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OPAXx277 High Precision Operational Amplifiers
1 Features OPAXx277 series operational amplifiers operate from

* Ultralow Offset Voltage: 10 pV

» Ultralow Drift: £0.1 yV/°C

* High Open-Loop Gain: 134 dB

+ High Common-Mode Rejection: 140 dB

» High Power Supply Rejection: 130 dB

* Low Bias Current: 1-nA maximum

*  Wide Supply Range: £2 V to £18 V

* Low Quiescent Current: 800 pA/amplifier
» Single, Dual, and Quad Versions

* Replaces OP-07, OP-77, and OP-177

2 Applications

* Transducer Amplifiers

* Bridge Amplifiers

*  Temperature Measurements
» Strain Gage Amplifiers

* Precision Integrators

+ Battery-Powered Instruments
*  Test Equipment

3 Description

The OPAx277 series precision operational amplifiers
replace the industry standard OP-177. They offer
improved noise, wider output voltage swing, and are
twice as fast with half the quiescent current. Features
include ultralow 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.

+2-V to £18-V supplies with excellent performance.
Unlike most operational amplifiers which are specified
at only one supply voltage, the OPAx277 series is
specified for real-world applications; a single limit
applies over the +5-V to +15-V supply range. High
performance is maintained as the amplifiers swing to
their specified limits. Because the initial offset voltage
(20 pV maximum) is so low, user adjustment is
usually not required. However, the single version
(OPA277) provides external trim pins for special
applications.

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

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)

VSON (8) 4.00 mm x 4.00 mm

OPA2TT

OPA2277 S0IC (8) 3.91 mm x 4.90 mm
PDIP (8) 6.35 mm x 9.81 mm
SOIC (14) 3.91 mm x 8.65 mm

OPA4277
PDIP (14) 6.35 mm x 19.30 mm

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

0.1 Hz to 10 Hz Noise

| [ [ !

Noise signal is bandwidth limited to
lie bety 1 0.1Hz and 10Hz.

50nV/div

1s/div

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 Configuration and Functions

OPA277 P and D Packages

8-Pin PDIP and SOIC OPA277 DRM Package
Top View 8-Pin VSON
Top View
/
Offset Trim E E oftsetTim
“in E 3 vt Offset Trim |17 -'\\ 1 17§ offset Trim
P P :
Hn E E Output -In |27} ' Ir::icalnr ! T v
v— | 4 5 | NC™ : :
[ j +in _-3_-" : : ‘:_E‘T_ Output
v- a7 E \i\f_s__ NC
Thermal Pad
on Bottom
{Connect to V=)
Pin Functions: OPA277
PIN
1o DESCRIPTION
NO. NAME
1 Offset Trim | Input offset voltage trim (leave floating if not used)
2 —In | Inverting input
3 +In | Noninverting input
4 V— — Negative (lowest) power supply
5 NC — No internal connection (can be left floating)
6 Output [0} Qutput
7 V+ — Positive (highest) power supply
8 Offset Trim — Input offset voltage trim (leave floating if not used)
Copyright © 1999-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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OPA2277 P and D Packages
8-Pin PDIP and SOIC

OPA2277 DRM Package

Top View 8-Pin VSON
— T Top View
OutA E 8 | v+
- [ 2] /A\ 7] ous outa |17 ‘\ _________ i 78| ous
+InA E A 6| -nB ! Pin1 '
-inA {27} ' Indicator T v
V— E EI +inB | :
+nA |37} E i 1"6]| -InB
v- a7 E \i\f_ﬁ_ +InB
Thermal Pad
on Bottom
{Connect to V=)
Pin Functions: OPA2277
PIN
PDIP, 1o DESCRIPTION
NAME SOIC NO. DFN NO.
Out A 1 1 (0] Qutput channel A
—In A 2 2 | Inverting input channel A
+In A 3 3 | Noninverting input channel A
V- 4 4 — Negative (lowest) power supply
+In B 5 5 | Noninverting input channel B
-InB 6 6 | Inverting input channel B
Out B 7 8 (0] Qutput channel B
V+ 8 7 — Positive (highest) power supply
4 Submit Documentation Feedback Copyright © 1999-2015, Texas Instruments Incorporated
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OPAA4277 P and D Packages
14 Pins PDIP and SOIC
Top View
| L |
OutA | 1 14| OutD
—InA 7—— ——F —InD
— A D —
+nA |3 H+ +H12| +InD
W+ T 7 V-
+inB ?—+ + —F +inC
— B C —
-nB | 6 |- -9 | -InC
ous [ 7| '8 | outc
Pin Functions: OPA4277
PIN
1o DESCRIPTION
NO. NAME
1 Out A 0 Qutput channel A
2 —-InA I Inverting input channel A
3 +In A I Noninverting input channel A
4 V+ — Positive (highest) power supply
5 +In B I Noninverting input channel B
6 -InB I Inverting input channel B
7 QOut B 0 Qutput channel B
8 Qut C 0 Qutput channel C
9 -InC I Inverting input channel C
10 +InC I Noninverting input channel C
11 V- — Negative (lowest) power supply
12 +InD I Noninverting input channel D
13 —-InD I Inverting input channel D
14 OutD 0 Qutput channel D
Copyright © 1999-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT

Supply voltage, Vs = (V+) — (V-) 36 A\

Input voltage V=)-0.7 (WV+)+0.7 A\

Output short-circuit @ Continuous

Operating temperature —-55 125 °C
Junction temperature 150 °C

Lead temperature 300 °C
Storage temperature, T —-55 125 °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
Human-body model (HBM), per ANSI/ESDA/JEDEC Js-001(1 +2000

Viesp)  Electrostatic discharge Charg%ze}d—device model (CDM), per JEDEC specification JESD22- +500 A"
c101 =

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM 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
Supply voltage, Vs = (V+) — (V-) 4 (+2) 30 (x15) 36 (x18) \Y
Specified temperature —40 +85 °C

6.4 Thermal Information for OPA277
OPA277
THERMAL METRIC P (PDIP) D (SOIC) DRM (VSON) UNIT

8 PINS
Raja Junction-to-ambient thermal resistance 492 110.1 07 °C/W
Raucepy  Junction-to-case (top) thermal resistance 394 522 413 °C/W
Rap Junction-to-board thermal resistance 264 523 16.7 °C/W
wT Junction-to-top characterization parameter 154 104 0.6 °C/W
wiB Junction-to-board characterization parameter 263 515 169 °C/W
Raucboty  Junction-to-case (bottom) thermal resistance — — 3.3 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Thermal Information for OPA2277

