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This project is Microcontroller Training Board for learning . It used AT90s2313 AVR’s
Microcontroller

In this project has connect another component which has 7 application following
Eeprom , keypad 4X3 , analog to digital conversion , pc keyboard , IR Remote , Serial

communication and Pararell Port



A Aa
naanssndseme

= a ¢ o Awve o 4 o g Yo o 9. a
ﬂifyiy']uwuﬁﬂﬂuu‘lﬂ‘Uﬂ‘n'ﬁlul:ﬂuﬂﬁniﬂ VI'Nﬂmgaﬂﬂﬂ’lﬁﬂ@‘uﬂﬂﬂﬂﬂﬁzﬂmﬂﬂ’]
7>

wsmineswmisuaz ldmdle veveunssgavhuysmnsdimaenudidouenais

o = 1 1 d, o L=y A o
uazd151919898199 i Taommee1915didsamn wa. Tnma @nslomana fiaseldm

Yy ¥
@

=2 ° ] A 9 1 g 9 = a wva ] aa
Winvwueih uazsremielumimdeyarne stamedumguiuesfiaduedisdve el
Yo o Y a a a I'd @

anzAtahABIRYRLRUMAINIMATINATAUNA AL AN SUANEAS Aamiy
maTuTagnszveumndudnunmsmansziis hldIdaazdian 1dli Tonadundny w

¥
GLETIVLT

y & Yo o 4 oA s =

gamoiinenazgtai veveunsenanuzenseniuingasz@nsyseam

t 4
a 1 U v o ° a = @ o
T Tiunngudsai s lddSyaninusatuiidiSeaslanoa

a 4 a 4
FIHUNT Useansaians

NN IVANIADNS



a3vey

fas -

unii 1 vt 1
1.1veUIvA 199 1
12UWUASYANAADA avr 2

unfi 2 nouinly 3
AUTVVAVBIAVR 3
aonilagnssuiialyl 7
nquftdansz Tan B
naudansnssiminuazmsnaaeuin 6
nqumdamuadamansiazaesn 19
nqumdslunisndeududoya 22

‘]J“n‘ﬁ 3 MIDDALUVULALNATNARDY

I'c 32
esutlasdyanaeznasniluainea 51
2 W a Jd A Aad
AINFUATNFNTOAIUNA 4%399 70
ad o a 4
ATVDIANDUNANDT 83
A ' s a J
MITDUADNOIANTULADT 91
4 ' 4
MIIFOADNOTADIYNIN 100
IR( remote) 105
g
unn 4 asilwamsnanswazilyrirlumnaaes 113
UITUIYNIY

MARNUIN



1

a3

€
=
o

31

jUn2.1Taseerdemouen
sUn22laseerdemely
JUN2.3ms% xTAL

juUn2.4mslfosc namousnmcu

D.

o

JUN2.5 UAAINIINANIUNT/OUBIATI0S2313

.

S 4
JUM2.6 M3195901903
3UN2.7 a3 eande
71912.8 131919

1iip3. 312993@a TWsunsy

Qan

7113223606 DB25 Y0MDS AV
gﬂﬁ3.2-3 Telsunsa pong prog v2.05
lir3.1ovthaTsunsuiutaes s

q1iP3.2 Talsunsy WAVRASM

10
11
27
30
30
31
32

U3.1 maaedadumu Rineandyanasunuvina mgfierndan i 12c 33

— 4’ 1 v A
U#3.2 MaouneiuBnIoU
3U#13.3 m3demstuueynsy

A ¢
3.4 luandugu
3.5 Seudeya

= 2 Y $ 4
3.6 msWeudeyanseaz 1 1ud

3UN3.7 umiamson
7U73.8 ey ugy
5113.9 S udrdy
- 4 o = =
51#3.10 Ianiamahinulumstivudnsou
= 4 1
sui3.11 Iansamserullsunsy
9113.12 msvhamsesulasesnaenidufinea
71#i3.13 29vsezuneniluadaoa

::' v o o 1 a Y 4
713.14 AuaasAF IR LT ST H B URAT IR

36
37
87
37
38
39
39
40
41
42
51
52
52



asvyglee)

o

5193.15 laezunsunm
71/713.16 nuazAIBUBAYEY ADC

a A 13 1Y) 4
7U3.17 magoudo ADC fu'luInsnouInsaines
q1fi3.18 laezunsumsiianuves ADC0832

= a o a ¢ A ad
51013.19 29 EIAduLUILAT AU TR ASLINA
7103.20 Ffunafdine
ii3.21 maveusdery lulasaou Insanes

- =S 4
5U93.22 LUVAYUDIA

L]
< °

713.23 Tlaansamsiauves Tusunsy

{ v ad o

51913.24 ANHAUTHINOVDIA

L

51I713.25 msaadgann

e

@ 8

7107326 3%a Ascr ilduRduesa

2q9Yo ad o

713,27 ¥ Asci il uRduesa
51J713.28 MIFoUTHINATUOIANY ATI0S3213

u

7103.20 Tl samsinm

713,30 daya e ) vounFesiius

17331 lnesunsumssudeyaveuniosiiunt
U73.32 madeunse sy AT90S2313
713.33 Ilmansamsiam

JUR3.34 M3i¥oura AT90S2313 i MAX32
113.35 Taansamsiauues MAX32
713,36 MaiFoured5u3 lumiy AT90S2313

L]

13,37 flumin ldnnmstannalasy

» o
PBUIMN

55
57
59
60
7
7
72
73
74
84
85
86
87
87
88
92
94
95
96
101
102
106
107



uni 1

UNIN

1.1 na1sh

anudnmimanaluladlulasaeulnsames annsati lu1dlumsadunuunud
Y
TulasTdsiwmaes  vazforsushldimswauuazaialulasaey nsamesinnvy  Jums
agundaanidluTasaeulnsames 1diniswaurnilea1us11dsunsyluluias
J o =Y = v ° UV Y 21/ 1 9
asuInsamesuuuuray i liannsoau-@euntieanusildsunsulaiuiuass demals
avwiudulunsldimiseanui Tlsunsumeuendaduussyludnsenaattosns  vinaves
=~ ' v v < IS Y 1 o

szuufianas swgnaailuedenn sdelsianlulnsaeuinsames 18y wannludnyus

vy
o A

o S o, o J [ a o °
Y94 CISC Masniaddsves nTasnenTnsamesszlddyamnitmmaiogn  Smumdend

o
="

o o q'/ i @ o [
1Faudessasiismaumn sunsendlaumsianluTnsneuInsamesludnyme RISC YU
=2 o 9o A = A P o o &
Taglunsyhaunitsidee ddgaauindiogrde tagiiinnumdmaisdids Ty
v Jd
luTasneulnsamesanzna AVR

: Dy v a o ! s YA £ s
Project il ldeTingmssiemues lulasnoulnsaaeiaszna AVR szdeaden]fives

-

19}::'/4

9 @ 1 ] o JV
MUTDHIWIHAUT 1A uuﬂ@ﬁWNWiﬂ@Wﬂ-!%fli!-ﬂil'ﬁ‘u')ﬂﬂ?"lllﬂWT‘lJil!ﬂiiJllNTﬂﬁﬂﬂu]‘l’lﬁﬁ!ﬁ@i 199]}

£
s

= 1 ° a 7 1 o =) U Wwyow o
UYTUITAINNVUIA 4 ﬂ]ﬁll‘llﬁl lﬂ‘l!ﬂﬂ?flﬂﬂ?ﬁﬁ]ﬂ!ﬂﬂ!!wﬁ‘lf TINITD aU-1VYU UL 1@1!‘1quﬂ‘§\1

0. . .a a a 1]
aunsaldresduladaguudnuuunsaaeaniedses RC A ¢

[ J
1.2 Yngiszasnveslnseny

v

A K =X

® WoAnYINAMaNAved luTasneuInsames AVR

o iednydemath nTnsnouInsames Avr Tuilszandldauiueinsaidaty

1.3 wanmaiazlasy

o munsneenNUUNEzA319993 IuTnsaeuTnsames  lihlszyndnueynsalviia

Y na/, ad a wva
e ilvuseunazITlumsUiaauesIens

o munsalslsunsudadeyanslululedld



3

UNHAIEANARBY AVR

noATHe
o ad o = P
DOATHA AGUDIANDUNANDS
5lum
FANAADA I:>
Analog to <:—|
e AT90s2313
Digital
vy
GALEHEEGN \_/ JL
4 v 9 [}
IATOIRUN AIVRYAN TN

4
NBIADUNIY

Keypad
4X3

EEPROM
Ly 12C

\e}




~
Unn 2
A o
ngu il
= v & Y v o & Y
Tumsiazidhlamsshves Tasenuidl szdesiinnudrlanisiaudugimaedinlulas

d 19 v [ ° dy
Ao Insamesegihunszduilondnvesnsyaululaseud

U

AaENUA AVR

= ﬂm‘ﬂﬂEJﬂiiilﬂ1811!gﬂ@ﬂmmﬂi‘m%}ﬂmﬂﬁUﬂ’iiiJ!!‘]J‘URISC(Reduce Instruction Set Computer)
RISC fie s Imsdszanamafinnugy 1 fadede 1 Clock

- ﬁﬁﬁﬁ‘umsmmmmsﬁmumm‘lmiﬂsﬂauimamaé’ﬁm’m 118 A
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Register Summary

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit2 | Bit1 [ Bito Page
$3F ($5F) SREG ] T H % s v N | z | [ page 17
$3E ($5E) Reserved ot s o

$3D (£5D) SPL sp7 [ sP6 | sPs spa | sP3 | page 18
$3C ($5C) Reserved - :

$3B ($58! GIMSK INTH INTO - - L= page 23
$3A ($5A) GIFR INTF1 INTFO - il page 23
$39 ($59) TIMSK TOIE1 OCIE1A - t - { TICIE1 page 24
$38 ($58) TIFR TOV1 OCF1A - % i - ICF1 page 24
$37 ($57) Reserved i ; e

$36 ($56) Reserved o el B % g B

$35 (§55) MCUCR - -~ | se ' sm | scit | page 26
$34 ($54) Reserved

$33 ($53) TCCRO - - ] - . — [ page 29
$32 ($52) TCNTO Timer/CounterO (8 Bits) page 30
$31 (£51) Reserved

$30 ($50) Reserved . B SR

$2F {$4F) TCCR1A COM1A1 COM1AD & i - - - - PWMi1 | PWMI0 page 31
$2E ($4E) TCCR1B ICNC1 ICES1 . i - CTC1 CS12 Csit i CS10 page 32
-$2D ($4D) TCNT1H Timer/Countert — Counter Register High Byle page 33
$2C ($4C) TCNTIL Timer/Counter! — Counter Register Low Byle page 32
$28 ($4B) OCR1AH Timer/Countert — Compare Register High Byle page 34
$2A ($4A) OCR1AL Timer/Courteri — Compare Register Low Byte page 34
$29 (549) Reserved

£28 ($48) Reserved

$27 ($47) Reserved

$26 ($46) Reserved

$25 ($45) ICR1H Timer/Courtar! — Input Capture Register High Byte page 35
$24 ($44) ICR1L Timer/Courieri — inpul Caplure Register Low Byle page 35
$23 ($43) Reserved

£22 ($42) Reserved /

$21 ($41) WDTCR > SIINE { B " WDTOE | WDE | wDP2 [ WDP1 WDPO page 38
$20 ($40) Reserved TaE : i

$1F ($3F) Reserved [T

$1E ($3E) EEAR Flly | EEPROM Address Register page 40
$1D (£3D) EEDR EEPROM Data Register page 40
$1C ($3C) EECR - Joor- ] S e - . ] EEMWE | EEWE EERE page 43
$1B ($38B) Reserved 4 . g :

$1A ($3A) Reserved B o

$18($39) Reserved N =, - (S Tt iz

$18 ($38) PORTB PORTB | PORTB4 PORTB3 PORTB2 PORTB1 | PORTBO page 52
$17 ($37) DDRB 0D87 + DDB4 DDB3 DDB82 DDB1 | DDBO page 52
$16 ($36) PINB PINB7 i PINB4 PINB3 PINB2 PINB1 | PINBO page 52
$15 ($35) Reserved : 2 B

$14 ($34) Reserved

$13 ($33) Reserved TE e s L RS

$12 (832) PORTD PORTDS | PGRTD1 PORTDO page 58
$11 ($31) DDRD DDD5S i DDD4 DOD3 DDD2 DDD1 page 58
$10 ($30) PIND PINDS i PIND4 PIND3 PIND2 PIND | page 58

st Reserved e SR IR S »
$0C ($2C) UDR UART 1/0 Data Register page 46
$0B ($2B) USR RXC TXC UDRE FE OR page 46
$OA ($2A) UCR RXCIE TXCIE UDRIE RXEN TXEN CHRS RXB8 TXB8 page 47
$09 ($29) UBRR UART Baud Rate Register page 42
$08 (528) ACSR [ AciE | Acic | Acist page 50
Reserved : IS =
$00 (320) Reserved

U912 6m159328m0§



Bit 7 - I:Global Interrupt Enable

i 1 9zd09gn set il 1 1fedeents 19 mterrupt Wavuaiem Tag interrupt HADZUHANILAINITD
njameniuimua3Imaes GIMSK ez TIMSK UAF1EN 1 90 clear 174 0 BuI903 sHIMAT920
DISABLE Tagiin 19290 clear TnusaTuiifileifan1sdunesswinazazgniva Taons1dmda
RETI

Bit 6 - T:Bit Copy Stroage

m318%1d9 BLD nazdds BsTozifludide #1949 T vimshiifiu SOURCE 13e DESTINATION
Taeding1aqlusimaesamisa Copy aein T 1813194 1d3 BLD nazawisa COPY 99 T as
Tudnvessimmes 18 TaufdaBsT

Bit 5 - H: Half Carry Flag

1% H 1a@9n1510a HALF CARRY FLAG

Bit 4 - S:Sign Bit, S=N+V

Audinfilfuaeunioami

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

BRI Two'"s Complement

Bit 2 - N: Negative Flag

wnaasmshsdeiiiuauvesnsnssimuatiamansiozasin

HAAINIIINA Carry Flag

The Stack Pointer - SP

EEPROM Read/Write Acces
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Mnemonic . ] Operands Description Operation Flags l & Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS

ADD Rd. Rr Add Two Regislers Rd < Rd+Rr ZCNVH | 1

ADC Rd, Rr Add with Carry Two Registérs Rd<Rd+Rr+C ZC.N.VH 1
ADIW Rdl, K Add Immediate to Word Rdh:Rdl « Rdh:Rdl +K Z.C.N.V.S 2

suB Rd, Rr Subtract Two Registers Rd « Rd—Rr ZC.NV.H 1

susti Rd. K Subtrad Constant from Register Rd<Rd-K . ZC.N.V.H 1 |
SBIW Rdl, K. Subtract Immediate from Word Roh:Rdl « Rd:Rdi~ K ZCN.V.S. 2 —f
s8C Rd, Re Subtract with Cay Twa Registers Rd < Rd-Rr~C ZLENVH 1

SBCI Rd, K Subtract with Carry Constant from Reg. Rd «~Rd-K-€ Z2.CNV.H 1

AND Rd. Rr Logical AND Registers Rd « Rd«Rr ZNV 1

ANDI Rd. K Logical AND Register and Constant Rd < Rd-K ZNV 1

OR Rd, Rr Logical OR Registers Rd « RdvRr ZNV 1

ORI Rd, K Logical OR Register and Constant Rd «~ RdvK ZNV 1

EOR Rd. Rr Exdusive OR Registers Rd «RJ®Rr ZNV 1

COM Rd One's Complement Rd « $FF -Rd Z.CN.V 1

NEG Rd Two's Complement Rd « $00 - Rd Z.C.N.VH 1

SBR Rd. K Sel Bil{s) in Register Rd <~ RdvK ZNV 1

CBR Rd. K Clear Bit(s) n Register Rd « Rd « ($FF - K) ZNV 1 ]
INC Rd Incement Rd « Rd+ 1 ZNV 1

DEC Rd Decrement Rd < Rd-1 ZNV L
TST ; Rd Test for Zero or Minus Rd « Rd+Rd ZNV 1 |
CLR | Rd Clear Register Rd — Rd® Rd ZNV i 1 :
SER Rd Set Register Rd « SFF None | 1 ;
BRANCH INSTRUCTIONS - |
RJIMP K Relative Jump PCPCrk+1 None \ 2 !
1UMP Indirect Jump to (2) - PCeZ None | 2 i
RCALL K Relative Subroutine Call PCPC+k+1 None [ 3 !
ICALL Indirect Call o {2) PC«-2Z None i 3 :
RET ) Subroutine Retum PC « STACK None | 4 |
RETI Interrupt Retrn PC « STACK 1 | 4 i
CPSE Rd. Rr Compare, Skip il Equal f(RI=RN)PC«PC+20cr3 None 12 |
cp Rd. Rr Compare Rd - Rr Z.NV.C.E- 1 i
cPC Rd. Rr Compare with Carry Rd-Rr-C Z.N.V.CH 1 ]
cPI Rd, K Compare Regisier with Immediate Rd - K Z.N.V.C.H 1 ]
SBRC Rr.b Skip if Bit in Register Cleared i (Ri(b)=0)PC PC+2or3 Noae 12
SBRS Rr. b Skip if Bit in Register is Set A®RB)=1)PC«- PC+2ec3 Hone 12

SBIC P.b Skip if Bit in IO Regisler Cleared f(@P®)=0)PC<PC+20r3 None 12

SBIS P.b Skip if Bit in IO Register is Set TRO)=1)PC—PC+20r3 None 1/2

BRBS s, k Branch if Stats Flag Set i (SREG(s)= 1) then PC «~ PC + k + { None 1/2
BRBC s. k ' | -Branchif Status Flag Cleared if (SREG(s) = 0) then PC — PC+k + 1 None 12
BREQ k Branch if Equal H({Z=1)then PCPC +k+1 None 12
BRNE k Branch if Not Equal H(Z=0)then PC—PC+k+1 None 12
BRCS k Branch if Canmy Set A(C=1)thenPC «PC+k+1 None 1/2
BRCC k Branch if Cany Cleared it (C=0)then PC « PC+k +1 None 12
BRSH k Branch if Same or Higher f(C=0)then PC«PC+k+1 None 12
BRLO k Brandch if Lower if(C=1)then PC - PC+k+1 None 12

BRMI k Branch if Minus TMN=1)then PC—PC +k + 1 Ncne 1/2
BRPL k Branch if Plus fN=0)then PC« PC+k+1 None 12
BRGE k Branch if Greater or Equal, Signed H{INOV=0)then PC PC+k+1 None 112
BRLT k Branch if Less than Zero, Signed TMNOV=1)then PC - PC+k+.1 None 12
BRHS k Branch if Hal-camy Flag Set fH=1)then PC—PC+k+1 - None 12
BRHC k Branch if Half-camy Flag Cleared fH=0)then PCPC+k+1 None 112
BRTS k Branch if T-Flag Set HT=1)thenPCPC+k+1 Noae 12
BRTC k Branch if T-Flag Cleared A(T=0)then PCPC+k+1 None 172
BRVS k Branch if Overflow Flag is Set H(V=1)thenPC« PC+k+1 Bone 12
BRVC k Branch if Overflow Flag is Cleared if(V=0)then PC - PC+k + 1 HNone 12

BRIE k Branch if Interupt Enabled H0=1)then PCPC+k+1 Kone 12
BRID k Branch if Interrupt Disabled f1=0)then PCPC+k+1 None 112

312,705 198104



Instruction Set Summary (Continuéd)
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Mnemonic ‘ Operands I Description T Operation Flags ‘ #Clocks
DATA TRANSFER INSTRUCTIONS _
MOV Rd.Rr Move b Registers’ Rd « Rr None 1
LDl Rd, K Load Immediate Rd «K None 1
LD Rd, X Load Indirect Rd « X) None 2
LD Rd, X+ Load Indirect and Post-Inc. RI«X).XeX+1" None 2
LD Rd, -X Load Indirect and Pre-Dec. X« X-1.Rd' X) None - 2.
LD Rd.Y Load Indirect Rde(Y) . - Nore 2
LD Rd, Y+ Load Indirect and Post-inc. RA«(V).YY+1 None 2
LD Rd,-Y Load Indirect and Pre-Dec. Y «Y-1.Rd «(Y) None 2
LDD Rd, Y+q Load Indirect with Displacement Rd « (Y + q) None 2
LD R4, Z Load ndirec Rd « @) : None 2
LD Rd, Z+ Load Indirect and Post-inc. Rd « @). Z « Z+1 ) None 2
LD Rd.-Z Load Indirect and Pre-Dec. ZeZ-1,Rd < @) None 2
LDD Rd.Z+q Load Inderect with Displacement Rd « (Z+q) None 2
LDS Rd. k Load Dired from SRAM Rd « () None 2
ST X.Rr Store Indwect X) «Rr None 2
ST X+, Rr Store Indrect and Post-Inc. X) «Rr, XeX+1 None 2
ST -X. Rr Store Indarect and Pre-Dec. XeX-1. X)) «Rr None 2
ST Y.Rr Store Indarect ) «Rr None 2
ST Y+, Rr Store Indarect and Posl-Inc. (V) «<RLYeY+1i None 2
ST -Y.Rr Store Indarect and Pre-Dec. YeVY-1. N« Rr None 2
STD Y+q. Rr Store Indirect with Displacement (Y +q)«Rr None 2
ST Z.Rr Store Indrect Z) < Rr None 2
ST Z+, Rr Storz Indwre=t and Post-Inc. ()R, ZeZ+1 None 2
ST -Z,Rr Store Indarect and Pre-Dec. Z«2-1,Z)«Rr None -2
STD Z+q, Rr Store Indwect with Displacement Z+q)eRr None 2
STS k. Rr Store Direct to SRAM (k) « Rr None 2
LPM Load Program Memory RO « @) None 3
IN Rd. P In Port Rd « P None 1
CuT P.Rr Out Port P« Rr Norne 1
SUSH Rr Push Regrsier on Stack STACK « Rr None 2
POP Rd Pop Recister from Stack Rd « STACK None 2
BIT AND BiT-TEST INSTRUCTIONS
S8l P.b Set Bitin 10 Register VO(P.b) « 1 None 2
CBl P.b Clear Bit in [/O Register 1/0(P.b) « O None 2
LSt Rd Logical Shift Left Rd(n+1) « Rd{n), RA0) « 0 Z.CNV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n*+1}, RA(7) < O Z.CNV 1
| ROL Rd Rotale Left through Carry Rd(0) « C. Rd(n+1) « Rd(n). C ~Rd(7) | Z.CN.V 1
ROR Rd i~ |- Rotate Right through Carry Rd(7) «C. Rd(n) « Rd{n*1), C < Rd(D) | Z.CN.V 1
ASR Rd .Arithmetic Shift Right Rd(n) « Rd(n+1). n=0.6 ~ Z.CNV 1
SWAP Rd Swap Nibbles Rd(3..0) « Rd(7..4). Rd(7..4) « Rd(3..0) None 1
BSET s Flag Set SREG(s) « 1 . SREG(s) 1
BCR s Flag Clear SREG(s) « O SREG(s) 1
BST - Rr. b Bit Store from Registerto T T «Re(b) T 1
BLD Rd.b Bit Load from T to Reqister Rd®) « T None 1
SEC Set Carry Ce1 o] i
CLC Clear Cany C«0 ] 1
SEN Set Negative Flag N1 N 1
CLN Clear Negative Flag N <O A N 1
SEZ Set Zero Fag Ze1 5 Z 1
cLz ‘Clear Zero Flag 2«0 Z 1
SEl Global interrupt Enable le1 1 1
CLt Global Interrupt Disable 1«0 1 1
SES Set Signed Test Flag S 1 s 1
CLs Clear Signed Test Flag S«0 S 1
SEV - Set Two's Complement Overflow Vet Y] 1
CLv Clear Two's Complement Overfiow V0 v 1
SET . Set Tin SREG Te1 T 1
CLT Clear T in SREG T«0 T 1
SEH Set Half-cany Flag in SREG Hed H 1
CH Clear Ha¥f-carry Flag in SREG He0 H 1
Nop No Operation None 1
SLEEP Sleep (see spedfic desar. for Sleep function) None ¥
L WDR Watchdog Reset (see spedfic descr. for WDRAimer) None 1

3U2.8m13 1A



ngumIdInIsnsylan

A191N9A1NVDIA AT
= == J
Rd 79 59a1995 RO - R31
o
Rr 79 59983 RO - R31
A v ;:; a
K f9 A1a909109 8 1N
A A4 o
X A9 59a1905 X
A A o
Y @9 5901993 Y
A ) ¥ =)
q 19 A152ZELHI9 WA 0 - 63
A A 14
Z 79 59a1995 Z
k Ao dwntaniilonusilu SRAM
k fe dwmraluniion s 0 - 65565
V=1 o
P @9 59a1A05 Input/ Output
RIMP k
199052 Inauuy Relative
k Ao duwmnianiiioawsilu SRAM
IJMP k
° o 1 U o [ ] 0 A dy A o
fdansylaa lUdsdumiamizeanuimgnylagsimass z
k Ao dunuaniieawsilu SRAM
RCALL k
fAdanselaa ldaTsunsugeos 91 k
k Ao dwmuaniieaus lu SRaAM
ICALL

'
o @

v Y
faeanseIaa lviauTUsunsugesni

o

wnislagsaaes z
RET

fdanduanTdsunsugon

RETI

o @ Y a a Ju
f’anﬂﬁ‘i.lﬁnﬂTﬂi!!ﬂiiJ‘lJiﬂWif’JuW’]i’)iTWTI

12
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CPSE Rd,Rr )
o o A Y . J o =K} 1
fdufSoudisudeyalusimaes Rd futeyalusimass rr TasdrdeyaluiImansiae 2 Haum
AU CPU Sawmsiiddedall 1 fds
Rd fiB S9a093 RO - R31

= A J
Rr fiB 59a1885 RO - R31
CP Rd,Rr
fdulSouioudeyalusiaaes Rd uasdeyaluiiames Rr Taovziinode Flag 2, N,V ,CH
Rd fiB 3301985 RO - R31

