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Additional resources

AC charging station system resources

DC charging station system resources

Solar inverter system resources

Tl.com training portal

T1 reference designs library
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http://www.ti.com/solution/renewables_ev_charging
http://www.ti.com/solution/ev_infrastructure_level_3_evse
http://www.ti.com/solution/ev_infrastructure_level_3_evse
http://www.ti.com/solution/solar_power_inverters
https://training.ti.com/
http://www.ti.com/general/docs/refdesignsearchresults.tsp

Overview

System overview

Overview current sensing
— Shunt based measurement
— Isolated current sensing
— Magnetic measurement

Overview voltage sensing
— Non-isolated measurement
— Isolated voltage sensing

Additional information / Q&A
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Levels in EV charging stations

AC Charging System Power Flow
Electric Vehicle

ilot Wire >
pt Wi

P (OBC)
AC/DC Converter

HVDC AC charging station: Level 1 & 2

Battery Pack

PN

DC Charging System Power Flow
Electric Vehicle
EVSE + 0
| £ AC/DC Converter (e):1)} e P
y : i .
AC/DC Converter DC charging station: Level 3
xN stack F’
Bypass
EVSE Type Power Supply Charger Power Charging time* (Approx.) for a
24kWH Battery

AC Charging Station: L1 Residential 120/230VAC & 12 A to 16A (Single Phase) ~1.44kW to ~1.92kW ~17 Hours
AC Charging Station: L2 Commercial 208 ~ 240VAC & 15 A ~ 80A (Single/ Split Phase) ~ 3.1kW to ~19.2kW ~8 Hours
DC Charging Station: L3 Fast Chargers 300 to 600VDC & (Max 400A) (Poly Phase) From 120kW up to 240kW ~ 30 Minutes

* Charging time does NOT scale linearly with EVSE charge capacity
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Charging station topology

AC Charger DC Fast Charger Gurent. Up o 4007
Bandwidth: ~100kHz
Topology: Shunt/FluxGate
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S 380-400VAC .
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= Eld T ) et ence |

*luﬁl[ 1GBTs I %I 1GBTs ]
Gate Drivers (x4)
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|—  Power Delivery Control

Voltage: ~380VAC
Current: <80A

Bandwidth: ~8kHz
Topology: Current Transformer HMI / System Control

o -
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3

AC/DC 24 HMI / System Cgntrol
Converter Eans

Comms =

DC Fast Charger — DC/DC

Parallel Power
%% woc. Stages
voe.
oA T
i { =
Voltage: 400VDC Voltage: 400-800VDC
Current; 8-20A Current: 8-20A
Voltage: ~380VAC Voltage: 400VDC Bandwidth: >200kHz Bandwidth: >200kHz
Current: 8-20A Current: 8-20A Topology: Shunt/ Magnetic Topology: Shunt / Magnetic
Bandwidth: >200kHz Bandwidth: >200kHz
Topology: Hall Effect/ Shunt Topology: Shunt
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Solar system overview
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Solar inverter topology

Solar Inverter
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Current sensor key parameters

Configuration « What are the key parameters when selecting a current sense
amplifier?
.
. SEX:
Bandwidth .
Directionality voCln g“; = "
My

Offset 4? EF" \/
-

Output \/
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Current sensor key parameters

+ Low-side sensing: shunt resistor placed between the system + Bandwidth depends on the application = Directionality: Can the sensor measure current in both
load & ground directions?

- 3

J VDC Out

i ' i T
i o v ¥ vt " ty J—L

Vey =0V —,L T

vOCin

\/

= Amplifier's OFFSET (Vg) is important because Vg cannot be « The GAIN amplifies the small signal Vggyse.
bigger than the sense voltage, Vsense

Veense = 1mv G =20V

Vour =20mV
Vos << Vsense

-3 3 ;L-J-
BT I
|— '

-Eﬁ g3 £
v v

Vsense
4 SENSE

%
i3
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How to size the shunt resistor