OPA2277
THERMAL METRIC P (PDIP) | D (SOIC) | DRM (VSON) UNIT
8 PINS
Raja Junction-to-ambient thermal resistance 47 2 107 .4 393 °C/W
Raicopy  Junction-to-case (top) thermal resistance 36.0 458 369 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6 Submit Documentation Feedback Copyright © 1999-2015, Texas Instruments Incorporated
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Thermal Information for OPA2277 (continued)

OPA2277
THERMAL METRIC P (PDIP) D (SOIC) DRM (VSON) UNIT
8 PINS
Rap Junction-to-board thermal resistance 244 479 154 °C/W
wT Junction-to-top characterization parameter 134 57 0.4 °C/W
wiB Junction-to-board characterization parameter 243 473 156 °C/W
Raucboty  Junction-to-case (bottom) thermal resistance — — 22 °C/W
6.6 Thermal Information for OPA4277
OPA4277
THERMAL METRIC D (SOIC) | P (PDIP) UNIT
14 PINS
Raja Junction-to-ambient thermal resistance 67.0 66.3 °C/wW
Raycitop) I Junction-to-case (top) thermal resistance . 241 . 20.5 °C/wW
Rap Junction-to-board thermal resistance 225 268 °C/wW
wT I Junction-to-top characterization parameter . 22 . 21 °C/wW
wiB Junction-to-board characterization parameter 221 262 °C/wW
Raycbot) I Junction-to-case (bottom) thermal resistance . — . — °C/wW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.7 Electrical Characteristics for OPAx277P, OPAx277U, and OPAx277xA
At Ty = 25°C, and R = 2 kQ, unless otherwise noted

OPA2T7PA, UA
TEST g: :22;7-{53 Lll.l OPA2277PA, UA
PARAMETER CONDITIONS ' OPA4277PA, UA UNIT
MIN TYPM MAX MIN TYP MAX
OFFSET VOLTAGE
Wos Input Offset Voltage +10 +20 +20 +50 pv
OPA27TTP, U
(high-grade, +30
single)
Input Offset OPA2277P, U T, = _40°C to
Voltage Over | (high-grade, dual) | gb=c 50 ny
Temperature ——— —
All PA, UA,
; +100
Versions
AIDRM Versions
OPA27TTP, U
(high-grade, +0.1 +.15
single)
Input Offset | T, =-40°C to =
dVye/dT . OPA2277P, U &, uvrec
Voltage Drift (high-grade, dual) 85°C +0.1 +0.25
All PA, UA,
AIDRM Versions 015 *
vs Time 02 See @ uVimo
unput Offset e T2 Viox18 103 405 See @ +1
oltage: (a vs Power Supply VIV
models) (PSRR) T.=—40°C to 05 al
85°C - -
Channel Separation (dual, quad) DC 0.1 See @ pvIv

(1) Vg=215V

(2) Specifications are the same as OPA277P, U.

Copyright @ 1999-2015, Texas Instruments Incorporated
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Electrical Characteristics for OPAx277P, OPAx277U, and OPAx277xA (continued)
At T, = 25°C, and R = 2 kQ), unless otherwise noted

Product Folder Links: OPA277 OPA2277 OPA4277

OPA27TPA, UA
TEST g: :22;;,':; lfj OPA2277PA, UA
PARAMETER CONDITIONS : OPA4277PA, UA UNIT
MIN TYP! MAX MIN TYP (1} MAX
INPUT BIAS CURRENT
. T. = —40°C to +0.5 +1 See @ 28
| Input Bias C t A nA
e nput Bias Curren g5°C o "
T. = —40°C to +0.5 +1 See @ 28
1 Input Offset Current =N nA
os nput Offset Curre akc o "
NOISE
Input Voltage Noise, f=0.1to 10 Hz 022 See @ UVep
f=10Hz 12 See @
f=100Hz 8 See @
e Input Voltage nVivHz
Noise Density | f= 9 kHz See (@
f= 10 kHz See @
in Current Noise Density, f = 1 kHz 02 See @ pAAHz
INPUT VOLTAGE RANGE
Vou Common-Mode Voltage Range (V=)+2 (V+)2| See®@ See @ v
Vou = (V) 22V 130 140 115  See ®
o to (W+) -2V
CMRR Common-Mode Rejection T = _a0Ct dB
A= o
85°C 128 115
INPUT IMPEDANCE
Differential 100 3 See @ MQ || pF
| Vo = (V=) +2V [3]
Common-Mode o (V) -2V 250 3 See GQ || pF
OPEN-LOOP GAIN
Vo = (V2)+0.5V
to @
V)12V, 140 See
Ao Open-Loop Voltage Gai R =10k0 dB
en-Loop Voltage Gain
- P pYolag Vg = (V-#15V
to 2 @
(V+15V, 126 134 See See
R =2kQ
Vo = (V2)+1.5V
to
+-15V
(RVL:)_QKQ ’ 126 See @ dB
T, = —40°C to
85°C
FREQUENCY RESPONSE
GBW Gain-Bandwidth Product 1 See @ MHz
SR Slew Rate 08 See @ Vips
0.1% Ve=#15V, 14 See @
Settling Time G=1, us
0.01% 10-V Step 16 See @
Overload Recovery Time Vi X G=Vqg 3 See @ s
THD+N  Total Har~onic Distortion + Noise | KHZ, G =1, 0.002% See @
Vo =35Vms
8 Submit Documentation Feedback Copyright © 1999-2015, Texas Instruments Incorporated
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Electrical Characteristics for OPAx277P, OPAx277U, and OPAx277xA (continued)
At T, = 25°C, and R = 2 kQ), unless otherwise noted

