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TOSHIEA TH5118

TOEHIEA HALL 3EMZOR  GoAs KN IMPLANMTED FLANAR TYFE

THS5118

HIGH ETAEILTY MOTOR CONTROL. Unit i mm
DIGITAL TACHOMETER. ;
CRANE SHAFT FOSITION SENSOR, ar=ilh =
o Supar Suwall Package R LETED
«  Excellent Temperatare Charseteristics _:_l:
«  Wide Operating Temperature Bange, [} —06=1265C) =1y
#  Exvellent Ouiput Vaoltage Linearity. :E ﬁ S
BMANIMLINM RATINGS {Ta = 25°C) — | ,_d;ﬁ
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e 1= 3 o
Control Cuarrent 1n Ij; ™ mik E!. i' <
Power Dissipation Pry 10 W m‘—irj‘é
Operating Temperature Hange Teagir =55~125 | "C ’ Bl
Stornge Temperature Ronge Ty = =151 i Lit) — B{—) (ANFUT)
#* Mounted on a printed clecuit bonrd FlAE = AL AT
B8 HEIMNG JEDED —_
& A BLAJ —
TLREHIBA 10-2A1A
E Wekght : TOOLTH

T

ELECTRICAL {HARACTERISTICE (Ta = 25}

CHARACTERIETIC AYMEOL TEST CONINTION MIMN. | TYFE. |MAX. | UNIT
Iaternal Hegiglance {Inputl F:'I:| 'Ic—ﬁrnﬁ 450 —_— 0 ]
Fesidunl YVoltoge Hatio Vg VH | Io=fmA, B=0/B=0.1T — — g [ %
Hall Voliage iFota 1) Vi lp=hms&, B=01T [T — 1441 m

s TN Tyv=0mA,. B=0,1T
Tamperature i:urﬂ"-'c'r*:ﬂL o | Vi TIL: -E!E'i:. ﬁ :JHE-'L' — | = |-om8| e
Linzarity (Mote 31 AKH Ip=0mfA, BL=0.1T, E2=05T [ - - 2 %
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Hlll.r ! H 1l':|._| -I"FH.H _%'H,;:'{‘.-'H” h;: mpler :ﬂl‘l:r:ﬁhlﬂvﬂ:l
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TOSHIBA THS118
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TIL111, TIL114, TIL11G, TILI1Z
OPTOCOUPLERS

soosmp 01607, NOVEMBER 1873-REVISED FEBRUARY 1983

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCIHTS
@ Gallium Arsenide Diode Infrared Source Optically Coupled
to a Silicon N-P-N Phototransistor
High Direct-Current Transfer Ratio
High-Voltage Electrical Isolation .. . 15-kV or 2.5-kV Rating

Plastic Dual-In-Line Package
High-Speed Switching: ty =5 us, t =5 ps Typical

mechanical data

The package consists of a galliym arsenide infrared-emitting diede and an npn siticon phototransister mounted on g
6-tead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering
ternperature with no deformation and device performance characteristics remain stable when operated in hagh-hurmidity

conditions, Unit weight 1§ approximately 0.52 grams

M-

e — NOTES
N g T a Leeds are within 013 mm (0,005 inch) radius ot
b of 4RI R S e n trug position (T.P.] with maximum material
l; T candition snd unit inststied.
=
ir A n Pin 1 idsntifies by inoex dot.
I l R 2. Terminal connsctans
| ¥ 1. Anade Infrared-emitting
i " ! 7 Cathooe diode
o L R 3. Mo imarral connection :
pl-3 i GBS Eg g 1Bl Groi e
- ¥ PR PR 4 Ervitter
a7 1 e_;hmj‘ " & Celisctoar Photatransistor
‘g LPLACEE . | LTl 6. Base
L TEI
! !I ooma T L3 - - EmALNIE

FALLSWITHIN JEDEC MO-001AM DIMENSIONS
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

absolute maximum ratings at 25"C free-air temperature {unless otherwise noted)

NOTES: 1.

Input-ta-Dutput Valtage: TIL111 1.5 kW
TiL114, TILY1G, T|L11? $25kY
Collector Base Voltage nov
Collector Emitter Voltage [See Note 1] L L . S o 0V
Emitter- Gollector Voliage . e e e Y
Emitter Base Voltage IRY
Input-Diode Reverse Voltage . .3
Input Diode Continuous Forward Cuncnl al Inl belowl 25 C Free Ar TemDeramre See Nme 2|I 100 mA
Continuaus Power Dissipation at {or below) 25 C Free Air Temperature:
Infrared-Em tting Diode {See Note 3) . 150 mw
Phototransistor {See Note 4} 150 mW
Total, Infrared-Emitting Diode plus Phototransistor tSee Note b} 260 miW

Storage Temperature Range
Lead Temperature 1,6 mm {1716 Inch} fwrn Caaa fcr 10 Seconds

This valLS Spplies when the base 9mitier 0,008 15 Open £ireuitad

2. Derate hnearly 1o 100 C frae-air temperature ot the rate of 1.33 mA/ C.
A, Carate hinearly 1o 100 © tree oo TAMparature at tha rate of 2 mw. C.
4, Darate Hresfly TG 100°C 1rae s tNmpsrature 3t the rae ol 2 mw C

5. Dersie indarly io 100 C Irae i temparaivie 4t the rate ol 333 MW’ C

r55 C 10 150°C

260°C

PHWI.‘TIDI DATA dncumenis tontsin information
earront 18 lﬁﬂ?llﬂ '.f'rrmml ::;l:: g
apaeifications torms of Tonas

sunderd IIHI.I. rodwction procassing dees nel
wcessarily (acleie tisting 8l ol parameters.

Copynght € 1883, Texas Instumenis Incomporated

Texas '{"

INSTRUMENTS

POST OFFICE BOX 855303 - DALLAS, TEXAS 75285
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TIL111, TIL114, TIL116, TIL117
OPTOCOUPLERS

electrical characteristics at 256°C free-air temperature

riLm TIL116 TiL117
PARAMETER TEST CONDITIONS TiL114 UINIT
MIN TYP MAX MIN TYP MAX]{MIN TYP MAX
4 e - 10 kA g =0
VigRICEO Col{ecrar Base ¢ - 10uA, E 20 70 0 v
Bre akdown Vollage 1g=9
VIBRICEQ Caliector-Emirter IC- 1 mA, ig- O 10 10 10 v
Breakdown Voltage lg=0
V(BRIERO EmitterBase | 1g = 10 pA, le=0. ; 7 . v
Breakdown Voltage lg=0
I tnput Dode State Vg -3V 0 0 © | uA
Reverse Current
Vegp= 04V, I =16 mA, 2 7
Fhototransistor| 1g = 0
On St | eraton | VgE 10V, IF - 10mA mA
| Collector perati ! i C_ED ' F ' 2 5 |3 9
clont Current Phoiod od \«‘B 04V Ig = 16 mA
oledass ce CorT ' 720 7 20 7 20 u
Opératien g =0
P =10V Ig =
O Guate |0 1O1NION) VGE S 10V e =D ) 1% 1 s
\Goeration lg=0
iciam Collecror rTeem—— T T + né
Currem elodiods ce ! Foi 01 20 D10 D12
Operatian | g =D
T
Veg=6V, le = 10mA,
Transizior Static I : ce o 5 < " 100 300 200 550
Fe
hEg Forward Current
VEE=5B V. 1o = 100 pa
Transfer Ratio CE ¢ H 100 300
IF=D
v Input Oioge Static - Ip =1EmAa 1.2 14 12 14 v
F Eorward Vol tage It - BOmA , 126 15
ic-2mA IF - 16 mA, ,
crem Frim D26 D4 -
Ig =0 i
Callectas-Emitter Ig =2.2 mi g = iBmhA, i
VCEiatl ' € - F 025 04 v o
Saturation Voltage lg =0 .
- = |
Mic=GEmA Tp - 10mA. 028 04
L 1g-9Q
gt 10 atput Vinout - 18KV far TILTTT,
"o 2.5 k¥ for all athers, 1017 1M 1011 I
fnternal Ressiance
See Note B
[ o v =0, 1- 1 MHz :
C Apit o Output eour = 0, 2 TN 1o1a | v 13 | oF
Capacitance See Note & | |

NOTE & These paramaetars are meapsured Hetwean poth nput ¢iode leads shorted 1ngether and ali the phototransistar leaage shorted togather.

