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CAUTION!

1. Safety Precautions

Before

applying power to the FEBFCM8531 BO1H300A evauation board, it is

imperative that al involved personnel read and understand the safety precautions and
understand the power on/off procedures.

The FEBFCM 8531 _B01H300A evaluation board operates at lethal voltages and has bulk
capacitors that store significant charge. Accidental contact can lead to lab equipment
damage personnel injury, and may be fatal. Please be exceptionally careful when probing
and handling this board. Always observe all |aboratory precautions, including:

All connected computers and measurement equipment MUST be isolated from
the AC mains before operating voltages are applied to the board. Alternatively,
AC/DC power to the board may be isolated.

When using an oscilloscope with this board, it must be isolated from the AC line.
Alternatively, high-voltage (700 V+) isolated probes may be utilized.

Start with a clean working surface, clear of any conductive material.

Be careful while turning on the power switch to the AC source.

Never probe or move a probe on the board while the AC line voltage is present.
Ensure the bulk capacitors are discharged before disconnecting the AC motor and
the MCU. One way to do this is to remove the main power source while the
motor is still running with the MCU active. The motor then discharges the output
capacitors and the module is safe to disconnect.

Note: Please consider, even when computer is isolated from AC mains through external

supply,

a connection to earth-potential may exist through LAN, VGA, or other

connections to peripherals.

© 2012 Fairchild Semiconductor Corporation 4 FEBFCM8531_B0O1H300A « Rev. 1.0.2
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2. Introduction

2.1.

This user’s manual describes how to use the evaluation board for the FCM8531 It should
be used in conjunction with the FCM8531 datasheet as well as Fairchild’'s application
notes and technical support team. Visit Fairchild’s website at www.fairchildsemi.com.

The evaluation board features the FCM 8531 brushless DC motor controller and integrates
the necessary peripheral circuits, drivers, and power supply. This makes the devel opment
and verificataion of a three-phase brushless DC motor application faster and easier. The
purpose of this manual is to provide instructions on how to operate and test the evaluation
board. For more information regarding the FCM8531, the MCDS IDE, and the MCDS
Programming kit, please visit:  http.//www.fairchildsemi.com/applications/motor-
control/bldc-pmsm-controller.html.

Overview

The evaluation board includes the FCM 8531 (a brushless DC motor controller), AC-DC
rectifier stage, DC-DC converter, control interface, debugging interface, and motor drive
circuits, as shown in Figure 1.

VMpfc|
S % PFC
‘= 8
AC

DC/DC +15V
Converter

-

PWR-LED SStus-LED

%
o

Debugging Interface i Vsense

e SPM @
(Monitor Bus) i .( 4SH@SA) |

(SPM3@5A)
BLDC

Controller
(FCM8531)

Cw/CcCcw

Run / Stop

Motor Drive and Current Sensing

Operating interface

ADC/DAC FCM8531 EVB

Figure 1. Block Diagram
Power Input

An AC-DC rectifier converts the 220 V¢ residential electricity to a DC voltage that
powers the motor drive and the system DC-DC converter. The evaluation board can also
accommodate an alternate input source through the PFC+ and PFC_GND connectors. For
example, if Power Factor Correction (PFC) or a specific regulated DC input voltage is
required, connect the output of an external power supply directly to the PFC+ and
PFC_GND inputs on the board. When one these alternative powering methods is utilized,
the on-board AC-DC rectifier circuits are not used. Nevertheless, it is still galvanically
connected to the high-voltage portion of the evaluation board; thus the components of the
AC-DC recifier circuit can cause dangerous high-voltage electric shock. It isimportant to

© 2012 Fairchild Semiconductor Corporation 5 FEBFCM8531_B0O1H300A « Rev. 1.0.2
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physically remove the AC input cord of the evaluation board when the AC-DC bridge
rectifier is not used.

The DC-DC converter provides the +15V and +5 V supply voltages for the control and
gate drive circuits of the evaluation board. The operation of the bias power supply is
indepenent of the input source and can accommodate the input from the AC-DC rectifier
or from an external power source.

Motor Drive and Current Sensing

The evaluation board uses a Fairchild Smart Power Module (SPM®), which simplifies the
PCB layout and manufacturing by integrating all the motor drive components, e.g.
IGBTYFRFETS, HVICs, LVIC, bootstrap diodes, and NTC thermistor. Note that various
SPM modules can meet the requirements of different motor applications; e.g. SPM Series
5, SPM Series 45 H, SPM Series 3, and SPM Series 2. Please visit the Fairchild website
for more information; http.//www.fairchildsemi.com/applications/motor-control/bldc-
pmsm-controller.html.

The FCM 8531 has three dedicated current-sensing pins and users may connect those pins
to three shunt resistors. The current-sense information can be used for over-current
protection and for sensorless algorithms.

Operating Interface

Operation of the evaluation board is controlled by three commands. forward / reverse
rotation (CW/CCW), run / stop, and speed. The first two commands (FWD/REV and
RUN/STOP) are implemented by switches connected to digital 1/0 pins of the FCM8531.
The speed command uses a variable resistor (potentiometer) for adjusting a voltage level
connected to the ADCO input of the FCM853L1. Inside the FCM 8531, this voltage level is
converted to a speed command.

Debugging Interface

The Motor Control Development System (MCDS) programming kit is needed to load the
developed firmware into the FCM8531 through the In System Programming (ISP)
interface. Verification and debugging are performed with the MCDS programming kit.

© 2012 Fairchild Semiconductor Corporation 6 FEBFCM8531_B0O1H300A « Rev. 1.0.2
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2.2. Features

= Bulit-in AC-DC Rectifier

= Bulit-in DC-DC Converter

* Integrated OCDS and ISP Interface

= Sensorless Control Technology

» Sinusoidal Drive

»  Programmable Over-Current Protection (OCP)

=  Programmable Short-Circuit Protection (SCP)

= Programmable Over-Voltage Protection (OVP)

»  Programmable Over-Temperature Protection (OTP)
= A Complete Firmware Example

2.3. Applications

This evaluation board was designed for general-purpose motor applications. It can be
used to develop indoor fans, pedestal fans, ceiling fans, bladeless fans, outdoor fans,
pumps, oil pumps, refrigerators, e-bikes, range hoods, etc.

This evaluation board reduces the time required for prototyping devel opment boards.

For applications requiring higher output power, the SPM module of this evaluation board
can to be replaced. In this case, it might also be necessary to connect an external power
supply to match the desired power demand or if different input voltage is required.

3. Specifications

All datain this table was measured at an ambient temperature of To=25°C.

