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Appliance Control Via AC power line

By
Mr.Yandech Suthamma 46015300
Mr. Sukit Sonsawad 46015328

Adviser

Mr. Thawatchai Kamsri

ABSTRACT

The study of electrical appliance control using AC power line is presented in this project.
It consists of the transmitting and the receiving part. Transmitting part will modulate digital data
input and carrier signal by using Frequency shift keying (FSK) modulate method. Then this
modulating signal is sent into AC power line by coupling circuit. Receiving part will receive the
signal from the some AC power line passed coupling circuit. This receiving signal is filtered to
keep modulating signal. Then it is demodulate to keep the data signal by using Phase Lock Loop
(PLL) method. After that the data signal will be used to control the electrical appliance
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2.7 MinegLaadyny s (Signal Modulation)
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1. MIVOYPIANNIUBUNAYA (Amplitude Modulation, AM)

2. MINBFPDANNANUD (Frequency Modulation, FM)

3. A5UAOAN NN (Phase Modulation, PM)
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LYW IRUBIBUNATAMA A_tasaiuinad { Smdudiduvesiin §wiu T, seconds, 157

munsuaumsadamaaiunidygauataoa Ask 14

s(t) = A, cos(2xf 1) symbol 1
s(t)=0 symbol 2 (2.2)

[\[\ y\ f\J\f\{\
U\}U %UU AN

s

3t 2.11 MaveguaBuaumueuniga

2.7.2.2 MINOQIaATUAYNIIANND (Frequency-Shift Keylng 138 FSK)

o - a o : oa
119 2.12 uarmamsuegramFuavnianud v lddagrandunninduannd 2

¥
o1 1

o Hlvwauewwdgn A, vidu ualinawd fuaz £, Auanateduldumuluund 1 uay
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0 anwdVITBINznANegen 1anld frequency sensitive demodulator FauAazfIvzA MUA
Y ar [ a J 1 ] = : = ] a ]
Wuszduaeinuils auuendsznINeUER@euSond shift MBeA1vD shift )
da o ¥ = v - J ] 1w [ W o o J o
g IinsanegaadissivuuRnsdadggranzdss [duuudIanuinvudie datmes

v ¥
Tugn 2.12 s1emnsouny FSK Aawaunisdaaieil

s(t)= A, cos(2nt)  symbol 1
s(r)= A, cos(2nf,t)  symbol 2 (2.3)
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2.7.2.3 M I%BGAAITUAYNIANET (Phase-Shift Keying 130 PSK)
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s(ty=A_cos(2 1) symbol 1
5(t)=A.cos2af, .t + x) symbol 2 (2.4)
o 1 1 o 1 0 0 o 1 o

23 mavegaBaaymada

62543



18

. <
wamnianomfiosiimiuegoaduaviacuuuy 1dgain 2.14

Binary 1 0 1 ) 0 1
oode

NRZ

« M
VU

AR
VI

A
VWY

PSK “!lllnlll‘lll'l‘m'i!l i ‘ ‘l"'l‘l‘l'l‘lllm

71l 2.14 MsueAAaFAaINRBUNERR, MIveaEAEAAYNIALD

HATMTUBRPAATUAUNWING

2.8 fINIBIAYQNU (Filter)

1
-1

dansesdggnu imihnnsssnuddggia ifurafivsenaudoninveinsy
= o . - - oA = .
NIMFMABS (Transistor) W30 10%F (IC) unzlnswhaifsnaud (Frequency Selective
9 o @ = o ] o ] {
network) SR Susnhdieed Jes iU TAmmedygaludianuis
o = a : L= ks - ' A o 1 =g ¥
MUUA YuiAIfiuezY AU (block) HiBaANBUR YR UUBNMITBY 1A NDRINA 1IN I
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na2 laoia ludans esdgyapauniesndlunasyuuy
1. dnsedggruyiiandsnnie viladtaea
2. dansesdygnuszammadn uloudaiv

3. dansesdgynaiiuaiuiidos (Audic  Frequency) 3D 81Ny (Radio

Frequency)
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2.10 AMnIesdygauUBanNmMudn¥azMIININY

AN esdygawuudaid mudnyasasnianniiu 5 aiia

1. A3 mﬁ'tyq;mumjﬂ'lw?;e‘hr-hu (Low Pass Filter)

2. @ mﬁm,apmuuumm?;qaﬁm (High Pass Filter)

3. ﬁ'ﬁﬂimﬁtyq;‘|mmJuumJﬂ11u?;r-hu (Band Pass Filter)

4. MINseadyg IUIULKOUAINE T (Band Reject W3 Band Stop Filter)

5. éhn'iuqﬁmmmtmnmwﬁﬁ’wuﬂﬁm (AN Pass Filter)

ﬁ'msﬂaﬁﬂgmmmdn‘fmﬁuﬁmﬂumu unzdudlsey duginsalmiadd s
swugunsaludaiiv Smaneedueuilofeled AliguauiEainndige Aflagaa (Siew
Rate) §9 ua Unity Gain Bandwidth §4°] 134 LM 318 %30 ICL8017 sz Mguaiad v
anudiasdudasimsvnovesiinsesdigygiu atu

&maa‘uaumﬁamwﬁumﬁanmqﬁ'ﬂgﬂpwﬁq s yiiauaaslugld 2.15 idwlszuoa

= o a a & e <
Sawarpuaussiidhugaundlumangui] duplrareumsdumalfiGuansdioduiy

Gain n Gain A
Lo Ideal
rasponse TIPS
1 14
1 1
P 1
1 \
Pass | top | Pama
[y g - o pang— T — pand ™
1 1
Pt - — -
fu s fu Frequency

Gain

U7 2.15 uanswanpuauBIRBR T VBIAINTOIT YW
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f, niedumisnnidgeinoey ‘husasueioezanns 3 4B uazfinmidannnd £, fufied ¢
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2.11 iadenguPhase Locked Loop (PLL)

119 2.16 umadnmsmadengy Aluszuusuquanud Tael$isnSoudoy
i o as e o &
Wt (Phase) ummmﬁmw’hmmmw fudaveannundieds (Reference Frequency) QN
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Input Frequency g Mg Voltage Ountput Frequency
. 9@ Detocter Filter L@
Qscillator a