OPA27TPA, UA
TEST g: :22;;,':; lfj OPA2277PA, UA
PARAMETER CONDITIONS s OPA4277PA, UA UNIT
MIN TYP! MAX MIN TYP (1} MAX
OUTPUT
R.=10kQ (V)+0.5 (V+-12| See®@ See @
T, =—40°C t
. ot o dsc (V-y+05 (V412 See® See @ .
oltage Output
© e DU R =2kQ (V)+1.5 (V+-15| See® See @
aagiocre (V-)+1.5 (V+)15| See® See @
lsc Short-Circuit Current +35 See @ mA
Cloan Capacitive Load Drive See @&
Zs Open-loop output impedance f=1MHz 40 See @ Q
POWER SUPPLY
Vs Specified Voltage Range +5 +15| See @ See @ V'
Operating Voltage Range +2 +18| See @ See @ V'
Ib=0 +790  +825 See @  See®
la Quiescent Current (per amplifier) T, =-40°C to 900 See @ HA
85°C -
TEMPERATURE RANGE
Specified Range —40 85| See® See @ °C
Operating Range -55 125 See @ See @ °C
(3) See Typical Characteristics
6.8 Electrical Characteristics for OPAx277AIDRM
At T, = 25°C, and R = 2 kQ), unless otherwise noted
OPA277AIDRM
PARAMETER TEST CONDITIONS OPA2277AIDRM UNIT
MIN TYPM MAX
OFFSET VOLTAGE
Wos Input Offset Voltage +35 +100 uv
OPAZTTP, U (high-grade,
single)
Input Offset Voltage | OPA2277P, U (high-grade, e .
Over Temperature dual) Ta=-40°C1085°C W
All PA, UA, Versions
AIDRM Versions +165
OPAZTTP, U (high-grade,
single)
dV,e/dT Input Offset Voltage OPAZ2TTP, U (high-grade, T, =—40°C t0 85°C nae
Drift dual)
All PA, UA, AIDRM 015 “
Versions
vs Time See @ uV/mo
Input Offset Voltage: Ve=42 V1o +18V See @ +1
(all models) vs Power Supply (PSRR) vV
T, =—40°C to 85°C +1
Channel Separation (dual, quad) DC See @ vV

(1) Vg=#15V
(2) Specifications are the same as OPA277P, U.

Copyright @ 1999-2015, Texas Instruments Incorporated
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Electrical Characteristics for OPAx277AIDRM (continued)
At T, = 25°C, and R = 2 kQ), unless otherwise noted

OPA277AIDRM
PARAMETER TEST CONDITIONS OPA2277AIDRM UNIT
MIN TYPM MAX
INPUT BIAS CURRENT
] 28
Is Input Bias Current Ta =-40°C to 85°C - - " nA
2.8
los Input Offset Current T, =—40°C to 85°C 4 nA
+
NOISE
Input Voltage Noise, f= 0.1 to 10 Hz See @ UVee
f=10 Hz See @
i _ @
e Input Voltage Noise f=100 Hz ] See nVAHz
Density f=1kHz See @
f=10kHz See @
in Current Noise Density, f= 1 kHz See @ pAHHz
INPUT VOLTAGE RANGE
\'/ Common-Mode Voltage Range See @ See @ v
Vew = (V=) +2Vio 2
115 See @
CMRR Common-Mode Rejection (V+) -2V dB
T, =—40°C to 85°C 115
INPUT IMPEDANCE
Differential See @ MQ || pF
Common-Mode \("’ch) i2(v\; )+2Vio See @ GO || pF
OPEN-LOOP GAIN
Vo = (V2)+05 V to
(V+)-12V, See @
Ao Open-Loop Voltage Gai RL=10k0 dB
en-Loop Voltage Gain
- P pYotag Vo = (V=)+15V to
(V+)-15V, See @ See @
R =2kQ
Vo= (Vo+15V to
1.5V,
R(VL :)_ 2 kQ See @ dB
T, =—40°C to 85°C
FREQUENCY RESPONSE
GBW Gain-Bandwidth Product See @ MHz
SR Slew Rate See @ Vips
0.1% V=15V, See @
Settling Time G=1, - Hs
0.01% 10-V Step See @
Overload Recovery Time Vi X G=Vs _ See @ us
THD+N Total Harmonic Distortion + Noise 1 kl—_|z, G=1, See @
Vo =3.5Vms
OUTPUT
R =10kQ See @ See @
T, =—40°C to +85°C See @ See @
Vo Voltage Output v
R =2kQ See @ See @
T, =—40°C to +85°C See @ See @
lsc Short-Circuit Current See @ mA
CLoan Capacitive Load Dnive _
Zo Open-loop output impedance f=1MHz See @ Q
10 Submit Documentation Feedback Copyright © 1999-2015, Texas Instruments Incorporated
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Electrical Characteristics for OPAx277AIDRM (continued)

At T, = 25°C, and R = 2 kQ), unless otherwise noted

OPA277AIDRM
PARAMETER TEST CONDITIONS OPA2277AIDRM UNIT
MIN TYPM MAX
POWER SUPPLY
Vs Specified Voltage Range See @ See @ v
I Operating Voltage Range See @ See @ v
la Quiescent Current (per amplifier) lo=0 See ® See ® pA
T, =—40°C to 85°C See @
TEMPERATURE RANGE
Specified Range See @ See @ °C
I Operating Range See @ See @ °C

Copyright @ 1999-2015, Texas Instruments Incorporated
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6.9 Typical Characteristics

At Ty = 25°C, Vg = 215V, and R| = 2 kQ, unless otherwise noted.

140
] é T T T
120 r o)
S = o
Nj| ---.C_ = 1500pF
100 PN —30
N N
") N \‘ 60
m N9 \\ s
= 60 I h. 90 a
q?. ‘\\ N - E
20 ™M N N 120
N !
20 S s -150
N B
o N -180
?‘“‘:‘h
20 —

0.1 1 10 100 1k 10k 100k 1M 10M

Frequency (Hz)

Figure 1. Open-Loop Gain and Phase vs Frequency

PSR, CMR (dB)

140
\\
120 N - \\‘\ +PSR
PSRN NUN
N I
100 -
| NN
N Ny
80 S ‘\
\h
N N CMR
60 S \ ]
| N
\\\ \\
40 Y M
N
-
20 N
0
0.1 1 10 100 1k 10k 100k 1M
Frequency (Hz)

Figure 2. Power Supply and Common-Mode Rejection vs

Frequency
INPUT NOISE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY [ | l ‘
1000
Noise signal is bandwidth limited to
lie between 0.1Hz and 10Hz.

EF

glg 100 il i 3

£= %

38 - ]

oo

==z N ! !

o5 i Vollage Noise

gg 0 = — ! L !

