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! AUTOMATIC WEI1GHT BALANCE

THANANDORN TARAPOB

BOONPRASERID TREERAYAP IWAT

ASSOCIATE PROFESSOR YOTHIN PREMPRANEERACH. 'ADV!SOR
1989

ABSTRACT

AUTOMATIC WEIGHT BALANCE 1S A SIMPLE WEIGHTER THAT USED
PRINCIPLE OF BALANCE ON A BEAM. IT COMPARES BETWEEN A WEIGHT OF AN
UNKNOWY MASS AND A STARDARD MASS THAT KNOWS IT'S WEIGHT. AUTOMATIC
WEIGHT BALANCE 1S COMPOSED OF A BEAM TO TAKE ALL LOAD, A STEPPING MOTOR
TO SLIDE THE STANDARD MASS_ALONG THE BEAM TO FlND. MOMENT, OPTO
INTERRUPTER MODULE TO DETECT BALANCE WHILE USED Z-80@ MICROPROCESSOR AS
AN INPUT CONTROLLER AND SEQUENCER FOR STEPPING MOTOR. DETECTED SIGNAL
FROM OPTO INTERRUPTER MODULE 1S SENT 7O MICROPROCESSOR TO CHECK THE
CONDITION FOR‘ START OR STOP STEPPING MOTOR. EACH STEP OF EXCITING
STEPPING MOTOR 1S RECORDED AND USED TO BE DATA FOR MICROPROCESSOR TO
CALCULATE THE WEIGHT OF MASS BY TAKE MOMENT. FINALLY DISPLAY RESULT BY
7-SEGMENTS IN GRAM.
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1000 XEW:
4000 3615
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4003 3E0D
005 b7
4006 2607
1008 1600
400h 010000
400D 3EOF
ADOF D342
1011 3E4F
4013 D343
1015 AGAIN;
1015 UBA)

D17 CBAT

4039 CASDA4

W0IC 1

101D D340

A0F COEAA

4022 CH0C

4024 (3

LD
BT
b
kST
b
LD
b
Lb
ouT
LD

0UT

BT
Jp
L
out
CALL
kkC
INC

A1

108

A, OUR

108

H,0%

b, 008

BC, 6000K

A, OFH

(42H) A
L

(431 A

AR
00K, A
1.DISPLAY
AN
140H) A
BAIT

]

BC

Title sound

thispley 'resdy’ for stert

1Use Lo drive slepped molor in HALF-STEP mode

1Counter for calculete woment

yPord A is 'OUT!

iborl B is "IN

1Balence or nol?

tRalanuce -3 Go Yo Displey rouline

Jf nol - excite one step end
} yncrewenl counter Lo
H keep slsbus

SuuBBIRnBUsIBNRIBLEIIIKRNY

i3

Compare rouline S



1] i
i3 ]
R Tota}l Jenghl = 300 we. H
H | 0.9 degree = | step !
it 360 degree = 360/0.8 step i
1t () wni) = 400 siep X
i3 -> 300 wr. = 3003400 step H
£ = 120,000 step H
i = JPACO(Hex) siep H
i Use kEG. BC snd D to teep H
it Lhis mumber, ]
i3 I exceed this valude - errorl t
il If not oy -) conbinve, 8
i3 ]
1 i
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4025 Bh21COD4 b IX,0D4COH
4029 E5 PUSH HL

4024 3E16 LD A, I6H
402C b7 EST 08

4020 B3 : POP  HL

402F CA344D P LN
4031 C33M0 JP FOLLO¥
034 ™

4034 Th b AD
4035 FEO1 Cr OM

4037 CAC244 JP 1,ERROK
4034 FOLLOW:

4036 78 b AR

4038 B} o ¢

403C C21540 JP NI, AGALK

403F 14 INC D



4040 €3)540

4043
4043 78
4044 AT

4045 C8

4046 48
4047 0600
4049 05
404A BB
404B 2ZAE40
404F 21040
4051 09
4052 220040
4055 69
4056 60
4057 29
4058 29

It

AGALX

FEETREeEifitiecticaistiitiiagtisetiispetidiy

i1

8 Wulliple-Precision Binsry Multiplication

HL = Base sddress of aulliplicend
DE = Base Address of mulliplier

k= Lenglh of the srrays

Kulliplicond repleced by multiplicand

fouline

tixes suliiplier

i

]

FE13073830¢308¢03e¢4sbbRtREeariteceisttrttetifiti

WPBKUL:

R
AXD

RET

LD
b
ARD
EX
LD
L
ADD
Lh
A
Lb
AbD

AbD

AB

Cob
3.0

HL,BC
DE,HL
(KLIER) Bt
BL,HIPKOD
BL,BC
(ENDHF) , HL
L

BB

HL, L

HL ML



4059 29

ADsh 23

4058 22AA4D

405k TEROPD:
405K 41

405F 218040

4062 TEROLP:
4062 3600

1064 23

4065 10FB

4067 A1

4068 Lop:
4068 41

4069 ZAACAD

406¢ SRPL:
406¢ 28

4060 CHIE

406F 10FB

4071 68

1072 62

4073 41

40 SRAILP:
4074 28

4075 CBIE

1077 10FB

4079 D24EAD

407C 05

407D EDSBAEAD

4081 218040

4084 41

4085 A7

1086 ADDLP:

4066 1A

ADD
IXC

L

b
LD

ih
INC
NI

AND

LB
Ly

DEC
kR
ALY
LD
LD
LD

DEC
{4
bJK1
J?
FUSH
LD
LD
1D
AKD

L

Bl KL
Hl

{COUNT), HL

.

