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ltem Spec
FrequencyKHz 40

Sound pressure
level dB

Sensitivity dB  -64 <
Diameter 16.2
Height | 12.2
Interval | 10.0

115<

Size
mm

45

Lead wire
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Caze
Rezonator
Metal plate

Fiezoelectric
ceramic
Lead wire

Elasticity
material
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V=331/5+./6 * T

[0 m/sec
-10 3255
0 331.5
10 337.5
20 343.5
30 349.5
40 355.5
50 361.5
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LCD.

2116

- LCD
LCD . 5
1/O
- VSS 1
ot - VCC 2
- VEE 3
I RS 4
I R/W 5
I E 6
1/O DBO 7
1/O DB1 8
1/O DB2 9
1/O DB3 1(
1/O DB4 1]
/O DB5 17
/O DB6 13
1/O DB7 14
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Chip type . ATmega32L
Program type . Application
Clock frequency : 4.000000 MHz
Memory model : Small

External SRAM size : 0
Data Stack size :512

*****************************************************/

#include <mega32.h>
#include <delay.h>
#define TRIG PORTB.3

/IAlphanumeric LCD Module functions

void convertorl void ;

unsigned int Ill,count;
unsigned int DIG[5];
bit test=1;

YA



#asm

equ _ lcd port=0x1B ;PORTA
#endasm

#include <lcd.h>

ISR

11

/IExternal interruptO service routine
interrupt [EXT _INTO] void ext_intO_isr void
¥

1 ++

if 111==5 {TIMSK=0x00;GICR=0x0;test=0;111=0};
}

/ITimer 1 overflow interrupt service routine

interrupt [TIM1_OVF] void timerl_ovf_isr void
{
TCNT1H=0xFF;

TCNT1L=0xFD;

\A

RECIEVER



count;++

}

void mainvoid

{

DIG[0]=0;

DIG[1]=0; Melec.ir
DIG[2]=0;

DIG[3]=0;

DIG[4]=0;

PORTA=0x00;
DDRA=0x00:;

PORTB=0x08;
DDRB=0x08:

PORTC=0x00:;
DDRC=0x00:;

COUNT



PORTD=0x00;
DDRD=0x00:;

TCCRO0=0x00:
TCNTO=0x00:;
OCRO0=0x00;

TCCR1A=0x00;
TCCR1B=0x01,
TCNT1H=0x00;
TCNT1L=0xFD;
ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

ASSR=0x00;
TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

/IExternal Interrupts initialization

GICR|=0x40;
MCUCR=0x02;
MCUCSR=0x00;
GIFR=0x40;

"



/ITimers/Counter(s Interrupts initialization

TIMSK=0x04:
ACSR=0x80:
SFIOR=0x00:;

//LCD module initialization

lcd_init 16 ;

/IGlobal enable interrupts

#asm"sei "

: FASELEH

lcd_putchar('F ;
lcd_putchar(CA’ ;
lcd_putchar('S’ ;
lcd_putchar(E’ ;
lcd_putchar(’L’ ;
lcd_putchar(E’ ;
lcd_putchar('H’ ;
lcd_putchar ' ;

while 1

{

vy



{. TRANSMITTER . TREG

TRIG=1;
TIMSK=0x04:
GICR=0x40:;

200

delay us 200 ;
TRIG=0;

TEST

TEST1

while test

{
if count>=1000 {test=0;TIMSK=0x00;count=0;}

}
TIMSK=0x00:;

GICR=0x0:;
test=1;

ry



COUNT 5

count=(count/2* 4;
count= count*2.4;

LCD

convertorl
DDRA.3=1;
[11=0;
count=0;

delay_ms 200
|3

re

200



void convertorl void

{

chari;
DIG[3]= " ;

DIG[0]=count/1000;

DIG[1]=(count- DIG[0]*1000/ 100;
DIG[2]=(count- 1000*DIGJ[0] - 100*DIG[1]/ 10;
DIG[4]=(count- 1000*DIG[0] - 100*DIG[1] - DIG[2]*10

lcd_gotoxy 0,1 ;

for i=0;i<5;i++

{

if i==3 Icd_putchar DIG[i] ;

If 1!1=3 lcd_putchar DIG[i]+48 ;
}

L)
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SGS-THOMSON
MICROELECTRONICS

HCC/HCF4049UB
HCC/HCF4050B

HEX BUFFER/CONVERTERS

4049UB INVERTING TYPE
4050B NON-INVERTING TYPE

= HIGH SINK CURRENT FOR DRIVING 2 TTL
LOADS

= HIGH-TO-LOWLEVEL LOGIC CONVERSION

« QUIESCENT CURRENT SPECIHED TO 20V
FORHCC DEVICE

= HIGH "SINK" AND "SOURCE" CURRENT CA-
PABILITY

= 5V, 10V AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100 nA AT 18V AND 25°C
FORHCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

« MEETSALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B”
SERIES CMOS DEVICES”

DESCRIPTION

The HCC4049UB/4050B (extended temperature
range) and the HCF4049UB/4050B (intermediate
temperature range) are monolithic integrated cir-
cuits available in 16-lead dual in-line plastic or ce-
ramic package and plastic micro package.

The HCC/HCF4049UB/4050B are invering and
non-inverting hex buffers, respectively, and feature
logic-level conversion using only one supply voltage
(Vpp). The input-signal high level (\V4) can exceed
the Voo supply voltage when these devices are used
for logic level conversions. These devices are in-
tended for use as COS/MOS to DTL/TTL converters
and can dnve directly two DTL/TTL loads (Vpp =5V,
VoL =04V, andloL =3.2mA).

f.

i

(Plasfic Package {Ceramic Frit Seal Package)

- &

(Micro F'a{:kcage (Plastic Chlp Carrier)
ORDERCODES :
HCCA0XXBF HCF40XXBM1
HCFA0XXBEY  HCF40XXBCH

PIN CONNECTIONS

vop 1 6 Ne
[ :[j 8 L
4049UB ‘ol .
rink 4[] " ne
CI| w KeE
-2 .[2}‘ %]u e
e 1 Jro 428
wsof] [s ©
o 11 i e
b= :[ﬁ &JI’ LaF
40508 » o I
HaB 4# @[]u ue
B 5 12 n-£
1=C @ —‘_23 I &
c 1 ﬁ]ﬂ“-l
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HCC/HCF4049UB/4050B

SCHEMATIC DIAGRAMS (1 of 6 identical units)

4049UB

Yoo

—
=lp o]
L g L JL
Vi Vo
—
3" N
swrs  meSS
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vpo* | Supply Voltage :HCC Types —05to+ 20 W
HCF Types —05to+18 W
Wi Input Voltage —05t0Vpp +05 W
I DC Input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mWwW
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mw
Ton Operating Temperature : HCC Types - 5510+ 125 °C
HCF Types —40 to + 85 “C
Teeg Storage Temperature — 65 to + 150 “C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a siress
rating only and funclional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for external periods may affect device

reliability.
* Allvoltage values are referred to Vas pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage -HCC Types 3to18 W
HCF Types 3to15 W
W) Input Voltage 0 to Voo A
Too Operating Temperature : HCC Types - 5510+ 125 °C
HCF Types —40 to + 85 “C

f




Typical Output High (source) Current Charac-
teristics.
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Typical Power Dissipation per Buffer/Inverter vs.
Frequency.
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Typical Power Dissipation vs. Input Transition Time
per Inverter for 4050B.
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Minimum Output High (source) Current Charac-
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Typical Power Dissipation vs. Input Transition Time
per Inverter for 4049UEB.
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Logic-Level Conversion Application.

