWER DOWN SUPPLY CURRENT vs. Ve
WATCHDOG TIMER ENABLED
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Figure 63. Analog Comparator Current vs. Vi

ANALOG COMPARATOR CURRENT vs. Vi
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Note.  Analog Camparator offset voltage is measured as absolute offset.

Figure 64. Analog Comparator Offset Voltage vs. Common Mode Voltage

ANALOG COMPARATOR CFFSET VOLTAGE vs.
COMMON MODE VOLTAGE Ve =5V

\ 7,=25C //

:20 \\\ / T.-85C
/.
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Common Mode Voltage {V)

Figure 65. Analog Comparator Offset Voltage vs. Common Mode Voltage

ANALOG COMPARATOR OFFSET VOLTAGE vs.
COMMON MODE VOLTAGE V= 2.7V
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Figure 66. Analog Comparator Input Leakage Current

ANALOG COMPARATOR INPUT LEAKAGE CURRENT
V=6V T,=25C
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Figure B7. Watchdog Oscillator Frequency vs. V¢

WATCHDOG OSCILLATOR FREQUENCY vs. Ve
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Note:  Sink and source capabilities of 10 parts are measured on one pin at a time.

Figure 68. Pull-up Resistor Current vs. Input Voltage

PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
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Figure 63. Pull-up Resistor Current vs. Input Voltage

PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
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Figure 70. 1/O Pin Sink Current vs. Output Voltage

170 PIN SINK CURRENT vs. OUTPUT VOLTAGE
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Figure 71. 1/O Pin Source Current vs. Qutput Voltage

#O PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
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Figure 72. /O Pin Sink Current vs. Output Voltage

170 PIN SINK CURRENT vs, OUTPUT VOLTAGE
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Figure 73. 1/O Pin Source Current vs. Qutput Voltage

I#Q PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
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Figure 74. 1/0 Pin Input Threshold Voltage vs. Vee

O PIN INPUT THRESHOLD VOLTAGE vs. V,

T,=25C
25
2
=
S 1.5
[4:]
3
°
>
3
£
v
o
=
=
0.5
0
2T 40 5.0

VCC

Figure 75. I/0 Pin Input Hysteresis vs. V.
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Register Summary

should never be wi

2. Some of the status flags are cleared by writing a logical "1” to them. Note that the CBI and SBI instructions will operate on all

ritten.

Address Name Bit T Bité Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page j
$3F ($5F) SREG 1 T H S ) N Z Cc page 17
$3E ($5E) Reserved
$30 ($50) SPL SP7_[ SP6 | sps | sPpa | SP3 I sP2_ [ 'SPt | spo page 18
$3C ($5C) Reserved
$38 ($5B) GIMSK INT1 INTG - - I - page 23
$3A (354) GIFR INTF1 INTFQ page 23
$39 {$59) TIMSK TOIE OCIE1A - - TICIED - TQIED - page 24
$38 (558) TIFR TOW1 OCF1A - - ICF1 - TOV0 - page 24
£37 (857} Reserved
| 33B (356) Reserved
$35 (855) MCUCR - f - [ "se T sm T scu [ scio T 1sco1r ™7 iscoe page 26
$34 (554) Reserved
$33 ($53) TCGRO - i - [ - | - | - [ csoe [ ¢Eso1 | cseo page 29
$32 ($52) TCNTD Timer/Counter {8 Bils) page 30
331 ($51) Reserved
$30 ($50) Reserved
52F ($4F) TCCR1A coMial | comian - - - | - PWMI1 | PWMIO page H
$2E ($4E) TCCR1B IchNC1 | ICES!? ] - c1c1 | Cs12 cs11 | csto page 32
$2D ($4D) TCNT1H TimeriCounter1 — Counter Register High Byte page 33
$2C ($4C) TEONTIL Time#Counter1 - Counter Register Low Byte page 33
$2B ($4B) QCR1AH Timer/Counter1 - Compare Register High Byle page 34
$2A (34A) OCR1AL Timer/Counter] - Cornpare Register Low Byte page 34
$29 (545) Reserved
$2B {548) Reserved
$27 (34T Reserved
$26 ($46) Reserved
$25 (345) ICR1H Timer/Counter! — Inpul Caplure Register High Byte page 35
$24 (344) ICRIL Timer/Counter1 — Input Caplure Register Low Byte page 35
$23 ($43) Reserved
$22 (342) Reserved
521 (341) WDTCR - [ - [ [ woToE T wDE [~ WDP2 | WDP1_ | wDPO page 38
$20 (540} Reserved
$5F ($3F) Resarved
$1E {$3E) EEAR - | EEPROM Address Register page 40
$1D ($3D) EEDR EEPROM Dala Register page 40
$1C ($3C) EECR - I . - I - I B [ EEMWE | EEWE | EERE page 40
$1B {$38) Reserved
$1A ($34) Reserved
$12 {539) Reserved
$10 (538) FPORTB PORTB7 PORTHE PORTBS PORTB4 PORTB3 PORTB2 PORTB1 PORTHQ page 52
$17 {337) DDORB DDBY CDB6 DCBS DDB4 DNB3 DDB2 DDBA1 CDAO page 52
$16 ($26) PINB PINBT PINBB PINBS FINB4 PINB3 PINB2 PINS1 | PINBO page 52
$15 {335 Reserved
$14 ($34) Reserved
$13 (833 Reserved
$12 (§32) PCRTD - PORTDS PORTDS FORTE4 PORTD3 PORTD2 PORTDN PORTDO page 58
£11 (831) DDRD - DODE DODS DOD4 DCRD3 DDD2 [s]0]e}] DDDO page 58
$10 ($30) PIND - PINDS PINDS PIND4 PIND3 PIND2 PIND1 PINDD page 58
Reserved
$0C ($2C) UDR UART I/O Data Register page 46
$0B ($2B) USR RXC TXC UDRE FE OR B - ] B page 46
$0A (328) UCR RXCIE TXCIE UDRIE RXEN TXEN CHRY RXBB [ TXBB page 47
$08 {529) UBRR UART Baud Rate Register page 49
$08 (528) ACSR acD ] - | acO0 T acl [ aclE_| ACIC_ | ACIST | ACISD page 50
Reserved
$00 ($20) Reserved
Notes: 1. For compatibility with future devices, reserved bits should be written 1o zero if accessed. Reserved /O memory addresses

bits in the /O register, wriling a "1” back into any flag read as set, thus clearing the flag. The CBI and SBI instructions work

with registers $00

0833G—-08/01
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Instruction Set Summary

Mnemonic I Operands l Description | Operation Flags # Clocks
ARITHMETIC AND LOGIC INSTRUGTIONS

ADD Rd, Rr Add Two Registers [ Rd« Ra+Rr Z.CNVH 1
ADC Rd, Rr Add with Carry Two Registers | Rde-Rd+RrtC ZCNVH 1
ADIW Rdl, K Add tmmediate to Word Rah Rdi «- Rdh:Rel + X ZLNVS 2
SUB Rd, Rr Subtract Two Repisters Rd «- Rd -~ Rr Z.CNV.H 1
SUBI Rd, K Subtract Constany from Regisier Rd« Rd-K ZLCNVH 1
SBIwW Adl, K Subtract Immediate from Word Rdh Rdl - Rdn:Rdl - K Z,CNV.S 2
SBC Rd, Rr Subtract with Camry Two Registers Rd«- Rd-Rr-C Z CNVH 1
sacl Rd, K Subtract with Carry Constant from Reg. Rd« Rd-K-C ZLNVH 1
AND Rd, Rr Logical AND Registers Rd +- Rd « Rr ZNV 1
AND Rd, K L ogical AND Register and Constant Rd« Rd s & INV 1
OR Rd, Rr Logical OR Repisters Rd ¢« Rd vRr ZNV 1
ORI Rd K Logical OR Register and Constanl Re + Rd v i ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd — Rd&®Rr ZMNV 1
COM Rd QOne’s Comptement Rd < - $FF - Rg ZLNV 1
NEG Rd Twa's Compiement Rd — 300 —Rd ZCNVH 1
SBR Rd, K Sel Bit(s) in Register Rd — Rdv K ZNV 1
CBR Rd, K Clear Bit(s) in Register Rd — Rd « ($§FF - K} ZNV 1
INC Rd Ihcrement Rd - Rd +1 ZNV 1
DEC Rd Decremeni Rd ¢ Rd-1 Z NV 1
T37 Rd Test for Zero or Minus Rd «- Rd » Rd ZNV 1
CLR Rd Clear Register Rd «— Rd® Rd ZNV 1
SER Rd Sel Register Rd ¢ $FF None 1
BRANCH INSTRUCTIONS