switching characteristics at 25° C free-air temperature

TIL111
TIL1G TiL117
PARAMETER TEST CONDITIONS TiL114 UNIT
MIN TYP MAX .MIN TYP MAX IMIN TYP MAX
1, Rise Time|Pnototransistor | YEC ™ 10V ICony = ZmA, 5 10 5 10 5 10
AL =100 0, us
4 Eall Tume |Operation See Test Circuit A of Figur | 5 10 5 10 5 10
iy Rise Tune|Photodioge | YCC ™= TOVs IC(ony = 20 WA, 1 1 1
RL= Tk us
i Fall Time |Cperation Sae Test Circuit B ol Figure | ! 1 !

xas W

TE
INSTRUMENTS

POST OFFICE BOX B55300 - DALLAS TEXAS 75285
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TIL111, TIL114, TIL116, TIL117
OPTOCOUPLERS

PARAMETER MEASUREMENT INFCRMATION

Adjust amplitude of input pulse for;
IC(ant & 2 mA (Test Creuit Al or
Ition) = 20 pA (Test Cireuit B

INPUT
[t l_.
INPLT e _’ INPUT
il —0 ouUTRUT
1See Note b '.—-I—! tf-ln—J
ok HL-“mnn |1 outeLT I y—0 OUTPUT
—_‘Vcc=‘°V 1 | AL -1k 3 (SmeNoep|
L—ﬂ- I ]
= 1' -
|
105 0%
YEST CIRCUIT A TEST CIRCUIT B
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION

NOTES  a The rput wavelorm s supphed Dy 2 generater wih The ‘olgw rg charasiersins Zpyy » 500 L0 15 ns duty eyele 2 1%,
Ty 100 s
0. The ouipu? wavelorm 15 mordored an an 03¢ [ostone with 1Re Faliow Ng characienstics Gt 1208 By T ML G 20 pFL

FIGURE 1-SWITCHING TIMES

TYPICAL CHARACTERISTICS

TIL111, TiL114 TiL116, TIL117
COLLECTOR CURRENT COLLECTOR CURRENT
Vs Vs
INPUT-DI0DE FORWARD CURRENT INPUT-DIODE FOAWARD CURRENT
'DG Va T Aullllll T 100#‘*‘.‘"&
FVCE=04V } E Vs - 10VE— | H
Qrig=0 T $hi R i Wrig=0 i ;
L Tp=26°C H f | Ta=28c [ L 5
< 10 TR o 10 il L
e : = ? o e e e S PR
L i i i R S T a
5 i . g TR mo A——HE
3 1 = e . : 5] | ; ,//, TtL"IJG -
5 === Ea—— 3 E A A e F i
I o4 : | : § o4 T tadl
% ; ] 3 P 7 ‘ T
LI, ty H <.|> AT ll i !
oo o O et e el
0.4 — 004 17 = : e
4 ! _;1_ I f— :
001 L LUl 1 001 a0
0.1 04 1 4 10 40 100 0.1 04 1 4 0 40 100
|p—Forward Current—mA Ig=Forward Current—maA
FIGURE 2 FIGURE 3
TEXAS Q 3
INSTRUMENTS

PQET OFFICE BOX 855300 « DALLAS. TEXAS TE265
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TIL111, TIL114, TIL116, TIL117
OPTOCOUPLERS
TYPICAL CHARACTERISTICS
TIL1H1, TIL114 TIL116
COLLECTOR CURRENT COLLECTOR CURRENT
' v
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE
T 80 lg-0 |
'z Ta-25C ‘ Ta=25C
50 ",'; Sae Note 7 4 - -~ SeeNote 7
< Vi < I'
£ Rs! E
T 0; A
§ e £ |
= 5 | |
G | U ! | ;
& L 3 b _d
e J Y o -
2 L — ] $ Lo
s = sl 41—3— et
] I L S}p i
U SSi1piT e -
- ‘?PA‘TJON H ‘jrfgfq - _L -
e L
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Veg-Collector-Emitter Voltage—V Ve —Collector-Emitter Voltage—V
FIGURE 4 FIGURE S
TIL14Y
COLLECTOR CURRENT RELATIVE ONSTATE COLLECTOR CURRENT
vs vs
COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE
60 — L 16
‘.z.| Ig -0 in VEE =04 V1010V
[ e ™
1% | Ta=25C - ' 14 1B-0
50 \‘% See Notlle'f "’__ - .f Ig = 10 mA
cEt ‘,.3 I 0 r\"_f“‘_ - % 1.2 | See Nowe 8— —
] l-||¢'5 s d A ;g |
o 40 P QTS ™
g A’ﬂ,\ _\f:‘ S i 10 i et .
5 ' L 2 !
R Vs 0 A N S il ¢ 08 i I
g N2 g /’ !
5 N I - C] A
3 20 . 20 AP0, et T c 06 : i
L|) 'IF__'_'_?_1 ‘ffgﬁ € :
U T 5 04 Tt
10 g = 10mal_Foaflion] ¢
- 2 02}- —
(¥
g I
0 — S 0
0 2 4 6 8 10 12 14 16 17 20 _75 -50-25 0 25 50 75 100 125
v ~—Collector-Emitter Woltage—V Tp—Free-Air Temperature—"C
FIGURE B FIGURE 7
NOTES T Pulse opaianion of inpuy diode s requited for operatian bayond irmits shown by dotted (ines

B Thest [ATAMETErs wers messursd using Dulse EhNIQUEs Ly, = 1 M5, duty tycle S 2%

Texas ‘Q’
INSTRUMENTS

POST OFFICE BOX 655303 - DALLAS. TEXAS 75248
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TILT11, TIL114, TIL116, TIL117

OPTOCOUPLERS

IC {ofty- Off State Collector Current nA

NOTE 7 TRESE DITSMETRTS WETE MIATUren U3 INg PultE 1ECARIGQUEL. T,

OFF-5TATE COLLECTOR CURRENT

TYPICAL CHARACTERISTICS

Vs

FREE-AIR TEMPERATURE

NORMALIZED TRANSISTOR STATIC FORWARD

CURRENT TRANSFER RATIO

w5

r ONSTATE COLLECTOR CURRENT
10000 £ 16 -
4000f YeE - 10V =5 .g VCE=BV ;
i |B=0 C 14 IF:U o |
o ¢ g el
400 = £ 12 Paisiion Sy
I [ HE 1
100 g 10 [+ i
= 5 AT R
40 , 3 g X i i
e AN i ] !
o | Il
10 £ 06 - [ :
¢ - & | | i
e -
\ " 04 ! —+— |
— e S — 1 & ok i | }
0.4 ‘,.' 'E 0.2 + { ‘: Normalized to 1.0
] % | ) atip =t mA
01 E Q
0 10 20 30 40 50 60 70 80 90 100 5 010204 1 2 4 10 20 40 100
Ta- Free-Aw Temperature="C Z
ICon)—0On-State Collector Current—mA
FIGURE 8 FIGURE 9
INPUT DIODE FORWARD COLLECTOR CURRENT
CONDUCTION CHARACTERISTICS MODULATION FREQUENGY
160 10 T T T
See Note 7 i[l' Evee- 10V - -'__—?:‘i; :_:"_" !
140 I 4 Flg=-0 Lol 4:.;. - SaLL
Ta=2'C CTaAs?5 C A-- o} - Wl e I
120 & R ST R L RL-1004
! . ™
g L = g $E\£’$ E\L. =
= 100 | bt N R S LI ) e e
g ! [ E] i g e -1 ”Li‘—.“ T
= i v 1 ISP TR I T S A VA U R
: D04 SO MR LIS
(3 80 - + T——T— - 2 - .'} i . H.ITl.._ .),\
b : 5 g o2 l— il N PR R O B4
'; 50' | | % ! [ " ! A-IT .‘j
: 1 R .
F o Ta-oc /) b ot T iHA -ers oy
= 1 f 004 F—+3 CILEE L LT
20 ) - v b Lok peili . +-"—|—-h<
: TA= 55 01 002 Pt L[f
Ol_ i | | 0.0 Lol l‘-__._._A_ [V ]
0 0204060810 121416 1820 1 4 10 40 100 400 1000

VE-Forward Voltage-V

FIGURE 10

fmod-Modulation Frequency—kHz

forog, duty cycle - 2%

FIGURE 11

TEXAS *?