We need the following to size the shunt resistor

— Load current range T . D
» Obtain output voltage range from CSM datasheet
— INA282 Input and Output Range: ——) G| | - o
— For this example, Vs = 5V, therefore: Ee——)  /( M nit W—L_W
» Refer it back to the input by dividing by the device’s gain L P T o | | o
— INA282 Gain =50 VIV Eessss——) | E?x PIL?QEEE 930 e
« Now use the I,,4 range to calculate the maximum and oo | s | o0 L«Wl
minimum values for the shunt resistance: B TI Diagiaan ~ -
| IUlsJin V5:<I <10A fo:Jthis e>l<am le HINAREX LKL lagiaim .
— EEEE—
9 > s " R 710V 1080V Irmot@orgmgi Hode
» Note: Rshunt value is directly related to both power and « 15V Mnalog Supply Range
accurac : ; : :
ey | | — p 2inpMWiiRIe S6iR&RNTigUTations
» Resistor power dissipation results in self heating (drift) and P =92mV x 10A = 0.92W

system power losses

* So, use the largest Rshunt that your system can tolerate
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http://www.ti.com/tool/TIDA-00302
http://www.ti.com/tool/TIDA-00302
http://www.ti.com/tool/TIDA-00302

Accuracy Is the key

Total Error vs. Differential Input Voltage
 \Worst case accuracy vs. 10% \
* Probable accuracy (Root—-mean—square) a5 \
BE a7 Offset; Gain Error
2 —— 10uV; 0.1%
'E‘ — 10uV; 1%
* Error sources: 5 4% 1mV; 1%
— 1mV; 5%
Description Referred to 2%
Input offset voltage (VOS) Input \]
0%
AV ¢ 0O 10 20 30 40 50 60 70 80 90 100
Offset voltage drift AT Input Differential Voltage (mV)
AVgg | " .
Offset voltage shift | At npu Offset dominates error at
Gain error (%) Output Sma” S|gna| Inpu'[S
Common-mode rejection (dB) Input
Power supply rejection () et Gain error dominates error at
Input offset current ([Ljs) Input . .
_ large signal inputs
Shunt resistor tolerance (%) Input
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General purpose op-amp vs. current sense amplifier

General purpose op-amp

e Bandwidth is usually specified with unity

* Vet IS Measured at the input of the op-amp as
shown in the graphic with blue circles

¢ Needs a larger PCB footprint as at least two
gain resistors and an op-amp are needed

¢ Offset voltage temperature drift is given for the
op-amp alone

¢ CMRR specification is only for the op-amp

e Gain error and its temperature drift are
determined by the tolerance of the external
resistor network

e Common mode voltage is limited by the supply
rail

e System error typically ~10%, even with
precision passives

Current sense amplifier

¢ Usually specified at a fixed gain

*  Viset IS Measured at the input resistors as
shown in the graphic with gray circles

« Smaller PCB footprint as the amplifier, gain
resistors and compensation capacitors are all
integrated in the same package

e Offset voltage temperature drift takes into
account the amplifier and gain resistors’
variations

* CMRR specification takes into account the
amplifier and gain resistors’ variations

« Gain error and its temperature drift are
specified as the resistors are integrated

» Common mode voltage is independent of
the supply rail and can go up to 80V

e System error <1% possible

[

Output
Amplifier

Ry

Current Sense Amplifier

Ref or GND

Typical current measurement circuit
e General purpose op-amp (red)
e Current sense amplifier (gray)
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Integrated current sensing benefits vs. discrete solutions

Discrete current sensing circuits Integrated current sensing
approach approach

Single-ended

Differential Single-ended Differential
measurement

measurement measurement measurement

¢ Integrates the op-amp and all the gain

Typical considerations .
Op- resistances
* Up-amp :
» Stable over the entire temperature range
* Low cost . )
. Gain resistors * Integrated gain resistors
. L i * Vg (1pV/°C Drift)
ow cos « Low-side & high-side capable

Average measurements accuracy with large

temperature variations
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Shunt-Based, <1% Accurate, £100A, High-Side, Bi-directional Current

Measurement Reference Design

Features

* Shunt-based #100A continuous bi-directional current measurement solution
¢ Maximum shunt voltage limited to £25 mV to reduce power dissipation

 High-side current sense circuit with common-mode voltage of 80V,
supporting batteries ranging from 6V to 60V

» Calibrated DC accuracy of <1% across temperatures -25°C to 85°C
¢ Can interface directly with differential or single-ended ADC
» Fast over-current fault alert in either direction for system safety

« Adaptable for current sensing even close to fast switching nodes
without any external common-mode filtering

TIDésigns

High current measurement using shunts in a small form-factor,
addresses space sensitive and high power density needs.

