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Data Transfer via AC line using Microcontroller Application

Ratipak  Chang-aroon
Laddawan Sriwattananukulkit
Asst. Prof. Polpadung Padungkul

2000

ABSTRACT

This project is a further development of two previous researches that are 12 Channel
remote control via AC line” and “Data Transfer using Microcontroller Application”. It can be
applied in data display as the price display board in petrol station. Moreover, we can use one
transmission circuit to more than one receiver circuit such this project which consists of 2
receivers.

The process starts from inputs, which comprise of the price (Baht and Stang ) and the
numbers  indicating the terminal address, go through microcontroller and construct an encoded
data structure composing of start byte, address byte, data byte, stop byte and error byte. Then
they are modulated with suitable carrier and transferred via AC line. Afterwards, they are
demodulated, decoded to satisfy a correct data and displayed at liquid crystal display and 7-

segments.
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2.1 Phase Locked Loop
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2.2 Frequency Modulation

; o " - .-
sUAtuvesdy M FM inanndyanuuegian aegl 2.1 wu dygrondeerailu

kY 53

v

Wmsn lduegaeasuudygamvegdegy  dygramvevdsnnuegaanddlugiee
Wludnmnu FM szifiuiiinal o dyans FM sginuinais iledyanuinuuegaai)
= (3 =<

N 3 ¥ v
AN NUINGIAA AWDVBINHZ VRN UTITR HuAD Ty uuegIIADIgATeAdA(dy I

yegraalvIIAgIgAtue) Nal

. .
b DL\ b

1)
¥ e K
(3) TYAINOUQTUBAAR
=l
1
¥

31 23 MIURGIANAIND

[

= 7 = g 3 P @
NI 2 ﬁmmmnamammmﬂug{uﬂ ﬂ?’liJﬂ“U@\iW'lW&’ﬂ"t]Sﬁ@ﬂ\‘iiﬂ‘ﬁﬂ?ﬂJﬂﬂﬁNﬂ\i

oo ay

a @ o a v d v o 5] = o v
!ﬂll’ﬂﬁ\i%Wﬂ!’Jﬁ"IETiIuJiUﬂﬂl.iJ't’)ﬂmﬂilﬂ?@ﬂﬂd@ﬂﬂ?WﬁHﬂﬂﬁWULﬂ‘uﬁ‘U WIMSIZUAIUDAAIAININ

G a

v 0 v A v
= @ 19 o @ - = =3 o
ﬂ'J'llJﬂﬂﬁ13!!ﬁ$lﬁ@!’Ja’]ﬁmuiy'lmﬂaﬂmﬂﬂﬁﬂlﬁu%uﬂaﬂﬂi\‘i?ﬁjﬁ ANUDUDIWIMENIENAY
[ = v A [ @ (] =i (=4 ) A A v F =
HIGIANUINAWANUAMUITUNU Llu%ﬂﬁ!’)fﬂ t4 09 t8 NITHUVUIANITDY 11J aiﬂ!lﬁﬂﬂﬁTNﬂﬂl@d
= a o o ' = o
winzazilaoundadldmueundyavesdyyrnueqnanazwimzdinsegiaiunnauie

donnunegaailugud
: 4.8 E y o & g 4.3 ,
¥9ANNdNWzsauu lananudnaiasendt  anuideuny  (frequency
i v ¥V ' ' ¥
deviation) TaggasimMssununawavesdyaIn FM  Juagnuamduesdyimhivin
wogan Uufe Anmdvesdyy it wegnailludidiuasasasideanuaiu
dmsuneuwigavesdamuueaaaziudmdinuareanuiibeuny  ndnlag
k4
v

agy dyaiv FM lpuauiandiageail

= a = ' g o Y
LUUBUNAYAAINANDA LmmmnnJaau@mﬁaﬁymmmmm@m@



28aMssauaNdveIFy MW IEAIIAUAIRvesd Yy MR

a9 )
3nmmdidsuuumieniedu) Wudaduiuueunagavesdayanadiiues
A
Tuszuy PM Soulsdiuuinsienwigaves lasuuudtuediuidviinisegaa

[ '

= 7 I o o o 4 o S v ' w7 s
Tasnnwived laduuuanaduiuituamivesdyanuiidwegaa nande laduuuds
- 4 v e oy < 2 vl a a0 e R e s

HINHANUDIMIAY fe Tm lyduuuagiaeaiinnudminy fed2fm . .. 984 aziiunug

A & Y g Y s I 0w v oA da o4 v o
IANvoInaU FM Aeeaseuaquituiu leduuuandidynndd tufe nuuaiaviusdiuayil
nsyegalazANNIvesTy U wegEe LAATTIMTIEIAMIYIIAY [W/im daiudis

& 4 o < o ~ Qv
NIwANUHsIUUIEEA RV ST Y IMNEPRAITIATINTAFIMIUT DA AT 6




2.3 Frequency shift keying
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2.4Tuned Amplifier
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2 Negative Feedback Biquad Band Pass Circuit
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3.Three Amplifier Biquad Band Pass Circuit
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Tisunsumads

ORG  0000H

CALL DELAY1
XLCDWRC EQU 2000H ;LCD WRITE
CONTROL
XLCDRDC EQU 2001H ;LCD READ
CONTROL
XLCDWRD EQU 2002H ;LCD WRITE
DATA
XLCDRDD EQU 2003H ;LCD READ
DATA
KEEP KEY  EQU 30H
KEEP CHA  EQU 3IH
AD DRESS EQU 32H
AD DIGIT EQU 33H
TEMPI1 EQU 34H
DATAI EQU 35H
DATA2 EQU  36H
ERROR EQU 37H
START BYTE EQU 38H
STOP_BYTE EQU 39H
TEMP2 EQU 3AH
TEMP3 EQU 3BH
NUM _SHOW  EQU 3CH
BAHT 1  EQU 3DH
BAHT 2 EQU 3EH
SATANG_1 EQU 3FH
SATANG 2 EQU 40H
STAGE EQU 41H
STORE SEND EQU 42H
LOCATE ] EQU 43H
LOCATE 2 EQU 44H
SSH K EQU 45H

JMP SSET

LINE11; DB 'SELECT CHANNEL: "'
LINEI2: DB' 1:CH1 2:CH2 '
CHANNEL1:DB' CHANNEL 1
CHANNEL2:DB' CHANNEL?2 '
ENTER: DB'BAHT: STANG: '
TRANSMIT:DB ' TRANSMITTING# '
DASH: DB' ——— °
STAR DB booseksokdokkk !
FINISH: DB 'FINISH TRANSMIT *
SSET:

MOV  SCON,#40H

MOV  TMOD,#20H

MOV THI1,#0DOH

MOV PCON,#00H

SETB TRI

MOV ~ START BYTE,#00H

MOV  STOP_BYTE,#0FFH
BEGIN:

CALL XLCDSET

MOV A#0IH

CALL XLCDWI

CALL SHOW

MOV TEMPI,#00H

MOV  AD DRESS #00H
LOOPI: CALL CHECK

MOV A, TEMPI

CINE A, #FFH,LOOPI
STATEL: MOV~ A,AD_DRESS

CINE A#01H,CHAN 2

JMP CHAN I
CHAN 1: MOV A#01H  ;DISPLAY

CALL XLCDWI

MOV A #80H

MOV DPTR,#CHANNELI



CALL DISPLAY
CALL DISPI
JMP CHA B
CHAN 2: MOV A#01H
CALL XLCDWI
MOV A #80H
MOV  DPTR#CHANNEL2
CALL DISPLAY
CALL DISPI
JMP CHA_B
AR EREERE R R R KRR R RS
CHA _B: MOV  STAGE#01H
MOV  AD_DIGIT#)C5H ;DATA 1
AAA: CALL GET INI
CINE A#0AH,CH_ENTI
JIMP  BEGIN
CH_ENTI:CINE A #OFFH,PRINTI
IMP  AAA
PRINT1: MOV A AD_DIGIT
CALL XLCDWI
MOV  A,KEEP CHA
CALL XLCDWD
MOV  A,#90H
CALL XLCDWI
MOV  BAHT |, KEEP KEY
MOV  AD DIGIT,#0C6H ;:DATA2
MOV LOCATE_1,#0C5H

GET_IN2: ;INPUT
:AD_DIGIT
; :LOCATE 1
;OUTPUT:DATA2

CALL SCANKEY
MOV  A,KEEP KEY
CINE A#0AH,CH_ENT2

MOV
CALL

AD_DIGIT #)CSH
CLR_DIGIT

JMP CHA B

CH_ENT2:CIJNE A #0FFH,PRINT2

JMP  GET_IN2

PRINT2: MOV A,AD DIGIT

CALL
MOV
CALL
MOV
CALL
MOV
MOV

XLCDWI
AKEEP_CHA
XLCDWD

A#90H

XLCDWI

BAHT 2,KEEP KEY
LOCATE 2,#0C6H

GET_EN: CALL SCANKEY

CINE
MOV
CALL
MOV
CALL

AH#OAH,GO_ONN
AD _DIGIT #0C5H
CLR_DIGIT
AD_DIGIT,#0C6H
CLR_DIGIT

JMP CHA B

GO_ONN: CJNE A #0FFH,GET EN

o 3 3k ok ok ok 3 5k K 3k ok 3k 3 ok 3k ok 3k 3k sk 3k sk o sk ok ok KOk ok skok 3k
s

CHA_S: MOV STAGE,#02H

MOV

AD_DIGIT,#0CEH ;DATA1

BBB: CALL GET INI

CINE A#0AH,CH ENTO

MOV
CALL
MOV
CALL
MOV
CALL

AD_DIGIT #0CEH
CLR_DIGIT
AD_DIGIT,#0C5H
CLR_DIGIT
AD_DIGIT,#0C6H
CLR_DIGIT

JMP CHA B

CH_ENTO:CIJNE A,#0FFH,PRINTO



JMP BBB

PRINTO: MOV A AD DIGIT

CALL
MOV
CALL
MOV
CALL
MOV
MOV
MOV
GET_IN3:

CALL
MOV
CINE
MOV
CALL

XLCDWI

AKEEP_CHA

XLCDWD

AH#90H

XLCDWI

SATANG_1,KEEP KEY

AD_DIGIT,#0CFH ;DATA2

LOCATE_1,#0CEH
:INPUT :AD_DIGIT

:LOCATE_1

;OUTPUT:DATA?

SCANKEY

AKEEP_KEY

AH#0AH,CH ENT3

AD_DIGIT,LOCATE 1

CLR_DIGIT

JMP CHA_ S

CH_ENT3:CINE A #0FFH,PRINT3

JIMP  GET_IN3

PRINT3: MOV A,AD_DIGIT

CALL
MOV
CALL
MOV
CALL
MOV
MOV

XLCDWI
AKEEP_CHA
XLCDWD

A#90H

XLCDWI
SATANG_2,KEEP_KEY
LOCATE_2,#0CFH

GET_ENT:CALL SCANKEY

CINE
MOV
CALL
MOV

A#0AH,GO_ON
AD_DIGIT#0CEd
CLR_DIGIT

AD_DIGIT,#0CFH

CALL

CLR_DIGIT

IMP CHA_S

GO_ON: CINE A#0FFH,GET ENT

STATEZ2:
MOV

DEC
MOV
CALL
MOV
CALL
MOV
CALL
MOV
MOV
CALL
CALL
MOV
MOV
CALL
CALL

;SEND DATA
A,START BYTE
A,AD_DRESS
A,BAHT 1
ABAHT 2
ASATANG 1
A,SATANG 2
A,STOP BYTE
ERROR,A
ROH#0AH ;TRANSMIT #1
FLOW
RO ;TRANSMIT #2
A#OIH
XLCDWI
NUM_SHOW #?2'
FLOW
RO “TRANSMIT #3
AH#0IH
XLCDWI
NUM_SHOW,#3'
FLOW
AH#0TH
XLCDWI
A#S0H
DPTR,#FINISH
XLCDWI
WR_LINE
A#OCOH
DPTR,#STAR
XLCDWI
WR_LINE



MOV A#90H MOV A #08EH

CALL XLCDWI CALL XLCDWI
CALL DELAY MOV  ANUM_SHOW
IMP  BEGIN CALL XLCDWD
FLOW: SHOW_NUM:
MOV  STORE_SEND,START BYTE MOV A #C4H
CALL SUB_FLOW CALL XLCDWI
MOV  STORE SEND,AD DRESS CALL SNLCD
CALL SUB_FLOW MOV  A#90H
MOV  STORE_SEND,BAHT | CALL XLCDWI
CALL SUB_FLOW CALL DELAY!
MOV  STORE SEND,BAHT 2 CALL DELAY]
CALL SUB_FLOW CALL DELAY!
MOV  STORE SEND,SATANG 1 ' CALL DELAY]
CALL SUB_FLOW CALL WRLI
MOV  STORE_SEND,SATANG 2 MOV A #0H
CALL SUB_FLOW CALL XLCDWI
MOV  STORE_SEND,ERROR CALL DELAYI
CALL SUB_FLOW CALL DELAY1
MOV  STORE SEND,STOP_BYTE CALL DELAY]
CALL SUB_FLOW CALL DELAYI
RET RET
SUB_FLOW: WRLI: MOV  DPTR#DASH
MOV  A,STORE_SEND MOV A #0COH
CALL SEND CALL XLCDW!
MOV TEMP3,A CALL WR_LINE
CALL CUR_DATA RET
RET SNLCD: MOV TEMP2,TEMP3
CUR_DATA: ;SHOW :INPUT:TEMP3
TRANSMITTING DATA MOV  R2#8H
MOV A#080H SNI: MOV ATEMP2
MOV  DPTR,#TRANSMIT RLC A
CALL XLCDWI MOV TEMP2,A

