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Tl current sensing solutions
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Isolated shunt options

Directly measures the current

through a relatively small ohmic
valued (shunt) resistor.

Non-isolated shunt options
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In-package magnetic
options

Magnetic sensing indirectly
measures the load current
by measuring the magnetic
field produced by a current
running through a
conductor.
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In-package MCS fundamentals of operation

Current flows through lead frame, B-field.._ - NI

. . . ' \=\"“=
electrically isolated from die : Y L Insulator
Lo N 3 ~ o)
HV | v Lead frame loop generates P LY
! magnetic field proportional to
current

Precision Hall sensor converts
magnetic field to voltage signal

I i“ Vour =S X I1n + Vour,0a
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Hall
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Sensor
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Benefits of designing with TI TMCS portfolio

Isolation: built-in quality & reliability Solving system level challenges

1.E+11 2537 Yes
1951¥es .

LE+10 \

AN
1E09 T, 26 years

TMCS1100 (R in 2020)
LE+O8 'n(i;s\\\;;ieﬂ Line (< 1k ppm Fail Rate) . 1600 VPK Work|ng Voltage |n SOIC'S
o - «  30Agysat 25°C

Time to Fail (sec)

TMCS1100 600V
lifetime insulation

LE+06 v \\"\\

LEs05 >~ *  <1% error over temp, <0.7% lifetime drift

LE+04 /vns Safety Margin Zone \-.\__\ -

LE+03 \‘\\,_\_

h TMCS1123 (RTM in 2023)

BRI oty +  Reinforced £1100 Vp, working voltages

Gpetating e Time = 1000 Yeas Isacon Working vokage = 475 Vo s 75 Agysat 25°C with 0.67 mQ conductor

«  Only supplier to provide insulation lifetime (TDDB) «  *1.75% total error across temp and lifetime
+ Devices specified and tested per VDE 0884-11 «  Enhancing system safety with 1 ys OC and
- Specified with margin, tested aggressively: integrated diagnostics

+ 100% TMCS1100 3.6 kV Production test (900 V standard)
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Samples on Tl.com now

TM C81123 Releasing 4Q23

Precision Hall-effect current sensor with ambient field rejection, configurable over-current and fault detection

*  5kVgys Withstand Isolation Voltage, 8mm creepage » Industry leading reinforced isolation with highest working voltages

* 1100 Vp Reinforced Working Voltage *  Wide range of measurable current ranges

* 0.67 mQ conductor, 75 Agys continuous current @ 25°C . Enhagce_d thermal performance enables higher current capabilities within system thermal
oundaries

* Measurable current ranges up to £100 A (+200 A)
* 250 kHz signal bandwidth

«  Configurable over-current detection threshold with < 1 ps response time

» Fast hardware control for fault protection of inverters and power switches

» Thermal diagnostics and ambient field rejection simplify two main design challenges of
magnetic sensors

. 0 ] o o
= LT EETUEG SEIEEs EE2izine (0 1 12570 and [Teime * Precision signal chain delivers the highest accuracy and most linear Hall current sensing

« Differential Hall element sensing rejects ambient magnetic fields device available, stable across temperature.

» Internal fixed reference for bi- or uni-directional sensing » Internal reference and fixed architecture provide high PSRR and output immunity from
. . noisy environments

» Internal thermal and sensor diagnostics

* 16-pin SOIC-W package (16 DW)

* 75 kV/us CMTI (minimum)

» Sensor fault diagnostics enhance system-level safety
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TMCS1123

Applications ot [ Lo | | S 1° e
¥ fovlmirei
[ ] voc
«  Motor control Cancelton o e v

TMCS1123 [ o¢
solcw-16 [ ] vout

* PV string inverters

*  Switching converters

B VREF
. IN- —
»  Overcurrent protection 3 L yrer [ ] ALert
. c q Sensor & Thermal GND
Power monitoring o e — ]

GND




TMCS family feature set | ambient field rejection

Feature capability

Value proposition: reject interference from external magnetic fields due to adjacent high

ve current traces or other magnetic fields
o TMCS1123 MCS11XX
. I e Thvesho QVOC * Magnetic rejection ratio (BRR) limited by Hall matching
| | |Differential emperature eneration .
|| e || Compensation —| and coupling of leadframe.
} } ias Offset T indow’ _ IN+
g i Canceliaion s oc 20 A Trace 10 mm away =400 pT
TR 20 A input = 20 mT BBFETE GBEXI;R
} k- } recision %) = 9 = 9 2XBRR I
ED 3 Lt BRR =100 (40dB)  ©ee, (%) = 100%> By, e R o
] } g } mplifier
AL Error = 0.02%
] Reterence VREF
} } Senspr & Th_ermal ] . .
L pragnostes ALERT Discovery questions

GND

What nearby high current traces or other magnetic interference do you expect?

:::_ : % v * What is the highest frequency of these large current signals?

" || st % z * How large are they relative to your current of interest?

