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MB39C602 is a flyback type switching regulator controller IC. The LED current is regulated by controlling the switching on-time 

depending on the LED load.  

It is most suitable for the general lighting applications, for example stocks of commercial and residential light bulbs and so on. 

 

Features 

 High power factor in Single Conversion 

 Helps to achieve high efficiency and low EMI by detecting auxiliary transformer zero current 

 Switching frequency setting depend on the FC pin current : 30 kHz to 120 kHz 

 Control of the current of Primary Winding without the external sense resistor 

 Built-in under voltage lock out function 

 Built-in output over voltage protection function 

 Built-in over temperature protection function 

 Input voltage range VDD   : 9 V to 20 V 

 Input voltage range for LED lighting applications  : AC110VRMS, AC230VRMS 

 Package     : SOP-8 (3.9 mm × 5.05 mm × 1.75 mm [Max]) 

 

Applications 

 LED lighting 

 PWM dimmable LED lighting etc. 
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1. Pin Assignment 

 

(TOP VIEW) 
 

 
 

(FPT-8P-M02) 
 

 

2. Pin Descriptions 

Pin No. Pin Name I/O Description 

1 FC I Switching frequency setting pin. 

2 ZCD I Transformer auxiliary winding zero current detecting pin. 

3 CL I Pin for controlling peak current of transformer primary winding. 

4 OTC I On-time control pin. 

5 VCG - External MOSFET gate bias pin. 

6 DRN O External MOSFET source connection pin.  

7 GND - Ground pin. 

8 VDD - Power supply pin. 
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3. Block Diagram 
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4. Absolute Maximum Ratings 

Parameter Symbol Condition 
Rating 

Unit 
Min Max 

Power supply voltage VVDD VDD pin  -0.3 +25.0 V 

Input voltage 

VDRN DRN pin - 20 V 

VVCG VCG pin -0.3 +16.0 V 

VZCD ZCD pin -0.3 +6.0 V 

VOTC OTC pin -0.3 +6.0 V 

VCL CL pin -0.3 +6.0 V 

VFC FC pin -0.3 +2.0 V 

Input current 

IVCG VCG pin - 10 mA 

IOTC OTC pin -1 0 mA 

ICL CL pin -1 0 mA 

IFC FC pin 0 1 mA 

Output current 

IDRN DRN pin - 800 mA 

IDRN 
DRN pin, 

Pulsed 400 ns, 2% duty cycle 
-1.5 +6.0 A 

Power dissipation PD Ta ≤+25°C - 800
[1]

 mW 

Storage temperature TSTG  -55 +125 °C 

 

[1]: The value when using two layers PCB. 

  Reference: θja (wind speed 0 m/s): +125°C/W 

 

WARNING: 

Semiconductor devices may be permanently damaged by application of stress (including, without limitation, voltage, current or 

temperature) in excess of absolute maximum ratings. 

Do not exceed any of these ratings. 
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5. Recommended Operating Conditions 

Parameter Symbol Condition 
Value 

Unit 
Min Typ Max 

VDD pin input voltage VDD VDD pin 9 - 20 V 

VCG pin input voltage VCG VCG pin (from low-impedance source) 9 - 13 V 

VCG pin input current IVCG VCG pin (from high-impedance source) 10 - 2000 µA 

OTC pin resistance to GND ROTC OTC pin 10 - 100 kΩ 

CL pin resistance to GND RCL CL pin 24.3 - 200.0 kΩ 

ZCD pin resistance to auxiliary 

winding 
RZCD 

ZCD pin Transformer auxiliary winding 

connection resistor 
50 - 200 kΩ 

VCG pin capacitance to GND CVCG VCG pin 33 - 200 nF 

VDD pin bypass capacitance CBP 
Ceramic capacitance to set between VDD and 

GND pin 
0.1 - 1.0 µF 

Operating ambient temperature Ta - -40 +25 +85 °C 

 

WARNING: 

The recommended operating conditions are required in order to ensure the normal operation of the semiconductor device. All of the 

device's electrical characteristics are warranted when the device is operated under these conditions.  

Any use of semiconductor devices will be under their recommended operating condition.  

Operation under any conditions other than these conditions may adversely affect reliability of device and could result in device 

failure.  

