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ABSTRACT :

In high-voltage industrial applications, isolation sensing protects low-voltage circuits from faults
of high-voltage power circuits while ensuring communication between different voltage
domains, which significantly improves system reliability.

NSI1400 is a high-performance isolated amplifier with output separated from input based on the
NOVOSENSE capacitive isolation technology. The products have been widely used in shunt ;
current monitoring, motor drives, uninterruptible power suppliers, solar inverters and other
fields. To simplify the customer's design, this application note introduces how to apply NSI1400 :
according to the customer's demand of current sensing. '
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1.Typical Application Circuit

NSI1400 is ideally suited to shunt resistor-based current sensing in high voltage applications such as motor drives. The

typical application circuit is shown in Figure 1.
is applied to the differential input of NSI1400 through a RCfilter (R, ;and C_ ). The

The voltage across the shunt resistor R o

filter capacitance of more than 330pF placing as close as possible to the device must be added for charge buffering of the
input switched-capacitor circuit (further details in 2.1 Analog Input with Switched-capacitor Circuit) and better perfor-
mance in high-noise applications.

The differential output of the isolated amplifier is converted to a single-ended analog output with an operational-amplifi-
er-based circuit. Suggest to add >1kQ resistor on the OUTP and OUTN pin to prevent output over-current. An analog-to-digi-

tal converter usually receives the analog output and converts to digital signal for controller processing.
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Figure 1. Typical application circuit in phase current sensing

2.Input Conditioning Circuit

In the application of NSI1400, if the output error, such as gain error or input offset voltage, abnormally exceeds the
datasheet specification, it may be a problem of incorrect input conditioning circuit design. In this section, the recommend-
ed input conditioning circuit of NSI1400 application is introduced based on the switched-capacitor analog input circuit of

NSI1400 and the mechanism of anti-aliasing.
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2.1.Analog Input with Switched-capacitor Circuit

The NSI1400, as the next generation product of the NSI1200/NSI1300, is optimized in terms of input architecture to reduce
the sensing error caused by input bias current. However, the architecture change has new requirements for the selection of
input filter capacitance (>330pF recommended). Inappropriate design may increase the sensing error. In order to better
help customers understand, the input architecture of NS11400 is explained below.

The analog input of the NSI1400 is a switched-capacitor circuit based on the second-order 2-A modulator. The equivalent
circuit of analog input is shown in Figure 2. The internal capacitance C, is continuously charged and discharged through

periodical switching action with the internal clock frequency f

i Of 12MHz for input signal digitization. In the charging

phase, Slis closed, S2 is open, and C is charged to the input differential voltage. In the discharging phase, S1 is open, S2
is closed, C  discharges to the voltage level of GND1+0.9V. According to the equivalent circuit, the input resistance R can

be calculated as

Rinp = 1/ (f cux * Civp)
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Figure 2. Equivalent Circuit of Analog Input

When a capacitive load is switched onto the input, the amplitude momentarily drops due to charge redistribution. The input
source tries to correct the situation and, in this process, excessive ringing can occur due to long input wires which behave
like inductance. To remedy this situation, the external capacitor at each input aids in supplying the current spikes created

during the sampling process. An external capacitor of more than 330pF (C_, . in Figure 1, also acting as filter capacitance) is

FLT
one way to improve the capability of transient charge supply. The input capacitor should be placed as close as possible to

the device to restrain the oscillation and ensure the sampling accuracy.

2.2.Mechanism of Anti-aliasing

The highest frequency signal that a sampling system can handle with high precision is called its Nyquist limit. The sample
rate must be greater than or equal to twice the highest frequency of the input signal. If the input signal frequency exceeds
the Nyquist frequency, there will be redundant or harmful signals in the passband, which is called aliasing. Figure 3 shows
the mechanism of signal aliasing. For example, the sample rate f_is IMHz and the sampling signal band is half of f_ 500kHz
(Nyquist frequency). In sampling process, the input signal with a frequency of f_(f, >f /2) will mirror to the pass band as the

wrong alias signal with the frequency of f -f.

s in’

In practical applications, the sample rate is usually higher to provide a certain

margin and reduce filtering requirements.
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Figure 3. Mechanism of signal aliasing

In addition to meeting the input signal frequency less than the Nyquist limit, the input signal of the sampling system usually
contains high-frequency noise with frequencies exceeding the Nyquist frequency. The noise will alias to the passband and
become interference signal. Therefore, the anti-aliasing filter placing at the input of the sampling system is necessary to
filter out high-frequency noise before sampling and avoid noise aliasing. When selecting a filter, the goal is to provide a
cut-off frequency that eliminates high-frequency noise from the sampling input or at least attenuates it so that it does not
obviously influence the sampling signal.

NSI1400 is a sampling system with the sample frequency of 12MHz. The cut-off frequency of the anti-aliasing filter is no more

than 6MHz to prevent the alias of high-frequency noise that folds into the pass band.

2.3.Design of Input Filter

The input conditioning filter of NSI1400, as is shown in Figure 1, are designed considering charge buffering demand,
anti-aliasing, input signal frequency and system bandwidth.

