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ABSTRACT

The project report consists of 2 parts which are designed for the semeter 1/2536 and 2/2536.
The first part is to design and to make Automatic dry blower by using Ultrasonic to be sensor
instead of Infrared wave that is being used in nowadays. Its objective of this part is to apply
to serve the convenience and to study the theory of receiver and transmitter. The second part
is to design and to make Automatic on-off valve by Ultrasonic wave to be a sensor to control
Solinoid valve. The we test by using and make installation for using it later.
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(wavelength
~ 500 Mt -«
SCQ)MH: norr=68xI07cm
N Quoriz A
=114xICcm)

ULTRASOUND
(previously calied SUPERSOUND)

(waveleng!h
inor=L7cm
in quortz = 2B8cm)
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~ 5H2
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Some examples of ultrasonic wavelengths.

Frequency Wavelength (’,\)

(for ¢ = 1000ms™!) (forc =3000ms™!) (for electromagnetic radiation)
20kHz =2 x 10* Hz 5 cm 15cm 1.5%x10°m
100kHz = 10° Hz 1cm 3 cm 3x10°m

1 MHz = 10° Hz 1 mm 3mm 300m
50MHz =5 x 107 Hz 20 um 60 um 6m
1GHz = 10° Hz 1 pm 3um 30cm
21
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M 2.11  udA9 "delay Line" wliniashnnom iifunaainnis LLasumsa

TUN1  §8M279 Electromagnetic Wave M Ultrasonic

. Velocities and acoustic impedances for some materials.

Gases and liquids
. Speed Acoustic impedance
ms™! kgm™ 57!
Whir € 33146 431
Carbon dioxide 259 512
Helium 971-9 173
Hydrogen 1286 116
Neon 434 391
Nitrogen 337 421
Distilled water 1482-3 1-48 X10°¢
Acetic acid 1173 1-23 X10°
Acetone 1190 9-37 x10°
Carbon tetrachloride 940 194 X10°
Ethanol 1162 9-17 X10°
Glycerol 1860 2-34 X10°
Mercury 1454 1-97 X107
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Sound velocity Mass density Acoustic impedance,
Material (m/s) (kg/m) Z (kg/m-s)

Air 332 1.281 425.3
Aluminum 5102 2643 13.48 x 10°
Brass 3499 8553 29.93 x 10°
Copper 3557 8906 31.68 x 10°
Hydrogen 1269 0.090 114.2
Iron 5000 7100 35.50 x 10°
Clay, ceramic 3000-5000 1500-2500 4.5 x 10°~12.5 x 10°
Water 1461 998 1.46 x 10°
Wood 30484572 480-800 1.5 x 10°~3.7 x 10°
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Ultrasonic Transducer
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;" NO PRESSURE APPLIED—CRYSTAL STRESS APPLIED
. Y SURFACES REMAIN UNCHARGED TO CRYSTAL
(CHARGES BALANCE AT EACH SURFACE)
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OPPOSITE CHARGES
BECAUSE OF NEW
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PIEZOELECTRIC ACTION
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VOLTAGE APPEARS
medl? == ACROSS CRYSTAL
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Sonic Focuser
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14 Circuit Analysis

R N oY
=00 \Ecp
Ug(t) = Ut ook
M. 1287 t = 0 AN R
Sa Gt
Uet) = o Uee X
WA WAt = Te N\ A Uc(t) 7 (2/3)UCC
(2/3)0cc = U - Ucce_T/RC
Ucce_t/RC \ Ucc = (2/3)0
UCCe_t/RC = (T/B)UCC
JE/RC = 3
T = RCln3

LSWEWITOMUINLIST (Delay Time) 1 Tawlfgas T = Rclps  delu
Y , < TN
mitsnld € = 470 F 1987 Delay Time ®091A309LUA-UA TAdnlwiUsentn 12
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motor fan  AINNNTNARBNS LAY MIANAINFIUV LT AALUWALDR SRANE Iy 1é

233.76 lavu V. 9V NIus 38.5 mA J961m501Y TR 2N2222 14
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2N2222
Vee 1K

M 5.13  udnenedl Relay

MU 5.13  UEANI9R9EU  Relay vAlw Us = 9.V 1ff Transistor
Wwas 2N2222” AR MU 1K Use 320 output Comparator (v 9 v

o Wt 38,4 mA  Voltage AnATDN Uog = 0-5V

dl q ' [ °
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FIGURE 3 — “ON” VOLTAGES
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TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

02393, SEPTEMBER 1978 —~REVISED JANUARY 1989

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

Low Power Consumption ® Low Noise...Vn = 18 nV/VHz Typ

Wide Common-Mode and Differential ® High Input Impedance . . . JFET-Input Stage
Voltage Ranges Y

Internal Frequency Compensation (Except

Low Input Bias and Offset Currents TLO70, TLO70A)

Qutput Short-Circuit Protection ® Latch-Up-Free Operation

Low Total Harmonic Distortion . . . @ High Slew Rate ... 13 V/us Typ
0.003% Typ

© Common-Mode Input Voltage Range
Includes Voo +

description

The JFET-input operational amplifiers in the TLO7__ series are designed as low-noise versions of the TLOS__
serigs amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion
and low noise make the TLO7__ series ideally suited as amplifiers for high-fidelity and audio preamplifier
applications. Each amplifier features JFET-inputs (for high input impedance) coupled with bipolar output
stages all integrated cn a single monolithic chip.

The M suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The | suffix devices are characterized for operation from —~40°C to 85°C, and the C suffix
devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
Ta Vio MAX SMALL CHIp CERAMIC | CERAMIC METAL PLASTIC PLASTIC FLAT
AT 25°C | OUTUNE CARRIER DiP DiP CAN o1l 4 Dip PACK
(D) (FKX) (J) {JG) (%] (N) (P) (W)
10 mV | TLO70CD TLO70CJG TLO70CP
6 mV | TLO70ACD TLO70ACJG TLO70ACP
10 mv | TLO71CD TLO71CJG TLO71CP
6 mv | TLO71ACD TLO71ACJG y TLO71ACP
o0°c 3 mV | TLO71BCD TLO71BCJG TLO718CP
%0 10mV [ TLO72CD TLO72CJG TLO72CP
70%¢ 6 mV | TLO72ACD TLO72ACJG TLO72ACP
3 mV | TLO72BCD TLO728CJG TLO728CP
10mV | TLO74CD TLO74CY TLO74CN
6 mV | TLO74ACD TLO74ACY TLO74ACN
3 mV | TLO74BCD TLO74BCJ TLO74BCN
10 mV TLO75CN
—a0°C 6 mv | TLO70ID TLO70UG TLO70IP
& 6 mv | TLO71ID TLO71UG TLO711P
85 6 mVv | TLO721D TLO72WG TLo721P
6 mV | TLO741D TLO741J TLO74IN
-55°C 6 mv TLO7 1MFK TLO71MJG | TLO71ML
to 6 mv TLO72MFK TLO72MJG | TLO72ML
125°C S mv TLO74MFK | TLOT74MJ TLO74MW

The D package is available taped and reeled. Add the sutfix R to the device type (e.g., TLO71CDR).
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TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TLO70. TLO70A
D. JG. OR P PACKAGE