No warranty is made with respect to any use, operating conditions or combinations not represented on this data sheet. If you are 

considering application under any conditions other than listed herein, please contact sales representatives beforehand. 
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6. Electrical Characteristics 

(Ta = +25°C, VVDD = 12 V) 

Parameter Symbol 
Pin 
No. 

Condition 
Value 

Unit 
Min Typ Max 

VDD and VCG 

SUPPLY 

VCG voltage (Operating) VCG (OPERATING) 5 VVDD = 14 V, IVCG = 2.0 mA 13 14 15 V 

VCG voltage (Disable) VCG (DISABLED) 5 VOTC = 0 V, IVCG = 26 μA 15 16 17 V 

VCG voltage difference ΔVCG 5 
VCG (DISABLED) -  

VCG (OPERATING) 
1.75 2.00 2.15 V 

VCG Shunt input current IVCG (SREG) 5 
VVCG = VCG (DISABLED) - 100 mV,  

VOTC = 0 V 
- 12 26 μA 

VCG Shunt Load Regulation ΔVCG (SREG) 5 
VOTC = 0V,  

26 μA < IVCG ≤ 5 mA 
- 125 200 mV 

VCG LDO regulation voltage VCG (LREG) 5 VVDD = 20 V, IVCG = -2 mA - 13 - V 

VCG LDO Dropout voltage VCG (LREG, DO) - 
VDD - VCG, VVDD = 11 V,  

IVCG = -2 mA 
- 2.0 2.8 V 

UVLO Turn-on threshold 

voltage 
VDD (ON) 8 - 9.7 10.2 10.7 V 

UVLO Turn-off threshold 

voltage 
VDD (OFF) 8 - 7.55 8.00 8.50 V 

UVLO hysteresis ΔVDD (UVLO) 8 VDD (ON) - VDD (OFF) 1.9 2.2 2.5 V 

VDD switch on-resistance RDS, ON (VDD) 6,8 
VVCG = 12 V, VVDD = 7 V,  

IDRN = 50 mA 
- 4

[1]
 10

[1]
 Ω 

Fault Latch Reset VDD 

voltage 
VDD (FAULT RESET) 8 - 5.6 6.0 6.4 V 

MODULATION 

Minimum switching period tSW (HF) 6 IFC = 5 μA 7.215 7.760 8.305 μs 

Maximum switching period tSW (LF) 6 IFC = 165 μA 31.5
[1]

 35.0
[1]

 38.5
[1]

 μs 

DRN peak current IDRN (peak) 
6 IFC = 5 μA, ICL = 100 μA - 3

[1]
 - A 

6 IFC = 5 μA, ICL = 30 μA - 1
[1]

 - A 

Minimum peak current for RCL 

open 
IDRN (peak, absmin) 6 RCL = OPEN - 0.45

[1]
 - A 

ILIM blanking time tBLANK (ILIM) 6 
IFC = 5 μA, RCL = 100 kΩ, 
1.2 A pull-up on DRN 

- 400
[1]

 - ns 

CL voltage VCL 3 IFC = 5 μA 2.94 3.00 3.06 V 

FC voltage VFC 1 IFC = 10 μA 0.34 0.70 0.84 V 

DRIVER 

Driver on-resistance RDS (on) (DRN) 6,7 IDRN = 4.0 A - 200
[1]

 400
[1]

 mΩ 

Driver off leakage current IDRN (OFF) 6,7 VDRN = 12 V - 1.5 20.0 μA 

High-side driver on-resistance RDS (on) (HSDRV) 5,6 
High-side driver  

current = 50 mA 
- 6

[1]
 11

[1]
 Ω 

DRN discharge current IDIS 6,7 
VDD = OPEN, DRN = 12 V, 

Fault latch set 
2.38 3.40 4.42 mA 
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Parameter Symbol 
Pin 
No. 

