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Abstract
Nows a day, most of the apartments use breaker and cut out circuits for their safety and
protection in the case of unnormal voltage value, and must switch on again only by manual.
Therefore in order to cope with that inconvenient this project presents an automatic
programmable voltage controller, which displays the AC line voltage by digital LCD and also can
protect in the case of unnormal voltage line by setting the value of min-max voltage line to the
saffety values. Automatic ON-OFF stages and security set-up voltage also function under

microcontroller and hard lock function.
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Lﬂu?%ﬂm@'iﬂ']ﬁ5Uﬂ'lﬁuﬂa'lﬂﬂﬂﬂ'lilﬁ'lﬂﬂ]uﬂl'ﬂﬂﬂTi@u&ﬂﬂﬁiW‘V\fﬂ@\‘] 8051

aa d o o o o A 1o a do o
lﬂu'ﬁ%ﬁlﬁ@iﬁ’]ﬁﬁﬂﬂ'lﬁu{;\ﬂ'ﬁSUﬁ5@uluiﬂﬂ1§ﬂulﬁﬂ§5'ww‘"ﬂﬂ 8051

aa d o 1 ¥ A -
Lﬁui%ﬁlﬁﬂi@ﬂﬁ’iUﬂ’JUﬂM‘Vi‘N"IVHJ@Q Timer/Counter U84 8051

1

d o o .
Lﬂu’%"%’dmmﬁmmmuaumsmammm Timer/Counter Y84 8051

1 o

Jdo 5
L‘ﬂuggﬁlﬂﬂﬁﬁ"iﬁi‘Uﬂ’]'Uﬂ‘JJﬂ']TVI'NTu“U@Q Timer/Counter 2 UB4 8052
=) d o v 3 9 8 a
L‘ﬂu5%ﬁlﬂ8§ﬂ1ﬁﬁﬂlﬂﬂﬂlﬂuﬂﬁﬂlﬂ\‘i Timer/Counter 08 UAUU
do v 3 E L Y
L‘ﬂug%ﬁm@ﬁﬁ']‘l’i'i‘lJLﬂ'U‘Uﬂllﬁﬂl@fl Timer/Counter 08 UAQN

U

2

A do an /Sy A % a
Lﬁu'ﬁ]ﬁm@iﬁ’]ﬁiutﬂﬂ“ﬂﬂgﬁmﬂq Timer/Counter 18 UAUU

A d o v g o L
l‘ﬂuii]ﬁm@iﬁ’]ﬂﬁlllﬂﬂﬂl@llﬁﬂlﬂq Timer/Counter 18 UAQN

U

A

do Y <] a
wusiamesansuNudouavod Timer/Counter 28 UAVUUDI 8052

v

do @ < = 1
Wusiamesdmsufudouaved Timer/Counter 28 UAA19UDY 8052

Q

1114 Capture Register Y84 Timer/Counter 28 111111V 8052

Jdo @ o i
HustamesniunlugunsSud oy auDUBYN IO 8051

L]c:’] aa Jo v & o g chly o 19
SBUF :| ui%ﬁlﬁﬂiﬁ1ﬁ5ﬂlﬂﬂ“ﬂﬂl@gﬂﬂ ﬂ’ﬂ']ﬂﬂ']iﬁﬂﬁ\i‘ﬂﬂﬂ”ﬁllﬂﬂﬂuﬂﬁumﬂq

8051

d o [ o { @ o w
pCON : 133 emesdmsualuaumshauves 8051 auneafumslamasluih

cl ' e 2 & ~ v asl v a Y ° ' Yy a
UAIUUDIIAIAWDT SFR UATWITONISD WO u53@1JUﬁ\qﬂiﬂﬂﬂ“lﬂuﬁﬂ'ﬁﬂjqaq

seauiauaas’lizii 2.6
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Byte Bit address
address

Fo[F7 |Fe[F5 | FA | F3| F2 [FI|Fo |B

E0|E7 |Fs | E5 | E4 | E3 | E2 | E1 | E0 | ACC

Do [ [ps| D4 [ D3[ D2 - | DO | PSW
B8|- [-[-]BC|BE[BA|BI[BS|IP
B0[B7 | B6 1 B5] B4 ] B3] B2 | B1] BO | P3
ABIAF] - ] -1 AC |AB | AA] A9] A8 | IE

AD[A7 1 AB 1 AG] A4 | A3 | A2 | AT AD| P2

99 not bit addressable SBUF
98[9F [9E | 9D | 9c | 9B | 9a [ 99 | 98 | SCON

90(97 96 | 95 ] 94 [93 [ 92 [ 91 ] 90| P1

8D not bit addressable TH1
8C not bit addressable THO
8B not bit addressable TL1
8A not bit addressable TLO
o} not bit addressable TMOD
88 |8F [8E [8D | 8C [ 8B | 8A | 89 | 88 | TCON
87 not bit addressable PCON
83 not bit addressable DPH
82 not bit addressable DPL
81 not bit addressable sp

80 B?|35185|84|83|82|a1 80 | PO

d' o ] g ) v A ! 4
E‘lh’l 2.6 WHAIAUHUINITONDITEAVUAVBITIAINDT SFR

2.3 TIMER

piosanladen uiusaSnanindeGesiulasii Clock iludu wa dmsy
dmaTieenuAAzAINzgIM IR 2 Ansanmsder@iastawgl 71 27 41d Clock
il lum@assusn afves Clock fieenain wIAKARLINILYAMSAIE 2 LAz
Lmﬁwmfrﬂwiaﬁuﬂﬁﬂwaaﬂﬁ’sﬁﬁm wazdyanaiieeninezgnr1sdan 2 Bn gty dmn
finlfuvasaeog n Stages vz sdRyaaEN 1A 2°

wnsangy 2.7(n) tilu 3-Bit Timer TaoWadwaeludazdingii Q uaedu D s
onnseniuiunsldnainasiiuy Divideby-two Mode Tnsamudvesdayanaidildon
WatWaoludazdnsismsasmndayaauninmiidn ety fei 111 m3e Q, =1,

Q,=1,Q,s1) uazifasunduniiu 000 92 191n Flag ponun asaaslugili 2.7(v)
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Timer Flip Flop (3)

| “Flag”
J Flip Flop
D @

Clock—(> @ |—> G|—> & —> az—-—ﬂ

LSB MSB “Flag”

(M)

Q(LSB)

-

Flag ‘\

Flag is Set on 7-to-0
Timer Owerflow

(V)
111 2.7 S3emesn19iily Timer

a g

Tu Mcs - 51 iisdunategniolu $w duilues 8051 wie 8031 9l 2 @2 Ao

. 3 1Y & s A A A L o oA . 2 J A 4
Timer O 8¢ Timer 1 met‘ﬂum’ﬂi 8052 SHINUDNHUININD Timer 2 JITIADIAN €] NLNY

Y o gy 9 a' 2 G s @ Y 2 Y
‘Uﬂ\?ﬂ'ﬂﬂ’]ii“ﬁ Timer Llﬂﬂ\?"lﬂﬂ\‘lﬂ']'i'm'ﬂ 2.2 BIVSLIUUIUT ﬁlﬁmi’]i‘lﬂﬁﬂ'Jﬁ"lll'ﬁﬂﬁﬂﬂ@‘ﬂﬂga

v A

9
3 " Y v @
seduiinldaty wenvniisa Timer amnsoldidludgaiu  (Counter) ladndie Tasnis

Tusunsulusdames TMOD




D=

~ EE Jaq Y =
A1519N 2.2 3990 IN 1Y Timer

Sanes nril CATUATR A1N15001909
Auniiaiia

TCON Control 88H Yes
TMOD Mode 89H No
TLO Timer 0 Low-byte 8AH No
TL1 Timer 1 Low-byte 8BH No
THO Timer 0 High-byte 8CH No
TH1 Timer 1 High-byte 8DH No
T2CON* Timer 2 Control C8H Yes
RCAP2L* Timer 2 Low-byte Capture CAH No
RCAP2H* Timer 2 High-byte Capture CBH No
TL2* Timer 2 Low-byte CCH No
rEH2¢ Timer 2 High-byte CDH No

* 31 luie3 8032 / 8052

2.3.1 Timer Mode Register (TMOD)
v A o I~ == -4 > [l {1 1 a
Y53d@es TMOD W5 adae3nIuaY Timer wuaiveonitlu 2 nqu nquaz 4 Ua
Ta 4 SauuzdumsaIuny Timer 1 @2y 4 daa19eziun15A2UgY Timer 0 AWWINY
[ a p= | ) oya., 2 c'dyé @ A o 1 Y
yosuaazing lua1s1en 2.3 $9A75 Jamesigsrsiudafonnisniaudieeldang
. o = A EEY o ]

Time/Counter Y1911} nuala tazilyu Timer B3 Counter 331983 TCON ludaNsnee
1 Vv

Tsunsudhllusesutinld (Not Bit-Addressable) Fan1sldauines Tsunsudnliass

=S o v a' 9
e lugumtasuduves Tusunsw




A3

@159 2.3 33e19®3 TMOD (Timer Mode)

v
A

¢ ¥0 Timer ANUKUY

7 GATE 1 Gate Bit 81finfmaas oz ife INTI
111 High

A C/T 1 fluiiniden Counter / Timer

1= Gl%ﬁ’u Counter

0= Glslsfll‘f]u Timer

5 Ml 1 Mode Bit 1 (99113 5-3)

4 MO 1 Mode Bit 0 (3$1319 5-3)

3 GATE 0 1# Gate Y94 Timer 0

2 C/T 0 fiaiadn Counter / Timer ¥4 Timer O
1 M1 0 Timer 0 M1 Bit

0 MO 0 Timer 0 MO Bit

A15197 2.4 M3 19 Timer TMNAAIN )

Ml MO Mode ANUNNIY
0 0 0 14421 Timer 111V 13-Bit (8048 Mode)
0 1 1 14370 Timer U 16-Bit
1 0 2 6l“lgfllﬂd_lu Timer 1)1 8-Bit Auto-reload
1 1 3 Split Timer Mode : (&) Timer O ponitly
Timer 8 Tnar03A® TLO tag THO Taglily
Timer 1

2.3.2 Timer Control Register (TCON)
B = Sl a 2
ifﬂﬁma; TCON L‘]Cjui AMWADINUINTADTIUSLASAIVANUA Timer 0 t48¢ Timer 1 IR

9 A B o'dy Y KX g v a 9
l‘lﬂmﬂﬁ‘niﬁ‘ﬂ 2.5 5ilﬁl@i’)‘iuﬁ1u159!ﬂl1ﬂﬂﬂl@gﬂﬁ%ﬂﬁﬂﬂqﬂ




==

2.3.3 Timer Mode And Overflow Flag

4 = d v @
(51014 Timer 0 a2 Timer 1 924091953 cun07g TLx Az THx Tavs x viiludinen
1 @ = 2
3514 Timer 0 50 Timer 1 M54 Timer ansalFa lanate Inua Awaaslugii 2.5 &

s amaa lruamsynanld Taems lsunsulusawes TMOD

¥ [ a 4 "
A13199 2.5 LLEAIANNHUBUA RS UAUDI5 3aADS TCON (Timer Control)

U@ ¥o MUl ANUHNY

TCON.7 TF1 8FH Saunlanuaasns Tores Inaued Timer 1

92 Set 1a® Hardware 118 Clear Ta# Software

TCON.6 TR1 SEH TanaunNM31a-1Ja Timer 1 Set tag Clear
Tag Software

TCON.5 TFO 8DH unlanueaimslones Inaives Timer 0

TCON.4 TRO 8CH DaAuANMTIA-11la Timer 0

TCON.3 IE1 8BH DannlanuaasMsdwmMe s NN INTI 92

Set TAo Hardware = a11159 Clear 1aa78

Software

a a [ a Jo  J a
TCON.2 IT1 8AH Uﬁlaﬂﬂ‘ﬁuﬂﬂl@ﬁﬁﬂgm1mﬂu&ﬂE)'ii‘W‘Vﬁ]"Iﬂ’t’Ju
Jo  J
MaTINNNIIIUBN INT1 d1N13D Set e

Clear Vlﬁ’ﬁ)ﬁﬂ Software

TCON.1 TEO 89H TaunanuaaINISoUIMBsSNHia1n INTO

TCON.0 ITO 88H Taidenyiavosdyanadumes sniinndu

du o
MBIINNNYUDN INTO
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TLx TH:
Tirmer Clock ——= (5 bits) | (8 bits) = TFx
(i) Mode 0 Overflow
Flag
Timer Clock —————={ TLx THx = TF%
() Made 1 Croerflow
Flag
Timer Clock ——— = TLx = TFx
ol /8 Crerflow
Reload
Flag
TH
(F) Mode 2
Timer Clock ——={ 111 | TH1 ——*
Timer Clock = TLO = TFO
Crerflow
Flag
1M2 Fose = THO = TF1
Crerflow
M) Mode 3 Fiag

A o > '
guii 2.8 M3911911v83 Timer Tu Tnuad1ee
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2.3.3 Timer Mode And Overflow Flag
4 d J @
1$i01% Timer 0 uaz Timer 1 92409195 3a1A037 TLx Uaz THx Taea x sziludven
iy Timer 0 %30 Timer 1 11514 Timer a0 19 ldnany Tnua daaaslugai 2.5 &

seansasa Inuamsvnanld Tasams Tsunsulusdmmes TMOD

13-Bit Timer Mode (Mode 0)
o dy = a @ £ L7
msmamluTvue 0 Heeilunsls Timer uuw 13 Ga dwanslugyl 2.8(n) deazly
v 4 ]
5 findaves TLx Tav'liaula 3 Safunde uay 8 da vos THx mahnululnuail diedn
LY a 1 é LY \ 4 L
o9 TLx ¥arllowidi <17 nndnesda Clock 1gn1H nilignld THx useuasiiiotiuiii
v v
«1» ynia waziasunduily <0” 931fa Overflow Flag iindy
16-Bit Timer Mode (Mode 1)
o dy A @ o 1 g R a £
3y luIvuatiazmiounumsaululuua 0 uaidly Timer wuy 16 Ua 49
v £ v 4 ] H
M5z uRaA 0000H,0001H,0002H 115009 1azezifa Overlflow ¥u elimsnlasu
o o P £ g T dy a 42‘ a
910 FFFFH 1T 0000H fiagil# 2.8(w) Fuilumisisn Overflow Flag wazmtiazinatiuluiia
a 4 £ ' = Y
TFx Y8993 3a$93 TCON F9a1unsnamuazoua’n lysunsuy
9 [
M3 1963 Timer fiAnvesingaga (MSB) Aoa1ia 7 ¥89 THx diutiadiga (LSB) o
[ v
{in 0 ¥09 TLx T LSB 92131 Toggles ipiidayaadunmdiun gnmsdig 2 Asiusewud

in MSB 9% Toggles A287A1A WD VBIFYNUTUNAYIIA0Y 65,536 (2'°) Loz A1 Timer JVa

g q

9

o’dy 1 = @ 3 o
Wodi (TLx/THY) mwsoeiuuazilowiddems llsunsy safuamisethldlszgnald
9 9
auldaudens
8-Bit Auto — Reload Mode (Mode 2)
s luTvue 2 Gondneenaniladn 8-Bit Auto — Reload Mode 1ae1d Timer
7o - a A do o A a a
luga (TLx) 111y Timer uuv 8 ia e ludduia Overflows n3aiRamslasuiasein FFH
= A d Y s a ° £ A
iy ooH azins Tnaamanuiluluags (TEx) Tdu 3w ludd (TLx) Feeziduaiiy
@ :: v a ) H p v
guvesmstiuasenell dovldadadugmnanamnseldsunsyld mshaululnuail

LaReRagUn 2.8(n)
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Split Timer Mode (Mode 3)

msieluTvun 3 6 &9 Timer 1 92'lia1 §3 Timer 0 szuomilu 2 &1 das 8
G &0 TLO ung THO iile Timer 1A Overflows dzfimsisada TFO ag TF1 duanalugud
2.83(9)

msvhamluTvua 3 § Timer 1 9w hignldenudisannsaadad i Timer 1 T
ey Tnunduld udmsiianes Timer 1 o¢lifimssumesiniiAniu maziia TF1
gnl¥lunsiiuves THO TumsiauvesTnua 3 luuds i51e19ueaNd 1A Timer iy
Twa 3 18515 Timer udu A9 THO wag TLO I Timer 0 Tnua 3 uazTilsunsuld
Timer 1 TvhauluTnuadu o
2.3.4 Clocking Source

lugalit 2.8 i'lduanad Timer Clock Jnnniiladans1d Timer feunsalfld 2
nihit aodugaunan (Timen tazflus iy (Counten Feaingn Tsunsu1d Tasmsiun
w3vswaia C/ TIW3ames TMOD
mslduaadunal (Timer)

g1 c/rlu T™OD 1 aedn “07 szidlumsidonl® Timer 11 Clock 119112993
Oscillator Tudn Fedqyayimmfiniezidanmn 9 Machine Cycle w3om19na13 18 1A Tw THx
Wz TLx sgfiduiusugausannsiudazaislfinauitiu 112 vesmmavosdam
wiRmAlguudn fwanslugili 2961 Mes - 51 1dyananniim 12 MAz M3ty

