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Abstract

This thesis presents a study and design about EMI filter, that use for attenuate noise from
semi-conductor electronics component which use in high frequency. For example, switched
mode power supply can spread noise to the system. Generally, noise composed of two kind,
conducted noise and radiated noise, but in this thesis considers only conducted noise. One type is
common mode (CM), another is differential mode (DM). We use off-line regulator as noise
source for studying any type conducted noise. Different part of the source will spread differential
noise, when the noise can specify then we will study in any component in EMI Filter circuit. The
circuit can devide in two parts, one is common mode filter, another is differential mode filter.
And then we use this knowledge for designing EMI filter that use for testing off-line regulator.
There are two types of the testing, onc is testing by current probe and EMI- receiver for identify
both of conducted noise. Two is testing by EMI receiver for identify CM noise. And then we use

all result for analyzing and comparing with the theory.
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m3Inaave 8.1.11
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iRFP450

N-CHANNEL 500V - 0.31Q - 14A TO-247

PowerMesh™ || MOSFFT.

TYPE Vpss

IRFP450 500V

= TYPICAL Rps(on) = 0.31Q

« EXTREMELY HIGH dv/dt CAPABILITY
« 100% AVALANCHE TESTED

« NEW HIGH VOLTAGE BENCHMARK
= GATE CHARGE MINIMIZED

RDS(on) Ip
< 0.38Q

4 A

DESCRIPTION

The PowerMESH™!' I is the evolution of the first
generation of MESH OVERLAY™' . The layout re-
finements introduced greatly improve the Ron*area
figure of merit while keeping the device al the lead-
ing edge for what concerns switching speed, gate

TO-247

INTERNAL SCHEMATIC DIAGRAM

charge and ruggedness. Dg)
APPLICATIONS
« SWITCH MODE POWER SUPPLIES (SMPS) :
» HIGH CURRENT, HIGH SPEED SWITCHING =y
= DC-AC CONVERTERS FOR WELDING
EQUIPMENT AND UNINTERRUPTIBLE ¢
POWER SUPPLIES AND MOTOR DRIVE N
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vbs Drain-source Voltage (Vgs = 0) 500 \Y
VpGR Drain-gate Voltage (Rgs = 20 kt2) 500 V
Vas Gate- source Voltage +30 \Y%
Ip Drain Current (continuos) at Tc = 25°C 14 A
Ip Drain Current (continuos) at T¢ = 100°C 87 A
oM (e) Drain Current (pulsed) 56 A
Prot Total Dissipation at T¢ = 25°C 190 W
Derating Factor 1.5 wW/-C
dv/dt(1) Peak Diode Recovery voltage siope 3.5 Vins
Tstg Storage Temperature -65 to 150 °C
Tj Max. Operating Junction Temperature 150 20

(e)Pulse width limited by safe operating area

May 2001

{1)isp ~14A, di/dt <100A/s, Vpp < V(BR)DSS! T‘ < Timax

1/8
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THERMAL DATA
Rthj-case | Thermal Resistance Junction-case Max 066 CwW
Rthj-amb | Thermat Resistance Junction-ambient Max 30 Crw
T Maximum Lead Temperature For Soldenng Purpose 300 L &
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value U nit
| Avalanche Current. Repetitive-or Not-Repetitive 14 A
AR (pulse width limited by Tj max)
Single Pulse Avalanche Energy
BAs  l(starting T; =25 'C. Ip = Iar. Vpp = 50 V) s mJ
ELECTRICAL CHARACTERISTICS (TCASE =25 -C UNLESS OTHERWISE SPECIFIED)
OFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Drain-source B VLA
VBRIDSS | Breakdown Voltage g =25\98/7° 24l ¥
: Zero Gate Voltage Vps = Max Rating 1 HA
S ; -
o Drain Current (Vs = 0) Vps = Max Rating, Tc, = 125 'C 50 uA
i Gate-body Leakage o X
less Cudedl (Vps.=0) Vgs = +30V +100 nA
ON (1)
Symbot Parameter Test Conditions Min. Typ. Max. Unit
VGsith) Gate Threshold Voltage Vps = Vas, Ip =250 pA 2 3 4 \%
R Static Drain-source On Vs = 10V.Ip = 7A 0.31 0.38 Q
DSton) | Resistance
DYNAMIC
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vps > loion) X Rosionmax
gfs Forward Transconductance : D_S./. PromTORI Ay 13 S
lp=7A
Ciss Input Capacitance Vps = 25V.f=1 MHz Vgg = 9 2000 pF
Coss Output Capacitance 300 pF
Reverse Transfer
Crss Capacitance 43 pF
2/8 57
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ELECTRICAL CHARACTERISTICS (CCNTINUED)