HL,RIPROD

{HL),0
HL
ZEROLP
A

B,C
KL, (ERDHP)

Hi
(HL)
SkpLP
L€
H,D

B.C

HL

(HL}
SEAILP

XC, DECCKT
DE

DE, (XLIEK)
KL,K1PROD
B,C

A

A, (DE)



4087 8E ADC A, (HL)

4088 17 D (HLL,A
404913 [NC DB

408A 23 IN KL

408D 10¥8 DINZ  ADDLY
108 D) pOP  DE

408K DECONT:

4085 JAAMO 1D A, (COURT)
4091 3D DEC A

4032 32AM0 LD (COUNT),A
4095 €26840 JP KZ,Lo0P
4038 F5 PUSH AF

4039 3AABAO LD A, (COUNT+))
403C A7 MDA

409D CAABAO BT
40A0 3D DEC A

40A) 32AB40 LD (COUNTHII,A
A0M FI POP  AF

4045 £36840 3P LOOP

408 BXITY

408 F) FOP  AF

40A9 €9 LET

DM COUNT: DS 2

40AC ENDRP: T DS 2

ADAE WLIEE: WS 2

40BD HIPROD:  DFS 255

R teRsEee et agaeRiseiizeaysessiesaesastsssitgssifl
i3 1
13 Kultiple-Precision Binary Division ]

il kouline H



B Rt i it i
i¥ HL = Bsse sddress of dividend }
3 DE = Bese Address of divisor ]
31 B = lenglh of the srrays ]
il 3
i Quotient = dividend / diviser i
i3 3
it dividend repisced by Quotient H

¥ reyisier pair Bl = base sddress of remainder 3
H ’ H
] /

innnuunRaunRUInNBRuuNLHInY

AIAF WPBDIY:

4IAF 78 A

4B B oA

1B CMFA2 B 1,001
1M 225442 Lo (DVERD),BL
417 EDS35642 b (DVSOR), D
41BB 48 b CB

A1BC 69 L

416D 2600 I K

41BF 29 ADD HLLHL

He0 29 ADD HLLL

4o 2 MDD HLHL

nez n I KL

413 225042 L (COUNT2),HL
4106 215842 LD BLKIDE)
4109 115E42 LD DEHIDEZ

410C &) {1 N



“acer SUR A
0ok TEROLP:

4CE T T N T
4CF 12 b (DE)A
400 23 IR HL

ST - DK

4102 10FA DINT  ZEROLF2
41D4 215F42 LD HLHIDE)
41D7 225842 LD (HDEPTR),HL
41DA 215843 D HL,HIDE
410D 225M2 LD (ODEPTR),HL
4180 245642 LD Hi,(D¥SOR)
4183 4) LB,

4154 97 SUB A

4185 CHXOLP;

4185 86 0k {HL)

418G 23 INC Bl

A1ET JOFC DINT  CHXOLY
B9 B 0k &

41BA CAUBA2 JP o 1ERENIT
416D 87 0k A

4188 LODP2s

AR A L B,C

A)EF 25442 LD HL,(DVEND)
AR SLLPY:

41F2 CBIS. B (HL

IR 2 INC KL

4155 JORR DINZ SLLK)

AIFT DECCNT2;

41F7 3A5CA2 D A,(COUNT2)
41FA 3D DEC A

41FB 325C42 L (COUNT2), A



AIFE C20B42

4201 3a5D42

4204 3D

4205 325042

4208 FA4FA2

4208 CONTs
4208 245842

420E 41

420F SLLPZ:
420F CRIE

2120

42)2 10FB

4214 05

4215 19

4216 325E42

4219 ED4BOAYZ

421D ED5BS842

4221 2h5642

§224 81

4225 SUBLP:
4225 1A

4226 98

4221 02

4226 23

4229 13

4221 02

4228 ASELZ

422E 3 -
422F 325542

4237 022542

4235 C)

4236 3F

b
1D
DEC
b
JP

LD
1p

it
INC
KT

busH
LD
b
Lb
h)
b
0%

Lb
SBe
hi]
1XC
INC
IXC
b
DEC
Ly
Jy
rop

CC¥

Ki,CoAT

A, (COUXT24))
A
(COUNT241),A
K, OKEXIT

RL, (HDEPTR)

5,C

(K1)

SiLpe

B¢

L,C
(SURCRT) A
BC, (ODEPTR)
DE, (HDEPTK)
HL, (VS0

A

A, (0E)