Table 1. Evaluation board Specification Table

Symbol Description Value Comments
ACin AC Input Voltage 220 V+10% 50~60 Hz
PFCin PFC Connector Input Voltage 180~400 V
DC1sy 15 V Voltage 14~16 V
DCsv 5V Voltage 5V

PWMEreq PWM Frequency 15 kHz Programmable

SPMorp SPM Over-temperature Protection 100°C Programmable

Motorovp Motor Drive Over-Voltage Protection 440 V Programmable

OCPsHorT Short-Circuit Current Protection 2A Programmable

OCPcvcLe Cycle-by-Cycle Current Protection 1A Programmable

CMDgrun Motor Run Command Voltage 3.3 V~Vmp Vpp =+5V

CMDstop Motor Stop Command Voltage 0~1.8V
DIRcw Motor CW Command Voltage 3.3V~Vpp Vop=+5V

DIRccw Motor CCW Command Voltage 0~1.8V
VSP Motor Speed Command Voltage Range 0.2~4V
AO Input Voltage 0~Vpp 0.2~4 VV Readable
AO Output Voltage 0~Vop 0.2~4 V Output
Maximum Output Power 300 W

© 2012 Fairchild Semiconductor Corporation 7 FEBFCM8531_B0O1H300A « Rev. 1.0.2



]
FAIRCHILD

(E—————
SEMICONDUCTOR®

4. Photographs

Figure 3. Bottom View of FCM8531 Evaluation Board

© 2012 Fairchild Semiconductor Corporation 8 FEBFCM8531_B01H300A + Rev. 1.0.2
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Figure 4.

FCMB8531 Evaluation Board Silk Screen Plot

Table 2. Connectors/Switches Descriptions

Connectors / Switches

Description

CN6 AC line input (220 Vac)

CN1 Connector for MCDS programming kit
uv,w Connectors for 3-phase blushless DC motor
SWi1 Switch for RUN/STOP command

SW2 Switch for Motor direction CW/CCW command
VRA1 Variable resistance for motor speed command
SW3 Reset button to reset the FCM8531

PFC+, PFC_GND

External DC input voltage (CAUTION: CN6 must be unused and
line cord must be removed!)

JP3-1 P10/ UART RX
JP3-2 P11 /UART TX
JP3-3 P12
JP3-4 P13
JP2 P11, P10
JP1 UART TX, UART RX
CN2-1 Reserved for Hall signal measurement, Hall A input pin with a
4.7 kQ pull-up to 5 V on evaluation board.
CN2-2 Reserved for Hall signal measurement, Hall B input pin with a
4.7 kQ pull-up to 5 V on evaluation board.
Reserved for Hall signal measurement, Hall input pin with a 4.7 kQ
CN2-3 .
pull-up to 5 V on evaluation board.
CN2-4 Reserved for Hall signal measurements, DC15V output.
CN2-5 Reserved for Hall signal measurements, GND.

© 2012 Fairchild Semiconductor Corporation
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Usage Procedures
5.1. Contents of FCM8531 Evaluation Board

st
, FAIRCHILD
[ alalcin e
DL ETOR

www fgirchildsemi.com

/
Guwosation £ ¢

e it fairchildsemi.com

FCM8531EVB

FEB Number: FEBFCME531_BO1H300A
Serial Number: 75-MGP0168-01

TEL 886 2.2917-3005 FAX 88622611126

Figure 5. Evaluation Board

The actual package content may be different from the pictured original version. Fairchild

reserves the right to make changes.

5.2. FCMS8531 Evaluation Board Installation

eed
USB to PC. AC Power FCM8531 gr())ntrol User’s Brushless
_AnUSB Inlet Evaluation Board DC Motor
isolator must

be connected.
[ g

MCDS Programming Kit

Figure 6. Interface Set-up for Testing the FCM8531 Development System
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6.

Introduction of Functions

6.1.

6.2.

Power Supply

Three DC voltages are generated from the AC input:
1. Supply voltage of the brushless DC motor, Vy +310 Vpc;
2. Systemvoltage +15V;
3. Systemvoltage+5V.

The supply voltage for the motor, Vy, is provided from a residential AC outlet by
rectifying the AC line voltage using the full-bridge rectifier circuits. An EMI filter circuit
is included on the board to minimize EMI noise. The PFC+ and PFC_GND terminals
enable connection to an external power source when the power requirements exceed the
rating of the board's input rectifier. In this case, it is possible to use an external voltage
source according to power reguirements.

The board DC-DC converter is the FSL206MR, a Green Mode Fairchild Power Switch
(FPS™), to convert the Vy voltage to 15 V for the SPM module on the evaluation board.
An additional regulator is used to generate the 5V bias source for the FCM8531 and
other control circuits. The power delivery block diagram is shown in Figure 7.

External power input

Figure 7. Block Diagram

3

+5V

Motor Driving and Current Sensing

The FCM8531 is a configurable three-phase PMSP/BLDC motor controller with an
embedded MicroController Unit (MCU) with parallel processing cores and a configurable
Advanced Motor Controller (AMC). The AMC is specifically designed for motor control
and can be configured to perform sensorless motor control using the sensorless AMC
libraries. The controller senses the current from the three shunt resistors through the 1A,
IB, and IC pins and performs the calculations to obtain the rotor position. It then outputs
the required PWM signals to the SPM control inputs to drive the motor. Beside the
sensorless calculations, the current signals also provide current information to the
current-protection circuits, such as the OCH, OCL, and short-circuit protections. Visit
http.://'www.fairchildsemi.com/applications/motor-control/bldc-pmsm-controller.html.

L —

o +15V

\H—‘
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6.3. Applicable Power Range

The evaluation board and pre-programmed firmware are designed for a specific power
range. If different power rating is needed, a few components and the firmware may need
to be changed. In addition, the power capabilities of the AC-DC rectifier (including the
EMI filter), the SPM module, and the motor need to be reconsidered.

AC-DC: The maximum power this evaluation board can deliver for the motor is 300 W
at 220 Vac input (measured at the three-phase output terminals of the evaluation board).
This evaluation board is applicable for implementations below 300 W. For higher power,
use of an external power source must be considered to avoid damage to the on-board AC-
DC rectifier.

SPM®: The default SPM on this evaluation board is the FNB41060. In conjunction with
the example source code delivered with the evaluation board, it is able to drive a
brushless DC motor with power consumption below 300 W at 310 Vpc. If higher power
is needed, the SPM, Rsyunt, and the firmware may need to be changed to meet the power
rating. Two SPM packages are compatible with the FCM8531 evaluation board: the
SPM26L and SPM27L. Follow the link below for more information on applicable SPM
modules: http.//www.fairchildsemi.com/applications/motor-control/integrated-motor-
driver-devices.html.

The following link may be useful to simulate and determine which SPM module meets
specific power requirements:

hitp://www.fairchildsemi.com/design_tools/motion_control_design_tool/index.htm!

Motor: The power rating of the motor in the evaluation board kit is about 70 W at
310 Vpc. If a smaller motor is conncected to the board, pay attention to whether the
starting current or stall current may damage the motor windings. If necessary, the
parameters of current protections should be revised to fit the requirements.

6.4. Firmware Programming

To program the firmware into the FCM8531, users must have the Motor Control
Development System (MCDS) Integrated Development Environment (IDE) and the
MCDS programming kit. For more detailed information about programming, please
refer to the AN-8207 — User Guide for MCDS IDE.

© 2012 Fairchild Semiconductor Corporation 12 FEBFCM8531_B0O1H300A « Rev. 1.0.2
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7.

Operation

7.1.

7.2.

7.3.

7.4.

Parameter Setting for Sensorless

The firmware matching the properties of the motor included in the evaluation kit have
been programmed into the FCM8531 on the board. In the following two situations, the
motor parameters or MCU programs must be re-written or changed.

=  When different motors are used
=  When using the incuded motor but with a different load

This evauation board with pre-programmed firmware provides the following
functionality: run/stop, forward/reverse rotation, speed control, and current protections. If
additional functions are required, the corresponding program (code) can be developed
based on the included firmware example.

