NSI36C12R
High Reliability Reinforced Isolated Amplifier with
NOVOSLENSLE Integrated Isolated Power Supply

Product Overview * High CMTI: 150kV/us (Typ)

The NSI36C12R is a high performance isolated * System-Level Diagnostic Features: integrated
amplifier with integrated isolated power supply that isolated power supply detection

accept fully-differential input of +1V. The integrated e Operation Temperature: -40°C ~125°C

isolated  power supply ~enables  single-power . RoHS-Compliant Packages: SOP16(300mil)
operation on the low side of the device without the

need for a separate isolated power supply for the high
side, effectively reducing the board area. The high Safety ReQUIatory Approvals

input impedance of NSI36C12R makes it highly  « UL recognition: 5000Vms for 1 minute per UL1577
suitable for connection to high-voltage resistive « CQC certification per GB4943.1

dividers or other voltage signal sources with high
output resistance. * CSA component notice 5A

The device has a ratiometric gain of Vrer/2.56 and * DIN ENIEC 60747-17 (VDE 0884-17)
provides a single-ended analog output. Vrer defines

the clipping output voltage. Apply the supply voltage ~ Applications

of the subsequent ADC to Vrer to match the entire
ADC dynamic input range. The low offset and gain
drift ensure the accuracy over the entire temperature * Charging Piles

range. High common-mode transient immunity * Energy Storage Systems
ensures that the device is able to provide accurate
and reliable measurements even in the presence of
high-power switching as in motor control applications.
The input over-threshold protection supports . .
externally adjustable threshold voltage and provides Device Information

an open-drain protection fault output to simplify Part Number Package Body Size

* Power Supplies

e Solar Inverters

e Motor Drives

Key Features Functional Block Diagrams

* Upto 5000Vms Insulation voltage @ oo ——————-= T

1S0_PO

Resonator and

Rectifier .
Driver

* 11V linear Input Voltage Range !

ISO_POGND

* Low Offset Error and Drift: 150 ot Loo
10.5mV (Max), £10uV/°C (Max) THIN
* Low Gain Error and Dirift:

10.3% (Max), £45ppm/°C (Max)

Bandgap
Reference

Compacatr L

Retiming and

4" Order O OuT
Active Low-
Pass Filter

P -

modulator|

Buffer

INN

* Low Nonlinearity and Drift:
+0.04% (Max), +1ppm/°C (Typ) e

* SNR: 80dB (Typ, BW=10kHz), 70dB (Typ, Figure 1. Function Block Diagram of NSI36C12R
BW=100kHz)

* Wide bandwidth: 340kHz (Typ)
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1. Pin Configuration and Functions

NSI36C12R

( )
ISO_PO [ 1 ® 16 | ISO_PI
ISO_POGND | 2 15 | ISO_PIGND
LDO_IN | 3 14 | FAULT
TH_IN | 4 13 | LDO
TOPVIEW
LDO_OUT | 5 12 | VDD
INP | 6 11 | OUT
INN [ 7 10 | VREF
GNDI | 8 9 | GND
& J

Figure 1.1 NSI36C12R Package

Table 1.1 NSI36C12R Pin Configuration and Description

PIN NO. SYMBOL FUNCTION
1 ISO_PO Internal isolated power output (need to be connected to the LDO_IN pin)
2 ISO_POGND | Internal isolated power ground reference (need to be connected to the GNDI pin)
3 LDO_IN Internal input side LDO power input (need to be connected to the ISO_PO pin)
4 TH_IN Input side protection threshold, need to connect to external threshold voltage
5 LDO_OuUT Internal input side LDO power output
Positive analog input (Either INP or INN must have a DC current path to GNDI to
6 INP - )
define the common-mode input voltage)
7 INN Negative analog input
8 GNDI Input side ground reference (need to be connected to the ISO_POGND pin)
9 GND Output side ground reference (need to be connected to the ISO_PIGND pin)
Reference input, the voltage applied to this pin sets the ratiometric gain and the
10 VREF ; :
full-scale output voltage of this device
11 ouT Analog output
12 VDD Output side power supply
Internal output side LDO power input (need to be connected to the ISO_PI pin
13 LDO .
and without external load)
14 FAULT Over-threshold protection fault output (need to be connected to the pull-up
supply)
15 ISO_PIGND Internal isolated power ground reference (need to be connected to the GND pin)
16 ISO_PI Internal isolated power input (need to be connected to the LDO pin)
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2- Absolute Maximum Ratings!"

Parameters Symbol Min ‘ Typ Max Unit
Power Supply Voltage VDD to GND -0.3 6.5 \Y
Analog Input Voltage INP, INN GNDI-6 LDO_OUT+0.5 \Y
Analog Output Voltage ouT GND-0.5 VDD+0.5 Vv
Fault Output Voltage FAULT GND-0.5 6.5 Vv
Analog Input Voltage TH_IN GNDI-0.5 3.0 Vv
Analog Input Voltage VREF GND-0.3 VDD+0.5 V
Input current per 10 Pin I -10 10 mA
Junction Temperature Ty -40 150 °C
Storage Temperature Tste -55 150 °C

(1) The device cannot operate beyond the listed Absolute Maximum Ratings to prevent permanent device damage. The
device is not fully functional if operating outside the Recommended Operating Conditions but within the Absolute
Maximum Ratings. Long-time stress of the absolute maximum conditions may affect the device lifetime.