COS/MOS 10V LEVEL to DTL/TTL 5Y LEVEL
-
COS/MOS OUTPUT to
) INPUT HCCFHCF DTLITTL
40494 INPUTS
10V=Vyy Eﬁ?ﬂ
_I_I_G-‘l’"_ .L MQ—LLJ_
INPUT PIN- 3,578 orlé
QUTPUT PIN - 2, 4,810 120r 15
v -
¥SS  Pmod S0z
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DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
ail 0.51 0.020
B 077 1.65 0.030 0.065
b 0.5 0.020
b1 025 0.010
D 20 0.7&87
E 85 0.335
e 254 0.100
el 17.78 0.700
F 7.1 0.280
I 5.1 0.201
L 3.3 0.130
Z 127 0.050
]
) —_
—
- bl il
1-
E .
y
(19
‘ POD1IC




DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 20 0.787
B 7 0.276
D 33 0.130
E 0.38 0.015
ed 17.78 0.700
F 229 2.79 0.050 0.110
G 04 0.55 0.015 0.022
H 1.17 1.52 0.045 0.050
L 0.22 0.31 0.009 0.012
| 0.51 1.27 0.020 0.050
M 10.3 0.406
F 7.8 8.05 0.307 0.317
Q 5.08 0.200
P -
M

FF

FO53D




DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.75 0.068
al 0.1 0.2 0.004 0.007
a2 1.65 0.064
b 0.35 0.46 0.013 0.018
b1 0.19 0.25 0.007 0.010
C 0.5 0.015
c 45 {typ.)
D 9.8 10 0.385 0.393
E 58 6.2 0.228 0.244
e 1.27 0.050
el 5.89 0.350
F 38 4.0 0.149 0.157
G 4.6 5.3 0.181 0.208
L 0.5 1.27 0.019 0.050
M 0.62 0.024
S 8% (man.)

fo
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DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX,
A 9.78 10.03 0.385 0.395
B B8.89 904 0.350 0.356
D 42 4 57 0.165 0.180
d1 254 0.100
d2 0.56 0.022
E 737 8.38 0.250 0.330
e 127 0.050
e3 5.08 0.200
F 0.38 0.015
0.101 0.004
M 127 0.050
M1 1.14 0.045
o _ “
.
= O o i
| T
[ : < *
H
ul
)
) d |
G (Seatng Plane Coplanaity D
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MOTOROLA MC14077B — See Page 6-160
SEMICONDUCTOR TECHNICAL DATA MC140788, MC140818, MC140828 —

See Page 6-5

MC14093B

Quad 2-Input “NAND”

- -
L SUFFIX
Schmitt Trigger L SUFFIX
The MC140938 Schmitt trigger is constructed with MOS P—channel and CASE 632
N—channel enhancement mode devices in a single monolithic structure.
These devices find primary use where low power dissipation and/or high
noise immunity is desired. The MC14093B may be used in place of the P SUFFIX
MC14011B quad 2—input NAND gate for enhanced noise immunity or to g,n.ljs&lggfﬁ

"square up” slowly changing waveforms.
« Supply Voltage Range = 3.0 Vdc to 18 Vdc
« Capable of Driving Two Low—Power TTL Loads or One Low—Power

Schottky TTL Load Over the Rated Temperature Range ﬁ D ggrg X
« Triple Diode Protection on All Inputs N CASE 751A

+ Pin—for—Pin Compatible with CD4093

+« (Can be Used to Replace MC14011B ORDERING INFORMATION

+ Independent Schmitt—Trigger at each Input MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC

MAXIMUM RATINGS™ (Voltages Referenced to Vgg)

Ta =—55to 125°C for all pack .
Symbol Parameter Value Unit A © or sl packages
Voo | DC Supply Veltage —05t0+180 v
Vi, Vout | Input or Output Voltage (DC or Transient) |-05toVpp+05)| V LOGIC DIAGRAM
lin. lout | Input or Output Current (OC or Transient), +10 mA
er Fin | — 2
p D
Po Power Dissipation, per Packaget 500 mW
Tstg | Storage Temperature —-E510+ 150 “C E :@)_ 4
TL Lead Temperature (8-Second Soldering) 260 *C
* Maximum Ratings are those values beyond which damage to the device may oceur. B — an 10
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 12 _@)—
13—
EQUIVALENT CIRCUIT SCHEMATIC Vpp = PIN 14
(1/4 OF CIRCUIT SHOWN) Vgg=PINT

.
o

This device contains protection circuitry to guard against damage
due to high static voltages or electric fields. However, precautions must
be taken to avoid applications of any voltage higher than maximum rated
voltages to this high-impedance circuit. For proper operation, Vi and
Vgut should be constrained to the range Vgg = (Vi or Vgut) =Vop-

Unused inputs must always be tied to an appropriate logic voltage
level (e.q., either Vg or Vpp). Unused outputs must be left open.

fA



SWITCHING CHARACTERISTICS (CL =50 pF, Ty

= 25°C)

VDD
Characteristic Symbol Vdc Min Typ # Max Unit
Cutput Rise Time tTLH 5.0 — 100 200 ns
10 — 50 100
15 — 40 a0
Cutput Fall Time tTHL 50 — 100 200 ns
10 — 50 100
15 — 40 an
Propagation Delay Time tPLH. tPHL 50 — 125 250 ns
10 — 50 100
15 — 40 a0

#Data labeled “Typ" is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

o OUTPUT

re— 20 N5

K ki
¥

— Vg
PLH
;.—var
]

Figure 1. Switching Time Test Circuit and Waveforms

PULSE
GENERATOR INEUT c
¥ n — — —
P2 >~
1 | 1 Y35
— | I'r'lD D
Vout

Vss

(a) Schmitt Triggers will square up
inputs with slow rise and fall times.

vy

.t
‘in T

Vout

(b) A Schmitt trigger offers maximum
noise immunity in gate applications.

Figure 2. Typical Schmitt Trigger Applications
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loH, DRAIN CURRENT (maAdc)

E (Vdc)

=
a

OUTPUT VOLTAL

i

Vout

oL
Vi g .
= Vout 58 Vout
All unused inputs All unused inputs
connected to ground. Voo connected to ground. =
(o De
0 10 T
s 3 o/l s v
. Vs =50 Ve J o ~ - 80 Var<—L
~20 Vgg=-50Vde g ™ T 80 7 Vg = 10 Vde
| 3 Tp=-55°C 714/ E I J7
o5 D4 = /i
g b P:*;?-C, < /// Z 60 ! .y
o [a=+150% o
A T i a Tp=-55°C
c ] V7 s 7 bTa-+25C |
—60 7 ’ V. Z 40 . T:'=+T5:-:C_
— 27/ /4
- NOC&e__| D o T AE N i o
-80 | /1/ — J / J'L,>" 5 Vde 29 - - l:-} 50V
__.—---""""'-F,'— Wl 4% .éf_ T |
-1 10 A0 J/“J /‘-:1{3 E"[I 0 I:I[I 20 40 6.0 60 10
Vs, DRAIN VOLTAGE (Vdc) Vps. DRAIN VOLTAGE (Vdc)
Figure 3. Typical Output Source Figure 4. Typical Output Sink
Characteristics Test Circuit Characteristics Test Circuit
W
‘0D 3 PIN ASSIGNMENT
INig [ 1e 14 Voo
N2 [] 2 13[1IN2p
OUTe O 3 1ZOMND
1 | QuTg [ 4 11 g ouTg
INig O 5 0 floute
| IN2g [ & 8 IN2z
I I veg [ 7 glINiC
D | | N
o "fT— 1vr_+ I"'IIDD
] Vg e

Vin, INFUT VOLTAGE (Vdc)

Figure 5. Typical Transfer Characteristics
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 632-08
ISSUEY

NOTES

DIMEMZICMING AND TOLERANCING PER ANE
Y1450, 1032,

CONTROLLING DIMENSION: INCH
DIMEMNZICH L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

DIMEMSICH F ey MARROW TO 0,78 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC
BOOY.

[

s

INCHES MILLIMETERS

SEATING
PLANE

D

AL

=
=

MM MAX MIN | MAX
0750 | 0.7a5 | 1905 | 1994

D248 | 0280 | &322

14 PL

|05 p0n@|T[AE®

0155 | 0200 [ 24 | 608
0015 | 0020 [ 036 | 040
005 | 0.085 | 140 | 165
0.100 BSC 254 BSC
oot JooisE [ 029 [ 038
o128 [oq70 [ st [ 431
0.300 BSC 182 BSC
0= | 15¢ 0c [ 15
0020 [oo0e0 [ 081 [ 101

== | == ||| |m] 2

[¢p[0.25 0010)@

ALY
14

O

LEPLIPLLY
g

— g —-

TATAT

=

TATATAT
A
F

|\ SEATING
FLAKE

F SUFFIX
PLASTIC DIP PACKAGE

CASE 646-06 NOTES
ISSUE L 1. LEADS WITHIN 0.13 {0.005) RADIUS OF TRUE

FOSITION AT SEATING PLANE AT MAIMUM

MATERIAL COMDITION,

DIMENSION L T CENTER OF LEADS WHEN

FORMED PARALLEL.