A L)
(BCY,A

il

DB

BC

A, {SUBCAT)
A
(SUBCKT) A
X1,5UBLP

e



4237 D2BBA)
23 2582
123 EDSBSA2
4241 22502
4244 ED535042
1240 CIERAY
b

RN

4240 C35042
F

AUF BT

4250

1250 205842

4253 (8

4254
4256
4258
4250
4250
4258
425F

4358

EREXIT:

OKEXIT:

EXIT2:

DYEND:
bysoR:
RUEPTR:
ODEPTR:
COUNT2:
SURCNT:
HIDE}:

HiDE2:

SCF

P

08

Lp
RET

DFS
DFS
DFS
DF§
DFS
DFS
DFS

DES

KC,LOOPZ
HL,(HDEPTR)
DE, (OUBFTK!
(ODEPTR) AL
(RDEPTR)  DE

L00p2”

EXiT2

HL, (HDEPTR)

PLkS
255

R ItEttReiteeecssstescsttssecttReiatistisitil

L
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445D

4150 78
40K 32REA4
4461 T8
4462 32BF44
4465 A
4466 320044
4469 97
4464 320144
446D €
4468 E5
446F D
4470 21RE0d
4473 11644
4476 0604

4478 CDA34D

4478 21BEM
4478 11BA44
4481 0604

4483 CDAF4)

4486 3ABEA4
4489 32F25F
448C 3ABFAL
44gF 32F35F

4482 3804
4494 b7

DISPLAT:

oA

LB (ULC),A —
N )
L (MULCH,A
AN

LD (KULCAZ),A
SUb A

LD (KULC3),A
PUSH BC

PUSH HL

PUSH DE -
LD HLMULC

LD DE,NULP

b B04Y

CALL MPBMUL

.
freresroresersovossrovoree

LB
LD

b

HLKULC
DE,DIV

B,O4H

CALL NPBMY

1
frevesrrevesetesnettene

.
Voo

Lb

Lb

—

D

b

Lh
kST

(XX R XN

A, (KULC)
{SFF2H) A
A MULEH)
(SFF3H), A
A OtH

104

18939393 % kegisier DiC

Divide by JOE49

Hex 70 becies)



4495 JAFASF Ly A (BFHID

4488 3IEYSF LD (SFEFH),A

4498 JAFSSF LB AVLSFFOH)

449% 32F05F b (5FROH) &

44p) 3EO7 b A0

WA 7 RST  10H i Move dsle Lp displsy buffer
Sernvorreenronssertvnanss

TR 1| SUR A

445 J2EBSF Lb (5FERH) A + 4 To shov uml ingrem l ¢, 1}

44A8 JEEF LD A,0FRY

44AN J2ECHF LD (SFECH) (A
;llll'lli"ot'.'l!.i'l'.l

444D JE02 LD A2 i -DISPLAY-

440F D7 ' BST 10K . and wait for keypress

443D b} POP  DE

44B) E) poP KL

4482 () POy BC

44B3 CIC844 JP BACK
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@ MOTOROLA

MOC7811 MOC7821
MOC7812 MOC7822
MoCc7813 MO0C7823

OPTO SLOTTED COUPLER/INTE

means of interrupting the signal They af
snd motion indicators, end
and arcless switches.

& 1.0 mm Aperture

@ Essy PCB Mounting

@ Cost Effective

@ industry Standard Cor.\luguranon
@ Uses Long-Lived LPE IRED

These devices consistof 8 gallium arsenide infrared emitting diode
tacing 8 siticon NPN phototransisiorin d molded plastic housing A
slot in the housing between the emitier and the detector provides 8

of tape indicalors, paper feed conteols

RAUPTER MODULES

e widely used 1n position

ABSOLUTE MAXIMUM RATINGS: (25%C)

OPTO
SLOTTED COUPLER

TRANSISTOR OUTPUT

«a—Deotoctor

Ky

Emitter emap~

ia— Collecior

ANOGS et
Cathode =%

Emitter
(MOC7811,12.13 only)
GASE 364A-01

—~«— Datector

Emitier——> \s

gi

“ g*— Cottector

Emitter

(MOC7821, 22, 23 only)
CASE 364.01

_

Rating J_gymbo! ‘ Value 1 Unit }
TOTAL DEVICE
Storage Temperature _1“9 -40 10 +100 <C
Operating Temperature 'l__, -4010 +100 C
Lend Soldenng Temperatuie T 260 °C

{5 seconds maximum)

INFRARED EMITTING DIODE {
Power Dissipation fp 150° mwW
Forwatd Cutrent {Continuous} ———I;' 50 mA
Reverse Voltage Vg 6.0 v
moToTRANSWTOR
Power Dissipation j Pp 150°° mwW
Collecior-Eminer Voliage T vero 30 v \

*Derare 30 mW/C sbove 25°C aminent
esDarote 20 MW/*C above 25° smbient

INDIVIDUAL ELECTRICAL CHARACTERISTICS: (25¢C)(See Note 1)

Eh—a_u—c-uviulic - l— Symbol l Min 1 Typ L Max ] Unit l .

