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ABSTRACT

This thesis is based on applying ultrasonic sensor to invent the device for helping a blind
person. In the process, we invent eyeglasses installed input and output sensors. Microcontroller
would estimate and examine the items and obstacle in front of user. Microcontroller evaluating
would write program in C language. The display would be installed on the eyeglasses to alarm the

user whenever there is something in front of them.
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2.3.2 fhumaifin (Beam angle)
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2.3.6 a3 Baniinud (Switching frequency)
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#include <reg52.h>

unsigned char count, check;

unsigned int rev, rev_a, rev_b;

void delay (int i)

{

}

int j;

for (j=0; j<=i; j++ );

void service() interrupt 0

{

count++;

iflcount==1)  // first time

{
rev_a = rev; // keep timer round for reference
rev =10;
}
iflcount>1)
{
check = 1;
rev = 0;
while{check)
{
EXI1 = 1;
rev++;
}
{

iflcount>99)

53



}
void service 2() interrupt 2
{
rev_b=rev;
rev=0;
check =0
EX1=0;
iflrev_a>rev_b)
{
P2 = OxFF;
delay(150);
P2 = 0x00;
}
}
void main()
{
count=0,
rev=0;
IE = 0x81;
1P = 0x04;
While(1)
rev++;
H

---- END ——
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MANUIN B onmslod
]
EFAIRCHIL.D
Single Timer
Features Description
+ High Current Dove Capabulity {20004} The LM535NES355A555 15 a highty stable comtroller
+ Adyusrable Duty Cycle capable of producwg  accurate wmmg pulses. Wih a
+ Temperature Stabibiry of 0.005%°C monostable operanon, the time delay 15 comrolled by one
¢+ Tuming From pSec o Hours external resistor and one capacitor. With an astable
» Tum off Time Less Than 2pSec opetation, the frequency and duty cycle are accurately
contralled by nwo extemal resistors and one capacsior.
Applications
. . 8-DIP
» Precision Tinung
» Pulse Generation ‘,{
« Time Delay Generation 1
+ Sequentsal Timing
B-S0P
1

Internal Block Diagram
R R R
GND (1) 8) Viee
Trigger (— . | " ——~{(7)Discharge

Output @—«l g | FF ‘@#—@)Thmshold

Control
Reset (¢ Vref < Voltage

Rev. 1.0.3

E2002 Fairchid Semiconrductor Corporation
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Suppiy Voltage Yoo 1 WV
Lead Tenperature (Soldenng 1Csec) TLEAD 30a “C
Power Dissipation Fo &00 miy
Cperating Temperature Range

LME6E/NEEES ToPR 0~ +70 “C
SARAS 40 ~ +35

Storage Temperature Range TSTG -G8 -~ +150 G
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Electrical Characteristics
ITa = 25°C, Voo = 5 ~ 18V, unless othenwise speaified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Supply Voltage Voo - 45 - HH A
Suppy Current [Low Stable} (Note 1] | V=BV R =« - 3 5 mA
1o Su H >
ROy~ ‘ HReEn CC |Véc=15v RL= S rs s | wA
Timing Error (Monostable)
rutial Accuracy {NoteZ} - o
Crift with Temperature {Notad A;%IL%R Ra = Tk(2 10100802 ) l.g 30 ppn':,.;.ﬁ
. . S . i : s - — ol T
Drift with Supply Voltage {Noted AVAVEE C =0 uF 05 "y
Timing Error (Astabie) s
Intal Accuracy (Note2) ACCUR | Ra = (k&2 to 10Ck0} 225 - %
Drift with Temperature {Noted) AVAT C=0"ufF 150 ppmC
Drift with Supply Voltage {Noted: AFAVCG ] BN
Voo = 16V 90 | 10.0 | 110 v
Control Voltage Ve R
Voo = 5V 26 | 333 | 40 \
Voo = 18y - 10.0 - A%
Threshold Yoitage VTH 53
Voo = BV - 3.33 . Y
Threshold Current iNoted) ITH - - (] .25 A
Yoo = oY 1.1 167 | 2.2 Y
Trigger Voltage VTR
99 8 VG = 18 45 | 5 158 | V
Trigger Current ITR VTR = &V 0G1 | 20 nAa
Reset Valtage YRST - 0.4 0.7 1.0 v
Reset Current IRST - 0.1 ¢4 mA
Vee = 18Y
IgiNK = 10mA - 0.06 | 0.25 Y
Low Output Voltage VoL ISINK = 50mA 0.3 | 075 v
Voo = &V
W Csma - 0.05 | 0.35 Y
Yoo = 1av
IsOURCE = 200mA 126 - Y
High Cutput Voltage VOH ISOURCE = 100mA 1275] 133 %
VEG = &Y
ISCURCE = 10CmA 2.75 3.3 4 v
Rise Time of Quiput {Note4) IR - - 100 - ns
Fall Time of Cutput (Noted) tF - - 100 - ns
Discharge Leakage Current kG - - 20 100 A,

Notes:

1. %When the cutput is high, the supply curren! is typically ImA less than at Yoo = 5V.

2. Tested at Voo = 59V and Voo = 15V

3 This will determine the maximum value of Ra + Rp for 15V operation, the max. total R = 20Ms2, and for 5Y operation, the max.
total R = 6.7M{2

4. These parameters, although guaranteed. are not 100% tested in production.
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Application Information
Table 1 below is the basic operating takie of 535 timer:

Tabie 1. Basic Operating Table

Threshold Voltage Tngger Vol Discharging Tr.
eI g;;g "(E\',?&Pm“g;-’e Reset(PIN4) | OutputiPIN 3) (PILQ';';-’
Don't care Cont care Low Low ON
Vi » ZVec i 3 Vin > 2Vce 73 High Low ON
Veo /3= Vih<2Vee /3 [ Vee /3« pn« 2 Voo /3 High - N
Vih < Voo / 3 Vi< Veg ! 3 High High OFF

When the low signal tnput 15 applied to the reset tenmnal. the taner output remarmns low regardless of the threshold voliage or
the trigger voltage, Only when the hugh sigual is apphed to the reset terminal. the timer's output changes according to
threshold voltage and 1rigger voltage.

