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Abstract

This Project, “Controlling a robotic arm using EMG”, is about measurement the
electric mescle form the Biceps brachii that is a main muscle for raising an arm. After that we use
the LabVIEW for analyzing and keeping the electric graph when the subject moves the arm.

Finally, computer sends the digital output to microcontroller for controlling a robotic arm,
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i Program : Arm Control

¢/ Description  : use de motor

i : X-tal 11.0592MHz.input from DAQ{NI) 2 bit
i : detec micro sw(position)

/ Filename D AMM.C

// Version : 1.ORev.

# Compiler : Keil 7.03

‘
/

/! e e e e e e e e e e e e e - -

/f include file

J/—— - - S —

iftinclude<reg52.h>
#include<ATROx051. H>
#include<intring.h>

'
I - e - ———
, -

/7 define Port&Pin

.;’. [

sbit inl = P17Q;

sbit in2 =PI1"1;

shit up_sw = P1"2;

shit dn_sw=P1"3;

shit cn_up = P174;

sbit cn_dn = PIi*5;

shit led =P176;



n
[x]

I

i e ————————— e ————— - ——————— -

void delay _msec(unsigned int time)
!
unsigned int delay;

for (delay = 0; detay<time; delay++)

!

TMOD = 0x21;

THO = Oxfc; /*11.0592 MHz = Oxfc 12ZMHz = Oxfc*/
TLO = 0x66; /*11.0592 MHz = 0x66 12MHz = 0x17*/
TFO =0;

TRO =1;

while (TF) == 0);
TRO=0;
i

"F’IF’ - e e e e e e e e o e e T 1 = o e e e e e e e e -k e R Y . . e e o
/ 1nitail

JF—— - - - -

void init{void)
{
delay_msec(250);

inl =1;

cn up =1, i active "1" if all =']" motor stop



th
[Fp]

up_sw =1; # active 'O’

|
—

dn_sw =

/{ move up or down when arm stay at meddle
if{dn_sw==1 && up sw==1)
{
if(inl == 1) up
{
cn_dn = 0;

while(up_sw == 1);

cn_dn = 1;
i
if(inl == 0) // down
{
cn_up = 0;
while(dn_sw==1);
cn_up = 1;
;
;
}
ffmmmmmmee - S - ---

JTA— } B}
void main(void)

H
1

init(}; // initial value
while(1) / finite loop

|




if{int == 1) i/ up

ifldn_sw ==10)
{
co_dn =

while(up_sw==1);

cn_dn=1I;
i
}
if(inl == () /f down
{
iflup_sw ==10)
{
cn up=10;
while(dn_sw == 1);
cn up =1
j
i
led=0;

delay _msec(500);
led=1;
delay msec(500);

/ end loop while

# end loop main
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BURR - BROWN©®

High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

@ LOW DRIFT: 0.25V/°C max

® LOW OFFSET VOLTAGE: 25uV max
® LOW NONLINEARITY: 0.002%

@ LOW NOISE: 13nV/iVHz

@ HIGH CMR: 106dB AT 60Hz

@ HIGH INPUT IMPEDANCE: 107

@ 14-PIN PLASTIC, CERAMIC DIP,
SOL-16, AND TO-100 PACKAGES

DESCRIPTION

The INA 101 is a high accuracy instrumentation ampli-
fier designed for low-level signal amplification and
general purpose data acquisition. Three precision op
amps and laser-trimmed metal film resistors are inte-
grated on a single monolithic integrated circuit.
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APPLICATIONS

@ STRAIN GAGES

® THERMOCOUPLES

@® RTDs

® REMOTE TRANSDUCERS

@ LOW-LEVEL SIGNALS

@ MEDICAL INSTRUMENTATION

The INAI101 is packaged in TO-100 metal, 14-pin
plastic and ceramic DIP, and SOL-16 surface-mount
packages. Commercial, industrial and military tem-
perature range models are available.
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PECIFICATIONS

ECTRICAL

+25°C with +15VDC power supply and in circuit of Figure 1, unless otherwise noted.

