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Product Overview

The NSOPA905x family (NSOPA9051, NSOPA9052, and
NSOPA9054) is a family of high voltage (40 V) general purpose
operational amplifiers. These devices offer exceptional DC
precision and AC performance, including rail-to-rail
input/output, low offset (+200 pV, typical), low offset drift (+0.5
uV/°C, typical), low noise (10.5 nV/vHz and 6 uVPP), and 6MHz
bandwidth. Unique features such as differential and common-
mode input-voltage range to the supply rail, high output
current (65mA), high slew rate (25V/ps), high capacitive load
drive (1nF), and shutdown functionality make the NSOPA905x
a robust, high performance operational amplifier for high-
voltage industrial applications.

The NSOPA905x family of op amps is available in standard
packages (SOT-23, MSOP, SOIC, and TSSOP), and is specified
from -40°C to 125°C.

Key Features

* Highslew rate: 25 V/us typ
*  Low offset voltage: 200uV typ
*  Low offset voltage drift: +0.5 uVv/°C typ

* Differential and common-mode input voltage range to
supply rail MUX-friendly/comparator inputs

Amplifier operates with differential inputs up to
supply rail

Amplifier can be used in open-loop or as comparator
*  Low quiescent current: 600 pA per amplifier
*  Widesupply: £1.35Vto 20V, 2.7Vto 40V

*  Robust EMIRR performance: EMI/RFI filters on input and
supply pins
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Device Information

Part Number Package Body Size
NSOPA9051-DSTAR SOT-23 (5) 2.90 mm x 1.60 mm
NSOPA9051-DSPR SOIC (8) 4.90 mm x 3.90 mm
NSOPA9052-DSPR SOIC (8) 4.90 mm x 3.90 mm
NSOPA9052-DMSR MSOP (8) 3.00 mm x3.00 mm
NSOPA9054-DSPKR SOP (14) 8.65mm x 3.9 mm
NSOPA9054-DTSKR TSSOP (14) | 5.00 mm x 4.40 mm

Typical Application

Low-power audio preamplifier
Multiplexed data-acquisition systems
Test and measurement equipment
ADC driver amplifiers

SAR ADC reference buffers

Programmable logic controllers

High-side and low-side current sensing
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1. PIN CONFIGURATION AND FUNCTION
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Figure 1-1 NSOPA9051 5-Pin SOT-23 Package Top View

5-Pin SOT-23 8-Pin SOIC
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Figure 1-2 NSOPA9051 8-Pin SOIC Package Top View

Table 1 Pin Functions

SYMBOL FUNCTION
NO.
+IN 3 3 Noninverting input
-IN 4 2 Inverting input
ouT 1 6 Output
V+ 5 7 Positive Power supply
V- 2 4 Negative Power supply
NC 1,5,8 No internal connection
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Figure 1-3 NSOPA9052 8-Pin SOIC and MSOP Package Top View

Table 2 Pin Functions

SYMBOL NO. FUNCTION ‘

-INA 2 Channel A Inverting input
+INA 3 Channel A Noninverting input
OUTA 1 Channel A Output
-INB 6 Channel B Inverting input
+IN B 5 Channel B Noninverting input
ouTB 7 Channel B Output

V+ 8 Positive Power supply

V- 4 Negative Power supply
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Figure 1-4 NSOPA9054 14-Pin SOIC and TSSOP Package Top View

SYMBOL NoO. FUNCTION ‘
IN-A 2 Channel A Inverting input
IN+A 3 Channel A Noninverting input
OUTA 1 Channel A Output
IN-B 6 Channel B Inverting input
IN+ B 5 Channel B Noninverting input
OouUTB 7 Channel B Output
IN-C 9 Channel C Inverting input
IN+C 10 Channel C Noninverting input
ouTC 8 Channel C Output
IN-D 13 Channel D Inverting input
IN+D 12 Channel D Noninverting input
OUTD 14 Channel D Output

V+ 4 Positive Power supply
V- 11 Negative Power supply
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2. SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS!