When the threshold voltage exceeds 23 of the supply voltage whule the tuner ourpus 18 hagh, the imer's mternal discharge Tr,
mrms on, lowering the threshold voltage 1o below 13 of the supply voltage. Durmg thus tune. the timer output 18 maintained
{ow. Later. 1f a low signal 1s apphed to the mngger voltage so that it becomes 1.3 of the supply voltage. the umer's intemal
discharge Tr. rurns off, inereasing the tirechold voltage and desving the tmer ouput agan at high,

4. Monostable Operation
LA
4 g = = Ra /
& RESET Vet y W r
Trgger pisCh L1 &\ | &P
== 2 +TRIG | &
THRES B —— [ i /
M 3.‘..'OUT l == O g /
' anp o CONT 5 i
RuX S | 1{:2
. R "
i | -|- woow oW e w e W W
=L : Tima Delay(s)
Figure 1. Monoatabls Circult Figure 2. Resistance and Capacitance vs.
Tume delay(id)
1VARI Muvidiv
| Frigger
g -

W, Hlhiz L Thid €1 B.8kuk. Yoo 5)

Figure 3. Waveforms of Monostable Operation
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Figure 1 lustrates a monastable crretnt. In this mode. the tumer generares a fixed pulse whenever the tngger voltage falls
below Ve 3. When the mgger pulse voltage applied ro the 22 pin falls below Viee:3 whle the timer output is low. the timer's
wntemn:al flsp-flop mrns the dischargmy Te off and causes the mmer output to become lugh by charging the external capaciter €1
and seming the flip-flap awrput at the same tme.

The voltage across the extemal capacitor C1. Vi wereases exponennally witl the tme ¢onstant t=R4*C and reaches 2Vee:d
at td=1.1RA*C. Hence. capacttor €1 15 charged through resistor Ry, The greater the e constant RaC. the longer 1t takes
for the Yy to reach 2Vee 3. In other words. the nme constant RaC controls the output pulse wadth.

When the apphed voltage to the capacitor C1 reaches 2Vee 3. the comparator on the mgger terminal resets the flip-flop.
turning the discharging Tt on. At this nme, C1 begins to discharge and the tuner cuput converts to low

In thus way. the nmer operating m the monostable repeats the sbove process. Figure 2 shows the time constast relationship
based on Ra and C. Figure 3 shiows the general waveforms durmg the monostable operation.

It must be noted that. for 2 normal operation. the tngeer pulse voltage needs to maintam a nunimum of Vee 3 before the timer
output tuens jow. That 15, although the ovtput remames unaffecred even 1f 1 dafferent wigger pulse 1s applied winle the output s
Ligh, it may be affected and the waveform does not operate properly if the trigeer pulse voltage at the end of the output pulse
remams at below Vee'd, Figure 4 shows such a timer outpus abnormalty.

[%iiy, B! iis

H{Mﬂﬂﬁ

e

R‘=9.]Hl B =1k Cl=f.iHak, 4 ce=ft

Figure 4. Waveforms of Monostable Oparation (abnomal)

2. Asiable Operation

&
[ RO P
Bl P DN AN RAS
SN SR SN B ANENAS AN AN
— 3:0UT - | 14 : . \\\\\\\\\
G n1d s IS
[ T T’ T

1)
K
4

Figure 5. Astable Circuit Figure 6. Capacitance and Reasistance vs. Frequancy
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Woth, B

. Al I

Ttavshuid )

B, TR B, ML R, IRW. €1k, Ve 3

Figure 7. Waveforms of Astable Operation

An astable nmer operation is achieved by adding resistor RB to Figure 1 and configuning as shown on Figure 5. In the astable
operation. the tngger termunal and the threshold terminal are connected sa that a self-tngger is formed, operating as a muln
vibrator. When the rimer onrpur is lugh. ats wternal discharging Tr. rurns off and the Vg increases by exponential

funchon with the tune constant (Ra-Rpi*C

When the V1. o the threshold voltage. reaches 2Vee 3. the comparator output on the ingger termunal becomes lugh.
reserting the F°F and causing the nmer output 1o become low. This w1 turn turns on the discharging Tr. and the C1 dischasges
through the discharging channel formed by Rp and the discharging Tr. When the Vieg falls below Voo 3. the comparator
outpat on the tngger rermnal becomes lugh and the timer output becomes igh agan. The discharging Tr. tums off and the
V1 nses agaul.