>0

1
01 1 10 100 1k 1s/div
Frequency (Hz)
Figure 3. Input Noise and Current Noise Spectral Density Figure 4. Input Noise Voltage vs Time
vs Frequency
140 1 —
Vour = 3.5Vrms :

120 ,-'jr
= =
s N ~ /
E \"-\ i 0.1 Fi
= 100 2 :
] Dual and quad devices. G = 1, N g G =10, R, = 2k0, 10kQ ¥ i
2 all channels. Quad measured N 5 /
< 80 [ channel Ato D or B to C—other 2 /
c - ) - = 001
5 combinations yield similar or \\ F
= im ed rejection. N
O gp | 'MProvecre i G=1,R,_=2k0, 10kQ

10 100 1k 10k 100k ™ 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
Figure 5. Channel Separation vs Frequency Figure 6. Total Harmonic Distortion + Noise vs Frequency
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Typical Characteristics (continued)

At Ty = 25°C, Vg = 215V, and R| = 2 kQ, unless otherwise noted.

16
Typical distribution Typical distribution
14 | of packaged units. of packaged units. |
—_ Single, dual, and —_ Single, dual, and
# 12 | quad included. £ quad included.
4 @
o g
g g
g <
o [=]
& &
L
—50-45-40-35-30-25-20-15-10-5 0 5 015D 50 H 0455 0 01 02 03 04 05 06 07 08 09 10
Offset Voltage (uV) Offset Voltage (uVv/°C)
Figure 7. Offset Voltage Production Distribution Figure 8. Offset Voltage Drift Production Distribution
3 160
5:: 2 150 o
S 1 S 140 =
5 z s
&} (] N"*---....____ o 130
- -
14
g _—T | = PSR
§ 1 3 120
2 <
5 10
3 100
0 15 30 45 60 75 90 105 120 75 50 -25 0 25 50 75 100 125
Time from Power Supply Turn-On (s) Temperature (°C)
Figure 9. Warm-Up Offset Voltage Drift Figure 10. Ag., CMR, PSR vs Temperature
5 1000 100
4 950 90
= 3 / . 900 80 =
< / < E
=) Z 850 70 =
-— - + et c
5 1 e S 3 800 o 60 £
g 5 e =]
o o h o 750 50 ©
@ = -..‘.S_ € T lsc 40 g
@ P~ @ 700 = —
9 -1 § -—-—._.__.-"I — ‘:’
2 -2 5 650 sc \E%—\——-—- ® 5
£ _3 | Curves represent typical O 600 20 &
roduction units.
» , produg . . 550 10
| [ [ ] 500 0
- 75 50 25 0 25 50 75 100 125
-75 -50 -25 0 25 50 75 100 125 - -
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Figure 11. Input Bias Current vs Temperature Figure 12. Quiescent Current and Short-Circuit Current vs
Temperature
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Typical Characteristics (continued)

At Ty = 25°C, Vg = 215V, and R| = 2 kQ, unless otherwise noted.

20 T T T T T 2.0 r T — — r
Curve shows normalized change in C!Jnre shows normalized chan_ge in bias current
1.5 bias current with respect to Vg = +10V — 1.5 |— with respect to Vi, = OV. Typical | g may range
10 (+20V). Typical 15 may range from 10 from —05.nAto +0.5nAat V¢, = OV.
E - — E T
—0.5nAto +0.5nAat Vg = +10V. Vg = 45V
__ 05 __ 05 ‘\
E 0.0 ~— E 0.0 - _ ._.,..../
- Veu = OV o /4 -
=] =]
-05 -05 7
Vg =15V
-1.0 -1.0
-15 -15
-20 -20
0 5 10 15 20 25 30 35 40 15 -10 -5 0 5 10 15
Supply Voltage (V) Common-Mode Voltage (V)
Figure 13. Change in Input Bias Current vs Figure 14. Change in Input Bias Current vs
Power Supply Voltage Common-Mode Voltage
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. 900 LA
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=4 1 = // o
g 700 7 % 4 P
g w20 /r
S 600 /
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0 +5 +10 +15 +20 +1 +10 +100
Supply Voltage (V) Gain (VIV)
Figure 15. Quiescent Current vs Supply Voltage Figure 16. Settling Time vs Closed-Loop Gain
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Figure 17. Maximum Output Voltage vs Frequency

Figure 18. Output Voltage Swing vs Output Current
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Typical Characteristics (continued)

At Ty = 25°C, Vg = 215V, and R| = 2 kQ, unless otherwise noted.

60 T
Gain = —1
\ A / \ [
g 40 iR " / \
= / Gain=+
S 30 f / / S / \
A TS [ \ /
3 i AN
” 1 / \ /
/Gain =410
10 A |/ —
0
10 100 1k 10k 100k
Load Capacitance (pF) 10ps/div
Figure 19. Small-Signal Overshoot vs Load Capacitance Figure 20. Large-Signal Step Response
G =1, Cy = 1500 pF, Vs=+15 V
N\ A
[ A /‘ /‘
s ] 2| f
> >
E [ E [ \ I
. S l |
| \ ] T~
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Figure 21. Small-Signal Step Response Figure 22. Small-Signal Step Response
G=+1,C, =0,Vs=+15V G=1, C, = 1500 pF, Vg = 15V
100
70
50
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Figure 23. Open-Loop Output Impedance
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7 Detailed Description

7.1 Overview

The OPAx277 series precision operational amplifiers replace the industry standard OP-177. They offer improved
noise, wider output voltage swing, and are twice as fast with half the quiescent current. Features include ultralow
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.

7.2 Functional Block Diagram

Input Offset
Adjust
(OPA27T only)

+HN ———+ ‘

‘ Output

Input Offset L
Adjust Compensation
(OPA27T only)

7.3 Feature Description

The OPAx277 series is unity-gain stable and free from unexpected output phase reversal, making it easy to use
in a wide range of applications. Applications with noisy or high-impedance power supplies may require
decoupling capacitors close to the device pins. In most cases 0.1-uF capacitors are adequate.

The OPAx277 series has low offset voltage and drift. To achieve highest performance, the circuit layout and
mechanical conditions should be optimized. Offset voltage and drift can be degraded by small thermoelectric
potentials at the operational amplifier inputs. Connections of dissimilar metals generate thermal potential, which
can degrade the ultimate performance of the OPAx277 series. These thermal potentials can be made to cancel
by assuring that they are equal in both input terminals.