For the details of parameters and AMC libraries, please visit the Fairchild website for
more information: hitp://www.fairchildsemi.com/applications/motor-control/bldc-pmsm-
controller.html.

Run / Stop

The SW1 switch controls whether the voltage level is HIGH or LOW at the input P24
(pin 24) of the FCM8531. When SW1isin ON position, the motor is started. The rotation
speed is controlled by the VR1 variable resistor. When SW1 isin OFF position, all three
phases of the motor drive circuit are disabled, the high- and low-side drivers are turned
off, and the motor is not driven. Note that the rotor might continue to rotate for a while
based on itsinertia, depending on its state at the assertion of the OFF command.

Forward Rotation / Reverse Rotation

The SW2 switch controls whether the voltage level isHIGH or LOW at the P25 input pin
of the FCM8531. A HIGH voltage level at P25 sets clockwise (CW) rotation, while a
LOW voltage level causes the rotor to spin in a counterclockwise (CCW) direction. The
direction of the rotation is related to the order in which the motor’s three-phase wires
connect to the board’'s connector. In forward (CW) rotation mode, the evaluation board
drives the PWM signals following the order of U, V, W. In reverse (CCW) rotation
mode, the evaluation board drives the PWM signals following the order of W, V, U. The
actual direction of the motor’ s rotation depends on the motor winding and the connection
to the evaluation board.

Speed Control

The VRL1 variable resistor is used to adjust the voltage level connected to the ADCO input
of the FCM8531. The internal ADC of the FCM8351 converts this voltage into a speed
command and controls the duty ratio. Turning VR1 clockwise; the voltage is increased
and the duty ratio become larger, causing the motor speed to increase. Turning VR1
counterclockwise; the voltage is decreased, the duty ratio become smaller, and the
coresponding motor speed is slower.

© 2012 Fairchild Semiconductor Corporation 13 FEBFCM8531_B0O1H300A « Rev. 1.0.2
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7.5. Troubleshooting

Q:

A:

The motor doesn’t rotate when it is connected to the evaluation board.
Check the input voltage, SW1 (CMD), VR1 (VSP), and the motor connection.

When using Speed Integral library, the rotation speed is too high or the rotor stops turning
after the speed is further increased.

It may be caused by the AS angle not being adjusted properly. Refer to the application note
AN-8204 — FCM8531 AMC Library, Speed Integral to adjust AS.

© 2012 Fairchild Semiconductor Corporation 14 FEBFCM8531_B01H300A + Rev. 1.0.2
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8. Function Test Report

8.1. Specifications

Parameter Specifications/Conditions
Input Voltage 176 ~ 264 Vac, 50/60 Hz
Maximum Output Power 300 W at 220 Vac
VSP Input Voltage 0~40V,

DIR Input Voltage

Toggle Switch Input Level:
HIGH = Phase Order: US>V->W
LOW = Phase Order: W->V->U

Threshold Voltage of OVP > 440 Vpc Typical
Release Voltage of OVP < 380 V Typical
Threshold Current of Short-Circuit Protection 2.0 A Typical
Threshold Current of Cycle-by-Cycle Current Protection 1.5 A Typical
SPM Over-Temperature Protection 100°C

8.2. DC Characteristics Test

Input Voltage = 220 V ac / 60 Hz and T, = 25°C unless otherwise noted.

Parameter Test Condition Specification Value | Unit
Input Power of System Standby System Standby 0.8 w
Vu RMS Voltage Load = 150 W 290 ~ 310 306 \Y,
Vwm Ripple Voltage Load = 150 W <30 12 \%
+15 V Voltage Load = 150 W 13~15 14.5 \Y,
+5 V Voltage Load = 150 W 45~55 51 \Y,
VSEN Voltage System Standby 2.83 \%
RT Voltage System Standby 1.2 \%
Motor Run Threshold Voltage of VSP 0.4 \%
DIR Input High Voltage 5 \Y,
DIR Input Low Voltage 0 \%

© 2012 Fairchild Semiconductor Corporation 15
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8.3. AC Characteristics Test

8.3.1. PWM Frequency

= Test Condition: Input Voltage =220V c
=  Test Condition: 15~ 16 kHz

CH1: Theta CH2: SU CH3: sV CH4: SW

File ‘ertical Time

| |
B e s L) [

i
A 40T AT R A A OSSR AR TS S

i

N
P2Z:freqiZz) Parise(C3) P4:mean{Cz) P5:mean(C3) PB:freqiC3)

155304 kHz

Figure 8. PWM Frequency

Measure
walue
status

P1:freqiC2)
15.5249 kHz

4i232012 3:15:50 AM

8.3.2. PWM Dead Time

= Test Condition: Input Voltage = 220 V pc, Speed = 1500 rpm
= Specification: 2 us+/- 0.5 s

CH1: Output of CH2: Gate of SPM CH3: Gate of SPM
U-Phase High Side Low Side
o |
|
| |
High-side-SU \ ; l
| |
| | -
“ﬁf
- Lovw-side.SH -‘ I X
l’ i
|
|

status EN

imebase -14.9 09

-123.2
H2= 1.9014 ps i

LeCroy 4/23i2012 3:36:40 AM

Figure 9. PWM Dead Time Falling Edge of U-Phase; from High-Side Off to Low-Side On
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CH1: Output of

CH2: Gate of SPM

CH3: Gate of SPM

U-Phase High Side Low Side
F .
High-side-SU Outprt-U ]
= X
o o
I
+ |
Low-sigebsy |
C3 " l
$ -
. insin
Lo |
e
Co
i
Measure P1:freq(C2) Pfreq(z2) P3rise(C3) Pa:mean(c) P5:mean(c3 P&:freq(C3)
value 21,644 MHZ 33.743 MHz
status £ s
= -2.03825  AfE  1.9764 s
Wi=  -5B.6ns 1ANNE05.97 kH
LeCroy

A[232012 33768 AM

Figure 10. PWM Dead Time Rising Edge of U-Phase; from Low-Side Off to High-Side On

8.3.3.

Falling Edge of U-Phase

» Test Condition: Input Voltage = 220 V ac, Speed = 1500 rpm

CHZ1: Output of
U-Phase

CH2: Gate of SPM

CH3: Gate of SPM

Utilities  Help
== High-side-Sl l \
B
—
O =S-SR
=]
[y

Measure P1fallicty PZ:fallic2) F3rise(o3) P4mean(C2 P5mean(Ca PE:freq(C3)
value 238.654ns 11.446 ns 10,780 ns

status - - -

imebase -1.02 ps

Figure 11. Falling Edge of U-Phase
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8.3.4. Rising Edge of U-Phase

CHZ1: Output of CH2: Gate of SPM CH3: Gate of SPM
U-Phase High Side Low Side
File ‘Vertical Timebase Trigger Disp Utilities  Help
L
== Highside-SU
=54
a Loy -side-Sx
&

Measure P1riseiC1) P2rise(C2) P3mall{C3) P4:meaniC PS5 meani{C3) PBfreq(C3)
value 69.374 ns 1.7 ns 10.008 ns

status L L4 -

412362012 3:48:51 AM

Figure 12. Rising Edge of U-Phase

8.3.5. U-Phase Current

= Test Condition: Input Voltage = 220 V ¢, Speed = 1500 rpm

CH1: Theta CH2: SU CH3: HA CH4: U-Phase
Current

ities  Help

3
Measure P1fall{C1) P2:fall{cZ) P3rise{C3) P4 mean{C2) Pamean(CH PEfreg(3)

wvalue 473.780 ps 4252 ps 12.428 ps
status 14

Figure 13. U-Phase Current
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8.3.6. V-Phase Current

ww.fairchildsgémi.com

CH1: Theta CH2: SV

CH4: V-Phase Current

Utilities

Help

Measure
walue
status

P1fall(cy
470,249 us

P2fall(C2)
4,279 us

LeCroy

E
P3rize(Ci

13.527 us

P4:mean(CZ

Pamean(C3H P& freqiC3)

imebase

0.0ms [Trigger e

Figure 14.