In the above process. the section where the timer output 1s high 1s the fune it takes for the Ve to rise from Viee:3 1o 2Vee3.
and the section where the tipzer output 1s low 13 the me 1t takes for the V¢ 10 drop from 2Vee'3 to Vee'd. When tmer outpur
15 hugh. the equuvalent circuit for charging capacitor C1 1s as follows:

RA RB
AW ——— MW

|1

+
Vee mr Cl = Vel(0-3=Vee 5

dvpq Vee—Vil-y

Cym—— = —————— (R F)
174t Ry -Rg

‘JCI‘O+' =Vcc'3 I2f
-[__fRA-.Rapt.‘)

Vcﬂn = VCC 1—39 i3

Sinsce the duranon of the tuner output ugh state{t) 1s the amounr of tune 1t takes for the V(1) to reach 2Vee 3,
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e 1
5 1°F -R-«:gl
Vot = oe Ve 15 e

!H=C.iIRJ'Q-—FlB;IrEZ'=’.].5‘93”?"5\--RB)C.E 15
The equivalent cicemr for discharging capacitor C1. when runer output 15 low 1s. as follows:

I
i
C1 +%"U(ﬂ—)=3\’cc, 3

-

-~ d\"CI* i V) =0 &
JI at ﬁA-bRB Ct 12
AT
R, =Rl
vmm%v e' 5O T
ce

Since the duration of the tmer outpiu low state(rL) 15 the amount of rime 11 takes for the VC1(f) 1o reach Ve 3.

1 2 —"‘:"A';:‘.'r"
BAYS =LY
3'CC 3 ce

b= (:1<RB4~RDNn:!=(J.!;?H:'HRB—RDnc1 19

£
e el

Since Rp 1s nonually Rg=>Rp although refated to the size of dischargmg Tr,
t=0.693RRC) §L0)

Consequently. if the tuner operates in astable. the peniod 15 the same with
Tyt =0.693(RA+RBIC1—0.693RBC1=0.693(R 4 ~2RRJC ;' because the peniod is the sum of the charge time and discharge
ume. And since frequency is the reciprocal of the peniod. the following applies.

frequency, f= % - ”Q_A‘_IE%EE

o1
3. Frequency divider

By adiusting the length of the nmung cvele, the basic circun of Figure 1 can be made ro operate a5 a frequency divider. Figure
8. liusirates a divide-by-three curcust that makes use of the fact that remggenng canntot occur dunng the nnung cycle,
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LY EBEMNESEE BARGR

EVidin, 2widin

Thweshaold

R =010 B =Tz, CT=thibbuk, A oe=8Y

Figure 8. Waveforms of Frequency Divider Operation

4. Pulse Width Modulation

The tmer ourput waveform may be changed by modulatng the control voltage apphed to the timer's pin 5 and changing the
reference of the taner's mternal comparators. Figure § ilustrates the pulse width modulation circuit.

When the continuous trigger pulse tram 15 applied tn the monostable mode. the tmer output width 15 modulated according to
the aignal applied 1o the control termimal. Saie wave as well as other waveforms may be apphed as a signal 10 the control
termunal. Figure 10 shows the example of pulse wadth modulanon waveform.

+Vee |
1 ET 2 L,
t EVadi, HiRmvdin
| ! | s
. S R TR | R T Wvigmer]
/) 0 < A / 3
FieT l\r{_{i . L :
T :!S(I‘t‘/ ; | ...... . e R
'8'- TRIC R o B / vl
5}__ N V] ol ) | .- r/ -
TERES '
C——(3) o1
op O T cC _
0 WL { :
J . . W R, =9.0K42 R =Kk CER00Ta8, ¥ ee=s\
Figurs 9. Cireuit for Pulse Width Modulation Figure 10. Waveforms of Pulsa Width Modulation

5. Pulse Position Modulation

If the modutanng signal is applied to the control termmal whale the timer is connected for the astable operation as in Figure 11,
the imer becomes 2 pulse posihon modulator.

In the pulse position modulator, the reference of the timer's witemnal comparators 15 modulated winch i rum modulates the
tuner output according to rhe modulation signal applied to the control temunal.

Figure 12 illustrates a sine wave for modulation signal and the resulung output pulse positon modulation | however, any wave
shape could be used.
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+Vor
r t ®
H ,»- ;\’ _ VAl 10l
/. fi'\ E: R, If umrnij
\_:_;—\_s_,.j :
T 2
th _
/6\'__‘____1_ . [
Cotput .
Ay W7 N ’
an D O T C 1 ; !
Y ! ‘ H. : i |
&,
b SRERERYENNITL |
I
] W m3OK0L R =0y /1RO, Ok, Ver=8Y
Figure 11. Circuit for Pulse Position Modulation Figure 12 Waveforms of pulse position modulation

6. Linear Ramp

When the pull-up resistof RA in the monostable cireust shown 11 Fagure 1 1 replaced with constant cusrent source. the V(1

wncreases lmearly. generating a linear ramp. Figure 13 shows the hnear ramp generating circuit and Figure 14 illustrates the
generated ltear ramp waveforms.

=Vee
{ i~ 13 4dn. 2Smidiv
i “Rp &R )
r_—-j 4 — 8 '
RESET Vg I , -
B QiscH. 7 (t':
.2 i TRIG [
g e L i SN ET WA
THRES!, 6 b R AR ;;!
Outpur 1 N g ompt |
T GND CONT‘-&E : :
% ¢ | ez
i WO 4706 12 100G 1,72, 7K6a B, ~ThE C1-0blal, Vic 8V
Figure 13. Circuit for Linear Ramp Figure 14. Waveforms of Linear Ramp

In Figure 13. cusrent source 15 created by PNP transistor Q1 and resistor K1, R2. and Rg.

o tceVE
TR ]
Here, V

R
Ve = YBE RyR,'cc 1

Eis

For example. of Vee=15V. RE=20k{) R1=3kW. R2=10k{2 and VBE=0.7V.
VE=0.7V~-10V=10.7V
Ic=(15-10.7)20k=0.215mA
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When the trgger starts 1 3 tuner configured as shown m Figure 13, the current flowng theough capacitor C1 becomes a
constant cusrent gereratéd by PN ranssstor and resistors.

