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Tl semiconductors in every medical category

4 N
% %
Medical Patient monitoring Medical Home Personal care
imaging & diagnostics equipment healthcare & fitness
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Medical sector page

Everything

*i3 TEXAS INSTRUMENTS

About Ti

Products  Applications & designs  Tools & software  Support & training  Order Now

Imaging Patient monitoring and Home healthcare
diagnostics
CT and PET scanners Blood glucose monitors
MRI Clinical digital thermometer Blood pressure monitors

Ultrasound scanners Digital stethoscope CPAP machines

X-ray systems Electrocardiogram (ECG) Electronic thermometers

Endoscopes Hearing aids
Eye, ear, nose and throat exam Oxygen concentrator
Invitro diagnestics Telehealth systems
Medical sensor patches

Mother and neonatal care monitors

Multiparameter patient monitor

Pulse oximeter

Sleep diagnostics

Medical equipment Personal care and fitness

Anesthesia delivery system Electric toothbrush

Dialysis machines Fitness machines
Electronic hospital bed & bed control Wearable fitness & activity monitor
Infusion pumps Beauty and grooming
Medical accessories

Medical chairs and tables

Motorized electronic wheel chair

Surgical equipment

Hical/overview.htm|

Q

ow About T

prise systems >

fenter & enterprise computing
rise machine

rise projectors

MyHistory W Cart @ English & mym
80% e @ ¥ Q search L oIn @O §
Login / Register
Cart @ English @ myTI
Industrial > Personal electronics > Reference designs >

Aerospace & defense
Appliances

Building automation
Electronic peint of sale (EPOS)
Factory automation & control
Grid infrastructure

Industrial transport (non-car & non-light
truck)

Lighting
Motor drives

Power delivery

Pro audio, video & signage

Test & measurement

Connected peripherals & printers

Data storage

Gaming

Find reference designs leveraging
the best in Tl technology - from
analog and power management
to embedded processors.

Home theater & entertainment

Mobile phones
PC & notebooks
Portable electronics
Tablets

™

Wearables (non-medical)

All designs include a schematic,
test data and design files.

Internet of Things >

TIDA-01168
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Medical sensor patc

Temperature Analog Front End

driv

Temperaturs & = the temperature senzors as well a2 conditions the signal coming
from analog temperature sensors. The temperature signal is converted to digital domain

by using ADC for further processing.

€S

iport & training

Y

 Wiew
REFEREMCE DESIGNS [11) PRODUCTS (15)
Sensors (4) e
Analog Temperature Sensors -~
Q]
ital Temperature Sensors e
TMP117 - +0.1°C acourate digital temperature sensaor with integrated NV memorny .
TMP112 - 1.4V-Capable £0.5°C Accuracy Digital Temperature Sensor in the Compac .
SOT-563 Package
TMP102 - 1.4¥-Capable Temperature Sensor with 120/'SMBus Interface and Alert .
Fumction in SOT-583
Data converters (5) "
Switches & multiplexers (2) hd
Amplifiers (2) hd
Power management (2] W

- Simplifyi
integrats

« Achievin

* Processi

5 Interface

-

Memory
Card

)

User Interface

PPG/Optical/Spectroscopy Front End

The optical front end has tweo sections: one for driving the LEDs and other for processing UCTS (31)
the singal received from photo diodes. LED drivers are operated with digital data coming
from DAC and transimpedance amplifier with a PGA conditions signal coming from photo
diode. This subsystem can be used for PPG as wellas speciroscopy mMesasurement.

~ View mo t monitor ~
REFEREMCE DESIGME (7] PRODUCTS [31)
Amplifiers (8)
AW LTI )
General-Purpose Op Amps (3) -
I rurmnentation Amplifiers - ~
m
Swwi i (6) o -
Switches & multiplexers (&) ference DESIBH w
Data conwverters {14) -~
n for medical v
Biosensing AFEs (E) = ‘
p—— —
AFE4420 - Ulora-small integrated AFE with FIFD for multisensor wearable optical - \
heart-rate monitoring
AFEA900 — Ultra-low-powver integrated AFE for wearable optical, electrical - al MDnitoriﬂg W
biosensing
AFEA403 - Ultra-Small Incegrated Analog Front End (AFE) for Heart-Rate Monitors -
and Low-Cost Py Oximeters
AFEAA00 - Integrated Analog Front End (AFE) for Heart-Rate Monitors and Low- g
Cost Pulse Cximetars
AFEA430 - Integrated Analog Front End (AFE) for Pulse Ouimeters ~
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Reference design

Design Guide: TIDA-01614
Multiparameter Front-End Reference Design for Vital

Signs Patient Monitor

®i3 TEXAS INSTRUMENTS

Description Features
+ Monitors ECG, heart Rate, SpO2 %, respiration
rate, and skin temperature
+ Uses bio-sensing front-end AFE4403 for SPO2 and
t and ADS1292R for ECG
nt

This reference design is for a mul uiters mu r front-end
or

heart rate measure
and respiration res
~ Supports up to three LEDs and three photo-
diodes with ambient subtraction to improve
sign: ilb-no‘eRMn(SNR)h SPO2 and heart

Comprehenswe =
design guides

Boards
available for
evaluation

The following list provides details about the design:

Supply Voltage =5V
Charging current = 0.1 A

Detailed design

considerations &
applications info

NIOE T = MNIT = [OFTV M2 7 V. T M] = 0.7 N3z

Hoy

How the input current limit (ILIM) is set:
RLIM = KILIM / I1-MAX
KILIM = 1530 AQ

of
materials

Comprehensive
test results

TINA-TI

| spice simulation

6

Wip TEXAS INSTRUMENTS



Patient monitoring market trend

Remote monitoring enhances quality of
care and reduces healthcare cost

Wearable wireless medical technology
enables accurate and reliable data in a
smaller form factor: multi-modalities, longer
battery life, SHIP mode

Artificial Intelligence uses analytics and big
data to improve decision making and early
prevention

7

Wip TEXAS INSTRUMENTS



Patient monitoring basics

The electrocardiogram (ECG)
measures electrical activity of the heart

=~ 5S5mm —

Ventricular Depolarization 02 5¢¢ l

5mm 0.5 mV
R o] Heart valve contribution
1mmoo4sec | 1mmoamy] 10 ECG wafeform

Atrial Depolarization 10 mm/mV

Segment| 5T T P L T2 Common bundle
Segment
p-R
interval ] @
s-T

Interval

L

inigfval
T

I InGrval

Photoplethysmography (PPG)
IS an optical measurement
of an organ’s volume.

Dicrotic Notch

——— 1 Heartbeat ————
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ECG vs. PPG

Feature Description

ECG

PPG

Measurement type

Sensor type

Can measure heart rate?

Diagnostic information
Minimum number of skin
contacts required?

Number of ADC channels
required

Electrical

Electrodes

Yes

Yes

2
(Across chest)

21

Optical
Photodiode
Yes

Yes

1
(Finger or wrist)

1
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ECG lead and ADC channels

Standards Electrodes Needed
1 Lead LA, RA

3 Lead LA, RA, LL

6 Leads LA, RA, LL

12 Leads LA, RA, LL, V1-6

Number of Number of ADC
Leads Channels
1 Lead | 1
3 Lead |, Lead II, Lead Il - 2
6 Lead I, Lead II, Lead IlI, - )
: aVR, aVL, aVF :
12 - Lead I, Lead Il, Lead IlI, : 3

“aVR, aVvL, avVF, V1 - V6 :

Midclavicular line
Antarior axillary line

Hote leads
V& and V8
remain on
this dashed
line lavel
with Vi,

Vi W2 V3 V4 VS Ve

V1: NSl v2: YELLOW
v3: GHEEN Vv4: BEUE

v5: ORANGE Veé: RUEREE
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ECG characteristics

Frequency domain

Max Signal Amplitude

~10mv E—TT —— My
~5mV | (T ] \rm
"y
~5mV _Lk’u\_ | >
\
~TmV EEG |gna\ ncluding amma\
Respiration
Oto 0.4Hz /\/— . . *Frequencyranges are estimates. Actual frequency
Amplitude dependent on range will depend on specific application
external current source
0.05Hz 20Hz 60Hz 120Hz 150Hz 500Hz 10 KHz
50Hz
Frequency
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Challenges in measuring ECG

150/60 Hz pick-up

[ ] ] | | |
HHHHHH AR
[ [ ] J | [}
“;T,i [T K] I I I Y

| ||

Alternating Current (AC) Interference
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Challenges in optical bio-sensing

« Low power for longer battery life

« SKkin tone variation

« Best PPG signal for motion cancellation algorithms
« Performance with glass

« Low temperature performance

« Ambient light

Wip TEXAS INSTRUMENTS



TIDA-01614
Multiparameter front-end for vital signs patient monitor reference design

Features

System measures ECG, Heart Rate, SPO2,
Respiration rate using ADS1292R and AFE4403 and
Skin temperature using TMP117

Circuit enables three electrode operation including
right leg drive with good CMRR

Pace detection circuit indicates presence of
pacemaker

Supports three 0.1 Celsius accurate sensors
(TMP117) to measure the skin temperature

Enables data transfer over isolated UART interface
Works with 3.7V Li ion rechargeable battery
On board memory for data logging

Applications

Multiparameter Patient Monitor
Medical Sensor Patches

Pulse Oximeter
Electrocardiogram (ECG)

Tl Information — Selective Disclosure

Benefits
Single IC does both ECG ,Respiration.

Pace Detection
ECG with 3 electrodes

Three temperature sensors for temperature

measurement

14
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Detailed block diagram for TIDA-01614

SV Input Voliage

‘ PD RX

Battery Voltage:
Mominal- 3 6V
Charging Voltage: 4.2V

Discharging Voltage: 2.8V

<22 o7& LED dRVI RX DIG/ANA

V3

w3

SVO@10mA  3V3I@1.1mA

spicLk TXCTRL

SPI Master In

- @ ™M
N LED TX SVI@TSUA  3V0@250ul
DVDD AVDD | galCS
SCLK
Din
2 Electrode + RLD ECG ECG(ADS1292R) ooy
PWDN
| V3 @ 13504 SMHz
12C_SCLI I
12C_SDA

Temperature

]
]
]
i
]
]
| _ Sensor Module |

-1

3V3 @ 135uh

12C_SCLI
12C_SDA

Temperature !
Sensor Module

0
1
|
|
|
1
1
I
(- |

SPl Master Out

ECG Analog Output

RESET SPO2(AFE4403)

T BMHz

3V3I@B0UA

2MHz| GMHz
4—— CDT4HC4040 +——
a2 cP

Robert Tolbert

TIDA-01614

LEDs:
Battery charging indication
Low battery indication

V3 @10mA

Izolated UART

Low Battery Indicafion
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Design challenges TIDA-01614 solves

Design challenge 1
Integration of multiple modalities at
optimum SNR levels and small form factor