EMITTER
Reverse Braskdown Voliage V(BRIA 6.0 — - v

[1F- 100 pA) 1
Forward Voltage V§ - 1.3 1.8 v

{If = 50 mA)
Reverse Current R - 50 - nA

(VR= 60V, R = 10MM
Capacitance [ - 25 - pf

(V=011 MHY
DEYTECTOR
Breakdown Voltsge V{BRICED 30 - - v

fic* 10 mA H=~0}
CoMector Dars Currant iCe0 - - 100 nA

(Veg= 10V, H= 0)
Nois } _Sirey isdsetion can slter values of charscierisncs Adequsie shelding should be prowoed

3-78




[SUPILIVNNIIE Y IT YRLDEPE: L FURPPIReTy. - LI Y eI G ICING A!

MOC7811 Series .

COUPLED ELECTRICAL CHARACTERISTICS: (25°C)(Set Mo 1)

L MOC7811.,7821 MOC7812/7822 MOC7813/,7823
Characteristics Symbo! Unit
Min Typ Max Min Typ L Mox Min Typ Max
Ips60mA Vep=5b0V ICEion) | 018 - - 030 - - 060 - - mA
lg=20mA Veg* 50V ICEton) 10 - - 20 - - 40 - - mA .
IF*30mMA Veg=60V ICEton) 19 - - 30 - - 55 - - mA
1g=20mA. ic= 18 mA VCE{sar) - - - - - 040 - - 040 \ .
1= 30mA. Ic= 1.B mA VCEse) | — - L oa0 | — - - - - - v !
Vee =50 V. lp=30mA R = 26KN ton - 12 — - 12 - - 12 - »s
Ve 50V, Ig= 30 mA R = 2500 s ot - | 60| = - | e | — - |60 | — | s ,

Note 1. Siray wiadislion can alter values of characierslics Acrquats shielding shoult be provided

FIGURE 1 — OUTPUT CURRENT versus

INPUT CURRENT FIGURE 2 — tgp,. 154 versus LOAD RESISTANCE
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Vlonolithic Tone Decoder

GENERAL DESCRIPTION ;

The XR-867 18 ¢ monolithie phase-locked loop system designed for general purpose tone and freq

aperutes over o wide frequency band of 0.01 H2
mathamps of load current. 't he bandwidth, center
four external vomponents.

1o

g s o TR

pu

p uency decoding.
$00 k}iz and contains a logic compatible cout

frequency, and oulput delay are independently determined by t

R-00/

gt N ot 3, b2 5B
1 B O
R adimi g ;!

The circuit
1 which can sink up to 100
he selection of

Figure 1 contains i functional hlock dwagram of the complete monalithic system. The circuit consists of a phase detecior,

low-pass Niter. and current-con
and quadrature detector t
frequency

FEATURES

Bandwidth adjustable from 0to 147,

Logw vompatihle output with 100mA current sinking
vapahility.

Highly stahle center frequency.
Center trequency adjustable fsom 0.0
tnherent unmunity to false signals.
HNigh regection of out-of-band signals and noise.
Frequeney range adyustable over 20 1 range
resstor.

1 Hz to 500 kiiz
by external

APPLICATIONS

Jouch-Tone™ Decuding
Sequential Tone Decoding
Communications Paging
Ultrasunic RemoteLontrol
Telemetry Decoding

EQUIVALENT SCHEMATIC DIAGRAM

trolled oscillator which comprise t
hat enable the system to distinguish between the presence

or absence of 3

he basic phase-locked loop; plus an additional

jow-pass filter
n input signal at the center

ABSOLUTE MAXIMUM RATINGS

Power Supply
Power Dissipation (package himit
Ceranue pachage
Plastic Package
Detate shove +25°C
Temperature
QOperating
XR-50TM
XR-S67CN/S61CP
Storage

ORDER INFORMATION

Part Number Package
XR-567TM Ceramic
XR-507CN Cegamic
XR-567CP Plastic

10 voits
ation}
JES mW
300 mW
2.5 mw/°C

-§5°C 1o +125°C
0°C 1o +70°C
-65°C 10 +150°C

Operating Temperature
~55°C 10 +125°C
0°C 10 +75°C
0°C 10 +75°C

FUN.CTlONAL BLOCK DIAGRAM

: o
T b /A
. i ﬁ' 1'L ?%L sl - o=
! TJ r‘ ]t s i .;.“.'..'.‘.':[_T_P‘ o |
10-79 REV 3

N/ 4
ls WR Inlegraled Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732:7970 = TWX 910-339-9233