Hence. the V¢ 18 a linear ramp function as shownin Figure 14, The gradient S of the linear ramp funcuion 16 defined as
foliows;

§-_P-P 114

Here the Vp-p 15 the peak-to-peak volge.
If the electnic charge amouat accuunulated in the capacisor 15 divided by the capacitance. the Ve comes out as follows:

V=IO (15)
The above equation divided on both sades by T gives us

v_aT

T T

and may be sumplified mio the followmg equanon

{163

S=IiC an

In other words. the gradient of the linear ramp funcnon appeanng across the capacitor can ba obtained by using the constant
currenr flowing through the capacrtor.

If the constant current flow through the capacitor 15 0.215mA and the capacitance 15 0.02uF. the gradient of the ramp funcnon
a1 both ends of the capacitor 15 § = 0.213m 00220 = 9.77V ms,
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Phitips Semiconductors Linear Products Product spacification

Tone decoder/phase-locked loop NE/SE567

DESCRIPTION PIN CONFIGURATIONS

The NE!SESET tone and frequency decoder is a highly stable
phase-ocked 'oop with synchronous A% locy detecton and power FE. D\ N Pockoges
output circutry. Its primary function is to drive a load whenever a OUTPUT FILTER SUTAUT
sustained frequency within its detection band s present at the LomeRaTon =2 L L
seff-biased mpua. The bandwidth center frequency and output delay CAPACITOR C2 7] %:?;’:“
are independently determined by means of four extemnal wrut [9] 5] ELEMENTS &1
components. SUPPLY VOLTAGE Y+ 3] TiMmG ELEMENT R+
TOR VIEW
FEATURES
) F Package
* Wida frequency range {.01Hz to 500kHz}
* High stabil ty of center frequency oumnlz E] oD
# Independently controllable bandwidth (up to 14%) CGE EI NC
# High cut-band signal and nose rejection Ne E El NE
® Logic-compatible output with 100mA current sinking capability czE E] RiC1
® Inherent immunity to false signals mPurE EI RY
# Frequency adjustment over a 20Hto-1 range with an external NG E El NE
resistor ve CE 7] e
* Military processing avalable
i "¥r TOR VIEW
APPLICATIONS # Frequency monitoring and control
® Touch-Tenew: decoding ® Wirgless intercom
# Carrier current remote controls ® Pracision asciiator
# Ultrasonic cordmls (remate TV etc.)
# Communications paging
BLOCK DIAGRAM
o
&
Ry
3 PHASE ol 2
WiTe DETECTOR —
N LOoP
¢SNTRGLLED e FR3S
5 GSCILLATOR FiLTER

R s T

.
o _Di
DETECTOR VREF AL

7 1
€3 0uUTPYT
FILFER

Al

@Touch-Tore 3 3 regsoeres waswriar of ATET
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Tone decoder/phase-locked loop NE/SES67

ORDERING INFCRMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
§-Pin Plastic 50 Ow+70C NESETD 0174C
14-Piny Certsp Cto+70°C NESETF 05815
8-Pin Plastic DIP Cto=+70C NESETM 02048
§-Pin Plasuc SC -hi-Cta +125C SESSTD 0174C
3-Pin Cexdip 55 Co #125°C SE&G7FE b5E13
6-Pin Plastic DIP 55 Cta #1250 SESSTN 02048

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Ts Cperating temperature
NESET Oto +70 €
BEZ67 -E510 +125 ““
Vee Cperating voltage 10 \d
Vi Positive voltage at input 0.5 +Vg v
\'s Negative voltage atinput -10 Ve
Vaut Cutpul voitage {collector af output transistor] 15 Yoo
-"I’_m-g Storage lemperature ranga -B5 to +150 C
Py Power dissipation 30 mi
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Tone decoder/phase-locked loop NE/SES67

DC ELECTRICAL CHARACTERISTICS

Y o4=f 0V, Ty=25-00 uneess otherwise specif.ad

sﬂm PARAMETER TEST CONDITIONS SE567 NES67 UNIT
Min | Typ [ Max | Min] Typ | Max
Centar frequency!
i Highest center fraquency 500 500 kHz
o Center frequency stability- Bhto+ 1250 35 +140 251140 ppmi G
Dto+70°C 35160 35 ¥60 ppni &
fo Center frequency distribution L{c - 103kHz - 1 -10 o +10 | -10 G +1C %
11R.C
F i ; N &0,
fa ?;tr:;re.requency shyft with supply f, . 100kHz - |A1R!.C 0.5 1 C7 2 %
Detsction bandwidth
BW | Largest detection bandwidth Ifc - 1D0kHz - : 1F1{ . 12 14 15 19 14 8 % of o
BW | Largest detection bandwidth skew 2 4 3 & % offg
BW Largest detection bandwidth— Vi=300mYamg A 11 % C
variation with temperature
oW Largest detection bandwidth— Vi=300mYems 2 12 %N
variation with supply voltage
Input
Ry Input res:stance 15 20 25 th 20 25 ki
2 Srallest detectable input voltage® I=1C9mA. f=1g 22 25 20 25 Ve
targest na-output input voltage? I =100mA, =1 10 15 19 3 Y rms
Greatest simuitaneous out-hand -6 +6 dB
signal-to-n-band signal rato
Mmimum input signal to wide-band Br=140kHz £ -6 dB
noise ratio
Qutput
Fastast on-off cycling rate faf20 for20
*1" output leakage current Vo= 18Y 0.21 25 oM 25 pA
" output voliage 1, =30mA 02 0.4 02 04 v
{1 =100mA 0.6 1.0 C.& 1.0 N
[ Output fall time? Ry =502 30 30 ns
R Cutput rise time Ry =501; 150 150 ns
General
Vee | Operating voltage range 475 9.0 | 475 9.0 v
Supply current quiescent [ 8 7 Hl mA
Supply current—actvated R =20kis Al 13 12 Ha ma
ipn Cuigscent power gissipation kR 35 my
NOTES:

i, Frequency determining resistor R, should be betwsen 2 and 20k

2. Applicable over 4.75V to 5.75Y See graphs for more detailed information.

3. Pin8 1o Pin T feedback R netwark selacted ta eliminate pulsing turing turn-on and tum-off.
4. With R>=130kL2 from Pin 1 0 V+. See Figura 1.
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued}