SWITCHING ON

Symbol Parameter Test Conditions Min. Typ. Max. Unit
td{on) Turn-cn Delay Time Vpp = 250V ip =7 A 20 ns
G =4.70 Vos = 10V

t Rise Time (see test circuit. Figure 3) 23 ns

Qq Total Gate Charge Vpp = 400V. Ip= 14 A 75 a0 nC

Qqs Gate-Source Charge lgsi= WViRes Sl 10 nC

Qgqd Gate-Drain Charge 38 nC

SWITCHING OFF

Symbol Parameter Test Conditions Min. Typ. Max. Unit
tr(votfy Off-voltage Rise Time Vpp =400V, Ip = 14 A, 25 ns

. (e tost ety Fioun 5 20

te Cross-over Time 62 ns

SOURCE DRAIN DIODE

Symbol Parameter Test Conditicns Min. Typ. Max. Unit

Isb Source-drain Current 14 A

Ispm (2) Source-drain Current (pulsed) 56 A

Vsp (1) Forward On Vcltage lsp=14 A Vgs =0 1.6 v

tee Reverse Recovery Time lsp = 14 A, di/dt= 100A/Ls. 670 ns

Qy; Reverse Recovery Charge 2/5?32. Teg?g(‘:clljtzF?gSrfS) 6.7 uC

IRRM Reverse Recovery Current 20 A

Note: 1. Pulsed: Pulse duration = 300 us. duty cycle 1.5 %

2. Pulse width limited by safe cperating area

Safe Operating Area

NG
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Output Characteristics Transfer Characteristics
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Normalized Gate Thereshold Voltage vs Temp. Normaiized On Resistarce vs Temperature
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Fig. 1: Unctamped Inductive Load Test Circuit

Fig. 2: Unclamped inductive Waveform
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Fig. 3: Switching Times Test Circuit For Fig. 4: Gate Charge test Circuit
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TO-247 MECHANICAL DATA

BIM. mm. inch
MIN. TYP MAX. MIN. TYP. MAX.

A 485 515 0.19 0.20
D 2.20 2.60 0.08 0.10
E 0.40 0.80 0.015 0.03
F 1 1.40 0.04 0.05
F1 3 0.11

F2 5 0.07

F3 7 2.40 0.07 0.09
Fa 3 3.40 0.11 0.13
c 10.90 0.43
H 15.45 15.75 0.60 0.62

19.85 20.15 0.78 0.79

L1 3.70 430 0.14 0.17
L2 18.50 0.72

B 1320 14.80 0.56 0.58
L4 34.60 1.36

L5 550 021
M g 3 0.07 0.11
v 5° 5%

V2 60° 809

Dia 3.55 " 3.65 0.14 0.143

7/8
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SWITCHMODE™ Dulsa Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit
designed primarily for SWITCHMODE power supply control.

e Complete Pulse Width Modulation Control Circuitry

e On-Chip Oscillator with Master or Slave Operation

® On—Chip Error Amplifiers

e On—Chip 5.0 V Reference

® Adjustable Deadtime Control

® Uncommitted Output Transistors Rated to 500 mA Source or Sink
® Output Control for Push—Pull or Single—Ended Cperation

@ Undervoltage Lockout

MAXIMUM RATINGS (Full operating ambient temperature range applies.
unless otherwise noted.)