Design challenge 2
Protection and isolation

« Monitoring of ECG, Heart Rate, SPO2, PTT, Isolated UART interface using an onboard
Respiration rate and Skin temperature MSP432P401, ISOW7842, TRS3232
* Single Lead ECG with RLD (ADS1292R) 33y
> Signal amplitude: 0.2mV~2mV (p-p); @56 mA 33\
> BW0.05 Hz to 2000 Hz l l @é A
» Supports 3 LED and 3 Photodiodes with
; ; Vsi Vso
ambient s_ubtractpn for SPO2 and Heart TX1 UART
Rate monitoring with AFE4403 ISOW7842 TRS3232 |—»
) RX1
» Supports three 0.1 Celsius accurate -« |
sensors to measure the skin temperature

(TM Pll?) Isolated UART

16
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ECG analog front end

Important parameters:
Input bias current
Input impedance
Input current noise
Input voltage noise
Power consumption

DC/AC CMRR

LA

RA

RPalient Rliuer Cou l |
I
Cain ——
AMA—AM I
RPahenl

I
Riiter CTj: Vs <_>|_LH_,»;@ Chiock

Rpu\l-down

TIDA-01614: Multiparameter front-end
reference design for vital signs patient monitor

— — — — —

Amplifier

I ADS1 292R Precision I
) — Reference I

. Lead-off
LL ——»| Protection Detection I
Gl |

] . Lead-off Control/

LA B =ction Detection INA Int‘:enrf:ée :
i < ADC }—» |

. Lead-off
RA B =ction Detection A I
o= i

Common-mode
interference

Cancellation signal
applied to patient

s LA + +—
f \ﬂf\f\ o—+— Ta ADCs
RA ~ v

| |t L [
I
—"\ /N §.,R\
% z
RLD '_(_

~2] Mid-supply

RLD
Amplifier
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TIDA-01614 test setup and test results

Design specs

CHARACTERISTICS SPECIFICATIONS
ECG One lead ECG operation with RLD. Sampling rate of 500 samples per second,
supports ECG sensifivity of 100 pV
SP02 Measurement Works in transmissive SPO2, refresh rate of 500 Hz

Skin Temperafure Measurement

Three temperature sensor with 0.1 degree accuracy

Pace pulse Rise-ime (TR) measurement

range 30-200 s
Pace pulse duration (TD) measurement
range 0.1-2ms
Input Pace signal amplitude range 8 mv-700 mv
Input Voltage (Vin) 5V from Micro-USB

SPO2 Finger Clip MSP432 UART to USB
LaunchPad Dongle

Temperature Sensors

GUI display

. . ( . e

“"Mt g | L, [ _v.v,,,”.\w.wmw.\m‘prw.wmm.,.m Wty UMY [y @ Pacemsker Detection
v \ | v v v
// —— 22
—— Lo Sl (e B0

18

Wip TEXAS INSTRUMENTS



Test pacemaker detection with TIDA-010005 & TIDA-01614

g e SR >

TEMPERATUR
fren (TR | TER—

swewc §s I Campese
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TIDA-01580

Wearable, wireless, multiparameter patient monitor reference design

Features Benefits
* Simple Wearable Multi-Parameter Patient Monitor for Photo- « PPG supports 4 LEDs and 3 PDs with Digital Ambient subtraction to improve
plethysmography (PPG) and Electrocardiography (ECG) the SNR
* Provides Raw data to calculate heart-rate, Oxygen Concentration in + AC and DC lead off detection helps in correct measurement of vital signs
Blood (SpO2) and Pulse-transit Time (PTT) _ + Continuous Monitoring with lower operating power ensures battery life of 30
» Uses Single-chip Bio-sensing Front-End AFE4900 for Synchronized ECG days
& PPG ) o * Flexibility of ultra low power modes and integrated FIFO can keep MCU into
— PPG (Optical heart-rate monitoring and SpO2) supports 4 LEDs and sleep to increase the battery operation time
3 PDs with Digital Ambient subtraction to improve the SNR
— ECG (LEAD I) signals gty
+ Integrated ARM Cortex-M3 + 2.4GHz RF Transceiver (CC2640R2F) . Uy 5
supports wireless data transfer — BLE 4.2 and 5 e Data Log )
+ Operated from CR3032 (3V, 500mA Coin Cell Battery) with battery life of o e Memory RESET

30 days using highly efficient DC/DC converters
« Small form factor helps in easy adaptation to wearable applications BEELD
ECG ECG_INM
. - Board Rour  AFE4900
Target applications . i
- = (Synchronized > CC2640R2F @
+ Wireless patient monitor * Wearable fitness & activity Monitor Sensor s [Hwmwx PPG+ECG) ey g e
* Pulse Oximeter « ECG = g osn |2 & 1 | comecton
‘ g PD_RX TXSUP  RX_SUP VDDS2/3 vops | | & :
| 2 [ ]
Tools & resources . | = T e o
Device Datasheets: 18Vt03Y (from 1 TPSE1099 fromthe |
3 ; < AFE4900 Coin-cell Battery) — | (Boost) FL|tC Battery) !
. . ilter ]
- CC2640R2F e [ | !
e TPS61098 i (Buck-Boost) *Internal LDO for AFE4900 is enabled !
« TPS63036 : i

- TPDIE10BO6 e -

Copyright © 2018, Texas Instruments Incorporated

20
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http://www.ti.com/product/AFE4900
http://www.ti.com/product/CC2640R2F
http://www.ti.com/product/TPS61098
http://www.ti.com/product/TPS63036
http://www.ti.com/product/TPD1E10B06
http://www.ti.com/solution/wireless_patient_monitor
http://www.ti.com/solution/ecg_electrocardiogram
http://www.ti.com/solution/fitness-activity-monitors
http://www.ti.com/solution/ecg_electrocardiogram
http://www.ti.com/solution/ecg_electrocardiogram