3. ESD Ratings'"

Parameters Value Unit

Test Condition

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001®? +4.0 kv

Electrostatic discharge Charged device model (CDM), per JEDEC specification

JESD22-C101® 1.0 kV

(1) Though this device features proprietary protection circuitry, proper ESD precautions should be considered to avoid
performance degradation of damage due to high energy ESD event. Charged devices and circuit boards may discharge
without detection.

(2) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

4. Recommended Operating Conditions

Parameters ‘ Symbol Min Typ Max Unit
Power Supply VDD to GND 3.0 3.3/5 5.5 \%
(I?li;fslzttantial input voltage before clipping Veipsing +1.28 Vv
Linear differential input full scale voltage VFsr -1 1 Y
Absolute common-mode input voltage Vem -2 Vipo_ourt \%
Operating common-mode input voltage Vem -0.8 0.6 \%
Reference input voltage VRer 3 3.3/5 VDD \%
FAULT pull-up supply voltage VeauLt 0 VDD V
Operating Ambient Temperature Ta -40 125 °C
Copyright © 2026, NOVOSENSE Page 4
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5. Thermal Information

Parameters ‘ Symbol SOP16(300mil) ‘ Unit
Junction—to-ambient thermal resistance Reua 64 °C/W
Junction-to-case (top) thermal resistance Reuctop) 30 °C/IW
Junction-to-board thermal resistance Ress 33.3 °C/W
Junction—to-top characterization parameter Yyt 10.9 °C/W
Junction-to-board characterization parameter Wis 28.2 °C/W

6. Specifications
6.1. Electrical Characteristics

(VDD = 3.0V ~ 5.5V, INP =-1V to +1V, and INN = GNDI = 0V, Ta = -40°C to 125°C. Unless otherwise noted, Typical values

are at VDD =Vrer =3.3V, Ta = 25°C)

Parameters ‘ Symbol Min Typ Max ‘ Unit Comments
Power Supply
Output side supply voltage VDD 3.0 3.3/5 55 \
no external load on
343 46.0 mA LDO_QUT, over-threshold
protection not  triggered,
RpuLLur=4.7kQ to VDD
0.5mA external load on
351 465 mA LDO_QUT, over-threshold
protection not triggered,
RpuLLur=4.7kQ to VDD
Output side supply current IDD
no external load on
36.7 48 3 mA LDO_QUT, over-threshold
protection triggered,
RpuLLur=4.7kQ to VDD
0.5mA external load on
374 48.8 mA LDO_QUT, over-threshold
protection triggered,
RpuLLur=4.7kQ to VDD
External load current on Input
side LDO le 0.5 mA
Isolated power output Viso_po 3 35 4.6 vV |1s0_PO to GNDI
voltage
Input side LDO output
voltage Vipo_ourt 3 3.2 3.3 Vv LDO_OUT to GNDI
Isolated power output
undervoltage detection Viso_pouv 21 23 2.8 \Y, Isolated power output falling
threshold voltage
Input side LDO undervoltage .
detection threshold voltage Vipo_uv 2.1 2.3 2.8 V LDO_OUT falling
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Parameters ‘ Symbol Min Typ Max ‘ Unit Comments
VDD undervoltage detection
threshold voltage VDDu 295 v
Analog Input
Input offset voltage Vos -0.5 10.1 0.5 mV lzl\éE,C: INN = GNDI, at Ta=
Input offset drift (" TCVos -10 +2 10 uv/°C
CMRR4. 100 dB I<N\I7”\=] |<N\l;l, fin = 0 Hz, Ve min
Common-mode rejection = = VCMmax
ratio @ _ _
OMRR. 6 B | INP=INN,f = 10 iz, Vo
Single-ended input R 0.8 GQ | INN=GNDI
resistance
Differential input resistance Rinp 1.2 GQ
. Single-ended input
Input capacitance Ci 4.5 pF capacitance, fin=310kHz
. Differential input capacitance,
Input capacitance Cip 4.5 pF fin=310kHz
Input bias current lie 1 nA LNIZ:) '/';N = GNDI, lis = (lisp
Input bias current drift (¥ TCli -14 pA/°C
Reference Input
Reference input voltage VRer 3 3.3/5 VDD Y
Reference input impedance RRrerIN 88 kQ
Analog Output
. . Gain = (VREF/Z)/ Vclipping,
Nominal Gain VRer/2.56 VIV Veipping= 1.28Y
Gain error Ec -0.3% 1+0.05% 0.3% at Ta=25°C
Gain error thermal drift (*) TCEe -45 15 45 ppm/°C
Nonlinearity -0.04% 10.01% 0.04%
Nonlinearity drift " 1 ppm/°C
Total harmonic distortion © THD 84 dB | yiu=2Vpp. fin = 10KHz, BW =
Output noise 350 MVRms I,Ir\(l)zk:leNN = GNDI, BW =
SNR 72 80 dB \1/8\1kl=_|22Vpp, fin = 1kHz, BW =
Signal to noise ratio
Vin =2Vpp, fin = 10kHz, BW =
SNR 70 9B | 100kHzZ, 1MHz filter
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Parameters ‘ Symbol Min Typ Max ‘ Unit Comments
IVIN| = [ViINe — ViNN| >
0 VRrer V VClipping
Single-ended clipping output v VrersVDD
voltage Clout
IViIN] = [ViNe — Vinn| >
0 vDD \Y VClipping
Vrer2VDD
Output bandwidth BW 340 kHz
PSRRuc -99 d | FORR ve VOO, from
Power supply rejection ratio ) ova
(2)
PSRRa. 66 dB PSRR vs VDD, 100mV and
10kHz ripple
Output capacitance Cronp 500 pF
Output resistance Rout 0.3 Q
Output limit current lim +20 mA
Qommpn-mode transient CMTI 100 150 KV/us _Commpn-mode transient
immunity immunity
Protection Comparator
Protection Comparator input
Threshold VTH_IN 0.4 1 1.2 V
For positive comparator,
Protection Comparator input The o 40 40 iy THe ov= YlT+_pos *= Vrron®
Threshold error For negative comparator,
THe ov= Vi neg * - (- VTH_N)®
. . Rising threshold -Falling
Protection Comparator input - _
hysteresis voltage VHys_ov 40 mV | threshold, Vuvs_ov = |ViT+
Vir,|
Fault output voltage at .
failsafe state Vi Fau Hiz v
Low-level output voltage VoL 0 30 300 mV Isink=4mA
Open-drain output leakage _
current Ik 200 nA VpeuLLup=5V
Fault pull up resistor ReuLLup 1 4.7 10 kQ
Output current limit Isink 12 mA VDD=5V, sinking
Output resistance Rout 5.5 Q
Common-mode transient For protection comparator,
immunity CMTI 100 150 VIS | Reuiiup=4.7kQ to VDD
Timing
Rising time of OUT tr 1.3 &
Falling time of OUT t 1.3 MS
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Parameters ‘ Symbol Min Typ Max ‘ Unit Comments
I(lglg%!rtll;otoo/o)OUT signal delay tep 14 18 us
Propagation delay of fault 9D Faul 06 1 us xf;;;?g;nc}/}jg;;:ﬂ;:/ult
Fault output fall time tr_Faut 2 ns CL=15pF
Analog setting time tas 0.9 ms ?//Silcjj,s(;ie’ /zosgigir\llg,] to OUT