ANUIAD 1 MHz

Crystal

L On-chip -

D—[ Oscillator ot
1 Timer
: Clock
1

TorT |

Pin 0=Up(interval Tirning)
i 1=Down(BEvent Counting)
CiT

~ A @ a A g
ETJ‘YI 2.9 ANUDUBITYUIUUINNINIVIVT Timer

050353



18-

mslfiluaniu (Counter)
Y a g N ) 9 A
&5 o/ il “17 ¢ Timer 9215 Clock 1anmousnlaglfan p3.4 nie To dun
@ < @ . @ A
Input Clock 1911 Timer 0 waz 1991 P3.5 n30 T1 11y Input Clock 19y Timer 1 @Ngﬂ‘ﬂ 2.9
wierawesh dngliives lsdyanadezivlidedu To uaz T1 lumsldiiu Counter
o P P! = o3| o @ A A 4
Foyaaiduninmsnlaouuamn <17 fu <07 wihlieniy Tix faudndu 1 mely
4

MCS — 51 1192@57988U18UMA TO waz T1 Tugaanawle 2 ves State 5 (S5P2) dmudll

13 ' a 2 : A a a = [
iy «17 dounludnnile Machine Cycle MiWa 2 ¥4 State 5 (S5P2) avdnaunanlavuiy

¥
a

) 9 g -4 [ z < i Y 3 =
«p 92 19e . Timer 1Ry 1 sty sewiuldaimstiu 1 aseazdealdinal 2 Machine-

]
=

@ Z { 5 o < @ A { 9y
Cycles fatiunudgaganae 1 Timer haudly Counter 1 ld azlidnnniiga 500 kHz 01
MCS - 51 Mauianuddgaauuiing 12 MHz
2.3.5 M3I3M MIHYA HazMINIUAN Timer

{ o 4 3
lugUil 2.8 wzuansinyRIZYBs Timer Registers Fe9zmiuinlsznudoo TLx 1oz
A a a o Aa o v @ a A 9 "

THx uaziiiofia Overflow azifmodyanda TFx dufudygnauiinmnzdnlyly Time
w1190 2 daudaaaslugii 29 deliszaantvinssaruguliicy  nyado Timer 18
GEANNE

ax A @ 1 Y a < =4 J a

I35 uaznyadd Timers ansandugulanda TRx 1u5 Imaes TCON lawlnd

Y Jd o { £ LY J

& TRx szndeindanniissvugniian sazilumsly Timer Tifuuns TRx Hozald

o ) =) a P
1ngamds nen1s 1lsunsu Ansangilin 2.10

Tirmer Clock —————0\\1.\0——» Timer Register

L
O=Up(Timer Stoped)
1=Down(Timer Started)

717 2.10 My lddanaugu TR
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2 9

v A < ' A v A i e o
$dia TRx s=ludiuiannsodhaedoualuseauiinld (Bit Addressable) 1151003

QU

v Y
9 =

TCON #9214 TIMER 0 1I5uinnuazidsumdalang
SETB TRO
Y o = o v WYu dy
faengamaudsuiid ladedl
CLR TRO

@ o

TunsdenTdsunsunmmemuauud aunsolddadnual TRo lusds SETB TRO
018 inzdueauruuarAanu TRO dlu Bit Address @111ie 8CH

$5AwAY Timer aunsanauRu IdNTA GATE lu TMOD uazvidunessninnme
wen INTx &1 INTO iluandn “0" waz Talsunsus Timer 0 a1l Tnua 2 ife TLO/THO =
0000H, GATE — 1 (¢ TRO = 1 1i{o INTO 4315118030 “1” 2 Timer 9% “Gate On” uazaz 1
Foyanauniininud 1 MHz e INTO auffu 0”& Timer “Gate Off” Foyanai1deed
anunisvesdyanmui®m 1 us dudnli/ln TLo/THO

a1l 2.11 wwdussuuiiauysaves Timer 1 dovhaululnua 1 Fuflu 16-bit

Timer Tagld59euaes TL1 / THI wag Overflow Flag TF1 Tugilesiiudlamsnivauunas

fuila Clock N3ITVUNINIY HAEMINYANINIY

8051

12MHzs | | 2O L g N
05¢C. \ \
I__. L e » T | THY T
L) 1
T ;
P36 (16 Bits)
0=Up 0=Up
1=Down 1=Down
cIT
TR1

Gate )

|
(P3.3)

H 9
31011 2.11 38UVNINUAYD Timer 1
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2.3.6 Initializing And Accessing Timer Register
] : a Y A A o . ' A A qu
151997 Timer Suusnazdoallsunsuiiedon Tnuamsmamuss Timer Aouioiuly
A o o ' a d . ' ' = .
A Tsunsuld Susiau , vgashiay , 811 LaginaesAT Flag Bits 81UA1 Timer Registers
o w § o o v
audey et llszgndams IFaude 1
A I=E Y o ' @ 1 [} Y Y
TMOD fo Sameindesllsunsy Tasma Tnuamsiauney drediaru 1A
Y [ a a a o ) Y o dy
Timer 1 5] 16-bits Timer (W 1) udayanauninmuudn awsaidousidaladsi
MOV TMOD, #00010000B
d’ o Q" =3 é
Nt ldnndid et sunie wada M1 = 0 taz Mo — 1 FuilumsidenTnua 1 uagld
A g o a < . v <
C/T= 0 uaz GATE = 0 dusiuns ¥ dyananinnnanielunSelditu Timer uazda Timer
Y
oz luhan drianingu TR Sl Idn
dyo/ 1 o a 4 A
8 Timer fuiutulavld5saimes TL1 / THI wazazisain Overflow Flag tiio3ae
¢ (a @ v @
wosilaeu1n FFFFH iy 00008 Tasl¥iiumarlal 100 1S w3ald TL1 / THI dudgyann
v ' v v v v
w14 100 gn deuAEnduves TLI / THI 92 lii5wd 0000H 1wdeSuii FFFFH au

&0 100 gn wie FFOCH ivel#in'laliie FEFFH uaznlaeuithi 0000H Tadeyeimnnitn 100

v
a

= = o q'; Yo
anned asadoumds lans
MOV TL1 , # 9CH
MOV THI , # OFFH
9 g A o dq Ya ) dy
19 Timer 5ushmnIndanugueel
SETB TR1
Y ¥
1Tuiln Overflow Flag vzdssanurasiariulyl 100 1S Fusiemnsodou
[ a (] ] [
TolsunsuduTalsunsuaugy 100 s 18 Tasasavaeuda TF1 Mgrisanie’li d1liead
Y
Tiugaeliasi
CLR TR1
CLR TF1
M35 191101 Readind a Timer “On the Fly”
9 o 1 1 ¥ @
M5 I uszgn@nenuIzAese1uA1IN Timer Register 1H{0991AG)  Timer
§ 4 @ ion e
Register 1112 2 1@ anludduia Overflow wnadnludgs dvndouTisunsuld
1 v CAAR 1 4 § a a 4 °
o umn ludaineu ué’ﬁamu"lmqai’fauuaﬁ'lﬁ'mmﬂm’faWﬂwmﬂ"lé’ﬁﬁawm"luﬁmﬁmi
= 3 ' ' ' 9 ' 14 ' Y X o ' e o
wasunlaasnirludgs asemdeyandseuanludgenou ud139ndunietu luadn

:,’ v 3 v J { v { 1 ;’,'
vmiuen deyaludgedanss darludgaiienldlitinmsnlteulaildaniulding
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uadEmanlasunlalifensanda ddeinserdeyann TLL uaz THI ihlisia
03 R6 /R7 onuidion'|dd il
AGAIN : MOV A, TH1
MOV R6, TL1
CINE A, TH1, AGAIN
MOV R7, A
2.3.7 Short Intervals And Long Intervals
1 MCS — 51 Muianuddya uun 12 MHz 117 Timers 193993 Oscillator
UuFN FyanannfiniesganIsaan 12 uaz Timer 1ihaIuRaBRNA 1 MHz S1deantsld
TlsunsueredyananiEmosnuiets i1la lasde c?aﬁm'smwmﬂmﬁﬁNmagﬂﬁnéfwhm
499 MCS — 51 11 1 Machine Cycle 9x141am1 1 s Tumssdi 2.6 szuansanuntaves
ﬁ’mmgmﬁﬁ%’wﬁyumﬂ MCS - 51 /11974828 Crystal A210 12 MHz

M3199 2.6 AGIGAVOINS 1 Timer THuAAIN

Maximum Interval in Microseconps Technique
~10 Software Tuing
256 8 — Bit Timer with Auto-reload
65536 8 — Bit Timer
No Limit 16 — Bit Timer Plus Software Loops

a dos ¢

2.4 MIDUABITINN
o a o o v A o U ] ] 9
AITNINIUUBITECUUADUNIUADT TﬂUVI’JUlﬂNﬂﬂJQﬂﬂﬁmﬂTEjuaﬂ@’E]i’lilf:]g 01
a JdY ° @ 4 U 3 @
ﬂ@i]W’JLGI’E)iGI@Qﬂ'IST]'N'IHﬂ‘UQﬂﬂiﬂ!ﬂWﬂUﬂﬂ‘ﬂZﬁﬂﬂﬂﬂﬂ@lﬁ?ﬁ]ﬁ@ﬁﬂqﬂﬂiiﬁlﬂ’dTUﬂlﬁﬂJﬂ #7
] T 9 a J J & "o 1 = £ 1 o
BYNIYU ﬂ?ﬂ']ﬂclﬁlﬂmJW’JLﬂﬂEWﬂiﬂﬂﬁﬁﬁﬁlﬂgﬂUﬁﬁﬂﬂ LED 7 @34 @ﬂWE‘)‘;ﬂT’iu\‘iﬁﬂﬂU
a Jd o a a a U [
aINY 515$‘U‘U“Uﬂﬂl‘§'ﬁ’n\ﬂuL‘ﬂu‘L!1Wﬂ']Lﬂu"l‘ﬂslﬁlﬂﬂEJGI‘3’J%ﬂﬂﬂﬁ’)ﬂ%ﬁ’)ﬂ’)TﬁﬂT’iﬂﬂﬁ%‘ﬂﬂQ

Y

msthauuudiGenda Polling Method Ao lulas Tilswaisesvzdosnssnsdvaeuginsal

a 1

ayY 9 A W o dy 9 A d Y
DUNAADDALIATNNYBDYALVINNNIBYY NINTIUNDDU ﬂTNQﬂﬂﬁmﬂ’lﬂuﬂﬂﬂﬁ’]Uﬁ'ﬁZUﬂ
Y t4 @ o Y ) 1Y o =
ﬂ@\??‘li')ﬂﬁ@UQﬂﬂimﬂ']ﬂuﬂﬂﬁﬁ']ﬂﬁ'J ‘V]”l('h’ilf’fﬂnﬁ’ﬂuﬂ’]iﬂ’lﬁ’]uﬁﬂﬂqﬂ NIININIUDNLUUD

2 9 o @ 9 A a ¢ A 9 a a = o
Wu\?ﬂziﬁ CPU N11uUvian ﬂ’l'JJﬂ?iﬂﬂﬁ')ﬁﬁﬂﬂﬂl’liiﬂNTWﬂTWEJﬂLﬂu‘VIu’VI ﬂ']i“/n\ﬂu(lu

[ ; "y = 4
anuazil cPU lideudunmlumsasdvgilnsaimeuen




20

[V

¢
24.1 YUIUMTNADUIADIITNN

v o

@ T A A a @ d 9
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UM IaIuvea995 A/D 1 151921% A/D ¥11@ 12 Ua 2 Channel %@ Serial

I 2 q yaa ' a 9 9 o ' a Y]
10 1wes LTC1298 Feld3mssnulsudoyauuvoynsy ledaanalumseuiiouveya

v q’/’ @ J @ {
s 3 duminiu Taelddae u9nnein P1 ¥e3 CPU AIA13191 2.13

13197 2.13 uaasdaygalumsiyeudeny A/D

Port CPU I A/D
P1.2 Data I/0O
P1.3 Clock
P1.4 CS# A/D
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L% aa 3| w
2.6 msuwlasdygaatneailudyanaeinasn
U aa T o a & )
Fyanumslszuianannginiaiataenszeg ludnyuzasin a9 limunsoudas
' ' o Y &2 Yy A I o 9 & o v o aa yﬂ Y
musegievesdygald JsdesiigUnsaiinmihind miudyuainealiiiludyga
o aa dy Y = J
sutnen mautasduanamisoaiiuemaenlulassnuiivgldlodues LTC1661 yua 10
a @ 19 4'1 d' 3 v v Y a 9 o &
Safumssudedeyauuueynsy iehee lidenussAud198911iu29935 Comparator WD
1M mua V_MIN uaz V.MAX
k4 I
261  malvauled LTC1661

[

o { { @ aa <

lod LrCi661 1 ledimihildldoudgananineailudyanaeuiaonvuie

= a o dd‘w U v @
AMUBLIBER 10 DR $1U2U 2 Channel Ty lodNdnoglugiunudituiuy DIP vua 8 11
d! = = % ndy
G913 1002100AAIL

PIN 1 (CS/LD) : sTuwndayay1as Chip Select Input l¥naunumsihaveslad i
a a cds A dy Yo Aa 1< A o Y o = A dy
fiaesn 07 Weuniilldsy aedn “o”amilumsdenmsiamldiuled (Enable) ivunil
< a o Y = o T
Wuaedn “17 ezl ledmgaiiaiuszed luTvua Shut Down

PIN 2 (Clock) : iflumndagnaiunin

a o

v v
PIN 3 (DIN) - ifumdaanadoyaduna viinunvounduyesdygIsuinm

PIN 4 (VREF) : iundyanailddredausfugagaiosudoyansy 10 I lag
Avosdoyayniiaiiu «17 nua

PIN 5 (VOUTB) : fiuvus suetinafiafemnlosaniiadusa Tass1 VOUT as
iilu 0 < VOUTA*VOUTB < VREF[1023/1024]

PIN 6 (VCO):: ifiulilifivs DC 2.7V 5.5V

PIN 7 (GND) : 181984 Ground #97256i01AUASIAY Ground Plane iilenn
TyaasUNIU

PIN 8 (VOUTA) : fluvussiueninafindounasamudaduns Tasi voUT v

(W11 0 < VOUTA*VOUTB < VREF[1023/1024]
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2.6.2 mtaudeyalnuled LTC1661
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R AL 9 9 o A T 3 Q =Y
mmaumay’ai'ﬁﬂu%m LTC1661 Gluﬁf'N"’lJﬂ'U”ln“Uu‘UB\'iﬁiUuﬂJ']iHU']Wﬂ']

0000000000 000000
___________ i Vo ot s

kS — F e v A 4

COMTROL ALk [HPUT E00E DCRI T CARE

Y A

INFUT ERE

] I (5K NABLED K
HSPERIS)

A @ o w d =} 9 =
g‘lh/] 2.18 ﬂﬂ'}elﬂ\lzﬂ'nllﬁ'l‘wu‘ﬁ"Uﬂ\?ﬂ'lil‘llﬂuﬂlﬂ%lﬁﬂlﬂﬁulﬂ“]f LTC1661




a
UNn 3
RANNININUUAZNIIBDNUDL

3.1 MIMNNUYBIAIUNTIAU1999 AC Line Voltage

AC Line
—p| DCFull Wave | Buffer | Sampling

and Hold

Voltage

Display - [¢——] CPU ] A/D

< o v J
sl 3.1 szrumshanvesdIunaainada iz latl

' ¢ s 9 o ~
muuﬁﬂawaamuz"lamwbammizuu Llﬁﬂ\‘l‘lﬂsluﬂﬁ’élﬂulﬂ@&miilgﬂ‘ﬂ 3.1
ﬁﬁﬂﬂ]i!!ﬁ%ﬁﬂﬂi’)ﬂﬂ]iﬁ“lﬂ%
4 v
- DC Full Wave 'N‘ﬂiﬁ'JLlﬁ‘Ug‘ﬁ1ﬁﬁ1ﬁﬁﬂﬂlﬂ1ﬂltiﬂﬁﬂﬂlﬂﬂﬁ]ﬂﬂﬂ uazuﬂmuiaﬁu

9 Ac Wuusagulwi DC Full Wave

o 9 4 A & o 19 _ y = =
- Buffer MY YUYWL Input Impedance otleaiu 1317 Bride Rectifier 3n15ilagu

wasuseaumunin Inan

R1
—
200k D1 D2

AC LINE
LR Then R3 R5 TO Sampling and Hold
0-500V — ? P R6
D4 10k 507
R4
1N4001 1N4001 5K R7
500

5171 3.2 1aAI3993 DC Full Wave L022995 Buffer
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i @ A @ 9 I's =} Py 9 1 9 a
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o a 1 1 [ 1 =]
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9 a ] o Y a [ A o a @ 9 d o
Foufulilfvem diRauswunseouvesdaanaiidlunssdu DC medueina i