Condition 
Value 

Unit 
Min Typ Max 

TRANSFORMER 

ZERO  

CURRENT 

DETECTION 

Zero current threshold voltage VZCD (TH) 2 - 5
[1]

 20
[1]

 50
[1]

 mV 

Clamp voltage VZCD (CLAMP) 2 IZCD = -10 μA -200 -160 -100 mV 

Start timer operation threshold 

voltage 
VZCD (START) 2 - 0.10 0.15 0.20 V 

Driver turn-on Delay time tDLY (ZCD) 6 150 Ω pull-up 12 V on DRN - 150 - ns 

Wait time for zero current 

detection 
tWAIT (ZCD) 6 - 2.0 2.4 2.8 μs 

Start timer period tST 6 VZCD = 0 V 150 240 300 μs 

OVERVOLTAGE 

FAULT 

OVP threshold voltage VZCD (OVP) 2 - 4.85 5.00 5.15 V 

OVP blanking time tBLANK, OVP 6 - 0.6 1.0 1.7 μs 

Input bias current IZCD (bias) 2 VZCD = 5 V -0.1 0 +0.1 μA 

SHUTDOWN 

THRESHOLD 

Shutdown Threshold voltage VOTC (Vth) 4 OTC =  

 

0.7 1.0 1.3 V 

Shutdown OTC current IOTC, PU 4 VOTC = VOTC (vth) -600 -450 -300 μA 

MAXIMUM ON 

TIME 

ON-Time tOTC 6 ROTC = 76 kΩ 3.4 3.8 4.2 μs 

OTC voltage VOTC 4 - 2.7 3.0 3.3 V 

OTP 

Shutdown temperature TSD - Tj, temperature rising - +150
[1]

 - °C 

Hysteresis TSD_HYS - 
Tj, temperature falling, 

degrees below TSD 
- +25

[1]
 - °C 

POWER  

SUPPLY 

CURRENT 

Power supply current 
IVDD (STATIC) 8 VVDD = 20 V, VZCD = 1 V 1.36 1.80 2.34 mA 

IVDD (OPERATING) 8 VVDD = 20 V - 3.0
[1]

 3.7
[1]

 mA 

Power supply current for 

UVLO 
IVDD (UVLO) 8 VVDD = VDD (ON) – 100 mV - 285 500 uA 

 

[1]: Standard design value 
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7. Typical Characteristics 

    
 Power supply current vs. VDD  Power supply current vs. Ta 
 

 

 

 

    
 Switching frequency vs. IFB  DRN peak current vs. Ta 
 

 

 

 
    
 DRN peak current vs. IPCL  ON time vs. ROTM 
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 Driver ON resistance vs. Ta  High-side Driver ON resistance vs. Ta 
 

 

 

 
    
 Power dissipation vs. Ta   
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8. Function Explanation 

1. LED Current Control Function 

 MB39C602 is a flyback type switching regulator controller. The LED current is regulated by controlling the switching on-time 

 depending on the LED load.The LED current is converted into detecting voltage (Vs) by sense resistor (Rs) connected in series 

 with LED. Vs is compared by an external error amplifier (Err AMP).When Vs falls below a reference voltage, Err AMP output 

 rises and the current that flows into the Opto-Coupler is decreased. 

 The OTC pin current is controlled via the Opto-Coupler in the on-time control block. In on-time control, it controls on-time at 

 OTC pin current. So, on-time increases when the current of the OTC pin decreases. And the average current supplied to LED is 

 regulated, because on-time is regulated at the constant switching frequency. 

 

2. Cascode Switching 

 The switch in Primary Winding is a cascode connection.The gate of external MOSFET is connected with the VCG pin, and the 

 source is connected with the drain of internal Driver MOSFET. When the swich is on-state, internal Driver MOSFET is turned on, 

 HS Driver MOSFET is turned off, and the source voltage of external MOSFET goes down to GND. For this period the DC bias is 

 supplied to the gate of external MOSFET from the VCG pin. Therefore external MOSFET is turned on. 

 When the switch is off-state, internal Driver MOSFET is turned off, HS Driver MOSFET is turned on, and the source voltage of 

 external MOSFET goes up to VCG voltage. For this period the DC bias is supplied to the gate of external MOSFET from the 

 VCG pin. Therefore external MOSFET is turned off. Moreover, the current flowing into internal Driver MOSFET is equal to the 

 current of Primary Winding. Therefore, the peak current into Primary Winding can be detected without the sense resistor. 