INATDIAM, AG INAI01SM, 56 INATIICM, CG INATOTHP, KU
1RAMETER MIN ™wp MAX "] TP MAX MIN 214 MAX MIN P MAX UNITS
AN
1nge af Gain i 1000 - | * - . N . v
3in Equation G =1+ {40R} - ' - VN
to1 from Equatian, DC 004 - 0.00016G H01 + §.0003G ” ' ' ' 01+ HO.3+ %
-0.02/G) -0.05iG) 0.0005G} 000025)
-0.05/G -0.100G
1in Temp. Coefficient™
G=1 2 5 * " . * ' - ppmC
G=10 20 100 . N 10 . ' . ppmeC
G- 100 2 10 - - 1 . : . ppmrC
G- 1000 2 110 . - T - . . i LT
nlnear iy, BCZ 0002 + 105 C) £[0.805 + 2 x 105 G) Ho.001 +0.002 (0001 {0002 ' N %ol pp FS
+10°5 G} +10-5G} ~1073G) +105G)
ATED QUTPUT
rage 10 1125 ‘ - * : ' N v
e 15 +10 - N * v " - ma,
Jiput Impedance 0.2 N - . Q
paciive Load 1000 h " - pF
PUT OFFSET VOLTAGE
fiial Offset al -25°C +(25 - 200G) (50 + 400/G) 10+ 25 +{10+ +[25 + {125+ (250 + wy
100G) +200(G) 100/6G) 2000G) 1500G) SG)
vs Temperature 2 + 20G) 0TS 0.25 + 2+ 20G) HiieC
= 106G} 1G)
vs Supply H1 - 20i6) ' - ' ; wv
vs Time 1 - 20G) ' . ' uVimo
iPUT BIAS CURRENT
inial Bias Cureent
{each inpul) +15 13 =10 - 15 +20 : N na
w5 Temperalure .2 " N * nAeC
¥5 Supply 1 * * " nady
lial Offset Curren! 115 E=2] +lo - 15 20 " - A
vs Temperature 03 " ' ‘ nAPC
IPUT IMPEDANCE
ferential 1003 - . i Q] pF
ommon-mode 1003 : ' ) 2 pF
IPUT VOLTAGE RANGE
4rge, Linear Respunse +i0 E1r3 ¢ ' N - . - v
MR with 1k{2 Source kmbalance
DCto60Hz, G =1 80 1] ' : ' N 1] a5 i
OC1060Hz, G= 10 36 e ' ' ' N B 95 di
DC 1o 60z, G = 10010 1000 106 110 ' ' ‘ " 100 05 d§
IPUT NOISE
pul Vohage Noise
fp = 0.01Hz e 10Hz 0.8 " * . LV, pp
ensty, G = 1000
fo = 10Hz 18 ’ ' ' nvivHz
fg - 100Kz 15 - ' ‘ n¥iviz
fo = kHz 13 ' ' : nvivHz
put Cunent Noise
fa = 0.0WHz to 10Hz 50 N : N pA. p-p
ensity
1y = 10Hz o8 ¢ . - phiNHE
Ty = 100Hz 0.45 ' . . panHz
g = TkHz 035 ' . : pAWHz
YNAMIC RESPONSE
mail Signal, =3d8 Flatnass
Gt 300 . : - kHz
G=10 140 : * - kHz
G100 25 ' * - kHz
G = 1000 2.5 N ' ° kHz
malt Signal, 1% Flalness
G=1 20 N : . kHz
G=10 mn ‘ ' ! ¥Hz
G =100 1 : ' - kHz
G = 3000 200 . . . Hz
il Power, G = 110 100 6.4 . . N kHz
lew Ratg, G = 110100 0.2 D4 - * - ' ' * Vius
ellling Time {0.1%)
Gl n 40 ' ' " N ‘ * Hs
G= 100 40 55 ° N " * : * us
G=1000 350 LEd N * " * : ' ps
adling Time (0.01%;
G=1 30 45 ) * : ) : : us
G=100 il i - N : N . . K3
5= 1000 500 B30 " - * b ' ' Hs
OWER SUPPLY
‘aled Vollage 15 - " v
‘ot Range 15 +26 : N N : v
e, Quiescent® +6.7 5 : . ' . : - ma
EMPERATURE RANGE®
pecification -25 +B3 -55 ~125 - N Dl +10 ot
Jppraken -55 -128 . ' : > -5 +85 *C
lorage -B5 +150 ) : ’ ' -40 +B5 “f

iecifications same a5 for INATO1AM, AG
TES (1) Typically Ihe wlerance of Ry, will be the major source af gain esror (2} Nonfingarity is the maximum peak devialion fram the best sUaigh-ine as a percentage of peak to-peak full scale outpt. {3) Nol inzluding the TOR of Ry (4) Adjusiable
(¢ 8t any one gain. (5) 8, oupIx slage = 113°CW, 8, quiescent circuilry = 19°C/W. 8;, = B3"CW
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PIN CONFIGURATIONS

Top View
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ORDERING INFORMATION

PRCDUCT PACKAGE TEMPERATURE RANGE
INATO1AM 30-Pin Metal TO-100 ~25°C ta +85°C
INA101CM 10-Pin Metal TC-100 -25°C to +85°C
INATDTAG 14-Pin Ceramic DIP -25°C to +85°C
INAT101CG 14-Pin Ceramic DIP -25°C to +85°C
INA10THP 14-Pin Plastic DIP 0°C to +70°C
INATOTKU S$DL-16 Surface-Mount 0°Cte +70°C
INA1018G 14-Pin Ceramic DIP ~55°C ta +125°C
INA1D1SM 10-Pin Metal TO-100 —55°C to +125°C

PACKAGE INFORMATION

PACKAGE DRAWING
PRCGDUCT PACKAGE NUMBER(Y
INATO1AM 10-Pin Metal TO-100 0a7
INA1D1CM 40-Pin Metal TO-100 o7
INATOTAG 14-Pin Ceramic DIP 169
INATDICG 14-Pin Ceramic OIP 169
INA1O1HP 14-Pin Plastic DIP 010
INATDIKU S0L-16 Surface-Mount 211
INA1C1SG 14-Pin Ceramic DIP 165
INAID1SM 10-Pin Metat TO-100 aa7

NOTE: {1) For detailed drawing and dimension tapte, please see end of data

sheet, or Appendix D of Burr-Brown !C Dat

a Book.

ABSOLUTE MAXIMUM RATINGS

Supply VOHEGE ..o
Power Dissipation ...............
tnput Voltage Range .

Cutput Shorl Circuit (to ground} .. Continuous
Operating Temperature M, G Package 55°C to +125°C
P, U Package ... .. =25°C to +B5°C

-65°C 1o +150°C
... —40°C to +85°C
.. +300°C

+260°C

Storage Temperature M G Package ,,,,,,,,,

P, U Package ...
Lead Temperalure (suldermg 105)M G P Package
Lead Temperature (wave soldering, 3s) U Package

ELECTROSTATIC
A%A DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with ap-
propriate precautions. Failure to observe proper handling and
installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptibie to damage because very small parametric
changes could cause the device not to meet its published
specifications.

The information provided herein is believed to be reliable; however, BURR-BROWN assumnes ne respansibility for inaccuracies or omissions. BURR-BROWN assumes
na responsitility for the use of this information, and all use of such informaticn shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life

suppaort devices and/or systems,

BURR - BROWNS®
INA101



TYPICAL PERFORMANCE CURVES

At +25°C, Vg = 15V unless ctherwise noted.

GAIN NONLINEARITY vs GAIN
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TYPICAL PERFORMANCE CURVES (conT)

Al +25°C, Ve = +15V unless otherwise noted.

SETTLING TiME vs GAIN

1060 T T
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA1DL. (Pin numbers shown are for the TO-100
metal package.) Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output Common terminal which
is normally grounded. This must be a low-impedance con-
nection to assure good common-mode rejection. A resis-
tance greater than 0.142 in series with the Common pin will
cause commaon-mode rejection to falt below 106dB.