INSTRUMENTS

POST QFFICE BOX 655301 + DALLAS, TEXAS 75285
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‘ SGS-THOMSON TIP120/121/122
Y ncroELEcTRONICS TIP125/126/127

COMPLEMENTARY SILICON POWER
DARLINGTON TRANSISTORS

= SGS-THOMSON PREFERRED SALESTYPES
DESCRIPTION

The TIP120, TIP121 and TIP122 are silicon (o)
epitaxial-base  NPN  power transistors in / L
monolithic Darlington configuration Jedec TO-220 m /

plastic package, intented for use in power linear \. N

and switching applications. o\

The complementary PNP types are TIP125, 2 3
1

TIP126 and TIP127.

TO-220

INTERNAL SCHEMATIC DIAGRAM

Rt Typ.=5 KQ Rz Typ. =150 Q

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
NPN TIP120 TIP121 TIP122
PNP TIP125 TIP126 TIP127
Veopo Collector-Base Voltage (Ig = 0) 60 80 100 \
Veeo | Collector-Emitter Woltage (lg = 0) 60 80 100 \
Veso |Emitter-Base Voltage (Ic = 0) 5 vV
Ic Collector Current 5 A
lem Collector Peak Current 8 A
le Base Current 0.1 A
Ptot Total Dissipation at Tcase = 25 '_j'C 65 W
Tamk 25 °C 2 W
Tstg Storage Temperature -65 to 150 °c
T Max. Operating Junction Temperature 150 °c

* For PNP types voltage and current values are negative.

October 1995 114

ANEXO 4 78



UPC ICMAB

TIP120/TIP121/TIP122/TIP125/TIP126/TIP127

THERMAL DATA

Rtnj-case |Thermal Resistance Junction-case Max 1.92 ‘f'C.a‘W
Rithj-amb | Thermal Resistance Junction-ambient Max 62.5 “Ciw
ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
lcEo Collector Cut-off for TIP120/125 Vee=30V 0.5 mA
Current (lg = 0) for TIP121/126 Vee=40V 0.5 mA
for TIP122/127 Vee=50V 0.5 mA
lceo Collector Cut-off for TIP120/125 Vece=60V 0.2 mA
Current (lg = 0) for TIP121/126 Vee =80V 0.2 mA
for TIP122/127 Vee =100V 0.2 mA
lego Emitter Cut-off Current (Vgg=5V 2 mA
(le=0)
Veeorsus)* |Collector-Emitter lc = 30 mA
Sustaining Voltage for TIP120/125 60 \
(le=0) for TIP121/126 80 V
for TIP122/127 100 V
Veesan® [Collector-Emitter lc=3A lg =12 mA 2 %
Saturation Voltage lc=5A lg = 20 mA 4 V
Veewem™ |Base-Emitter Voltage lc=3A Vee=3V 2.5 \
hee* DC Current Gain le=05A Veg=3V 1000
le=3A Vee=3V 1000
* For PNP types voltage and current values are negative.
214
Ly SCS-THOMSON
Y/ wichosLEcTRoRICS
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TIP120/TIP121/TIP122/TIP125/TIP126/TIP127

TO-220 MECHANICAL DATA

DIM mm inch
' MIN. TYP. MAX. MIN. TYP. MAX.
A 4.40 4.60 0.173 0.181
C 1.23 1.32 0.048 0.051
D 240 272 0.094 0.107
D1 1.27 0.050
E 0.49 0.70 0.019 0.027
F 0.61 0.88 0.024 0.034
F1 1.14 1.70 0.044 0.067
F2 1.14 1.70 0.044 0.067
G 4.95 5.15 0.194 0.203
G1 24 27 0.094 0.106
H2 10.0 10.40 0.393 0.400
L2 16.4 0.645
L4 13.0 14.0 0.511 0.551
L5 2.65 295 0.104 0.116
L6 15.25 15.75 0.600 0.620
L7 6.2 6.6 0.244 0.260
L9 35 3.03 0.137 0.154
DIA. 375 3.85 0.147 0.151
/ ‘ ' 1] —
o3 el 1 I o
a
L2
e
/
by 1
\ : 5 o
& > @I
Dia. f
L
L5 -
L9
L7
L6 L4
> P011C
3/4
r S$GS-THOMSON
Y/ scaoeLzcmanics
ANEXO 4
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TIP120/TIP121/TIP122/TIP125/TIP126/TIP127

Information fumished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no respensability for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are nat authorized for use as critical compenents in life support devices or systems without express
written approval of SGS-THOMSON Microelectonics.

@ 1995 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerand - Taiwan - Thailand - United Kingdom - U.S.A

4/4
by S Enam
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D - SEPTEMBER 1978 — REVISED AUGLUIST 1896
-

® Low Power Consumption Low Noise _
® Wide Common-Mode and Differential Vi =18 nViiHz Typ at f=1 kHz

Voltage Ranges ® High Input Impedance . .. JFET Input Stage
® Low Input Bias and Offset Currents #® Internal Frequency Compensation
® Qutput Short-Circuit Protection ® Latch-Up-Free Operation
® Low Total Harmonic Distortion ® High Slew Rate ... 13 Vius Typ
0.003% Typ ® Common-Mode Input Voltage Range
Includes Ve +
description

The JFET-input operational amplifiers in the TLO7_ series are designed as low-noise versions of the TLOS_
series 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 for high-fidelity and audio preamplifier applications. Each amplifier
features JFET inputs (for high input impedance) coupled with bipolar output stages integrated on a single
monolithic chip.

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

AVAILABLE OPTIONS
PACKAGE
T Viomax | smaLL cHPF | ceramic | ceramic | PLASTIC | PLASTIC TSSOP FLAT
AT25°C | QUTLINE | CARRIER DIP DIP DIP PACKAGE | PACKAGE
o)t (FK) {J) {JG) (N) {(PW) (W)
TLOTICD TLOTICPWLE
TLOTIACD - — _ _ _ _
TLOTIBCD —
TLOT2ZCPWLE
10 my TLOTACN TLOT4CPWLE
& my — — — TLOT4ACH — — —
3my TLOT4BCN —
_rClo — TLOT1IP
o & my — — — — TLOTZIP — —
TLOT4IN —
_E5C 1o &my — — — —
sc | 8mY — — — TLOTZMP — —
= 9mv TLOTAMFK | TLOT4MJ — TLOT4MN — TLOTAMW

T The D package is available taped and reeled. Add the suffix R ta the device type (2.9., TLOT1CDR). The PW package is only available left-ended
taped and resled (e.q., TLOT2CPWLE).

Flease be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTICN DATA information is current as of publicafion date. Copyright @ 1996, Texas Instruments Incorporated

Products conform to specifications per the tarms of Texas Instruments

standard warranty. Production procassing does nat necassarily include
testing of all parametars.

FOST OFFICE BOX 655302 ® DALLAS, TEXAS 75265 1
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TLO71, TLO71A, TLO71B, TLO072
TLO72A, TLO72B, TL074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D - SEPTEMBER 1878 — REVISED ALGUST 1996

ICMAB

TLO71, TLOT1A, TLOT1B
D, JG, P, OR PW PACKAGE

TLO72, TLOT2A, TLO72B
D, JG, P, OR PW PACKAGE

TLO74, TLOT4A, TLOT4B
D, J. N, OR PW PACKAGE

(TOP VIEW) (TOP VIEW) TLO74 ... W PACKAGE
(TOP VIEW)
OFFSET N1 [ 1 “J B ] NC 10UT [ 4 v 8 ]"'\-'r.:;.:;+ J
IN-2  7[Vees iN-[2  7feouT 10UT[ 1 ~ 14[J40UT
N+ eflour N+ [s  sflaN- IN-[l2 13[4IN-
Vec- [+ s[lorrseTne Vee-[4  slan+ IN+[ 5 1z[l4IN+
Ve <[] 4 1] Vee -
AN+ s o[ 3N+
2IN-[ & af] 3IN-
20UT[ 7 8[] 30UT
TLOT1 TLOT2 TLO74
FK PACKAGE FK PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
z 5 ; 15 5.
G ooLuoL ZOUEE
@0 2 Z=Z> = -
s ) N | N | | D - — g T | N | | D - —
OLOUL O , — PR
25222 ne s 2 e T P ™ P
/ TICICICICT - - .
. 1IN-1] 5 17[] 20UT NC [Js 170 N
321 2019 -
NC 4 18[] NC NC []6 1] NC Vees [6 16 Vec
IN-T15 170 Vee 1N+ []7 15[] 2IN- NC [J7 15[ NC
NC [Je 18[] NC NC [ s NG 2N+ [T 8 1] 3N+
IN+ ] 7 15[ oUT 910 1112 13 910 11 12 13
NC e 14[] NC . e
T9 1011 1213 ) Q5828 15252
o [ [ T o= NO 9w
o oo = N @
Z0zZZ
O
= L
w
(i
L
o
NC = No internal connection
symbols
TLOTA
TLOTZ (each amplifier)
OFFSET N1 TLO74 (each amplifier)
IN+ \:\ IN+ +
} out ouT
IN-—] - IN-— -
/
OFFSET N2
INSTRUMENTS
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UPC ICMAB