8.3.7. W-Phase Current

V-Phase Current

CH1: Theta

CH3: HC

CH4: W-Phase
Current

s Utilities

Help s

Zoom

Measure P1:-fall{C 1y P2:Aall{C2y F'?B rise(C3) P4:meani{C% Pameani{C3) PB:freqi{C3)
walue 186.184 ps 4374 ps 13.025 ps
o Cs
\mehase D 0Oms| [Trioger @
- 413201 03:3
Figure 15. W-Phase Current
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8.4. Protection Functions Tests

= Test Condition:  Input Voltage = 220 V ¢, 60 Hz
= Specification:  Over-voltage protection threshold is 440 Vpc; reset isat 380 Vpc

8.4.1. Over-Voltage Protection Triggered

CH1: vDC CH2: SU CH3: VSENSE CH4: Fault
File “ertical Timebase Trigger Display Cursors heasure Math  Analysis  Uilities Help
FauLT
jislel
=21 s 2]
I
y =
cz
i
c1
ca
Measure PAfall{1) P2fall{s P3imax(C3) Pd:rmaxiC1) Paimean{C3) P& freg{C3)
walue - 2.2328 ps 3.694% 4445
status % g I
H1= -100ns
AF23/2012 4:36:56 Al

Figure 16. Over-Voltage Protection Triggered

8.4.2. Over-Voltage Protection Released

CH1: vDC CH2: SU CH3: VSENSE CH4: Fault
File “ertical g e[v[:} s Measure Math Al Utilities  Help
FAULT .ﬂ: ™
4| wOo
L,
ar
s
cz i
WESENSE %
b
c1
=]
Measure PAfallgsty P2Z:fall{c2) F'C?'ma}{(CB) P4maxi{C1) PSmean{C3) P&freg(C3)
walue 33 3510000 ms 23628 ps 3212w 3BE.0W
status A R o L

imebhase 0.0 ms

1.00MS 20 M
¥1= -100ns

452372012 4:40:13 AM

Figure 17. Over-Voltage Protection Released
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8.4.3. Short-Circuit Protection
= Test Condition:  Input Voltage = 220 V oc, 60 Hz
CH1: Fault CH2: SU CH3: SV CH4: IC

Fautt

ci

cz

Measure P1fallic1) PIfallic 3 maxic® P4 maxic1) Pafreq(Cl) PEfreq(C3)
walue 11.8286 ps 22707 ps 4117 502V ---
status ~ ~ B B £

Figure 18. Short-Circuit Protection

LeCroy

8.4.4. Cycle-by-Cycle Current Protection
= Test Condition: Input Voltage =220 V ac, 50 Hz
CH1: sU CH2: sv CH3: sw CH4: I_IN

Measure  Math Utilities  Help Foorm

Ll I RS

— i
S
- ! il Mo
=
X
Measure FP1:tallic1) P2:rallic2) P3:max(C3) Pd:max(C1) FPafreq(C1) Pareq(C3)
value 475620 ps 4283 ps 2.482% 3784V 72.516209 Hz
status A 4 4 v A

1.00 MS 0 Ms
H1= -7.1086ms

A/232012 5:04:15 AM

Figure 19. Cycle-by-Cycle Current Protection
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8.4.5. SPM Over-Temperature Protection
= Test Condition:  Input Voltage =220 Vac, 60 Hz
CH1: SuU CH2: sv CH3: SW CH4: I_IN

File “ertical Timebase Trig

Theata .

Zoom I'Lr-"—j;j

RT
0

o]

Measure P1:fall{C1)
value 3204544 ps
status Cd

P2:fall(c )
21631 ps

Fault

[y
P3maxiC3)
3421

Pad:maniC1)
3754

Pafreq(C1)
69878810 Hz

P& freqic3)

0.0 [Trigger

[C2]00]

1

42372012 6:16:04 AWM

Figure 20.

8.5.

8.5.1.

Static Startup

Startup Function (Waveform Sample)

SPM Over-Temperature Protection

CH1: Theta

CH2: HA

CH4: HB

|Z 200ms

1.00M5/s

H & z.mv'l
10M Bh L J

Figure 21.

Static Startup
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8.6. Thermal Test

= Test Condition: Input Voltage = 220 V ac £20% / 50 Hz
= Result: 100°C protection without heat sink

Figure 22. SPM Thermal Image

8.7. Electromagnetic Interference Test (Conduction Only)
»  Test Condition: 220 Vc/60Hz, 300 rpm

@ RBW 9 kHz Marker 1 [T1 ]
MT 10 ms 50.88 dBuVvV
Att 10 4B PREAMP OFF 150.000000000 kHz
aBuv. 150 1 MHz 10 MH=z
—90
B |,
2 AV
TDF
MAxXH |
TENslb0220
—6 0
E022A RN
Tl A %MWWM"‘W nvu“'\
L L A
Al AV L"]V\ J\ 6DB
’\\\( ;\/n\«inv\l MA st Mo i
—20
—10
o
150 kHz 30 MHz
Date: 30.MAR.2012 19:33:48

Figure 23. Line Mode
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9. Appendix

9.1. Circuit Diagrams

PR [}

PC-MOMERE CTHI PC-MOLERS DRV u
'il - PC-MOLERES CTRI Sch PC-MOLERR DRV Sch d
su s u —
> o X e = T
DR o o
> o 8Y &Y v
- S v = @ C@ “
: : 3 e
1A 1a T
b3 g b3 N
I3 I3 w
B Fask S bt
Vs g avs w —
1 RT BT = =1
B P12
Ext P13
B B
TART Te FI_T: [
TART iy M
il
I
by o— FAIRSHILD
AT P ) —— srohi H
g Ty T prraconen ooy Pairchild Semiconductor PCT
A TR 4 By 10 - FCM 931 EVE Board A
) | RTT Toimm
[ s
Figure 24. Top Level Schematic
[ ) [ p
Controller
A
Ha I
o o |
HE
H £y
A
BC
HC Ty
A,
| we_sne [
N ADC Sy
A/
Vs
Y
R, _
-
" e 213\ B
Falh_/
R
BT I
PaD_ S
=)
- CMD e
[y
DR
ey )
[y
—
FAIRCHILD
preoncuorgee  Fairchild Semiconductor PCT
Tk
A FCM £531 EVE Board. A
£ | Hmta Foimm.
;
[ s

Figure 25.

