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IDC M 7] % #1173 CAGR (2017-2021) 18.2%

Top Wearable Devices by Product, Volume, Market Share, and CAGR

Praduet Shipment Volume Market Share Shipment Volume
2017 2017 2021%

Watches 71.4 56.9% 161.0

Wristbands . 47.6 37.9% 522

Clothing 33 2.6% 21.6

Earwear 1.6 1.3% 4.0

Others 1.6 1.3% 1.4

Total 125.5 100.0% 240.1

Source: IDC Worldwide Quarterly Wearables Device Tracker, June 21, 2017

A5 R BT R

Levi's and Google Jacquard

Market Share CAGR (2017~
2021* 2021)*
67.0% 26.5%
21.7% 1.2%

9.0% 76.1%

1.7% 39.7%

0.6% -16.0%
100.0% 18.2%

Fitbit Sleep Apnea Diagnose

(!

IDC

Worldwide Wearables Forecast by Product Type, 2016 - 2021

100 %

80 % |

60 %

40% |

20% |

0% *

. Basic Watches

Clothing

. Smart Watches . Wrist Band

: Earwear . Other

2018 Forecast

2019 Forecast 2020 Forecast 2021 Farecast

Arrow 360 Smartwatch
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AFE44xx {£4r= 5,

L

AFE4490 AFE4400 AFE4403 AFE4404
lications Clinical Grade Pulse-ox Finger Clip Pulse-ox, Wearables, Wearables,
pp Wearable Clinical Pulse-ox Patches Optical Bio-Sensing

Integrated LED Driver

2 LEDs in either H-bridge or common anode configuration

2 LEDs in either H-bridge of
common anode config. + 3rd

3 LEDs in common anode

LED in common anode config. config.
LED Driver Supply Min Voltage 1V above VLED 0.5V above VLED 0.5V above VLED
Dynamic Range (dB) 110 dB 95 dB 110 dB 100 dB

ransmit

Path LED Current

Programmable up to 200mA
with 8-bit current resolution

Programmable up to 50mA
with 8-bit current resolution

Programmable up to 100mA with
8-bit current resolution

Programmable up to 50mA with
6-bit current resolution

LED On Time

Programmable from 50uS to 4mS

Programmable from 50uS

Independent Current Reference For Red
and IR LEDs

Separate LED1 and LED2 current reference

Separate LED1, LED2 and LED3
current reference

Dynamic Range (dB)

105 dB [ 100 dB |

105 dB

100 dB

TIA with Separate Red and IR Settings

Programmable LED1 and LED2 settings

Receive

Path lAnalog Ambient Cancellation Scheme

Selectable 1pA to 10pA ambient current

Selectable +/-7.5pA
cancellation
(separate for each phase)

Flexible Sequencing and Timing Yes
External Input Clock Frequency 8Mhz + 2% 4-60Mhz 4-60Mhz
Crystal Clock Frequency Range 8Mhz + 2% 8-24Mhz N/A
Integrated Fault Diagnosctics LED and photodiode open/short detect Photodiode fault detect
Rx: 2V to 3.6V. Tx: 3V to 5.25V.
Power Supply Rx: 2V to 3.6V. Tx: 3V to 5.25V 10: 1810 3.6V
Dynamic Rx Power Saving Mode N/A Yes Yes
Specified Temperature Range -40 deg C to 85 deg C | 0deg Cto70deg C -20 deg C to 70 deg C -20 deg C to 70 deg C
Interface Serial SPI 12C
SPI Tristate Shared with other pins Separate bit control N/A
Package size/Type 40-pin QFN, 6 x 6 x 0.85 mm__| 40PN QFN. 6x6x0.85 | hopea 343505 mm DSBGA 2.6 x 1.6 x 0.5 mm >

mm
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AFE4410 AFE4900

Applications

AR SO R i BT 7 il L

Wearables, Optical Bio-Sensing

Wearables, Optical and Electrical Bio-Sensing

Integrated LED Driver

4 LEDs in common anode config.
Total of 4 phases including ambient.

4 LEDs in common anode config.
Total of 4 phases including ambient.

LED Driver Supply Min Voltage

0.32V above VLED for 50 mA; 0.45V above VLED for 100 mA

Noise reduction filter

"I;;at:smlt Parallel LED operation Two LEDs with equal current setting can be turned on simultaneously
Dynamic Range (dB) 100 dB
LED Current Programmable up to 200mA with 8-bit control
LED Control Separate for LED1, LED2, LED3 and LED4
Dynamic Range (dB) 100 dB
. Inputs 3 PD
E:::We TIA gain and BW Programmable for all 4 LEDs

2.5/ 5/ 10 kHz (programmable)

Offset cancellation DAC

Selectable from +/-15.75 uA to +/-126 pA

ECG signal chain

No

Yes; 1-lead ECG with RLD output for input bias

IAmbient cancellation scheme

Manual/ Automatic

External Input Clock Frequency

32KHz - 4Mhz

Power Supply Rx:1.8-1.9V (LDO bypass), 2-3.6V (LDO Enable), Tx:3-5.25V, 10:1.7-3.6V (and < Rx)

50 uA - PPG only at 50 Hz PRF
Rx current S0 uA 200uA — PPG and ECG at 100 Hz PRF
Interface 12C addr(2devices), SPI
FIFO 128 samples FIFO

Additional flexible readout mode based on watermark level

Decimation mode

Option to store all phases of Decimation mode data in FIFO

Specified Temperature Range

-20deg Cto 70 deg C

Package size/Type

DSBGA 2.6 mm x 2.1 mm, 0.4 mm pitch
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Signal Magnitude
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Hb (%)  MAMEMAEHELHEX Sa0,% — 4 — B+ (R/IR)

MR EIE s, PPGHS 53l LU ORI B0 G, SXRERE AT LU PP G 5k W 0 U B
L ENS, Heart Beat

A  N—

Venous +Arterial DC .
Varies from

Person to person

Skin Pigmentation DC

Saly

. . Depends on
Ambient Light Mechanical design

.. -
oo0686883823
Lol

---------------
o 6 O O 0 0O 0O 0 O O O O 0 00 O
2 @ 9 9 @ © 0 @ 9 © © O © © © ©
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Cross talk due to Dependson | = sss=fc S ddddEaaa
reflection from Glass Optical sensor design

>
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Plethysmograpn signal

Idc

PPG/E S4F1iE

Low bandwidth

PPG signal

High bandwidth
photodicde output

(dark level)