SETTING THE GAIN

Gain of the INA101 is set by connecting a single external
resistor, Ry

G- 1+332 (1)

G

OUTPUT NQISE vs GAIN

0
n
E
z
s 20 —
& Fig = 1MQ
[=]
=
> \
“a
£ 10 ; —
5 Rg = 1000k
1 Rg= 10k '\
C:I) )
Rg=0
0 #
o 10 100 100G

Gain {V/V)

The 40k} term in equation (1) comes from the sum of the
two internal feedback resistors. These are on-chip metal film
resistors which are laser trimmed to accurate absolute val-
ues. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INAIDI.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain errer (possi-
bly an unstable gain error) in gains of approximately 100 or
greater, The gain sense connections on the DIP and SOL-16
packages (see Figure 2) reduce the gain error produced by
wiring or socket resistance.

BURR - HROWN®

INA101



OFFSET TRIMMING

The INAIOQI is laser mimmed for fow offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows connection of an optional potentio-
meter connected to the Offset Adjust pins for trimming the
input offset voltage. (Pin numbers shown are for the DIP
package.) Use this adjustment to nuil the offset voltage in
high gain (G = 100) with both inputs connected to ground.
Do not use this adjustment to null offset produced by the
source or other system offset since this will increase the
offset voltage drift by 0.3uV/*C per 100uV of adjusted
offset.

Offset of the output amplifier usually dominates when the
INALCT is used in unity gain (G = 1). The output offset

voltage can be adjusted with the optional trim circuit con-
nected to the Comimon pin as shown in Figure 2. The voltage
applied to Common terminal is summed with the output.
Low impedance must be maintained at this node to assure
good common-mode rejection. The op amp connected as a
buffer provides low impedance.

THERMAL EFFECTS ON OFFSET VOLTAGE

To achieve lowest offset voltage and drift, prevent air
currents from circufating near the INA101. Rapid changes in
tenperature will produce a thermocoupie effect on the
package leads that will degrade offset voltage and drift. A
shield or cover that prevents air currents from flowing near
the INALO1 will assure best performance.

No

2]

Connection

%

TO-100 PACKAGE

INA1O1

: ”
Qutput
8
Ge1. R =g } ——OV=G(E,-Ey)
G
4 : T 20k02
W } 10402 10k T L
= g
Tantaium Tantalum
+
e 1
— 1uF J) é TWF —
+15V -15v
FIGURE 1. Basic Connections.
+15V
Input Offset Adjustment 100KE
Da not use to nuil source or system Ay Output
offset (see text), ¢ ; @ DIP PACKAGE
INA101t
10kQY
1—0 Vo= G(E, - Ex) +Vpon
Common Veom
12 14
E, YW e—b + 0k 10kQ 5y Approximately
+15mV Range
j T
o inout sh
+ISV 15V A, Output _ Plinout shown
is for DIP packages.

& Output Offset
1BV Adjustment

FIGURE 2. Optional Trimming of Input and Qutput Offset Voltage.
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& Ty ac PACKAGE OPTION ADDENDUM

INSTRUMENTS
www th.com 10-Mar-2006

PACKAGING INFORMATION

Orderable Device Status "' Package Package Pins Package Eco Plan® Lead/Bafl Finish MSL Peak Temp &
Type Drawing Qty
INA101AG NRND CDIP SB JO 14 27  Green {RoHS & Call Ti N/ A for Pkg Type
na ShiBr)
INA101AM NRND TQ-100 LME 10 20 Green (RoHS & Call Ti N/ A for Pkg Type
ne SbiBr)
L INATO1AMZ OBSOLETE  TQ-100 LME 10 T8O Call T1 Call Tl |
! INA101CM NRND TO-100 LME 10 20 Green (RaHS & Call TI N/ A for Pkg Type
L no SbiBr) i
INAT01CMA OBSOLEYE TO-100 LME 10 TBD Call Tl Call Tl
INA101HP ACTIVE PDIP N 14 25  Green (RoHS & CUNIPDAL N/ A for Pkg Type
no Sb/Br)
INATOTKU ACTIVE SQiC Dw 16 48 Pb-Free CUNIPDAU  Level-3-260C-168 HR
(RoHS)
INATOTHU/MK ACTWE SQIC DW 16 1000 Pb-Free CUNIPDAL  Level-3-260C-168 HR
{RoHS)
INA1015G1 OBSOLETE  TO-100 LME 10 TBD Call Tl Cal Tl
L INA1DTSM NRND TO-100 LME 10 20  Green{RoHS & Call Tl N/ & for Pkg Type
. . ..._MoSbiEr) o . B

M 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: TI has discontinued the production of the device.

2 ¢ Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Sr) - please check
hitp:/fwww ti.com/productcontent for the latest availability information and additional product contenl details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free {RoHS): Tl's terms "Lead-Free" or “Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all 6 subslances, including the requirement that lead not exceed 0.1% by weight in homogeneous malerials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified leac-free processes.

Pb-Free (RoHS Exempt): This component has a ReHS exemption for either 1) lead-based flip-chip sclder bumps used between the die and
package, or 2} lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
campatible) as defined above.

Green (RoH$ & no SbiBr): T| defines "Green” to mean Ph-Free (RoHS compatible), and free of Bromine {Br) and Antimony {Sb) based lame
redardants (8r or Sb do not exceed 0.1% by weight in homogeneous material)

9 MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and psak solder
termperature.

important Information and Disclaimer:The informaticn 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. T| has taken and continues to take
reasonabie steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. T} and TI suppliers consider certain information 1o 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 informatior exceed the total purchase price of the Tl part(s) at issue in this dacument sald by TI
to Customer on an annual basis.

Addendum-Page 1



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, medifications,
enhancements, improvements, and cther changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information betore placing
orders and should verity that such information is current and complete. All products are sold subiect to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications appiicable at the time of sale in
accordance with T's standard warranty. Testing and ather quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Ti does not warrant or represent that any license, either express or implied, is granted under any T| patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by T regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof,
Use of such information may require a license from a third party under the patentis or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
atteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liabte for
such altered documentation.

Resale of T products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or fiabie for any such statements.