TLO71, TLO71A. TLO71B
D. JG. OR P PACKAGE

D. JG. OR P PACKAGE

TLO72, TLO72A, TLO728

(TOP VIEW) (TOP VIEW) (TOP VIEW)
N1/comp [ UTg] comp N1/oFrseT (1 U 85 NC out(r Ue[J Vcc+
W-[2 70 Vces N-02  10vecs AMPLS n-(z  sQouT
IN+ (3 6] OUT N+ (03 s[JoOuT n N+ (3 6[JIN-
vee - [a 5[] OFFSET N2 vee- [ 5[] OFFSET N2 vee - (e s[]IN+
TLO74, TLO74A, TLO748
D. J. OR N PACKAGE TLOTS
TLO74 ... W PACKAGE N PACKAGE
(TOP VIEW) (TOP VIEW)
g = o
ampL [ OUT O WhaOUTY 0 ampL [[IN= T U IN- pp
A lN—E; 1) IN=- P R IN+ (]2 13 ] IN+ P
IN+ (3 12 IN+ out(]s  12(JOuT
vee+ (e H% 'VCC— AmPL [OUT ag 1) Vee +
T o lE — (1 | AmeL 2 e Ded 100.0UT et
2 'N'CG g ] IN- 24 IN - CG ol JIN+ o4
ouT s s outS vee- O 8] IN -
TLO71...L PACKAGE TLO72 . .. L PACKAGE
(TOP VIEW) {TOP VIEW)
vee «
— o~
) o
S z
b b
= o
= S
[ o
=
z 2
vVee- vee -
PIN 4 1S IN ELECTRICAL CONTACT PIN 4 IS IN ELECTRICAL CONTACT
WITH THE CASE WITH THE CASE
TLO072 TLO74
FX PACKAGE FK PACKAGE
TL071 (TOP VIEW) (TOP VIEW)
FK PACKAGE
(TOP VIEW) St 15 5o
VU-LOUOV %00 0o 20,02
2222 2 Z e e I -_—2Z <
3 2 1 2019 kT
NC 4 8] NC NC mauc 1IN+ 41N+
IN-[b 10 vees VIN- 2 OUT NC NC
NCD s 16 NC NC NC Vet «+ vee -
IN+ )7 1w out 1IN+ 2IN- NC NC
NC 8 1 NC NC NC 2IN+ 3IN+
9 10 11 1213

NC —No internal connection.

2 IN-
2 0UT

NC
3 out

AMPL
#2
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TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO7S
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

>
NONINVERTING ¢
INPUT L
INVERTING 64 0
INPUT 128 Q

schematic (each amplifier)

Vec+ ®

X

-
2
o
-
2
64 0 5
OFFSET
s | dutliconr NI 2 iea T TR BT
z *—hi—o ©
4
15 OFFSET AN T \
o NULL (N2) —— =9 : >~
. Gt
COMPE-—— SR T e 2 WS
¢ <
K- _11
| 1080 0 1080 0
1
|
Vee - 7 \ 4 @ @ : \ 2 ®
OFFSET OFFSET
NULL NULL
N N2), C1 = 18 pF ON TLO71, TLO72, TLO73,
TLO74, AND TLO7S ONLY.
TLG71 ONLY COMPONENT VALUES SHOWN ARE NOMINAL.
symbols
TLO70
N1/COMP
TL071 :
TLO72 (EACH AMPLIFIER)
comp N1 TLO74 (EACH AMPLIFIER)
IN+ + IN+ IN+ |+
out ouT
IN = — - IN- IN=~ -

N2 ——J N2



TLO70, TLO70A, TLO71, TLO71A, TLO718B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NGISE JFET-INPUT OPERATIONAL AMPLIFIERS

wa

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

TLo7_C
TLO7_M | TLO7_1 |TLO7_AC | UNIT
TLO7_BC
Supply volitage, Vcc + (see Note 1) 18 18 18 A\
Supply vottage, VCc — (see Note 1) -18 -18 -18 v
Ditierential input voitage (see Note 2} +30 30 +30 v
Iinput voltage (see Notes 1 and 3) £15 +15 }15 v
Curation of output short circuit (see Note 4) unlimited | uniimited | unlimited
Continuous total dissipstion See Dissipation Rating Table
Operating free-air temperature range -65t0 126/ =40 t0 85| Ot 70 oc
Storage temperature range ~65 to 150|-65 to 160{—65 to 150 oC
Case temperature for 80 seconds FK packege 260 °c
Lesd tempersture 1.6 mm (1/16 inch) from cass for 60 seconds W 300 300 300 °c
W package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds B ¢ 260 260 °C
P package
Lead tempersture 1,6 mm (1/18 inch) from case for 10 seconds L package 300 e

NOTES: 1. Al voitage values, except differentisl

are with

to the midpoint between Vcc 4+ and Voo -

2. Differentis! voltages are st the noninverting input terminal with respect 10 the inverting input terminal.
3. The magnitude of the input volitage must never exceed the magnitude of the supply voitage or 15 V, whichever is less.
4. The output may be shorted 1o ground or to either supply. Temperature and/or supply voltages must be limited to ensure that

the dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 126°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D (8-pin} 680 mw 5.8 mw/°C 33°C 464 mwW 377 mw N/A
D {(14-pin) 680 mw 7.6 mW/°C 80°C 608 mw 494 mW N/A
FK 680 mw 11.0 mwW/°C 88°C 680 mw 680 mwW 275 mwW
J(TLO7_M) 680 mwW 11.0 mwWw/°C 88°C 680 mw 680 mwW 275 mW
J (all others) 680 mwW 8.2 mW/°C §7°C 656 mwW 533 mw N/A
JG (TLO7_M) 680 mwW 8.4 mw/°C 69°C 672 mW 546 mW 210 mW
JG (all others) 680 mw 8.6 mw/°C 47°C 528 mW 423 mW N/A
L 680 mw 6.6 mw/°C 25°C 528 mW 429 mW 165 mwW
N 680 mW 9.2 mw/°C 78°C 680 mwW 598 mw N/A
(4 680 mw 8.0 mw/°C 85°C 640 mW 520 mwW N/A
w 680 mwW 8.0 mw/°C 85°C 640 mW 520 mW 200 mW
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TLO71M, TLO72M, TLO74M

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ = %15 V (unless otherwise noted)

TLO71M
TLO74M
PARAMETER TEST CONDITIONS | TLO72M UNIT
: MIN  TYP MAX | MIN  TYP MAX
¥ : 7 A Vg = 0, Ta = 25°C 3 6 3 (T e
n| ofis 0 e
10 Pty VO it 50 0. Jp P P 5590 18 12506 3 15
Tm::e'““:':c Yo7 1: B sy & 18 18 vrec
icen
“~io ¥ TA = -55°C 10 125°C %
input offset voltage
Input offset TA = 25°C 5 100 5 100 PA
o I Vo =0 "
current TA = -55°C to 125°C 20 20 nA
: s owd AR o Ta = 25°C 65 200 65 200 pA
l -
8 i g TA = -55°C to 125°C 50 50 | nA
d -12 -12
vica 1% °h “: Ta = 25°C £ £11 10 v
input voltage range 1% +15
Maximum R = 10k0 | Ta = 25°C £12 £13.5 212 £13.5
Vv k output R_ = 10 kD +12 +12 v
oM RN U L TA = -55°C 10 125°C
voltage swing AL 2 2 ka =10 +10
Large-signal Vg = 10 V| Ta = 25°C 35 200 35 200
AvD differential voltage Vimv
amehtichtion RL 2 2 kQ TA = -55°C t0 125°C 15 15
By Unity-gain bandwidthl Tp = 25°C 3 3 MHz
[ Input resistance Ta = 25°C 1012 1012 Q
mon-mod Vic = V in, Vi Q.
EMRR | OTTOnTRgS G 2 VICR Mlag0s” 80 86 g0 86 dB
rejection ratio Rg = 650 0, Ta = 25°C
Supply voht
X ngpyv ::e g St N & S go 86 g0 86 8
{ 1on s
SVR Rg = 500, Ta = 25°C
(AVee +/4V|0)
| N b Vo = 0,
IGe A mlenant olond 0 Ria - i9s 1.4 25| mA
(each amplifier) Ta = 25°C
Vo1/Vo2 Crosstalk attenuation| Ayp = 100, Tp = 25°C 120 120 d8

TAll characteristics sre measured under open-loop conditions with zero common-mode voltage uniess otherwise specified.
3input bies currents of a FET-input operational amolifier are normal junction reverse currents, which are tempersture sensitive as shown
in Figure 6. Pulse techniques must be used that will maintain the junction temperature as closa to the ambient temperature as possible.