DIMENSION 5 DOZS NOT INCLUDE MOLD

FLASH.

ROUNDED CORNERS OPTIONAL

INCHES MILLIMETERS
MM | MAX | MIN | MAX
D715 1918 | 1058
0 £.80
g 488
g 0.53

0z 1.78

ra

£

.

=
=

254 B5C

Zl—zr—::ci:-nmnm_l-|
r
£
F

]
=]
n
=]
[=]
]
k&
(=]
]
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OUTLINE DIMENSIONS

E=p
SEATING
PLAME

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 7T51A-03

[

DIMENZICHING AND TOLERANCIMG FER ANEI
Y1450, 1082

CONTROLLIMNG DIMEMSION: MILLIMETER.
DIMEMNSICNS A AND B DO KOT INCLUCE
MOLD PROTRUSICN.

ISSUEF NOTES
A
HHAHAHAHAH T
14 8

PrpL

4

B &0

0.25 {0.010)

T T H e l

| | = | | 1 ¥
—-H-— D1arL K E_M \“/1&'
[4|000@[T[8 ®[AG

:LM833

db 60

ay

S

o

MAXIMUIM MOLD PROTRUSION 015 (0.00€)
FER 2I0E

DIMENSION D DOES NOT INCLUDE DAMBAR
FROTRUSION. ALLOWABLE DAMEAR
PROTRUSION SHALL BE 0.927 (0.005) TOTAL
Y EXCESE OF THE D DIMERZION AT
MAXIMUIM MATERIAL COMDATION.

MILLIMETERS INCHES
DI MIN MAX MM | MAX
A 855 B.75 | 0337 | 0.4+
B 330 400 | D150 | 0.957
c 1.35 1.75 | 0.054 | 0.063
D 0.35 0.40 | D014 | .04
F 0.40 1.25 | 0.018 | 0.049

G 1.27 BS D050 &5C
J 0.19 0.25 | 0.0%8 | 0.00d
K 0.10 0.25 | 0034 | 0.00d
7] 1+ 7% g 7°
P 5.8l 8.20 | D228 | 0.4
R 025 0.50 | 0010 | 0.019




@ MOTOROLA

Dual Low Noise,
Audio Amplifier

The LMB833 is a standard low—cost monolithic dual general-purpose
operational amplifier employing Bipolar technology with innovative
high—performance concepts for audio systems applications. With high
frequency PNP ftransistors, the LM833 offers low voltage noise
(4.5 nvi/Hz ), 15 MHz gain bandwidth product, 7.0 V/us slew rate, 0.3 mv
input offset voltage with 2.0 pv/°C temperature coefficient of input offset
voltage. The LM833 output stage exhibits no deadband crossover distortion,
large output voltage swing, excellent phase and gain margins, low open loop
high frequency output impedance and symmetrical sourcefsink AC
frequency response.

The LM833 is specified over the automotive temperature range and is
available in the plastic DIP and SO-8 packages (P and D suffixes). For an
improved performance dual/quad version, see the MC33075 family.

 Low Voltage Noise: 4.5 nviVHz

High Gain Bandwidth Product: 15 MHz
High Slew Rate: 7.0 V/us

Low Input Offset Voltage: 0.3 mV

Low T.C. of Input Offset Voltage: 2.0 pvi°C
Low Distortion: 0.002%

Excellent Frequency Stability

Dual Supply Operation

MAXIMUM RATINGS

Order this document by LM833/D

LM833

DUAL OPERATIONAL
AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-8)

PIN CONNECTIONS

Cutput 1 |I E' Voo

Rating Symbol Value Unit E :l Output 2
Supply Voltage (Ve to VEE) Vg +36 W Inputs 1
Input Differential Voltage Range (Note 1) VDR 30 W E EI
Input Voltage Range (Mote 1) VIR +15 W Ve E Z| } Inputs 2
Output Short Circuit Duration {Note 2) tge Indefinite o
Operating Ambient Temperature Range Ta —40 to +85 “C (Top View)
Operating Junction Termperature Ty +150 °C
Storage Temperature Tstg —£0to+150 | =C ORDERING INFORMATION
Maximum Power Dissipation (Notes 2 and 3) Po 500 W Operating
NOTES: 1. Either or both input voltages must not exceed the magnitude of Voo or VEE. Device Temperature Range Package
2. Power disgipation must be considered to ensure maximum junction temperature LME33N Plastic DIP
3“&3«2&3? E;zeeegf_dr;?gspﬁcgfer disgipabon perfermance characteristic). 83D TA =_AlF to +85°C 0
@ Motorola, Inc. 1996 Rev 0
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Figure 21. Inverting Amplifier
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1, TIME (2.0 ps/DIV)

Vi, QUTPUT VOLTAGE (10 m\/DIV)

Figure 22. Noninverting Amplifier Slew Rate

LTAGE (5.0W/DIv)

Ty
.

Ve, QUTPUT Vi

t, TIME (2.0 ps/DIV)

Figure 23. Noninverting Amplifier Qvershoot

Vo= 5V
1_‘IrEE =15V
RLZ20k0
CL = FF

1 TIME (200 nsiDIV)
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 62605
|]'| r"1 |ﬂ| r|'| ISSUE K
8 5 MOTES:
1. DIMENSION L T CENTER OF LEAD WHEN
D FORMED FARALLEL.
—B- 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
~ SOUARE CORNERS).
(1 4 3. DIMENSIONING AND TOLERANCING PER ANS
. lrl |.u.| |.u.| LIJ ¥14.5M, 1982
//' MILLIMETERS INCHES
F oM MIN | MAX WX
A | g4 [ 1018 70 | 0400
NOTEZ e A} B | 610 | &0
L— C | ape | 245
0| 038 [ oA
F
_ | :
C H
]
S | K
L ! L
SEATING N 7]
PLANE \ N 0.030 | 0.040

H

g«

[ @ 0130005 @[T A @[B @]
D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(S0-8)
ISSUER

MOTES:
D - "Jlﬂ-- 1. DIMENSICHING AND TOLERANCING FER ASME
Y14.5M, 1004,
rJ DIMENSICMS ARE IN MILLIMETERS

DIMENSZICM D AND E DO MOT INCLUDE MOLD
FROTAUSICN
MAXIMUM MOLD PROTRUSION 0.15 PER SIDE

[N ]

S

PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMEMSICN AT MAXIMUIM MATERIAL

CONDITION
MILLIMETERS
| oM [ BN [ max
N I
A - B oo 0%
| N | B 0| o4
— c | ol o
—
/7 PLANE I D] 480 [ 500
| - - ¥ L- E | 260 ] 200
: (010 e 127 B5C
H ©e0 | am
Al B h | 025 | 050
: — L] can| 1o
" o oy
$| 0.25 '@|U| o l:_:: .'E.\_ij 0 0= 5
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LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed 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.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM158 series can be directly

October 2005

Advantages
B Two internally compensated op amps
® Eliminates need for dual supplies

m Allows direct sensing near GND and V,,; also goes to
GND

m Compatible with all forms of logic
m Power drain suitable for battery operation

Features

B Available in 8-Bump micro SMD chip sized package,
{See AN-1112)

operated off of the standard +5V power supply voltage which ~ ® Internally frequency compensated for unity gain
is used in digital systems and will easily provide the required ® Large dc voltage gain: 100 dB
interface electronics without requiring the additional £15V  ® Wide bandwidth (unity gain): 1 MHz
power supplies. (temperature compensated)
The LM358 and LM2904 are available in a chip sized pack- ® Widﬂ_l power supply range:
age (8-Bump micro SMD) using National’s micro SMD pack- — Single supply: 3V to 32V
age technology. — or dual supplies: =1.5V to £16V
m Very low supply current drain (500 pA) —essentially
Unique Characteristics independent of supply voltage
® In the linear mode the input common-mode voltage = Low input offset voltage: 2 mV .
range includes ground and the output voltage can also = '“_F"-“ c:cu:nrn.on-mode voltage range includes ground
swing to ground, even though operated from only a m Differential input voltage range equal to the power
single power supply voltage. supply voltage
m The unity gain cross frequency is temperature ® Large output voliage swing
compensated.
® The input bias current is also temperature compensated.
Voltage Controlled Oscillator (VCO)
0.05sF
]|
A 11
100k \
Vet 112 LM358 J_I_I_|_
v / 172 LM358 p—0O OUTPUT 1
X 'z 9k
? Ei 51k A
1 100k . N\/
- ) DUTFUT 2
\1 10k
) QOFTaTZ3

ay




Typical Performance Characteristics (continued)