RIMP k Ralative Jump PCe PC+k+ None 2
IJMP Ingdirect Jump to (Z} PC 2 None 2
RCALL k Relative Subroutine Call PC+ PC+K+1 Nong 3
ICALL Indirect Call to (2) PC+-Z None 3
RET Subroutine Return PC« STACK None 4
RETI Interrupt Return PC < STACK | 4
CPSE Rd, Rr Compare, Skip if Equal f{RI=RIPC « PC+20rd None 112
cP Rd, Rr Campare Rd-Rr ZNV.CH 1
crC Rd, Rr Compare with Carry Rd-Rr-C ZNV.C.H 1
cehl Ad, K Compare Register with Immediaty Rd - ¥ ZNV.CH 1
SBRC Rr, b Skip if Bit in Regisier Cleared MR} =0) PC ¢ PC+20r3 None 12
SBRS Rr, b Skip if Bit in Register is Set iM{Rib}= 1)PC - PC+20r3 None 112
SBIC P.b Skip if 8it in YO Register Cleared iFPL)=0)PC - PC+20r3 None 1/2
SBIS P.b Skig if Bit in VO Register is Set ifR)= 1) PFC « PC +20r3 None 112
BRBS 5, kK Branch if Status Flag Set T{SREG(s)= 1) hen PC — PC +k + 1 None 172
BRBC 5 K Branch if Status Flag Cleared I {SREG(s)= 0) then PC + PC +k + 1 None 172
BREQ k Branch if Equal F{Z=1)IhenPC« PC+k+1 None 112
BRNE k Branch if Nat Equal #{Z=0)hen PC e PC+k +1 None 12
BRCS K Branch # Carry Set H{C=1then PC« PCH+Ek+1 None 112
BRCC k Branch if Carry Cleared i {C = 0} then PC «~ PG+ k + 1 None 112
BRSH [ Branch if Same or Higher if (C=D)then PC « PC +k+1 Nane 112
BRLO k Branch i Lower f{C=13then PC - PC+ Kk +1 None 1/2
BRMI k Branch if Minus WiN=1ythen PCe- PC+k +5 None 172
BRPL k Branch # Plus (N = 0} then PC «— PC +k+3 None 172
BRGE k Branch if Grealer or Equal, Signed iTN@V=0)lhen PC« PC+k+1 None 112
BRLT k Branch if Less than Zero. Signed iT{N@V=1)ihen PC« PC+k+1 None u2
BRHS k Branch if Half-carry Flag Set ifH=1}then PC — PC+k+1 Nane 12
BRHC k Branch if Haif-carry Flag Cleared if{H=0jthen PC — PC +k +1 None 12
BRTS k Branch if TFlag Set if(T=1)then PC¢ PC+k+1 None 172
BRTC k Branch if T-Flag Cleared il(T = 0)then PC «~ PC +k + 1 Nane 112
BRVS k Branch if Overflow Flag is Set H(v=1)hen PC « PC+k+ 1 None 172
BRVC k Branch if Overflow Flag is Cleared H(V=0)than PC + PC +k + 1 Nane 12
BRIE K Branch if Interrupt Enabled jild=1thenPC+- PC+k+1 None 142
BRIC k Branch if Interrupt Disabled | (=9)then PC « PC +k+1 None 172
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Instruction Set Summary (Continued)

Mnemonic I Operands | Description } COperation Flags # Clocks
DATA TRANSFER INSTRUCTIONS

MOV Rd, Rr Move between Registers ! Rde Rr Nane 1
LDt Rd. K Load Immediate Rd « K Nane 1
LG Rd. X Load Indirect Rd & (X) None 2
LD Rd, X+ Load Indirect and Posl-inc. Rd e (X), X e X +1 None 2
LD Rd, -X Load Indirect and Pre-Dec. X X-1,Rd—{X) Nane 2
LD Rd. Y Load Indirect Rd «- {Y) Nane 2
L Rd, ¥+ Load Indirect and Posi-Inc Rde-(¥) Y ¥ +1 None 2
D Rd, -¥ Load Indirect and Pre-Dec. Y+~ ¥-1Rd(Y) None 2
LDD Rd, Y+q Load Indirect with Displacement Rd < {Y +q) None 2
LD Rd, Z L oad indirect Rd < {2) None 2
LD Rd, 2+ | oad Indirect and Posi-Inc Rd ¢ {Z), Z+ 21 Nong 2
LD Rd -Z Load Indirect ang Pre-Nec Z¢« Z-1,Rde (2) None 2
LDD Rd, Z2+q Load Indirect with Dispiacement Rd  (Z + @) None 2
LDS Ad, k Load Direct frem SRAM Rd « (k) None 2
ST X. Rr Store Ingiect {X) ¢ Rr None 2
ST X+ Rr Store Indirect and Post Inc Ky Rr, X X+ 1 Nane Z
5T -X, Rr Siore Indirect and Pre-Dec, X X-1,(X)Rr None 2
ST Y, Rr Store Indirect {Y)«Rr None 2
ST Y+ Rr Stare Indirect and Post-inc. {(Y)«- R, Y+ Y +1 None 2
ST -Y.Rr Store Indirect and Pre-Cec. Ye ¥-1,(¥Y)Rr None 2
5TD Y+q, Rr Stare Indirect with Displacement (¥ +q «Rr None 2
ST Z Rr Store Indirect (Z) — Rr None 2
57 Z+, Rr Stare Indirect anc Posknc. (Z)e-Rr,Ze Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. { ZeZ-1,(Z) e Rr None 2
STD Z+q, Rr Store Indirect with Displacement (Z+q)=Rr None 2
STS k, Rr Store Direct to SRAM (k) « Rr None 2
LPM Load Program Memory RO« (Z) Nene 3
IN Rd, P In Port Rd«+. P Nene 1
ouT P Rr Qut Port P Rr None 1
PLUSH Rr Push Register on Stack STACK « Rr Nane 2
POP Rd Pop Reqister from Stack Rd « - STACK Naone 2
BIT AND BIT-TEST INSTRUCTIONS

$BI P, b Set Bil in /0 Register UOPB) 1 None 2
CB! P. b Clear Bit in /0 Register VC{Ph)« 0 None 2
LSL Rd Logical Shift Lefl Rd(n+1) « Rd{n), Rd(0} «- 0 ZC NNV 1
L8R Rd Logical Shift Right Ra{n) « Rd{n+1), Rd{71 « 0 2NNV 1
ROL Rd Rotate Left threugh Carry Ra{0} « C, Rd(n+1) « Rd(n}, C « RA(T) ZLCANV 1
ROR Rd Ratate Right through Carry Ra(7) « C, Rdin) «- Rd{n+1), C« Rd{0) ZLNV 1
ASR Rd Arithmetic Shift Right Rd{n) - Rd(n+1), n = 0.8 ZONV 1
SWAP Rd Swap Nibbles Rd{3..0) «— Rd{7. 4}, Rd(7..4) « Rd(3.0} None 1
BSET 5 Flag Set SREG{s) < 1 SREG(5) 1
BCLR 5 Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr. b Bit Store from Registeria T T « Rr(b) T 1
BLD Rd, b Bit Load from T to Register Rdib) « T None 1
SEC Set Carry Ce1 c 1
CLC Clear Cary C—0 c 1
SEN Set Negalive Flag N+ 1 N il
CLN Clear Negative Flag N0 N 1
SEZ Sel Zero Flag Z+ 1 Zz 1
CLZ Clear Zero Flag Zi-0 z 1
SEI Glebal interupl Enable le 1 | 1
CLt Giobal Interrupt Disable 10 | 1
SES Set Signed Test Flag S1 S 1
CLS Clear Signed Test Flag S0 S 1
SEV Set Two's Complement Dverflow Ve 1 v 1
CLV Clear Two's Complemenl Overflow Ve 0 v 1 i
SET Sel Tin SREG Te 1 T 1
CLT Clear T.in SREG T+ 0 T 1
SEH Set Half-carry Flag in SREG He 1 H 1
CLH Clear Half-carry Flag in SREG He O H 1
NOP MNo Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Walchdog Resel (see specific descr. for WDR/timer) Naone 1
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Ordering Information

Speed (MHz) Power Supply \ Ordering Code Package Operation Range
4 2.7-6.0V AT9052313-4PC 20P3 Commercial
AT9052313-45C 208 (0°C to 70°C}
 ATH0S2313-4P1 T 20P3 ‘Industrial
ATO0S2313-45 208 (-40°C to B5°C)
10 40-60V .  AT90S2313-10PC 20P3 Commercial
ATG0S2313-10SC 208 (0°C to 70°C)
| AT90S2313-10PI 20P3 Industrial
| | AT9082313-1081 208 (-40°C to 85°C)

Package Type

20P3 20-lead, 0.300" Wide, Plastic Dual [nline Package (PDIP)
208 20-lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC}
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Packaging Information

