
Práctica 1 – FlyBack – 2017

Práctica N° 1
Convertidor Flyback

Instructivo

1 Objetivos:

- Analizar el funcionamiento de un convertidor DC-DC aislado. 
- Comprender cómo afecta al funcionamiento del convertidor la inductancia de fugas del
transformador. Aprender a simular esta no idealidad. 
-  Comprender  qué  variables  afectan  y  cómo  a  la  tensión  de  salida  y  al  modo  de
funcionamiento del convertidor.

2 Materiales:

 Planta física del convertidor
 Fuente de alimentación
 Osciloscopio
 Punta de osciloscopio de efecto hall y su amplificador asociado.
 Voltímetro

Software de simulación: Spice (LTSpice o NgSpice, por ejemplo)

3 Descripción de la planta física:

La planta física se representa en la Figura 1:

Figura 1
Donde:

Vi: fuente de alimentación continua, 12.5V.
Ci: condensador de entrada.
M: MOSFET IRF640, del cual se adjuntan las hojas de datos.
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T: transformador con núcleo de ferrita, n=1, L=40Hy.
Control:  bloque  de  comando.  Basado  en  el  circuito  integrado  TL494,  del  cual  se

adjuntan las hojas de datos.
Rf: resistencia de carga fija, 470.
Rv: resistencia de carga variable. ( 0..60)
Rs: resistencia de sensado de la corriente.
Drl: diodo BY229-600, del cual se adjuntan hojas de datos.
Ds: diodo serie, BY229-600.
Dap, diodo antiparalelo, BY229-600.
Sw, llave de bypass de los diodos Ds y Dap.
Co, capacitor de salida, 10F
Sh1, Sh2, Sh3, Sh4, puntos para medición de corriente con punta hall.
A, B, C, D, puntos para medición de tensión.

Nota: se llamará Ro el paralelo de Rv y Rf.

La Figura 2 es un esquemático simplificado del bloque de control, donde Ct=1000pF,
Rt=10K, y E, F, G y H son puntos para medición de tensión.

Figura 2

La Figura 3 muestra la ubicación de los distintos componente en la placa.

4 Desarrollo de la práctica:

Al llegar al laboratorio, el estudiante debe conocer el funcionamiento del convertidor, la
distinción entre los modos de conducción continua y discontinua y el funcionamiento a
grandes rasgos del TL494. Influencia de la inductancia de fugas del transformador en el
comportamiento del convertidor.
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4.1 Preinforme.

a – Hallar en forma teórica la ecuación que fija el voltaje de salida del convertidor en
conducción continua y discontinua.

b – Hallar  la  ecuación  que  determina  el  valor  de  la  carga  que  hace  pasar  al
convertidor de funcionamiento en conducción continua a discontinua. Calcular la
resistencia  crítica.  ¿De  que  otras  formas  es  posible  variar  el  modo  de
funcionamiento del convertidor?

c – Simular el circuito de potencia con Ro=470. ¿En que modo de funcionamiento
se encuentra el convertidor?. Presentar las formas de onda de la corriente por el
MOSFET (Ids), por el diodo Drl (Id), la tensión sobre los mismos (Vds y Vd), y la
tensión en la salida del convertidor (Vo).  Verificar  si  las tensiones y corrientes
máximas  coinciden  con  las  calculadas  y  si  el  comportamiento  es  el  esperado
teóricamente.

Figura 3

d – Simular el circuito en el umbral de conducción continua. Presentar las formas de
onda simuladas de Ids, Vds, Id, Vd y Vo. Verificar con los cálculos teóricos.
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e – Considerar la influencia de las inductancias de fugas del transformador. Volver a
simular el circuito de la parte c, considerando que la inductancia de las fugas es el
5 % de la magnetizante. Observar como varían Ids, Vds, Id y Vd.

f – En modo de conducción discontinua, analizar qué consecuencias puede traer la
recuperación inversa del diodo Drl. Dibuje la corriente por el MOSFET y por Drl.

g – Realizar un plan de medidas, con las señales a observar en el osciloscopio y los
puntos de medida a utilizar.