Controller Schematic Diagram
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[ : ¥ 3
Driver Circuit
15w
. '_2_| M 57 preny B S 13 ©
J—\‘.m J_l,,c_-v |2 Pk P
IuFrsoV IRy

o7
gt T

I
FAIRCHILD
E——— T airchild Semiconduxctor PCT

OB E231 EVE Board
gr=r=

T
I
T

[T St o
o s T g
[ B

Figure 26. Detailed Driver Circuit Schematic

: | : |
Power Circuit

il
=R

i
L

. P
e
[N
+ +
SN

i

i
T -
o
b
T [iF
DAY b [
] o oo (£
S ¥ 1
L] s prars 5 ]
L5 ui r uCYeT L%T(_:'
\.i’h'l'l.‘.FIJ 014F - Py
iy
1 FALT, )
I:_‘I:-I 51 =
—l_ T W Ty
FaI,__J
I
= FAIRCHILD
= ===l L .
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) R
a
B SR
[ 2 [ s [ B
Figure 27. AC-DC Rectifier and

System DC-DC Converter Schematic Diagrams
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9.2. PCB Layout

Figure 29. Printed Circuit Board, Bottom Layer, Solder Side
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9.3. Bill of Materials

Item Description Vendor Part # Package Qty. | Designator
Chip Resistor, 113 Q 1%, 1/10 W 0603 1 ER15
2 Chip Resistor, 220 Q 5%, 1/10 W 0603 1 R24
3 Chip Resistor, 1 kQ 5%, 1/10 W 0603 4 |R 'E%% R29,
4 Chip Resistor, 4.7 kQ 5%, 1/10 W 0603 3 R31, R32, R33
5 Chip Resistor, 8.45 kQ +1%, 1/10 W 0603 1 ER5
6 Chip Resistor, 10 kQ +5%, 1/10 W 0603 1 R20
7 Chip Resistor, 40.2 kQ £1%, 1/10 W 0603 3 ER11~13
8 Chip Resistor, 3.3 Q £5%, 1/8 W 0805 2 R13, R19
9 Chip Resistor, 10 Q 5%, 1/8 W 0805 3 R3~5
10 Chip Resistor, 62 Q 5%, 1/8 W 0805 3 R7~9
11 Chip Resistor, 100 Q +5%, 1/8 W 0805 3 R10~11, R16
12 Chip Resistor, 560 Q +5%, 1/8 W 0805 1 R23
13 Chip Resistor, 4.7 kQ 5%, 1/8 W 0805 1 R25
14 Chip Resistor, 5.1 kQ £1%, 1/8 W 0805 1 ER1
15 Chip Resistor, 10 kQ +/-1%, 1/8W 0805 3 R1~2,R6
16 Chip Resistor, 24 kQ +1%, 1/8 W 0805 2 ER6~7
17 Chip Resistor, 47 kQ +%, 1/8 W 0805 1 R26
18 Chip Resistor, 1 kQ 5%, 1/4 W 1206 1 R12
19 Chip Resistor, 330 kQ +1%, 1/4 W 1206 3 ER2~4
20 Chip Resistor, 1 MQ+5%, 1/4 W 1206 2 R21~22
21 Chip Resistor, 1 Q +1%, 1 W 2512 3 ER8~10
22 Variable Resistor 50 kQ VR9 1 VR1
SMD Resistor Networks YC16 8-PIN
23 100 Q +5% RN-YC16 2 RN1~2
24 Chip Capacitor X7R +10% 20 pF 50 V 0603 3 C10~12
. ! C35~C37, C44
0, ) )
25 Chip Capacitor X7R +10% 1 nF 50 V 0603 6 C45. C46
) . C13~14, C38
0, ) )
26 Chip Capacitor X7R £10% 0.1 pF 50 V 0603 5 C40, C43
27 Chip Capacitor NP0 +5% 100 pF 50 V 0805 1 C33
28 Chip Capacitor X7R +10% 1 nF 50 V 0805 2 C31, C42
29 Chip Capacitor X7R +10% 33 nF 50 V 0805 1 C24
30 | Chip Capacitor X5R +10% 100 nFP 50 V 0805 8 c1~g‘,11c15,
31 Chip Capacitor X5R +10% 1 uF 50 V 0805 3 C30, C32, C34
32 Chip Capacitor X5R + 10% 2.2 yF 10 V 0805 1 Cc23
33 Y1 Capacitor 3.3 nF 250 V £20% 3 YC1~3
34 Electrolytic Capacitor 10 yF 50 V 105°C EC5D 2 C28, C39
Radial Lead Aluminum Electrolytic
35 Capacitor, 47 uF 50 V £20% 105°C EC6D3 1 €22
36 Electrolytic Capacitor 100 yF 35 V 105°C CEA8 2 C25, C29
37 Electrolytic Capacitor 220 pF / 450 V CEA30A 2 C26~27
Radial Lead Aluminum Electrolytic
38 Capacitor, 2.2 uF 450 V +20% 105°C EC12D5 1 c21
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Iltem Description Vendor Part # Package Qty. | Designator
39 Chip Capacitor X5R 3.3 yF / 25V 1210 3 C7~9
. 11.5*19.5*17.5P:15
0, ~
40 X2 Capacitor 0.68 pF 275 V £10% HQX684KS27! 2 XC1~2
. o W18*H13.5*T7
41 MPE Capacitor 0.1 yF 630 V £10% P=15 mm 1 C47
42 SMD Switching Diode 1N4148 LL-34 4 D1~4
43 600 V, 3 A, Rectifier 1N5406 DIODE-0.5 1 D5
44 18 V Zener Diode 1N4746 DO-41 1 D13
45 600 V, 4 A, Bridge Rectifiers KBU4J 4 A/600V 1 BD1
46 600 V, 1 A, Fast Switching Rectifiers RS1J DO-214AC 3 D10~12
47 600 V, 1 A, General-Purpose Rectifiers S1J DO-214AC 1 D6
48 600V, 1 A, Fast Rectifiers ES1J DO-214AC 1 D8
49 SMD 13V Zener BZX84C13 SOT-23 1 D7
VFOTC210 .
50 Inductance 15 mH YUJING 5001500A OTC21 14*18 mm 1 L2
51 Radial Choke Inductors, 1 mH GANG SONG | OSRBX00S 1 6 5 5.5mm 1 L3
52 NTC Thermal Resistor 10y 8 Q SCKO083 SCK10083MSY 1 TR1
53 Tact Switch see following 1 SW3
54 Miniature Toggle Switch Dailywell 1'\"21(;'51882'\" 2 SW1,SW2
55 PMSM Motor Controller Fairchild | £oyvigs3s LQFP32 1 us
Semiconductor
56 Power Switch e GO - 206MR DIP8 1 u2
Semiconductor N
57 600 V, 10 A Motion SPM Fairchild = | £NB41060 SPM26 1 us
Semiconductor
3.6*10 mm 36ESR
58 FUSE MICRO 250V /3.15 A SLOW (NONE LEAD) 1 F1
59 FUSE CLIP 3.6y Type SL0O01 2 F1
60 AC INLET 3P 90° AC-IN7 1 CN6
61 Header 2X2, pitch 2.54 mm 2 JP1~2
62 Header 1*4, Header 2.54 mm 1 JP3
63 3 Terminal, 0.1 A, 5 V Positive Voltage F_alrchlld MC78LO5A TO-92 (DGS)W 1 U3
Regulator Semiconductor
64 2.54 mm Box Header 2X7P 180 DIP Most Well CON7X2A 1 CN1
65 Wafer Connector, 5P 2.5 mm 180° 1 CN2
. . Fairchild MMBT2222
66 SMD NPN Swtiching Transistor Semiconductor A SOT-23 (EBC) 1 Q1
67 LED 5 mm 1 LED1
68 LED 5 mm 1 LED2
. TTF3A103H RT1(with
69 10 kQ NTC Thermal Resistor 34D3AY W2.5 1 SPM3 pkg)
70 600V, 1.0A UItr.a'-Fast Recovery UF4005 DO-214AC 1 D9
Rectifiers
70 VDR 14y470 V 1 MOV1
71 PCB 176*115 mm, 2-Layer, 1.6 T, PC-M0168B
Copper 2 oz
72 Male Terminal 5 CN1~3,CN8~9
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10. Component Specification