Parameters Symbol Min Max Unit
Supply voltage Vs = (V+) - (V-) Vs 42 \
Differential, IN+ to IN- inputs Vs+0.3 %
Common-Mode input voltage -0.3 Vs+0.3 \%
Output -0.3 Vs+0.3 v
Ambient temperature Ta -40 125 °C
Junction temperature T, -40 150 °C
Storage temperature Tstg -40 150 °C

HBM +2000 Vv
Electrostatic discharge

CDM +1000 Vv

RECOMMENDED OPERATING CONDITIONS

Parameters Symbol Min Max Unit
Supply voltage Vs 2.7 40 v
Input voltage (V-)-0.2 (V+) +0.2 v
Operating free-air temperature Ta -40 125 °C
THERMAL INFORMATION

Parameters Symbol | SOT23-5 soic-8 MSOP-8  TSSOP-14 | SOIC-14 Unit
IC Junction-to-Air Thermal Resistance 0.a 134.4 114.2 °C/W
Junction-to-case (top) thermal resistance 0cirop) 62.6 70.3 °C/W
Junction-to-board thermal resistance 0ss 77.6 70.2 °C/W

! Stresses at or above those listed under Absolute Maximum Ratings may cause permanent damage to the product. This is a stress
rating only; functional operation of the product at these or any other conditions above those indicated in the operational section
of this specification is not implied. Operation beyond the maximum operating conditions for extended periods may affect product
reliability
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3. ELECTRICAL CHARACTERISTICS

ForVs=(V:) - (V) =4.5Vt0 36V (+2.25V to +18 V) at Ta=25°C, R.= 10 kQ connected to Vs/2, Vew = Vs/2, and VOUT =Vs/2, unless

otherwise noted.

Parameters Symbol | Condition Min 137) Max Unit
INPUT
Vem =V- +0.2 +1.2
Offset voltage Vos mv
Ta=-40°Cto 125°C +1.5
Offset voltage Drift dVos/dT | Ta=-40°Cto 125°C 0.5 uv/°c
Common-mode input range Vem Guaranteed by CMRR tests (V)-0.1 (V+)+0.1 \Y
Vs =40V, (V-)-0.1V < Veu
. 11 12
< (V.)-2.5V (PMOS pair) & 8
- . Vs=4V, (V.)-0.1V<Veu< | Ta=-40°Cto
MRR . 1 B
Common mode rejection ratio C (V4)-2.5V (PMOS pair) 125°C 90 05 d
Vs = 2.7V~40V, (V+)-2.5V g5
<Vew < (V4)+0.1V
o . Vs =4V to 40V, Ve = (V.) 125 135
Power supply rejection ratio PSRR dB
Vs =2.7V to 40V, Vew = (V-) 110 120
. Vs =2.7V to 40V, Vew = Vs/2 TBD pA
Input bias current B
Ta=-40°C to 125°C TBD nA
Vs = 2.7V to 40V, Veu = Vs/2 TBD pA
Input offset current los
Ta=-40°C to 125°C TBD nA
) Zp Differential 0.2||15 GQ||pF
input Impedance
Zicu Common-mode 110 TQ||pF
OPEN-LOOP GAIN
Vs =40V 120 140
, (V-)+0.2V<Vo<(V+)-0.2V
Open-loop voltage gain Aol Vs =4V 105 125 dB
Ta=-40°C to 125°C
Vs =27V 120
OUTPUT
Vs=2.7~40V, Ri=no load 1 5
Vs=2.7V, Ri=10kQ 5 10
Output swing f il
utputswingirom ral Vs=40V, Ri=10kQ Voo = 50 mV 50 55 mv
headroom
Vs=2.7V, Ri=2kQ 22 40
Vs=40V, Ri=2kQ 140 200
Sinking 65
Short-Circuit Current Isc - mA
Sourcing 90
Output Impedance Zo f=1MHz,10=0A 600 Q
Copyright © 2023, NOVOSENSE Page 7
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ELECTRICAL HARACTERISTICS (continued)

ForVs=(V:) - (V) =2.7Vto40V (+1.35V to +20 V) at Ta=25°C, R. = 10 kQ connected to Vs/2, Veu =Vs/2, and VOUT =Vs/2, unless

otherwise noted.