A Aad J
Rr A® $9a@85 RO - R31

=S A o
Z,N,V,C,H fia 53a@es ZN,V,CH
CPC Rd,Rr
adalSsnisudeyaluiiaaes Rd Audoyaluiiames Re iy Carry Flag Taolin1anazyiiRd -
L2, g ya 3

Rr-C &9 1%lmanu Flag Z,N,V,C ,H
Rd fi® 53a1@95 RO - R31

A A o
Rr 19 5921995 RO - R31

A Aag o

Z,N,V,C,H fie 59005 ZN,V,CH
CPI Rd,K
o o = = Y A 4 o t a o & i
dulseuiioudeyalusimans Rd fuAAen Tag CPU 9203291 Rd - k F91HA¢® Flag
Z,N,V,C,.H
Rd fi® S9a1005 RO - R31
k fi9 dwmianiiisanudilu SRAM
SBRC Rr,b
A cao-'l o q ¥ 9 eo‘:/‘v oC:/Qle' S d_ A v
1ife CPU hd1de SBRC 2zl cpuU dwmsviddeda il 1 de drdnd b 1u50aaes Re e
o

A ag o
Rr v S9q1@05 RO - R31

b A8 $1UIU bit
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SBRS Rr,b
iife CPU e SBRS 9ziirlif cpU dhumsvidndadalal 1 srda driindi b 1u5Tmaes Rr gn
SET

= a4 I'd
Rr 19 591005 RO - R31
b A9 $11IU bit
SBIC P,b
118 CPU vhd1as SBIC vl cpu dhamsiididadalil 1 srds $rand b 1uSSmass 1o 7 p

=

1Ay

A A 4
P A® 59095 Input/output
b A9 11U bit
SBIS P,b
e CPU vindinda SBIS vz it cPu dwnisvhidadada i 1 drda iindi b 1uTames 10 4 P gn
SET

A a4 4
P A9 33701997 Input/output
b @B S bit
BRBS s,k

’ 1 v YV

iWudrdanse Taadw lviddsTuduoiedl Pe & 1 Flag Status 1153 aime3 SREG gn SET
{(SREG(s)) =1}
TagaluPC=PC +k + 1
BRBC s,k

o & Y M e o & o v A 2 o s a
iiuddense Taadw lvivdindsludumisil PC ¥ 1 Flag Status 1153 enef SREG gn 1nde
{(SREG(s)) =0}
Tagarlu PC=PC +k+ 1

BRBQ k
v v v v

Husrdanse Taadm Tlvsdal udunmisdi pC § 1 Zero flag 150 (2 = 1) Tawsilu

PC=PC+k+1



BRNE k

SusrdanszTaadw sl usumied pC 3 81 Zero flag 1%@ (z = 1) Tasanlu
PC=PC+k+1

BRCS k

Husidanse Taatw lviddalusumisd pc & &1 Zero flag 10 (2 = 1) Tasdrlu
PC=PC+k+1

BRCC k

FHusdanse Taatw liddalumumisd pC & &1 Zero flag 18 (2 = 1) Tagdrlu
PC=PC+k+1

BRLO k

SHusrdanse Taatm lhiddalusuiniad pe & &1 Zero flag (Fa (Z = 1) Taganlu
PC=PC+k+1

BRMI k

Susidansz Taadn ldvnddaludumiad pc & & Zero flag 1% (z = 1) Tagsarlu
PC=PC+k+1 .
BRPL k

SHusrdanszTaadw lihhimdaludumiiad pC 5 81 Zero flag 150 (z = 1) Tl
PC=PC+k+1

BRGE k

Husrdenss Taadn lihddelugiumied BC & &1 Zero flag 1Fa (Z = 1) Tagalu
PC=PC+k+1

BRLT k

Husdanss Tandw el usmumied pC 3§ $1 Zero flag 15 (Z = 1) Tagalu
PC=PC+k+1

BRSH k

v
[

Wudrdense Taaludaniienus @ e PC =PC + k+ 1

15
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BRSC k

FusrdanseIaalFamioenams 1@ mmia PC = PC + k+ 1 1 Half Carry Flag Set
BRTS k

FusrdanszlaalFamiieaaws @ umis PC=PC +k+ 1 61T Flag Set

BRTC k

Fudrdanszlaa lUFamtiaonms 1@ umie PC = PC + k+ 1 1T Flag Clear

BRVS k

BudidenszTaa lUdaniaga s 1@ umie PC = PC +k+1 61 Overflow Flag Set
BRVC k

Hudidanss Taa lganiaeaamsdmmiie PC = PC+ k+ 1 §1Overflow Flag Clear
BRIE k

Fusrdanse TanlUdaninenus s PC = PC + k+ 1 91 Interrupt Enable 1i(I = 1)
BRID k

SudidanselaalUdaniaen11ms 1§ e PC = PC +k+ 1 81 Interrupt Disable IN(I = 0)

pgumdamsnszhmeinuazmanageuiin

SBI P,b
o v & ) A 4 o v oA
f199%a bit 1UFAA035 VO AWMU UIN P
I/0(P,b) 1

A Aaa 4
P A9 531987 Input/ Output
CBIP,b
o o o . A J o v oA
f1dudea bit 1USa@es /O AMHUIN P
I/O(P,b) 0

A = F- | Jd

- P fi® 59MA93 Input/ Output
LSL Rd
ieudoyalusdames rRd Tumadie 10w

A  aq 4
Rd A9 591987 RO - R31



S e

diinnomyana wazeoNindiinszy

Rd A9 59019935 RO - R31
LSR Rd
eudeyaluitmans Rd T 11
- a4 o

Rd A0 591895 RO - R31
ROL Rd
wyudeya luniedre 1 9m Tae Camy flag
Rd fip S9a1995 RO - R31
ROR Rd
wyudoya 1w 1 4n Tae Camy flag
Rd A1 5919195 RO - R31
SWAP Rd
AAIAAUA 4 bit high 1A% 4 bit low 11 register Rd
Rd A0 5919195 RO -R31
BSET s
15 flag
BCLR s

=S 4
1087 flag
BST Rr,b
mdaTvaadn T asluiinuess aaes Re

7t a4 o

Rr A1® 5901895 RO - R31
BLD Rrp
o o Aa a A J [~ a
mdaTaadn b asludn vessiames Rewnu 3 ludn T
SEC

o v g

AUYA Carry tlag
CLC

v
L a

ATUAAYS Carry flag

46444



SEN

fdauda Negative flag
CLN

fMdundes Negative flag
SEZ

o o &

ANTIUYA Zero flag

CLZ

o < a J

ANTUANYT Zero tlag
SEI

fi1el4 Enable Gobal Interrupt
CLI

A1¢614 Disable Interrupt SN

SES

o o/ < N
AT Signed test flag

CLS

ﬁTsS'f\i!ﬂat’Jg Signed test tlag

SEV

ﬁ1§'fl\‘1!°§@l 2's Complement Overtlow
CLV

ﬁWf%\imaﬂ'yf 2's Complement Overtlow

SET

v g

Mdugadn T 1u59qaes SREG

CLT

o o A Ja A s
ATUAAYITUN T 1.1!5%@7!?‘]@5 SREG

SEH

oo g . S 4
AT Fa half carry 14301093 SREG

18



CLH

frdundoshalt carry 1133 cimos SREG
NOP

ﬁTc‘%\i NO Operation

SLEEP

ﬁWﬁz\ﬂﬁ) CPU 11974 Sleep Mode

WDR

19 RESET Watchdog

v
¥ o w a

ﬂ’é’mﬂn’f\‘]‘ﬂﬁﬂmﬂﬁ]ﬂﬂiﬁuﬁ%ﬁ@%ﬂ

Q

>

MAINANNNVBIN S
Rd A9 531795 RO -R31
A Aaq o
Rr A9 5921985 RO - R31
A U d’ a
K a9 A1a9nuiig § U
A =] 4
X A9 SomaeT X
= A J
Y A9 Samees Y
= U 1] =t W
q AP ATTITHI WA 0 - 63
A Aaa 4
Z A9 5901995 Z
k Ao dmmuaniien1 s lu SRAM
k Aw dwnualuniiennus 0- 65565
= == °d
P A9 39a1A97 Input / Output
ADD Rd,Rr
o @ ) ' et ¢ w v JAnY g PR g &
ATIUINVBYAITHINT VAR 2 A1 Hadwnd latny 1303 3emaes Rd
o
Rd fio S9a1993 RO - R31

ADC Rd,Rr

o @ 9 v A J o o JAN Y W yadaa P
ﬂ']ﬁ\injﬂmaﬂﬁﬁzﬁgnl\iﬁﬂa!ﬂ@i 2 a3 une CARRY FLAG Wﬁaw%%”lﬂ!ﬂﬂ 1’3 TEDT Rd

Rd fi® 5919195 RO - R31
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ADIW RdALK
o o v [ § @ y a3 § J
fdauandeyauuy WORD seninidmaes fumasfinadwin Idiny 1in59aines a1
A Aad J
RdI A8 5919895 RO - R31 Input
=} 1 d' =Y
K fio A1naiuiig 8 4n
SUB Rd,Rr
0 o ) v aa s o v JAN ¥ 3 | ydaa s
Adsaudeyaszninddmans 2@ nadwiin lAny 13n3maes Rd
= a4 o
Rd fi® 591905 RO - R31
SUBI Rd, K
o o ) ! S 1 4 o ddAn v Yyaa %
fdsaudeyaszning sames nushneinadwin Iy 3nsvaines Rd
=) =t

Rd fio 5919195 RO -R31

SBC Rd,Rr

e-

[ v 1

A P v AN Y g yaiaa 7
ﬂ”lﬁm‘uell@m“ﬂizﬁﬂﬁi 90T 2 A 11ny CARRY FLAG Wﬁﬁqu‘ﬂvlﬂlﬂﬁll F201083 Rd
Rd B S9a1A0s RO - R31
SBCI Rd,K

o W 9 == Ja 1 P2 @ sAN Y & a)d'
mﬂ\ﬂuﬂﬁaum’ﬂgaiwnwﬁ%ﬁ!@l@iﬂﬂﬂﬁﬂﬂ 118y CARRY FLAG Wam*l‘vl‘l’lvlmﬂul]’m
aq o
J901007 Rd

A Aaa s
Rd A9 7319835 RO - R31
SBIW RdLK

o/ 9

1A uURavUIR WORD AND Rd,Rr

o

(]

9 A

' Y
169 AND T01a3e NI Me05 2 A2

Ll

moR

A

Rd Ao S9e9935 RO - R31
Rr A9 591995 RO - R31

AND Rd,K

v
[

o 9 v Aad J v W ' =
A1 AND UBYDTSHINIIAIADT 2 A NUAPIN

Rd A9 591995 RO - R31

20



= v d' a
K 9 A1A3NUUIA 8 UN
OR Rd,Rr
o o Y v A S w
A1 OR magm:mwmmms 281

A

ag o
Rd fi® 9a1@03 RO - R31
r- | aAa Jd
Rr 19 5901895 RO - R31
ORI Rd,K
° o 9 T A Jd o i A [ PR Y
f1de OR Yoyasz1INTVMART NUAIALT padnyin 1A 13
Rd fio 33a995 RO - R31
K fa Aiaeiunia 8 10
EOR Rd,Rr
fa Exclusive or 10yaszM eI AR 2 A
A Aad I'4
Rd A9 Sa1@935 RO - R31
A == Jd
Rr f18 S3a1993 RO - R31
COM Rd
o v aa ¢
#1d4 one Complement Yoy alu3ITINDI Rd
Rd Ao 53993 RO - R31
NEG Rd
F1#4 two Complement Feyaluiicimed Rd
Al AaA 4
Rd A9 5901993 RO - R31
SBR Rd,K
o ;1 a == 4
f199 SET Inlusaeaes Rd
Rd fi0 591895 RO - R31
=} v d' a
K A3 A1nanuuia 8 In
CBR Rd,K
- o o a JIda A I'4
fduafgsInlusmaes Rd
Rd f0 53995 RO - R31

A ' A a
K A8 A1NUUIN 8§ UN

1
9 AL

NI

fﬂ@l@‘i Rd
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INC Rd

o & A 1 ) A o 2 '
dunuavesdeyalusimaes Rd Uu 1 M
Rd A1 5919195 RO - R31

DEC Rd

§ ' 9 A P '
Mdaamvesdoyalusimaes Rdas 1 m
Rd A9 5311995 RO - R31

TST Rd

damaaeudeyaluiimass Rd Inswzlinady Flag ZN,V

A A o
Rd A 59a1A95 RO - R31
=) A o
Z Ao 59ma0s Z
= a4 o
N fio S9aa05 N
A aa J
Vv fio 59maes v
CLR Rd
Ardundosdeyaluidmaes Ra 1iauilu 00
Rd fio S9maed RO -R31
SER Rd
A1 SET doyaluiimans Ra 1#isuilu Fp

Rd 7B 59018105 RO - R31

ﬂémﬂ“ﬁﬂunmﬂéwé’m%ya

MOV Rd,Rr
fudidalumsmtenthedeyannisanes 1S ames
_ Rd fle 53ciaes RO - R31

A aa J
Rr A8 59M®03 RO - R31

22
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LDI Rd,k
o o § a [ o
Wudrdaluns Tuaadeyansiiving s mihl§S3ames
P J
Rd A 5901793 R16 - R31
K A9 A1A9NUIa 8 10
LD Rd,X
° o a 4 ' 1 o o = 4 dy @
HusrdalunsTnaadeyavinae 8 i Heglumissanuidumish S3ames x & i lids
A J
TVNA03
A AaA J
Rd 19 59TA93 RO - R31
A aa 4
X A9 59a1A03 X
LD Rd, X+
o o a A o ' Y r A s I o
dusrdsTnaadeyaviia 8 G feglumiseanuidmmisd S3maes X ¥ iz maessia
A 1A 4 42/ [ A 9 <
HAZINNAITIAIABS X YU 1 AN Inaadeyidso
A A 4
Rd fi® T901AB5 RO - R31
A Aaa J
X A9 59am0s X
LD Rd,-X
o <L a c; v [ o o 1 4' o dy o 51
dAudrdaTnaadeyaving s 0n ey lumiennusdunmien 53maes x - 1 hlusimaesin
) J ' a 9 v
lUuazand3imass X aq 1 Aeudlnandoyaashl
=) a4 o
Rd fi® 59q1A03 RO - R31
= s o
X f9 S9maed X
LD Rd,Y
o o a iy ' o o = P s g a s
HusrdaInaadeyaving s Gn Heglumiseanusidumish S3maes v 3lusimaes
J
Rd f19 59e1A83 RO - R31

A aa o
Y A9 59aI903 Y
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LD Rd,Y+
o W a { ] o o v oA 4 3 S o
WudidaTnaadeyavina s in fleglumitonrmiidumiad Siames v $1u53mmedia luas
A 1 Aaq o dz’ Y d' 9 [
IHUANTAMABT Y YU 1 nde91n?l Inaadeyaiase
A a4 o
Rd 19 39019185 RO - R31
A A 4
Y fe59maes Y
LD Rd,Y
& o & A d ; - ) A s A PR
dludrdaInaadeyaving 8 In Neglundasarmidmmisi 3ames v 51usimaesiall Tae
1 aa P ' A ¥
aAfIIImMARs Y a1 1 neuini Tnaateyand
A A J
Rd 9 39m905 RO - R31
A aa P’
Y A9 39maes Y
LD Rd,Y+q

=

o Q‘/ a Y D) ' o o ] § g f S @
WuidsInaadeyaving 8 Un Neglunitonr widumnded Saames v+q 51u5Tamesii 1y
A Aaa 4
Rd 18 390195 RO - R3]
= A 4
Y f ames Y
A 1 i - =)
q B ANTZILHI TR0 - 63
LD Rd.Z
o o a y [ ' o o v { 4 3 7
WusdsInaadeyaving § T Neglumizeanusdumisd Saames z ¥1usianes
Rd fio S99 RO - R3]
=) A 4
Z A9 591005 Z
LD Rd,Z+
o a SRER ' p— oA e 2 S @
iuddsTnaadeyaving 8 v feglumizsaamuiidumisd 33maes 2 §lussmaedanluas
A v AA o g [ A 9 <
IMUASIMADT Z YU 1 A7 Inaadeyaiase
4
Rd fi® 59e1AD3 RO - R31

A A 4
Z A9 J90199T Z
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LD Rd,-Z
° o a 1 ] v o o [} { 4 S < o
ihusids Tnandeyavina 8 in feglumizenamsrdumish S5maes z $1u35mansl Tag
1 A J U a Y
aafsImRes Z a4 1 Aeunnd Inaatoyaas
Rd 719 5901995 RO - R31
=y A 4
Z 9 S9tmaes Z
LD Rd,Z+q
= o o Y] P S ' sy T g 7 o i PR’
WuddeInaadeyaving 8 In Heglumisennusidmmisd s3mees z+q F1usTameiar
=) A 4
Rd fi® 59019193 RO - R31
A A I’
Z fiB S9tmaes z
A 1 1 =" .
q A9 A138ZH N A0 - 63
LDS Rdk
o o a § v v o ° 1 { q S @
iWusdaTnaadeyauing 8 In Mg luniianansr SRAM duniad k i€hlu3smas oty
A A o
Rd fi® 39a1A95 RO - R31
k Ao @umtaniaon s i SRAM
ST X,Rr
o w 9 A Py gla v ' d o 1 Aaa s &
WusdaTnandeyavine s Tn 9103 Tmaesen Wadumihsnusdumisisimaes x 5
= A 4
Rr fiB 3001993 RO - R31
A A 4
X A9 59maes X
ST X+Rr
o 9 a P P ' 7 1 A ' &
WusidaTnandeyaving s Tn 9103 smavsia luasdumionrnidumisissmaed X 3 nas
A 1A s 2 '
MUAITINADS X YU 1 A
Rr 19 5901995 RO - R31
= A 4
X f9 F9mas X
ST - X,Rr
* ﬂ o w 9 a A P [ o o 1 A o Ad’l
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A o

Aad Ady
353 llsunsuuasll

v 3 v I'4 1 v
Aoudueai hex 1@ (* hex) nou Taonsada hex 1id vz 1dnande lu

2
o W8 hex V1IN

2.
A A Y A A .
3. 190N command 4DANBNTN Write All
4. Tdsunsuozonuez Tasunsuls vy 1880 Yes
] : o W o v [
5. sxred Tdsunsuideinnu sesuniteg 1Usunsuase
mM3ad191Ha hex
¥ T
1. Walysunsy wavrasm YuI(@93200P3.2)
2. dlaldandesnsiuilu hex Taoazdouilu W asm
iy > 4
3. Ay Assemble Tdsunsueziimsulagdiu 11d hex
< dg’ Y @ P
4. 599UATY IZYUNTINOAIZUNP3.1

Copyridn} (C) 198521969 ATHRT. Corporation

Creating 'ADCFINAL .EEP'
Creating "ADCFINAL HEX'
Creating ' ADCFINAL.OBJ'
Creating 'ADCFINAL . LST'

A==emnbling 'ADCFINAL . ASH'
- Including '2313def.inc’

Program memory usage:

Code 249 words
Constants (dw/db) 13 words
Tnu=ed 0 words
Total ;262 words

Assembly complete with no errors.
Deleting "ADCFINAL EEP'

1 p3.anvhe TalsunsuindauaSe
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I ADCFINALASM
| include -*2313def . inc

.ORG $0000

RIJMP  RESET_VEC :Reset Handle

PORT_LCD
DDR_LCD
BIT_RS
BIT_CS

PORTB

DDRB

2

3 :ENABLE PIN

wonowou

data
command
COUNT

rl6

rl?7

ri8

R19

R20

2L ;Position 00x
r22 ;Position 0x0
r23 ;Position =00
r24

r28 . general scratch space
r29 ; data ADCD832

Howow o wowowowon o

TEMP, LOW(RAMEND)
SPL, TEHP ;init Stack Pointer Low
TEMP, HIGH( RAHEND)
SPL+1. TEXP ;:init Stack Pointer High

g‘ﬂﬁ P3 1) Talsunsy wavrasm

2
Ic
v A v
Aw3iodn
v : % =2 a VoA ' =
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i e 18zumsiannvuinTasfladd froanennondnde desns 1 lodvie Tuga
A v o v o a Y oy & A v 2
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¥ o a4 a ' ' ] A
modeyauuiia 12¢ Hveisoneduilunamsi medeyaeynsunio SDA
(serail data line) dauenedanAMiiesond medya muuAneynsumie SCL

9 v
(serial Clock line ) Tun1seTuneae lfiszssnanedy1miedeed1 a18 SDA 1Az SCL
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3
B ;
N V
4 /
A /
SR L
Start ADDRESS OR DATA STOP
condition ACKNOWLEDGE ALLOWED CONDITION

VALID TO CHANGE

& 4
gﬂ‘ﬂ 3.3 MIgoMIuUUIUNTY

5 A
Py

GlR SELEGH
CONTROL CODE BIT

ACK

C

€ |
o
y
-]
<

Al AC TR

SLAVE ADDRESS
ATEHT ATENTULEDEE

#ly

B
i

s34 ludnrunu

CONTROL BYTE

CONTROL CHIP SELECT
cooe BITS

ADDRESS HIGH BYTE

x1 Al A A A Al A Al
13 12 11 0 9

ADDRESS LOW BYTE

77 35870 udeyn
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BUS
ACTIVITY S
MASTER T s
A T
R (0]
T CONTROL BYTE DATA BYTE g
SDA LINE
s | 1| 0| 1| O0]A|A|A|1 P
2 1 0
BUS ACTIVITY A A
g g
K K

d' |} 1
31N3. 708181
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ACTIVITY
MASTER

0> —-H®n

CONTROL BYTE ADDRESS HIGH BYTE ADDRESS LOWBYTE CONTROL BYTE
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sit1lol1|o|a]la|lA]|1 X s |1 t3(1]0 4
2 0

-

=

BUS ACTIVITY

XO >
X0O>
XO>

3138 8 vy

X0 >
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EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU

.def
.DEF
.DEF
.def
.def
.def
.DEF

.ORG $0000
Idi r18,0x07
Idi  121,0x30
ldi  r22,0x00
1di 123,0x00
Idi  125,0x0f
ldi R30,0x00

RIMP RESET VEC

PORT LCD = PORTB
DDR_LCD = DDRB

BIT_RS

2

Il

BETAIRN 22
PORT EE = PORTD
DDR_EE = DDRD

PIN EE = PIND

BIT SCL =5
BIT SDA =6
count = rl7
TEMP = RI9
TEMP1 = R20
dl =122
d2 = 123
datain = r24

adlow r30
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RESET VEC:

write:

LDI TEMP,LOW(RAMEND)
OUT SPL,TEMP

LDI  TEMP,HIGH(RAMEND)
OUT  SPL+1,TEMP

RCALL DELAY
LDI  TEMP,0x11111100b

OUT  DDR_LCD,TEMP

SBI [ PORT LCD,BIT RS
SBI. PORT LCD,BIT CS
RCALL INIT LCD

SBI  DDR_EE,BIT _SDA
SBI DDR_EE,BIT SCL
SBL . PORT EE,BIT SDA

SBI = PORT EE,BIT SCL

ldi r24,0x20
rcall — write
ldi  r24,0x51
rcall  write

npmp  wait

RCALL WRITE BYTE
RCALL READ

mov  r24,temp

rcall n2

nc adlow
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ret
N2: cp 12524
brcc NI
subi  r24,0x10
mmc d2
rjmp N2
NI: mov  d1,r24
mov  126,d2
rcall  hex2asc
clr d2
mov  r26,dl1
rcall -~ hex2asc
clr dl
ret
hex2ASC: add r26,r21

cpt r26,0x39

breq  dis
bres  dis
add r26,r18
rcall  dis
1A
dis: mov  temp,r26

RCALL WR_LCD

ret

WAIT: RIMP WAIT

WRITE BYTE: CBI PORT EEBIT SDA
CBI PORT EE,BIT SCL
LDI  TEMP,0XA0

RCALL TX BYTE



READ:

)

RCALL ACKNOW

BRCS WRITE BYTE

LDI TEMP,0X00

RCALL TX BYTE
RCALL ACKNOW

BRCS WRITE BYTE
mov  TEMP adlow
RCALL TX BYTE
RCALL ACKNOW

BRCS = WRITE BYTE

mov temp,r24

RCALL TX BYTE
RCALL ACKNOW

BRCS ~ WRITE BYTE
CBI  PORT_EE,BIT SDA
SBI'  PORT_EE,BIT SCL
SBI  PORT EE,BIT _SDA

RCALL DELAY

RET

CBI ~ PORT _EE,BIT SDA

CBI  PORT EE,BIT SCL

LDI  TEMP,0XA0
RCALL TX BYTE

RCALL ACKNOW

BRCS READ

LDI  TEMP,0X00

RCALL TX BYTE

RCALL ACKNOW

BRCS READ

mov  TEMP,adlow
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ACKNOW:

TX_BYTE:

TX BYTEI:

)

RCALL TX BYTE
RCALL ACKNOW

BRCS READ

SBI  PORT EE,BIT SCL
SBI  PORT EE,BIT SDA
CBI  PORT EE,BIT SDA
CBI  PORT EE,BIT SCL
LDI  TEMP,0XAI

RCALL TX BYTE
RCALL ACKNOW
BRCS READ

RCALL RX BYTE

SBI  PORT EE,BIT_SCL
SBI  PORT EE,BIT SCL
CBI PORT _EE,BIT SDA
SBI - PORT EE,BIT SCL
SBI ~ PORT EE,BIT SDA
RET

CBI DDR_EE,BIT SDA
SBI. PORT EE,BIT SDA
SEC

SBI  PORT EE,BIT SCL
SBIS PIN EE.BIT SDA
CLC

CBI PORT EE,BIT_SCL
SBI DDR_EE,BIT SDA
RET

LDI TEMP1,0X08

SBI

PORT EE,BIT SDA
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TX_BYTE2:

RX_BYTE:

RX BYTEI:

DELAY:

DEL2:

DELI:

LSL TEMP

BRCS TX BYTE2
CBI PORT EE,BIT SDA
SBI PORT EEBIT SCL
CBI PORT EEBIT SCL
DEC  TEMPI
BRNE TX BYTEI
RET
CBI DDR_EE,BIT SDA
SBI PORT EE,BIT SDA
LDI TEMP0X00
LDl TEMPI,0X08
SBI  PORT EE,BIT. SCL
SEC
SBIS PIN EE,BIT _SDA
CLC
ROL  TEMP
CBI ~ PORT EE,BIT SCL
DEC  TEMPI
BRNE = RX BYTEI

SBI  DDR_EEBIT SDA

RET
PUSH R26
PUSH R27

LDI  R27,0XFF

LDI R26,0XFF

DEC R26
BRNE DELI
DEC R27

BRNE DEL2
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WR_LCD:

WR_INS:

)

POP  R27

POP R26
RET
PUSH TEMP

ANDI  TEMP,0XF0

SBI  PORT LCD,BIT RS
IN  TEMPI,PORT LCD
ANDI  TEMP1,0X0F
OR  TEMP,TEMP1
OUT  PORT LCD,TEMP
RCALL EN LCD

POP  TEMP

SWAP  TEMP

ANDI  TEMP,0XF0

IN  TEMPI,PORT_LCD
ANDI - TEMP1,0X0F
OR  TEMP,TEMPI
OUT  PORT_LCD,TEMP
RCALL EN LCD

RET

PUSH TEMP

ANDI  TEMP,0XF0
CBI PORT LCD,BIT RS
IN  TEMPI,PORT LCD
ANDI  TEMP1,0X0F
OR  TEMP,TEMPI
OUT PORT LCD,TEMP
RCALL EN LCD

POP  TEMP

SWAP TEMP
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INIT_LCD:

EN_LCD:

BUSY:

BUSY2:

ANDI

ANDI
OR
ouT

)

TEMP,0XF0
TEMP1,PORT LCD
TEMP1,0X0F
TEMP,TEMP1
PORT_LCD,TEMP

RCALL EN LCD

RET

LDI

TEMP,0X33

RCALL WR_INS

LDI

TEMP,0X32

RCALL WR INS

LDI

TEMP,0X28

RCALL ~WR_INS

LDI

TEMP,0X0C

RCALL WR_INS

'LDI

TEMP,0X06

RCALL WR_INS

LDI

TEMP,0X01

RCALL WR_INS

LDI

TEMP,0X80

RCALL WR_INS

RET

SBI

PORT LCD,BIT_CS

RCALL BUSY

CBI

RET

PORT LCD,BIT CS

PUSH R26

PUSH R27

LDI

R27,0X10

LDI  R26,0XFF
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)

BUSY1: DEC R26
BRNE BUSY1
DEC R27A
POP R27
POP R26
RET
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S dg’l' v
NYYYIUeIAY

51

o aa v o J ' a
NITUIU ﬂTSl!ﬂﬁ\iﬁiy,fyﬂm'ﬂzu1ﬁa ﬂ!ﬂu@ﬂ@@ﬂ!ﬂuﬂ'lﬂlﬁﬂ\iﬂ'ﬂllﬂllwu‘ﬁizﬁg1\1ﬂ511"|m

v
9 L2 I

mmﬁ”muaunmlh‘lﬁﬁxﬂuﬁﬂgiyma:maaﬂmeJa:uammwi%’gmuﬁ“ﬂgﬂuﬂmﬁ%aa

a

X a

{ o c; 2 s
1ugﬂﬁ 3.12_1f]uuaaﬂ‘lﬂazuﬂsmmamiﬁ'mumauwmm:mmvgm@mwmﬂm

o

dyanmezuineniiluainen mmu;ius‘iwmnmgﬂmﬁuagj usmutavesdoyn
Avaea Nuslasdya et neniiluftnea uie ADC vina n 1in szifateyn
Aneainin” deya sndhed 1995 ADC 3 Ta 5%315@%’@@ﬁ%mamumﬁmﬂﬁa
fu's oyaszezrnaveasazdeyasniiudsimmuanimmsiuiwesnisudasdya
c??qﬂ5zmumiﬁﬁmﬁﬁﬁmwmzﬁuﬁmtymazumam’msaﬁmzﬁu%yaﬁ%mah

T30 n3zauMImMenlade  (quantizing)

\ o asdnan ¥ ae
/ \ noTiasdna N voyndtana
; : .