STEM

UNIT:mm

Figure 30. Tact Switch
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_ NTC Thermistor TTF Type
f Edition:TTF3A104H34D3AY-KB080513 Page 7

R -T TABLE
PART NO.:TTF3A104H34D34AY B25 =100 EOhm =3%
B25/B:=3435K=3%
Temperature Rmiax. Rnor. Rmin. Temperature Tal,
() K (K1) (K1) 8]
-4 2,219.2208 1,970.2856 17476525 -2.15 1.93
-39 2,093,7971 18620762 1,654.5095 -2.14 1.92
-38 1,976.3461 1,760.5814 1,566.9609 -2.12 1.91
237 1,866.3124 1,665.3367 1,484.6659 -2.11 1.89
236 1,763.1756 1,575.9135 14072723 209 1.58
235 1,666.4554 1,491.9152 1,334.4539 207 1.87
234 1,575.7083 1,412.9753 1,265.9083 -2.06 1.86
233 1,490.5244 1,338.7542 1,201.3556 -2.04 1.85
232 1,410.5250 1,268.9378 1,140.5356 -2.02 1.84
-3 1,335.3503 1,203.2348 1.083.2074 -2.01 1.82
=30 1,264.7030 1,141.3753 1,029,1459 -1.99 1.81
-29 1,198.2556 1,083.1088 078.1459 -1.97 1.80
-28 1,135.7385 1,028.2027 930.0111 -1.96 179
-2 1,076.8935 0764413 554.5624 -1.94 177
-26 1,021.4810 0276238 541.6324 -1.92 1.76
-25 069.2785 B81.5638 B01.0652 -1.90 1.75
-24 920.07% 238.0877 T62.7154 -1.88 1.73
-23 736022 197.0342 1264477 -1.87 1.72
-22 8209380 158.2528 A92.1358 -1.85 170
-21 7886508 T21.603%4 A59.6618 -1.83 1.69
-20 7496762 A36.9556 A28.0158 -1.81 1.68
-19 T12.8704 f54.1875 599.7951 -1.79 1.66
-18 6780941 623.1857 3722037 -7 1.65
-17 6452371 5931.8439 3460519 -1.75 1.63
-16 6141605 566,0634 521,2557 -1.73 1.61
-15 584.7858 530.7514 497.7367 -1.71 1.60
-14 556.9853 514.8216 4754215 -1.69 1.58
-13 5306731 491,1931 454.2411 -L.&7 1.57
-12 505. 7608 468.7903 434.1312 -1.65 1.55
-11 482.1657 447.5423 415.0312 -1.63 1.53
-10 4508104 427.3828 396.8846 -1.61 1.52
-9 438.6226 408.2498 379.6382 -1.59 1.50
-8 418.5345 90,0850 363.2421 -1.57 148
-1 399.4828 72,8339 3476496 -1.55 147
-6 381.4081 3564453 3328165 -1.53 1.45
-5 364.2547 3408711 318.7016 -1.51 1.43
-4 347.9705 26,0663 305.2661 -1.49 1.41
-3 332.5065 311.9886 2024734 -1A7 139
-2 3178169 208.5082 280.2891 -LAd 138
-1 303.8586 285.8577 268.6811 -L.42 136
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R -T TABLE
PART NO_TTF3A104H34D3AY

R25 =100 KOhm = 3%
B25/85=3435 K 3%

Temperature Rmax. Rnor. Rrmin. Temperature Tol.
() (K1) (K1) (Kc1) ]
0 290.5912 273.7319 257.6187 -1.40 1.34
1 271719767 262.1880 247.0735 -1.38 1.32
2 265.9793 251.1946 237.0183 -1.36 1.30
3 254.5657 240.7227 2274277 -1.33 1.28
4 2437042 230.7447 218.2778 -1.31 1.26
5 233.3651 221.2346 200.5459 -1.29 1.24
6 2235205 212.1680 201.2107 -1.27 1.22
7 214.1443 203.5218 193.2521 -1.24 1.20
A 205211 195.2743 185.6511 -1.22 1.18
9 196,690 187.4051 178.3897 -1.20 1.16
10 188.5847 179.8649 171.4510 -1.17 1.14
11 180.8480 172.7253 1648189 -1.15 1.12
12 173.4604 165.8792 158.4783 -1.12 1.10
13 166.4304 159.3403 152.4149 -1.10 1107
14 159.7136 1530833 146.6152 -1.08 105
15 153.3027 147.1236 141.0664 105 1.03
16 147.1823 141.4175 135.7562 -1.03 1.01
17 141337 135.0621 130.6734 -1.00 0.99
18 135.7549 130.7451 1258069 -0.98 0.9
19 130.4211 125.7549 121.1465 -0.95 0.94
20 125.323 120.9804 116.6824 -0.93 0.92
21 120.4516 1164114 1124055 (.90 0.89
22 115.7933 112.0379 108.3069 -(1.38 0.87
23 111.3384 1078507 104.3783 (L85 0.85
24 107.0771 103.8408 1006118 (132 0.82
25 103.000 100,000 87.000 (132 0.82
26 99.333 06.3326 03.3380 (134 0.83
27 05.8163 028178 208322 (.87 0.87
28 02.4407 204485 264753 -0.91 0.90
29 892007 862182 832605 -0.95 0.94
30 86,0503 83.1205 201810 -0.98 0.97
31 83.1038 80,1494 T1.2306 -1.02 101
32 80.2356 771.2962 744033 -1.06 1.04
33 17.4806 74,5645 T1.6935 -1.09 1.08
34 74.833 71.9400 690057 -1.13 1.11
35 72,2907 694200 666050 -1.17 1.15
36 698466 67.0025 f6d.2163 -1.21 1.18
37 67.4973 f4.6803 61.9251 -1.25 1.22
38 65.2386 624501 597270 -1.29 1.26
39 63.0667 603079 516178 -1.33 1.2
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‘f Edition:TTF3A104H34D3AY-KB080513 Page 9

R -T TABLE

PART NO_TTF3AIMMH34D3AY R25 =100 KOhm =3%
B25/85=3435 K= 3%
Temperature Rmax. Rnor. Rmin. Temperature Taol.
() Kir) (K1) (K1) ()

40 60.9779 58.2407 55.5036 -1.37 1.33
41 589686 56.2720 53,6304 -1.41 1.37
42 570356 54.3713 51.7848 -1.45 140
43 55.1755 52.5442 49,9933 -1.49 1.44
44 53.3853 50,7875 482727 -1.53 1.43
45 51.6621 49,0983 46,6198 -1.57 1.51
46 50,003 474737 45,0317 -1.61 1.55
47 48.4055 459108 43,5055 -1.65 1.59
48 46,8670 44.4072 42,0386 -1.69 1.63
449 453849 42.9602 40.6285 -1.73 L.67

