MICROCHIP

Obsolete Device

TC1/0

CMOS Current Mode PWM Controller

Features

¢ Low Supply Current With CMOS Technology:

3.8mA Max
* Internal Reference: 5.1V

» Fast Rise/Fall Times (C, = 1000pF): 50nsec

¢ Dual Push-Pull Outputs
¢ Direct-Power MOSFET Drive

* High Totem-Pole Output Drive: 300mA

« Differential Current-Sense Amplifier

« Programmable Current Limit
¢ Soft-Start Operation

¢ Double-Pulse Suppression
¢ Undervoltage Lockout

* Wide Supply Voltage Operation: 8V to 16V

¢ High Frequency Operation: 200kHz

¢ Available with Low OFF State Outputs
¢ Low Power, Pin-Compatible Replacement for

UC3846

Applications

« Switching Power Supplies
« DC/DC Converters
* Motor Control

Device Selection Table

General Description

The TC170 offers maximum supply current of 3.8mA.
Bipolar current-mode control integrated circuits require
five times more operating current.

The dual totem-pole CMOS outputs drive power
MOSFETs or bipolar transistors. The 50nsec typical
output rise and fall times (1000pF capacitive loads)
minimize MOSFET power dissipation. Output peak
current is 300mA.

The TC170 contains a full array of system-protection
circuits (see Features Section).

Current-mode control lets users parallel power supply
modules. Two or more TC170 controllers can be slaved
together for parallel operation. Circuits can operate
from a master TC170 internal oscillator or an external
system oscillator.

The TC170 operates from an 8V to 16V power supply.
An internal 2%, 5.1V reference minimizes external
component count. The TC170 is pin compatible with
the Unitrode UC1846/UC2846/UC3846 bipolar
controller.

Other advantages inherent in current-mode control
include superior line and load regulation and automatic
symmetry correction in push-pull converters.

Part Number Package Temp. Range
TC170COE | 16-Pin SOIC (Wide) | 0°C to +70°C
TC170CPE | 16-Pin PDIP (Narrow) | 0°C to +70°C
Package Type
16-Pin PDIP (Narrow) 16-Pin SOIC (Wide)
SOFT START/ N
im [1] @ 16] SHDN SOFTSTARY [T+ [16 [] SHDN
VHEFOUT IZ EI V|N VREFOUT | 2 15 VlN
~ I sense IN [3] 14] OUTPUT B ~ 1 sense IN [[_3] [14 T] outPuT B
+1sense IN [ 13] v | N [[4] 3]V
ense N (4] zocpe 2 Vo0 " SENSE rci170coE 2 Voo
+ ERROR AMP IN [5 | 12] GND +ERRORAMP IN[]_5 12 [] GND
~ ERROR AMP IN [ 6| 11 OUTPUTA  —ERRORAMPIN[[_6 OUTPUT A
CMPTR [ 7| 10] SYNC CMPTR[[ 7 10 _[] sYnC
Co[8] 9] Ro Co [l 8| 9 TRo

NOTE: Outputs LOW in "OFF" state.
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Functional Block Diagram
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TC170

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings*

Supply VORAGE ...ccovvieiiiieeiiee e 18V
Output Voltage .......cccovvevveeiienriciicieee Vpp or 18V
Analog INPULS ..o, -0.3Vto Vg + 0.3V
Package Thermal Resistance:
SOIC (Wid€) B3p vrvvvverriiririiiiiiiicieiins 105°C/W
SOIC (Wid€) B3¢ vvvvriverieiiieiiciiciecec 23°C/wW
PDIP (Narrow) 034 «ecocvverveeremrineeireeneeennens 95°C/W
PDIP (Narrow) 03¢ ....ocoovvvvvevienienriiiienn, 55°C/W

Operating Temperature Range ...............

0°C to +70°C

Storage Temperature Range............... -65°C to +150°C

TC170 ELECTRICAL SPECIFICATIONS

*Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device. These
are stress ratings only and functional operation of the device
at these or any other conditions above those indicated in the
operation sections of the specifications is not implied.
Exposure to Absolute Maximum Rating conditions for
extended periods may affect device reliability.