CALL WR_LINE JNC OUTO00



OUT0l: MOV A#1
CALL XLCDWD
DINZ R2,8N1
JMP BACK
OUT00: MOV  A#('
CALL XLCDWD
DINZ R2,SNI
JMP  BACK
BACK: RET
GET_IN1: ;INPUT:AD_DIGIT
;. :STAGE
;OUTPUT:DATA1
MOV  A,STAGE
CINE A#01H,CLCE
MOV  SSH_K,#0C5H
JMP  SH K
CLCE: MOV SSH K #)CEH
SH_K: MOV  A,SSH K
CALL XLCDWI
MOV A#'
CALL XLCDWD
MOV A#90H
CALL XLCDWI
CALL SCANKEY
MOV A, KEEP KEY

RET
DISP1: ;DISPLAY "2 DIGITS
DATA:

MOV  A#COH

MOV  DPTR,#ENTER
CALL DISPLAY
KET
DISPLAY: ;DISPLAY IN 1 LINE
CALL XLCDWI

CALL WR_LINE
MOV A#0H

CALL XLCDWI
RET

SHOW: ;LCD AT START

MOV DPTR#LINEI1
MOV A #80H
CALL XLCDWI
CALL WR_LINE
MOV A#90H
CALL XLCDWI
MOV  DPTR#LINE12
MOV A #0COH
CALL XLCDWI
CALL WR_LINE
MOV A #90H
CALL XLCDWI

CHECK: ;INPUT MUST BE 1 OR 2

;OUTPUT:TEMP1 ,AD DRESS
CALL SCANKEY
MOV  AKEEP KEY
CINE A#0IH,MAY 2
MOV  AD DRESS,A
MOV TEMPLA
CALL SELECT
CALL SCANKEY
MOV  AKEEP KEY
JMP  MAY _CLR

MAY_2: CJNE A#02H,CHECK

MOV  AD DRESS.A
MOV TEMPL,A
CALL SELECT



MAY_CL: CALL SCANKEY
MOV  AKEEP KEY
JMP  MAY CLR
MAY_CLR:CINE A#AHMAY ENT
MOV  AD_DIGIT,#08FH
CALL CLR_DIGIT
JMP  CHECK
MAY_ENT:CINE A #FFH,NONE
MOV  TEMPI#0FFH
RET
NONE: JMP MAY CL

CLR_DIGIT: :CLEAR DIGIT
;INPUT:AD_DIGIT
MOV A,AD DIGIT
CALL XLCDWI
MOV A%
CALL XLCDWD
MOV  A#90H
CALL XLCDWI

RET
SELECT: ;SHOW MODE NO.
MOV A #)8FH

CALL XLCDWI
MOV A KEEP CHA
CALL XLCDWD

MOV A #90H
CALL XLCDWI
RET

WAIT: INB TLWAIT
CLR TI
RET

SCANKEY:

SCAN KEY:

SEND: MOV SBUF,A  ;INPUT:A

CALL WAIT
RET

MOV KEEP KEY,#0FOH
SCAN: CALL SCAN KEY

MOV A KEEP KEY
CINE A#FOHNEXT
JMP  SCAN

NEXT: RET

KEEP_KEY

MOV Pl #0FFH
CLR P10

JNB  P1.3,0UT1
JNB P1.4,0UT4
JNB  P1.5,0UT7
JNB P1.6,0UTST1
SETB PIL.0

MOV PL#0FFH
CLR PIl.1

JNB PL.3,0UT2
JNB  P1.4,0UT5
JNB P1.5,0UT8
JNB  P1.6,0UT0
SETB Pl.1

MOV  PL#0FFH
CLR Pl1.2

JNB P1.3,0UT3
JNB P1.4,0UT6
JNB P1.5,0UT9

;CHECK PRESS

;GET KEEP_CHA AND



INB P1.6,0UTSH
SETB PI1.2
RET

OUTST1: JMP  OUTST

OUTI: JNB P13,
MOV  KEEP KEY.#1H
MOV KEEP_CHA#1'
RET

OUT2: JNB Pl139%
MOV KEEP KEY #H
MOV KEEP CHA,#2'
RET

OUT3: JNB P1.35§
MOV KEEP KEY.,#3H
MOV  KEEP CHA #3'
RET

OUT4: INB P14
MOV  KEEP KEY,#4H
MOV  KEEP_CHA,#4'
RET

OUTS: JNB P1.45§
MOV KEEP KEY #5H
MOV  KEEP_CHA#5'
RET

OUT6: INB Pl.4$%
MOV  KEEP_KEY #6H
MOV  KEEP CHA #6'
RE1

OUT7: JNB P1.58$
MOV  KEEP_KEY #7H
MOV  KEEP CHA#7'
RET

OUTS8: JNB Pl5,$
MOV KEEP KEY #H

MOV KEEP CHA #8'
RET

OUTY9: JNB P15S$
MOV  KEEP KEY,#9H
MOV KEEP CHA,#9'
RET

OUT0: JNB P1.6S
MOV KEEP KEY #0H
MOV  KEEP CHA #0'
RET

OUTST: INB P16
MOV  KEEP _KEY,#0AH
RET

OUTSH: INB P16

MOV KEEP KEY,#0FFH

RET

;********* LCDSET SUB EE S S 222

;LCD SETUP COMMAND

XLCDSET:MOV A, #)0111000B ;FUNCTION SET

LCALL XLCDWI

MOV A,#00001110B ;DISPLAY ON/OFF

LCALL XLCDWI

MOV A#01H ;CLEAR

LCALL XLCDWI
RET

;****** )CLCDWD SUB FREkFR¥Rk

;LCD WRITE DATA (RS=1)

;IIN=A

JREG=A

XLCDWD: PUSH DPH
PUSH DPL



MOV DPTR,#X%CDWRD ;ADD
LCD WRITE DATA

MOVX @DPTR,A

MOV DPTR,#XLCDRDC ;ADD LCD
READ CONTR
XLCDWDI:MOVX A,@DPTR ;WAIT
FOR BF=(0

JB  ACC.7,XLCDWDI

POP DPL

POP DPH

RET
SeRRRbRE K] CDW] SUR #FH#skkskk
;LCD WRITE INSTRUCTION (RS=0)
(IN=A
;REG=A
XLCDWI: PUSH DPH

PUSH DPL

MOV DPTR,#XLCDWRC

MOVX @DPTR,A

MOV DPTR,#XLCDRDC
XLCDWII:MOVX A,@DPTR ;WAIT
FOR BF=0

IB  ACC.7,XLCDWII

POP DPL

POP DPH

RET

jFrrvinksk SUB WR_LINE ##siorx
JIN=R7
;REG = A, DPTR
WR_LINE:MOV R7#0FH ;16 CHAR
LINE: CLR A

MOVC A,@A+DPTR

LCALL XLCDWD

INC DPTR
DINZ R7,LINE
RET
prrkskkkk SUB WR_2LINE s sxs
JREG=A
WR_2LINE:MOV A #30H ;SET DD RAM
LCALL XLCDWI
LCALL WR_LINE
MOV A#0COH ;SET DD RAM
LCALL XLCDWI
LCALL WR_LINE
RET
;DELAY 1/10 SECOND
;JIN=R2
;REG=R2,R3,R4
DELAY: MOV R3,#10
DTSEC1: MOV R4#0
DINZ R4,$
DJNZ R3,DTSECI
DINZ R2,DELAY
RET
DELAY 1: MOV R3 #0FFH
DTSEC2: MOV R4,#0FFH
DJNZ R4,$
DJINZ R3,DTSEC2
RET
EEND: END



( Lillﬂuﬂ"lﬂ’ﬂﬁ"m )
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TJsunsumnasy
ORG  0000H
CALL DELAY1
XLCDWRC EQU  2000H
;LCD WRITE CONTROL
XLCDRDC EQU  2001H
;LCD READ CONTROL
XLCDWRD EQU  2002H
;LCD WRITE DATA
XLCDRDD EQU 2003H
;LCD READ DATA
DATA EQU P10
LOAD EQU Pl.1
CLOCK EQU P12
DIGIT EQU 41H
TEMP EQU 42H
AD_DRESS EQU 30H
KEEP CHA EQU 31H
CODE EQU 32H
BAHT! EQU 33H
BAHT2 EQU 34H
STANGI EQU 35H
STANG2 EQU 36H
ERROR EQU 37H
SIMP SHOW
SHOW 1:DB ' CHANNEL: '
ENTER: DB 'BAHT: STANG:
SHOW:
CALL XLCDSET
MOV  A#0IH
CALL XLCDWI
MOV  DPTR#SHOW_1
MOV A #080H
CALL XLCDWI

CALL WR_LINE
MOV  DPTR,#ENTER
MOV A #0COH
CALL XLCDWI
CALL WR_LINE
MOV A #90H
CALL XLCDWI
MOV  BAHT!,#00H
MOV  BAHTZ2,#00H
MOV STANGI,#00H
MOV  STANG2,#00H
CALL MAX
SSET:
MOV  SCON,#50H
MOV  TMOD,#20H
MOV  THI1,#0D0H
MOV  PCON,#00H
CLR RI
SETB TRI1
CHANN: MOV AP2.0
CINE A,#0FFH,BE 1
BE_2: MOV AD_DRESS, #02H
MOV KEEP CHA,#2'
SIMP SHOW_CH
BE_1: MOV AD DRESS#01H
MOV  KEEP_CHA#1'
SHOW_CH:
MOV  A#08CH
CALL XLCDWI
MOV  AKEEP CHA
CALL XLCDWD
MOV  A#90H
CALL XLCDWI
START:



SETB REN CALL XLCDWI

RECIEV: CALL REV MOV A #0C6H
CINE A #00H,RECIEV CALL XLCDWI
MOV CODE#00H MOV  A#30H

GET_AD: CALL REV ADD A,BAHT2
CINE A,AD_DRESS,RECIEV CALL XLCDWD
XRL CODE,A MOV A #0H

GET_DA: CALL REV CALL XLCDWI
MOV BAHTLA MOV A #0CEH
XRL CODEA CALL XLCDWIL ,
CALL REV MOV A#30H
MOV BAHT2,A ADD A,STANG!
XRL CODE,A CALL XLCDWD
CALL REV MOV  A#0H
MOV STANGLA CALL XLCDWI
XRL CODEA MOV  A#CFH
CALL REV CALL XLCDWI
MOV  STANG2,A MOV A #0H
XRL CODEA ADD A,STANG2
CALL REV CALL XLCDWD
MOV  ERROR,A MOV A #90H

GET_STO:CALL REV CALL XLCDWI
CINE A#0FFH,RECIEV CALL MAX
XRL CODEA JMP  START

ST MAX:

CLR REN CALL INIT MAX
MOV A,CODE MOv  DIGIT,#01H
CINE A,ERROR,CHANN MOV  A,BAHTI

MOV  A#0C5H CALL DSP_DIGIT
CALL XLCDWI MOV  DIGIT,#02H
MOV  A#0H MOV  ABAHT2

ADD ABAHTI CALL DSP_DIGIT
CALL XLCDWD MOV  DIGIT,#03H

MOV A #0H MOV  A,STANGI



CALL DSP DIGIT
MOV  DIGIT,#04H
MOV  A,STANG2
CALL DSP DIGIT

RET

REV: INB RLS$
MOV  A,SBUF
CLR RI

DSP_DIGIT: MOV TEMP,A
MOV DPTR #TAB_SEG
MOVC A,@A+DPTR

MOV DPL,A
MOV DPH,DIGIT
CALL SHIFT
MOV A,TEMP
RET

SHIFT: MOV R2,#3
MOV A,DPH
CLR CY
CLR CLOCK
CLR LOAD

SHIFT1: RLCA
MOV DATA,C
SETB CLOCK
CLR CLOCK
DINZ R2,SHIFT1
MOV R2,#38
MOV A,DPL
CLR CY

SHIFT2: RLC A

MOV DATA,C
SETB CLOCK
CLR CLOCK
DJNZ R2,SHIFT2
SETB LOAD
CLR LOAD

RET

INIT_MAX: MOV DPTR,#0A08H
LCALL SHIFT
MOY DPTR,#0B07H
LCALL SHIFT
MOV DPTR,#0900H
LCALL SHIFT
MOV DPTR#0CO1H
LCALL SHIFT
MOV DPTR,#0F00H
LCALL SHIFT
RET
TAB_SEG: DB 7EH,30H,6DH,79H
DB 33H,5BH,5FH,70H
DB 7FH,7BH,00H,00H,00H
DB 4FH,0EH,0FH,4EH
sEskisrks | CDSET SUB *#x*s#ssx
;LCD SETUP COMMAND
XLCDSET:MOV A,#00111000B ;FUNCTION SET
LCALL XLCDWI
MOV A #00001110B
;DISPLAY ON/OFF
LCALL Xi.CDWI
MOV A#01H ;CLEAR
LCALL XLCDWI