4
I¥mssma g luuuou dulassauia l¥mdudvdszylszina 1 - 4.7 lulasvhia)

X1
11.059Mhz

0

5
C3 —=C4
I 33pF:|: 33pF

C3

PXTALY

XTAL2

P = To Display and comparator

L skad R23
+15V
4&

R15
2k

IC3 4
LM111

R16
3k

AC Line 0-500 V

5111 3.3 4aA23995 Sampling and Hold
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3.2 MIMNUVLITIUMINIAN V_MIN 4az V_MAX

Y T
dantlszneuveans@m v MIN uag v MAX uaasldluuden laezunsugiin 3.4

—» Display

=T LY MIN —_l

—>
Setting I Hard Lock CPU [P D/A
L » v MAX ———I
Comparator

1 F
517 3.4 viien lapzunsuuaasnsden V_MIN 1az V_MAX ¥045511

wanMItazIUABUMININY
5 AR ad J A ' (=] o v ' =
- Setting 92UMAINAGLOIA 1WoNALW SET N9zsiin13e1na1nn Hard Lock HIN
<3 Y 1 A d VoA ] 1 Yo VoW
Hard Lock fvglditlousn v MIN Gadlumfinuiasnsauazeeusy ladigamiiy v_MIN
3 <} 9 U 2 ﬂ A ] [ 9 v o
nadudagldfdoum v MAX sutluminnitoneauszeensnldgegamiu v_MAX lag
M9 V. MIN azdeshiviesndt 0 v uaza v MAX szdnsliuinndt 500 v vianhidl
< v o 1
Hard Lock g 1 1#vimsilouar v. MIN nag v. MAX
o d o 1Y 3 1 Y @
- Hard Lock ifhudaginsaldmsuifivarsita Tasmsden llsunsuldnulodlulns
4
aou Insalaos
- 1 A d I'd 9 I ol Y A A

-V MIN tag V_MAX Wo5ua11nfeuesauad nazaianln CPU ienizuaawa
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LTC1661 Y119 10 16
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51U 3.5 m3so luInsmeuTnsames 15e1uiu Hard Lock

o = ° & v d 1w A a
A391197UY8S Hard Lock 8% EEPROM wziruiludunuasve ielin1sna
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3.4 M382NUUUINVF Comparator
3 Yo A & 9y
A159BAILIIYT Comparator TeIsanaadlansgilf 3.6 Favonuuulaelioel

wowil 2 4a

V_MAX s TN ~ OUT A

INPUT

R2
LM311 IC2 5k

VSMIN, 2 : ouT B

517 3.6 116199995 Comparator

N13M91HUYD93995 Comparator
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A115005118'18A3129 Al
o Y ~ ~ [ A a U 3 =

- UA eshnvinfinlSoumeunsedy V. MAX ile V_LINE 1Auf1 V_MAX Nagiiusa
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- UB sfmthiit/Soudfiouusad v MIN e V_LINE @ndia v_MIN Aegldus

1 5 VDC 91%9ya 110 V_LINE gen1 V_MIN fAaz1¥usedu 0 vDC Mo1ving
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3.5 MI8NUULI0I ON/OFF usau Iniih
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4.1 ﬁ?ﬂiﬂi!lﬂ‘i‘uﬂﬂﬂ’iﬂﬂ1mﬂﬂﬁ‘l.l?l‘iﬂ

;Keypad Scan key Subroutine

GET KPAD :

CHK_COLO :

COLO0 DETECT :

CHK_COL1:

COL1_DETECT:

CHK_COL2:

COL2_DETECT:

GET ROW:

MOV
MOV
CLR
MOV
ANL
CINE
AIJMP
MOV
AIMP
SETB
CLR
MOV

CINE
AIMP
MOV
AIMP
SETB
CLR

MOV
ANL

CINE

MOV
CLR

P2,#0FFH ; Pull P2 to High
KPAD DATA#0 ; Clear Keypad Data

KPAD COLO ;Begin Scan Column 0

AP2 ; Get Port2 Value
A #00FH ; Get only lower 4 Bit
A #00FH,COLO_DETECT ; Check All rows '1'?

CHK_COL1 ;All rows'l' => check next column

KPAD DATA #01 ; Initial KPAD DATA =1
GET_ROW ; Jump to get row value
KPAD COLO ; Stop Scan Column 0

KPAD COL1 ; Begin Scan Column 1

A,P2 ; Get Port2 Value

A #O0O0FH ; Get only lower 4 Bit
A#00FH,COL1_DETECT ; Check All rows '1'?

CHK COL2 - ;All rows 'l' => check next column

KPAD DATA #02 ; Initial KPAD DATA =2
GET_ROW ; Jump to get row value
KPAD COL1 ; Stop Scan Column 1

KPAD COL2 ; Begin Scan Column 2

A,P2 ; Get Port2 Value

A #OOFH ; Get only lower 4 Bit
A#00FH,COL2 DETECT ; Check All rows '1'?

; All rows '1' => return
KPAD DATA#03 ; Initial KPAD DATA =2

KPAD COLO ' ; Enable all Column to find Crosspoint
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CLR KPAD COL1 R
CLR KPAD COL2 ;
B KPAD ROWO0,CHK _ROW1 ; Check Row 0 Detect?

RET ; Row 0 Detect => return

CHK _ROW1: B KPAD ROWI,CHK ROW2 ; Check Row 2 Detect?
MOV AKPAD DATA ; Add 3 with KPAD DATA
ADD A#3 ]

MOV KPAD DATAA 5

RET ; Return

CHK _ROW?2: JB KPAD ROW2,CHK ROW3 ; Check Row 2 Detect?
MOV AKPAD DATA ; Add 6 with KPAD DATA
ADD A#6 ;

MOV KPAD DATA,A ;

RET ; Return
CHK ROWS3: MOV A KPAD DATA ; Add 9 with KPAD DATA
ADD A#9 5

MOV  KPAD DATA,A :

RET ; Return
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4.2 laawinlilsunsudossudoyasin LTC 1298

dedeoyasudumsiin

Y93 LTC 1298

I

dedoyaiionyeadune

3 o w 4
Aruasgvudeyaenne

!

HIUUATOUMITNINIU=12

'

SumdoyaaIn LTC 1298  [€—

$OUNTNINY i Tas

A5 12

fuminla 1314 HEX _ADC

( p0n1n 115UnI VLY >
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4.3 Tsupsugesarumainled LTC1298

READ ADC: MOV A#0DOH

LOOP1:

LOOP2:

LOOP3:

LOOP4:

SETB P1.4 ;Make sure CS is high

CLR P14 ;CS goes low

MOV R4,#04 ;Load counter

RLC A ;:Rotate DIN bit into Carry
CLR P13 ;SCLK goes low

MOV P1.2,C  ;Output DIN bit to LTC1298
SETB P1.3 ;SCLK goes high

DJINZ R4,LOOP1 ;Next bit

MOV P1,#04  ;Bit 2 becomes an input
OeR  R183 ;SCLK goes low

MOV R4,#09 ;Load counter

MOV C,P1.2 ;Read data bit into Carry

REC——A ;Rotate data bit into Acc.
SETB P1.3 ;SCLK goes high
G1Ry P1.3 ;SCLK goes low

DINZ R4,LOOP2 ;Next bit
MOV R2,A ;Store MSBs in R2
CLR A ;Clear Acc.

MOV R4,#04 ;Load counter

MOV C,P1.2 ;Read data bitinto Carry

RLC A ;Rotate data bit into Acc.
SETB P1.3 ;SCLK goes high

CLR P13 ;SCLK goes low

DINZ R4,LOOP3 ;Next bit

MOV R4#04 ;Load counter

RR A ;Rotate right into Acc.

DJNZ R4,LOOP4 ;Next Rotate

MOV R3,A  ;Store LSBsin R3
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SETB P14  ;CS goes high
MOV DATA_ADC,R2
MOV DATA_ADC+1,R3
RET

U \ ~
4.4 ﬂ1iﬂﬂﬁﬂﬂﬂ1uﬂ1%1ﬂ\lf’)°ﬁ LTC1298
1 1 [V a 3 VoA 9 =
nnmsnaasssium Tavmsdlouussdudiads o - 5 vbe wu mildan lod
LTC1208 azidudoyag 16 unzlimsulfoumlasmiidunisingaihoegaasanm e
o l& o ) ~ ¥ Q
1NUTIAY VCC Fuiluuseiu VRER liiadosntwwe eraiipannndygnssuniunnms
° 1 an =2 9 9 Yo 3 v 9 ' [ 1
MuvesaIuIsavnen  vswdilym laomslsdunulssynmesy AvAsoNTZHIN
VCC f1 GROUND fidumsian VCC veelod LTC1298 isaadamnasuniudinaniiaa
9 [ 2
agldszAunile
4 1 b [ = A 1
@ienaasamstlous vin Tagld VR10K Guilu VR dsvaz@oalumai/asunuse
E4
fu 0nd1 025 v 1z 1d¥eyagiu 16 Adaua 000H — FEFH minfuseaw vee lide1 5 v
A o B o q YY Ao { 4 Aq v Y a a ' y
wSodnn 5 v agilddoyafitumisdn nlglumsdrdezranaavua limusoons
v v v v 1
Samfuiuenld duiumsialiiaosldsuled LTC1298 svdoailuussdunsdy DC Nnek
Y
My
HamsnaassvzguimInaassuaiioannled LTC1298 HluleFuina 12 ta

finunziBeagaia4095 ALK NINAABIANG1IY UNAIUAINIALAALIARIA1919N 4.1
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A15197 4.1 LAAINAN1ITNAABIBIUAT A/D LINHIU

VDC Joyandnea doya1nmsia AINUAANIN
m) (HEX) ™ (%)
0.05 028 0.0488 2.4
0.08 043 0.081 1.25
0.1 053 0.101 1
0.12 061 0.118 1.66
0.2 0A3 0.196 2
0.5 19D 0.503 0.6
0.65 217 0.654 0.61
0.77 27E 0.78 1.29
0.95 30E 0.954 1.29
1 339 1.006 0.42
1.5 4DB 1.514 0.6
1.7 581 1719 0.93
2 67C 2.025 1.23
2.05 6A1 2.067 0.83
2.2 730 2224 1
2.55 847 A 1.17
2.8 919 2.844 157
3 9BF 3.042 1.4
3.1 AOF 3.141 1.27
4.25 DDO 4317 1.32
4.75 F80 4.84 1.57
5 FFF 4.995 0.1
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DATA VOLSET MAX

'
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2

;DAC SEND DATA TO D2A

DAC:

LP1: MOV ADAC_CH
SETB P1.5
SETB P1.6
CLR P1.6
CLRIPL.5
MOV R4,#04

LOOP1 DAC: RLC A
CLR P1.6
MOV PL.7,C
SETB P1.6
DINZ R4,LOOP1 DAC
CLR PL6
MOV R4,#2
CLR P17
CLR A
CLR C
MOV AHEX DAC
SWAP A
RL A
RL A

LOOP2 DAC: RLC A
MOV P1.7,C
SETB P1.6
CLR Pl.6



DINZ R4,LOOP2_DAC

MOV R4,#10
CLR P17
CLR A
CLR C

MOV AHEX DAC+I

LOOP3 DAC: RLC A
MOV P1.7,C
SETB P1.6
CLR PL6

DINZ R4,LOOP3 DAC

SETB P1.5
RET
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4.7 wansnaaeseas D/A laeldled LTC1661

A5 4.2 LEAIHAN1INAABIIAAIIN 1% LTC1661

A191AM13 Set-up misalld misald ANURANEIA
(VDC) (VDC) (VDO)
50 0.5 051 0.01
100 1 1 0
150 15 1.51 0.01
200 2 2 0
250 2.5 25 0
300 3 3 0
350 3.5 3.5 0
400 4 4 0
450 4.5 4.49 0.01
500 5 4.99 0.01
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J a y
4.8 Tlasnlisunsugesuasnuavgrudunnuaniwai LCD

C lu D

o 9
VYNNI 16

Y

+30H A UNANIS

'

Tasunsueane

AsE0UOYMAY 3AH

!

[Woudoyanuy LCD

;

+30H 910 UAHUBINITHS

'

Talsunsueon

asvaoUdoymfiy 3AH

'

Woudoyanauu LCD

C pon1n Ilsunsudoy >




b=

4.9 #aMINAav329337 Comparator

E a 4 A o
2INANINARDIINS Comparator 1ae 14 10% Comparator 1ve3 LM311 IimsnfTey

J=| @ 9 9 [ Y v
Fenusessunedu e Taeld Ua 1y v MAX uag UB 1y V_MIN lananisnaaeenou

W11 NOR GATE 919015199 4.3

A15199 4.3 LAAINAN1INAABIFUAIIINIIS Comparator

VIN (V) VREF (V) VREF (V) V_OUT V_OUT
V_LINE (V) V_MIN (V) V_MAX (V) (LOGIC) (LOGIC)
UA UB
1 0.5 5 0 0
0.49 0.5 5 0 1
5.02 0.5 X 1 0
3 2.8 2.9 1 0
3 3.05 3.5 0 i}
4.5 4 ) 0 0
4.7 4 5 0 0
4.9 4 5 0 0
3 4 5 1 0

4.10 Waninllsunsudesnsinaeudeyainy 3AH

Q' v 9 =a d'
WUAUYADN O7THIND

9 @ d”
wlasdudeyasiauedd

~

C aenn lisunsudoy >
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4.11 Tlawrsnmshauvealisunsuiianva

'

a aa J
DUULIBYIANDIAN

'

Talsunsueee

duiliFea LCD

!

Talsunsugeeey

903210 LTC 1298

'

Tdsunsueeaualavay

JIUFUNNUEAIN LCD

v
Tdsunsugoadenius squ

219D9gagaLazAIge

'

Tsunsueeaulaa

JudunnuaaIn LCD
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4.12 yaaswamsIagUdanaueeINYe ST UL

v v

[

nnmsnaasstleuduswuBuyanusssulnAlszinm 220 vac lagddaananu

U [ o]
=

widfauesszuuamgaee ienfouisuravesmshnuvesiesiigndsaniolids

Q

aolild

Tek EeEH 10kS/s 226 Acqs
i F

a

s 4.1 Yoy 10 AYADUNAVYDII993 Zero Crossing (1C7 )

Tek EITEH 10ks/s
: I
¥ : 3

O e T TR Bl s N T T TSR T

257 Acqs
F

s U CRI T2 VR M SWs ChT o 7 —200mV

DD

@ o
UNANIUN VDI WAVDIIT Zero Crossing (1C7)

Q Q

a o =
JUM 4.2 Fyamnga



-54-

AM3FUVBI995 Zero CrossingNAe3IWALI905  Sampling and Hold azimiifl
@ @ a ~ @ o 1 A ] [ ]
usmadavssdaanadunaiiudygaglened seniumsuasunlasiwiniyiay

4 - 4 o 1 <} o A w v d o
11192995 Zero Crossing aswumsilasuuilasdenan Nezdulladyauiadesnundagy

o

{ 3 @ { 3 @ { 1 o
i 42 ymiudyanai ldRegaiIiivinaunu Taold co degii 43 Aenazdnisesndy

u

Fanauazsudaannlaeld Do uas D10

Tek SITIEH 10kS/s
H L
b I

e BB B T TR e o e L S B

209 Acqs
T

O | p— S Saaomv
71l 4.3 Fyanafignildlivinauaun Taeld co

Tek SieIEH 1 OkS/s - 1 1Acqs
Lﬁﬂ] TR I VR M U SmE  CRT o =23 0mv




-55-

ﬁ'auﬁaﬂmﬁmﬁ"lé’{mmﬁw DC Full Wave %zﬁﬁﬂymxﬁagﬂﬁ 45 AOUIZIVII993
Sampling and Hold Tagm3919149842993 Sampling and Hold n&ann lulnsaeuInsaaes
732495 Sampling and Hold 1&5udqyanaiiint 8 fegviaanm 5 dadaui Nt
aadaanaiaduinauau dsgu 100 TuTasduni fin 16 site liudayanas Sampling

v
o ~

Foyanai 1491AM3 Sampling wwiiluswssdu I De

Tek 10kS/s 4 Acqgs
=

~ @ ~ d = ~ v @ .
1% 4.5 Udanane17nn 3993 DC Full Wave W/5surhounidayaial Sampling
Tek EIfeIEH 1 0kS/s : 4 14 gcqs 4

A ¢

4.6 J1/d ey 1Mo 1MWA993 DC Full Wave 1fTouiioudiudey

Qan
2
=

2
=
2
s
=
=
@)



-56-

4.13 yaaaveuvamsmauvesszuudalnihdsalwiauuuldsunsula

nnmsnaaseldaussuuiinusduaegdiedy annsafiseszydweuuams

wamvesszuy TasmanSouieugiaseiflesiumalvihsiaou

~ = wva vy
AT NN 4.4 LTAAIVDULUA uazyﬂ?ﬂumﬂnﬂmﬁummﬂmm

Q

aelliherses | Hestulvlansdu | ON/OFF daluiia
suununuussauinih Tail@ 1a 14
saluinuuuldsunsula
szuudsedlvlvhonliuia 18 18 OFF 18
(UPS) ON I8 rvauz
szuiloaiilulihiialy 1318 Hoaiulrinuld OFF &
HJoafulnanlila oN 1118