Center Frequency
Center Frequency Temperature / R
Coatfient $hift With Supply Typical Bandwidth Variation
{Mean and SB) Voltage Change vs Temperoture
Operating Freguency
o100 T
- -]
i = e 10 152 14
| I S b ] T1z
¢ 128
E ~ - et o8 j o T
- 19
: N o7 7] & e .
& _150 . ar, s 7 ® s
3 Dsl |75 v %% |73 !
g N ° ; / z 5
E 0t 7 B S ———
S 3 g = s
o at=¢Cro7dC / s ]__ |
0z 2
é ~300 2.5 ;
01
44 50 S5 &b &5 78 . L " BANLWRDTH AT 25°C
SUPPLY YOLTAGE —— v 12 346 16 20 40 WD 75 T 75 125
CENTER FREGUENCY — kHz TEMPERATURE -

CESIGN FORMULAS
1

fo 11R, C.

BwW 1070

v,
e n % of f.

Y, 200mYayg

‘Where
Vi=input voitags (Vrus]
Ca=Low-pass fiter capacitor (iuf)

PHASE-LOCKED LOOP TERMINOLOGY CENTER
FREQUENCY (fo)

The free-running frequency of the current controled osecillator {CCO)
in the absence of an input signal.

Detection Bandwidth (BW)

The freguency range, centered about fo, wthin which an input signal
above the threshoid vortage {typically 2dmVgy ) will cause a logicat
2ero stade on e output. The detecton bandwicth corresponds to
the loop capture range.

Lock Range
The {argest frequency range within which an input signai above the
threshold voitage wil hold a logical zero state on the aulput.

Datection Band Skew

A measure of how wall the detecton band is centered about the
center frequency. fn. The skew i3 defined as {fypaxHiun-2fc¥2in
where fmax and fmin ara the frequencies corresponding to the
edges of the detection band. The skew can be reduced to zero
necassary by means of an optional centering adjustmant.

OPERATING INSTRUCTIONS

Fgure 1 shows a typical connection diagzam for the 557. For most

appications, the fellewing three-step pracedure will be sufficient for

choosing the external components Ry, Cy, Cz and Cs.

t. SelectR! and Ct for the desired center frequency. For best
emperaiure stability. R should be between 2K and 20K ohm,
and the combined temperature coefficiant of the R1C1 product
shouid have sufficient stability over the projected temperature
range 1o mee! the necessary requirements.

2. Select the low-pass capacitor, Ca, by refernng o the Bandwicth
versus Input S.gna’ Ampitude graph. If the input amplitude
Vagaton 15 known, the appropriate value of fg - C» necessary to
give the desired bandwidth may be found. Convarsely, an area of
operabon may be selected on this graph and the input level and
£2 may be adjusted accordingly. For example, constant
bandwidth operaton requires that input ampltude be above
200mVYrags. The bandwidth, as noted on the graph, is then
controked solely by the f - Ca product {f5 {Hz), C2{uF3i.
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TYPICAL RESFONSE

MPUT

OUTPUT

NOTE:
RL= 004

Response ta¢ 100mVgygs Tone Burst

OUTPUT

INPUT

NOTES:
SN 2 -80B

Py = 1GCL
Nose Bandwicth = 18]z

Response to $ame Input Tone Burst
With Wideband Noise

3. The value of C3 i3 generally non-critical. C1 sets the band edge
of 2 low-pass filer which attenuates frequencies outside the
detection band to elim:nate spurious cutpuats. 1§ C3 is foo small,
fraquencies just outside the detection band will gwitch the output
stage on and off at the beat frequency, o the output may puise
on and off during the turn-on transient. If C3 is toa larga. turn-on
and tun-off of the

+H +

wPUTo—3— 5 RL
Jr s
1
1Ry
o " R,
; f 2
AV avy 7 S\

LOW _L QUTPYT
ASS, - FILTER

= = FILTE]

saturates: s codector voltage Leing less than 1.0 volt (typicadty
0.8Y? arfu cutput current {100mA). The voltage at Pu 2 15 the
phase cetector output which is a linear function of frequency over
the rarge 5f 1 95 10 1.05 1o with a slope of about 20mY per percent
of frequency dewiation. The average voltage at Pin 1is, during iotk,
a function of the in-band input ampitude in accordance with the
transfer chasactensbic given. Pin 5 is the contreiled oscillator square
wave output of magnitude (+V -2Vpelka(+V-1.4V} having a DC
average of »Vi2 A 1kiz toad may be driven from pin 5. Pin 6 s an
expenentia; tiang'e of 1Vp.c with an average DC level of /2. Onty
kigh impedance loads may be

| | |

SdmPJT
f

TN 2 i T v
7o 149 3w
___|_|—I—l=\u—°‘r|__ L P AW

| | VCE {sn}a <10

YT
VOUTAcE

Figure . Typical Output Response

Figure 1.

output stage will be delayed until the voitage on £y passes the
threshold voitage. (Such delay may be desirabie to avoid sputicus
outputs due to transient frequencies.) A typicad minimum valua for
C3 B3 2C2.

