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WA741 General-Purpose Operational Amplifiers
1 Features 3 Description

* Short-Circuit Protection
» Offset-Voltage Null Capability

» Large Common-Mode and Differential Voltage
Ranges

* No Frequency Compensation Required
* No Latch-Up

2 Applications

» DVD Recorders and Players
* Pro Audio Mixers

The pA741 device is a general-purpose operational
amplifier featuring offset-voltage null capability.

The high common-mode input voltage range and the
absence of latch-up make the amplifier ideal for
voltage-follower  applications. The device s
short-circuit protected and the internal frequency
compensation ensures stability without external
components. A low-value potentiometer may be
connected between the offset null inputs to null out
the offset voltage as shown in Figure 12.

The PA741C device is characterized for operation
from 0°C to 70°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
HA741CD SOIC (8) 4.90 mm x 3.91 mm
HA741CP PDIP (8) 9.81 mm x 6.35 mm
HA741CPS SO (8) 6.20 mm x 5.30 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic

OFFSET N1

OFFSET N2

ouT

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configurations and Functions

UA741C D, P, or PS Package
8-Pin SOIC, PDIP, SO

Top View
4 N\
O
OFFSET N1 1 8 NC
IN— 2 7 VCC+
IN+ 3 6 ouT
\olom 4 5 OFFSET N2
G J
Not to scale
NC- no internal connection
Pin Functions
PIN
1/10 DESCRIPTION

NAME NO.
IN+ 3 | Noninverting input
IN— 2 | Inverting input
NC 8 — No internal connection
OFFSET N1 1 | External input offset voltage adjustment
OFFSET N2 5 | External input offset voltage adjustment
ouT 6 (0] Output
VCC+ 7 — Positive supply
VCC- 4 — Negative supply
4 Submit Documentation Feedback Copyright © 1970-2018, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over virtual junction temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply voltage, Vec® HA741C -18 18 Y
Differential input voltage, Vo HA741C -15 15 Y
Input voltage, V, (any input) @ HA741C -15 15 Y
\O/CI’ZI::aSgETbﬁ;\;e;r?do\;f:S null (either OFFSET N1 or UAT41C _15 15 v
Duration of output short circuit® Unlimited

Continuous total power dissipation See Thermal Information
Case temperature for 60 seconds HA741C N/A N/A °C
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds HA741C N/A N/A °C
Is_g?gntg;nperature 1.6 mm (1/16 inch) from case for 10 D, P, or PS package AT41C 260 oc
Operating junction temperature, T, 150 °C
Storage temperature range, Tgq HAT741C —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc: and Vec_.

(3) Differential voltages are at IN+ with respect to IN —.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

(5) The output may be shorted to ground or either power supply.

6.2 Recommended Operating Conditions

MIN MAX| UNIT
7VCC+ Supply voltage > 15 \%
Vee- -5 -15
Ta Operating free-air temperature MA741C 0 70 °C
6.3 Thermal Information
HA741
THERMAL METRIC® D (SOIC) P (PDIP) PS (SO) UNIT
8 PINS 8 PINS 8 PINS
Rgia Junction-to-ambient thermal resistance 129.2 87.4 119.7 °C/W
Rojcop) Junction-to-case (top) thermal resistance 73.6 89.3 66 °C/W
Rgis Junction-to-board thermal resistance 72.4 64.4 70 °C/W
WIT Junction-to-top characterization parameter 25.9 49.8 27.2 °C/W
Vi Junction-to-board characterization parameter 71.7 64.1 69 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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6.4 Electrical Characteristics: pA741C
at specified virtual junction temperature, V. = 15 V (unless otherwise noted)
PARAMETER TEST CONDITIONS® MIN  TYP  MAX| UNIT
25°C 1 6
Vio Input offset voltage Vo=0 mV
Full range 7.5
AV (ad) Offset voltage adjust range Vo=0 25°C +15 mV
25°C 20 200
lio Input offset current Vo=0 nA
Full range 300
. 25°C 80 500
lis Input bias current Vo=0 nA
Full range 800
. 25°C +12 +13
Vicr Common-mode input voltage range \Y
Full range +12
R =10 kQ 25°C +12 +14
. . R 210 kQ Full range +12
Vom Maximum peak output voltage swing \%
R =2kQ 25°C +10
R 22 kQ Full range +10
A Large-signal differential voltage RLz2kQ 25°C 20 200 VimvV
Vb lification _ m
ampl Vo =210V Full range 15
I Input resistance 25°C 0.3 2 MQ
fo Output resistance Vo = 0; see® 25°C 75 Q
Ci Input capacitance 25°C 1.4 pF
o . 25°C 70 90
CMRR Common-mode rejection ratio Vic = VicRmin dB
Full range 70
o 25°C 30 150
ksvs Supply voltage sensitivity (AV|o/AVce) | Vec =29 Vto £15V uviv
Full range 150
los Short-circuit output current 25°C +25 +40 mA
25°C 1.7 2.8
lcc Supply current Vo = 0; no load mA
Full range 3.3
o 25°C 50 85
Pp Total power dissipation Vo = 0; no load mw
Full range 100

(1) All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified.
Full range for the pA741C is 0°C to 70°C.
(2) This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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6.5 Electrical Characteristics: pA741Y
at specified virtual junction temperature, Ve, = #15 V, T = 25°C (unless otherwise noted)®

PARAMETER TEST CONDITIONS @ MIN TYP  MAX| UNIT
Vio Input offset voltage Vo=0 1 5 mV
AV0(adj) Offset voltage adjust range Vo=0 +15 mV
lio Input offset current Vo=0 20 200 nA
s Input bias current Vo=0 80 500 nA
Vicr Common-mode input voltage range +12 +13 \%
Vom Maximum peak output voltage swing RL=10ka *12 14 \%

R =2 kQ +10 +13

Avp Large-signal differential voltage amplification R 22 kQ 20 200 Vimv
I Input resistance 0.3 2 MQ
fo Output resistance Vo = 0; see® 75 Q
Ci Input capacitance 1.4 pF
CMRR Common-mode rejection ratio Vic = Vicrmin 70 90 dB
Ksvs Supply voltage sensitivity (AV,o/AVcc) Vec =29 Vito x15V 30 150 HvIvV
los Short-circuit output current +25 +40 mA
lcc Supply current Vo = 0; no load 1.7 2.8 mA
Pp Total power dissipation Vo = 0; no load 50 85 mw

(1) This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
(2) All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified.

6.6 Switching Characteristics: pA741C

over operating free-air temperature range, Vcc: = £15 V, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ty Rise time V, =20 mV, R = 2 kQ 0.3 us
Overshoot factor C_ = 100 pF; see Figure 1 5%
. . V=10V, R =2kQ
SR Slew rate at unity gain C_ = 100 pF; see Figure 1 0.5 V/us

6.7 Switching Characteristics: pA741Y
over operating free-air temperature range, Vee: = £15 V, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tr Rise time Vi =20 mV, R = 2 kQ 0.3 ps
Overshoot factor C_ =100 pF; see Figure 1 5%
. V,= 10V, R, = 2 kQ
SR Slew rate at unity gain C = 100 pF; see Figure 1 0.5 V/us
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6.8 Typical Characteristics

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

Vi
ouT
—_—]———- v
INPUT VOLTAGE -
WAVEFORM
CL =100 pF RL=2kO
TEST CIRCUIT
Figure 1. Rise Time, Overshoot, and Slew Rate
R 400 — T
Vec+=15V v _
L _ cc+=15V

< 90 \Vcc_——15V 350 [— Vgc_=-15V
| 80 é
4 \ T 300
[ 70 =
£ \ g
© 60 5 250
o o
£ \\ fi
S 50 \ 3 200 \
3 40 5 \
£ \ £ 150
o 30 A\ o \\
2 \\ = 100

20 \

10 N 50 ™~ S —

0

—-60 —40 -20 0 20 40 60 80 100 120 140 0—60—40 -20 0 20 40 60 80 100 120 140

Ta — Free-Air Temperature — °C
Figure 2. Input Offset Current vs Free-Air Temperature

Ta — Free-Air Temperature - °C
Figure 3. Input Bias Current vs Free-Air Temperature

+14 T T ——
Vee+=15V T
13 | Vgc-=-15V
Ta=25°C
+12 A Y
/|
+1 4

+5 //
+4
01 02 04 07 1 2 4 7 10
RL - Load Resistance — kQ
Figure 4. Maximum Output Voltage vs Load Resistance

Vom — Maximum Peak Output Voltage — V

+20 T T T T
Vec+=15V
18 [~ Vgg_=-15V
RL =10 kQ
+16 [~ Tp =25°C

I+
E-
yd

Vom — Maximum Peak Output Voltage — V
Y
N
—
//

N

100 1k 10k 100k 1M

f-Frequency — Hz
Figure 5. Maximum Peak Output Voltage vs Frequency
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Typical Characteristics (continued)

Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various

devices.