Order this document by TL494/D

T L4ES4

SWITCHMODE

PULSE WIDTH MGOGDUJULATION

CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

& D SUFFIX
N PLASTIC PACKAGE
‘s\.{ CASE 7518
\ (SG-16)
N SUFFIX

PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

Neemy 5 v
£n 116 ;i
Inn R % S Eaa Input
oy T L
Inpxt L

Rating Symbol | TL494C ] TL494] Unit Compen/P\W\
=5 . Comp Input
Power Supply Voltage Vce 42 \Y Deadtme
Corns
Collector Output Voltage VigH, 42 Vv
Ve2 Cr
Collector Output Current Ic1.1c2 500 mA R-
(Each transistor) (Note 1)
Grour:
Amplifier Input Voltage Range | VIR -0.31to +42 \%
Power Dissipation @ Tp <45°C l Pp 1000 mw Gt
Thermal Resistance. RgJa 80 cw ; (To View)
Junction-io—Ambient :
- |
Operating Junction Temperature Ty 125 C . =
Storage Temperature Range Ts[g -55t0 +125 S ORDERING INFORMATION
Operating Ambient Temperature Range Ta il !7 ! Operating
TL494C 0to+70 | Device | Temperature Range Package
TL494| -2510 +85 !
| TL4%4CD ! s : et SO-16
Derating Ambient Ten | 4 2 [ = Olito s 103
erating Ambient Temperature [ Ta 5 © | TLAG4CN Plastic E
NOTE: 1.Maximum therma! imits must be observed > : 1
| TL4G4IN [ 15 =-257t0 +85°C Plastic |
. Mgoterola, Inc. 1996 Rev 1
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RECOMMENDED OPERATING CONDITIONS

Crharackcristics ' SymbO|v e Mi'ﬂ? 0 A_Ty;_) e __Exv _W ~—U;1}i47

I Power Supply Voltage i els 7.0 15 40 v

‘ioﬂec:or Output Voltage | Ve Vez - 30 40 \Y
Collecior Output Current (kach ransistor) E icy.lc2 - - 200 mA
Amplified Input Voltage Vin 0.3 ~ il vee=2.0 Vi
Current Into Feedback Terminal lth ~ - 0.3 mA
Reference Output Current { lref - - ——10 Rl 8
Timing Resistor | By 1.8 30 500 koo
Timing Capacitor - Ea e 0.0047 0.001 10 i
Oscillator Frequency fasc 1.0 40 200 kHz |

ELECTRICAL CHARACTERISTICS (Vcc =15V, CT = 0.01 puF, RT = 12 K, unless otherwise noted.)
For typical values T = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

[ Characteristics J Symbol i Min I Typ I Max Unit
i | |
REFERENCE SECTION

Reference Voitage (Ip = 1.0 mA) Vief 4.75 5.0 5:25 \

Line Regulation (Vg =7.0 Vto 40 V) Regjine = 2.0 25 mV

Load Regulation (o = 1.0 mA to 10 mA) Regjoad = 3.0 15 mV

Short Circuit Output Current (Vef = 0 V) Isc 15 35 75 l mA

OUTPUT SECTION

Coliector Off-State Current Ic(off) - 2.0 100 uA
Vcc =40V.Vcg = 40 V)

Emitter Off—State Current IE(off) - - -100 uA
Ve =40V, Ve =40V, VE =0V)

Collector-Emitter Saturation Voltage (Note 2) \Y
Common-Emitter (Vg = 0 V, I¢ = 200 mA) Vsai(C) - 11 13
Emitter—Follower (V¢ = 15V, Ig = =200 mA) Vsai(E) = 1.4 2.5

Gutput Control Pin Current
Low State (Vpc 0.4 V) locL - 10 - uA
High State (VoG = Vref) locH & 0.2 3.5 mA

Output Voltage Rise Time I ns
Common-Emitter (See Figure 12) - 100 200
Emitter-Follower (See Figure 13) - 100 200

Output Voltage Fall Time 83 ns
Common-Emitter (See Figure 12) - 25 100
Emitter-Follower (See Figure 13) - 40 100

NOTE: 2. Low cuty cycle pulse technigues are used during test to maintain juncton temperature as ciose 10 ambient tlemperalure as possible.