(Breaker and Safety Cut)




~
Unn s
agUwanmsnaaes
@ o wa 9 o Y
Tasenuga szuumuguusady Ifhdaluf@uuy Tdsunsu 1] aunsaiouldly
v
@ [ 1 Y a Y
Snumeadoty Breaker waz Cut out ud lnsenuiazamnsodlestulifufumazanld Tag
n’ll [ Aad o 3 o = v @ 1 4'5’,' 9o @ ¢ A v [
Msasmnadueda udwhmsSeuiouamssaunnmndga Biuusedu land o s e
o‘z; 1 @ 1 o =3 @ 1 @ 4 1
Tmidinin v MIN szuvizdamstielddr lusiweadeadumnaiusedulatigeands
< @ 1 ] @ ] 3 1 a,.: U 9 Blzi'nd' 9 v 3
v MAX szuufiesdamane fhrudu  dounisdemazds ldmmegninoidounniv
: =1 v 9 = < [l qs/l 1 9
Tagiinstloatudieseuy Hard Lock v1n 1T Hard Lock f ldeninsodsan 1a
InMsNAass A/D Jasnssasennasssunaaviauazulaailuissdyu DC Full
) 1 5 ) 3 { 1 Y 3
Wave lgvimsnageumsen lluanwa e Idvziduavgin 16 Sadew/asumivily
) £ 9 a J 9 9 A @ @ d a A L 3 v
gy 10 fou SezdeanlSendieualdlndifostuusedulatiazanniige dounmsam
e 1 . mc@ TSR v =)= R, <, TSI
V_MIN tag V_MAX nsusinnftuesatiunezdosdieosninusiau ladiu@eidy e

aluinfSeudenlumsarugumstieliide 1

)

[ 3 4 a

Hyninnmsulaussdunnaugiy 16 @uaugne 10 18910 A/D Y14 12 Ta I
T =} 1 9 p=+ 1T R 9 =\ 9 1 [ ] A Y = Sld'
Amazideareutnage manfSuioun dsdedimsthususiuuagag e i lan

a [~ 9 Y a Y cg 24 v Ay a =1 = 4
lewiluaugi 10 wdraunsndedalddhedy ewndfidedeziinnuaziden 1 1iav
VoA =1 = = I'4

uAAM A/D 3ziANNALIDYA 1.22 ad 12an

HyM19NNINARNBI1995 Sampling and Hold 119 niiA1ueeussauLNaIUANATON

o 1 i ] [ 3 a 1

laToalua99s DC Full Wave semliainien 18 luasestuanuiuese useunsoud lola
Tasmssawonn 18 laglysunsuemaiain lod LTC1298

v 3 1 9 o 1 ad o Y o =

drumsasmazsld D/A Suaminaduesaudiinisi/seuney (2995 Comparator)

= = v .

wanmslSeuieuans liniuay Solid-State Relay

yM191NMINAABII99T Comparator 1lausIUBUNATIAMMAUNIWUENBY M3
o d a 2 T J a 1 ] @ Y
wamvesenluenileziiams Osillate Armaeinaziian limiueou annsotlosiuld

4 U d VoA

Tael#luTnsnou Insameiasnaneiynnnestuentl minmnasae 14ting Oscillate Noz
#1M5 OFF Solid-State Relay 1a@04 Set — up AYDY V_MIN 38 V_MAX lniszuuieey
Maunadeld

A7UUD92995 Solid-State Relay ¥1nA99M5A0 1riaaung Aeuldouadnsmnu

Aszuaueelnsuenluaes Solid-State Relay 1#iimganinszuan Inandeamsianiios



- a\
0 in
[IVTae B M@ RNl

Y,

S Ve,

D
1
»
I’
>

tdy 3 d’ Y o U ¥ dl = 1 3 1 ¥ o ¥ v ¥
wnanstiluenansnanulidmiunisidnumenisfnwivinuu ldeygslmihluldusslewisnunisen

ldnsdilag viedu Snveinudlvisaulasilomuaziosdnddiadivesenarsynaseniinisiiluls



ACLINE gs
—

D
1N4001

D3

Re1N4001

200k

L X3
© 11.059Mhz

I

D
1N4001

D4

1N4001

D5
1N4148
IC1:B

D6
1N4148

+15V

® TLO72 [1R13
10k

X1 [eZ}

c2
I 33pF:E3%'3:

+5v
i 13
11.059MHz 1R
T =
TP

S1

VC

. 3 +SA

0.1uf

CGv—-L

C1
R19 0.001uF L
2k

Ok
1N4001

R28
10k

: 1N4001
D7 R23 + N
m —4 [ l/ 1%
1N4001| 10K l (C8:B
1 TLO72
R26
10k

D10
1N4001

IC8:A

R29
10k

-15V

R20
3k

Auve92995n 1% 1un1snaans

C +5v

LCD1
LM032L

RS
RW

w 85883885

A[ @%ﬁ

==

N
N

AD7

2

T % Z
L2 {pet ] 1 ]
|_f5 ]_: =5 B8 L
b A il DO
tH1 P14 0
v e e
Lo %8 DO®®
L LTC1208 [ N
ATB9C51 l] @ . @
vee cs f=1 @
VRet SCK |2 _T_SETVOLTAGE V_MAX V_MIN
- R42 _MAX V_|
aina Gig“'—_l- f'SV 10k €10 = g D. @
ICE iy o171 R4 _1_15 A T P1
il LTC 1681 |~ LM311 10k p13 241C256 e JSiE
' 1N4001 = T =S :;%
z - ™0 ™
“ Her : 24LC256 -
=—{ RI
oV 4 = |Oewr0| |Dewrn —j: = +5v
+9V 11.059Mhz HARDLOCK HARDLOCK LINE IN
il ? +5V R33IC14
0 ; IC13 3 330 MOC3026
|c12 XTAL1 vee
o 5 7 éhi. lresegl R32)
a2 E 6 100
c12==c13
1N4001 I el i N c1
bi SA =
LM311 Tgf = i R37 N 0.01uF M1
10k 600V ;%Q
-9V = Pia 4 M2
= Jum ey G
clo—
R34 T 0.AuF
ik L AT89C2051 UIPME
L R31

Tk LINE oUT




”[ ’\D LTC1661

TECHNOLOGY Micropower Dual
10-Bit DAC in MSOP
FEATURES DESCRIPTION
= Tiny: Two 10-Bit DACs in an 8-Lead MSOP— The LTC®1661 integrates two accurate, serially addres-
Half the Board Space of an SO-8 sable, 10-bit digital-to-analog converters (DACs) in a
= Micropower: 60uA per DAC single tiny MS8 package. Each buffered DAC draws just
Sleep Mode: 1uA for Extended Battery Life 60uA total supply current, yetis capable of supplying DC
® Rail-to-Rail Voltage Outputs Drive 1000pF output currents in excess of 5mA and reliably driving
s Wide 2.7V to 5.5V Supply Range capacitive loads up to 1000pF. Sleep mode further re-
® Double Buffered for Independent or Simultaneous duces total supply current to a negligible TpA.
DAC Updates e S W, Yy, R ;
A el s : Linear Technology's proprietary, inherently monotonic
- §Sf§3re\r;ce ga?get!nb!udw SupplyGRatiomsiry voltage interpolation architecture provides excellent lin-
aa el earity while allowing for an exceptionally small external

m Reference Input Has Constant Impedance over All
Codes (260k<2 Typ)—Eliminates External Buffers
® 3-Wire Serial interface with
Schmitt Trigger Inputs

form factor. The double-buffered input logic provides
simultaneous update capability and can be used towrite to
either DAC without interrupting Sleep mode.

® Differential Nonlinearity: <+0.75LSB Max Ultralow supply current, power-saving Sleep mode and
extremely compact size make the LTC1667 ideal for

APPLICATIONS battery-powered applications, while its straightforward
usability, high performance and wide supply range make

= Mobile Communications it an excellent choice as a general purpose converter.

® Digttally Controlled AipligeYs art JrGANLOR For additional outputs and even greater board density,

: iﬁgargfta?%t;?{gf:t%ffrgf&ZSSL?:;?S:; please refer to the LTC1660 micropower octal DAC for

& ' : J 10-bitapplications. For 8-bit applications, please consult

Remote Industrial Devices -
AT, LTC and LT are registered trademarks of Linear Technoiogy Corporation. the LTC1665 m lcropower octal DAC.

V, GND Y, Vi H = H -
o 42 g Differential Nonlinearity (ONL)
—et 7 § {51
161
0.75
0.60
10-BIT 10-BIT 0.40
DAC A DACE
0.20
G R
4
-0.20
!
CONTROL ADDRESS
L06IC ,r >l DECODER l =040
U i
-0.75
0 256 512 168 1023
SHIFT REGISTER 0
? 1681 GO2
L] il f—fH
tsno SCK Din REF

164180

LT 1



LTC1661 _
ABSOLUTE MAXIMUM RATINGS

(Note 1)
Vg t0 GND Liirnmmsmmanmsans =0.3V10 7.5V Operating Temperafure Rangs
Logic Inputs to:-GND ..ovmesimwarinmasmn -0.3Vto 7.5V 06 05 72104 L e E TR ers NEnev e I DS s 0°Cto 70°C
Vout A Vour s, REFto GND ........... -0.3VitoVee + 0.3V ETCABBT s oo omnsintimimaniaen -40°C to 85°C
Maximum Junction Temperature .............oee. 125°C - Lead Temperature (Soldering, 10 sec)................ 300°C
Storage Temperature Range ................ -65°Ct0 150°C
PACKAGE/ORDER INFORMATION
ORDER PART L ORDER PART
NUMBER - NUMBER
. TOP VIEW CSILD ,T_[ Vour A
e nnf ge % S oure LTC1661CMS8 SCK % 7] o LTC1661CN8
Dy 3 6 Vee LTC1 661 |M88 Din L3 6 | Vee LTC1 661 'NB
REF 4 5 Vours i E] E Voiis
MSB PACKAGE MS8 PART MARKING
8-LEAD PLASTIC MSOP N8 PACKAGE
Timax =125°C, 04 = 150°C/W LT DV 8-L EAD PLASTIC BIP
LTDW Tywax = 125°C, 85 = 100°C/W

Consuit factory for Mifitary grade parts.

E].ECTR'CAI. CHARACTERIST lcs The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ta = 25°C. Vigg = 2.7V 10 5.5V, Vrer < Ve, Vour Unioaded uniess otherwise noied.

SYMBOL | PARAMETER | CONDITIONS | i WP WAX | UNITS
Accuracy
Resolution @ 10 Bits
Monotonicity TV < VRgg < Ve - 0.1V (Note 2) ® 10 Bits
DNL Differential Nonlinearity TV < Viggg € Ve - 0.1V (Note 2) [ ] 0.1 +0.75 LSB
INL Integral Nonlinearity TV < VRer € Ve - 0.1V (Note 2) @ +0.4 +2 LSB
Vos Offset Error Measured at Code 20 @ x5 +30 mV
Vs Temperature Coefficient 15 w/eC
FSE Full-Scale Error Vo= 5V, Vrer = 4.096Y ] ] +12 LSB
Full-Scale Error Temperature Coefficient +30 pv/eC
PSR Power Supply Rejection Vpgr = 2.5V 0.18 LSBNV
Reference Input
Input Voltage Range ® 0 Vee v
Resistance Active Mode ® ] 140 260 kQ
Capacitance ® 15 pF
IRer Reference Current Sleep Mode ® 0.001 1 pA
Power Supply
Vee Positive Supply Voltage For Specified Performance e| 27 55 v
lee Supply Current Ve = 5V (Note 3) ] 120 195 pA
Ve = 3V (Note 3) & 95 154 pA
Sieep Mode (Note 3) ® 1 3 vA

Val

TR
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LTC1661
ELECTRICAI. CHARA(;TERISTiCS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 2.7V 10 5.5V, Vger < Ve, Vour Unloaded unless othenwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX | UNITS
DC Performance
Short-Circuit Current Low Vour = 0V, Vee = Veer = 5V, Code = 1023 @ 10 25 100 mA
Short-Circuit Current High Vour = Ve = Vrer = 5V, Code = 0 ® 7 19 120 mA
AC Performance
Voltage Output Slew Rate Rising (Notes 4, 5) 0.60 V/ius
Falling (Notes 4, 5) 0.25 V/us
Voltage Output Settling Time To+0.5LSB (Notes 4, 5) 30 us
Capacitive Load Driving 1000 pF
Digital 1/0
ViH Digital Input High Voltage Vee=2.7V10 5.5V e 24 v
Ve =2.7V 10 3.6V o 20 v
ViL Digital Input Low Voltage Vee=4.5V 10 5.5V ® 0.8 v
Vee=2.7V10 5.5V ® 06 v
Ik Digital Input Leakage Viy=GND to Vge ® 10 pA
Cin Digital input Capacitance {Note 6) ® 10 pF

TIMIﬂG CHARACTERISTICS The @ denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at T = 25°C.

SYMBOL | PARAMETER | conpiTions | min v MAX | UNITS
Vee =4.5Vt0 5.5V
tq Dyy Valid to SCK Setup ® 40 15 ns
ty Dy Valid to SCK Hald @ 0 -10 ns
13 SCK High Time (Note 6) ® 30 14 ns
N SCK Low Time (Note 6) ® 30 14 ns
s CS/LD Pulse Width (Note 6) e 8 27 ns
t5 LSB SCK High to CS/LD High (Note 6) ®| 30 2 ns
Y CS/LD Low to SCK High (Note 6) | 2 -21 ns
1y SCK Low to CS/LD Low (Note 6) e 0 -5 ns
tyy CS/LD High to SCK Positive Edge (Note 6) o| 20 0 ns
SCK Frequency Square Wave (Note 6) ] 16.7 MHz
Vcc =2.7Vto 5.5V
t Dy Valid to SCK Setup (Note 6) ® 60 20 ns
1 Dy Valid to SCK Hold {Note 6) ® 0 -10 ns
13 SCK High Time (Note 6) ® 50 15 ns
ty SCK Low Time (Note 6) @ 50 15 ns
15 CS/LD Pulse Width {Note 6) o | 100 30 ns
5 LSB SCK High to CS/LD High (Note 6) ®| 50 3 ns
t; CSILD Low to SCK High (Note 6) e 30 -14 ns
g SCK Low to CS/LD Low (Note 6) ® -5 7 ns
1 CSILD High to SCK Positive Edge (Note 6) el 0 ns
SCK Frequency Square Wave (Note 6) & 10 MHz
Note 1: Absolute maximum ratings are those values beyond which the life Note 2: Nonlinearity and monotonicity are defined from code 20 to code
of a device may be impaired. 1023 (full scale). See Applications Information.

LTI &



LTC1661

M

TIMING CHARACTERISTICS

Note 3: Digital inputs at OV or V¢c. Note 5: Ve = Vger = 5V. DAC switched between 0.1Vps and 0.9V¢s,

Note 4: Load is 10kQ in paraliel with 100pF. i.e., codes k = 102 and k = 922.
Note 6: Guaranteed by design and not subject to test.

TYPICAL PERFORARANCE CHARACTERISTICS

winnnunT Supply Headroont vs

fiiegrat Noniinearity (iNLy Differemtiat Noniimearity (DNL) toad Current (Ouiput Sourcing)
s A TR ) el s I e G| e I Sl e I | [
vs ——ttt—t | [ 1900 b A o 1 S8 L [ A
e (Rt (e e R U i | 8 | | CODE - 1023 l Lol
L T e I R W N R l l 1000 | L ! ——A om0
Iy S OES Es ieh iS00 e o 020} 4 g J I vl T
= lww e S A l = O =Y/—8 —q-0| f I e
d o MM R__.W;' w g i N L FTITATTTIT. S | | Vol il
fea G I 4 4 sl S gl < B N 75 SR |
e | gy 1 | g | t P> | Xl o =
VY N - Y - o | e 4 { V%9
! | A [ oo L _geAT
-15 T ) L @ | -060 | | [ / -
fae I | Y e "
Q 256 512 768 1023 Q 256 512 168 1023 Q 20" 4 6 8 10
CODE CODE [lout] (mA) (Sourcing)
1661 GO 1661 GO2 1661 GO3
wiinimum Voyr vs Midscale Output Yoltage vs Midscale Output Voltage vs
Load Current (Qutput Sinking) Load Current Load Current
1400
T ) R Gl 2 [Tl T
Vee =5V 2 r—VREF =Vee s TVREF =Vee 7
1200 |=CODE=0 12? 43 I~ CODE = 512 l .9 I CODE = 512
2.8 Ve 25,5V /' 1.8 el
D 7 = ; e
S en /] & 26 | 16 [ '
= 7 50T Vee = 5V DY Vee=3V | V
3 y Pt g 7 Y,
3 & 4L O | / 8 4 [ ]
PAWZEIRN Wi TS el
400 - .3 Vee = 4.5V 1.3 Vee=<4. /v
| /‘J L~ 22 f 12
200 = 21 | 11
. 2 | SOURCE _|  SINK 1 SOURCE| _SINK
0 - 2 i o i T Er e Fe
o4 2 4 & 8 10 36 -20 -18 0 10 20 36 -t5-12 -8 4 9 4 g 12515
our] ma (sinking) lour () louT ()
1661 G4 1661 GRS 1661 GD6
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LTC1661

TYPICAL PERFORMANCE CHARACTERISTICS

Load Regulation vs Load Regulation vs

Output Current Output Current Large-Signal Step Response
T O 2 O R Ve = Vigr = 5V
: '_Vcc = Ve = 5V 2 1™ Vg = Ver = 3 J‘ “Ll o %‘ffo T0 7]
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1 1 { \
@ 05 @ 05 3
= 0 = 0 =
=i g 3 | \
Z -05 3 05 2 \
-1 -1 {
"
-15 -1.5
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1 1 1 1 L 1 L O
-2 -1 0 1 2 500 0 500 0 20 40 60 80 100
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1.0 T T 272 b 150 i,
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08 I 130
E g 120
Z 06 Z 10 Ve =55V
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E 0.4 [ E 90 Vee = 3.6V
& 7 80 }
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LTC1661

PIN FUNCTIONS

CS/LD (Pin 1): Serial Interface Chip Select/Load Input.
When CS/LD s low, SCKis enabled for shifting data on Dyy
into the register. When CS/LD is pulled high, SCK is
disabled and the operation(s) specified in the Control
code, A3-AQ, is (are) performed. CMOS and TTL compat-
ible.