Ayp - Open-Loop Signal Differential
Voltage Amplification — V/imV

400

Vo=+10V

110

[ RL=2kQ
Ta =25°C

100
20

200

100

80
70

60

50

40

40

30

Voltage Amplification — dB

20

20

Ayp - Open-Loop Signal Differential

10
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8

10 12 14

16 1

Ve + — Supply Voltage - V

Figure 6. Open-Loop Signal Differential Voltage

Amplification vs Supply Voltage
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Figure 7. Open-Loop Large-Signal Differential Voltage

0 10 20 30 40 50 60 70

t-Time - ms

80 90

Figure 10. Voltage-Follower Large-Signal Pulse Response
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7 Detailed Description

7.1 Overview

The pA741 has been a popular operational amplifier for over four decades. Typical open loop gain is 106 dB
while driving a 2000-Q load. Short circuit tolerance, offset voltage trimming, and unity-gain stability makes the
pnA741 useful for many applications.

7.2 Functional Block Diagram

® ® Vcc+
N
IN-
J
ouT
IN+
!
i N
I
]
© e—pt——=
—e ¢
—
A
OFFSET N1
OFFSET N2 % %
i ® ® ] & Vce-

Component Count

Transistors 22

Resistors 1"
Diode 1
Capacitor 1 Copyright © 2017, Texas Instruments Incorporated

7.3 Feature Description

7.3.1 Offset-Voltage Null Capability

The input offset voltage of operational amplifiers (op amps) arises from unavoidable mismatches in the
differential input stage of the op-amp circuit caused by mismatched transistor pairs, collector currents, current-
gain betas (B), collector or emitter resistors and so forth. The input offset pins allow the designer to adjust for
mismatches caused by external circuitry. See Application and Implementation for more details on design
techniques.
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Feature Description (continued)
7.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change an output when there is a change on the
input. The pA741 device has a 0.5-V/us slew rate. Parameters that vary significantly with operating voltages or
temperature are shown in Typical Characteristics.

7.4 Device Functional Modes
The pA741 device is powered on when the power supply is connected. The device can operate as a single-
supply or dual-supply operational amplifier depending on the application.

7.5 MPA741Y Chip Information

When properly assembled, this chip displays characteristics similar to the pA741C device. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips can be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
B Y Vee+
_ (M
E Ne O
- 2 ouT
- IN- ——

- OFFSETN1 (1)
- OFFSETN2  (5) Vee-
- 45
— CHIP THICKNESS: 15 TYPICAL
- BONDING PADS: 4 x 4 MINIMUM
- T = 150 °C.
_ TOLERANCES ARE +10%.
— ¥ ALL DIMENSIONS ARE IN MILS.

™ 20 L g

‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘

Figure 11. Bonding Pad Assignments
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The input offset voltage of operational amplifiers (op amps) arises from unavoidable mismatches in the
differential input stage of the op-amp circuit caused by mismatched transistor pairs, collector currents, current-
gain betas (B), collector or emitter resistors and so forth. The input offset pins allow the designer to adjust for
mismatches resulting from external circuitry. These input mismatches can be adjusted by placing resistors or a
potentiometer between the inputs as shown in Figure 12. A potentiometer can fine-tune the circuit during testing
or for applications which require precision offset control. For more information about designing using the input-
offset pins, see Nulling Input Offset Voltage of Operational Amplifiers.

IN + +
ouT
IN= - OFFSET N2
OFFSET N1

!

To Vce-—
Figure 12. Input Offset Voltage Null Circuit

8.2 Typical Application

The voltage follower configuration of the operational amplifier is used for applications where a weak signal drives
a relatively high current load. This circuit is also called a buffer amplifier or unity-gain amplifier. The inputs of an
operational amplifier have a very high resistance which puts a negligible current load on the voltage source. The
output resistance of the operational amplifier is almost negligible, so the resistance can provide as much current
as necessary to the output load.

10 kQ

'_O Vour

Vin

Figure 13. Voltage Follower Schematic
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Typical Application (continued)

8.2.1 Design Requirements

e Output range from 2 Vto 11.5V

e Input range from2 Vto 11.5V

» Resistive feedback to negative input

8.2.2 Detailed Design Procedure

8.2.2.1 Output Voltage Swing

The output voltage of an operational amplifier is limited by the internal circuitry to some level below the supply
rails. For this amplifier, the output voltage swing is within +12 V, which accommodates the input and output
voltage requirements.

8.2.2.2 Supply and Input Voltage

For correct operation of the amplifier, neither input must be higher than the recommended positive supply rail
voltage or lower than the recommended negative supply rail voltage. The selected amplifier must be able to
operate at the supply voltage that accommodates the inputs. Because the input for this application goes up to
11.5 V, the supply voltage must be 12 V. Using a negative voltage on the lower rail rather than ground allows the
amplifier to maintain linearity for inputs below 2 V.

8.2.3 Application Curves for Output Characteristics

12 0.045
0.040
10 0.035
s 0.030
S z 0025
£
'g 6 5/ 0.020
> = 0.015
4
0.010
2 0.005
0.000
0 -0.005
0 2 4 6 8 10 12 0 2 4 6 8 10 12
VIN (V) VIN (V)
Figure 14. Output Voltage vs Input Voltage Figure 15. Current Drawn Input of Voltage Follower (l,0)
vs Input Voltage
0.45
0.40
0.35 \
0.30 L
2 025 ‘,\
5 0.20
0.15
0.10
0.05
0.00
0 2 4 6 8 10 12
VIN (V)
Figure 16. Current Drawn from Supply (Icc)
vs Input Voltage
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9 Power Supply Recommendations

The pA741 device is specified for operation from +5 to £15 V; many specifications apply from 0°C to 70°C.
Typical Characteristics presents parameters that can exhibit significant variance with regard to operating voltage
or temperature.

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, see Layout
Guidelines.

CAUTION

Supply voltages larger than £18 V can permanently damage the device (see Absolute
Maximum Ratings).

10 Layout

10.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

» Noise can propagate into analog circuitry through the power pins of the circuit as a whole and the operational
amplifier. Bypass capacitors reduce the coupled noise by providing low impedance power sources local to the
analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close as possible to the device. A single bypass capacitor from V+ to ground is applicable for single-
supply applications.

e Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital
and analog grounds, paying attention to the flow of the ground current. For more detailed information, see
Circuit Board Layout Techniques.

» To reduce parasitic coupling, run the input traces as far away as possible from the supply or output traces. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

» Place the external components as close as possible to the device. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Example.

» Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

» Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

10.2 Layout Example

RIN
VIN—/—ANN—— +

—VOUT

1 RG
= RF

Figure 17. Operational Amplifier Schematic for Noninverting Configuration
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Layout Example (continued)

Place components close to
device and to each other to

reduce parasitic errors

Run the input traces as far

away from the supply lines RF

as possible

\ | OFFSET N1

Only needed for
dual-supply

NC VS+

l

Use low-ESR, ceramic
bypass capacitor

VCC+

N

ouT

F=—=—===n
| @
lw)
—_——— e ———

OFFSET N2

j

operation

|
' GND | VS-
!__ __1 (or GND for single supply)

VOUT

Ground (GND) plane on another layer

Figure 18. Operational Amplifier Board Layout for Noninverting Configuration
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11 Device and Documentation Support

11.1 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.2 Trademarks
All trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser based versions of this data sheet, refer to the left hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
UA741CD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 UA741C c
Samples
& no Sh/Br)
UA741CDR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 UA741C Samples
& no Sh/Br) =
UA741CDRG4 ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 UA741C Samples
& no Sh/Br) =
UA741CP ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type 0to 70 UA741CP
Samples
& no Sh/Br)
UA741CPE4 ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type Oto 70 UA741CP -
Samples
& no Sh/Br)
UA741CPSR ACTIVE SO PS 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 u741 -
Samples
& no Sh/Br)
UA741CPSRE4 ACTIVE SO PS 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 U741 Samples
& no Sh/Br) =

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
UA741CDR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UA741CDR SoIC D 8 2500 340.5 338.1 20.6
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ 0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

w3 TExas
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0OX]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1l=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

PS (R-PDS0O-G8) PLASTIC SMALL-OUTLINE PACKAGE

] [ e

indd 1

T 0, 15 NOM
560 820
500 7,40

O|O

o [ e (B
_V—ZOOMAX 1 \/

4040063/C 03/03

NOTES: A, All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

@ TEXAS
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

PS (R—PDSO-G8) PLASTIC SMALL OUTLINE

Stencil Openings

Example Board Layout (Note D
(Note C)
. — ~—8x0,55
»\ ‘<— x7T, ‘ ‘<— 6x1,27
HHd 75 A H HJ&
7.40 7,40

(oA ik

[ Example

‘ Non Soldermask Defined Pad

/ . Example

i Pad Geometry
(See Note C)

Example
Non—Solder Mask Opening
(See Note E)

\\ [ — /

Al Around //

4212188/A 09/11

All linear dimensions are in millimeters.