"oqIss0d s® 8nJEadWR) JUSIQUE B O] 850D 88 SINEIBdWE) vopoun| eyl

VISIUIBL M 18 Y1 POSN 8Q 15NW SINDILYD01 85[Ng "D @InB1j U| UMOYS B8 BANIBUSS BIN1RIGAWR] 81T YIIYM "§1UBIIND PEIDAS) uopidun! jgusou 8 19We |9u0180d0 INdU|- | 34 8 )0 SJUBLN Sa|qQ induy,
"0877L01L PUS DY LOL "DTLOL 9}

200L 03 D60 PUS [T L0111 #9) I, 68 O3 Do OF — 8} (b 10} Buss 1IN "peY150ds 95|MI0410 B50jUN BBELOA BPOW-UOWWOI 0J0F YYM 3U0NIPUOI dOO|-URDD JePUN PRINSYOW BIE LENITL =1 31 IVE) vy

W6

TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TLO70, TLO70A, TLO71, TLO71A, TLO71B,
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TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VgC+ = +15V, Ta = 25°C

TLO7_M ALL OTHERS
oy i TEST SRiiamans MIN _TYP MAX | MIN _TVF MAX | N1
SR Si s - Vi=10V, R = 2 k0, 8 13 8 13 v
oW T918 HLURAY O8N | o 100 pF.  See Figure 1 L
Rise time Vi = 20 mV, RL = 2 kQ, 0.1 0.1 s
Y overshoot factor C_ = 100 pF,  See Figure 1 20 20 | %
Equivaient input t = 1 kHz 18 18 | nV/IJHRz
YN oiss voltage A= f = 10 Hz to 10 kHz 4 " v
n i:'::';':m"""‘ Rg = 1000, ~ { = 1kHz 0.01 0.01 pAIJAZ
Total harmonic VOirms) = 10V, Ag =< 1kQ,
- THO iafBrafin Ry 2 2 k0, f = 1kHz 29 . s
PARAMETER MEASUREMENT INFORMATION
100 kO
10 k0
500 ™ 1 k0
Vi 'cL - V| ] —
L8 At M N T
Cc = 18 pF ¢ " % Ry _Lq -
for TLO70 = ’_1’_‘ 100 pF L
and TLO70A = 4 L =
FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 FIGURE 3. FEED-FORWARD
INVERTING AMPLIFIER COMPENSATION
INPUT OFFSET VOLTAGE NULL CIRCUITS
Veec+
TLO71
%1 MQ
N2
N1
00kg
N2 Cc bt
O comp
1.5 kQ
TLO70 vee-

FIGURE 4 FIGURE 5
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TLO70, TLO70A, TLO71, TLO71A, TLO718,
TLO72, TLO72A, TLO728B, TLO74, TLO74A, TLO74B, TLOTS
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

VoM —Maximum Paak Output Voltage —V

1Data at high and low temparatures are applicable only within the rated operatin,

hB —-Input Bias Current—nA
-

100

EVccs = 215V

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT

vs

FREE-AIR TEMPERATURE

T

10

}1
0l e
— =
-
0.01
<50 -25 0 266075 100 125
Ta—Free-Air Temperature— °C
FIGURE 6
MAXIMUM PEAK OUTPUT VOLTAGE
Vs
FREQUENCY
+15 ¥
UL T T = 2
TA = 25°C
% - £15V
+12.5 L VCCt e,
[H!
Vece = £10V ‘ Iil
+7.%5 i,i. !
| ; W |
‘.5 ,.! 'P' I
Vcecs = 5V m' t
25 , |
, LU | IN
100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 8

18-pF compensation capacitor is used with TLO70 and TLO70A.

VoM —Maximum Peak Output Voltage —V

Vom —Maximum Peak Output Voltags —V.

MAXIMUM PEAK OUTPUT VOLTAGE

vs

FREQUENCY
‘15 e Ty | R § MRRRRILS TTIT
vccz-:1sv!| RL = 10 k02
m 1 Ta = 25°C
125 i See Figure 2
D Vocs = 10 V]|
+7.5 |“ I‘j \
+5 Vcgs = 25V
I Nr‘
£2.5 I A
I i
0 M
100 1k 10 k 100 k 1M 10M
f—Frequency —Hz
FIGURE 7
MAXIMUM PEAK OUTPUT VOLTAGE
vs
FREQUENCY
215 T —rrr
LI ] Vecs = =35%
N, RL = 2 kO
+12.5 L I\ 20%5 9 See Figure 2 H
+10
V\TA - -55°C
e il )
TA = 125°c\
35
\ N
+20.5 Y “:
N o
0 \“"HLE
10 k 40k 100k 400k 1 M 4AMIOM

f—Frequency —Hz

FIGURE 9

g free-air temperature ranges of the various devices. An
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TLO70, TLO70A, TLO71, TLO71A, TLO71B

TLO72, TLO72A, TLO728, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTiCS?

MAXIMUM PEAK OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

> RL = 10 k@
|
© -
o +12.5 ! lladen
5 A I
>
S =10
S
3
(=]
x %75
©
(-8
£
+
g =5
x
s
| HR5
g Vees = 215V
S b SnAFigur‘CZ -

-75 =50 -2 0 25 50 75 100 125
TA —Free-Air Temperature— °C

FIGURE 10

MAXIMUM PEAK OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

R = 10 kQ
TA = 25°C

+12.56

+10 //

+75 4

VoM —Maximum Peak Output Voltage—V

6 2 4 6 8 10 12 14 16
[Vec £ | —Supply Vottage—V

FIGURE 12

Vom—Maximum Peak Output Voltage—V

Ayp —Dlifferential Voltage Amplification —V/mV

MAXIMUM PEAK OUTPUT VOLTAGE
vs
LOAD RESISTANCE

+°7S

vVeg: = 15V
TA = 258°C

|
£12.5 - See Figure 2

>

1B

40

//

=5 7
22.5/
21

/L/

(4]
0 0.2 04 0.7 1 2 4 7 10
Ri —Loed Resistance —kQ
FIGURE 11
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE
1000
400
200 =g
100 —
40
20
10
4 T Vcct = 215V
2k Vo= 210V
Ry = 2kQ
1 ! I 1
-75-50-25 0 25 50 75 100 125
Ta—Free-Air Temperature— °C

FIGURE 13

1Data at high and low temperatures are applicable onty within the rated operating free-air temperature ranges of the various devices. An

18-pF compensation capacitor is used with TLO70 and TLO70A.