20P3, 20-lead, 0.300" Wide,
Plastic Dual Inline Package (PDIP)
Dimensions in Inches and (Millimeters}
JEDEC STANDARD MS-001 BA

1.060(26.5) =
58024.91 ey
1

L.
! - i
|.. 900122.86) REF —— °
2105 33) - e
MAX |
SEATING
PLANE =
48D | i
REETER T | i
‘__! [P e -
110(2.78) [ .o701.78]
80(E 25 045015
325(8.26)

3001/ 62)

914{.356)
008{ 203

by
" 2AB.0)

090(2.2%)
MAX

Q08(.127)
MIN

015(.331) MIN

- — e AJD{10.92) MAX

208, 20-lead, 0.300" Wide,
Plastic Gull Wing Small Cutline (SOIC)
Dimensions in Inches and (Millimeters)

H Q020 10.508)
{ Q.13 (0.330)

lo2e8 (7.50; 0.420 0.7

BN [T |

IR DN T '

y T 0156 4267y

" " G.oRZ (2 a4

e B e a iR
£.012 (0.305} i _}—

€.003 (0.076;

o
g MEF P 0.013 (0.3
; B : 6,009 (0.229)
F _f o ¥
Y b
-, 0.095 (5.089) 1
s B -

GCI5 (2.381)
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MAX232, MAX232|
DUAL EIA-232 DRIVERIRECEIVER

SELS047G - FEBRUARY 1980 - REVISED AUGUST 1998

Operates With Single 5-V Power Supply
LinBiCMOS™ Process Technology
Two Drivers and Two Recelvers
+30-V Input Levels
Low Supply Current . .. 8 mA Typical
Meets or Exceads TIA/EIA-232-F and ITU
Recommendation V.28
Designed to be Interchangeable With
Maxim MAX232
Applications
TIA/EIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers
ESD Protection Exceeds 2000 V Per
MIL-STD-883, Method 3015

Package Options Include Plastic
Smali-Outline (D, DW) Packages and
Standard Plastic {N) DIPs

description

The MAX232 device is a dual driver/receiver that
includes a capacitive voltage generator to supply
EIA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V
TTL/CMOS levels. These receivers have a typicaf
threshold of 1.3 V and a typical hysteresis of 0.5V,
and can accept +30-V inputs. Each driver
converts TTL/CMQS input levels into EiA-232
levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas
Instruments LINASIC™ library.

The MAX232 is characterized for operation from
0°C to 70°C. The MAX232| is characterized for
operation from -40°C to 85°C.

D, DW, OR N PACKAGE
{TOP VIEW)

)

C1+ ]
Vs [
Cc1-]
ca+ ]
ov |
Vg ]
T20UT []
R2IN []

TSJVCC
15[] GND
1af] T10UT
13} R1IN
12{] RTOUT
1[I TN
10fi T2IN
a[] R2OUT

=R NI IS (T NN R

logic symbolt
Vco

X 16
Veo

cm—N——-- Cc1+
Cl—-—%—] c1-
C2+ — ¥ ca2+
cz-—*—{c2-

L]

Voo -1.5V Vg

F-Y
(-2

-2Vee +15V Vg_

v

14

TIIN e~ TiouT

10 7
B ~——— T20UT

13
I t—4— RN

T2IN

12
R10UT —

R2IN

9 8
R2OUT ——=] oV S
X 15
GND

T This symbal is in accordance with ANSIIEEE Std 91-1984 and IEC
Publication 817-12.

AVA|LABLE OPTIONS

PACKAGED DEVICES
SMALL SMALL
T DIP
A OUTLINE OUTLINE PLAS(L]}C
(D} {DW)
0°C to 70°C MAX232DT MAX232DWT MAX232N
-40°C 10 85°C MAax23z10% MAX2321DwT MAXZ32IN

1 This device is available taped and reeled by adding an R 1o the parl number (i.e., MAX232DR}.

Please be aware that an important notice concerning availability, standard warranly, and use in critical applications of
Texas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC and LinBiCMOS are trademarks of Texas fnsruments Incorperated.

PRODUCTION DATA inlormation is currenl as of lication date.
Products conlorm Ln specilications per the terms of Texas nstrumems
standard warrany. Production processing does nol necessanly inchude
Yesting of aff parameters.

Copyright & 1998, Texas instruments Incorporated

‘b TEXAS

INSTRUMENTS

POST OFFIGE BOX 655303 ® DALLAS. TEXAS 75265



MAX232, MAX232|

DUAL EiA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 - REVISED AUGUST 1998

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, V¢ (see Note 1)
Positive output supply voltage range, Vg,

Negative output supply voltage range, Vg_

Input voltage range, V|: Driver

Receiver

Qutput voltage range, Vg: T10UT, T20UT

R10UT, R20UT

Short-circuit duration: T10OUT, T20UT

1t Stresses teyond those listed under “absolute maximum ratin

-03VtoBV

Vcc—0.3 Vio15V

-03Vto-15V
—03VioVee +03V

........................................................... 30V

Npackage .............. ... ... ... ... .. ...

Vg_-03VioVg, +0.3V
03 Vio Ve + 03V
Unlimited
113°C/W
1056°CrwW

78°C/W
—-B65°C to 150°C
260°C

gs" may cause permanent damage lo the device. These are stress ratings cnly, and

functional operation of the device at these ar any olher conditions beyond those indicated under *recommended operating conditicns” is not

implied. Exposure to absciute-maximum-rated conditions for exlended periods may affect davice reliability.

NOTE 1. All voltage values are with respact to network ground terminal,
2. Thepackage thermalimpedance is calculated in accordance with JESD 51, except forthrough-hole packages, which use a trace length

of zero.

recommended operating conditions

MIN NOM MAX{ UNIT
Supply voltage, Voo 4.5 5 55 \4
High-level inpul voltage, V| (T1IN,T2iN) 2 v
Low-tevel input voltage, vy (T1IN, T2IN) 0.8 v
Receiver input vollage, R1IN, R2IN 30 A
MAX232 0 70 )
Operating free-air temperature, Ty, AKZAZ) 70 e “C

Q‘ TEXAS
INSTRUMENTS

POST OFFICE BOX B5303 ® DALLAS. TEXAS 75265



MAX232, MAX232i

DUAL EIA-232 DRIVER/RECEIVER

SLL5047G - FEBRUARY 1989 REVISED AUGUST 1998

electrical characteristics over recommended r
temperature range (uniess otherwise noted)

anges of supply voltage and operating free-air

PARAMETER TEST CONDITIONS MIN  TYPt  mAX | uNIT

T10OUT, T20UT R = 3 ki2to GND 5 7
Von  High-ievei cutput voitage V'

RICUT. R20UT |IgH =—1maA 3.5

T10OUT, T20UT  [RL = 3k to GND -7 -5
VoL Low-level output voltaget R100T, R20UT |igr 32 7m - v
ViT+ !F:‘fg:r’]‘g;z‘glslgt‘;:'g"'”g nput R1IN, RZIN Veg =5V, Ta = 25°C 17 24] vy
VIT- E':Ecj':‘fl’; ’:iﬁ:g‘;"'gmng nput R1IN, R2IN Voo =5V, Ta =25°C 08 1.2 v
Vhys  Input hysteresis voltage R1IN, R2IN Voo =5V .2 0.5 1 v
r Receiver input resistance R1IN, R2IN Voo =5, Ta = 25°C 3 7 K2
o Output resistance T10UT, T20UT Vg4 =Vg_=0, Vo=+2V 300 144
lps8  Shod-circuit oulput current TIOUT, T20UT |V =55V, Vo=0 +10 mA
s Short-circuit input current T1IN, T2IN Vi=0 200 uA
lee Suppiy current ¥EE ;555 V. Alt outputs open, 8 10 mA

T Al typical values are at Voo = 5V, T = 25°C.

¥The algebraic convention, in which the least

levels of

nly.