Voltage Follower Pulse Response
4

1 I
R = 2.0k
5= 3 L _
e W= 15 Ve
2 2 12
= / \
== n
0
< <
3
5=
E
— &
=X
= 1
=5 —
> =
0 10 20 30 40
t o= TIME {us)
DOTFETA0

Large Signal Frequency Response

20 RS
1ok 11 |||||
— +15
T
L 15
(]
2 L 4
= - = =
w 10
-
=)
s
3 \
i 3
- N
~!
0 [~
1k 10k 100k 1M

f - FREQUENCY (Hz)
ooTTBT4R

Output Characteristics Current Sinking

10 7 1
VE o= 5V ] =
-, vt o= w15V Sl
8 124
= V' = +30 Voo g
L [ |
= 1
= == =
] = vt F——H
(=] L
= } L
= Ldd
T vt /2 -
=
8 0.1 _— I Q
i i
| F Yo
i
- ]
= palrd = = =
"4 = op =
001 ,/ / T, = +25°C Ul
0.001 0.01 0.1 1 10 100

ly = DUTPUT SINK CURRENT (mép. )
OOTTETA4

OA

Voltage Follower Pulse Response (Small Signal)

500

e, = OUTPUT VOLTAGE (mV)

450

400

350

300

250

p—0 &
Bn fsonﬂ
—i— = v
| INPUT
\DL]TPUT
ny
= T, =+259C
V= 430 Ve
01 2 3 4 5 & 7 &
t = TIME {us)

ooFTETA

Output Characteristics Current Sourcing

V, - OUTPUT VOLTAGE
REFERENCED TO V* (Vye)

- DUTPUT CURRENT {mhqe)

+
Iy

8 TT
V"‘
? E
3] .'r\
Vv /20— o 3
5 -
4 J__ 6
3 R
INDEPENDENT OF V* /
7 T, = +259C
LU ’
1 -
0.001 g.01 0.1 1 10 100

90
&0
70
&0
50
40
30
20
10

1]

I = DUTPUT SOURCE CURRENT (mip.)

DOTTET43

Current Limiting

'

Q

—_—

T
“-..--.'....‘-
T—
B =

-55-35-15 5 25 45 63 85 105125

T, - TEMPERATURE (°C)
OUTTETAE



Connection Diagrams

DIP/SO Package

2
INVERTING INPUT A ==

NONANVERTING _3

Metal Can Package

INVERTING INPUT B

OUTPUT &

INVERTING
INPUT &

INPUT & NON-INVERTING
INPUT A
4 NONANVERTING
D INPUT B
QoTTEn02
Top View
8-Bump micro SMD
v+
l Az
a1 _I 3
QUTPUT & QUTPUT B
wveRTING BT | | B3 INVERTING
NPUT & INFUT B
NOM-INVERTING €1 ] ! | C3 HON-INVERTING
MFUT & INFUT B
] 2
GND
O0TTRTEE
Top View

(Bump Side Down)

(7 Youeur e

INVERTING
INPUT B

NONINVERTING
INPUT B

GND

ooFraTn

Top View

LM358BP micro SMD Marking Orientation

KT = Date Code

XTA
O

Pin &1 is identified by bower left
cornar with respect do the text.

Q07 TaTES

Top View

LM358TP micro SMD Marking Orientation

T = Dol Code

XTA
07

QOTTOTER

Top View

r
£ Pt Gomer
o

I}

LM2904IBP micro SMD Marking Orientation

KT A
04

rd
/
s
£ Pin 41 Carner
Pin A1 g identified By lowss bt

correr wilh respect to the terd.

OOTTATET

Top View

LM2904ITP micro SMD Marking Orientation

T = Durle Codie

XTA
09

i by bosets bt
coorrmat with rmaeect i the st

QUTTETER

Top View



Typical Single-Supply Applications

(V" =5.0Vpe)
Non-Inverting DC Gain (0V Output)
Wiy *

00TTETOR
*R not needed due to temperature independent Iy

DC Summing Amplifier

+Wy

100k

Where: Vg = Vy + Vo - Vg - Vy
W1+V2:}EWE+V4}“JMVB>UUDG

$o

o o| — —

Vg (VOLTS)

R2
GAIN = 1+ —
R1

= 101 (AS SHOWN)

Vi (mV)

Power Amplifier

R1
910k

A

VO = UVDC for VIN = DVDC
Ay =10




Typical Single-Supply Applications (v+ = 5.0 V) (Continued)

LED Driver Current Monitor
R1* h
0.1 —
>
o
j'_'_.aaﬁ-""f
- ra bl
Vo
R3
1k
QO7TETI4
LAY
Yo =4
*(Increase A1 for I small)
Vs -2y
Driving TTL Voltage Follower
AL 1/8 DMBAX X O Vo
240
Wiy O
00TTET1E QOTTEmT

Vo =Vin

Pulse Generator

R1
M ING14

4




Typical Single-Supply Applications (v+ = 5.0 V) (Continued)

AC Coupled Inverting Amplifier

0 Z\/\ I Vpp
Ving Vo T
AL
— 10k
Q077eT24

R
Ay = H—: {As shown, Ay = 10)

Ground Referencing a Differential Input Signal

A1

Q0T 7BTES

7Y




Typical Single-Supply Applications (v+ = 5.0 V) (Continued)

AC Coupled Non-Inverting Amplifier

A1 R2
100k M
AN~

A, = 11 (As Shown)

DC Coupled Low-Pass RC Active Filter

4
0.01uF

| L
|}

Va

OOTTBETET

fy = 1kHz
Q=1
Ay=2

pr



Physical Dimensions inches (millimeters) unless otherwise noted
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Cerd
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I
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

2T MAX
LOD5 MIN—-—-] 6. 881
i)
(0.12) 10 .
- )
LALDE. 010
[10. 4120251
) 241%EEs
_/ [er2ipdd
SUPPLIER
GFTICH
\ H v,
LEAD #1 IDENT ! !
A i '
ig'gg-g°§5] ' ' —J L—— 0172, 002 TYP
* . 1.
(2530, JEN
D50 % 007 HP—L—-I 104320031
[1.27%0,058)
o701 848
[1.7820-23]
)
] 004 [0.1]
=
045 MAX —+—] L L DOGE. 004
[1.141 [0.2%0.11
TYP SEATING PLAME

CONTROLLING DIMEMNSION 15 INCH
WALUES IN | | ARE MILLIMETERS

(R.015 TYF)
(0. 38)

o* -4 TYR

D40, 003
[1.0220.07]
TYF

W3IA [Rew T

Order Number LM158AWG/883
NS Package Number WG10A
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Physical Dimensions

0.169 0,197

inches (millimeters) unless otherwise noted (Continued)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
SYMM

b0l

|
STMN @4¢7__+_. oy
| DIMENSIONS ARE IN MILLIMETERS

' (p.31

H I _l_ DIMENSIOMS IH L | FOR REFERENCE ONLY
E]J 10.5)

g ]

0.125% . |_|W

.17
B Bglys

LAND PATTERN RECOMMENDATION

TOF S1DE COAT | NG—, 0.050

K] r_MH

%

|

/_/—UU'W’

: g O

|

+

|

0
_Q |
i

\\ /
, |
N~ — / L o.1s ;oI !
BUMP AL CORNER S Lo 4 611 e A i
gx pl-18/ 0. 5}

[ [0_005@ ¢ [4E) 66 |

(]

BPADEXKX (Rev Dy

NOTES: UNLESS OTHERWISE SPECIFIED

1. EPOXY COATING

2. 635n/37Pb EUTECTIC BUMP

3. RECOMMEND NON-SOLDER MASK DEFINED LANDING PAD.

4. PIN A1 IS ESTABLISHED BY LOWER LEFT CORNER WITH RESPECT TO TEXT ORIENTATION REMAINING PINS ARE NUMBERED
COUNTERCLOCKWISE.