Parameters Symbol Condition Min Typ Max Unit
FREQUENCY RESPONSE
Gain-bandwidth product GBP Vs=40V,CL=10 pF 6 MHz
Phase margin PM Vs=40V,C.=10pF 52 Degree
To 0.1%, 10 V Step, C. =10 pF 2
) ) To 0.1%, 2 V Step, CL.= 10 pF 1
Settling time Ts us
To 0.01%, 10V Step, C. = 10 pF TBD
To0 0.01%, 2 V Step, CL.=10 pF TBD
Slew rate SR 10-V step, G=+1 25 V/us
Total harmonic distortion + noise THD+N | Vms=1V,G=1,f=1kHz, Ri=10kQ TBD dB
Overload recovery time Vin X Gain > Vs 300 ns
EMI rejection ratio EMIRR | f=1GHz 80 dB
NOISE (INPUT REFERRED)
f=1kHz 25
Input voltage noise density en nV/vHz
f=10kHz 10
Input Voltage noise €npp f=0.1Hzto 10 Hz 6 uVpp
POWER SUPPLY
Operating voltage range Vs Guaranteed by PSRR Tests 2.7 40 \%
560 720
Vs=2.7V
. Ta=-40°Cto 125°C 830
Quiescent current lo uA
600
Vs=40V
Ta=-40°Cto 125°C 850

Copyright © 2023, NOVOSENSE
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4. TYPICAL PERFORMANCE CHARACTERISTICS

ForVs=(V.) - (V-)=2.7Vto 40V (£1.35V to +20 V) at Ta=25°C, R. = 10 kQ connected to Vs/2, Vew = Vs/2, and Vo = Vs/2, unless
otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ForVs=(V.) - (V-)=2.7Vto 40V (£1.35V to +20 V) at Ta=25°C, R. = 10 kQ connected to Vs/2, Vew = Vs/2, and Vo = Vs/2, unless

otherwise noted.
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Figure 4-7 Power-Supply Rejection Ratio vs Frequency
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Figure 4-9 Input Bias Current vs Common-Mode Voltage

Figure 4-10 Input Bias Current vs Temperature
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Copyright © 2023, NOVOSENSE

Page 10




NSOPA905 . . .
. Subject to change without notice

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ForVS=(V+) - (V=) =40V (¥20 V) at Ta=25°C, R. = 10 kQ connected to Vs/2, Veu = Vs/2, and Vour = Vs/2, unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ForVs=(V:) - (V) =2.7Vto 40V (£1.35V to +20 V) at Ta=25°C, R. = 10 kQ) connected to Vs/2, Veu = Vs/2, and Vour = Vs/2, unless

otherwise noted.
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Figure 4-23 Positive Overload Recovery
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Figure 4-24 Negative Overload Recovery
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ForVS=(V+) - (V=) =40V (¥20 V) at Ta=25°C, R. = 10 kQ connected to Vs/2, Veu = Vs/2, and Vour = Vs/2, unless otherwise noted.
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Figure 4-26 Input Voltage Noise Spectral Density
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Figure 4-27 THD+N Ratio vs Frequency
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Figure 4-28 THD+N vs Output Amplitude
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ForVS=(V+) - (V=) =40V (¥20 V) at Ta=25°C, R. = 10 kQ connected to Vs/2, Vew =Vs/2, and VOUT =Vs/2, unless otherwise noted.
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Figure 4-31 Output Voltage Swing vs Output Sinking Current
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Figure 4-32 Output Voltage Swing vs Output Sourcing Current
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5. PACKAGE INFORMATION

SOT-23(5)

B — —

g o

Ir/
ccl
E

BASE METAL

SECTION B-B
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A —N 1.25 —— 0.049
Al N 0.15 — 0.006
A2 1.00 1.20 0.039 0.047
A3 0.60 0.70 0.024 0.028
b 0.36 0.50 0.014 0.020
bl 0.36 0.45 0.014 0.018
d 0.14 0.20 0.006 0.008
cl 0.14 0.16 0.006 0.006
D 2.826 3.026 0.111 0.119
E 2.60 3.00 0.102 0.118
El 1.526 1.726 0.060 0.068
e 0.90 1.00 0.035 0.039
el 1.80 2.00 0.071 0.079
L 0.35 0.60 0.014 0.024
L1 0.59REF 0.023REF
L2 0.25BSC 0.010BSC
R 0.10 —— 0.004 ——
R1 0.10 0.25 0.004 0.010
0 0° 8° 0° 8°
01 3° 7° 3° 7°
02 6° 14° 6° 14°
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SoIC(8)