T

sui2.16 vdenTaszunsursesladenyl

»
kUi wududadengl ey sxilszneudae 3 daulugq Ao
1. naas9duda nieduSvuiivudyg i (Phase Detector N30 Comparaton)il
¥ o (a o v 1 Yo = a &
wihnnlSsumRsuanunanaeesadasznIn @, uar @ Mdulausdunnianno

(Error Voltage) ; 4 ¢ 99ANIMNIADIIAYA

ﬂg(t)zK@(Q% "%)=K¢A¢ (2.5)

]
= g 1

2. MANTBIANVNIHIU H3anANTIRTINOQU (Low — Pass Filier M358 Loop
Filte)W 1wy nfsadulsznounie Idaduniledumduus idunatmniou uazidseld

dmlsznoume Idaswews saunaaniou siulifusidya

1
Ho = H, (1) = T _fﬂg (¢)dt (2.6)

3. At ulad e A1 UAI0I5 AU (Voltage Controlled Oscillator, VCO) AU
f, vesnnAutiadyguaugudous s szildoullanssdy; u, meBuna dafuiiio u,

WaewTfeziinminld £, uaz @ nlanunasmu g

f,=K fHo @7

o ar 4 4 ) ar
Tuszuumadongl vwiavewsuammadeunldvinninasreiumanzudlsduy

& 1 ar ] s 4 y
WudadiuTaoassiunndiawes j—7, uaz @, - @, ussduamamaouiles luaruguld

n . v a o d.
asilfounilaaves £, veesmndwiadgyguniugudsussiu Wl lufieme mildaa
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mavesnd;, £—7 fnnaesathifie 7 wiisudilnd £ inedu sden MI¥BQYl
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0000:
0001:
0002

011B:
o11C:
011D:
011E:
0039:
003A:
003B:
003C:
003D:
003E:
003F:
0040:
0041:
0042:
0043:

0045:
0046:
0047:
0048:
0045:

004A:

004B:

004D:

MOVLW 00
MOVWF 0A
GOTO 108

: NOP

CLRF 20
BCF 21.0
CLRF 22
CLRF 23
CLRF 38
INCF 20,F
MOVF 20,W
SUBLW 21
BTFSC 03.0
GOTO 09D
MOVF 23, W
XORLW 00
BTFSC 03.2
GOTO 04A
XORLW 01

: BTFSC 03.2

GOTO 050
XORLW 03
BTFSC 03.2
GOTO 056
GOTO 05C
MOVLW DE
BSF 03.5

: MOVWF 06

BCF 03.5

: MOVWF 06

Tisunsalulasneulnsamaimnaaa

Q04F:

GOTO 05C

0050: MOVLW BE

0051
0052
0053:
0054:
0055:
0056:
0057:
0058:
0059:

005A:
005B:
005C:
005D:
Q05E:
005F:

0060:
0061
0062:
0063:

0065:

0066:

0068:
0069:

006A:
006B:

BSF 035
MOVWF 06
BCF 03.5
MOVWF 06
GOTO 05C
MOVLW 7E
BSF 035
MOVWF 06
BCF 03.5
MOVWF 06
GOTC 05C
BTFSS 21.0
GOTO 068
MOVF 06,W
ANDLW 1E
SUBLW 1E
BTFSS 03.2
GOTO 067
BCF 210

: MOVF 22, W

MOVWEF 38
CLRF 22

: GOTO 09C

MOVF 06,W
ANDLW 1E
SUBLW 1E
BTFSC 03.2

: GOTO 097



006D:
006E:

006F:
0070:
0071:
0072:
0073:
0074:
0075:
0076:
0077:
0078:
0079:

007A:
007B:
007C:
007D:
007E:
007F:

0080:
0081:
0082:
0083:
0084:
(085:
0086:
0087:
0088:
0089:

Q0BA:
008B:
008C:

MOVF 06,W
ANDLW 02
XORLW 00
BTFSS 03.2
GOTO 074
CLRF 39
GOTO 08B
MOVF 06,W
ANDLW 04
XORLW 00
BTFSS 03.2
GOTO ¢7C
MOVLW 01
MOVWF 39
GOTO 08B
MOVF 06,W
ANDLW 08
XORLW 00
BTFSS 03.2
GOTO 084
MOVLW 02
MOVWF 39
GOTO 08B
MOVF 06,W
ANDLW 10
XORLW 00
BTFSS 03.2
GOTO 08B
MOVLW 03
MOVWF 39
MOVF 39,W
MOVWF 3A

008D:

O08E:
0O08F:
0090:
0091:

0093:
0094:
0095
0096:

0098:
0099:

009A:
009B:
009C:
009D:
00SE:
009F:
00AQ:
00Al:
00A2:
011F:

0120:
0121:
0122:
0123:
0124:
0125:
0126:
0127:

0128:

MOVLW 03
MOVWF 3B
CALL 014
MOVF 23,W
ADDWF 78,W

: CALL 004

MOVWEF 78
MOVWF 22
BSF 210

GOTO 09C

: INCF 23F

MOVF 23w
SUBLW 03
BTFSC 03.2
CLRF 23
CLRF 20
MOVLW FE
BSF 03.5
MOVWF 06
BCF 03.5
MOVF 38,W
MOVWF 78
MOVLW Al
MOVYWF 24
MOVLW A2
MOVWF 25
MOVLW A4
MOVWF 26
MOVLW Ag
MOVWF 27
MOVLW 1A
MOVWF 28



0129: MOVLW 2A

012A:
012B:
012C:
012D:
012E:
012F:
0130:
0131:
0132:
0133:
0134:
0135:
00A3:
00A4:
0DAS:
00A6:
00AT:
00AS:
00A9:

00AA:
00AB:
00AC:
00AD:
00AE:
O0AF:

00BO:
00B1:
00B2;
00B3:
00B4:
00BS5:

MOVWF 29
MOVLW 4A
MOVWF 2A
MOVLW 8A
MOVWF 2B
CLRF 2C
MOVLW BA
MOVWF 2D
MOVLW AA
MOVWF 2E
MOVLW AB
MOVWF 2F
MOVF 78,W
MOVWF 35
CLRF 36
MOVF 36,W
SUBLW 03
BTFSS 03.0
GOTO OF9
CLRF 37
MOVF 37,W
SUBLW 02
BTESS 03.0
GOTO OF7
MOVE 36,W
MOVWF 3A
MOVLW 03
MOVWE 3B
CALL 014
MOVF 37,W
ADDWF 78, W

00B6:
00B7:
00BE:
00B9:

00BA:
00BB:
00BC:
00BD:
00BE:
00BF:

00C0:

00C2:
00C3:
00C4:

00C5:
00C6:

00C7:

00CS8:

00CS:

00CA:
00CB:
Q0CC:
00CD:
00CE:
00CF:
00D0:
00D1:
00D2:
00D3:
00D4:
00DS5:

CALL 004
SUBWF 35,W
BTFSS 03.2
GOTO OF5
MOVF 36, W
MOVWF 3A
MOVLW 03
MOVWF 3B
CALL 014
MOVF 37,W
ADDWF 78, W

: ADDLW 24

MOVWF 04
MOVF 00,W
MOVWF 30
MOVLW 40
BTFSS 0C.4
GOTO 0C6
MOVWF 19
MOVLW 53
BTFSS 0C.4
GOTO 0CA
MOVWF 19
MOVF 30,W
BTESS 0C4
GOTO OCE
MOVWF 19
CLRF 31
CLRF 32
CLRF 34
MOVF 31,W
SUBLW 40



00Dé:
00D7:
00D8:
00DS:
00DA
00DB
00DC
00DD

BTFSC 03.2
GOTC (E2
BTFSS 0C.5
GOTO 0DSB
: MOVF 1AW
: MOVWF 31
: INCF 34F
: MOVF M4W

O00DE: SUBLW 32

00DF:

00EQ:
00E1L:
O0E2:
00E3:
COEA4:
00E5:
00ES6:
00E7:
00ESR:
00EY:
00EA

00EB:
00EC:

00ED

BTESS 03.0
GOTO OFA
GOTO (D4
MOVF 32,W
SUBLW 52
BTFSC 03.2
GOTO OEB
BTFSS 0C.5
GOTO OEs
MOVF 1AW
MOVWF 32
: GOTO QE2
BTFSS 0C.5
: GOTO OEB
: MOVF 1AW

00EE: MOVWF 33

O00EF: MOVLW 00

00F0:
00F1:
00F2:
(OF3:
00F4:

Q0F5:

BSF 03.5
MOVWF 08
BCF 935
MOVF 33w
MOVWF 08
INCF 37F

00F6:
00F7:
00F8&:
00F9:

O00FA:

00FB:
00FC:

00FD:

00FE:
Q0FF:
0100:
0101:
0102:
0103:
0104:
0105:
0106:
0107:
0108:
0109:

O10A:
010B:
010C:
010D:
010E:
O01QF:

0110:
0111
0112:
0113:
0114:
0115:

GOTO OAB
INCF 36,F
GOTO 0A6
GOTO 039
MOVLW 00
BSF 03.5
MOVWF (8
BCF 3.5
CLRF 03
BSF 03.5
MOVWF 05
MOVLW 01
BCF 03.5
MOVWF 05
GOTO OFA
BCF 0AJ3
BCF 0A4
GOTO 143 (RETURN)
CLRF o4
MOVLW IF
ANDWF 03,F
BSF 03.5
BSF 1F.0
BSF 1F.1
BSF 1F.2
BCF 1F3
MOVLW 07
BCF 035
MOVWF 1F
MOVLW 40
BSF 03.5
MOVWF 19



0116:
0117:
0118:
0119:

O11A:

0136:
0137:
0138:
0139:

013A:
013B:
013C:
013D:
O13E:
013F:
0140:
0141:
0142:
0143:
0144;

MOVLW 22
MOVWF 18
MOVLW 90
BCF 03.5
MOVWF 18
BSF (3.5
BCF 01.7
MOVLW 00
MOVWEF 08
MOVWEFE 05
MOVWF 08
BCF 03.5
CLRF 08
BSF 03.5
MOVWEF 05
BCF 03.5
CLRF 05
GOTO 039
GOTO 142
SLEEP



0000:
0001:
0002:
0003:;
00E2:
00E3:
00E4:
00ES:
00E6:
00E7:
0QES:
00E9:

00EA:
00EB:
O0EC:
00ED:
OOEE:
00EF:

00F0:
00F1:
0004:
0005;

Q007:
0008:
0009:

000A:
000B:
000C:

MOVLW 00
MOVWF 0A
GOTO OCF
NOP

CLRF 20
CLRF 21
CLRF 22
CLRF 23
CLRF 24
CLRF 25
CLRF 26
CLRF 27
CLRF 28
CLRF 29
CLRF 2A
CLRF 2B
CLRF 2C
CLRF 2D
CLRF 2E
CLRF 2F

MOVF 2E,W

XORLW Al

: BTFSC 03.2

GOTO 02A
XORLW 03
BTESC 03.2
GOTO (34
XORLW 06
BTFSC 03.2

: GOTO O3E

Tusunsalulnsnsulnsaaesniniy

000E:
00QF:
0010:
0011:
0012:
0013:
0014:
0015:
0016:
0017:
0018:
0019:
001A:
001B:
001C:
001D:
001E:
001F:
0020:
0021;
0022:
0023:
0024:
0025:
0026:
0027:
0028:
0029:

002A:
002B:

XORLW 0C
BTFSC 03.2
GOTO 048
XORLW B2
BTFSC 03.2
GOTO (52
XORLW 30
BTFSC 03.2
GOTO 05C
XORLW 60
BTFSC 03.2
GOTO 066
XORLW CO
BTFSC 03.2
GOTO 070
XORLW 31
BTFSC 03.2
GOTO 07A
XORLW 01
BTFSC 03.2
GOTO (096
XORLW 10
BTFSC 03.2
GOTO DAA
XORLW 01
BTFSC 03.2
GOTO (B8
GOTO 0CC
MOVF 20,F
BTFSS (3.2



002C:

GOTO 031

002D: BSF 2F.0

002E:

002F:
0030:
0031:
0032:
0033:
0034:
0035:
0036:
0037:
0038:
0039:

003A:
003B:
003C:
003D:
003E:

003F:

0040:
0041:

0043:

0045:

0046:
0047:
0048:
0049:

MOVLW 01
MOVWF 20
GOTO 033
BCF 2F.0

CLRF 20

GOTO 0CC
MOVF 21F
BTEFSS 03.2
GOTO 03B
BSF 2F.1

MOVLW 01
MOVWF 21
GOTO 03D
BCF 2F.]