4 Opticnal resistor A2 sets the threshold far the largest "no output’
mput voltage. A value of 130%z is used 1o assure the tested kmit
of $0mVrus mm. This resistor can be referenced to ground for
sncreased sensitivty. The explanation can e found o the
“optonal controls” section which follows.

AVAILABLE OUTPUTS (Figure 1)
The primary output is the uncomm:ttad output transistor collector,
Pin 8. Whan an in-band :input signal is present, this Transistar
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DECREASE INLREASE
SENSITIVITY SENSITIVITY

DECREASE
SENEITIVITY

INCREASE

&67 1 r-IVW-P
63k
SENSITIVITY

T e %
kl Ac
.0k

SILICON
DIOBER FOR
TEMPERATURE
LOMPENSATION
TOPTIOMALY

Figure 3. Senshivity Adjust

connectad to pin 6 without afecting the CCO duty cyele or
temperature stability.

OPERATING PRECAUTIONS
A br ef sevew of the following precautions w:d help the user achieve
the hugh Jevei of perdformance of which the 557 is capable.

1. Operation in the high input level mode (above 200mVy wi’ free
the usar from bandwidth variations due to thanges n the in-band
signal ampitude. The input

stage is now limiting, however, so that out-band signais or high
noise favels can cause an apparent bandwidth reduction as the
phand signal is suppressed. Also, the limiting action wilt create
mrband components from sub-harmonic signals, so the 557
becomes sensitiva to signals at fin'3. fr5. elc.

ra

. The 567 will lock onto signais near (2n+1;1n, and will give an
output for signals near {4n+1) fo where n=C. 1. 2, efc. Thus,
signals at 5fg and $g can cause an unwanted output. If such
signals are anticipated, they shouid be attenuated before
reachmg the 567 mput.

3. Maxmum immunity from noise and out-tand signals is afforded

in the iow input level {helow 200mVgys) and reduced bandwidth

operating moda. However, decreased kop damping causes the
worst-case lock-up time to increass, as shown by the Greatest

Number of Cycles Before Ouiput vs Bandwdth gragh.

3. Que to lhe high switching speeds (20ns) associated with 567
operation. ¢are should be taken in lead routng Lead lengths
should be kept to @ mimmum. The power supply should be
adequately bypassed ciose 1o the 557 with a 0.0 tuF or greater
capacitor; grounding paths should be carefully chosen to avoid
ground :0ops and unwanted voltage variations. Anather factor
which must e cons:dered is the efect of lcad energization on
the power supply. For example, an incandescent lamp lypicaily
draws 10 times rated cusment at turn-on. This tan be somewhat
grealer when the outpit stage is made [ess sansitve, rejection of
therd harmonies arin-band harmonics (of ‘ower freguency
signals) is also mproved.

cause supply voitage fluctuations which could, for example. skt the
detect on band of narrow-band systems suflicently to cause
momentary ‘oss oftock The result is a ‘ow-frequency cscilation into
and out of lock. Such eflects can be prevented by supplying heavy
ipad cur-ents from a separate supply or increasing the supply fiher
capacitor.

SPEED OF OPERATION

Mnimum lock-up time is related t¢ the natyral frequency of the icep.
The kower it 18, the ionger becomes the tum-on transient. Thus,
max:mum operating speed ;s obtaned when Cx is at a minimum.
‘When the signal is first applied, the phase may be such as to initially
drive the controlled escillator away from the incoming frequency
rather than toward . Under this condn:on. which is of course
unpredictable, the lack-up frans@ent is at ifs worst and the theoretical
minimum loch-up time is net achievable. We must simply watt for the
transient to die out.

The following expressions give the values of Co and Cs which allow
highest operating speeds for various band center frequencies. The
memum rate at which digital information may be detacted without
information loss due ta the turn-on transient or output chatter is
about 10 cycles per bit. corresponding to an information transier rate
of 110 baud

Vs v+
R Ry
sq7 14 g7 8
1
cf Ry
Fooy M
3 4
< 0k
:—.I.-_ > Ra
'OPTIONAL - PERMITS el
LOWER VALUE OF Cp

Figure 4, Chatter Prevention

¥+

Hwas

567 2 867 2
-~ €2 ~.SR
C2
LOWERS foJ: RAISES 1oy
v+
) LOWERS 1o
Ra
567 t—I‘\N\r> ;]
i 25k
o
RAISES 1 Re  RAISES fg
10k
SILICON
DICDES FOR
TEMPERATURE
COUPENSATION
{

Figure 5. Skew Adjust




Fhiips Semiconduciors Linear Products

71

Product specification

Tone decodet/phase-locked loop

NE/SESE7

[
1

C, =
3

In cases where tum-cff tme can Le sacrficed o achieve fast
turn-on. the optiona: sensitrvity adjustmernt circutt can be used o
move tha quiescent C; veltage lawer (cioser 10 the thrashold
valtage). However, sensitvity to beat frequencies, ncise and
extraneaus signals w# be increased.

OPTIONAL CONTROLS {Figure 3

The 587 has been designed so that, for nast applications, no
extemna adjustments are required, Certain appheations, howeaver,
il be graatly faciitated if full advantage is taken of the added

contral possibilities available through the use of addi:onal externat

components. In the diagrams given, typical

values are suggested wherg apphcable. For best results the
resistors used, except where noted. showrd have the same
termperature coaficent. ldeady, siicon diodss would be

low-resistivity types. such as forward-biased transistor base-emitter
junctions. However. crdinary low-valtage diodes should be adequate

for most applications.