For charge buffering of the input switched-capacitor circuit, the filter capacitor needs a value of more than 330pF. Table 1
shows the measured Gain Error of a NSI1400 with different input filter capacitance. The design specification of Gain Error is

within £0.3%. A filter capacitor of more than 330pF is necessary and more than 1nF is better.

Table 1. Gain Error of a NSI1400 sample with different input filter capacitance

Input filter capacitance without 330pF inF 10nF

x v v v
-0.9 0.2 <0.1 <0.1

Gain error of NS11400 (%)
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For anti-aliasing demand in the application with high-frequency interference, the cut-off frequency of the anti-aliasing
filter is no more than 6MHz as is discussed in section 2.2.

A capacitor placed between INN and INP pins that filters out differential noise is called differential capacitor C . Capaci-
tors placed between INN/INP pins and GND1 that filter out common-mode noise are called common-mode capacitor C_ .
C, is suggested at least 10 times higher than C__ to reduce the influence of common-mode capacitance error at different
input pins, this prevents common-mode noise from being converted into differential noise due to component tolerances.
C_,, is not necessary if the system common-mode noise is acceptable. Customers can adjust the filter design by demand.

The cut-off frequency of common-mode and differential filters are as below:
_ 1
2rR 1 C ey
1

1
Zn(RFLTP +RFLTN) (CDIFF+ ;CCM)

fem

foirr =

3.Power Supply Circuits

For the applications with bad operating conditions (such as motor control), or power supply circuits that need improve-

ment (such as long wiring of the front power supply), special attention should be paid to the design of the NSI11400 power
supply pin. It is recommended that depending on the supply voltage waveform of the customer's system, a voltage
stabilizing capacitor of 1~10uF should be connected in parallel with the 0.1uF bypass capacitor placed nearby to reduce
the overall ESR and achieve better filtering effect. The 1~10uF capacitor is for low frequency and the 0.1uF capacitor filters
out high-frequency noise. Customers can also increase the value of the original capacitor from 0.1uF to more than 1uF to
improve the filtering effect without PCB revision.

In applications such as motor control, the power supply of isolated gate driver is usually multiplexed in conjunction with
a zener diode to supply power to the NSI1400. A typical power supply circuit is shown in Figure 4, where +15V is the power
supply of the gate driver, D1 is the zener diode (typical 5.1V), R1 is the current limiting resistor, and C1 is the decoupling
capacitor. When the zener diode power supply circuit is unable to provide the required power supply current IDD1 of
NSI1400, it may occur that VDD1 undervoltage leads to output fail-safe and the current limiting resistor consumes too

much power. Therefore, attention should be paid to the selection of the current limiting resistor and the zener diode.

+15V
IDD1
R1=820 B
{ } vDD1
lzl
c1
D1 ZS —— 0.1uF//2.2uF NSI1400
= [ GND1

Figure 4. Typical power supply circuit of NSI1400 in motor control application
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When selecting the current limiting resistor, the following three aspects should be considered: the maximum power
supply current of the NSI1400, the minimum breakdown current of the zener diode and the dissipation power of R1. For
NSI1400, the maximum value of IDD1is 7.2mA under the operation of the maximum supply voltage 5.5V and high tempera-
ture +125 C. For the zener diode, the minimum breakdown current I1Z of the universal 5.1V zener diode such as 1N4733A is
1mA, that is, the zener diode can generate a stable voltage of 5.1V when the reverse current is greater than 1mA. There-

fore, the current flowing through R1 should not be less than I, +I =8.2mA.

vDD1 'Z
To sum up, when the working voltage is 5.1V, the current limiting resistor R1 is selected as follows:
1< % =12070, and 1206 or 1210 packages are usually recommended for the resistor.

If it is inconvenient to change the current limiting resistor, the zener diode can be changed according to its breakdown
characteristic curve. A zener diode with a small breakdown current or with a voltage of more than 3.3V when the break-

down current is insufficient is a good choice, which ensures that the NSI1400 can still work normally.

4.PCB Layout

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

® Place the input filter capacitors as close as possible to the INP and INN pins for best performance.

e NSI1400 requires a 0.1pF bypass capacitor between VDD1 and GND1, VDD2 and GND2. The capacitor should be placed as
close as possible to the VDD pin. If better filtering is required, an additional 1~10uF capacitor may be used.

e Kelvin rules is recommended for the connection between shunt resistor to NSI1400. Because of the Kelvin connection, any
voltage drops across the trace and leads should have no impact on the measured voltage.

® Place the shunt resistor close to the INP and INN inputs and keep the layout of both connections symmetrical and run very
close to each other to the input of the NSI1400. This minimizes the loop area of the connection and reduces the possibility

of stray magnetic fields from interfering with the measured signal.

0.1uF 2, 2uF

Rsense : [:I D
NSI1400D l:l |:]

ADC or AMP

Close to IC

Figure 5. Typical application circuit in phase current sensing
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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, complete-
ness, merchantability, fitness for a particular purpose or infringement of any third party’s intellectu-
al property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE’s products and applica-
tions, 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 Docu-
ment 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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