XR-9



Test Conditions: Vo = 45V. T, = 25°C, unless otherwise specified. Test circult of Figure 2. {

ms .- N
CHARACTERISTICS LM ~UNITS CONDITIONS ‘
mn_ [ e | omax | T ;
GENERAL . , ) t
Supply Voltage Range 4.75 90 - | Vdc
Supply Current - B - 2] {
Quiescent XR-567TM 6 8 mA RL = 20 k2 ;
XR-5617C 7 10 mA Ry =20 k§2 !
Activated XR-S67M noof 13 mA Ry = 20 kQ §
XR-567C 12 15 mA Rp = 20kQ {
Qutput Voltage 15 v ]
Negative Voltage at Input -10 A {
Positive Voltage at Input Vec+ 0.5 v {
CENTER FREQUENCY 3
Highest Center Frequency 100 500 kHz 3
Center Frequency Stability !
Temperature Tp = 25°C 35 ppm/°C See Figure 9 {
0< Ty <70°C 160 ppm/°C | See Figure9 ;
~55 <Tp <+125°C 1140 ppm/°C | See Figure 9 :
Supply Voltage !
XR-567M 0.5 1.0 %/V fo= 100 kHz ¢
XR-567C 0.7 2.0 %!V fo = 100 kHz ‘
DETECTION BANDWIDTH ’
Largest Detection Bandwidth ﬂn
XR-567M 12 14 16 %off, | fo=100%Hz ‘
XR-567C 10 14 18 % of {o fo= 100 kHz f
Largest Detection Bandwidth Skew
XR-567M 1 2 % of g
XR-567C 2 3 % of fg "
Largest Detection Bandwidth Variation .
Temperature 20.1 %/°C Vin =300 mV rms 1
Supply Voltage 12 %/V Vin = 300 mV rms i
INPUT . !
Input Resistance 20 K @
Smallest Detectable Input Voltage 20 25 mVrms | 1) = 100 mA, fi= {o !
Largest No-Output Input Voltage 10 15 mV rms IL= 100 mA, fi= [ :
Greatest Simultaneous Outband Signal / ‘
to Inband Signal Ratio +6 dB ;
Minimum Input Signal to Wideband !
Nois¢ Ratio -6 dB By = 140 kHz |
OUTPUT 3
Output Saturation Voltage 0.2 0.4 v 1.=30 mA, Vip= 25 mV '
0.6 1.0 v IL=100 mA, Vin=25mV ims
Output Leakage Cufrent 0.01 25 HA !
. I
Fastest ON-OFF Cycling Rate fo/20 {
OQutput Rise Time 150 ns Ry = 5082 {
i
Output Fall Time — 30 i ns Rp = 50Q i
]
|
*
{
!
2 :
1
¢
XR-10 .
T . :
- 1




ITION OF XR-$67 PARAMETERS

XNTER FREQUENCY f,,

is the free-running frequency of the current<controlled
zilator with no input signal. It is determined by resistor R |
tween pins S and 6, and capacitor Cy from pin 6 to ground.
van be upproximated by
) |

f =

o R lCl
tete Ry is in ohms and C} is in farads.

STECTION BANDWIDTH (BW)

e detection bandwidth is the frequency range centered

ut g, within which an input signal lurger than the threshold
ltage (lypncull} 20 mV rms) will cause a logic zero state at
¢ output, The detection bandwidth corresponds to the cap-
re range of the PLL and is determined by the low-pass band-
dih fulter, The bandwidth of the filter, as a percent of [, can
 determined by the approximation

Vi

ioC

BW = 1070

[ =]

here Vs the input signal in volts, tms, and ) is the capaci-
nce at pin 2.0 pF,

ARGEST DETECTION BANDWIDTH

he largest detection bandwidih is the largest frequency range
thin which gn input signal above the threshold voltage will
use 4 Jogical /o state sl the output, The maximum detee-
on bundwidth corresponds to the fock range of the PLL,

ETECTION BAND SKEW

he detection band skew is @ measure of how aceurately the
rgest detection band is centered about the center frequency,
1t i defined as (Tiux + Tmin =2 To) /o, where [y and
ain 476 the frequencies corresponding to the edges of the
lection band. Il necessary, the detection band skew can be
duced 10 zero by an optional centering adjustinent, (Sce
ptional Cantrols),

ESCRIPTION OF CIRCUIT CONTROLS

UTPUT FILTER - Cy (Pin 1)

ipacitor C3 connected from pin | to ground forms 2 simple

w-pasy pust detection Iilier Lo elimingte spurious outpuls

s¢ {0 out-of-band signals, The time constant of the lilter can
 expressed as T3 = R3C3, where R3 (4.7 k§2) is the internal
pedance at pin |,

he precise value of C3 is not critical for most applications.

o ehminate the possibiity of false triggering by spurnious sig-
(s, 3t 1y recommended that C3 be 2 2 C), where C) s the
op filter capacitance at pin 2.

‘the value of 3 becomes too large, the rurn-on or turn-off
me of the outpul stage will be delayed until the voltage
ange across ('3 reaches the threshold voltage. In certain
oplications, the delay may be desirable as a means of sup-
ressing spurious outputs, Conversely, if the value of C3 is
0 small, the beat rate uf the output of the quadrature
etector (see Figure 1) may cause a lalse logic level change

 the output. (Pin B) N

he average voltage (duning lock) at pin | is a function of the
band inpul amplitude in accordance with the given transier
haracleristic.