TLO70, TLO70A, TLO71, TLO71A, TLO71B,

w10

TLO72, TLO72A, TLO728, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

TLO70
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY WITH FEED-FORWARD

COMPENSATION
106 —
c ] | Vee = 215V
= C2 = 3 pF
=g_ \ See Figure 3
< 104 AN
s N
£ \\
S 103 N
]
§ 102
K
e
Liie
>
L4

100 F 10 k 100k 1M 10 M
f—Frequency —Hz
FIGURE 14
NORMALIZED UNITY-GAIN BANDWIDTH y
and PHASE SHIFT

vs

FREE-AIR TEMPERATURE

1.3 1.03
J Tl NS
. UNITY-GAIN BANDWIDTH
5 1.2 (left scaie) —1.02
3 =
a 11 1.01 5
£ ™ :
<
(&) B I
5y PHASE Se—
':E, i SHIFT : 'g
ght scale =
3 0.9 b—1— S 0.99 E
= i \ S
E v +15V z
£ cct =
208Hg o210 0.98
f = By for Phase Shift
0.7 [Eas i ek ) 0.97

-75 -50-256 0 25 50 75 100 125
Ta—Free-Air Temperature— °C

FIGURE 16

Ayp—Ditferantial Voltage Amplification

LARGE-SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

Vs

106

105

Vect = £5Vto 215V

N

FREQUENCY
RL = 2 k02
\\ Ta = 25°C

104

103

\

102

DIFFERENTIAL —{p°
\ VOLTAGE
AMPLIFICATION

101

floft scale] 1 45° _

\ \\ £

w

90° o

s

\ 2

P~

PHASE SHIFT \ e
{right scale) \ 135
180°

1 10 100 1k 10k 100k1M 10M

CMRR — Common-Mode Rajection Ratlo—dB

89

87

86

85

B4

83

{—Frequency—Hz

FIGURE 15

COMMON-MODE REJECTION RATIO

Vs

FREE-AIR TEMPERATURE

Vecs: = =15V

AL =

10 k0

-75 -50 =25 0 25
T a—Free-Air Temperature— °C

FIGURE 17

50 75

100 125

'Data st high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An

18-pF compensation capacitor is used with TLO70 and TLO70A.
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TLO70, TLO70A, TLO71, TLO71A, TLO71B
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SUPPLY CURRENT PER AMPLIFIER

TYPICAL CHARACTERISTICSt

SUPPLY CURRENT PER AMPLIFIER
vs
FREE-AIR TEMPERATURE

vs
SUPPLY VOLTAGE

2.0 T T 2.0 T
Ta = 25°C Vecs = 215V
1.8 1.8 No signal b
No signal \ o signa
<« 1.6 |~ No load ‘é 1.6 — No load B
% | A
114 =14 -
s X \\
£12 £ 1.2
I5] (5}
> 1.0 =10
Q.
a S
a 08 6|; 0.8
|
0.6 + 0.6
H .
9 8
Los = 0.4
0.2 0.2
0 0
0 2 4 6 8 10 12 14 16 =75 =55 -25 (4] 25 S0 75 100 125
|Vee + | —Supply Voltage —V TA—Free-Air Temperature— °C
FIGURE 18 FIGURE 19
TOTAL POWER DISSIPATED NORMALIZED SLEW RATE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
250 - 1.18 ——
\Y - 15V
225 CCx = 2 | Vecs = 216V
2 No signai RL = 2 kO
E 200 ] No load - 1.10 —CL - 100 pF
| \
ERE s . 2
H ~_ TLO74, TLO75 & 1.05
% 150 - 3
8128 e ',
© ©
3 it
g ~——__ | To72 g \\
T 7 g 0.95
2 ! B = | BN
I 'ep TLO70, TLO71
—
o — ot 0.90
25 l
[}] 0.85
-75-50-25 0 25 50 75 100 125 -75-50-25 0 25 S0 75 100 125
Ta—Free-Air Temperature— °C TaA—Free-Alr Temperature— °C
FIGURE 20 FIGURE 21

Data at high and low temperatures are appiicabie only within the rated operating free-air temperature ranges of the various devices. An

18-pF compensation capacitor is used with TLO70 and TLO70A.
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TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO748, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION

vS Vs
FREQUENCY FREQUENCY
~ 50 T TTTIT T T T17 1 — e
S Vegs = 15V E VGt =a 15 V =5
3 \ Ayp = 10 R o04afFAvD =1 —=
! a0 Rs = 100 0 ! [ ViRms) = 6V 777
s \ Tp = 25°C S FTA = 25°C —-r*i i
= s == A%
S ) \\ a.. 0.1
: : h 2 0.04 == — 1N
z .\ S
3 £
220 | A X
z § 0.01
5 . :
g 10 o 0.004
- -
> 0.001
o )
10 40 100 4001k 4k 10k 40k 100 k 100 400 1k 4k 10k 40k 100 k
f—Frequency—Hz f—Frequency —Hz
FIGURE 22 . FIGURE 23
- OUTPUT VOLTAGE
VOLTAGE-FOLLOWER vs
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME
28 - :
[ Vcce = =15V i/ |
¢ ) A = 2ka A L ' A i
5 4 CL = 100 pF OVERSHOOT, i
| - °C > .
) /OUTPUT Y“ - E 20 W
2 v | [ Zﬁsoes | :
E & 16 — e
BEFENNY e
- ! © ! : 1
2 o . > 12 : N
3 / \ . [ =
] s 8 : :
ey © 1 B : >
ok / | | / ' s
2 INPUT Oila i ‘ et :
= ' T 10% : | Vegs = 215V
— b—— o I RL = 2k =
TR Ty Ta = 25°C
-6 -4 L 5 5
0o 05 1 15 2 28 3 35 0 01 0.2 03 04 05 06 07

t—Time—us t—Time—pus

FIGURE 24 FIGURE 25
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TLOBO THRU TLO8S5, TLOBOA THRU TLOB4A

TLOB1B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

D2297, FEBRUARY 1977 —REVISED NOVEMBER 1988

24 DEVICES COVER MILITARY, INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES

¢ Low-Power Consumption € High Input Impedance . . . JFET-Input Stage
® Wide Common-Mode and Differential ©® Intermnal Frequency Compensation (Except
Voltage Ranges TLO8O, TLOBOA)
Low Input Bias and Offset Currents Latch-Up-Free Operation
Output Short-Circuit Protection High Slew Rate . ., . 13 V/us Typ
Low Total Harmonic [}

Common-Mode Input Voltage Range

Distortion . . . 0.003% Typ Inciudes VoCc +

TLO8O, TLOBOA TLO81. TLOS1A, TLOB1B TLOB2, TLOB2A, TLO82B
D, JG. OR P PACKAGE D. JG. OR P PACKAGE D. JG. OR P PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)

Nucomp [ U s [Jcomp OFFSET N1 1 U s JNC out( s{]Vcc+
IN-(2 10OVee+ IN-(]2 1{JVee+ AMPLY -T2 7JouT AMBL
IN+[]3  s[JouT wW+(3 e[gout 1 v+ e[DIN- i

vee- e 5[] OFFSET N2 vee-[s 5[] OFFSET N2 vee- Qe s[]IN+
TLO81M . .. FK CHIP CARRIER PACKAGE TLO82M . . . FK CHIP CHARRIER PACKAGE
(TOP VIEW) (TOP VIEW)
z
-
w
w0
VEVLOL
20 zZlg &
2 NC NC
NC NC 1IN- *2 OUT
IN- Vee + NC NC
NC NC F1IN+ #2IN-
IN+ out NC NC
NC NC :
NEEL
3} o<z
24228 S«
) E =
> w
w
u
(o]
TLO83, TLOB3A TLO84, TLOB4A, TLOS4B
D. J. OR N PACKAGE D. J. OR N PACKAGE
(TOP VIEW) (TOP VIEW)
11 IN= [Ty U] #1 OFFSET N1 out ( UeJout
. AMPL AMPL
f1 N+ 2 130vees+ IN-[2 130IN- A
#10FFSETN2(Ja  12(J 71 OouUT 1 v+ Os 20N+
vee- g4 “%NC vee+ 0« nvee-
#2 OFFSET N2([Js  10{] #2 OUT ampL{IN+Os 10 IN+ haart
121N+ s slJVee+ r2 SIN- Os 9(JIN- e
#2IN-[7 8{] #2 OFFSET N1 out [z s{JouT