§ Not more than one culput should be shorted at a ime.

switching characteristics, Voo = 5V, Tp = 25°C

positive (1nosl negative) value is designated minimum, is used in this data sheet for logic vollage

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tpLH(R) Receiver propagation delay time, low- to high-level autput See Figure 1 500 ns
tpHL(R) Receiver propagation delay time, high- to low-level output See Figure 1 500 ns

‘ Rp = 3 k(lto 7 k2,
SR Driver slew rate See Figure 2 30 Vs
SR(tr) Driver transition region siew rate See Figure 3 3 Vius

{’f TEXAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLL5047G - FEBRUARY 1989 - REVISED AUGUST 1898

PARAMETER MEASUREMENT INFORMATION

Vee

RL = 1.3 ki

Pulse
Generator
{sea Note A)

See Nota C

C| =50 pF -
I (see Note B}

TEST CIRCUIT

LZ90% soww | T Y
(]
tnput 10% 50% 50% 10%
| I [HRY

j¢.— 500 ns —
1
tPHLH N—-I—' PLH
| I VOH
Output 15V 1.5V
—————— VoL
WAVEFORMS

NOTES: A. The pulse generator has lhe foilowing characteristics: Z¢y = 50 Q, duty cycle < 50%.
8. C; includes probe and jig capaciance.
C. Alidiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpHL and tp| 4 Measurements

"? TeEXAS
INSTRUMENTS

POST OFFICT BOX 655303 ® DALLAS, TEXAS 75368



MAX232, MAX232i
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 - REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT
Generator 5 ° P .
{see Nole A) _T_ ElA-232 Output
RL CL=10pF
{see Note B)

TEST CIRCUIT

Input

Output

ttHL e
0.8 (Vg

HVol! or 2 Vo Voy!
TLH tryL
WAVEFORMS

SR =

!

MOTES: A. The puise generator has lhe foliowing characteristics: Zn = 50 Q, duly cycle < 50%,.

B. Ci includes probe and jig capacitance

Figure 2. Driver Test Circuit and Waveforms for tpHL 2nd tp) 4 Measurements (5-us input)

Puise
Generator
{see Note A)

ElA.232 Output

3 kil % CL=25nF

TEST CIRCNT
$10ns —» —bl |-1—~_’-10ns

Input | |
|75 00% 0% N
| 15V 15V N 10%
[ 20us —»y
tTHL_.§ Ih_ "} r_ friu
I VOoH
v
Qutput 3v I VaE
-3V YA VoL
6V
SR =
by OF trpy
WAVEFORMS

NOTE A: The pulse generater has the following characteristics' Zy = 50 £}, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tyy; and tyy Measurements (20-us input)

{’P TEXAS
INSTRUMENTS

PCST OFFICE BOX 655301 ® DALLAS, TEXAS 75265 5



MAX232, MAX232|
DUAL EIA-232 DRIVER/RECEIVER

SLIL5047G - FEBRUARY 1589 - REVISED AUGLIST 1998

APPLICATION INFORMATION

5V
16
——
Veo -1~ tpF
1 2 =
_— Ci+ »
- X Vse B5V
— C1- 6
4 » » -
———— c2+ Vs_ L. 85v
TWF X s + I~ 1uF
- C2- -
1 > 1% E1a-232 Output
From CMOS or TTL 10 7
s e EJA-232 Output
D O - Ea232 Input
To CMOS or TTL g B
-] oV I |—+— ElA-232input
15
GND

Figure 4. Typical Operating Circuit

*? TeEXAS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to abtain the latest version of relevant information
to verify, before placing orders. that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgemem, including those
pertaining 1o warranty, patent infringement, and fimitation of liability.

Tl warrants periormance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control technigues are utilized to the extent
TI deems necessary ta support this warranty. Specific testing of all parameters of sach device is not necessarily
performed, except those mandated by government reguirements.

CERTAIN APPLICATICNS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY. OR SEVERE PRCPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS iS UNDERSTOODTO
BE FULLY AT THE CUSTOMER'S RISK.

In order o minimize risks associated with the customer's apphcations, adequale design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Ti assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of T} covering or relating lo any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
panly's praducls or services does nolt canstitule TI's approval, warranty or endorsement thereof.

Copyright & 1998, Texas Instruments Incorporated
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ADC0820

March 2004

8-Bit High Speed uP Compatible A/D Converter with

Track/Hold Function
General Description

By using a half-tlash conversion technique, the 8-bit
ADC0820 CMOS A/D offers a 1.5 ps conversion time and
dissipates only 75 mW of power. The hali-flash technique
consists of 32 comparators, a mosi significant 4-bit ADC and
a teast signiticant 4-bit ADC.

The input fo the ADCO820 is tracked and held by the inpul
sampling circuitry efiminating the need for an external
sample-and-hoid for signals moving at less than 100 mV/ps.

For ease of interdace to microprocessors, the ADCO820 has
been designed to appear as a memory location or /O part
without the need for external interfacing fogic.

Key Specifications
W Resolution 8 Bits

2.5 ps Max (RD Mode)
1.5 ys Max (WR-RD Mode)

75 mW Max

B Conversion Time

B lLow Power
B Total Unadjusted

Error +1%2 LSBard £ 1 LSB

Features

& Built-in track-and-hold function

® No missing codes

®m No externat clocking

® Single supply—5 Vo

m Fagy interface lo all microprocessors, or operales
stand-alone

Latched TRI-STATE output

Logic inputs and outputs meet both MOS and T?L
voltage tevel specifications

B Operates ratiometrically or with any reference value
equal to or less than V.

0V 10 5V analog input voliage range with singte 5V
supply

No zero or full-scate adjust required

Cverflow output available for cascading

0.3" standard width 20-pin DIP

20-pin molded chip carrier package

20-pin small outline package

20-pin shrink small outline package {SSOP)

Connection and Functional Diagrams

Dual-in-Line, Small Qutline
and SSOP Packages

./

L | 20f—=Yeo

DB —{2 19f—NC

DB1—{3 18}-oFL

Doz —4 171087

pe3—5 164—DB6

WR/RDY —{6 15—DB5

WODE—37 14}—0B4

’b—{8 15}—Cs
INT—{ g 12 Vge (4)
GND=—{10 1= Vger (=)
GOLENT

Top View

Molded Chip Carrier
Package

- 5
™ Vier (+)
— Veer ()
— GND
[~ INT
EEpge
} b
x
0C550133

© 2004 National Semiconductor Corporation

D5005501

www.national.com
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ADC0820

Connection and Functional Diagrams (continveq)

OFL

-8
FLASH
AOC
14 M3Bs;

1227

LJ DUTPUY

LATCH
AND
TRI-STATE
BUFFERS

4-BI7

FLASH
ADC

i4 LSBs)

'lr ¥y ¥ ¥

p— OFL
e DAT
= 0B
e [1BS
e DE4

D83
|—082

p— 01

e [) B}

TIMING AND CONTROL CIRCUITRY

I_ﬁ

WODE WheRDY 4 L
COSRO 0
FIGURE 1.
Ordering Information
Part Number mTotal Package Temperature
Unadjusted Error Range

ADCO0B20BCYV V20A -~ Molded Chip Carrier 0°C to +70°C
ADC0820BCWM 4 LSB M20B-—Wide Body Small Qutling 0°C to +70°C
ADCO820BCN N20A — Molded DIP 0°C to +70°C
ADC0820CCJ J20A —Cerdip —-40°C to +85°C
ADCOB20CCWM 1158 M20B — Wide Body Small Quttine 0°'Cto+70°C
ADC0820CIWM M20B — Wide Bedy Small Outline —40°C lo +85°C
ADC0820CCN N20A — Molded DIP 0'Cto +70°C

www national.com




Absolute Maximum Ratings otes 1, 2

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales OHice/
Dislributors for availabifity and specifications.

Supply Voltage (V)

Logic Control Inputs

Voltage at Other Inputs and Output

10V
~0.2V 10 V. 0.2V
~0.2V to Vi +0.2V

Dualin-Line Package {ceramic) J00°C
Surface Mount Package
Vapar Phase (50 sec.) 215°C
Infrared {15 sec.) 220°C

Operating Ratings otes 1, 2)

Temperalure Aange
ADCO0820CCJ

TiinET =T
-40°C<T,,<+85C

Storage Temperature Hange -65°C to +150°C
Package Dissipation al T, = 25°C 875 mwW
Input Current at Any Pin (Note 5} 1 mA
Package input Current (Note 5) 4 mA
ESD Susceptabiiity (Note 9] 00V
Lead Temp. (Soldering, 10 sec.)

Dual-In-Line Package (plastic) 260°C

Converter Characteristics

The following spacifications apply for RD mode (pin 7
Boldface limits apply from T, to Twax: all other limits T.=T=25C.

=0), Veo=5V, Vagp(+)

ADC0820CIWM

ADCO820BCN, ADCOB20CCN 0°C=T.<70°C
ADCO0B20BCV 0°CeT<70°C
ADCOB20BCWM, ADC0820CCWM 0°'CsT,<70°C
Ve Range 4.5V 1o 8V

=5V.and Vgep(—-)=GND unless otherwise specified.