High accuracy with low shunt resistance value, reduces power loss and
hence shunt sizing

Scalable solution to measure low and high currents
Common design for DC and low frequency pulse current sensing
Ideal fit for 12V/24V/36V/48V battery current sensing applications

Target applications

« Battery chargers .
¢ Uninterruptable Power Supplies (UPS)
* Energy storage systems

Battery management systems
AC-DC power supplies

Tools & resources
“J

¢ TIDA-01141 and tools folder

« Design guide

» Design files: Schematics, BOM,
gerbers, and more

» Device datasheets:
— INA240, LM2903/393, LM4041

(]

€ -

Power
Supply
.

Switching
Power Stage

_T___ﬂ |

Battery Stack /

|
|
|
: INA240 | Losd
|
|
i A |
| LM4041-1.2 l |[
: HTV L |
| | ! ISense |
| LM393 |
I
|
| I
| ¢ ‘
| Alert [
‘ TIDA-01141 |

Copyright © 2016, Texas Instruments Incorporated
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http://www.ti.com/tool/TIDA-00912
http://www.ti.com/lit/pdf/TIDUBT0
http://www.ti.com/product/INA240
http://www.ti.com/product/lm2903/description
http://www.ti.com/product/LM4041D

Additional shunt resources

ki3 TExas INSTRUMENTS Q | Login/Registe

e Tech notes

Tl Training B Feedback @ Global

* Online training series

1.1 Getting Started with Current Sense Amplifiers, Session Emai=
1: When to choose a Current Sense Amp

e Error estimation tool

When to choose a Current Sense Amp

+ Based on Ohm's Law

. Direct sensing * Shunt resistor in series with load
Current Mode Control in + Invasive
H i i [ « Power dissipated by Rgy
Swl!;trgplng Power Supp"es N . I ~ R | = X i + Sensing circuit not isolated from system
L L h
Carrent me Switching Power Supply T
wriomare. Currrent Measurements i o e G B angw D G e B S R e e
b E n ~ . L] ae (] — I} :h ‘rﬁ” ‘;‘f‘m %) 8) (ma) Y |\:|
: mecat, Monitoring Current for Multiple T , e i, Tas prrme
sriomane. Curentis. - Qut-of-Range Conditions e i
informatic Problem Statement Applicable End Equipments .
rLeadsc  ijzeq, = - [ ‘
*TiTechl  chalengir Proper system operation is frequently evaluated + Industrial ]
switching based on maintaining expected operating current «  Automotive
now bem levelz. Out-of-range conditions may  j=- £ + Personal Electronics T [
g s with new require different handling procedures jr . «  Communication : —
10 80v) 3l rejection based on how far beyondthe limits k= Equipment
lime the system iz operating. I . Ent iseC i
+ Lead s( * Lead solution: INA3D2/3 = MErprise L.omputing
+ Tl Tech * Tl Techfote: SBOA168 -
Simplicity of design Fero-drift, High Accuracy Fast on-chip Comparators pare B Functional diagram
The INASDZ &INASDS are optimitzed Suzallent MEIEUNEMENT B0DUMEDY Tre bidinectional INAST2INASDS 1
for randling au-otrange condRions. [Voar 35UV & QSUVEE art G2 ofiar Do du=l ouer-curment and a
win Indepencent Treshold S2Tings Error 0.1% & 10pomeC arie) windowed  alert capanlily win fzst I
reducing e compl; of e ouer- engbles stable MeISUMSMENts Over OUET-CUTTENt Ostection &
urnent profection (OCF) design e Ul temperstune TEnge programmadle mreshold limes
28 B Texas IesTRUMENTS

{i TEXAS INSTRUMENTS



Overview

System overview

Overview current sensing
— Shunt based measurement
— Isolated current sensing
— Magnetic measurement

Overview voltage sensing
— Non-isolated measurement
— Isolated voltage sensing

Additional information / Q&A

J’j} TEXAS INSTRUMENTS



Current sensor key parameters

and load.

High-Side Sensing: shunt resistor placed between the supply Voltage Output

V larger Ve o [ o Veer
— Vour

Current Output

It .

Digital Output

7

T

ST TE

Bit-stream Output

e

H

]

Isolated Qutput provides a very high common mode capability to
high side sensing

- j|%_
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Isolated amplifier vs. AX-modulator

WVINP

IR

AINP

AN

Isolated amplifier

| lsalation
Basrier

_____ J_____

|
' I
| TX HL, Oscillator I
|
|
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Bandgap |
Reference |
|
|

_i_c
|
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Receiver
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£
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=

Interfacs

AMC1306 — — — L -
|
|
mime!
|

[
[
0
[

[

[
L

|
|
1

VOUTP

VOUTH

DouUT

CLEIN

GHD

MCU

SAR
ADC

3 conversion
stages...