+ Keep the thermal mass of the connections to the two input terminals similar
* Locate heat sources as far as possible from the critical input circuitry
» Shield operational amplifier and input circuitry from air currents, such as cooling fans

7.3.1 Operating Voltage

OPAXx277 series operational amplifiers operate from £2-V to +18-V supplies with excellent performance. Unlike
most operational amplifiers, which are specified at only one supply voltage, the OPA277 series is specified for
real-world applications; a single limit applies over the +5-V to £15-V supply range. This allows a customer
operating at Vg = £10 V to have the same assured performance as a customer using £15-V supplies. In addition,
key parameters are assured over the specified temperature range, —40°C to 85°C. Most behavior remains
unchanged through the full operating voltage range (£2 V to 18 V). Parameters which vary significantly with
operating voltage or temperature are shown in Typical Characteristics.

7.3.2 Offset Voltage Adjustment

The OPAx277 series is laser-trimmed for low offset voltage and drift, so most circuits do 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 24. Only use this adjustment to null the offset of the
operational amplifier. This adjustment should not be used to compensate for offsets created elsewhere in a
system, because this can introduce additional temperature drift.
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Feature Description (continued)

Trim Range: Exceeds
Offset Voltage Specification

OPA277 single op amp only.
0.1uF Use offset adjust pins only to null
offset voltage of op amp—see text.

V-
Figure 24. OPA277 Offset Voltage Trim Circuit

7.3.3 Input Protection

The inputs of the OPAX277 series are protected with 1-kQ series input resistors and diode clamps. The inputs
can withstand £30-V differential inputs without damage. The protection diodes conduct current when the inputs
are over-driven. This may disturb the slewing behavior of unity-gain follower applications, but will not damage the
operational amplifier.

1kQ

1kQ
Figure 25. OPAx277 Input Protection

7.3.4 Input Bias Current Cancellation

The input stage base current of the OPAx277 series is internally compensated with an equal and opposite
cancellation circuit. 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, it is not necessary to use a bias current cancellation resistor, as
is often done with other operational amplifiers (see Figure 26). A resistor added to cancel input bias current
errors may actually increase offset voltage and noise.

R, R,
R, R,
Op Amp —O OPA277 —0
+ +
Rg=R,;|IR
Bl \ No bias current
e — cancellation resistor
— B (see text)

(a) (b)
Conventional op amp with external bias OPAZ2TT with no external bias current
current cancellation resistor. cancellation resistor.

Figure 26. Input Bias Current Cancellation
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Feature Description (continued)
7.3.5 EMI Rejection Ratio (EMIRR)

The electromagnetic interference (EMI) rejection ratio, or EMIRR, describes the EMI immunity of operational
amplifiers. An adverse effect that is common to many operational amplifiers is a change in the offset voltage as a
result of RF signal rectification. An operational amplifier that is more efficient at rejecting this change in offset as
a result of EMI has a higher EMIRR and is quantified by a decibel value. Measuring EMIRR can be performed in
many ways, but this report provides the EMIRR IN+, which specifically describes the EMIRR performance when
the RF signal is applied to the noninverting input pin of the operational amplifier. In general, only the noninverting
input is tested for EMIRR for the following three reasons:

1. Operational amplifier input pins are known to be the most sensitive to EMI, and typically rectify RF signals
better than the supply or output pins.

2. The noninverting and inverting operational amplifier inputs have symmetrical physical layouts and exhibit
nearly matching EMIRR performance.

3. EMIRR is easier to measure on noninverting pins than on other pins because the noninverting input terminal
can be isolated on a printed circuit board (PCB). This isolation allows the RF signal to be applied directly to
the noninverting input terminal with no complex interactions from other components or connecting PCB
traces.

A more formal discussion of the EMIRR IN+ definition and test method is provided in application report

SBOA128, EMI Rejection Ratio of Operational Amplifiers, available for download at www.ti.com. The EMIRR IN+

of the OPA277 is plotted versus frequency as shown in Figure 27.

120

PRF =-10 dbm
Vg=+25V o
100 vgu=0Vv
= 80
g ¥
z a
= B0 Z)
1 e 1
x L
= /
m 40 g
/’/‘
20
0
10 100 1k 10k

Frequency (MHz)
Figure 27. OPA277 EMIRR IN+ vs Frequency

If available, any dual and quad operational amplifier device versions have nearly similar EMIRR IN+
performance. The OPA277 unity-gain bandwidth is 1 MHz. EMIRR performance below this frequency denotes
interfering signals that fall within the operational amplifier bandwidth.
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Feature Description (continued)

Table 1 shows the EMIRR IN+ values for the OPA277 at particular frequencies commonly encountered in real-
world applications. Applications listed in Table 1 may be centered on or operated near the particular frequency
shown. This information may be of special interest to designers working with these types of applications, or
working in other fields likely to encounter RF interference from broad sources, such as the industrial, scientific,
and medical (ISM) radio band.

Table 1. OPA277 EMIRR IN+ for Frequencies of Interest

FREQUENCY APPLICATION/ALLOCATION EMIRR IN+
400 MHz Mobile radio, mobile satellite/space operation, weather, radar, UHF 59.1 dB
900 MHz GSM, radio com/nav./GPS (to ba’(:BHz), ISM, aeronautical mobile, 77.9dB
1.8 GHz GSM, mobile personal comm. broadband, satellite, L-band 91.3dB
24 GHz 802.11b/g/n, BIuetoothT""_, mobilg personal comm., ISM, amateur 03.3 dB

radio/satellite, S-band
3.6 GHz Radiolocation, aero comm./nav., satellite, mobile, S-band 105.9 dB
5.0 GHz 802.11a/n, aero comm_ma\._r_, mobile comm._, space/satellite 107.5 dB
operation, C-band

7.3.5.1 EMIRR IN+ Test Configuration

Figure 28 shows the circuit configuration for testing the EMIRR IN+. An RF source is connected to the
operational amplifier noninverting input terminal using a transmission line. The operational amplifier is configured
in a unity gain buffer topology with the output connected to a low-pass filter (LPF) and a digital multimeter
(DMM). Note that a large impedance mismatch at the operational amplifier input causes a voltage reflection;
however, this effect is characterized and accounted for when determining the EMIRR IN+. The resulting dc offset
voltage is sampled and measured by the multimeter. The LPF isolates the multimeter from residual RF signals
that may interfere with multimeter accuracy. Refer to SBOA128 for more details.