-40°CST,5+85'C

Paramater Conditions ADCO0820BCN, ADCOBZ20CCN Limit
ADCO820CC.) ADC0820BCV, ADC0820BCWM | Units
ADCO0820CCWM, ADCOB20CIWM
I Typ Tested | Dasign Typ Tested Design
{Note 6)| Limit Limit | (Note 6) Limit Limit
{Nole 7) | (Note 8) {Nota 7) (Note 8)
Resalution i 8 8 8 Bits
Tetat Unadjusled ADCO820BCN, BCWM + b T4 LSB
Error ADCO0820CCY =1 LSB
{Note 3) ADC0B20CCN, CCWM, CIWM x1 z1 LSB
ADCDB20CCMSA x1 *7] LSB
Minimum Heference 24 1.00 2.3 1 ki)
Resistance
Maximum 2.3 6 2.3 5.3 6 kg2
Reference
Resistance
Maximum V qep(+] Voo Veo Vec v
Input Vallage
Minimum Vgee(-) GND GND GND v
Input Voltage
Minimum Voee(+) Vaes-) Veaee(-} Vaee(-) v
Input Voltage
Maximum Ve (—) Vaes(+) Vieel+) Vaer{+) v
Input Valtage
Maximum V,,, Input Vee+0.1 Vee+01 | Vo+0.1 v
Veoltage
Minimum V, Input IGND-0.1 GND-0.1 | GND-0.1 v
Voliage
Maximum Analeg  [CS =Vec
Input Leakage Vi=Veo 3 0.3 3 HA
Current Vi =GND -3 -0.3 -3 HA
Power Supply Ve =BV 5% 11186 4 +1/18 V% %4 LSB
Sensitivity
L

www national.com
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ADCO0820

DC Electrical Characteristics

The fallowing specifications apply for Vo .=5V unless ctherwise specified. Boldface limits apply from Tuan 10 Tyay: all other
limits Tp=T =25°C.

Parameter Conditions ADCOB20BCN, ADC0B20CCN Limil-
ADC0820CCJ ADC0B20BCV, ADC0O820BCWM | Units
ADCOBZOCCWM, ADCO820CIWM
Typ Tested Design Typ Tested Design
{Note B) Limit Limit {Note 6) Limit Limit
{Note 7) | (Note 8} {Note 7) | (Nole 8)
Vingy Logical ‘1" [V.=525v |CS , WR, RD 2.0 2.0 2.0 v
Input Voltage Mode 35 3.5 3.5 v
Vin, Logical 0" | V=475 [CS, WR , RD 0.8 0.8 0.8 v
Input Voltage Mode 1.5 1.5 1.5 v
linag sy, LOgical *1" Vi, =5V; C5 , RD 0.005 1 0.005 1 pA
Input Current Vipy=5V; WR 0.1 3 0.1 0.3 3 pA
Vinen=5Y; Mode 50 200 50 170 200 HA
liraroye LOGiCED 0" Viuoy=0v: C5 , AD , WR , -0.005 -1 -0.005 -1 pA
input Current Mode
Vaurpy Logical *17 1V c=4.75V, 1,,,=-360 pA; 2.4 2.8 2.4 v
Oulput Voltage DBO-DB7, OFL , INT
Vee=4.75V, Tuur=—10 pA: 4.5 4.8 4.5 v
DBO-DB7, OFL , INT
Youry Logical 0" VCC=4-?SV‘ lour=1.6 mA; 0.4 0.34 0.4 v
Output Voitage DB0-DB7, OFL , INT , RDY
lour: TRESTATE [V, ,1=5V; DBO-DB7, RDY 0.1 3 0.1 0.3 3 HA
Ouput Current Vour=0V; DBO-DB7, RDY -0.1 -3 -0.1 -0.3 -3 HA
lsounce: Dutput Vour=0V; DBO-DB7, OFL -2 -6 -12 -7.2 -6 mA
Source Current INT -9 -4.0 -9 -53 -4.0 mA
s, QUIPUL Sink |V, 1=5V: DBO-DB7, ORI, , 14 7 14 8.4 7 mA
Current INT . RDY
lce, Supply Current [CS WA —RD =0 , 75 15 | 75 13 15 | maA |

AC Electrical Characteristics
Thae following specifications apply for V.o=5V, t,=t,=20 ns, Vaee{+)=5V, Vpeel~)=0V and T,=25'C unless atherwise specified.

Typ Tested Design
Parameter Conditions (Note 6) Limit Lirnii Units
{Note 7) {Note 8)
torp. Conversion Time for AD Mode Pin 7 = Q, Figure 2 1.6 25 s
taccos Access Time (Delay fram Pin 7 = 0, Figure 2 tepo+20 tcapt+50 ns
Falling Edge of AD to Oulput Valid)
tewr.Ap. Conversion Time for Pin 7 = Ve twr = BAO ns, 1.52 ys
WR-RD Mode tan=B00 ns; Figures 3, 4
by, Write Time Min Pin 7 = Ve, Figures 3, 4 600 ns
Max (Note 4) See Graph 50 ys
Igp. Read Time Min Pin 7 = Vo Figures 3, 4 600 ns
(Note 4) See Graph
tacct, Access Time (Delay from Pin 7 = Ve, tpp<t; Figure 3
Falling Edge of RD to Output Validy | ©,=15 pF 190 280 ns
C, =100 pF 210 320 ns

www.naticnal.com 4



AC Electrical Characteristics (Continued)

The foilowing specifications apply for V=5V, I,=1,=20 ns, Vaer{+)=5V, Viaerl-)=0V and T

4=25°C unless otherwise specified.

Typ Tested Design
Parameter Caonditions (Nota 6) Limit Limit Units
(Note 7) {Note 8}
tacca, Access Tﬂe (Delay from Fin 7 = Vg, tap >, Figure 4
Failing Edge of RD to Ouiput Valid) C.=15pF 70 120 ns
C,=100 pF 90 150 ns
tacca. Access Time (Delay from Reuop = tkand C, = 15 pF 30 ns
Rising Edge of RDY to Output
Valid)
t,, Internal Comparison Time Fin 7=V..; Figures 4, 5 800 1300 ns
C, =50 pF
Y Yo TRI-STATE Control A, =1k, C =10 pF 100 200 ns
{Defay from Rising Edge of AD 1o
Hi-Z Siate}
tiuTL- Delay from Rising Edge of Pin 7 = Vo, C = 50 pF
WH to Falling Edge of INT Lan>1s Figure 4 1, ns
Tnn<t; Figure 3 tpp+200 trot290 ns
tinthe Delay from Rising Edge of Figures 2, 3, 4 125 225 ns
AD to Rising Edge of INT C =50 pFe¢
nThwr, Detay from Rising Edge of Figure 5, C =50 pF 175 270 ns
WA to Rising Edge of INT
oy, Delay from CS to RDY Figure 2, C =50 pF, Pin 7 =0 50 100 ns o
i, Delay from INT to Output Valid Figure 5 20 50 ns
tw. Delay from RD to INT Pin 7=Vee, thp<t, 200 290 ns
Figure 3
te, Delay from End of Cenversion Figures 2, 3, ;1, 5 500 ns
10 Next Conversion (Note 4) See Graph
Slew Rate, Tracking 7 01 Vips
Cyini Analeg Input Capacitance 45 pF
Cout. Logic Quiput Capacitance 5 pF
Cyn. LOgi¢ Input Capacitance 5 pF

Note 1: Absolute Maximum Ratings indicate imils beyond which damage to {he device may occur. DG and AC electrical speciications do not apply when operatng

the devica beyond its specified operating conditions

Note 2: All voltages are measureq wilh respect to the GND pin, unless otherwise specified.

Nate 3: Total unadjusted error includes offset, tull-scale, and knearily errors.
Note 4: Accuracy may degrade if lyg or tap is shorter than the mimimum value specified. See Accuradcy vs. lyp and Accuracy vs. lpp grapns.

Note 5: When the input vollage (V,,,} at any pin exceeds the power supply rails (Vy < Vor Vyy > ¥*) the absolute value of current at that pin shouid be limited
o 1 mA or less. The 4 mA package mpul current limils Ihe aumber ol pins that can exceed the pawer supply boundaries with a 1 mA current limit to four.

Note 6 Typicals are al 25°C and represent masl hkely parametric notm.

Note 7. Tested limils are guaranteed to National's AQQL (Average Cutgoing Quality Leval),

Mote 8: Design limils are guaranteed bul nol 100% lasted. These fimils are not used io calculale outgoing quality levels.