TLO71, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D — SEPTEMBER 1878 — REVISED AUGLIST 1896

schematic (each amplifier)

Veos - I -
| A& J
]
IN +
IN -
ourt
—P »
c1 »
I
It
18 pF
[ L
M T
|
I 1080 Q2 1080 lsz
Ve | ' .
| |
OFFSET OFFSET
NULL NULL
(N1) (N2)
5\ /
v
TLOT1 Only
All component values shown are nominal.
COMPONENT COUNTT
COMPOMNENT
TYPE TLO71 | TLO72 | TLOT4
Resistors " 22 44
Transistors 14 2 56
JFET 2 4 3
Diocles 1 2 4
Capacitors 1 2 4
epi-FET 1 2 4

TIncludles bias and trim circuitry

¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 655302 ® DALLAS, TEXAS 75265

ANEXO 4 84



UPC ICMAB

TLO71, TLO71A, TLOT1B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

ELOS0800 - SEPTEMBER 1578 - REVISED ALGLIST 1995

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

Voo Bee MOte 1) Lo
supply valtage, Voo _(see Note 1) Lo
Differential input voltage, Vo (ses Note 2]

Input voltage, V) (see Notes 1 anc
Duration of output short circuit (see Note 4)

Continuous total power dissipation ... See Dissipation Rating Table
Operating free-air temperature range, To: Cauffie oo 0C o 70°C

lsuffic oo —40°C to 85°C

Mosuffic oo =55"C o 125°C
oA e At TaANDE —65"C 0 150°C
Case temperature for 60 seconds, FK package oo 260°C
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: J, JG, or W package ..., 300°C
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: D, N, F, or PW package ... ... 260°C

1 stresses beyond those sted under “absolute maximum ratings™ may cause permanent damage to the devioe. These are dtress ratings only, and
functional operation of the dewice at these or any other eonditions bayond those Indicated under “recommendad operating conditions” s not
Implied. Exposure to absolute-maxmum-rated conditions for extendad perlods may afiect davies rallabiity.

NOTES: 1. Allvoltage values, excapt diferantial voltages, are with respect o the midpoint betwean Vocs and Viee —.

2. Differantial voltages are at [N+ with respset to IN-.

3. Tha magnituda of tha Input voltage must never exceed tha magnituda of the supply voltage or 15 v, whichever Is lass.

4. Theoutput may be shorted to ground or to aither supply. Temperature and ior sUpply voltages must be imitad to ensure that the
dissipalion rating Is not excasdad,

CISSIPATIZN RATING TABLE

PACKAGE Ta < 25°C DERATING CERATE Ta =T70°C ) Ta = 85°C Ta =125°C )
FPOWER RATING FACTOR AEBOVE TA PCOWER RATING POWER RATING POWER RATING
O (& pin) G20 MW 5.8 mWFC a3 C 465 mw 378 miw i
O i14 ping G20 mw 7.6 mweC [ B4 MW 490 MW R
FK R0 MW 11.0 MW G a5 c B30 MW GR0 MW 273 mw
J R0 MW 11.0 MW G a5 c B30 MW GR0 MW 273 mw
JG R0 W a4 mwirc B G B72 mw A4 mw 210 mw
M R0 W Q.2 mWirc TEC B30 MW ROT MW i
P RO MW 2.0mwirc BEC B0 miw R20 MW Wiy
PW (8 pin) L 4.2 mwirC TG 25 mw VIS Wiy
P (14 plng 700 mw REMWINC T C T00 miw NiA iy
w GR0 M 20mwirc BEC 40 miy R20 i 200 mw
Q TEXAS
NSTHUMENTS
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UPC ICMAB

TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0800 - SEPTEMBER 15978 — REVISED AUGUST 1906

electrical characteristics, Vet = £15 V (unless otherwise noted)

TLOTIM TLOT4M
PARAMETER TEST CONDITIONST Tat TLOTZM UNIT
A
MIN  TYF MAX| MIN TYP MAX
W Input offset voit Vo=0 Rg =501 == E : 2 - N
n voltage =0, = (8] m
12 g a o s Full range 3 15
Temperature coafielant of
o .nepufﬁm \.rcLult-agE- V=0, Rg =500 | Full range 18 18 e
| ot armset ; Wz 25°C 5 100 5 10| pa
il eurran =
1o n o Full range 20 20| na
25°C 65 200 65 200 | pA
g Input blas eument® Vo=0
50 50| na
_ -12 -1z
VicR E;gm;g;"?"‘ nput 25°C M o M to v
g&rang 15 15
R =10 K 25°C 12 +13.5 12 +125
Vo Maximum peak output AL= 10 k2 2 et v
voltage swing Full range
R =2 kil +10 +10
Large-slgnal differentlal 25°C 35 200 35 200
Ao Vo=+10%, R =2KD VY
VD valtage ampiization o L 5 5
B4 Unity-gain bandwidtn Ta =25C 3 2 MHz
M Input resistance Tp, =25°C 1012 1012 0
Common-mode rejaction Vo =VigRrmin, . . .
CMRR atlo Vo=0, R =500 25°C &0 86 &0 BE dB
Supply-voltage rajecton Voo =£8Vio£15V,
ksvR ratio (AV o 4 4% ey Rg =500 25°C 80 8B &0 85 B
SuUpply cumant jeach
loc aml:glr\ian I' Vo=0, No Inad 25°C 14 25 14 25| ma
Vor/Wog  Crosstalk attenuation A =100 25°C 120 120 dB

T Input blas currents of @ FET-Input operational amplifier are nomal junction reverse cuments, which are tamperature sensithie as shown In
Flgure 4. Pulsa tachnlguas must e used that sl malntain the Junctlon temperature as close to the amblant temperature as possibla.

T Al charactersties ane measured under open-oop condtions with zero common-mode voltage unless otherwlse spacifled. Full range 1s
Ta =-55"C to125°C.

#mms

5] POET OFFICE BOX 655303 ® DALLAS, TEXAS TEZEE
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ICMAB

TLO71, TLOT1A, TLO71B, TLOT2
TLO72A, TLO72B, TLO74, TLOT4A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFI

ERS

SLOS0B0D - SEPTEMBER 1978 - REVISED AUGUST 1955

operating characteristics, Voo =+15V, Tp =25C

TLOTXM ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP  max | nm TYP  MAX
o V=10V, R =2 ki,
SR Sl rate at unity gain oL =100 BF, 82 Flqure 1 5 12 8 12 Vius
& Risa ime overshoot W) =20 mv, R =2 ki, 0.1 0.1 ns
tactar CL =100 pF, Sae Flgure 1 20% 20%
f=1KHZ 12 18 i HZ
i Equivalent Input nalse Re =200 ki . .
woltage f=10Hzto 10kHz 4 4 uy
o SduvesntineunaRe fpe-z00, F=1KHz 0.01 0.0 pi{E
. VmS =6\, Ao =1,
THD ;ﬁsﬂrnz;m”"m RL =2 kiy, Rg =1 ka2, 0.003% 0.0028%
f=1kHz
PARAMETER MEASUREMENT INFORMATION
10 ki2
Yo 1 ki
Wy Vi
I Vo
© =100 pF Rl = 2K
RL IC|_=1'JE-|:|F
Figure 1. Unity-Gain Amplifier Figure 2. Gain-of-10 Inverting Amplifier
TLOT1
IN—
ouT
) m N2
1.5k
Voo-

Figure 3. Input Offset Voltage Null Circuit

POST OFFICE BOX 655302 ® DALLAS, TEXAS TERGE
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UPC ICMAB

TLO71, TLO71A, TLO71B, TLOT2
TLO72A, TLO72B, TLO74, TLO74A, TLOT4B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0ROD - SEPTEMBER 1978 — REVISED ALGUST 10065