Notas: 

1. Adjuntar al preinforme los archivos simulados.
2. Para  todas  las  simulaciones  se  ignorarán  los  diodos  serie  y  antiparalelo  del

MOSFET. 
3. Para las simulaciones se utilizará un ciclo de trabajo del 50%. Se empleará como

modelo del MOSFET y del diodo Drl a los disponibles en la web del curso.
4. Para simular el transformador pueden utilizarse dos enfoques:

- Representar el circuito de salida en el primario.
- Modelarlo por dos inductancias acopladas con un coeficiente k, así:
Lp Nodo_p1 Nodo_p2 Valor
Ls Nodo_s1 Nodo_s2 Valor
Kps Lp Ls k

Si k=1 el acoplamiento es perfecto.
El primer nodo de los inductores identifica el comienzo del arrollamiento.
Recordar  que para la  simulación los circuitos  primario y secundario deben estar
conectados.

4.2 Laboratorio.

Precaución: la temperatura alcanzada por los elementos resistivos puede ser elevada.

Observar el circuito e identificar sus partes.

Comportamiento del circuito

Colocar  la  llave  de  bypass  de  forma  que  los  diodos  Ds  y  Dap  queden  en
funcionamiento.  Colocar en funcionamiento el circuito en la configuración de la
parte c. Medir la  frecuencia y verificar que el ciclo de trabajo del MOSFET sea el
adecuado. 
Medir las tensiones de entrada y salida del flyback. Relevar las formas de onda 
simuladas.

Efecto de los diodos Ds y Dap

Coloque la llave de bypass de modo de eliminar los diodos Ds y Dap. Observe la
corriente por el primario y en el diodo del secundario. Aprecie el transitorio de
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apagado del diodo del secundario. ¿Como se ve reflejado dicho transitorio en el
primario? 
Colocar nuevamente la llave de bypass de modo que los diodo Ds y Dap queden
en funcionamiento.  Observe la tensión en el  MOSFET y las corrientes por los
diodos Ds y Dap. Relevar las formas de onda de interés

Pérdidas en el MOSFET

Cargue el circuito con Ro=50. Tome los datos necesarios como para calcular las
pérdidas en el MOSFET.

Efecto de la variación de la carga

Varíe la carga del convertidor, relevando la forma de onda de las corrientes por el
primario y por el  secundario,  y la  tensión del Gate,  de forma de visualizar  el
cambio  de  comportamiento  entre  los  modos  de  conducción  continua  y
discontinua. Mida las tensiones de entrada y salida del convertidor, así como la
carga aplicada para las distintas situaciones.

Efecto de la variación del ciclo de trabajo

Vuelva a cargar el circuito con Ro=50 . Observe las corrientes por el primario y
por  el  secundario.  Varíe  el  punto  de  funcionamiento  del  circuito  de  forma de
visualizar el cambio de comportamiento entre ambos modos. 

4.3 Informe.

1. Analizar  y  comparar  las  formas  de  onda  relevadas  en  el  laboratorio  con  los
resultados obtenidos en las simulaciones.

2. ¿Qué  utilidad  tienen  el  diodo  en  serie  y  el  en  antiparalelo  con  el  MOSFET?.
Justifique.

3. Calcule las pérdidas del MOSFET con Ro=50
4. Analice las medidas realizadas al variar la carga y la transferencia del convertidor.
5. Analice las formas de ondas obtenidas al variar el ciclo de trabajo.
6. Resumen

Notas: 
1. En todos los casos se verificarán los valores calculados en el preinforme y de ser 

necesario se recalcularán de acuerdo a los datos medidos durante la práctica.
2. Respecto al resumen solicitado en el punto 6 del informe, el mismo deberá enumerar

y describir someramente las enseñanzas y conceptos aprendidos. El mismo será de 
aproximadamente 300 palabras.
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The TL494 is a fixed frequency, pulse width modulation control circuit
designed primarily for SWITCHMODE power supply control.