Nate 9: Human body model, 100 pF discharged through a 1.5 ki resistor,

www.national.com
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ADCO820

TRI-STATE Test Circuits and Waveforms

LY
Voo
Ab a naTA
neTRYY
L, sk
- = = =
ton
[ESEEHT vk
L=20ns
tDH
vee veo
k
G | 0ATA
[ oUTPUT
‘T
= = = 1,220 ns
0OSs01s

Timing Diagrams

"

tyy, Co =10 pF

—a] by

Vee — - o

m 0%
oo 0
— =y
Vor
oata © 0%
DUTPUTS
GNp — -— T
1y =¥ ns
HE0104

ton, CL =10 pF

ol —
Yoo T
DATA /
auTRUTS
—— 1
vou 4%

COB5G106

\_
m__“sk

vl RNy f—

lagrs [=— tHTy

A ——|

~=— WITH EXTERNAL PULL-UP

ggg.ggy_—-—_—.-.—-—.—_—_] b'—---._—-_—

Note: On powar-up the state of INT can be high or low

tacco e (=T, oy

LO5SEQIOT

FIGURE 2. RD Mode (Pin 7 is Low}
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Timing Diagrams (continued)

T
|
-—hm' il ("]
|

1
T -1 }'_—_-.

lacst—- . - —- ]

O0BHOTOR

FIGURE 3. WR-RD Mode (Pin 7 is High and tap<t,)

S
S S

-

DBD-DB7 me wme wm o v e mmm o ——
facc: —=| |¢——

Tt —=f

1 T
5

NORAT10

FIGURE 4. WR-RD Mode {Pin 7 is High and ty,>1,)

Cuow

A01Cw

Rl DIV

00550110

FIGURE 5. WR-RD Mode (Pin 7 is High)
Stand-Alone Operation

114 lilale) ]
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ADCO0820
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LOGIC INPUT THRESHOLD VOLTAGE (V)

1.2

n

T 0
E
T 3
=
-3
o 8
£
£ g
w3
I
8 &
5
2.0

@

LINEARITY ERRDR (LSBs)
o -
o o=

Typical Performance Characteristics
Logic Input Threshold Valtage vs. Supply Voltage

I

—-535°CsTax +125°C /

45

4.75 5.0 525 55
¥eo—SUPPLY YOLTAGE (V)

Q0550139

Power Supply Current vs, Temperature
(not including reference ladder)

4 Voo =5.25V
Voo = 5Y
P
Voo =4 .75V
t® ”: T |
| \\
-1 -50 1] 50 1y 15a

Ta —AMBZENY TEMPERATURE (°C)

COS50136

Accuracy vs. tgp

Veo=5Y
Vrgr =5
Ta=25°C

tp =500 ns
twr =500 ns

|

300

40 500 600 YOO &0D 90Q
1hD (M)

HLESOIB

Conversion Time (RD Mode) vs. Temperature

toro— COMVERSION TiME {us)

LINEARITY ERAOR (LSBs)

LINEARITY ERROR (LSBs)

3

Yee =50V ——,
Voo =525y

1 ||

-0 -50 @ 50 100 150
Ta—AMBIENT TEMPERATURE {°C)

DORSHI 35

Accuracy vs. tyy

Yoo =5v
Yrer =5V
Ta=25°C

tp =500 ns ]
tao = 600 ny

A
N

0

400 500 E00 700 800 90D
twe (ns)
Q55017

Accuracy vs. t,
20

Ve =5V
VRer =5V
Ta=25°C
twr =500 ns
trp =600 ng

0.5 N

0
300 400 500 600 700 300 800

tp (ns)

00550133
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Typical Performance Characteristics {Continued)

Accuracy vs, V. [Vrer=Vaer{+)-Vae(-)] ty Internal Time Delay vs. Temperature
20 i g
_ Voo =5V 320
. Ta=25°C E
@ 15 =
= =z 1.5 T — —
= =1
= a Voo = 4.75¥
[—] -4
&= T ]
o 1.0 o
& N E 10
E S Vi =5Y
E 0 P, &
5 o2
3 ~—— 2 05—
g
0 =
a1 z 3 4 5 0
Vs (11 S -t -5 0 50 100 150
AEF Ta—AMBIENT TEMPERATURE ({“C|
DOs50140
QUBIA14Y

VREF
*1 LSB =—LEE
B =256

Output Current vs. Temperature

10 r I T
Yoo =5V
g of—d ]
E Isource Your = Z.4¥
= ; |
£ 6 b | ]
=
£
A
E IsiNg VouT =0.4Y
s . f ’,.,___
) [ L |

-0 -s50 D 1 IR 11 N 11}
Ta—AMBIENT TEMPERATURE (“C)

0055142

02800av
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ADCO0820

Description of Pin Functions

Pin Name Function

Vin Analeg inpul; range =GND<V, <V o

DBO TRI-STATE data output—bit 0 (LSB)

0OB1 TRI-STATE data oulput — hit

DB2 TRI-STATE data output— hit 2

DB3 TRI-STATE data cutput— bit 2

wR WR-RD Mode

/RDY WR: with TS low, the conversion is
started on the failing edge of WA.
Approximatety 800 ns (the preset internal
time out, 1} alter the WR nsing edge, the
resull of the conversion will be strobed
into the output latch, provided that AD
does not occur prior to this time out (see
Figures 3, 4).
AD Mode
RDY: This is an open drain output {no
internal pull-up device). RDY will go low
after the falling edge of CS; ADY will go
TRI-STATE when the rasult of the
conversion is sirobed into the output latch.
It is used 1o simpiify the interface 1o a
microprocessor system (see Figure 2).

[=r S - A B L Y

7 Mode Mode: Mode selection inpul — it is
internally fied to GND through a 50 pA
current source.

RD Mode: When mode is low

WR-RD Mode: When mode is high
WR-RD Mode

With CS low, the TRL-STATE data outputs
{DB0-DB7) will be activated when BD
goes low (see Figure 5). AD can also be
used to increase the speed of the
converter by reading data prior to the
preset interpal time oul (t, - 8B00 ns). If this
is done, the dala result transferred 1o
oulput falch is latched after the falling
edge of the RD (see Figures 3, 4.

AD Mode

with CS low, the conversion will stant with
RD going low, also BD will enable the
TRI-STATE data cutputs at the completicn
of the conversion. ADY going TRI-STATE
and INT going low indicates the
completian of the conversion (see Figure
2).

Pin Name Function

3 INT

WR-RD Mode

INT going low indicates that the
conversion is completed and the data
result is in the output latch. INT will go
low, ~B800 ns (the preset internaf time out,
4} atter the rising edge of WR (see Figure
4); or INT will go low after the falling
edge of AD , if RD goes low prior to the
800 ns time oul (see Figure 3). INT is
reset by the rising edge of RD or GS {see
Figures 3, 4).

RD Mods

INT going low indicates that the
conversion Is completed and the data
resuit is in the output fatch. INT is reset by
the rising edge of RD or 5 {see Figure
2).

Ground

The bottom of resistor ladder, voltage
range: GND <V (-)sVaee(+) {Note 5)
The top of resistor ladder, voltaga range:
Vier(—1Vieri+)=Vee (Note 5)

CS must be low in crder for the AD ar
WH to be recognized by the converter.
TRI-STATE data output— bit 4
TRI-STATE data qutput—bit 5
TRI-STATE data output— bit &
TRI-STATE data culput— bit 7 (MSB)
Cverllow output—If the analog input is
higher than the Vgee(+), OFL will be low
at the end of conversion, If can be used to
cascade 2 or more devices to have more
resobytion (9, 10-bit). This output is always
active and does not go into TRI-STATE as
DBO-DB7 do.

No connection

10 GND
M Vier()

12 VHEF["‘)
13 C§

14 DB4
15 DB5
16 DB6
17 DB7?
18 OFL

19 NC

20 V.o Power supply voltage

1.0 Functional Description

1.1 GENERAL CPERATION

The ADCOB20 uses twa 4-bit flash A/D converters o make
an 8-bit measurement {Figure 1}. Each flash ADC is made
up of 15 comparators which compare the unknown input to a
raference ladder to get a 4-bit result, To take a full 8-bit
raading, one flash conversion is done to provide the 4 most
significant data bits {via the M5 tlash ADC). Driven by the 4
MSBs, an internal DAC recreates an analog approximation
ol the input voltage. This anafog signai is then subtracted
from the input, and the difference voltage is converted by a
secand 4-bit flash ADC {the LS ADC), providing the 4 least
significant bits of tha outputl data word.

The internal DAC is actually a subsecticn of the MS flash
convarter. This is accomplished by using the same resistor
tadder for the A/D as well as for generating the DAC signal.
The DAC oulput is actually the tap on the resistor ladder
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1.0 Functional Description (continuad)

which most closely approximates the analog input. In addi-
tion, the “sampled-data” comparators used in the ADC0820
provide the ability lo compare the magnitudes of several
analog signals simultaneously, without using input summing
amplifiers. This is especially useful in the LS flash ADC,
where the signal io be converted is an analog difference.

1.2 THE SAMPLED-DATA COMPARATOR

Each comparator in the ADCDB2Y consists of a CMOS in-
verter with a capacitively coupled input (Figures 6, 7). Ana-
log switches connect the two comparator inputs to the inpul
capacitor (C) and atso connect the inverter's input and out-
put. This device in effect now has one differential input pair.
A compariscn requires two cycles, one for zeroing the com-
parator, and another for making the comparison.