NOTES: A

B. This drawing is subject to change without notice.

C. Publication IPC=7351 is recommended for alternate designs.
D

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

Customers should
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with T1 products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. TI grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
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damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.
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National Semiconductor

LF155/LF156/LF256/LF257/LF355/LF356/LF357

JFET Input Operational Amplifiers

General Description

These are the first manclithic JFET input sperslional ampli-
fiers to incorporate well matched, high voltage JFETs on the
same chip with standard bipolar transistors (BI-FET™ Tech-
nology}. These amplifiers fealure low input bias and ofiset
eurrentsfiow ofiset vollage and ofiset vollage drift, coupled
with ofisel adjust which does not degrede driff or
common-made refeclion. The devices are alsa designed for
high slew rale, wide bandwidth, exiremely Tast settling time,

m Logarithmic amplifiers

B Photocell amplifiers

= Szmple and Hold circuits
Common Features

® Low input bias current:

B Low Input Offsel Curent:

® High input Impedance:
u | ow inpul nolse cummant:

December 2001

30pa
dph
i02p
0.01pa Y Hz

low voitage and current noise and a law 1/f noise corner. = High ::Dmi‘nnn—mclde_ Fejection ratio; 100 dB
® Large doc vollsge gain: 106 dB
Features
Advantages Uncommon Features
® Replace axpensive hybrid and module FET op amps LE1585/ LF156/ LF257/ Units
® Rugged JFETs sliow blow-oul fras handling compared LF355 LF256/ LF357
with MOSFET inpul devices
g 5 i LF356 (A, =5}
® Excellent for low noiss applications using either high ar -
low source impedance —very low 1 comer . Exlreme!y 4 15 1.5 ps
® Ofisel adjust does nol degrade drift or common-mode fas! setiling
rejection as In maost monolithic amplifiers time 1o
® MNew outpul stape allows use of large capacitive loads 0.01%
(5,000 pF} without stabifity problams B Fastslew 5 12 50 Wips
® Internal compensation znd laroe differential input viilaoe rate
bility ,
i B Wide pain 25 5 20 MEz
= H bandwidih
Applications L e i
® Precision high speed inlegratars - X it =8 12 12 av Az
® Fast D/A and A/D converears i
® High impedance bufiers valtage
m Wideband, low noise, low drift amplifiers
Simplified Schematic
1
aidol i 4
(;J EALANCE
B _t;
4;:-_{!_ —l}_:j
=
i 1) 10 pk 61
15 | out
by
® c|> T .
4]
‘ - . < -Vgp
= LR ]

=3pF in LFA5Y senss

BIFET™, BHFET 1™ &is Usdumaiks &l Malisndd Semiconcocion Congss kior

& 2001 MNational Sembcanductet Corpotalon DSo05E4E

www! national.com
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LF155/LF156/LF256/LF257/LF355/LF356/LF357

Absolute Maximum Ratings (noe 1)

IF Military/Aercspace specified devices
availability and specifications.

LFi55/8
Supply Voltage 22
Differentizl Input Voltzgs +40Y
Input Voltage Range (Maote 2) 20V
Cuiput Short Circuit Duration Continuous
Fatns
H-Fackans 150°C
M-Packagea
M-Packags
Powaer Dissipation al T, = 25°C (Notes
1, 8)
H-Package {Still Alr) B0 mwW
H-Package (400 LF/Min Air Flow) 1200 mw
M-Package
M-Package
Thermal Resistance (Typical) 8.
H-Fackage (31l Air) 180T
H-Fackage (400 LF/Min Air Flow) 65 CAN
M-Package
IM-Package
(Typical) B,c
H-Package 230w
Storage Temperature Renge -B5'C to +150°C
Seldering Information (Lead Temp.)
Melal Can Package
Soldering {10 sec.) aono'c
Dugl-In-Line Package
Soldering (10 sec.) 260°C

Small Outline Packsge
Vapol Phaze (60 =ec.)
Infrared {15 sec.)

LF256/7/ILFISEE

22V
40V
20V

Continuous

115°C
180°C
00°C

400 mW
1000 mvw
E70 mw
380 mwW

160°CANY

65 TV
130°Cw
185 T

23°Ciw

-65°C lo +150°C

an0c

£60°C

215°C
22000

ere required, contact the Mational Semiconductor Sales Office/Distributors for

LF355/6(7
18V
30V
16V

Continuous

nsC
100°C
100°C

A00 mw
1000 mwW
G670 mywW
ABO W

TE0TCAY

G5 G

130°CW

195°Cw

23°Chw

—-65°C 19 +150°C

300°C

260°C

215°C
2z20°C

Ses AN-450 "Surasce Mounting Methods and Their Efiect an Product Reliability” for other methods of

soldenng surace maunt 0evices,
ESD tolerance

(100 pF discharged through 1.5k0) 1000V 1000V 1000V
DC Electrical Characteristics
(Mote 3)
LF155/6 LSBT LF355/a(7 B
Symbol Parameter Conditions LF3568 Units
Min| Typ | Max [Min| Typ | Max [Min| Typ | Max
Vaz Input Ofiset Vollage Fe=308, To=25'C | 3 & 3 S 3 10 my
Cwer Temperature 7 B.S 13 mi
AVoe/aT | Average TC of Input R-=5002 " . " WG
Offset Vollage
ATCIAV e |Change in Average TC | Rg=5042, (Note 4} 05 05 0.5 pvic
wilh Ve Adjust | per my
los Input Offset Cumrent T,=25'C, (Notes 3, 5) 3 20 3 20 3 50 pA
ToeTEG a0 1 2 nf,

whwnw nationel.com

ha
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| DC Electrical Characteristics (continued)

| (Note 3)
LF25&IT
Symibol Parameter Conditions LiTait LF3568 LE3Saley Units
Min| Typ | Max | Min| Typ | Max | Min| Typ | Max
lg Input Bias Curran! T,=25°C, (Notes 3, 5) 30 | 100 a0 | 100 30 | 200 il
T8 Thick 50 5 8 na,
R Input Resistance T;=25'C 0% 10t 1012 Q
ooy Large Signal Voliage Ve=210V, T =25'C 50 | 200 &0 | 200 25 | 200 Wim\
Gain Vo=210V, R =2k
Owver Temperature 25 25 15 Wimy
Ve Cutput Vollage Swing | Vo=215V, R.=10k +12] £33 12| #13 t12] %13 W
WVe=315W, R =2k 10| 12 10| 12 10) £12 W
V Input Common-Mode V=215V +15.1 *15: -
= ‘-.-';?age Ranga ? =1 -fg =k _11521 +10 jf1 :
SRR |CommonMock 85 | 100 85 | 100 80 | 100 a8
Fejection Ratio
PERF Supply Vollzge {Mote B)
H;Ei:‘i'm Haﬁc H 85 | 100 85 | 100 80 | 100 d8
DC Electrical Characteristics
T.=T,=25°C, Vo = 215V
i eia LF155 LF355 LF1561256/257/3568 LF356 LF357 Unifti
Typ Max Typ Max Typ [T Typ Max Typ Mbanx
Ez‘;‘::i 2 a 2 4 5 7 5 10 5 10 mA

AC Electrical Characteristics
Ta=T,=250C, Vo= 218V

LF155/355 ] LF156/256/ | LF156/256/366f | LF257/357
Symbal Parameter Conditions 3568 LF3S6E Units
Typ Min Typ Tvp
SR Slew Rale LFi55/6: 5 7.0 12 Wips
By=1,
| LF357; A,=5 &0 Vius
GBW Gain Bandwidih Produc T 5 20 MHz
4 Settling Time to 0.01% {Mote 7) - 1.5 15 s
£, Equivatent Inpul Moiss R =100}
Vollage =100 Hz 25 15 15 v /AL
f=1000 Hz 20 12 12 av/ T
i Equivafent Inpurd Current | 1=100 Hz .m 0.m 0.0 aa /T
MOIER F=1000 Hz 0.01 0.01 0.01 i
Cipy Input Capecitance ' a 3 3 pF

Notes for Electrical Characieristics

Noke 1z The maximen peeer Gssipstion for mese gavices mus! be dersled 5t elevated lemperalures and is diclaled by T ey, Bga, and the smbient tempersiure,
Te The mazimum avalleble power dissipatzon ol any lemaerziug i Po® (T pex=Talls of he 25°C Prypn whichever i loss

Hate 2 Unless otharwize specilind the absolute mazimom togstive inpat vollage s equst 1o the negatve power supply vollage.