Electrical Characteristics: V|y = 16V, Rg = 24kQ, Co = 1nF, Ty = 25°C, unless otherwise noted.
Symbol Parameter | Min ‘ Typ ‘ Max ‘ Units ‘ Test Conditions
Reference Voltage
VREF Reference Voltage 5 51 5.3 \% lout = 1IMA

Line Regulation 5 15 mV  |V,y=8Vto 16V

Load Regulation 13 20 mV | loyt = 1mAto 10mA
VRrTe Temperature Coefficient 0.4 0.5 mV/°C | Over operating temperature range.
Oscillator
F Oscillator Frequency 35 42 46 kHz
VCpsc | Voltage Stability 11 15 %IV | V)y=8VtoleV
TCosc | Temperature Stability 5 10 % Over operating temperature range.
Error Amplifier
Vos Input Offset Voltage +30 mV
Ig Input Bias Current +1 nA
Vemrr | Common-Mode Input Voltage 0 Vpp — 2V \% V|y =8Vto 16V
AyvoL Open-Loop Voltage Gain 70 dB VouTt = 1V to 6V
BW Unity Gain Bandwidth 1.2 MHz
CMRR | Common-Mode Rejection Ratio 60 dB Vewmy = 0V to 14V
PSRR Power Supply Rejection Ratio 60 dB V|y =8V to 16V
Current Sense Amplifier
Aamp Amplifier Gain 3 3.15 3.3 VIV |Pin3=0Vtol1lV
Vpm Maximum Differential Input Signal <11 \% Vping — VpINg
Vewm Common-Mode Input Voltage 0 Vpp — 3V \%
Current Limit Adjust
Vos Current Limit Offset Voltage 0.5 \
Ig Input Bias Current nA
Shutdown Terminal
V1h Threshold Voltage 0.3 0.35 0.4 \%
VN Input Voltage Range 0 Vpp \Y
I Minimum Latching Current at Pin 1 125 HA
I Maximum Nonlatching Current at Pin 1 50 HA
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TC170 ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: V,y = 16V, Rg = 24kQ, Cq = 1nF, Ty = 25°C, unless otherwise noted.
Symbol Parameter ‘ Min | Typ | Max | Units | Test Conditions
Output Stage
Vpp Output Voltage Viy—0.5 VN Viy+0.5 \Y Pin 13
VoL Output Low Level 0.4 \ Isink = 20mA
VoL Output Low Level 2 \ Isink = 100mA
VoH Output High Level Vpp -1V \ Isource = 20mA
VoL Output High Level Vpp — 4V \Y Isource = 100mA
tr Output Rise Time 50 150 nsec |C_ = 1000pF
te Output Fall Time 50 150 nsec |C_ = 1000pF
Undervoltage Lockout
Start-Up 7.15 7.7 8.25 \% Threshold
Threshold Hysteresis 0.5 0.75 1 \Y
Supply
Is Standby Supply Current | 2.7 | 3.8 | mA |
DS21395C-page 4 © 2005 Microchip Technology Inc.
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2.0 PIN DESCRIPTIONS
The descriptions of the pins are listed in Table 2-1.
TABLE 2-1: PIN FUNCTION TABLE
Pin No.
(16-Pin PDIP, Symbol Description
SOIC)
1 SOFT START/I | Soft Start Adjust/Current Limit. For setting the peak current threshold of sense inputs (pins 3
and 4). Second function of this pin is Soft-Start Adjust.
VReeOUT Reference supply output of 5.1 volts. It can supply a minimum of 10mA.
-IsenselN -Current Sense Input. Inverting input for sensing peak current of the pass transistor through
series sense current monitor resistor.
4 +lsenselN +Current Sense Input. Non-inverting input used in conjunction with pin 3. This senses the
positive end of current monitor resistor.
5 +ERROR AMP IN | +Error Amp In. Non-inverting input for output voltage regulation.
6 -ERROR AMP IN | -Error Amp In. Inverting input of the amplifier for the reference voltage.
7 CMPTR For compensation of the feedback loop response.
8 Co Timing capacitor (Cg) input to set oscillator frequency in conjunction with pin 9, R, resistor
input. Second function is for setting crossover dead time of pin 11and 14 outputs.
9 Ro Timing resistor (Rp) input to set oscillator frequency by setting constant current charge rate to
charge capacitor Cq.
10 SYNC For PWM controller oscillator synchronization of two or more controllers. Or as a clock input to
sync oscillator from external signal.
11 OUTPUT A A output drive of phase A from push pull transistors.
12 GND Ground return for all input and output pins.
13 Vpp Supplies power to operate the output drivers only.
14 OUTPUT B Output of phase B from push pull transistors.
15 VIN Voltage bias supply for all TC170 circuits except the output transistors.
16 SHDN Input pin to disable both output drives to OV OFF.
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3.0 DETAILED DESCRIPTION

3.1 Peak Current Limit Setup

Resistors R1 and R2 at the current limit input (pin 1) set
the TC170 peak current limit (Figure 3-1). The potential
at pin 1 is easily calculated:

R2
V1=Vrer Ri+R2

R1 should be selected first. The shutdown circuit
feature is not latched for (Vggg — 0.35)/R1 < 50pA and
is latched for currents greater than 125uA.