RET
SERERRE XT CDWD SUB #**#% kst
;LCD WRITE DATA (RS=1)
JIN=A
;REG=A
XLCDWD: PUSH DPH

PUSH DPL

MOV DPTR,#XLCDWRD ;ADD
LCD WRITE DATA

MOVX @DPTR,A

MOV DPTR,#XLCDRDC ;ADD LCD

READ CONTR

XLCDWDI:MOVX A,@DPTR ;WAIT

FOR BF=0
JB  ACC.7,XLCDWDI1
POP DPL
POP DPH
RET
cexrex X CDWI SUB ##sssssxsns
;LCD WRITE INSTRUCTION (RS=0)
(IN=A
:REG=A
XLCDWI: PUSH DPH
PUSH DPL
MOV DPTR#XLCDWRC
MOVX @DPTR,A
MOV DPTR,#XLCDRDC

XLCDWII:MOVX A,@DPTR SWAIT

FOR BF=0
JB ACC.7,XLCDWII
POP DPL
POP DPH
RET
jhrkrresx GUB WR_LINE *#+#sskk

;IN=R7
;REG = A,DPTR
WR_LINE:MOV R7#0FH
LINE: CLR A
MOVC A,@A+DPTR
LCALL XLCDWD
INC DPTR
DINZ R7,LINE
RET

;16 CHAR

;********* SUB WR 2LINE 3k kook ok ok Kk %k

;REG=A
WR_2LINE:MOV A #30H
;SET DD RAM
LCALL XLCDWI
LCALL WR_LINE

MOV A#0COH SET DD RAM

LCALL XLCDWI
LCALL WR_LINE
RET
;DELAY 1710 SECOND
;IN=R2
;REG =R2,R3,R4
DELAY: MOV R3,#179
DTSEC1: MOV R4.#)
DINZ R4,$
DINZ R3,DTSECI
DINZ R2,DELAY
RET
DELAY1: MOV R3 #0FFH
DTSEC2: MOV R4,#0FFH
DINZ R4,$
DJINZ R3,DTSEC2
RET
END
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@ MOTOROLA MC14046B

PHASE LOCKED LOOP

The MC14046B phase locked loop contains two phase compara-

L SUFFIX
tors, a voltage-controlled oscillator (VCO), source follower, and CERAMIC
zener diode. The comparators have two common signal inputs, CASE 620
PCA;n and PCBjn. Input PCA;jp can be used directly coupled to large
voltage signals, or indirectly coupled (with a series capacitor) to
small voltage signals. The self-bias circuit adjusts small voltage signals
in the linear region of the amplifier. Phase comparator 1 (an exclu-
sive OR qate) provides a digital error signal PClgyq, and maintains
90° phase shift at the center irequency between FCAjy and PCBjp
signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals, PC2qy¢ and LD,
and maintains a 0° phase shift between PCAj, and PCBjp signals P SUFFIX
(duty cycle is immaterial). The linear VCO produces an output signal PLASTIC

CASE 648

VCOgqyp whose frequency is determined by the voltage of input
VCOin and the capacitor and resistors connected to pins Cl1a, Clg,
R1, and R2. The source-follower output SF oy with an external re-
sistor is used where the VCOjp, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener
diode can be used to assist in power supply regulation.

Applications include FM and FSK modulation and demodulation,

frequency synthesis and multiplication, frequency discrimination, s SSOL:EFIX
tone decoding, data synchronization and conditioning, voltage-to-

i
!
1
t
|
1

. CASE 751G
frequency conversion and motor speed control. 1
e Buffered Outputs Compatible with MHTL and Low-Power TTL
® Diode Protection on All Inputs
® Supply Voltage Range =3.0 to 18 V ORDERING INFORMATION
e Pin-for-Pin Replacement for CD40468 MC14XXXBCP  Plastic
® Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle MC14XXXBCL Ceramic
it MC14XXXBDW SOIC
® Phase Comparator 2 switches on Rising Edges and is not Duty Ta = -55"10125°C for all packages
Cycle Limited

| PIN ASSIGNMENT

LD

p Voo
0 Zener

BLOCK DIAGRAM
R T T TR TR AT = PClout

| [seit o Phass
PCA N 14C"‘l“{ Circunt Comparator 1 H—02 PClout PCBin
|

13 PC2 VCOour,

N PCA,
{1 PC20u¢

Phase
Comparator 2

g vVCO;,

(rco) 7 cin Vss
[

Vgg =Pin 8

|
PCB,, ao: 10 Inh nR2
1L o4 vco 5
vCco., 30 : Voltage B i out Cla 0Rs
| CO°"‘X'I°”"° L o2 k2 Cig 'S Fesuin
Voo = Pin 1A | e ane H—o06 cia
|
|

L—J |

o 5 L Source Follower 10 SFagt

) 1

VggO————PF————————————015 Zzener
ss ]

6-120



MC140468B

MAXIMUM RATINGS*® (Voltages referenced to Vgg)

Rating Symbol Value Unit -
DC Supply Voltage Voo -05t0 +18 Vdc
Input Voltage, All Inputs Vin -05t0Vpp+0.5 | Vdc
DC Input Current, per Pin lin =10 mAdc
Power Dissipation, per Packaget Pp 500 mwW
Operating Temperature Range TA -55t0 +125 °C
Storage Temperature Range Tstq -6510 +150 “C

“Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating: Plastic "P and D/DW" Packages: -7.0 mW/C From 65°C To 125°C
Ceramic “L" Packages: ~ 12 mW/°C From 100°C To 125°C
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs) >
Voo -55°C 25°C 125°C

Characteristic Symbol | ygc = Unit
Min Max Min Typ Max Min Max
Output Voltage "0 Level 5.0 = 0.05 — 0 0.05 o 0.05
Vin = Vpp or 0 VoL 10 — 0.05 — 0 0.05 — 005 | Vdc
15 — 0.05 - 0 0.05 == 0.05
“1" Level 5.0 495 — 495 5.0 — 4.95 =
Vin = 0 or Vpp VOH 10 995 — 8.95 10 — 9.95 - Vdc
15 | 1485 | — 14.95 15 — | 1495 | —
Input Voltage # “0" Level
(Vo = 4.50r 0.5 Vdc) viL 5.0 = 1.5 = 2.25 1.5 = 1.5 Vdc
(Vo = 9.0 or 1.0 Vdc) 10 — 3.0 —_ 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vdc) 15 - 4.0 — 6.75 4.0 — 4.0
“1" Level
(Vo = 0.5 or 4.5 Vdc) v 50 3.5 e 3.5 275 — 3.5 — d
(VO = 1.0 or 9.0 Vdc) IH 10 7.0 - 7.0 5.50 Y 70 || VMG
(Vg = 1.50r 13.5 Vdr) 15 11 | 1 8.25 - 1 —
Output Drive Current
(VOH = 2.5 Vdc) Source 5.0 = 1.2 - -1.0 -1.7 — L-0.7 —
(VOH = 4.6 Vdc) 10H 50 | -025| — -0.2 -0.36 — | -014| — | mAdc
(VOH = 9.5 Vdc) 10 -0.62 — 05 -09 — -0.35 —
(VOH = 13.5 Vdc) 15 -18 | — -1.5 -35 = - 1.1 —
(VoL = 0.4 Vdc) Sink 5.0 0.64 = 0.51 0.88 -3 0.36 =
(VoL = 0.5 Vdc) loL 10 1.6 — i3 2.28 — 0.9 — mAdc
(VoL = 1.5 Vdc) 3 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — =01 — =0.00001| =0.1 - =1.0 | nAdc
Input Capacitance Cin — — — — 5.0 75 — — pF
Quiescent Current [[s)s) 5.0 — 5.0 — 0.005 5.0 — 150 | uAdc
(Per Package) Inh = PCAj, = Vpp. 10 = 10 4 0.010 10 - 300
Zener = VCOjp, = 0V, PCBj, = Vpp 15 At 20 — 0.015 20 — 600
or OV, lgyt = OpA
Total Supply Currentt T 5.0 IT = (1.46 uA’kHZ) f + Ipp nAdc
(Inh = “0", fy = 10 kHz, C|_ = 50 pF. 10 IT = (291 uAKHz) | + Ipp
R1 = 1.0M(), R2 = x, Rgg = =, and 15 IT = (4.37 uA/kHz) | 4 Ipp
50% Duty Cycle)

#Noise immunily specified lor worst-case inpul combination.
Noise Margin for both “1" and "0 level = 1.0 Vdc min (v Vpp = 5.0 Vdc
2.0 Vac min (+ Vpn = 10 Vdc
2.5 Vdc min (« Vpp = 15 Vdc

1To Calculate Total Current in General:

VCOin - 165 Vpp - 1.35\3%4 VCOin -~ 1.65\3:4
'T=2‘2"VDD(2—1“L[);{{’—)3 'TGX(”-;?SF—)S + 1x1073(CL 9 Vpp I+
100% Duty Cycle of PCA,

= ) +1q wnere: IT in uA, Cin pF. VCO,n. Vpp in Vdc. fin kHz. ana

1x107! VDDZ<
R1. R2, Rgf in M(), C|_on VCOqyt



MC14046B

ELECTRICAL CHARACTERISTICS® (Ci = 50 pF, Ta = 25°C)

Visp: | Mntmum | Maximum |
Characteristic Symbol Vdc Device Typlcal Device Units
Output Rise Time TLH ns
tTLH = (3.0 ns/pF) CL + 30 ns 5.0 — 180 350
trLH = (1.5 ns/pF) CL + 15 ns 10 — 90 150
tTLy = (1.1 ns/pF) C + 10 ns 15 — 65 110
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C + 25 ns 5.0 — 100 175
trHL = (0.75 ns/pF) Cp + 125 ns 10 — 50 75
trHL = (0.55 ns/pF) C + 9.5ns 15 — 37 55
PHASE COMPARATORS 1 and 2
Input Resistance — PCAjn Rin 5.0 1.0 2.0 — MQ
10 0.2 0.4 —_
15 0.1 0.2 —
— PCBjp Rin 15 150 1500 — MO
Minimum Input Sensitivity Vin 5.0 — 200 300 mV p-p
AC Coupled — PCAjn 10 — 400 600
C series = 1000 pF, f = 50 kHz 48, — 700 1050
DC Coupled — PCAjn, PCBin — 5to 15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency fmax 5.0 0.5 0.7 = MHz
(VCOjn = Vpp. C1 = 50 pF 10 1.0 1.4 —
R1 = 5.0 kQ, and R2 = =) 15 1.4 1.9 —
Temperature — Frequency Stabiity — 5.0 - 0.12 — %lC
(R2 = =) 10 — 0.04 —
15 — 0.015 —
Linearity (R2 = =) —_ %
(VCOjp = 2.5V = 0.3V, Rt > 10 k) 5.0 — 1.0 —
(VCOjp = 5.0V = 25V, R1 > 400 k(1) 10 — 1.0 —
(VCOjp = 7.5V = 5.0V, Rt = 1000 kQ) 15 — 1.0 —
Qutput Duty Cycle — 5t 15 — 50 — %
Input Resistance — VCOin Rin 15 150 1500 — | Mo
SOURCE-FOLLOWER
Offset Voltage LY 5.0 s 1.65 22 v o
(VCOjn minus SFout, Rse > 500 kQ) 10 — 1.65 22
15 "~ 1.65 22
Linearity = Yo
(VCOjp = 2.5V = 0.3V, R > 50 kQ) ) — 0.1 —
(VCOjp = 50V = 25V, RgF > 50 k() 10 — 0.6 —
(VCOjp = 7.5V = 50V, Rgp > 50 k() 15 — 0.8 —
ZENER DIODE
Zener Voltage (17 = 50 uA) vz — & Wi 73 v
Dynamic Resistance (I = 1.0 mA) Rz — — 100 — QO

“The formula given is for the typical characteristics only.

6-122



MC14046B

FIGURE 1 — PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1

Input State

PHASE COMPARATOR 2

laput State

G55

(Lock Detect)

X X
et el NG S
! |
PC2 3-State 4
ot 0 Output Disconnected *
LD
o 1 o]

Refer to Waveforms in Figure 3.

FIGURE 2 — DESIGN INFORMATION

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCA ;4.

VCO in PLL system adjusts to center {requency
(fo).

VCO in PLL system adjusts to minimum fre-
quency (fminl.

Phase angle between PCA;, and PCBj.

90° at center frequency (fg), spproaching 0°
and 180° at ends of lock range (2f( ).

Always 0° in lock (positive rising edges).

Locks on harmonics of center frequency.

Yes

No

Signal input noisa rejection.

High

Low

Lock frequency range (2f( ).

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock. 2f|_ = full VCO frequency range = fr,y - frnin-

Capture frequency range (2c).

The trequency range of the input signal on which the 10op will lock if it was initially

out of lock.

Depends on low-pass filter characteristics
(see Figure 3). fc <

fe=fL

Center frequency (fg).

The frequency of VCOq (. when VCO;n = 1/2 Vpp

VCO output frequency (f).