SCK (Pin 2): Serial Interface Clock Input. CMOS and TTL
compatible.

Dy (Pin 3): Serial Interface Data Input. Inputword data on
the Dyy pin is shifted into the 16-bit register on the rising
edge of SCK. CMOS and TTL compatible.

REF (Pin 4): Reference Voltage Input. OV < Vggr < Vec.

Vout a- Vour B (Pins 8,5): DAC Analog Voltage Outputs.
The output range is

1023
0 < Vpura. Vi <V ——
OUTA- VOUTB = VREF (1 02 4)

Vec (Pin 6): Supply Voltage Input. 2.7V < V¢ <5.5V.
GND (Pin 7): System Ground.

DEFInITIONS

Differential Nonlinearity (DNL): The difference between
the measured change and the ideal 1L.SB change for any
two adjacent codes. The DNL error between any two codes
is caicuiated as foilows:

DNL = (AVpyr - LSB)/LSB
Where AVqyr is the measured voltage difference between
two adjacent codes.

Fuli-Scale Error (FSE): The deviation of the actual full-
scale voltage from ideal. FSE includes the effects of offset
and gain errors (see Applications information).

integral Nonlinearity (INL): The deviation froma straight
line passing through the endpoints of the DAC transfer
curve (Endpoint INL). Because the output cannotgo below
zero, the linearity is measured between fuii scale and the
lowest code which guarantees the output will be greater
than zero. The INL error at a given input code s calculated

as follows:

INL = [Voyrt - Vs = (Vs - Vog) (code/1023)]/LSB

Where Vgyr is the output voltage of the DAC measured at
the given input code.

Least Significant Bit (LSB): The ideal voltage difference
hetween two successive codes.

Reselution (n): Defines the number of DAC output states
(2") that divide the full-scale range. Resolution does not
imply linearity.

Voltage Offset Error {Vps): Nominally, the voltage at the
output when the DAC is loaded with all zeros. A single
suppiy DAC can have a true negative offset, but the output
cannot go below zero (see Applications Information).

For this reason, single supply DAC offset is measured at
nct nnda th o o Wals

b IAsas nF Anc thn A vk eanll b nr
the lowest code that guarantees the output wiii 0e greater
than zero.

@pF
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LTC166T

OPERATION

Transfer Function
The transfer function for the LTC1661 is:

k
Vout(oeay) = ( e 4} VRer

where k is the decimal equivalent of the binary DAC input
code D3-DO and Vggr is the voltage at REF (Pin 6).

Power-0On Reset

The LTC1661 positively clears the outputs to zero scale
when power is first applied, making system initialization
consistent and repeatable.

Power Supply Sequencing

Thevoltage at REF (Pin 4) must not ever exceed the voltage
at Ve (Pin 6) by more than 0.3V. Particular care should be
taken in the power supply turn-on and turn-off sequences
to assure that this limit is observed. See Absolute Maxi-
mum Ratings.

Serial Interface

See Table 1. The 16-bit Input word consists of the 4-bit
Control code, the 10-bit Input code and twodon‘t-care bits.

Table 1. LTC1661 Input Word
o quytVVord

IA3[A2}A1|Ao)[)9]Dé;D7}De§DS;D4103102|D11Do\x1]xol

Don't
Care

Afterthe Inputwordisloaded into theregister (see Figure 1),
itis internally converted from serial to parallel format. The
parallel 10-hit-wide Input code data path is then buffered
by two fatch registers.

Control Code Input Code

Thefirstof these, the input Register, is used for loading new
input codes. The second buffer, the DAC Register, is used
for updating the DAC outputs. Each DAC has its own 10-bit
input Register and 10-bit DAC Register.

By selecting theappropriate 4-bit Control code (see Table 2)
itis possible to perform single operations, such asloading
one DAC or changing Power-Down status (Sleep/Wake).
In addition, some Control codes perform two or more
operations at the same time. For example, one such code
loads DAC A, updates both outputs and Wakes the part up.
The DACs can be loaded separately or together, but the
outputs are always updated together.

Register Loading Sequence

See Figure 1. With CS/LD held low, data on the Dyy input
is shifted into the 16-bit Shift Register onthe positive edge
of SCK. The 4-bit Control code, A3-AQ, is loaded first, then
the 10-bit Input code, D9-DO, ordered MSB-to-LSBineach
case. Two don‘t-care bits, X1 and X0, are loaded last.
When the full 16-bit Input word has been shifted in, CS/LD
is pulled high, causing the system torespond according to
Table 2. The clock is disabled internally when CS/LD is
high. Note: SCK must be fow when CS/LD is pulled low.

Sleep Mode

DAC control code 1110y is reserved for the special Sleep
instruction (see Table 2). In this mode, the digital parts of
the circuit stay active while the analog sections are dis-
abled; static power consumption is greatly reduced. The
reference input and analog outputs are set in a high
impedance state and all DAC settings are retained in
memary so that when Sleep mode is exited, the outputs of
DACs not updated by the Wake comimand are restored to
their last active state.

Sleep mode is initiated by performing a load sequence
using control code 1110, (the DAC input code D3S-DQ is
ignored).

To save instruction cycles, the DACs may be preparedwith
new input codes during Sleep (control codes 0001, and
0010y); then, a single command (1000,,) can be used both
to wake the part and to update the output vaiues.

LTI



LTC1661

T RS T o R B P e O\ S TR D G T (S S e v oo s covlsn g
Table 2. DAC Control Functions
CONTROL | \pur REGISTER | DACREGISTER | POWER-DOWN STATUS
A3 A2 A1 RO STATUS STATUS (SLEEP/WAKE) COMMENTS
00200 No Change No Update No Change No Operation. Power-Down Status Unchanged
(Part Stays In Wake or Sleep Mode)
ENCH R ) e | Load DAC A No Update No Change Load Input Register A with Data. DAC Outputs
Unchanged. Power-Down Status Unchanged
0l 0F a0 Load DAC B No Update No Change Load Input Register B with Data. DAC Outputs
Unchanged. Pawer-Down Status Unchanged
[P O el [ | Reserved
Qinlie 0520 Reserved
g 1 0 1 Reserved
0 ST e PRl 0 Reserved
Of = =i Reserved
o 000 No Change Update Outputs Wake Load Both DAC Regs with Existing Contents of Input
Regs. Outputs Update. Part Wakes Up
T 850 0] Load DAC A Update Outputs Wake Load Input Reg A. Load DAC Regs with New Contents
of Input Reg A and Existing Contents of Reg B. Outputs
Update. Part Wakes Up
Qo0 Load DAC B Update Outputs Wake Load Input Reg B. Load DAC Regs with Existing Contents
of Input Reg A and New Contents of Reg B. Outputs
Update. Part Wakes Up
TRt N Reserved
T 0 Reserved
=] 1 No Change No Update Wake Part Wakes Up. Input and DAC Regs Unchanged. DAC
Outputs Reflect Existing Contents of DAC Regs
e e ) No Change No Update Sleep Part Goes to Sleep. Input and DAC Regs Unchanged. DAC
QOutputs Set to High Impedance State
e | | Load DACS A, B Update Qutputs Wake Load Both Input Regs. Load Both DAC Regs with New

with Same
10-Bit Code

Contents of Input Regs. Outputs Update. Part Wakes Up

CSILD

mmmmﬂﬂﬂaaﬂﬂanﬂ“m ______________
7 ) SEEEI A U Tie e
SR

CONTROL CODE

INPUT CODE

DON'T CARE

J' (SCK ENABLED)

INPUT WORD Wy

T wrciss1
RESPONDS) 1661 Fo1

Figure 1. Register Loading Sequence




LTC1661

OPERATION
Voltage Outputs

Each of the rail-to-rail output amplifiers contained in the
LTC1661 can typically source or sink up to 5mA
(Vee = 5V). The outputs swing to within a few millivolts
of either supply when unloaded and have an equivalent
output resistance of 85 (typical) when driving a load to
the rails. The output amplifiers are stable driving capaci-
tive loads up to 1000pF.

A small resistor placed in series with the output can be
used to achieve stability for any load capacitance. A TuF
load can be successfully driven by inserting a 20 resistor
in series with the Voyr pin. A 2.2uF load needs only a 10Q
resistor, and a 10pF electrolytic capacitor can be used
without any resistor (the equivalent series resistance of
the capacitor itself provides the required small resis-
tance). In any of these cases, larger values of resistance,
capacitance or both may be substituted for the values
given.

OUTPUT
VOLTAGE

(©)
VRer :_V(_:.c ______ fe

Rail-to-Rail Output Considerations

In any rail-to-rail DAC, the output swing is limited to
voltages within the supply range.

If the DAC offset is negative, the output for the lowest
codes limits at OV as shown in Figure 2b.

Similarly, limiting can occur near full scale when the REF
pinis tied to Veg. If VRgr = Ve and the DAC full-scale error
(FSE) is positive, the output for the highest cades limits at
V¢ as shownin Figure 2c. No full-scale limiting can occur
if VRer is less than Ve — FSE.

Offset and linearity are defined and tested over the region
of the DAC transfer function where no output limiting can
oceur.

1 POSITIVE
Veer = Ve - FSE

- L AT _S_Pp e B S

Quteut
VOLTAGE

INPUT CODE

Pre

OUTPUT
VOLTAGE

INPUT CODE
”

-
oSET) | ®

ov =
NEGATIVE ‘ -

1023

INPUT CODE

1661 F02

Figure 2. Effects of Rail-to-Rail Operation On a DAC Transfer Curve. (a) Overall Transfer Function (b) Effect of Negative
Offset for Codes Near Zero Scale (c} Effect of Positive Full-Scale Error for Input Codes Near Full Scale When Vpgr = Vi
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LTC1661
TYPICAL APPLICATIONS

V. O s FOR EACH U1 AND U2
'——l— (FROM MAIN CODE A | CODE B | AVy, AV
INPUT DAC)
512 1023 | -250mV
512 512 0
- *}fl 512 0 250mV
CSAD —4 1: Vi’ = Vi + AVy
Dy 0.1pF ‘L 0.1uF
= St
‘NV =
Ré
5k
v PIN
T DRIVER Vour
(0FN)
LoGic __|
DRIVE
5"(;1 ’;ﬁ 7.5V £250mV
2.5V £250mV
< 7 V7=V + AVp
u3B 7 ’
LT1368
e L 01uF
4.8 T Vpp= Vap =25V
Vaz = 25V Vi =V +_F\_’1_ Va1 =V
@ ML 9 (Va1 =Vg1)
= oM Al V= VR (Vgp - Vo)
INPUT DAC) R2
FOR VALUES SHOWN,
AVy, AV| ADJUSTMENT RANGE = +250mV
AVy, AV| STEP SIZE = 500uV seae

Figure 3. Pin Driver Vy and V| Adjustment in ATE Applications

Vi 24.3V

QV 70 4.096V
O (amvBiT)

T
Q OV 10 4.096Y
(4mV/BIT)

1661 F04

Figure 4. Using the LTC1258 and the LTC1661 In a Single Li-lon Battery Application
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LTC1661

PACKAGE DESCR'P“O“ Dimensions in inches (millimeters) unless otherwise noted.

MS8 Package
8-Lead Plastic MSOP
(LTC DWG # 05-08-1660)

0.118 +0.004*
(3.00£0.102)

0.040+0.006 0.034 +0.004
(1. oz+o15) (0.86+0.102) 1

NG
T~
]:Dm
j:nm

0.007 0% 6o TYD
(©.18) [
SEATING - 0.193 + 0.006 0,118+ 0.004**

‘rH 0.021+0.006 } PLANE 0012 _4 T oooe+oooa (4.90£015) {3.00£0.102)
T (053+0015) (030) {0.15+0.102) l
s 0.0256
QBQ MSOP (MS8) 1098
23 4

(O 65)
BSC

* DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

** DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

_.D:]:o

N8 Package
8-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

0.400*

(10.160)
MAX

lg] [7] [e] ]l
0.255 £0.015* D
(6.477£0.381)

R EAREN T

0.300 - 0.325 0.045 - 0.065 0.130 +0.005
Sl TR B ’4— —————
(7.620 - 8.255) i (1.143 -1.651) ‘ (3.302+£0.127)

oo} v

{1.651)

0.009 - 0.015 TYP
{0.229 - 0.381) 0.125
(3175 0.020
+0.035 MIN  (0.508)
0.325
L— 27 0015 0.100 0.018+0,003  MIN
+0.889 254 e
(B 255 ") 381) (BSC) (0.457+0076)

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mim)

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ , l However, no responsibility is assumed for its use. Linear Technology Corpoeration makes no represen-
TECHNOLOGY tation that the interconnection ofits circuits as described herein will notinfringe onexisting patent rights.



LTC1661
TYPICAL APPLICATION

W0 e FOR EACH U1 AND U2
=15
et CODE A | CODE B | AVy, AV
INPUT DAC)
512 | 1023 | -250mV
512 512 0
512 0 250mV

Vi'= Vi + AVy

=l
=

0.1uf

| 0
5V 0ApF 3

Ve
DRIVER
{10F N)

Vour

LOGIC

DRIVE _}
7.5V £250mV
~2.5V £250mV

= VU=V AV
u3B 7 J
LT1368 T

0.11F

I
Va1 = Var =25V

R1
Vuli=Vy + —— (Va1 -V
W=Vt Rz(m g1)

4 ]
Vi"=Vp+ T%— (Va2 - Vg2)

p— (FROM MAIN
INPUT DAC)
FOR VALUES SHOWN,
AV, AV, ADJUSTMENT RANGE = +250mV
AVyy, AVy STEP SIZE = 500pV

Pin Driver Vy and V} Adjustment in ATE Applications

RELATED PARTS

PART NUMBER DESCRIPTION COMMERNTS

LTC1446/LTC1446L | Dual 12-Bit Voyy DACs in SO-8 Package with Internal Reference LTC1446: Vg = 4.5V to 5.5V, Vgyt = OV to 4.095V
LTC1446L: Vg = 2.7V 10 5.5V, Vour = 0V 10 2.5V

LTC1448 Dual 12-Bit Vgyr DAC in SO-8 Package Vee = 2.7V to 5.5V, External Reference Can Be Tied to Ve

LTC1454/LTC1454L | Dual 12-Bit Vour DACs in SO-16 Package with Added Functionality | LTC1454: Vg = 45V 10 5.5V, Vour = OV 1o 4.095V
LTCT454L: Voe = 2.7V 10 5.5V, Voyr = OV t0 2.5V

LTC1458/LTC1458L | Quad 12-Bit Rail-to-Rail Output DACs with Added Functionality LTC1458: Vg¢ = 4.5V 10 5.5V, Vgyr = OV to 4.095V
LTC1458L: Vg = 2.7V t0 5.5V, Vguy = OV to 2.5V

LTC1659 Single Rail-to-Rail 12-Bit Voyr DAC in 8-Lead MSOP Package Low Power Muitiplying Vot DAC. Output Swings from
Vee: 2.7V 10 5.5V GND to REF. REF Input Can Be Tied to V¢

LTC1663 Single 10-Bit Vqyy DAC in SOT-23 Package Vee = 2.7V 10 5.5V, Internal Reference, 60pA

LTC1665/LTC1660 Octal 8/10-Bit Vg DAC in 16-Pin Narrow SSOP Ve = 2.7V to 5.5V, Micropower, Rail-to-Rail Qutput

1661f LT/TP 0100 4K - PRINTED IN THE USA

»‘ 2 Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417 L, uum
(408)432-1900=FAX: (408) 434-0507 » www.linear-tech.com ©LINEAR TECHNOLOGY CORPORATION 1999



”t ’ \D LTC1286/LTC1298

TECHNOLOGY

FEATURES

12-Bit Resolution
8-Pin SOIC Plastic Package
Low Cost
Low Supply Current: 250, i8S
Auto Shutdown to 1nA Typ.
Guaranteed +3/4L.SB Max DNL
Single Supply 5V to 9V Operation
On-Chip Sample-and-Hold
60us Conversion Time
Sampling Rates:
12.5 ksps (LTC1286)
11.1 ksps (LTC1298)
I/0 Compatible with SPI, Microwire, etc.
Differential Inputs (LTC1286)
2-Channel MUX (LTC1298)
3V Versions Available: LTG1285/LTC1288

APPLICATIONS

Battery-Operated Systems
Remote Data Acquisition
Battery Monitoring
Handheld Terminal Interface
Temperature Measurement
Isolated Data Acquisition

Micropower Sampling
12-Bit A/D Converters In
S0-8 Packages

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive approximation sampling A/D converters. They typi-
cally draw only 250uA of supply current when converting
and automatically power down to a typical supply current
of 1nA whenever they are not performing conversions.
They are packaged in 8-pin SO packages and operate on
5V 1o 9V supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs include sample-and-holds.
The LTG1286 has a single differential analog input. The
LTC1298 offers a software selectable 2-channel MUX.