Following are URLs where you can obtain information on cther Texas tnstruments products and application
solutions;

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.corm/digitalcontrol

tagfc logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com  Security www. li.com/security
Telephony www.ti.comftelephony
Video & Imaging www.ti.comivideo
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Fost Office Box 655303 Dallas, Texas 75265

Copyright @ 2006, Texas Instruments Incorporated



Burr-Brown Products
from Texas Instruments

OPA277
OPA2277
OPA4277

SBOS079A - MARCH 1999 — REVISED APRIL 2005

High Precision
OPERATIONAL AMPLIFIERS

FEATURES

@ ULTRA LOW OFFSET VOLTAGE: 10uV

® ULTRA LOW DRIFT: H0.1uv/°C

® HIGH OPEN-LOOP GAIN: 134dB

@® HIGH COMMON-MODE REJECTION: 140dB
@ HIGH POWER SUPPLY REJECTION: 130dB
® LOW BIAS CURRENT: 1nA max

® WIDE SUPPLY RANGE: 12V to +18V

@ LOW QUIESCENT CURRENT: 800LA/amplifier
@ SINGLE, DUAL, AND QUAD VERSIONS

@ REPLACES OP-07, OP-77, OP-177

APPLICATIONS

@® TRANSDUCER AMPLIFIER

® BRIDGE AMPLIFIER

® TEMPERATURE MEASUREMENTS

® STRAIN GAGE AMPLIFIER

® PRECISION INTEGRATOR

@& BATTERY POWERED INSTRUMENTS
® TEST EQUIPMENT
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All rademarks are the property of their respective owners,

DESCRIPTION

The OPA277 serfes precision op amps replace the industry
standard OP-177. They offer improved noise, wider output
voltage swing, and are twice as fast with half the guiescent
current. Features include ultra low offset voltage and drift, low
bias current, high common-mode rejection, and high power
supply rejection. Single, dual, and quad versions have identical
specifications for maximum design flexibility.

OPA277 series op amps operate from £2V to £18V supplies with
excellent performance. Unlike most op amps which are specified
at only one supply voltage, the OPA277 series is specified for
real-world applications; a single limit applies over the +5V to
+15V supply range. High performance is maintained as the
amplifiers swing to their specified limits. Because the initial offset
voltage (=20uV max) is so low, user adjustment is usually not
required. However, the single version (OPA277) provides exter-
nai trim pins for specia! applications.

OPA277 op amps are easy to use and free from phase inversion
and overload problems found in some other op amps. They are
stable in unity gain and provide excellent dynamic behavior over
a wide range of lvad conditions. Dual and quad versions feature
completely independent circuitry for lowest crosstalk and free-
dom from interaction, even when overdriven or overloaded.

Single (OPA277) and dual (OPA2277) versions are available
in DIP-8, SO-8, and DFN-8 (4mm x 4mm) packages. The quad
{OPA4277)} comes in DIP-14 and SO-14 surface-mount pack-
ages. Ail are fully specified from —40°C to +85°C and operate
from —-55°C to +125°C.
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ABSOLUTE MAXIMUM RATINGS(

ELECTROSTATIC

Operating Temperature ..
Storage Temperature
Junction Temperature.....
Lead Temperature (soldering, 10s)
ESD Rating (Human Body Model) ..

{Machine Mogel) .........

...—585°C to +125°C
...=55°C to +125°C
... 150°C
.. 300°C

gt Voltage ... iy L o Wy 0.7 DISCHARGE SENSI
Output Shor-Cireuitt . Continuous

This integrated circuit can be damaged by ESD.

and installation procedures can cause damage.

TIVITY

Texas Instru-

menis recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling

NOTE: (1) Stresses above these rating may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade

device reliability. {2) Short-circuit to ground, one amplifier per package.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may be

more susceptible to damage because very small parametric
¢hanges could cause the device not to meet its published

specifications.
PACKAGE/ORDERING INFORMATION(
OFFSET OFFSET
VOLTAGE VOLTAGE DRIFT
PRODUCT max, [V max, uv/°C PACKAGE-LEAD
Single
OPAZ7TPA 50 +1 DIP-8
OPAZTTP 20 +0.15 DtP-8
OPAZ7TUA 50 11 50-8 Surface Mount
OPA277U +20 .15 50-8 Surface Mount
OPA277AIDRM £100 +1 DFN-8 {4mm x 4mm)
Dual
OPAZ2277PA +50 11 DIF-8
OPAZ277P +25 +0.25 DIP-8
OPAZ277UA 50 11 S50-8 Surface Mount
OPAZZTTU 125 =0.25 50-8 Surface Mount
OPAZ2T7AIDRM =100 +1 DFN-8 (4mm x 4mm)
Quad
OPA4277PA +50 DIP-14
OPA4277UA +50 S §0-14 Surface Mount

NOTE: (1) For the most current package and ordering information, see the Package Option Addendum located at the end of this data sheet or visit the T| web site

at www.ti.com.

PIN DESCRIPTIONS
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ELECTRICAL CHARACTERISTICS: Vg = 5V to Vg = +15V

At T, = +25*C, and R| = 2k, uniess otherwise noted.
Boldface limits apply over the specified temperature range, —40°C to +85°C.