(1) The temperature drift is calculated within the whole temperature range (-40°C to 125°C).

(2) Input referred.

(3) THD is defined as the ratio of the sum of the rms value of first five higher harmonics to the amplitude of the
fundamental (input referred).

(4) Vir+_pos is the positive-going trip threshold (refer to input voltage) for positive trip threshold, Vir-_pos is the negative-going
trip threshold (refer to input voltage) for positive trip threshold, refer to Figure 6.2.

(5) ViT-_neg is the negative-going trip threshold (refer to input voltage) for negative trip threshold, Vit+_neg is the positive-

going trip threshold (refer to input voltage) for negative trip threshold, refer to Figure 6.2.

6.2. Timing Diagrams

ouT

t
Figure 6.1 Propagation Delay and Output Fall Time Definition

t
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Overdrive voltage

Vog=100mV + |
VIN Vit+ pos= VTIHIN — (¥ — — — — — _ \ﬁng o I
I | Vog=100mV I Vi1- pos = V1H IN - VHys ov
LY __
| |
—>: <& tpp Faut :
OV Trigger : |
| |
90%
FAULT \ . :
0%
) ¢ OV Release
tf_FauIt
v, = (Vi -V
VIN i od Vinsor - (VHn - Vhvs ov)

ViT_neg= -VTHIN XA ——————— =
| ivod =100mV ?
|

OV Trigger : teo_Faut

90% :
FAULT o
| X10%

»l e OV Release

tr Faut

|
|
|
|
|
|
|

Figure 6.2 Propagation Delay and Output Fall Time Definition for Protection Comparator

6.3. Typical Performance Characteristics
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Figure 6.17 Total Harmonic Distortion vs Supply Voltage Figure 6.18 Total Harmonic Distortion vs Temperature
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Figure 6.23 Input Supply Current vs Supply Voltage Figure 6.24 Input Supply Current vs Temperature
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(1) According to the test results of 30 pcs samples.

Copyright © 2026, NOVOSENSE Page 14



NSI36C12R

7. High Voltage Feature Description

7.1. Insulation and Safety Related Specifications
Parameters Symbol Value ‘ Unit Comments

Minimum External Clearance CLR 8 mm IEC 60664-1
Minimum External Creepage CPG 8 mm IEC 60664-1
Distance through insulation (internal
26 um i - . .
clearance — capacitive signal isolation)
Distance Through Insulation DTl Distance through insulation (internal
75 um clearance — transformer power
isolation)

Tracking Resistance DIN EN 60112 (VDE 0303-11); IEC

(Comparative Tracking CTI >600 V 60112
Index)
Material Group | IEC 60664-1
Description ‘ Test Condition Value
For Rated Mains Voltage < 150Vrms lto IV
Overvoltage Category per For Rated Mains Voltage < 300Vrms Ito IV
IEC60664-1 For Rated Mains Voltage < 600Vrms lto IV
For Rated Mains Voltage < 1000Vrms I to 1Nl
Climatic Classification 40/125/21
Pollution Degree per DIN VDE >
0110
7.2. Insulation Characteristics
Description Test Condition Symbo Value Unit
I
DIN EN IEC 60747-17 (VDE 0884-17)
\I\//Ioelxé:gmeum repetitive isolation Viorm 2121 VrEak
AC Voltage 1500 VRms
Maximum working isolation voltage Viowm
DC Voltage 2121 Vbc
Method a, after Input/output safety test
subgroup 2/3, pC
Vini=Viot™, tini = 60s , Vpdm)y=1.2*Viorm, tm=10s.
Apparent Charge ) Opd <5
Method a, after environmental tests subgroup c
1, Vin=Viot™, tini=60s ,Vpdm)=1.6*Viorm, tm=10s P
Method b, Vini=1.2*Viotm, tini=1s pC
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Description