 

3. Natural PFC (Power Factor Correction) Function 

 In the AC voltage input, when the input current waveform is brought close to the sine-wave, and the phase difference is brought 

 close to Zero, Power Factor is improved. In the flyback method operating in discontinuous conduction mode, when the input 

 capacitance is set small, the input current almost becomes equal with peak current (IPEAK) of Primary Winding. 

 

 

  VBULK : Supply voltage of Primary Winding 

  LMP : Inductance of Primary Winding 

  tON : On-time 

 

 In on-time control, if loop response of Error Amp. is set to lower than the AC frequency (below 1/10 of the AC frequency), 

 on-time can be constant. Therefore, input current is proportional to input voltage, so Power Factor is regulated. 

 

ON

MP

BULK

MP

BULK

PEAK

t

L

V

L

V
I = =ON

t×



  
   

 

 

Document Number: 002-08397 Rev. *A  Page 12 of 40 
 
 

 
MB39C602 

4. Power-Up Sequencing 

 When the voltage is input to VBULK, the electric charge is charged to capacitance of the VCG pin (CVCG) through starting 

 resistor (Rst). So, the voltage of the VCG pin rises. The voltage of the DRN pin rises by source follower when the voltage of the 

 VCG pin reaches the threshold voltage of the external HVMOSFET. 

 The DRN pin is connected with the VDD pin through the internal VDD Switch, and VDD capacitor (CVDD) is charged from the 

 DRN pin. When the voltage at the VDD pin reaches the threshold voltage of UVLO, the VDD Switch is turned off, and the 

 internal Bias circuit operates, and the switching is started. 

 After the switching begins, the voltage at the VDD pin is supplied from Auxiliary Winding through the external diode (DBIAS). 

 The voltage of an Auxiliary Winding is decided by rolling number ratio of Auxiliary Winding and Secondary Winding, and the 

 voltage of Secondary Winding. Therefore, the voltage at the VDD pin is not supplied, until the voltage of Auxiliary Winding rises 

 more than the voltage at the VDD pin. In this period, it is necessary to set the capacitor of the VDD pin to prevent the voltage of 

 the VDD pin from falling below the threshold voltage of UVLO. 

 The external Schottky diode (D1) is required between the DRN pin and VDD pin. This diode is used to prevent the current that 

 flows through the body diode of the VDD Switch. 

 

 

 Current Passing When Starting 
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 Power-Up Sequencing 

 

 
 

 

5. Power Down Sequencing 

 When AC power is removed from the AC line, the current does not flow to Secondary Winding even if HV MOSFET is switching. 

 The LED current is supplied from the output capacitance and decreases gradually. Similarly, the voltage at the VDD pin 

 decreases because the current does not flow into Auxiliary Winding. The switching stops and MB39C602 becomes shutdown 

 when the voltage at the VDD pin falls below the threshold voltage of UVLO. 

 

 

 Power Down Sequencing 
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6. OTC Part 

 It is set on-time by connecting resistance (ROTC) with OTC pin. 

 As shown in following figure, the on-time can be controlled by connecting the collector of the Opto-Coupler through 

 resistor from OTC. 

 

 

 OTC pin Control 

 

 
 

 

 The following figure shows how the on-time is programmed over the range of between 1.5 μs and 5.0 μs for either range of 
 programming resistors. On-time is related to the programmed resistor based on the following equations. 

ROTC = tOTC × (2 × 10
10

 [ 
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7. CL Part 

 It is set the peak current of Primary Winding by connecting resistance with CL pin.  

 The maximum peak current of Primary Side is set by connecting resistance (RCL) between the CL pin and GND. 

IDRN(pk) = ( 
100kV 

) 
RCL 

 An about 400 ns blanking time of the beginning of switching cycle is masking the spike noise. As a result, it prevents the 

 sense of current from malfunctioning (See the figure below.). 
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8. FC Part 

 The switching frequency is controlled by setting the current of the FC pin. In on-time control, the switching frequency is set by 

 pulling up the FC pin to VDD.  

 Switching frequency range is from 30 kHz to 120 kHz. 
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9. ZCD Part 

 MB39C602 requires the following two conditions in order to start the next switching cycle. 

(1) The time since the last turn-on edge must be equal to or longer than the switching time set by IFC. 

(2) Immediately after zero current detection at ZCD pin. Or, the time since the last zero current detection must be longer  

than tWAIT (ZCD) (2.4 μs or less). 
 