OPA27TPA, UA

OPA27TP, U QPA227TPA, UA OPA277AIDRM,
QPA22TIP, U OPA427TPA, UA OFA227TAIDRM
FARAMETER CONDITION MIN TYpin MAX MIN TYP!) MAX MIN TYP" MAX UNITS
OFFSET YOLTAGE
Input Ofisel Voltage: Vos
OPAZT7P, U fhigh grade, single} =10 =20 uv
OPA2277P, U [high grade, dual) =10 +25 N
All PA, UA, Versicns +20 =50 uv
AIDRM Varsions +35 =100 nYy
Input Ofiset Voltage Over Temperature
QPA2TTP, U (high grade, single) T, = =40°C to +85°C 30 Y
QPA2277P, U {high grade, dual) Ty = =40°C to +85°C 150 ny
All PA, UA, Varsions T, = ~40°C to +85°C oo w
AIDRM Versions T, =-40°C to +85°C He5 Y
Input Ofiset Voltage Drift dVpg/dT
OPA2T7P, U [high grade, single} T, = —~40°C {0 +85°C H4 H.15 pvrc
OPA227TP, U (high grade, dual) T, = =40°C to +85°C H1 .25 uvre
AllPA, UA AIDRM Versions T, = =40°G to +85°C H.15 H .15 H HYrC
Input Offset Valtage: {all madels)
vs Time 0.2 * ¥ wime
vs Power Supply PSRR Vg = 22V ip £18V =03 05 * =1 * +1 pvA/
Ty = —40°C to +85“C Vg = 22V lo +18Y 0.5 H H pvA
Channel Separation {dual, quad) de 0.1 * * v
INFUT BiAS CURRENT
Input Bias Current la 0.5 +1 ¥ 128 28 nA
Ty = =40°C to +85°C 2 4 H nA
Inpul Ofiset Current log *).5 1 * 2.8 12.3 nA
Ty = ~40°C o +35°C 2 = e nA
NQISE
Input Voltage Noise, T = 0.1 to 10Hz 022 * * EVep
01035 ¥ * AVms
Input Voltage Noise Densily, 1 = 10Hz e, 12 * * nviHHz
{ = 100Hz 8 ¥ * nVHZ
1= 1kHz 8 * * nVAHz
f= 10kHz E * * nviHz
Currenl Nolse Density, f = 1kHz i 0.2 * * pAnHz
INPUT YOLTAGE RANGE
Cammon-Mode Veliage Range Veu {v-) +2 v+) -2 * ¥ * ¥ v
Comman-Made Rejeclicn CMRR | Vgy = (V=) +2V ta [V+) -2V 130 140 115 * 115 * d8
To= -40°C to +85°C Vow = (V=) +2V 10 {v+) -2y | 128 115 115 a8
INPUT IMPEDANCE
Differential 1003 * * MG || pF
Gommon-Mode Vou = (V=) 42V o (V+} -2V 2503 * * GO |f pF
OPEN-LOOP GAIN
Qpen-Loop Voltage Gain Ag Vo = (V-H0.5¢ lo
V412V, R_ = 10602 140 % ¥ dB
Vo= (V=11.5 10
V415V, R = 2k 128 134 * * * * cB
Ta = —40°C te +85°%C Vg = (V=]+1.5V Lo
(V+)-1.5¥, R = 2k} 126 * * 48
FREQUENCY RESPONSE
Galn-Bandwidlh Product GBW 1 * ¥ MHz
Slew Rate SR 0.8 * * Vius
Settiing Time, 0.1% Vg =25y, G = 1, 10V Step 14 * * ps
0.01% Vg = £16V, G = 1, 10V Step 16 * * [1E:3
Overload Recovery Time Vy*G=Vg 3 * * us
Total Harmonic Distorlion + Noise THD+N | 1kHz, G = 1, Vp = 3.5¥ms 0.002 * * %
+ Specilications same as DPA277P, L.
NQTE: (1) Vg = =15V
0PA277, 0PA227?, 0PA4277 [NSTRUMENTS

SBCSO79A
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ELECTRICAL CHARACTERISTICS: Vg = 15V to Vg = =15V (CONT)

At T, = +25°C, and R = Zk{}, unless atherwise noted.
Boldface fimits appiy over the specified temperature range, —40°C to +85°C.

OPA2TTPA, UA
OPA2TTP, U QPA22TTPA UA QPAZTTAIDRM,
OPA22TTP, U OPA42TTPA, UA OPA227TAIDRM
PARAMETER CONDITION MIN TYPI) MAX MIN TYPH MAX MIN TYP MAX UNITS
QUTPUT
Vellage Output Vo R_= 10kD2 (V-) +0.5 (V+) -2 * * * * v
Ta= -40°C to +B5°C R, = 10k} (V=] +0.5 V4) =12 * * * * v
R, = 2kit (V- +1.5 V+)-" 5 * * * * Y
Ta=-40°C to +85°C R = 2kt {V-) +1.5 V¥ -1.5 * x * * v
Short-Circuil Current lge £35 * * mA
Capacitive Load Drive Cloap See Typical Curve * *
POWER SUPPLY
Specified Vollage Rarge Vg *5 =15 * * * * v
Operaling Vollage Range +2 =18 * * * ¥* vV
Quiescenl Current (per amplifier) lg ig= +780 -825 * * * * uA
Ta = -A0°C to +85°C =10 500 * * I
TEMPERATURE RANGE
Specilied Range -40 +85 * * * * C
Operaling Range -55 +125 * * * * °C
Slerage Range -85 +125 * * L * C
Thermal Resistance M
50-8 Surface-Mounl 150 * °Crw
DIP-8 100 * “Crw
DIP-14 80 * °ChW
50-14 Surface-Mount 100 * “CIW
DFN-812) 45 *Cre
* Specilications same as OPA2TTP. U.
NQTES: (1) Vi = 215V
{2} Thermal pad soldered o printed circuit board (PCB)
"
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TYPICAL CHARACTERISTICS

At T, = +25°C, Vg =15V, and R = 2k02, unless otherwise noted.
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POWER SUPPLY AND COMMON-MODBE
REJECTION vs FREQUENCY
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TYPICAL CHARACTERISTICS (conT)

At Ty, = +25°C, V5 = 215V, and R, = 2k{2, unless otherwise noted.

Offset Veltage Change (pv) Percent of Amplifiers (%)

Input Bias Current (nA)

OFFSET VOLTAGE PRCDUCTION DISTRIBUTION

OFFSET VOLTAGE DRIFT
PRODUCTION DISTRIBUTION

100
90
80
70
60
50
40
30
20
10
0

Shart-Circuit Current {mA)

16 35
Typical distribution Typical distribution
14 I of packaged units. 30 of packaged units. |
Single, dual, and - Single, dual, and
[ quad included. T g N quad included. |
w
F oL
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TYPICAL CHARACTERISTICS (CONT)

AL T, = +25°C, Vg = 15V, and R = 2k{}, unless otherwise noted.