Test Condition

Vpd m=1.875*Viorm, tn=1s (method b1) or
Vodm)=Vini, tm=tin(method b2)

Symbo
]

Value

Unit

Maximum transient isolation voltage t = 60sec Viotm 8000 Vpeak
Maximum impulse voltage Tested in air, 1.2/50us waveform per
|EC62368-1 Vivp 6250 VpEAK
. . Test method per IEC62368-1, 1.2/50us
Maximum Surge Isolation Voltage waveform, Viosv=Vive x 1.3 Viosm 10000 Veeak
Vio =500V, Tamp=25°C Rio >10"?
Isolation resistance Vio =500V, 100°C < Tamb < 125°C Rio >10™
Vio =500V, Tamb=Ts Rio >10°
Isolation capacitance f=1MHz Cio 0.8 pF
Safety total power dissipation V=55V, Ty=150°C, Ta=25°C Ps 1954 mwW
Safety input, output, or supply Resa = 64°C/W for SOW16, Vi =5.5V, T, = Is 355 mA
current 150 °C, Ta=25°C
Maximum safety temperature Ts 150 °C
UL1577
. V1est = Viso, t = 60s (qualification),
Insulation voltage per UL Viso 5000 Vrms
Vtest = 1.2 x Viso, t = 1s
2500
= 2000
H
3
S 1500
2
£ 1000
-
2
£ 500
w
0
0 20 40 60 80 100 120 140 160

Ambient Temperature(°C)

Figure 7.1 NSI36C12R Thermal Derating Curve, Dependence of Safety Limiting Values with Case Temperature per DIN

7.3. Regulatory Information
The NSI36C12R is approved by the organizations listed in table.

VDE V 0884-11

UL 1577 Component
Recognition Program

Approved under CSA
Component Acceptance
Notice 5A

DIN EN IEC 60747-
17 (VDE 0884-17)

to GB4943.1

Certified according | Certified According

to EN |IEC 62368-1
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uL VDE cQcC TUVv
Reinforce Insulation
. . Single Protection, Viorm=2121 Vpeak .
Single Protection, 5000V/ms Isolation _ Reinforced 5000Vrms for 1min
5000Vms Isolation voltage voltage Viotm=8000 Vpeak insulation
Viosm=10000 Vpeak
E500602 E500602 40052820 CQC20001264939 R50574061

8. Function Description

8.1. Overview

The NSI36C12R is a high-performance isolated amplifier with integrated isolated power supply and input over-threshold
protection function. The device accepts fully-differential input of +1V. The integrated isolated power supply enables single-
power operation on the low side of the device without the need for a separate isolated power supply for the high side,
effectively reducing the board area. The fully-differential input is ideally suited for AC voltage monitoring in high voltage
applications where isolation is required.

The low-side power supply VDD feeds power to the isolated power supply input through an LDO with external connection
from the LDO pin to the ISO_PI pin. The output of the isolated power supply is regulated by an LDO with external connection
from the ISO_PO pin to the LDO_IN pin, to power the high-side circuit.

The analog input is continuously sampled by a second-order Z-A modulator in the device, which is driven by a pre-stage
fully-differential amplifier in the device. With the internal voltage reference and clock generator, the modulator converts the
analog input signal to a digital bitstream. The output of the modulator is transferred by the drivers (called TX in the Functional
Block Diagram) across the isolation barrier that separates the isolated input and output side voltage. The received bitstream
and clock are synchronized and processed, as shown in the Functional Block Diagram, by a fourth-order analog filter on
the output side, which has a ratiometric single-ended output. The ratiometric gain is defined by the input voltage of VREF
as VRrer/2.56.

In addition, the NSI36C12R integrates an input over-threshold protection function. VIN is compared with the threshold
voltage Vtn_in. The output of the comparator is sent to the output side through a separate isolation channel to achieve fast
propagation delay(600ns Typ). The over-threshold signal can be monitored on the FAULT pin.

ISO_PO I } ] ISO_PI
Rectifier | | Resonator and |
| | Driver
ISO_POGND | t | ISO_PGND
|
LDO_IN | |
- LDO | I Bandgap LDO | LDO
LDO_ouT | | : Reference VDD
| |
| I
TH_IN | I
| — Comparator | TX | | Il Rx —} FAULT
| g | |
| I § | Retiming and I
INP = 4™M-Order out
X || S RX > . |
';'—L Active Low- VREF
©
INN > | |'e : Pass Filter |
| “©
|— |
| Bandgap RX | | H X Oscillator |
| Reference |_:‘ |
L - NI B a
GNDI GND

Figure 8.1 Function Block Diagram of NSI36C12R
8.2. Analog Input and Output
There are two restrictions on the analog input signals (INP and INN).

® [f the input voltage exceeds the range GNDI-6 V to LDO_OUT+ 0.5 V, the input current must be limited to 10 mA
because the device input electrostatic discharge (ESD) diodes turn on.

® The linearity and noise performance of the device are ensured only when the analog input voltage remains within the
specified linear full-scale range (FSR) and within the specified common-mode input voltage range.
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The NSI36C12R provides a single-ended analog output voltage proportional to the input voltage. The output is referred to
GND and is galvanically isolated from the input of the device. The output is designed to connect directly to the input of an
ADC.