The error amplifier output voltage is clamped from
going above V1 through the limit buffer amplifier. Peak
current is sensed by RS and amplified by the current
amplifier which has a fixed gain of 3.15.

IpcL, the peak current limit, is the current that causes
the PWM comparator noninverting input to exceed V1,
the potential at the inverting input. Once the
comparator trip point is exceeded, both outputs are
disabled.

Ipc, is easily calculated:

= Vi-075v
PCL™ 7315 (RS)

where:

R2
V1=Vrer Ri+R2

Vger = Internal voltage reference = 5.1V
3.15 = Gain of current-sense amplifier
0.75V = Current limit offset

Both driver outputs (pins 11 and 14) are OFF (LOW)
when the peak current limit is exceeded. When the
sensed current goes below Ip¢c, the circuit operates
normally.

3.2 Output Shutdown

The TC170 outputs can be turned OFF quickly through
the shutdown input (pin 16). A signal greater than
350mV at pin 16 forces the shutdown comparator
output HIGH. The PWM latch is held set, disabling the
outputs.

Q2is also turned ON. If VRee/R1 is greater than 125pA,
positive feedback through the lockup amplifier and Q1
keeps the inverting PWM comparator inverting input
below 0.75V. Q3 remains ON even after the shutdown
input signal is removed, because of the positive
feedback. The state can be cleared only through a
power-up cycle. Outputs will be disabled whenever the
potential at pin 1 is below 0.75V.

The shutdown terminal gives a fast, direct way to
disable the TC170 output transistors. System protec-
tion and remote shutdown applications are possible.

The input pulse to pin 16 should be at least 500nsec
wide and have an amplitude of at least 1V in order to
get the minimum propagation delay from input to
output. If these parameters are met, the delay should
be less than 600nsec at 25°C; however, the delay time
will increase as the device temperature rises.

3.3 Soft Restart From Shutdown

A soft restart can be programmed if nonlatched
shutdown operation is used.

A capacitor at pin 1 will cause a gradual increase in
potential toward V1. When the voltage at pin 1 reaches
0.75V, the PWM latch set input is removed and the
circuit establishes a regulated output voltage. The soft-
start operation forces the PWM output drivers to initially
operate with minimum duty cycle and low peak
currents.

Even if a soft start is not required, it is necessary to
insert a capacitor between pin 1 and ground if the
current I is greater than 125uA. This capacitor will
prevent "noise triggering” of the latch, yet minimize the
soft-start effect.

3.4 Soft-Start Power-Up

During power-up, a capacitor at R1, R2 initiates a soft-
start cycle. As the input voltage (pin 15) exceeds the
undervoltage lockout potential (7.7V), Q4 is turned
OFF, ending undervoltage lockout. Whenever the
PWM comparator inverting input is below 0.5V, both
outputs are disabled.

When the undervoltage lockout level is passed, the
capacitor begins to charge. The PWM duty cycle
increases until the operating output voltage is reached.
Soft-start operation forces the PWM output drivers to
initially operate with minimum duty cycle and low peak
current.

3.5 Current-Sense Amplifier

The current-sense amplifier operates at a fixed gain
of 3.15. Maximum differential input voltage (Vpns—
Vpin3) is 1.1V. Common-mode input voltage range is
0V to Vjy — 3V.

Resistive-sensing methods are shown in Figure 3-2
and Figure 3-3. In Figure 3-2, a simple RC filter limits
transient voltage spikes at pin 4, caused by external
output transistor-collector capacitance. Transformer
coupling (Figure 3-4) offers isolation and better power
efficiency, but cost and complexity increase.