CHANGE IN INPUT BIAS CURRENT
vs POWER SUPPLY VOLTAGE

2.0 T - g T 20
Curve shows normalized change in
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— 0.5 . 05
LR S e == i £ ¢
5 Vem =0V ; &l
-05 } -05
-10 = — -1.0
15 ; -1.5
20 i -2.0
0 B 10 15 20 25 30 a5 40
Supply Voltage (V)
QUIESCENT CURRENT vs SUPPLY VOLTAGE
1000 100
ser amplifier
~. 900
<
zZ % 50
= 2
o800 o
5 | E
O =
I=4 / o
C
@ 700 e - =
@ ©
§ n 20
600
500 10
0 +5 =10 +15 120
Supply Voltage {V)
MAXIMUM OUTPUT VOLTAGE
vs FREQUENCY
30 T ‘ (V+}
: | -
~ [Vs =215V V4=t
25 ‘ : — (V+)-2
- \ =
B I : g (V-3
z 20 o i x (Vr)-4
& : \ 3 & (v-5
£ i \ i = V-)+5
3 : 3 Z vy 4
£ 10 N e
Is] Vg = £5V 5 V)+3
5 O (vy+2
‘\,\ (V=) + 1
a (V=)
1k 10k 100k M
Frequency {Hz)
*3 1
EXAS

SBOSO79A

www.ti.com

GHANGE (N INPUT BIAS CURRENT
vs COMMON-MODE VOLTAGE
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TYPICAL CHARACTERISTICS (conm)

At T, = +25°C, Vg = £15V, and R = Zki}, unless otherwise noted.
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APPLICATIONS INFORMATION

The OPAZYT series is unity-gain stable and free from unex-
pected output phase reversal, making it easy to use in a wide
range of applications. Applications with noisy or high imped-
ance power supplies may require decoupling capacitors
close to the device pins. In most cases 0.1pF capacitors are
adequate.

The OPAZTT series has very low offset voltage and drift. To
achieve highest performance, circuit layout and mechanical
conditions should be optimized. Offset voltage and drift can
be degraded by smali thermoelectric potentials at the op amp
inputs. Connections of dissimilar metals will generate thermal
potential which can degrade the ultimate performance of the
OPAZ77 series. These thermal potentials can be made to
cancel by assuring that they are equal in both input terminals.

+ Keep thermat mass of the connections made to the two
input terminals similar.

» Locate heat sources as far as possible from the critical
input circuitry.

+ Shield op amp and input circuitry from air currents such as
cooling fans.

OPERATING VOLTAGE

OPAZ7T series op amp operate from +2V to +18V supplies
with excellent performance. Unlike most op amps which are
specified at only one supply voltage, the OPA277 series is
specified for real-world applications; a single limit applies
over the 5V to 15V supply range. This allows a customer
operating at Vg = +10V to have the same assured perfor-
mance as a customer using £15V supplies. In addition, key
parameters are assured over the specified lemperature range,
—40°C to +85°C. Most behavior remains unchanged through
the full operating voltage range {+2V to +18V). Parameters
which vary significantly with operating voltage or temperature
are shown in typical performance curves.

OFFSET VOLTAGE ADJUSTMENT

The OPA277 series is laser-trimmed for very low offset
voltage and drift so most circuits will not require external
adjustment. However, offset voltage trim connections are
provided on pins 1 and 8. Offset voltage can be adjusted by

connecting a potentiometer as shown in Figure 1. This
adjustment should be used only to null the offset of the op
amp. This adjustment should not be used to compensate for
offsets creatled elsewhere in a system since this can intro-
duce additional temperature drift.

Trim Range: Exceeds
Offsed Yoltage Specification

QPA277 single op amp only
Use offsel adjusi pins oniy to null
offset voltage of op amp—see texl.

FIGURE 1. OPA277 Offset Voltage Trim Circuit.

INPUT PROTECTICN

The inputs of the OPAZ277 series are protected with 1k
series input resistors and diode clamps. The inputs can
withstand £30V differential inputs without damage. The pro-
tection diodes will, of course, conduct current when the
inputs are over-driven. This may disturb the slewing behavior
of unity-gain follower applications, but will not damage the op
amp.

INPUT BIAS CURRENT CANCELLATION

The input stage base current of the OPA277 series is
internally compensated with an equat and opposite cancella-
tion circuit. The resulting input bias current is the difference
between the input stage base current and the cancelation
current. This residual input bias current can be positive or
negative.

When the bias current is canceled in this manner, the input
bias current and input offset current are approximately the
same magnitude. As a result, it is not necessary to use a bias
current cancellation resistor as is often done with other op
amps (Figure 2). A resistor added to cancel input bias current
errors may actually increase offset voltage and noise.

O]

Conventionat op amp with external bias
currernt canceliation resistor.

N

No bias current
cancellation resistor
(see text)

{b]

OPAZTT with no externat bias currenl
cancelfalion resistor,

FIGURE 2. Input Bias Current Cancellation.

OPA277, OPA2277, OPA42T7
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Vo)1 4 2}
1 2 R.‘

For integrated sclution see: INA126, INA2126 (dual)
INA125 {on-board reference}
INA122 {single-supply)

FIGURE 3. l.oad Cell Amplifier.
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FIGURE 4. Thermocouple Low Offset, Low Drift Loop Measurement with Diode Cold Junction Compensation.

i
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DFN PACKAGE

The OPA277 series uses the 8-lead DFN ({also known as
SON), which is a QFN package with contacts on only two
sides of the package bottom. This leadless, near-chip-scale
package maximizes board space and enhances thermal and
electrical characteristics through an exposed pad.

DFN packages are physically small, have a smaller routing
area, improved thermal performance, and improved electrical
parasitics, with a pinout scheme that is consistent with other
commaonly-used packages, such as SO and MSOP. Addition-
ally, the absence of external leads eliminates bent-lead
issues.

The DFN package can be easily mounted using standard
printed circuit board (PCB) assembly techniques. See Appli-
cation Note, QFN/SON PCB Attachment (SLUAZ271) and
Application Report, Quad Flatpack No-Lead Logic Packages
(8CBAO17), both available for download at www ti.com.

The exposed leadframe die pad on the hottom of the
package should be connected to V-,

OPAZ2T77, OPA2277, OPA4277

SBO5079A

LAYOUT GUIDELINES

The leadframe die pad should be soldered to a thermal pad
on the PCB. Mechanical drawings focated at the end of this
data sheet list the physical dimensions for the package and
pad.

Soidering the exposed pad significantly improves board-ievel
reliability during temperature cycling, key push, package
shear, and similar board-level tests. Even with applications
that have low-power dissipation, the exposed pad must be
soldered to the PCB to provide structural integrity and long-
term reliability.