::: [ soewe % ‘;:E“: « What is your system-level accuracy target across the full temperature range?
::i g f » Do you have any experience or comfortability with magnetic shielding?
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TMCS family feature set | over-current detection

Feature capability

Value proposition: integrated over-current detection provides fast hardware protection
capability for short circuit and over current events

VOC = S X 1oo/2.5

w[F

W\/—‘ » 1lus integrated OCP for protection @ up to 2.5x

E“"‘;:;“‘ Temm ITE Msmslvocl measurable full-scale current (Ig) Ao
ot ] ome - « External voltage on VOC pin sets window comparator In oA
=T Z ‘ %“2 thresholds (loc), OC is active low open-drain output |/\/\/
ME} 5! e GND + Ex: Sensitivity, S = 50 mV/A with 5 V supply, Irs=* 50
wrd A For loc =+75 A, set VOC = 1.5V oc |_| _l_

Discovery questions

* What types of events do you need an integrated OC detection for?

:::_ : % v » How much of your system response time do you allow for current sense?
IN+ | R - . .

wl | mesm O Relative to measurable range, what is your detection threshold?

::: [ soewe % ‘;:E“: * How much does this vary between platforms / products?

" g f « How accurate do you need OC detection to be?
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TMCS family feature set | internal reference

Feature capability

Value proposition:
vs * Internal reference voltage compatible with 3-V & 5-V full scale ADC
TMCS1123 « 2.5-V, 1.65-V, & 0.33-V orderables

Threshold

iffi | Temperature i . ape . .
P || compensaton | LSen + Increases system PSRR & simplifies implementation
Element [ -
Bas C Oﬂ?l?ton oc
ancellati

g \J PARAMETERS TEST CONDITIONS MIN | TYP | MAX UNIT

o | O
IN+ g ! ~ Ve Output Voltage Error TA =25°C +0.04 | +0.2 %

% v . V¢ Output Voltage Error TA =—40°C to 125°C 8 40 | ppm/°C
IN- g Vger PSRR VS=3Vt05.5V +20 | +200 | wwyv

.§

/(Rperfeec:::fcne VREF
Sensor & Thermal . -
Discovery questions

» What full-scale ADC range does your customer require? Relative to Analog Supply?

GND

e e , . . I
e ] voc » Do you typically do a single point calibration?

" | | st % = * Is there value add to make Vref externally driven?

::: soee % ::EU: » Do you use differential or pseudo-differential ADC? Is there an intermediate buffer / level
In- [ Faucr shift stage?

IN-[ ] []eno
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TMCS family feature set | sensor diagnostics

Feature capability

Value proposition: sensor alerts system if operating conditions might invalidate output
signal, and simplifies thermal monitoring of sensor device

voc » Hall sensitivity out of range alert
» Device continuously monitors health of the Hall sensor, compares to factory limits
* Over-temperature alert
» Die can be significantly heated by high currents through leadframe

VS

TMCS1123

Threshold
Differential Temperature Generation
Hall Compensation
Element [7| ----moroemeeeees L | Thr+
Bias Offset Window
Cancellation In

Thr-
prommemimmm
|

g

Precision

z Z

Reinforced Isolation Barrier

ATE | vour * ALERT occurs if die temperature exceeds maximum junction temperature
|
- F:me TBuffer IVREF
Sensor & Thermal i .
Discovery questions
oND ALERT
. A
B « Are there key system safety behaviors that you have No  Thermal — goncor  Thermal
"I = experienced before with magnetic sensors? Fault & Sensor
" MCS Tz % s « What other fault or safety conditions would be
W] solcws [ veur beneficial for the sensor to tolerate / diagnose?
IN- [ vREF .
- ) o * Is PWM encoding acceptable?
IN-[ ] []eno
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Getting started

You can start evaluating this device leveraging the following:

Product folder Precision Hall-effect current sensor with +1100-V reinforced isolation working voltage

SLELIOENGIELES DC Fast Charging Station , DC Wallbox Charger, Micro Inverter & String Inverter

Customer training series

or webinar session Precision labs series: Magnetic sensors

Technical blog content or

o —— Simplifying high-voltage sensing with Hall-effect current sensors

Product overview Current Sensing With Isolated Magnetic Hall-Effect Current Sensors

Development tool or

svalliation 40 TMCS1123EVM & TMCS1123EVM User Guide
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http://www.ti.com/product/tmcs1123
https://www.ti.com/solution/dc-fast-charging-station?variantid=34704&subsystemid=266495
https://www.ti.com/solution/dc-wallbox-charger?variantid=198203&subsystemid=201809
https://www.ti.com/solution/micro-inverter?variantid=34182&subsystemid=21274
https://www.ti.com/solution/string-inverter?variantid=23180&subsystemid=23651
https://www.ti.com/video/series/precision-labs/ti-precision-labs-magnetic-sensors.html
https://e2e.ti.com/blogs_/b/analogwire/posts/how-to-simplify-accurate-current-sensing-in-high-voltage-systems
https://www.ti.com/lit/ml/sbot045/sbot045.pdf?ts=1694699352515&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FTMCS1123%253FkeyMatch%253Dina%25252520product%25252520folders%2526tisearch%253DSearch-EN-Everything
https://www.ti.com/tool/TMCS1123EVM
https://www.ti.com/lit/ug/sbau421/sbau421.pdf?ts=1694700002940&ref_url=https%253A%252F%252Fwww.ti.com%252Ftool%252FTMCS1123EVM

Visit www.ti.com/npu

For more information on the New Product Update
series, calendar and archived recordings
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http://www.ti.com/npu
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