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE FREQUENCY
100 e T T TTT
= 415 T T 1T
FVope=+15V Voo =+15W R =10 ka2
>| T Y| | Ta=25C
% +12.5 See Flgure 2
=T 10 / E H‘
= [=]
! F E
E Il 2 +10 Voo+=210W
3 d I
3 G
FE Vi T 475 \
2 7 2 H
5 7 E
E ., 7 E is Vg =25V
£ E
- 2 I
— = 25 ™
> N
¥
0. [
—-75 -850 -25 0 25 50 75 400 125 100 1k 10K 100 K 1M 10 M
Ta — Free-Alr Temperature —=C T Frequency — Hz
Figure 4 Figure 5
MAXIMUM PEAK QUTPUT VOLTAGE MAXIMUM PEAK CUTPUT VOLTAGE
Vs Vs
FREQUENCY FREQUEMNCY
15 T T T 1T 15 T T TTTI
: M =T -
! - Ta = 25°C ! e R =2 k2
= v =15 V| A T = 25°C L
g +125 CoL= + 1 see Figure 2 B #1235 — 2 — Sea Flgure 2
5 \ 2 N\
=3 (1] = 410 '
= '| = \ Tp =-55°C
[=} Voc+=+10W [=} \
& &
= £7.5 T 175
o o
5 \ 5 TA=125"C\
E 15 E 15
- -
= Vops= 25V = \
I I
= £25 = 25 Y
= = \ \
hd i
100 1K 10K 100K 1™ 10 M 10k ADK 100K 400K 1M AM 10M
- Frequency — Hz 1— Frequency — Hz
Figure 6 Figure 7

1 Data at igh and low tem peratures are applicable only within the rated operaling free-alr tamperature ranges of the varbus devices.

Rloos
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UPC ICMAB
TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
SLOSCRN - SEPTEMBER 1978 - REVISED AUGUST 1205
TYPICAL CHARACTERISTICST
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs VE
FREE-AIR TEMPERATURE LOAD RESISTANCE
+15 T 13 T T
. H|_I—1'-'!{U - Vope =215V
: — 1| Tz ]
+12.5 o 125 [ See Flgura 2
5 el RL=2k0 T E o /f
g = "‘ﬂ
‘i +10 ‘i +10 P
3 V4
o a
= 175 = 475
g & /
E +3 E. +5 /
I
= 125 —— = 125
;Q Vpo+ =215V 0
Sea Flgure 2
a L L i}
-75 -50 -25 0 25 S0 75 100 125 o1 0z 04 071 2 4 710
Ta - Free-Alr Temperatura - °C RL - Load Reslstance — KL
Figure & Figure 9
LARGE-SIGNAL
MAXIMUM PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
VE ¥s
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
+15 — 1000
- RL =10 ko
I Tp =25°C 100
& +12.5 5 i
£ = E 200 P—
= 23 [
5 110 / g7 1m0 =
g / 55
;1 +75 / E;E 40
- d
g 5 <
E 5 —I'f’? 10
: TN
s 125 A < C ‘..l'crit—iﬁ‘ul'
o Vo =110V
= 2 R =2k
0 1 | |
o 2z 4 6 & 10 1z 14 16 -75 -50 -25 0 25 S0 75 100 125

Vi - Supply Voltage - v

Figure 10

Ta — Free-Alr Temperature —°C

Figure 11

tData at high and low temparatures are applleatia only within the rated oparating frea-alrtemperature ranges of the various devices.,

QTExAs
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UPC ICMAB

TLOT1, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSOR0D - SEPTEMBER 1974 - REVISED AUGLST 1086

TYPICAL CHARACTERISTICST
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
AND PHASE SHIFT
Vs
FREQUENCY
108 T T T
Voos=+5VIo+15Y
_ Y R =2 k0
10+ \ Ta=25°C

N :
\ Differentlal
\ voltage

Amplification
103 ' 45

RENUANEEN

Fhase Shift \ \ 1350
B

101 \
I \ 1807

1 10 100 1k 10K 100K 1M 10M
- Frequency - Hz

104

Phase Shift

Anyp - Large-signal DImerentlial
Voltage Amplification

Figure 12

MORMALIZED UNITY-GAIN BANDWIDTH
AND PHASE SHIFT

L ]
FREE-AIR TEMPERATURE
1.2 1.02
L
5 1.2 Unley-Galn Bandwldth 1.02
: £
B o1 . N 1o @
E 7]
E H"‘H g
@ | Phase Shift _| T
=l 1 —— 1 =
5 B
5 09 \\‘ 089 5
@ \.\ z
s o L Yooz =15V -
" R =zn :
1=B4 for Fhase Shift
07 | 0.7
-75 -5 -5 0 5 50 75 100 125

T — Free-Alr Temparature - °C

Figure 13

T Data at high and iow tamperatures are applicable only within the rated oparating free-alr temparature rangas of the various deviees.

QI Texas
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UPC

TLO71, TLO71A, TLO71B, TLO72

TLO72A

, TL072B, TLO74, TLO74A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

ICMAB

SLOS0BO0 - SEPTEMBER 1078 - REVISED ALIGLIST 1096
TYPICAL CHARACTERISTICST
COMMON-MODE REJECTION RATIO SUPPLY CURRENT PER AMPLIFIER
V5 Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
89 T T 2 I I
g Vooe =15V < Ta=25C
'L Ry = 10 ko E| 18 I No signal
£ B8 s No Load
B 2 1.6
g g 14
T o7 z
i:f‘ & 12
2 5
E 86 ~ g 1
E 2 ous
£ g5 =
E S 06
© 0
[ 0.4
Z o84 4
= 2 opaz
= 2
83 0
-75 -50 -25 ©0 25 50 75 100 124 0 2 4 & 8 10 12 14 16
T — Free-Alr Tamparature - [Vee 4 - Supply Voltage -V
Figure 14 Figure 15
SUPPLY CURRENT PER AMPLIFIER TOTAL POWER DISSIPATION
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
2 T T 250 T T
E ia "u"r;r;i-::tﬁ-_"n" Vcct:i1ﬂ
Col ot : oL
2 15 —— — = 200 =g
= ‘"’*-..,h_ = o, | ‘
E 14 - . o
= M) 2 173 e
5 . B "\..,‘“_TLDM
& 12 @ 150 =
& \\"h. z “\‘\.
a o,
g 1 5 125 -
z 03 S 100 ] TLOT2
(=% o ] ¥
S 05 E o7 e
UT ! H"'--..
w04 oo TLOIT1
[&] ————]
£ 02 25 . —
0 - . 0
-75 -50 -5 0 2% 50 7S 10D A1E5 -75 -850 =25 0 25 50 TS5 100 125

Ty - Free-Alr Temparature - °C

Figure 16

Ta - Free-Alr Temperature - °C

Figure 17

1 Data at nigh and low temperaturas are applicabia only within the rated oparating free-airtemperatura ranges of tha varkous devicas,

R oos
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UPC ICMAB

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

SLOS0B0D - SEPTEMBER 1978 — REVISED AUGUST 189

TYPICAL CHARACTERISTICS
NORMALIZED SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE
V& Vs
FREE-AIR TEMPERATURE FREQUENCY
115 N
[ E a0 VogiZ+15V
Vo4 =215V A =10
o0+ S Byp = 10
110 _RL=2KU c \ Rg= 200
g2 CL=100pF o 40 N Ta = 25°C
B = \
= 105 g N
® = N
T @ 30 .
= =
@ =
I 1 = \
=) z
g ™ = ]
E 025 N 5
=] m
z \ =
= 10
0.90 w
}:
0.5 0 — N -
_75 _80 -35 0O 25 S0 75 100 125 10 40 100 400 1k 4k 10K 40K 100K
Ty, - Freg-Alr Tamparature - °C T-Frequancy - Hz
Figure 18 Figure 19
TOTAL HARMONIC DISTORTION
Vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
1 =
= Vogs=15V ‘ Voos=+15V
E 0.4 :AHD:'I :r ! RL=2k0
1 T L ViRms = 6Y 2y CL =100 pF
s | Ty = 25°C = Ta = 25°C
£ = Output
3 =
01 s 2
= H <
E 0.04 5]
E z 0 \
: E / \
.E'Z‘ 0.01 ., _=I 3 f
1 Fi 0 i
o non £ Input
= z -4
=3 = 1
0.001 g
100 400 1k 4k 10K 40K 100K 0 05 1 15 2 25 1 1§
- Frequency — Hz 1= Time - us
Figure 20 Figure 21
POST OFFICE BOX 655302 ® DALLAS, TEXAS TEZGE 13
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO072B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS800 - SEPTEMBER 1978 — REVISED AUGUST 1208