PPG signal
Red LED

\ L

Photo diode current
I \/ output
Ambient level _

~

PPG signal

IR LED

PPG - flik3i{fE% (AC) + DC

— WKEiEE> Fifikim

— DC > bR (indngl, ki, Rk, iy s
lac/ldc = #F 4548 (PI) ~ 0.05%- 0.5%

AC freq. 2 0.3 - 4Hz

BEIRPPGE 5 2 LHIN, (HTI AFE44XX % H ki & 6 FE i
kR, > Wit

TANLEDR kMt £ PPGIE S IIRAE, SREIGH IRE
KERWBIRDERE SmE > Jol “HE i ste =i e 5 5
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today are either
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AFE44XX T/ERR

| (|
< >|  PRF: REEBKFE S S 10SPS to 1000 SPS
RX_SUP T1x_.
o B9
1 1 I I I | I I I Cancellation m
Plethysmagrash signa : : I I ! 1 : : i DAC I VAmpﬂﬁer (Tiay
M2

Fohcﬂn-dbda curmrent \ ! ! 0 - L—

I-\:‘ output pulses ___,__.--"'"— 10_SUP
Ambient level L. INP i || 12C_CLK
(dark level) > i WLl , ] ¥ Noise-

P I | Rx sample time | | I Reduction Iz\c Interface |« 10 12C_DAT
1 ] [ { o R 1 1 I } Filter Buffer
T ) : / : : : : : INM Re e RESETZ
D " W T A L li
s ~
Sample Ambient ™ - A - : I I : | ) Internal, o
(red phase) CLK [} External Z ng ADC_RDY
' b Iy ! L | ! | ! [r Clock — —
S I %
Sample IR : 7! ; E : ! H 77 : 1
] ] 1 | 1 ]
" 1 ! : 1 I ! : 1 1 ]
R /) e L L (A B
| 1 L 7 ! 1 FE—
e IR U1 e
=1 E ﬁ! E: I =1 P:hewpaﬂﬂﬂT'W (LED2 — Ambient)
1 =] =y \ b | i " (] I Data
SPI
) > s '
l Tz E =3 < Bronk
ii ; g; Ei -§ Ei ;l gl— ii LED1 Data
g 2 E g Ambient (LED1)
proy Data
———
7z
7] e s w bl oA R R e G|
.‘4/‘2 gix — Ambient)
= )
Ii Cornver phase — sampled analog voltage is converted to a digital code 17
i
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mmmmmmmm I ]
g [ [
_— [ 1] [
i [ 1 ]
mmmmm [ [ 1]
ccccc [ 1 [
ey [ ] 1
“““““ [ [ 1
R [

PDN_CYCLE mJCATEREMB P AR I, 7RG, KAFRHIEUG, RIEAFE4AXX NI — i, Rt —D KT
&

KFEPDN_CYCLE# i, AFE44XX T] PAR#(K35%-70% [ Lh4E

The DYNAMIC1 (TX#i5:), DYNAMIC2 (ADC #5t), DYNAMIC3 (TIA #i5t), and DYNAMIC4A (ADCH& #54)) Eilfr thie

et EPDN_CYCLE 1454 (PDN_CYCLE is high)
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Current Profie (mA)
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=
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g ! 20ms -~

EOL*:S 300us | 'i
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' _LED On| = RxHEK98% S ] KT

. » | = AP 41200uA GEELED RN HL
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Time (sec)
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AFE44XX

(PD) #ERY 0] b A HLZECy, FTHERIR L, B FREE
HLA K/ (1) FEPPGAS 5 B 4038
K PD D> H KIHR > BT S EESNR

VTIA = VTIA* - VTIA- = 2 x |, x Ry.
— Where R, = {2 MQ, 1 MQ, 500 kQ,
250 kQ, 100 kQ, 50 kQ, 25 kQ, 10 kQ}

TIA % VG +/-1V
ADC %I 4 NVE FE +/-1.2V.

Receiver = TIA

Photodiode

o e = ———

Sensor model

TIA 752 298 = 56 > IR & Cf x Rf W AE 1/5th 3] 1/10th 1 Bk %5 (LED & YGHT[E])

(ER SRR AT EERu

1, K 50 usec KK DR, WA H B R*C; F5 X ES-10 us. W TIA ffgain (R;) % A1MOhm, C; 5t 24~ 5 pF

(5e-6 / 1e6 = 5e-12) % 10 pF.

— GC; > 2.5pF, 5pF, 7.5 pF, 10 pF, 17.5 pF, 20 pF, 22.5 pF and 25 pF.

e b e e e et e e R e e DL Pt e A e L
[Differential)
e TIA max
(Differential)
_______________________________ Ideal Operating
oint
VTIA-
oV
WTLA+
AW _ SRR | | _ TIA miin
(Differential)
______________________________________________ ADC rhin
(Differential)
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High bandwidth 5 E i INP L —A——
hotodiod tput g2 ™ ] HE i
photodiode outpu \"} i - [ |_ -~ .-> . o -i Buffer Ambient
e T E= R Amb
> e PPG signhal e i Analog-to-Digital
. IR LED | — i J Coflvertef

Or
I-V output

Ambient level
(dark level)

Photo-diedecurrent ¢ ( | L V¢V V1V VLV EEEEEE o T
IULIL R

AFE44XX Receiver — ¥ AR e T 22

_~" ™ Red

Low bandwidth A1
PRGsignal PPG signal W
\ Red LED v

piP=Ein ] |

=]

I-v Amplifier

PD#i th I HLAE 51 AR 1 (LED (1 & Bk mREEPPGE ).

Ak, AFERE EAR v 7 58 f80' HEUE Ay ) Kk BE SUSEER 28 21 ADC, B 3RATTSCRR 0/ 98, SREFEIRADCHI A
S TR 7S o AFEAAXX A HB BT 45 A4 T AR & 4 (A A 3 A ] el

AFEA4XXAEAN 5[ AL 3 (LED2, LED3 / AMB2, LED1, AMB1) 7] LA 13 S5t 7 [k ST (T 2%, Sk DL AR 7 1)
TIA 555, FF/EADCIIRAERS TR PY, % 57 3 A B e 2
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AFE44XX Receiver —-DCH; IEHL

M8 (IR HIDCAE 5) i) et

- EREANME SRR A
- FRfRfEmE

TIA_diff ® 'f%j:)ﬁ%&%j‘LEDEgj%’ @%%%?E%E@DC{%%
o METEHUH:
—  AFE44XX G Bho7 1 8 SR RAFE L A 5. IR 6 A EUE T DA
TALEDRFHE 98t ZXFEHEAT LATH BRPPGR IS 5 Hh I 5
SR [PIgE 7
—  AFE4404/5KITIA¥ N\ it A5 DCARAHLIEDAC,  mJ LB AR N R ) S
rj HLJE(-7 UAto 7 UA, 0.47uA Jit), RHCIETIAK A i 1 BT 7
Ho

— i TIA 25T LU R E K IUACH B

Je iy AL A AT ARS8 56/ S S ' B BEDR VE At e 1 e 80 KD
HiE I v B FLRDACSR R AT BE Y

XA AT LAASEUAR 15 vl 2 ¥ v B 1 B

o ATBLECNEAN RS TR
The currentto voltage gain in the TIA after applying the offset DAC currentis given by
VTIA (dif f) = VTIA T_VTIA =2 * (Ipd — Ioffset) *x Rf