5. XXX IN DRAWING NUMBER REPRESENTS PACKAGE SIZE VARIATION WHERE X, IS PACKAGE WIDTH, X, IS PACKAGE LENGTH AND Xg IS
PACKAGE HEIGHT.

6. REFERENCE JEDEC REGISTRATION MO-211, VARIATION BC.
8-Bump micro SMD
NS Package Number BPAOBAAB
X;=1285 X,=1285 X,=0.850
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R S5k |4
6 Comparator Reset
Cr *
Thresho 2
5 gvcc
“ontrol” ] R__
J/ oltage R é,__ll{ —w  Flip-
: Comparatorﬁ_g Ffp
i + _
Triggers 3 vee Q
O -
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NE555, NE555Y, SA555, SE555, SES55C
PRECISION TIMERS

SLFS022 — SEFTEMBER 1873 — REVISED FEBRUARY 1882

® Timing From Microseconds to Hours D, JG, OR P PACKAGE
® Astable or Monostable Operation (TOP VIEW)
® Adjustable Duty Cycle anoff 1 U sl Ve
® TTL-Compatible Output Can Sink or TRIG[| 2 7[ DISCH
Source up to 200 mA ouTfl 3 &[] THRES
® Functionally Interchangeable With the RESET[] 4 5[] CONT
Signetics NE555, SA555, SES55, SEB55C;
Have Same Pinout FK PACKAGE
(TOP VIEW)
SES55C FROM TI11S NOT RECOMMENDED o o
FOR NEW DESIGNS 25292
Lo P W | | - -
description NG ]43 2120 1913[ NC
These devices are precision monolithic timing TRIG[] 5 17[] DIscH
circuits capable of producing accurate time delays NC[]e 16[] NC
or oscillation. In the time-delay or monostable out]7 15[] THRES
mode of operation, the timed interval is controlled NC|]s 9 10 11 12 1314[ NC
by a single external resistor and capacitor A
network. In the astable mode of operation, the O OF O
frequency and duty cycle may be independently ZpZ5<
controlled with two external resistors and a single v ©

external capacitor. MC—-No internal connection

The threshold and trigger levels are normally two-thirds and one-third, respectively, of V. These levels can
be altered by use of the control voltage terminal. When the trigger input falls below the trigger level, the flip-flop
is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above
the threshold level, the flip-flop is reset and the output is low. RESET can override all other inputs and can be
used to initiate a new timing cycle. When RESET goes low, the flip-flop is reset and the output goes low.
Whenever the output is low, a low-impedance path is provided between DISCH and ground.

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5V 1o 15 V. With a 5-V supply, output levels are compatible with TTL inputs.

The NES55 is characterized for operation from 0°C to 70°C. The SA555 is characterized for operation from
—40°C to 85°C_ The SE555 and SE555C are characterized for operation over the full military range of —55°C

to 125°C.
AVAILABLE OPTIONS
PACKAGE
CHIP FORM
Ta VTHRES max | SMALL OUTLINE | CHIP CARRIER | CERAMICDIP | PLASTIC DIP v)
Vcc =15V (D) (FK) ) (P)

0°C to 70°C 12V NE555D NE555P
—40°C to 85°C 1.2V SAB55D SA555P NEBEEY
- 106V SE555D SEBGEFK SESE5JG SE555P

1.2V SE555CD SEGGSCFK SES55CJG SE555CP

The D package is available taped and reeled. Add the suffix R to the device type (e.g., NESSEDR).

\A




FUNCTION TABLE

RESET TRIGGER VOLTAGET | THRESHOLD VOLTAGET OUTPUT DISCHARGE SWITCH
Low Irrelevant Irrelevant Low On
High <13Vpp Irrelevant High Off
High =1EVoD =2GNVoD Low On
High =13VoD < 23VoD As previously established
T Voltage levels shown are nominal.
functional block diagram
Vcc RESET
81 cont 4
5
>R
) R1
THRES 3
R 10 out
—a—
s
TRIG
;_ _K ! DISCH

GND

RESET can averride TRIG, which can overnde THRES.
Pin numbers shown are for the D, JG, and P packages only.

vy




chip information

These chips, properly assembled, display charactenstics similar to the NES55 (see electrical table for NESS5Y)
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be
mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS ng RE{E,ET
Ve
(8)
P
x zR
HRes O R (3)
R 1pe ouT
—
18
SR
‘R
3
ILJI ) pisch
(1)
GND

CHIP THICKNESS: 15 TYPICAL

BONDING PADS: 4 > 4 MINIMUM
TJ max =150 C
TOLERANCES ARE +10%

oot bvtoro ot boroneto e boro oo by
F=
—

(™1
-

1 42 I ALL DIMENSIONS ARE IN MILS

L R R e R R L A A PIN (1) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP

vy



APPLICATION INFORMATION

monostable operation

For monostable operation, any of these timers may be connected as shown in Figure 9. If the output is low,

application of a negative-going pulse to TRIG sets the flip-flop (Q goes low), drives the output high, and tums
off Q1. Capacitor C is then charged through Ra until the voltage across the capacitor reaches the threshold
voltage of THRES input. If TRIG has returned to a high level, the output of the threshold comparator will reset
the flip-flop (Q goes high), drive the output low, and discharge C through Q1.

Ve
(5Vta 15V)

R ﬂ% = |5 8
CONT Ve
LA RESET RL
e |DiscH 3
6 ouT Output
o | THRES
Input 2 1 TRIG

GND

T 1

Pin numbers shown are for the D, JG, and P packages.

Figure 9. Circuit for Monostable Operation

Monostable operation is initiated when TRIG
voltage falls below the trigger threshold. Once
initiated, the sequence ends only if TRIG is high
at the end of the timing interval. Because of the
threshold level and saturation voltage of Q1,
the output pulse duration is approximately
ty = 1.1RAC. Figure 11 is a plot of the time
constant for various values of Ry and C. The
threshold levels and charge rates are both directly
proportional tothe supply voltage, Vo Thetiming
interval is therefore independent of the supply
voltage, so long as the supply voltage is constant
during the time interval.

Applying a negative-going trigger pulse simulta-
neously to RESET and TRIG during the timing
interval discharges C and re-initiates the cycle,
commencing on the positive edge of the reset
pulse. The output is held low as long as the reset
pulse is low. To prevent false triggering, when
RESETisnotused, itshould be connected toVe .

Voltage — 2 Widiv

ty = Output Pulse Duration - s

NN\

Yf

T 1
Ra =91k
[ CpL=0.01pF
| R =1k
See Figure 9
Input Voltage
Output Voltage
A
/ / / /|
/ / /
| Ca||}acit|0r V?Itaqe

Time — 0.1 ms/div

Figure 10. Typical Monostable Waveforms
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|
Ra=10 Ma —

Mo

10-1

102

e

S

10-3

AN

DA

7

/>/ \_ Rp =100 ke
i ) RA =10k
/‘\ N Rp=1ka
10-5 |
0.001  0.01 0.1 1 10 100

C - Capacitance — nF

Figure 11. Output Pulse Duration vs Capacitance



APPLICATION INFORMATION

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency
divider. Figure 17 illustrates a divide-by-three circuit that makes use of the fact that refriggering cannot occur

during the timing cycle.

I I I
Ve =5V
- Rp=12500
| C=0.02pF
See Figure 9

Input Voltage

Vaoltage — 2 Vidiv

Output Voltage
§ L1 B /-"" ) ,,.#""’
A LA LA LA

Cah]a[:itlor Vgltaqe

Time — 0.1 ms/div

Figure 17. Divide-By-Three Circuit Waveforms

pulse-width modulation

The operation of the timer may be modified by modulating the internal threshold and trigger voltages, which is
accomplished by applying an external voltage (or current) to CONT. Figure 18 shows a circuit for pulse-width
modulation. A continuous input pulse train triggers the monostable circuit, and a control signal modulates the
threshold voltage. Figure 19 illustrates the resulting output pulse-width modulation. While a sine-wave
modulation signal is illustrated, any wave shape could be used.