...each stage adds
errors

Window
Comparator

<10 bit accuracy on

system level

MCU

Decimation

(averaging) _|

filter

e.g. C2000 =

Sitara
AMC1210
FPGA

single conversion
stage

4

All processing in
digital domain

>14 bit accuracy on
system level
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Isolated modulator design considerations

80% lower
power
dissipation vs.
+250mV

Isolation enables
common mode
voltages above

1kV

Controller

Isolated bias
power supply LVDS option for
required for high improved EMI &
side better signal integrity

Fully integrated converter and
amp reduces offset and
temperature drift

with long
transmission lines

External clock input
simplifies system
level synchronization
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Shunt-Based High Current Measurement (200-A) Reference Design with
Reinforced Isolation Amplifier

Features

TIDésigns

circuit

¢ Shunt-based 200 A peak current measurement solution with reinforced isolation

« Maximum shunt voltage limited to 25 mV to reduces power dissipation

« High-side current sense circuit with high common-mode voltage of 1500-Vpeak.
supporting up to 690-V AC mains powered drives

 Calibrated AC accuracy of <1% across temperatures -25°C to 85°C

» Can interface directly with differential or single-ended ADC

« On board 1.65-VREF to level shift output

< Small form factor push pull-based isolated power supply to power high-side

from factor.

« High current measurement capability using shunts in a small

« Lower power dissipation reduces shunt sizing
« Common design for line current and motor current sensing

Target applications

« Variable speed drives
« UPS
* Active front-end converters

Tools & resources

Board Image

TIDA-00912 and tools folder
Design guide

Design files: Schematics, BOM,
gerbers, and more

Device datasheets:

— AMC1301 — REF2033
— OPA2376 — SN6501
— OPA376 — LM4040

DC-Link —— T
Voltage [ [

3-Phase
Inverter

{
'V\/\,,VW_@

OPA2376 B
Gain= 10

0- 3.3V Qutput
Interface to ADC I

vl_l

AMC1301

Isolation Amplifier

OPA376

Copyright @ 2016, Texas Instruments Incorporated
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http://www.ti.com/tool/TIDA-00912
http://www.ti.com/lit/pdf/TIDUBT0
http://www.ti.com/product/REF2033
http://www.ti.com/product/SN6501
http://www.ti.com/product/LM4040-N
http://www.ti.com/product/AMC1301
http://www.ti.com/product/OPA2376
http://www.ti.com/product/OPA376
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System overview
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— Shunt based measurement
— Isolated current sensing

— Magnetic measurement

Overview voltage sensing
— Non-isolated measurement
— Isolated voltage sensing

Additional information / Q&A
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Sensor implementations

Closed-loop current sensors

» Magnetic core picks up field around conductor

e Sensor IC inside the core
» Compensation coil drives magnetic field to zero
Fluxgate Hall

DRV401 DRV411
DRV421

Open-loop current sensor

* Magnetic field generated as current flows
through conductor

e Sensor IC (DRV425) inserted into the bus

bar opening

» Second DRV425 used to reject external
disturbances

/i

—— —
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Closed-loop measurement principle

. Magnetic core concentrates the . Sensor measures the
Primary (measured) current magnetic field induceq by the current, Which is proportional
current through the primary to magnetic field, through the
conductor primary coil

[ e — /_/

lcompt

DRV401 or
DRV411

DRV421

DRV425

L

| Compensation coil induces
exact magnetic field back into
the core to effectively cancel
out any magnetic field

_Primary Conductors

. Current sensing amplifier
reads voltage across shunt
resistor set by compensation
current

Analog frontend amplifies /
filters input signal and drives
compensation current to coll

{i TEXAS INSTRUMENTS



Fluxgate Magnetic Current Sensing Reference Design with High Linearity for

3—-Phase Inverters

« Designed to accurately measure three phase inverter currents up to
50ARMS (nominal) and 150A (maximum)

» 200 kHz bandwidth, closed-loop current sensing using magnetic
module and fluxgate sensor (DRV421)

 Calibrated current measurement accuracy of £1% (typical) across
temperature range from -25°C to 85°C

« Hardware based overload and ground fault detection enables fast
response for protection of power switches

