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Demand for a new battery technology 

 

INTERNET 

OF EVERYTHING 

Sensors everywhere 

Healthcare 

Energy harvesting 

Wearables 

Smart home 

Billions of devices 

New application fields driving demand 

for compact, safe, rechargeable energy sources 



Humanizing the Digital Experience: TDK Developers Conference 2018 

Requirements for new battery technology 

  

Solid-state batteries are the only solution 

able to meet all key requirements 

Miniaturization 

Ultra-low power 

Rechargeable 

SMT-compatible 

Safe 

 Fit in tiny mobile devices 

 Stand-alone power source 

 Up to 1000 charging cycles 

 Cost-efficient mass production  

 Must not leak, burn or explode 
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Comparison of solid-state battery technologies 

  

Ceramic multilayer technology offers the cost-optimized,  

high volume manufacture of safe batteries for IoT devices  

Thin-film Bulk (pouch cell) Ceramic multilayer 

Structure 

Thickness 0.2 mm to ~1 mm >1 mm 0.2 mm to ~3 mm 

Smallest 
footprint 

4 mm2 >100 mm2 0.5 mm2 

Process cost High Medium Low 

Limitations 
Transport restrictions for Li 

metal (flights) 
Must be waterproofed to prevent 

generation of H2S 
None 
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Introducing CeraCharge™ – the world’s first  

solid-state, SMT-compatible Li-ion battery 

 

All-ceramic multilayer battery 

CeraCharge™ 

 High safety 

 SMT-compatible 

 Suitable for reflow soldering 

Electrolyte:  
Li-based ceramic 
oxide 

Charge collector: Cu 

Inner electrode: Li-
based ceramic oxide 

External 

electrode 

All solid state 

Separator 

Positive electrode 

Organic electrolyte (Li-ion) 

Negative electrode 

Electrode terminal Gas relief 

valve 

Li-ion battery 

External 

electrode 

Inner electrode 

Dielectric 

Multilayer ceramic 

CeraCharge combines the advantages of Li-ion batteries with the safety 

and manufacturing benefits of ceramic multilayer components 

High-energy  

Li-ion battery 

technology 

High-volume 

production process 
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Unique features of CeraCharge 

 

 Cannot leak 

 Cannot burn 

 Cannot explode 

All- 

ceramic 

structure 

 Reflow solderable 

 Embeddable  

 No need to change battery 

 Available in EIA case sizes 

 Wide temperature 

range 

 Suitable for vacuum applications 

Robust 

design 

World‘s smallest 

 Safe 

Rechargeable 

 Easy to assemble 

SMT- 

compatible 
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CeraCharge – World‘s first rechargeable  

solid-state SMD battery 

 

Nominal voltage 

Operating voltage  

Nominal capacity  

Nominal discharge current 

Operating temperature 

[V] 

[Vop] 

[µAh] 

[µA] 

[°C] 

1.4 

0 to 1.6 

100 ±20 

20 

-20 to +80 

Case size 

Dimensions 

[EIA] 

[mm] 

1812 

4.5 x 3.2 x 1.1 

Initial inner resistance 

Weight   

[Ω] 

[g] 

<200 

0.045 

CeraCharge 1812 

CeraCharge is a new battery technology with a high discharge rate CeraCharge offers 1000 times the capacity of a capacitor in the same case size 
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Comparison of energy storage devices 
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Volume [mm3] 

100 
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106 

10-2 

10-4 

10-6 

10-1 100 101 102 103 104 105 106 

(100 mF ≈ 100 μAh) 

Battery 

EDLC 

Non SMD 

SMD 

MLCCs 

CeraCharge™ 

0603 

1812 All-ceramic structure 

 Cannot leak 

 Cannot burn 

 Cannot explode 

 

SMT-compatible 

 Reflow solderable 

 Available in EIA case sizes 

 No need for battery change 
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What is CeraCharge ?   It is a rechargable chip battery 

 

CeraCharge is an energy storage device which needs an energy source or power generation unit to be charged. 

By using this charged energy, it powers functional components like BLE, RTC etc.   
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How does CeraCharge operate ? 

Charge 

Discharge 

Charge : supplied by main source, solar cell etc. 

Discharge : provide energy to module(BLE etc.) 

                   or  IC(RTC etc) 

Recommended charge profile 
 

a)Constant current charge: setting current in range 10 μA up to 50 μA with 

end voltage 1.6 V. 

 

b)Constant voltage charge: setting voltage to 1.6 V with limited current under 

200 μA, end current below 10 μA. 