Ambient temperature: 25°C

+Vg
500 % Low-Pass Filter
.
RF source v
DC Bias: 0V s
) S le/
Modulation® None (CW) _ AvaéTaZ?ng Digital Multimeter
Frequency Sweep: 201 pt. Log Not shown: 0.1 uF and 10 uF
supply decoupling

v

Figure 28. EMIRR IN+ Test Configuration Schematic

7.4 Device Functional Modes

The OPAXx277 has a single functional mode and is operational when the power-supply voltage is greater than 4 V
(2 V). The maximum power supply voltage for the OPAx277 is 36 V (18 V).
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. Tl'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 OPAx277 family offers outstanding dc precision and ac performance. These devices operate up to 36-V
supply rails and offer ultralow offset voltage and offset voltage drift, as well as 1-MHz bandwidth and high
capacitive load drive. These features make the OPAx277 a robust, high-performance operational amplifier for
high-voltage industrial applications.

8.2 Typical Applications

8.21 Second-Order Lowpass Filter

Figure 29. Second-Order Lowpass Filter

8.2.1.1 Design Requirements

+ Gain=1VN

* Lowpass cutoff frequency = 50 kHz
» 40 db/dec filter response

* Maintain less than 3-dB gain peaking in the gain versus frequency response

8.2.1.2 Detailed Design Procedure

WEBENCH® Filter Designer is a simple, powerful, and easy-to-use active filter design program. The WEBENCH
Filter Designer lets you create optimized filter designs using a selection of Tl operational amplifiers and passive
components from TlI's vendor partners.

Available as a web based tool from the WEBENCH® Design Center, WEBENCH® Filter Designer allows you to
design, optimize, and simulate complete multistage active filter solutions within minutes.

20 Submit Documentation Feedback Copyright © 1999-2015, Texas Instruments Incorporated
Product Folder Links: OPA277 OPA2277 OPA4277



13 TEXAS
INSTRUMENTS

OPA277,0PA2277, OPA427T
www.ti.com SBOS0798 —MARGH 1999—REVISED JUNE 2015

Typical Applications (continued)
8.2.1.3 Application Curve

20

Gain (db)
8
L

-60
100 1k 10k 100k 1M
Frequency (Hz)

Figure 30. OPA277 Second-Order 50-kHz, Lowpass Filter

8.2.2 Load Cell Amplifier

1/2

R,
p———— 1 = -_ + —
OPA2277 Vour = (V4 = V2)(1 R, )

%Rz

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

Figure 31. Load Cell Amplifier
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Typical Applications (continued)

8.2.3 Thermocouple Low-Offset, Low-Drift Loop Measurement With Diode Cold Junction Compensation

leg~ TMA
- 5V
12
+ V4 1
12 13 e k4 1 o -

Type J

1060 R
\/ M G
e XTR105 B2 —
<

W
(G=1+"2F =50)

0.01pF

Figure 32. Thermocouple Low-Offset, Low-Drift Loop Measurement With Diode Cold Junction
Compensation

9 Power Supply Recommendations

The OPAx277 is specified for operation from 4 V to 36 V (2 V to £18 V); many specifications apply from —40°C
to +85°C. Parameters that can exhibit significant variance with regard to operating voltage or temperature are
presented in the Typical Characteristics.

CAUTION

Supply voltages larger than 36 V can permanently damage the device; see the
Absolute Maximum Ratings.

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, refer to the Layout
Guidelines.

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 operational
amplifier itself. Bypass capacitors are used to reduce the coupled noise by providing low-impedance power
sources local to the analog circuitry.

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

» 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 refer to
Circuit Board Layout Techniques, SLOA089.

* In order to reduce parasitic coupling, run the input traces as far away from the supply or output traces as
possible. If these traces cannot be kept separate, crossing the sensitive trace perpendicular is much better as
opposed to in parallel with the noisy trace.

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

+ 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.

* Cleaning the PCB following board assembly is recommended for best performance.

* Any precision integrated circuit may experience performance shifts due to moisture ingress into the plastic
package. Following any aqueous PCB cleaning process, baking the PCB assembly is recommended to
remove moisture introduced into the device packaging during the cleaning process. A low temperature, post
cleaning bake at 85°C for 30 minutes is sufficient for most circumstances.

* (DFN package only) The leadframe die pad should be soldered to a thermal pad on the PCB. The mechanical
drawings located at the end of this data sheet list the physical dimensions for the package and pad.

» (DFN package only) Soldering the exposed pad significantly improves board-level 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.

10.2 Layout Example

(Schematic Representation)

Place components

Run the input traces ~ close to device and to
as far away from each other to reduce

the supply lines parasitic emors VS+
as possible RF
—— L
vt .- —O GND
Co

————————— OUTPUT
NC Use low-ESR, cgramic
bypass capacitor

+
5
ouU

Use low-ESR, L H VS VouT
ceramic bypass T Ground (GND) plane on another layer
capacitor
Figure 33. OPA277 Layout Example for the Noninverting Configuration
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10.3 DFN Package

The OPAx277 series uses the 8-lead DFN (also known as SON), 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 commonly-used packages, such as SO
and MSOP. Additionally, 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
QFN/SON PCB Attachment (SLUA271) and Quad Flatpack No-Lead Logic Packages (SCBAQ17), both available
for download at www.ti.com.

The exposed leadframe die pad on the bottom of the package should be connected to V—-.
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11 Device and Documentation Support

11.1 Device Support
11.1.1 Development Support

11.1.1.1 WEBENCH Filter Designer Tool

WEBENCH® Filter Designer is a simple, powerful, and easy-to-use active filter design program. The WEBENCH
Filter Designer lets you create optimized filter designs using a selection of Tl operational amplifiers and passive
components from TlI's vendor partners.

11.1.1.2 TINA-TI™ (Free Software Download)

TINA™ is a simple, powerful, and easy-to-use circuit simulation program based on a SPICE engine. TINA-Tl is a
free, fully-functional version of the TINA software, preloaded with a library of macro models in addition to a range
of both passive and active models. TINA-TI provides all the conventional dc, transient, and frequency domain
analysis of SPICE, as well as additional design capabilities.