Target applications

« Variable speed drives
e UPS
e Solar inverters

Tools & resources

TIDA-00905 and tools folder

« Design guide

Design files: Schematics, BOM,
gerbers, and more

* Device datasheets:
— DRV421
— TLV1117-33
— TLC372

Board Image

TIDésigns

» Simplifies over-current protection for power switches

* Interface with 3.3V or 5V ADCs of microcontrollers

« Validated reference design for fluxgate current sensor

» Common reference design for line current and motor current

measurement
+5V DC input i
| Note: Only one of three channel is shown
‘l' Ground Fault
TLV1117-33 +3.3v peecon
TIDA-00905 > [> GND_FAULT
—>
I-L Ed Wmdn‘&ggfnﬂvatw
) £ Rounr Over Current
mu:;wsm m:,,:: _ VDD GND ICOMP1 |  [IcOMP2 | AINP_| AINN Detection
\ OC_FAULT
\“ >
& - - DRV421 Integrated Magnetic T w‘"du}gifmmtw
— 3 Fluxgate Sensor for Closed- L window Comparcto
= N Loop Current Sensing vour vout
I rern
[ ! VREF
| reFour 1
T
—_ Primay p P —— O — T
u‘ s OR  ER DEMAG GSELO GSEL! RSELO RSELT x3
T o TEUETD
. | o Eo ey

Copyright @ 2016, Texas Instruments Incorporated
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http://www.ti.com/tool/TIDA-00905
http://www.ti.com/lit/pdf/TIDUBT0
http://www.ti.com/product/DRV421
http://www.ti.com/product/TLV1117-33
http://www.ti.com/product/TLC372

Sensor implementations

» Magnetic core picks up field around conductor

* Sensor IC inside the core

» Compensation coil drives magnetic field to zero
Fluxgate Hall

DRV401 DRV411
DRV421

Closed-loop current sensors \

Open-loop current sensor

» Magnetic field generated as current flows
through conductor

e Sensor IC (DRV425) integrated core and
compensation coil

» Compensation coil drives magnetic field to
zero

4
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DRV425 - value for high-current measurements

- i : New approach

Benefits

= Sensor integrated into the bus bar for isolated measurement up to 1000s of amps

= Differential measurement inside the bus bar further increases immunity to stray fields and to frequency
effects and to overcurrent conditions

= Lower power than shunt based solutions

= Compact module design and ease of installation

= High SNR by replacing discrete hall sensors

= Lower complexity and single temperature calibration

= <19% error over wide dynamic range

{i TEXAS INSTRUMENTS



Bus bar application documentation

. e Bus Bar Parameter Input PCBE Device Configuration
i3 TeExas Application Report

IN STRUMENTS SLOA237—November 2016

. veeal v
Bus Bar Theory of Operation e orvizst

Valu
Scott Vestal, Javier Contreras

ABSTRACT

Traditional bus bar current measurement techniques use closed loop current modules to accurately
measure and confrol current These medules usually require a large magnetic core that encloses the
entire bus bar. Because the compensation current generated inside the module is proportional to the bus
bar current, the power dissipation can be as high as several watts. An alternative approach is to use two
DRV425 devices connected in a differential configuration and mounted on opposite sides of a printed
circuit board (PCB). This board is then placed into a cutout (hole or slot) located in the center of a bus bar.

DRW4Z5-2
Sensor
Spacing

(mm}

Vertical Horizontal

[ Bus Bar Cutout Cenfiguration
DRV425 Parameter Input
| B @
-

Calculated DRV425 Output

Calculated Magnetic Field (Primary)

Figure 1 shows the alternate approach using two DRV425 devices. When a cutout (hole or slot) is placed
in the center of the bus bar, the current is split in two equal parts. Each side of the cutout will generate
magnetic field gradients that oppose one another inside the cutout. The high sensitivity and linearity of the
two DRV425 devices allow small opposing magnetic fields to be sensed and the current to be measured
with high-accuracy levels. The DRV425 devices are placed equidistant from the center of the cutout and
oriented in opposite directions to provide a differential measurement. This differential measurement also
helps to reject outside stray magnetic fields.

DRV425-1 Hole

Bus Bar
(Top View)

DRV425-2 PCB

Figure 1. DRV425 Bus Bar Current Sensing Hole Configuration

Application report Magnetic field calculator
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Bus bar design simulation

 FEMM scripts to estimate magnetic field
strength at each DRV425 device

— 2D simulator B

 Script definition and instruction
presentation

P File Edit Zoom View Operstion PlotX-Y Integrate Window Help
Ol [« /%] wrls B[S~

i x| ot e]= wBee |8
-;3\_.. ‘
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Isolated High-Current Magnetic Bus Bar Sensing Circuit