5 / a1an j',i;:":'“,;, sl | U =
\ ‘ pzinanuATAND L/ oA

HFIAUDZ AN

GRVE

d’ o aa
2‘1]1’] 3.12 mﬂn\nmwmﬂmazmaamﬂumma



52

-
S—--
e

0
]

X

AN rfwv— -

!

i

1

|
\ / .\] /

a

BE EC TR

I A
IS )
Re <
i 145 Rsaiin iyl
1
d‘ an
JU913.13 2995000 UATAeA
111 oo e
iy 16 Jf MR —
101 | _ ) el
100 | P
011 L > P
// i l 4 :
- 1 i
010 f----- — 1 1 1 |
// | ! ; i E
001 p=si~1 | 1 1 b |
P J : : ; . |

000 :

1 v w o v a @
Ui 3.14 nsmluansmuduiutsenhdunaiuedne



53

v @ aa o v @ d
sresv VeI zAuYeyan anealua9es ADC awnsosuan lgnnauduiiugng
a Jd o dy
ANAAITAT 971
JTYTHNVOITLAUUTIAY = Visb = Vis /2"

v v ¥
Tawi Vis fie ussdudanmnansonssdugagaiannsofatu 18luaaes ADC natia

[

Y Vv
sy viaes S1m1ns2a0 IiResuee1995 ADC v19 3130 AUVRY 5 V S2oeviiaueg

o

sziudeyadiaamiy 5/8 = 0.625 Volt foynatasageqaluzild 3.14 e 1115w 2

P

FAUA WY 7 51U 10
YV v
Aniufifeyaavaoagaanvesanes ADC 3 insziiaufiouiuuseduezinaenneduma
" @ 4 [} 3. 1 0 v o o
N (7/8) x 5 = 4.375 Volufledluwguiitesannsonizimuaaimwduiuiveassdy
a v @ Aaa vy Aa g Y o d’l
BT UIABNIUNANLYBYAN TADAGITAVD92993 ADC Titnzitlundananldd il
ussaueyuenduyaiiinlinadeyafdneagega = Vis - Vish

: - o, ! a & Q

Tagh  Vis fie useiuduamansenswugeaanamisanadu 18119 ADC Unad
£
awnny 1ides
A v [ % d‘ 9 d' Y a A T (% d' £
Visb AT 81 NYeITALNTIdUNTeyaNtoyal dansen mssduideya

ATARAININD 1
w3995 ADC 3 TarAs1AY VLSh M1 0.625 Volt S11ns1maudinve 145 ADC i

Y ¥
NATUAWRINSIRY Vishazaans s A miugwesmsudasdyaaiiinndu oz

1 glz; Y an d‘ = % s a =y J 9 A g

dwnnlifideynainen quaaiiiofiouiuus wuszuasanivdunazdalndifoeiu

EY ¥ v
WINAL INFI8819 3995 ADC 8 7 WiI1 VLSB = (5/256) x 5= 0.0195 Volt fatiufite
yantaeagegane 111111112 w5e 0xFF aglafisumiiunseiuesuiaeniy
5-0.0195 = 4.9805 Volt vy LoSarmssiuszuneniidoyadineagegaazily

4.9951 Volt
= |
A213aP8AVYBII995 ADC
a A . =KX v = 9 =
AINDZIBEAYDIINTT ADC 39 resolution MINedemANMdsunlasiesdian
YausIntez e N v deyaddneainanislasunlas 1 da sauaviduail

a = I J v [~ a ' A A 4
ﬁ11113f]@ﬁﬂ18ﬁ’18‘1J!ﬂu!‘lji’]'itclfuﬂ"lli’)\iﬂﬂliﬂﬂumﬂﬂmﬁ f’]‘ﬁﬂ1ﬂju'ﬂu’3ﬂmﬂﬁT3ﬁﬂ (mV)

9y
v A

A o a [ £ a 9
nieswuvesalunismlasdyana Ssansoeiuie ldaeil



54

)

@ v A A I 3 J 4 [
¥NAIBEN 2195 ADC 8 TinvziisnnuavidoaisuiulesiFudvasmusau
1< 1 W { [ ) a
PUAAAUMNY (% n) x 100 =(1/28) x 100 = 0.391% lagH n MIAUSIUIUTAVD 91903
ADC
a 1] a a d v o :ld' v o
ot luniaeladTaadniiy visb = 195mv Tunsdifl Vs wify 5 Volt
ostnaiudnnudan ¥ lumsulasdaaosii 8 a
mswlasdnanaeznasniluadnea (ADC)
msuasdyanuesunenifludiaea dyanuezgrudaaiusinumedsaen
v Qy @ [ P ar oA o
Taomsuniousnlas ( Sampling ) devzituldnagili 231 Sraundiiienine s
o v A 3 @
i Tameanausazdunananiuzmsaesnidy o nie 1 sxlinuuandmias i
4 3 3 v 1% an a ~ <
Tuddtanun 2° w3 256 svianmasdyanaezinnenaseeanundnadioUngen
FIUFU ( Successive Approximation ADC ) fasuilailu lngernisoanszuiunis ADC
e : <
nuuiiadunslamndsznasindifies uien laezunsivesnszuininis ADC
nviinaaaluzili 3.15 davdyndndsdesdasesnlFouiousady, dyarmuiin
HATIUAILANADIN
1 Py @ =1 [~ A o dy YUt o
JauanANegilu ADC nuudnsadvuetnSendustiez 145 Tanesiavgu
A A a o LY ; a aa 4 =
2 w3 lunssSamesumuan siumugi udazave S smee S azwaiaysima Tauns
v Ady a o dy ~ on// Y
AIVANINIIAILAY sip T TzeFinomsiauves ADC nuuil lfazduneuvely

wnsan laezinsunalugii 315



55

OaOnnnnnnAnAhRRRRRRR A
v U R R R R AT

L

~
39 3.15 laezunsunm

iualiissAuezuInenduNa (Vin) a1 13.5 Volt

' @ A o v @ < a )
1oy onsUAU NI 197U (start converter) MdasmraduelnTandmdy
sSAa o
59A1995

da, P=P-% 4 [N} @ a (] 9 A'l
2 ymHanIuzvess Imes vz luaw dygnaninigausngadudiuuiie
o 6 F Aa s LA
fvualiavessaaaasming 0000
4 ] 4 e 5
31018HAvee DAC wiilov deliluasesnlsudion ienlSoudivudy vin
kY
o v @ ° a
Tuvaziive Idipanasinu —sv fmualiiduaein <07
A [ a 1 9 ° a aa o
4 iiedyanauinignas lhdmw szsiimsgaiia MSB vessvaiaesidlu <17
ddy a [ % ;’,' d’a S/
5. Junsdiiniu ADC ¥119 4 19 a9riun1sAda MSB 199 1291192995 DAC
v @ oV =1 =1 = =l = @ ‘S Y
plassudlunsedu 8 v i S oumeunisenalssufiouuseau uandeion

' 5 @ :/’ 4 = ~ v W ° YA o
191 Vin AsiuednavesenSeuionssdudenaty <07 i lissmaesd
asriia MSB 1y <17 dia 11l
6. 1911# B2 ( 9A91Ta MSB 1 Ua 11999103 4108 A11ualia MSB = B3 ) 9%

d! = v oW ° [ v =y d‘d [ ] o
A9 UAUNINY 4V 1 lsauiuAvesiia MSB NHY 8V 15U 12V 111

= a ) L Qw9 v Aa IR @ ' ¥ v @
lﬂiﬂ‘urﬂﬂ‘ﬂﬂﬂ Vin NSIUBYNTIT TN DTIIGIAIA1 B2 Ul'ﬂ’l “1”7 1UNU



56

)

1 a o Q é
7.90010a B1 sztanhIiussduerdwain ADC nanetly 8+4+2 + 14V Fauan

1 . ° a i ) & ' o
1 Vin shfiiamsnasudasanuziiu <17 wrdedaanumavgulsd
B1 naaily <07
8. 1iioda LSB gniwa wilamsedu 1V 9unsiuiuaives B3 B2 naz B1 1y
8+4+0+1 = 13V h lSeufsus vin 1970 Bo w5e LSB Han <17

dy a A 4 o 1A ¥ Y [ £
9. vazinniialuTvamesgninnuassiSsusesnds i lvanuzves
aa Jd o Y o
svamesnavuuily wieusiau
£ aa d' Y dﬂ v =) d! Y A %

10. foynddaeah Ida1nms ADC uuuil aziian 1101 w5e 13V Felndidsety

o = v Ada dA o a v dy
Vin 13.5V HINNAA DIMINNTITNBITUNUIUDANINAIY

2 Y A v Y Y A
amazieavesteyanilasldnnnisulagideziinnulndiResndu 519
(4 AQ' 9 g LK% a v Y ~ v
nawesMsulasdyanazsAuamadyanuingausnaud lues suszo Tu
2 A aa s v v 2 Alng ok b Y 9o
whuiisannzvesvamesnavuuundauiinnu dansumils Faazdes]Fiuu
[ a v v yid.L AR a Aa o
AYYVNANIINY 0+l Wad Tag n dusnnuiavess smaes
AIUINBINTIVIIIET ADC
X ~ v 3 12 d‘ a -3 a
iumsifSouiisnissuezinaenuesases ADC fuuseiudfinisfaduns
gndat1 NidoynATnengadavasdeds ADC via 8 Tn ifefouiussduszanaen
¥V v
AITUAMNINY 5.0000 V namsfrnan ludresradeunshil 18e 4.9804 v tudeady
w1y 0.0195 v w39 10.5mv udnsuenm A iens 1943993 ADC OEEREAT
o £:' [ [ % s 3 a :d' % v dyd S v
iudnnuil feviv vise daiuluies ADc ving § fia fendaedaiiseiisnim
= A A 1 1 a
Me9ATe (130138071 ANIWRANIA)
flu vLsB
U %4 & "
malunmsilasdayanas (Conversion time )
v 3 a a J] [ a
iufweanaianuaingms Apc nuusesunsuiuaznuusmsaidied
< a ) @ aa < = (Y a
wiengmsu1Flumsudasdyanueziaeniiudtaeasuaiaduas ATy IUN
139n31 EOC ( End of Conversion ) 89011
9
A lumsimlasdyauvesisss ADC wivegiuiauiavesies, a1

mmﬁeumﬁmomum.!uTﬁﬂ1ﬁ51%"1uﬂanaaﬁngmgmuawmmmﬁmmumazumaﬂﬁuwﬁ



57

)

S [V an
ADC0832 ledmlasdaanaesinasniiluidnea

a A

Andnde uTEM uFunun wineudnimed ifiuledees ADC vina 8 T 7
Inusunad msvdyauezuaen 2 ¥ee nuludnuusiadmand Tavedons
AUANAIINTEUINNMIIweAINS dedeyasenuuueynsuamisaselFaius iy
logzu33mmesunz linsaouinsames 18 lunmsinuTasedemsniuauainlulas

8 o a
ﬂﬂuiﬂiﬁlﬁ@iﬁ?@“ﬂ’m1uTﬂﬂ@ﬁigulﬁ}

cs 1 8 1 VCC
S~ ADCOR32 A

CHO | 2 7 4+ CLK

CH1 3 6 DO

GND | 4 o\ ) il

U9 3.16 Anyaiz n1eUBNYBIADC

VA IFNUUBY ADCO832

ADC0832 imsiaunesgli 3.16 annsamiseen ldiilu 3 nqu
vy 2 =) = 9 v v J
Lwae i@ 12 w180 W1 Vee (¥18) dmsvuds I +5 Tad uaz
4 U [
AT1IUA( V14 ) @8 AU ATIIUA
o d A Hq Yo o sy
2. ndyanw i 3v1fle CHO, cCHLHunh ¥ uduanwezuaeniidesnis
ulasaniudvaea lumslfamausodesudyua Idndeuiu nazvr Do My
dmivdsdeynatnenvesdyanmezuianinlawds
¥
.0muRN U 3v1A9 v1cs lFdmiuaenid ADC0832 a1 Taguil

9unasIn <0



58

)

v1 CLK ifundwivtleudyapanniinifiesmuasanznsdhau uazr b 14

dmsufloudeyaiesmuaiiesmualil ADC0832 amludnymzai

MSIFNU ADC0832

M593119M3 19911 ADC0832 9z Avseds laezunsunarluz i 3.15 1

szneun1sesing

3 =} L2 dy
Taanssigazidoadail

1.
2

asdydnasin <0~ ludawr cs el ADCO832 Fudusitay

danedn “1” Ui Do udawdud s umsAense s unaiiandnis

q

1

81U
HJeudyanuasin 17 W CLK

A o YA a Y — v ¥ S Y A
11184917 ADC0832 1191 1afin D gegmed191fos 400Khz Aariudede )
NMINUNNMBI19TY

v a o A @ a a
2 luTasTuil neuitezdloudyanuasin «0” w1 CLK
oudoyariodmun Inuamsiaurazidonsesdaaindunadhiivl i
wasnndeudyanuuinmagni 3 1619 cLK lod ADC0832 szi5udu
nilasdoyn
haamMRngni 4 ADC0832 ayiFudadayaviia 8 dai l§a1nns
v H k4
utlnsdyaueenmeur DO Tngezisunndai 7 new Taudedia 0 9101ty
k% k2 v v
ADC0832 vzaivdoynveninduiansaiiszisududadeyamdnaiad o
£

oon lneu suasy 8 T Wusuauganisudasdumo

4 ¥ a D) 2 2 ' P ) a
11‘181ﬁ1ﬂﬂﬂ31h!1111%]u1ﬂ11u VUADUAWINNANIN IV WNAUTIWITUVIUDDN

wuueenuuiluTdarnsadaaasagild 3.18

id' | (¥ ] o’
mswenaany lulasnoulnsataes

£ 9
v A w

VU89 ADC0832 Nozdeusoudasny luIasaeu Insamesvuinanua 4 ¥1 18Uy

o £ qyu P 3 A a ' @
1R1WA 391 Faldwesa D Adeawe Nyiluuunisaedsgl 3.17



~a

59

e

.
~,
[

ATHIS23 13 -
| T w7
o ‘.-m emed
T Lo RTm
yor £ BN
- I f ‘_IT”
” _L 1 ’ 5 It —
T | [ ; Is 15
P RRSTIE—F| T ) VL
L], ml T Y
LI 1 LI [T
3L g8 0o
7 7 %
4 5 i

sz

1+

> & 1 [ 4
3141 3.17 nmFenseADC fu'luTasaeuTnsames

Heweu Tulsunsuanumiiauan leezunsunisinauannsnaae s 1691
¥ N 9 . 9 v
wud w2903 1 1818 vrer = sv Taain vref Hazesfivudeatunuu ldifos Aeviiis
1 9
Tagl% cHo TumsSudyanuesnaenlasmiigeqansuldes liAus 1WA ssve 1903
A 4 A it 4 Ny aa v @
Ao 5130 ammguiausesun sTaad 2 ldmasaea Wiy FF (Hex) Taslunmsnaaes
dy Y o o R L L v Jd v o v AV c;I
1 IéinsnanseTaginistamoiu Matovia 1.5 Taad sudasis Wineswe 1905
Ny o r:ly
[CERERD
1 a1y lwie Salaeimes ala 1.32 Thad
alagr1u ADC 91 CHO 811 )#190 LCD = 65H
2 3am Iidealursesialaoiiwes 5als 5 Taag
[ v d' v 91:5
1 Tagr1U ADC 91 CHO ®111 147199 LCD = 255H
[ 4 [ 4 v A 4 9}::‘
33aAM599U 0 1aaa Tageiu ADC 9 CHO 911 189198 LCD = 00H.
9
4 nsdsuussau Tasaenuddmuniunuudsuails 1aaieail
sy 1Tad o1m'ld s3u
d' s g
nseeu 15788 ow'ld 77H
ci cv o ' 9]
Nsau 257308 9 ul@ 1294
Musesu 3Tad ow'ld 1531
d' @ 4 1
NIIAU 451308 0uld 228H

Mseay 5Taad em'ld 2551



60

Q ADCO332

D <,

V1 C=2=0
MY DI= 1

il

ERETT RN DT

]

waal Husaaivn
U

+

FAASY U U PR

v

BaaTnan Iz @

P!

CEEC TN TR

71

l

. o~
AITHURANIULUY =2

4..—__

IUAITIANY DO

!

o ulayn iy
Fan

7

A AU U PR A

1

mAGIAT Uy

wars At nan B

suldsunin b

e Y . WY A A

i 3.18[19193!!1’1511 N13RNIUUDI ADCO832



Tdsunsa ADC0832

.Anclude "2313def.inc"

.ORG $§0000

RIMP RESET VEC

.EQU PORT LCD = PORTB

.EQU DDR LCD = DDRB

.EQU BIT RS =2

.EQU BIT CS =3

.def data = rl6

.def command = rl7

.DEF COUNT = rl8

.DEF TEMP = R19

.DEF TEMP1 = R20

.def do =121

.def dl1 = 122

.def d2 =123

.def An = 124

.def temp2 = 128

.def datain = 129

RESET VEC: LDI TEMP,LOW(RAMEND)
ouT SPL,TEMP
LDI TEMP,HIGH(RAMEND)
ouT SPL+1,TEMP
RCALL DELAY
LDI TEMP,0x11111100b
ouT DDR_LCD,TEMP

SBI

PORT LCD,BIT RS
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loop:

nti;

kl1:

shift:

shiftl:

3

SBI PORT_LCD,BIT CS
RCALL INIT LCD
LDI ZLLOW(TEXT<<1)
LDI ZH HIGH(TEXT<<1)
LPM
TST RO
BREQ inti
MOV  TEMP,RO
RCALL WR LCD
ADIW ~ ZL,0X01
RIMP loop
sbi portd,3
1di r28,0x6F
out DDRD,r28
1di 128,0x6F
out PORTD,r28
LDI count,3
1di r17,0b11000000
cbi portd,3
sbi  portd,6
Isl rl7
bres shiftl
cbi  portd,6
cbi  portd,5
rcall delay
sbi  portd,5
dec  count
cpi  count,0x00
brne  shift
cbi ddrd,4
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sbi  portd,4
cbi  portd,5

rcall delay

sbi  portd,5

Idi  count,9
datain: sbi  portd,5

cle

sbic pind,4

sec

cbi portd,5

rol 129

dec  count

cpl - count,0x00

brne datain

sbi  portd,3
sbi ddrd 4
sbi  portd,4

ldi  r21,0x00

1di  r22,0x00

Id1 r23,0x00

Idi 124,256

Id1 r25,0x63

Id1 126,009

Idi 127,000
N2: cp 125,129

brcc NI

subi  129,0x64

me d2



N1:

NO:

slow:

checkl:

rcall
cp
brce
subi
inc
rcall
mov
reall
rcall
rcall
rcall
rjmp
push
1di
dec
brne
pop

ret

cpi
breq
cpl
breq
cpl
})req
cp1
breq
cpl

breq

cpi

N2
126,129
NO
r29,0x0a
dl
N1
d0,r29
loopa
loopb
loopc
slow
nti
28

128,16

28

slow1

28

127,0

char(

r27,1

charl

27,2

char2

r27,3

char3

27,4

char4

r27,5

slowl:

rcall delay
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CHAR2:

CHAR3:

CHAR4:

CHARS:

CHARG:

CHART:

CHARS:

)

LDI  ZH,HIGH(TEXT1<<l)
RCALL LOOP1

ret
LDI ZL,LOW(TEXT2<<1)
LDI ZHHIGH(TEXT2<<1)
RCALL LOOPI
ret
LDI  ZL,LOW(TEXT3<<l)
LDI  ZHHIGH(TEXT3<<1)
RCALL LOOPI

ret
LDI ZLLOW(TEXT4<<1)
LDI  ZH,HIGH(TEXT4<<l)
RCALL LOOPI

ret
LDI  ZL,LOW(TEXT5<<1)
LDI  ZHHIGH(TEXT5<<1)
RCALL LOOPI

ret

LDI ~ ZLLOW(TEXT6<<l)
LDI  ZHHIGH(TEXT6<<1)
RCALL LOOPI

ret

LDl ZLLOW(TEXT7<<1)
LDl ZHHIGH(TEXT7<<l)
RCALL LOOP1

ret

LDI  ZL,LOW(TEXT8<<1)
LDI  ZHHIGH(TEXT8<<I)

RCALL LOOPI
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CHARY:

again:

loopl:

WAIT:

WR_LCD:

ret

LDI ZL,LOW(TEXT9<<1)
LDI  ZHHIGH(TEXT9<<1)
RCALL LOOPI
ret

ret

LPM
TST RO ;Zero/Negative checking
BREQ again

MOV TEMP0
RCALL WR_LCD
ADIW  ZL,0X01

RIMP  loopl

RIMP  WAIT

PUSH TEMP

ANDL  TEMP,0XF0

SBI - PORT LCD,BIT RS
IN  TEMPIPORT._LCD
ANDI TEMPI,0X0F

OR  TEMPTEMPI
OUT  PORT LCD,TEMP
RCALL EN LCD

POP  TEMP

SWAP TEMP

ANDI  TEMP,0XF0

IN  TEMPIPORT LCD
ANDI  TEMPI,0XOF
OR  TEMP,TEMPI
OUT  PORT LCD,TEMP
RCALL EN_LCD
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WR_INS:

INIT_LCD:

RET
PUSH TEMP
ANDI  TEMP,0XF0
CBI PORT LCD,BIT RS
IN  TEMP1,PORT LCD
ANDI  TEMP1,0X0F
OR  TEMP,TEMPI
OUT PORT LCD,TEMP
RCALL EN LCD
POP  TEMP
SWAP TEMP
ANDI  TEMP,0XF0
IN TEMP1,PORT_LCD
ANDI  TEMP1,0X0F
OR  TEMP,TEMPI
OUT  PORT LCD,TEMP
RCALL EN_LCD
RET
LDl  TEMP,0X33
RCALL WR INS
LDI  TEMP,0X32
RCALL WR INS
LDI TEMP,0X28
RCALL WR_INS
LDI  TEMP,0X0C
RCALL WR_INS
LDI  TEMP,0X06
RCALL WR_INS
LDI TEMP,0X01