In the first cycle, one input switch and the inverter’s feedback
switch {Figure 6 ) are closed. In this interval, C is charged 1o
the connected input (V1] less the inverer's bias voitage (Vy,
approximately 1.2V). In the second cycle (Figure 7), these
two swilches are opened and the other (V2) input’s switch is
ciosed. The input capacitor now subtracis its stored voltage
from the second inpul and the difference is amplified by the
inverter’s open loop gain. The inverter's input (V') becomes

Va—(v1—-Vv2
Bl )CFCS

and the output wilt go high or low depending on the sign of
Vg'-Vg.

The actual circuitry used in the ADC0B20 is a simple but
important expansicn of the basic comparator described
above. By adding a second capacitor and another set of
switches to the input {Figure 8), the scheme can be ex-
panded to make duat differential comparisons. In this circuit,
the feedback switch and one input switch on each capacitor
(Z switches) are closed in the zeroing cyele. A comparison is
then made by connecting the second input on each capacitor
and opening all of the other swilches {5 switches). The
change in voltage at the inverter's input, as a result of the
change in charge on each input capacitor, will now depend
on both input signal differences.

z

A LADDER -~
V1) €1 z

$

|:Iz’; _0/

z L)
ANAGND o~
va) G2 Cs
s I
172158 —
v N
00550114

V1 =0 g]
_o/}

]
4
) T

00550112
*Vp - Ve
*Von{=Vi-vg
= Cg = stray input nogde capacilor
" Vg = inverter inpul bias voltage
Zeroing Phase

FIGURE 6. Sampled-Data Comparator

n—o""

i’
C
¥z I ¢

Vy'-Vp = (V2-V1}

Q055011

C
C+Cg

-A
Wo' = —— [CVZ-CVi)
C+Cq

*Vgo' is dependent on V2 - v1
Compare Phase

FIGURE 7. Sampled-Data Comparator

—A

Vo= — — _
=5 TC2Cs [C1(v2 - V1) +C2{va —V3)]
—A
" Crroar g, Gt A%

0055 45

FIGURE 8. ADC0B20 Comparator {from MS Flash ADC)

1.3 ARCHITECTURE

In the ADC0B20, one bank of 15 comparators is used in each
4-bit flash A/D converter {Figure 12). The MS (most signifi-
cant) flash ADC also has one additional comparator to detect

input overrange. These two sets of comparators operate
alternately, with one group in its zerging cycle while the other
is comparing.

When a typical canversion is starled, the WR line is brought
fow. At this instant the MS comparators go tram zeroing to
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ADCO0820

1.0 Functional Description (continued)

comparison mode {Figure 17). When WR is returned high
after at least 600 ns, the oulput from the first set of compara-
fors {the first flash} is decoded and latched. At this paint the
two 4-bit converters change modes and the LS (ieast signifi-
cani) flasn ADC enters its compare cycle. No less than 600
ns later, the RD line may be pulled low to Jatch the lower 4
data bits and finish the 8-bit conversion, When BD goes fow,
the flash A/Ds change state orce again in preparalion for the
nexi conversion.

Figure 11 alsa outlines how the converter's intertace timing
relates to its analog input (V). In WR-RD mode, V,, is
measured white WR is low. In RD made. sampling occurs
during the first 800 ns of RD. Because of the input connec-
tions to the ADC0820's LS and MS comparators, the con-
verter has the ability to sample V,,, af one instant (Section
2.4), despite the fact thal two separate 4-bit conversicns are
being done. More specifically, when WR is low the MS flash
Is in compare mede (connected to V,,}, and the LS flash is in
zero mode (also connected lo V). Therefore both flash
ADCs sample V,,, at the same time.

1.4 DIGITAL INTERFACE

The ADC0820 has two basic inteface modes which are
selected by strapping the MODE pin high or low.

RD Made

With the MODE pin grounded. the converler is set to Read
mode. In this configuration, a complete conversion is done
by pulling RD fow until cutput data appears. An INT fine is
provided which goes low at the end of the conversion as wall
as a RDY oulput which can be used to signal a processor
that the converer is busy or can also serve as a system
Transter Acknowledge signal.

RD Mode (Pin 7 is Low)

DBO-DB7 = e m e e mm — <__—> _________

MEBE0E

When in AD mode, the comparator phases are internally
triggered. Al the falling edge of AD, the MS fiash converter
goes from zero 1o compare mode and the LS ADC's com-
parators enter their zero cycle. After 800 ns, data irom ihe
MS flash is latched and the LS flash ADC enters compare
mode. Following another 8OO ns, the iower 4 hils are recov-
ered.

WR then RD Mode

With the MODE pin tied high, the A/D will be set up for the
WR-RD mode. Here, a conversion is started wilth the WA
input; howaver, there are two optiens for reading the output

data which relate to interface timing. If an inferrupt driven T
scheme is desired, the user can waijt for INT to go tow before
reading the conversion resull {Figure 10). INT will typicaily
go low 800 ns after WR's rising edge. However, if a shorter
canversion time is desired, the processor need not wait for
INT and can exercise a read after onty 600 ns (Figure 8. If
this is done, INT wilt immediately go low and data will appear
at the outputs,

DBO-DB7 = == = e — — _.(:)_ —_——

0550117

FIGURE 9. WR-RD Mode (Pin 7 is High and t,,<t,)

Dﬂ.m.._____...____:_

OELs0118

FIGURE 10. WR-RD Mode (Pin 7 is High and to,>1,)

Stand-Alone

For stand-alone operation in WR-RD mode, CS and RD can
be tied low and a conversion can be started with WR. Data
will be valid approximately 800 ns fallowing WR's rising
edge.

WR-RD Mode (Pin 7 is High) Stand-Alone Operation
TS Low

All Low

Q0550119
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1.0 Functional Description (coninueq)

® MS COMPARATGRS ZERD
TO AEFERENCE LADDER.

* L5 COMPARATORS FLOAT

* M35 COMPARATORS COMPARE
Vin TO THEIR REFERENCE
LABDER TAP. THE COMPARATOR
OUTPLTS DIGITALLY TRACK
¥in-VLatoer Tap

» LS COMPARATORS ZERD TO
Vin. THE COMPARATOR 'S
INPLT CAPACITORS TRACK V.

D0550120
Note: M5 means most significan!

LS maans least significan

FIGURE 11. Operating Sequence {WR-RD Mode)

OTHER INTERFACE CONSIDERATIONS

In order to maintain cenversion accuracy, WR has a maxi-
mum width spec of 50 ps. When the MS #lash ADC's
sampled-dala comparalors (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 8) must
hold their charge. Switch leakage and inverter bias current
can cause errors if the comparator is left in this phase for too
long.

|

- e - Bdas —  --— - -‘-‘

« WS COMPARATOR BUTFUTS * L5 COMPARATOR OUTPUTS

ARE LATCHED. THE MS$ ;EE"E':LC”E" AND LAN

DAC IS SET THE MS -

COMPARATOR FLDATS. + MS COMPARATORS RETURN
T0 ZERD MOEE.

= LS COMPARATORS COMPARE
LSB SECTION OF REFERENCE
LADDER

Since the MS Hash ADC enters its zeroing phase at the end
of a conversion {Section 1.3), a naw conversion cannot be
started until this phase is compiete. The minimum spec for
this time (., Figures 2, 3, 4, 5) is 500 ns.

13
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ADCO0820

1 B
142 LSH VOLTAGE —/}
2 i
GROUNG —0/

u J—O/u
REF LARDER ‘—O/;}_I

Detailed Block Diagram

4 BIT M§ 4 M5P
FLASH CONY DAL SWIICHES

4BITLS
FLASK CONY

Vin ki +}

Rz1

—
2 1/ LS8 VOLTAGE

D_ VREFL ) A
ovenrLow f—
Wi — hO/]/O—-
L
| :: R/37
.
| $a
? | comp
LTE} — P—-O* Cut el
| —
C |+ |
::F l :EH.‘IG
our Ut 1
1 M = b—o* 1 cLz a
2 ‘ | 4 z 1
| l ]
l 5:" | .'Enns
- <
472 |—g v—o’rm o3
I
| I i
IllIIIl'IIIi bt
T e Lo
o Pl I I I I P
oy { I !
, 1| E:N l I ] E:nns
' -
oM »--(fl s
I
R/ 16
"‘v“'
i o
auTPuTS ouUTRUTS
u':csunl;s D:IS:EIIZ:E 4B 4 fxgscncumm
LaBIc LOGIE
[ [:]
LATCH AND CONTROL
TAI-STHIE GUTAUT * LOGIC
BUFFERS
[1} MODE AD  WR/RY  TRT
40-DB7
DAG DUTRUT 1—0/5}_‘
1
wio” 8
WS COMPARATDAS
CMY CMIG
ll'znsauuuasza—o/}
nfruunsn‘—c/'
WABCTS
FIGURE 12.

