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5 Pin Configuration and Functions

Offset Trim | 1 8 | Offset Trim

—-In| 2 - 7| V+
+In| 3 + 6 | Vg
V- | 4 5 | No Internal Connection

5-1. D Package, 8-Pin SOIC
and P Package, 8-Pin PDIP

(Top View)
£ 5-1. Pin Functions
PIN
NEE = TYPE DESCRIPTION

+In Input Noninverting input
=In Input Inverting input
No Internal 5 . No internal connection (can be left floating)
Connection
Offset Trim 1,8 — Input offset voltage trim (leave floating if not used)
V+ Power Positive (highest) power supply
V- Power Negative (lowest) power supply
Vo Output Output

Copyright © 2023 Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vg Supply voltage, Vg = (V+) — (V=) 40 \
Input voltage (V=) (V+) Y,
Differential input voltage -30 30 \Y
Isc Output short circuit(® Continuous
T, Junction temperature 150 °C
Tste Storage temperature -65 125 °C

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

(2) Short-circuit to ground, one amplifier per package.

6.2 ESD Ratings

VALUE UNIT
V(Esp) ‘Electrostatic discharge ‘Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +1000 \%
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Single supply 6 30 36
Vs Supply voltage, Vg = (V+) — (V-) V
Dual supply +3 115 +18
Ta Ambient temperature —40 85 °C
6.4 Thermal Information
OPA177
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Resa Junction-to-ambient thermal resistance 160.0 100.0 °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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6.5 Electrical Characteristics
at Ta =25°C, Vg =30V (15 V), Vem = Vout = Vs / 2, and R = 2 kQ connected to Vg / 2 (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
OFFSET VOLTAGE
F grade +10 25
G grade 120 +60
VOS Input offset voltage puv
F grade +15 +40
Ta =-40°C to +85°C
G grade 20 +100
. F grade 0.1 0.3
dVos/dT | Input offset voltage drift | Tp = —40°C to +85°C uv/eC
G grade +0.7 +1.2
Offset adjustment range |Rp =20 kQ +3 mV
F grade 0.3
Long-term drift(") uV/mo
G grade 0.4
F grade 115 125
Vs=13Vto+18V G arad 0 120
= iecti rade
PSRR Poyver supply rejection 9 dB
ratio Vg=+3 V1o 18V F grade 110 120
Ta=-40°Cto +85°C G grade 106 115
INPUT BIAS CURRENT
F grade +0.5 +2
G grade +0.5 +2.8
Ig Input bias current nA
F grade +0.5 +4
Ta =-40°C to +85°C
G grade +0.5 16
F grade +8 +40
Input bias current drift? | T, = -40°C to +85°C pA/°C
G grade 15 +60
F grade +0.3 +1.5
G grade +0.3 +2.8
los Input offset current nA
F grade +0.5 2.2
Ta =-40°C to +85°C
G grade +0.5 +4.5
NOISE
F grade +1.5 +40
Input bias current drift(@) pA/°C
G grade +1.5 185
Input voltage noise f=1Hz to 100 Hz® 85 150  NVims
Input current noise f=1Hzto 100 Hz 45 PAms
INPUT VOLTAGE
Common-mode voltage +13 14
Vem (4) \
range' Ta = —40°C to +85°C +13 +13.5
F grade 130 140
Vow =213V G grad 115 140
- iecti rade
CMRR Colmmon mode rejection 9 dB
ratio Vow = £13V F grade 120 140
Ta=-40°Cto +85°C G grade 110 140
INPUT IMPEDANCE
F grade 26 45
Differential mode(®) MQ
Rin Input resistance G grade 18.5 45
Common-mode 200 GQ

Copyright © 2023 Texas Instruments Incorporated
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6.5 Electrical Characteristics (#t &)
at Tpo =25°C, Vg =30V (15 V), Vom = Vout = Vs / 2, and R = 2 kQ connected to Vg/ 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
OPEN-LOOP GAIN
F grade 134 141
-10V<sVpos10V
A Open-loop voltage G grade 126 135 4B
oL :
gain® 10V EVo<10V F grade 126 135
Ta=-40°Cto +85°C G grade 120 132
FREQUENCY RESPONSE
BW¢L Closed-loop bandwidth |G =1 0.4 0.6 MHz
SR Slew rate 0.1 0.3 V/us
OUTPUT
+13.5 +14
R 22kQ
) Ta =—40°C to +85°C +12 13
Vo Voltage output swing \
R, 210 kQ +12.5 13
RL 2 1kQ +12 +12.5
Isc Short-circuit current +35 mA
Ro Op_en—loop output 60 a
resistance
POWER SUPPLY
40 60
Power consumption lo=0A mW
Ta =—40°C to +85°C 60 75
1.3 2
la Quiescent current lo=0A mA
Ta =—40°C to +85°C 2 25

(1) Long-term input offset voltage stability refers to the averaged trend line of Vg vs time over extended periods after the first 30 days of
operation. Excluding the initial hour of operation, changes in Vqg during the first 30 operating days are typically less than 2 pV.