RCALL WR_INS
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LDI TEMP,0X80
RCALL WR_INS
RET
EN_LCD: SBI PORT LCD,BIT CS
RCALL BUSY
CBI PORT LCD,BIT CS
RET
BUSY: PUSH R26
PUSH R27
LDI R27,0X10
BUSY2: LDI  R26,0XFF
BUSY!: DEC  R26
BRNE BUSYI
DEC R27
BRNE  BUSY2
POP  R27
POP  R26
RET
DELAY: PUSH  R26
PUSH R27
LDI  R27,0XFF
DEL2: LDI  R26,0XFF
DELLI: DEC R26
BRNE DELI
DEC R27
BRNE DEL2
POP R27
POP R26
RET

ck: c¢bi  portd,5
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sbi  portd,5

ret
text: .db "Vin=",0x00
TEXTI: .db "1",0X00
TEXT2: .DB "2",0X00
TEXT3: .db "3",0x00
TEXT4: .db "4" 0x00
TEXTS: .db "5",0x00
TEXT6: .db "6",0x00
TEXTT7: .db "7",0x00
TEXTS: .db "8",0x00
TEXTO: .db "9",0x00
TEXTO: .db "0",0x00
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11J5un 5% keypad
.nclude "2313def.inc"
.ORG $0000
RIMP RESET
EQU  PORT LCD = PORTB

.EQU DDR_LCD = DDRB

.EQU BIT.RS =2
.EQU BIT CS =3
def count = 123

.DEF TEMP = RI19
.DEF TEMP1l = R20
RESET: LDI TEMP,LOW(RAMEND)
OUT  SPL,TEMP
LDI TEMPHIGH(RAMEND)
OUT  SPL+1,TEMP
RCALL DELAY
LDI  TEMP,0x11111100b
OUT DDR LCD,TEMP
SBI PORT LCD,BIT_RS
SBI  PORT LCD,BIT CS
RCALL INIT_LCD
1di temp,0xf0
out DDRD,temp
1di temp,0x00
out PORTD,temp
1di 129,0x80
Idi count,0x08



main: 1d1 r18,0xb0
out portd,r18
sbis PIND,0
Recall char9
sbis PIND, 1
Recall char4
sbis PIND,2
Recall charl
sbis pind,3
rcall chara
1di r18,0xd0
out portd,r18
sbis PIND,0
Rcall char7
sbis PIND, 1
Rcall char5
sbis PIND,2
Recall char2
sbis pind,3
rcall char(
1d1 r18,0xe0
out portd,rl8
sbis PIND,0
Recall char8

sbis PIND, 1

Recall char6
sbis PIND,?2
Recall char3

sbis pind,3



next:
slow:

slowl:

nextl:

CHARO:

CHARI:

CHAR2:

rcall charb

jmp main
nc r29
1di r28,16

rcall delay
dec 128
brne slowl
dec  count
brne main
rcall nextl

ret
1d1 r29,0xc0 :
rjmp  main
mov  temp,r29

rcall  wr_ins

LDI  ZL,LOW(TEXT0<<1)
LDI = ZH,HIGH(TEXT0<<1)
RCALL LOOP1
rcall next
ret
mov  temp,r29
rcall  wr_ins
LDI  ZLLOW(TEXT1<<l)
LDI  ZH,HIGH(TEXTI<<1)
RCALL LOOPI

rcall next

ret

mov  temp,r29

rcall  wr_ins

LDI  ZL,LOW(TEXT2<<1)
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CHAR3:

CHARA4:

CHARS:

CHARG:

)

LDI  ZH,HIGH(TEXT2<<1)
RCALL LOOPI1
reall next
ret
mov  temp,r29
rcall  wr_ing
LDI ZLLOW(TEXT3<<1)
LDl  ZHHIGH(TEXT3<<1)
RCALL LOOPI
rcall  next
ret
mov  temp,r29
rcall WI_1n§
LDI  ZL,LOW(TEXT4<<1)
LDI  ZH,HIGH(TEXT4<<1)
RCALL LOOP1
rcall  next
ret
mov  temp,r29
rcall Wr_1ns
LDI . ZL,LOW(TEXT5<<1)
LDl  ZHHIGH(TEXT5<<1)
RCALL LOOPI
rcall  next
ret
mov  temp,r29
rcall WI_1ns
LDl  ZL,LOW(TEXT6<<1)
LDI  ZH,HIGH(TEXT6<<I)

RCALL LOOPI

78



CHART:

CHARS:

CHARO:

CHARA:

rcall  next

ret

mov  temp,r29

rcall Wr_ins

LDI ZL,LOW(TEXT7<<1)

LDI  ZHHIGH(TEXT7<<1)
RCALL LOOPI

rcall  next

ret

mov  temp,r29

rcall Wr_ins

LDI ~ ZL,LOW(TEXT8<<1)

LDl ZHHIGH(TEXT8<<1)
RCALL LOOPI

rcall ' next

ret

mov  temp,r29

rcall Wwr_1ns

LDI ZLLOW(TEXT9<<1)

LDI  ZHHIGH(TEXT9<<1)
RCALL LOOPI

rcall  next

ret

mov  temp,r29

rcall wr_ins

LDI ZLLOW(TEXTA<<1)
LDl ZHHIGH(TEXTA<<1)
RCALL LOOPI

rcall  next

ret
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CHARB:

dumy:

loopl:

WAIT:

WR_LCD:

)

mov  temp,r29

rcall Wr_ins

LDI ZLLOW(TEXTB<<Il)
LDI ZHHIGH(TEXTB<<1)
RCALL LOOPI

rcall  next

ret

ret
LPM
TST RO
BREQ dumy
MOV  TEMP,r0
RCALL WR LCD
ADIW  ZL,0X01
RIMP  loopl
RIMP  WAIT
PUSH TEMP
ANDI TEMP,0XF0
SBI  PORT LCD,BIT RS
IN  TEMPLPORT LCD
ANDI TEMPIL,0XO0F
OR  TEMP,TEMPI
OUT PORT LCD,TEMP
RCALL EN _LCD
POP TEMP
SWAP TEMP
ANDI TEMP,0XF0
IN  TEMPL,PORT LCD

ANDI TEMP1,0X0F
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WR_INS:

3

OR  TEMP,TEMPI
OUT PORT_LCD,TEMP
RCALL EN _LCD
PUSH TEMP

ANDI  TEMP,0XF0

CBI PORT LCD,BIT RS
IN  TEMP1,PORT LCD
ANDI  TEMP1,0X0F
OR  TEMP,TEMPI
OUT  PORT_LCD,TEMP
RCALL EN_LCD

POP TEMP

SWAP  TEMP

ANDI = TEMP,0XF0

IN - TEMPI,PORT LCD
ANDI = TEMP1,0X0F
OR  TEMP,TEMPI
OUT  PORT_LCD,TEMP
RCALL EN LCD

RET

RCALL WR_INS
LDI  TEMP,0X32
RCALL WR_INS
LDl  TEMP,0X28
RCALL WR_INS
LDI  TEMP,0X0C ;
RCALL WR_INS ;
LDI  TEMP,0X06

RCALL WR_INS

s

81



EN_LCD:

BUSY:

BUSY2:

BUSY I:

DELAY:

DEL2:

DEL1:

LDI TEMP,0X01 ;
RCALL WR_INS ;
RET
SBI PORT LCD,BIT CS
RCALL BUSY
CBI PORT_LCD,BIT CS
RET
PUSH R26
PUSH R27
LDI R27,0X10
LDI  R26,0XFF
DEC R26
BRNE BUSYI
DEC _ R27
BRNE BUSY2
POP R27
POP  R26
RET
PUSH R26
PUSH R27
LDI  R27,0XFF

LDI  R26,0XFF

DEC  R26
BRNE DELI
DEC R27
BRNE DEL2
POP R27
POP  R26

RET
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TEXTI: db "1",0X00
TEXT2: DB "2"0X00
TEXT3: db "3"0x00
TEXT4: db "4 0x00
TEXTS: db 5" 0x00
TEXTS: db "6" 000
TEXTT: .db "7",0x00
TEXTS: db "8".0x00
TEXTY: .db "é",0x00
TEXTO: db 07,000
TEXTA: db " 0x00
TEXTB: db” ", 0x00
AduBsAnANNIND S

Ngu3

o Yy xd 2 A s Y Y O\ R R
Tagna IR sueseneuiumes s 19egnniull daRduesavsdasiia g
a 4 s d’ b Y [V a d w Yy A
A IMes lavsanaseen oz luenduluseavesneniumeiiuslénanse
' U ' 1 o 4 1 o 4 1 v [
Udewilula s dlu A Hissia fio 1C (hex) lloisnatly A Aduesaszds A1 11184
a J v ' 9 9 2 A ' ' A
Asu el dusnallu A Aelia 1c Nvzeenuisesy aundiezildesile
T a A d d v 1 o o A = [ 1 A A A ' 3
atlsnanRdueiadidesiaddueenuidnndsnnddesioniemnnatiiy
@ 1 U z 4 v < v @ 4 ' o J o
anAIBd1lu A BnATe e natn A Nezdesiia 1€ eenly e 1desile Aduasal
was A Fo ameenuuiiouendt Idldesiioasnainilu A udruz udrezdesiia 10
s B M B g ;
MUBBANIBATI A9TIE193 jugnilden
ad s < A @ o ! 1 U ] A @ ' ' v o o
aduesanaziirwesiadse sy uaaztlu imiouiu Taghiauinsdudaudng
' 3 U . 4 o v @ Y ' v 3 ] a
Tngj Tunsaifinadly shit e 9z Iddadnysiludalval TasrmRzdsosninaumy

Tagn139i



84

v g A lg 1o a o v v A
Slugandnnselnyvuedivu lueeavesnsuiiuaesiuddadulalumanaas
waeenu ¥ imiloufutlu NumLock , Caps Lock Hag Scroll Lock 8nA288141351 111
v Ad o Ty U [ a g 1
13nA)3 Caps Lock Atuesarzdisvest)u Caps lock ludsluesavesneniiumes 1z
e 50 Ta THuaasaniuz e Caps Lock
add 4 v ' U ' Y o @ A
Un@anduesavziidszum 101 1y Tasuanziluaziiaialszddivua 8 Ua
v ’s J @ y
sitlu Advesa fagilinz.6
v ¥ ad Jd
A0V INL UD IR
ad o £ P a v @ 4 @ = a
Aduesavz1dans 4 1du lunisAadenuginsainiguen Tagiineazl 2001 A9

peragnegyl

1. KBD
CLOCK
2.GND 1. KBD
?j AKTF;‘\D CLOCK
2 2. KBD DATA
5.+5V (VCC) 3.N/C
e 4. GND
5. +5V (VCC)
PS/2 5 PIN DIN

A [ v Aad 4
31 3.24 dnyMziIndIUeIA



85

a8 KBD Clock 1flu dayananniin
KBD data 1luv #1145 0-dadoyn
vee dunliliaes 1945 volt

GND dluw nsl
[y} 1 A d 4
sUnuuMs¥u-de vesRduein
1 v 9 ad 4 a A a 4 [
Mssu-adetoynvendues Ay 2 fane fe 91naeuRAABS (Host ) 1184
=4 4 ad 4 v v a 4
Aduesa naz anAduesad i aeuiunes (Host)
A d Jd [ a 4
1Luny Adueiald newiiames (Keyboard to Host )
s 4 v g 9 a 9 A [
fAduesaayadidoyalilfineuiiames ldnasanal ile ¥1 KBD Clock 1 KBD Data
k4 " v ¥
i <17 (High ) Weg Tav#ian KBD Clock munsnsimiiiimilousin 1 Clear to Send
11i® 41 KBD Clock tlaauilu <07 ( Low ) Afuesavzaaaidaise 1§aundiun KBD Clock
vzlaoudly «1»
A 2
( High ) ®nA3Y
v @ ——— L 2. o Ve A6 B , =
MyaatayaIn Adue T U neuiames sxiinanua 11 96 9wy 1 sy
Tagndausn 1y daisudu
1 4! a 9 9 A a :id @ o
( Start bits )¥99ziilu aedn “0” mwe nazamdisdoyaving 8 Ua las danihivddny
vouhaaezgnaainey (LSB ) amaay dansaaeu( Parity bit) Faazisluunud qa

ovzawdae danga (Stop bit) Faaziuaein «17 igwe Tavndnzinazgadei vou

@ S 4 v 1w a [
VInavesdyInuin Tasaduesawiluddadyananitniesnin degl

[

U 3.25 Mydedyan

o o



a 4 v Aad 4

2. 1UUNABUNAABIUEY ATLBIA

1 dy o 9 dy A v 9 B
msdauiiszgnimualae KBD data Taedwniliflu <07 szisudeveyaim
ad o ad 4 o A a a 2 £y = A Aaa ) [
Afueda Tavaduesazuiiadaanuuimse199z 1510109 10 WaRIUM (mS) 1A
nn dyraninigausngniuld sunsaerfeyafivzdunseiivi KBD data Tagaz
Joacta Ta LSB waneu $1uaudeyaving 8 ia nazamindis iaasivden

s 5 ! @ a ' 4 J ] [
( Parity Bit ) 10291 data 4 <17 ganu dygnannfimgnaein Taohduesaizas avusy
( Ack) e nowfiaimad itevenltneniiunes 143 1T udeyanda wield

a d v g & 1 v ad J a 4
asufiames dadeya ludde Tinsnaned M5ABATI0s2313 NU ATURIANBLTIINDI

1 o a Jd Y {
Videvesaiuesaneuianesis 14 nesa ps2 dudly Tagu1ild 2 a1 Ao KBD Clock
v W 9 o o

oz KBD data 1n0siofuyn PD4 i PD5 og AT90s2313 Tagheuaialdusean

YUIR +5V

D) D"‘l
=
%J @
I
= a
O]’P

o=
2 m

[N
e

o
0
G

(7%
e
&—.—

(8%}
g2

I
oo
ﬂ
Ta
’U\‘_,,]
o —
N

Yo Ad

51/113.26 3%d ASCLL #ldfufduesa



87

EO012E07C E11477E1FO14F077
Prt Ser LY [Paus
ser ) | 7JE )L Brk
l"’ Ins | [Home| [ PUp Mum I * -
E070) |EOBC) LEDTD TT ED4A : 7C TB
pel | (End) [PDn 7 ] 3 &N )
Eo71) LEOB9) |E07A 5C )L 75 7D .
'l 4 /75 ' 6
LEB 73 )1 74 )1 79
+ DR, ) 30 }
o Jl 72 )|
— ‘l L —b 0 =
eosB) |ED72) |ED74 70 71 ) |EDSA

Yo Ad J

710413.27 59 AsCll flgnunduese

ATOLS2E13
e I il UN
it -, I
Lamm 1—3 : :; —n—'3
[ S m
—a i lr i G 3 I BER
: ! 4 I3
: ——1'.1m':.r.a:}:g.1u"'?‘f . 7 L
: | L
*:;%_:“ =TT | I
: Tl

‘s§

51#13.28 msifeussriedueiany ATI0S3213



91um AdueTAnoNRINDS

iy

o Y ¥
Suvpy AN

Cras

anfaIAal

= 7 o
3101 3.29 Taamsanisinau

i la

YYa (o RTALs]

AN
v Tsunsu >

e




89

MINAavY
1 Anmimshamves Thaansaluzui 3.20 FaduTvainsaldsunsy
2 nTraansalugli 3.29 aunsadouTsunsu ldaaaaaluTasunsy
o Jd @ EY
3hmsueauuassidl TUsunsuasuu AT90S2313 A28 1U51A5N pong prog
4 7929931 3.28
5 5uTUsunsuUY AT90S2313

6 nanvInandussaudlznaauilu ASCII fegUdi 3,26, 3.27

11/5Un53PC keyboard

.anclude "2313def.inc"

.org  $0000
def COUNT =rl6
def DATA =rl8
.def temp =125
RESET:

CLI

CBI  UCR,RXCIE
CBI UCR,TXCIE
CBI UCR,UDRIE
CBI UCR,CHRY
LDI R17,51

OUT UBRR,r17
SBI UCR,TXEN
SBI UCR,RXEN

Sbi portd,4
cbi DDRD 4
sbi portd,5

cbi  DDRD,5



LOOP:

LOOPI:

LOOP2:

SEC

LOOP3:

LOOP4:

LOOPS:

LOOP6:

TX232:

LDI
SBIC
RIMP
SBIC
RIMP
SBIS

RIMP

SBIC
RJMP

SBIS
CLC
ROR
DEC

CPI

COUNTS
PIND,5
LOOP
PIND 4
LOOP
PIND,5

LOOP1

PIND,5

LOOP2

PIND 4

DATA

COUNT
COUNT,0

BRNE LOOPI

SBIS
RJMP
SBIC
RIJMP
SBIS
RIMP
SBIC
RIMP

PIND,5
LOOP3
PIND,5
LOOP4
PIND,5
LOOPS
PIND,5
LOOP6

SBIS USR,UDRE

RIMP

ouT
LDI
LDI

tx232
UDR,DATA
DATA,0
COUNT,8
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U

PIN |SIGNAL NAME | DIRECTION | PIN | SIGNAL NAME DIRECTION
1 DATA STROBE IN 19 | TWISTED PAIR GND
2 DATA 1 IN 20 | TWISTED PAIR GND
3 DATA 2 IN 21 | TWISTED PAIR GND

- 4 DATA 3 IN 22 TMSTED PAIR GND
5 DATA 4 IN 23 | TWISTED PAIR GND
6" DATA 5 IN 24 | TWISTED PAIR GND
7 DATA 6 IN 25 | TWISTED PAIR GND
8 | DATA7 IN 26 | TWISTED PAIR GND
9 ||/ DATA B IN 27 | TWISTED PAIR GND
10 ACK OouT 28 | TWISTED PAIR GND
11 BUSY ouT 29 | TWISTED PAIR GND
12 | PAPER EMPTY OUT 30 | TWISTED PAIR GND
13 SELECT ouT 31 INIT IN
14 | AUTOFEEDRT o B e | ouT
15 NC 33 | GND
16 GND 34 | NC
17 CHASSIS GND 35 | NC
18 | NC 36 | SLOTIN IN

3113.30 dyanude veundaaiu
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strobe = ()

delay 0.7
TuTas3un

strobe = 1
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LveuTdsunsuanmgii 333 temamuassuda Tusunsuauy TA90S2331

2 A939939 31N 3.32
% < 4 a
3 Suldsuny udrfdlamsoaiun

¥y a a0 v A A '
4 1AINADINUWIBBAATINUNVIUKT 1A

T15unsuPRINTER
include "2313def.in
.ORG $0000
.DEF TEMP = R19
RIJMP RESET_VEC
RESET_VEC: LDI  TEMP,LOW(RAMEND)
OUT. | SPL.TEMP
LDl TEMP,HIGH(RAMEND)
OUT  SPL+1,TEMP
RCALL DELAY
cbi ddrd,0
sbi portd, 1
cbi ddrd,1
sbi portd, 1
di - r17,0xff
out ddrb,r17
sbi ddrd,6
sbi portd,6
main: 1di r16,0x4e
out portb,rl6
rcall  send
Idi r16,0x4f

out portb,rl6
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send:

rcall
1d1
out
rcall
1di
out
rcall
1di
out
rcall
1d1
out
rcall
1d1
out
rcall
1d1
out
rcall
1d1
out
rcall
1d1
out
rcall
rjmp
sbic
rjmp
cbi

rcall

send
r16,0x4f
portb,rl6
send
r16,0x4b
portb,rl6
send
r16,0x26
portb,rl6
send
r16,0x4a
portb,rl6
send
r16,0x41
portb,r16
send
r16,0x43
portb,rl6
send
r16,0x4b
portb,rl6
send
r16,0x0A
portb,rl6
send
wait
pind,0
send
portd,6
dlay
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chkbusyl:

chkbusy0:

dlay:
dlayl:

dly:
dlyl:

wait:

DELAY:

DEL2:

DELI1:

sbi portd,6
sbis  pind,0
gmp  chkbusyl
sbic  portd,0

gmp  chkbusy0

rcall  dly

ret

1d1 128,10
dec 128
brne  dlayl
ret

ldi 129,30
dec 129
brmme  dlyl
ret

gmp  wait
PUSH R26
PUSH R27

LDI  R27,0XFF

LDI  R26,0XFF
DEC  R26
BRNE DELI
DEC R27
BRNE DEL2
POP R27
POP R26

RET
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NINANY
Laeaeasamgliz 34

2 WouTlsunsunmTvarnsamugdii 3.35
3. 5uTsunsuaslud AT90S2313

41 82M159 baud rate 92115 2 9600

5. 1A7NAABUIUA

Tlsunss Rs232

include "2313def.inc"

.org $0000
rjmp reset
.def temp =rl9
RESEF: LDI  temp,low(RAMEND)

OUT  spltemp

LDI = temp,high(RAMEND)
OUT  spl+ltemp

CLI

CBI UCR,RXCIE

CBI UCR,TXCIE

CBI UCR,UDRIE

CBI UCR,CHR9

LDI R17,51

OUT UBRR,l7

SBI UCR,TXEN
SBI UCR,RXEN
loop: 1di  1r21,0x0C

rcall tx
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TX:

wait:

1di r21,0x41
rcall tx
Idi  r21,0x61
rcall tx
ldi  r21,0x31
rcall tx
ldi  r21,0x32
rcall tx
Idi  r21,0x33
rcall  tx
Idi  r21,0x34

rcall tx

ldi r21,0x0A

rcall tx

Idi ~ r21,0x0D

rcall  tx

gmp  wait

SBIS USR,UDRE

RIMP TX

OUT UDR,R21

RET

gmp  wait
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include "2313def.inc"

.org  $0000

Idi r18,0x07
Idi r21,0x30
Idi  r22,0x00
1di - 123,0x00
Idi  125,0x0f
1d1 128,0x00
;1di 126,0x{f
ldi o 126,0
1d1 127,0x39
1d1 28,0
1d1 31

rjmp - reset

def temp = rl9
def dl = 122
def d2 =123
.def Ain =124
RESET: LDI  temp,low(RAMEND)
OUT  spltemp
LDI temp,high(RAMEND)
OUT  spl+l,temp
CLI
CBI UCR,RXCIE
CBI UCR,TXCIE
CBI UCR,UDRIE

CBI

UCR,CHR9

108
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LDI R17,50
OUT UBRR,l7
SBI UCR,TXEN
SBI UCR,RXEN
clr rl8
main: sbic  pind4
jmp  main
inc rl8
mainl: sbis pind,4
rjmp  mainl
count: rcall dlay
add 128,131
bres ~ over
sbic pind 4
jmp  count
cpi r28,0x1a
brcc  dat
clr 128

jmp  main

dat: Idi  r20,0x80
clr rl9
data: clr 28
sbis pind,4
gmp  data
countl: rcall  dlay
1di 31,1

add 28,131
bres over

shic  pind4



gmp  countl

cpi r28,0x0a

brcc  datal
q: cle

ror 20

brcc  data

mov  126,r19

cpl r18,10
bree display
clr r28
clr 20
clr rl9
jmp main
datal: or r19,r20
nmp g
dlay: 1di rl6,231
dlayl: dec rl6
brme  dlayl
ret
OVer: 1di r29,0x4d
rcall  (x

rjmp  main

check: 1d1 r29,0x5a
rcall X
ret

display: 1di  r18,0x07

Idi  r21,0x30

1di  122,0x00
Idi 1r23,0x00
1di  r25,0x0f



N2:

NI1:

hex2ASC:

dis:

hex2ASC1:

disl:

)

1di 127,0x39
Idi  125,0x0f
mov 130,126
mov 124,130
cp 1257124
brcc N1

subi  124,0x10

inc  d2

mp N2
mov  dl1,r24
add d2,121
cp 127,d2
breec - dis
add d2.,r18
gmp dis
mov  129,d2
rcall tx

add d1,r21
cp 27,41
brec  disl
add dl,r18
mp  disl

mov  129,d1
RCALL tx

LDI  R29,0X30

RCALLTX
clr r18
clr r28
clr 120

clr rl9
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wait:

TX:

DELAY:

DEL2:

DELL:

jmp main

ret
rjmp wait
SBIS USR,UDRE
RIMP TX
OUT UDR,R29

RET
PUSH R26
PUSH R27

LDl  R27,0XFF

LDI  R26,0XFF

DEC  R26
BRNE DELI
DEC # RIY
BRNE DEL2
POP  R27
POP R26

RET

12



113

a
UNN4

aglwemmanewaziamiuminaaes

A a 4 ' o A v g
Jnnsneae At s lasaemae fnuhamnhnu AN LIaz
3 o LR g o W 5
¢aUnsailunisdesaunwuentioosu pazannsadszanadidaldluniisgn Clock
0 4 J o
1La:m:uﬁaumﬂ%mwlmmuazsnmgni‘mﬂsxqaﬁ“l%’qmqmwmim‘lﬁ Tunsuans
v g a a o Y 4 P
wammamzma:%u“luﬂsﬂluﬂgmwuﬁﬁ%zﬁaﬂ%ﬁﬂmﬂiufl’wﬂﬂsmn nazyedAIITNag
o v = . Ad o v o A 6 W
1ud1 CPU 92@e4AnHIN 15 1IUTINILABY lpuauifmiluedisanazdiauvuney
o Y £4
msshnulignasg
= ci a 13' 1 9 3
InMINAaBsBlamunalsEmsNIRaYY 15U NIRBNILLNITUNAN
Jd Y v ) 'Y @ A [ a3 o z a 9 9 u?/)
gilnsaithedd hifdrnamniveu £ cilflunsesnuuuuAanaia idiazlunnenss
a @ A o Y ~ ' 9 Wwor Y 1 ° t%
FasndaTdsunsuieeniuy liiesiazinde 15am liigndpanazyinlinanis
3.’ 3 1 Ay a v & 3A dy @
NaaoduFuIu hiosnamnaenis uazilymdnedinianaelun1snasens CPU

k%
Y

c.a/, 3 v 9 v Y c;/ [IP=-20 1 I ] ﬂ c;n 9 (R
PUNIFDADUVINIIN INTI1EI1CPU muuuaaﬂmﬂﬂu N liisoa u‘VI‘uilfUislfffﬂL‘VH 15



VITONYNIY

A [ d o 4
gaw IYITAV 1AZITIIY ZauTam, nsnaned uiasTUnwmaes 2, NTUNNLINUAS

aontfumaTuTadns zreumndmsyuaAsMe
I}$TEL,hAkxoconUoHer}lmuiBook.hnelCoporaﬁon,1983
PHILIPS. Signetics Microcontroller User’s Guide. PHILPS Electronics. And Components
and

Material Division, PHILPS Co.
8. fiudia 90398, 4013 16471 Protel 99
gau Tulizay, Yy Tasaen TnIaiaes MCS-51(Micro Controller MCS-51)
aquen ludu nazFoian Simstasala, Eaui’uazﬂﬁﬁams"luTmﬂauTmama%’ PIC

16F84



dy 1 d’ ¥ o U £ lﬂ' = I gj 1 Y o ¥ LS4 ¥
wnanstiluenasnanulidmsunisldnuienisfinewingu eugrelihluldussTevimunisin

Lidnsdlla vy Bnnsnudlidaudadlien uagdesdndisdiveenarsynasandnsiluly









JI‘M"

25

AT

L

1

DB25

o]

Ji

+8d +0d
FZ ZT0N LI
8N0D ZN0J
o
D
-
~ w
¥ (=)
T (%2
5 N
Y Q
i< w
L L
100K 4not
s TR F L] [w]
DIODE 4400t
18
WOodd33
Elalo} O
83 ©
L] 3
_llmu =T

ayuv0gA3A

G082 S31ddns

310W3Y

LCD

UR
€0d

ZNO3

QYdA3A

1 1
z ¥ 1

jﬂ.ﬂ __:____F_MEQ_;__{%
D J




Features

* AVR® - High Performance and Low Power RISC Architecture
* 118 Powerful Instructions - Most Single Clock Cycle Execution
» 2K bytes of In-System Reprogrammable Flash
— SP1 Serial interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

* 128 bytes EEPROM

— Endurance: 100,000 Write/Erase Cycles
128 bytes Internal RAM
32 x 8 General Purpose Working Registers
15 Programmable I/O Lines
Vee: 2.7 - 6.0V
Fully Static Operation

- 0-10 MHz, 4.0 - 6.0V

- 0-4 MHz, 2.7 - 6.0V
* Up to 10 MIPS Throughput at 10 MHz
One 8-Bit Timer/Counter with Separate Prescaler
One 16-Bit Timer/Counter with Separate Prescaler
and Compare and Capture Modes
Full Duplex UART
Selectable 8, 9 or 10 bit PWM
External and Internal Interrupt Sources .
Programmable Watchdog Timer with On-Chip Oscillator
On-Chip Analog Comparator
* Low Power Idle and Power Down Modes
° Programming Lock for Software Security
- 20-Pin Device

Description

The AT90S2313 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful insfructions in a single clock
cycle, the AT90S2313 achieves throughputs approaching 1 MIPS per MHz allowing
the system designer {0 oplimize power consumption Versus processing speeg.