 The ZCD pin is connected with Auxiliary Winding of the transformer through the resistance division, and detects zero 

 current as shown below.  

 A delay, 50 ns to 200 ns, can be added with CZCD to adjust the turn-on of the primary switch with the resonant bottom of 

 Primarty Winding waveform. 

 

 Switching Waveform at detecting zero current 

 
 

 

 

 ZCD pin Connection 
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9. Various Protection Circuits 

 Under voltage lockout protection (UVLO) 

 The under voltage lockout protection (UVLO) protects IC from malfunction and protects the system from destruction/deterioration 

 during the transient state and momentary drop due to start up for the power supply pin voltage (VDD). The voltage decrease of 

 the VDD pin is detected with comparator, and output HS DRIVER is turned off and output DRIVER is turned off, and the switching 

 is stopped. The system returns if the VDD pin becomes more than the threshold voltage of the UVLO circuit. 

 Output over voltage Proteciton (OVP) 

 When LED is in the state of open and the output voltage rises too much, the voltage of Auxiliary Winding and the voltage of the 

 ZCD pin rise. The over voltage is detected by sampling this voltage of the ZCD pin. 

 When ZCD pin voltage rises more than the threshold voltage of OVP, the over voltage is detected. Output HS DRIVER is turned 

 off, and output DRIVER is turned off, and the switching is stopped. (latch-off)  

 If the VDD pin becomes below the voltage of Fault Latch Reset, OVP is released. 

 Over temperature protection (OTP) 

 The over temperature protection (OTP) is a function to protect IC from the thermal destruction. When the junction temperature 

 reaches +150°C, output HS DRIVER is turn off, and output DRIVER is turned off, and the switching is stopped. It returns again 

 when the junction temperature falls to +125°C (automatic recovery). 
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10. Various Function Tables 

Function 

DRN Detection 
Condition at 

Protected 
Operation 

Return 
Condition 

Remarks 
LS_DRV HS_DRV VDD SW 

Discharge 
SW 

Normal Operation 

  

OFF OFF - - - 

Under Voltage Lockout 

Protection (UVLO) 
OFF OFF ON OFF VDD < 8.0 V VDD > 10.2 V Standby 

OTC 

Shutdown 
OFF OFF ON OFF OTC = GND OTC > 1 V Standby 

Output Over Voltage 

Protection (OVP) 
OFF OFF ON ON ZCD > 5 V 

VDD < 6 V →  

VDD > 10.2 V 
Latch-off 

Over Temperature Protection 

(OTP) 
OFF OFF ON OFF Tj > +150°C Tj < +125°C - 
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11. I/O Pin Equivalent Circuit Diagram 

Pin No. 
Pin 

Name 
Equivalent Circuit Diagram 

1 FC  

 
 

2 ZCD  

 
 

3 CL  
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Pin No. 
Pin 

Name 
Equivalent Circuit Diagram 

4 OTC  

 
 

5 VCG  

 
 

6 DRN 
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Part list  

 