Note: Thesz equations are intendec 1o be
a design guide. Since calculated component
values 1nay be in error by as much as a factor
of 4, laboratory experimentation may be
required for hxed designs. Part 1o part fre-
quency variation with identical passive com
ponents is typically less than = 20%

1

fmih 5= W&
R(Cy+ 32 pF)

1

| £ %l | Cfnin
R{(Cy + 32 pF)

finax «

Where: 10K <3¢ < 1M
10K < Ry < 1M

100pF <Cy < .01 wF

(Vo input = Vgg)

(Vco input = Vpp!)
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FIGURE 3 - GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF;
S| source |10 o
] Follower
vVCOo;, i
PCA
CAn . 14 A — External 9 = veo
@ Frequency 5 Empatutor Low-Pass - vco ;@F out N
- PClout Fiter nooa2 6 7 requency %
s ° i ci ct
PC?OU‘ A B
R12 R2
ct
[ External 1 = =
T e
L _Counmer
Typical Low-Pass Filters
Typically:
(a) R3 (b) R3

Input O—'\M-I—O Output Input O——'\M,—T—o Output R4 Cp = 5N = i

f 2ndf
2 v [2am Ra mex
L 2o/
= vV R3c2

(R3 +3,0000) C, =
c2

[l | SV
s
g
niB
I
P
H
o
Y

1= tmax = tmin
Note Sometimes R3 is split into two series resistors each R3 < 2. A capacitor Cc is then placed from the midpoint to ground. The value for

Cc should be such that the corner frequency of this network does not significantly affect wp. In Figure B, the ratio of R3 to R4 sets
the damping, R4 = (0.1)(R3) for optimum results.

LOW-PASS FILTER

Definitions: N = Total division ratio in feedback loop Filter A Filter B

Ko = Vpp/T for Phase Comparator 1
_ ] _KeKvco
“n TYNC,(R3+Rg)

Ko = Vpp/4 7 for Phase Comparator 2

2m b fyco
Kveo = Vgpoa v

N
Y e =05 wn(R3Cp + ——)
for a typical design w, = % " (at phase detector input) § 2K¢Kyvco $ §ngeag™2] KeKvco
= 0.707
- (e Fls) = R3CaS+1
R3CS+1 S(R3C2+R4Co)+1
Waveforms
Phase Comparator 1 Phase Comparator 2
. Voo — Yoo
PCA;, PCAIn m‘
Vss I Vss
'
oS NVo#

°
0
@
5

< <

o O

- T

R\ B
Vou
—— Vo VoH
PCIs I f l l % U
VoL ! —— Vou
— VoK t Vor
VCOin \//\/\/\/\ PC2u1 _] ‘*IL[_—
— Vg s Mot

Note for furthar information, see
(1) F. Gardner, “Phase-Lock Techniques™, John Wiley and Son. New York, 1966
(21 G S. Moschytz, "Miniature RC Filters Using Phase-Locked Loop™, BSTJ, May, 1965
(3) Garth Nash, "Phase-Lock Loop Design Fundamentals™, AN-535, Motorola Inc
(4) A. B. Przedpelski, “Phase-Locked Loop Design Arucles™, AR254, reprinted by Motorola Inc




NNational Semiconductor

LM193/LM293/LM393/LM2903 e
Low Power Low Offset Voltage Dual Comparators

General Description

The LM193 series consists of two independent precision
voltage comparators with an offset voltage specification as
low as 2.0 mV max for two comparators which were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characteris-
tic in that the input common-mode voltage range includes

ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog
to digital converters; pulse, squarewave and time delay gen-
erators; wide range VCO; MOS clock timers; multivibrators
and high voltage digital logic gates. The LM193 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, the
LNi193 series will directly interface with MOS logic where

their low power drain is a distinct advantage over standard
comparators.

Advantages
m High precision comparators
B Reduced Vg drift over temperature

B Eliminates need for dual supplies

m Allows sensing near ground

m Compatible with all forms of logic

m Power drain suitable for battery operation

Features

B Wide supply
Voltage range 2.0V to 36V
single or dual supplies +1.0V to £18V

o Very low supply current drain (0.4 mA) — independent
of supply voltage

B Low input biasing current 25 nA
@ Low input offset current +5nA
and maximum offset voltage +3 mv

@ Input common-mode voltage range includes ground

= Differential input voltage range equal to the power sup-
ply voltage

m Low output saturation voltage, 250 mV at 4 mA

& Output voltage compatible with TTL, DTL, ECL,
MOS and CMOS logic systems

Schematic and Connection Diagrams

1d—(<)
<
1d
TN

o ) © }-‘
[ o
sihdur ouTRUT

Metal Can Package Dual-In-Line Package
)xu C)'M CDIL‘ C)lwA

1
OUTPUT A —i — v

1
INVERTING INPUT A —if P oumur ]

KONANVEATING _ ) |
WPUT A

[
I MYERTING INPUT 8

]
(11

RORINVERTING
mT s

WPUT A nry |
=
sy )
L o
. & Tor view 1ertn TU/H/5709-1

= Order Number LM193H, Order Number LM193J/883°,
= = LH193H/883", LM193AJ/883,
LM193AH, LM193AH/883, LM393J, LM393AJ,
LM293H, LM293AH, LM393H LM393M, LM2903M, LM393N,
or LM393AH LM2903J or LM2903N

See NS Package Number HO8C See NS Package Number JO8A,

MO8A or NOSE

*Also available per JM38510/11202
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LM193/LM293/LM393/LM2903

Typical Performance Characteristics Lm193/Lm203/1m303, LM193A/LM293A/LM393A
Supply Current Input Current Output Saturation Voltage
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Application Hints

The LM193 series are high gain, wide bandwidth devices
which, like most comparators; can easily oscillate if the out-
put lead is inadvertently allowed to capacitively couple to
the inputs via stray capacitance. This shows up only during
the output voltage transition intervals as the comparator
change states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
reduces stray input-output coupling. Reducing the input re-
sistors to < 10 kQ reduces the feedback signal levels and
finally, adding even a small amount (1.0 to 10 mV) of posi-
tive feedback (hysteresis) causes such a rapid transition
that oscillations due to stray feedback are not possible. Sim-
ply socketing the IC and attaching resistors to the pins will
cause input-output oscillations during the small transition in-
tervals unless hysteresis is used. If the input signal is a
pulse waveform, with relatively fast rise and fall times, hys-
teresis is not required.

All pins of any unused comparators should be grounded.

The bias network of the LM193 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2.0 Vpe to 30 Vpe.

Itis usually unnacessary to use a bypass capacitor across
the power supply line.

Typical Applications v+ =s0vy)

Basic Comparator

Driving CMOS

Ve

The differential input voltage may be larger than V+ without
damaging the device (see Note 8). Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode can be
used as shown in the applications section.

The output of the LM193 series is the uncommitted collector
of a grounded-emitter NPN output transistor. Many collec-
tors can be tied together to provide an output OR'ing func-
tion. An output pull-up resistor can be connected to any
available power supply voltage within the permitted supply
voltage range and there is no restriction on this voltage due
to the magnitude of the voltage which is applied to the V+
terminal ‘of the LM193 package. The output can also be
used as a simple SPST switch to ground (when a pull-up
resistor is not used). The amount of current which the output
device can sink is limited by the drive available (which is
independent of V+) and the B of this device. When the
maximum current limit is reached (approximately 16 mA),
the output transistor will come out of saturation and the out-
put voltage will rise very rapidly. The output saturation volt-
age is limited by the approximately 600 rgat of the output
transistor. The low offset voltage of the output transistor

(1.0 mV) allows the output to clamp essentially to ground
level for small load currents.

Driving TTL

A Vo

TL/H/5709-2
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LM193/LM293/LM393/LM2903

Typical Applications (Continued)

Squarewave Osclllator

Pulse Generator
v
L1 Ilh
- R 1

*For large ratios of R1/R2,
-~ D1 can be omitted.

Two-Decade High-Frequency VCO

v

we
FRLOUERCY
coNTAOL
VOLTACE
weuT

V=430 Voo
+250 mVpcSVe s +50 Voo
700 Hz <1y <100 kHz

Basic Comparator

TL/H/5709-6

Crystal Controlled Osclllator

v

S <
9 <
<

1l ,%A,EA

(AT

Non-Inverting Comparator with Hysteresls

Inverting Comparator with Hysteresis

Ve
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Typical Applications (continued)

Output Strobing Large Fan-In AND Gate
- F .
R4
100k
Vo . > - x
Sl N
STROBE <
INPUT S5
17 LM193 Visgi
Ve o1 L
. A s
*
OR LOGIC GATE - J
WITHOUT PULL-UP RESISTOR o . D2 =
TUH/5709-11 p
03
c >
AND Gate

o<

*Vaer m O AN Apemmend

172 LM133
TL/H/5709-12
Rs
+*Vin
OR Gate
= 172 LM193
2Rg
*Vner Low O—AAA,————]
R0y Comparing Input Voltages
160k of Opposite Polarity
A A !
100k =
' 2N2222 =
100%
100k " *Vin,
c A
S 100% e
0 = Vi, QuAAf

TU/H/5709-13

IIZLM’.I_A

ALL DIODES
% 14814 TL/H/5709-14
Limit Comparator
' V' 12V
12LM183 f
2R 10k

TL/H/5709-15

TL/H/5709-16
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LM193/LM293/LM393/LM2903

[\‘

Typical Applications (Continued)
ORIng the Outputs

172 LM183

TL/H/5709-17

- TL/H/5709-21
One-Shot Multivibrator

15%
t Sk
0“" v
[] s
i 721183 —O Vo +) J-':.uv
-4 - ’ [}
1 ""‘I"’l‘_ I 172 LM133 Vo
5y - R .
' §J H

0.001,F

TL/HIS709-24
TL/H/5709-22

One-Shot Multivibrator with Input Lock Out
ke

!

] %m o 10M 560k
100 \
Vi O—AAA, N
H_:‘: %‘W L 172
] —— T 100 pF

/2 LM183

240k

TL/H/5709-23
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Typical Applications (Continued) (v+ = Vo) =
' Time Delay Generator - .- Q
-
=
N
©
w
$ =
10k
: =
1 &
©
[3)
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LF351

NNational Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET 1I™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF251 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. If maximum supply

current is important, however, the LF351 is the better
choice.

Features

= Internally trimmed offset voltage 10 mV
m Low input bias current 50 pA
= Low input noise voltage 25 nV/JHz
m Low input noise current 0.01 pA/JHz
# Wide gain bandwidth 4 MHz
m High slew rate 13 V/us
= Low supply current 1.8 mA
m High input impedance 10120
m Low total harmonic distortion Ay =10, <0.02%

Ry =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz

m Low 1/f noise corner 50 Hz
m Fast settling time to 0.01% 2 pus

Typical Connection

Connection Diagrams

Simplified Schematic

Ve ©
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TL/HIS62E-12
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TL/H/5646-12

Order Number LF351M or LF351N
See NS Package Number MO8BA or NOSE




Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales -

Oftfice/Distributors for avallabllity and specifications.

Supply Voltage +18V
Power Dissfpation (Notes 1 and 6) - 670 mW
Operating Temperature Rangé 0°Cto +70°C
Timax) ‘ ~115°C
Differential Input Voltage .. +30V
Input Voltage Range (Note 2) +15V
Output Short Circuit Duration Continuous

Storage Temperature Range
Lead Temp. (Soldering, 10 sec.)

Metal Can
DIP

—65°Cto +150°C

300°C
260°C

DC Electrical Characteristics (note 3)

6ia : a "

N Package 120°C/W
M Package 8D
Soldering Information '
Dual-in-Line Package o m s .
Soldering (10 sec.) f g 260°C
Small Outline Package ~ B
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other.methods of soldering sur-
face mount devices.

ESD rating to be determined.

LF351
Symbol Parameter Conditions £ Units
Min Typ Max
Vos Input Offset Voltage Rs = 10kQ,Ta = 25°C 5 10 mV
Over Temperature 13 mV
AVos/AT Average TC of Input Offset Rs=10kQ "
10 pv/eC
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
Tj < 70°C 4 nA
Ig Input Bias Current TE 25°C, (Notes 3, 4) 50 200 pA
Tjs 270°C 8 nA
Rin Input Resistar.ce Tj=25C 1012 ¢}
AvoL Large Signal Voltage Gain Vg= =15V, Tp=25C 25 100 V/imV
Vo= =10V,R =2k
Over Temperature 05 V/mV
Vo ‘Output Voltage Swing Vs= =15V, R =10k g 2 H18.5 \2
Vom Input Common-Mode Voltage R g Y
Range VEEETTON +11
H12 : Vv
CMRR Common-Mode Rejection Ratio Rg<10kN 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Ig Supply Current 1.8 34 mA

Lged




LF351

AC Electrical Characteristics (Note 3) o £, By ;
Symbol Parameter Conditions LF3s1 © Units

_ . Min Typ © Max o
SR Slew Rate i Vs= 115V, Tp=25°C 13 V/ps
GBW Gain Bandwidth Product Vs= 115V, Tp=25°C T4 ' MHz
en Equivalent Input Noise Voltage TA = 25°C, Rg=100Q,

P TEI50 i 25 .nV/\/H—z

in Equivalent Input Noise Current Tj=25°C, {=1000 Hz 0.01 pA/Hz

Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 6.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: These specifications apply for Vg= + 15V and 0°'C<TAS +70°C. Vgs, Ig and los are measured at Vem=0.

Note 4: The input bias currents are junction leakage currents whicn approximately doubte for every 10°C increase in the junction temperature, Tj- Dus to the limited
production test time, the input bias currents measured are correlaied to junction temperature. In normal operation the junction temperature rises above the ambient

temperature as a result of internal powsr dissipation, Pp. Ti=Ta+6js Pp where 6,4 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From
+15Vto £5V.