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 independent 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.

{continued)

Pin Configuration

8-Bit AVR"
Microcontroller
with 2K bytes
In-System
Programmable

Flash

AT90S2313

PDIP/SOIC
P Mot
RESET ] 1 20 [J vce
(RXD) PDO ] 2 19 [J PB7 (SCK)
(TXD) PD1 O 3 18 E PB6 (MISO)
XTAL2 O] 4 17 [3J PB5 (MOSI)
XTAL1 OJ 5 16 |J PB4
(INTO) PD2 ] 6 15 |0 PB3 (OC1)
(INT1) PD3 ] 7 14 [7J PB2
(Toy P04 O g 13 [0 PB4 (AIMAY
(T1) PD5 ] 9 12 E PBO (AINO)
GND ] 1 11 PD6 (ICP)

ATMEY

Rev. 0839DS-07/98

Note: This is a summary document. For the complete 68 page
datasheet, please visit our web site at www.atmel.com or e-
mail at literature@atmel.com and request literature #0839D.
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Block Diagram
Figure 1. The AT90S2313 Block Diagram
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The AT90S2313 provides the following features: 2K bytes
of In-System Programmable Flash, 128 bytes EEPROM,
128 bytes SRAM, 15 general purpose I/0 lines, 32 general
purpose warking registers, flexible timer/counters with
compare modes, internal and external interrupts, a pro-
grammable serial UART, programmable Watchdog Timer
with internal oscillator, an SP!I serial port for Flash Memory
downloading and two software selectable power saving
modes. The idie Mode stops the CPU while aliowing the
SRAM, timer/counters, SPI port and interrupt system to
continue functioning. The power down mode saves the reg-
ister contents but freezes the oscillator, disabling all other
chip functions until the next interrupt or hardware reset.

The device is manufactured using Atmel’s high density
non-volatile memory technology. The on-chip In-System

------------ TR

B e T S

PDO - PD6

Programmable Flash allows the program memory to be
reprogrammed in-system through an SPI serial interface or
by a conventional nonvolatile memory programmer. By
cambining an enhanced RISC 8-bit CPU with ln-System
Programmable 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 AT90S2313 AVR is supported with a full suite of pro-
gram and system development tools including: C compil-
ers, macro assemblers, program debugger/simutators, in-
circuit emulators, and evaluation kits.

2 AT90S2313 e



Pin Descriptions

vcc

Supply voltage pin.

GND

Ground pin.

Port B (PB7..PB0)

Port B is an 8-bit bi-directional I/O port. Port pins can pro-
vide internal puli-up resistors {sefecied for each bit). PBO
and PB1 also serve as the positive input (AIN0) and the
negative input (AIN1), respectively, of the on-chip analog
comparator. The Port B output buffers can sink 20mA and
can drive LED displays directly. When pins PBO to PB7 are
used as inputs and are externally pulled low, they will
source current if the internal pull-up resistors are activated.

Port B also serves the functions of various special features
of the AT90S2313 as listed on page 38.

Port D (PD6..PD0)

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

Port D also serves the functions of various special features
of the AT90S2313 as listed on page 43.

RESET

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

XTAL1

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

XTAL2

Output from the inverting oscillator amplifier

Crystal Oscillator

XTAL1 and XTAL2 are input and output, respectively, of an
inverting amplifier which can be configured for use as an
on-chip oscillator, as shown in Figure 2. Either a quartz
crystal or a ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
uriconnected white XTAL1 is driven as shown irt Figure 3.

Figure 2. Oscillator Connections
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Figure 3. External Clock Drive Configuration
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AT90S2313 Architectural Overview

The fast-access register file concept contains 32 x 8-bit
general purpose working registers 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.

Six of the 32 registers can be used as three 16-bits 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 function. These added function reg-
isters are the 16-bits X-register, Y-register and Z-register.

The ALU supports arithmetic and logic functions between
registers or between a constant and a register. Single reg-
ister operations are also executed in the ALU. Figure 4
shows the AT90S2313 AVR Enhanced RISC microcontroi-
ler architecture.

'm addition 1o ihe regisier operation, ine conventionat mem-
ory 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 ($00 -
$1F), allowing them to be accessed as though they were
ordinary memory locations.

The I/O memory space contains 64 addresses for CPU
peripheral functions as Control Registers, Timer/Counters,
A/D-converters, and other I/O functions. The 1/O memory

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 memo-
ries and buses for program and data. The program memory
is accessed with a two stage pipeline. While one instruction
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 directly 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 conse-
quently the stack size is only limited by the total SRAM size
and the usage of the SRAM. All user programs must initial-
ize the SP in ihe reset routine {peiore subroutines or inter-
rupts are executed). The 8-bit stack pointer SP is read/write
accessible in the /O space.

The 128 bytes data SRAM + register file and 1/O registers
can be easily accessed through the five different address-
ing modes supported in the AVR architecture.

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

4 AT90S2313 e
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Figure 4. The AT90S2313 AVR Enhanced RISC Architecture
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AT90S2313 Register Summary

ATmEL

!

| I |

|

l Address Name Bit7 ’ Bit6 ] Bit5 ’ Bit 4 Bit 3 l Bit 2 ' Bit 1 Bit0 Page
$3F ($5F) SREG ! I v T n s v | N z c 17
$3E ($5E) Reserved i SRR ; SR
$3D ($5D) SPL sP7_ | sP6 | sps SP4 sP3_ [ sp2 sP1 [ spo 18
$3C (35C) Reserved R e S Sy i S
$3B ($5B) GIMSK INT1 INTO | = o : : % : 2
$3A ($5A) GIFR INTF1 INTFO S S G 23
$39 ($59) TIMSK TOIE1 | OCIE1A : S B TICIE1 £ TOIEO 23
$38 ($58) TIFR Tovi | OCF1IA | - =z ICF1 B TOVO £ 24
$37 ($57) Reserved ; : R
$36 ($56) Reserved |
$35 ($55) MCUCR - | : [ se SM Isc11_ [ isc1o 1Isco1 | i1scoo | 25
$34 ($54) Reserved i 7 G #
$33 (§53) TCCRO sl [ =] cso2 cso1 | csoo 28
$32 ($52) TCNTO Timer/Counter0 (8 Bit) 29
$31 (851 Rezerved : : :
$30 ($50) Reserved : B ; S
$2F (34F) TCCR1A COM1A1 [ com1AD | e [ pwm11 | Pwmio 30
$2E (S4E} TCCR1B ICNCT [ (CEST | i i i crct | cs1z cs11__ [ cs1o 31
$2D ($4D) TCNT1H Timer/Counter1 - Counter Register High Byte | 32
$2C ($4C) TCNTIL Timer/Counter1 - Counter Register Low Byte ! 32
$2B ($4B) OCR1AH Timer/Counter1 - Compare Register High Byte | 32
$2A ($4A) OCR1AL Timer/Counter1 - Compare Register Low Byte | 32
$29 ($49) Reserved e T ]
$28 ($48) Reserved |
$27 ($47) Reserved
$26 ($48) Reserved Rt e e R Rt L
$25 ($45) ICR1H Timer/Counter1 - Input Capture Register High Byte ! 33
$24 ($44) ICR1L Timer/Counter1 - Input Capture Register Low Byte | 33
$23 ($43) Reserved T _ R R i
$22 ($42) Reserved PRl s ; R 2
$21 ($41) WDTCR = WDE | woP2 [ wbP1_ | wopo | 35
$20 ($40) Reserved ; S e e b e S i
$1F ($3F) Reserved : e s SRR i
$1E ($3E) EEAR “i= | EEPROM Address Register [ 36
$1D ($3D) EEDR EEPROM Data register | 37
$1C ($3C) EECR R i E - | EEMWE | EEWE | EERE | 37
$1B ($3B) Reserved R R : 1
$1A ($3A) Reserved |
$19 ($39) Reserved S e i SRR T ‘i }
$18 ($38) PORTB PORTB7 | PORTB6 ] PORTES PORTB3 | PORTB2 | PORTB1 | PORTBD 46
$17 ($37) DDRB DDB7 | DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 46
$16 (536) PINB PINB7 | PINBG PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 46

};S‘\s {835) Reserved R P T R S
$14 ($34) Reserved
$13 ($33) Reserved R, . e R T e S : ;
$12 ($32) PORTD 27 PORTD6 PORTDS PORTD3 PORTD2 PORTD1 PORTDO 51
$11(831) DDRD - DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO l 51
$10 ($30) PIND So=i ] PINDS PIND5 PIND4 PIND3 PIND2 PIND1 PINDO | 51
SOF ($2F) Reserved ; i e T : {
$OE ($2E) Reserved
$0D ($2D) Reserved e
$0C ($2C) UDR UART V/O Data Register 40
$OB ($2B) USR RXC | TxC UDRE FE 40
SOA (824) UCR RXCIE L TXCIE UDBRIE RXEN 41
$09 (829) UBRR UART Baud Rate Register 43
$08 ($28) ACSR ACD | 2 ACI 44

Reserved R i L :
| 500(5200 | Reserved |




AT90S52313 Instruction Set Summary

Mnemonics f Operands f Description Operation f Flags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd « Rd+Rr Z,CN,V,H 1
ADC Rd, Rr Add with Carry two Registers Rd«Rd+Rr+C Z,CNN,V,H 1
ADIW RdlK - Add Immediate to Word Rdh:Rdl « Rdh:Rdl + K Z,CNV,S 2
SuB Rd, Rr Subtract two Registers Rd «Rd-Rr Z,CNV,H 1
SuBl Rd, K Subtract Constant from Register Rd « Rd-K Z,C,N,V,H 1
SBIW Rdl,K Subtract Immediate from Word Rdh:Rdl « Rdh:Rdl- K Z,CNV,S 2
SBC Ry, Rr Subhrach with Carry two Registers e R -R1 -C ZINNK A
SBCI Rd, K Subtract with Carry Constant from Reg. Rd«Rd-K-C Z,C,N,V,H 1
AND Rd, Rr Logical AND Registers Rd < RdeRr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd < Rde K ZN,V 1
OR Rd, Rr Logical OR Registers Rd < RdvRr Z N,V 1
ORI Rd, K Logical OR Register and Constant Rd «RdvK ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd —Rd e Rr ZNV 1
COM Rd One's Complement Rd « $FF - Rd ZCNV 1
NEG Rd Two'’s Complement Rd « $00 - Rd Z,.C.N,V.H 1
SBR Rd,K Set Bit(s) in Register Rd < RdvK ZN\V 1
CBR Rd,K Clear Bit(s) in Register Rd « Rd e ($FF - K) Z N,V 1
INC Rd Increment Rd«Rd+ 1 ZNV 1
DEC Rd Decrement Rd « Rd—-1 Z N,V 1
TST Rd Test for Zero or Minus Rd < Rde Rd ZNV 1
CLR Rd Clear Register - O R « RIS R Z,N,V 1
SER | Rd Set Register Rd « SFF | None 1
BRANCH INSTRUCTIONS
RJMP k Relative Jump PC«PC+k+1 None 2
1JMP Indirect Jump to (Z) PCe2Z None 2
RCALL k Relative Subroutine Call PC&PC+k+1 None 3
ICALL Indirect Call to (Z) PCeZ None 3
RET Subroutine Return PC « STACK None 4
RETI Interrupt Return PC « STACK 1B 4
CPSE Rd,Rr Compare, Skip if Equal if (RA=Rr)PC«PC+20r3 None 1/2
CP Rd,Rr Compare Rd - Rr Z,N,V,.CH 1
CcPC Rd,Rr Compare with Carry Rd-Rr-C Z,NV,CH 1
CPI Rd,K Compare Register with Immediate Rd-K Z,N,V,CH 1
SBRC Rr, b Skip if Bit in Register Cleared if(Re(b)=0) PC ~ PC+20r3 None 112
SBRS Rr, b Skip it Bit in Register is Set i {Rr{o)=1) PC < PC *+2 0r3 None 112
SBIC P, b Skip if Bit in I/O Register Cleared if (P(b)=0) PC«< PC+20r3 None 1.42
SBIS P,b Skip if Bit in /0 Register is Set if (R(b)=1) PC&PC+20r3 None 112
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC«PC + k + 1 None 142
BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC&PC +k + 1 None 1/2
BREQ k Branch if Equal it (Z=1)then PC < PC +k+1 None 112
BRNE K Branch if Not Equal if(Z=0)thenPC«PC +k+1 None 1/2
BRCS k Branch if Carry Set if(C=1)thenPC « PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if{C=0)then PC « PC+k+1 None 1/2
BRSH k Branch if Same or Higher if(C=0)then PCe PC+k+1 None 142
BRLO k Branch if Lower if(C=1)thenPC  PC+k+1 None 1/2
BRME % Brameh if Minus FN =R PC P+ K+ 1 None 112
BRPL k Branch if Plus if (N=0) then PC « PC +k + 1 None 1/2
BRGE k Branch if Greater or Equal, Signed T(N®V=0)thenPC « PC+k+ 1 None 1/2
BRLT [ Branch if Less Than Zero, Signed NS V=Tjthen PC PC+k+ 1 None 1/2
BRHS Kk Branch if Half Carry Flag Set if(H=1)thenPC« PC+k+1 None 1/2
BRHC [ Branch if Half Carry Flag Cleared if(H=0)then PC < PC+k+1 None 1/2
BRTS k Branch if T Flag Set if{T=1)then PC < PC+k+1 None 12
BRTC k Branch if T Flag Cleared it (T=0) then PC < PC +k+1 None 1/2
BRVS [ Branch if Overflow Flag is Set if(V=1)then PC < PC+k+ 1 None 172
BRVC k Branch if Overflow Flag is Cleared if (V=0)then PC « PC +k+ 1 None 1/2
BRIE k Branch if Interrupt Enabled if(1=1)then PC < PC+k+1 None 1/2
. BRID k Branch if Interrupt Disabled if(1=0)then PC « PC + k + 1 Nane 1/2
AIMEL 4
iesmmmwms. g



ATmEL

Mnemonics Operands Description Operation Flags #Clocks
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Registers Rd «Rr None 1
LDI Rd, K Load Immediate Rd «K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd e« (X), X« X+1 None 2
LD Rd, - X Load Indirect and Pre-Dec. XeX-1,Rd «(X) None 2
LD Rd.Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd<(Y),Y<Y+1 None 2
LD Rd,-Y Load Indirect and Pre-Dec. Ye<Y-1,Rd «(Y) None 2
LDOD Rd,Y+q Load Indirect with Displacement Rd < (Y +q) None 2
LD Rd, Z Load Indirect Rd « (Z) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd «(2), Z « Z+1 None 2
1D Rd, -2 Load Indirect and Pre-Dec. 2<2-1,Rde«{2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd«(Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X) «Rr None 2
ST X+, Rr Store Indirect and Post-Inc. (X) <R XX+ 1 None 2
ST -X,Rr Store Indirect and Pre-Dec. XeX-1,(X) «Rr None 2
ST . Y.Rr Store Indirect (Y)«Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Y)<RrnY<Y+1 None 2
ST -Y.Rr Store Indirect and Pre-Dec. Ye¥Y-1,(Y)«Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y+q) <Rr None 2
ST Z,Rr Store Indirect (Z) «Rr None 2
SY Z+, Rr Store inditect 2nt Postinc. Dy «Ri,ZeZ x4 None 2
ST -Z, Rr Store Indirect and Pre-Dec. ZeZ-1,(2) «Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q)<Rr None 2
STS K, Rr Store Direcf fo SRAM (k) « Rr None 2
LPM Load Program Memory RO «(2) None 3
IN Rd, P In Port Rd « P None 1
ouT P, Rr Out Port P «<Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Register from Stack Rd « STACK None 2
BIT AND BIT-TEST INSTRUCTIONS
SBI [ Pb | set Bitin I/0 Register [ voE.b) 1 | None 2
CBl Ph Clear Bitin UQ Register UQP R« Q Nane 2
LSL Rd Logical Shift Left Rd(n+1) « Rd(n), Rd(0) « 0 Z.CN,V 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd Rotate Left Through Cary Rd(0)e-C.Rd(r+ 1) Rd{n),C—Rd(7) ZCNV 1
ROR Rd Rotate Right Through Carry Rd(7)«C,Rd(n)< Rd(n+1),C<Rd(0) Z,C,NV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3..0)Rd(7..4),Rd{7..4)«Rd(3..0) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr, b Bit Store from Register to T T « Rr(b) T 1
BLD Rd, b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry Ce1 C 1
CLC Clear Carry Ce0 C 1
SEN Set Negative Flag Ne1 N 1
CLN Clear Negative Flag Neop N 1
SEZ Set Zero Flag Ze1 z 1
CLz Clear Zero Flag Z<0 z 1
SEY Global infterrupt Enabie Yt i 1
cul Global Interrupt Disable 1<0 | 1
SES Set Signed Test Flag Se1 S 1
CLs Clear Signed Test Flag S0 S 1
SEV Set Twos Complement Overflow Vet \ 1
CLv Clear Twos Complement Overflow Ve v 1
SET Set T in SREG T T 1
CLT Clear Tin SREG T<0 T 1
SEH Set Half Carry Flag in SREG He1 H 1
CLH Clear Half Carry Flag in SREG He0 H 1
NOP No Operation None 1
| SLEEP (see spedific desar. for Sleep function) NMone 3
[ wor | Watchdog Reset | (see specific descr. for WDRH#imer) None 1




General Description

The ADCO0831 series are 8-bit successive approximation
A/D converters with a serial 1/0 and configurable input mul-
tiplexers with up to 8 channels. The serial 1/0 is configured
to comply with the NSC MICROWIRE™ serial data ex-
change standard for easy interface to the COPST™ family of
processors, and can interface with standard shift registers
or uPs.

The 2-, 4- or 8-channel multiplexers are software configured
for single-ended or differential inputs as well as channel as-
signment.

The differential analog voltage input allows increasing the
common-mode rejection and offsetting the analog zero in-
put voltage value. In addition, the voltage reference input
can be adjusted to allow encoding any smaller analog volt-
age span to the full 8 bits of resolution.

.

&National Semiconductor

ADC0831/ADC0832/ADC0834 and ADC0838
8-Bit Serial I/Q A/D Converters with Multiplexer Options

January 1995

B Operates ratiometrically or with 5 Vp¢ voltage
reference

B No zero or full-scale adjust required

| 2-, 4- or 8-channel multiplexer options with address
logic

® Shunt regulator allows operation with high voltage
supplies

B 0V to 5V input range with single 5V power supply

u Remate operation with sexial, digital data link

® TTL/MOS input/output compatible

® 0.3" standard width, 8-, 14- or 20-pin DIP package

& 20 Pin Molded Chip Carmier Package (ADCG838 onty)

® Surface-Mount Package

Key Specifications

TRI-STATE® isa
COPS™ and MICROWIRE™ are

of National i Ct
of National i C

Features ® Resolution 8 Bits
B NSC MICROWIRE compatible—direct interface to B Total Unadjusted Error +% LSB and =1 LSB
COPS family processors B Single Supply 5 Vpc
B Easy interface to all microprocessors, or operates B Low Power 15 mW
**stand-alone” | Conversion Time 32 us
Typical Application
5 Vpe
vﬂ POSITION 1
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Absolute Maximum Ratings (notes 15 2)

W Wittary f Aerospate specified devices are 1equited,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Current into ¥’ * (Note 3) 15mA
Supply Voltage, V¢ (Note 3) 6.5V
Voltage
Logic Inputs —0.3Vto Vg + 0.3V
Analog Inputs —0.3Vto Vg + 0.3V
Input Current per Pin (Note 4) +5mA
Package +20mA
Storage Temperature —65°C to +150°C

Package Dissination

at T4 =25°C (Board Mount) 0.8W

Leedh Temperature {Soldering 10 sec)

Dual-In-Line Package (Plastic) 260°C
Dual-In-Line Package (Ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C
S0 Sunceptiiliy Nohe T 2000V
Operating Ratings (votes 122)
Supply Voltage, Voo 4.5 Vpc to0 6.3 Vpg

Temperature Range
ADCO0831/8BCJ,
ADC0831/4/8CCJ,
ADCO0832BIWM,
ADCO0831/2/4/8CIWM
ADC0831/2/74/8BCN,
ADC0838BCV,
ADC0831/2/4/8CCN,
ADTUIBCTY,
ADC0831/2/4/8CCWM

Converter and Multiplexer Electrical Characteristics

The following specifications apply for Vec = V+ = VRer = 5V, VRer < Vg +0.1V, Ta =

unless otherwise specified. Boldface limits apply from Tminto Tyax-

TMINS TASTmMAX

—40°C to +85°C

0°Cto +70°C

Tj = 25°C, and fcLk = 250 kHz

'BCJ, BIWM, BCV, CCV, CCWM, BCN
CIWM and CCJ Devices and CCN Devices
Parameter Conditions ¥ Tested Design P Tested Design Units
o — 2| Lmit Limit (Not?1 2| | Limit Limit
. (Note 13) | (Note 14) (Note 13) (Note 14)

TONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error VRer=5.00 V

ADC0838BCV (Note 6) +d4 =%

ADC0831/2/4/8BCN +1 +% LSB

ADC0831/8BCJ %

ADC0832BIWM +%

ADC0838CCV g +4

ADC0831/2/4/8CCN +1 +1

ADC0831/2/4/8CCWM P %1

ADC0831/4/80Cy +T1

ADC0831/2/4/8CIWM 5
Minimum Reference 35 35 1.3 1.3 kQ
Input Resistance (Note 7)
Maximum Reference 35 5.9 35 5.4 5.9 k&
Input Resistance (Note 7)
Maximum Common-Mode Input Vee +0.05 Vce +0.05 | Vee+0.05 | V
Range (Note 8)
Winimum Common-Mode input GNRD -0.03 GND —0.05| GRD—-0.08] ‘v
Range (Note 8)
DC Common-Mode Error +Yis EVA = Yie e/ % LSB




Converter and Mulitiplexer Electrical Characteristics (Continued)

T idiowmg speciications appy for Voo = N4+ =8, Ta =

Boldface limits apply from Tyy to Tmax-

)= 25°C, ard Spik = 250 Wiz unless oherwise specified.

BCJ, BIWM, BCV, CCV, CCWM, BCN
CIWM and CCJ Devices and CCN Devices
Parameter Conditions % Tested Design " Tested Design Units
(Not"e" 1| Lmit | lmit (Not“: 1| Lt | Limit
(Note 13) | (Note 14) (Note 13) | (Note 14)
CONVERTER AND MULTIPLEXER CHARACTERISTICS {Continued)
Change in zero 15 mAinto V+
error from Vg =5V Vee=N.C.
to internal zener VRer=5V
operation (Note 3) 1 1 1 LSB
V7, internal MIN | 15 mA into V+ 8.3 6.3 8.3
diode breakdown MAX 8.5 8.5 8.5 \
(at V) (Note 3)
Power Supply Sensitivity | Veec=5V*5% e 4% VA +1e 1 +% LSB
lorr, Off Channel Leakage On Channel=5V, -0.2 —-0.2 -1 nA
Current (Note §} Off Chaninel= 0V -1
On Channel=0V, +0.2 +0.2 +1 RA
Off Channel=5V +1
lon, On Channel Leakage On Channel=0V, -0.2 -0.2 -1 HA
Current (Note 9) Off Channel=5V 1
On Channel=5V, +0.2 +0.2 +1 RA
Off Channel=0V +1
DIGITAL AND DT CHARACTERISTICS
Ving1) Logical “1” Input Vee=5.25V 2.0 20 2.0 v
Voltage (Min) 1
Vin(o), Logical “0" Input Voo=4.75V 0.8 0.8 0.8 v
Voltage (Max)
Iing1), Logical “1” Input ViN=5.0V 0.005 1 0.005 1 1 A
Current (Max)
Tingo), Logical "0~ nput Vin=0V —0.008 -1 —0.005 —1 -1 WA
Current (Max)
Voyaty, Logical “1” Qutput Veo=475V
Voltage (Min) lour= —360 LA 2.4 2.4 2.4 %
loutr=—10 pA 4.5 45 4.5 1%
VouTo) Logical “0” Qutput Veg=4.75V 0.4 0.4 0.4
Voltage (Max) loyT=1.6 MA
o, TRISTATE Qutpa V=0V —Q4 -3 -Q4 =3 -2 b
Current (Max) Vour=5V 0.1 3 0.1 +8 +3 HA
Isource, Output Source Vout=0V —14 —-6.5 —14 —-75 -6.5 mA
Current (Min)
Isink, Output Sink Current (Min) | Vout=Vee 16 8.0 16 9.0 8.0 mA
Icc, Supply Current (Max)
ADCO0831, ADC0834, 0.9 2.5 0.9 2.5 2.5 mA
ADCO0838
ADC0832 Includes Ladder 23 6.5 23 6.5 6.5 mA
Current




AC Characteristics

Thea fallowing specifications analy for Voo = BV, 4 = t, = 20 ns and 25°C unless atharwisa shacified.