CLRF 21

GOTO 0CC
MOVF 22F
BTFSS 03.2
GOTO 045
BSF 2F.2

: MOVLW 01

MOVWF 22

: GOTO 047

BCF 2F.2
CLRF 22

GOTO OCC
MOVE 23F
BTFSS 03.2

004A: GOTO O4F

004B

: BSF 2F.3

004D:

004F:
0050:
0051:
0052:
0053:
0054:
0055:
0056:
0057:
0058:
0059:

005A:
005B:
005C:
005D:
005E:
00SF:

0061:
0062:
0063:
0064
0065:
0066:
0067:
0068:

0069:
006A:
006B:
006C:

: MOVYLW (01

MOVWF 23

: GOTO 051

BCF 2F.3
CLRF 23
GOTO 0CC
MOVF 24F
BTESS 032
GOTO 059
BSF 2F.4
MOVLW 01
MOVWF 24
GOTO 05B
BCF 2F.4
CLRF 24
GOTO 0CC
MOVF 25F
BTFSS 03.2
GOTO 063
BSF 2F.5
MOVWF 25
GOTO 065
BCF 2F.5
CLRF 25
GOTO 0CC
MOVF 26 F
BTFSS 03.2
GOTO 06D
BSF 2F.6
MOVLW 01
MOVWF 26
GOTQ O6F



006D: BCF 2F.6
006E: CLRF 26
006F: GOTO 0CC
0070: MOVF 27.F
0071: BTFSS 03.2
0072: GOTO 077
0073: BSF 2F.7
0074: MOVLW 01
0075: MOVWEF 27
0076: GOTO 079
0077: BCF 2F.7
0078: CLRF 27
0079: GOTO 0CC
007A: MOVF 28F
007B: BTFSS 03.2
007C: GOTO 0BA
007D: MOVLW FF
007E: IORWF 2FF
007F: MOVLW 01
0080: MOVWF 28
0081: MOVWF 20
0082: MOVWF 21
0083: MOVWF 22
0084: MOVWF 23
0085: MOVWF 24
0086: MOVWF 25
0087: MOVWF 26
0088: MOVWF 27
008%: GOTO 095
008A: MOVLW 00
008B: ANDWF 2FF
008C: CLRF 28

008D: CLRF 20
008E: CLLRF 2I
008F: CLRF 22
0090: CLRF 23
0091: CLRF 24
0092: CLRF 25
0093: CLRF 26
0094: CLRF 27
0095: GOTO OCC
0096: MOVF 29,F
0057: BTFSS 03.2
0098: GOTO 0A2
0099: MOVLW FO
009A: IORWF 2FF
009B: MOVLW 01
009C: MOVWF 29
009D: MOVWF 24
009E: MOVWF 25
009F: MOVWF 26
00A0: MOVWF 27
00A1: GOTO 0A9
00A2: MOVLW OF
00A3: ANDWF 2FF
00A4:. CLRF 29
00A5: CLRF 24
00A6: CLRF 25
00A7: CLRF 26
00A8: CLRF 27
00A9: GOTO 0OCC
00AA: CLRF 2F
00AB: CLRF 20
00AC: CLRF 21



00AD:
00AE:
00AF:
00BO:
00B1:
00B2:
00B3:
00B4:
00B5:
00B6:
00B7:
00BR:
00B9Y:
00BA:
00BB:
00BC:
00BD:
00BE:
00BF:
00CO:
00C1:
00C2:
00C3:
00C4:
00Cs:
00C6:
00C7:
00C8:
00C9:

QOCA:
00CB:
00CC:

CLRF 22
CLRF 23
CLRF 24
CLRF 25
CLRF 26
CLRF 27
CLRF 28
CLRF 29
CLRF 2A
CLRF 2B
GOTO 0CC
MOVF 2BF
BTFSS 03.2
GOTO 04
MOVLW OF
IORWF 2F,F
MOVLW 01
MOVWF 2B
MOVWF 20
MOVWF 21
MOVWF 22
MOVWF 23
GOTO 0CB
MOVLW F0
ANDWF 2FF
CLRF 2B
CLRF 20
CLRF 21
CLRF 22
CLRF 23
GOTO oCC
BCF 0A3

00CD:
0OCE:
00CF:
00DO:
00D1:
00D2:
00D3:
00D4:
00Ds:
00D6:
00D7:
00D8:
00DY:

00DA:
00DB:
00DC:
00DD:
00DE:
00DF:

00EQ:
O0El:
00F2:
00F3:
00F4:
00F5:
(0F&:
00F7:
00r8:

00F%:

BCF 0A4
GOTO 111 (RETURN)
CLRF 04
MOVLW IF
ANDWF 03,F
BSF 03.5
BSF 1F.0
BSF 1F.1
BSEF IF.2
BCF 1F3
MOVLW (7
BCF 03.5
MOVWF 1F
MOVLW 40
BSF 03.5
MOVWF 19
MOVLW 22
MOVWE 18
MOVLW 90
BCF 035
MOVWF 18
MOVLW 00
BSF 03.5
MOVWF 08
MOVWF 08
BCF 035
CLRF 08
CLRF 2C

CLRF 2D

00FA: MOVF 2C,W

00FB
0CFC

: SUBLW 40
: BTFSC 03.2



00FD:

00FE:
O0FF:
0100:
0101:
0102:
0103:
0104:
0105:
0106:
0107:
0108:
0109:

010A:
010B:
010C:
010D:
010E:

010F:
0110:
0111:
0112:
0113:
0114:
0115:
Ollé:
0117;
0118
011%:

011A:
011B:
011C:

GOTO 103
BTFSS 0C.5
GOTO OFE
MOVF 1AW
MOVWF 2C
GOTO OFA
MOVF 2D,W
SUBLW 353
BTFSC 03.2
GOTO 10C
BTFSS 0C.5
GOTO 107
MOVF 1AW
MOVWF 2D
GOTO 103
BTFSS 0C.5
GOTO 10C
MOVF 1AW
MOVWE 2E
GOTO Q04
MOVLW 00
BSF 03.5
MOVWF 08
BCF 035
MOVF 2FW
MOVWF 08
MOVLW 40
BTFSS 0C.4
GOTO 113
MOVWEF 19
MOVLW 52
BTFSS 0C.4

011D:
0l11E:
011F:

0120:

0121:
0122:
0123
0124:

GOTO 11C
MOVWF 19
MOVF 2FW
BTFSS 0C4
GOTO 120

MOVWF 19
GOTO OF8

SLEEP
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22 EXAR
/N ...the analog plus company™

XR-2206

Monolithic
Function Generator

June 1997-3
FEATURES APPLICATIONS
e Low-Sine Wave Distortion, 0.5%, Typical ¢ Waveform Generation
¢ Excellent Temperature Stability, 20ppm/°C, Typ. e Sweep Generation
¢ Wide Sweep Range, 2000:1, Typical e AMFM Generation
¢ Low-Supply Sensitivity, 0.01%V, Typ. o VIF Conversion
e Linear Amplitude Modulation FSK G i
e TTL Compatible FSK Controls * eneration
e Wide Supply Range, 10V to 26V ¢ Phase-Locked Loops (VCO)
e Adjustable Duty Cycle, 1% TO 99%
GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an extemnal
voltage. Frequency of oparation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. 1t
has a typical drift specification of 20ppm/°C. The oscillator
frequancy can ba linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
fow distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mit POIP —40°C 10 +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C 1o +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C o +70°C

©1972

ATV AV A A L S LWL L L L& & AW TOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 & (510) 668-7000 & (510) 668-7017
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y—— -/ /L L L L L

Vec GND BIAS

C @ @ 11} SYNCO
Timi — J)
1

ing
Capacitor veo -~
L 1c2 (6) S

w1 (D—]
Timing r—

Resistors Cumrent Multiplier

L R2 . Switches Agga plenre +1 2) ST0
FSKI @————
amsi (1) @
WAVEA1 @
wavea2 (a)—
SYMA1 @
symaz (§)—

Figure 1. XR-2206 Block Diagram
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vA’ EMR XR'2206
y — — /L L L LM

amst [1]e- [16] SYMAZ AMSI 1 SYMAZ
sto {2} [15] SYMAT STO 2 SYMA1
mo [T [14] wAVEA2 mo =3 WAVEA2
vee Led 13]  WAVEA1 Ve 4 WAVEA1
1C1 [5] 12] GND TCA 5 GND
TC2 |8 1] BYNCO TC2 8 BYNCO
TR1 0] BIAS TR 7 BIAS
TR2 [&] @ FSK) TR2 8 FSKI
16 Lead PDIP' cDiP (0-300”] 16 Lead SOIC (Jedec, 0.300!1)
PIN DESCRIPTION
Pin# Symbeol Type |Description

1 AMSI | Amplitude Modulating Signal Input.

2 STO O Sine or Triangle Wave Qutput.

3 MO (0] Multipller Output.

4 Veo Positive Power Supply.

5 TCA | Timing Capacitor Input.

6 TC2 | Timing Capacltor Input.

7 TR1 0] Timing Resistor 1 Output.

8 TR2 O Timing Resistor 2 Output.

3 FSKI 1 Frequency Shift Keying input,

10 BIAS O Internal Voltage Reference.

1 SYNCO O Sync Output. This output is a open collector and needs a pull up resistor to V.

12 GND Ground pin.

13 WAVEA1 I Wave Form Adjust input 1.

14 WAVEA2 | Wave Form Adjust Input 2,

15 SYMA1 I Wave Symetry Adjust 1.

16 SYMAZ i Wave Symetry Adjust 2.

ATV LA L LA LA LAY AL LT A TOM
3
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DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vec = 12V, T = 25°C, C = 0.01uF, Ry = 100kQ, Rz = 10kQ, Ry = 25k
Unless Otherwise Specified. S4 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. ] Typ. LMax. Min, I Typ.j Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage +5 +13 5 +13 Y
Supply Current 12 17 14 20 mA Ry = 10k
Osclilator Section
Max. Operating Frequancy 0.5 1 0.5 1 MHz |C=1000pF, Rq=1kQ
Lowest Practical Frequency 0.01 oM Hz |C =50pF, Ry=2MQ
Frequency Accuracy 1 +4 *2 %off, 1f,=1RC
Temperature Stability +10 | +50 +20 ppm/°C | 0°C < Ta << 70°C
Frequency Ry = Ry = 20kQ2
Sine Wave Amplitude Stability? 4800 4800 ppmi°C
Supply Sensitivity 0.01 0.1 0.01 %NV |Viow = 10V, VuigH = 20V,
Ry = Ry = 20kQ
Sweep Range 1000Q:1 | 2000:1 2000:1 =1 |fh@Ry=1kQ
fL @Ry =2MQ

Sweep Linearity

10:1 Sweep 2 2 % f_ = 1kHz, fy= 10kHz

1000:1 Sweep 8 8 % f_ = 100Hz, fy = 100kHz

FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 [ 0.001 100 uF Figure 5

Timing Resistors: Ry & Rz 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mvi/ikQ | Figure 2, S Open

Sine Wave Amplitude 40 60 80 60 mVv/kQ | Figure 2, S Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Trangle Linearity 1 1 %

Amplituds Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 25 % R4 = 30kQ

With Adjustment 04 1.0 0.5 1.5 % See Figure 7 and Figure 8

Noles

1 Dutput ampiitude is directly proportional to the resistance, R3, on Pin 3. Ses Figure 3.
2 For maximum amplitude stability, Ry should be a pasitive temperature coefficient resistor.
Bold face parameaters are covered by production test and guaranteed over operating lemperature range.
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D

Parameters Min. ] Typ. I Max. | Min. | Typ- ] Max. | Units | Conditions
Amplitude Moduiation