Pins 9 and 13 are internally interconnected

NC —No internal connection
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TLO80 THRU TLO8S, TLOBOA THRU TLO84A
TLOB1B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TLO83M . .. FK CHIP CARRIER PACKAGE TLOB4M . . . FK CHIP CARRIER PACKAGE
(TOP VIEW) (TOP VIEW)
z -
- Z0 o=z
2, ﬁ -_—_—0 < <
| lLt = = 2 W™ =
Zz = +
£ o
-z~ > Y4 IN+
NC
11 OFFSET N2 71 0UT vee-
NC NC § NC
vee - NC K3 IN
NC NC
#2 OFFSET N2 #2 OUT e Q=
23 = =
20 o=
N o~ ™™
+ [t 4 = = = =
zzZZ o0
et
= = m
w
o
o~
-
TLO8S
N PACKAGE
(TOP VIEW)
IN= [ U] IN-
AMPL
o {u\u 02 30N+ A:A:L
out()s 12(Jour
AMPL ONUTEA 11%;S$+
+ 5 10
"2
IN- s o[JIN+ A:‘;L
vee- 07 8[JIN-
NC —No internal connection
symbols
TLO8O TLOB1 TLO82 (each amplifier)
. TLO83 (sach amplifier) TLO84 (each ampiifier)
N1/COMP TLO85 (each smpiifier)
comp N1
N+ IN+ N+ +
out out
IN- IN- N — _

N2 N2

ouT
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TLO80 THRU TLOBS, TLOSOA THRU TLOB4A
TLOB1B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Vec+
NONINVERTING L
INPUT IN+
INVERTING &gt
- 128 @
INPUT N ouTPUT
64 0
OFFSET NULL/COMP (N1) —— —— — — — — _{
TLo80 EN
ONLY OFFSET NULL (N2) ———4 C1 1t >
[ ot
COMP ===l 2 L]y
] by
p
(ot n
| 1080]
| 10800 0 o> 3
! !
1
vee - — -l l
OFFSET OFFSET €1 w 18 pF on TLOB1. TLOSZ, TLO83, TLO8B4. AND TLO9E ONLY
Nuw NULL  INCLUDING THEIR SUFFIX VERSIONS),
(N1) (N2} | COMPONENT VALUES SHOWN ARE NOMHNAL,
.

TLO&1 AND TLO83 ONLY

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

TL08 _C
TLOS _M TLoe ! TLO8 _AC UNIT

TLOB _BC
Supply voitage, Vee + (ses Note 1) 18 18 18 v
Suppiy vottage, Ve - (see Note 1) -18 -18 -18 \
Differential input voltage (see Nots 2) +30 +30 +30 v
Input voltage (see Notes 1 and 3) 16 + 16 +15 v
Duration of output short circuit (see Note 4 . untimited unlimited unlimited
Continuous totsl dissipation See Dissipation Rating Tabie
Operating free-sir tempersture range =6510 126 | —40 10 85 0 to 70 *°Cc
Storage temperature range =65 10 150 |-65to 160 | - 65 to 150 e
Case temperature for 60 seconds FK package 260 °C
Leed temperature 1,6 mm (1/16 inch)
from case 155 60 Sssonds J or JG package 300 300 300 °c
:'r:: :'r:’::':.m fo/f pcan) D. N, or P package 260 260 oc

NOTES:

1. All voltage vaives, except differentiai voftages, are with respect to the midpoint between Vee + and Voo -

2. Differentisi voitages are st the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the inpUt vottage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

4. The outout mey be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that
the dissipation rating is not exceeded.
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TLO80 THRU TLOBS, TLOSOA THRU TLOB4A
TLOB1B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

description

The TLO8 — JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-
matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset

adjustment and external compensation options are available within the TLO8 — family.

Device types with an ‘*M’* suffix are characterized for operation over the full military temperature range
of =55°C to 125°C, those with an *’I’’ suffix are characterized for operation from —40°C to 85 °C, and

those with a “C** suffix are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

Vio MAX S PACKAGE
TA AT OUTUINE CHIP CARRIER | CERAMIC DIP | CERAMIC DIP | PLASTIC DIP | PLASTIC DIP
2§°C © (FX) (8] WG) N} (P)
15 mv TLOBOCD TLOBOCJG TLO8OCP
8 mv TLOBOACD TLOBOACJG TLOBOACP
15 mVv TLO81CD TLOB1CJG TLOB1CP
6 mv TLOB1ACD TLOB1ACJG TLO81ACP
I mv TLO818CD TLO81BCJG TLOB1BCP
oec 15 mv TLO82CD TLOB2CJG TLOB2CP
T0 8 mv TLO82ACD TLOB2ACJG TLOB2ACP
70 Imv TLO82BCD TLO82BCJG TLo828CP
15 mv TLOB3CD TLOB3CY TLOB3CN
6 mV TLO83ACD TLOB3ACJ TLOB3ACN
15 mV TLOB4CD TLO84CY TLOBACN
8 mVv TLOB4ACD TLOB4ACY TLOB4ACN
3Imv TLOB48CD TLOB4BCJ TLO84BCN
15 mv TLOB5CN
8 mv TLOBOID TLO8OWG TLO8OIP
-40°C 6 mv TLO81ID TLO81JG TLOB1IP
TO 6 mv TLOB2ID TLOB21JG TLO82IP
85°C 6 mv TLO83ID TLO831J TLOB3IN
6 mv TLOB4ID TLOB4LJ TLOB4IN
6 mv TLOBOMJG
-55°C 6 mv TLOB1MFK TLO81MJG
TO 8 mv TLOB2MFK TLO82MJG
126°C 6 mv TLO83MFK TLOB3MJ
9 mv TLOB4MFK TLO84MJ

The D package is available teped and reeled. Add ‘R’ suffix to device type (a.g., TLOBOCDR).
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TLO80 THRU TLO85, TLOBOA THRU TLOB4A
TLOB1B, TLOB2B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

DISSIPATION RATING TABLE

PACKAGE Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D (8 Pin) 680 mw 5.8 mwW/°C 32°C 464 mW 377 mw N/A
D (14 Pin} 680 mw- 7.6 mw/eC 60°C 608 mwW 494 mw N/A
FK* 680 mw 11.0 mw/°C 88°C 680 mW 680 mwW 275 mW
J (TLOB_M) 680 mw 11.0 mw/°C 88°C 680 mW 680 mwW 275 mW
J (all others) 680 mwW 8.2 mw/°C 67°C 656 mwW 533 mW N/A
JG (TLOB _M) 880 mw 8.4 mw/°C 69°C 872 mW 546 mW 210 mw
JG (all others) 680 mwW 6.6 mwW/°C 47°C 528 mwW 429 mwW N/A
N 680 mw 9.2 mw/eC 76°C 680 mW 698 mw N/A
P 680 mw 8.0 mwW/°C 85°C 640 mwW 520 mW N/A
electrical characteristics, Voc+ = +15 V (unless otherwise noted)
TLOSOM, TLOSTM
TL084M
PARAMETER TEST CONDITIONS ! TLOB2M, TLOS3M unNrT
MIN  TYP  MAX [ MW TYP  MAX
o I8l Vo = 0. T = 25°C 3 6 3 9 Y
ofise m
0 " | pg-son Ta = -55°C 10 125°C 9 15
Temperature
i i i Yo.=0. RS(2(50.8: 18 18 viee
coetficcent of
e PPt | 1 = -ssec 0 1259 5
offset voltage
: o s (PLIRY T = 25°C s 100 s 100 pA
cwe 3
10 F Ta = 125°C 20 20 | nA |
: .75 éh e Ta = 25°C 30 200 30 200 DA
8 Curren -
1 g Ta = 125°C 50 50 | na
-12 -12
Common-mode
% Ta = 25°C 11 to =11 t v
O %, W A o
R ° 15 15
3 Ta = 25°C, R = 10 k0 $12 £13.5 £12 2135
Maximum peak
Vom S 9 S 65¢ 10 1250¢ | FLZ 1040 +12 £12 v
output wing - - 0
- - R_ 2 2 k0 £10 12 £10 212
Vg = t10V, RL = 2 k0.
25 200 25 200
Large-signal ditferential| T = 25°C
Avo 2 Vimv
vohtage emplificstion Vo= 210V, Ry 2 2kQ. ‘e TE
Ta = -55°C 10 125°C
84 Unety-gamn bandwidth | Tp = 25°C 3 3 Mz
i Input resistence Ta = 25°C 1012 1012 0
Common-mode Vic = V| i Vo = 0.
CMRR ICa% SUCR MM, 9 80 86 80 86 a8
rejection rato Rg = S0 Q. Ta = 25°C
Supoly voitage Vee = £15V10 29V, Vg = 0,
kSVR  remction ratio N o S cic 80 86 80 86 dg
(aVee s /aViol s, =500, A=2
current No load, Vo = O,
o o) 2 o 1.4 2.8 1.4 2.8 mA
(per amplifier) Ta = 25°C
Vo1/Vg2 Crosstaik sttenuation Ayp = 100, Ta = 25°C 120 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode input voltage uniess otherwise specified.
% input biss currents of 2 FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as show~
in Figure 18. Puise techniques must be used that will maintain the junction temperatures as close to the smbient temperature as is possibe
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TLO8O0 THRU TLO85, TLOBOA THRU TLOS4A
TLOB1B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCcc+ = £15V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R < L Vi =10V, RL = 2 k0, . 5 3
S lew rate at unity gain CL = 100 oF, Sea Figuisl Ius
t, Rise time V| = 20 mV, R = 2 kQ, 0.05 s
Overshoot tsctor g CL = 100 pF, See Figure 1 20%
! f % { = 1 kHz 18 nV/JHRz
Vn Equivalent input noise voltage Rg = 1000 T = 10 Tl 0% < Y,
In Equivalent input noise current Rs = 1000, {f = 1 kHz 0.01 pA/JAz
oy VOirms) = 10V, Rg =< 1 k@,
THD  Total harmonic distortion R 2 2 K0, ? e 0.003%
PARAMETER MEASUREMENT INFORMATION
' 100 kn
c2
10 k0 — (_"‘
2% C1 600 pF
q
1 %0
vi c s
s B N1
100 pF e
n.-.{ -d AL =  S—
2 k0 RL C -
Cc = 18 pF = T 100eF TLo80
for TLOBO = <L
and TLOSOA 4
FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 FIGURE 3. FEED-FORWARD
INVERTING AMPLIFIER COMPENSATION