1. Isolation circuit 

No Component Description Part No. Vendor 

1 M1 IC PWM CTRLR CASCODE 8-SOIC MB39C602 Cypress 

2 T1 
TRANSFORMER FLYBACK EE20/10/6 

430 μH 1.6 A RATIO Np/Ns=2.91/1 Np/Na=6.4/1 
750811146 Wurth 

3 T2 IND COMMON MODE CHOKE 40 mH 750311650 Wurth 

4 F1 Fuse, axial, fast acting, 2.5 A, 250 V, 0.160 × 0.400 inch 026302.5MXL Littelfuse Inc 

5 IC5 IC OPAMP GP R-R 1MHz SGL SOT23-5 LMV321IDBVR  Texas Instruments 

6 Q1 MOSFET N-ch 650 V 7.3 A TO-220 FP SPA07N60C3 Infineon 

7 U2 OPTO ISOLATOR TRANSISTOR OUTPUT PS2561L-1-A CEL 

8 BR1 IC RECT BRIDGE 0.5 A 600 V 4SOIC MB6S Fairchild 

9 D1 DIODE ULTRA FAST 800 V 1 A SMA RS1K-13-F Diodes 

10 D3 DIODE ULTRA FAST 200 V SOT-23 MMBD1404 Fairchild 

11 D4 DIODE ZENER 18 V 225 mW SOT-23 BZX84C18LT1G On Semi 

12 D5 DIODE GPP FAST 1 A 600 V DO-41 UF4005 Fairchild 

13 D8 SHUNT REGULATOR 5.0 V SOT-23 LM4040C50IDBZT Texas Instruments 

14 VR1 SUR ABSORBER 7 mm 430 V 1250 A ZNR ERZ-V07D431 Panasonic 

15 C2 CAP CER 15000 pF 250 V X7R 1206 GRM31BR72E153KW01L muRata 

16 C3 CAP CER 10000 pF 50 V X7R 0603 GRM188R71H103KA01D muRata 

17 C4 CAP CER .1 μF 25 V X7R 10% 0603 GRM188R71E104KA01D muRata 

18 C5 CAP 100 μF 25 V ELECT RADIAL 2.5 mm EKMG250ELL101MF11D Nippon Chemi-con 

19 C6, C7 CAP CER 2.2 μF 100 V X7R 1210 GRM32ER72A225KA35 muRata 

20 C8 CAP 1000 μF 50 V ELECT HE RADIAL EKMG500ELL102MK25S Nippon Chemi-con 

21 C9 CAP .022 μF/630 VDC METAL POLY ECQE6223KF Panasonic 

22 
C10, C15, C17, 

C18, C19 
CAP CER 10000 pF 50 V X7R 0603 GRM188R71H103KA01D muRata 

23 C11 CAP CER 2.2 nF X1/Y1 RADIAL DE1E3KX222MA4BL01 muRata 

24 C13 CAP CER 0.33 μF 16 V X7R 0603 C0603C334K4RACTU Kemet 

25 C16 CAP CER .1 μF 25 V 0805 GRM21BR71E104KA0 muRata 

26 C21 CAP .022 μF/305 VAC X2 METAL POLYPRO B32921C3223M Epcos 

27 R1, R2, R31 RES 560 kΩ 1/4W 1% 1206 SMD RK73H2BTTD5603F KOA 

28 R4 RES 75.0 kΩ 1/4 W 1% 1206 SMD RK73H2BTTD7502F KOA 

29 R11 RES 110 kΩ, 1/8 W, 1%, 0603 SMD RK73H1JTTD1103F KOA 

30 R12 RES 33 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD3302F KOA 
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No Component Description Part No. Vendor 

31 R13 RES 39 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD3902F KOA 

32 R14, R30 RES 620 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD6203F KOA 

33 R15 RES 100 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD1003F KOA 

34 R16 RES 5.1 Ω 1/10 W 1% 0603 SMD RK73H1JTTD5R10F KOA 

35 R17 RES 3 Ω 1/8 W 1% 0805 SMD RK73H2ATTD3R00F KOA 

36 R18 RES 10.0 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD1002F KOA 

37 R19 RES .33 Ω 1/4 W 1% 1206 SMD ERJ-8RQFR33V Panasonic 

38 R23 RES 20 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD2002F KOA 

39 R24, R35 RES 3 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD3001F KOA 

40 R33 RES 1.00 MΩ 1/10 W 1% 0603 SMD RK73H1JTTD1004F KOA 

41 R26 RES 2.00 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD2001F KOA 

42 R29 RES 12 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD1202F KOA 

43 R32 RES 18 kΩ 1/10 W 1% 0603 SMD RK73H1JTTD1802F KOA 

44 R40 JUMPER (RES 0.0 Ω 1210) RK73Z2E KOA 

 

Wurth  : Adolf Wurth GmbH & Co. KG 

Texas Instruments : Texas Instruments, Inc 

Infineon  : Infineon Technologies AG 

CEL  : California Eastern Laboratories, Inc 

Fairchild   : Fairchild Semiconductor International, lnc. 

Diodes  : Diodes, Inc 

On Semi  : ON Semiconductor 

Panasonic : Panasonic Corporation 

muRata  : Murata Manufacturing Co., Ltd. 

Nippon Chemi-con : Nippon Chemi-Con Corporation 

Kemet  : KEMET Electronics Corporation 

Epcos  : EPCOS AG 

KOA  : KOA Corporation 
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