(2) Specified by characterization.

(3) Sample tested.

(4) Specified CMRR test condition.

(5) Specified by design.

(6) To maintain high open-loop gain throughout the +10-V output range, Ag_ is tested at-10 V<V5<0V,0V<Vp<+10V,and-10V <
Vo<+10 V.
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6.6 Typical Characteristics

at Tp = +25°C, Vg = +15 V (unless otherwise noted)

6-1. Total Harmonic Distortion and Noise vs Frequency 6-2. Maximum Vgyt Vs loyt
(Negative Swing)

6-3. Maximum Vgyr Vs loyt 6-4. Warm-Up Offset Voltage Drift
(Positive Swing)

6-5. Offset Voltage Change Due To Thermal Shock 6-6. Closed-Loop Response vs Frequency
Copyright © 2023 Texas Instruments Incorporated BRICETE 71— R/Ty o (CEEPHELADE) X5 7
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6.6 Typical Characteristics (continued)

at Tp = +25°C, Vg = £15 V (unless otherwise noted)

6-7. Open-Loop Gain/Phase vs Frequency

6-8. CMRR vs Frequency

6-9. Power Supply Rejection vs Frequency 6-10. Input Bias and Input Offset Current vs Temperature
6-11. Total Noise vs Bandwidth (0.1Hz to Frequency 6-12. Input Noise Voltage Density vs frequency
Indicated)

8
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6.6 Typical Characteristics (continued)

at Tp = +25°C, Vg = £15 V (unless otherwise noted)

6-13. Maximum Output Swing vs Frequency 6-14. Power Consumption vs Power Supply
6-15. Maximum Output Voltage vs Load Resistance 6-16. Output Short-Circuit Current vs Time
Copyright © 2023 Texas Instruments Incorporated BRICETE 71— R/Ty o (CEEPHELADE) X5 9
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7 Application and Implementation

Pz 3

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

7.1 Application Information

The OPA177 is unity-gain stable, making this device easy to use and free from oscillations in the widest range of
circuitry. Applications with noisy or high-impedance power-supply lines can require decoupling capacitors close
to the device pins. In most cases, 0.1-yF ceramic capacitors are adequate.

The OPA177 has very low offset voltage and drift. To achieve highest performance, optimize circuit layout
and mechanical conditions. Offset voltage and drift degrades because of small thermoelectric potentials at
the op-amp inputs. Connections of dissimilar metals generate thermal potential that can degrade the ultimate
performance of the OPA177. To cancel these thermal potentials, make sure the thermal potentials are equal in
both input pins.

1. Keep connections made to the two input pins close together.
2. Locate heat sources as far as possible from the critical input circuitry.
3. Shield the op amp and input circuitry from air currents, such as cooling fans.

7.1.1 Offset Voltage Adjustment

The OPA177 has been laser-trimmed for low offset voltage and drift; therefore, most circuits do not require
external adjustment. X 7-1 shows the optional connection of an external potentiometer to adjust offset voltage.
Do not use this adjustment to compensate for offsets created elsewhere in a system because this adjustment
can introduce excessive temperature drift.

7.1.2 Input Protection

The inputs of the OPA177 are protected with 500-Q series input resistors and diode clamps as shown in the
simplified circuit diagram on the front page. The inputs can withstand +£30-V differential inputs without damage.
The protection diodes conduct current when the inputs are overdriven. This conducted current can disturb the
slewing behavior of unity-gain follower applications, but does not damage the op amp. Some applications, such
as programmable logic controllers (PLCs) require a robust input-protection design. An input-protection circuit can
be implemented using four Schottky diodes; however, the temperature and voltage dependent leakage of the
diodes can present undesirable nonlinear errors at the input. For applications requiring high precision and robust
input protection, the OPAx206 family of op amps are an excellent choice, offering integrated input overvoltage
protection that eliminates the need for external clamping circuits.