2 MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vo =15 V. Cy = 0.01 uF. Ry = 12 ki) unless otherwise noted.)

For typical values T = 25°C, for min/max values T4 is the operating ambient temperature range that applies. unless otherwise noted.
[; Characteristics | Symbol ; Min Typ | Max ! Unit
ERROR AMPLIFIER SECTION
Input Offset Voliage (VO (Pin 3) =2.5V) ! Vio = 2.0 10 mvoo
Input Ofiset Current (Vo (pin 3) =2.5V) o = 50 250 A |
Input Bias Cument (Vo (Pin 3) = 2.5V) g - -0.1 -1.0 1A
Input Common Mode Voltage Range (Vo = 40V. Ta = 25°C) Vicr -0.3to V=20 v
Open Loop Voltage Gain (AVA =3.0V. V=05V 10 3.5 V. R =2.0k¢': ~vOl 70 95 - d8 I
Unity—Gain Crossover Frequency (Vo =0.5V t103.5V, R =2.0kQ) fc_ - 350 - kHz )
Phase Margin at Unity-Gain (Vo = 0.5V t0 3.5V, R = 2.0 kQ) om - 65 - deg.
Common Mode Rejection Ratio (Vo =40V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVcc =33V, Vg =2.5V, R =2.0kQ) PSRR o 100 - dB
Output Sink Current (Vo (pin 3) =0.7 V) lo— 0.3 0.7 - mA
Output Source Current (VO (Pin 3) = 3.5 V) Y g 2.0 4.0 £ mA |
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) ! VTH - 215 4.5 Vv |
Input Sink Cument (V(pin 3) = 0.7 V) 6~ W -3 0.7 . mA |
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin 4 =0 V to 5.25 V) igen = -20 -10 uA
Maximum Duty Cycle, Each Output. Push-Pull Mode I DCmax g | %
(Vpin 4 =0V, Cy =0.01 pF, RT = 12kQ) ¢ 45 48 50
(Vpin 4 =0V, CT =0.001 uF, Ry = 30 kQ) ! - ] 45 50
Input Threshold Voltage (Pin 4) | Vih v
(Zero Duty Cycle) f L 28 3.3
(Maximum Duty Cycle) | 0 - -
OSCILLATOR SECTION
Frequency (CT = 0.001 uF, RT = 30 kQ) Wl o B | =0 = KHz
Standard Cevia‘ion of Frecuency™ (CT = 0001 pF. k7 = 20 kQ2) Glosc = L 3.0 = %
Frequency Change with Voltage (Vcc = 7.0V 1040 V, T = 25°C) Afggc (AV) - 0.1 - %
Frequency Change with Temperature (ATA = Tjow 10 Thigh) Algsc (AT) - - 12 %
(CT =0.01 uF, RT = 12kQ)
UNDERVOLTAGE LOCKOUT SECTION
[ Turn-On Threshold (Vo increasing, Iref = 1.0 mA) | Vi 55 I 6.43 7.0 I o
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vgf, All other inputs and outputs open) | Icc s mA
(Ve =15V) | = 5.5 10
Mecz40V) | leii e 1
Average Supply Current ’ | mA
(Ct =0.01 uF, Ry = 12kQ, V(pijn 4) = 2.0V) i - 7.0 -
(Ve = 15 V) (See Figure 12) i

N -
T (X —X)2
* Standard deviation is @ measure of the statistical distributon about the mean as cervec from the formula, o n=1

e

MOTOROLA ANALOG IC DEVICE DATA
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Figure 1. Representative Block Diagram
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This device contains 46 active transisiors.
Figure 2. Timing Diagram
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APPLICATIONS INFORMATION

Description

The TL494 1s a tixed—frequency pulse widlh modulation
control circuit, incorporating the primary buiiding blocks
required for the control of a switching power supply. (See
Figure 1.) Aninternal-linear sawtooth oscillator is frequency—
programmable by two external components, RT and CT. The
approximate oscillator frequency is determined by:

f SRR VI
oscC RT = CT

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR gates,
which drive output transistors Q1 and QZ, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control—signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadlime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This wouid result in @ maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between 0 Vo 3.3 V.

Functional Table

1 Out f
BRIVDDLL Qutput Function oa =
Controls fosc
Grounded | Single—ended PWM @ Q1 and Q2 1.0

@ Vref Push-pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers te adjust the output pulse width from
the maximum percent nn—time, established by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from -0.3 V to (V¢cC — 2V), and

may be used lo sense power—supply output vollage and
current. The error—amplifier outputs are aclive high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor Ct is discharged. a positive p'ise is
generated on the output of the deadtime comparator, which
clucks d.c ou'se -steeting fup-flon and inhibits the output
transistors, Q1 and Q2. With the output—control connected io
the reference line, the pulse—steering flip-flop directs the
modulated pulses to each of the two output transistcrs
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output—mode pin nwst be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits.
The reference has an internal accuracy of +5.0% with a
typical thermal drift of less than 50 mV over an operating
temperature range of 0° to 70-C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 10. Error—Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit
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Figure 12. Common—Emitter Configuration
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Figure 14. Error—Amplifier Sensing Techniques
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Figure 18. Slaving Two or More Control Circuits
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Figure 19. Operation with V5 > 40 V Using
External Zener
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Test Conditions Results