Note 3: Linless oiherwise staled, these 185t conmbons spply

3 wwrw, nabonsl com

L5Cd/9SELTN/SSESTVLSTAT/9GEAT/95 L4T/SS5 14T




LF156/LF156/LF256/LF257/LF355/LF356/LF357

Notes for Electrical Characteristics (continued

LF155M156 LF2561257 LF356B LF355/6/7
Supply Voltags, V. £18V = Vg = £20V 15V £ Vg £ 220V 215V < Vg 220V W= 215Y
Ty -E5°C 5T, £+125°C —25C T, 4850 OCsT,s470C OCC T, =+70°C
Teuci +i25°C +85°C G +0C

antl Wos. iz 8nd lgg are messured at Wy = 0
Naote 4: The Temperature Coellicent of the agjusted Inpul olised valtage changes only & small amount (0508 C typicely) for each my of adjustment from ils crigina!
unatpestad value, Cammen-made rejecion end open loop wollsgn gain. are siso nafiecied by ofiset edusimant.

Nole 5: The input bias curtents are junetion ieakags cumenis which spproastaiely double for every 10°C incresse in the junction temperature, T, Due i limited
proguction lesl lima, the input biss cufrenls moasurad are comrelated 1o jureclion femperaiure. In normial operetion the junchion lemperaiure fAses abave The ambian
lemparature 22 & resull of intermad power dissipalion, Pd. T = Ta + 8, Pd where 0, is lhe thenmal iesislance Trom lunctlan o ambianl Use of o heat sink is
recomimsanded T inpul bias cumant is fo be kegd I 2 minimum

Nelte & Supply Yollage Rejection is measured lor both supply magnilutes ihereasing or decreasing simulianaously, In accardance with common practics.

Hoie 7: Selng time iz defined here, fora wnity gain invener canneciion uging 2 W resstors Tee the LF1SS/E, B i the lme required foe thet omor vollage (the volisge
althe invarling sgul pem on the ampifier] o sellle t2 wilhin 0.09% of its final vatue from |he time 2 10V slep ingeut s aipplied 1o the inverler. For the LF3S7, By = =5,
the feechack resisior hom output o ingut fs BRI and the eutput sicp is 10V (See Satlling Tima Tost Chreull),

Hote B Maz: Fower Rissaaton 5 gefined by he package charncinrstics, Cprerating the par near the Mes. Power Dissipalion may eause tha pan 1o opemie outsids
guaranieed Rrils

Typicai DC Performance Characteristics curves are for LF155 and LF1586 unless otherwise
specified,

Input Bias Current Input Bias Current
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specified. (Conlinued)

. Supply Current

Tp=-85°C

— T

—1 Te=25¢
2 =

L—T Tc=15c

SUPPLY CURREMT [mA)

!
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|
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3
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ffbas Lt
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SUPFLY CURRENT (mA)

FOSITIVE QUTPUT VOLTAGE SWING {V]

INPUT VOLTAGE LIMIT (V)

Typical DC Perfermance Characteristics curves sre for

15
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Supply Current
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f C*25°C
P = Eel
d P
= ] Tp=125°C ]
el
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=i I
LF156
| [
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i SE4 T
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LF155 and LF156 unless otherwise
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LF155/LF156/LF256/LLF257/LF355/LF356/LF357

Typical DC Performance Characteristics cures are for LF155 and LF156 uniess otherwise

specified. {Continued)

Open Laop Voltage Gain

oM —
AL =2h

= Rge B —— i
= Ta = -35°C
= M . |
|.I'£ ._r — e —
= :- T4 =259
- 7 =1  Ta=25L
g ¥ :
=
g 100k = T, = 125
= 7
&
= ]
° I

10k

5 1a 15 i

SUPPLY VOLTAGE {=V)
DLEEEE4T

Typical AC Performance Characteristics
Gain Bandwidth

= LE15S

= i

= |

e
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. Cutput Impedance
| 0 e e
E 7= 25°C § Ay = 100 i
= = 00 e
£ el e :
1 ; FrnE—— s, - 13H
L %3
= AT Fie | T
il B T
& A Ay v 10
= b o 3
= = T
=3 1] P
E 0.1 Il T B |
& . — ":rﬁ =3 -‘H_“}
M 1 T f_?
0.1 1N plaie [T TR e
Tk 1k 100k 1M 104

FREOQUERCY (Hr}

DA< £2

LFi56 Small Signal Pulse Response, Ay = #1

QUTFUT VOLTADE SWING (81 mVIDIY)

TIME [5.5 ww'DIV])

. COEE4SDE

LF156 Large Signal Fuls
Response, Ay, = +1

AUTRIT VOLTAGE SWING [54TEIV)

TIME [1 safDHVI

ISeR RS

Typical AC Performance Characteristics (coniinued)

LF155 Small 3ignal Pulse Response, Ay, = +1

LF155 Large Signal Pulse Response, A, = +1

QUTPUT SWING |V} FROM OV

.l_'l—.
i

BUTPUT WOLTAGE DWING (40 mY DIV

TIME 105 /D]
COEARTT

DUTPUT YOLAGE ST L5V DY

TIME [1 12/ DIV}

=

Inverter Settling Time
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wiss (I 4 Y1
s ey (7]
| y_'
L] ‘1|
.,
e Hit N
1I]ﬁl"|l' &m'ﬂ'
. RIS
i} BS 140 5 10

SETTLING TIME ()

OssaELt
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LF155/LF156/LF256/LF257/LF355/LF356/LLF357

Typical AC Performance Characteristics (continued)
nverter Settling Time pen Loop Frequen esponse
Inverier Settling Ti O L Fi cy R
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Typical AC Performance Characteristics (continues)

. Power Supply Rejection Ratic Fower Supply Rejection Ratio
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LF155/LF156/LF256/LF257/LF355/LF356/LF357

Detailed Schematic

*C = 3pF in LF35T senes

Connection Diagrams (rop views)

Metal Can Package (H)

COBRER L

LF356BH, LF356H, ar LF357TH
See N5 Package Mumber HOSC

*Available per JMIBSHH1A0T or JMIBSTOA 1402

Order Mumber LF155H, LF156H, LF256H, LF25TH,

e
RuLinEl I
|=|._-_I|_ JH"I’J
i,
n_@ o *uLfn
_._”_ '-.:l::v--b—-ﬂ uI-:r
:: i . e =
= 1=l 3 Ii_
B n i FJ N *én g
L‘m n“P— _Bw’
g L aKy
il
rode L L o e b
O 3 f:-‘ Yo ¥ ¥
e
POEGE1]

Dual-ln-Line Package (M and Nj

BALAREE — L
]
ET — r— W
ARruT —l P, QEITFUT
| 5
¥ — 1— BALRRLE
o0saray

Qrder Number LF356M, LF3S6MX, LF355N, or LF356N
See NS Package Number MOEA or NOBE

Application Hints

These are op amps with JFET inputl devices, These JFETs
have lerge reverse breakdown vollages from gate to source
and drain eliminating the nead for clamps across the inputs.
Therefore large differential inpul vollages can easily be ac-
commodated without & large increase in input current, The
maximum differentizl inpul voltage is independent of the
supply vollzoes. However, neither of the inpul vollages
sheuld be sllowed to exceed the negative supply as this will
cause large currents to flow which can resull in & destroyved
il

Excsading the negative common-made limil on either Input
will force the cwtpui to 2 high siate, polentially causing =

www nalonal.com




Application Hints  coniinuec;

reversal of phase to the outpul, Exceeding the negatve
ch‘nrnunvrnw;ie fimit on both inpuls will force the amplifier
uiput 1o a high state. In neither case does s Isich ocour
since raising the input back within the common-mode range
again puts the inpul slage and thus the amplifier n a normal
operating made.
Exveeding the positive common-mode limil on & single input
will not chenge the phase of the outpul howewver, il both
inputs exceed the limil, the ocutput of the amplifier will be
forced 1o a high slate,
These amplifiers will operate with the common-mode Input
vollage equal to the posilive supply. In fact, the
common-mode voltage can excesd the positive supply by
approximalely 100 mV independent of supply vollage and
over the full cperaling temperature range, The pasitive sup-
ply can therefore be used as & reference on an input as, lor
example, in & supply current moenilor andfor limiter,
Frecauticns should be taken 1o ensure thal the power supply
for the inlegrated circull never becomes reversed in polarily
or that the unit is nol inadverienily installed backwards in 2
socket as an unlimited current surge through the resulling
forward diode within the IC could cavse fusing of the inlemat
conduciors and resull in a destroyed unit,