The full-scale output voltage is set by the VREF pin. The gain of NSI36C12R can be configured by the voltage on pin VREF
as below:

® The reference input voltage range of VREF is from 3.0 V to VDD. The VREF pin must not be connected to GND.
® When VREEF is connected to an external reference voltage above 3V, the NSI36C12R has a dynamic output voltage
range proportional to the voltage of VREF. The input to output curve is shown in Figure 8.2.

® For linear input range (|ViN| < |Vrsr|), the analog output of NSI36C12R has a ratiometric gain of Vrer / 2.56. The device
outputs a voltage equal to:

Vout = (Vinp - Vinn) * VRer /2.56 + VRrer / 2

When the input exceeds the linear full-scale range, the output continues to follow the input, but the linear performance will
decline. If an input signal exceeding the clipping input range is applied to the NSI36C12R (|Vin| = |Vciipping|), the analog output
will be clipped.

When the undervoltage of the integrated isolated power supply output ISO_PO or the high-side LDO output LDO_OUT is
detected, the output voltage is OV.

Linear Input Range(VggRr)
Vour=(ViNp-VINN)"VReF/2.56+VRep/2

[P !
P “
1 VOUT A '
[ ——— (I I —— U V,
i i REF
N v ]
[ 0 ]
__-|----: ----------------------- )
ol N T [
£ | 1 ' 1
g | o
= 1 1
Gl 1 | ' )
2 ' 1 ! ]
L s| ¢ 1 | ]
3 -4 -
= = =1 [ =0
8 IR 2
5| ¢l o8 .
el 8l 1 & tE
S| =| v e ]
£ S 1 S | 'S
3 I fZz0
© [} )
= [ 1 [ 1
' ] ! 1
1 1
] 1
Ye /o -
1 1
\L ! E E ] VIN::/\NP'VINN
ov H | | ' »
'~ VEsR ov Vesr=1V !
- Vclipping Vclipping

Figure 8.2 Input to Output Transfer Curve of the NSI36C12R

8.3. Accuracy Related Parameters

Parameters related to the accuracy performance are explained in this section, including Vos and its drift, EG and its drift,
Nonlinearity. Other immunity parameters that affect accuracy like CMRR and PSRR are also included.

8.3.1.Input Offset Vos and Gain Error Ec

Vos and EG are the most significant factor influencing accuracy. The ideal curve and actual curve are shown in Figure
8.3.
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_______ Ideal curve

Vout
Actual curve

Vos X Gain

Ideal Gain=Ay0/Ax0
Actual Gain=Ay1/Ax1

Figure 8.3 Vos and EG diagram
Vos means the input offset voltage when input is OV. The tested output should be divided by nominal gain as Vos is
defined as the offset voltage referred to input (See Equation 1).
Vos = Vo/Nominal Gain Equation 1

where
® Vo is the output voltage tested when input is OV.
® Nominal Gain is Vrer /2.56 for NSI36C12R.

Gain is the magnification of the amplifier, and the definition formula is shown in Equation 2. EG means the difference
between actual and ideal slope. It should be noted that EG is tested across the whole input range to minimize test error
(See Equation 3).

Ayl Vol —Vo2

Gain = T = Vinl = Vin2 Equation 2

_ Gain — Nominal Gain » 100% .
¢~ Nominal Gain 0 Equation 3

where Vin1 and Vin2 are the lower and upper limit of the input FSR separately, Vo1 and Vo2 are the output voltage
corresponding to Vin1 and Vin2.

8.3.2.Input Offset Drift TCVos and Gain Error Thermal Drift TCEc
Input offset drift TCVos means the drift of Vos over the whole operating temperature range, which is calculated as
Equation 4.

VOsmax - VOSmin .
TCVos = ——M E 4
0s TempRange quation

where

® \osmax and Vosmin is the maximum and minimum offset voltage over the whole operating ambient temperature range.
® TempRange covers the whole operating temperature, from -40°C to 125°C.

Gain error thermal drift TCEg is the drift of Ec over the whole operating temperature range, which is calculated as
Equation 5.

EGmax - E:Gmin

TCE; =
G TempRange

Equation 5

where Ecmax and Eemin is the maximum and minimum Gain Error over the whole temperature.
Both TCVos and TCEs should be multiplied by the direction of temperature drift.
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8.3.3.Nonlinearity

Nonlinearity describes the deviation between the actual output and the ideal linear output. Calculate the peak-to-peak
value of the error between the actual output and the fitting curve, and nonlinearity is expressed as the ratio of half of the
peak-to-peak error to the full-scale range of the output voltage (See Equation 6).

) .. Error_pkpk .
Nonlinearity = XV X 100% Equation 6
OFSR

where

® Error_pkpk is the peak-to-peak value of the error between the actual output and the fitting curve.

® Vorsr represents the full-scale range of the output voltage (2*Vrer /2.56 V for NSI36C12R).
8.3.4.Power-Supply Rejection Ratio

Power-Supply Rejection Ratio (PSRR) describes the level of the output error (input inferred) which is affected by the
variation of power supply. PSRR is defined in dB and calculated as Equation 7.