Other hand is
touching the PAD
on the top layer of
the main board.
(ELECTRODE 2)

Bottom side is touching the
wrist of one hand
(ELECTRODE 1)

Side View

S VAN TAN FAN

S s ¢
sl
THHT T

LAUNCHXL-CC2640R2

LAUNCHXL-CC2640R2F receives the
signals remotely and displays on
LabView GUI

The design uses BLE 5.0 with an
advertising time = 100ms

21
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Design challenges TIDA-01580 solves

Design challenge #1
Integration of multiple modalities at optimum SNR levels and small form factor

» Capturing synchronized ECG and PPG to enable
PTT and BP calculations (non-invasive and without
cuff)

* Pulse Transit Time (PTT): Time difference between
the R-peak in the ECG waveform and the arrival of —
the blood pressure wave T

* Simultaneous measurement of ECG and PPG seses | =]
together . |

« Along with other variables, such as the patient’s size,

weight, age, etc., algorithms show the correlation
between PTT and systolic blood pressure.

« Challenging to synchronize both measurements —
timing is the key! (Powering up, clock timing, phase,
drift with temperature)

22
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Design challenges TIDA-01580 solves

Design challenge

#2

BLE connectivity that does not interfere with measurement accuracy

 Signal amplitude: 0.2mV to 2mV (p-p)

* BW: as broad as 0.05 Hz to 300 Hz
(Pace detection increases the
bandwidth further)

» Reject environmental electrical
signals, such as ac mains, security
systems, and RFI to amplify and
display the ECG signal

» Good CMRR of the signal chain and
Right-leg drive (RLD) for CM
rejection

+ Differential- and common-mode
filtering, environmental shielding,
and algorithms

150/60 Hz pick-up

lBaseIine dc instability

PR

NSRRI

Alternating Current (AC) Interference

; Muscle shaking

Irregular Baseline

Baseline or dc drift

i

il

Somatic Tremor

Wandering Baseline

£c0 2 Seuee A

«§. CM Chokes for
PD signals

AFE4900

23
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Design challenges TIDA-01580 solves

Selecting tht
extended ba
rechargeabl
cells)

Powering wi
device inste
(bypass mo

Sleep / shut
for radio dev

Selection of
termination «
important!)

Analog Design Journal

http://www.ti.com/lit/an/slyt763/slyt763.pdf

Power

By Sanjay Pithadia

Introduction

The market for wearable patient monitors is growing fast.
The two main attributes for wearable monitors are porta-
bility (or size) and operating time (or battery life). Today’s
wearable medical products not only measure vital signs
but can also act as personal emergency-response systems.

Portable and wearable applications are typically battery
powered, and for consumers, battery life is one of the key
purchasing considerations. The life of the battery is criti-
cal because most patient monitors measure and monitor
continuously.

Battery-powered systems require careful partitioning,
tight space utilization and efficient use of the available
charge. It is important to enable more functionality while
delivering power more efficiently in a tight space for a
longer time. Functions like standby, sleep, power save,

hibernate and shutdown are critical for desieners to

Improving battery life in wearable patient
monitors and medical patches

System Engineer, Medical Sector, System Engineering and Marketing

hydride (NiMH), lithium iron phosphate, lithium manga-
nese and zinc are popular battery chemistries in medical
devices, and each type needs a different charging circuit.
It is also important to note that rechargeable batteries
have a self-discharge rate. To reduce overall bill of materi-
als (BOM) and size, designers may connect batteries
directly to the radio module and other peripherals, but
running directly from the battery voltage is not the most
efficient way to use the battery.

Choosing the right battery charger to improve
battery life

Battery charging for wearables is challenging because
batteries must be both small in size and capacity. Charge
currents vary greatly depending on whether a 50-mAh,
100-mAh or 200-mAh battery is used, and whether to
charge at 0.5 C-rate (C), 1 C or 2 C. The key is to include

Load

EN

litched Off

Wip TEXAS INSTRUMENTS
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http://www.ti.com/lit/an/slyt763/slyt763.pdf

TIDA-01624 Bluetooth-enabled high accuracy skin temperature measurement flex PCB patch

Features
High Accuracy, Low Power Temperature Sensor
BLE 4.2 and 5 enabled microcontroller

Thin-Film Flexible Battery Power, enabling entirely

flexible design
Integrated PCB antenna

Temperature updates every second

Applications

Medical Sensor Patches

Multiparameter Patient Monitors

Smart Patches

Tools & resources

TIDA-01624 and/or Tools
Folder

Design Guide

Design Files: Schematics,
BOM, Gerbers, Software, etc.