-

—

IR
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LS 5 IE M RE - B I Or i 22 B I S

MRAE A - =R

0177- ! ! ! ! ! 1
0178 \ A No Glass, No DC correction \ / T
icipal
0175 . .
Photodiode/LED | Offset Subtraction DAC High Perfusion
5 0.174 \W l\ /\ = _— -— = \v ity = condition condition )
s \\ \ //‘1'\' \ / 1\\ / Settings AC DC Ac/DC
0172 .
0171 R‘M \ /’ \ ,ff 3' 5mv Slrr?ulate UL Moblss Not in others' solutions |LED1: 12mA, TIA gain: 250K Chm 3.5mv 170 mv 20.0E-3
= ] | | solutions on market. |(not real product)
017-, | | '
50 100 150 200 250 300 350 400 450 500 550 600 650 688
Mumber of Samples =i =]
Time Demain [« LED 1 ek
0.656 -
i i Participant A
0655 With Glass/No DC Correction = = P SPII | ottt Subtraction DAC i 'r’: |
0.554 Study Case A o - S EITUSION)
condition condition )
0.653 Settings AC DC AC/DC
gosm-o ——p Sese==ts o /\\
= 0651 Fa Simulate current | Sealed with Glass . , . .
‘J,f T / \ / N Not in others' solutions|LED1: 12mA, TIA gain: 250K Ohm 2mv 650mV 3.0E-3]
0.65 solutions on market. | (real wearables)
| 2mV #
0.649
0.648-, — - ] ! '
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 797
Nurmnber of Samples =1 =] E
Time Domain [+ LED1 =+l
0.455-
0.45 With Glass & DC Correction T =
0.445
i ﬁ | | /r \| \ Participant A
. \ Study Case A i iode/LED | Offset Subtraction DAC High Perfusion
2 \ \ \ 15mv condition condition
- — ; Settings AC DC Ac/DC
0.425
\ . Sealed with Glass .
0.42 With AFE4404 /AFEA4404 Ready LED1: 12mA, TIA gain: 250K Ohm. DAC: 1uA 15mv 430 mv 34.9E-3
o |1 (real wearables)
770 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 541
MNumber of Samples =
Time Domain [ = LED1 il
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Af LB Bh I Y0 2R S

L T SR

004
10 30 S0 70 20 110 130 150 170

Time(sec)

PP IS 1 TR ST R RA IS WIS 1R IRE R CS—_—— N n—
A zoomed in version of the same signal is shown below: | H : | i il | I H
| : i : I i A ' | i
. . o H f
£ Wi 4 _lel 18 5 ! i
0.922 . ]J“h B L 1 A ,:'r#
0.92 | ¥ I 11 I | Ui g
S o8 A (5 i : " | | \ Y ' ]
= 0.916 0.937 1 P 0 iEnamEn FEmeme [ CEEE i e —
2 1 H : I h f §
§u.914 ' : : | : | H H
0.912 { E : | !
= T T e e T o o et EETEREERRR
091 : L ' H
o 4 : ! : ;
1195 120 1205 121 1215 122 1225 123 N i i 3 : ;
Time(sec) L 0s 1 15 2 25 3

AR LML, DCA R &SRR, [y (EIEIN, PPGE BT AWIEI N T FE
B SRR 2, VIR B 31 L S e
B2, TS B AR AR,

»  AFE44xx {Eiz sl i bR EE R A0 A
o ST, 100+ dB TX & RX ZASTIME, IXPEIETIES Bt AL IR 47 ISNR
= ESNRIGAAZ, TTLALEF PSR A B /NOLED IR, M FEAEThEE
= DCHEI DAC T LMEASHiAE St — ik (RWDCER ARSI/, AT LR A K I TIAR 25 B 2
o (ESBERR L R, A B
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LA BRI B - B R R S

WIiAE B - S5

771 No Glass, No DC correction

0.0685-1+— ]
; Loyl A WA 1A
_',{ Participant B

o .21 BRI 5 VAR 4 S5 LB SRaiE s :
k / w"f \‘W"‘. j‘r “W"f 22 i 11 I\ f Study Case B iode/LED | Offset ion DAC Low Perfusion

0.068 A “4‘ ¥ w l\ !" condition condition Settings e e Ac/oc

g V7 1mV bt [

0.067
FiEEETLE
0.0665 Simulate current No Glass ) , . X
| | | . Not in others' solutions |LED1: 12mA, TIA gain: 250K Ohm (same as A) 1mv 68mvV 14.7€-3
solutions on market. |(not real product)

Volts

0.066 —, ' | | |
1047 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 204&
Mumber of Samples i‘}é?_lm

Time Domain  [=| LED1 [=]

0.781 -
0.7805 - oo it With Glass/No DC Correction Participant 8
i /LED | Offset ion DAC Low Perfusion

0.78 P [t T StudviCassle condition condition
Settings AC pC Ac/bC

Rk Ve

0.7735

=} [t
£ o779 02mv [y e
Simulat t  |Sealed with Gl
e 1mutate curren SEAWIER BI3SS |\ 1 1 others! solutions| LED1: 12mA, TIA gain: 250K Ohm (same asA) | 0.2mV | 770mV 0.9E-3
solutions on market. | (real wearables)

0.7785

0778

0.7775-, ;
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 683

Mumber of Samples | Ll E

Time Domain [+ LED1

0.269 - . . . . . . . . . .
. . |

e With Glass & DC Correction | k Participant B

hotodiode/LED |Offset ion DAC Low Perfusion

o - % el
gkt 22 goie Tg‘” Shidy Case ' condition condition
iy T \ T“i‘w” Settings AC DC Ac/DC

il

Volts

0.265 I
0.264 M ]

i N EAANOVER Y Ll N — —

Sealed with Glass AFEAO4 Ready LED1: 25mA, TIA gain: 2M Ohm. DAC: 2.5 uA 25mV 260my 0,663

0.263 i Aol B
With AFE4404
! (real wearables) (8X TIA gain, no problem}

i 10K L 2.5mV, 12.5X better

0.26-,
0

i i ' '
80 100 120 140 160 180 200 220 240 260 230 300 320 340 360 380 400 420 440 460 480 500

Number of Samples A i Em

20 40 60

Time Domain [+ LED 1
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TIXHELRFERTR LSRG

Calibration
Algorithm
for Right
AFE
Settings
(from TI)

SERLED+PDHI B KA T

LED + PD + AFE f) 7§

B0 RS EhEE, SpO25ik, HRMA K4
SERMRLT TR

26
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AFE44XXEVM

n (LRI
= AFE44XXZF A7 w12 il A 27 1 R A 1
= #NJRC NJL5310R (2G + PD) and OSRAM SFH7050 (1G/1R/1IR + PD) sensor boards

27
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TG 520 45225 ¥ 11 TIDA-00011

Star Your Own Design With Tl Today

TIDésigns

Solutlon Features Solutlon Benefits

Measure pulse from veins in wrist using the AFE4400

MSP430F5528 microcontroller for holding algorithm and
motion cancellation calibration data

«  BLE module connection featuring Tl's CC2541

+  BQ24072 USB charger and BQ27425-G1 fuel gauge
devices for battery management

Tools & Resources

* http://lwww.ti.com/tool/TID

A-00011
* Includes
* Schematics
* Layout
*  Gerber files
- BOM

Accelerate and simplify your wrist based HRM design
while ensuring measurement performance needed for
Fitness designs

Easy connectivity to BLE enabled smartphones, tablets,
etc.