Input impedance 50 100 50 100 kQ

Modulation Range 100 100 %

Camier Suppression 55 &5 dB

Linearity 2 2 % For 95% modulation
Square-Wave Output

Amplitude 12 12 Vp-p |Measured at Pin 11,
Rise Time 250 250 ns C, = 10pF

Fall Time 50 50 ns C,_ = 10pF
Saturation Voltage 0.2 04 0.2 0.6 \' IL=2mA

Leakage Cumrent 0.1 20 0.1 100 pA  |Vec=26Y

FSK Keying Level (Pin 9} 0e 1.4 24 0.8 14 24 v See section on circuit controls
Reference Bypass Voltage 29 31 33 2.5 3 a5 v Measured at Pin 10.
Notes

! Output amplitude s directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production lest and guaranteed aver operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ..., 26V Total TimingCument .................co0ien 6mA
Power Dissipation ....................... 750mwW Storage Temperature ............ -65°C to +160°C
Derate Above 25°C . ........c.iiiiiiin, 5mWieC

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

EDOEV I SIS T
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FEATURES

Wide Frequency Range, 0.01Hz to 300kHz
Wide Supply Voltage Range, 4.5V to 20V
HCMOSTTL/Logic Compatibility

FSK Demodutation, with Carier Detection
Wide Dynamic Range, 10mV to 3V rms
Adjustable Tracking Range, +1% to 80%
Excellent Temp. Stability, +50ppm/°C, max.

XR-2211

FSK Demodulator/
Tone Decoder

A June1997~3-7
APPLICATIONS

e Caller ldentification Delivery

e FSK Demodulation

e Data Synchronization

» Tone Decoding

e FM Datection

e Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particulardly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists of a basic
PLLI. for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK demodulation. External components are used to
independently set center frequency, bandwidth, and output
delay. An intemal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300") -55°C to +125°C
XR-2211N 14 Pin CDIP {0.300") -40°C to +85°C
XR-2211P 14 Pin PDIP (0.300" -40°C to +85°C
XR-2211ID 14 Lead SOIC (Jedsc, 0.1507) -40°C to +85°C

ATV AV E A S A A EAAAN TCOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 @ (510) 668-7000 @ FAX (510) 668-7017

@1992
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BLOCK DIAGRAM

Vee GND NC

© © O

INP @ ]/ Loop
3) LDF

68-Det
TIM C1 @ Lock
Detoct
veo Comparatar 6) Looa
L]
TmMez V13 Quad
8-Det 5 ) LDOQN
TIMR [12
Intermnal
VRer @ 4l| Veer Iﬁ \ 7
Reference FSK Comp bo
COMP | @

Figure 1. XR-2211 Block Diagram
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PIN CONFIGURATION

vee O = [ TIMCH Veo
e [Z] [d TMc2 INF
LoF [3] 1] TIMR LDF
eNo 1] (4] Loo GND
LooaN [s] (1] Vger LDOQN
tooa [&] 2l NG LDOQ
po [7] 5] COMPI Do
14 Lead CDIP, PDIP {0.300") 14 Lead S0IC {Jedec, 0.150")
PIN DESCRIPTION
Pin# Symbol Type |Description
1 Veeo Positive Power Supply.
2 INP l Receive Analog input.
3 LDF 0 Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN 0 Lock Detect Output Not. This output will be low i the VCO is in the capture range.
6 LDOQ 0 Lock Detect Output. This output will be high if the VCO is in the capture range.
7 DO 0 Data Qutput. Decoded FSK output.
] COMP | | FSK Comparator !nput.
9 NC Not Connected.
10 VRer 0] Internal Voitage Reference. The valus of Vgep is Vgo/2 - 650mV.
1" LDO (0] Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TMR } Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 TiM C2 | Timing Capacitor Input. The timing capacitor connects batween this pin and pin 14.
14 TIM C1 | Timing Capacltor Input. The timing capacitor connects between this pin and pin 13.

STV S S AT ELTET TOM
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ELECTRICAL CHARACTERISTICS . .
Test Conditions: Ve = 12V, Ta = +25°C, Rg = 30KQ, Cg = 0.033F, unless otherwise specified.

Parameter AL Min. | Typ. | Max ] Unit | Conditions
General
Supply Voltage 4.5 20 v
Supply Current 4 7 mA Ry > 10KQ. See Figure 4.
Osclilator Section
Frequency Accuracy 1 3 % Deviation from fo = 1/Ry Co
Frequency Stability
Temperature 20 +50 ppmi*C | See Figure 8.
Power Supply 0.05 05 %N Ve =12 1V See Figure 7.
0.2 %V |Voc= +5V.See Figure 7.
Upper Freguency Limit 100 300 kHz Rg = 8.2KQ, Cy=400pF
Lowest Practical Operating 0.01 Hz Ry = 2MQ, Cy= 50pF
Fraquency
Timing Resistor, Ry - See
Figure 5
Operating Range 5 2000 KQ
Recommended Range K See Figure 7 and  Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 uA Measured at Pin 11
Cutput Offsat Current 1 pA
Output Impedance 1 MQ
Maximum Swing +4 +5 v Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Cumrent 100 300 pA
Output Impedance 1 MQ
Maximum Swing 11 Vep
Input Preampt Section Measured al Pin 2
Input Impedance 20 KQ
Input Signal
Voltage Required o
Cause Limiting 2 10 mV ms
Notes

Parametors are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production tast and guaranfeed over operating temperalire range.

Voo P P P P PP 277777 4 TQM"
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

Test Conditions: Vec = 12V, Ty = +25°C, Rg = 30KQ, Cq = 0.033yF, unless atherwise specified.

Parameter ] Min. L Typ. | Max, J Unit | Conditions
Voltage Comparator Section

Input Impedance 2 MQ Measured at Pins 3 and 8
Iinput Bias Curent 100 nA

Voltage Gain 55 T0 dB Ry = 5.1k

Output Voltage Low 300 500 mV Ic = 3mA

Qutput Leakage Current 0.01 10 pA Vo =20V

internal Reference

Voltage Level 49 53 5.7 v Measured at Pin 10
Qutput Impadance 100 2 AC Small Signal
Maximum Source Current B0 A
Notes

Paramelers are guaranieed over the recommended operaling conditions, but are not 100% tasted in production.
Bold face parameters are covered by production test and guaranteed over operaling temperaturs range.