* Device datasheets:

—TMP117
— CC2640R2F

Benefits

* Low power consumption and long battery life
+ Extremely long shelf life (3+ Years)

« Small, Flexible Form Factor

+ Connects to Smart Device

» Zero-Calibration to £0.1°C Accuracy

Skin

Temperature
TMP117

BLE MCU
CC2640R2F

25
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http://www.ti.com/solution/medical_sensor_patches
http://www.ti.com/solution/medical_diagnostic_patient_monitoring_therapy
http://www.ti.com/solution/medical_diagnostic_patient_monitoring_therapy
http://www.ti.com/solution/medical_diagnostic_patient_monitoring_therapy
http://www.ti.com/solution/smart_patches

TMP117x Ultra-high accuracy digital temp sensor with integrated non-volatile memory

Features Benefits
Accuracy :
A T Part Accuracy (°C) 'f\(lzlc;racy Ultra-high accuracy _ .
Resolution ull Range * Meets ASTM E1112 & ISO medical standards:
Y TMP117M 0.1°C @3 (80°C10 1,020 @ (0°C to 85°C) — 0.1°C acc. range 35.8°C to 42°C
( e ) 45°C) * No calibration needed; NIST Traceable
* Minimum T +0.1°C @ (-20°C to +0.3°C @ (-55°C to !
PSRR: 50°C) 150°C) Integrated non-volatile memory
1LSB = CMPITN £0.2°C @ (-40°C to +0.3°C @ (-55°C to + Store configuration even after losing power
7.8 m°C/V 100°C) 150°C) + 64 Bits of general-purpose scratch pad memory
Integrated EEPROM Low power consumption
Low power consumption » 3.5UA Average Ilg @ 1Hz; serial bus inactive
» 140uA Iq during conversion Q @ » 150nA Shutdown Ig; serial bus inactive
« 3.5UA Average Ig @ 1Hz Digital feature & 12C interface
* 150nA Shutdown Iq * Programmable Temperature Alert & Offset value
+ 1.8V -5.5V + Soft Device Rest 0.5
Digital feature: Automatic offset NVM/ Soft Reset Smallest package 04 T e e ]
Interfac_e: Single wire » 6 PIN, QFN & CSP 5 :2 — [ —7—H
Packaging e E o —
5 -Pi L5
* 6pin WSON (2 x 2) mm Top View 5 .
* 6pin WCSP (1.6 x 1) mm =R el ]
b--- ST e E‘J--’:I. =5 I
0 0 SCL |1/ 116] SDA 0.2
| 1:, L = — —]
Applications N0 [l g (B[ Ve 23 =
+ Gas Meter « Wearables ALERT [ P 173 ADDO 0.4
+ Medical - Instrumentation & Test ~E - =
g -E5  -30 -5 20 45 Fi] 25 20 45
+ Cold Chain » Thermocouple — Reference Temparaturs {+C)

26
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http://www.ti.com/product/tmp116

Full system: Multiparameter patient monitor + wireless sensors

CERTIFIED

€ Bluetooth’

(3] Bluetooth

Nurse’s étation / Bluetooth
Doctor’s office 8

27
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Why Tl SimpleLink™ for multiparameter patient monitor +

sensor patch?

Low power

* BLE SoC with
integrated Ultra low
Power Sensor
Controller

* Wi-Fi low power loT

» Best-in-class standby
current

Ease of use Secure

Lol
ST

* FIPS 140-Level 1
validation

» Offload CPU
bandwidth — HW
crypto accelerators

» Secure boot

CC3135/CC3235 Wi-Fi
modules

5GHz Wi-Fi to reliably
connect to hospital
network

BLE multi-role support,
up to 32 simultaneous
connections

Small size

* BAW: First crystal-less
wireless BLE SoC —
12% area savings in
reference design

« Tiny BLE SoC:
CC2640R2F — 2.7mm
X 2.7mm DSBGA

28
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Invest once, reuse effortlessly

Ennniz

CC3220 CC26840R2F

* Learn more about SimpleLink code portability

* SimpleLink Medical Resources
* (CC2640R2F: How do | design an accurate and thermally efficient

wearable temperature monitoring system?

100% code reuse

€) Bluetooth’

Full-featured Bluetooth 5
solutions

reles:
ndustry's smallest full-
5 solution.

View our BLE products

N

Sub-1GHz

Ultra-low power long-
range star network

CERTIFIED

Dual-core and low power

SoCs
FIPS-verified ICs optimized for low power.
Enhanced application and network security
capabilities.

Wi-Fi overview

View our WiFi products

@ zigbee

Certified mesh network
Zighee 3 0-certified with lowest power

integrated +20d8m PA and green power
support.

Zighee qvenview

THREAD

Self-healing low-power
mesh network
r thread platform.

stack support. Optimized
les availasle in SimpleLink

acaderny

Thread overview

View our Thread producrs

(9)
Multi-standard

Concurrent wireless
protocol operation

Concurrent muiti-protocal & multidand.
BLE +Zigbee or Sub-1 GHz. Pre-built
multi-protos
priority scheduler.

Multi-standard overview

ulti-standard products

Common software i‘

Wip TEXAS INSTRUMENTS



http://www.ti.com/wireless-connectivity/simplelink-solutions/overview/software.html
http://www.ti.com/wireless-connectivity/simplelink-solutions/applications.html#medical
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Patient safety

» Patient safety is a global health priority. Recalling resolution WHA55.18 (2002), which urged Member States to
‘pay the closest possible attention to the problem of patient safety and to establish and strengthen science-
based systems, necessary for improving patients’ safety and the quality of health care”, the seventy-second
World Health Assembly (WHAT72), in May 2019, adopted WHAT72.6, a resolution on ‘Global action on patient
safety’. (Source: https://www.who.int/patientsafety/en/)

ECG module

SpO2 module

CO2 module

BP module

Wip TEXAS INSTRUMENTS
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https://www.who.int/patientsafety/en/

Isolation requirements and safety limits

» |[EC60601-1: International basic safety and essential performance standard for
electrical medical equipment and medical electrical systems.