Ultra-low power consumption

Optical Wrist Based HRM

S-axis amb FRAM for
accelerometer data logging

AFE4400 | I

-
MSP4305528 ’_[
cc2541
L pacu BLE Modula]

atte nagement "\ /" power Management
= BQ24072 ] [BQZ?425-G1] I_ggg?gggggﬁ
use BEmchareer FunlGause -TPS7A4901DGN
Battery 28
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TI O BLE S AR B g

S IhReREE

«  {KIhFE: 335uW/iEIE (ADS1X91/2); 750uW/iEiE (ADS1X94/6/8)

o fIKHERFS: 8uVpp(ADS1291/2); 4uVpp(ADS1294/6/8) SRR NI A KNS
o EILEIHI L 105dB(ADS1291/2); 115dB(ADS1294/6/8) .-

o AYmFEMEES: 1,2,4,6,8,12

o RFEFE125-2kSPS(ADS1291/2); 250-32kSPS(ADS1294/6/8)
o SCRRXUR MR (0-5VEL +/-2.5V)
N | [ "5 R
ADS1292R ADS1204R || [ ADS1204R fﬁggﬁg‘gg )
i IR A i TR e
24 l—‘l“ \ ) \ / A 4 A\ Y, F
ADC 4 N .o N N N E:
ADS1291 ADS1292 ADS1293 ADS1298 :
A g | A N _g b _J ?i
o | N . N O N [ &
LGDﬁCL: ADS1191 ADS1192 ADS1194 ADS1198
\_ _/ A J \_ J/ L /
(= 35 55 12 & e PACE#H .
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ADS1292 4 RBRIKZN

o GIRIKBNZATA?
— FECGME R4 H, SHIRZILHETIC, w50, 60hz LA, HJEMEA, %%,
— A BRIRB A I A e I EC G NIBE H LS 5, it 0 s s FE i, 8 S ml B A5 5 i 31 A4
o IG5 RS 7R Lh BN YE L
— XNHEBE ORI T S ARSI A, &, RS E S .

— SBAA-188----Improve ADS129X CMRR

Vecg

Vo

|
]
L |

| Vocm=Vem*(1/(1+A)

rive
Figure 5. Improving CMRR by Completing RLD Feedback Loop A 2*(Zf/RC )