Note 6: Max. Power Dissipation is defined ty the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.




Typical Performance Characteristics
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£ | Typical Performance Characteristics (Continued)
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Pulse Response

Small Signal Inverting

.

OUTPUT VOLTAGE SWING (50 mV/DIV) -

TIME (0.2 ,2/DIV)

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 1</DIV)

TL/H/5522 -2

OUTPUT VOLTAGE SWING (1V/DIV)

Current Limit (R

Small Signal Noii-lnvertlng e

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 ps/DIV)

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 4s/DIV)

TL/H/5622 -7

TIME {5 :</DIV)

Application Hints

The LF351 is an op amp with an intern2!ly trimmed input
offset voltage and JFET input devices (BI-FET IT#). These

source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommocdated withcut a large increase in input curren:
The maximum differential input voltage is independznt oi
the supply voltages. However, neither of the input volteges
should be allowed to exceed the negative supply as this will

TL/H/5648-8

cause large currents to flow which can result in a destroyzd
umit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing &
reversal of phase to the output.

Exceacding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither casz
does a ialch occur since raising the input back within the

1-51
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LF351

Application Hints (continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed_the limit, the output of the amplifier will be
forced to a high state. o .

The amplifier will.operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, anincrease in input offset voltage
may occur. i

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 k0 load resistance to +10V over
the full temperature range of 0°C to +70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be takento ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detailed Schematic

Ve O— >

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “‘pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground. )

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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Tybical Applications

Rg

Supply Current Indicator/Limiter Hi-Zjy Inverting Amplifier

» TOSYSTEMSUPPLY

VsuppLY O—9~AN—@

1N314

v-
* Voyt switches highwhen Rgls > Vp

Ultra-Low (or High) Duty Cycle
Pulse Generator

1NS14 A1

.15 = RiCc rn 2222
UTPUT HiGH W6 — Vs
2Vg — 78

. = R2C fn—"—
touTPUT LOW -

where Vg = V™ + [v-|

*low leakage capacitor

v
5 out

7" VOLTAGE CONNECTION

T0 CONTROL CIRCUITRY

Parasitic input capacitance C1 = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback elements and creates undesirable

high frequency pole. To compensate, add C2 such
that: R2C2 = R1C1.

Long Time Integrator

RESET

£
INTEGRATE 0 (f133m

L)
1
b—O Vout= R—E./ vy DIT
i

TL/H/5648-10

+ 50% 5ot used for less sensitive Vog adjust
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Plastic Medium Power Silicon

NPN Transistor

. .. designed for use as audio amplifiers and drivers utilizing complementary or quasi

complementary circuits.

e DC Current Gain — hfg = 40 (Min) @ Ig = 0.15 Adc

e BD 135,137, 139 are complementary with BD 136, 138, 140

MAXIMUM RATINGS

BD135
BD137
BD139

1.5 AMPERE
POWER TRANSISTORS
NPN SILICON
45, 60, 80 VOLTS

10 WATTS

CASE 77-08

TO-225AATYPE

Rating Symbol Type Value Unit
Collector-Emitter Voltage VCEO BD 135 45 Vdc
8D 137 60
8D 139 80
Collector-Base Voltage VecBo BD 135 45 Vdc
BD 137 60
. BD 139 100
Emitter—Base Voltage VEBO 5 Vde
Collector Current ] 18 1.5 Adc
Base Curment | Iz 0.5 Adc
Total Device Dissipation @ Tp = 25°C | PD 1.25 Watts
Derate above 25°C | 10 mwW/C
Total Device Dissipation @ Tg =25°C | PD 125 Watt
Derate above 25°C ! 100 mW/*C
Operating and Storage Junction ! T4, Tstg -551t0 +150 °C
Temperature Range i
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 8Jc 10 °CW
Thermal Resistance, Junction to Ambient 8JA 100 °Cw

REV7

3-158

Motorola Bipolar Power Transistor Device Data



BD135 BD137 BD139
ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted)

Characteristic Symbol Type Min Max Unlt

Collector-Emitter Sustaining Voltage* BVCEO® Vde
(lc =0.03 Adc, Ig = 0) BD 135 45 —
BD 137 60 .
BD 133 80 —

Collector Cutoff Current IcBO pAdc

(Ve =30 Vdc, g = 0) — 0.1
(VcB =30 Vde, Ig =0, T = 125°C) i 10

Emitter Cutoff Current

lEBO —_ 10 pAdc
(VBg =5.0Vdc, Ig = 0)

DC Current Gain hFE® —
(Ic=0.005A,Vcg =2V) 25 —
(lc=0.15A,Vcg=2V) 40 250
(Ic=05AVcE=2Y) 25 —

Collector-Emitter Saturation Voltage* VCE(sat)” . 0.5 Vdc
(Ic = 0.5 Adc, Ig = 0.05 Adc)

Base-Emitter On Voltage® VBE(on)” S 1 Vde
(Ic = 0.5 Adc, VoE =2.0 Vdc)

* Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.

10.0 :
50 { i ;0 T
o 1 ms

: NERAE S

é 20 I 5ms —".T\I ',\0.51115\ A"‘f{"
) | TS TN
o] e = > w—
F 05::TJ=125"'C e
=2 - 2. X<
2 ! NI
S hNRN
S NN N
E =
S 0.05 7 T ]
IS T BD135 <

0.02 ] BD137

i BD13¢ i
0.01 - L 4
1 2 5 0 20 50 80
Vce, COLLECTOR-EM.TTZR VOLTAGE (VOLTS)

Figure 1. Active-Region Safe Operating Area
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General Description

The MAX274 and MAX275 are continuous-time active
filters consisting of independent ~ascadable 2nd-order
sections. Each section can implement any dll-poie
bandpass or lowpass filter response, such as Butter-
worth, Bessel, and Chebyshev, and is p{ogrammed by
four external resistors. The MAX274MAX275 provide
lower noise than switched-canagcitor filters, as well as
superior dynamic performance - both due 1o the con-
tinuous-time design. Since continuous-time filters do not
require & clock, aliased and clock noise are eliminated
with the MAX274/MAX275.

The MAX274 comprises four 2nd-order sections, permit-
ting 8th-order filters to be realized. Center frequencies
range up to 150kHz, and are accurate to within £1% over
the full operating temperaiure range Total harmonic
distortion (THD) is typically better than -89dB

The MAX275 comprises two 2nd-crder sections, permit-
ting 4th-order filters to de realized. Center frequencies
range up to 300kHz, and are accurate to within 20 9%
over the fuli operating temperaturerange. Total harmonic
distortion (THD) is typicaily better than -86dB

Both filters operate from a single +5V supply or from dual
+5V supplies -

Applications
Low-Distortion Anti-Aliasing Filters

DAC Output Smoothing Filters

Modems

Audio/Sonar/Avionics Frequency Filtering
Vibration Analysis i

Pin Configurations

1

TOPVIEW \N_/
tp0A 7] “ 24] LPOD
iNA E ;_3] IND
BPIA E Mﬁ;;%ﬂ Z-ﬂ B8PID
8POA E 2] BPOD
'8 E ”@ GNOD
i 6] 19 LPID
B 7] 1g) LPIC
fc [8] E V-
5p08 12| 16] B8P0
sig [10] 15) B
INB Ez E INC
wos [i2] 13} LpoC
DIP
Pint Conitigurations cotinued on 1ast page
A AKX

B

AA A

4th- and 8th-Order Continuous-T ime

Active Filters

Features
¢ Contipuous-ﬁme Filter - No Clock, No Clock Noise

¢ impiement Butterworth, Chepyshev, Bessel and
Other Filter Responses

¢ Lowpass, Bandpass Outputs

4 Operate from a Single +5V Supply or
Dual +5V Supplies

4 Design Software Available
¢ MAX274 Evaluation Kit Available

¢ 8th-Order — Four 2nd-Order Sections (MAX274)
4th-Order — Two 2nd-Order Sections (MAX275)

¢ Center-Frequency Range:
150kHz for MAX274
300kHz for MAX275

4 Low Noise: -86dB THD Typical for MAX274
-83dB THD Typical for MAX275

4 Center-Frequency Accurate Over Temp:
within +1% for MAX274
within +0.9% for MAX275

Ordering Information

PART TEMP. RANGE PIN-PACKAGE t

i
| MAX274ACNG 0°Cto +70°C 24 Narrow Plastic DIP |
| MAX274BCNG 0'C1o+70°C 24 Narrow Piastic DIP |
I MAX274ACWI 0°'Cto +70°C 28 Wide SO i
— 1
{ MAX274BCWI 0"Cto+70°C 28 Wide SO i

MAX274BC/D 0°Cto +70°C  Dice” i

Ordering Information continued on last page
- Contact factory for dice specifications.

Typical Operating Circuits

NSV 1 sy
£ ] 5 2 8 |17
4
20 1k : ) 200k e
e A1 2 200 |
| 195k 6 19
—an—q ——\
3 21 195k
.. <1
200k 1 23102.9K
40k3 4| AAAXIAA| 33 40K
. maxerd o
[k 1y 18 e
10 16 195K |
VA\— 3
[ 20K 12 14 396K
e 2 |
40}(%_ L

10kHz 8TH-ORDER
BUTTERWORTHLOWPASSFILTER

PIN NUMBERS ARE FOR DIP
Typical Operating Circuits continuec on last page

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

L1 A._Z/QJEMMOS/SLZX VNP LT XVIN



MAX274/MAX275/Software/EV Kit

4th- and 8th-Order Continuous-Time

Active Filters

ABSOLUTE MAXIMUM RATINGS

V+toV- .. T T, -0.3V, 12V
Input Voltage to GND (any input) ....... V--03V,V+ + 0.3V
Continuous Power Dissipation (Ta = +70°C)

MAX274

24-Pin Narrow Plastic DIP

Operating Temperature Ranges

MAX27__C__ ......

MAXET . _E__ vovessnnue

MAX27__MRG ... ......
Storage Temperature Range

.. 0°'Cto+70C
..-40°C 1o +85°C
.-55°Cto +125C
.-65°C to +165°C

(derate 13.33mW/'C above +70°C) . .. 1067mW Lead Temperature (soldering, 1.0vs>e‘c) . +300°C
28-Pin Wide SO (derate 12 50mW/°C above +707)  1000mW
24-Pin CERDIP (derate 12.50mW/°C above +70°C) 1000mW
MAX275
20-Pin Plastic DIP(derate 11.1 1mW/C above +70°C) 888mW
20-Pin Wide SO (derate 10.00mW/°C above +707) 800mwW
20-Pin CERDIP (derate 11.1 1mW/'C gbove +70°C)  889mW
Stresses beyond those listed under "Absolute Maximuni Ratinge™ may ca mage to the device. These are stress ratings only. and functicrz
operation of the device at these or any other conditions beyond the onal sections of the specificarons is nol impliec  Exposure
Zbsolute maximuin rating conditions for extended periods may afleCi devic
ELECTRICAL CHARACTERISTICS - MAX274
(V+ =5V, V- = 5V, test circuit A of Figure 1a, TA = Tmite 10 TMAX. LNIESS Clherwise noted.)
PARAMETER | symeoL | CONDITIONS T MIN TYP MAX | UNITS
FILTER CHARACTERISTICS ~ U/ NN\ P~ ;
Maximum Operating Frequency | 10 i oMHz
| M = s = s 4 4 |
/ uu 10 i |
Center—FrEqVLAancy Range Fo V“\Note 1) QSOk Hz |
| MAX274A -1.0 1.0 !
Center-Frequency Accuracy Fo ~ . B e |
- B —— | MAX2748 -1.4 1.4 !
) MAX274A -10 10 .
Q Accuracy - Unadjusted o |
i MAX274B -15 15 |
Q Accuracy - Adjusted Scaled for bandwidth compensation +2.8 % ‘;
Fo Temperalure Coefficient AFo/AT (Note 2) 28 ppm/'C
Q Temperalure Coefficient AQ/AT A(Noie 2) 160 ppm/’C \‘
) LPO_, Figure 1a. | 1Hz1t010Hz 23 |
Wideband Noise VNOISE B aMS |
- OISET) lest Siquil8 10Hz to 10kHz 120 wla |
DC CHARACTERISTICS |
el 1, / [ MAX274A 2 \
. Assume ideal - 2 |
DC Lowpass Gain Accurac H B (R 72
wp 5 Y OLP resistors T MAX274B 3 5| i
MAX274A -200 200
RO i
i e ) [ MAX274B -300 300
set Voltage at Outputs B \Y;
velag P b | MAX274A 40 20 i
BPO_
7 : | MAX274B -80 80
Offset Voltage Drift AVos/aT j,ﬂ 20 nv/i'c
Leakage Curr-ntat FC Pin Fc | -10 10 uA
DYNAMIC FI!.TER CHARACTERISTICS )
] FresT = 1kHz :
| Figure 1a. i .86
N 1us Di . SINAD | testcircuit B ! LPO
i -0- S ortio j————— v ¥ -
Signal-to-Noise plu istortion [ Frest < 10k, } VLPO = 8Vp-p d8
Figure la, -82
test circuit C k
/NAXIV

—



4th- and 8th-Order Continuous-Time
Active Filters
ELECTRICAL CHARACTERISTICS (continued) - MAX274

(V- = 5V, V- = -5V, test circuit A of Figure 1a, Ta = Tmin 10 TMax. unless otherwise noted.)