\{



APPLICATION INFORMATION

astable operation

As shown in Figure 12, adding a second resistor, Rg_to the circuit of Figure 9 and connecting the trigger input
to the threshold input causes the timer to self-trigger and run as a multivibrator. The capacitor C will charge
through Ry and Rg and then discharge through Rg only. The duty cycle may be controlled, therefore, by the
values of Ry and Rg.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
(=0.67V ) and the trigger-voltage level (=0.33#V ). As in the monostable circuit, charge and discharge
times (and therefore the frequency and duty cycle) are independent of the supply voltage.

vee I A B
(5Vto13V) | Rp=5kQ Ry =1k
- Rp =3 kQ2 See Figure 12
0.01 uF TH — C=0.15pF
Open =
R (see Note A) | 5 8 £
s CONT Ve -
——— | RESET RL 1
DISCH 3 g
6 ouTt Cutput <
Rp > THRES thy —fe—
TRIG l«— | Output Volt
GND t utput Voltage
= 1 1
¢ T = AN AN ANAN
_ VI VIV
Pin numbrs shown are for the D, JG, and P packages. Capacitor Voltage
MOTE A: Decoupling CONT woltage to ground with a | ] | ] |

capacitor may improve operation. This should be
evaluated for individual applications.

Figure 12. Circuit for Astable Operation Figure 13. Typical Astable Waveforms

Time — 0.5 msidiv
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sequential timer

APFPLICATION INFORMATION

Vce
$RA 33ka 4 8 Rg 33 kag il - 18 RC
RESET Vcc |, RESET VCC | 5 RESET  VCC
] . ouT F——e— (% 2| 0 outT o206 ouT
\) . 0.001 . 0.001
5 DISCH| ¢ uF DISCH uF DISCH
5 5 5
CONT
CONT Thres|C e CONT rhires |8 THRES
o0t GND 1| om GND 0.01 GND
T " oA | W T ' s T WF T~ T T
L & L &8 - L L
Cpa=10 uF i Cc=14.7pF
Rp = 100 k2 Qutput A Cg-A474F Output B R =100 ko Qutput C
Rg = 100 ko

S closes momentarily at t = 0.
Pin numbers shown are for the D, JG, and P packages only.

Figure 22. Sequential Timer Circuit

Many applications, such as computers, require signals for initializing conditions during start-up. Other
applications, such as test equipment, require activation of test signals in sequence. These timing circuits may
be connected to provide such sequential control. The timers may be used in various combinations of astable
or monostable circuit connections, with orwithout modulation, for extremely flexible waveform control. Figure 22
illustrates a sequencer circuit with possible applications in many systems, and Figure 23 shows the output

waveforms.
[
See Figure 22
! 1
Output A ™ twh = 1.1 RACA
— -

= tWB|
2 i
} —_
u'I: Omput B th =1.1 RBCB
bl
o
i
o
=

OLItpUt C — t'W'C I tWC =1. RCCC

e— =0
|

t— Time — 1 s/div

Figure 23. Sequential Timer Waveforms
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APPLICATION INFORMATION

Voo (5Vto 15 V)
4 g L § § RA
RESET V¢ 3
Clock _2 TRIG out Output
Input
7
DISCH
Maodulation 5 CONT
Input = 6
THRES
(see Note A) GND
! T°

Fin numbers shown are for the D, JG, and P packages only.

MOTE A: The modulating signal may be direct or capacitively
coupled to CONT. For direct coupling, the effects of
modulation source voltage and impedance on the bias of
the timer should be considered.

Figure 18. Circuit for Pulse-Width Modulation

pulse-position modulation

Ro=3ka
C=002uF
Rp =1k —
--..__\‘ See Figure 18
L ~
— Modulation Input Voltage ™~
=
=
>
m~d ol Bl B s
4 Clock Input Voltage
=] - - .
o
=
>
Outpuk Voltage | —
1A AN
T LAy 4
CaPacitlﬂr Vqltagila

Time — 0.5 ms/div

Figure 19. Pulse-Width Modulation Waveforms

As shown in Figure 20, any of these timers may be used as a pulse-position modulator. This application
modulates the threshold voltage, and thereby the time delay, of a free-running oscillator. Figure 21 illustrates
a triangular-wave modulation signal for such a circuit, however, any wave shape could be used.

Vee (5Vto 15V)

| Rp =500 2
RL =1k
See Figure 20
4 8 RS § Ra | TN
RESET V < S e ™
CcC |3 . ¥ \ / ~
2 out Output 5
TRIG z Modulation Input Voltage
I
DISCH |- ® I
4]
Modulation 5 § Rp v
Input — | CONT THRES |6 = I
(see Note A) GND
J_ T C Output Voltage
i = A i’l A | . / A 4
Pin numbers shown are for the D, JG, and P packages only. W V V M / 41
NOTE A: The medulating signal may be direct or capacitively I

coupled to CONT. For direct coupling, the effects of
madulation scurce voltage and impedance on the bias of
the timer should be considered.

Figure 20. Circuit for Pulse-Position Modulation

YA

| | |
Ra=3ka

Cahacimr 'u’oltlage
| | |

Time — 0.1 ms/div
Figure 21. Pulse-Position-Modulation Waveforms



4 0

Y4

pack

pack



Air Transmission 0 NiCERd

Ultrasoniec Sensor
NIPPON CERAMIC Co., Ltd.

@5\"‘ - 152 Nan ei cho. Tottori shi 689-1193 JAPAN
" .- TEL 81-857- 53 5741 FAX 81-857-53-3675

E mail ut salez@nicera.co.p

W = URL http://www.nlcera.co.]p

Features
Alr transmission ultrasonic sensors using plezo ceramic elements transmit or recelve
ultrasonic sound 1n air. They have wide application 1In measurement and
communications. Nippon Ceramic can offer a wide range of standard products or can
provide optimal solutions to yvour specific requirements.

Type
- OPEN APERTURE TYPE
High sound pressure. high sensitivity sensor with umimorph and radial cone
construction. Open aperture 1s especially for alr medium application.
Low reverberation type 1s also available for pulsed driving.
Standard housing size © ©10, ©12. P 16[mm]
Standard frequency : 25, 32, 40[kHz]

+ CLOSED APERTURE TYPE
Water drip proof. dust proof outdoor model. All the components are enclosed 1n
metal housing. Metal surface treatment 1s available for severe ambient condition.
Standard housing size ! ®14, ®15. ¢ 18[mm]
Standard frequency : 40~60[kHz]

Application

g

OO =1 S |0 (= | Qo | b |

Application Method
Car alarm system Doppler
Lighting control I
Parking aid sensor Pulse burst

Automatic door control I

Ligquid level measurement I

Distance measurement I

Traffic signal control I

Robot I

Ao



Principle of operation

When driven from an alternating
voltage source of suitable frequency. the
polarized piezoelectric element
mechanically distorts in proportion to the
applied voltage generating a sound field.
Conversely an element subjected to such a
sound field will generate a voltage
proportional to its intensity. The effect can
be enhanced by gluing the element to a
metal diaphragm. which 1s known as
unimorph structure. When signal voltage
1z applied to this unimorph vibrator 1t
creates a bending vibration. When the
signal frequency meets the mechanical
resonance frequency the vibrator
transmits ultrasound most efficiently.
This operation 1= used as a transmitter.
When 1ncoming ultrasound vibrates the
vibrator at resonance frequency the
mechanical bending vibration efficiently
generates electric voltage between the
vibrator electrodes. This operation 1s used
as a receiver.

trasonic wave

Open Aperture Type Closed Aperture Type
h OUSIng :J:I:I-I-
IT‘:-:IJ L ij-i-.‘rll'...\l.::;.:I"r.-."lu-' nt h \:'\ ’7>-i'-i->=m patting
S~ lead wire nt wire NN o
=

lead terminal

lead ters

minal

€ DModel code description ¢

. — I

(example )(P) (T) @0—Q18 s o
el k2 %3 4

30

A

P I Closed Aperture
T - Tranzmitter

R:
C

" Common

Eecelver

Center frequency[KHz]

Housing diameter[ mm ]

\




Test circuat

Frequency characteristic

Transmitter(SPL) :0dB=0.0002 ;: bar

test object

standard microphone

COLUINT i

[__.'t/l_r—i AMEP H R

SO O

ancchoioc chamber

frequency svnchronizing

Frequency characteristic

Receiver(sensitivity) :0dB=1V/  bar

94dB constant sound field feedback

L e

ancchoioc chambe

3. 0K
.

frequency synchroniz

test object |p————————-—-———=—-=-=-- ! standard [microphone
weerer [ amp |
"'ﬂ_ |
H AMP RIEC
i ]| |
|
SO O I

ing

Reflected sensitivity ( model : C4016A1 )

(Standard level 0dB = Appended voltage 20Vpp)

pulse burst wave

ot .

anechoic chamber

synchroscope

N p—oI

e

- T ’ ) reflector |
I |
-} f’_—' ! l ultrasonic sensor I
LK = ! I
S.9K | =y |
|
I . |
distance | 1
7 i l I
T 300mm | L

reflector

W 100mm
H: 100mm
T: 1mm

size

+a¥

c>-ﬂﬁp_ +
1k f 330
0sc .