VO_Var )

PSRR = 20 x 1 (
810  Nominal Gain x VDD, ,»

Equation 7

Where Vo_var and VDDvar are respectively the variation value of the output voltage and the supply voltage.
8.3.5.Common-Mode Rejection Ratio

Common-Mode Rejection Ratio (CMRR) quantifies the ability of a differential amplifier to suppress the variation of the
common mode signals while amplifying the differential-mode signals. CMRR is calculated as:

VO var i
CMRR = 20 x | - Equation 8
0810 <Nominal Gain X Ve var et

where CMRR is the input-referred voltage variation in dB and Vcw_var is the variation value of the input common-mode
voltage.

8.3.6.Total Error Calculation

The total error is contributed by parameters discussed above. It is helpful to know the respective contribution of all different
parameters when something is wrong about system current sensing. This section will introduce the calculation method of
total error.

Parameters which mainly affect sensing accuracy are Vos, EG and Nonlinearity and their drift. PSRR and CMRR are not a
dominant factor in most cases. However, PSRR can be a concern when the power supply has high-frequency ripple, in
which case a larger decoupling capacitor and a better layout are highly recommended (Refer to Section 9.3).

The error introduced by Vos and its drift can be calculated as:

Vos + TCV,s X AT
Error Vos = — 2% v o8 x 100% Equation 9
N

where
® \osmax is the maximum value of input offset voltage at 25°C, which is £0.5mV for NSI36C12R.

® TCV.s is the maximum drift of input offset voltage over the whole working temperature, which is 10 uV/°C for
NSI36C12R.

® AT is the range of temperature variation.
® Vs the input voltage in the application.
The error introduced by Ec and TCEg can be calculated as:

Error_Eg = Eg + TCEg X AT Equation 10

where
® Ecis the maximum value of Gain Error when the temperature is 25°C, which is £0.3% for NSI36C12R.
® TCEg is the maximum drift of Gain Error over the whole temperature, which is £+45ppm/°C for NSI36C12R.

The error introduced by Nonlinearity is Nonlinearitymax, the maximum value of Nonlinearity in the entire temperature range,
- 40°C to 125°C, which is £0.04% for NSI36C12R. The total error sensing error is expressed as:
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Total_Error = JError_Vosz + Error_E;? + Nonlinearity,, Equation 11

For example, consider an NSI36C12R with the sensing input voltage of +1V and a -40°C to 85°C temperature range. The
total error calculation is shown in Table 8.1.

Table 8.1 Total Error Calculation of NSI36C12R (- 40°C to 85°C)

Error Svmbol Equation Error at Error at
Component y q Vin=£1V Vin=1£0.1V
Vos + TCV,, X AT
Inout offset Error_Vos = max v os X 100%
P Error_Vos IN +0.115% +1.15%
error _ 0.5mV£10uV/°Cx65°C

X 100%

VIN

. Error_E; = Eg + TCEg X AT
Gain error Error_Ec 10.593% 10.593%
= 10.3% + 45ppm/°C x 65°C

Nonlinearity | Nonlinearitymax Nonlinearity,,x = £0.04% 10.04% 10.04%

Total_Error

Total error Total_Error 10.606% 1£1.295%

= \/Error_Vosz + EI‘I‘OI‘_EG2 + Nonlinearitymax2

Since the input offset voltage is independent of input voltage, it becomes the dominant factor of the total error when
the input voltage is low. To improve the system accuracy, especially in low-input applications, it is recommended to
perform software zero-point calibration and gain error calibration. With system-level calibration, the total error can
also be reduced significantly. The reduced error is calculated according to Table 8.2.

Table 8.2 Total Error Calculation with Software Calibration (- 40°C to 85°C)

Error Svmbol Equation Error at Error at
Component y q Vin=£1V | Vin=$0.1V
TCV,s X AT
| ¢ offset Error_Vos = v X 100%
nput offse IN + o + o
orror Error_Vos 101V /°C * 65°C +0.065% +0.65%
=—x100%
VIN
Gain error Error_Ec Error_E; = TCE; X AT = +45ppm/°C X 65°C 10.293% 10.293%
Nonlinearity | Nonlinearitymax Nonlinearity,,x, = £0.04% 10.04% 10.04%
Total_Error
Total error Total_Error ) 2 ] . ) +0.303% +0.714%
= |Error_Vos“ + Error_E;” + Nonlinearity,

The maximum total error with and without calibration is show in Figure 8.4, considering 1V input as full load,
NSI36C12R can achieve <1% error at more than 10% load (|Vin|=2100mV) with software calibration, and <1% error
at more than 20% load(|Vin|=200mV) without software calibration.
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—— Total Error without Calibration
8 1 —— Total Error with Calibration

Total Error (%)
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Figure 8.4 Total Error Over - 40°C to 85°C vs Input Voltage

8.4. Isolated Power

The NSI36C12R integrates an isolated DC/DC power supply that includes the following components as shown in
Figure 8.1:

® |ow-side low-dropout regulator (LDO) to provide stable voltage for the input of the isolated DC/DC converter.

® |[solated DC/DC converter with the primary resonator and driver, an air-core transformer, and the secondary
rectifier. The converter does not output a constant voltage and it is not recommended to drive additional load.

® High-side LDO to convert the isolated DC/DC converter output to a stable voltage and supply for the high-side
signal circuitry. The high-side LDO can provide a limited current of 0.5mA for external load.

The isolated DC/DC power supply uses a spread spectrum clocking technique and optimized transformer design to
improve the electro-magnetic interference (EMI) performance.