31

W3 TeExAs INSTRUMENTS



ELA
ERA
ELL
ERA

RLD

I=ELA-ERA (HW)
II=ELL-ERA (HW)
I=II-I=ELL-ELA (SW)
CH1SET 04h= 0X00
CH2SET 05h= 0X00
RLDSENS 06h=0X23
RESP2 0Ah=0x03

ADS1292R 4 R IXZ) JL A0 HC B 5 3\

EMI

IN2P
EMI

INZN

ADS1292R

Filter

Filter

‘‘‘‘‘‘‘‘‘‘‘‘

ELA
ERA

ELL
RLD

DIN/RLDREF

Filt

RLDINV

iiter or
Feedthrough

1FE3FE, MOLHRRIRSN AR, 4155 ANCH1/2458 L

ECG_SHD DRV

o—o

EMmI T—o/c
Filter

=

oo

EMI Lo/
Filter

=

MUX

~~~~~~~~~~~

ADS1292R

\[ RLDIN/RLDREF RLDOUT RLDINV

| Feedthrough |—|
1508, ARRIEEDET ELLESEI AR L,
XK, NSRRAFEEEIN. 55 MCHIRE

1M

I=ELA-ERA (HW)

--------

CH1SET 04h= 0X00

CH2SET 05h= 0X87
RLDSENS 06h=0X23

" ADS1292REVM Schematic~+

RESP2 0Ah=0x03

32

W3 TEXAS INSTRUMENTS



ADS1292 A RBIKZ)

ce length. Try to match the o L
of input paths for best CMR.

One electrg,
Minimi

BROY 22 ADS Y ADS DRDY.

10_SUP
o 23 == UCAOSTE
I I_ELEC LA = H Lo 4ot n1p sc;m—
51.1k DOUT
0.1uF
G2 R4 et cLksEL (o4 s
D ELEC RA }I e 100k 1
51.1k i =
Ot INZN oL

R1 R2

GPIO1/RCLK1
10M 10M

GPIOZIRCLK2 (22

PWON/RESET (<18 ADS RESET  —5s mrery

RESP_MODP/IN3P

RESP_MODN/IN3N

PGAIN START
PGAIP VREFP ﬁ
10 c11 c13
PGAZP VREFN 10— To 1uFI10uF
veapr (U1 =
veapz 21
5 Critical decou
AVSS VREFP to VR
. VCAP1
beno —2 v ci2  VCAP2
it} 1uF 1uF

ADS1292RIRSMR

1308, THBEKS), BEIXREEGHEAE, HRLDEHMARES

I=ELA-ERA (HW)

CH1SET 04h= 0X00
CH2SET 05h= 0X81
RLDSENS 06h=0X23
RESP2 0Ah=0x03
33
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TI 51X 0] ZF R & YR B

==
Y
[T

TR

Andonis Wang
BT 7 B AR )i
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2R TR AT

> B MR TR

» PMOLED J5# 4 X3l B fig 1 5 58
> P& EBuck FLYR AR IR T &

> [FELDOH R &
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F RSN R E BT E — BQ25120A

o HERLFTEHEE TR, NS i SRV NN
o HERE I ANE R A E I RE o PPN MRERT R, KT TPCBHAA
« 100mA LDO/ i # Tt = o RBIFRSTIFE, O H T 43 FH I TR
« 300mAH i H JDCDC
o HHLIT A Q o Wal Adeper
o H/NEEE, 2.5mm*2.5mm T I e P
o HIKFRSTIIFE, FSIIFE<T50nA T | BQ25120 |
. Shipmode NI/ (X2nA L
+ B AIRTES00UA, SO HT RS Ll 75 i oot 77 L T [erer |
1 |
TPS61046 : CE:::(‘?I’I‘H DBCu/chC LD I
APPLICATIONS DB%/ODS? L |
—||2'c_______'_
o EI %}? ﬁ “L& %- J’ : Bluetooth
° ?EEEI)TI/E\ Display | Hostmcu =
° @ﬁﬁ\?lj\[” Sensors
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bq25120A — i F] JEL B [
N
N
j<
" 4
PG PMID I Unregulatedl W3
L Load : g
IN Swown | L——— — — :
L VINLS
BQ25120
GND Svs
— 1™ aar /| o}
eee = SW : MCU/: g
w0 _i—D 4IYYY\_L_L__| SYsTEM!  ©
4l 1 HOST SDA 1 b
i T ---
i X scL L
Bl ! LS/LDO = — — — — ¢
’Iy}@ | I INT T : <100mA |l 2
2 |____RESET | T | Load I 3
S% I LsctrL L ] I @
s ! BAT —— ==
(l(‘ﬁ I — e o —t
LA ~ MR T
_L° °FRETERM I
B ISET —
ILIM TS NTC =
# = -
L3 |
% N 1
1A - 1
2 ol =
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Power Management Reference Design for a Wearable Device with
Wireless Charging Using the bq51003 and bq25120A

TI Designs Number: PMP11311 TIDésigns

Solution Features Solution Benefits

+ Battery management with bg25120A includes Linear Charger, +  Complete Power Management Solution for Wearables

Low Iqg DC/DC, Push-button input, and 12C configurability *  Scalable to remove rails that are not needed
*  Wireless Charging with bg51003 * Lowest quiescent current for always on operation
* 5V boost output for HRM or LCD Display with TPS61240 * Lowest quiescent current when device is completely powered
* 12V boost output for PMOLED Display with TPS61046 off

+ 1.8V output for Radio or Processor with TPS62743/6

Block Diagram

BAT

L5/LDO

Tools & Resources

55
i
4A
o e
Nz
o<

SYS (1.1V to 3.3V prog))

Board |mage * PMP11311 Tools Folder -
. * Design Guide 17
* Design Files: Schematics, BOM, memm 12v
Gerbers, Software, and more b PMOLED Dispiy
* Device Datasheets: s s
o bq251 20A jyecizan HRM, Eink Dizply (optionsl)

bg51003
TCI!’SG‘I 046 PMP11311 ‘— B Coveres =
TPS61240
TPS62743/6
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RN S 7B B BT % — BQ2510X

o HRKAKZ 30V HLE AL PN ERE ST SRV 6 R e E DN AR %)

o REHRE 7E L RO A o [RERSTHFE IR AL HE LA I TR

o« +/- 0.5% KR 78 FL H R 45 « ARCTEPCBEAM

o BEHEBKEIMA, HALTEH BT

. %%;{&Ijjﬁffszy75nA Part Number Preterm or /CHG Battery Voltage

o THYPHLVR, AR bg25100 Preterm 4.2v

° WCSPﬁ/J\iﬂL%OQmm X 1.6mm bq25100A Preterm 4.3V

N Standaloneﬁ%ﬁ’fﬁﬁﬁ ﬁ$ bg25100H Preterm 4.35V
bg25101 /CHG 4.2V
bg25101H /ICHG 4.35V

iaumill

CEFEAL - Ao

° ﬂ?@&%’ ) 5"“{ bq25100 i i s i

C NBBHR A T ]
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Bg2510x — W ] JiH P

5

bq25100/100H

30V max,
OVP =

USB Port or

Adapter

6.5V

ki

VBUS _L
D+ TuF
o- =

SMOF

Programmable
default charge

V8s

ISET

PRETERM

current down

BQ25100

ouTt

TS

to 10mA.

Programmable
Pre-charge and
Termination

current down to

ImA.

SYSTEM

HOST

ICE

JEITA compliant
temperature
monitor

bq25101/101H

JEITA compliant

30V max,
OVP = temperature | |—— _S_YS_TEM_ —
USB Port or monitor ! |
Adapter 6-5\/ I— I |
|
VBUS IN ouT |
D+ 1u F‘L : |
B s I I
GNDf— = | |
= ISET Ts ! HOST :
2.7 k> I |
ICHG : |
| |
— T I :
BQ25101 !
Programmable, L e :
default charge | :
current down : |
to 10mA. Charge Lo
status
indication
40

W3 TeExAs INSTRUMENTS



PMOLED FF#IXzfiR 7% — TPS61046

« 1.6V — 6V H K A\ Ju o B/INEFERSS

o IR X FF28VH E Hi o i KA HE LA FH BT

+ KT L% E500nA ]

o« ZEHEKEE0-125°Ciu HE N nl1X5+2.0% > S

o SCFERBERER, RIHRER e

o WEHE AR, A ENE]E it R v

o M. FEE IR e out T o<