On-chip serial ports allow efficient data transfer to a wide
range of microprocessors and microcontrollers overthree
wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

These circuits can be used in ratiometric applications or
with an external reference. The high impedance analog
inputs and the ability to operate with reduced spans (to
1.5V full scale) allow direct connection to sensors and
fransducers in many applications, eliminating the need for
gain stages.

TYPICAL APPUICATIONS

: TEUE 01808 Bé/d' »37700-—RiY
180 » 41880 42 nil - M d bl l«"§

4TpF 5

frfFIMz

MPU
(e.q., 8051)

P1.4
P1.3

1
L VRer Vee

ANALOG INPUT —2] i LTC1286 OLK

w | \ll&:

OV TO 5V RANGE ——{ N Dout P1.2

SERIAL DATA LINK

LTC1286/98 « TAGT

4 i
_L—{ GND CS/SHDN

‘»ié»

[Pl D PNl P
1000

S } “H
| Vee = Veer = 5Vi H

| fork = 200kHz U/’

f
|
LU L[]
1
|
\

A)

100

1§ —
=
74

i
]
|

—_
o

SUPPLY CURRENT (.

|
|
|
|
:
]
|
|

|
|
|
|
I
|
|

]
!
|
|
|
:
|
|
1

0.1k 1k 10k
SAMPLE FREQUENCY (Hz)

LTC1286/98 « TAO2

00k

ALY LT



LTC1286/LTC1298

ABSOLUTE MAXIMUM RATINGS 4. 1 oui.

Supply Voltage (Vgg) 10 GND ..o 12V Power Dissipation............eceeeerevecersnsesrarsssseeanenes 500mwW
Voltage Operating Temperature Range
Analog and Reference ................ -0.3Vto Vo + 0.3V LTCIZBEG/LTC1298C ... olsveisrinnss 0°Cto 70°C
Bigiabinpuls o s e -0.3Vto 12V LTGI286LTCH298I ... s —-40°C to 85°C
Digial DUt voossmanimeemmmea -0.3Vto Vo + 0.3V Storage Temperature Range ................. -65°C 10 150°C
Lead Temperature (Soldering, 10 S€C.).......c........ 300°C
PACKAGE/ORDER INFORMATION
b ba ORDER PART RN ORDER PART
ver 1] [Bvee NUMBER 5] Ve NUMBER
+IN [2] 7] cLk E CLK
W S LTC1286CN8 o LTC1286CS8
GND [4] | 5] CS/SHON LTC1286IN8 . 5| CS/SHDN L1C1286158
N8 PACKAGE S8 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 3-LEAD PLASTIC SOIC
Towax = 150°C, 634 = 130°C/W Tyuax=150°C, 8,0 =175°CW 12860
1286l
TOP ViEw ORDER PART AP PR ORDER PART
seon il B Voo (Ve NUMBER cs/sron [T | % Ve (Veer) NUMBER
CHo [2] 7] oLk CHO 7] oK
: LTC1298CN8 LTC1298CS8
CcH1 [3] 6 | Dour CH1 6] Dour
b L ¥ LTC1298INg 5 gDm LTC1298I58
N8 PACKAGE "8 PACKAGE PART MARKING
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC
Tomax = 150°C, 64 = 130°C/W Tomax =150°C, 8,4=175°C/W 1122%%?
Consult factory for military grade parts.
RECOMMENDED OPERATING CONDITIONS
(gapN@ | aninagioi TagAAal (E'] o nt 1R
Ve Supply Voltage (Note 3) LTC1286 4.5 9.0 v
L7C1298 45 5.5 N
fo Clock Frequency Voo =5V (Note 4) 200 kHz
teye Total Cycle Time LTC1286, fo g = 200kHz 80 us
LTC1298, fok = 200kHz 90 us
thoi Hold Time, Dyy After CLKT Veg =5V 150 ns
tsucs Setup Time CSJ Before First CLKT (See Operating Sequence) LTC1286, Vgo = 5V 2 us
LTC1298, Vg = 5V 2 us
tsuni Setup Time, Dy Stable Before CLKT Voo =5V 400 ns
twHoLK CLK High Time Vo = 5V ’ "
twiok CLK Low Time Veo =9V 2 us
twhEs CS High Time Between Data Transfer Cycles Voo =5V 2 us
tw.3s CS Low Time During Data Transfer LTC1286, for = 200kHz 75 s
LTG1298, foik = 200kHz 85 us

2

LY TR



LTC1286/LTC1298

CONVERTER AND MULTIPLEXER CHARACTERISTICS ..

fltitae @l¥itca
B0ine BI6I MITRE L] bb 1gp BB 68 1g8 BBE ITE]
Resolution (No Missing Codes) ] 12 12 Bits
Integral Linearity Error (Note 6) ® +3/4 *2 +3/4 +2 LSB
Differential Linearity Error @ +/4  £3/4 /4 +3/4 LSB
Offset Error ® 3/4 +3 3/4 +3 LSB
Gain Error °® 2 +8 12 +8 LSB
Analog Input Range (Note 7 and 8) ® ~0.05V to Vg + 0.05V v
REF Input Range (LTC1286) 45<Vpp<5.5V 1.5V 0 Vg +0.05V v
(Notes 7, 8, and 9) 55V <Vge <9V 1.5V 10 5.55V Vv
Analog Input Leakage Current (Note 10) e b, , i uA
DIGITAL AND DC ELECTRICAL CHARACTERISTICS 4.-:.
IgbpRB | BRI DO DIBT MITERT]] b8 1ep  BDE EdAi
ViH High Level Input Voltage Vg =5.25V @ 2 v
ViL Low Level Input Voltage Veg =4.75V e 0.8 v
m High Level Input Current Vi = Voo @ 2.5 pA
I Low Level Input Current Vi =0V ® -2.5 VA
Vou High Level Qutput Voltage Voo = 4.75V, 1p = 10pA [ 40 464 Vv
Vg =4.75V, lg = 360uA e 24 462 v
VoL Low Level Output Voltage Voo =475V, lg = 1.6mA & 0.4 v
loz Hi-Z Qutput Leakage CS = High e +3 A
IsouRCcE Output Source Current Vout =0V -25 mA
Isink Output Sink Current Vout =V 45 mA
RRer Reference Input Resistance CS = Vgo 5000 MQ
(LTC1286) CS = GND 55 kQ
Iner Reference Current (LTC1286) €S =Vee ® 0.001 25 A
toye >640us, fork < 25kHz [ ] 90 140 vA
tove = 80us, fork = 200kHz ® 90 140 A
I Supply Current CS =V ® 0.001 3.0 uA
LTC1286, tgyg > 640us, foyk < 25kHz e 200 400 A
LTC1286, teyc = 80us, fg i = 200kHz ® 250 500 VA
LTC1298, tgyc > 720us, fgrk < 25kHz ® 290 490 uA
LTC1298, toyg = 90us, foLk = 200kHz ® 340 640 A
DYNAMIC ACCURRACY 10600t abi 1i166:8% 95081108} ol Vif oo slemibs
Lgaol@ | antnediar \ITRE T 64 l¢a @Bt 1R
S/(N +D) | Signai-to-Noise Plus Distortion Ratio 1kHz/7kHz Input Signal 71/68 dB
THD Total Harmanie Distartion (Up to 5th Harmanic) 1kHz/7kHz Input Signal —-84/-80 dB
SFDR Spurious-Free Dynamic Range 1kHz/7kHz Input Signal 90/86 dB
Peak Harmonic or Spurious Noise 1kHz/7kHz Input Signal -90/-86 dB

LT R



LTC1286/LTC1298

AC CHARACTERISTICS ..

igbpRd | BRI DB BIGT TTEET] b4 i¢d  BBE ITE]]
tompL Analog Input Sample Time See Operating Sequence 1:5 CLK Cycles
fsmpLaax)| Maximum Sampling Frequency LTC1286 ® 12.5 kHz
LTC1298 ® 1.1 kHz
toony Conversion Time See Operating Sequence 12 CLK Cycles
tang Delay Time, CLK{ to Doyt Data Valid See Test Circuits @ 250 600 ns
tis Delay Time, CST to Doyt Hi-Z See Test Circuits e 135 300 ns
ten Delay Time, CLK{ to Doy Enable See Test Circuits ® 75 200 ns
thoo Time Qutput Data Remains Valid After CLK Cioap = 100pF 230 ns
tf Doyr Fall Time See Test Circuits ] 20 75 ns
i Doy Rise Time See Test Circuits [ 4 20 75 ns
Cin Input Capacitance Analog Inputs, On Channel 20 pF
Analog Inputs, Off Channel 5 pF
Digital Input 5 pF

The ® denotes specifications which apply over the full operating
temperature range.

9 + 1 @Absolute maximum ratings are those values beyond which the life
of a device may be impaired.

B =1 a3All voltage values are with respect to GND.

0§ =i @These devices are specified at 5V. For 3V specified devices, see
LTC1285 and LTC1288.

8«1 2increased leakage currents at elevated temperatures cause the S/H
to droop, therefore it is recommended that fg x> 120kHz at 85°C, frk
75kHz at 70° and fgk > 1kHz at 25°C.

B :>88Vge = 5V, Vger = 5V and CLK = 200kHz unless otherwise specified.

8 > &alinearity error is specified between the actual end points of the
A/D transfer curve.

# = #aTwo on-chip diodes are tied to each reference and analog input
which will canduct for reference or analag input voltages ane diode drop
below GND or one diode drop above Vg. This spec allows 50mV forward
bias of either diode for 4.5V < Vo < 5.5V. This means that as long as the
reference or analog input does not exceed the supply voltage by more than
50mV the output code will be correct. To achieve an absolute OVto 5V
input voltage range will therefore require a minimum supply voltage of
4.950V over initial tolerance, temperature variations and loading. For 5.5V
< Ve <9V, reference and analog input range cannot exceed 5.55V. |f
reference and analog input range are greater than 5.55Y, the output code
will not be guaranteed ta be carrect.

# > eaThe supply voltage range for the LTG1286 is from 4.5V to 9V, but
the supply voltage rangs for the LTC1298 is only from 4.5V to 5.5V.

# :» gaRecommended operating conditions
#:>i 3aChannel leakage current is measured after the channel selection.

TYPICAL PERFORMANCE CHARACTERISTICS

I «He®? [« § Yl - Vel
<Yl -8 ' nlé» [ 8 Yl - [5° %= ié»o-= VI 8- 2% YT 8:°
1000 ———r 450 35 ——————
F a=25C T‘—Zé"c | Ta= 25 EE
L Voo = Vper=5Y A= 30 i~ Vgg = Vper = 5V
foLk = 200kHz Voc = Vper = 5V ] 1
= GLK i ’ 400 | to, ¢ = 200kHz £ ‘ ; i \v
< s
— A E = /
=100 =kt ya == S 20 7
B Tictm AL = 30 K\ o — £ 4 ( { V l
= 3 = =5 |
S /1101286 5 LTC1298 fopp, =11.1kHz S ] 4 e
z > 300 g 7T (AFTER CONVERSION)
3 10 A4 s = o |
a 7 o «n
7 2 Se - e
7 250 L1 ] ’ | L
LTC1286 fgypy =12.5kHz 0.002 €S = Vg - ) 1
1 200 0 0
0.1k 1k 10k 100k 55-35 15 5 25 45 65 85 105 125 1 20 40 60 80 100 120 140160 180 200
SAMPLE RATE (kHz) TEMPERATURE (°C) FREQUENCY (kHz)
LT1286/98 GO3 LT1286/08 GO4 L11286/98 601
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LTC1286/LTC1298

TYPICAL PERFORMANCE CHARACTERISTICS

T 15552 Vo Y o852 = -
16" »ie»ali¥iTod-

b B T
A=
90 Veg =5V t ' i
L VRer=5V
Z iz foLk = 200kHz ] /
=
E /|
= |
S w0 |
& /
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S 40 VL
g | ]
W 30 J :
& |
=20 7 3 ’
" 1
0
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LT1766/96 GO6
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0
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=
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=
= Voc = VRer = 5V
-2.5 i~ foLk = 200kHz
Tomp = fompL (wax)
2 ! e 2
55 35 15 5 25 45 o W85
TEMPERATURE (°C)
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LTC1286/LTC1298

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1286/LTC1298

TYPICAL PERFORMANCE CHARACTERISTICS
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E1gqeB-? i -@Reference Input. The reference input defines
the span of the A/D converter.

A ¥ gb- 7 .@Positive Analog Input.

AP 8B i -@Negative Analog Input.

00D #B-* i -@Analog Ground. GND should be tied directly
1o an analog ground plane.

Yifs00 #8-2 8.2Chip Select input. A logic low on this
input enables the LTC1286. A logic high on this input
disables and powers down the LTC1286.

g #B-* d-@Digital Data Output. The A/D conversion
result is shifted out of this output.

YO0 8- 6-&Shift Clock. This clock synchronizesthe serial
data transfer and determines conversion speed.

Eyy #B-2 8. Power Supply Voltage. This pin provides
power to the A/D converter. It must be kept free of noise
and ripple by bypassing directly to the analog ground
plane.

Y 800 e8-* 1-2Chip Select Input. A logic low on this
input enables the LTC1298. A logic high on this input
disables and powers down the LTC1298.

Y83 ad-? 1-@Analog Input.
Y8i #9-? i-@Analog input.

000 #8-* i -eAnalog Ground. GND should be tied directly
to an analog ground plane.

0, 8B-? 8-@Digital Data Input. The multiplexer address is
shifted into this input.

) o8- @-aDigital Data Output. The A/D conversion
result is shifted out of this output.

YO0 eB-2 é-2Shift Clock. This clock synchronizes the
serial data transfer and determines conversion speed.

Eyyiif gy #B-2 a-@Power Supply and Reference Voltage.
This pin provides power and defines the span of the A/D
converter. It must be kept free of noise and ripple by
bypassing directly to the analog ground plane.

LT LS



LTC1286/LTC1298
BLOCK DIAGRAM

CS/SHDN
Ve (Vee/VRer) (D) CLK
i st e
1
i BIAS AND !
! SHUTDOWN CIRCUIT e ALEGRTL S [ = Day
1 ——O/ I :
Lo O
IN* (CHO) — CsampLE :
1
: EEEEE :
1
[}
IN™ (CH1) =—0 SAR |
| + MICROPOWER i
! COMPARATOR 1
1
]
p—— 1
i P CAPACITIVE DAC !
]
' ;
i 1
! [}
i 1
! I
! 1
! 1
! [}
1 =)
___________ e I
GND PIN NAMES IN PARENTHESES
REFER TO THE LTC1298
(VA B T e e Eod' »E &' a® - g T--»02%BE 10 »i-d~
1.4V
Vou
a Dout
VoL
Dour | TEST POINT
T 100pF LTC1286/%+ TCO2
= LTC1286/98 « TEOT
Eed' »E &' a® - 1200 »d80° »0 [TRYA B e AT
flEl IR * 3
TEST POINT
CLK |
— ViL
~<—14po ——»‘ 5 3k Ve tais WAVEFORM 2, tep
OUT |
VoH tgis WAVEFORM 1
Dout >< T 100pF l £r
Vou
= = LTC1286/98 « TCO4

L1C1286/98 + 1C03
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LTC1286/LTC1298

TEST CIRCUITS
Ead' »E 42 50a® - Py
s Vin
Doyt
WAVEFORM 1

K 90%

tgis ———-»‘ -
Dour
WAVEFORM 2

(SEE NOTE 2) K%_

NOTE 1: WAVEFORM 1 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCH
THAT THE QUTPUT IS HIGH UNLESS DISABLED BY THE QUTPUT CONTROL.
MOTE 2: WAVEFORM 2 IS FOR AN QUTPUT WITH INTERNAL GONDITIONS SUCH
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE QUTPUT CONTROL.