50 43.9571 41.5676 302726 -1.77 1.7
51 42,5814 40,2270 37.9686 -1.82 1.74
52 41,2554 38.9363 36.7144 -1.86 1.78
53 399774 37.6034 35.5079 -1.90 1.82
54 38.7453 36.4063 34.3460 -1.95 1.86
35 375572 35.3432 33.2297 -1.99 1.90
56 364115 34.2321 321543 -2.03 1.94
57 353064 33.1616 31,1180 -2.08 1.58
58 34.2403 32,1297 301222 -2.12 202
59 33.2116 31.1351 20,1622 -2.16 206
fl 322190 30.1762 28.2375 -2.21 210
fl 312609 29.2515 27.3467 -2.25 .14
62 30,3360 28,3508 26,4884 -2.30 218
63 20,4431 274996 2566012 -2.35 222
64 28.5800 26,6607 24,8640 -2.39 2.26
65 27.7481 25.8600 240954 -2.44 230
B 26,0437 25,0062 23.3544 -2.48 2.34
67 26.1666 24.3504 22,6308 -2.53 2138
68 254157 23.6303 21.9506 -2.58 242
69 24.6901 229351 212857 -2.62 247
70 23.9888 22,2638 20,6442 -2.67 2.51
71 233108 21.6153 20,0252 -2.72 2.55
72 226553 20,9800 19.4278 -2.77 259
3 220214 20,3839 18.8511 -1.81 263
74 21.4084 19.7991 18,2944 -2.86 168
75 208154 19.2340 17.7568 -2.01 272
16 20.2418 18.6878 17.2376 -2.96 2.76
7 19,6867 18.1598 16.7361 -3.01 2.81
78 19.14% 17.6492 16,2517 3.0 2.85
79 18.6208 17.1555 15.7836 311 289
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NTC Thermistor TTF Type

= /A
E i Edition:TTF3A104H34D3AY-KB080513 Page 10
R -T TABLE
PART NO_TTF3A1M4H34D3AY R75 =100 KOhm =3%
B25/85=3435 K =3%
Temperature Rmax. Rnor. Rmin. Temperatura Tol.
() (K1) (K1) (K1) (c)
80 18.1266 16.6780 15.3313 -3.16 2.54
8l 176395 16.2161 14.8942 -3.21 298
82 17.1678 15.7693 144716 -3.26 3.02
83 16.7110 15.3369 14.0631 -3.31 307
B4 16.2686 149185 13,6681 -3.36 3.11
85 15.8400 14.5135 13.2861 -3.41 3.16
bl 15.4248 14.1214 129166 -3.46 3.20
a7 15,0225 13.7419 12,5591 -3.52 3.25
&8 14.6326 13.3744 12.2133 -3.57 3.29
89 14.2548 13.0185 11.8787 -3.62 334
a0 13.8885 12.6737 11.5548 -3.67 338
01 13.5333 12.3308 11.2413 -3.73 3.43
a2 13.18%0 12,0162 10,9379 -3.78 348
a3 12,8551 11.7027 106441 -3.83 3.52
a4 12.5312 11.3989 10.3595 -3.89 3.57
95 12.2171 11.1044 10,0840 -3.94 3.61
06 11.9123 10.5189 0.8171 -3.949 3.66
a7 11.6166 10.5422 05585 .05 3Tl
0% 11.3297 10.2738 0.3080 .10 375
aq 110512 10,0136 00652 -4.16 3.80
100 10.7808 0.7611 8.8200 -.21 3.85
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BB R-301SN-C49

Standard: IEC 60320 C14
Rating: 15A 250V AC / 10A 250V AC

Insulation Resistance: 100MQ 500V DC/1 minute

Dielectric Strength: 2000V AC/1 minute

Housing Material: Thermoplastic 94V-2-V.0

Bl Ea

Dimensions

18.0

T 1 IS5

L PANEL CUT-OUT

wﬁw 74 . T4

-

b

i

PCB LAYOUT

Figure 31. AC Inlet
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— 21.0 Max [—

OTC-21 EMI FILTER
Optimum Toroid Chokes

A New Products
For Super Power

— 210 Mex [—

Mechanical Dimension (UNIT: mm)
2 GROOVES BOBBIN

'-—EE.O Moax —

26.0 Max

14.0 =

—| 21.0 Max |=—

— 210 Max

4N

=)

|

27.0 Max

=] =
I 3.5£0.3

4 [8]

3Tn

4‘ 100 —

4 GROOVES BOBBIN

:Iﬁl_l

'_'I:

—|}=—— 208

TOLERANCE

0<L <2
2 <L <12
12 < L < 48
Pin Pitch

Pin Diameter

=220 Max—

cbl Max

27.0 Max

AT

:I'_'l_n

F

—||—— =08

TOLERANCE

0 <L <2
2 <L <12
12 < L < 48
Pin Pitch

Pin Diameter

QYUJ I NG PAT.US 6,121,696 /J 3060520 / Z1 98 2479249 /[ TW164060

8 R #H A% A R  3) YU JING TECHNOLOGY CO., LTD.
2B Y $ A R 3] YU JING INTERNATIONAL CO., LTD.

Tel: 02-2672-3910
Fax: 02-2672-4872
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OTC-21 EMI FILTER

Optimum Toroid Chokes

A New Products
For Super Power

DIELECTRIC STRENGTH
TEST FREQUENCY: 20 KHz / 0.1 V
WITHSTANDING VOLTAGE: 1.5KVAC WIND TO CORE, LINE TO LINE

REFERENCE RATING (2 GROOVES BOBBIN)

RATE

INDUCTANCE| ~ D.CR. CURRENT | Dias | REMARK

(L) mH Min. mOHM Max. Amp (ac) REF.| (mm)
VOTC2110000150A 1.5 25 5.80 1.00
VOTC2109000200A 2.0 30 4.70 0.90
VOTC2108000400A 4.0 50 3.70 0.80
VOTC2107000900A 9.0 100 2.80 0.70
VOTC2106001400A 14.0 170 2.10 0.60

** Special or Custom-—made specification is awvailable by request.

REFERENCE RATING (4 GROOVES BOBBIN )

INDUCTANCE |~ D.C.R. CL}%EE%JT [‘;ﬁ{_E@ REMARK
(L) mH Min. mOHM Max. Amp (ac) REF.| (mm )
VOTC2107000400A 4.0 70 2.80 0.70
VOTC2106500550A 5.5 90 2.40 0.65
VOTC2106000700A 7.0 130 2.10 0.60
v 0A 11.0 180 1.70 0.55
I VOTC2105001500A 15.0 240 1.40 0.50

** Special or Custom-—made specification is available by request.

QYUJ I NG PAT. US 6,121,696 /13060520 / ZL 98 2 47924.9 / TW164060

g = AR A R/ 3] YU JING TECHNOLOGY CO., LTD. Tel: 02-2672-3910
B FREMEY 5 A M3 YUJING INTERNATIONAL CO, LTD.  Fax: 02-2672-4872
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1M SERIES Miniature Toggle Switches

SPECIFICATIONS
CONTACT RATING: Dependent upon contact material See page 10.
MECHANICAL LIFE: 40,000 make-and-break cycles.
CONTACT RESISTANCE: 10m () max. initial @ 2-4VDC

100mA for both silver and gold plated contacts.
INSULATION RESISTANCE: 1,000 M(} min.
DIELECTRIC STRENGTH: 1,000 Vrms min. @sea level.
OPERATING TEMPERATURE: -30°C lv 85°C.