« WCSP#/N2£0.8mm x 1.2mm orr I " TPS61046 . ém l““F
— EN

APPLICATIONS = i o

« PMOLED HiJ5 4K z) T o -~

. AFHRIEA w = ourf— —

. 1§T%$§z‘;j]-&% :::: :::: o N TPSG1046GND [2.2uF

- HEEIMb el e = - v
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S5 [k Buck HE YR it ik 5 &8 — TPS62743/31/6

APPLICATIONS

2.0V — 5.5V % #H R AT F o JH/NEIERSS

360NAGBAIK B A far H HEL IR o HKESIIFE, B HE AR R A
10UAR HZ =1590% U o PUE

TPS62743/313% H:300mAF1400mA H. 37 4

Ei%%}ﬁ EEE%H Hj : 2.OV\t/<|)N5.5V TPS62743 L 2.2 pH oy
—  XA3ZFE8FH S ol HgmA i H L (1.2V. 1.5V, OTE VIN sw - System

VSEL1

— X431 FE8F P 5l g AR H R (1.3V. 1.4V, 1O VeELs =
1.6V. 1.7V. 1.9V. 2.0V. 2.9V. 3.1V) VSEL3  GND
— X463 Fr2FH P ol Hgm iR B (1.2V, 1.8V) = =

WCSPE /N2 1.6mm x 0.9mm 1.6 mm

1.8V, 2.1V, 2.5V, 2.8V, 3.0V. 3.3V) Cin =N vouT :|:COUT

0.9 mm

2 mm

MCU. BLE. {%/&2sHJH TPS62740
A 2R R 75% package size

K& H Bk reduction v
= i 3 mm >
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% K LDO H g fige ik 77 22 — TPS7A05

o TUABIEHASTIFE, -40 - +85°CH A TNFE2UA
o 1%HEMEKERE, -40-+85°CHLEFEE1.5%

PRIE S AR,

— 1TmMAZ100mA T # A8 1k, H KK E K A4 7550us

e
—  204mV(max) @ lour=200mA,Voyr=3.3V

0.8V — 3.3V R A4yt L e 35

APPLICATIONS

RS e

WCSP (0.65mm X 0.65mm), SON-4 (1x1)

o ARTIAER] T B KA LA e 1]
o BN, EEHBZIRN TG

DFN

SON 4 WCSP
1(mmx 1m2n in T =y ouT

Er W o ) -
cr Y » A W
=TT Wearr

i (Y

. )R

N e

Cire TP57A05 Con
1l o—{en GND ._.]
- N o
ore[ =
Device Vin lour Vpo lg Package
_ 204mV (max) WCSP (0.35mm pitch)
TPS7A05 1.4V - 5.5V 200mA @Vour=3.3V 1uA QFN-4 (1x1); SOT23-5
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T1 ST 3] 5F R s AT r il 5 58

Andonis Wang
BT 7 B AR )i
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e R

22 Rl PR A WRaR L i S A P et N AR %N
ZNE S IE XS, Ak S A A A E i A
IR AR, b 5 B I gefl
NARIREERSIN,  AEP~ i BN SRE S N ek B

YV VYV N
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OPT3006/7 M5 etail], k=i HAa 5 &7 & A% FH A5

s 2"
S T ]
DIF 4 BB, R — M 44 HL R 1930% - 40%
IR A a5 2, T it i P e 6 ey B
FRARER B BRI, 40 o 2 A T $5 P v o ) )
W4 BER ) w
A 2 Py TR
S | TR R LA AR |
[ A RER GRS ]
FRECSRERO TR B, 7 BT 46K i R 2 J
N — _ —
R [.iizggﬁmbﬁmwmw< ]
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OPT3006/7 AL ytrarill], ik~ b 4HAa 58 & & K438 AR5

1

. — OPT3001
10 —H i S I - 09 — Human Eye
I - . . l. A R, - - A Photodbde 5 08

) I \ / 1 \ == Human Eye % E:; 1
ott4 W =inrd ‘ g o
OPT300X? i y \ [ | \ § 03
02 i | i 1 | 1 zj j w
o 2] 5 . E
Human Eye vs Photodiode Human Eye vs OPT3001
 OPT300XHH bt Tt F AR E XHG A M BURE 5 AR S hneia vy & .
o URESIIN AT WG AR L X LLAMEEE R, OPT300XK 4L Ah GBS A I s A3V E A
FHEE TR R H G SR OIS BN &
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OPT3006/7 & ekill, b= fh A 5 &7 i 458 AR 56

H Ak A /N B i 351 24£0.94 x 0.85 x 0.226mm o B/NEEE, EEmAZIRNE

o 5 NHRXTR] WG R BUR B & VA o HMRINFE, VHFERYHE B Hh AHR N
o XTLLAMEIHIHI>99% o BHERENE, LHRMCUZNAS IR
o PEIIMBREEIIETEE: 0.01Lux — 83KLuxH] LAY#H;

BFRAR LA NS E

o B EEHINES I E

o ELHITHEE, EE T/ERAE1.SuARLTR
o RIGMIHWITIEE

o TEHLEFIAJLHE: 1.6V -3.6V

— 1 1]
APPLICATIONS == Tﬁ;-
o AR el | — | «
. BEFEA 7 |[= g
o loT& %% :
« FHL. Pk, PC low
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DRV2625 Z M ik ks, 1E7= a8 S 1AL ) AR i

Eccentric Rotating Mass (ERM)
ey ik

Lowest Cost, Lowest Performance Medium Cost, Medium Performance

Voltage

Acceleration (G)

Power Consumption

Freq. Response
Audible Noise
Response Time

Waveform
Min. Size (mm)

HD Haptics

Linear Resonant Actuator
(LRA)
2 ik

1-10 Vpe
~1
Good
Limited
Very Noisy
40 — 80 ms
DC Voltage

@5 x 8 long

No

25-10 Vpc
~1-2
Best
Limited
Moderately Noisy
20 - 30 ms

Sine Wave

@10 x 3 high

No

Strength

ERINE ST ESIE]

FEXFLRAZNE ik
TSR 1B 2 SEIN Y

o HE IR B R ER AR T IR IR AR

TEIRARAESR BN A RE AR A T At m] DU R 2

PR R0 P I SRR AR ) 7R QUIEL 0 A0 ) A

o [AFERIIRBIGRZ, SRBNE IR I DAE HE R R50%

o AHIIREIE BRHOR BTC I SEHUA R IR sh A LR R 22
o BRI IR 2 T BIR B 5 R DU )R 55

Hifw2.5Hz 5 8 R 3 w80 40%

—>

170

EIRAR B

i iR 2
it
U FESZ IR
Elewapeyitkoe DAL

180

* Based on current market devices 49
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DRV2625 2k ik IR, b= f A AT ) g dil R 56

o JBE{RICHLINFE (< 500 nA) o HLEEEU

o HINFEALFHALI (< 2 uA) o FERKPHLIB T AER [A]

o HHLVRHL R I o IEMEFI— ARSI

o HBIEIRZIE ER - WHEMHLIERT

o HBhitIRENJE BRI A o RIEIRPREBNEH

o SRR E o RMHRT R, HEAFMR, RErsm etk

o BT E TN E IR T2 W
« DSBGA#f%E1.5mm X 1.36mm

APPLICATIONS

« FHAPPAR
o BEIITHERTREFRARS
o TR
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HDC2010 A Eigde A, 1077 5 BN gedt
BENEFITS

« WLCSP (1.5mm x 1.5mm) RH HDC2010 VoD

00 } SDA
APPLICATIONS S L I o
1 ADDR

N JETEHE1.6 — 3.2V R TIFER] T~ f KAk H b A FH s (1]
SRl A Y o EINEE:, EAHRZRNHSE
MR AHGHE TR 0—100%, W&k E+2% o TEMLBILHA
MEJS VG -40 — 125°C, KE5+0.2%

1spSKAFIERES, “FHJHFIL0.6uA, PRI

LT X 50nA
AR IELRE  AE B {E V E @/

SR G LR 5 =
PR AEAS G A, AT B SRINUR f

y Logic
A5 R A D v
%E‘% Im &%’ TEMPERATURE Callbratio?g’oeffldents
|0Tﬁ%~ GND

BRI
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TMP116 ARG R, 1E7= 5 5 oeiE s A i B

o HENERE R TIFER] T~ f KAk H b A FH s (1]
— -25°CHI85°C Al A% ¥ AT ik £+/- 0.2°C o EAEEE, EAEHIRZRNHSE
—  -55°CF|125°C 2 [l Gk FE Al 6 F+/- 0.3°C e v N B A
._ 16145/} ﬁ#z Accuracy (Max)

) E,TEEIjJ*% . TMP116 0.2°C @ -25°C to 85°C 0.3°C