LT1286/98 = 1C05

(SEE NQOTE 1)

Eed' »E 850:® - 2%
LTC1286

"\

B11
Dour VoL

ten LTC1286/98 = TC06

Fr 3 »E d750® - 5Py

LTC1298

CLK 1 2

Dout

811

ten LTC1286/98 « 1007

APPLICATION INFORMATION
NEDT E-BE

The LTG1286 and LTC1298 are micropower, 12-bit, suc-
cessive approximation sampling A/D converters. The
LTC1286 typically draws 250uA of supply current when
sampling at 12.5kHz while the LTGC1298 nominally con-
sumes 350pA of supply current when sampling at
11.1 kHz. The extra 100uA of supply current on the
LTC1298 comes from the reference input which is inten-
tionally tied to the supply. Supply current drops linearly as
the sample rate is reduced (see Supply Current vs Sample
Rate). The ADCs automatically power down when not
performing conversions, drawing only leakage current.
They are packaged in 8-pin SO and DIP packages. The
LTC1286 operates on a single supply from 4.5V to 9V,

while the LTC1298 operates froma 4.5V 10 5.5V supply.

Both the LTC1286 and the LTC1298 contain a 12-bit,
switched-capacitor ADC, a sample-and-hold, and a
serial port (see Block Diagram). Although they share
the same basic design, the LTC1286 and LTC1298
differ in some respects. The LTC1286 has a differential
input and has an external reference input pin. It can
measure signals floating on a DC common-mode volt-
age and can operate with reduced spans to 1V. Reduc-
ing the spans allows it to achieve 244uV resolution. The
LTC1298 has a two-channel input multiplexer and can
convert either channel with respect to ground or the
difference between the two. The reference input is tied
to the supply pin.

LT

9



LTC1286/LTC1298

APPLICATION INFORMATION
[ 07 50 i 0F 0BY0

The 2-channel LTC1298 communicates with micropro-
cessors and other external circuitry via a synchronous,
half duplex, 4-wire serial interface. The single channel
LTC1286 uses a 3-wire interface (see Operating Sequence
in Figures 1 and 2).

Déd1%2-15°
The CLK synchronizes the data transfer with each bit being

transmitted on the falling CLK edge and captured on the
rising CLK edge in both transmitting and receiving systems.

The LTC1286 does not require a configuration input word
and has no Dy pin. A falling CS initiates data transfer as
shown in the LTC1286 operating sequence. After CS falls
the second CLK pulse enables Dgyt. After one null bit the

tove

A/D conversion resultis output on the Doy line. Bringing
CS high resets the LTC1286 for the next data exchange.

The LTC1298 first receives input data and then transmits
back the A/D conversion result (half duplex). Because of
the half duplex operation, Dyy and Dgyr may be tied
together allowing transmission over just 3 wires: CS, CLK
and DATA (DlN/DOUT)-

Datatransfer is initiated by a falling chip select (CS) signal.
After CS falls the LTC1298 looks for a start bit. After the
start bit is received, the 3-bitinput word is shifted into the
Dyy input which configures the LTC1298 and starts the
conversion. After one null bit, the result of the conversion
is output on the Dgyr line. Atthe end of the data exchange
CS should be brought high. This resets the LTC1298 in
preparation for the next data exchange.

—>( r—tsuc_s

|
1 POWER
DOWN

Hi-z  NULL

Dour BIT |B11}B10) B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | Bl

tsmpL (o)

tcony

Hi-Z

NULL,
BO* BIT | B11}B10] B9 | B8

| taTA

*AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW,
THE ADC WILL OUTPUT LSB-FIRST DATA THEN FOLLOWED WITH ZEROS INOEFINITELY.

teye

e
-

< tsuCs

POWER DOWN ll

ez BT H-Z
Dour =BT g1 |s10] 9 | 88 | 57 | 86| 85| 84|83 |B2 | 81|80 B1 |82 (83 |84 |85 | 86 | 87|68 | B9 [B10[BA1"

(MSB)

smpL

tpATA }

tcony

*AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH TS LOW,

THE ADC WILL OUTPUT ZEROS INDEFINITELY.

tpaTa: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT

BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZERGES.

LTC1286/98 = FO1

B SioBiViTad N s%—" | » o oo

01,

LY LN



LTC1286/LTC1298

APPUICATION INFORMATION

&5 [ 1
(
|

SHIFT MUX l I
ADDRESS IN T 11 1 =l
1NULLBIT  SHIFT A/D CONVERSION
RESULT QUT
LTC1096/98 » AIOT
Bibol-o—Fs4abiniia-:
tove i
i e
! taufs < POWER DOWN {
0DD/
START  SIGN
wG | | 72z T ONTORE 7700 0 7
SGL/ | MSBF
DIFF NULL
- 1-Z
Dour hiZ oIy B11|B10| B9 | B8 | B7 | B6 | B5|B4| B3| B2 | B1| BO BY |B2|B3|B4]|B5|B6|B7|B8|BI|BI0O|BIT" b
tSMpL | (MSB) 1% ) I
Gibode-Bedebinpdai-
tove i
7 POWER
- = tsufs }‘—’ DOWN
0DD/
START  SIGN
“A | [ SO TCArE 7 5 i N e
SGL/ | MSBF
DIFF
NULL
Dour_H"Z_.__lsn ]311|B1a| 53 |88 [[87] 8 | 5| 84 [83] 82 [t ‘ Bo'L HEZ
; | (wsB) '
SMPL t CONV

1 tpATA
*AFTER COMPLETING THE DATA TRANSFER, IF FURTHER CLOCKS ARE APPLIED WITH CS LOW,
THE ADC WILL OUTPUT ZEROS INDEFINITELY.

tpata: DURING THIS TIME, THE BIAS CIRCUIT AND THE COMPARATOR POWER DOWN AND THE REFERENCE INPUT
BECOMES A HIGH IMPEDANCE NODE, LEAVING THE CLK RUNNING TO CLOCK OUT LSB-FIRST DATA OR ZEROES.

LTC1286/98 « 2

B BT 0B ViTga i »%—=2" [ » <« V8787 ° 5@l 1% =4 #° o~ pTHV V"

LT 11



LTC1286/LTC1298

APPLICATION INFORMATION
20 llid b %

The LTC1286 requires no Dyy word. It is permanently
configured to have a single differential input. The conver-
sion result appears on the Doyt line. The data format is
MSB first followed by the LSB sequence. This provides
easy interface to MSB or LSB first serial ports. For MSB
first data the CS signal can be taken high after BO (see
Figure 1). The LTC1298 clocks data into the Dy input on
the rising edge of the clock. The input data words are
defined as follows:

SGL/ | ODD/ |

[START( OiFE \SIGN 1MSBF‘
e )

MUX  MSB FIRST/
ADDRESS LSB FIRST

LTC1096/3  Al02

[4%b--

The first “logical one” clocked into the Dyy input after CS
goes low is the start bit. The start bit initiates the data
transfer. The LTC1298 will ignore all leading zeros which
precede this logical one. After the start bit is received, the
remaining bits of the input word will be clocked in. Further
inputs on the Dy pin are then ignored until the next €S
cycle.

0 «=""»"»%80 EE«BWA%- -

The bits of the input word following the START bit assign
the MUX configuration for the requested conversion. For
a given channel selection, the converter will measure the
voltage between the two channels indicated by the + and
- signs in the selected row of the following fables. In
single-ended mode, all input channels are measured with
respect to GND.
BIVITg8 ¥ 0775 | » s’

MUX ADDRESS CHANMNEL #
SGL/DIFF_ODD/SIGN | 0 1 | GND
SINGLE-ENDED 1 0 it =
MUX MODE 1 ] e
DIFFERENTIAL 0 0 + —
MUX MODE 0 1 = £

0 1p0->-ip0->—gipi.

The output data of the LTC1298 is programmed for
MSB first or LSB first sequence using the MSBF bit.
When the MSBF bit is a logical one, data will appear on
the Dgyr line in MSB first format. Logical zeros will be
filled in indefinitely following the last data bit. When the

MSBF bit is a logical zero, LSB first data will follow the
normal MSB first data on the Doy line. (see Operating
Sequence)

1 %2150V

The LTC1286/LTC1298 are permanently configured for
unipolar only. The input span and code assignment for
this conversion type are shown in the following figures.

1%2-5% Y™ »

»

11431011111
11114 711 1.0

000000000001

s~ - -~-----
gs-dp f e
:BH/\ R P S Sy

Vin
000000000000 4—1—} } A, >
=l b=
@ 1158 = REE
4096
LTC1286/98 A4
[P P/
INPUT VOLTAGE
OUTPUT GODE INPUT VOLTAGE | (Vg = 5.000V)
T4 17 gL NI 1A 1 1 Vger - 1LSB 4.99878Y
i dd 11 1 xlghJ] 1 isi0 VRer - 2LSB 4.99756V
00000000000001 1LSB 0.00122Y
0000000000000 o v

LTC12865/98 « AlOS

ﬁ'»of-"-tz@‘-:“ E % lgeyt il et o n®
A NEI

The LTC1298 can be operated with Dy and Dgyy tied
together. This eliminates one of the lines required to
communicate to the microprocessor (MPU). Datais trans-
mitted in both directions on a single wire. The processor
pin connected to this data line should be configurable as
either aninput or an output. The LTC1298 will take control
of the data line and drive itlow on the 4th falling CLK edge
after the start bit is received (see Figure 3). Therefore the
processor port line must be switched to an input before
this happens to avoid a conflict.

In the Typical Applications section, there is an example of
interfacing the LTC1298 with Dy and Doy tied together to
the Intel 8051 MPU.

2
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MICROCHIP 24AA256/ 24 LC256I 24C 256

256K I*)C""CMOS Serial EEPROM

DEVICE SELECTION TABLE PACKAGE TYPE
8-PIN PDIP
Part Vce Max Clock Temp 7
Number Range Frequency | Ranges A0 []1 8 t_] Vce
24AA256 1.8-5.5V 400 kHz' C,1l A1 q 2 g 7 j WP
241.C256 25-55V 400 kHz C,l X D o
24C256 4.5-55V 400 kHz* CalsE & : . & o g
7100 kHz for Vce < 2.5V. vss |4 5[] SDA
100 kHz for E temperature range.
FEATURES
8-PIN SOIC
» Low power CMOS technology AQ D: s 8 ttl Vee
- Maximum write current 3 mA at 5.5V DE 2 » 7 DCI
- Maximum read current 400 pA at 5.5V Al E L
- Standby current 500 nA typical at 5.5V A2 3 a 6 % SCL
- 2-wire serial interface bus, PC compatible
; Vss 4 5 SDA
» Cascadable for up to eight devices Eﬂ
« Self-timed ERASE/WRITE cycle

* 64-byte page-write mode available
- Fast write cycle time in byte or page mode BLOCK DIAGRAM
- 5 ms max for 24L.C256 and 24C256

- 10 ms max for 24AA256 A0..A2 WP

= Hardware write protect for entire array If Tl

» Schmitt trigger inputs for noise suppression

= 1,000,000 erase/write cycles guaranteed = = Loy
« Electrostatic discharge protection > 4000V CONTROL CREROL R —>  EEPROM
« Data retention > 200 years e D] | (Bobe | WO CULH  ammav
- 8-pin PDIP and SOIC (208 mil) packages r 7] PAGE LATCHES
» Temperature ranges: 4
- Commercial (C): 0°C to +70°C S%L Write Protect
- Industrial (I): -40°C to +85°C Cireuitry
- Automotive (E): -40°C to +125°C A2 1 YDEC ﬂ
DESCRIPTION B ‘
The Microchip Technology Inc. 24AA256/24LC256/ s st
24C256 (24xx256%) is a 32K x 8 (256K bit) Serial Elec-

trically Erasable PROM, capable of operation across a
broad voltage range (1.8V to 5.5V). It has been devel-
oped for advanced, low power applications such as per-
sonal 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. Functional
address lines allow up to eight devices on the same
bus, for up to 2Mbit address space. This device is avail-
able in the standard 8-pin plastic DIP, and 8-pin SOIC
(208 mil) packages.

12C is a trademark of Philips Corporation.
*24xx256 is used in this document as a generic part number for the 24AA256/241.C256/24C256 devices.

© 1997 Microchip Technology Inc. Preliminary DS21203A-page 1



24AA256/241.C256/24C256

PIN FUNCTION TABLE

Function

1.0 ELECTRICAL TABLE 1-1
CHARACTERISTICS
Name

1.1 Maximum Ratings* A0, A1, A2
e R S el T T e e P 7.0V Vss

Alfl inputs and outputs w.r.t. Vss -0.6V to Vcc +1.0V SDA
Storage temperature .........occceevvivee e -65°C to +150°C

Ambient temp. with power applied................ .....-85°C to +125°C SCL
Soldering temperature of leads (10 seconds) ...........ccccccconene +300°C

ESD protection on all pins >4 kV WP
*Notice: Stresses above those listed under “Maximum Ratings” may vee
cause permanent damage to the device. This is a stress rating only and

functional operation of the device at those or any other conditions

above those indicated in the operational listings of this specification is

not implied. Exposure to maximum rating conditions for extended peri-
ods may affect device reliability.

User Configurable Chip Selects
Ground

Serial Data

Serial Clock

Write Protect Input

+1.8 to 5.5V (24AA256)
+2.5 to 5.5V (24L.C256)

+4.5 to 5.5V (24C256)

TABLE 1-2 DC CHARACTERISTICS
All parameters apply across the Commercial (C): Vcc = +1.8V to 5.5V Tamb = 0°C to +70°C
specified operating ranges unless | Industrial (1): Vce =+1.8Vto 5.5V  Tamb =-40°C to +85°C
atherwise noted. Automotive (E): Vcc = +4.5V to 55V~ Tamb = -40°C to 125°C
Parameter Symbol Min Max Units Conditions
AD, A1, A2,
SCL, SDA, and WP pins:
High level input voltage ViH 0.7 Vcc — \
Low level input voltage ViL — 0.3 Vee Vv
Hysteresis of Schmitt Trigger| VHYS 0.05 Vce — 1% Vce > 2.5V (Note)
inputs (SDA, SCL pins)
Low level output voltage VoL — 0.40 \'% loL =3.0 mA @ Vcec = 4.5V
loL=2.1mA @ Vcc = 2.5V
Input leakage current L -10 10 UA |VIN=VssorVcec, WP = Vss
VIN = Vss or Vce, WP = Ve
QOutput leakage current Lo -10 10 wA |Vourt =VssorVce
Pin capacitance Cin, Cout — 10 pF Vce = 5.0V (Note)
(all inputs/outputs) Tamb =25°C, 1= 1 MHz
Operating current Icc Write — 3 mA |Vcc =55V
Icc Read — 400 UA | Vce =5.5V, SCL =400 kHz
Standby current lccs — 1 uA |SCL=S8SDA=Vcc =55V
A0, A1, A2, WP = Vss

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

FIGURE 1-1: BUSTIMING DATA
THIGH
SCL
TSU:STA
Tiow ! THDDAT
SDA
N / (
7 -«—TBUF —»
SDA e
OouT
we (protected) TSU:WP\Jé THD:WP %<——
(unprotected) /3[( 7
— - n
DS21203A-page 2 Prehmmary © 1997 Microchip Technology Inc.




24AA256/24L.C256/24C256

TABLE 1-3 AC CHARACTERISTICS

All parameters apply across the spec- | Commercial (C): Vcc = +1.8Vto 5.5V Tamb = 0°C to +70°C
"ﬁ*"'—‘d operating ranges unless other- | Industrial (1): Vce = +1.8V to 5.5V Tamb = -40°C to +85°C
wise noted Automotive (E): Vcc =+4.5Vto 5.5Y  Tamb =-40°C to 125°C
Parameter Symbol Min Max Units Conditions
Clack frequency Fok — 100 kHz |4.5V <Vce <5.5V (E Temp range)
— 100 1.8V <Vee<2.5V
— 400 25V <Veec <55V
Clock high time THIGH 4000 — ns 4.5V < Vce <5.5V (E Temp range)
4000 — 1.8V <Vec<2.5V
600 — 2.5V <Veec<5.5V
Clock low time TLow 4700 — ns 4.5V <Vcce £5.5V (E Temp range)
4700 —_ 1.8V <Veec 2.5V
1300 — 2.5V <Vee 5.5V
SDA and SCL rise time TR — 1000 ns 4.5V <Vce < 5.5V (E Temp range)
(Note 1) — 1000 1.8V <Vcec<2.5V
— 300 2.5V <Vec <55V
SDA and SCL fall time TF — 300 ns 4.5V <Vee <5.5V (E Temp range)
(Note 1) — 300 1.8V <Vece <25V
— 300 2.5V <Vcee<5.5V
START condition hold time THDISTA 4000 — ns 4.5V < Vee < 5.5V (E Temp range)
4000 — 1.8V < Veec £2.5V
600 — 2.5V <V¥ecec <55V
START condition setup time Tsu:isTA 4700 — ns 4.5V <Vec £5.5V (E Temp range)
4700 — 1.8V <Vce 2.5V
600 — 2.5V <Veec <55V
Data input hold time THD:DAT 0 — ns (Note 2)
Data input setup time TSu:DAT 250 — ns 4.5V <Vce < 5.5V (E Temp range)
250 — 1.8V <Vee<2.5V
100 — 2.5V <Vcec<£5.5V
STOP condition setup time Tsu:sT0 4000 - ns 4.5V < Vec < 5.5V (E Temp range)
4000 — 18V <Veec<2.5V
600 — 2.5V <Vce<5.5V
WP setup time Tsu:wp 4000 — ns 4.5V <Vce £5.5V (E Temp range)
4000 — 1.8V <Vee<2.5Vv
600 — 2.5V £Vec £5.5V
WP hold time THD:WP 4700 — ns 4.5V < Vcc £5.5V (E Temp range)
4700 — 1.8V <Vec <258V
1300 — 2.5V <Veec 5.5V
Output valid from clock TAA — 3500 ns 4.5V < Vce £ 5.5V (E Temp range)
(Note 2) — 3500 1.8V <Vcec <25V
— 900 2.5V <Vce <55V
Bus free time: Time the bus must be TBUF 4700 — ns 4.5V <Vce < 5.5V (E Temp range)
free before a new transmission can 4700 — 1.8V <Vee 2.5V
start 1300 — 25V <Vece <55V
QOutput fall time from Vih ToF 20 250 ns Cg <100 pF (Note 1)
minimum to ViL maximum
Input filter spike suppression Tsp — 50 ns (Notes 1 and 3)
(SDA and SCL pins)
Write cycle time (byte or page) Twe — 5 ms vee 22.5V
10 Vee < 2.5V
Endurance M — cycles | 25°C, Vce = 5.0V, Block Mode (Note 4)

Note 1: Not 100% tested. Cg = 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 Tsp and Vhys specifications are due to new Schmitt trigger inputs which provide improved noise spike sup-
pression. This efiminates the need for a Tl specification for standard operation.
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, please
consult the Total Endurance Model which can be obtained on Microchip’s BBS or website.