T Tested Design Limit
Parameter Conditions i i | Limit Limit |
(Note 13) | (Note 14)

Min 10 kHz
fewk, Clock Frequency Wax 200 Krz
tc, Conversion Time Not including MUX Addressing Time 8 1/foLk
Clock Duty Cyoilg L7008 43 9%
(Note 10) Max 60 %
tser-ue, CS Falling Edge or 250 ns
Data Input Valid to CLK
Rising Edge
tHoLp, Data Input Valid 90 ns
after CLK Rising Edge
ot tpao—CLK Falling C, =100 pF
Edge to Output Data Valid Data MSB First 650 1500 ns
(Note 11) Data LSB First 250 600 ns
t1H, ton,—Rising Edge of CL=10 pF,R_ =10k 125 250 ns
CS to Data Output and (see TRI-STATE® Test Circuits)

SAHEHI-Z ©_ =100 pf, Ry = 2% 500 ne
Cin, Capacitance of Logic - % 5 pF
Input

Cour, Capacitance of Logic 5 pF
Outputs

Note 1: Absolute Maximum Rafings indicate limits ‘beyond which damage to the device may occur. DT and AT electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to the ground plugs.

Note 3: intarrta’ norar diisdles (6.9 &0 6.5V are cornectad fromt ¥+ & GNO ard Vo @0 GND. Tine ranar at v+ AT Ot &S & sttt raguieda arid is connectad’
to Vg via a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode insures that Vg will be below breakdown when the device
is powered from V +. Functionality is theref gL for V+ ion even though the resultant voltage at Vce may exceed the specified Absolute Max of
6.5V. It is recommended that a resistor be used to limit the max current into V +. (See Figure 3 in Functional Description Section 6.0)

Note 4: When the input voltage (Vi) at any pin exceeds the power supply rails (Viy < V= or Vin > V 1) the absolute value of current at that pin should be limited
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four.
Note 5: Human body model, 100 pF discharged through a 1.5 k) resistor.

Note 6: Total unadjusted error inciudes offset, full-scale, finearity, and multipfexer errors.

Note 7: Cannot be tested for ADC0832.

Note 8: For Vin(—) 2 ViN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward
ottt o1 wrRly Tt vohanes T bt Yup Lo TIOUre O Ores tivte Giop greshe Nren dre Y oo Sappy . B varehd, Heming Yot B ow o fevels (4.5,
as high level analog inputs (5V) can cause this input diode to conduct- ially at el , and cause errors for analog inputs near full-scale. The
spec allows 50 mV forward bias of either diode. This means that as long es the analog Vi or VRer does not exceed the supply voltage by more than 50 mV, the
output code will be correct To achieve an absolute 0 Voc to 5 Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over
temperature variations, inftiaf tolerance and foading.

Note 8: Leakage current is measured with the clock not switching.

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of
frerse Yumites, % @ rininnier, Yo te TRAR SIS o e T e e Ytk Uk Tt e 2k et 4 3. PR TR e e Tt wem e i s €0 pe. TR
clock can be stopped when low so long as the analog input voltage remains stable.
Note 11: Since data, MSB first, is the output of the used in the

allow for comparator response time.

appt loop, an additional delay is built in (see Block Diagram) to

Note 12: Typicals are at 25°C and represent most likely parametric norm.
Note 13: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level).
Note 14: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels.




Typical Performance Characteristics

1
OFFSET ERROR (L8Bs = 1o x Vaer)

LINEARITY ERROR (LSB)

POWER SUPPLY CURRENT (ma)
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TRI-STATE Test Circuits and Waveforms
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Vee
& DATA
vV
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Ry
s paTa
ouTPUT
T
TL/H/5583-4
Timing Diagrams
Data Input Timing
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- SET-uP
& SET-UP
DATA
(2N

TL/H/5583-24

0UT (D0)

tin
3
Vee —Fa0%
[ 50%
10%
GND
B [
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00 AND 985
SARS OUTPUTS
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o
DD AND g
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TL/H/5583-23

DATA
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ADCO0831 Start Conversion Timing
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Timing Diagrams (continued)

ADCO0831 Timing
1 2 3 4 5 6 7 8 9 W %

CLOCK (CLK)

—-l ser.up

CHIP SELECT (CS) ] ’

.
| ‘ '
STATE

7 6 5 4 3 2z 1 o
(MSB) (LSB)

TL/H/5568-27
LS8 first output not available on ADC0831.

ADCO832 Timing
102 3 4 5 6 7 B 9 10 M 12 13 W 15 6 17 18 19 2
CLOCK (CLK)
— | QUTPUT DATA |
|
CHIP SELECT ({3) ! ADDRESS MUX J l
I |

START
BIT_ ODD/SIGN

DATA OUT 100}

TL/H/5583-28

ADC0834 Timing
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{:Dcoasa Functional Block Diagram

“17. For the ADC0832, Dl is input directly to the DI input of

put directly to the D input of SELECT 1. SELECT 0 is forced to a

ODD/SIGN. SELECT 0 is forced to a “0” and SELECT 1 is forced to a “1”.

*Some of these functions/pins are not available with other options.

Note 1: For the ADC0834, D1 is in




Connection D

iagrams

ADC0838 8-Channel MUX

Small Outline/Dual-In-Line Package (J, M and N)

ADCO0834 4-Channel MUX

Small Outline/Dual-In-Line Package (J, M, and N)

-/ -/
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Functional Description

1.0 MULTIPLEXER ADDRESSING

The design of these converters utilizes a sample-data com-
parator structure which provides for a differential analog in-
put to be converted by a successive approximation routine.
The actual voltage converted is always the difference be-
tween an assigned “+ " input terminal and a * —" input ter-
minal. The polarity of each input terminal of the pair being
converted indicates which line the converter expects to be
the most positive. If the assigned “+" input is less than the
“—* input the converter responds with an aff zeros output
code.

A unique input multiplexing scheme has been utilized to pro-
vide multiple analog channels with sottware-contigurable
single-ended, differential, or a new pseudo-differential op-
tion which will convert the difference between the voltage at
any analfog input and a common terminal. The anaiog signar
conditioning required in transducer-based data acquisition
systems is significantly simplified with this type of input flexi-
wility. One conven'en pechagye can now handie Tiowd refer-
enced inputs and true differential inputs as well as signals
with some arbitrary reference voltage.

A particular input configuration s assigned during the MUX
addressing sequence, prior to the start of a conversion. The
MUX address selects which of the analog inputs are to be
enabled and whether Ve Ik s single-ended o diffpren-

tial. In the differential cas, it also assigns the polarity of the
channels. Differential inputs are restricted to adjacent chan-
nel pairs. For example channef 0 and channel T may be
selected as a different pair but channel 0 or 1 cannot act
differentially with any other channel. In addition to selecting
differentieh mote e Sign may aiso be seecied. Chanmeh ©
may be selected as the positive input and channel 1 as the
negative input or vice versa. This programmability is best
Hustrated by the MUX addressing codes shown in the fol-
lowing tables for the various product options.

The MUX address is shifted into the converter via the DI
e, Beranae e ADCORDY containe oy one differenieh
input channel with a fixed polarity assignment, it does not
require addressing.

The common mput iine on the ADCY838 can be used as a
pseudo-differential input. In this mode, the voltage on this
pin is treated as the “—" input for any of the other input
chennes. Ths voiage does not have 4o e arelog growrd,
it can be any reference potential which is common to all of
the inputs. This feature is most useful in single-supply appli-
cation where the analog circuitry may be biased up to a
potential other than ground and the output signals are all
referred to this potential.

TABLE . Multiplexer/Package Options

Part Number of Analog Channels Number of
Number Single-Ended Differential Package Pins
ADC0831 1 ] 8
ADC0832 2 1 8 |
ADC0834 4 2 14
ADC0838 8 4 20
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Functional Description (continued)

TABLE IL MUX Addressing: ADCQ838
Single-Ended MUX Mode

[ MUX Address Analog Single-Ended Channel #
e | S | EeESE ol o] 1]2]|3|a|s5]|6]|7|com

1 Q Q Q o+ =
1 0 0 1 + -
1 0 1 0 + =
1 0 1 1 + -
1 1 0 0 + —
1 1 0 1 + g
1 1 1 0 + -

L ! ] {1 L + et

Differential MUX Mode

! MUX Address Analog Differential Channel-Pair #
! sGL/ | obbp/ SELECT a N N\\1 2 3
o | SeN T o 12\ 3[4 [ 5186 | 7
0 0 0 0 T~
Q Q 9 14 ; - =
0 0 1 ) + X
0 0 1 1 + =S
0 1 0 0 ) -
0 1 0 1 2 X
0 1 1 0 [ +
0 1 1 1 = +
TABLE IIl. MUX Addressing: ADC0834 TABLE IV. MUX Addressing:
Single-Ended MUX Mode . ADC0832
NUX fadpey T Single-Ended MUX Mode
SGL/ oop/ | SELECT ——
oIF SIGN ” ¢ 1 2 3 MUX Address Channel #
3 c A BF | siew | © | 1
g 1 0 +
1 1 0 + E 4 i
i L L : i COM is intemnally tied to A GND
COM is intenally tied to A GND
Differential MUX Mode
Ditterential WMIUX Mode
MUX Address Channel #
L MUX Address Channel # SGL/ oDD/
SGL/ 00D/ SELECT oiE | sign | O 1
DIF SIGN > 0 1 2 3 0 - = =
0 0 + — . 0 1| - + |
0 0 1 + -
0 1 0 — +
0 1 1 = +




Functional Description (continued)

Siree e input corfiguation s under software cotidh, #
can be modified, as required, at each conversion. A channel
can be treated as a single-ended, ground referenced input
for one conversion; then it can be reconfigured as part of a
differential channel for another conversion. Figure 1 illus-
trates the input flexibility which can be achieved.

e analog mvdh ediirges fof sach thannet can range ffom
50 mV below ground to 50 mV above Vg (typically 5V)
without degrading conversion accuracy.

2.0 THE DIGITAL INTERFACE

A most important characteristic of these converters is their
serial data link with the controlling processor. Using a serial
communication format offers two very significant system im-
provements; it allows more function to be included in the
converter package with no increase in package size and it
can eliminate the transmission of low level analog signals by
locating the converter right at the analog sensor; transmit-
ting highly noise immune digital data back to the host proc-
essor.
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To urderstand ire uperation of inese converters it is bestio
refer to the Timing Diagrams and Functional Block Diagram
and to follow a complete conversion sequence. For clarity a
D g Is st of sach device.
1. A conversion is initiated by first pulling the CS (chip se-
lect) line low. This line must be held low for the entire con-
version. The comerter B ow walting for a start bit and e
MUX assignment word.
2. A clock is then generated by the processor (if not provid-
ed continuously} and output to the A/D clock input.
3. On each rising edge of the clock the status of the data in
(D1) line is clocked into the MUX address shift register. The
start oit 1s Yne first logic “1** ¥nat appears on Ynis line {afl
leading zeros are ignored). Following the start bit the con-
verter expects the next 2 to 4 bits to be the MUX assign-
ment word.

8 Pseudo-Differential
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TL/H/5583-9

FIGURE 1. Analog Input Multiplexer Options for the ADC0838




Functional Description (continueq)

4. \rem e shart bt res ibeem shifed rho fhe start focation
of the MUX register, the input channel has been assigned
and a conversion is about to begin. An interval of 1 clock
period {where nothing happens) is automatically inserted to
allow the selected MUX channel to settle. The SAR status
line goes high at this time to signal that a conversion is now
in progress and the Dt line is disabled (it no longer accants
data).

5. The data out (DO) line now comes out of TRI-STATE and
provides a leading zero for this one clock pericd of MUX
settling time.

6. When the conversion begins, the output of the SAR com-
parater, whikh ndicates whethwi the analog inpuk is greater
than (high) or less than (low) each successive voltage from
the internal resistor ladder, appears at the DO line on each
falling edge of the clock. This data is the result of the con-
version being shifted out (with the MSB coming first) and
can be read by the processor immediately.

7. After & dari periods the comigion is completed. The
SAR status line returns low to indicate this 1 clock cycle
later.

8. If the progravmmier prefers, the data can be provided it an
LSB first format [this makes use of the shift enable (SE)
control line]. All 8 bits of the result are stored in an output
shift register. O devices wiih do nek indhude the TE con-
trol line, the data, LSB first, is automatically shifted out the
DO line, after the MSB first data stream. The DO line then
goes low and stays low until CS is returned high. On the
ADC0838 the SE line is brought out and if held high, the
value of the LSB remains valid on the DO line. When SE is
forced low, the data is then clocked out LSB first. The
ADCO0831 is an exception in that its data is only output in
MSB first format.

9. All internal registers are cleared 1 when the CSlineis high.
If another conversion is desired, CS must make a high to
low transition followed by address information.

Vee

ABLOEM ey

AAA

GND

a) Ratiometric

The O ard DO fres tam be fed togeiren ard controtied
through a bidirectional processor I/0 bit with one wire. This
is possible because the DI input is only “looked-at” during
the MUX addressing interval while the DO lins is still in &
high impedance state.

3.0 REFERENCE CONSIDERATIONS

The voltage applied to the reference input to these convert-
ers defines the voltage span of the analog input (the differ-
ence between Vinmax) and VingMIn)) over which the 256
possible output codes apply. The devices can be used in
either ratiometric applications or in systems requiring abso-
lute accuracy. The reference pin must be connected to a
voltage source capable ot driving the reterence input resist-
ance of typically 3.5 k1. This pin is the top of a resistor
divider string used for the successive approximation conver-
sion.

In a ratiometric system, the analog input voltage is propor-
tional to the voltage used for the A/D reference. This volt-
age s typically the system power supply, so the Vrer pin
can be tied to Vcc (done internally on the ADC0832). This
technique relaxes the stability requirements of the system
refererice as e analog mput and A/D reference move to-
gether maintaining the same output code for a given input
condition.

For absolute accuracy, where the analog input varies be-
tween very specific voltage limits, the reference pin can be
biased with a time and temperature stable voltage source.
The LMSE5 and LM3S6 reference diodes are good low cur-
rent devices to use with these converters.

The maximum value of the reference is limited to the Vg
supply voltage. The minimum vaiue, however, can be quite
small (see Typical Performance Characteristics) to allow di-
rect conversions of transducer outputs providing less than a
5V output span. Particular care must be taker with regard ta
noise pickup, circuit layout and system error voltage sourc-
es when operating with a reduced span due to the in-
Ueased sensitivily of the comiertes (1 LER eyals Vrer!
256).

— 5V
1
Vee
20k
TRANSDUCER
0V-1.25V
AGCGSSE  Vrer .25
LM385
GND

TL/H/5583-10
b) Absolute with a Reduced Span

FIGURE 2. Reference Examples
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Functional Description (continueq)

4.0 THE ANALOG INPUTS

The most important feature of these converters is that they
can be located right at the analog signal source and through
just a few wires can communicate with a controlling proces-
sor with a highly noise immune serial bit stream. This in itself
greatly minimizes circuitry to maintain analog signal accura-
cy which otherwise is most susceptible to noise pickup.
However, a few words are in order with regard to the analog
inputs should the input be noisy to begin with or possibly
riding on a farge common-mode voftage.

The differential input of these converters actually reduces
the effects of common-mode input noise, a signal common
to both selected “+™ and ™ — inputs tor a conversion {60
Hz is most typical). The time interval between sampling the
*+" input and then the *“—" input is  of a clock period.
The change i tfie common-mods voltage during this sfiort
time interval can cause conversion errors. For a sinusoidal
common-mode signal this error is:

0.5
Verror(max)= Vpgax(27fcy) ( f—)
CLK

where fcy is the frequency of the common-mode signal,
Vpeak is its peak voltage value

and fcik, is the A/D clock frequency.
For a 60 Ttz common-mode Signal 1o generate a Y/ 1SB
error (=5 mV) with the converter running at 250 kHz, its
peak value would have to be 6.63V which would be larger
than allowed as it exceeds the maximum analog input emits.
Due to the sampling nature of the analog inputs short spikes
of current enter the *“+” input and exit the *“~" input at the
thock edges wurmg ine athug cunversion. These currens
decay rapidly and do not cause errors as the internal com-
parator is strobed at the end of a clock period. Bypass ca-
pacitors at the inputs will average these currents and cause
an effective DC current to flow through the output resist-
ance of the analog signal source. Bypass capacitors should
2t be used if the suea regstanca is greatar than 1 kQl.
This source resistance limitation is important with regard to
the DC leakage currents of input multiplexer as well. The
worst-case leakage current of =1 uA over temperature will
create a 1 mV input error with a 1 k() source resistance. An
op amp RC active low pass filter can provide both imped-
ance buffering and naisa filtaring should a high irapedance
signal source be required.

5.0 OPTIONAL ADJUSTMENTS

5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analng input valtage value, Vingningy, (S oot ground
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing any Vyy (—) input at this Vingwiny value. This
utilizes the differential mode operation of the A/D.

The zero error of the A/D converter relates to the location
af the first risar af tha transfer function and can be mea-
sured by grounding the Vin(—) input and applying a small
magnitude positive voltage to the Vyy(+ ) input. Zero erroris
the difference between the actual DC input voltage which is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal Y LSB value
(Y2 LSB=9.8 mV for VRgr =5.000 Vpg).

5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage which is 1 14, LSB down from the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the VRgr input (or Ve for the ADC0832) for a
digital output code which is just changing from 1111 1110 to
1111 1111,

5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal which doas not. qo ta graund), this naw zara referenca
should be properly adjusted first. A Viy (+) voltage which
equals this desired zero reference plus 15 LSB (where the
LSB is calculated for the desired analog span, using
1 LSB= analog span/256) is applied to selected “+ " input
and the zero reference voltage at the corresponding “—"
input should then be adjusted to just obtain the 00yex to
01ex code transition.
The full-scale adjustment should be made [with the proper
Vin(—) voltage applied] by forcing a voltage to the Viy(+)
input which is given by:

Vin (+) fs adj = Viyax—1.5 [M"AXT%VM'E) 1

where:
Vmax = the high end of the analog input range
and
Vmin = the low end (the offset zero) of the analog
range.
(Both are ground referenced.)
The VRgr (or Vgg) voltage is then adjusted to provide a
cads change from FEyey to FFyex. This completes the ad-
justment procedure.
6.0 POWER SUPPLY

A unique feature of the ADC0838 and ADC0834 is the inclu-
sion of a zener diode connected from the V+ terminal to
ground which also connects to the Vg terminal (which is
the actual converter supply) through a silicon diode, as
shown in Figure 3. (See Note 3)

S 2
TUAL
v .
§ CONVERTER
SUPPLY
v
6HD —

TL/H/5583-11
FIGURE 3. An On-Chip Shunt Regulator Diode




Functional Description (contnueq)

Tris 2em® ‘s irherded for weY 2 a St voltage Tegulator
to eliminate the need for any additional regulating compo-
nents. This is most desirable if the converter is to be re-
motely located from the system powsr source. Figeves 4
and § illustrate two useful applications of this on-board ze-
ner when an external transistor can be afforded.

An imporiarh wae of e nercorreeting diode between ¥+
and V¢c is shown in Figures 6 and 7. Here, this diode is
used as a rectifier to allow the V¢ supply for the converter

Applications
~3aV/°C
v 1K {- -1 Aocuase
i+
SYSTEN—AAA— eree L e
SuppLY
Sk
<
799
P .4 0T
THF " REFERENCE
3mv/eC
:
TL/H/5583-12

FIGURE 4. Operating with a Temperature
Compensated Reference

‘o e derved from ine dodk. The 'ow curterh tequitements
of the A/D and the relatively high clock frequencies used
(typically in the range of 10k-400 kHz) allows using the
small value filter capacitor shown 1o kesp the ripple on the
V¢ line to well under ¥, of an LSB. The shunt zener regula-
tor can also be used in this mode. This requires a clock
voltage swing which is in excess of Vz. A currant limit for the
zener is needed, either built into the clock generator or a
resistor can be used from the CLK pin to the V+ pin.

v
SYSTEM
SUPPLY
vl
Ve 6.4 6.4
C j
83
ADCD338 l
oS
oR ANALOG
NMOS CIRCUITS
CIRCUITS
GND

TL/H/5583-34
FIGURE 5. Using the A/D as
the System Supply Regulator
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TL/H/5583-35
FIGURE 6. Generating V¢c from the Converter Clock

TL/H/5583-36
FIGURE 7. Remote Sensing—
Clock and Power on 1 Wire




SHARP

GP1U78Q Series

IR Detecting

GP1U78Q Series

Unit For

Remote Control

B Features Bl Outline Dimensions (Unit : mm )
1. Less sensitive to fluorescent lamp driven 15703
by inverter ;;é_éio.s
2. Improved anti-electromagnetic noise char- - o
acteristic by mesh type light detecting . ang[
window. o ke 19H
3. Various B.P.F (Band Pass Filter ) frequency o
4. Built-in voltage regulator circuit B D u H H q
"N
2 @ Vout 000
@ Vcc
15012 o3 ®GND 142 14
o Rb [{ % WDr
: " o 5
B Applications B | — "] ‘D00 —f2
AN Ry b0
1.TVs 1 . 2.54 1.7
w .
2. VCRs e H ,?Lg 254
3. CATYV set top boxes N~ * Recommended drilling as vi-
. AN 55405 ewed from the soldering face.
4. BS receivers * Tolerance:+0.3mm
s 1 Detector center
s 2 The dimension of connector base
i Absolute Maximum Ratings (Ta=25°C)
Parameter Symbol Rating Unit
Supply voltage Ve 0to 6.3 \%
'l Operating temperature ™ -10to +70 °G
Storage temperature Ssig -20to +70 °C
‘2 Soldering temperature T sol 260 °C
*1 No dew formation
*2 For 5 seconds
I Recommended Operations Conditions
Parameter Symbol Value Unit
Supply voltage Ve 4.7t0 5.3 \%
I8 Electrical Characteristics (Ta=25°C, Vee=+5V)
Parameter | Symbol Conditions MIN, TYP. | MAX. | Unit
Dissipation current Icc No input light - - 5.0 mA
High level output voltage Von Vee- 0.5 - - \4
Low level output voltage VoL *3 - - 045 \4
High level pulse width T 400 - 800 e
Low level pulse width T» 400 - 800
B. P. F. center frequency fo - - 440 - kHz

*3 The burst wave as shown in the following figure shall be transmitted by the transmitter shown in Fig. 1.

*4 Diversified models with a different B. P. F. frequency, as shown in a separate table, are also available.

“In the absence of confirnation by device specification shests, SHARP takes no responsibility for any defects that occur in equipment using any of SHARP's devices, shown in catalogs,
data books, etc. Contact SHARP in order to obtain the latest version of the device specification sheets before using any SHARP's device.”




SHARP GP1U78Q Series
m

< 8%0pus 600ps

The value of f is shown in a separate table.
Duty 50%

E Model Line-up

Model No. B.P.F. frequency Unit
GP1U78Q 40
GP1U780Q 36
GP1U781Q 38
GP1U782Q 36.7 —
GP1U783Q 32.75
GP1U787Q 56.8

B Internal Block Diagram

A B

Amp Limiter B.P.F.  Demodulator Integrator Comparator




SHARP GP1U78Q Series
h

il Performance

Using the transmitter shown in Fig. 1, the output signal of the light detecting unit is good enough

to meet the following items in the standard optical system in Fig. 2.

(1) Linear reception distance characteristics
When L=0.2 to 6.5m, Ee<10 Ix and ¢ = 0° in Fig. 2, the output signal shall meet the electrical
characteristcs in the attached list.

(2) Sensitivity angle reception distance characteristics
When L= 0.2 to 4.5m, Ee<10 Ix and ¢ <= 30" in Fig. 2, the output signal shalmeet the electrical
characteristics in the attached list.

(3) Anti outer peripheral light reception distance characteristics
When L= 0.2 to 3m, Ee<=300 Ix and ¢ = 0° in Fig. 2, the output signal shall meet the electrical
characteristics in the attached list.

, 20cm .
‘, 10kQ
| AVAYAY, +5V
5 Ln
71— %8 L
e =
Transmitter (GL521 used)
Duty 50 %
Center frequency (fo) ~
depends on the attached =
model list.
Oscilloscope

Fig. 1. Transmitter

In the above figure, the transmitter should be set so that the output V. out can be 40mV .

However, the PD49PI to be used here should be of the short-circuit current I sc= 2.6 W AatEv=
100 Ix.

(Ev is an illuminance by CIE standard light source A~ (tungsten lamp ).)

Light detector face
illuminance: Ee

o
¢

> Vout

/ Beception distance : L

Transmitter

(¢ indicates horizontal and
vertical directions. )

Fig. 2. Standard optical system




BHARP GP1U78Q Series
E

H Precautions for Use

(1) Use the light emitting unit (remote control transmitter ), in consideration of performance,
characteristics and operating condition of light emitting device and the characteristics of
the light detecting unit.

(2) Pay attention to a malfunction of the light detecting unit when the surface is stained with
dust and refuse. Care must be taken not to touch the light detector surface. If it should be
dirty, wipe off with soft cloth so as to prevent scratch. In case some solvents are required,
use metyl alcohol, ethyl alcohol or isoprophyl alcohol. Also, protect the light detecting unit
against flux and others.