ICMAB

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE

L ]
2
24 J—— =

ELAPSED TIME

Overshoot
= i =

E @ [ Ly

i ]‘ 0%
= 16 |
L, / |
2 |
2 12 |
g |
o 8 I
: |
5] .
= 4 f
st | Voo =15V
0 - " R = 2k0 o
- Ty = 25°C
4 ! |
o1 02 03 04 05 06 07
L -Elapsed Time - ps
Figure 22
14 POET OFFICE BOX 655300 # DALLAS, TEXAS TEAES
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ICMAB

TLO71, TLO71A, TLO71B, TLOT2
TLO72A, TLO72B, TLO74, TLO74A, TLO74B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0BOD - SEFTEMBER 1978 - REVISED AUGUST 1956

APPLICATION INFORMATION

Table of Application Diagrams

PART
GATIC |
APPLICATION DIAGRAM womger | FIBURE
0.5-Hz square-wava callistor TLOT1 )
HIgN-a noten iter TLOT1 24
Audio-distrioution ampiier TLOT4 25
100-KHZ quadratura oscllaior TL0T2 26
AC ampifiar TLOT1 277
R =100 ki
Vee+
b—— output RI Rz
" Input i!il" +—— Output
-
1Ko T Vec-
R R1mRZm RIm 15 N
€1 cz clmczm S miio pr

9.1 k2
1

}_

1 1
1'-2':H T L — TD-W-1KHZ
F “F
Figure 23. 0.5-Hz Square-Wave Oscillator Figure 24. High-Q Notch Filter
Voo+
1 M2 -
ftty TLOT4 —— Output A
Voo+
1 uF
Input———4{————
Vo=
100 kil 100 kL2
100 ki
Voo+
100 pF I 100 k2
= = TLOT4 —— output ¢
Vep-
Figure 25. Audio-Distribution Amplifier
POST OFFICE BOX 655302 ® DALLAS, TEXAS TE2EE 15
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UPC ICMAB

TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO072B, TLO74, TLO74A, TLO74B
LOW-NOISE JFETINPUT OPERATIONAL AMPLIFIERS

SLOS0800 - SEPTEMBER 1978 - REVISED AUGUST 199
APPLICATION INFCRMATION

14148 18 KL {se Note A)
& 5wt # A -5V
18 pF
—{ Hl 18 DF ?1 (14
Vr__c + 0—“:7r
88,4 kil Voo+
A N
3 88.4 KO TLOT2 ' B COS ot
Vee- .
18 pF 1 ki
Vee-
b =
A I i 15V
1N4148 18 kil (se0 Nota A)
88.4 kO
Ny

MWOTE A: These resistor values may be adjustad for a symmetrical autput.
Figure 26. 100-kHz Quadrature Oscillator

Voo+

IN-
TLOTY ouT
IN+
Figure 27. AC Amplifier
16 POST OFFICE BOX G55303 ® QALLAS, TEXAS TEZES
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RS R MO E IO 1=o0d

= AL =Y T e

AL

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

ICMAB

T TLTIAC TLITIBE i
S TLT2AC TLITIBE LU/
PARANETER TESTCONDITONST | T3 - LA - |
WK TV MAK|HN TYRMAX| MNTYPMAX[WN TV HAX
Vg oot volme [Vo=0  Rg=500 ki L ! - L -
o T R f 15 f )
Temparatura
wp  wenoenept |Vgs0,  Ry=500 |Fulrge i 1 1 ® |
ot volage
o e 510 5100 510 51| pA
o Iputotsstoument |¥p=0 -
Fullange 1 2 l 2| m
Y i i 10 & 0 B 0 B om|
NPUTDIaS cumel =V
B ‘ Fullange 1 7 1 nf m
-2 2 g} )
£omman-moda .
ViR Bol#oo oo [#ob |4 b V
It votage ange " 5 ]5 ]5
— AR T R
V whtvolage  |Ry 210K 2 2 #2 H! v
o mﬁ S Filrngs
! RL22k Hi 0 0 )
Laesal il | O 5 W
Ap  OMormilvoiage [Vp=+i0Y, Ry 22k Vimy
ampinzatan Fullznge | 15 bl 2 P
Unygan
B i 3 ; 3 3|
1 Ipuireskbne ¢ foiz 1012 12 fof2 ]
Commanmade | Vic=Yycpmin . ) )
ORR o ool Rt o i 1 R nom | @
SLIDph,I'-‘J'd[CQE " | .
=4Vl 415Y,
or memdn | ST PEc 0w {wow |aw @ |
Wogaig [0 TR
sppyamn | :
o gy [0 M| B ol ool ouon 4 25| ma
o Csll o .
W g [N e 11 i i wmo|®

T A charactarishes s magsurad undar tpan-loap candtions wih 2ar eomman-made vokaga unlass alnénvise specifad

feul TangRIs Ty = UC o TG0 TLOT_CTLOT_AC, TLOT_BC and s Ty = ~4°C to BEC for TLOT L,

§|I1|JLI[ 0l eyrmants 0t & FET-nout cparaanal amplMar ara namalJUnchon raversa cuants, Whizh ars Iamparallra sansliva 4s Shown I Figure 4, Pulsa tachniguas must ba sed :

that maintaln ha Junclian temparature 85 closto the amblent tamaaraiure 8 possiole.
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UPC ICMAB

OP07C, OPO7D, OPO7Y
PRECISION OPERATIONAL AMPLIFIERS

SLOS00SE — OCTOBER 1083 — REVISED AUGUST 1396

® Low Noise D OR P PACKAGE
@ No External Components Required (TOP VIEW)
® Replaces Chopper Amplifiers at a Lower OFFSET N1[] 1 U 8[| OFFSET N2
Cost N2 7[Vecs
® Single-Chip Monolithic Fabrication IN+[| 3 6] ouT
® Wide Input Voltage Range Ve -[] 4 s[INC
0to£14 V Typ
® Wide Supply Voltage Range NG —MNo internal connection
+3Vto+18V symbol
® Essentially Equivalent to Fairchild nA714 OFFSET N1 1
Operational Amplifiers N+ \
® Direct Replacement for PMI OP07C and 6
OP07D ) out
IN - -
OFFSET N2

description

These devices representa breakthrough in operational amplifier performance. Low offsetand long-term stability
are achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For most
applications, external components are not required for offset nulling and frequency compensation. The true
differential input, with a wide input voltage range and outstanding common-mode rejection, provides maximum
flexibility and performance in high-noise environments and in noninverting applications. Low bias currents and
extremely high input impedances are maintained over the entire temperature range. The OP07 is unsurpassed
for low-noise, high-accuracy amplification of very low-level signals.

These devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGED DEVICES
Viomax CHIP FORM
TA AT 25°C SMALLOUTLINE | PLASTIC DIP o
(D) (P)
0:Cto 70°C 1504V onoren opore OPOTY

The D package is available taped and reeled. Add the suffix R to the device type (e.g., OPO7CDR). The chip
form is tested at Ta = 25°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semicenductor products and disclaimers thereto appears at the end of this data sheet

PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated
Products conform to specifications per the ferms of Texas Instruments
standard warranty. Preduction processing does not necessarily include
testing of all parameters.
POST OFFICE BOX 655203 ® DALLAS, TEXAS 75265 1
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OP07C, OPO7D, OPO7Y

PRECISION OPERATIONAL AMPLIFIERS
SLOS099E — OCTOBER 1983 — REVISED AUGUIST 1996

OPO07Y chip information

These chips, properly assembled, display characteristics similar to the OP07. 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
(1) Veet

(M
(6)

OFFSET N1

»l
7l

3
2
(8

IN*

out
IN -

(4)
Vee-

OFFSET N2

CHIP THICKNESS: 15 TYPICAL

~
2%

BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C
TOLERANCES ARE * 10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

™
*

¢ TEXAS
INSTRUMENTS
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OP07C, OPO7D, OPOTY
PRECISION OPERATIONAL AMPLIFIERS
SLOS099B — OCTOBER 1983 — REVISED AUGUST 1996
schematic
1. V; Y Veo+
OFFSETN1 _! d 1 N
OFFSET N2 8
'|' ta }
T § our
e T
N+ gy e | j e
2 I H, e
IN - 4
% P . I yﬂ
COMPONENT COUNT kl H T—Kf Fﬁé LK
Resistors 28 ;
Transistors 39
Capacitors 4 4 Vee -