— 2 K3.5uABRSHT 0.3°C @ -25°C to 8°5C 0.4°C
— 5 K500nA T LR ,

. FE1.9V — 5.5V HL R A\ TG e

« WSON# % 2mm X 2mm Q | T s

% !

« BT L=

o AR o i

o MR IEE e N
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TEF — R 4% R:Simplelink MCUF &

REEFALSHAIRAM, S ErH
Z AN

BB K ARM Cortex M4F.

o EHIRTIFEMIALELSE, A TR
IR g-sensor, %A% %
B REE
48T 2MHz (R IhFEIS TR

*thﬁu—ﬂ'ﬁﬁnnmﬁ5¢1ﬁ54 10£%.

o MhoRZ RN R
AES-128/256, SHA-512, ECC,
RSA-2048)

Main CPU:

ARM®
Cortex™

Ps

10/15/31GPIOs

+20 dBm PA

RF core
N W, ADC
Y vl o

Digital PLL
DSP modem,

ARM® SRAM
Cortex™ MO

ROM

Sensor interface

% ULP Sensor Controller
, 2dMHz
2SSI (SPL, pw, i)
12bit ADC, 200ks &
Watchdog tiwer
LowPower Cowparators
TRNG

SPUZC digital sersorIF
Tenp. /batt Mon

Corstant Curent Source
RTC

Tiwe to Digital corverter

kB SRAM

XU BLRF:
e Sub1GHz + 2.4 GHz
« Sub 1GHZ + BLE

+20 dBm PAXE i ) fE 5 e B

More capable modem
» 2x speed for more
advanced modulation

TEAEH + 169 MHz

o BAERREICR BUE

o TREZHRIEIMY
(WMBUS)
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Simplelink MCU 1.7t 5 38 A

CC1352P (SUB1G + BLE)
CC2652R in WCSP (BT5/ZIGBEE)
CC2642R-Q1(BT5 for Auto)
CC2652RB (BT5/ZIGBEE)

CC2652RP (+20dBm BT5/ZIGBEE)
Part of the SimpleLink™ MCU Platform

ng—1 GHz 9

@ @ LigBee’ Z_ [ ) Lowpan
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Tl.com.cn: NR&ERHE—

git &

107/ Bm L., &b e
HISE . ELRERE. .
OKES . WP, DLP. f&

R, HLUKBh S

BT, K. @SR .
o AN e TR

2500 TI Designs=
i, i il ]
. BT MANERE
55 N FH 453k
PRt R, MERA.
JEW S B EPANAE B T

RGBT )
=X YWEBENCH® #
R N Bz E;D—® Bit
BRI B

TiD&Signs B

LIRS, HOTREN I
RIAEHR LR, RET|
Store

UMERTRMK, 3 -
REEAEARS . HEEHA
=
SETHLELITI, 2
WER. ZhTFsz, A
178 FE

Deyisupport (*130)

E2E (¥ %)

t'?zp éle store

Community

my T AR 55 2 € il
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myTIl K7 : T B &R AT )

https://my.ti.com

$ ¢ @

f:’:ﬁ

7J[l)\myTI 2 B Byt

Tistore —;ﬁﬁ;ﬂﬁ%qz & BREE

- 25T E%&ﬂiiﬁﬁz
- A WEBENCH® #it T EEFT R

MR

- WTR™=RER, RESEHEITLE,

%%?ﬂ‘@ 'ﬁﬂ“ﬁﬁ%{*

. BE ) THEEER
o VEM | BhnE L S R
. IR IR
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| 1 aund

TI LRI TN 2, BEFAT45

o FRALELFE N FEIR FLAH RIVRE N B Bl F- 52501
LiNER R UBR7 iR ]| PR INUVCOS ST o= i ) 27
— BT TT A NILSE . BRATTEE A R BRI
i H S FE 1000+ 28 EEFIRRE, M etk ik
P TS, BET TN, =Rz T

R T E, SHREZEN T « 2016 Lkt
- « BMSHIMEHERT
3 « WEBENCH Z 712

« Engineer It &5

A

&)

http://lwww.ti.com.cn/training
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LEIE R (378 95828 27 S

5 TR T 5
PRzl st
OLED Haptics G-
Y E AL R T DR\%2625 Seilsor PRI B R B
ECG | ADS1191/2R HDC2010 | IBfE
—> ADS1291/2R HDC2080 [
CC2640R2F e
PPG [ AFE4404/5 CC1310 TMPI16 it
—>| AFE4410 CC3220
NS \T‘Tll
o S AFEa900 OPT3006 e ot thadl
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TIF F R B & SRR TR

FEL A i R

A)

YIS

uUSB

\

BQ24040/5
BQ25120A

TPS61046

BOOST 10V >0.92" _

3.0-4.2V
I

I
I 100mAh

\ 4

TPS61256

PMOLED Display

BOOST 4.5v-5V S

TPS627X

AFE44XX LED Driver”

BUCK 1.8V <

TPS7A05

BLE, AFE, G-Sensor ~

LDO 3.3V BLE, AFE,
ADS, TMP, OPT,DRV
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OPT3006 Key Differentiator

Excellent IR Rejection (1/2)

Input Spectrum X  Glass Spectrum - Light to Device

2 10 1
‘ > 4 15 . - I[\\ ; 0.8 ,

0.6 6

Sensors Hidden " —> |/ ﬂ =

Behind Black Glass 031 ~d|” /J \V/ 0.2 \ /7'
0 - j Rl — 0 4
300 500 700 900 ™ o ey . 300 500 ,700 900
3 ~ 7
N 7/
Problem: Reason: ~ ~ /7
Light measurement changes under « Dark Glass transmits IR N /

s /
~
« Sources like Incandescent has high IR thatyefches sensor due
to glass transmissivity

different light inputs

* User discomfort
«  Non-optimum display power - Wrong Ambient Light measurement with wideband photodiode
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HDC2010 A IEZi 1 ARG, b= 5 5 N getb

Content type Link to content or more details

Content title

Humidity sensor landing page

Humidity sensor Product

Humidity sensor Tools and software

Humidity sensor Technical document

Humidity sensor forum

Landing page

Humidity sensor product list

EVM, GUI, Tl Design(s)

App note, FMEA test

E2E forums

http://www.ti.com/Isds/ti/sensing-products/humidity-

sensors/humidity-sensors-overview.page

http://www.ti.com/Isds/ti/sensing-products/humidity-

sensors/humidity-sensors-products.page#

http://www.ti.com/Isds/ti/sensing-products/humidity-

sensors/humidity-sensors-tools-software.page

http://www.ti.com/Isds/ti/sensing-products/humidity-

sensors/humidity-sensors-technical-documents.page

https://e2e.ti.com/support/sensor/humidity/
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DRV2625--2%

Eccentric Rotating Linear Resonant
Mass (ERM)

FrLik

Lowest Cost, Lowest Performance Medium Cost, Medium Performance

Voltage

Acceleration (G)

Power Consumption

Freq. Response
Audible Noise

Response Time

Waveform
Min. Size (mm)

HD Haptics

Actuator (LRA)

Ltk ik

1-10 Vpe
~1
Good
Limited
Very Noisy
40 — 80 ms
DC Voltage

@5 x 8 long

No

25-10 Vpc
~1-2
Best
Limited
Moderately Noisy
20 - 30 ms

Sine Wave

@10 x 3 high

No

Strength

: ) TK IR B 2%

BRI ESIET S

o B IRBIIR R AR T B R R

o EXTLRAZL M IA

o BRI B SEI 1

o ETRMURAGRBI A RE PO A T At ] DUB ERF

R R0 P I AR A3 ) 7R QUEEL 10 A0 ) e B A

o [AFERIIRBIGRIL, SRBNE IR S K DAL RE R R50%

o AHBRIBER SRS ICIE SEIUA R 5 ShAME IR RS HOR 2
o RBIER AL VIR S T BRSSP R 55