=2

M

Toggle Switches

MATERIALS

CASE: Diallyl phthalate (DAP) (UL94v-0).

ACTUATOR: Brass,chrome plated.

BUSHING: Brass, nickel plated.

HOUSING: Stainless steel.

SWITCH SUPPORT: Brass, tin plated.

CONTACT / TERMINALS: Brass, Silver or gold plated.(See Page 10)

“gﬁ“ @ s

MODEL NO. ACTUATOR BUSHING TERMINATIONS CONTACT SEAL ROHS
MATERIAL SOLDERING
O000—r (00 00 (] (] (]
LI LI
MODEL NO. \— 1 I:HMIIJIAI IONS
1M1 SP On-Nono-On - ACTUATOR. M1 Solder Lug CONTACT
1MS2 SP On-None-Mom  T1 10.41 high M2 PC thruhole MATERIAL SEAL
1MS3 SP On-Off-On T2 5.08 high M2 Quick Connact Q Silver E EPOXY (std)
1MS4 SP Mom=Off-Mom T3  13.97 high MB-1 18,70 high, wire wrap R Gold N NOEPOXY
1MSS5 SP On=Off-Mom T4 16.26 high M5-2 24.20 high, wire wiap 8 Gold,pura-tin
1MD1 DP On-None-On i . e S Silver,pures=tin
TS 24.34 high M-3 10.55 high, wire wrap C Gold over silver
MDZ DP On-None-Mom 76 Flatted,ant-rotation M5-4 26,97 high, wire wrap K Gold over silver, pures=tin
1MD3 DP On-Qif -On 12.30 high M6  Right angle, PC thru-hole
1MD4 D Mom-Oft-iMom T61 Flatted,anti-rotation MEMN  Right angle, snap-in, PC thru-hole
1MDS DP On-Off-Mom 21.0 high M7 Vartical right angle, PC thru-hole
1MDE DP On-On-On T62 Lever handle with cap V52 11,68 high, Vebracket
1MD7 DP MOm-On-Morm 12.49 high VZN  11.68 high, shap-in V-bracket
IMDE DP On-On-Mom T63 Flatled,anti-rotation VS3  16.00 high, V-bracket
1M31 3P On-Nones-On 6,35 high VS4 11,68 high, V=bracket
TM32 3P On-None=Mom T7 12.37 high,15/32 bushing VS5 16.00 hi-gh. V-bracket ROHS ___ |
1M33 3P On-Off-On T8 17.56 high,15/32 bushing SOLDERING
1M34 3P Mom-Off-Mom.  Ta  Plastic,21.3 high —BUSHING O Rohs Compliant
AM35E 3P On-Off-Mom TA  26.30 high lever handlle B1  8.89 high.keyway (thd std) S Rohs & Lead Free
1M41 4P On-None-On wilh cap,15/32 bushing B2 8.80 high keyway (non-thd) F Halngen Free+RoHS
1M42 4P On-None-Mom 11 Plastic,12.2 high B3 7.10 high keyway (thd)
M43 4P On-Of-On TL1 Locking lever 16,00 high B4  7.10 high keyway (non-thd)
1M44 4P Mom=Off<Mom TL2 Locking lever 16.26 high B5  7.52 high flat (torque)
1M45 4P On-Off-Mom TL2 Locking lever 17_28 high BE  8.00 high keyway (torgue)
1M46 4P On-On-On B7  8.89 high.flat (thd std)
AMAT7 4P MOm-On-Mom B2 8,89 high keyway (metric thd)
1M48 4P On-On-Mom B9 7.52 high flat (splash proof)
B11 7.55 high keyway (thd std)
B12 7.55 high keyway (non-thd)
B13 11.38 high keyway (15/32 bushing)
B14 11.90 high.flat (splash proof)
B15 7.55 high flat (thd std)
B16 7.55 high,flat (non-thd)
BA7 3.50 high keyway
B18 11.38 high,keyway (15/32 bushing)
B20 11,38 high keyway (15/32 bushing)
B25 8.00 high.keywaylocking lever (thd )
B26 8.00 high keyway Incking lever (non-thd)

Taiwan :+086-2-22409060 , Factory :+86-756-726-7777 , Suzhou :+06-512-65502561 / 62 , Beijing :+06-10-62130013 / 62137661
Shenzhen . +86-755-88302925 /26 / 27 / 29, Dongguan .+86-759-88703256 / 57
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11. Revision History

Rev. Date Description

1.0.0 Dec 2012 Initial Release

1.01 Mar 2013 Change photo of EVB contents and motor descriptions in Figure 6.
1.0.2 May 2013 Change the descriptions in section ‘Caution’ and Figure 6.

WARNING AND DISCLAIMER

Replace components on the Evaluation Board only with those parts shown on the parts list (or Bill of Materials) in the Users’ Guide. Contact an
authorized Fairchild representative with any questions.

This board is intended to be used by certified professionals, in a lab environment, following proper safety procedures. Use at your own risk. The
Evaluation board (or kit) is for demonstration purposes only and neither the Board nor this User's Guide constitute a sales contract or create any kind
of warranty, whether express or implied, as to the applications or products involved. Fairchild warrantees that its products meet Fairchild’s published
specifications, but does not guarantee that its products work in any specific application. Fairchild reserves the right to make changes without notice to
any products described herein to improve reliability, function, or design. Either the applicable sales contract signed by Fairchild and Buyer or, if no
contract exists, Fairchild’s standard Terms and Conditions on the back of Fairchild invoices, govern the terms of sale of the products described herein.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO
IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR
USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR
THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) 2. A critical component is any component of a life support device or
are intended for surgical implant into the body, or (b) support or system whose failure to perform can be reasonably expected to
sustain life, or (c) whose failure to perform when properly used in cause the failure of the life support device or system, or to affect its
accordance with instructions for use provided in the labeling, can be safety or effectiveness.

reasonably expected to result in significant injury to the user.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website,
www.fairchildsemi.com, under Sales Support.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing
counterfeiting of their parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation,
substandard performance, failed applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to
protect ourselves and our customers from the proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts
either directly from Fairchild or from Authorized Fairchild Distributors who are listed by country on our web page cited above. Products customers buy
either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have full traceability, meet Fairchild's quality standards for
handling and storage and provide access to Fairchild's full range of up-to-date technical and product information. Fairchild and our Authorized
Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise. Fairchild will not provide any warranty
coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global problem and encourage our
customers to do their part in stopping this practice by buying direct or from authorized distributors.

EXPORT COMPLIANCE STATEMENT

These commodities, technology, or software were exported from the United States in accordance with the Export Administration Regulations for the
ultimate destination listed on the commercial invoice. Diversion contrary to U.S. law is prohibited.

U.S. origin products and products made with U.S. origin technology are subject to U.S Re-export laws. In the event of re-export, the user will be
responsible to ensure the appropriate U.S. export regulations are followed.
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