All of the bias curranis In these amplifiers are set by FET
current sources. The drein currents for the smplifiers are
therafore essentislly independent of supply voitage.
As with most amplifiers, care should be laken with lesd
dress, component pleacement and supply decoupling in order
1o ensure siability. For example, resistors fram the outpul o
an input should be pleced with the body close to the input to
minimize “pickup” and maximize the frequency of the leed-
ack pole by minimizing the capacitance from the input to
Qrcmnd.
A feedback pole iz created when the feedback around any
amplilier is resistive. The parallel resislance and capacitance
from the input of the device {usually the invering input) 1o AC
ground set the frequency of the pate. In many inslances the
frequency of this pole is much greater than the expected 3dB
frequency of the closed loop gain and cansequenlly there is
neglinible efiect on stability margin. Howewver, if the feedback
pole is less than epprovimataly six limes the expected 3 dB
frequency a lead capacitor should be placed from the autput
to the input of the op amp. The value of the added capacitar
should be such that the RC time constant of this capacitor
and the rasistance it parallels is greater than or egual (o the
criginal faedbsck pole lime constant.

Typical Circuit Connections

Vag Adjustment

v

* Vae s oadivsied with & 25k potentiometer
+  The polentiomeler wiper is connectad to V°

For potenfiometers wilh lemperature coefficient of 100
ppmi”C or less the additional drifl with adjust is = 0.5pW/
"ClmV of adjustmaent

+ Typical overall drifl: SpVITC £(0.5pVICImV of adj.)

Driving Capacitive Loads

* LF155/6 R = 5k
LF357 R = 1.25k
Due to a wnigue oulpul slage desion, these amplifiers
have Ihe ability to drive large cepacitive loads and still
maintain giability. C; yaen = 00TQF,
Cwershoot £ 20%
Sellling time (1) = Sys

LF3s7, A Large Fower BW Amplifier

i
S

L

Ao

[ LEXERT
Far distorion £ 1% 8nd 8 20 Vip-¢ Ve swing. power bandwidih is:
S00kHT,

N o =

—
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bty S e <
FAIRCHILD

i A g
SEMICONDLUICTOR!

1N4001 - 1N4007

Features
* Low forward voltage drop

« High sprge curren] capability

0o-11

COLOR B&ND DEROTES CATMODL

General Purpose Rectifiers

Absolute Maximum Ratings™ 1, - z5:curiess sinerwse noes
Symbol Parameter Value Units
4001 | 4002 | 4003 | 4004 | 2005 | 4006 | 4007
Vi Peak Repelitive Reverse Vallage 50 100 200 | 400 | 600 | 80D | 1000 v
peay Average Rectified Forward Current, 10 a
375 " lead length @) T, = 75°C £
b MNon-repeliive Peak Forward Surge
Current 30 bt
8.3 ms Single Hall-Sine-Wave
- Starage Temperalure Range =55 10 +175 ap
T Operating Junction Temperature 5510 +173 C
Trese m@lings are SMiing valups abowe winch Fie serecpatsily ol any semconiucion Deeee mity bermoansd.
Thermal Characteristics
Symbol Parameter Value Units
Pe Power Dissipation 30 w
Ram Thermal Resistance, Junclion 1o Ambient a0 o
Electrical Characteristics 1, =25 uness omanwsa notes
Symbol Parameter Device Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Ve Forward Vollage @ 1.0 A 1:3 v
Ly Maximum Full Load Reverse Current, Full a0 ph
Cydle T, = 75°C
B Reverse Curren! @ rated Vi T.= 25°C 3.0 ph
T,= 100°C s uA
Cr Total Capacilance 15 pF
We=40W 1= 1.0 MHz

#7003 Fakchid Semoonducnr Gorperasnn YREDD4-1 NADDT, Few. C7
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l General Purpose Rectifiers
. {continued)
I Typical Characteristics
I Forward Current Derating Curve Forward Characteristics
16 20
4 10 —
= o =
=12 = o
& z 2 =
bl
E $ \1\ E 1 ;é
T 0.8 [— SINGLE PHASE L i
i HALF YeAVE B 04 =
& 0El— I Py E Ik
z AESETIVE DA il
E (.4 j— DOUCTIVE LOAD E o1 me— o =
o ATE" 50 rr:ImLEA'i'ﬁ s F Prime Witth = 20005 —
Gsb—  LEMGTHS o B 004 — — 7% Dty Cyela =y
A | N 002 |- e
v (] 20 a0 =] aa 1007 120 149G 166 18O i E”I:I_E. 0E 1 12 14
AMSIENT TEMPERATURE (* i 1
i FORWARD VOLTAGE (V)
Mon-Repetitive Surge Current Reverse Characteristics
« 30
-3
= =
24 T B
i ™ -
: N g
ERL = =
£z = v
& T %
e g
= - :
5 1 1
£y | | I
1 4 6 B10 20 40 B0 100 “'n 20 40 S0 B0 100 1200 140
' HUMEBER OF CYCLES AT 60 RATED PEAK REVERSE VOLTAGE [%}
l LP003 Faersels Semesatinciad Towparaian =001 tHADOT. Rev. C1
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= e e =
FAIRCHILD
EEMICOMNDULCTOR"

1N/FDLL 914/A/B | 916/A/B | 4148 | 4448

4 COLOR BAND MARKING \
DEVICE 151 BAND ZHD BAND
FOLLDid  BiACK  RROWN
FOLLEAAA  BLACK GRAY
FULLGIAE  BRCRN  BLACH
FOLLEIL  BLACK RED
FOLLG1ER  BLACK WHITE
FOLLSIEE  BRECWH  BROWH
LL-34 FORLL414E - BLACK BROWN
THE FLACESIENT OF THE CXPASSA0N G6F Flllasds  BROWH
155 1ol RELATICSSIR TO THE LOCATES J
" THE CATHD0E TERMDAL
Small Signal Diode
Absolute Maximum Ratings® 1, =2scumesc omarwsanoina
Symbal Parameter Value Units
WV i Maximum Repetilive Reverse Voltzgs 100 W
Irpay Averzge Reclified Forward Current 200 m,
[ Mon-repalitive Peak Forward Surge Current
Fulse Width = 1.0 second 1.0 A
Pulse Widgth = 1.0 microeecond 4.0 &
Tam Slorage Temperature Range -850 +200 o
T, Operating Junction Tempersture 175 =
* Thete ratings ato mamg vEuss SDOvVE Which FIE $arica soiy of 2y SEMKoNCCIor Bence My be impsired
ROTEE:
1] Thise falngs G2 bEtad 00 3 Maxmium juncion bemperature of 200 degrees C
2) Thiese Bie sseady stale bmits. The I0o0ry Should De ConBuieD On BRosCasnnE inywHvang Culsig or ko oufy Cycee ooeralions
Thermal Characteristics
Symbaol Characteristic Max Units
AN/FOLL 8147AJE [ 4148 [ 4448
Py Fower Dissipation SO0 m
Foe Thermzl Resislance, Junction 1o Ambient 300 AN

20072 Fanghes Seffachadudinn o SN

TRFOLL SILATE [ B1BATE 74080 1 4248 Rev E

8v¥¥ / 8vLY [ G/V/9L6 | G/VIPLE TT1A4/NL




Small Signal Diode

{continued)
Electrical Characteristics 1. zscuness cnerwme noiee
Symbal Parameter Test Conditions Min | Max | Units
Vi Brezkdown Vollage Iz = 100 A 100 v
Iy = 5.0 pA 75 W
Ve Forward Voillage 1HE14E/4448 | |- =5.0mA G20 P20 my
1NS1EE | | =50 mA £30 730 my
ANS14/896/4948 | |, = 10 mA 1.0 W
THS14A/918A | |, =20 mA 1.0 W
1H9168 | | =20 mA 1.0 v
ANZ14BE/4448 | |- = 100 ma 1.0 i
Iz Rewvearse Curranl V=20V 25 nAa
V=20V, T, = 150°C &0 A
Ve =TEW 5.0 uA
C, Total Czpacitance
1N91BAIE/M44E | Vo= 0. =1.0MHz 240 pF
THI14AEM148 | Ve=0.f = 1.0 MHz a0 pF
W Reverse Recovery Time Il =10 mh, Vg = 6.0V [BOmA), 4.0 ns
[.=1.0mA, R, = 1000
Typical Characteristics
1E0 1 [l 1 []
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Small Signal Diode

(continued)
Typical Characteristics (coninu=d)
tE - a0 =
Ta= 25°C [ 1] | L ANl L]
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Figure 5. Forward Violtage vs Forward Current Figure 6. Forward Voltage
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_Gold Bonded 1N34A | Germanium Diodes

D )
Optimized for Radio Frequency Response
Can be used in many AM, FM and TV-IF applications, replacing point contact devices.