{40lHz)

SN hrosc ope

L

e
, . s
i 7il::msa 10K

aluminum plate

reflector W o0
30cm H: 20
T: 10mm

10mm
10mm




Reference circuit

1. Crystal-oscillating circuit

2. C&R-oszcillating circuit

1C4049 1C4049
D’ [: >G_ 0. 1pF
108 : []
- - - .
YW [Sot-]>e
§°’-‘
Crystal =
. +— -
e [T 1 & FREQ = 40KHz
L =
1 =]
7‘,]?‘ Frrs
FREG = 40KHz
3. Receiver circuit 4. Voltage multiplier circuit
1 100K Yoo 10K Transformer
LOB0P L0 ° %-J_L
1 1 .
- » 10K -
| AN f—a— Looor 1000F 155106 1ci011 ;T j .—,ﬂ
l¥§ ' | |y OUT ' ML |
DE o5 —
Y= 24 1% :
= @ T= - 10K
= 2 - = =
b = 5 &
e - 10 2 PO45TA H% = ’
rrrs
e ’I’ v FREQ = 40KHz

5. Pulse transmitter circuit

[C4011

120K

FEEQ = 40KHz

14049

6. Transmitter/ receiver eircuit

s Precaution to be taken in use %

VOO

IC4049

[c4o11 _D—r@_)—[
] }..{:z::%r_
5 &
FEEQ = 40KH=z

1008 i

auT 153106 10008
o . |

10009
ST
a0
152211 %2
Ex
Ay
ol
el
=N

IC s PCASTO

Locate sensor paving attention to
the direction of radiation.

Do not apply DC voltage to avoid
insulation resistance deterioration.

Sensor 1z designed for air
transmission. not water

Hold the sensor housing with soft
material like sponger rubber to
avold nolse upon impact.

AY



Ds51307

TYPICAL OPERATING CIRCUIT

Yoo

Yoo
oo -
b L&
oo 1
§ 051307 =
crpztal
RFURPY|RT 5 | son
W 6| sc g
7 | sgwvour _—l_—
RPU = /0y E
BND -
L 4
OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Ve falls below 1.25 x Vgarthe
device terminates an access in progress and resets the device address counfer. Inpufs fo the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When Ve falls below Vgar the device switches into a low-current battery backup
mode. Upon power-up, the device switches from battery to Ve when Ve is greater than Vear + 0.2V
and recognizes inputs when Ve is greater than 1.25 x Vgar. The block diagram in Figure 1 shows the
main elements of the serial RTC.

DS1307 BLOCK DIAGRAM Figure 1

¥ Yo
. |
OSCILLATOR _
AND DIVIDER
SOWIDUT SOUARE WAVE -
B A
{56 X 8)
CONTROL
LOGIC
Ypp "
Vgar ——= FOWER
[ ppm— CONTROL
a0 — , |
= ADDRESS
e REGISTER .::>
S04, i
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LCD16*2 v

JHD162A SERIES

4 S80S EIBEELBNES sEGsEImEsImEEmEsen s HSPPAY (CONTENT™ ]_lﬁ CHARX ZROW
CHAR DOTS®* % x 8
DRIVING MODE* 1/16D
AVAILABLE TYPES®* *
TN* STN(YELLOW GREEN. GREY: B/W)
REFLECTIVE» WITH EL OR LED BACKLIGHT
EL/100VAC* 400HZ
LED/4.2VDC

Parameter Testing Standard Values o
Symbol Criteria Min | Typ. | Max | Umt .e

Supply volrage Voo-V - 435 50 335 v .o
= L X

Tnput high voltape Vm - 22 - Voo v .
Tnput low voltage Vi - 03 - 0.6 v s
Output high voltage Vor | Joe=02mA | 24 - - v .e
Cuiput low voltage Vou Ior=1.2mA - - 04 v -
Orperating voltage Ioo Voo=5.0V - 15 30 |mA | L,

DET COM1E
§ CONTROL ’ LCD PAHEL

]I_SI L L

-
B——*  renoss s /1 SEG40

Vss——=f OFE EQUIV 4
7 SEGNENT DEIVEE

AD



[y]
80.0+0.3 ~ pii *x2MAX
25+03 [ 75.0+0.3 P A-RLIS 3 x1
] 2.54x15=38.1 16-R0.5"] 0
i - : ir . J 1 i
FSRule]ule e e]le e ) FTa—
— R
ool o o
i T ek
V= AENEERNRERREEN nid ~
™| m = o
™ L—
xr (=]
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- 2
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M AC Characteristics Read Mode Timing Diagram
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RS o ;
Vi ! i
RW /i i \
- i t 1 G
t e
i —t= i-d—tr y
AV Voaki )
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i t— 1 '»l i 1
Vim Von k!
: iV Vi i {{v
et (e e
i Wi Via i
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- Wl :31‘:_,1-3 [ o v &4 H
- L -
Write Mode Timing Diagram
Timi

1) Interface with B-bit MPU
When interfacing data length are 3-bit, transfer is performed at a time through 8 ports, from DBO0 o DBT.
Example of timng sequence is shown below.

RS

i / \
e _ [\ S
':1:“':';‘* / Imemal Operation \ /_
DB7 N DATA ’ ’Busy’\ fBusy\ \BH,_,Z?" # DATA "
I ]
A A

A

I i 1
Ity Letion Buigy Fiag Check  Busy Flag Chack  Busy Fisj Chack Instruetion

AY



Connection

RESX8
veC
LCD
1 [vss
|UpEES SR GEELEES 2 WCC
|| RICD 3 VEE
ks
5 [Rw
Ul VCC 6 |
! P10 POD 2 —
2 T 8 |pi
3 PI1 PO1 o
_ 2 s 37 9 |p2
36 10 D3
— 2 pi3 P03 -
15 11
P14 P04
—5—6 34 12 [ps
P15 POS
L p16 P06 . 7
3 l 14 D7
—8 1 p17 PO7 15 [+
%c INTI P20 ;;_ N
—=_ INTO P21
o 21 16PIN
15 Tl ATROCS] P23 24
L T S P24 %;
B — e
=3 wmvp P26 —=— ' -
28
o i
18 e
—_— X2
2 | RESET oo —i-
1 o = 3
_Lcm RD ALEP —5—
ﬁ PSEN [TR &E, eetdll o
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Table 5. Relationship between Character Code (DDRAM) and Character Pattern (CGRAM)

Character Code (DDRAM data) CGRAM Address CGRAM Data Pattern
D7 D6 D5 D4 D3 D2 D1 DO[A5 A4 A3 A2 A1 AO|P7 P6 P5 P4 P3 P2 P1 PO| number
0 0 0 0 x 0 0 0]J]0O0 0 0 O Q0 O0]x x x 0 SIS 0] pattern1

0O ¢ 1 e 0 0 0

0 1 0 i 0 0 0 @

0o 1 1 1T 1 31 1 4

1 0 0 N 0 0 0 =

1 0 1 i 0 0 0 &

1 1 0 i 0 0 0 B

1 1 1 0 0 0 0 O
0 0 0 0 1 1 1]0 0 0 0 0 0)]x x xS 0O 0 0P pattern8

0 ¢ 1 N 0 0 0

0 1 0 i 0 0 0 .

0o 1 1 1 1 1 1 1

1 0 0 N 0 0 0 B

1 0 1 N 0 0 0 B

1 1 0 i 0 0 0 B

1 1 1 0 0 0 O O

AR



CPU

ATMEL

:AVR

CPU

/O

RAM, ROM ,...