(3) The shield case shall be grounded on PWB pattern.

(4) Do not apply unnecessary force to the terminals and case form outside.

(5) Do not push the light detector surface (photodiode ) from outside.

(6) To avoid the electorstatic breakdown of IC, handle the unit under the condition of ground-
ing with human body, soldering iron, etc.

\7) In case of adopting the infrared light detecting unit for the wireless remote control, use it
in accordance with the transmission scheme and the signal format recommended in*“Coun-
termeasures for malfunction prevention of home appliances with infrared remote control”
issued form Japan Association of Electrical Home Appliances (AEHA ) in July 1987.

(8) As for other general cautions, refer to the chapter “ Precautions for Use” (Page 78t093).




MICROCHIP 24AA256/24L.C256/24FC256

256K I2C™ CMOS Serial EEPROM

DEVICE SELECTION TABLE
Part Vce Max. Clock Temp.
Number Range Frequency | Ranges
24AA256 | 1.8-5.5V | 400 kHz(" I
241.C256 | 2.5-55V | 400 kHz? l,E
24FC256 | 2.5-5.5V 1 MHz I

Note 1: 100 kHz for Vce < 2.5V.
2: 100 kHz for E temperature range.

FEATURES
* Low power CViOS technoliogy

- Maximum write current 3 mA at 5.5V

- Maximurm read cumrent 400 gA at 5.5V

- Standby current 100 nA typical at 5.5V
2-wire serah interface bus, ¥C compatibie
Cascadable for up to eight devices

Self-timed ERASE/WVRITE cycle

64-byte page-write mode available

5 ms max waite-cycle time

Hardware write protect for entire array
Output slope control to eliminate ground bounce
Schmitt trigger inputs for noise suppression
1,000,000 erasefwrite cycles

Electrostatic discharge protection > 4000V
Data retention > 200 years

8-pin PDIP, SOIC, TSSOP and MLF packages
14-lead TSSQP package

Temperature ranges:

- Industrial (1):
- Automotive (E):

-40°C to  +85°C
-40°C to +125°C

PACKAGE TYPE

DESCRIPTION

The Microchip Technology Inc. 24AA256/24L.C256/
24FC256 (24XX256") is a 32K x 8 (256 Kbit) Serial
Electrically Erasable PROM, capable of operation
across a broad voltage range (1.8V to 5.5V). It has
been developed for advanced, low power applications
such as personal communications or data acquisition.
This device also has a page-write capability of up to 64
bytes of data. This device is capable of both random
and sequential reads up to the 256K boundary. Func-
tional address fines aflow up to eight devices on fthe
same bus, for up to 2M bit address space. This device
is available in the standard 8-pin plastic DIP, SOIC,
TSSOP, MLF and 14-lead TSSOP packages.

BLOCK DIAGRAM
110 MEMORY l EEPROM i
CONTROL CONTROL XDEC ARRAY
Lo 1 LOGIC | |

PAGE LATCHES

SCL
| 5.
SDA
vee [ F—» ¥
vss [ SENSE AMP
R/W CONTROL |
T |

PDIP/SOIC TSsop

MLF (
A0 |1 @ 8} vcc

N
A1 E 7| wp
A2 % 6] scL

[=2]
Vss j4 5§ SDA l

*24XX256 is used in this document as a generic part number for the 24AA256/24LC256/24FC256 devices.
I’C™ is a trademark of the Philips Corporation

© 2001 Microchip Technology Inc.

DS21203G-page 1



24AA256/24L.C256/24FC256

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

V0 rctouesvmsen s snesaraasmsssssass 564555738 584 S T8 SHEHTS 4483365 e nnns s s s 0t ok 1 memse s Ao amarmrsereanaser e sermare s sassssr RS SEASEEaEEd 6.5V
AlINPULS @NA OULPULS Wt VSS ettt ettt e et e eeeses s se s seseseseeesee et esaseseaes -0.6V to Vcc +1.0V
StOrage tEMPEIAIUE ............ccueeeeeertrreteeeeeeeeeeers e oot et st e et eeesessseesesessesesasas s eeseseesseeesesesseesenses -65°C to +150°C
Ambient temp. With POWET @PPHE ......u.c.eiuieeeeiieie et eeeeeee e e ee e e e ees e s eeseseessseeseee e seeeea 65°C to +125°C

Soldering temperature of [8adS (10 SECONTS) ......eevvvvvererveeieeeceeseeseeeaeesseseeseseesesseseseesesessesessesesssessessessasassseseans +300°C
................................................................. >4 KV

ESD protection on all pins ...........cuu.......

' T NOTICE: Siresses above those listed under *Maximum Ratings' may cause, permanent damage tothe dewce This |
is a stress rating only and functional operanon of the device at those or any other conditions above those mdlcated in
the operational listings of this specrﬁcanon is not umphed' ‘ 'posure to max:mum ratmg condxttons for extended penods

| may affect device reliability. i .

1.1 DC Characteristics

I L — O, © I
Indystrial (i) Vee=+1.8Y 10 5.5¥ Taws = -4%°C o +85°C
, DECHARACIEJIGNICS Automative (E): Vcc =+2.5V to 5.5V TAMB = -40°C to 125°C
| 1
Par‘;-zm. Sym. Characteristic Min. Max. Units Conditions J
D1 — AD, A1, A2, SCL, SDA — — — 1= '
and WP pins:
D2 Vi High level input voltage 0.7 Vee — V(=
D3 ViL Low level input voltage — 0.3 Vcc Vv Vcc 2 2.5V
Q2 Vce V \Vce <258V
D4 VHYS | Hysteresis of Schmitt 0.05 Vce — Vv Vce 2 2.5V (Note) ‘
Trigger inputs ‘
(SDA, SCL pins)
D5 VoL Low level output voltage — 0.40 Vv loL=3.0 mA @ Vcc =4.5V
loL=2.1mA @ Vcc =2.5V
D6 Ll Input leakage current -10 10 pA  [VIN =Vssor Vcec, WP = Vss
VIN = Vss or Vce, WP = Vce
D7 ILo Output leakage current -10 10 A | Vout =Vss or Vce
D8 CIN, Pin capacitance — 10 pF | Vece =5.0V (Note)
Cout | (all inputs/outputs) TAMB =25°C, fc= 1 MHz
D9 |lcc Read |Operating current — 400 UA | Vec =5.5V, SCL =400 kHz
Icc Write — 3 mA |Vcc =5.5V
D10 lccs | Standby current — 1 pA | SCL =SDA =Vcc =55V

A0, A1, A2, WP = Vss

Note:  This parameter is periodically sampled and not 100% tested.
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1.2 AC Characteristics

Industrial (l): Vce = +1.8V to 5.5V TAMB = -40°C to +85°C
AGGHARRCIERISHIGS Automotive (E):  Vcc = +2.5V to 5.5V TAmB = -40°C to 125°C
P:zm' Sym. Characteristic Min. Max. Units Conditions
1 FcLk | Clock frequency — 100 kHz |25V <Vcc <5.5V (E Temp. range)
— 100 1.8V <Veec<25v
— 400 2.5V <Veec<5.5v
— 1000 2.5V <Vce £5.5V 24FC256
2 THIGH | Clock high time 4000 — ns 2.5V <Vce < 5.5V (E Temp. range)
4000 — 1.8V <Vcec <25V
600 — 2.5V <Vee<5.5v
500 — }2.5V < Vce £ 5.5V 24FC256
3 TLow | Clock low time 4700 — ns 2.5V <Vce £5.5V (E Temp. range)
4700 — 1.8V <Vecec <25V
1300 — 2.5V <Vcec <£5.5vV
500 — 2.5V <Vce < 5.5V 24FC256
4 IR SDA amd SCL rise time A 1000 ™ 2.5V <V¥ee < 5.5V {E Temp. range)
(Note 1) — 1000 1.8V <Vce<2.5vV
— 300 2.5V <Vee <55V
) — 300 l 2.5V <Vce £5.5V 24FC256
5 TF SDA and SCL fall ime — 300 ns { All except, 24FC256
{Note 1) — 100 12,5V <VeC < 5.5V 2470250
6 THD:STA | START condition hold time 4000 — ns ( 2.5V <Vee 5.5V (E Temp. range)
4000 — 1.8V <Vcc<2.5v
600 — 2.5V <Vec <55V
250 — 2.5V <Vee <5.5V 24FC256
7 Tsu:sTA | START condition setup time 4700 — ns |25V <Vec<55V (E Temp. range)
4700 — 1.8V <Vvcec<25v
600 — 2.5V <Vce<5.5V
250 — 2.5V <Vcec £5.5V 24FC256
8 THD:DAT | Data input hold time 0 — ns (Note 2)
9 TSU:DAT | Data input setup time 250 — ns 2.5V £Vce <55V (E Temp. range)
250 — 1.8V <Vec<25V
100 — 25V sVeec<5.5V
100 — 2.5V <Vce <5.5V 24FC256
10 Tsu:sTO | STOP condition setup time 4000 — ns 2.5V < Ve < 5.5V (E Temp. range)
4000 — 1.8V <Vec<2.5v
600 — 2.5V <Vec<55V
[ 256 — 52.5VSVCC55.5V 24FC256
! 11 | Tsuwp | WP setup time 4000 — ns | 2.5V <Vcc <5.5V (E Temp. range)
4000 o | 1.8V <Vcec<2.5v
600 — 2.5V <Vcc<5.5v
600 — 2.5V <Vce <£5.5V 24FC256
' 12 THD:wP | WP hold time 4700 — ns |25V <Vcc<5.5V (E Temp. range)
4700 - 1.8V <Vcec <25V
1300 = | 2.5V < Vce < 5.5V
| | 1300 — 2.5V < Vce < 5.5V 24FC256 ]

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

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

3. The combined ToP amd VHYS specifications are due to new Schimit Wigges inputs which provide imvpioved noise spire
suppression. This eliminates the need for a Ti specification for standard operation.

4: This parameter is not tested but ensured by characterization. For endurance estimates in a specific application, please
consult the Total Endurance Model which can be obtained on Microchip’s website: www.microchip.com.
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- Industrial {)): Vece = +1.8V to 5.5V TAMB = -40°C to +85°C
AC CHARACTERISTICS (Continued) | (0™ 7% (E): VeC=+25V105.5V  TAMB = -40°C to 125°C
Pahrlzm. Sym. Characteristic Min. Max. Units Conditions
13 TAA | Output valid from clock — 3500 ns 2.5V < Vce £ 5.5V (E Temp. range)
(Note 2) — 3500 1.8V<Veec <25V
— 900 2.5V<Veec <55V
— 4QQ 28V eNCL < 5.5V 24502548
14 TBUF | Bus free time: Time the bus 4700 — ns 2.5V < Vcee < 5.5V (E Temp. range)
must be free before a new 4700 — 1.8V<Vcec< 2.5V
transmission can start 1300 — 2.5V<Vvee<5.5v
500 — 2.5V<Vee £ 5.5V 24FC256
15 TOF | Output tall time from VIH 10+ 0.1CB 250 ns All except, 24FC256 {Note 1)
minimum to VIL maximum 250 24FC256 (Note 1)
CB <100 pF
16 TsP | Input filter spike suppression — 50 ns All except, 24FC256 (Notes 1 and 3) ‘
(SDA and SCL pins) |
L1 7 Twe | Write cycle time (byte or page) — b ms | —
l 18 — Endurance 1,000,000 177 cycles | 25°C, Vcc = 5.0V, Block Mode
(Note 4j |

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

2: As a transmitier, e device mus! provide an internal minimum delay Yime ‘o Dridge Yne undefined region (minimum
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.

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

4: This parameter is not tested but ensured by characterization. For endurance estimates in a specific application, please
consult the Total Endurance Model which can be obtained on Microchip's website: www.microchip.com.

FIGURE 1-1: BUS TIMING DATA

SCL

IN

, SDA

(protected) : é %—
P —
l W (unpratected) - ) 12 2< |
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2.0 PIN DESCRIPTIONS
The descriptions of the pins are listed in Table 2-1.
TABLE 241 PIN FUNCTION TABLE
[ 8-pin 14-lead - l
Name PDIP | SOIC TSSOP | TsSsop MLF Function
AQ 1 1 1 1 1 User Canfigurahle Chip Select
A1l 2 2 2 2 2 User Configurable Chip Select
(NC) — — — 3,4,5 — | Not Connected
A2 3 3 3 6 3 User Configurable Chip Select
Vss 4 4 4 7 4 Ground
SDA 5 5 5 8 5 Serial Data
SCL 6 6 6 g9 6 Serial Clock
(NC) — - — 10, 11,12 — Not Connected
WP 7 7 13 7 Write Protect Input
Vce 8 8 8 14 8 +1.8 1o 5.5V (24AA256)
+2.5 10 5.5V (24L.C256)
+4.5 to 5.5V (24FC256)
21 A0, A1, A2 Chip Address Inputs 24 Write Protect (WP)

The A0, A1, A2 inputs are used by the 24XX256 for
multiple device operations. The levels on these inputs
are compared with the corresponding bits in the slave
address. The chip is selected it the compare is true.

Up to eight devices may be connected to the same bus
by using different chip select bit combinations. If feft
unconnected, these inputs will be pulled down inter-
nally to VVss.

2.2 Serial Data (SDA)

This is a bi-directional pin used to transfer addresses
and data into and data out of the device. It is an open-
drain terminal, therefore, the SDA bus requires a pull-
up resistor to Vcc (typical 10 KQ for 100 kHz, 2 KQ for
400 kHz and 1 MHz).

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

2.3 Serial Clock (SCL)

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

This pin can be connected to either Vss, Vcc or left
floating. An internal pull-down resistor on this pin will
keep the device in the unprotected state if left floating.
1f fied 1o Vss or left floating, normal memory operation
is enabled (read/write the entire memory 0000-7FFF).

if tied to Vcc, WRITE operations are inhibited. Read
operations are not affected.

3.0 FUNCTIONAL DESCRIPTION

The 24XX256 supports a bi-directional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitier, and a device
receiving data as a receiver. The bus must be con-
trolled by a master device which generates the serial
clock (SCL), controls the bus access, and generates
the START and STOP conditions while the 24XX256
works as a slave. Both masier and shave can operate
as a transmitter or receiver, but the master device
determines which mode is activated.

© 2001 Microchip Technology Inc.

DS21203G-page 5



24AA256/24L.C256/24FC256

40 BUS CHARACTERISTICS

The following bus protocol has been defined:
~ Data transier mnay be initiated onty when the bus
is not busy.

* During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH will be
interpreted as a START or STOP condition.

Accordingly, the following bus conditions have been
defined (Figure 4-1).

4.1 Bus not Busy (A)
Both data and clock lines remain HIGH.

4.2 Start Data Transfer (B}

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

4.3 Stop Data Transfer (C)

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

4.4  Data Valid (D)

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

FIGURE 4-1:

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

Each data transfier is initiated with a START condition
and terminated with a STOP condition. The number of
the data bytes transferred between the START and
STOP conditions is determined by the master device.

45  Acknowledge

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

.Note:

The 24XX256 does not generate any |
acknowledge bltS if an internal program-
ming cycle is in progress. :

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is stable LOW during the HIGH period
of the acknowledge related clock pulse. Of course,
setun and haold times muust be taken inta account. Du-
ing reads, a master must signal an end of data to the
slave by NOT generating an acknowledge bit on the
last byte that has been clocked out of the slave. In this
case, the slave (24XX256) will leave the data line HIGH
10 enabie the masier o generate the STOP condition.

DATA TRANSFER SEQUENCE ON THE SERIAL BUS

()

(©)

e

-
ADDRESS OR

-
DATA

e

—
STOP

START
CONDITION ACKNOWLEDGE ~ALLOWED CONDITION
VALID TO CHANGE
L
FIGURE 4-2: ACKNOWLEDGE TIMING

Transmltter must release the SDA line at this pomt
allowing Yne Receiver 1o pull the SDA line low 0
acknowledge the previous eight bits of data.

Acknowledge
Bit

o [ Data from (ransmltter .

Receiver must release the SDA line
at Ynis point so the Transmitter can
continue sending data.

4

DS21203G-page 6
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5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
start conditian fram the master device (Figure 5-1). The
control byte consists of a 4-bit control code; for the
24X X256 this is set as 1010 binary for read and write
operations. The next three bits of the control byte are
the chip select bits (A2, A1, A0). The chip select bits
alow the use of up o eight 24XX256 devices on the
same bus and are used to select which device is
accessed. The chip select bits in the control byte must
correspond to the logic levels on the corresponding A2,
A1 and A0 pins for the device to respond. These bits
are in effect ne tnree most significant bits of the word
address.

Thie last bit of the controf byte defines the operation to
be performed. When set to a one a read operation is
selected, and when set to a zero a write operation is
selected. The next two bytes received define the
address of the first data byte (Figure 5-2). Because
only A14...A0 are used, the upper address bits is a
don’t care. The upper address bits are transferged first,
fallowed by the less significant bits.

Following the start condition, the 24XX256 monitors the
SDA bus checking the device fype identifier being
transmitted. Upon receiving a 1010 code and appro-
priate device select bits, the slave device outputs an
acknowledge signal on the SDA line. Depending on the
state of the R/W bit, the 24XX256 will select a read or
write operation.

FIGURE 5-1: CONTROL BYTE FORMAT
Read/Write Bit
Chip Select
Control Code Bits
I T !
S 1 0 1 0| A2 | A1 | A0 R/W fACK
| |
Slave Address
Start Bit Acknowledge Bit -
5.1 Contiguous Addressing Across

Multiple Devices

The chip select bits A2, A1, A0 can be used to expand
the contiguous address space for up 1o 2 Mbit by add-
ing up to eight 24XX256's on the same bus. In this
case, software can use AO of the confrol byte as
address bit A15; A1, as address bit A16; and A2, as
address bit A17. It is not possible to sequentially read
across device boundaries.

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS
‘ CTONTROL BYTE ADDRESS HIGH BYTE ADDRESS LOW BYTE ‘
DA % S v 4
~ s T Yz ~ ‘
AlAalal— AlA|A|lA|AlA]A A oA
1101110 % 7|0 RW X1 14113]12][11{10]| 9 | 8 7 INK A 0
| — I ] l
CONTROL CHIP o, .
cope SELECT X = Don't Care Bit
BITS

© 2001 Microchip Technology Inc.
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6.0 WRITE OPERATIONS
6.1 Byte Write

Following the start condition from the master, the
control code (four bits), the chip select (three bits), and
the RAW bit (which is a logic low) are clocked onto the
bus by the master transmitter. This indicates to the
2ddressed slave receiver that the address high byte will
follow after it has generated an acknowledge bit during
the ninth clock cycle. Therefore, the next byte
transmitted by the master is the high-order byte of the
word address and will be written into the address
inter of the 24XX256. The next byte is the least sig-
nificant address byte. After receiving another acknowl-
edge signal from the 24XX256, the master device will
transmit the data word to be written into the addressed
memory location. The 24XX256 acknowledges again
and the masher generates a stop condition. This im-
tiates the internal write cycle, and, during this time, the
24XX256 will not generate acknowledge signals
(Figure 6-1). If an attempt is made to write to the array
with the WP pin held high, the device will acknowledge
the command but no write cycle will occur, no data will
be written, and the device will immediately accept a
new command. After a byte write command, the inter-
nal address counter will point to the address location
following the one that was just written.

6.2 Page Write

The write controf byte, word address, and the first data
byte are transmitted to the 24XX256 in the same way
as in a byte write. But instead of generating a stop con-
dition, the master transmits up to 63 additional bytes,
which are temporarily stored in the on-chip page buffer
and will be written into memory after the master has
transmitted a stop condition. After receipt of each word,
the six lower address painter bits are internally
incremented by one. If the master should transmit more

FIGURE 6-1: BYTE WRITE

than 64 bytes prior to generating the stop condition, the
address counter will roll over and the previously
received data will be overwritten. As with the byte writé
Qperation, once the stop condition is recrived, an intes-
nal write cycle will begin (Figure 6-2). If an attempt is
made to write to the array with the WP pin held high, the
device will acknowledge the command but no write
cycle will occur, no data will be written, and the device
wilt immediately stoept a new command.

6.3 Write Protection

The WP pin allows the user to write-protect the entire
array (0000-7FFF) when the pin is tied to Vcc. If tied to
'Vss or left fioating, the write protection is disabled. The
WP pin is sampled at the STOP bit for every write
command (Figure 1-1) Toggling the WP pin after the
STOP bit will have no effect on the execution of the
write cycle.

‘Note: = Page write operations are limited o
- owiling bytes within a single physical
 page, regardless of the number of
7“‘-bytes actually being written. PhySIcal .
~page boundaries start at addresses
- _that are integer multiples of the page
- buffer size {or. ‘page size’} and end: at
_addresses that are integer multiples of -
 [page size - 1]. If a page write com-
. mand attempts to write across a physi- '
. cal page boundary, the resultis. that the
data wraps around fo the begmmng of ¢
the current page (overwriting data pre- -
- viausly stared there), instead of being
written fo the next page as might be
_ expected, It is therefore necessary for
‘the application software to prevent
. ‘page write operations that would
L eotewpiiocrossapege bowdery.

BUS ACTIVITY

S
£

MASTER A CONTROL
R

BYTE

ADDRESS
HIGH BYTE

ADDRESS
LOWBYTE DATA

—

b A o

SDA LINE A ’x

T |TO—H®

L

[ © ]+
-—
o
-
o
N
=>
oP
o

BUS ACTIVITY

~OP

X = don't care bit

XOPrP
XOP
XOP

FIGURE 6-2: PAGE WRITE
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7.0 ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write
cycle, this can be used to determine when the cycle is
complete (This feature can be used to maximize bus
throughput.) Once the stop condition for a write com-
mand has been issued from the master, the device ini-
tiates the internally timed write cycle. ACK polling can
he initiated immediately. This invalves the master
sending a start condition, followed by the control byte
for a write command (R/W = 0). If the device s siill busy
with the write cycle, then no ACK will be returned. If no
ACK is returned, then the start bit and control byte must
e resent. i fhe oycie is complete, fhen the device wilh
return the ACK, and the master can then proceed with
the next read or write command. See Figure 7-1 for
flow diagram.

FIGURE 7-1:
FLOW

ACKNOWLEDGE POLLING

Send
Write Command

Initiate Write Cycle

Send Stop
Condition to

J Send Start

’

-
Send Control Byte
with RIW =0

Did Device
Acknowledge
(ACK =0)?

YES

Next
Operation

&

NO

© 2001 Microchip Technology Inc.
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8.0 READ OPERATION

Read operations are initiated in the same way as write
operations with the exception that the R/W bit of the
conirol byte is set 101, There are three basic types of
read operations: current address read, random read
and sequential read.

8.1 Current Address Read

The 24XX256 contains an address counter that main-
tains the address of the last word accessed, internally
nmcremented by ‘1. Therefore, if the previous read
access was to address n (n is any legal address), the
next current address read operation would access data
from address n + 1.

Upon receipt of the control byte with R/W bit set to giles
the 24XX256 issues an acknowledge and transmits the
8-bit data word. The master will not acknowledge the
transfer but does generate a stop condition and the
24XX256 discontinues transmission (Figure 8-1).

.

FIGURE 8-1: CURRENT ADDRESS READ
S

BUS ACTIVITY ; CONTROL DATA ?
MASTER R BYTE BYTE o]
P
SDA LINE I_T HIII ”""'Hl
RIeEhe) ﬂ gty e Y]

BUS ACTIVITY é g

K

A

l A

K

FIGURE 8-2. RANDQM READ

8.2 Random Read

Random read operations allow the master to access
any memory location in a random manner. To perform
this type of read cperation, first the word address mwsh
be set. This is done by sending the word address to the
24XX256 as part of a write operation (R/W bit set to
‘0’). After the word address is sent, the master gener-
ates a start condition following the acknowledge. This
terminates the write operation, but not befare the inter-
nal address pointer is set. Then, the master issues the
control byte again but with the R/W bit set to a one. The
24X X256 will then issue an acknowledge and transmit
the 8-bit data word. The master will not acknowledge
ihe transier but does generate a stop condition which
causes the 24XX256 to discontinue transmission
(Figure 8-2). After a random read command, the inter-
nal address counter will point to the address location
following the one that was just read.

8.3 Sequential Read

Sequential reads are initiated in the same way as a ran-
dom read except that after the 24XX256 transmits the
first data byte, the master issues an acdhnowledge as
opposed to the stop condition used in a random read.
This acknowledge directs the 24XX256 to transmit the
next sequentially addressed 8-bit word (Figure 8-3).
Following the final byte transmitted to the master, the
masier witt NOT generate an acknowiedge 'but wilt gen-
erate a stop condition. To provide sequential reads, the
24XX256 contains an internal address pointer which is
incremented by one at the completion of each opera-
tion. This address pointer allows the entire memory
contents to be serially read during one operation. The
internal address pointer will automatically roll over from
address 7FFF to address 0000 if the master acknow)-
edges the byte received from the array address 7FFF.

’ BUS ACTIVITY 3§ = s |
MASTER A CONTROL ADDRESS ADDRESS Y  CONTROL DATA =
l R BYTE HIGH BYTE LOWBYTE R BYTE BYTE o) ~
A T 2\ P
SHALIRE d ,g]oxul[uuluulr j—rw W) R U
l l_‘UIJAlA] ][}Lllllill[lljlll U1012I10l |l|||1NP (
BUS ACTIVITY o)
K K K &
X =Don’t Care Bit C
FIGURE 8-3: SEQUENTIAL READ
| susacTviTy RoTraL 2 |
MASTER BYTE DATA (n) DATA (n + 1) DATA (n + 2) DATA(N+X) o
“"“7|/HA|||\”||||1 d
; T |lIlIl|l|] Hli!llll\u
P
SDALINE ,,;,:Illlllljlﬁ\lllllll}[IIIIII el
A A N
C C c c (0]
BUS ACTIVITY K K K K A
Cc
- K
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tions interfaces, particularl

not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/N.24 communica-
y applications where +12V is

cations where printed circuit board space is critical.

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Applications

4V ) &V, "

+5 V-Péwered, Multichannel RS-232
Drivers/Receivers

Features

Superior to Bipolar
¢ Operate from Single +5V Power Supply

(+5V and +12V—MAX231/MAX239)

4 Low-Power Receive Mode in Shutdown

(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications
¢ Multiple Drivers and Receivers
¢ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40"C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
“Contact factory for dice specifications.