N S s ——
PARAMETER | SYMBOL CONDITIONS i MIN TYP MAX UNIT’S_‘i

Output Voltage Swing

SiewRate ] SR B o

“GamBandwdhProduct | eew

TPOWERREQUREMENTS

~§upp[y_vmz;§e Range | Vsuep (Noe3) 1
Supply Current ’ Ic Forve,v- I |
power-Supply Rejection Ratio L PSRR . __\/+ :_5\/ + 100erp— _ai_?kHz, V- = -5V # - m

Note 1: Center frequencies (Fos) below. 100Hz zre possible at reduced dynamic range
Note 2: Assume no drift for external resistors
Note 3: See Figure 9 for single-supply operatior

ELECTRICAL CHARACTERISTICS - MAX275

(Vs = BV. V- = -5V, test circuit A of Figure 1b. T2 = Tuin to TvAx, uniess otnenwise notec )
ETE T T T TN i

PARAMETER —gmeelfl- 4= (O CONDJAONG —— (- T MIN TYP MAX | UNITS

FILTER CHARACTERISTICS -

L Maximum Operating Frequency k | 8 AN a

: Center-Frequency Range ii Fo ‘ (Note 1) \ 300K ‘ Hz
: MAX275A I -09 09
- Center-Frequency Accuracy Fo 7 %
| MAX2758 b4 1.4
. | MAX275A b, L8 8
! Q Accuracy - Unadjusted R %
; | MAX275B -T2 12
: Q Accuracy - Adjusted ] Scaled for bandwidth compensation i *1 %
| Fo Temperature Coefficient | AFyAT (Note 2) ! -24 ppm/‘C
i QTemperature Coefficient AQIAT (Note 2) 38 ppm/'C

|
LN P r L £ o
- g LPO_. test circuit B | _1HZ 10 10HZ 1 6
Wideband Noise VNOISE = }_———’———f‘—* V|
s | PIR of Figure 1b. | 10Hz to 10kHz | 42 (URlE

i DC CHARACTERISTICS

i \ ’ Assume ideal | MAX275A |- !

, DC Lowpass Gain Accuracy ‘ HoLp resistors VAX2758 w———————f—_‘g N, 5 %

! aF) e N i i el - P |
! i | MAX275A | -125 125

| LPO

i MAX275B | -250 250

i Offset Voltage at Outputs | Vos ; mvV
1 S\ I50 50

| I -100 100

| Offset Voltage Drift | Avos/aT 1 20 uv/c
| Leakage Currentat FC Pin 1 IFC ‘ -10 10 pA

} DYNAMIC FILTER CHARACTERISTICS
| [ FTeST = 1kHz, k

test circuit B of | -
Figure 1b, !
SINAD —/——\g LPO._ I R

Frest = 10kHz, | VLPO= 8Vp-p 7
test circuit C of l i 83
Figure 1b, |

SAXI A 3

|
‘:
" Signal-to-Noise plus Distortion

1M AZ/24emMmos/SLZXVIN/BLZX VN



MAX274/MAX275/Software/EV Kit

4th- and 8th-Order Continuous-Time
Active Filters

ELECTRICAL CHARACTERISTICS (continued) - MAX275

(V+ =5V, V- = -5V, test circuit A of Figure 1b. Ta = Tmin 0 TMAx. un < notec.)

ss otherw

PARAMETER " symBoL | " CONDITIONS L MIN TYP

MAX

‘ | UNITS |
| Output Voltage Swing L vout LPO_. BPO_. RLosn = 5kQ 1 £325 3450 ! ?
| nternal Amplifier Slew Rate s | ' - "_“10 o
| Gain-Bandwidth P;oducl ‘--' GBW Iim“ S - . ” 15,
" POWERREQUIREMENTS - i
i Supply Voltage Range Vsupp | (f‘ioi_é 3) - =2 37 +5 50 | 7V o
i SUDD'y Cu”el“ 7 h:, ‘r FOT V‘v V'7 o Ty, N ﬁ“‘lo’ o i 7‘.’;;7' §
T’EOTNAG;-‘S‘Q?)?)];5;5’]‘8(;1’;(‘16;11077‘ ~ PSRR | Ve 5V & 100mvc -5 U, 35 T

Note 1: Center frequencies (Fos) below 100Hz are possible at redu
Note 2: Assume no drift for external resistors
Note 3: See Figure 9 for singie-supply operation.

Typical Operating Characteristics-MAX274

FILTER WIDEBAND RESPONSE USING FILTER RESPONSE USING
TYPICAL OPERATING CIRCUIT TYPICAL OPERATING CIRCUIT
I 5 4P [ T o T
g T m i | il
0 ; | b il '
R LT LT LLTh
i Ta=-25C 15 REEI] I i ]
20 ] ‘ i " \ i
g Ly = N ! I
x | s RHTHAY
e \ 493 & \
§0 it
8 N HYo

: : i 75 FAr 15k il |
1% 10 100« v 100 1% 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
Fo ERROR vs. FREQUENCY Q ERROR vs. FREQUENCY
0 T T 50 ]
\ ! i
0.5 1 ; 40 o = ;
\\ Py >/ : !
10 - N — 0 - ‘
| / / \ i . i ; i |
= 0-06 | = ; 41 0=25
c 15— 0=1 // AN = o ! I i O:f
2 Q=25 NN = ; 0-06
20 ; \§$ ] 10 !
oty N : I
25 Ta=+2 0 — 1 T
¥
l NS _’4”"1/ P\r_.
-30 -10
10 100 150 10 100 150
FREQUENCY (kHz) FREQUENCY (kHz)
/N AXI A
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MAX274/MAX275/Software/EV Kit

4th- and 8th-Order Continuous-Time
Active Filters

GAIN RELATIVE TO INPUT SIGNAL (dB)

SINAD (dB)

20 |

40 |

FFT PLOT OF 1kHz TEST SIGNAL

V=5V, V-=-5V

LPO_
Vit = 8Vp p at 1kHz
RLoap =9

~=+25C

FREQUENCY (kHz)

SIGNAL TO NOISE + DISTORTION (SINAD)
vs. OUTPUT SWING

-4

= T e

Vi =5V, V- = -5V
PO

LPO_
Fin = 1kHz
Ta=+25'C

-70

-80

\ |

M|

l

|
RLOAD = 5kQ
RLOAD = == \

|

1

2 4 6
QUTPUT SWING, (Vp-p)

10

GAIN RELATIVE TO INPUT SIGNAL (dB)

SUPPLY CURRENT (mA)

-20

-40

-60

-80

100 - — — - . .
b WMYL'.‘“ML%\'v;'bww?r'"*»‘uf‘%‘m"*"‘\”"’

0 20 40 60

-120

40

35

30

25

20

15

Typical Operating Characteristics-MAX274 (continued)

FFT PLOT OF 10kHz TEST SIGNAL

V=5V V-=-5V

LPO_

Vit = BVpp at TkH2
RLOAD = SKQ
Ta=+25C

FREQUENCY {xHz)

80

SUPPLY CURRENT vs. SUPPLY VOLTAGE

s 0) f

|

L AR S ——————— A

th

SUPPLY VOLTAGE (V+to V-) (V)

SPECTRAL NOISE DENSITY vs. FREQUENCY

NOISE DENSITY
pVNEﬁ

NOISE DENSITY
nVAHz

FREQUENCY (kHz)

SNAXIM

S
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- 4th- and 8th-Order Continuous-Time
Active Filters

Typical Operating Characteristics-MAX275

FILTER WIDEBAND RESPONSE USING TYPICAL

OPERATING CIRCUIT g FILTER RESPONSE
0 7
ol | A ] L 1 BP0_ \
-20 { \\ ]‘ L 0 FTa=+25C T 11
| | v
N -io - 11 20 kZ* bt
% ir.g ; | ! -30 bt | !
= gl 1] s / 1
70 7 100kHz0.1dB | L S wop— || N
B CHEBYSHEV BANDPASS [ | | z \ |
80 = BPO_ — T -50 ¥ —
il | Ta=+25C el / i | 1
= l il | P i Lo 60 \ |
QT m—— - RIS ‘
g I LT i1 s\ \DE R
¥ ST 7] -y " NN, ]
o z & 10k 100K ™ 0k 100k M
FREQUENCY (H2) FREQUENCY (Hz)
&
en CENTER-FREQUENCY ERROR vs. PROGRAMMED Q ERROR vs. PROGRAMMED
CENTER FREQUENCY CENTER FREQUENCY
0 T T 50
3 FC=V
o Tas125°C ' ‘ /7
05 Q=25 40 Q=20 8:}0\
AT IN =
3 i — ]| \\x 30 \> | %
o 0 “:L———-—___.\\ 1 /
ARV N & g
AN 5 S ORY Lol [ IHEE
i = L LA 3
| K: by / 4 = | LEA <
20 FC=Vs éz T 0=25
1 Th=425"C 0 — ] \
e N Ro-5 0-25 =71 |
25 -10
10 100 300 10 100 300
FREQUENCY (kH2) FREQUENCY (kHz)

~ AANKLAA 7

MY NF/PAEMYOS/SLEXVIN/PLEXVIN



MAX274/MAX275/Software/EV Kit

4th- and 8th-Order Continuous-Time
Active Filters

ERROR (%)

ERROR (%)

TYPICAL DISTRIBUTION (%)

CENTER-FREQUENCY ERROR vs. PROGRAMMED

CENTER FREQUENCY
10 i 1110-06
| 8: 075
-1
05 |- P -
7L ) e
= —
i S N
NN
SRR
05 0=50 N
Q=30 NN
& N
10 o - \\
FC=GND
Ta=4257C
15 L1
1 10 100 300
FREQUENCY (kH2)
CENTER-FREQUENCY ERROR vs.
PROGRAMMED CENTER FREQUENCY
03
623
02 o e
01 Y i Sl
A 0 Th
5= 0-06
|
-01 ]
| Q=10
02 T Y 0=20
FC=V- N
Th=1+25C e
03 ] ) 1 Ssy
-04
100 1% 10k 30
FREQUENCY (Ha)
TYPICAL DISTRIBUTION OF CENTER-
FREQUENCY ERRORS
20—
]
M Ta=+25C
Fo = 10kHz, Q= 10
15 . FC=GND
10
5
0
-257 0 141
Fo ERROR (%)

ERROR (%) ERROR (%)

TYPICAL'DISTRIBUTION (%)

Typical Operating Characteristics-MAX275 (continued)

Q ERROR vs. PROGRAMMED

CENTER FREQUENCY
a0 - T T 1
| FG=CGND Q=50 / /H 0-10
40 *\;:»4:? ~~‘Q:30\ O:2O\f—
| S, AN r
i \/ /i
2 / /
|
10 , |
LAT™ i
0 s:/>0/: 5
i T | <\:F<0 225
=== NP
| & X {50=1
Z { e N 0-06
1 10 100 300
FREQUENCY (kH2)
Q ERROR vs. PROGRAMMED
CENTER FREQUENCY
50 @
FC=V-, H 1 /Jx
20 Ta :;23 C
H Q=20 L
ol L] i

0=1 0=25
10k 100K
FREQUENCY (Hz)
TYPICAL DISTRIBUTION OF Q ERRORS
15 | N
_1 Ta=+25"C
15 — Fo=10kHz, Q=10
FC = GND
|
10 |
5 et
- l I '
-2893 “4635
Q ERROR (%)
SAAXIVE wj



4th- and 8th-Order Continuous-Time
Active Filters

Typical Operating Characteristics-MAX275 (continued)

FFT PLOT OF 1kHz TEST SIGNAL : FFT PLOT OF 10kHz TEST SIGNAL
0r T ’ I = U LSS e
AT | 5wl . . W -
LPO_ I A VR A
Vin < 8Vgp ot Tkt g b | § ] et
- RLoap =30 = ] Ve at ke
i Ta=+25% ot IS B i i Ri0aD =5k
e S l Taz+25C
s ) ' e
= _qp = |
§ e 0 B i, W = 5 ooy oo pos e
T R LI [ NN (—% 7]20iMW_\!‘.‘W?‘LM‘“\MMWW;4*_\1(@)7,{74@,@-**’1»«#]
= i g 0 20 60 o
S 1\,\3:\1’&11{.&%&1&‘ MM&UM’KL}{&M’.&M‘@ ¢ 8
; 3 i - = . FREQUENCY (kHz)
FREQUENCY (KH2)
SUPPLY CURRENT vs. SUPPLY VOLTAGE S'G“M'T“;'S'%SUET;B'ng&méo" (SINAD)
K [} BUW
" /- Vi =45V
. Ta=+25C e 50 VoSl
o p F»é:ﬁéHz
: 9 4 FIGURET,
s ‘ ; TEST CIRCUIT
g . L 80 ESTCHCUITB __|

Ic (mA)
SINAD (dB)

\ Ta=+25"C
r 4yl
|

‘ o -70
6 |R 1 5 }
LOAD = 5kQ2
. 80 N RLOAD=== ™\
NP \l\\ i
3 90 | |
2 3 4 5 6 0 2 4 6 8 10
SUPPLY VOLTAGE (V+ TO V-)(V) OUTPUT SWING (Vp-p)