00P FILTER - C; (Pin 2)

apacitor C2 connected from pin 2 to ground serves as a single
ole, low-pass Nnilter for the PLL portion of the XR-567. The

filter time constant is given by T2 = R2C2, where R (10 kD)
is the impedunce ut pin 2,

The selection of ("2 15 determined by the detection bandwidth

tequirements, as shown in Figure 6. For additional inforpation

see section on “*Definition of XR-567 Purametess',

The voltage at pin 2, the phase detector oulput, is a lincar

function of frequency over the range of 0.95 10 1,05 {,, with a

slope of approximately 20 mV/% frequency deviation,

INPUT (Pin 3)
The input signal is applied to pin 3 through a coupling capaci-

tor, ‘Tlus ternunal s internally blaased at & do fevel 2 volts above
.

ground, and hus an input ampedance level of approximalely
20 k§2.

TIMING RESISTOR Ry AND CAPACITOR Cy (Pins 5 and 6)

The center frequency of the decoder is set by resistor R
between pins 5 and 6, and capacitor C) from pin 6 1o ground,
as shown in Figure 3.

Pin § is the oscillator squareware output which has & magnitude

of approximately VO = 1.4V and an averege do level of
Vee/2. A kSL load may be driven from this point. The vol-
tage a1 pin 6 is an cxponential triangle wavelorm with a peak-
1o-peak amphitude of | volt and an average de level of Vee/2.
Only high impedance douds should be connected 1o pin 6 (0

avoid disturbing the temperature stability or duty cycle of the

oscillator.
vee,
B
1.0
-E ‘:: :
4
CTTr Y 5’-‘
&
LR -0
‘ ]
'
ounI anI
= —_ ’ [} iv
in =
J ‘Adus b, VD eRg

(4
D T I.w

Figure 2. XR-5067 Test Circuit

el O }—O{?

LOw Payy

“""‘_[___0_” an Mt ]
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'
tagc,

Figure 3. XR~567 Connection Diagram
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TYPICAL CHARACTERISTIC CURVES

n .
NO LOAD "ON" CURRENT
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Figure 4. Supply Current Versus Supply
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UT (Pin 8) there by ehminates spurious outputs, 1f C3'is too small, fre-

) Guencies adjacent to the detection band may switch the out
put stage of { and on at the beat (requency, or the output
may pulse off and on during the turn-on transient. A typical
minsmum value for C3i52C3. ..

.,' 8 provides & binary logic output when #n input signal
ent within the pass-band of the decoder. The fogic out-

an uncommitted, “"barecollector’’ power transistor capa-
switching high current loads. The current fevelatthe
tis detenmined by an externsl losd sesistor, R, con- Conversely, 108"y 18 160 turge, turn-on and turn-off of the -
 from pin 8 to the positive supply. oulput stage will be deluyed until the voltage scrom C3
passes the threshold value.

an in-band signal is present, the output transistor at pin 8
tes with @ cotlector voltage Jess thun 1 volt (typically

st full ruted current of 100 mA. 11 lerge output voltage 'PRiN-ClPLE OF OPERATION
s are necded, R can be connected to a supply voltage,
igher than the Ve supply. For safe operation,

20 valts.

The XR-567 is a frequency sclective tone decoder system

bascd on the phase-locked lodp (PLL) prinuiple. The system

1s comptied of a phase-locked loop, & quadrature AM delector,
a voltage comparator, and an output logic driver. The four
sections are internally anterconnecticed as shown in Figure I.

INPUT When an-input tone ispresent within the pass-hand of the
circust, the PLL synchromzes or “locks™ on the wnput signal.
The quadrature detectos srves as @ lock sndicston. when the
PLL is locked on an inpul signal, the de voltage at the output
of the detector 1s shitted. This de level shift s then converted
1o sn output logic pulse by the amplifier and Jogic dniver. The
logic driver is a “'bare collector” transistor stage-capable of
switching 100 mA loads.

ouTPuT

The logic output at pin 8 is normally in 2 *high" state, unti
Response 10 100 MV s tonedurst. a tone that s withip the capture range of the decoder is
A = 100 onmt present at the input. When the decoder 1s locked on annput
signal, the logic oulput at pin 8 goes 10 a “low’ stale.

The center frequency of the detector is st by the frec-funning
freque ey of the cursent-controlled oscillator i the PLL. Thi
free-running frequency, fo, 18 determined by the scicction ol
R and €'y connceled 1o pins S wnd 6, us shown in Figure 3.

' 1 he detection handwidih is determined by the size ol the PLL
filter capacitor, 2, and the output response spred s controlled
hy the oulput hiter capacitor, C3.

wmrut

OPTIONAL CONTROLS

ouTeut ¥
PROGRAMMING .
Respomse 10 Lme inpul tone Bursl with weartand none Varymg the value of resistor Ry andfor capacitor Cy will
:- -60B Hy + 10 s . change the center frequency. The value of R} can be changed

eithier mechameatly or by solid state switches Additional €}
capacitors can be added by groundingithem through saturated

npn transistors.
;e 13, Typical Response L‘\?"?