In order to minimize the propagation delay from the
input to the current amplifier to the output terminals, the
current ramp should be in the order of 1usec in width
(min). Typical time delay values are in the 300 to
400nsec region at 25°C. The delay time increases with
device temperature so that at 50°C, the delay times
may be increased by as much as 100nsec.
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FIGURE 3-1: R1 AND R2 SET MAXIMUM PEAK OUTPUT CURRENT
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FIGURE 3-4: TRANSFORMER
ISOLATED CURRENT
SENSE
X3.1|_5f_Current Sense
mplifier
. 4 . ¢ N 1
— Vg &g
_ . ‘ _
TC170 " Ig+RS
STTN
3.6 Undervoltage Lockout

The undervoltage lockout circuit forces the TC170
outputs OFF (low) if the supply voltage is below 7.7V.
Threshold hysteresis is 0.75V and guarantees clean,
jitter-free turn-on and turnoff points. The hysteresis
also reduces capacitive filtering requirements at the
PWM controller supply input (pin 15).

3.7

Current-mode-controlled power supplies can be
operated in parallel with a common load. Paralleled
converters will equally share the load current. Voltage-
mode controllers unequally share the load current,
decreasing system reliability.

Circuit Synchronization

Two or more TC170 controllers can be slaved together
for parallel operation. Circuits can operate from a
master TC170 internal oscillator with an external driver
(Figure 3-5). Devices can also be slaved to an external
oscillator (Figure 3-6). Disable internal slave device
oscillators by grounding pin 8. Slave controllers derive
an oscillator from the bidirectional synchronization
output signal at pin 10.

Pin 10 is bidirectional in that it is intended to be both a
sync output and input. This is accomplished by making
the output driver "weak." This is advantageous in that it
eliminates an additional pin from the package but does
not enable the device to directly drive another device.
In order to make it an effective driver, a buffer is
required (Figure 3-5). In order to use pin 10 as a sync
input, it is necessary to overcome the internal driver.
This requires a pulse with an amplitude equal to V.
Since V|y must be above 8.25V for the undervoltage
lockout to be disabled, a CMOS or open-collector TTL
driver should be used.

FIGURE 3-5: MASTER/SLAVE
PARALLEL OPERATION
9
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TC170
2 co SYNC CMPTR
1 Master 10 7
1/2 TC4427
}O Vbp
2 10 7
9 VREF SYNC CMPTR
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FIGURE 3-6: EXTERNAL CLOCK
SYNCHRONIZATION
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FIGURE 3-7: OSCILLATOR CIRCUIT
+—O Vpp 1
Fo
}_< Pin 8
ﬂ | D
2.3V 4.3V IcHARGE ~ 2:3V 2.3V On-Time
* Pin 10
8 >
10 Output Dead Time (Tp)
Sync
. 1mA
Discharge » Co
Current I
3.8 Oscillator Frequency and Output FIGURE 3-8: OSCILLATOR
Dead Time FREQUENCY VS.
) _ _ OSCILLATOR
The osc_lllator frequency for Rg = 24kQ and Cp = RESISTANCE
1000pF is:
50
Fo- [1.27 2800 ] Co . \\ \
RoCo Rp?Cod Co + 150 x 10712 g \\\ \ Ta = +25°C
=< 40 ]
where: Rg = Oscillator Resistor (€2) 3 35 \\\ \
Co = Oscillator Capacitor (F) Z \ \ \\
Fo = Oscillator Frequency (Hz) 'l‘, 30 \ \ \
The oscillator resistor can range from 5kQ to 50kQ. ﬁ 25 \ \ \ \
Oscillator capacitor can range from 250pF to 1000pF. g 20 \ \ A N N
Figure 3-8 shows typical operation for various > \ \\ N 250P'T
resistance and capacitance values. =415 \ AN
During transitions between the two outputs, 3 10 N 500pF |
simultaneous conduction is prevented. Oscillator fall © 5 N \\ \L
time controls the output off, or dead time (Figure 3-7). 11‘300p‘F 7‘50pl‘= |
Dead time is approximately: 0 20 40 60 80 100 120 140 160 180 200

2000 [C(]
B 2.3
1o ( Ro )
where: Rg = Oscillator Resistor (k)

Co = Oscillator Capacitor (pF)
Tp = Output Dead Time (sec)

Tp

Maximum possible duty cycle is set by the dead time.

OSCILLATOR FREQUENCY (kHz)
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4.0

TYPICAL CHARACTERISTICS

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are
not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified

operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Output Rise and Fall Times

T
Ta=+25

c|

Output Rise and Fall Times

Output Rise and Fall Times

‘ / Ta = +25°C Tp=+25°C ‘
’CLOAD = 500pF I- CLoaD = 1800pF I CLoaD = 1000pF
Vg =16V / Vg =16V Vg =16V
A 5v / A 5v
y DIv ~ y DIV
50 nsec 5 A sv
nsec e
> | S
A\ DIV | DIV A\ Y DIV

50 nsec

DIV
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

Package marking data not available at this time.