Selection Table

—

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number V) Drivers/Rx Ext. Caps (uF) State SHDN (kbps) Features
MAX220 t5 2i2 4 0.1 No — 120 Ultra-low-power. industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) 15 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 = Yes v 120 Available in SO
MAX230 (MAX200) +5 510 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2i2 2 1.0¢( No — 120 Standard +5/+12V or battery supplies;
+7.51t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 212 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 2i2 4 Q. No 200 Higher slew rate. small caps
MAX233 (MAX203) +5 2/2 0 No 120 No external caps
MAX233A +5 22 0 — No — 200 No external caps. high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5i3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard 1 5/+ 12V or battery supplies;
+7.510 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) 15 4/5 4 1.0(0.1) Yes 120 Complete IBM PC serial port
MAX242 5 22 4 0.1 Yes 200 Separate shutdown and enable
MAX243 +5 22 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps. two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate. int. caps. three shutdown modes
MAX247 +5 8/9 0 — Yes [ 120 High slew rate. int. caps. nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
SN AXIV Maxim Integrated Products 1

For pricing, delivery,

and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C).....762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C).....762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) ......... 640mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (VCC) wvevveee oo -0.3V to +6V
Input Voltages
TN et -0.3V to (Vce - 0.3V)
RIN (Except MAX220) .......ooooeeoeeeooe o +30V
RIN (MAX220)...c.cv e +25V
TouT (Except MAX220) (NOt€ 1) w.ovuveeeeeeooeoooo +15V
TOUT (MAX220).ccc.ususissasisiissommrnmeensensseiomemmnsosseseseeseseonas +13.2V
Output Voltages
T O T st s ns o eSS St i +15V
ROUT v -0.3Vto (Vee + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mwW

............................. 0°C to +70°C
...-40°C to +85°C

MAX2_ _AC_ _, MAX2__C_
MAX2_ _AE_ _, MAX2_ E_ _
MAX2_ _AM_ _, MAX2_ _M_ _ ...-55°C to +125°C
Storage Temperature Range ............... -65°C to +160°C
Lead Temperature (soldering, 10S€C) ..........cccoeovvini.. +300°C

Note 1: Input voltage measured with Toyrt in high-impedance state, SHDN or V¢g = 0V.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratin gs only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vee = +5V +10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMiN to Tmax, unless otherwise noted.)

PARAMETER ] CONDITIONS l MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All ransmitter outputs loaded with 3kQ to GND +5 +8 \Y
Input Logic Threshold Low 1.4 08 V
All devices excepl MAX220 2 1.4
Input Logic Threshold High o i d \%
. MAX220: Vo = 5.0V 2.4
All except MAX220, normal operation 5 40
Logic Pull-Up/input Current o Fa < P LA
SHDN = 0V. MAX222/242, shutdown. MAX220 +0.01 +1
Vce = 5.5V, SHDN = 0V. V, = =15V, MAX222/242 +0.01 +10
Output Leakage Current o0 — O3 @ 4 * LA
Vce = SHDN = OV, VoyuTt = £15V +0.01 +10
Data Rate 200 116 kb/s
Transmitter Output Resistance Vee = V+ = V- = 0V, VouT = =2V 300 10M Q
Output Short-Circuit Current Vour = oV +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \Y
All except MAX243 R2 0.8 1.8
RS-232 Input Threshold Low Voe= 5V i i L a v
MAX243 R2)n (Note 2) -3
All except MAX243 R2 1.8 2.4
RS-232 Input Threshold High Vory=5Y it N v
MAX243 R2|n (Note 2) -0.5 -0.1
All except MAX243, Ve = 5V. no hysteresis in shdn. 0.2 0.5 1
RS-232 Input Hysteresis = e o e v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Oulput Voltage Low louT = 3.2mA 0.2 0.4 \
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vce-02 \%
Sourcing V. = GND -2 -10
TTL/CMOS Output Short-Circuit Current — o et mA
Shrinking Vout = Vee 10 30

SN AXIM



+5V-POWered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vg or EN = Ve (SHDN = 0V for MAX222),
TTL/CM
L/CMOS Output Leakage Current 0V <Vout < Vce +0.05 +10 YA
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 20 1.4 v
Operating Supply Voltage 45 55 \
gl MAX220 0.5 2
N a
Ve Supply Current (SHDN = V). MAX222/232A/233A/242/243 4 10 oril
Figures 5.6, 11,19 3KQ load MAX220 12
bothinputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Ta=0°Cto+70°C 2 50
Shutdown Supply Current MAX222/242 3 = pA
Ta = -40°C to +85°C 2 50
Ta = -565°C to +125°C ) 100
SHDN Input Leakage Current MAX222/242 +1 LA
SHDN Threshold Low MAX222/242 1.4 08 V
SHDN Threshold High MAX222/242 20 1.4 v
CL =50pF to 2500pF.
RL = 3k to 7K. MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Vea=ayvene #25:0, Vius
measured from +3V | pax220 15 3 30
to -8V or -3V to +3V
MAX222/232A/233A/242/243 1.3 35
Transmitter Propagation Delay PHLT MAX220 7 10
TLL to RS-232 (normal operation). Hs
Fi MAX222/232A/233A/242/243 1.5 35
gure 1 tPLHT
MAX220 5 10
MAX222/232A/233A/242/243 05 1
Receiver Propagation Delay IPHLR MAX220 06 3
RS-232 to TLL (normal operation). Hs
: MAX222/232A1233A/242/243 0.6 1
Figure 2 PLHR
MAX220 0.8 3
Receiver Propagation Delay IPHLS MAX242 0.5 10 »
RS-232 to TLL (shutdown), Figure 2 | tp| s MAX242 2.5 10
Receiver-Output Enable Time, Figure 3 | gR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tbR MAX242 160 500 ns
Transmitter-Output Enable Time ¢ MAX222/242. 0.1uF caps 250 s
(SHDN goes high). Figure 4 2 (includes charge-pump start-up)
Transmitter-Output Disable Time
TR MAX222/242. 0.1uF 600 ns
(SHDN goes low), Figure 4 'o7 f W caps
Transmitter + to - Propagation i i MAX222/232A/233A[242/243 300 o
Delay Difference (normal operation) PHLT=TPLHT MAX220 2000
Receiver + lo - Propagation MAX222/232A/233A/242/243 100
; . IPHLR - tPLHR ns
Delay Difference (normal operation) MAX220 225
Note 3: MAX243 R20ur is guaranteed to be low when R2jn is 2 0V or is floating.
MAXIM g
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MAX220-MAX249

+5V-Powered, Multicﬁannel RS-232
Drivers/Receivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE QUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 = i Y
—— | = s 1 , ; | 3 10V — - g
8 | S g - OUTPUT LOAD CURRENT f3 Z—— 1uF CAPS g
EITHER V= OR Y- LOADED = 10 FLOWS FROM Y- TOV- = v I Lod i
5 } ; A F\\l A TS
SR T R e AL = Y !
= NOLOAD ON E A —] = SN
£ 2 | TRANSMITTER QUTPUTS = Vg = 5,25V & o
3 o | EXCEPThAXD. MAXZIA) = \\F’\ =
e 5 5 W
= ! ! I & | ALLCAPS = \
> 5 |V LOADED. NOLOAD ON V- £ 7 OnF ezl =
5 ! = Voo = ATV ¥ \ 1uF CAPS
S 4 0.1uF Ipf — 2 5 ' e u
4 5 P N 0.1uF CAPS
8 v
/- LOADED. NO LOAD ON Y
10 p 10V
0 5 10 B w25 0 10 20 30 4 50 60 500us/dy
L0AD CURRENT (mA) DATA RATE (Kbils/sec)

4 MAXIMN



+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

VGt -0.3V to +6V
VA e ....(Vcc - 0.3V) to +14V
L +0.3V 1o -14V
Input Voltages

TN et e, -0.3V to (Ve + 0.3V)

BRI cevcs s 50050 00650 s s e men s or e eSS oS £ e +30V
Output Voltages

TOUT oot (V+ +0.3V) to (V- - 0.3V)

L (G 11 T — -0.3Vto (Vee + 0.3V)
Short-Circuit Duration, TOUT «eveeveevoomeeooee oo Continuous

Continuous Power Dissipation (TA = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mwW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mwW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C)........... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mW

20-Pin Wide SO (derate 10 00mW/°C above +70°C)....... 800mWwW
24-Pin Wide SO (derate 11.76mW/°C above +70°C).......941mW

28-Pin Wide SO (derate 12.50mW/°C above +70°C) ........... 1w
44-Pin Plastic FP (derate 11.11mW/°C above +70°C).....889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C).......... 72TmW

16-Pin CERDIP (derate 10.00mW/°C above +70°C)........800mW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........889mW
24-Pin Narrow CERDIP
(derate 12.50mW/°C above +70°C) ..............
24-Pin Sidebraze (derate 20.0mW/°C above +70°C)
28-Pin SSOP (derate 9.52mW/°C above +70°C).............
Operating Temperature Ranges

MAX2 _ _ C iy, e 0°C to +70°C
MAX_ L E ot N, -40°C to +85°C
MPHLS AN e O B -55°C to +125°C
Storage Temperature Range................ -65°C to +160°C
Lead Temperature (soldering, 10S€C) ..........coovvvevveeeern. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vce = +5V +10; MAX233/MAX235, Vee = 5V +5%, C1-C4 = 1.0uF; MAX231/MAX239,
Vee =5V £10%,; V+ = 7.5V to 13.2V; Ta = TMIN to TMAX; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All transmitter outputs loaded with 3kQ to ground 5.0 +7.3 v
MAX232/233 10
Ve Power-Supply Current $§ loiczié-‘c MAX223/230/234-238/240/241 7 15 mA
MAX231/239 0.4 1
V+ Power-Supply Current AR & > mA
MAX239 ] 15
Shutdown Supply Current TA = +25°C i G V4 20 LA
- | MAX230/235/236/240/241 1 10
Input Logic Threshold Low | Tjn: EN. SHDN (MAX233); EN. SHDN (MAX230/235-241) 0.8 v
TiN 20
Input Logic Threshold High EN. SHDN (MAX223); 54 v
EN. SHDN (MAX230/235/236/240/241) '
Logic Pull-Up Current Tin =0V 1.5 200 PA
Recei
o |
MAXIM 5
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vog = +5V +10; MAX233/MAX235, Vcc = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
Vee =5V £10%; V+ = 7.5V 10 13.2V; Ta = Tyin to Tmax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
_ o SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold Low \T/A = HRERC, v
cc=5v Shutdown (MAX223)
SHDN = 0V, 0.6 1.5
EN = 5V (R4n. R5iN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
4 SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold High A= +25°C, v
Vee =5V Shutdown (MAX223)
SHDN = 0V, 15 2.4
EN =5V (R4jn. RSin)
RS-232 Input Hysteresis Ve = 5V. no hysteresis in shutdown 0.2 0.5 1.0 \Y
RS-232 Input Resistance Ta = +25°C. Vg = 5V @ 5 7 kQ
TTL/CMOS Output Voltage Low louT = 1.6mA (MAX231/232/233. lout = 3.2mA) 0.4 v
TTL/CMOS Output Voltage High lout = -1mA 35 Vcc-04 v
0V < Rout < Vee: EN = 0V (MAX223):
TTL/CMOS Out k ¥ — 1 +1 uA
/C Output Leakage Current EN = Voo (MAX235-241 ) 0.05 +10 U
MAX223 600
Receiver Output Enable Time Norma_! ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma_l m ns
operation MAX235/236/239/240/241 250
RS-232 IN 16 Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT.| SHDN = oV tPHLS 4 40 us
CL = 150pF (MAX223) ) 5 40
MAX223/MAX230/MAX234-241, Ta = +25°C. Vi = 5V,
RL = 3kQ to 7kQ, C = 50pF to 2500pF. measured from ¢’ 51 30
+3V to -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C. Vcg = 5V.
RL = 8kQ to 7kQ, C = 50pF to 2500pF, measured from 4 30
+3V t0-3V or -3V to +3V
Transmitter Output Resistance Vee = V+ = V- =0V, Vourt = =2V 300 Q
Transmitter Output Short-Circuit
Current +10 mA

SAAXIMN



+5V-Powered, Multichannel RS-232
Drivers/Receivers
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VCC) .verrveereerieiieee e e, -0.3V to +6V
Input Voltages

(T

TOUT (NOTE 3.t +15V

ROUT ceerreee ettt -0.3V to (Veg + 0.3V)
Short Circuit (one output at a time)

TOUTIO GND Lo Continuous

ROUT 10 GND .o Continuous

Continuous Power Dissipation (Ta = +70°C)
28-Pin Wide SO (derate 12.50mW/°C above +70°C)
40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...
44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07wW
Operating Temperature Ranges
MAX225C_ _, MAX24_C_ _
MAX225E_ _, MAX24_E_ _
Storage Temperature Range ................
Lead Temperature (soldering, 10S€C) ..........ccccoovienienns +300°C

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vcc = 0V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249
(MAX225, Voi = 5.0V £5%; MAX244-MAX249, Vcc = +5.0V £10%, external capacitors C1-C4 = 1pF; Ta = TMIN to TMAX; unless oth-

erwise noted.)

PARAMETER I CONDITIONS I MIN TYP MAX | UNITS

RS-232 TRANSMITTERS

Input Logic Threshold Low 1.4 0.8 Y

Input Logic Threshold High P 1.4 \Y

Logic Pull-Up/input Current Tables ta—1d U 7A Al 10 & LA
Shutdown +0.01 +1

Data Rate Tables ta-1d. normal operation 120 64 | kbits/sec

Output Voltage Swing All transmitter outputs loaded with 3kQ to GND g 7.5 \Y
\E/EJCAVE(ID\JET :EI\E;/NTA. ENTB = L0071 405

Output Leakage Current (shutdown) Tables 1a—1d vee L ov PA
<\ - +0.01 +25

Transmitter Output Resistance Vee =V+ = V- = 0V. Vout = =2V (Note 4) 300 10M Q

Output Short-Circuit Current Vout = 0V +7 +30 mA

RS-232 RECEIVERS

RS-232 Input Voltage Operating Range +25 \%

RS-232 Input Threshold Low Veg =5V 0.8 1.3 \

RS-232 Input Threshold High Vee =5V 1.8 2.4 \Y

RS-232 Input Hysteresis Vee =5V 0.2 0.5 1.0 \

RS-232 Input Resistance 3 5 7 kQ

TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4

TTL/CMOS Output Voltage High lout = -1.0mA 35 Vge-02 \

TTL/CMOS Output Short-Circuit Current Sogrcmg vour = GND 2 el mA

Shrinking Vout = Vcc 10 30
TTL/CMOS Output Leakage Current ’;‘:&22‘ fapjrgf'gcg’/gjf Sd\'f;ge;mﬂ Ve +005 +010| pA

AXIMN




+5 V-Poi/vered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Voo = 5.0V £5%; MAX244-MAX249, Vce = +5.0V +10%, external capacitors C1-C4 = 1pF; Ta = TMIN to Tmax; unless oth-
erwise noted.)

PARAMETER | CONDITIONS I MIN TYP MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
MAX225 4.75 525
Operating Supply Voltage v
= H SHPPY . MAX244-MAX249 4.5 55
. MAX225 10 20
No load
Vcc Supply Current MAX244-MAX249 1M 30 mA
(normal operation) 3kQloads on | MAX225 40
all outputs MAX244-MAX249 57
Ta =+25°C 8 25
Shutdown Supply Current i pA
Ta = TN to Tvax 50
Leakage current =1 pA
Control Input Threshold low 1.4 0.8 v
Threshold high 2.4 1.4
AC CHARACTERISTICS
- ‘ CL =50pF to 2500pF. Rl = 3kQ to 7k Ve = 5V. Vi
Transition Slew Rate Ta = +25°C. measured from +3V to -8V or -3V to +3V R g =0 S
Transmitter Propagation Delay PHLT i3 3.5
TLL to RS-232 (normal operation). ys
Figure 1 tPLHT 1% 35
Receiver Propagation Delay IPHLR 0.6 1.5
TLL to RS-232 (normal operation). us
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode). 8]
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
Delay Difference (normal operation) IPHLT - tPLHT 7 ns
Receiver + to - Propagation
Delay Difference (normal operation) (PHLR - 1PLHR 350 s
Receiver-Output Enable Time. Figure 3 | teRr 100 500 ns
Receiver-Output Disable Time. Figure 3 | IpR 100 500 ns
MAX246-MAX249
) us
(excludes charge-pump start-up)
Transmitter Enable Time teT
MAX225/MAX245-MAX249 10 s
(includes charge-pump start-up)
Transmitter Disable Time. Figure 4 toT 100 ns

Note 5: The 300Q minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Vce =
0V is 10MQ as is implied by the leakage specification.

MAXIMN =%
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers
MAX225/MAX244-MAX249
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Figure 2. Receiver Propagation-Delay Timing
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers
Table 1a. MAX245 Control Pin Configurations
I ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
I — TRANSMITTERS RECEIVERS
ENT ENR OPERATION
STATUS TA1-TA4 TB1-TB4 RA1-RAS5 RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
; | . RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Normal Operation All Active All Active RAS Active RB5 Active
_ All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State b de i N TSwe A siveiiode
RA1-RA4 3-State. RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS5 Low-Power RB5 Low-Power
Receive Mode Receive Mode

Table 1c. MAX246 Control Pin Configurations

S e OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
. 4 . RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RB5 Active
1 0 Shutdown All 3-State All Actie _ (8.0 Rt | Ay active
RAS5 Active
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RA5 Low-Power RA5 Low-Power
Receive Mode Receive Mode
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
TRANSMITTERS RECEIVERS
MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA |ENTB |ENRA |[ENRB| CRERATION
STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RA5 RB1-RB5
0 0 0 0 Normal Operation All Active | All Active | All Active All Active
All 3-State, except
0 0 0 1 Normal Operation All Active | All Active | All Active RB5 stays active on
MAX247
0 0 1 0 Normal Operation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 1 Normal Operation All Active | All Active | All 3-State RB5 stays active on
MAX247
0 1 0 0 Normal Operation All Active | All 3-State | All Active All Active
All 3-State. except
0 1 0 1 Normal Operation All Active | All 3-State | All Active RB5 stays active on
MAX247
0 1 1 0 Normal Operation All'Active | All 3-State | All 3-State All Active
All 3-State, except
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State RB5 stays active on
MAX247
1 0 0 0 Normal Operation All 3-State | All Active | All Active All Active
1 All 3-State, except
1 0 0 1 Normal Operation All 3-State | All Active | All Active RBS stays active on
MAX247
1 0 1 0 Normal Operation | All 3-State | All Active | All 3-State All Active
All 3-State, except
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State RBS5 stays active on
MAX247
’ Low-Power Low-Power
1 1 0 0 Shutdown All 3-State | All 3-State oo iuflic RecEive MoHs
P i Bowar All 3-State, except
1 1 0 1 Shutdown All 3-State | All 3-State R(;cheiw; l\jo i RBS5 stays active on
MAX247
1 1 1 0 Shutdown All 3-State | All 3-State | All 3-State Lay-Powar
Receive Mode
All 3-State, except
1 1 1 1 Shutdown All 3-State | All 3-State | All 3-State RBS5 stays active on
MAX247

MAXIMN
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Detailed Description
T /1AX220-MAX249 contain four sections: dual
- - «<-pump DC-DC voltage converters, RS-232 dri-
_ RS-232 receivers, and receiver and transmitter
» | —=====— control inputs.

Dual Charge-Pump Voltage Converter

T AX220-MAX249 have two internal charge-pumps

«——— onvert +5V to +10V (unloaded) for RS-232 driver

— —=== tion. The first converter uses capacitor C1 to dou-

£ === < +5V input to +10V on C3 at the V+ output. The

—~ & d converter uses capacitor C2 to invert +10V to
7 ====—>n C4 at the V- output.

—xw= —=ll amount of power may be drawn from the +10V
> —=and -10V (V-) outputs to power external circuitry
= the Typical Operating Characteristics section),
= st on the MAX225 and MAX245-MAX247, where
—Se—=pins are not available. V+ and V- are not regulated,
e ===—— output voltage drops with increasing load current.
re ===t load V+ and V- to a point that violates the mini-
== +5V EIA/TIA-232E driver output voltage when
sr<———=ing current from V+ and V- to external circuitry.

3 e === using the shutdown feature in the MAX222,
N S 225, MAX230, MAX235, MAX236, MAX240,
< —41, and MAX245-MAX249, avoid using V+ and V-

p<——>wer external circuitry. When these parts are shut
wa—u, V- falls to 0V, and V+ falls to +5V. For applica-
N where a +10V external supply is applied to the V+
~ € @nstead of using the internal charge pump to gen-
ate—— +10V), the C1 capacitor must not be installed and
= =——=HDN pin must be tied to Vcc. This is because V+
inE—<ernally connected to Vcc in shutdown mode.

RS-232 Drivers
e typical driver output voltage swing is +8V when
,ac=E  ==d with a nominal 5kQ RS-232 receiver and VcC =
5\ ___ Output swing is guaranteed to meet the EIA/TIA-

32 B=—— and V.28 specification, which calls for 5V mini-
wur== driver output levels under worst-case conditions.
‘hee ===c¢ include a minimum 3k load, Vcc = +4.5V, and
Na>=— @ mum operating temperature. Unloaded driver out-
yut —=woltage ranges from (V+ -1.3V) to (V- +0.5V).

npw__=t thresholds are both TTL and CMOS compatible.
he inputs of unused drivers can be left unconnected
sinc——<= 400kQ input pull-up resistors to VcC are built in
‘ex«—=ept for the MAX220). The pull-up resistors force the
~>utEe—=uts of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12pA,
exc= -===pt in shutdown mode where the pull-ups are dis-
able==d. Driver outputs turn off and enter a high-imped-
an——— e state—where leakage current is typically
mic— woamperes (maximum 25pA)—when in shutdown

14

mode, in three-state mode, or when device power is
removed. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239—
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1k.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/ys unloaded and
10V/ps loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to +25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low | X High Impedance
MAX223 __ | High | Low _ Active
High | High High Impedance
Low High Impedance
Wgeze - - - High Active
MAX235 | Low Low High Impedance
MAX236 | Low o o High Active
MAX240 | High X High Impedance

MAXIMN
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Detailed Description

—AX220-MAX249 contain four sections: dual
—————3 e-pump DC-DC voltage converters, RS-232 dri-

RS-232 receivers, and receiver and transmitter
======= < control inputs.

Dual Charge-Pump Voltage Converter
e /1A X 220-MAX 249 have two internal charge-pumps
onvert +5V to £10V (unloaded) for RS-232 driver
———tion. The first converter uses capacitor C1 to dou-
— e +5V input to +10V on C3 at the V+ output. The
= 1d CONverter uses capacitor C2 to invert +10V to

on C4 at the V- output.

s 21l amount of power may be drawn from the +10V
and -10V (V-) outputs to power external circuitry
the Typical Operating Characteristics section),

=t on the MAX225 and MAX245-MAX247, where

———=pins are not available. V+ and V- are not regulated,

s OUtpUL voltage drops with increasing load current.

Ot |0ad V4 and V- to a point that violates the mini-

ss=—mmeee  +5V EIA/TIA-232E driver output voltage when

ing current from V+ and V- to external circuitry.

11 using the shutdown feature in the MAX222,

225, MAX230, MAX235, MAX236, MAX240,

—241, and MAX245-MAX249, avoid using V+ and V-

———————>wer external circuitry. When these parts are shut

—, V- falls to 0V, and V+ falls to +5V. For applica-

where a +10V external supply is applied to the V+

instead of using the internal charge pump to gen-

———— +10V), the C1 capacitor must not be installed and

————SHDN pin must be tied to Vcc. This is because V+
= -ernally connected to Ve in shutdown mode.

RS-232 Drivers

typical driver output voltage swing is +8V when
——————C With a nominal 5kQ RS-232 receiver and Vcc =
Output swing is guaranteed to meet the EIA/TIA-

and V.28 specification, which calls for £5V mini-

— driver output levels under worst-case conditions.
——————=c¢ include a minimum 3kQ load, Vcc = +4.5V, and
s UM operating temperature. Unloaded driver out-
— _soltage ranges from (V+ -1.3V) to (V- +0.5V).

=== 1 thresholds are both TTL and CMOS compatible.
inputs of unused drivers can be left unconnected
s— 400kQ input pull-up resistors to V¢ are built in
— =ept for the MAX220). The pull-up resistors force the
s U1S Of unused drivers low because all drivers invert.
internal input pull-up resistors typically source 12pA,
—————pt in shutdown mode where the pull-ups are dis-
———— d. Driver outputs turn off and enter a high-imped-
—e state—where leakage current is typically
=0amperes (maximum 25pA)—when in shutdown

mode, in three-state mode, or when device power is
removed. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/ps loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a Ir , 0, so all receivers invert.
Input thresholds are set # /-and 2.4V, so receivers
respond to TTL level ing well as EIA/TIA-232E and
V.28 levels.

The receiver inputs with
to +25V and provide .

/1d an input overvoltage up
Jut terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low | X High Impedance
MAX223 __ | High | Low _ Active
High | High High Impedance
Low High Impedance
MAX225 | — | — | — [High |Active
MAX235 | Low Low High Impedance
MAX236 | Low _ __ | High | Active
MAX240 | High X High Impedance
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-

. vers, RS-232 receivers, and receiver and transmitter

enable control inputs.

Dual Charge-Pump Voltage Converiter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to =10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum =5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to 0V, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to Vce. This is because V+
is internally connected to Vc¢ in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is +8V when
loaded with a nominal 5kQ RS-232 receiver and VcC =
+5V. Output swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for £5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, Vcc = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400kQ input pull-up resistors to Vcc are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the pull-ups are dis-
abléd. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes (maximum 25pA)—when in shutdown

14

mode, in three-state mode, or when device power is
removed. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239—
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic O, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to 25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low [X High Impedance
MAX223 __ | High | Low _ Active
High | High High Impedance
Low High Impedance
MoxaEs - - — | High | Active
MAX235 | Low Low High Impedance
MAX236 | Low _ . High Active
MAX240 | High X High Impedance
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