Available as a free download from the Analog eLab Design Center, TINA-TI offers extensive post-processing
capability that allows users to format results in a variety of ways. Virtual instruments offer the ability to select
input waveforms and probe circuit nodes, voltages, and waveforms, creating a dynamic quick-start tool.

NOTE
These files require that either the TINA software (from DesignSoft™) or TINA-TI software
be installed. Download the free TINA-TI software from the TINA-TI folder.

11.1.1.3 Tl Precision Designs

The OPA277 is featured in several Tl Precision Designs, available online at
http://www.ti.com/ww/en/analog/precision-designs/. Tl Precision Designs are analog solutions created by TI's
precision analog applications experts and offer the theory of operation, component selection, simulation,
complete PCB schematic and layout, bill of materials, and measured performance of many useful circuits.

11.2 Documentation Support

11.2.1 Related Documentation

For related documentation, see the following:

*+ QFN/SON PCB Attachment, SLUA271

* Quad Flatpack No-Lead Logic Packages, SCBA017

* EMI Rejection Ratio of Operational Amplifiers, SBOA128
» Circuit Board Layout Techniques, SLOA089

11.2.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 2. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY DOCUMENTS SO AASE orN
OPA2TT Click here Click here Click here Click here Click here
OPA2277 Click here Click here Click here Click here Click here
OPA4277 Click here Click here Click here Click here Click here
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11.3 Community Resources

The following links connect to Tl community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2ZE™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

TINA-TI, E2E are trademarks of Texas Instruments.
TINA, DesignSoft are trademarks of DesignSoft, Inc.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

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

11.6 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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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www ti.com 9-Sep-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
. |<— KO
’ i
Bo W
Reel . l
Diameter
Cavity —>| AOQ |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
r W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
OO0 O0O0O0OO0OO0OO0 Qj—Sprocket Holes
1
T
Q1 Q2
I
4----
Q3 1 Q4 User Direction of Feed
¥
T
~
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
OPA227TAIDRMT VSON DRM 8 250 180.0 124 425 | 425 | 1.15 8.0 120 Q2
OPA2277UI2K5 SOIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Q1
OPA227TUA/2KS SOIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Q1
OPA277TAIDRMR VSON DRM 8 3000 330.0 124 425 | 425 | 1.15 8.0 120 Q2
OPA27TAIDRMT VSON DRM 8 250 180.0 124 425 | 425 | 1.15 8.0 120 Q2
OPA27TUI2ZK5 SOIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Q1
OPA27TUAZKS SOIC D 8 2500 330.0 124 6.4 52 21 8.0 120 Q1
OPA427TUA/2KS SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1

Pack Materials-Page 1



i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www ti.com 9-Sep-2013
TAPE AND REEL BOX DIMENSIONS
/;f/
///
~ e
~ _ P
e P ~
. -
*All dimensions are nominal
Device Package Type |Package Drawing| Pins sSPQ Length (mm) | Width (mm) | Height (mm)
OPA22TTAIDRMT VSON DRM 8 250 210.0 185.0 350
OPA227TUI2K5 SOIC D 8 2500 367.0 367.0 350
OPA22TTUAIZKS SOIC D 8 2500 367.0 367.0 350
OPA27TAIDRMR VSON DRM 8 3000 367.0 367.0 350
OPA27TTAIDRMT VSON DRM 8 250 210.0 185.0 350
OPA27TU/2KS SOIC D 8 2500 367.0 367.0 350
OPA2TTUAIZ2KS SOIC D 8 2500 367.0 367.0 350
OPA42T7TTUAIZKS SOIC D 14 2500 367.0 367.0 380

Pack Materials-Page 2



MECHANICAL DATA

P (R—PDIP—T8) PLASTIC DUAL—IN—LINE PACKAGE

0.400 (10,16
" 0355 (9,02) |
8 5
M ™
0.260 (6,60)
0.240 (6,10)
(o]
PR ey= gy g oy
1 4
0.070 (1,78)
0.045 (1,14)
0.045 (1,14) 0.325 (8,26
0.030 (0,76) | [© — 0.020 (0,51) MIN 0.300 (7,62)
/ \ 5 [ﬁ 0.015 (0,38)
T 0.200 (5,08) MAX == Gouge Plane
UL |
i | _v Seating Plane
|- T ooms (3,18) MIN 0.010 (0,25) NOM
0.100 (2,54) Lo,m (10,92)»‘
MAX
0.021 (0,53
5015 {0,38;
[€]0.010 (0,25) W]
4040082/E  04/2010

NOTES: 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.

‘@ TEXAS
INSTRUMENTS

www.ti.com



MECHANICAL DATA

N (R—PDIP—T**)

PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
PINS **
P A >
o 14 16 18 20
o ’ 0.775 | 0775 | 0.920 | 1.060
M ™ A A WA | qogo) | (10.69) | (2337) | (2692)
0.260 (6,60) 0.745 0.745 0.850 0.940
) 0240 (670) ACMING 1 (18.92) | (18,92) | (21,59) | (23,88)
MS—001
TR T T A | gamon | M| 8 | A | w0
8
J Loovo (178) o
0.045 (1,14)
0.045 (1,14) 0.325 (8,26
—P —_— L X ,
’k 0,030 (0.76) 2 0.020 (0,51) MIN mg —
| . 0.015 (0,38)
[ . | [ |
\- HT \ 0.200 (5,08) MAX =—f— Gouge Pl
| | +— v l Seating Plane
|

0.125 (3,18) MIN

0.100 (2,54

0.021 (0,53)
1 5015 (0,38) 2 .
|$~|0.01O (0,25)@| / \
1\ ;f '
/ 14/18 Pin Only
— 20 Pin vendor option &
4040049/E  12/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).