 

c)Constant current charge / constant voltage charge: For constant current 

charge set current in range 10 μA up to 50 μA with end voltage 1.6 V; for 

constant voltage charge set voltage to 1.6 V with end current below 10 μA. 
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Typical discharge characteristic of CeraCharge 

CeraCharge is a new battery technology with a high discharge rate 
The nominal discharge current for CeraCharge is 20 µA,  

but one CeraCharge component is also able to support a continuous discharge up to 1 mA (10 C) 
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Temperature characteristic of CeraCharge 

 

CeraCharge is a new battery technology with a high discharge rate 
CeraCharge can operate in a temperature range from -20 °C to +80 °C. 

This makes CeraCharge suitable for outdoor use, for example in weather stations. 
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Cycle characteristic of CeraCharge 

 

CeraCharge is a new battery technology with a high discharge rate 
CeraCharge is able to operate several dozens cycles up to > 1000 cycles  

without any significant loss in terms of electrical performance (up to 80 percent of the initial value) 
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Pulse discharge characteristic of CeraCharge 

 

CeraCharge is a new battery technology with a high discharge rate 
In pulsed operation mode – f.e. when supplying a Bluetooth beacon module during transmission–  

one CeraCharge component  can supply currents up to a magnitude of about 5 mA/pulse. 
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Recommended reflow soldering profile 

Standard SMD reflow soldering profile for Pb-free solder can be applied for CeraCharge. 

Temperature ranges for reflow soldering are according to IEC60068-2-58 recommendations. 

 

tL 

Profile feature   Pb-free assembly 

Preheat and soak 

- Temperature min 

- Temperature max 

- Time  

  

Tsmin 

Tsmax 

tsmin to tsmax 

  

150 °C 

200 °C 

60… 120 s 

Average ramp-up rate  TL to Tp 3 °C/s max. 

Liquidous temperature 

Time at liquidous 

TL 

tL 

217 °C 

40 … 150 s 

Peak package body temperature  Tp
1) 235 … 260 °C2) 

Time (tp)
3) within 5 °C of specified 

classification temperature (Tc) tp
3) 10±5 s3) 

Average ramp-down rate Tp to Tsmax 6 °C/s max. 

Time 25 °C to peak temperature   maximum 8 min 
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Main applications for CeraCharge 

 

MCU 

Sensor 

Application 

Solar 

cell 

Real-time clock 

Backup battery 

Internet of Things: Beacon 

Energy storage (battery) 

Energy harvesting 
Energy storage        

Wearables 
Sub-battery for voltage and current smoothing 

BACK-UP 

RTC LCD 

CHARGE 

BLE 

module 
PMIC 

(CV output) MCU 

Sensor 

Application 

PMIC 

(CV output) 

Energy 

source 

Li battery 

(main 

battery) 

BLE 

module MCU 

Sensor 

Application 

Capacitor 

RF 

module 

Energy 

harvesting 

unit 

EN threshold control 

CeraCharge™ CeraCharge™ 

CeraCharge™ 

CeraCharge™ 

Surplus 

power 

MCU 
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5,60 

RTC Requirements specifications 

●RTC backup circuits 

¬To keep an internal clock of µController or computer running 

 
○ Leakage    Smaller than current consumption of RTC-IC of ~ 0.4uA 

○ Capacity  Depends on the target operating term (100uAh backups RTC-IC around 10 days) 

○ Float charging  when main power is supplying, CeraCharge is always fully charged in parallel. 

 

http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjLnOiX-pLcAhWEUbwKHeojCcYQjRx6BAgBEAU&url=http://posy.cocolog-nifty.com/hanaplus/2014/07/dellvostro1015-.html&psig=AOvVaw0mH6P6MYL1rk0Q7qBBg6UL&ust=1531257840862290
http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwihk5mw-pLcAhXMe7wKHfTxBasQjRx6BAgBEAU&url=http://www.tok2.com/home2/hiromit/syuuri-bunkai/10-avic9900/04-pcb-batt/pcb-batt.html&psig=AOvVaw0mH6P6MYL1rk0Q7qBBg6UL&ust=1531257840862290
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Circuit design of RTC 

※Circuit design data from RICOH ELCTRONIC DEVICES  

Most  of RTC have VDD function to charge secondary battery  

CeraCharge 

 
 

Primary 

power 

source 
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How CeraCharge work with RTC 

RTC LCD 

MCU 

BACK-UP 

RTC LCD 

MCU 

Normal condition : RTC works with main power 

 Charging of CeraCharge is controlled by RTC 

and CeraCharge is charged using main power  

Main power off : MTC and other function off 

                           RTC works with CeraCharge 

CeraCharge™ CeraCharge™ 

CeraCharge is used only in case on main power cut off  
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Proposal circuit of RTC with CeraCharge 

Short time backup 

BACK-UP 

RTC LCD 

CHARGE 

CeraCharge™ 

MCU 

Main application  

Consumer electronic with clock function, smart meter,etc. 