Line Regulation

Vin =10V10 40 V

L1-35mH@03A

0,
2y 0200 T1 - Primary: 20T C.T. 28 AWG

Load Regulation

Vin=28V.Ig=10mAtc 1.0 A

Secondary: 1207 C.T. £35 AW

3.0mV 0.06%
Core: Ferroxcube 1408P-L00-3CB

Output Ripple

Vin=28V.I0=1.0A

65 mV pp P.AR.D.

Short Circuit Current

Vin =28V, R =0.10Q

16 A

Efficiency

Vin=28V.I0=10A

1%
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Figure 21. Pulse Width Modulated Step—Down Converter
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Test Conditions Results
Line Regulation Vin=8.0Vio40V 30mV  0.01%
Load Regulation Via= 120V, 15 =0.2 mA 0 200 mn~ 50mv  0.06z%
Output Ripple Vin =12.6 V, Ip =200 mA 40mVpp PAR.D.
Short Circuit Current Vin =126 V.R_ =0.1Q 250 mA
Efficiency Vin =12.6 V, Ip =200 mA 72%
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE orEs
l" = e CASE 648-08 1 DIENSIONING AND TOLERANCING PER ANS!
R Yig 5t 1ea
B ﬁ A ﬁﬂ' Pl 2 COMTROLLIVG DIVEKSION. INCH
16 d 3 DUZENSION L TO CENTER OF LEADS WHEN
! FORMED PARALLEL
P B 4 DRAENSION B DOES NOT INCLUDE MOLD FLASH
‘O . Y 5 ROUNDED CORNERS GPTIONAL.
DU ILIT ICHES | MILLIMETERS
DIM MIN MAX MIN MAX
=F =G el p Al A | 0740 | 0770 | 1880 | 19355
' B | 0250 | 0270 | 635 | 68
| XJS [ \ C | 0145 | 0175 | 360 | 444
= )] D | 0015 | 0021 | 039 | 053
‘1,“’ = U_r_ SeaTie —t F ool 00| 102] 11
|_i U | —T—| piane E G | 010085C 25¢B5C
el 0 | EER L I\‘ H | 00s08SC 12785C
=K I\ M J Jooo8 o005 | 021 | 0%
H J_"”*_ Byas K | ono [ 0120 | 280 | 330
L [ 0255 | 0365 | 750 | 774
D 16 PL m 051 10° 051 10°
r@l 0.25 (0_010)®i]'l A ®| s | 0020 | o040 051 1.01
D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
[CA} (SO-16)
e ISSUE J S

w2
ms"“"
D 16pPL

Hj\tHHHH_H

[
|

FAHAAAR AR

8 PL

[©]0250010®] 5 O

1

%J%b%

[@]o2500100®][T]8 @]@]

NI

1. DIMENSIONING AND TOLERANCING PER
ANSIY14.5M, 1582.

2. CONTROLLING DRAENSION: MELIMETER

3. DIRMENSIONS AAND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAX®UM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

5 DMMENSION D DOES NOT INCLUDE DANMBAR
PROTRUSIC'I. ALLOWABLE DAMBAR
PROTRUSION SH/ _L BE 0.127 (0.005) TOTAL
W EXCESS G7 THE D DIMENSION AT

MAXRAUM MATERIAL CONDITION.
MILLIMETERS INCHES
| DiM| WIN | MAX [ MIN | MAX
A | ceo[1000] 0386 | 0393
B | 380 | 400 0130 | 0157
(€ J_13s1 i72s] oo T ooss
D | 65| 049 ] c014 | 001§
F | 040 1257 0016 | 0045
G 127BSC 0.050 BSC
J | 019 ] 025] 0008 | 0008
K | 010 ] 025] 0004 | 000o
M 0° 79 0° 72
P | s5e0| 620 023 | 0744
R I 025] o050 ooto | o018
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