8.5. Protection Comparator

The NSI36C12R provides an input over-threshold protection function. The function block diagram of the internal window
comparator is shown in Figure 8.5. The differential input voltage signal is amplified by a buffer at the input stage and then
sent to a window comparator to be compared with the threshold voltage +V1_in. The desired threshold voltage of the window
comparator VTr_in can be set by applying an external voltage to the TH_IN pin according to

VH_n =Vov Equation 12

where Vov is the desired overcurrent threshold of the differential input sensing voltage.

The comparison window is centered around OV. The over-threshold signal is transferred across the isolation barrier and
monitored on the pin FAULT. The FAULT pin is an open-drain output with a weak pull-up resistor R3 = 175kQ (VDD = 5V)
to VDD inside the chip, providing a defined state when external pull-up resistor is not used. In practical applications, the
FAULT pin needs to be pulled up to VDD through an external resistor.
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Figure 8.5 Function Block Diagram of Window Comparator

The switching characteristic of input over-threshold protection function is shown in Figure 8.6. If |VIN| < Vtr_in - VHys_ov, the
FAULT pin is in a high-impedance state and pulled up to high level externally. The FAULT pin is actively pulled low when
[VIN| > Vth_in, which means the over-threshold protection is triggered. The hysteresis voltage Vhys_ov (typical value of 45mV)
makes the comparator have better immunity in noisy environment without the need to add a positive feedback circuit to
create hysteresis.

VIN

FAULT ———— 3

Trigger Release Trigger Release

Figure 8.6 Switching Characteristic of Input Over-threshold Protection Function

It should be noted that the CMTI (Common-mode transient immunity) performance of the open-drain output is related to the
pullup resistance ReuLLup and load capacitance. When a common-mode transient event with high dV/dt occurs, the open-
drain output may be pulled down because of interference signal coupled from parasitic capacitance between the high side
and the low side. The lower pullup resistance enhances immunity. Additionally, a capacitor can be placed between the
FAULT pin and GND pin to improve the CMTI performance. However, the load capacitance extends the output fall time and
is preferably less than 1nF.

The protection comparator threshold voltage is recommended to be set by dividing the LDO_OUT voltage, as is shown in
Figure 8.5. Adjusting the resistance of the voltage divider network, R1 and R2, can change the threshold voltage Vr+_in. The
resistance of the voltage divider should not be too small because the maximum external load current on the LDO_OUT pin
is 0.5mA. The input resistance of the TH_IN pin is >1GQ, which has almost no impact on overcurrent threshold accuracy.
Additionally, the protection comparator threshold voltage can also be set by an external reference voltage.

9. Application Note

9.1. Typical Application Circuit
The following key features make NSI36C12R the ideal solution for isolated AC and DC voltage sensing applications.

® Reinforced isolation barrier supports a working voltage up to 1500Vrms, provides extremely high reliability for dangerous
high voltage systems.
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® Excellent common mode transient immunity (CMTI, 150kV/us typ) ensures that the device provides accurate and reliable
measurements even in the presence of high-power switching.

® |solated power supply integrated, reduces the need of external isolated high-side supply, simplifies design and reduces
area.

® Excellent DC accuracy and low drift, high linearity over FSR, limited sensitivity to external magnetic fields, make sure
the device can provide extremely high sensing accuracy.

® Fast over-threshold protection integrated, the output of the comparator is sent to the output side through a separate
isolation channel, ensure robust protection and fast propagation delay (600ns typ), help to reduce customer discrete
OVP circuit on board.

® Single-ended output reduces external differential to single-ended amplifier, apply the supply voltage of the subsequent
ADC to VREF to match the entire ADC dynamic input range, the ratiometric single-ended output help to reduce area
and improve accuracy.

Figure9.1 shows the typical application circuit of NSI36C12R. The output of the low-side LDO (LDO pin) need to be
connected to the isolated power supply input (ISO_PI pin). The isolated power supply output (ISO_PO pin) need to be
connected to the input of the high-side LDO (LDO_IN pin). In this way, the high-side amplifier circuitry is powered by an
isolated power supply. The necessary filter and bypass capacitors should be added to the device power supply pins, the
output side power supply(VDD pin), the isolated power supply input (ISO_PI pin) and output (ISO_PO pin), and the
input/output of the high-side LDO (LDO_IN and LDO_OUT pin).The recommended capacitance can refer to Figure 9.1.

The AC voltage of the frequency inverter is divided by a resistance network, and the divided voltage is applied to the input
of the NSI36C12R through a RC filter. The protection comparator threshold voltage is set by dividing the LDO_OUT voltage.
Adjusting the resistance of the voltage divider network can change the threshold voltage. The resistance of the voltage
divider should not be too small because the maximum external load current on Input side LDO is 0.5mA.

The device has a ratiometric gain of Vrer/2.56 and provides a single-ended analog output. Vrer defines the clipping output
voltage. Apply the supply voltage of the subsequent ADC to VREF to match the entire ADC dynamic input range. An
analog-to-digital converter usually receives the analog output and converts to digital signal for controller processing.