LS COMPRRATORS
CL1-CL1%
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2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The twe Ver inputs of the ADCOB20 are fully differential and
define the zero to full-scale input range of the A to D con-
verier. This aliows the designer to easily vary the span of the
anafog input since this range will be equivalent to the voltage
diterence between V,{+) and Vini-). By reducing
Vaer(Vacr=Vrer(+)-Vaee(-)) Lo less than 5V, the sensitivity
of the converler can be increased (ie., ff Vgue=2V then 1
LSBE=7.8 mV}. The input/reference arrangement also facili-
tates ratiometric operation and in many cases the chip power
supply can be used for transducer power as welf as the Vieer
source.

This reference flexibility lets the input span not only be varied
but also offset from zero. The voltage at V() sets the
input level which produces a digital output of all zeroes.
Though Vy, is not fisell differential, the reference design
affords nearly differential-input capability for most measure-
ment applications. Figure 13 shows sama of the configura-
tions that are possible.

2.2 INPUT CURRENT

Due to the unigue conversion techniques employed by the
ADCO0820, the analog input behaves somewhat differently
than in conventional devices. The A/D's sampleo-data com-
parators take varying amounts of input current depending on
which cycle the caonversion is in.

External Reference 2.5V Full-Scale

Vil | - ] e |N |

\'n.(-JT GND

a =
e REF( 4]

LM385-2 §

0a5501219

Power Supply as Reference

Vi1 - | e d

Y m——

The equivatent input circuit of the ADCO0B20 is shown inj

Figure 14. When a conversion stars {WR low, WR-RD
mode), all input switches close, connecting V,,, (o thirty-one
1 pF capacitors. Although the two 4-bit flash circuits are nat
both in their compare cycle at the same time, V,, still sees ail
inpul capacitors at once. This is because the MS flash
converter ig connected to the input during its compare inter-
val and the LS flash is connecled to the input during its
zeroing phase (Secfion 1.3). In other words, the LS ADC
uses V,,, as its zero-phase input.

The input capacitors must charge to the input voltage
through the on resistance of the analog swiiches (about 5 ki
10 10 k€3). In addition, about 12 pF of input stray capacitance
must also be charged. For large source resistances, the
analog input can be madeled as an RC network as shown in
Figure 15 As Ag increases, it will 1ake longer for the input
capacitance to charge.

In RD made, the input switches are closed for approximately
B0O ns at the start of the conversion. In WR-RD mode, the
time ihat the switches are closed 1o allow this charging is the
time: that WH is low. Since other factors force this time to be
at least 600 ns, input time constants of 100 ns can be
accommodated without special consideration, Typical total
input capacitance values of 45 pF allow A to be 1.5 kO
without lengithening WA 10 give V. more time 10 settle.

Input Not Referred to GND

N I+ )= iN .
GND r" GND
e
REF{ -] W REF{ +)
LMJBS-2.5
YN REF}—}
REFI-)
* ‘-
0550122 Y
+

* Current path must
still gxist from vp(~)
to ground
20550123

FIGURE 13. Analog input Options
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ADC0820

2.0 Analog Considerations (continved)

= aF 1 Aon
— ;
Ry Ron
Vi —‘\fw—’—"v‘l\v—o)rj—'
0138 1 oF
—Ch/ - 1 pF
+ I

A-LADDER

15 158 COMPARATORS
[
Ron
—A\WA—O"
TD MSA }’I ok

A-LADBER

. 1 af

L

.=

Th M5B CIMPARATORS

00550124

FIGURE 14.
Rg a50
Vin
Cs 2ok

T

D 12S

FIGURE 15.

2.3 INPUT FILTERING

H should be made clear that fransients in the anatog input
signal, caused by charging current flawing into V., will not
degrade the A/D's performance in most cases. In eflect the
ADCOB20 does not “look™ at the input when these transients

occur. The comparators’ outputs are not latched white WR is
low, s at least 600 ns wif! be provided to charge the ADC’s
input capacitance. 1 is therelfore not necessary 1o filter out
these transients by putting an external cap on the V,,, termi-
nal.

2.4 INHERENT SAMPLE-HOLD

Another benefit of the ADCOB20's input mechanism is its
ability to measure a variety of high speed signals without the
help of an exlernal sample-and-hold. In a conventional SAR
type converler, regardiess of its speed, the input must re-
main al least ¥ LSB stable throughout the conversion pro-
cess if full accuracy is to be maintained. Consequently, for
many high speed signals, this signal must be exiernally
sampled. and held stationary during the conversion.

Sampled-data comparators, by nature of their input switch-
ing, already accomplish this function to a large degree (Sec-
tion 1.2). Although the conversion time for the ADCOR20 is
1.5 ps, the time through which V,,, must be V= LSB stable is
much smaller. Since the MS flash ADC uses Vi as its
“compare” input and the LS ADC uses Va5 ifs “zere” input,
the ADC0B20 only “samples” V,,, when WH is low {Sections
1.3 and 2.2). Even though the two flashes are nat dona
simultaneously, the analog signal is measured at one instant,
The value of V,, approximately 100 ns after the rising edge
of WR {190 ns due to internal legic prop delay) will be the
measured vaiue.

Input signals with slew rates typically below 100 mV/us can
be converled without error. However, because of the input
time constants, and charge injection through the opened
comparator input swilches, faster signals may cause errors.
Sitill, the ADC0820's lass in accuracy for a given increase in
signal slope is far less than what would be witnessed in a
conventional successive approximation davice. An SAR type
convarler with a conversion time as fast as t ps would still
not be able 1o measure a 5V 1 kHz sine wave without the aid
of an external sample-ang-hoid. The ADCO0B20, with no such
help, can typically measure Y, 7 kHz waveforms.
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3.0 Typical Applications

8-Bit Resolution Configuration
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ADC0820

3.0 Typical Applications (continued)

Multiple input Channels

AN 2h4393
Telecom A/D Converter TH
15
25k
AAA
At LEVARPERE il :: I
GATE
L CHY 1
Vg is "Hl I
AN 2N438) 15% —
e
Wi §o- 5
. ]
70 MH; 24 M3
SAMPLE RATE -
Ve ks GATE 8
F = CH 2 Al f—
ADCORYD » ] ANCOE?DR
- i
GND W EB . | “IT' 4 [ Wf-g-
* ) as
10
s —vare) W TOTAL INPUT - END 12-3)
DEA 10 0B7 CHANNELS = i e D80 lo DB7
Ul VRl-) L] VREFL ) na-En
MODE MODE
i _I: Jj
= 00550129
CUhad128
V=3 kHz max + 4V,
* No track-and-hold needed
* Low power cansumption
8-Bit 2-Quadrant Anelog Multiplier
Ry CLK Tiu
{0V 70 5v) 400 k7 {10V T . 10V
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3.0 Typical Applications (continued)

Fast Infinite Sample-and-Hold
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Physical Dimensions

inches (milimeters) uniess atherwise noted
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ADCO0820

Physica! Dimensions inches (millimeters) unless otherwise noted (Continuad)
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LIFE SUPPORT POLICY

significant injury (o the user.

Notes

1. Lite suppart devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when propery used in
accordance with instructions tor use provided in the
labeling, can be reasonably expacted to resuft in a

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPCRT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

A critical compenent is any camponent of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safaty or effectivenass.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Praducts
Stewardship Specification (CSP-3-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-8-11152) and contain no “"Banned Substances™ as defined in CSP-9-11152,

National Semiconducior
Amaricas Custamer

Suppor Cenler

Email: new.tesdback @nsc.com

Tei 1-800-272-9959

www.national.com

Naticnal Semiconductor
Europe Customer Supporl Center

Fax:

Emalil:
Deutsen Tel
Engiish  Tel
Frangais 7al:

+49 10) 180-530 85 BE
BUr0pE SUPPArE Nsc.com
+49 (0) 59 9408 5208
v44 (0} B70 24 0 2171
+33 (0} 1 41 91 8720

National Semiconducior Nalional Semiconductor

Asla Pacific Customer Japan Customer Support Center
Suppon Center Fax: 81-3-5639-7507

Email: ap.suppont @ nsc.com Email: jpn.teadback@nsc.com

Tek B1-3-5639-7560

Natiora: dogs nol assume any responsibily kar use of any Citcullty descnbsd, no gircal patsnt foenses are mpied and Nalonal reserves the gl al any §me withaut nolice to change said ereutny and speclicalions.
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