EIRAR B

i iR 2

Hifw2.5Hz 5 8 R 3 w80 40%

it

U FESZ IR
Elewapeyitkoe DAL

—>

R —

170 175 180
* Based on current market devices 64
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DRV2625 155 ELRAERMSET 35
| Features

« HBIEEHLIFE (< 500 nA) . HEEEE
AHEAHIER (<2 uA) o K I T AR T
e s e . IR —BIREAR
A SRS B Yy
. AR . RANHLFERT
o IEKWEH k) . RERE
. FFERIRENT E AR . (RIERRSRH
. BEARER  RIIRT AN, FEEFR, BT
. BBIRENRE
o BT HBES IR TS | =) 5] oo

Ap p I i cati o n s Control and Playback Engine Gate *‘ ouT+
Loopable Drive
Waveform Shape
Svaveform Select (LRA) n
equencer
° %m*ﬂ _qzm Impedance Off- -
Based Actuator Resonance e LRA
Diagnostics Driving (LRA) — or
V— — b N - = ort Circui ERM
JZ{@%% ? '& Automatic Dynamic and rotection
B [e] Dri

ver-Drive Programmable
and Braking Output Clamp
»
* ﬁﬂ%ﬁi% Automatic Resonance Tracking cate |1 ourt
and Reporting Diive 4{ 1

B RAR IR
ABLFH
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bg2404x/5x

1A Linear Charger in 2x2 QFN with D+/D- Based Adapter Detection

Features

+ Single input AC/USB Li-lon charger compatible with mini-USB interface bg24050/2

+ 28V maximum input voltage with OVP at 6.5V

» Support applications for very low charge currents (i.e 30 — 50mA and above). 1 |IN OuUT |10

» Automatic AC/USB detection using integrated D+/D- pins (bq24050)

» Adjustable Pre-Charge/Termination Current (5% - 50% ISET) 2 | ISET TS| 9

* V(IN) based current reduction loop for USB applications

+ Thermal Regulation Loop: Charge current clamping as die temperature 3] VSS CHG| 8
increases

* TS pin to monitor pack temperature (NTC) during charging 4 | PRETERM ISET2]| 7

— Compatible with JEITA safety standard
« Status pins: CHG, PGOOD 5 | D+ D-[6
» Fixed pre-charge and safety timers

« 2x2 mm 10 pin thermally enhanced power pad packages

66
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Wearable charger: BQ25100

Ultra small 250mA Linear Charger in 0.9mm x 1.6mm WCSP

1.  NEW! Ultra small 0.9mm x 1.6mm WCSP package.
Industry smallest single cell charger. Save 40% space for total solution.

2. NEW! Accurate charge current control at very low level
Programmable charge current down to 10mA. Ideal for very small battery capacity.

3. NEW! 1mA Termination current with 25% accuracy
Prevent pre-mature battery from termination, maximize battery
life with the desired regulation voltage.

4. Adjustable Pre-charge/Termination current
Range from 5% -50% of fast charge current. Offers great flexibility to satisfy the requirements of different batteries.

5. TS to monitor pack temperature (NTC) during charging

Compatible with JEIdp gagely standard. Control the charging in high and low te

6. Compat|
Applicable fo

7. Wide ing
30V maximu

8. LowBA
Extends batt:

0.9mm

{ A1)
{ B1 )

e

{ A2}
{ B2 )

{ c2 }

Smallest size & Maximized battery life!!!

JSB interface
sed interfaces for r %r‘*eble applications.

\wa S
> W csP

=" ackagehe rubustness again
P

1.6mm

19 leakage current from the battery due to

Part Number Preterm or /CHG Battery Voltage
bg25100 Preterm 4.2V

SthaRBabEHNput sigrjaRraterine flexibility for higtBByltage applications
bg25100A Preterm 4.3V

they2batdger. Critical fofGin@ll capacity batterigs4 .2V
bg25101H ICHG 4.35V
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TMP11§:

Ultra High Precision Digital Temp Sensor with integrated non-volatile memory

E o

Ultra high accuracy Maintains across a wide temperature range
» $0.2°C Accuracy from -25°C to 85°C
+ $0.3°C Accuracy from -55°C to 125°C . Non-volatile memory enables automatic configuration at power up
+ 16-bit Resolution (0.0078°C) with additional 16-bits of free memory for customer storage
Integrated EEPROM 0 Smallest Ultra-High accuracy temp sensor on the market

Low power consumption

+ 3.5uA of Quiescent Current (max) A Accuracy (Max)
+  500nA of Shutdown current (max) Generic Part Number ‘:(f\;l‘ar:;:y Across Full Temp Range
» Supply: 1.9V - 5.5V (-55°C to 125°C)

I2C/SMBus Compatible Interface TMP116M (prewew) 0.1°C @ 30°C to 45°C 0.2°C
_ 0.2°C @ -25°C to 85°C 0.3°C
6pin WSON 2x2 package
0.3°C @ -25°C to 8°5C 0.4°C
o
Applications n s
«  Medical «  Wearables <L e I e
. Cold Chain . Instrumentation & Test =
. Refrigeration . Thermocouple — Reference J
Tools & Resources s Canec
o EVM JT__J G.MJ v+ )
+  Datasheet i
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TMP11§:

Ultra High Precision Digital Temp Sensor with integrated non-volatile memory

E o

Ultra high accuracy Maintains across a wide temperature range
» $0.2°C Accuracy from -25°C to 85°C
+ $0.3°C Accuracy from -55°C to 125°C . Non-volatile memory enables automatic configuration at power up
+ 16-bit Resolution (0.0078°C) with additional 16-bits of free memory for customer storage

Integrated EEPROM

Low power consumption

+ 3.5uA of Quiescent Current (max) A Accuracy (Max)
+  500nA of Shutdown current (max) Generic Part Number ‘:(f\;l‘ar:;:y Across Full Temp Range
» Supply: 1.9V - 5.5V (-55°C to 125°C)

. Smallest Ultra-High accuracy temp sensor on the market

12C/SMBus Compatible Interface TMP116 0.2°C @-25°C 10 85°C 0.3°C
_ 0.3°C @ -25°C to 8°5C 0.4°C
6pin WSON 2x2 package
o
Applications 1
«  Medical «  Wearables Q o g I R
. Cold Chain . Instrumentation & Test =
. Refrigeration . Thermocouple — Reference J
Tools & Resources s Canec
o EVM JT__J G.MJ v+ )
+  Datasheet i
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