CeraCharge can be backup the system up to 10days 
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Measurement circuit 

ASB 

CeraCharge 

RICOH R2051S Backup time evaluation result 

Current consumption characteristic 

Backup time (h) 

V
o

lt
a

g
e

 o
f 
C

e
ra

C
h

a
rg

e
 (

h
) 

Backup time of 1week, meet with 

50μAh-100μAh 

Measurement procedure 

1. 1.6V Charge for 1day 

2. Connect to R2051S and measure RTC time (start time) 

3. Measure CeraCharge voltage constantly (1measure/1day) 

4. Check R2051S stop time  

RTC backup time evaluation result with CeraCharge 
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Vibration 

Light 

Heat 

Radio wave 

*) Roundy, S. et al., “A study of low level vibrations as a power 
source for wireless sensor nodes,”Computer Communications 
26, Issue 11, pp.1131-1144, Jul. 2003 

10-3～10-4 

10-4 

10-5 

10-6 

Energy type W/cm2 ＊ 

Need to collect low level of energy 

Energy Harvesting 
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Solar powered Beacon 
Concept of Solar powered  Beacon: 
- No need to change battery 

- Charged to battery during daytime and using battery when 

light is off 

 

Solar 

cell 

Internet of Things: Beacon 
Energy storage (battery) 

BLE 

module 
PMIC 

(CV output) MCU 

Sensor 

Application 

CeraCharge™ 

Which parts are used ?  
- Solar Cell 

- Power management IC 

- Energy storage device (battery, capacitor) 

- MCU (BLE, sensor) 

 

Where can you use an indoor solar Beacon?  
- Sensing of equipment, instruments (positioning, temp etc.) 

- Sensing human information (positioning, temp etc.) 

- Shop : Sending information of Bargen items etc. 

- Museum :  Sending information of exhibition 

 

Can CeraCharge be used for energy storage device using solar powered Beacon ? 
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Sensing from everywhere under light 
using the Thin, Small IoT solution. 

It brings new value to lives of people. 

Generate 
electric power 
from Outdoor 
& Indoor 
Lights Supply High-power 

from stored electric 
energy  

Low-power data 
transmission Capacitor 

EDLC 

PV 

BLE 

Sensor 

Charging 

Operating 

IoT 
Generating 

Transmitting 

CeraCharge 

Store Energy 
generated by 
PV 

Scheme of Solar powered Beacon 
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Verifing with CYPRESS Demo kit CYALKIT-E03 

■ Appearances & block diagram of “CYALKIT-E03” 

・Solar cell : 6-cell, 3.6V,3.5uA (AM-1616 Panasonic)      replace to TDK PV (BCS4630B9, 2-para) 

・EDLC : 0.2F, 3.3V (DCK-3R3E204T614-E : ELNA)       replace to TDK EDLC (5mF) 

・Capacitor : 400uF (100uF*4)                                         replace to CeraCharge (2S2P, 3.2V, 200uAh) 

・PMIC : S6AE103A 

・RF module : CYBLE-022001-00 

・Sensor : Temp. and Humidity Sensor (Sil7006-A20-IM1) 

※CYALKIT-E03 is a product of Cypress Semiconductor Corp.  
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5,60 

Circuit design of CYALKIT-E03 

■ Circuit diagram of the S6AE103A PMIC 

EDLC 200mF 
MLCC 400uF 

Changed to CeraCharge 

(2S2P, 3.2V, 200uAh) 

Changed to EDLC 

(5mF, TDK) 

PV (AM1606) 

BCS4630B9 (TDK) 

 2-para 

※CYALKIT-E03 is a product of Cypress Semiconductor Corp.  
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5,60 

PMIC operation verification with CYALKIT-E03 

■ Results 
 

1. Over Voltage Protection (OVP) for Solar-cell under high illumination environment 

  The voltage of the solar cell in VDD pin was controlled to <5.4V by the PMIC function. 

 

2. Voltage control for CeraCharge unit connected in VSTORE2 pin 

  The voltage of the CeraCharge unit was controlled in the range of “VoutL” to “VoutH”. 
 * The voltage range of Vout, VSTORE1, and VSTORE2 are controlled to the same range with resistors connected to FB pin. 

 ( e.g. VoutH=3.24V, VoutL=1.62V in this kit “CYALKIT-E03”) 

 

 

 S6AE102A can prevent the over voltage of solar cell, 

  and can control the voltage range of CeraCharge unit without external switching. 
* The power control logic & pins (VSTORE1, 2) of “S6AE103A” mounted CYALKIT-E03 is the same as S6AE102A’s one, 

 both of “102A” and “103A” can provide these functions. 