— Regional compliance
— Editions and versions

Levels of isolation — patient focus

Spacing — creepage & clearances

Safety insulation for transformers

Leakage current limits
— |Isolation at the sensing side
— |Isolation at the data/power side

W3 TEXAS INSTRUMENTS | 32



Data and power isolation

Characteristic

Value

Input voltage range

Option — 1: 3.3 V to 24 V from AC/DC power supply

Option — 2: From 15-4S battery (i3.7 Vto 16 V)

Output Voltage Option—1:3.3Vor5V
Option — 2: 3.5 V or 5.5 V to be followed by an Low Drop-out
Regulator (LDQ)
Qutput power Typical 5 watts to 7 watts
Isolation 5 kV and above

Programmable
(typ.
3.5V/5V/12V
@ 1A max)

Isolated
Power Supply

ECG ESD &
electrodes defibrillator

protection

RLD electrode

protection

<«—— Signalinput/ <¢—
output

Respiratio Lead off § Pace make
circuit detection detection

Gainffilter block

Analog
MUX

RLD
@

Analog front end

Temp
sense
Dirital
ADC | |
MPU/DSP

Divital e
REF i Digital
processing
Summer
(resistive)

ECG module example

5kV lIsolation

5V/12V/18V
Or
2S/3S/4S (7.2V
to 16.8V)

Wip TEXAS INSTRUMENTS
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Key design challenges

* Input voltage ranging from 3.3V to 24V
— Regulated input vs. non-regulated input

» Output voltage ranging from 3.3V to 6V

* Output power up to 5SW Possible Architectures

* Open-loop or closed-loop (voltage/current) + Flyback
— achieving < 1% load regulation

* Isolation ~1kV to 5kV
* Emission (CISPR22/25, IEC60601-1)

« Small form factor (New trend — electronics
in cable and portable MPMs)

— reduced BoM

 Low cost

* Push-pull

* Isolated power module

* Isolated power and data module

One size doesn't fit
all the requirements

Wip TEXAS INSTRUMENTS | 2



PSR flyback topology

Primary-side requlated flyback

VIN

RESR VOUT

Qj_‘

SW

Control IC

FB

RSET

: ]
L

Res
« Simplified transformer design
» No optocouplers required
* Smaller size

Rser * Total BoM = 21 components

(including passives)
+ Tight load regulation achieved

Conventional Flyback

Tertiary feedback
winding needed

v 3le Vour
| .
Gontrol 1C 1
SW._

o ,EJE I
»6"5 =
% IEJ;E

Optocoupler TL431 =
needed

Parameter Value

Input voltage (Vin) 4.5V to 65V (70V max)

Output voltage (Vout) Adjustable

Output power (Pout) 7W max

Isolation level 5kV (can be tuned as per

transformer design)

Size 45mm x 25mm x 11mm
(Depends on transformer
design)

Output regulation 1% achievable

Refer to “Design
Calculator” for complete
schematics, BoM and
simulation results

Design Calculator

Suggested Tl devices:
LM5180

LM25180
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esign calculator for LM25180

Aw E Vy DC/DC Power Solutions
Reliable Power for Demanding Systems

Step 1: Operating Specifications

I - '~put Box

Step 2: Flyback Transformer

* LM25180 PSR Flyback Converter Design Tool

Terms OF Use
Industrial

Input Yoltage — Min. ¥ ein 7Y inirnurn Magnetizing Inductance 27 uH DrLys
Input Voltage — Nom. Vg 12 vﬁ Magnetizing Inductance, L uae 30 pH T
Input Yoltage — Max. ¥ sgaun 16 v Primary Winding DCR 100 mo 12v [} 5V
Single Output or Dual Outputs Secondary Winding #1DCR 100 mo TV...18V 0.5A
Output Yoltage, YOUT1 Secondary Winding #2 DCR 100 ma Ruv1
Rated Output Current, |10DUT1 05 A Pri-Sec Leakage Inductance 200 nH 158
Output Yoltage. YOUT2 -2y Turns Ratie, PRI : SEC1 Cn |
Rated Dutput Current, 10UT2 0.2 A Turns Ratio, SECT: SEC2 233 /uF | VIN
J
Dty Cycle at Vi B34 2 EN/UVLO SwW
Step 3: Input & Outpul Capacilors M Output Power at Vi Ruv2
Wirirmurm Input Capacitance 23 F 523 LM25180
Input Capacitance, Cy 38 uF GND FB -2V
Input Capacitor ESR 5 mQ i Druva 0.2A
Resulting Input Voltage Ripple 26 M, - ET
pimirumn Output Capacitance, Output #1 363 R Iirirnumn Output Capacitance, Output #2 B0 uF SS/BIAS Reger
Output Capacitance. Cgyr 100 pF Dutput Capacitance. Coyy: 47 pF Css 12 1k0)
Output Capacitor ESR 3 mo Output Capacitor ESR 3mo A7 el
Fiesulling Dutput Yoltage Ripple, Dutput #1 B Vg Resulting Output Voltage Fipple, Output #2 29 MWy =
Step 4 Feedback, Soft-start, TC, UYLO
Recommended Feedback Resistor 1675 ko e Efficien = == «Flyback Dicde Loss
--=-VIN-min — -VIN-nom —VIN-max = ”"
Selected Fesdback Resistor. Ry 58 ko 1. Vin = Vingnom) e Lo e o former Loe
Soft-Start Configuration | adjustable | 400 100 280
Soft-Start Time 0 ms ad%
a5
Soft-Slart Capacitance, Ces 47 nF 3% 0 ~ L.t
\ -
YOUT Thermal Compensation | MO - Y ~ a0 o alm, 20
= i 5 W0 5 .
Leave TC Pin Open 3.:': / N N - . /
I ™, = -
250
Input UYLD Configuration |Adustable |+ E . < w0 E
Input UYLO Turn-On Threshold 5Y ? . =~ g ]
Input UYLD Turn-OFf Threshold| 5lv 5 - © 3
; ol | § 7] . 3
Upper UVLO Fesistor, Fi 58 ka - - [ £
S -~
Lower LIVLO Fesistor, Ry 523 ka £ I el 7 - 8
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Push-pull topology