• Complete Pulse Width Modulation Control Circuitry

• On–Chip Oscillator with Master or Slave Operation

• On–Chip Error Amplifiers

• 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 Operation

• Undervoltage Lockout

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

Rating Symbol TL494C TL494I Unit

Power Supply Voltage VCC 42 V

Collector Output Voltage VC1,
VC2

42 V

Collector Output Current
(Each transistor) (Note 1)

IC1, IC2 500 mA

Amplifier Input Voltage Range VIR –0.3 to +42 V

Power Dissipation @ TA ≤ 45°C PD 1000 mW

Thermal Resistance,
Junction–to–Ambient

RθJA 80 °C/W

Operating Junction Temperature TJ 125 °C

Storage Temperature Range Tstg –55 to +125 °C

Operating Ambient Temperature Range
TL494C
TL494I

TA
0 to +70

–25 to +85

°C

Derating Ambient Temperature TA 45 °C

NOTE: 1. Maximum thermal limits must be observed.

 Motorola, Inc. 1996 Rev 1
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RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit

Power Supply Voltage VCC 7.0 15 40 V

Collector Output Voltage VC1, VC2 – 30 40 V

Collector Output Current (Each transistor) IC1, IC2 – – 200 mA

Amplified Input Voltage Vin –0.3 – VCC – 2.0 V

Current Into Feedback Terminal lfb – – 0.3 mA

Reference Output Current lref – – 10 mA

Timing Resistor RT 1.8 30 500 kΩ

Timing Capacitor CT 0.0047 0.001 10 µF

Oscillator Frequency fosc 1.0 40 200 kHz

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

Characteristics Symbol Min Typ Max Unit

REFERENCE SECTION

Reference Voltage (IO = 1.0 mA) Vref 4.75 5.0 5.25 V

Line Regulation (VCC = 7.0 V to 40 V) Regline – 2.0 25 mV

Load Regulation (IO = 1.0 mA to 10 mA) Regload – 3.0 15 mV

Short Circuit Output Current (Vref = 0 V) ISC 15 35 75 mA

OUTPUT SECTION

Collector Off–State Current
(VCC = 40 V, VCE = 40 V)

IC(off) – 2.0 100 µA

Emitter Off–State Current
VCC = 40 V, VC = 40 V, VE = 0 V)

IE(off) – – –100 µA

Collector–Emitter Saturation Voltage (Note 2)
Common–Emitter (VE = 0 V, IC = 200 mA)
Emitter–Follower (VC = 15 V, IE = –200 mA)

Vsat(C)
Vsat(E)

–
–

1.1
1.5

1.3
2.5

V

Output Control Pin Current
Low State (VOC ≤ 0.4 V)
High State (VOC = Vref)

IOCL
IOCH

–
–

10
0.2

–
3.5

µA
mA

Output Voltage Rise Time
Common–Emitter (See Figure 12)
Emitter–Follower (See Figure 13)

tr
–
–

100
100

200
200

ns

Output Voltage Fall Time
Common–Emitter (See Figure 12)
Emitter–Follower (See Figure 13)

tf
–
–

25
40

100
100

ns

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.
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ELECTRICAL CHARACTERISTICS (VCC = 15 V, CT = 0.01 µF, RT = 12 kΩ, unless otherwise noted.)
For typical values TA = 25°C, for min/max values TA is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol Min Typ Max Unit

ERROR AMPLIFIER SECTION

Input Offset Voltage (VO (Pin 3) = 2.5 V) VIO – 2.0 10 mV

Input Offset Current (VO (Pin 3) = 2.5 V) IIO – 5.0 250 nA

Input Bias Current (VO (Pin 3) = 2.5 V) IIB – –0.1 –1.0 µA

Input Common Mode Voltage Range (VCC = 40 V, TA = 25°C) VICR –0.3 to VCC–2.0 V

Open Loop Voltage Gain (∆VO = 3.0 V, VO = 0.5 V to 3.5 V, RL = 2.0 kΩ) AVOL 70 95 – dB

Unity–Gain Crossover Frequency (VO = 0.5 V to 3.5 V, RL = 2.0 kΩ) fC– – 350 – kHz

Phase Margin at Unity–Gain (VO = 0.5 V to 3.5 V, RL = 2.0 kΩ) φm – 65 – deg.