SENSITIVITY ADJUSTMENT (Figure 3)

When operated as a very nar-ow-band detector {less than 8
percent;, both Ca and C4 are made quite ‘arge m order io imprave
noise and out-band signa! rejection_ This will ingvitably slow the
response tme. If, however. the output stage 5 blased closer to the
threshoid ievel, the tum-on time can be

improved. This is accomplished by draw:ng additional current to
terminat 1 Under this conditon, the 567 will also give an cutpw for
lowertevel signas (1ImY or lower),

By adding current to terminal 1, the outpul stage is biased further
away from the threshold voltage. Tius is mest useful when. to obtain
max:-mum aperatng speed. C; and Cy are made very small.
Normally, frequencies just ouside the detection band could cause
faise outputs under this condition. By desensiizing the output stage,
the out-bard beat notes do not feed threugh to the cutput stage.
Since the inpul level must

5 Ik 1k | 18] 25k 3.2k ]) 28R
§” / vz
duo [V Y AA w
w LU IAL A L7
s VIV 7=
ST A 7 ’y_
im!///%// B

i R

B2 4 B ] 0w 1z 18

DETECTION BAND — % OF Iy

(3
Ra
PINZ o .¢ RB
58T RER”
AR =
A Ry Rg

’|NC2

COMPENBATICN

NOTE.

I 1R R _ﬁ 1 oK ]

!0 R C: "O R
Azt 2ortrsi for symimetry of Zetection banc edpes
E1 N4 Y

Figure 6. BW Reduction

s

RL
[]

UNLATCH
v
\’f_‘i
R
467 8
UKLATCH
4
,  Rr
T
ey

NCTE:
C a4 prevarts | aich-ap when Dower s.poly is temwed on

Figura 7. Output Latching
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L293D
QUADRUPLE HALF-H BRIVER

S_3ELISA_ ZEPTENEER ‘208 _ SEV-SI0 WAY 1520
e ———)

® 500-mA Cutput Current Capability Per
Driver

#* Pulsed Current 1.2-A Per Driver

+ Qutput Clamyp Diodes for Inductive
Transient Suppression

* Wide Supply Voltage Range
45Viol6V

Separate Input-Lagic Supply

Thermal Shutdown

Internal ESD Protection
High-Noiselmmunity Inputs

Functional Replacement for $GS L293D

* & & & »

description

The 293D is a quadrupie high-current haif-H
driver desgned ta pravide bidrectional drve
currents of up to 600-mA at voltages from 4.5V to
36V, ltis designed to drive inductive loads such as
relays, solenoids, de and bipoiar stepping motors,
as well as ather high-current/high-veltage foads in
pasitive-supply apphcations

Al wnputs are TTL-compatible. Each output is a
compiete ratem-poie drive ¢ -cuitwith a Daringian
transistor sink and a pseudo-Daringtor source.
Drivers are enabled in pairs with drivers 1 and 2
enabled by 1,2EN and drivers 3 and 4 enalled by
3.4EN. When an enable input = high, the
associated drivers are enabted, and thair sutputs
are active and in phase wth ther mputs. Externai
high-spesd output clamp diodes should be used
for inductive transient suppression. When the
enable input is low those drivers are disabzed. and
their outputs are off and in a high-impedance
state. With the proper data inputs, each par of
drivers faorm a fuill-H (or bridge) reversible drive
suitable for solencid or motor applications.

AV q terminal. separate fram Voo, is provided
for the iogic inputs 1o m:nimize device power
dissipation.

The L2530 is des:gned far operaticn from O“C
to 70-C.

HE PACKAGE
{TOP VIEW)
vaengs 7 el vees
1a[] 2 2] <A
1[5 ey
HEAT SINK AND I [ ¢ 12]] 1, HEAT SINK AND
GROUNS \ [}s 2] S SROUND
v [js i) 2y
24007 fl2a
Ve [ 8 5[] 242N
logic symbolt
" = 2 3
v 1Y
PSR ) o
. N = .
P g ol )
10
- b
# 9 —En M D
34EN —4
TS v 14 Y
A

T 7hig symua i accordance witn ANSINEEE S1d 91-1334
arc [EC Aublicaticn 517-12.

togic diagram

FUMCTION TABLE
teach driver)

INPUTST GUTPUT

A EN Y

2l H H

L H L

X L hd

H = high-evel, L = low leve:,

£ = Iredevart. 2 = bigh-impedarce (offi

tin me thermnl ahudown mode, the
outpis is in the high-imoadance stots
rezardiess of the noul aveks.

PRODUCTON DATA hriermaties |5 comesl a3 O publicallen daw,
Progacts conkorm lo speoicaion ped e tarms of Texas instruments
SN W RRY s nel
s Byl 3N pardneier s,

Copyrighs £ 189S, Texas nsruments roopermes

INSTRUMENTS

BOIT OFFIDE £0X 555202 # DALLAS TEXAT TE2EE 3-1
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L293D
QUADRUPLE HALF-H DRIVER

