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Block diagram for Thermostat
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Power supply line Recommended Devices
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Power supply line Recommended Devices

Navigation Window —In case of using AC commercial power supply —
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Power supply line Recommended Devices
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Analog Signal line Recommended Devices

Navigation Window
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E LED current, output voltage of
MCU and base-emitter voltage, DC
current gain of the transistor are
important in selecting transistor
for LED drive.

E Small package saves board space.
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LDO Regulator

Device Type

LDO

Proposal Product

TARS5SB series

Package 0
SOT25
Size [mm] 2.9%2.8
-é Vin(Max)[V] 15
g Iour(Max)[mA] 200
§ Viy-Vour(Max)[V] 0.2@5V
O Output range[V] 1.5~5.0
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Operational Amplifier for current sensor

Device Type Operational Amplifier
Proposal Product TC75S67TU
Package
¢
UFV
Size [mm] 2x2.1
o Vb, ss(Max)[V] +/-2.75
% Vb, ss(Min)[V] +/-1.1
g Iop (Max)[HA] 700
S Vi (Typ) at ]
f=1kHz[nV//Hz]

TOSHIBA

Leading Innovation >>>

© 2018 Toshiba Electronic Devices & Storage Corporation



CRM PFC Control IC: TB6819AFG EN

Features

Maximum power supply voltage: 28 V

i I

£
T
ravl

Operating voltage range: 10.0 V (typ.) to 25 V (max)

Startup voltage: 12.0 V (typ.) . Oza)fléagiils(;;?nm)
Operating current: 4 mA (typ.) : : .

Maximum drive current: 1.0 A (typ.) @ I o

. ACIN _L uhw — . > =
Pulse-out control at light load Can § = Swach

Protection T % T o

Input overvoltage protection (OVP-1) ’ i L

Output overvoltage protection (OVP-2) O—=C O =
Overcurrent protection (OVP) _'L_D - )
Undervoltage lockout (UVLO) —|
Open feedback-loop detection (OFD)
Brownout protection (BOP)
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MOSFET 4] 6] 7

Device Type MOSFET MOSFET
Proposal Product TK18A50D TK12P50W
Package i .
TO-220SIS DPAK
Size [mm] 10x28x4.5 6.6x10.0x2.3
Polarity N-ch N-ch
O Vpss [V] 500 500
%’ Ip [A] 18 11.5
§ Po [W] 50 100
O | C.. [pF] 2600 890
hall (max) 0.27 0.34
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SiC Schottky Barrier Diode

Device Type SiC SBD SiC SBD
Proposal Product TRS2P65F TRS2E65F
Package
¢ g
DPAK TO-220-2L
Size [mm] 6.6x10.0x2.3 10.05%x28.64x4.45
O Virm (Max) [V] 650 650
@
E e (max) [A] 2 2
O
c Vey (Max) [V] 1.6 1.6
i
O | Ipry (Max) [HA] 20 20
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MOSFET for Gate Driver

Device Type MOSFET MOSFET
Proposal Product HN4B101] HN4B102]
Package 0 0
SOT-25 SOT-25
Size [mm] 2.9%x2.8x1.1 2.9%x2.8x1.1
Polarity PNP + NPN NPN + PNP
S V\?EO (maX) @ Ql -30 30
3 [V]
O I. (max) @ Q1
= -1.0 2
5 LIA]
! Vo (Max) @ Q2
c CEO -
O V] 30 30
Ic (max) @ Q2
1.2 -1.8
[A]

TOSHIBA

Leading Innovation >>>

© 2018 Toshiba Electronic Devices & Storage Corporation

11



Photocoupler 9

Device Type Photocoupler Photocoupler
Proposal Product TLP2355 TLP2358
Package ‘ ‘
5pin SO6 5pin SO6
Size [mm] 3.7x7.0x2.1 3.7x7.0x2.1
Output Totem-pole (BUF) Totem-pole (INV)
S | Ve V] 3 to 20 3 to 20
% Ic (max) [mA] 3 3
é{g Tpg (Max) [ns] 250 250
[B\\//r Sm(;‘]“ax) 3750 3750
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Pch MOSFET for Battery

SOT-1220
(2.0x2.0mm)

SSM6J501NU

Pch MOSFET

Feature
> Low Rpgony: 15.3mQ(MAX) @-4.5V,
> Small and hlgh Pp SOT-1220 package

s

Li-Ion battery
Vor=4.3~3.1V I I

Products performance

Toshiba research result in Dec. 2017

Toshiba Company D
SSM6J501NU DMG3415

2.0x2.0mm

and ?
Package Out-line R’