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

Supply voltage, Voo s (see Note 1) oo 22V
SUDPIY VOO, V0 et e =22V
Differential input voltage (see Note 2) ... .. i e +30V
Input voltage, V| (eitherinput, see Note 3) ... .o +22V
Duration of output short circuit (see Note 4) ... ... o i unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) ................ 500 mW
Operating free-air temperature range, Ta, .. ... oo 0°C to 70°C
Storage temperature Frange ... ... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ......... .. ... .. ... .. ... .. ..... 260°C
NOTES: 1. Allvoltage values, unless otherwise noted, are with respect to the midpoint between Vi 4 and Voo —

2. Differential voltages are at IN+ with respect to IN—.

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

4. The output may be shorted to ground or either power supply.

5. For aperation above 64°C free-air temperature, derate the D package to 464 m\W at 70°C at the rate of 5.8 mW/°C

recommended operating conditions

MIN  MAX | UNIT
Supply valtage, Voo+ 3 118 W
Common-mode input voltage, V¢ Voo+ =215V -13 13 v
Operating free-air temperature, Tp 0 70 °C

” TEXAS
INSTRUMENTS
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electrical characteristics at specified free-air temperature, Ve £ =15 V (unless otherwise notec)

No load

PARAMETER TEST CONDITIONST T il o UNIT
A MN TYP MAX] MIN TYP MAX
Y] Input offsef voltage Vo=0 Ro=500) al hoH h v
0 o 0% WP cem B X 5 5|
aylo  Temperature coefficient of input offset voltage Yo=0 Rg=500 | 0Clo70°C 05 18 07 25{ pvC
Long-term rft of input offset valtage See Note 6 04 05 Wimo
Offset adjustment range Rg=20k  SeeFigure 1 5C 14 1 my
%56 08 6 08 6
g Input ofiset curent nA
0CloT0C 6 8 16 8
ujo  Temperature coeficient of input offset current 0CloT0°C 175 12 50] pAC
50 118 17 2t
flg Inputbias current nA
0CloT0C 122 19 3t
g Temperature coeficient of input bias current I’Clo70C % 50 B S0 pAC
_ BHC | 13t i tH
Vicn ~ Common-mode input voltge range y
I'Clo70C | +13 4135 3 1135
R 210k 1 2 18
R 22k 50 |15 £128 15 2128
Von  Peakoutput vottage y
R 21k 1 12
Rl 22k 0C70C | 11 1126 1 1126
Voo=13V, Vp=105Y, "
250K 25 100 400 400
sional diferenial v ficai VI
Ayp  Lagessignal diferential votage amplification 5 0 m o0 Vil
Vo=tV R =2k) —
0°Cto70°C | 100 400 10 400
By Unity-gain bandwidth 5C 04 06 04 06 MH:z
f Input resistance &C § 8 [ )
S %56 00120 9 1
CMRR  Common-mode rejection ratio Vi =13V Rg=500 B
0Clec| o 120 o 106
o Vop=13Vtot 18V, 20 T % [
koys  Supply votage sensiiiy (AVioyAV o) oot W
5 RO Rg=500 0CloT0°C 10 5l 05
Yo=0 No load 80 150 8 150
P Power dissipation Versz3V V= 5C mi
D Ver dissip Voe=13V, Vp=0, | 4 !

Al characteristics are meastred under open-oop condions with zero common-made input voliage unless othenvise noted.

NOTEG: Since long-term driftcannot be measured on the individual devicas prior to shipment, this specification s not intended to be a warranty. Itis an engineering esfimate of the
averaged trend fine of drift versus time over extended periods after the first thirty days of operation
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OP07C, OP07D, OPO7Y
PRECISION OPERATIONAL AMPLIFIERS

SLOS099B — OCTOBER 1963 — REVISED AUGUST 1996

operating characteristics, Voo+ =£15V, Ty =25°C

TEST OPO7C QPO7D
PARAMETER CONDITIONS MN TYP MAX| MIN TYP MAX UNIT
f=10Hz 10.5 105
Vi Equivalent input noise voltage f=100Hz 10.2 10.3 WAL
f=1kHz 9.8 9.8
VN(PP) Peak-to-peak equivalent input noise voltage f=01Hzto 10 Hz 0.38 0.38 uv
f=10Hz 0.35 0.35
In Equivalent input noise current f=100Hz 0.15 0.15 pA-‘"\E
f=1kHz 0.13 0.13
INPP)  Peak-to-peak equivalent input noise current f=0.1Hzto 10 Hz 15 15 pA
SR Slew rate RLz2kQ 0.3 0.3 Vins
T All characteristics are measured under open-laop canditions with zera comman-made input voltage unless otherwise noted.
electrical characteristics, Voo+ =115V, Ta =25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST P UNIT
MIN  TYP MAX
V1o Input offset voltage Rg=500 60 150 uy
Long-term drift of input offset voltage See Note 6 0.5 uW/mo
Offset adjustment range Rg = 20 k2, See Figure 1 4 my
o Input offset current 0.8 nA
B Input bias current 2 t12| nA
Vice  Common-mode input voltage range 13 £14 v
RL 210k 12 £13
Vom  Peak output voltage RLz2kn 115 +128 v
RL =1k 12
) i ) . Vec+=13V, Vp=+05V. R £500kQ 400
Ayp Large-signal differential voltage amplification
Vo=210V, R =2kQ 120 400
B1 Unity-gain bandwidth 04 0.6 MHz
] Input resistance 7 31 Me
CMRR  Common-mode input resistance Vig=+13V, Rg=500 94 10 dB
ksys  Supply-voltage rejection ratio (AVoc/aVio)  |Voce=13Vio 18V, Rg=50Q 7 32| uviv
) Vo =0, No load 80 150
PD Power dissipation M
Vog+=13V, Vo =0, No load 4 8
NOTE 6:  Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be awarranty.

Itis an engineering estimate of the averaged trend line of drift versus time over extended periods after the first thirty days of operation

ﬂ' TEXAS
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OP07C, OP07D, OPOTY
PRECISION OPERATIONAL AMPLIFIERS

SLOS09SB — OCTOBER 1983 — REVISED AUGUST 1996

operating characteristics, Voo =215V, Ty =25°C

0OPO7Y
PARAMETER TEST CONDITIONST UNIT
MIN  TYP MAX
f=10Hz 10.5
Vi Equivalent input noise voltage f=1kHz 10.3 nviHz
f=0.1Hzto 10 Hz 98
VN(pp) Peak-to-peak equivalent input noise voltage f=0.1Hzto 10 Hz 0.38 uv
f=10Hz 0.35
In Equivalent input noise current f=100Hz 0.15 pAnHz
f=1kHz 0.13
INipp)  Peak-to-peak equivalent input noise current f=0.1Hzto 10 Hz 15 pA
SR Slew rate Rl =2k 0.3 Vius

1 All characteristics are measured under open-loop conditions with zero common-made input voltage unless otherwise noted

APPLICATION INFORMATION

Vee-

Figure 1. Input Offset Voltage Null Circuit

TEXAS
INSTRUMENTS
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Intemational PD-9.5448
=er] Rectifier IRFP054

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating

¢ |solated Central Mounting Hole Ve = B0V

® 175°C Operating Temperature | DSS~

* Fast Switching oL

® Ease of Paralleling . !<-| A Rps(on) = 0.014Q
|

¢ Simple Drive Requirements

-

o | [lh=70A

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness,

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior 1o the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins fo
meet the requirements of most safety specifications,

DATA
SHEETS

Absolute Maximum Ratings

Parameter Max, Units
In@ Te=25"C | Continuous Drain Current, Ves @ 10V no
Ip @ Te=100°C | Conlinuous Dratn Current, Ves @ 10V 64 A
low Pulsed Drain Current ‘O
Pp @ Tp=25°C | Power Dissipation 230 W
N ~ | Linear Deraling Factor 1.5 | WrC
Ves Gate-lo-Source Voltage 20 V
Eas Single Pulse Avalanche Energy @ 640 md
dvdi | Peak Diode Recovery dvidt @ 45 Vs
T Operating Junction and 5610 +175
Ts1 Storage Temperature Range |
Soldering Temperature, for 10 seconds | 300 (1.6mm from case) ﬂ
Mounting Torque, 6-32 or M3 screw 10 tofin (1.1 Nam)
Thermal Resistance
Parameter Min. Typ. Max. Units
Ruc Junetion-to-Case — — 0.65
Rics Case-t0-Sink, Flat, Greased Surface o 0.24 _ GIW
Rwn  |Junction-to-Ambient — — 40
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IRFP054 IR