INPUT OFFSET VOLTAGE NULL CIRCUITS

Vee+
TLO81
1M
N2
N1
100 ki
comp
;1.5 kQ
TL080 Vee-

FIGURE 4 FIGURE 5
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TLO8O THRU TLOB5, TLOBOA THRU TLOB4A
TLO81B, TLOB2B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

Vom—Maximum Peak Output Voltage —V

VoM —Maximum Peak Output Voltage —V

TYPICAL CHARACTERISTICS T

MAXIMUM PEAK OUTPUT VOLTAGE

vs

FREQUENCY
%15 T T T T 7T T rrrT————
Vees = 215V R = 10 k2
TA = 25°C
= See Figure 2
Wi T
1
£10 ALY
Vet = 210V m i
|
7.5 ﬂ.ﬂ I \\‘ A
i
| |
*5 Vecs = £5V4
i
=25
“.l.! IJH Nt
0 by
100 1k 10k 100k 1M 10M

{—Frequency—Hz

FIGURE 6

MAXIMUM PEAK OUTPUT VOLTAGE
( Vs

FREQUENCY
i JALIA A R R
[T TT][vess = v
Ta = 25°C RL = 2 kD
#1285 = : See Figun L.
\ |
=10 |
\TA = -55°C
!
+7.5 |
A
Ta = 125°C
%5 N
\ N
+2.5 \N N:F
LUTTIN
o 4~~Jh“§llln
10k 40k 100k 400k 1M 4MI1OM

{—Frequency —Hz
FIGURE 8

VoM —Maximum Peak Output Voltage —V

Vom —Maximum Peak Output Voltage —V

MAXIMUM PEAK OUTPUT VOLTAGE
vs

FREQUENCY
%15 LRARLL L |
[T THY 5= 25
TA = 25°C
*125 N = +15 V. '_L'Sao Figure 2
e e |
It I f ‘ »
Vecs = 210V ’
+7.5 g ”m I
x5 1it fit
Vecs = £5V m “ U
225 ﬂi
0 ™N
100 1k 10k 100k 1™ 10M
f—Frequency —Hz
FIGURE 7
MAXIMUM PEAK OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
+15 ==
R_ = 10 k0
+12.5 R s &0
e —
£10
1.5
*5
*2.5
Vegcs = 215V
See Figure 2
0 1 i 1
-75 -50-25 © 25 S50 75 100 125

Ta—Free-Air Temperature — °C
FIGURE S

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A
12-pF compensation capacitor is used with TLOBO and TLOBOA.
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TLOBO THRU TLOB5, TLOBOA THRU TLO84A

TLOB1B, TLO82B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

MAXIMUM PEAK OUTPUT VOLTAGE
vs
LOAD RESISTANCE

:15 T T L S AL
> Vecs = 215V
| = e
o Ta = 25°C |
§:12‘5 ™ See Figure 2 il
G l /
> g
5 =10
=%
£ %
: /
x 7.5
H L/
: /
E
3 +
E *5
x
s
| 328 ;
E /
(=]
. ¥ [
0.1 0.2 04 0.7 1 2 4 Foro
R —Load Resistance —k{
FIGURE 10

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

E 1000

S 700 :

| 400 ]

§

3 200 o ]

Q

£ 100 ~

<E 70

o 40

=]

]

s 20

>

s 10

E 7

2 4tVegcs+ = 215V

a > Vo = £10V

X RL = 2 k0

<> 1 I I |

=75 -50-25 0 25 50 75 100 125

Ta—Free-Air Temperature— °C

FIGURE 12

Ayp —Differential Voltage Amplification

MAXIMUM PEAK OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

*15 T T
> RL = 10 kQ!
pa TA = 25°C -
o +12.5
;3 .
= /|
g + 10 7
3 /
% 275 va
(-9
S
g 25
»
s
| 225 .
s
O
>
()
veread a6 9919 fl12 14 16
|Vee + | —Supply Voltage —V
FIGURE 11
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
VS
FREQUENCY
106
Vect = 25Vito 215V
RL = 10 k0
105 Ta = 25°C
oA \ DIFFERENTIAL { 0o .
N |  VOLTAGE £
\ \ AMPLIFICATION &
103 \ N (loft scale) 7 45° E
L
'S
102 P \\ 90°
: PHASE SHIFT \ e
10 (right scale) ; \
1 1 \ 180°
1 10 100 1k 10k 100k1M 10 M

f—Frequency —Hz

FIGURE 13

Data st high and low temperatures are applicable onty within the rated operating free-air temperature ranges of the various devices. A

12-pF compensation capacitor is used with TLOBO and TLOBOA.
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TLO8O THRU TLOB5, TLOBOA THRU TLOB4A
TLOB1B, TLOBZB, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

TLO8BO, TLOBOA
DIFFERENTIAL VOLTAGE AMPLIFICATION TOTAL POWER DISSIPATED
Vs Vs
FREQUENCY WITH FEED-FORWARD COMPENSATION FREE-AIR TEMPERATURE
106 V 5 =y Vec: = 215V
< Yes X NN 225 No signal 4
s €2 = 3 pF z o signa
3 105 Ta = 25°C - E 200 No load
= | !
3 See Figure 3 < \\ l ]
g £ 175 ~
< 104 e ~~J_TLO84, TLO8S
° N T 150 =
> "
2 N\ B
3 103 § 125
] ° 100 —
z o ~— TLOB2, TLOB3
£ 102 Veis -_—rtth g
b5 | 50 TLO8O, TLO81
|Q 10 D? NN'\_
= \ 25
<
1 (o]
100 1k 10k 100k 1M 10M -75-50 -25 0 25 60 75 100 125
{—Frequency — Hz Ta—Free-Air Temperature— °C
FIGURE 14 FIGURE 15
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
vs vS
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 2.0 —
Vees = 215V 18l TA = 26°C
1.8 No signal b | No signal
N No losd < 1.8 No load
< 1.6 = z
E _—
| 1.4 — Ji1e
- s -~
c
£1.2 _—— -
= (8]
(8]
>~ 1.0 140
= &
s o8 5‘; 0.8
]
H 0.6 g 0.6
[&] (3]
Lo4 = 04
0.2 0.2
0 (4]
-75-50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Ta—Free-Air Tempaerature— °C IVec 2 | —Supply Voitage—V
FIGURE 16 FIGURE 17

tData at high and low temperatures are applicable only within the rated opersting tree-air temperature ranges of the various devices. A
12-pF compensation capacitor is used with TLO8BO and TLOSOA.
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TLOBO THRU TLO8S, TLOBOA THRU TLOB4A
TLO81B, TLO82B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