1]
INSTRUMENTS 11
www.ti.com



¥ Teyas PACKAGE OPTION ADDENDUM
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PACKAGING INFORMATION

Crderable Device Status ) Package Package Pins Package Eco Plan'® Lead/Ball Finish MSL Peak Temp ¥ |
Type Drawing Qty |
OPA2277AIDRMR ACTIVE SON DRM 8 3000 TBD Call T1 Cail TI
: QPAR2TTAIDRMT ACTIVE SON DRM 8 250 Green (RoHS & CUNIPDALY  Level-1-260C-UNLIM
! no SbiBr)
OPAZ2YTAIDRMTG4 ACTIVE SON DRM 8 250 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
na Sb/Br)
OPA2277P ACTIVE PDIP P 8 50 Green(RoHS & CUNIPDAU N/ A for Pkg Type
ne SbiBr)
OPA2277PA ACTIVE PDIP P B 50 Green (RoHS & CUNIPDAU N/ A for Pkg Type
no ShiBr)
OPA227T7U ACTIVE S0IC D 8 100 TBD CUNIPDAU  Level-3-220C-168 HR
L OPAZ2TTUI2KS ACTIVE SoIC D 8 2500 T8D CUNIPDAU  Level-3-220C-168 HR
: QPAZ277U/RK5G4 ACTIVE S0IC D 8 2500 TBD Call Tl Call ™ ‘
I QPAZ2TTUA ACTIVE S0IC D 8 100 Pb-Free CUNIPDAL Level-3-260C-168 HR
(RoHS)
OPA2277TUAS2KS ACTIVE S0IC D 8 2500 Pb-Free CU NiPDAU  Level-3-260C-168 HR
{RoHS) i
QOPAZ2TTUAZKSE4 ACTIVE S0IC D 8 2500 Pb-Free CUNIPDAU  Level-3-260C-168 HR
{RoHS)
OPAZ2T7TUAE4 ACTIVE S0IC D 8 100 Pb-Free CUNIPDAU  Level-3-260C-168 HR
(RoHS)
OPA2277UG4H ACTIVE S0IC D 8 100 TBD Cali Tk Call Tl
‘ OPAZ7TAIDRMR ACTIVE SON DRM 8 3000 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
: no Sk/Br)
OPA277AIDRMRG4 ACTIVE SON DRM 8 3000 Gresn(RoHS& CUNIPDAU Level-1-260C-UNLIM
no SbiBr)
OPA277AIDRMT ACTIVE SON DRM 8 250 Green (ROHS& CUNIPDAU Level-1-260C-UNLIM
no ShiBr) ;
QOPAZTTAIDRMTGS ACTIVE SON DRM g 250 Green (RoHS & CUNIPDAU  Levei-1-260C-UNLIM _‘
no Sb/Br)
OPA2T7P ACTIVE PDIP P 8 50 Green {(RoHS & Call Tl N { A for Pkg Type
ng Sb/Br)
OPA2TTPA ACTIVE PDIF P 8 1 Green (RoHS & Cali T N/ A for Pkg Type
no ShiBr)
QPAZ7TU ACTIVE soI1C o 8 100 T8O CUNIPDAL  Level-3-220C-168 HR
OPA27TUI2KS ACTIVE S0IC D 8 2500 TBD CUNIPDAU  Level-3-220C-168 HR |
OPA2TTUA ACTIVE S0IC D L] 100 Pb-Free CUNIPDAU Level-3-260C-168 HR
{ROHS)
OPA277TUA2KS ACTIVE S0iC D 8 2500 Pb-Free CUNIPDAU  Level-3-260C-168 HR .
{RoHS) |
OPAZ7TUAZKSE4 ACTIVE SOIC D 8 2500 Pb-Free CUNIPDAU  Level-3-260C-168 HR .
{RoHS)
}[ OPA27T7TUAE4 ACTIVE S0IC D B 100 Pb-Free CUNIPDAU  Level-3-260C-168 HR
; (RoHS)
OPA27TUG4 PREVIEW SOIC D 8 100 TBD Cal Tt Call Tl
OPA4277PA ACTIVE PDiP N 14 25 QGreen(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br) !
OPA42TTUA ACTIVE 80IC D 14 58 Pb-Free CUNIPDAU  Level-3-260C-168 HR
| B » o {RoHS) .
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® 1y ac PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.1i. com 10-Mar-2006
Orderable Device Status‘")  Package Package Pins Package Eco Plan® Lead/Ball Finish MSL Peak Temp ¥
Type Drawing City
QPA4277TUA2KS ACTIVE S0IC D 14 2500 Pb-Free CUNIPDAU  Level-3-260C-168 HR
(RoHS) :
OPA42TTUAZKSES ACTIVE SQIC D 14 2500 Pb-Free CUNIPDAU Levei-3-260C-168 HR |
(RoHS) ‘
OPA4277UAES ACTIVE SQIC D 14 58 Pb-Free CUNIPDAU  Level-3-260C-168 HR }
___ (RoHS) - _ .

M The marketing status valuaes 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 Ti 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.

CBSOLETE: TI has discontinued the production of the device.

) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - piease check
hitp:/iwww ti.com/preductcontent for the latest availability information and additional product content details.

TBD: The Pb-FreefGreen conversion plan has not been defined.

Pb-Free (RoHS): TI's ferms "Lead-Free” or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for ail 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitabie for use in specified lead-free processes.