Common Mode Rejection Ratio (VCC = 40 V) CMRR 65 90 – dB

Power Supply Rejection Ratio (∆VCC = 33 V, VO = 2.5 V, RL = 2.0 kΩ) PSRR – 100 – dB

Output Sink Current (VO (Pin 3) = 0.7 V) IO– 0.3 0.7 – mA

Output Source Current (VO (Pin 3) = 3.5 V) IO+ 2.0 –4.0 – mA

PWM COMPARATOR SECTION  (Test Circuit Figure 11)

Input Threshold Voltage (Zero Duty Cycle) VTH – 2.5 4.5 V

Input Sink Current (V(Pin 3) = 0.7 V) II– 0.3 0.7 – mA

DEADTIME CONTROL SECTION  (Test Circuit Figure 11)

Input Bias Current (Pin 4) (VPin 4 = 0 V to 5.25 V) IIB (DT) – –2.0 –10 µA

Maximum Duty Cycle, Each Output, Push–Pull Mode
(VPin 4 = 0 V, CT = 0.01 µF, RT = 12 kΩ)
(VPin 4 = 0 V, CT = 0.001 µF, RT = 30 kΩ)

DCmax
45
–

48
45

50
50

%

Input Threshold Voltage (Pin 4)
(Zero Duty Cycle)
(Maximum Duty Cycle)

Vth
–
0

2.8
–

3.3
–

V

OSCILLATOR SECTION

Frequency (CT = 0.001 µF, RT = 30 kΩ) fosc – 40 – kHz

Standard Deviation of Frequency* (CT = 0.001 µF, RT = 30 kΩ) σfosc – 3.0 – %

Frequency Change with Voltage (VCC = 7.0 V to 40 V, TA = 25°C) ∆fosc (∆V) – 0.1 – %

Frequency Change with Temperature (∆TA = Tlow to Thigh)
(CT = 0.01 µF, RT = 12 kΩ)

∆fosc (∆T) – – 12 %

UNDERVOLTAGE LOCKOUT SECTION

Turn–On Threshold (VCC increasing, Iref = 1.0 mA) Vth 5.5 6.43 7.0 V

TOTAL DEVICE

Standby Supply Current (Pin 6 at Vref, All other inputs and outputs open)
(VCC = 15 V)
(VCC = 40 V)

ICC
–
–

5.5
7.0

10
15

mA

Average Supply Current
(CT = 0.01 µF, RT = 12 kΩ, V(Pin 4) = 2.0 V)
(VCC = 15 V) (See Figure 12)

– 7.0 –
mA

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, σ

N

n = 1
Σ (Xn – X)2

N – 1
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Figure 1. Representative Block Diagram

Figure 2. Timing Diagram

6

RT CT
5

4
Deadtime
Control

Oscillator

0.12V

0.7V

0.7mA

+
1

–

–

+

–

+

+
2

–

D Q

Ck

–

+

+

–

3.5V

4.9V

13

Reference
Regulator

Q1

Q2

8

9

11

10

12

VCC

VCC

1 2 3 15 16 14 7

Error Amp
1

Feedback PWM
Comparator Input

Ref.
Output

Gnd

UV
Lockout

Flip–
Flop

Output Control

Error Amp
2

Deadtime
Comparator

PWM
Comparator

Q

Capacitor CT
Feedback/PWM Comp.

Deadtime Control

Flip–Flop
Clock Input

Flip–Flop
Q

Flip–Flop
Q

Output Q1
Emitter

Output Q2
Emitter

Output
Control

This device contains 46 active transistors.
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APPLICATIONS INFORMATION

Description
The TL494 is a fixed–frequency pulse width modulation

control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal–linear sawtooth oscillator is frequency–
programmable by two external components, RT and CT. The
approximate oscillator frequency is determined by:

fosc ≈ 1.1
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 Q2, 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 deadtime 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 would result in a 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 V to 3.3 V.

Functional Table

Input/Output
Controls Output Function

fout
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 to adjust the output pulse width from
the maximum percent on–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 (VCC – 2V), and

may be used to sense power–supply output voltage and
current. The error–amplifier outputs are active 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 pulse is
generated on the output of the deadtime comparator, which
clocks the pulse–steering flip–flop and inhibits the output
transistors, Q1 and Q2. With the output–control connected to
the reference line, the pulse–steering flip–flop directs the
modulated pulses to each of the two output transistors
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 must 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 4. Open Loop Voltage Gain and
Phase versus Frequency

Figure 5. Percent Deadtime versus
Oscillator Frequency

Figure 6. Percent Duty Cycle versus
Deadtime Control Voltage
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Figure 10. Error–Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit

Figure 12. Common–Emitter Configuration
Test Circuit and Waveform
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Figure 13. Emitter–Follower Configuration
Test Circuit and Waveform
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Figure 14. Error–Amplifier Sensing Techniques

Figure 15. Deadtime Control Circuit Figure 16. Soft–Start Circuit

Figure 17. Output Connections for Single–Ended and Push–Pull Configurations
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with V in > 40 V Using
External Zener

Figure 20. Pulse Width Modulated Push–Pull Converter
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Test Conditions Results

Line Regulation Vin = 10 V to 40 V 14 mV  0.28%

Load Regulation Vin = 28 V, IO = 1.0 mA to 1.0 A 3.0 mV  0.06%

Output Ripple Vin = 28 V, IO = 1.0 A 65 mV pp  P.A.R.D.

Short Circuit Current Vin = 28 V, RL = 0.1 Ω 1.6 A

Efficiency Vin = 28 V, IO = 1.0 A 71%
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Figure 21. Pulse Width Modulated Step–Down Converter
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Test Conditions Results

Line Regulation Vin = 8.0 V to 40 V 3.0 mV 0.01%

Load Regulation Vin = 12.6 V, IO = 0.2 mA to 200 mA 5.0 mV 0.02%

Output Ripple Vin = 12.6 V, IO = 200 mA 40 mV pp P.A.R.D.

Short Circuit Current Vin = 12.6 V, RL = 0.1 Ω 250 mA

Efficiency Vin = 12.6 V, IO = 200 mA 72%
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE

CASE 648–08
ISSUE R

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
5. ROUNDED CORNERS OPTIONAL.

–A–

B

F C

S

H
G

D

J

L

M

16  PL

SEATING

1 8

916

K

PLANE–T–

MAM0.25 (0.010) T

DIM MIN MAX MIN MAX
MILLIMETERSINCHES

A 0.740 0.770 18.80 19.55
B 0.250 0.270 6.35 6.85
C 0.145 0.175 3.69 4.44
D 0.015 0.021 0.39 0.53
F 0.040 0.70 1.02 1.77
G 0.100 BSC 2.54 BSC
H 0.050 BSC 1.27 BSC
J 0.008 0.015 0.21 0.38
K 0.110 0.130 2.80 3.30
L 0.295 0.305 7.50 7.74
M 0  10  0  10  
S 0.020 0.040 0.51 1.01

����

D SUFFIX
PLASTIC PACKAGE

CASE 751B–05
(SO–16)
ISSUE J NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION.  ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

1 8

16 9

SEATING
PLANE

F

JM

R X 45
�

G

8 PLP–B–

–A–

M0.25 (0.010) B S

–T–

D

K

C

16 PL

SBM0.25 (0.010) A ST

DIM MIN MAX MIN MAX
INCHESMILLIMETERS

A 9.80 10.00 0.386 0.393
B 3.80 4.00 0.150 0.157
C 1.35 1.75 0.054 0.068
D 0.35 0.49 0.014 0.019
F 0.40 1.25 0.016 0.049
G 1.27 BSC 0.050 BSC
J 0.19 0.25 0.008 0.009
K 0.10 0.25 0.004 0.009
M 0  7  0  7  
P 5.80 6.20 0.229 0.244
R 0.25 0.50 0.010 0.019

� � � �
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Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time.  All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts.  Motorola does not convey any license under its patent rights nor the rights of
others.  Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur.  Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that Motorola
was negligent regarding the design or manufacture of the part. Motorola and        are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed : Motorola Literature Distribution; JAPAN : Nippon Motorola Ltd.; Tatsumi–SPD–JLDC, 6F Seibu–Butsuryu–Center,
P.O. Box 20912; Phoenix, Arizona 85036. 1–800–441–2447 or 602–303–5454 3–14–2 Tatsumi Koto–Ku, Tokyo 135, Japan.  03–81–3521–8315

MFAX: RMFAX0@email.sps.mot.com – TOUCHTONE 602–244–6609 ASIA/PACIFIC : Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 
INTERNET: http://Design–NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong.  852–26629298
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Fast Switching Plastic Rectifier

FEATURES
 • Glass passivated chip junction

 • Superfast recovery time for high efficiency

 • Low leakage current

 • High forward surge capability

 • Meets MSL level 1, per J-STD-020, LF
maximum peak of 245 °C (for TO-263AB package)

 • Solder dip 260 °C, 40 s (for TO-220AC and
ITO-220AC package)

 • Component in accordance to RoHS 2002/95/EC
and WEEE 2002/96/EC

TYPICAL APPLICATIONS

For use in fast switching rectification of power
supply, inverters, converters and freewheeling diodes
application.