1.5x2.0mm

&

Package dimension

Vpss -20V -16V
Viss +8 +8
Ip -10 -2.5
Po 1.0W 1.35W
Viess=-1.8V 26.5mQ 65mQ
Rﬁﬁ&“) Vgss=-2.5V 19mQ 52mQ
Vgss=-4.5V 15.3mQ 39mQ

RDS(ON) MAX (mQ

uraton _ ( I W
uration (V) (V) (A) (W) -1.8V -2.5V -4.5V

Single SOT-1220
Pch 2.0x2.0mm
TOSHIBA
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Nch MOSFET for Battery

SSM6K513NU oo e220
SSM6K514NU

Nch MOSFET
DFISEPIETC

Feature | m m
SSM6K513NU
> Vbss/Vess=30V/£20V
> Rpsiony = 8mQ(typ.) @Vgs=4.5V
SSM6K514NU
> Vpss/Vess=40V/£20V

> RDS(ON) = 11.2m§2(typ.) @VGS =45V

VBUS ]
USB
Plug

FET driver IC

o Rps(on) typ-
Part Number ontig (mQ) Selling point

uration
VGS=4' 5V

SSM6K513NU Single 30 +20 15 8 Low Rpsony
SSM6K514NU Nch 40 +20 12 11.2 High Vpss
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Comparison with Mechanical relay

In recent years, replacement from mechanical relays and reed relays is accelerating.

Mechanical relay Photorel Remarks
(Signal relay) otorelay (Feature of Photorelay)
Lifetime _ A o © o Long life
(With contact limit) (No contact limit)
Contact Capacity . O(2A) _ . O (~5A) |
: % Ta 85°C/AC-DC applicable X Ta 25°C/VorFF=60V basis
Contact Resistance About 0.1Q About 0.02~25Q High reliability
(ON Resista nce) (Degraded by On/Off) (Stable)
Contact Voltage ©) O
(OFF Voltage) (ex : AC 250V, DC 30V) (ex : line up with 20V~600V)
Isolation Voltage O ©
(ex : 1KVrms) (max:5KVrms)
Operation / Release Time A O High speed
About 5ms About 0.1ms
Operation Sound A (exist) © (No sound) No noise
Miniaturization O o Smaller size
(ex : 60mm?2) (5-VSON: 2.9mm?2 - 1.45 x 2.0 mm)
Input Power Consumption x (coil) © (LED) Less power
100mW~ (ex: 0.5mMW~) consumption
Contact Form 1c. 2c la. 1b. 2a. 1alb
Leakage Current O (not exist) O(20pA~)

TOSHIBA
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Example of Mechanical Relay

Characteristics A B C D
Package Size 10x6x5.7 mm 16x10x8 mm 10x7.2x5.4 mm
Coil voltage range 1.5 to 24VDC 1.5 to 24VDC 5.0 to 48VDC 1.5 to 24VDC
Contact arrangement DPDT (2 form C) DPDT (2 form C) SPDT (1 form C) DPDT (2 form C)
Initial contact resistance <50mQ at 10mA/30mV <50m®Q at 10mA/30mV 50mQILF (By voltzggld}‘(())g 21\(/2 DC 1A)
Normal operating current 2.4VDC, 41.7mA 3VDC, 46.7mA 5.0VDC, 40.0mA 1.5VDC, 66.7 mA
_ . 60 W (DC), 30 W (DC), 37.5 V A (AC)
Max. switching power 60W, 62.5VA 60W, 62.5VA ¥9200mwW (resistive load)
Max. switching voltage 250VAC, 220VDC 250VAC, 220VDC 250VAC, 220VDC 125VAC, 110VDC
Max. switching current 2A 2A 3A 2A
Operate time [Set time] typ. 1ms, max. 3ms typ. 1ms, max. 3ms SmsiAF Max. 4 ms
Release time [Reset time] typ. 1ms, max. 3ms typ. 1ms, max. 3ms S5msEF Max. 4 ms
Expected Mechanical life 108 operations 108 operations 108 operations Min. 5 x 107 (at 180 cpm)
life Electrical life min. 1x10° operations min. 1x10° operations min. 5x10° operations Min. 5 x 10* (2 A 30 V DC),
) ) ) Min. 10° (1 A 30 V. DC)
Ambient temperature -40°C to +85°C -40°C to +85°C -40°C to +70°C -40°C to +85°C

These thermostats are almost used on 2 form C mechanical relays, it is able to replace
to 1 form C photo relays.