Push-pull topology (Open-loop)

Vin=33V
Y
104, | 8
SN6505 = R0520 TPS76350 ——
4 3 122 MEROSHL Vour 1 5 Vourees=5V I TS
oo D2 % E-—hd‘ m el = ~—_
ENABLE —{ EN  ver |2 .g v 10uF [o1uF | [5[CP 104F g 10% regulatiop
= - EN NCH - I . L
aock Yok o H ng,‘ I D —— £
£ T
MBROS20L é ]
v (S
— Veo=33 v|
. — Vec=5V
* No opto-couplers required 1 =

+  Smaller size, total BoM = 10 components (including passives) BN ey

* Needs regulated input SNB505A + Wurth 750315240

Push-pull topology (Closed-loop)

gt 125108

.

» Tight output regulation due to feedback

» Total BoM = 46 components (including
passives)

» Optocoupler based design — reliability

PMP design: PMP40588 rTTT X

Input voltage (Vin) 2.2V to 5.5V
Output voltage (Vout) 5V unregulated
Output power (Pout) 5W max
Isolation level 5kV (can be tuned as per
transformer design)
Size 30mm x 25mm X 6mm
(Depends on transformer
design)
Output regulation 5to 10%

Wip TEXAS INSTRUMENTS
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Isolated power module

UCC12050 schematic Scalabilit
Vin Vout
I
10uF==:_ B é L E 4 ::muF 1S0_ECG -
0.1pF e S [ 0.14F
l - : _l J7 |507§p0-
~{VINP ] VISO
4 ] | ] Regy
el s
SYNC_OK : NC
Rsune g ’: :i : :i Magneto
“{ne ' (UCC12050) o wei"osw ]
L ! ~
1SO_Data (4-Channels)
OmA Load 50mA Load 100mA Load
4 Max=-7.185dB 7 Max = - 6.383 dB Max = - 5.835 dB
i E—I1] mu,| " v oo R " ™ i ' s Tl A
ucc?zoso Ly ,,“"’"‘%ﬁi;ﬂum Y ij‘i"""?'ﬁn",ln‘.?."w L |,i""‘m,\'glllfl’ﬁ::'l'v‘ d
'\qw T e it ,imm“‘ Hbe e
17 1 MJ"-NW"‘ o sl
“TMax = - 8.550 dB T Max=+13.897dB / NN I Max=+19.533dB
ADuM5020 K VJVA

Mt e

T d

Same (apple-to-apple) EVM configuration: no ferrite beads , no LDO,
Tested to CISPR32 Limit, in 10m chamber, on same day, in same certified lab.

no stitch capacitors, on 2 layer PCB

Parameter Value

4.5V to 5.5V
Regulated 3.3V or 5V

Input voltage (Vin)
Output voltage (Vout)
Output power (Pout) 0.5W

Isolation level 5kV RMS reinforced

Size 10.3mm x 7.5mm x
2.65mm

Output regulation 1.5%

Suggested TI device:
UCC12050

Wip TEXAS INSTRUMENTS
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Integrated transformer technology benefits

Discrete Solution

UCC12050 Isolated bias

UCC12050

Digital isolator

o R . |
s, S Q2
53%
Less Area

Single chip solution (UCC12050) advantages:

v Smaller size and low profile

v Very low isolation capacitance Cps for better CMTI and less noise
v Simplify design with less components and easy board layout
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Efficiency and thermal Image Magnetic core (UCC12050)

Efficiency vs. Output Power

Efficiency

m——— -, e ar———
- ————

e UCC12050 5Vin_SVout
=——UCC12050 5Vin_3.3Vout

== == = Competition 5Vin_5Vout

= = =Competition 5Vin_3.3Vout

100 200 300 400 500
Pout (mW)

» Thanks to the 2X peak efficiency, temperature rise of
magnetic core solution is ~30°C lower than air-core
solution when operating at 5 V,/5 V571100 mA
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ISOWatt — Isolated power and data

ISOW7841 schematic Integrated isolated power & data

Parameter Value

oi

TTTT1117] ISOW784 :
s HM :L 1. (= = o b T Input voltage (Vin) 3V to 5.5V
i = | — . - veet - &% jE st [~ VCC(1S0) Output voltage (Vout) Regulated 3.3V or 5V
o Lot aum "o Dat Va : Vio
Il e seL ata IsolationGapacitors Data
Lo L“f = il = e %—H E n—% . Output power (Pout) 0.65W
% h x Isolation level 5kV RMS reinforced
x TeT*T™ Isolation Barrier
Size 10.3mm x 7.5mm x
2.65mm
60
= |SOW7841 Emissions g
P Output regulation 1%
£ w CISPR22 Class B Limit Line A
@
S| 4
© I
3
S|
w 20 |
10}
0
5 1000 | Frequency
Radiated Emissions of the ISOW7841 vs a Competitive Device at 5-V Input and 80-mA Load

TEXAS INSTRUMENTS
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Digital isolators — signal isolation
ISO7741DW & ISO7841DWW SPl Isolation: 1ISO7741DW Vs traditional
optocoupler solution