NOISE-SPECTRAL DENSITY vs. FREQUENCY

NOISE DENSITY
uVAHz

NOISE DENSITY
VAL

0 100 1k 10k 100k
FREQUENCY (kHz)
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MAX274/MAX275/&oftware/EV Kit

4th- and 8th-Order Continuous-Time

Active Filters

GHD
5y = .8
L 170 o008 8l
INA ——— My
{oof v o v,
A INA {POD P\
{R3A 4
EPA —+—————— BPOA BPID
p RaA g
v . MAXIM LPD
SECTIONA 3 MAX274
- ——| BPIA 8POD
;
——{ LPO& iND
i n
~AA———— INB LPoC
| R3B G
BPE —t —-{ BPOB BPIC VA~
! 18 SECTIONC
- LPIB LPIC ——AAA—
SECTIONB 16..0%C i
ot = Brie BPOC |-——————+— BPC
CORB 14 [R3C
L1 P08 ING =3
RIC

SECTIONA SECTIONB
RIAC R18
A —— AN VVA— N8
1 8 14
AP o) INB b AAA—

o e 4 18 RB | oo
BPOA --——— BPOA BPOB f——-—— - BP08
PoRiAn . o] samam R4B |
LAAA———F LPIA MAX275 1PIB AN~
AAA——T] epia BB AAA—
| RA 2 19 RE |
LPOA —6——ipon LPOB o=, L0
r'_‘g" FCA FCB ﬁ“
= fv oo W] =
I

10,171 ‘

-5V GND +5V

LAawv—— INC
PIN NUMBERS ARE FOR DIP. PIN NUMBERS ARE FOR DIP.
TEST Fo Q Ri1X R2X R3X R4X FCPIN MEST Fo Q R1X R2X R3X R4X FC
CIRCUIT (kHz) (kQ) (kQ) (kQ) (kQ) CIRCUIT (kHz) (kQ) (kQ) (kQ) (kQ) PIN
A 10 10 80 200 400 195 GND A 10 10 80 200 400 195 GND
B 10 0.707 40 200 28 195 GND B 10 0.707 40 200 28 195 GND
Cc 100 0.707 40 20 48 15, V+ X 100 0.707 40 20 48 14 V+

Figure 1a. MAX274 Connection Diagram and Test Circuit

Detailed Description

The MAX274 contains four identical 2nd-order filter sec-
tions while the MAX275 contains two sections. Figure 2
shows the state-variable topography employed in each
filter section. This topography allows simultaneous low-
pass and bandpass functions at separate outputs.

The MAX274/MAX275 employ a four-amplifier design,
chosen for its relative insensitivity to parasitic capacitan-
ces and high bandwidth. The built-in capacitors and
amplifiers, together with external resistors, form cas-
caded integrators with feedback to provide simultaneous
lowpass and bandpass filtered outputs. To maximize
bandwidth, the highpass (HP) node is not accessible. A
5kQ resistor is connected in series with the input of the
last stage amplifier to isclate the integration capacitor
from external parasitic capacitances that could alter the
tilter s pole accuracy.

Although a notch output pin is not available, a notch can
be created at the pole frequency by summing the input

10

Figure 1b. MAX275 Connection Diagram and Test Circuit

and bandpass output. See Creating a Notch Output
Section

Filter Design Procedure

Figure 3 outlines the overall filter design procedure.
Maxim’s Filter Design Software is highly recommended.
This software automatically calculates filter order, poles,
and Qs based on the required filter shape, so no manual
calculations are necessary. Menu-driven commands and
on-screen filter response graphs take the user through the
complete design process, including the selection of resistor
values for implementing a filier with the MAX274/MAX275.
See Maxim Filter Design Software section.

1f designing without the filter software, see the filter design
references listed at the end of this data sheet. Ihese
references provide numerical tavies and equations
needed to translate a desired filter response into order,
poles, and Q. Once these three parameters have been
calculated, see the next section, Translating Fo/Q Pairs
into MAX274/MAX275 Hardware (Resistor Selection).
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4th- and 8th-Order Continuous-Time

Active Filters

CONNECT RYRX* |
FC TO: (k) |
B
V+ ! 13/52 |
GND 6513 | L%%STS
; V- 32513 | R2 ;
———— e - N ——— _—
FC. 8PI_| LPO_|
e e S = e i
* | : 79 575pF ’ ‘;
| 575pF ‘
: fetell . C— |
B RY Lo ¢ 50k - | s« f ot ! 4
l&JVv“-v—é»—j[ S T Ny ; RAVAVARE |
| 1 Ty ‘ [
) //_; | P />—’ 1 P |
N 52 NODE o | | |
. KOT ACCESSIBLE e | =
E = [ =
Y & Sy L <\ Tl NN, .
! 83 BPO_| R4 LRI
! ava -V
BANDPASS OUTPUT

[ 1 R3

Fo(m)z( i oy ]axm“) How = 67 GAINAT Fo =
( 1 RY 4 _(R)(Rx
Nz Jolw) o (GE)

* WHILE THE RATIO RY/RX IS ACCURATELY CONTROLLED, PROCESS VARIATIONS AND TEMPERATURE DRIFT
RESULT IN UP TO £30% VARIATION OF ACTUAL VALUES OF RX AND RY

LOWPASS QUTPUT BANDPASS QUTPUT
A i
Hop Hogp
Hotp |
0.707 Hop | 0.707 Hogp
S =
= =
3 3
! - ¥ >
Feo fc FL Fpk Fh
5 F(LOG SCALE) F(LOG SCALE)
[O%)
GS)=Horp 57— HoLp = LOWPASS OUTPUT GAIN AT DC
%+ S(ut) + o3 2 G(S) = Hogp <

Fo = wx/2n = POLE FREQUENCY

Foy=(Fo) \/(T‘ 2%2) *

1
Fp=Fo 1-5a2

12
(1-502) + 1
1
Hop = (Hawp)
1 .
a\/ "4z

EQUATIONS DO NOT INCLUDE COMPENSATION FACTORS
THAT CORRECT SMALL ERRORS IN Fo AND Q DUE TO
AMPLIFIER BANDWIDTH LIMITATIONS. SEE TYPICAL
OFERATING CHARACTERISTICSFOR CORRECTION FACTORS

SZ+S(moﬁ)+u)02 :
Hosp=bP GANAT 0=wo

Fo = wo/2r = THE CENTER FREQUENCY OF THE COMPLEX POLE PAIR. INPUT-QUTPUT
PHASE SHIFT IS - 180" AT Fo.

FPKF: THE FREQUENCY AT WHICH BPO_ GAIN IS THE GREATEST (MAY NOT BE EQUAL
TOFo)
Q = THE QUALITY FACTOR OF THE COMPLEX POLE PAIR. ALCy iHE RATIO OF Fo, TO
-30B (0.707) BANDWIDTH OF THE SECOND-ORDER BANDPASS RESPONSE

€

FPK
8= Fy—FL

Figure 2. Single 2nd-Order Filter Section

MNAXIAA
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MAX274/MAX275/Software/EV kit

4th- and 8th-Order Continucus-Time
Active Filters

[TLOWPASS | [ BANDPASS | CThGRPASS | wOiCH | [ ALLPASS
‘ L blgl o~ |ig ‘ |
@ f—\\ R IGB; / | dB}[—'\
L O S 1 U I I I
| B St g § N
i | !
l ‘r___,_,__J._'_
| —
L t
E - | |
‘ T ! | i
’ Y < 2 r.__L_._ﬁ B Y
NONSTANDARD | | "CLASSIC” TYPE i CmSSIC TYPE 1 | NONSTANDARD | : 1{
DESIGN || (standard, simplest | | Wi ! DESIG . | L] seemmaso |
|‘ - Hareong ;lorgesmn) It | | ‘ | i LoRALTER
morepolesto | | o Bulterworth T sbandfor | ! FAMILY i
beimplemented. ! o p i ale | '
‘ ”0\76 e ‘ i Chebyshev | asingle | | | |
{ransier ;| e Bessel S —
! function i - ; I
‘ |8 @8 v\‘ A 1
b /1N |
| =)= =
{ . . [— ,,,_J L W
¥ 1 i
‘ e~ A !
SEE MAX293 | 6¢ “Cgfméf'w"i toGoT0 |
| MAX294, MAX29T. { EZDPASS 1 | crearmGa |
ORMAX260 | NESo O [ NOTCHOUTPUT |
FLTERFAMILY | i LATAQHEH Ny SECTION |
| |
g Vo adiii roim v A
BUTTERWOHTH CHEBYSHEV | | BESSEL !

e Flatpassband

[l

 Steeper rolloff

 Passbandripple
f&?)ssband not

QA

|

e Least steep rolloff
o Constant delay from input to
QUL regrdiess of frequency

o Fastest settling time response
1o step input- no overshoot

g

ouT -

TIME

N

—

USE TABLE, EQUATIONS
Fo/Q PAIRS

(SEE REFERENCES) TO CALCULATE

1

L, FOLLOW INSTRUCTIONS IN DATASHEET
FOR RESISTOR SELECTION

|
|

MAXIM FILTER DESIGN SOFTWARE

alculates order, Fo/Q pairs based on desired fitter shape for Butterworth, Chebyshev,
essel types

o Selects gains for individual sections to provice gzsir ed overall filter gain while
maximizing dynamic range

 Selects resistors for each filter section
 Plots filter response, phase. and delay

BUILD

FILTER

Figure 3. General Filter Design Flowchart
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4th- and 8th-Order Continuous-Time

Translating Calculated FJ/Q Pairs into
MAX274/MAX275 Hardware
(Resistor Selection)

If the filter design procedure has been completed as
outlined in Figure 3, with the exception of external resistor
selection, follow these steps:

1. Check all Fo/Q pairs for realizability. The
MAX274/MAX275 have limits on which Fo/Q values can
be implemented. These limits are bound by finite
amplifier gain-bandwidth and amplifier load drive
capability (which limit the highest frequency Fo/highest Qs)
as well as amplifier noise pickup and susceptibility to errors
raused by strav canacitance (which sets a low-frequency
limit on the poles). Reter to Figure 4 1o be sure each Fo/Q
pair is within the "realizable" portion of the graph. If filter
Qs are too high, reduce them by increasing the filter order
(thatis, increase the number of poles in the overall filter).

High-frequency Fes (up to 400kHz) and high Qs outside
of Figure 4's limits are also realizable, but Fo and Q will
deviate significantly from the ideal. Adjust resistor values
by prototyping.

Toimplement Fgs less than 100Hz, see High-Value Resis-
tor Transformation section.

2. Calculate resistor values for each section (Fo/Q
pair). Calculate resistor values using araphs and equa-
tions in steps A through D of this saction.  Begin by
estimating required values according tothe graphs; then
use the given equations to derive a precise value.

USABLE CENTER-FREQUENCY, Q RANGE
50 -
lit MAX274
40 -
| :}i MAX2T5
Usable | ] /
=3 30 Fo.Q T
= Range .“ \
S LN
-2 T
; X
10 ;
i |
100 1 10 100 300
Fo (}H2)

Figure 4. Usable Fo, Q Range. See Translating Fo/Q Pairs into
Hardware (Resistor Selection).

Active Filters

Resistor values should not exceed 4MQ because parasitic
capacitances shunting such high values cause excessive
FolQ errors. Values lower than 5kQ for R2 and R3 are not
recomn:2nded due to limited amplifier output drive
capability. For cases where larger values are un-
avoidable (as in low-frequency sections) refer to the
High-Value Resistor Transformation section.

The Frequency Control (FC) pinis connectedto V+, GND,
or V- and scales R3 and R1 to accomodate a wide range
of gains and Q values. Diiferent FC settings may be
chosen for each section. Refer to the FC Pin Connection
section

The steps for calculating resistor values are given below.
STEP A. CALCULATE R2.

(2 109

Fo

R2

RESISTOR R2 vs. DESIRED CENTER FREQUENCY

10M
L
i
i
X 1l
== &g
b
o<
S S
1 1L
i1l
o E [
100 1k 10k 100k 300k

DESIRED Fo (Hz)

o o o USE RESISTOR "T-NETWORK" TO REDUCE VALUE
(SEE HIGH-VALUE RESISTOR TRANSFORMATION SECTION)

Resistors R2 and R4 set the center frequency.

STEP B. CALCULATE R4.
R4 = R2 - 5kQ

R4 may be less than 5kQ because an internal series 5kQ
resistor limits BPO_ loading

13
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MAX274/MAX275/Software/EV kit

4th- and 8th-Order Continuous-Time

Active Filters

STEP C.CALCULATE R3.

R3 sets the Q for the section. R3 values are plotted
assuming Q = 1; since R3 is proportional to Q, multiply
the graph’s value by the desired Q.

Given Q. three choices exist for R3, dependingon the FC
setting. Choose a setting that provides a reasonable
resistor value (5kQ < R3 < 4MQ). R3 > 4MQ may be
used if unavoidable — refer to the High-Value Resistor
Transformation section for an explanation of resistor Ts."

RESISTOR R3 vs. CENTER FREQUENCY

10M =
a’S: 0-1,FC=V+ —
N
™
= Q- 1.FC=GND
<
= ¥ y
= o ) I ALUBY
= s
e 811iom 1
C QIiFC-V - S
v
10 b N
100 1k 1 1000 300
Fo(Ha)

o o o USE RESISTOR "T-NETWORK" 70 REDUCE VALUE
(SEE HIGH-VALUE RESISTOR TRANSFORMATION SECTION)

Scale R3 to desired Q

_ (@ @x10% , (RX
B = Fo X(RY)

I

| CONNECT
FCTO:

i V+

STEP D. CALCULATE R1.