BTM E-MARK

#1.20£0.05

|
| -
|

DEPTH 0.10£0.10

e b o s
T
Ty Ly
< < —
imimimig
i -
= e [ao.10
|
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A — "N 1.75 —— 0.069
Al 0.1 0.25 0.004 0.01
A2 1.30 1.50 0.051 0.059
A3 0.50 0.70 0.020 0.028
b 0.38 0.47 0.015 0.019
bl 0.37 0.40 0.015 0.016
D 4.80 5.00 0.189 0.197
E 5.80 6.20 0.228 0.244
El 3.80 4.00 0.15 0.157
e 1.17 1.37 0.046 0.054
L 0.45 0.80 0.018 0.031
L1 1.04REF 0.041REF
L2 0.25BSC 0.010BSC
R 0.07 —— 0.003 ——
R1 0.07 —— 0.003 ——
h 0.30 0.50 0.012 0.020
0 0° 8° 0° 8°
01 15° 19° 15° 19°
62 11° 15° 11° 15°
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MSOP (8)
D
q\
! T
!
!
1 | ‘61
Lr——— B Em— W=
!
Q\//\/AE BASEIMETAL bb,l WITH PLATING
+ X ~1 1 I e
| LN p
| Q0
SECTION B-B
—e
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A — "N 1.10 —— 0.043
Al 0.05 0.15 0.002 0.006
A2 0.75 0.95 0.030 0.037
A3 0.30 0.40 0.012 0.016
b 0.25 0.38 0.010 0.015
bl 0.24 0.33 0.009 0.013
C 0.15 0.20 0.006 0.008
cl 0.14 0.16 0.006 0.0062
D 2.90 3.10 0.114 0.122
E 4.75 5.05 0.187 0.199
El 2.90 3.10 0.114 0.122
e 0.55 0.75 0.022 0.030
L 0.40 0.70 0.016 0.028
L1 0.95REF 0.037(BSC)
L2 0.25BSC 0.010
R 0.07 —— 0° 8°
R1 0.07 —— 0.003 —
0 0° 8° 0° 8°
01 9° 15° 9° 15°
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S0IC (14)

El

|

A2

Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A . 1.75 —— 0.069
Al 0.1 0.25 0.004 0.01
A2 1.25 —— 0.049 ——
b 0.31 0.51 0.012 0.02
C 0.1 0.25 0.004 0.01
D 8.45 8.85 0.333 0.348
B 5.8 6.2 0.228 0.244
El 3.8 4 0.15 0.157

e 1.270(BSC) 0.050(BSC)

L 0.4 0.016 0.016 0.05

0 0° 0° 0° 8°
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TSSOP (14)
b | e | A
1084 /
|
|
|
S — !. _________ i E w| +-H-4
|
|
@
| |
FHEGEEE F
PIN#1 | A2
A
i
/ - ‘\\\\
- / AN
< D / DETAIL A N\
o o e m oo e \
SJjEiminin;njnisin
' /

L

Symbol Dimensions In Millimeters Dimensions In Inches
Min. Max. Min. Max.

D 4.9 5.1 0.193 0.201
E 4.3 4.5 0.169 0.177
b 0.19 0.3 0.007 0.012
C 0.09 0.2 0.004 0.008
El 6.25 6.55 0.246 0.258
A — 1.2 — 0.047
A2 0.8 1 0.031 0.039
Al 0.05 0.15 0.002 0.006
e 0.65 (BSC) 0.026 (BSC)
L 0.5 0.7 0.02 0.028
H 0.25(TYP) 0.01(TYP)
0 1° T° 1° T°
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6. ORDER INFORMATION

Part Number Package MSL Level Op Temp (°C)
NSOPA9051-DSTAR SOT-23 (5) 1 -40~+125
NSOPA9051-DSPR SOIC (8) 1 -40~+125
NSOPA9052-DSPR SOIC (8) 1 -40~+125
NSOPA9052-DMSR MSOP (8) 1 -40~+125
NSOPA9054-DSPKR SOP (14) 1 -40~+125
NSOPA9054-DTSKR TSSOP (14) 1 -40~+125

Copyright © 2023, NOVOSENSE
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7. DOCUMENTATION SUPPORT