Features/Benefits

Isolated precision current measurement w/ fluxgate sensor

Greatly reduced system design complexity

Dual sensor design to eliminate external interferences

Measures up to 110A of AC, DC, or pulsed current

Small form factor

Greatly reduced cost vs current transformer approach

Target applications

+ Distribution automation — terminal unit

» Bus-bar power monitoring

Tools & Resources

TIPD205
Design guide
Orderable #: DRV425-BUSBAR-EVM

Design files: Schematics, BOM,
gerbers, software, and more

» Device datasheets:

— TI DRV425

% Bl

R_K)

{i TEXAS INSTRUMENTS


http://www.ti.com/tool/TIPD205

Design considerations for dual
DRV425 bus bar applications

Problem statement Applicable end equipments

“What configuration is best for my
design?”

Understanding the system level influences
for any magnetic field measurement is
critical to achieving the best performing
system. Stray magnetic fields cannot be
eliminated but can be minimized.
Selecting the configuration that is best

SU_i'Fed for a giyen design is Isolated current measurement
critical for optimal
performance. Magnetic fields based current sensing
is a common approach for measuring
« Lead solution: DRV425 high currents (gslgflf*())oe\lln)d/mhigh
Vi .
- Tl tech note : SBOA185 | ?

e DC-DC converters

o 3-phase motor

» 3-phase AC current
measurement

General purpose drives

Stray field rejection

Utilizing 2 DRV425 devices with the
axis of sensitivity in opposite
directions allows for cancelation of
stray magnetic fields.

\ v
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Voltage sensor key parameters

Configuration  What are the key parameters when selecting a voltage sensor?

Voltage range

Bandwidth — "-4}
Q1
Polarity z Hsass
R
VDC IN 47_ |
Offset VAC|Out
v T
=~ /o

Output

{i TEXAS INSTRUMENTS



System architecture

High Voltage Solar High Voltage DC/DC Isolated IGBT Gate High Voltage Solar High Violtage Sclar High Voltage DC/IDC Isolated IGBT Gate High Voltage Sclar
Panel . Converter . Drivers Iny . Panel Converter Drivers Inverter
i DG+ ;| DC+
.J J J\)} H} J@‘
PV DC ! By DC T IJ(J o
—— i o) 2+
——ii o T 1
Ml J N N ‘“ Jg} JR}

L 4 N bC

DGt E T P =
solated C.Jﬂ'ﬁm and
Isolated Current and Communication - Vollage Sensing
Voltage Sensing Bus RS-485, W
Communication Bus RS-485, i CAN, Ethenat Control/ nolator Control
CAN, Ethenet Control <] —— Ccomms Module i
Module - Module uP upP <m
uP <| Toc
ot o =DC
s P Toc Solar PCE
Solar PCE FLE

Option 1: System ground — Earth Option 2: System ground — DC-
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Overview

System Overview

Overview Current Sensing

— Shunt Based Measurement
— Isolated Current Sensing

— Magnetic Measurement

Overview Voltage Sensing
— Non-Isolated Measurement
— Isolated Voltage Sensing

Additional Information / Q&A
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AC voltage sensing

Grid Voltage @

Need to measure both positive and
negative polarity of AC signal

Resistor dropper chain of 10Mohm
used to attenuate voltage signal

Neutral reference works for multiple
phases

Center in ADC input range using VCC/2
reference voltage input

J’jﬁ TEXAS INSTRUMENTS



DC voltage sensing

» HV resistor dropper chain

HVDC+ » Floating reference to system ground
‘m' » Potentially unsafe depending on
> VCC ] . .
M S grounding and isolation topology
M é 11k
HVDC-

1‘{} TEXAS INSTRUMENTS



TIDA-01606 - 10kW 3-Phase 3-Level Grid Tie inverter
reference design for solar string inverter

Features

¢ Rated nominal/Max input voltage at 800V/1000V DC

« Operating power factor range from 0.7lag to 0.7lead
of 98.5%

« Compact output filter by switching inverter at 50KHz

e <2% output current THD at full load.

FET and UCC5320S for driving middle Si FET.

« TMS320F28379D Control card for digital control.

¢ Max 10kW/10KVA output power at 400VAC 50/60Hz Grid-tie connection

« High Voltage (1200V) SiC MosFET based full bridge inverter for Peak efficiency

« Isolated driver ISO5852S with reinforced isolation for driving High voltage SiC

« Isolated current sensing using AMC1301 for load current monitoring

TIDésigns

» 3-Level T-type inverter topology for reduced ground current in transformer less
grid tie inverter applications.