Normal operating current : less than 5VDC/66.7mA

Switching voltage : 250VAC/ 220VDC

COmUTERE On application, 24 VAC relays are arranged in the control input part of Heatpump / Condenser
which is externally attached to HVAC. These mechanical relays may not operate fully 250VAC
switching voltage in some cases.

Switching current : 2~3A
TOSHIBA
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Recommendation for Mechanical Relay Replacement

Characteristics TLP3103 TLP3107 TLP3109 TLP3555 TLP3555A TLP3556A TLP3823 TLP3825
Package 2.54S0P6 (6.3%7.0x2.1 mm) DIP4 (4.58x7.62%3.65 mm) DIP8 (9.66x7.62x3.65 mm)
FOr@V)VIaFfl\(’)‘;'fzge 1.18V(min), 1.33(typ), 1.48V(max) 1.5V(min), 1.64(typ), 1.8V(max)
Contact arrangement 1a
On-state resistance (Ron) 70mQ 60mQ 70mQ 200mQ (100mQ) 200mQ 150mQ 500mQ
Diode power dissipation 50mW
(Pp)
Off-state output terminal
voltage (Vore) 60V 100V 60V 60V 100V 100V 200V
Turn-ON time (ton) Max. 5.0 ms Max. 2.0 ms Max. 2.0 ms Max. 5.0 ms
Turn-OFF time (torr) Max 1.0 ms Max 1.0 ms Max 0.5 ms Max 1.0 ms
Operating temperature -40°C to +85°C ~40°C to +110°C
opr
B In case of using 24VAC relay for Heat pump/Condenser, it is possible to recommend of
Comment Toshiba photo relays(VOFF=600VDC, 90VDC).
m DIP4, 2.54S0P6 package is smaller than mechanical relay.

Tos H I BA © 2018 Toshiba Electronic Devices & Storage Corporation 17
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Photorelay
Device Type Photorelay Photorelay Photorelay Photorelay
Proposal Product TLP3103 TLP3107 TLP3109 TLP3555
Package
\ ' \ ' \ ' . Y ‘
2.54 SOP6 2.54 SOP6 2.54 SOP6 DIP4
Size [mm] 6.3x7.0x2.1 6.3x7.0x2.1 6.3x7.0x2.1 4.58x7.62x3.65
Contact la la la la
arrangement
O
B | lon (Max)[A] 2.3 3.3 2.0 2.0
)
G | Ve (Max) [V] 60 60 100 60
©
O | Roy (typ.) [MQ] 70 60 70 200
BVs (max) [Vrms] 1500 1500 1500 2500

TOSHIBA
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Photorelay
Device Type Photorelay Photorelay Photorelay Photorelay
Proposal Product TLP3555A TLP3556A TLP3823 TLP3825
Package
DIP4 DIP4 DIP8 DIP8
Size [mm] 4.58%x7.62%3.65 4.58%x7.62%3.65 9.66x7.62x3.65 9.66x7.62x3.65
Contact la la la la
arrangement
O
B | lon (Max)[A] 3.0 2.0 3.0 1.5
)
S | Vope (Max) [V] 60 100 100 200
O
O | Roy (typ.) [MQ] 100 200 150 500
BVs (max) [Vrms] 2500 2500 1500 1500

TOSHIBA

Leading Innovation >>>

© 2018 Toshiba Electronic Devices & Storage Corporation

19



RESTRICTIONS ON PRODUCT USE

» Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information in this document, and related hardware, software and systems
(collectively "Product") without notice.

» This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's written permission, reproduction is permissible only if
reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for co_mplyingpwith safety standards and for providing
adequate designs and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their own applications,
customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application
notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be used
with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in
such design or applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams, programs, aI%onthms, sample application circuits, or
zn Pcl)_tlrgz'&_q_elge&?ced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR

¢ PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY,
AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expresslg.stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling e wEment, equipment used to control combustions or explosions,
safety devices, elevators and escalators, devices related to electrlcgower, and equipment used in finance-related fields. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES
NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.
¢ Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

« The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement of patents or any other intellectual property rights of
third parties that may result from the use of Product. No license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT
ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES
OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL
EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

¢ GaAs (Gallium Arsenide) is used in Product. GaAs is harmful to humans if consumed or absorbed, whether in the form of dust or vapor. Handle with care and do not break, cut, crush, grind, dissolve
chemically or otherwise expose GaAs in Product.

¢ Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the design, development, use, stockpiling or manufacturing
of nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons). Product and related software and technology may be controlled under the applicable export
laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related
software or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please use Product in comlfliance with all applicable laws and
regulatlons that regulate the inclusion or use of controlled substances, InC|UdIn%WIthOUt limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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