0.010 (0,25) NOM

‘bl 0.430 (10,92) MAX L

B. This drawing is 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 option, either half or full width

‘E"TEXAS

INSTRUMENTS
www.ti.com



MECHANICAL DATA

DRM (S—PVSON—-N8) PLASTIC SMALL OUTLINE NO—-LEAD

P~
=}

b
h 4

y
o
ow
(=]

(Al

co
w
gE—— =]

%

Pin 1 Index Area/\ [
Top and Bottom 1 7
1,00
0,80
----- — N Ay ISy S gy S i
5 i ? Seating Plane
0_05
[ ]0,08 0,00
0,80 0,50

Exposed Thermal —
Die Pad

A Q NN Q
Al a2 [REE

4205854 /C 02/11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. SON (Small Outline No—Lead) package configuration.
& The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

¥ Texas

lNSTRUMEIN’IS

www.ti.com



N Texas THERMAL PAD MECHANICAL DATA
A om DRM (S—PDS0O—-N8)

www.ti.com

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
Quad Flatpack No—Lead Logic Packages, Texas Instruments Literature No. SCBAO17. This document is available
at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

1 4
U Uujyu U
T J//_ Exposed Thermal Pad
2,45+0,10 -+
ANARNANA
8 5
— 3,381£0,10 —»

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4208314/C 10/07




LAND PATTERN

DRM (S—PDSO-N8)

Example Stencil Design
0,125mm Stencil Thickness

(Note E)

—— 0'8 e

Example Board Layout

—-08-—

RO,15 [=— 4x1,5 —=|
O O O O 10
O O O O 31 4.8 3,15 4,75
O 00O "
',/"/ \-.\ L _—l_{"_ 0,3 L
{ \
i 1 0,8
I\ / L
fj S ——f—=—03
iri 72?’ Printed Solder Coverage by Area
I
I
|
j Non Solder Mask Defined Pad Center Pad Layout
f P (Note D)
, /./‘ "\-,\ Note D
I~ A
/ | ROI75 '\ ... Empe i
/ older Mask Opening
[ / (Note F) O O G710
i‘f 0,85 tl —= 9%0,8 {=— 8X0,8
.I | —Pad Geometry O_LO 2,45
\ f : 007/ (Note C) !
\ all around / 12X90,3
N\ 0 0 0 ©
N 0,35 /
A
\“--\_‘H . 3,38
4208313/A 11/08
NOTES: A, All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, QFN
Packages, Texas Instruments Literature No. SCBAO17, SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.,
E. Laoser cutting opertures with tropezoidal 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 stencil design considerations.
F.  Customers should contact their board fabrication site for solder mask tolerances.

@ TEXAS
INSTRUMENTS
www.ti.com



MECHANICAL DATA

D (R—PDSO-G14) PLASTIC SMALL OUTLINE

5 0.344 (
) 0.337 (

8,75)
8,55)

) £
HAAHHAAA I

Y

0.244 (6,20)
| 0.228 (5,80)
mi < - - =1 04157 (4,00)
\ \ 0.150 (3,80) A\

N N -
! i ,
/‘H 0o oo :
1 7
Pin 1
Index Area 0.050 (1,27) ‘J %

[6+]0.010 (0,25) @]

-

i J! ]L\ / J/ \\ \I
v tL R Jj v \ J \ 7 / kp
0.010 (0,25) . - - -
- 0.069 (1,75) Max 0.004 (0,10)

0.010 (o,zs)_l , / /A .
0.005 (0,13) , \
I
o
} \

0-8' N -

[&]0.004 (0,10)]

Gauge Plane

VA ? Seating Plane

0.010 (0,25)

0.050 (1,27)
0.016 (0,40)

4040047-5/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. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

Reference JEDEC MS—012 variation AB.

m@ @Pj?"

b INSTRUMENTS

www.ti.com



LAND PATTERN DATA

D (R-PDSO—-G14) PLASTIC SMALL OQUTLINE
e 0 R
— - ’--—12)(],27 * ] *‘-14)(0,455)_' ’__712“ 97
(1Ol AN
TOUro o 14";’50 Ooooot T
5,40 5,40
SN l l
C1 O aan o
\guouaduu oottt
N
Example
Non Soldermask Defined Pad Example
- Pad Geometry
‘,F:/’ (See Note C)
’/ —
/
[
i 1,95 i Example
[ * "//‘!/ Solder Mask Opening
' i (See Note E)
\ ——l=~—0.07 /
\ All Around /
\ /,
\.. 7
S .
4211283-3/E 08/12

All linear dimensions are in millimeters.

NOTES: A
B. This drawing is subject to change without notice.
C
D

. Publication IPC—7351 is recommended for alternate designs.
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.

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

INSTRUMENTS

www.ti.com



DO00SA

PACKAGE OUTLINE

SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

e 228-244 TYP
[5.80-6.19]

SEATING PLANE\

(™ ].004[0.1][C|
PIN 1 ID AREA
/ 6x[.050
\ [1.27] T
189-197 2X '
[4.81-5.00] 150 |
NOTE 3 [3.81] E
4X (0°-15°) |
1 = = L i
i\ S 5 —_—1
3 ’ [ 8X .012-.020 } L
150-.157 [0.31-0.51] .
1069 MAX
[3.81-3.98] 010[0.251@ [c|A[B
8139 [ [0100251 [c]A[B] [1.75]
./- o -K‘.
/ / \\.h \II
f 7 ! ™ 005-010 TYP
/ n\ [0.13-0.25]
\ —/ A B —
—_ 4X (0°-15%) ﬂ_/ j
- A
SEE DETAIL A / {
010 A |
[0.25] % H
i - A | Ly
o DT* ‘L 1004-.010
0-8 [0.11-0.25]
1016-.050
[0.41-1.27] DETAIL A
(041) |-  TYPICAL
[1.04]
4214825/C  02/2019
NOTES:

1.

Dimensioning and tolerancing per ASME Y14 5M.
. This drawing is subject to change without notice.

WM

exceed .006 [0.15] per side.
. This dimension does not include interlead flash.
. Reference JEDEC registration MS-012, variation AA.

[S20F %

Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

- -

www.ti.com




EXAMPLE BOARD LAYOUT
DO0008A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (061 ) ~‘———‘
[1.55]
SYMM SEE
DETAILS
¥ 1 4'_[
8X (.024) T —‘— —!—
[0.6] i J SYMM
—_— e — — — e e — - ¢_

| ! ~— (R.002 ) TYP

—; :'_— —|f— 5 [0.05]
|

D

6X (.050 )
[1.27]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK:

METAL‘\ f OPENING OPENING\ /_‘SEISEFE’ Rﬁ%&

EXPOSED—/ ‘ D_/
METAL EXPOSE R —————— -
*H METAL
10028 MAX 10028 MIN

[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DO0008A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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8X (.024)
[0.6]

1

6X (.050 ) — [

[1.27]
(213) 4—\

[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.

- -

www.ti.com




IMPORTANT NOTICE AND DISCLAIMER

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 Tl 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. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
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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