Applications

® AM/FM detectors

e Ralio detectors DO-7 Glass PaCkage

® M discniminators

G002z

® TV audio deiectors 01458356 = :
' ! .| i
® RF input probes ——H—m"_:;o
* TV video detectors . : Lo
i Y O e L&ng:h —¥ — Diz rE—
Features 254 mm i s
(W) 5457 6dmm 115271 e
e [ower leakage current
e Flat junction capacitance
e High mechanical strength
@ - Atleast 1 milion hours MTBF
e BKC's Sigma-Bond™ plating for
problem free solderability
Absolute Maximum Ratings a1 T__ = 25°C
Parameter Symbaols firn. Max. Units
Peak Inverse Volage [Repetitive), Measured @ L = 7 mA PV = [ifs] Vaolis
Pesk Forwvard Surge Currant Non-Repetitive, 1 = 1 Second o 0.5 Amps
Peak Forward Surge Current Repelitive les 200 ma,
Average Rectified Forward Cumrent I 50 ma
Operating and Storage Temperalures T 55 +75 ac
Electrical Characleristics st T_, = 25 “C
Parameter TestConditions Symbaols Min. Max. Units
Forward Voliage Crop L= 5.0mA v, 10 Yolts
V.= 10 Volts a0 iy
Reverse Leakage V.= 50 Volis L. 500 1Y
Breakdown ollsoe Ir=1.0 mA P B5 Yolls

= B f Lake Sireel - Lovvence, MA 018%)
Mlcrosem’ Fel 0768} 0392 - Fox: O7E-681-9135



EBC

PN2222A

e ST
FAIRCHILD
T

SEMICOMNODUCTDR®

TO-82

MMBT2222A

S0T-23 ’

Mark:1P

NPN General Purpose Amplifier
* This device is for use as 8 medium power amplifier and swilch

requiring colieclor currents up 1o 500m4A
+ Sourced from process 19

Absolute Maximum Ratings * 7.225°C unless omerwise neted

PZT2222A

Symbol FParameler Value Units
Veea Callecter-Emitter Voltage 40 v
Veso Cofiector-Base Vollage 75 W

Vs Emitler-Base Valiage 60 v
le Colleclor Current 1.0 T
Teia Operating and Siorage Junction Temperature Range - 55 - 150 o
* These rafnps are limdrg vailes Bbove which The seniceaniley of any semcondieiar devee may be mpased
. NOTES:
1} Thise ralings are based on & Masimem pction temperasute of 150 degrpes ©
2] These mie sivady slate Wmils. The facsary shoult Be Contulies anappicahses invohing psad o e duty Cycie oparaligr
Electrical Characteristics 1.=25:C uniess atherwise noted
Symbol | Parameter | Test Condition | Min. ]_ Max., | Unis
Off Characleristics
BVigricen | Coleclor-Emitler Breakdown Voltage * | 1o = 10ma, Ig =0 40 W
BViericen Coliector-Baze Breakdown Volage | lp=10pd =0 78 W
BV prEsn Emitler-Bage Breakdown Volape IE=10pA, =D 6.0 v
legs Collecter Cutoff Current Ve = B0V, Vepjoy = 3.0V 10 né,
Icen Collector Cutoff Current Veg =B0V, lg=0 0.0 pA
Vep =60V, Ig =0, T, = 125°C eli] ph
legn Ermitter Ctlofi Current Veg = 3.0V I =0 10 s
Iy Base Culoll Current Wep = 60, Venpm = 3.0V 20 17}
On Characteristics
hep DT Current Gain Iz = 0.ImA, Vioe = 10V 35
Iz = 1.0mA, Veg = 10V 50
IC= 1ﬂm-'!‘-,'\|'c£= 10% 75
I = 10mA, Vg = 10V, T, =-55°C 35
Ip: = 150ma, Veg = 100 * 100 300
I = 15{|II'I|'!'|."|"|=E= o0 * a0
I = 500mA, Vg = 100 - 40
Ve tigat) Colledor-Emitier Saluration Voliage * le = 150mA, Vg = 10V 0.3 W
| FE = 500maA, II.|"|:E =10V 1.0 v
VEE La Base-Emitler Saturation Vollage * fe = 150maA, Vg = 10V 0.6 . ]
I = S00mA, Vg = 10V 2.0 W

* Puese TeSD Fudge Wisih £ 3000s, Duty Cyce £ 20%

. B F e tenr Sementidusisr G pilais

Bre AT Aaguss Jo04




| Electrical Characteristics Ta=25°C unless ctherwise noled  Continued

Symhbal | Parameler Test Condition | Min. | Max. | Unis
Small Signal Characteristics
i Current Gain Bandwidih Froduct lg = 20ma, Vg = 200, = 100MHz ann MHz
Ceana Cutpul Capaciiance Vep = 10V, Ip = 0.1 = TMHz &.0 pF
Cibg Input Capacitance Veg = 0.5V, Ic =0, = 1MHz 25 pF
h'Ce Coliector Base Time Constant I = 20mA, Vg = 20V, = 31.8MHz 150 ps
NF Moise Figurs lg = 100pA, Vg = 10V, 4.0 dB

Rg= 1.0KIL = 1.0KHz

Relhy) Real Farl of Common-Emitter Ie = 20mA, Vpp = 20V, 1 = 300MHz &0 0

High Frequency Inpul impedance
Switching Characteristics

b | Delay Time Vo = 30V, Vegion = 0.5V, 10 ns
t, Rige Tine I = 150mA, 19 = 15mA 25 ns
i Storage Time Wpp =30V, Ip = 150mA, 225 ng
e Fall Time g1 = lgp = 15mA &0 ns

| Thermal Characteristics 7.=25°C unless otherwise nated

M.
| symbel rrmRmafer PNzzzze | "MMETIZZZA | “"PZTZ222A ity
| Pp Total Device D-‘;-.'.:E-ipatlun 625 350 1,000 miW
| [Derate above 25°C 5.0 ZB 8.0 mWEL
Raic Tharmal Resistance, Junction 1o Case B3.3 oW
Faa Thenmal Resislance. Junction lo Ambien! 200 357 125 TN

* Device mounled on FR-4 PCE 18 = 18" = 0.06° 1
* Device maunled on FR-< PCE 38mm »« 16mm » 1.5mm; mountmg pad for the coBacicn inad men. Gons.

Spice Model

MEN (is = 14,341 X1i=3 Eg = 1.11 Val = 74.03 Bl = 2558 Mg = 1,507 lse = 14,34 Ikl = 2847 Xib = 1.5 Br = G092 lsc =0
lkr=0Rc=1Cjc=7.306p Mjc= 3418 Vjc= 5 Fc= 5Cje=2201p Mie= 377 Vie=T0Tr=45.9In Ti=411,1p It = &
Wi = 1.7 Kif= 3 Rb =10

356 Faerhic Femarnasse Ceparaisn Bps AT fcrust 3004




. Typical Characteristics
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Typical Characteristics
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MC14007UB

Dual Complementary Pair

Plus Inverter

The MCI12007TUB multi-purpose device consists of three
M—channel and three P—channel enhancement mode devices packaged
to provide access 1o each device. These versatile parls are useful in
inverter circuits, pulse-shapers, linear amplifiers, high input
impedance amplifiers, threshold detectors, \ransmission gating, and

functional pating.
* Tiicde Protection on All Inputs
Supply Voltage Range = 3.0 Vde 1o 18 Vde

Schoutky TTL Load Owver the Rated Tempersture Range
® Fin—for—Fin Replacement for COA007A or CD400TLURB

precautions mmust be taken,

MAXIMUM RATINGS (Volizges Referenced to Veg) (Nole 2.)