7.1.3 Noise Performance

The OPA177 noise performance is optimized for a circuit impedance range of 2 kQ to 50 kQ. Total noise in
an application is a combination of the op-amp input voltage noise and input bias current noise reacting with
circuit impedance. For applications with higher source impedance, the OPAx828 and OPAx140 FET-input op
amps generally provide lower noise due to the inherently low input current noise. For low-impedance, low-noise
applications, the OPAx210 is an excellent choice because of the exceptionally low op-amp input-voltage noise.
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7.1.4 Input Bias Current Cancellation

The input stage base current of the OPA177 is internally compensated with an equal and opposite cancellation
current. The resulting input bias current is the difference between the input stage base current and the
cancellation 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, there is no need to balance the dc resistance seen at the
two input pins (K 7-2 and K| 7-3). A resistor added to balance the input resistances can actually increase offset
and noise.

7.2 Typical Application

V+
1 20kQ
0—2 — 8
Vin OPA177 OVour
- 3
o—A+
_|_

Trim range is approximately £3.0 mV.

7-1. Optional Offset Nulling Circuit

Conventional op amp with external bias current cancellation OPA177 with no external bias current cancellation resistor.
resistor. 7-3. Input Bias Current Cancellation With
7-2. Input Bias Current Cancellation With OPA177

Conventional Op Amp
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8 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

84 FNAADHR—K
8.1.1 BARYR—b
8.1.1.1 PSpice® for Ti

PSpice® for Tl l&. 7FOJ BB OMEETMICKR L IDBFIB LTI IIL—23aVRETT, LATVNERE
CBBEIC, Y72 ATLAORFETORNRAT - Y1 —23VEERTH T, BRIANZHIEL,
TERAETTOHBZERETEXT,

8.1.1.2TINA-TIM> X2 L —23> Y7RDI TP (EHMXT>O0—R)

TINA-TI"Za2L—>3>2 Y7KRIITEF, SPICEIVSAR—AICLEEMAN DB ALK, FUXTVE
BoZalL—23ar JOJZALTT, TINATIZZaAL—23>- YI7RIJITR, TINA" Y7 RTITD
ITRTOMEEF >EEN—a 2T, N> T BEFINETOVTF47- EFILCMAT, IZJOFFILOS
A7ZUNTVO—RENRTVWET, TINATIZZaL—>3> Y7 RIITICIE. SPICE OEZE#K 7 DC
AT, BEMRT., AEBRASVERBEEOSHEICNZ., BNORGTHEN BEEATVET,
TINA-TIZZaL—>3> Y7RNIDITFTREFY-ILETZTIL =232 Web R=DASERTAEA OO
—RTE, - HNERESCETERFETT]A—NYINTES, LHHEEBLEBHEEZHEATVET, RE
SHAIBSIC &Y, ADEEEBIRL, B/ —R, EBE, BREEEE7O-7L T, BNEIMY I AZ—
N Y=IZERTEET,

x

/.

ChoDT77AINEERTRDICE, TINAYIRIITREETINATIVI RTDITHAVARN=)L
ENTVRBENHYET, TINATI™M YT RIIT- 7AEHAS, BEO TINATI>Z21L—2

A2 YI7RIIT=EIVO-RLTLKEZ,

8.1.1.3 DIP P& 7' X E K

DIP 7A 7 RZFHOEMRIE, ARTUT7ORARETORNRA TRHELTANETREICTHFHMEERTT. MO
RARETNAREDA UV EZ—TIA AZ2RR, BF. BIOANTEHRLET, (fED Samtec iIFAKNV
VTh., BEERBIII)BEEORBAYR—RENTVDIART T E2ELGELET, DIP PHA 72 5EMERF
YRNE, MTOEREENY T —J#YR—MNLTVWET, D £kI& U (SOIC-8), PW (TSSOP-8), DGK
(VSSOP-8), DBV (SOT-23-6, SOT-23-5, # & T SOT-23-3), DCK (SC70-6 & & ¥ SC70-5), # & T DRL
(SOT563-6).

8.1.1.4 DIYAMP-EVM

DIYAMP-EVM &, ZBOT7 > 7ERZRAMHTZMAEOFMER (EVM) THY), RFI> 7 S 0RESFT
BEeEZAL—2aV0REZEBLET, COFMERIE. 3 DOEREE/NY 7—2 (SC70, SOT23,

SOIC) TH#tfgE hTHY ., U/ FaFILEREAWIC, 77, 742, ZEMHHEE., I NL—20
BEBRBE, 120—BHNET > TEBENFTETT,

8115TIDYTFLR FHL>

TIOVT77L2R FHAVE, TIOBRETFTOY . P77V r—>3a > EMRICKVERES 7O

Y)1—=23>TI. TIOVTIFPLYA FHFAVE, BERE, FROER, >3I1L—-23>2, 2R
PCB BIBRHIVULAT UL, BmKk, AERHOMEERH/LET. TIOVTT7LIRA FHIUE,

http://www.ti.com/ww/en/analog/precision-designs/A* 5 A > 24 > TAFTEE Y,

81.1.6 71 NZXRY—/

TALEBFY—IINEBEHETEDE, EVRTVTITA47 TR FTATZLTT, 71 IILRFGTY
—LeEATRIE, TIORVH - N—=R =S5O TIRARTU TNV T OAVR—ZFV R NEEAL T,