Veen |1 16[Veez | J— Viso 5kVrms 5.7kVrms
= ] Creepage/ 8 mm 14 mm

(s —{ 5> ] > Clearance

e —E £ H e D 100 Mb 100 Mb
oo § |l ata rate ps ps
ouro aﬁ— <a}—n[wo] IEC 60601-1 2 MOPP up to 2 MOPP up to
B |7 E Capability 240Vrms 400Vrms
oo e o[enoz] Size 10.3x7.5mm  10.3x 14.0 mm

Application diagram:

Suggested Tl device:

Tonq
33V I 016, 1433 MBRO520L aav
Vee 3 | i 4 1 33Veo
i R 'E 12 N ouT
ie oo o2, Lo ISO7841DWW
1 |& i EN GND , .
GND D1 ! -[ —I T T
10pF ! out
&2 LU, MeResa 1 uFl REF5025 1 22 uF
! L 4 I
lhscacccssccccsnana - GND }
1S0-BARRIER =
0.1 pF
£
0.1pF
1 1
J‘ 4.7k Vet
2 7
DVec 6 3 ENt
s P14 na |}
XOUT MSP430 7 g~ . 16
& G2132 s & 5| 5 Analog
XIN - (14PW) SDO INC . Inputs
0 soif2 &ouro H
Vs, GND1

LT [ &
e
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Layout comparison — power and 4-ch data isolation

SN6505 :
i
1 Lo VCC(ISO)
vcc1— DoDC % 1 g J_ E
converter 3
g 1 veed |
L 1
= vcc1l ] lvccusm
: —_
R Dat
Data 8 5 Jata
lines R NG lines
a |2
iy g

25mm

Isolation Barrier

TPé oz @
7o

C6C5 Push-pull
transformer

. UCC12050

Isolation ‘Efansfolmsl

VCC(IS0)

DC-DC 3

DC-DC
Primary

Secondary

Data
lines 4%

vcel l ‘[vccusm

Data
& lines

Digital
Isolator

L e e

- v

Isolation Barrier

Digital isolator (ISO7741) is on bottom layer

. ISOW7841
Isolation & 1
veer g | 3| o=, - vecpso)
D ata Va Iso\auonizapac\lors v D ata
lines | E E | lines
GND! GNDO

Isolation Barrier

e -
Digital g
Isolator & TP12 LA

@
(|so7741);§. ©

TP7 c19
C20
I—=]
ciocy C12

o

TP10

15mm

© TP36 Tp37

o

30mm

Z=7.6mm

Z=6mm

TP21C13c14C15
-

S =
YPZG. '
[ )

TP25

- -
= ISOW7841 g Tp.%

ci6c17.£18TP22
-
-
L]
P24

P28
[

15mm
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Summary

Topology

Parameter

Output power
level

No. of discrete
components

Isolation rating

Emission

Conventional
flyback

Flexible

(transformer and
PWM controller

dependent)

I t volt
range
Output
regulation

1% or less

More than 30
Flexible
(Transformer

dependent)

High

PSR flyback
(LM25180)

SWto7W

Up to 42V/65V

1%
21
Flexible
(Transformer

dependent)

High

Open-loop push-
pull (SN6505)

5W

Up to 5.5V
510 10%
10
Flexible
(Transformer

dependent)

Low

Closed-loop
push-pull
(LM25037)

Flexible

(transformer and
PWM controller

dependent)

Up to 75V
1% or less
46
Flexible

(Transformer
dependent)

High

Isolated
power
module
(UCC12050)

0.5W

Up to 5.5V
1.5%

Less than 10

5000 Vrms
Reinforced

Low

W3 TEXAS INSTRUMENTS

Isolated power
with digital
isolator
(ISOW7841)

0.65W

Up to 5.5V
1%

Less than 10

5000 Vrms
Reinforced

Moderate to
high



Application Report

o http://www.ti.com/lit/an/sloa285a/sloa285a.pdf

Application Report
Topology Selection for Isolated Power Supplies in

Patient Monitor

Wip TEXAS INSTRUMENTS

Sanjay Pithadia
ABSTRACT

Multiparameter Patient Monitors measure vital signs and use isolated modules for achieving the patient safety.
These modules are small in size as they are inserted into the main monitor and support up to 5kV isolation. The
data and power both are isolated using digital isolators and isolated power supplies, respectively. This
application report talks about different topologies for isolated power and data. It dwells deeper into the critical
design challenges associated with isolated power and data such as output regulation, feedback mechanism,
input voltage range, output power and size considerations along with suitable power architectures. Finally, it
compares the topologies on the basis of all these different parameters.
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1] EZETM Community > Forums Blogs Groups Ti Training

Welcome to the TI E2E™ Community

Find answers to your technical questions

Q Search E2E by part number and/or keyword. (e.g. OPA333 output peaking)

2,785 pLLWAL:

Contributing Tt employees Issues resolved

Recent activity

‘ Forums Blogs

TLV320AIC34EVM-K: Audio Serial Data Bus Audio forum
Part Number: TLV320AIC34EVM-K Hi all, | have to read two stereo channels, so two I2S outputs A and B of the ﬂ Patopat23
Codec are used. Both 12S A and B outputs are connected to an FPGA on two IP 12S. Is it possible to read 12S_A 10

(Audio Serial Data Bus A) and 12S_B (Audio Serial Data Bus B) outputs simultaneously ? That means both 12S
outputs are independent, i.e no data multiplexed ? Best regards, Pa...

Top contributors

YiKai Chen Jens-Michael
574855 points Gross
227195 points

» >
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