Pb-Free {RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The compenent is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green {RoH5 & no Sb/Br): T! defines "Green” to mean Pb-Free {RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants {Br or Sb do not exceed 0.1% by weight in homogeneous material)

& MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classilications, and peak solder
temperature.

important Information and Disclaimer:The information provided an this page represents Tl's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parlies, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to belter integrate information from third parties. T) has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chernical analysis on
Incoming faterials and chemicals. Tl and T) suppliers consider certain informaticn to be proprietary, and thus CAS numbers and other limited
information may not be availabie 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 TI
to Customer on an annual basis.
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MECHANICAL DATA

MPDIDOTA — JANUARY 1985 - REVISED JUNE 1999

P (R-PDIP-T8) PLASTIC DUAL-IN-LINE
0.400 (10,60)
" o3s5002)
8 5
A WAl =
0.260 (6,60)
0.240 (6,10)
[s]
| s

1 J L 4
0.070 (1,78) MAX

0.020 (0, 51) MIN 0.325 (B,26)

0.300 (7,52)

[———\ l— 0.015 {0,38)
0.200 (5 08) MAX Gage Plane
Seating Plane
0.125 (3,18) MIN 0.010 (0,25) NOM

N
0.430 {10,92)
MAX

0.0210,53)
5 0950.38] H}[ 0.010{0,25) ()]

4040082/D 05/98

NOTES: A. All linear dimensions are in inches {millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the iatest package information, go to http:/fwww.ti.com/sc/docs/package’pkg_info.htm

b TEXAS
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POST CFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
PINS ¥
A B
o 14 16 18 20
6 9 0.775 | 0.775 | 0.920 | 1.060
e T Weeel s ACMAX ) 1989) | (19.69) | (23.37) | (26,92)
0.260 (6,60 0.745 | 0.745 | 0.850 | 0.040
D 5390 6,10)} A MN ey | 18,92) | (21,59) | (23.68)
MS—001
ST ST A VARIATION Ad BE AC AD
8 L
J Loom (178) o
0.085 (w 14)
0045 {114} 0.325 (8,26
— S 076) N 0.020 {0,51) MIN ﬁﬁo_gl_szg

0.200 (5,08] MAX —Tchge Plane
i Seating Plane t—-—]

f 0125 {3,16) MIN 0.010 {0,25) NOM

—J 0.430 (10,92) MAX L

;——-—'___i

0.100 (2.54)

0.021 (0,53)
0.015 (0,38)

&[0.010 (0,25, @)

—»] l4—

)

U 14/18 Pin Only ' @

- 20 Pin vendor option

4040045/ 12/2002

NOTES: A Al lineor dimensions are in inches {millimeters).
B. This drawing 7s subject to change without notice.

.@ Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A
& The 20 pin end lead shoulder width is a vendor aplion, either half or full width.

b TeExas
INSTRUMENTS
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MECHANICAL DATA

DRM (S—PDSO—N8)

PLASTIC SMALL OUTLINE

20 7

Pin 1 Index Aree—/

=]

&
=]

o
w
o

Top and Bottom

+ 0.20 Ref,
1,00
0,80
) -——— l_l_[_]_l_l_l'_l_ ,
? _L Seating Plane
o |
[ [0,08]¢] ,00
2,40
0,80 0,50
0,30
— 0 =
Pin 1 |dentifier %J H’J L*'HW
R 0.20 N
w I
2,55 Max
| ¥
/ l
Exposed Thermal -
Die Pad
Vi ANANANA
8 3
of e 38
e o] BDOGEAE

4205854 /A 03/04

NOTES:

A. Al linear dimensions are in millimeters.

B. This drowing is subject to change without natice.

C. SON {Smoll Qutline Ne—Leod} package configuration.
The Package thermal performance may be enhanced by bending the thermal die pad ta an external thermaol piane.
This pad is electrically and thermally connected 1o the bockside of the die and possibly selected ground leads..

E. Pockage complies to JEDEC MO-229.

¢ TeXAS
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MECHANICAL DATA

D (R—PDSO-G8)

PLASTIC SMALL—OUTLINE PACKAGE

0.157 {5,00)
0.169 {4,80)

alla

Pin 1

0.244 (5,20)
; 0.228 (5.80]
il - 0.157 ( 0}
\‘ 2150 (3,80)
N l

|

Index Areq

0.020 {0.,51)
0.050 {1.27} omz {0,31)

¥

1

0,010 (0.25) W)

0.010 {0,25}

-8

0.010 (0,25)

0.050 (1,27}

L 0.069 (1,75) Mox 5000 ( 010)
C.010 £0,25)
0.007 (0,17)1
{ 7 \
? [(=:]0.004 (0,10)
Gouge Plane v =
F— Seating Plane

0.016 (0,20}

4040047-2/F 07/2004

NOTES: All finear dimensions are in inches {millimeters).

. Body dimensions do not include moid flash or protrusion not to exceed 0.006 (0,15).

A
B. This drowing is subject to chonge without nofice.
C
C

. Falls within JEDEC MS-012 variation AA.

¥ 7
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MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL—OUTLINE PACKAGE

3

HAHMEAR i

0.244 (6,20)
i 0.228 (5,80)

N - ~ T "~ — 0.157 (4.00)
\ \.\ 2.150 (3,80)
Index Area 0.05¢ {1,27) J L 22122 Eg';’;;

0.0t (0,25) (0

Iy _\l
P \ I N u _j“_L k\
0.010 (0,25)
L 0.06% (1,75) Max 0.004 (0,10}
0.010 (0.25)1
0.007 (0,17)
- ] pg \
[/ [0.004 (0,10)
Gouge Flone —¢— -—

0.010 {0.25)

J T Seating Plane

0.050 (1.27)
0.016 {0,40)
4040047-3/F 07,2004

NOTES:  A. All linear dimensicns are in inches {millimeters).
B. This drowing is subject to chonge without notice.
C. Body dimensions do not include meid flash or protrusion net te exceed 0.006 (0,15).
0

. Folls within JEDEC MS-012 veriction AB.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T!) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowiedgment.

71 warrarts performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary o support this warranty. Except where mandated by governmert requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers shouid provide adequate design and operating safeguards.

T1 does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other T intellectual property right retating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl 1o use such products or services or a warranty or endersement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of Ti.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation,

Resale of TI products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated T| product or service and
is an unfair and deceptive business practice. TI is not responsible or liable for any such statements.

Following are URLs where you can obtain information on cther Texas Instruments products and application
solutions:

Products Applications

Amplifiers amptifier.ti.com Audio www.ii.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DsP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Contro www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers migrocentroller.ticom  Security www.ti.com/security
Telephony www.1i.com/telephony
Yideo & Imaging www.ti.com/video
Wireless www.ti. com/wireless

Mailing Address:  Texas Instruments
Post Cffice Box 655303 Dallas, Texas 75265

Copyright @ 2006, Texas Instruments Incorporated
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