© 1997 Microchip Technology Inc. Prel iminary DS21203A-page 3
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2.0 PIN DESCRIPTIONS
21 A0, A1, A2 Chip Address Inputs

The AO, A1, A2 inputs are used by the 24xx256 for mul-
tiple device operation. The levels on these inputs are
compared with the corresponding bits in the slave
address. The chip is selected if the compare is true.

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

2.2 SDA Serial Data

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

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

2.3 SCL Serial Clock

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

2.4 wpP

This pin can be connected to either Vss, Vcc or left
floating. An internal pull-down on this pin will keep the
device in the unprotected state if left floating. If tied to
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 two-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter, and a device
receiving data as a receiver. The bus must be controlied
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 master and slave can operate as a
transmitter or receiver, but the master device deter-
mines which mode is activated.

4.0 BUS CHARACTERISTICS

The following bus protocol has been defined:

» Data transfer may be initiated only when the busis
not busy.

« During data transfer, the data line must remain
stable whenever the clack 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 condition.

4.3 top Data Transfer (C

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

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

4.5 Acknowledge

Each receiving device, when addressed, is obliged to
generate an acknowledge signal after the 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 ;ér‘\y,
acknowledge bits if an internal program-
. ming cycleisinprogress. ‘

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is stable LOW during the HIGH period
of the acknowledge related clock pulse. Of course,
setup and hold times must be taken into account. Dur-
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 to
enable the master to generate the STOP condition.

DS21203A-page 4
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FIGURE 4-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS

(A | B D) (ORNGY

SCL \ :
/

SDA ————-\
\_Y._A

D)

e e

\

Sy no ——
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ALLOWED CONDITION
VALID TO CHANGE

FIGURE 4-2: ACKNOWLEDGE TIMING

Acknowledge

SCL

SDA

Transmitter must release the SDA line at this point ' ’ Receiver must release the SDA line at this point
allowing the Receiver to pull the SDA line low to so the Transmitter can continue sending data.
acknowledge the previous eight bits of data.

Lizs
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5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
start condition from the master device (Figure 5-1). The
contro! byte consists of a 4-bit control code; for the
24xx256 this is set as 1010 binary for read and write
operations. The next three bits of the control byte are
the chip select bits (AZ, A1, AQ). The chip seiect bits
ailow the use of up fo 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 AO pins for the device to respond. These bits
are in effect the three most significant bits of the word
address.

The last bit of the controi 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 deéfine the
address of the first data byte (Figure 5-2). Because
only A14...A0 are used, the upper address bit is adon’t
care bit. The upper address bits are transferred first, fol-
lowed by the less significant bits.

Following the start condition, the 24xx256 monitors the
SDA bus checking the control byte being transmitted.
Upon receiving a 1010 code and appropriate 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
f T 1
si1 0|1 0] A2 | A1 | AD |R/W JACK
! |
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 to 2 Mbit
by adding up to eight 24xx256's on the same bus. In
this case, software can use AD of the control byte as
address bit A15; A1, as address bit A16; and A2, as
address bit A17. Itis not possible to read or write across
device boundaries.

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMERNTS
CONTROL BYTE ADDRESS HIGH BYTE ADDRESS LOW BYTE
oL CAL
i =% N (d N A =
: alala lalalalalalala A Ll AW A
11011101 2]7 |0 RW X'|44]43]|12) 11| 10| 9 |8 g &) B 0
L iL ]
CONTROL CHIP
it SEB%-%T X =Don't Care Bit
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6.0 WRITE OPERATIONS
6.1 Byte Write

Following the start condition from the master, the con-
trol code (four bits), the chip select (three bits), and the
R/W bit (which is a logic low) are clocked onto the bus
by the master transmitter. This indicates to the
addressed 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 transmit-
ted by the master is the high-order byte of the word
address and will be written into the address pointer of
the 24xx256. The next byte is the least significant
address byte. After receiving another acknowledge sig-
nal 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
master generates a stop condition. This initiates 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 internal address
counter will point to the address location following the
one that was just written.

6.2 Page Write

The write control 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 condi-
tion, 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 pointer bits are internally incre-
mented by one. If the master should transmit more 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 write
operation, once the stop condition is received, an inter-
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
will immediately accept a new command subject to
TBUF.

0.3 Wirite 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
\/ss or ieft fioating, the write protection is disabied. The
WP pin is sampled at the STOP bit for every write com-
mand (Figure 1-1) Toggling the WP pin after the STOP
bit will have no effect on the execution of the write cycle.

FIGURE 6-1: BYTEWRITE
S
BUS ACTIVITY . s
MASTER A CONTROL ADDRESS ADDRESS T
R BYTE HIGH BYTE LOW BYTE DATA o
i : el 5 W7 — >y [ 45 - P
SDA LINE 1lol1’0§§\éoi !x H
A A A A
BUS ACTIVITY c c c c
K K K K
X = dant't care bit
FIGURE 6-2: PAGEWRITE
S
1}
BUSACTIVITY A  CONTROL ADDRESS ADDRESS ?
MASTER R BYTE HIGH BYTE LOW BYTE DATA BYTE O DATA BYTE 63 0
Tr = N et N i N - ~ w8 o4
SDA LINE mgﬁgmo\émglo lXTlI[II l’TIllIlI L O o O rlllllllu'_;\
| | A O D (G | ] i M ] [ 9 [ O (0 oS 1 0 | ,,)L | DS O T 7 N T
A A A A A
BUS ACTIVITY C o} C C c
K K K K K
X = don't care bit
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7.0 ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write
cycle, this can be used o determine when the cycie is
compiete (This feature can be used to maximize bus
throughput.) Once the stop condition for a write com-
mand has been issued from the master, the device ini-
tiates the internally timed write cycle. ACK polling can
be initiated immediately. This involves the master send-
ing a start condition, followed by the control byte for a
write command (R/W = 0). If the device is still busy with
the write cycle, then no ACK will be returned. If no ACK
is returned, then the start bit and control bvte must be
resent. If the cycle is complete, then the device will
return the ACK, and the master can then proceed with
the next read or write command. See Figure 7-1 for flow

diagram.

FIGURE 7-1:

FLOW

Send
Write Command

|

Send Stop
Condition to
Initiate Write Cycie

!

Send Start

v

Send Control Byte
with RW =0

Did Device
Acknowiedge
{ACK = 0j2

YES

Next
Operation
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LM111/LM211/LM311
Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voltage comparators that
have input currents nearly a thousand times lower than
devices like the LM106 or LM710. They are also designed to
operate over a widpr range of supply vnltages from standard
IC log|c The;r output is compahb!@ wnth RTL DTL an.d Tl
as well as MOS circuits, Further, they can drive lamps or
relays, switching voltages up to 50V at currents as high as
50 mA.

Both the inputs and ,LM211 or the
LM311 can be isclated from system ground, and the output
can drive loads referred to ground, the positive s p"', of the
negative supply. Offset balancing and strobe capability are
provided and culputs can be wire OR'ed. A%though siower

than the LM108 and LM710 {200 ns response time vs 40 ns)

ol
the Gu\pu\a of the LM

ﬁ]\fﬂtional Semiconducior

January 2001

& G ' o

the devices are also much less prone to spufious oscifia-
tions. The LM111 has the same pin configuration as the
LM106 and LM71

The LM211 is identical to the LM111, except that its perfor-
mance is specified over a —=25°C to +85°C temperature range
instead of =55°C to +125°C. The LM311 has a temperature
range of 0°C to +70°C.

2.0 Features

® Operates from single 5V supply

wput current: 150 nAmax. over temperature
fiset current: 20 nA max. over temperature

Differential input voitage range: =30V

Power consumption: 135 mW at £15V

In
»
~
Ui

3.0 Typical Applications (ot 3)

QOffset Balancing

A2
3.0

DS005704-36

Increasing Input Stage Current (Note 1)

DS005704-38

Note 1: Increases typical common mode slew from 7.0V/us to 18V/us.

DS005704-37

Note: Do Not Ground Strobe Pin. Output is tumed off when current is
pulled from Strobe Pin.

Detector for Magnetic Transducer

MAGNETIC
PILRUP

US005704-39

© 2001 National Semiconductor Corporation DS005704
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LM111/LM211/LM311

3.0 Typical Applications (Note 3) (Continued)

Digital Transmission Isolator Relay Driver with Strobe
vt =50v v
MCD1 I : ;
N RS
5.0k S

m
10

FROM R3
TTL 1.0k

GATE .H‘AI‘
RS 3] S
50k { 0.014F I <

INPUTS

o1

DS005704-40

DS005704-41

*Absorbs inductive kickback of relay and protects IC from severe voltage
transients on V** line.

Note: Do Net Ground Strobe Pin.
Strobing off Both Input and Output Stages (Note 2)

FROM D/A NETWORK

ANALOG
INPUT

ar

DS005704-42
Note: Do Not Ground Strobe Pin.
Note 2: Typical input current is 50 pA with inputs strobed off.
Note 3: Pin connections shown on schematic diagram and typical applications are for HO8 metal can package.

Positive Peak Detector Zero Crossing Detector Driving MOS Logic

+15V

R2
3.0k

INPUT
V' =50V

INPUT
TO MQS LOGIC
OUTPUT
A3
10k
VT =-10v
DS005704-24
DS005704-23

*Solid tantalum
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4.0 Absolute Maximum Ratings for

Operating Temperature Range

the LM111/LM211(Note 10) Lm111 -55°C to 125°C
If Military/Aerospace specified devices are required, LMz o e
please contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec) 260°C
Distributors for availability and specifications. Voltage at Strobe Pin V-5V
Total Supply Voltage (Vas) 3BV Soldering Ir?formation
Output to Negative Supply Voltage (V4) 50V Dual-ln-L.me e .
Ground to Negative Supply Voltage (V44) 30V So!dermg s e
Differential Input Voltage 30V el Caerackage
Input Voltage (Note 4) +15V Vapor Phase (60 seconds) 215:C
Qutput Short Circuit Duration 10 sec Infeared (13 seconds) ) . 220G
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.
ESD Rating (Note 11) 300V
Electrical Characteristics (ote 6)
for the LM111 and LM211
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 7) Ta=25C, Rgs50k 0.7 3.0 mV
Input Offset Current TA=25C 4.0 10 nA
Input Bias Current T,=25C 60 100 nA
Voltage Gain Ta=25C 40 200 VimV
Response Time (Note 8) Ta=25C 200 ns
Saturation Voltage V&5 mV, loyr=50 mA 0.75 1.5 Vv
TA=25°C
Strobe ON Current (Note 9) Ta=257C 2.0 5.0 mA
Output Leakage Current Vin25 mV, Vour=35V 0.2 10 nA
Ta=25°C, lgtrope=3 MA
Input Offset Voltage (Note 7) Rg<50 k 4.0 mV
Input Offset Current (Note 7) 20 nA
Input Bias Current 150 nA
input Voltage Range V*=15V, V'=—-15V, Pin 7 -145 13.8,-14.7 13.0 \Y
Pull-Up May Go To 5V
Saturation Voltage V4.5V, V=0 0.23 0.4 \
VinE=6 mV, [our<8 mA
Qutput Leakage Current V25 mV, V=35V a.1 0.5 HA
Positive Supply Current Ta=25C 51 6.0 mA
Negative Supply Current Ta=25C 41 5.0 mA

Note 4: This rating applies for £15 supplies. The positive input voltage limit is 30V above the negative supply. The negative input voitage fimit is equal to the

negative supply voltage or 30V below the positive supply, whichever is less.

Note 5: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 110°C. For aperating at elevated temperatures, devices in the HO8
package must be derated based an a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction ta case. The thermal resistance of the dual-in-line

package is 110°C/W, junction to ambient.

Note 6: These specifications apply for Vg=#15V and Ground pin at ground, and -55°C<Ta<+125°C, unless otherwise stated. With the LM211, however, all
temperature specifications are limited to -25°C<T5<+85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single

5V supply up to £15V supplies.

Note 7: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, these
parameters define an error band and take into account the worst-case effects of voltage gain and Rs.

Note 8: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.
Note 9: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin

to ground; it should be current driven at 3 to 5 mA.

Note 10: Refer to RETS111X for the LM111H, LM111J and LM111J-8 military specifications.

Note 11: Human body model, 1.5 kQ in series with 100 pF.

www.national.com
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LM111/LM211/LM311

5.0 Absolute Maximum Ratings for Operating Temperature Range 0" to 70°C
the LM311(Note 12) Storage Temperature Range -65°C to 150°C
Lead Temperature (soldering, 10 sec) 260°C

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Office/ Voitage at Strobe Pin vr-sv
Distributors for availability and specifications. Soldering Information
Total Supply Voltage (Va,) 3BV D“Sa"IZ"L_'”e izc:zfsnd S
Output to Negative Supply Voltage (V4) 40V * ermg ( &

; Small Outline Package
Ground to Negative Supply Voltage (V4) 30V Vindr PhEse (60 Secatids 215C
Differential Input Voltage 30V £par 4115 i) 220°C
Input Voltage (Note 13) 15V Igfferen WiEseeonis)

e See AN-450 “Surface Mounting Methods and Their Effect

Power Dissipation (Note 14) 500 mwW on Product Reliability” for other methods of soldering
ESD Rating (Note 19) 300v surface mount devices.
Qutput Short Circuit Duration 10 sec

Electrical Characteristics (ote 15
for the LM311

Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 16) Tp=25'C, Rg<50k 2.0 7.5 mV
Input Offset Current(Note 18) TA=25C 6.0 50 nA
Input Bias Current Ta=25C 100 250 nA
Voltage Gain T,=25C 40 200 VimV
Respanse Time (Note 17) Tp=25C 200 ns
Saturation Voltage Vins—10 mV, loyr=50 mA 0.75 1.5 Vv
Ta=25C
Strobe ON Current (Note 18) Ta=25C 2.0 5.0 mA
Output Leakage Current Vin210 mV, Vo ,r=35V
Ta=25'C, Igtroe=3 MA 0.2 50 nA
V™ =Pin 1= -5V
Input Offset Voltage (Note 16) Rg<50K 10 mv
Input Offset Current {Note 16) 70 nA
Input Bias Current 300 nA
Input Voltage Range -14.5 13.8,-14.7 13.0 Vv
Saturation Voltage V7>4.5V, V=0 0.23 0.4 v
VinS=10 mV, lour<8 mA
Positive Supply Current Tp=25C 5.1 7.5 mA
Negative Supply Current TA=25C 4.1 5.0 mA

Note 12: “Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance fimits.”

Note 13: This rating applies for £15V supplies. The positive input voltage fimit is 30V above the negative supply. The negative input voltage limit is equal o the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 14: The maximum junction temperature of the LM311 is 110°C. For operating at elevated temperature, devices in the HO8 package must be derated based
on a thermal resistance of 165°C/W, junction to ambient, ar 20°C/W, junction to case. The thermal resistance aof the dual-in-line package is 100°C/W, junction {0
ambient.

Note 15: These specifications apply for Vg=£15V and Pin 1 at ground, and 0°C < T, < +70°C, unless otherwise specified. The offset voltage, offset current and
bias current specifications apply for any supply voltage from a single 5V supply up to 15V supplies.

Note 16: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mAload. Thus, these
parameters define an emor band and take into account the worst-case effects of voltage gain and Rg.

Note 17: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.

Note 18: This specification gives the range of curent which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe
pin to ground; it should be current driven at 3 to 5 mA.

Note 19: Human body model, 1.5 k< in series with 100 pF.
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