100
EVecs = £15VE & Vecs = 15 V
4 ~ RL = 2 kQ
i B P e -
—————a—— P - 25°
I = 4 OuTPUT \T“ e
s Z €2
£ I z I
fa} 74 &
3 == = & é 0
-] 7 -
: = E / \
E A 2 -2 /
| L /] <
@ 041 = 3 INPUT
——= £ -4 f
—-——f’
0.01 £¢
-50 =25 0 25 50 75 100 125 0-4-0:54-4] DV6 (27 2058 3 3.5
Ta—Free-Air Temperature— °C t—Time —us
FIGURE 18 FIGURE 19
OQUTPUT VOLTAGE
vs
ELAPSED TIME
28
£ .
. I
1
> 18
:_5 L Vecs: = 215V
> g RL = 2 k0
3 [ CL = 100 pF
5 8 Ta = 25°C
OI { See Figure 1 \
o
s 2 \
0
-4

[+

0.2 04 0.6 0.8 1.0 1.2
t—Time—pus

FIGURE 20

1Data st high and low temperatures ars applicable only within the rated operating free-sir tempaerature ranges of the various devices. A
12-pF compensation capacitor is used with TLO8BO and TLOBOA.
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TLO8O THRU TLO85, TLOBOA THRU TLOB4A
TLO81B, TLOB28B, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?
COMMON-MODE REJECTION RATIO EQUIVALENT INPUT NOISE VOLTAGE
VS Vs
FREE-AIR TEMPERATURE FREQUENCY
89 ~ 50 SRERN| | ER
? Vecs = 15V Q Vees = £15 Vv
° RL = 10 kO 2 \ Ayp = 10
Chis L a0y Rg = 100 0 :
5 e \J Ta = 25°C
% 87 3 \
< - 30 W
< 86 - ]
s 7 . 3 \
g 2 20 -
£ 85 '_;_
k 2
| 84 A
-4 & ;
o< w
: .
© g 4 > 0
-75-50-26 0 25 50 75 100 125 10 40100 400 1k 4k10k 40 k100 k
Ta—Free-Air Temparature— °C ; 3 {—AFrequency—Hz
FIGURE 21 FIGURE 22

TOTAL HARMONIC DISTORTION
vs
FREQUENCY

EVcct - 215V
L Avp = 1

F Vi(RMS) = 6 V
FTa = 25°C ‘
| | )

T

o
'

(e
—

3

Qo
o
-
M

Sé

THD —Total Harmonic Distortion— %

0.001
100 400 1k 4k 10k 40 k 100 k

f—Frequency—Hz
FIGURE 23

Data at high and low temperstures are applicable only within the rated operating free-air temperature ranges of the various devices. A
12-pF compensation capacitor is used with TLO8BO and TLOSOA.
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TYPES SN52555, SN72555
PRECISION TIMERS

BULLETIN NO. DLS 7312053, SEPTEMBER 1973

e  Timing from Microseconds to Hours

.  Astable or Monostable Operation .

e Adjustable Duty Cycle

e Up to 200-mA Sink or Source
Output Current

e TTL Compatible Output

e Designed to be Interchangeable with
Signetics SES55/NESSS

description

* The SN52555 and SN72555 are monolithic timing
circuits capable 01 producing sccurate time delays or
oscillation. In the time-delay or monostable mode of
operation, the timed interval is controlled by a single
external resistor and capacitor network. In the astable
mode of operation, the frequency and duty cycle

may be independently controlied with two external

resistors and a single external.capacitor.

The threshold end trigger levels are normally two-
thirds and one-third, respectively, of Vee. These
levels can be altered by use of the control voltage
terminal. When the trigger input falls below the
vigger level, the flip-flop is set and the output goes
high. When the threshold input rises sbove the
threshold level, the flip-flop is reset and the output
poes low. The reset input can override all other inputs
and can be used to initiate a new timing cycle. When
the reset input goes low, the flip-fiop is reset and the
output goes low. When the output is low, & low-
impedance path is provided between the discharge
terminal and ground.

The output circuit is capable of sinking or sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15 volts. With 2 Svolt supply,
output levels are compstible with TTL inputs.

conTROL
Voo  VOLTAGE

functional block diagram

L) { 1]

AAA
V
»

jcor

JP OR P DUAL-IN-LINE PACKAGE
(TOP VIEW]

CONTROL
DIS THRES VOLT-
VCCCHARGEHOLD  AGE

HENENNE
IWEIEHRLC
GND TRIG- OUT- RESET
GER  PUT

L PLUG-IN PACKAGE
(TOP VIEW)

Vee

CONTROL
VOLTAGE

RESET

PIN 1 1S IN ELECTRICAL
CONTACT WITH THE CASE

RESEY




PAS

schematic
vee o - - -
47k 30 4Tk 1k }S_Bk
L
A
5k
39&
THRESHOLD _.{ ? F \1( '210 3 2L outeur
v 4
CONTROL 12
VOLTAGE
\ -
TRIGGER
L_ < ¢
d [: 220
RESET - L
DISCHARGE q 1 r)
l}" %wu 100 k fs?j 47k
GROUND ,J7 < ol — -
100
Resistor vaiues shown srs nominae! end in chme.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vg (see Note 1) S, . [ 57 ] - A8V
input vottage (control voltage, reset, threshold, tngger) ..... Y A e ndNen
Outputcurrent . . . - o 2225 ma
Continuous total dusnpatoon st (or beiow) 25 C freo-mr tempemtur!: (see Note 2) . # 5 4 . . 600 mwW
Operating free-air temperature range: SN52555 —55°C 10 125°C
SN72555 . 2 ) . 0°Cto70°C
Storage temperature range . Py ARfLD. 3 —65°C 10 150°C
Lead temperature 1/16 inch from case for 50 wconds Forl paduge B B 300°C
Lead temperature 1/16 inch from case for 10 seconds: P package . . o e s R S DGO
NOTES: 1. Ali voitape veiues ere with respect to network ground terminal. p
2. For operstion sbove 25° C free-air temperature, refer to Dissipstion Derating Curve, Figure 1.
recommended operating conditions
SN52555 SN72555 UNIT
MIN _NOM_ MAX |MIN NOW MAX :
Supply voitage, Voo 45 186 | 45 16 Vv
input voitage, V| (control voltepe, reset, threshold, trigger) Vee « Veg| V
Output Current, ig +200 1200 ma
Opersting fres-eir temperature, T4 -85 125 [\ 701 -2C
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electrical characteristics at 25°

C free-air temperature, Vec =5V to 15 V (uniess otherwise noted)