R1 sets the nain. If individual section gains have not yet
peen caiculated, refer to Cascaded Filter Gain Optimiza-
tion, Ordering of Sections.

R1 is inversely proportional to LP gain. R1 values for
gains of 1 and 10 are plotted; scale R1 according ¢
desired gain

Lowpass Filters:

The FC pin setting was chosen in Step C (or from previous
section calculations).

LP GAIN
RESISTOR R1 vs. FREQUENCY

il [ Hotp= 1, FC=Va

1 T Hotp - 10, FC =V

1] HoLp = 1.FC=GND 4

e } % Hop=1,FC=V-

: Hotp = 10. FC =GND

et H] Hotp = 10.FC =V-
s

118

Sz ey S

R1(€2)

7

100k S

o6 ¢c

| N

106 = -
1000 300

100 L3 10

Fo(Hz)

« » o USE RESISTOR “T-NETWORK" T0 REDUCE VALUE
(SEE HIGH-VALUE RESISTOR TRANSFORMATION SECTION)

. 200% (R
(Fo) (Horp) | RY

ry

COMECT | oy
V+ a1

i GND 1/5
V- 1/25

where Hop is the gain at LPO_ at DC.
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4th- and 8th-Order Continuous-Time

Bandpass Filters:

BP GAIN
RESISTOR R1 vs. RESISTOR R3
3111 T TTT I T
- fi P
10M I Hoep = 0.5 I L ofll
[ Hogp=1.0
tH Hogp = 100 =
il ! I
IR |
_ | 1
= ;
1
100k
:
il
10k‘£/ |
10k 100k ™ 0™

R3(Q)
o « « USE RESISTOR "T-NETWORK" T0 REDUCE VALUE
(SLE HIGH-VALUE RESISTOR TRANSFORMATION SECTION)
R3

R1 =
Hosp

where Hogp is the gain at BPO_ at Fo.

3. Recalculate resistor values to compensate for filter
amplifier bandwidth errors. Some of the Typical Operat-
ing Characteristics graphs show deviations in Fo and Q
compared with expected values, due to gain rolloff of the
internal amplifiers. If desired, correct these deviations by
recalculating values R1- R4.

4. Build a filter prototype. Buid and test all filter
designs! Refer to the Prototyping, PC-Board Layout sec-
tion of this data sheet.

For applications that require high accuracy (for example,
those with filter sections containing Qs greater than 10) or
those that use a ground plane, a final prototype tuning
procedure is recommended. Build a prototype filter; then
adjust resistor values of each section until desired ac-
curacy is achieved.

High-Value Resistor Transfcrmation

High-vaiue resistors (greater than 4MQ) used in the
MAX274/MAX275 filter circuit introduce excessive Fq and
Q errors. To reduce the impedance of these feedback
paths while maintaining equivalent feedback current, use
the resistor "T* method shown in Figure 5.

Active Filters

Fos less than 100Hz can be realized using T-networks.
T-networks provide the equivalent of large resistor values
for R2, R3, and R4, necessary for low-frequency filters;
however, T-networks reduce dynamic range by attenuat-
ing the input signal level. Note that parasitic capacitan-
ces across these high resistor values affect the filter
response at high frequencies. For best results, build a
prototype and check its performance thoroughly.

Odd Number of Poles

For lowpass designs containing an odd number of poles,
add an RC lowpass filter after the final filter section. The
value of RC should be:

RC = 1/2nF,

where Fg is the desired real pole frequency. If required,
buffer the RC with an op amp.

Inmany cases itmay be advantageous to simply increase
the filter order by 1, and implement it with an additional
2nd-order section.

FC Pin Connection

Connect FC to GND for all applications, except where
resistor values fall below 5kQ (at high Fgs, low Qs). In
these cases connect FC to V+. For low Fos and high Qs,
connect FC to V- to keep the value of R1 and R3 below
4MQ.

Fo and Q errors are significantly higher when FC is con-
nected to V+ or V- (see Typical Operating Charac-
teristics). Adjusting resistor values compensates for these
errors, since the errors are repeatable from part to part.
Note that noise increases threefold when FC is connected
to V+.

Cascading Identical Sections
for Simplest Bandpass

If designing a bandpass filter where a single frequency
(or a very narrow band of frequencies) must be passed,
several 2nd-order sections with identical Fos and Qs may
be cascaded. The resulting Q (selectivity) of the filteris a
function of the individual sections’ Qs and the number of
sections cascaded:

S °
= /2%—1

where Qt is the overan cascaaed tilter Q, Q is the Q of
each individual section, and N is the number of sections.

MAXIMN
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MAX274/MAX275/Software/EV kit

4th- and 8th-Order Continuous-Time

Active Filters

NORMAL FEEDBACK RESISTOR
R<4MQ

R
(R2, R3, R4)

USE THE T-NETWORK FEEDBACK METHOD WHENEVER THE CALCULATED
VALUE FOR R2, R3, OR R4 IS GREATER THAN 4MQ.

AVOLTAGE DIVIDER CONSISTING OF RA AND RB DROPS THE VOLTAGE ACROSS
RESISTOR R, PERMITTING A LOWER VALUE FOR R WHILE MAINTAINING AN
EQUIVALENT CURRENT INTO THE SUMMING NODE (1).

T-NETWORK FEEDBACK
ALLOWS REDUCED VALUE FOR R

% BRI J
2 =7
§ g —» !
I
i | + S MAXIM
e = MAX274
T % MAX275
L _________ W
v
REQ:—I—o
LETR <4MQ

AL /
Rea=R +RB(RB+R)

(RA) (RB) _
T s 0@

SOLVE FOR RA AND RB

Figure 5. Resistor T-Networks Reduce Resistor Values
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4th- and 8th-Order Continuous-Time

NOTCH

—AAA IN_ LPI_
SIGNAL MAXIAA

L MAX274
LPO_
% R2
BPI_

MAX275
Prog? Fo=Fnoton = e, @x10%

2y S(moQ)Mx)?
1 RY
=N s oy “‘”[ﬁ]

WHERE w0 = 2x Fo
RG

=GANEES
Hon R

1

G(S) = How

Figure 6a. Creating a Notch Output

Creating a Notch Output

Anoich(zero) canbe createdin thefilterresponse by summing
the input signal with BPO_ using an external op amp (Figure
6a). The notch will have the poles and Q characteristics of the
2nd-order section, as well as a zero at the pole frequency
(transfer function givenin Figure 6a). Hogp (BP gain at Fo) must
be accurately settounity so the inputsignal summed with BPO _
cancels precisely at the pole frequency. The notch’'s maximum
attenuation is therefore a function of the accuracy of R1, R3,
Rin, and Rgp.

A notch can be used to create a null within the passband
of a lowpass filter to reject specific frequencies (see
Applications section).

220 Rin, Rap. R3

GAIN (dB)

-30 =

-40

100 1k 10

L FREQUENCY (Hz)

Figure 6b. Notch Response

MAKIAA

Active Filters

Cascaded Filter Gain
Optimization, Ordering of Sections

Gains across the individual sections in a filter may be set
an infinite number of ways, as long as the total gain from
filter input to output is correct. Often, gains cannot be
equally divided among sections, since different Fgs and
Qs create gain peaks and valleys at different frequencies
for each section.

The goal in choosing gains is to prevent section outputs
from swinging beyond the £3.25V limit (using +5V sup-
plies) while the full input signal is applied. On the other
hand. if section gains are set too low and oniy a small
proportion of output range is used, the noise factor in-
creases. An optimal gain distribution between sections
allows each section 10 swing as close to £3.25V as
possible in a wide range of frequencies

Check the unused output (BPC_or LPO_), and the inter-
nal HP node for overvoltage, since clipping at any node
will cause distortion at the outputs. The HP node is not
available for probing (Figure 2); however, its gain may
approach RX/R1. Low R1 values and connecting FC to
V+ (which sets RX as high as 64kQ) may cause this node
to clip

Maxim's Filter Design Software allows optimum gain by
plotting output gains of each successive cascaded filter
section, including the internal node. Gains may be ad-
justed manually and sections reordered for the best
overall dynamic range.

To optimize gain without the help of software, begin by
ordering the sections from lowest Q to highest Q. Divide
gains equally between sections, setting each section
gain to:

Ho = AN
where A = overall filter gain
Ho = Hogp for bandpass designs (gain at Fg)
Ho = HoLp for lowpass designs (gain at DC)
N = total number of sections

This approach offers a good first-pass solution to clip-
ping problems in the high Q sections by keeping gains
low in the first (low Q) sections. The gains may then be
adjusted in hardware to maximize overall dynamic
range.

17
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MAX274/MAX275/Software/EV kit

Figure 7b. MAX275 Suggested PC-Board Layout for DIP
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4th- and 8th-Order Continuous-Time

Resistors

Aside from accuracy, the most important criterion for resis-
tor selection is parasitic capacitance across the resistor.
Typical capacitance should be less than 1pF. Precision
wire-wound resistors exhibit several picofarads, as weli as
unacceptable inductance - DO NOT USE THESE
Capacitance effectively reduces the resistance at high
frequencies (especially when using high-value resistors),
and causes phase shifts in feedback loops. Do not mount
resistors in sockets. Socket capacitance appearing across
resistors is often several picofarads, ana will cAuse SiIg-

ALCANLEIQTS N Fa gand W, vietaiim resisiors minimize

noise betier than carbon types.
Prototyping, PC-Board Layout

For highest accuracy fiiters, build the filter prototype on a
PC board with a layout as similar as possible to the final
production circuit. If a ground plane will be used in
production. build prototype filters on a copper board. Do
not use push-in type breadboards for prototyping - pin-
to-pin capacitance is tco high. For faster prototyping, the
MAX274 evaluation kit includes a PC-board circuit to test
designs

Layout-sensitive errors, though repeatable from part to
part, vary according to resistor placement, trace routing,
and ground-plane layout. For highest accuracy, use the
recommended layout provided in Figures 7a and 7b.
Keep all traces, especially LPI_and BPI_ , as short as
possible. LPI_ and BPI_ are particularly sensitive to
ground capacitance, and may cause errors in Q. If a
ground plane is used, tune the prototype filter by adjust-
ing resistor values to cancel errors caused by ground
capacitance.

Prevent capacitive coupling between pins. Coupling between
BPI_ and BPO_ can cause Fq errors; capacitance across
resistors connecting IN and BPO_ (R3), BPI_and LPO_(R2),
and BPO_ and LPI_ (R4) cause Fp and Q errors. Minimize
these errors with "tight” (shortest trace) layout practices.

Measuring Fo and Q

For multiple-order filters, measure each section in-
dividually, before cascading, to verify correct Fo and Q.
For best results, measure BPO_ with aspectrum analyzer.
Fois the frequency at which the inputand BPO_ are 180°
out of phase. Q is the ratio of Fpk to BPO_'s - 3dB
bandwidth (Figure 2), where Fpk is the frequency atwhich
BPO_ gain is the greatest (which may not be equal to Fo).

SAAXIN

Active Filters

Filter F, and Q Accuracy

F, sensitivity to exlernal resistor tolerance is 1:1 — for
example. use of 1% tolerant resistors for R2 and R4 adds
+1% error to Fo (which should be added to the %1%
:olerance of the MAX274/MAX275, guaranteed over
temperature). Q errors are of greater magnitude, since
they are a function of the internal resistor divider (control-
led by the FC pin) and also involve R3. Typical Q error
distributions are given in the Typical Operating Charac-
teristics: additional Q crrors associated with resistor
rolerances are a function of R2, R3, and R4, and must be
calculated according 1o the values used.

DC Offset Removal

Figures 8a and 8b show methods for removing the
DC offset voltage al LPO_. The first method shows
adjustable DC nulling signals injected into either
BP|_ or the filter input. Rrrim must be adjusted until
DC offset is nulled at the LPO_ (Figure 8a). Figure 8b
shows & trimless solution for lowpass filters that
removes DC offset by AC coupling the LPO_ output,
while aliowing a DC path through R from the input. At
DC and low frequencies, the output is equal to the
prefiltered signal input (acrcss R); at higher frequen-
cies. C conducts and the output equals the signal at
LPO_. The external RC pole should be set at least
one frequency decade lower than the overall filter Fo.
A low offset amplifier can buffer the output signal, if
desired. For bandpass lilters, a simple buffered RC
highpass filter at the output removes DC offset.

Noise and Distortion

Noise-spectral density is shown in the Typical Operating
Characteristics. The noise frequency distribution is
shaped by the filter gain and response (higher Q section
will have a proportionally higher noise peak around the
pole frequency), as well as by amplifier 1/f noise. WithFC
set to V+, noise is 3 times greater than if setto GND or
V-: therefore, avoid this setting for noise-sensitive ap-
plications. The noise density graphs from the Typical
Operating Characteristics can be scaled to any gainor
Q for an accurate noise estimation.

The MAX274/MAX275 can drive 5kQ loads to typically
within +500mV of the: supply rails with negligible distor-
tion. The outputs can drive up to 100pF; however, filters
with high Fos and Qs will underge some phase shift (1" at
100kHz driving 130pF, ¢, = 100kHz, Q = 10 section).
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