RBELZ7 A ERAEZERTEET,

12 BEICETZ 71— RNy O (CEEYPHEEDPY) £EE5 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: OPA177
English Data Sheet: SBOS008


https://www.ti.com/tool/PSPICE-FOR-TI
https://www.ti.com/design-resources/design-tools-simulation.html
http://www.ti.com/tool/tina-ti
http://www.ti.com/tool/tina-ti
http://www.ti.com/tool/tina-ti
http://www.ti.com/tool/dip-adapter-evm
https://www.ti.com/tool/DIYAMP-EVM
https://www.ti.com/reference-designs/
http://www.ti.com/lsds/ti/analog/webench/webench-filters.page
https://www.ti.com/product/ja-jp/opa177?qgpn=opa177
https://www.ti.com/ja-jp/lit/pdf/JAJSQO4
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQO4A&partnum=OPA177
https://www.ti.com/product/ja-jp/opa177?qgpn=opa177
https://www.ti.com/lit/pdf/SBOS008

13 TEXAS
INSTRUMENTS OPA177
www.ti.comlja-jp JAJSQO4A — SEPTEMBER 2000 — REVISED SEPTEMBER 2023

JAINEFJEFHY I, FEY—-ILESIIAL—232 Web R—=T DS Web ®BY—I)LELTHRIATE,
BRBEBRT VT A7 7408 Y)1—-2320bTHBH TR, B&#L, >2aL—23>TEF
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RFEFIXNOEFHICOVWTOBENZZITESICIE, ticom DFNAARB 7 AN E2ZRBVNTLKEEY, TE
HOBAZZ (T, #27UYILTERETIE, TEENLEIXNTOERBRICEIZZAZSIANEFE
ZTMNET, ZEOFHMICOVTIERE, BEENERFIXNIETFNATVWIHRETBEEZCBELSEE L,

83HR—K VY—-A
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8.4 Trademarks
TINA-TI™ and Tl E2E™ are trademarks of Texas Instruments.
TINA™ is a trademark of DesignSoft, Inc.

PSpice® is a registered trademark of Cadence Design Systems, Inc.
ITRTOEER., ThThOFRBEECREELET,

85 BRERHEICHETIIEES
CDICIE, ESDICK>THETDITEMSBVET, TFYRA A VAVIADYVR, ICEZRWYIESEBRICEEICHE
A PEEEEISCEZHBLET, ELVEVYRVBSLTREFIBICRDEVEE, NI AZBIEIZE TN HYE
3‘0
m ESD ICkBHiIBIE, DINBHUEBTASTNSA ADTLBEHEETEZRKICOEYET, BEEIC DEE, NTX—1

ADFHCENTREFTTARENTVRMEERDN SHNDAREEN HD 12D, BEARELPI<BEI2TVET,

8.6 A%E
FEHR AVAVIXYYVHEE CORASZEICR. AEPBIEO—EB8LU0ESE ZHEhTVET,

9 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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
OPAL177FP Obsolete Production PDIP (P) | 8 - - Call Tl Call Tl - OPAL177FP
OPA177GP Obsolete  Production PDIP (P) | 8 - - Call TI Call Tl -40to 85 OPA177GP
OPA177GS Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-3-260C-168 HR - OPA
177GS
OPA177GS.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
177GS
OPA177GS/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR - OPA
177GS
OPA177GS/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
177GS

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI'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
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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 [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
OPA177GS/2K5 SolIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA177GS/2K5 SOIC D 8 2500 353.0 353.0 32.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
OPA177GS D SOIC 8 75 506.6 8 3940 4.32
OPA177GS.B D SOIC 8 75 506.6 8 3940 4.32
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—tIOEEEEELET,

THFEHRA AZAYNIXYOR@E, TFFA AVAVILADY OBRGERHE, B ticom®HrDND THEHR A VAVILADY
HROBEEREENVTIhAZBU TRUIZIEATESFENOTTRHEIATVET, TFHRA 1VAVIXIYNFhs5DYY
—AZRMIRZ LR, BAETID TFTRA AVAVIADY ORAFCBEORIEOHEDVLAPEEZERIZENTRH Y £
/LO

BEBEFVABIENMKRERLFREFEEZRELLBETE, TFHR AVAVIAVYRBThSICERERBA, EBELET,
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