. SPEED OF RESPONSE
ERATING INSTRUCTIONS

“The mmmum lock-up tine is inversely sefuted 1o the loop

Nowus Barcdwudth * 160 H7
s

ECTION OF EXTERNAL COMPONENTS tiequency. As the natuzat loop frequency s fowered, the turn-
on transient becomes greater. Thus maxnnwn aperabing speed
ypical connection disgram for the XR-507 is shuwn in is obtamed when the value of capacitor € s nunnnun. At
wie 3. For most appheations, the follawing procedure will the instsnt s input signal is applied st phase may diwve the
ulficient for deternunahion of the exlemast components R, ascitlator away trom the incoming frequency rather than
C2,and 3. toward 1. Under this condinion, the lock-up tiansient s ina

worst case situation, snd the nunununi theotetical lock-up

Ry and ¢ Id be selected the desired ce re-
K] | should be selected for the desired center lre tume will not be achievable.

quency by the expression fo = 1/R 1Cy. For optimum

temperature stahility, R should be selected such that The following expressions yield the values ot Crand C3.n
A < Ry < 20682, and the RC) praduct should have suf- nucrofarads, which sllow the maximum operating spevcds for
ficient stabihty over the projecled operating temperature various venter fiequencies. The aununum sate that digital
fange. miormation may be detected without losing mformation due

10 turn-on transicnt or oytput chatler s about 10 cyclesfit,

Low-pass capacitor, Ca. can be determined from the Band- : .
P op o which corresponds to an informition transier rste of f/10

width versus Input Signal Amphitude graph of Figure 7. One

approach 1s to select an arca of operation trom the graph, baud. .
and then adjust the input Jevel and value of C%ccordingly. 130 260
Or1, if the inpul amplitude vanation is known, the required Cy= '(; . Cy= “-‘;' uF

{oC'2 product can he found to give the desired bandwidth,
Constant bandwidth operation requires V, > 200 mV rms.

Then, as noted on the graph’, bandwidth will be controlled in situations where minimum turn-o!f time is of less importance

O - al s djustment cireuit of .
solely by the 15U 2 product. l!\an fast turn-on, the opuopal senstivity @ Jus ment v ull

Figure $4 can be used to bring the quiescent 3 voltage closer
Capucitor C3 seis the band edge of the low-pass filter which to the threshold voltage, Sensitvity to beat Irequencies, nose,
atienustes frequencies outside of the dclgchun band and and extrancous signsls, however, will be increased.

’ 3
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Figure 14. Optionul Sensttivity Connections

CHATTER

When the value of C3 is small, the lock transient and ac com-
ponents at the lock detector outpul may cause the output stage
10 move through its threshold more than once, resulting 1in out-
put chatter.

Although some loads, such as lamps and relays will not respond
10 chatter, logic may interpret chatter os a series of output sig-
nals. Chatter can be eliminated by feeding 4 portion of the
output back to the input {pin 1} o1, by increasing the size of
capacitor C3. Generully, the feedback method is preferred
since kKeeping €3 small will enable faster operation. Three
alternate schemes for chatter prevention are shown in

Figure 15. Generally, it is only necessary to assure that the
feedback time constant does not get so large that it prevents
operation at the highest anticipated speed.
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Figure 15, Methods of Reducing Chatter

SKEW ADJUSTMENT

The circuits shown in Figure 16 can be used to change the
position of the detectionband (capture range) within the
largest detection bund (or lock range). By moving the detec-
tion band to either edge of the lock range, input signal vana-
tions will expand the detection band in one direction only.
Since R 3 also has a slight effect on the duty cycle, this
approach mey be useful 1o obtain a precise duty cycle when
the circuit is used as an osclllllor.

OUTPUT LATCHING

In order to latch the output of the XR-567 *‘on" after a signal
1s received, it is necessary to include @ feedback resistor around
the outpul stage, between pin 8 and pin |, as shown in

Figure 17, Pin | is pulled up to unlatch the vutpul stage.

F:}ure 16. Connections to Reposition Detection Band
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Figure 17. Outputl Latching

BANDWIDTH REDUCTION

The bandwidth of the XR-567 cun be reduced by either inct
ing capacitor C2 or reducing the loop gain. Increasing Camy
be an undesirable solution since this will also reduce the dim
ing of the loop and thus slow the circuit tesponse time. ‘

DTS S e e -J .

Figure 18 shows the proper method of reducing the loop px\'
for reduced bandwidih. This technique will improve dampir;
and permit faster performance under nsrrow bund operation,
The reduced impedance level at pin 2 will require & Jarger vl
of C7 for a given cutofl frequency.
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SUTIONS .

2 XR-567 will lock on signals near (2n + 1) {5 and
duce an output for signals near (4n + 1) {, for
0,1,2 — elc. Signals at § (5 and 9 [ can causc an
wanted output and should, therefore, be attenuated
ore reaching the input of the circuit,

erating the XR-567 in a reduced bandwidih mode of
ration at input levels less than 200 mV rms results in
ximufn immunity to noise and out-band signals. De-
ased loop dumping, however, causes the worst-case
k-up time to incresse, us shown by the graph of

ure 12.

adwidth variations due to changes in the inpand signal
plitude can be eliminated by operating the XR-567 in
 high input level mode, above 200 mV. The 1nput stage
hen limiting, however, so that out-band signals or high
ise levels can cause an apparent bandwidth reduction as
 in-bund signal is suppressed. In addition, the hmited
ut stage will create inband components from sub-
imonic signals so that the circuit becomes sensilive 1o
nals at [5/3, fo/5 etc.

re should be exercised-in lead routing and lead lengths
ould be kept as short as possible. Power supply leads
ould be properly bypassed close to the integrated circuit
d grounding paths should be carefully determined to
vid ground doops and undesirable voltage varsations. In
dition, circuits requiring heavy load currents should be
ovided by u separate power supply, or ilter capacitors
creased 1o munimize supply voltage varigtions.