PARAMETER TEST CONDITIONS ShS255 kPl UNIT
~ MIN  TYP MAX [MIN TYP MAX
Threshold voltege level o1 3
percentage of supply voltage 857 £o >
,-Threshold current (sse Note 3) 0.1 0.25 0.1 025 MA
Veg= 15V
Tri volisge leve! cc-1s 4.8 2 5.2 d \Y
e Vee-5V 145 167 18 167
Trigoer current 0.5 0.5 MA
Reset voltape leve! 04 0.7 i 0.4 0.7 1) v
Reset current 0.1 0.1 mA
Control voltage Yoo 15 ¥ 8.6 10 104 ] 10 11 v
{open<ircuit) Vee=6V 28 33 3.8 26 33 4
oL~ 10mA 0.1 015 01 025
] - A 4 4 5
Vee= 15V |°L ?()“)mmA 0] 0.5 0. 0.75
Low-leve! output voltage DE 22 JRECL G
oL = 200 mA 25 2.5
[} =5mA o
Veem8V oL m. 01 025
oL = BmA 0.6 035
| =-—1 A 1 1 12.75 |13
' AV OH=—100m Bl 2 33
High-leve! output voltage IoH = =200 mA 125 12.5 -V
Vee=56V ioH = —100mA ) 275 33 ¢
Output fow, Vee=15V 10 P2 10 15
No loed Veg=5V 3 ] i 3 6
Supply current - mA
Output high, Vec =16V 9= Pig s 1
No load Vec=5V 2 4 2 L)

NOTE 3: This psrsmeter intiuences the maximum walue of the timing resiston R 4 and Rg.

value is R = Ra+Rg & 20 MN.

operating characteristics, Vg =5 V and 15 V

For exempls when Yee = § V the maximum

SN52555 SN72558
PARAMETER TEST CONDITIONS? UNIT
MIN  TYF MAX |[MIN TYP MAX

T

S e Ra =1 kR 10100 k| T4 = 25°C 0s 2 1 =
timing interval -
Temperature coetficient Ta = MIN

Rp = 01to 100 kN3 30 50 pom/'C
of timing interva! By B e MAX
oty voltege sensitivi S > :
Supplyvo g W Ce0.iuF Ta=25°C 0.005 0.2 0.01 XV
of timing interval
t 100 10C ns

Output pulse rise time CL= 150F, Ta=25°C
Output pulse tall time 100 100 "

TFor eonditiont shown e MIN or MAX, uss the spDropriste vaiue specified under recommended opersting conditions

THERMAL INFORMATION

DISSPATION DERATING CURVE

— MAX T,

SERIES 77 d—e! | SERIESES —

ax T, |

N

AW N

N

NN

o

Maxtrrn Contimonn Diesiontian —mW

T
l{awr 2

DERATE  FROM
4a3ew/'Cc F=C
ssew/C  ws'C
somw/c  ¥'C

S (TR (S YT -_.}_l.

D G

S ey AR

) CE7 G |

230 € 50 80 K B0 80 WOV X
Ta—Frevdir Tempsronee—"C
FIGURE 1




Pruse W Relrtive to Vel t Vo = 10V

VOor ~Lew Lewst Outra Vohses -V
o0
» Ve
1
I
L}
R
[y

LOW-LEVEL OUTPUT VOLTAGE
L
LOWLEVEL OUTPUT CURRENT

1 =
Voo oS Y 3=

1 2 4 7TW X & WWO
o ~Lsw-Lowel Orvamt Camvert—enA

FIGURE 2

DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT
-

MIONLEVEL OUTPUT CURRENT
2 T Bl
18— Ta=-8E'C i
>\ i1 i L
¢ -l
&
PR i
£ Tzl
310
>I5u
>8ll
% Vec=bVo 1 v
[t
NEREEINI
1 2 4 7 W X @ W
AOr—bignLovel Orvapat Casrort—omis.
FIGURE €&
NOAMALIZED OUTPUT PULSE WIDTH
S4ONOSTASLE OPERATION)
"
SUPPLY VOLTAGE
1018
10%
1808
\ =
1000
oses
oss
ases
° [ ® ® E
Vor—Sussly Vehape—V
FIGURE &

TYPICAL CHARACTERISTICST

wes

LOWLEVEL OUTPUT VOLTAGE
-

LOWLEVEL OUTPUT CURRENT

Hmapesie——ao=al
TEvecswo v YA"”'C:
>| L i 1 :’i 10 i
s‘ 2 Tae2s°cl Limtd
SN i ¥
F RS Ta- —88°CEETY
rov: 7 A
& o4 i 2
¥ ooz 1 1t
- v
o1
.? (Y1)
2 004 z
= ] 1
om
oot 1
1 2 & 7w 20 e 7MW
o —Low-Lows! Ovimn Caurvont—mA
FIGURE 3
SUPPLY CURRENT
-
SUPPLY VOLTAGE
% —r—r—
[~ Mo teed
]
H TasB'C z
i
t, Y 7
3 Z
v
4
| P Siiiha
) X Ta e —85°C
8 K yoes
Ta=125°C
2
°
$ 6 7 8 0 W N R BKTE
Vo =Sasply Vokape—V
FIGURE 6
3
MORMALLZED OUTPUT PULSE WMDTH
SAONOSTASLE OPERATION]
-
FREEAIR TEMPERATURE
1018 T
03 Vec= Wy
®
. 1%
=
HRT
; -\\
£ 1000
13 ~
z T~
= oses
§ 0580
z
2

“% 80 ~F © B W T WO ™

Ta—Freeds Tomporomere—*C

FIGURE §

A
Deta for wmperstures beiow 0°C and sbove 70°C ere spplicable for SNE2E5S5 circults only.

VOL-Low-Levsl Outpnt Vottsge -V

Yelmin)=Minimum Pulee Width—ns

o -Propegstion Deley Time —m

LOW-LEVEL OUTPUT VOLTAGE
-

LOWLEVEL OUTPUT CURRENT
W0 ¥ = =3}
Tivee =18 VDTS
1
. sJues] 1)
2 el )
Tas-82"C 4
1 ]
ar SR
o4 IS Il
Ta=7s"C e
02 A AT
Z#” 1a=-85'C
o e
oD A :
o i
oot
1 2 & TW N @ W
1o —Low-Lovel Ovtma Casverm —mA
FIGURE 4
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
-
LOWEST VOLTAGE LEVEL OF
. TRIGGER PULSE
"o
Mo toed
i3
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TYPICAL APPLICATION DATA

astable operation FRETER
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NOTE A: Decoupiing the contro! woltage input (pin E) to J I !
ground with s capecitor may improve operation = -
This should be evalusted for individuel applicstions., z Time—0.5 ms/div

FIGURE 14—CIRCUIT FOR ASTABLE OPERATION FIGURE 15-TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rg, to the circuit of Figure 11; as shown in Figure 14, and connection of the trigoer
input to the threshold input will cause the SN52555/SN72555 to self-trigger and run as 8 multivibrator. The capacitor
C wili charge through Ra and Rp then dts::hnrpe through Rg eniy. The duty cycle may be controlied, therefore, by

the values of Ra and Rp.
This astable connection results in capacitor C charging and discharging between the thresholdvoltage leve!

=0.67-Vg) end the tngg!-voitape level (=0.33-Vc(). As in the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle] are independent of the supply voltage.

Figure 15 shows typical waveforms generated during astable operstion. The output high-level duration, ty,, is calculated
as:

100 k

t, = 0.633 (R + Rp)C, \
output low-evel duratior, tj, as: ; \
]

\\

&

-
(o]
X‘

Y= 0.693 (RpIC.

=
o]

The tota! period is T = th + ¢ and frequency is

148,
{Ra+2RgIC

f--r:,-,orf =

-
o

The frequency of oscillation may be determined by
referring to the chart shown in Figure 1€, which
relates free-running. frequency, f, to the external
resistors Rg and Rp and the externa! capacitor T.
Duty cycle, D, is determined by the values selected for
Ra and Rp and may be calculated as:

f— Frce»nunn!.ng Frequency—Hz
8
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0.001% 0.01 0.1 1 10 100
S —Rp '
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FIGURE 16—FREE-RUNNING FREQUENCY