MECHANICAL DATA

Case: TO-220AC, ITO-220AC, TO-263AB
Epoxy meets UL 94V-0 flammability rating
Terminals: Matte tin plated leads, solderable per
J-STD-002 and JESD22-B102
E3 suffix for commercial grade, meets JESD 201 class
1A whiskter test, HE3 suffix for high reliability grade
(AEC Q101 qualified), meets JESD 201 class 2
whisker test
Polarity: As marked
Mounting Torque: 10 in-lbs maximum

PRIMARY CHARACTERISTICS
IF(AV) 8.0 A

VRRM 200 V to 800 V

IFSM 100 A

trr 145 ns

VF 1.85 V

TJ max. 150 °C

TO-263AB

CASEPIN 2

PIN 1

TO-220AC ITO-220AC

PIN 1

PIN 2

K

HEATSINK

1

2

1

2

K

BY229 Series BY229x Series

BY229B Series

PIN 2

PIN 1

1
2

MAXIMUM RATINGS (TC = 25 °C unless otherwise noted)

PARAMETER SYMBOL BY229-200 BY229-400 BY229-600 BY229-800 UNIT 

Maximum recurrent peak reverse voltage VRRM 200 400 600 800 V 

Maximum RMS voltage VRMS 140 280 420 560 V 

Maximum DC blocking voltage VDC 200 400 600 800 V 

Maximum average forward rectified current at TC = 100 °C IF(AV) 8.0 A 

Peak forward surge current 8.3 ms single half sine-wave 
superimposed on rated load

IFSM 100 A 

Maximum slope of reverse recovery current 
IF = 2.0 A, VR = 30 V, dI/dt = 20 µs 

dI/dt 60 A/μs 

Operating junction and storage temperature range TJ, TSTG - 40 to + 150  °C 

Isolation voltage (ITO-220AC only)
from terminal to heatsink t = 1 min

VAC 1500 V 
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Note:

(1) Pulse test: 300 µs pulse width, 1 % duty cycle

Note:

(1) Automotive grade AEC Q101 qualified

ELECTRICAL CHARACTERISTICS (TC = 25 °C unless otherwise noted)

PARAMETER TEST CONDITIONS SYMBOL BY229-200 BY229-400 BY229-600 BY229-800 UNIT 

Maximum instantaneous forward 
voltage (1) 20 A VF 1.85 V 

Maximum DC reverse current at 
rated DC blocking voltage 

TJ = 25 °C
TJ = 125 °C 

IR 
10 

300 
µA 

Maximum reverse recovery time 
IF = 1.0 A, VR = 30 V, 
dI/dt = 50 A/µs, Irr = 10 % IRM 

trr 145 ns 

Maximum recovered stored charge
IF = 2.0 A, VR = 30 V, 
dI/dt = 20 A/µs

Qrr 700 nC 

THERMAL CHARACTERISTICS (TC = 25 °C unless otherwise noted)

PARAMETER SYMBOL BY229 BY229X BY229B UNIT 

Typical thermal resistance from junction to case RθJC 2.0 4.8 2.0 °C/W 

Typical thermal resistance from junction to air RθJA 20 - 20 °C/W 

ORDERING INFORMATION (Example)

PACKAGE PREFERRED P/N UNIT WEIGHT (g) PACKAGE CODE BASE QUANTITY DELIVERY MODE

TO-220AC BY229-200-E3/45 1.80 45 50/tube Tube

ITO-220AC BY229X-200-E3/45 1.95 45 50/tube Tube

TO-263AB BY229B-200-E3/45 1.77 45 50/tube Tube

TO-263AB BY229B-200-E3/81 1.77 81 800/reel Tape reel

TO-220AC BY229-200HE3/45 (1) 1.80 45 50/tube Tube

ITO-220AC BY229X-200HE3/45 (1) 1.95 45 50/tube Tube

TO-263AB BY229B-200HE3/45 (1) 1.77 45 50/tube Tube

TO-263AB BY229B-200HE3/81 (1) 1.77 81 800/reel Tape reel
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RATINGS AND CHARACTERISTICS CURVES 
(TA = 25 °C unless otherwise noted)