NSI36C12R
197 1%F ISO_PO 1SO_PI
T T 1.,
ISO_POGND  1SO_PIGND
1 - -
1
LDO_IN LDO
100" GND_I GND 197 1uF
1
100nF] _IlnF — - Veer | 1V'Vrer
julll Y T T3.0~5.5V = 5 *tT 258V
100nF LDO_OUT o ©
L = %5" - 4 7kS == 1nF  ==Crur ‘QU Veu=Vrer/2
10k FAULT To MCU Vrer _ 1V'Veer
FLT
INN out VAW O ToADC
% W L. 1kOhm
FLT
‘/VV\L INP VREF AVAYA O From ADC reference
+1v Rer Crir

"HH

Figure 9.1 Typical application circuit

9.2. VREF Pin Connecting

The VREF pin is used to set the ratiometric gain. The reference input has a finite input impedance as shown in Section
6.1. The effect of this impedance must be considered when driving the VREF pin from a high-impedance source.

Figure 9.2 shows different options for connecting the VREF pin. In the first example, the VREF pin is shorted to VDD to
obtain an output voltage that matches the dynamic input range of the subsequent ADC. A 100nF capacitor between the
VREF and GND pins is used to filter out high-frequency noise at the reference input. In the second example, the VREF
pin is driven by a buffered resistive divider that derives the reference voltage from VDD. In the third example, the VREF
pin is driven by an external voltage source.
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VDD supply
3.0~55V
—0O

VDD supply
3.0~5.5V

Reference Voltage
R. —>

— 100nF

1 £ Reference Input Impedance =

Figure 9.2 Typical application circuit

9.3. High Voltage Dividing Resistor Selection
Two restrictions should be considered when choosing the proper value of the voltage-dividing resistors:

® The current through the resistor should be within its rated range. Using Ohm law to calculate the cross current
(Icross = Vmax/Rtotal);

® The divided input voltage value should not exceed the linear input range of NSI36C12R, in which case the output
may be clipped.

9.4. PCB Layout

There are some key guidelines or considerations for optimizing performance in PCB layout:

® The filter and bypass capacitors of VDD, ISO_PO, ISO_PI and LDO_OUT pins should be placed as close as possible
to the pins respectively. For multiple filter capacitors of the same pin, capacitors with smaller values should be placed
closer to the pin to filter out high-frequency noise better. An additional 1~10uF capacitor may be used for the power
supply pin VDD in noisy conditions.

® Kelvin rules are recommended for the connection between sense resistor to NSI36C12R. Because of the Kelvin
connection, any voltage drops across the trace and leads should have no impact on the measured voltage.

® Place the sensing resistor close to the input and keep the layout of both connections symmetrical and that traces
running very close to each other to the input of the NSI36C12R. This minimizes the loop area of the connection and
reduces the possibility of stray magnetic fields from interfering with the measured signal.

® To suppress radiation on the power lines, place Ferrite Beads respectively in series with the line of VDD and GND for
filter. The ferrite Beads, together with decoupling capacitors, can filter and isolate noise well. In the layout area, the
ferrite beads need to effectively separate the chip layout area from peripheral circuit without overlap in different PCB
layers. Ferrite Beads can also be added in series with the differential input to suppress radiation on the input signal
lines.

® Keep the trace lengths of the wiring as short as possible and don't place a ground plane in the high-voltage domain,
which minimizes the antenna on this node to minimize radiated emissions.

i
N
~

FALLT
UDD

= -
CFLT FB2
1AF 1UF TuF

Figure 9.3 PCB layout example of NSI36C12R
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10. Package Information
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Figure 10.1 SOW16 package shape and dimension in millimeters
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Figure 10.2 SOW16 Package Board Layout Example

Copyright © 2026, NOVOSENSE

Page 26



NSI36C12R

11. Ordering Information

Isolatio Linear Device  Tempe Auto Package Package
Part No. n Rating Input Marki P moti g 9 SPQ MPQ
(kV) arking  rature ve Type Drawing
NSI36C12R NSi36 -40 to SOP16
-DSWR 5 -1~1 Level-3 C12RD 125°C NO (300mil) SOwW16 | 1500 | 1500

12. Documentation Support

Part Number Product Folder Datasheet Technical Isolator selection
Documents guide
NSI36C12R Click here Click here Click here Click here

13. Tape and Reel Information
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H 1
| W

NOTES:
1.MATERIAL: DISSIPATIVE{BLACK)
2.FLANGE WARPAGE:3 MM MAXIMUM 5

FRODUCT SPECIFICATIONS 3.ALL DIMENSIONS ARE IN MM
TAPE WIDTH gA T2 [ eNtE | H1EE | H2T wWras 4.ESD - SURFACE RESISTIVITY-10 TO
e p s = p— - 10 OHMS/SQ
EMM 450 | 100 | 164 ] 206 | 164 5.GENERAL TOLERANCE: +0.25 MM

Figure 13.1 Reel Information
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1. 10 sprocket hole pitch cumulative tolerance +0.20 . e gowa st
2. Carrier camber is within 1 mm in 250 mm.

3. Material : Black Conductive Polystyrene Alloy . W 116.00+0.20
4. All dimensions meet EIA-481 requirements. A0 110.750.10
5. Thickness : 0.30+0.05mm. - :
6. Packing length per 22" reel : 378 Meters.({8# N=122) B0 [10.70+0.10
7. Component loay _per'13'5' reel : 1000 pcs. KO | 2.80=0.10
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000O0O0O0O0O0O0
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Quadrant Designations

Figure 13.2 Tape Information of SOP16(300mil)

14. Revision History

Revision Description
1.0 Initial Version. 2026/05/08
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IMPORTANT NOTICE

The information given in this document (the “Document”) shall in no event be regarded as any warranty or authorization of,
express or implied, including but not limited to accuracy, completeness, merchantability, fithess 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’s 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’s
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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