AVR

I/o

[IROM IRAM []
CPU

CPU

:AVR

Tiny AVR .1
ATO0s . 2
MEGA AVR .3

AVR
AVR 1
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Accumulator

FLASH EEPROM

32 >

Milton Instruction Per Second MIPS

AT90 S ATNY

RISC
CISC

)

ATMEL

MEGA AVR

AVR



Data Out
.

cpu ROM RAM PORT
Data in
Address Bus
Control Bus *
:AVR
EEPROM USRAM UOFLASH AVR
1 EEPROM
Page Page 3 FLASH
2 SRAM
EEPROM
EEPROM
Flash Memory
512 EEPROM

¥

SRAM



Stack Pointer :

SRAM
Stack Pointer SRAM &4 K
SPH SPL SP SP
o 16
SRAM
085F SP
PIN PORT DDR
DDR PORT PIN

s e e
S2gpglm 2T

— ﬁ}.ﬂ' L._'_ .'.....q.-l..:

b ey 512
sali ) e Ay

Q}-.q.' \_.,-’":'

b Gydlgs g1

saldl o yee 5

n:‘i-ﬁ' \_.,-’""

Flag Register >, >,

SReg AVR

H,S,V,N,ZC T |
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0

CKDIV8

1

Interrupt |
T
Half carry H
S=NG) V  Overflow S
Overflow V.
Negative N
Set z
Set Carry C
. fuse Bit
Flash
AVR
. AVR
RC
RC
CLKS
3| 2| 1] O




0 0 0 0
1 1 1 1
1MHZ
4 12 8051
1108 12 MHZ 4 8
AVR
C Code vision 9
C Code vision
wizard

Source Code vision

File > New = Source = Save
Wizard . NO

Save

File > New - Project 2

configure project save

0



ADD source save 1

1 MHZ clock At mega 32 chip ¢ compiler 2
source ok 3
make project

shift+f9

665 @)%

T
programmer setting programmer
STK 200/300
IC : IC
tools make project
@) shift + f4 chip programmer
T

:C
.h> #include <
.h> #include <

void main void

1}



(XCK/TO) PBO
(T1) PB1
(INT2/AINO) PB2
(OCO/AINT) PB3
(53) PB4
(MOSI) PB5
(MISO) PB6
(SCK) PB7
RESET

VCC

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

PDIP
N
1 40 [
O 2 39 4
O 3 38 [
1 4 37 &4
5 36 [
O 6 35 @1
O 7 34 M
O 8 33 @4
9 32 4
10 31 3
11 30 [
12 29 O
13 28 O
114 27 4
15 26 O
| 16 25 ™
17 24 M
] 18 23 O
19 22 1
1 20 21 [

ATmega32

¥

‘while

:ATMEAGAS2

16MHZ

AVR RISC

16MPIS

FLASH

1:0

130 -

32*8 -

32K -



10000 'FLASH -

SRAM 2K -

EEPROM 1024

LOCK BITS FALASH,EEPROM,FUSE BITS -

JTAG

16 8 -

RTC 10 8PWM 4 -

SPI TWO-WIRE -

SLAVE MASTER

ATmega32L 5/5 2/7 -

ATmega32 5/5 4/5 -

A
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ATmega32L 8MHZ OMHZ -

ATmega32 16MHZ OMHZ -
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Features

+ High-performance, Low-power AVR? 8-bit Microcontroller
+ Advanced RISC Architecture

- 131 Powerful Instructions - Most Single-clock Cycle Execution

- 32 x 8 General Purpose Working Registers
- Fully Static Operation

- Up to 16 MIPS Throughput at 16 MHz

- On-chip 2-cycle Multiplier

+ Nonvolatile Program and Data Memories
- 32K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 Write/Erase Cycles

- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program

True Read-While-Write Operation
- 1024 Bytes EEPROM

Endurance: 100,000 Write/Erase Cycles
- 2K Byte Internal SRAM
- Programming Lock for Software Security

+ JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard

- Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface

+» Peripheral Features

- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
- One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode
- Real Time Counter with Separate Oscillator
- Four PWM Channels
- 8-channel, 10-bit ADC
8 Single-ended Channels

7 Differential Channels in TQFP Package Only

2 Differential Channels with Programmable Gain at 1x, 10x, or 200x

Byte-oriented Two-wire Serial Interface
Programmable Serial USART
Master/Slave SPI Serial Interface

- On-chip Analog Comparator
Special Microcontroller Features

Programmable Watchdog Timer with Separate On-chip Oscillator

- Power-on Reset and Programmable Brown-out Detection

- Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources

- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby

and Extended Standby

IO and Packages

- 32 Programmable l/O Lines

- 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
Operating Voltages

- 2.7 - 5.5V for ATmega32L

- 4.5 - 5.5V for ATmegad2
Speed Grades

- 0 - 8 MHz for ATmega32L

- 0 - 18 MHz for ATmega32

Power Consumption at 1 MHz, 3V, 25°C for ATmega32L

- Active: 1.1 mA
- ldle Mode: 0.35 mA
- Power-down Mode: <1 JA

ATMEL

Y )

8-bit AVR
Microcontroller
with 32K Bytes
In-System
Programmable
Flash

ATmega32
ATmega32L

Preliminary

Rev. 25030-AVR-02103



Pin Configurations

AIMEL

Figure 1. Pinouts ATmega32

PDIP
(XCKJSTO) PBO O 1 o 40 [ PAD (ADCD)
mypPB1O2 39 O PA1 (ADCY)
(INT2Z/AIND) PB2 O 3 38 0 PA2 (ADCZ)
(OCO/AINT) PB3 O 4 37 [0 PA3 (ADC3)
(SS) PB4 O 5 36 O PA4 (ADC4)
(MOSI) PBS O & 35 [0 PAs (ADCH)
(MISO) PBE O 7 34 [ PAG (ADCE)
(SCK) PB7 O & 33 O PAT (ADCT)
RESET O 9 32 0 AREF
VCC O 10 310 GND
GND O 11 30 O AVCC
XTALZ2 O 12 29 O PCT (TOSC2)
XTAL1 O 13 28 O PC6 (TOSCA)
(RXD) PDO O 14 27 O PC5 (TDI)
(TXD) PD1 O 15 26 O PC4 (TDO)
(INTD) PD2 O 18 25 O PC3 (TMS)
(INT1) PD3 OO 17 24 1 PC2 (TCK)
(OC1B) P04 O 18 23 O PC1 (SDA)
(QC1A) PD5 O 19 22 O PCO (S5CL)
(ICF) PDE O 20 21 O PO7T (OC2)
TQFPIMLF
Qs E S
~ZS _ ¥ QOO
BIIER 22282
o0 v-qm
QOO DEYFLLE
gaaononnnonn
@ 44,42, .40, 3836, 34
(MOSI) PBS 1 33 O PA4 (ADC4)
(MISO) PBE 1 2 32 [ PAS (ADCH)
(SCK) PBT O 3 31 [ PAG (ADCE)
RESET [ 4 30 O PAT (ADCT)
VCC O 5 29 [ AREF
GND O & 28 [ GND
XTALZ OO 7 27 3O AavCC
XTAL1 O & 26 [ PCT (TOSC2)
(R¥D) PDO O 9 25 [ PCH (TOSC1)
(T¥D) PD1 O 10 24 [ PChH (TOI)
(INTD) PD2 T 11 23 [0 PC4 (TDO)
12'%14" %6718 %202 122
HOUOUOOoCOoOO
BRAEB8G888000
LLI"_ﬂ_U_I"_}UJLLLL'Ll
—m<o T
5398 B3es

Disclaimer Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AYR microcontrollers manufactured on the same process technology. Min

and Max values will be available after the device is characterized.
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e A Tmega32(L)

Overview The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegad?2 achieves throughputs approaching 1 MIPS per MHz allowing the sysiem
designer to optimize power consumption versus processing speed.

Block Diagram Figure 2. Block Diagram
BAD - BAT PCD - PCT
VGG A & & L oA 4 ' A 4
) ~ !
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GND PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE
AVCC < i >
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. TIMERS!
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counTer  [Y) | PoinTER [T
T T
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REGISTER e PURPOSE TIMER D =
REGISTERS
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f X
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