Part Number Product Folder ‘ Datasheet ‘ Technical Documents
NSOPA9051-DSTAR TBD TBD TBD
NSOPA9051-DSPR TBD TBD TBD
NSOPA9052-DSPR TBD TBD TBD
NSOPA9052-DMSR TBD TBD TBD
NSOPA9054-DSPKR TBD TBD TBD
NSOPA9054-DTSKR TBD TBD TBD
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8. TAPE AND REEL INFORMATION

SOT-23(5)

0.23+0.03—| |- 031.55*0‘!]5\ *‘ E.DOtU.lU‘f | 4.00£0.10 r1.75%0.10

5o b b af

800330
B

o
.
—f—
. Eil}
=
___é_ -
1
6|L} —
—
_$_ _
—
L
—i—\
_E‘B__
—
-

1,40+0.10

7

~——4.00£0.10— @1.05£0.05

Section B-B’

[-——3.3040.10—

Section A-#'

Note:
1. 3000ea/reel
2. Unit:mm
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SOIC(8)
|
11T
| e
T(0.3040.05) PO(4.00£0.10)  P2(2.00+0.05) DO(1.50:8)
QH._ — 503 E(1.75+0.10)
2 N NN I N2 NN T G N NN
R - e V\H\HH’\H\H{ g |
2 | 3w
g |r”r\|‘r\|‘r\|‘r\‘§;§
PO TP P IR TP 5
i
alla2 \_01(1.5o:aaz)
#ifB-B —lp1(8.00%0.10) I— N
:
@%E :
e + 3
R030 & g
1(4.00£0.10) o
A0(6.60+0.10) 5
1
HiiA- A
Note:
1. 3000ea/reel
2. Unit:mm
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MSOP(8)
A [T
| -
4@ E{?—um 2401 $ @me\\ A—-! $ éi} 17501 u.azo‘usA_L
| 55£005 7
| | i | | e

o] - d-0ehlT 1

i i | \ i —d

8101 \—msum T 1250]

,
[—s525+01—] A —-I
L | L

Section A-A'

'~

S
I

Note:
1. 3000ea/reel
2. Unit:mm
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SOIC (14)
64000 [ A
I
\/—\/
16.4040. 30 S
Qﬁ & ﬁ i A
(\ /\/\ /7 |

A
330. 005 o
_Ig @\b(g“é\
$
f Z.FM._IO ‘I.OOiO.IO‘ 8.00+0. 10 I_.B 0.30:£0. 05
o o0 bld dlo oloo o o
£ 2
i E A A o
o o sl o ® o | i
B 2.10£0.10 | |
\?,0\\\\ B-B
) 6.50+0.10
A-A
Note:
1. 3000ea/reel
2. Unit:mm
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TSSOP (14)

VLU IVO OouJy I

330.0+1.0

13.0£0.2

T 0.30£0.03
/
RO. 30MAX  —1—
a
=
s
1.20£0.10
B-B
Note:

1. 3000ea/reel

2. Unit:mm

4.00+0. 10

12.475%

100.0£0.5

17.6%48

1.75+0.10

5.4040. 10

4

TITTTT
&
L

‘5. 50+0. 05
12.0040. 20
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9. REVISION HISTORY

Revision Description Date
0.1V Initial version 2023/09
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IMPORTANT NOTICE

The information given in this document (the “Document”) shallin no event be regarded as any warranty or authorization of,
express or implied, including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or
infringement of any third party’s intellectual property rights.

Users of this Document shall be solely responsible for the use of Novosense’ products and applications, and for the safety thereof.
Users shall comply with all laws, regulations and requirements related to Novosense’s products and applications, although
information or support related to any application may still be provided by Novosense.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with Novosense’ products.
Novosense reserves the rights to make corrections, modifications, enhancements, improvements or other changes to the
products and services provided without notice. Novosense authorizes users to use this Document exclusively for the development
of relevant applications or systems designed to integrate Novosense’s products. No license to any intellectual property rights of
Novosense is granted by implication or otherwise. Using this Document for any other purpose, or any unauthorized reproduction
or display of this Document is strictly prohibited. In no event shall Novosense be liable for any claims, damages, costs, losses or
liabilities arising out of or in connection with this Document or the use of this Document.

For further information on applications, products and technologies, please contact Novosense (www.novosns.com ).

Suzhou Novosense Microelectronics Co., Ltd
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