Speclfications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply .. ... i i 20V
Input Signal Level .............0.c.oiinnn. 3vms
Power Dissipation ....................... 900mwW

Package Power Dissipation Ratings

0 | 750mwW
Derate Above T4 =25°C ............... Bmw/°C
PDHP o e 800mW
Derate Above TA=25°C .............. BOMWC
SOOI ot e 390mwW
Derate Above T =25°C ............... SmW/C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog muitiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typically 10mV rms are amplifiedioa
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. Its output
(unfitered) produces sum and difference frequencies of
the input and the VCO output. The VCO is actually a
current controlled oscillator with its narmal input cucrent
{fo) set by a resistor {Rp) to ground and its driving current
with a resistor (R,) from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VCO frequencies

ANV A A A LS EAAS,
5

(intemally connected). When in lock, these frequencies
are fiy+ fyco (2 times fiy when inlock) and fiy - fyco (OHz
when lock). By adding a capacitor to the phase detector
output, the 2 times fiy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCO is
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL is in lock
(quadrature phase detector and lock detactor
comparatar).




MicCROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheset:

+ PIC16F873 « PIC16F876
+ PIC16F874 « PIC16F877

Microcontroller Core Features:

+ High performance RISC CPU
« Only 35 single word instructions to leam
» All single cycle instructions except for program
branches which are two cycle
* Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

« Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

+ Pinout compatible to the PIC16C73B/T4B/76/7T
« Interrupt capability (up to 14 sources)
* Eight level deep hardware stack
+ Direct, indirect and relative addressing modes
* Power-on Reset (POR)
* Power-up Timer (PWRT) and
Osdillator Start-up Timer (OST)

* Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmabie code protection
+ Power saving SLEEP mode
* Selectable oscillator oplions

* Low powaer, high speed CMOS FLASH/EEPROM
technology

= Fully static design
* In-Circuit Serial Programming™ (ICSP} via two
pins
+ Single 5V In-Circuit Serial Programming capability
* In-Circuit Debugging via two pins
* Processor read/write accass to program memory
* Wide operaling voitage range: 2.0V ta 5.5V
* High Sink/Source Cument: 25 mA
+ Commercial, Industrial and Extonded temperature
ranges
* Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- < 1 pA typical standby current

Pin Diagram
PDIP
wTRve —01 "/ [ rereco
RAt/ANT +—[] 3 38 {] «—» RBS
RAMANIVIEF- w—a ] 4 37 [ -— RB4
RAVANIVREF+ w—a=[] 5 k] éq—-ﬁ- REPGM
RAVTOCK} w—a- @ 35 {_] w—a RBZ
RAFANASS +—e-[] 7 < ¥ []=—= RAY
REGRDANS =[] 8 I~ 33 []-=—= RBOANT
RE1AVRIANG =—=T] 9 L pe—vmo
REVCS/ANT +—a[] 10 B 0 e—vas
Voo ——w [ 41 E 30 [ -=—e RDIPSET
ves — o[ 12 -] 29 [ -=+—= RDEPSPY
OSCIUCLKIN —»[] 13 5 28 [] +— RDS/PSPS
OSC2/CLKOUT o] 14 z 7 ) «—s RD&PSP4
RCOT10STICN w—[] 15 26 [1 =—e RCTRXDT
RCHTIOSUCLP2 w1 168 25 [] e—e RCBTIUCK
RGACCPY w—e-] 17 24 [ ] -+— RC5S00
RCWSCKISCL =—-[1 18 23 [1—= RCABOVSDA
RDOV/PSPO e [] 18 27 ] w—e RDIPSFI
ROAPSP1 =[] 20 21 [1 =—e ROZPSF2

Peripheral Features:

« TimerQ: 8-bit timer/counter with B-bit prescaler

» Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via extemal

crystal/clock

« Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
~ Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

* 10-bit multi-channel Analog-to-Digital converter

+ Synchronous Serial Port (SSP} with SPI™ (Master
mode) and 12C™ {Master/Slave)

+ Univarsal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address

detaction

» Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
+ Brown-out detection circuitry for

Brown-out Reset (BOR)

® 2001 Microchip Technology ing, ~
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LM741

General Description

The LM741 saries are general purpose operational amplifi-
ers which feature improved performance over industry stan- 1 g5 1 +125°C.
dards fike the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
Tha ampiliars offer many features which make their applica-
ticn nearty foolproof: overioad protection on the input and
output, no latch-up when the common mode renge Is ox-
cooded, as well as freedom from oacillations.

ﬂNational Semiconductor

Operational Amplifier

May 1998

The LM741C/ALMT41E are kdentical to the LM741LM7A1A
except that the LMT41C/ALM741E have their performance
guarantead over a 0'C to +70'C temperature range, instead

Schematic Diagram
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Absolute Maximum Ratings qow 1)

K Miiktary/Asrospace specified devices ars required, plesse contact the National Semiconductor Sales Office/
Distributors for availabliity and specHications,

{Nota &)
LMT41A LM7T41E L7441 LM741C
Supply Voitaga v 22V +22V 18V
Power Dissipation (Note 2) 500 mW 500 my 500 vy 500 mvy
Diffarential Input Voltaga +30v T30V T30V 30V
Input Voitage {Note 3} 15V 115V 115V 15V
Qutput Shart Clreutt Duration Continuous Continuous Continuaus Continuous
QOperating Temperature Range -55C tn +125°C 0°C o +70°C -55'C to +125°C 0°C 1o +70°C
Storage Temperature Range -85'C o +150°C -65°C o +150°C —65'C to +150°C —5°C to +150°C
Junction Temperatura 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 0°C 280'C ®/OC
J- or HPackage {10 seconds) 300°C 300°C 00°C 300°C
M-Package
Vapor Phase (80 seconds) 215C 215°C 215°C 15'C
Infrared (15 seconds) 215°C 215°C 215'C 215°C

See AN-450 “Surface Mounting Mathods and Their Effect on Produc Reliability” for other methods of soldering
surfaca mount davicas.
ESD Tolerance {Note 7) 400V 400V 400V 400V