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
ViBR)DS5 Drain-to-Source Breakdown Voltage 60 | — | — Vo [ Vas=0V, In= 250uA
AVigripss/ATy| Breakdown Voltage Temp. Coefficient | — |0.056| — | V/°C | Reference to 25°C, lp= 1mA
Rosion ' Static Drain-lo-Source On-Resistance — | — 10014] Q [Vas=10V, lp=54A @
Vasi) Gate Threshold Vollage 20 | — | 40 | V |Vps=Ves, lo= 2501A
s Forward Transconductance 25 | — | — S | Vps=25V, lp=54A @
Ioss Drain-to-Source Leakage Current = =5 uA Voe=60V, Vas=0V
- — | 250 Vog=48Y, Vas=0V, Ty=150°C
less Gate-to-Source Forward Leakage — — | 100 A Vez=20V
Gate-fo-Source Reverse Leakage — | — |-100 Veg=-20V
Qq Total Gate Charge — | — | 160 lo=64A
Qs Gate-fo-Source Charge — [ — | 48 | nC [vps=dav
Qya Gate-to-Drain ("Miller") Charge — | — | 54 Vis=10V See Fig. 6 and 13 @
tiion) Turm-On Delay Time — | 20 | — Vop=30V
Ir Rise Time — | 160 | — s In=64A
teort Tum-Off Delay Time — | 83 | — Re=6.20
] Fall Time — | 150 | — Rp=0.45Q See Figure 10®
Lp internal Crain Inductance — | 50 | — Eﬁ:ﬁ?{? 2'2?: ]I ;;;i
- nH | from package gi J
Lg Internal Source Inductance — |13 | = | and center of
die contact 8
Cies Input Capacitance — | 4500 | — Vag=0V
Coss Output Capacitance — 2000 — | pF |Vps=25V
Cres Reverse Transfer Capacitance — | 300 | — | {=1.0MHz See Figure 5

Source-Drain Ratings and Characteristics

Parameler | Min. | Typ. | Max. | Units Test Conditions
Is Gonlinun_nus Source Current S R MOSFET symbol o
{Body Diode) A showing the

lsm Pulsed Source Current — | = | s integral reverse &

: (Body Diode} & p-n junction diode, 5
Vap Dicde Forward Voltage — — | 25 | V |T,=25°C, 15=90A, Vas=0V @
1 Reverse Recovery Time — | 270 | 540 | ns |T,=25°C, Ir=64A
Qr Reverse Recovery Charge — | 11 | 22 | pC |diidi=100A/s @
tan Farward Tum-Cn Time Intrinsic turm-on time is neglegible (furn-on is dominated by Ls+Lp)

Notes:

1 Repetitive rating; pulse width limited by @ lsn=90A, difdt=200A/s, Voo<V(sriDss,

max. junction temperature (See Figure 11) Tu=175°C
@ Vpp=25V, starting T =25°C, L=82uH @ Pulse width = 300 ps; duty cycle 2%,

Ra=25¢), |as=90A (See Figure 12}
* Current limited by the package, (Die Current =904)
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I¢R IRFP054

QR EE? | l I L‘, l-# TR E%E | | L— “I- f
By g noowl | RN i
oo AL 2y Ve
BBV L 1 . 5. &y
= 07 7o '4‘ u;' f o~ 1::|r11:n 3:; :‘;f
é- /,’ é- i ,éé ——rl
< "l/..-- < A =
: — :
e — A e /=
5 A : 5 ]
Q 4 } 8]
c | | . [= ] e
g Bt [ ) i
5 4’ | a Fq X
. g i H P | /4
B 044 e i oan 74
1 T NN
A . T ]
A 20us PULSE WIDTH - HHHH—  20us PULSF WIDTH o
, Tr o= 2590 Tp = 179 o=
. . , =30
10! 10t 10! 10! i ot a=
Vps, Drain-to-Source Voltage (volts) Vs, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Te=25°C Tc=175°C
— o Y
Ip = Ed4
"1-‘":: % e | ———
vzad g e
W B A 4]
o 0 . T
E {750
S.. a ! 5 - 2.0 /J
g 3= L
3 % 8 E 1.5 /r
% A 00 -
= T2 ]
o >, 0 =]
fa g A"
o wif— Q ~
i &
/ 5 0.5
Lg = 85 @
t{ 20us PULSE WIOTH o 0o VBS = 10V
4 5 & T 8 3 1o "800 -40 -20 0 20 40 B0 B0 100 120 140 6D 180
Vas, Gate-to-Source Voltage (volts) Ty, Junction Temperature (°C)
Fig 3. Typical Transfer Gharacteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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|IRFP054 IGR

e Vgs = OV, f = IM2 “ In = 644 I
Ciss = Cgs *+ Cga Cgs SHORTED @ o Vs = 4V
Lrss = Lgg ‘@ Vg = 3N _\
\Cas'cus*cgd % 1 :
TN 5 b
U_‘é N T 5 ,7
N T > 2 /"
—)
§ A \\ - g Fa /
8 r 5
= 145 = /
% \‘\‘_ 0? 8 /
g £ /4
© zwc\\ \"‘\ % /
N < 3 L
™~ 8 1/
“Erﬁs---...____ > FOR TEST GINGUIT
[ ] SEE FIGURE 13
b, o % 20 50 120 160
Vps, Drain-to-Source Voltage (volts) Qg Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
4
: —FF L = e T
. . > OPERATION IN THIS AREA LIMIVED FH:
a N d i Y Fns (0w il
Sl . |
— ‘, ri g_ f ]
I / 4 £ ; =
9 / : < i
/ T = [ 1l
S [ / § ° RN R
E 1?5”':/ / - 3 102 === l=can
S c SeSi
& / [ i
@ O # ~
é ot ;" ] _5 10 _" m==ﬂ1!.!“=mh
i i
s I [ ’ Sl el
—_ f j ; oy z T|'|=1?3:'C "
i | 68 = \ stnoLE puLsell
.4 0.6 0.8 1.4 1.2 0.1 2 L] { H 8 10 2 5 ypf ? 5 42
Vgp, Source-to-Drain Voltage (volts) Yps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward Voltage
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Vog =\
AR
1 K
RERR
‘\L LIMITED BY PACKAGE
-~ !
™ ar v"{;ﬂ ]10\.;
g- S | Pulse Width < s
< }\\ Duty Factor £0.1% +
= R0
=
: N
-
Q \|\
[~ 40 N
£ N\
o \
£ \\
(74}
i
{ = ]
25 30 75 0 125 150 195 ez
TQ. Case Ten'lperatufe {QC] H(Qn:, t td[om fy
Fig9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
O T o T ety
1 iF N 1]
II | | e
| [ - al [
-0, : I
E i i 327> +
-l ] |
0.8 |
o 01 ﬁ
0 0.1 i |
5 | '
[ 0.5 5 ! — 11l
8 A
i ) elonae nse .
& Loos JAT)H| (THERMAL AESPONSE} {
e il | il
i st
WOTES:
‘ ' =1, DUTY FACTOR, D=ti/t2
- ”| | II 2. PEAK Ti*Ppu % Zgpyp * Tg
g 1 102 12 0.1 1 10

t1, Rectangular Pulse Duration (seconds}
Fig 11.  Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vary 1p 1o obtain Vbs> ]

required las

D.UT. 1600 ;
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. _ : \
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Fig 12a. Unclamped Inductive Test Circuit = \\ N
o AN
@ P, b
ViBR)DSS =) 1\\ N \\
@ a0 [ < \ -
. N ‘
Voo mﬂ h“*-:': SN
: ~
Yop = 23V b"%
Vbs ’ .
25 a0 74 Lo 125 150 175
Starting T, Junction Temperature{°C)
lag — —— — —_— e — =

Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Regulator

Qg »
11V n—— N — T Vps
= QGS -|T|— QGD
Vg
& ¥ Ip
Charge —— Gurrent Sampling Resiswors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Infermation — See page 1517 Intemati Onal
1or| Rectifier
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