3.23108A - TEPTEMBER * 38 - 22V.5S0 MavY "ol
I

schematics of inputs and outputs

EGUHVALENT OF EACH IMPUT TYPICAL OF ALL OUTPUTS
- T 1+ veoz
Voot ’ - e !
Current : o A
Source ./ ¥ 1 . ’ l
: ¥
¢ e Il
PR ‘WW l
.
GHD — o } .,
hV.REnE i j S GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Logic supgly voitage range. Yo iseeNote 10 0 e 38Y
Outputsupplyvoétagerange Vadr~sLac sz / T VoSt msfe]l . L e 3BY
Input voltage range, V) N Pl A, AR 0N . A W A"
Qutput voltage range. Vo e —3Vt0VCCQ+3V
Peakoutputcurremfnonrepetm.e t 105;13] Y. gocis W (Ve 4F 12¢02¢] . Q. .7  El2A
Continuous output cutent, I . 1. NP7/ o . \\Je . = e .. tB00DMA
Continuous total dissipation at (or Le ow} 24 C free air ren‘peramre (see Notes 2 and 31 ceee.. 2075 mW
Continuous total dissipation at B0 C ¢ase temperature {see Note 3} ... ... ... ... ... .. 5000 mW
Operating case or virtwal junction temperature range, Ty ... . oo —40°C 10 15C°C
Storage temperature range, Tg e —BEC 10 160°C
Lead temperature tGmm(1.'150mch)!mmcaseforEDseconds SN S | L. e AR . (0 o Y

NOTES: 1. Al vohage values are wih resoect 0 the network ground termens,
2. For operation alxove 25°C free-air temperatura, derats lineary at the rate of 16.6 miN~C.
3 Foroperstionabove 25°C ease terparature, derate Lready aithergte of 71 4 pyiC. Dueto veriations inindividusd device electical
characteristics ard thermal resistante, the puiit-an therral oyerinad praiection may be aclivated at power leve s siightly above or
below the rased dissipalon.

recommended operating conditions

MIN MAX | UNIT
Logic supply volage, oy 4.5 7 Y
Ouitpiit supply votage. Ve Veg: B/ W
High-lever input voltage. /[y hviel LA f 23 Vo "
Yoo El v 23 7
Low-ievel nput voltage, _gat 15 W
Operating free-air temperature. Ty 0 70 “C

T The aigebraic tonventicn. ir which tha lzast pasitive imos: negative) value fs designated minirum. is used :n ths data sheet for Jogic voltage
eyels,

. AR

b TEXAS

INSTRUMENTS

Ea BGET HEEOE RIN BISHY ¥ SALLAS TEXAD TI2N
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L2930
TLRIINEA - GEFTIMIER 168 - R EL WAV 10
L AN
electrical characteristics, Vo1 =8V Ve =24V, Ty 225-C
PARAMETER TEST CONDITIONS Min TYP MAX | UNIT
YR Hign-heye’ ouiout valiage = =-08 4 Yope-tE Yoen-td y
AL Liva- gvel output vol:age lgL=54 12 14 W
Voke  igndeve Ut ¢ ans v tage g =-2.6 % Yeg2-13 o
VoKL Low-evel output clamp voliags oK =—0.f & 1.3 i
A 2.2 100
| righ-leve input current - Ve=TFN A
H o g =N 12 z9| ©
I Low-sevel mpuUt curen - Viem =2 i A
1 - [ad 14 1= 14 A
e e EN ’ =

Ad outputs at bigh level 13

lpcy Logic supply cument in=0 21 outputs at low ievel 35 60| ma
3

14

Zif oLtputs gt hgh -mpedance )
Al outputs et high ewel 24

lzenr Cwtgut suazy current lo=0 Al outpLts et iow level 2 Bl ma
&1 outputs at figh smpadance 2 4

switching characteristics. Yec1=5V. Ve =24 V. Ty = 26°C

PARAMETER TEST CONDITIONS MIHN  TYP MAX| UNIT
1o~ Prosagation delay e, low-to-hign-lave ouiputfion A insut ac0 ns
= Praoagasion delay tnve, high-to- owe-leve oultodt from A ikl 400 ne

- ey — 1 =30 pF  See Figure t
iy Transition time. iow-to-Figh- evel oLipa 300 ns
trHL  Transtien time Righ-1o-low- evel output 300 ns

PARAMETER MEASUREMENT INFORMATION

X ¢ 0o
0% | | W% ¥
Input 5V 24V gt 15V | : 15v
Vet Vecs
Pulse
Generator  |-#-1 A
(see Nate A}
¥l & Output
............... o O =30 pF I
3v EN e e
i Chitput
GHD 3 {see Note B) I |
= & 3 = —r—— vou
hew tr oty
TEST CIRCUIT

VOLTAGE WAVEFORMS

NCTES. A The puse generatar Ras the ‘clowing charactenstics: te= 10 rs. tpx 10ng, Ly =10 s PRR = SkHI Zn =50 02
B. C{ inciudes probe and jig capaciance

Figure 1. Test Circult and Voltage Waveforms

*5’ TEXAS
INSTRUMENTS

S0LT GFFICE 805 25700 ® LALLAS “EXAS TERES o]
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Features
Compatible with MCS-51™ Producis

8K Bytes of In-System Reprogrammable Flash Memory
Endurance: 1.000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Y

Three-level Program Memory Lock
256 x B-bit Internal RAL

32 Programmabie /O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources .
Programmable Serlal Channel 8- bn

Low-power ldie and Power-down Modes .
o Microcontrolier
Description with 8K Bytes

The AT89CS2 is a fow-power. high-performance CMOS 8-bit micracomputer with 8K
bytes of Flash pragrammable and erasable read only memery (PEROM). The device | Flash
is mantufactured using Atmel's high-density nenvolatile memery technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memaory o be reprogrammed in-systen or by a

conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU AT89052
with Flash on a monalithic chip, the Atmel ATBICS2 is a powerful microcomputer
which provides a highly-fiexible and cost-effective solution to many embedded control

LR A R I )

applications.,
. . o
Pin Configurations o
PQFPTQFP mmsd wpvee
A T2 P ¥ {1 PH8 ADS)
= 5D mzds » fro.aon
2B 35%5 P 7 [1P0.3 402
wmas g EC g & PlLALLS s Moy iaon
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