CeraCharge can be used for energy storage device for solar powered Beacon  
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5,60 

Block diagram and driving model  

of solar powered Beacon with CeraCharge 

■ Block diagram & driving model 

CeraChargeTM 

EDLC 

Primary 

Secondary 

PV (Solar cell) 

Power management  
IC 

(w/ storage pins) 
 

STORE2                  STORE1 

 
Application BLE 

module Sensor 

MCU 

EEPROM 

・
・
・
 

EDLC is charged by PV via PMIC first, its power 

drives BLE module directly. 
 

* It should have a low inner resistance for mA current supply. 

CeraCharge is charged with a surplus energy after fully charging of EDLC, 

and discharges into EDLC when EDLC is empty.  

It can be arranged in  

any configuration to  

meet requested  

functionalities. 
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5,60 

Solar powered Beacon 

You can see these  Beacon working at CeraCharge booth today! 
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Energy harvesting devices with CeraCharge 

Fingertip size voltage controllable and stable voltage battery 

Base technology : Small PKG/ Low leak current /  Low power consumption 

TDK CeraCharge™ × RICOH power supply IC 

・CeraCharge module circuit 

・Demonstration of working time 

With the circuit shown left, show graph that BLE 

sensor is working for 7~8hr 

 

Show voltage of the module by voltmeter 

                   ＋ 

Show logger data by tablet 

How to use CeraCharge in 

combination of DC/DC 

convertor? 

 

This concepts enables to use 

the full power of CeraCharge  
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Energy-harvesting devices with all solid state 
rechargeable battery module 

PV
6ｾﾙ

R1800K
MCU
+BLE

Sensor
照度

ｾﾗﾁｬ ｼーﾞ

ｾﾗﾁｬ ｼーﾞ

RP604Z

Sensor
温湿度・気圧

Solar Cells 
Output 

CeraCharge 
Output Module 

Output 

Amorphous 
silicon solar cells 

(TDK) 

R1800 module 
(Ricoh) Sensor, 

microcomputer and 
RF module 

CeraCharge+RP604 
module 

(TDK+Ricoh) 

(Illumination) 

(temperature and 
humidity) 

Cera 
Charge 

Cera 
Charge 

6 Cells 

Energy harvesting devices with CeraCharge 
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Solar Cell 
 Indoor light generation  (Good efficiency for indoor lights ） 
 Thickness≦0.2mm 
   thin & flexile → easy to mount on curved places 
 Lightweight → hard to break even dropped 
 Various shapes, support custom specifications 

Good power generation efficiency for Indoor Lights . 
No need to replace battery → Low maintenance costs. No electric wire → Low initial cost of introduction. 
Thin, Small and Lightweight → easy to place/mount   

Watch, Wearable devices 
 Power source for Sensors・Beacon 
 Other Energy harvesting power sources 
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製品ｻｲｽﾞ[mm2]

製品ｻｲｽﾞと各照度における発電量（屋内想定）

5000Lx

1000Lx

200Lx

600

【output power (example)】  
Size 20×30㎜ 
⇒ ～220μW under 1000Lx 
illuminance 

Features 

Applications 

PV device size and Generation power (Indoor lights) 

Size [mm2] 

Film Solar Cell (PV Device) 
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RICOH R1800 Buck DC/DC converter for Energy Harvestor  
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RICOH RP604 Buck-Boost DC/DC Convertor 
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Energy-harvesting devices with all solid state 
rechargeable battery module 

PV
6ｾﾙ

R1800K
MCU
+BLE

Sensor
照度

ｾﾗﾁｬ ｼーﾞ

ｾﾗﾁｬ ｼーﾞ

RP604Z

Sensor
温湿度・気圧

Solar Cells 
Output 

CeraCharge 
Output Module 

Output 

Amorphous 
silicon solar cells 

(TDK) 

R1800 module 
(Ricoh) Sensor, 

microcomputer and 
RF module 

CeraCharge+RP604 
module 

(TDK+Ricoh) 

(Illumination) 

(temperature and 
humidity) 

Cera 
Charge 

Cera 
Charge 

6 Cells 

These module demo will be shown at Electronica 2018 

Energy harvesting devices with CeraCharge 
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Other applications 

Charger 

From power source 

Solar cell 

Vibration (piezo) 

Thermoelectric 

Microwave, radio wave 

etc. 

= wireless charging 

PMIC 

Power management 

control IC 

 

For RTC, energy 

harvesting, wireless 

charge control, etc 

 

 

Functional devices 

BLE : transmit signal 

Sensor 

Temp, humidity, light, 

accelerator, etc 

Clock 

Display 

Light 

Buzzer 

Store data 

CeraCharge 

 

 

Energy storage device 

c.f) RTC = From power source + clock function included in PMIC (RTC chip) 

     Solar Beacon = Solar cell + PMIC + BLE 

others 

others 

We are open to discuss further applications !!! 
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Thank You! 