Electrical Characteristics o 4)

Parameter Conditions LM741ALMTHME LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

{input Offset Voltage T, =25C
Rg < 10 KO 1.0 150 20 1] 60 my
Rg < 500 08| 30 mv
Tasarn S Ta S Vapax
Rs < 500 4.0 mv
Rg £ 10 k&2 6.0 75 mvV

Averaga tnput Difset 15 yvitG

Voltage Drift

Input Offset Voltage T, = 25°C, Vg = 120V +10 +15 +15 my

Adjustment Range

Input Offset Current T,=25C 30 Ky 2 | 200 20 | 200 nA
Tasain € Ta S Tamax ] 85 | 500 300 | nA

Average Input Offsat 0.5 nA“C

Curent Drift

Input Bias Current To=25C et 80 80 | 500 80 | 500 nA
Tonars S Ta S Tansax 0.210 1.5 08 | pa

input Resistance Ta = 25°C, Vg = 220V 10 | 60 03 | 20 03} 20 M
Taate S Ta S Tapiars 0.5 MG
Vg = 220V

Input Voltage Range T, = 25°C +12 | £13 v
Tapam = Ta S Tononx 12 f 13 v

. national com 2



Electrical Characteristics (Note 4) (Continued)
Parameter Conditions LMT41A/LMT4E LM7T41 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain T,=25C. R, 220
Vs = £20V, YV = £15V 50 Vimy
Vg = 115V, Vg = 210V 50 | 200 20 | 200 Vimv
Tariine S Ta S Tanaass
R 222,
Ve = 120V, v, = 115V 32 Vimy
Vg = £15V, Vo = 210V 25 15 vimV
Vg = £5V, Vg = £V 10 vimy
Output Voltage Swing Vg = 220V
R_2 10 k2 16 v
R, z 2 k2 115 v
Vg = £15V
R, 210 kf2 112 | £14 12 | £14 v
R,z 2 kQ 110 | £13 110 | £13 V'
Qutput Short Circust T, =25C 10 25 a5 25 25 mA
Current Taram S Ta S Tamax 10 40 mA
Common-Moda Tasaine & Ta & Taniax
Rejection Ratio Rg €10 KL Vi, = 212V 70 | 80 ™0k 80 dB
Rg < 5001, Vo, = 12V 80 95 dB
Supply Voltage Rejection Tasaws S Ta 8 Tasanses
Ratio Vg = £20V 0 Vg = 5V
Re < 500 86 | 86 dB
R < 10 ki) 77 | 9% T 96 dB
Transleni Response Ta = 25°C, Unity Gain
Rise Time 025| 08 03 0.3 M8
Overshoot 8.0 20 5 5 %
Bandwidth (Note 5) To =25C 0437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 07 08 as Viys
Supply Cument Ta=25C 17| 28 1.7 | 28 | mA
Power Consumption T,=25'C
Vg = 20V B0 150 mw
Vg = £15V 50 1 85 S0 [ as | mw
LM741A Vs = 120V
Ta= Tamn 165 miy
Ta = Varaax 135 miy
LM741E Vg = 120V
Ta = Tamin 150 mw
Th = Tananx 150 W
LM741 Vg = 215V
Ta = Tasam 0 | 100 mW
Ta = Tamax 45 75 myw
Wota 12 -m:nmw-mmwmwmmmmmn Dparating Ratings indicats mnditions lor which the devics s




Electrical Characteristics (Not 4) (Continued)

Mota 2: For apecation st v thesa derdca musl be decited bated on fwermal feslriancs, and T) max (Esind urder “Abackts Maxdmiam Ra-
inga’}. Ty = Ty, + (4 Pp}
Thermal Resistance Cardip [} DIP (M) HOA (M) | SOB ()
By, (Junction to Amblent) 100°C/W 100°CW | 170°CW | 195°CAW
G {Junction o Casa) NA WA 25'CMW N/A

Fots 3: FOr suppily vohages leas Than 215V, Te abechta macivaam inpit volage i squasl 10 tha sunply vollsge.

Mota 4: Uniess othensise spociied,
tons s Bmited 10 0°C 5 To < +70°C.

Note 5: Calcuisted vals fom: BW (MHz) = 0.35Risa Tima{y:s)

Note §: For miady speciications see RETS741X for LM741 st RETSTATAX lor LM741A

Hota 7, Hudran body model, 1.5 1) In serdes with 100 pF.

Connection Diagram

Metal Can Package

Tuane speciications apply kor Vy = 115V, ~55°C § Ty, § +125°C (LM741/LMT41A). For tha LM741CALMT4 1E, thesn spaciics-

Ceramic Dual-in-line Package

Note 8: LM741H 1 avaBable par AEIBS10M0101

Order Number LM741H, LMT41H/883 (Nais 8),
LM741AH/883 or LM741CH

See NS Package Number HOBC

Dual4n-Line or 5.0. Package

J
oFTseT ML —1 al=nc
MYERTHG INPUT = 2 7 r—-v‘
NON=INVERTING =4 1 6 b=0uthgt
NPUT
v—s 5 |—orFser mun

CI00RM1-3

Order Humbar LWT41], LWT44 4803,
LMT41CM, LM7T41CN or LMT41EN

Ses NS Packape Number JOSA, MOBA or NOBE

N/ F
w1 te}—ne
NC = 2 13f=nc
+OFFSET NULL =1 3 12}=nc
“IN—{ 4 1=
=5 10 = ouy
v--{s 9 - oFFSET NULL
NC =4 7 ] ol

DA 15

Nots 9 eiso avalable par JMES510/10101
Mote 10: piso avallable por 385110102

Order Number LM741.)-14/883 (Note 9),
LM741AJ-14/883 (Note 10)
See NS Package Number J14A

Ceramic Flatpak

wr—e | e

+OFFSET NULL I:::_L ﬁ: KC

~IHPUT I::i LMTHW ::3 Y4

+|m’ur|::5 l:] OUTPUT
v-C—] 1 -OFFSET WuLL
DM0ew1-8
Order Numbear LM741W/883

Seo NS Package Number W10A
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