» Reduced size at higher efficiency using low Rdson SiC Mosfet for same output
power.

 Platform for testing both 2-level and 3-level inverter by enabling or disabling

middle devices through digital control.

Target Applications

« String Inverter
e Central Inverter

Tools & Resources

Board Image

¢ TIDA-01606 and Tools Folder

« Design Guide
* Device Datasheets:

— TMS320F28379D
— 1S05852
UCC5320S
AMC1301
OPA4350

— LMT87

SIC Moufet SICINO] 2060080 bosed Full Bridge
: = T

linw sense

Vidz-senss

TMS320F28379D Control card

Fan_trl
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http://www.ti.com/tool/TIDA-01606
http://www.ti.com/lit/pdf/tidue53

Overview

System Overview

Overview Current Sensing

— Shunt Based Measurement
— Isolated Current Sensing

— Magnetic Measurement

Overview Voltage Sensing
— Non-Isolated Measurement
— Isolated Voltage Sensing

Additional Information / Q&A
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When to use isolated voltage sensing

 The ADC (or MCU with on-chip ADC) is
not referenced to the same point as the
resistive divider (i.e. DC- or Neutral)

i N @ G » Safety regulations require actual
- o /H ﬁ} A5 ) isolation barrier to be in place (while not
o T = relying on the resistors only)
ok 4G
T G et | Contel <
uP ﬁ

Solar PCE
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Isolated DC voltage sensing

HVDC+

> IsoVCC VCC

6M

M

11k 2

HVDC-

ADC

VDD1

Fully isolated voltage sensing solution
Requires external bias supply

Digital or analog output, like the current
sensing amplifiers

A high impedance input reduces impact
on the voltage divider circuit

*jﬁ TEXAS INSTRUMENTS



Isolated DC voltage sensing

* Implementable with AMC1311
reinforced isolation amplifier

HVDC+ « AMC1311 has a gain of 1V/V, so input
should be scaled to match ADC

e DC-Link of 1000V is scaled down to 2V
input using 6Mohm resistor chain

VCC

ADC » 0-2V input range ensures linearity
across signal chain

« Additional amp/filter can be used on the
output if required

Jjﬁ TEXAS INSTRUMENTS



High-Bandwidth Phase Current and DC-Link Voltage Sensing TIDEé?Qns
Reference Design for 3-Phase Inverters TIDA-01541

« Reinforced isolated 3-phase inverter suited for 100-690V AC drives rated up to * Reinforced isolated amplifiers with high bandwidth enable low latency current

10kw, 50A

Phase current range of +/-50A (nominal) using a 5-mOhm shunt and a reinforced
isolated amplifier with +/-250mA input range and 200kHZ bandwidth

Power management: External power supply 5V ISO and 15V (bootstrap) and DC-
link voltage

Protection against DC bus under-voltage, over-voltage, over-current, ground fault
and over-temperature

Bootstrap based power supply for high side gate driver reduces overall cost for
power supply requirement

Interface to host MCU: 3.3V interface to C2000 LaunchPad (PWM signals 1-6,
three phase currents, DC-link voltage, STO, Trip)

sensing and fast over-current detection to protect the power stage. Enables use
of MCU with integrated or external SAR ADC.

« Calibrated current measurement error of £0.5% across temperature range from -
25°C to 85°C (measured w/ inverter running)

» Reinforced isolated amplifier with low power consumption allows powering from
the gate drivers bootstrap capacitor w/ simple LDO.

» Reinforced isolated amplifier with high-impedance input optimized for precision
sensing of high-impedance nodes like DC-link voltage, £1% error for DC-Link
voltage sensing accuracy .

Target Applications

Servo Drives, Robotics & CNC
AC Inverter & VFD

Tools & Resources

Board Image « TIDA-01541 and Tools Folder

« Design Guide
« Design Files: Schematics, BOM, Gerbers, etc.
Device Datasheets:

— AMC1301
— AMC1311
— UCC21520

16 V (Gate Drive Power Supply)

WA

3-Ph AC
Induction
Mator

1
"

'

'

'

]

'

'

i

PWMI H
'

'

!

i

'

AMC1301 H

'

'

Current sensing |

{only one phase |
shown) |

v 7
AMC1311

1
'
i
5 TLV1117-33 33V :
1
R 22 Pon] |
I 188V (TLG372x3) !
! Ground Fault Protection '
| (TLC372x 1) 1
. S S AU R I I '