Capable of Driving Two Low—power TTL Loads or One Low—power ]’W P SUFFIX

This device has 2 outputs without ESD Protection. Anti-static

T T AT S —

Symbol Parameter Value Unit
Voo DC Supply Voltage Renge ~0.5 1o +18.0 v
Vine VMoo | I0pul or Outpul Voltage Range =05 1aVMgg + 0.5 v
[DC er Transient)
[P - Input or Output Current 10 ma
(DT or Transient) per Pin
Pp Power Dissipation, 500 mi
per Package (Nole 3.)
Ta Ambient Temperature Range -55 10 +125 R
Tslg Siorage Temperalure Hangs —ES o +150 b,
Ti Lead Temperature 260 =C
{B—Second Soldering)

2. Maximum Ratings are those values beyand which damage to the device
mRAY GEEUF.

3. Temperal

ure Derating:

Plastic *FP and DIDW™ Fackages: — 7.0 mW=C From §5°C To 125°C

This device contzins protection circuiiry 10 guard against damage due Lo high
slatic veltages or electric fields, However, precaufions must be teken fo avoid
spplications of any vollage higher then medmum rated vollages lo his
high=impedance circuil. For proper opesation, Vi and Vg, should be constrained

0 Ihe range

Unused inputs musi always be tied o an appropnate logic vallage level (g.g.,

Vag = (Minof Veu) 5 Vop

gither Vee or Vo). Unused cutpuls must be [l open.

Merch, 200

L Sermonducios Comocnents Indusmes, LLG, S000

0-Rev, 3

ON Semiconductor

http:lonsemi.com

MARKING
DIAGRAMS

POIP-14

CASE 646

SQIC-14
D EUFFIX

CASETSIA. SShooooo

&=

*

14
NHAREE
TSS50P-14 14
0T SUFFIX ooTu
CASE 948G o ALYWY
HHEE
1
}EII_H"I
=
SOEIAJ-14 ST
! E SUEED MC14007U
el CASE965 |o AWLYWW
[
1

A = Aszembly Location
WLorL =WalerLot

YYoarY ‘=Yaar

W or W= Work Waek

T T BT R e b e

ORDERING INFORMATION

Devico Package Shipping
MC1400TUBCP FPDIF-14 2000/Box
MCI400TUED SOKC-14 S5/Rail
MC1400TUBDORE | SOIC-14 | 2500/ Tape & Resl
MC14007TUBDT | TSSOP-14 &Rl
MC1400TUEF SOEIAJ-14 Sew Mote 1,
MCI400TUBFEL | SOEIAL-14 See Note 1.

1. For ardering informalion on the EiA version of
the S0IC peckages, please contast your local
ON Semiconducior representative.

Publkcation Order Mumber:
MC12007UBID




MC14007UB

PIN ASSIGNMENT

o-rgl1e 1 [ vpe
R 13 o-py
GATE ] 2 12 [ 0UTe
E'NEE i 1 ]S—PE
O-Ng [ & W 0 GATE
GATEL [ & 9 {1 5N
Ve [ 7 8 [ o-u,
0 = ORA&N
5 =S0URCE
SCHEMATIC
TR A 1
L%} [+] (v (=] Q
— & o
g -|:’J "'J}E
- |~
— F ¥ —[ =
#] u] & ] =] L%} o
78 3 4 5 10 g
Vpp = FIN 14
Vg =PIN7
— &8 pe————
72 5
i B = :H
1 B
4+
14 2
L] C i
INPUT q—~l>u—< S i = |
Voo 0 I BT
Mo i
1
INPUT | QUTRLIT COMDITHON INFUT i
[ ] 10

1 A&=C, B=0PEN
il A« B.C«OPEN

Subetratez of P=channel devices intermally
connected to Vpn, subsirates of N—hannsl
devices inlernally connecled 1o Vez.

1‘1\"55

Figure 1. Typical Application! Z2-input Analog Multiplexer
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MC14007UB

ELECTRICAL CHARACTERISTICS (Volizoes Referenced 1o Wegl

i - 55°C 25°C 125°C
. Characteristic Symbol | Vdc Min Max Min Typ [ Max Min Max Unit
Outpul Vollage “0° Level Ve 5.0 — 0.05 — o 0.05 — 0.05 Wdc
Vo= Vppor 0 10 — | 005 = o 0.05 — 0.05
1h — Q.05 — H D.0s — 0.05
Vin = 0ar Vpp *17 Laval Wion 50 4.95 —_ 4,95 5.0 -_— 4.95 o Ve
10 9.85 — 9495 10 — 85.95 —_
15 14.85 — 1495 18 - 14.95 -
Inpul Vallage “0" Level WViL Ve
(Ve = 4.5 Vdc) 50 = 1.0 = 2.25 1.0 — 1D
Vo =50 Vdc) 10 — 2.0 _ 450 2.0 _— 20
Vo = 13.5 Vde) 15 - 2.8 — 675 25 _— 25
(Vg = 0.5 Vde) “"Level | Wi 5.4 4.0 nE 4.0 2.75 =T 4.0 == Ve
(Vg = 1.0 Vdc) 10 8.0 - 8.0 5.50 - B.0 ==
(Vg = 1.5 Vde) 15 | 125 | — | 125 | &as — | 125 | —
Dutput Drive Corrent law méde
{Vgu = 2.5 Vdc) Source 50 -30 - -2.4 - 5.0 — ~1F -
Mo = 4.8 Vde) 50 | -064 | — |[-—pst | -10 — | -03 | —
Mo = 9.5 Vde) io -6 — -1.3 -as = -0.9 -
(Ve = 13.5 Vi) 5 -4.2 — =24 —10 — — 24 =iy
Vo = 0.4 Vde) Sink lew. 50 054 = 0.51 1.0 = 0.36 = mAde
W = 0.5 Vdo) 10 1.6 — 13 28 -— 048 —
VoL = 1.5 Vdle) 15 4.2 — 3.4 10 - 24 o
Input Currant ks 15 — 01 — +0.00001 | +0.1 — + 1.0 pAde
Input Cepecitance Cin — — — = 5.0 7.5 — _ pF
(Vin=0}
Quiescent Current lop 50 - 023 — 0.0005 0.25 - 7.5 jLade
(Per Package) 10 - 05 = 0.0010 0.5 - 15
18 - 1.0 — 0.0015 1.0 - 30
Totsl Supply Current ¥5- 1.} fr 5.0 Iy = (07 pldkHz) F+ Igp/ whde
{Dynamic pluz Cuiescent, 1 Iy = {14 pAfkHz) f + Ipp'E
Per Gale) {5y = 50 pF) 15 b= (2.2 pAdkHz) T+ lgndf

4. Data labelled *Typ” is nol lo be used lor design purposes but is inlended 25 en indication of the D' polential pedormance.
5. The lormules given are for the typical characlaristics only af 25°C
B. Ta calculzte tolal supply current 31 loads othar than 50 pF:

IS = 80 pF) + (G — 50) Wik
where! |7 Is in pd (per packapge), O in pF W = (Vpp = Ves) involls, §in kHz is inpot frequency, and & = 0.003,

http:/lonsemi.com




MC14007UB
SWITCHING CHARACTERISTICS (T g =50 pF. T, = 25°C)
Voo
. Characteristic Symbaol Vde Miin Typ 18] Max Unit

Cutpul Rise Time briH ns
brin = (1.2 nsipF} Cp + 30 ns 50 = G0 184
brin = (0.5 nslpF} G + 20 ne 10 = 5 aq
triy = (0.4 nsfpF ) Cf + 15 ns L] == a5 70

Dutput Fall Time tThE ns
IrpL = (1.2 ns/pF) G = 15 ns 54 — TS 150
gy = {05 ns/oF) Gy + 15 ns 10 — 4l &0
i = (04 nsipF) S + 10 ns 13 — 3d (&14]

Turn—0f Delay Tims IpLH ns
tres={1.5 nspF} C =+ 35 ns a.0 - &0 125
iy = (02 nsfpF) Cp + 20 ne 10 i 30 s
ey = 015 nslpF) CL + 17.5 ns 15 o 25 55 °

Turn—0n Delay Time oML fis
tpre = (1.0 nspF} C, + 10 ns 5.0 - &0 i28
by = (03 ns/pF) Cp + 15 ns 10 aial 30 5
gL = (0.2 ns/pF) G = 15 ns 15 = 25 35

7. The farmulas given are far Ihe typleal charactonzlics anly. Swilching specifications are for device connected as an inversr.
& Data izbelled *“Typ" is not 10 be used for design purposes bul is inlendad a5 an indication of the IC's potential performance.