5.2 Taping Form

PIN 1

User Direction of Feed

O O O O

o

P

Standard Reel Component Orientation
for TR Suffix Device

Carrier Tape, Number of Components Per Reel and Reel Size

Component Taping Orientation for 16-Pin SOIC (Wide) Devices

Package

Carrier Width (W)

Pitch (P)

Part Per Full Reel

Reel Size

16-Pin SOIC (W)

16 mm

12 mm

1000

13in

© 2005 Microchip Technology Inc.
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5.3 Package Dimensions

16-Pin PDIP (Narrow)

PIN 1
1 T ke T e s O e ks B
270 (6.86)
240 (6.10)
-5 5 RS RA
045 (1.14)
.030 (0.76)
770 (19.56)
740 (18.80) “_ﬁgég ggg“
200 (5.08)| .
140 (3.56) 1 o0 (1.02)
— 020 (0.51) .014 (0.36 o
150 (3.81) f _008§0_20§\ " _10° MAX.
115 (2.92)
) 1400 (10.16)
—>| |<— - = "H‘— .310 (7.87) _"I
110(2.79) 070 (1.78) 022 (0.56)
090 (2.29) .045(1.14)  .015(0.38)
Dimensions: inches (mm)
16-Pin SOIC (Wide)
PIN 1
OOAAAAAA
(@]
299 (7.59) .419 (10.65)
291 (7.40) .398 (10.10)
gooooooo
- 413 (10.49) _|
.398 (10.10)
104 (2.64)
[U:U:IHJ:U]J:U]J] { 097 (2.46) g f J/ _1.013(0.33)
. __“__—52 (0:30) MAX. ’l ‘* [ 009 (0.23)
050 (1.27) TYP. .019(0.48) .004 (0.10) 050 (1.27)
.014 (0.36) .016 (0.40)

Dimensions: inches (mm)
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Sales and Support

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277

3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION, INCLUDING BUT NOT
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and
its use. Use of Microchip’s products as critical components in
life support systems is not authorized except with express
written approval by Microchip. No licenses are conveyed,
implicitly or otherwise, under any Microchip intellectual property
rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

=—150/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEELOQ, microlD, MPLAB, PIC, PICmicro, PICSTART,
PRO MATE, PowerSmart, rfPIC, and SmartShunt are
registered trademarks of Microchip Technology Incorporated
in the U.S.A. and other countries.

AmplLab, FilterLab, Migratable Memory, MXDEV, MXLAB,
PICMASTER, SEEVAL, SmartSensor and The Embedded
Control Solutions Company are registered trademarks of
Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM,
dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR,
FanSense, FlexROM, fuzzyLAB, In-Circuit Serial
Programming, ICSP, ICEPIC, Linear Active Thermistor,
MPASM, MPLIB, MPLINK, MPSIM, PICkit, PICDEM,
PICDEM.net, PICLAB, PICtail, PowerCal, Powerlnfo,
PowerMate, PowerTool, rfLAB, rfPICDEM, Select Mode,
Smart Serial, SmartTel, Total Endurance and WiperLock are
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
inthe U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2005, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

fé Printed on recycled paper.

Microchip received ISO/TS-16949:2002 quality system certification for
its worldwide headquarters, design and wafer fabrication facilities in
Chandler and Tempe, Arizona and Mountain View, California in
October 2003. The Company’s quality system processes and
procedures are for its PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:

http://support.microchip.com

Web Address:
www.microchip.com

Atlanta
Alpharetta, GA
Tel: 770-640-0034
Fax: 770-640-0307

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

San Jose

Mountain View, CA
Tel: 650-215-1444
Fax: 650-961-0286

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8676-6200
Fax: 86-28-8676-6599

China - Fuzhou
Tel: 86-591-8750-3506
Fax: 86-591-8750-3521

China - Hong Kong SAR
Tel: 852-2401-1200
Fax: 852-2401-3431

China - Qingdao
Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Shunde
Tel: 86-757-2839-5507
Fax: 86-757-2839-5571

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7250
Fax: 86-29-8833-7256

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-2229-0061
Fax: 91-80-2229-0062

India - New Delhi
Tel: 91-11-5160-8631
Fax: 91-11-5160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Gumi
Tel: 82-54-473-4301
Fax: 82-54-473-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Penang
Tel: 60-4-646-8870
Fax: 60-4-646-5086

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-399
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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