PWMT | PwMe  DC-Link | Voltage Sense NTG | TEMP Sense OC |detect  GF |detect

y

| Picoolo LaunchPad (LAUNCHXL-F28373D) |

Copyright @ 2017, Texas Instruments Incorporated
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http://www.ti.com/tool/TIDA-01541
http://www.ti.com/lit/pdf/TIDUCM9
http://www.ti.com/product/AMC1301
http://www.ti.com/product/AMC1311
http://www.ti.com/product/UCC21520

Overview

System overview

Overview current sensing
— Shunt based measurement
— Isolated current sensing
— Magnetic measurement

Overview voltage sensing
— Non-isolated measurement
— Isolated voltage sensing

Additional information / Q&A
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Tl Designs — current sensing TiDésigns

Non-Isolated 40 to 400 V Uni-Directional 600 V Uni-Directional

ﬁurrint_/Volggfe/ PowerD _ Current/Voltage/Power Monitoring
onitoring REIerence DesIgr Eunuugymspriey for Smart Combiner Box Max Voltage: 600 V
Max Current: 8 A Max Current: 15 A

TIDA-00528 (OPA333/INA226) TIDA-00639 (OPA333/INA226)

TIDA-01590 (INA260/1SO7842)

1200V Uni-Directional

Current/Voltage/Power Monitoring
for Smart Combiner Box i Ylitan e 1200y
Max Current: 15 A

TIDA-00555 (AMC1100) TIDA-00080 (AMC1304) TIDA-00601 (AMC1304) TIDA-00738 (AMC1304)

Isolated Isolated Current/Voltage Isolated Current/Voltage Isolated Current/Voltage Wide Input Current Using
Measurement Using Fully Measurement Using Fully Measurement Using Fully Shunts and Voltage

Differential Isolation Amplifier ‘ Differential Isolation Amplifier Differential Isolation Amplifier | Measurement for Protection
Relays .
Max Voltage: 300 V Max Voltage: 1 kVAC Max Voltage: 1 kVAC Y Max Voltage: 300 VAC

Max Current: 40 A Max Current: 200 A Max Current: 90 A Max Current: 60 A

TIDA-00218 (hall) TIPD180

Closed-Loop Compensated

ER——— Hall Element Reference Desigr

Max Current: 12 A

Max Current: 50 A

Fluxgate
TIPD196
+15 A Current Sensor

Using Closed-Loop
Compensated Fluxgate

Sensor Reference Design
SEEEEEE——— Max Current: 15 A

*jﬁ TEXAS INSTRUMENTS




Tl Designs — voltage sensing

TIDésigns

TIDA-00555 (AMC1100) TIDA-01541 (AMC1311)
High-Bandwidth Phase Current
and DC-Link Voltage Sensing

| Reference Design for Three-
Max Voltage: 400 V
o Tt A Phase Inverters

40 to 400 V Uni-Directional
Current/Voltage/Power

Monitoring Reference Desigr

Non-Isolated

TIDM-HV-1PH-DCAC (OPA4350) TIDA-01606 (OPA4350)

Reference Design for Solar
Reference

Max Voltage: 380V String Inverters

Max Current: 6A

Max Voltage: 1000 V
Max Current: 15 A

Max Voltage: 1000V
Max Current: 18A

W,

1‘{} TEXAS INSTRUMENTS



Additional information on EV charging

Reference designs & products

* AC charging station

» DC charging station ) i

Tl reference designs library fg
e Tl.com training portal [ _ S e

Ti Training

o

ACDC
ek Praducts . .
I I I raini ng . Learn. Solve. Innovate.
Additional \
‘ From fundamentals to deep dives, our extensive training program offers thousands of online *
training courses to help you design with Tl products, tools, software, and applications.
-
E‘_ Get started now
Anaiog|

Browse training by: View popular
Applications &  Products Tools & Live training
designs software

View latest releases

FPD-Lir

Learning Center
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http://www.ti.com/solution/renewables_ev_charging
http://www.ti.com/solution/ev_infrastructure_level_3_evse
http://www.ti.com/solution/ev_infrastructure_level_3_evse
http://www.ti.com/general/docs/refdesignsearchresults.tsp
https://training.ti.com/

Additional information on solar inverter

e Solar inverter system resources

» Tl reference designs library

e Tl.com training portal

{i TEXAS INSTRUMENTS


http://www.ti.com/solution/solar_power_inverters
http://www.ti.com/general/docs/refdesignsearchresults.tsp
http://www.ti.com/general/docs/refdesignsearchresults.tsp
https://training.ti.com/
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