DITIONAL APPLICATIONS
L TlMé CONSTANT TONE DECODER

,ome applications it is important 1o have a tone decoder
narrow bandwidth and fast sesponse time. This can be
mplished by the dua! time constant tone decoder circuit
n in Figure 19. The circuit has two low-pass loop filter
citors, C2 and C'y. With no input signal present, the out-
it pin 8 is hagh, transistor Q| is off, and C'g is switched
of the circuit. Thus the foop low-pass filter is compnised
7, which can be hepl s small as possible for mimmum
onse time.

t an in-band signal is detected, the output at pin 8 will
w, Q1 will turn on, and capucitor C'2 will be switched
rallel with capacitor C2. The low-pass Dilter capacitance
then be C3 + C'2. The value of €' cun be quite Jarge in
r 10 achieve narrow bandwidth. Notice that during the
thst no input signal is being received, the bandwidth is
mmined by capacitor C2.

&
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re l9.' Dual Time Constunt Tone Decoder

NARROW BAND FM DEMODULATOR WITH CARRIER
DETECT

For FM demodulation applications whicre the bandwidth is less
than 10% of the carner frequency, an XR-567 can be used fo
detect the presence of the carrier signal. The output of the
XR-$67 is used to turn off the FM demodulator when no
carnies is present, thus acting as a squelch. In the circuit shown,
an XR-215 FM demodulator is uscd because of its wide dy~
nuntic range, high signal/noise ratio and low distortion. The
XR-567 will detect the presence of 8 carrier at trequencies up
1o SO0 kM2,

NN
A

Figure 20. Narrow Band FM Demodulator with Carrier Detect

DUAL TONE DECODER

In dua) tone communication systems, information is trans-
mitted by the simultancous presence of two scparute tones al
the input. In such applications two XR-567 units can be con-
nected in parallel, as shown in Figure 21 to form a dual tone
decoder. The resistor and capacitor values of each decoder

are selected to provide the desired center frequencics and band-

width requirements.

Figure 21. Dual Tone Decoder

PRECISION OSCILLATOR

The current-controlled oscillator (CCO) section of the XR-567
provides two busic output waveforms as shown in Figure 22.
The squarcwave is obtained from pin S, and the exponential
ramp from pin 6. The relative phasc relationships of the wave-

o htileg s i



forms are also provided in the figure. In addition to being used
as a general purpose oscillator or clock generator, the CCO can

also be used for any ol the following specisl purpose oscillator

spplications:

1. High-Current Oscillator
The oscillator output of the XR-567 can be amplitied using
the output amphficr and high-current logic output avarlable
at pin 8. In this manner. the circuit can switch 100 mA luad
currents without sacrificing oscillator stability. A recom:
mended circuit connection for this apphication is shown in
Figure 23. The oscillator frequency cdan be modulated over
£6'% in frequency by applying a vontrol voltage 1o pin 2.

2. Oscillutor with Quadrature Outputs
Using the circuit connection of Figure 24 the XR-567 can
function as a precision oscillator with two separate square-
wave outpuls (st pans § and B, respectively) that are at
pearly quadrature phase with each other Due 1o the inter-
nal hiasing arrangement the actual phase shift between the
two culpuls iy typicslly 8U

3. Oscillator with Frequency Poubled Output
The CCO frequency can be doubled by applying a portion
0! the squatewave output ol pin & hack to the input ot pin 3,
Cas shown i Fagure 250 EIn this manncr, the quadrature de-
tector tunctions as & requency doubler and produccs an
output of 2 {p at pin &.

Figure 22. Oscillator Output Waveform Available From
CCO Section, %
Top: Square Wave Output at Pin §:
Amphiude = (VY-1.4V).pp., Avg. Value = v*2
Hottom: kxponential Tniangle Wave 8t Pin 6:
Amplitude = 1 V pp., Avg. Value = v

Figure 23, Precnsion Oscllstor (o Switch
100 mA Loads
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Figure 25. Osaillator with Double Frequency Output

FSK DECODING

XR-$67 can be used as a low speed FSK demodulator, In this
application the center frequency 18 set 1o one of the input fre-
quencies, and the bandwidth is adjusted to leave the second
{requency outside the detection band. When the input signal
is frequency keyed between the in-dand signal and the out-
hand signal, the logic stale of the output al pin 8 is reversed,
Figure 26 shows the FSK input (f2=31))and the demodu-
Yated outpul signals, with fo = {3 =} kHe: The cireult can
handle duts tates up to fo/10 baud.

Figure 26. Input and Output Waveforms for FSK Decoding
Top: Input FSK Signal (f; =31y)
Bottom: Demodulated Output
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