Vig= -Vies Yon=Ves

0 Vpg = Vo= Voo

All ynuged inpuls connected Lo ground All unused inpuls connecled to ground,

0 20 .
' | a A Vs = 15Vt
B &
= -0 . T % Ly L
= - L]
E | Vgs=-50vac B e/l E [ Jef ) s
£ 2 = .
= ol ® Ta=-55€ \= r,/f? 4 Eoa ,F‘W —
% b Ty=+25C /! | j';? ( 5 'J'h r
o "€ Ta=i25C B ol ] = a Tp=-55°C |
z 3z R = 80 b Tye+25°C
Z | L[ (w4 | | E 1/ ¢ Ty=+125°C |
- ' L I A" -
5 .5 ,..--‘"ﬁf_mwir# VL / B = 40 / : “} sovae T
Z - ¥ . m
-~ Y4 / [Z =
_31 | ..-//fdl P / I n | -|l_
-0 -ED -&0 -40 -2 -6 0 20 40 6.0 B.0 0
Vps, DRAIN VOLTAGE (Vi) Ve, DRAIN VOLTAGE (Vic)
Figure 2. Typical Output Source Characteristics Figure 3. Typical Output Sink Characteristics

These lypical curves are nol guarsnitess, bul are design sids
Ceuticn: The maximum curren rating is 10 mA per pin.
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MC14007UB
Vop % :
20ne 20 ns
i 1 oovpf TR _-i l-._ Voo
B0 R A= T CERAMIC Vin 2%
— Kt Veg
Ly [
PULSE , g™ M v
GENERATOR ER Vg '? S0%
Vs P ¥ E - Voy
. = — by Lk --I I-—
Figure 4, Switching Time and Fower Dissipation Test Circuit and Waveforms
APPLICATIONS
u
?: %_ OUT = B3BaL.
—

The MCI400TUB dual pair plus inverer, which has

access to all its elements offers a number-of unigue circuit
applications. Figures |, 5, and & are 5 few examples of the
L]
L
(-

Vo
DISABLE 3:>—|>—T ] L3
— Em 5 ji OUTPUT
Q@
B
Sy

device flexibility.

T
-
INPUT 1ho—e j—c 12 OUTRUT
@ I

B
B

Subsirates of P=channel devices intermally connected o Vg,
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General Description

Thege N-Channel enhancement mode field effect ransislors
are produced wsing Fairchild's propriglary, high cell density,
BMOE technology, These producls hove been designed to
minimize on-stale resistance while provide rugged, ralisble,
and fast swilching pedormance. They cen be ueed in most
applications requiing up o 400m& OC snd can deliver
pulsed cuments up lo 2A, These products are particularly
susd for low vollage, low current applications fuch as small
servo molar conirol, power MOSFETY gate drivers, 2nd othar
switching applications.

Movember 1905

N-Channel Enhancement Mode Field Effect Transistor

Features

= High density cell design for low Rosion:
= Vaollage controlled small signal switch,
* Fugged and relabla,

¥ High saturation current capability,

ot o 5
ZNTOO2INDST0024

Absolute Maximum Ratings 7, = 25 uniess oiherwize noted

Symbaol | Parameter 2WT0RD [ 2NT002 NOSTO02A | Units
Vi Drain-Source Vollage GO A
Voor Drain-Gate Voltage (R, <1 M) &0 v
Woes Gale-Source '-.-':::Iiag.u - Confinuous = 420 W

- Non Repetitive (1p < S0ps) 40 .-
[ Maxirmum Drain Corrent - Continuous 200 115 280 mA
- Pulsed 500 s00 1500
P, | Maximum Power Dissipation 400 200 300 mw
Derated above 25°C 3.2 1.6 24 mwWi"C

) Operaling and Storage Tempersiure Range -55 18 150 45 10 150 "C
Te Maximum Lead Temparature for Soldering M o

| FPurpasas, 116" rom Case for 10 Seconds
| THERMAL CHARACTERISTICE

R, |ThermalRasistance, Junclion-lo-Ambient 325 J 625 417 “CW

TEET Fparhdn Eprauntulin Cor el
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Electrical Characteristics 7, = 25°C uniess othervize noted

Symbol | Parameter

i Conditions

Type | Min [ Typ | Max | units

OFF CHARACTERISTICS

BY s Dezin-Source Breakdown Voltage (Vo =0V, 1= 10pA Al =ly] v
. £ero Gate Volizpe Drain Current [V, =48V, V=0V 2NT000 1 Ty
T=128°C 1 ma
Ve =60V, Vo =0V 2N700Z 1 1k
l___TF‘IES"C MNEETO0ZA 05 A
u__,_: Gale - Body Leakage. Forward Vo =18V V=0V ZNFODO 10 né
V=20 V=0V 2nT002 100 iy
NDETODEA
Gate - Body Leakage, Reverse Ve =-10V, V=0V ENTOOD -10 na,
Voe =-20V, Ve =0V ENTO0Z -100 nA
HOST0024
ON CHARACTERISTICS row 1)
M Gale Threshold Valizge Ve = Vo by =1 mA ZNT000 ] 08 | 23 3 W
".Tm =Woo = 230 pA 2N7002 1 21 25
WDST002A
Em, Stalic Drait-Source On-Resislance [V, = 10V, |, = 500 mA ZNTO00 1.2 0
T,=128"C 1.4
Ve =45V, I.=T75md 128 | 53
Ve =10V, |5 = 500 mA anTooz 12 | 75
[ T,=100°C 1.7 | 135
Ve = 5.0V, 1= SO mA 1.7 | 75
T,=100C 24 [ 135
Vo = 10V, 1L = 500 mé MOETO0ZA 1.2 2
T,=125°C 2 35
[Vee= 5.0 V.1, =50 mA 1.7 3
T, =125°C il 28 | 5
N Drain-Source On-\ollage Ve =10V, |, = 500 mA ANTOOD 0.6 23 v
' Vee =45V, 1= 75 mA 014 | 04
Voe = 10V, 1= S00mA ZNTO02 06 [ 375
Vee =50V, I, =50 mA | 00 | 15
Ve = 10V, I, = S00MA MDETOZA 08 | 1
V. =50V, I_=50 mA 0.08 | 0.15

THTO0 54K Fey AL
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l . Electrical Characteristics 1, = 25C uniess othanvize noteg
Symbol | Parameter |Eunditiuns I Type | Min ] Typ l Max | Uniis
I ON CHARACTERISTICS Conlinued rse 1)
b On-Stale Drain Curren [V =45V, v =10V anzoon | 75 | eoo mA,
Vs 10V, Vo, > 2 Voar aNTo0z | 500 | 2700
I Vee=10V, V.2 2 Vo nos70024 | 500 | 2700
[« Forward Transconductznce Voe = 10V, |, = 200 ma ENTO00 100 | 320 ms
Vs 2 2 Ve, = 200 ma eNfooz | Eo | 3o
I Ve = 2 Vg o= 200 mA NOS7ooza | BD | 3zo
DYNAMIC CHARACTERISTICS
C.. Inpul Capacliance Vo =23 W, V=0V, All 20 50 pF
G Oulpui Capacitance F=10MHe Al 11 | 25 [ pF
l C. Feverse Transfer Capacilanco AL 4 5 pF
(. Turn=-On Time V=18V, R =251 2NTOOD 10 ns
I = 800 mA, V= 10V,
I Ros = 25
Voo =30V, R =1501, 2N7O0 20
I =200 mA, V_, = 10V, NDEI2A
I R, =250
L Turm=-CHf Time Vi =1SV.R =250, 27000 10 ns
I = 500 ma, V. =10V,
Ryey, =25
I Vo =30V, R, = 15011, 2700 20
Iy = 200 mA, V__ = 10V, NDSTo02A,
Raen =250
. DRAIN-SOURCE DIODE CHARACTERISTICE AND MAXIMUM RATINGS
I ly Maximum Continuous Drain-Source Diode Forward Curent w02 | 115 méA,
NOSTo0ZA 280
i Mazimum Pulsed Drain-Source Diode Forward Current ZNTO0Z 0.8 A
l NDSTO028 1.5
Voo Drain-Source Diode Farward [Vge = 0V, 1= 115 mA pus 2NTo0Z 088 | 1.5 v
Voliage [Vor = 0V, |,= 400 mA pasa NDSTOOZA 088 | 12 |
I h:d;m Tesl Pubze Wiath = D00ps, Duiv Cyoe = 2 0%




Typical Electrical Characteristics
2NT000 | 2NT7002 / NDSTODZA
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Figure 1. On-Region Characteristics
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Typical Electrical Characteristics (continued)
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Typical Electrical Characteristics (continued)

Figure 17. SOT-23, 2ZM7002 / NDS700ZA Transiont Thermal Response Curve
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