Figure 1. Forward Current Derating Curve

Figure 2. Maximum Non-Repetitive Peak Forward Surge Current

Figure 3. Typical Instantaneous Forward Characteristics
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Figure 4. Typical Reverse Leakage Characteristics

Figure 5. Typical Junction Capacitance
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PACKAGE OUTLINE DIMENSIONS in inches (millimeters)

TO-220AC

CASEPIN 2

PIN 1

0.635 (16.13)
0.625 (15.87)

0.415 (10.54) MAX.

0.154 (3.91) DIA.
0.148 (3.74) DIA.

0.113 (2.87)
0.103 (2.62)

0.370 (9.40)
0.360 (9.14)

PIN
1 2

0.160 (4.06)
0.140 (3.56)

0.057 (1.45)
0.045 (1.14)

0.105 (2.67)
0.095 (2.41) 0.037 (0.94)

0.027 (0.68)

0.205 (5.20)
0.195 (4.95)

0.022 (0.56)
0.014 (0.36)

1.148 (29.16)
1.118 (28.40)

0.560 (14.22)
0.530 (13.46)

0.110 (2.79)
0.100 (2.54)

0.350 (8.89)
0.330 (8.38)

0.145 (3.68)
0.135 (3.43)

0.603 (15.32)
0.573 (14.55)

0.055 (1.39)
0.045 (1.14)

0.185 (4.70)
0.175 (4.44)

ITO-220AC 

PIN

1 2

0.025 (0.64)
0.015 (0.38)

0.404 (10.26)
0.384 (9.75)

0.076 (1.93) REF.

0.076 (1.93) REF.

45° REF.

0.600 (15.24)
0.580 (14.73)

0.560 (14.22)
0.530 (13.46)

0.035 (0.89)
0.025 (0.64)

0.205 (5.21)
0.195 (4.95)

0.191 (4.85)
0.171 (4.35)

0.057 (1.45)
0.045 (1.14)

0.671 (17.04)
0.651 (16.54)

0.028 (0.71)
0.020 (0.51)

0.110 (2.79)
0.100 (2.54)

7° REF.

7° REF.

7° REF.

0.350 (8.89)
0.330 (8.38)

0.140 (3.56) DIA.
0.125 (3.17) DIA.

0.135 (3.43) DIA.
0.122 (3.08) DIA.

0.110 (2.79)
0.100 (2.54)

0.190 (4.83)
0.170 (4.32)

TO-263AB

Mounting Pad Layout

0.670 (17.02)
0.591 (15.00)

0.105 (2.67)
0.095 (2.41)

0.08 (2.032) MIN.

0.15 (3.81) MIN.

0.33 (8.38) MIN.

0.42 (10.66) MIN.

1 2

K

K

0.140 (3.56)
0.110 (2.79)

0.021 (0.53)
0.014 (0.36)

0.110 (2.79)
0.090 (2.29)

0 to 0.01 (0 to 0.254)

0.055 (1.40)
0.047 (1.19)

0.055 (1.40)
0.045 (1.14)

0.190 (4.83)
0.160 (4.06)

0.205 (5.20)
0.195 (4.95)

0.624 (15.85)
0.591 (15.00)

0.037 (0.940)
0.027 (0.686)

0.105 (2.67)
0.095 (2.41)

0.360 (9.14)
0.320 (8.13)

0.411 (10.45)
0.380 (9.65)

0.245 (6.22)
MIN.
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Disclaimer
ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE. 

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product.  To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (ii) any and all liability, including without limitation special,
consequential or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability. 

Statements regarding the suitability of products for certain types of applications are based on Vishay’s knowledge of typical
requirements that are often placed on Vishay products in generic applications.  Such statements are not binding statements
about the suitability of products for a particular application.  It is the customer’s responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application.  Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time.  All
operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay’s terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk and agree
to fully indemnify and hold Vishay and its distributors harmless from and against any and all claims, liabilities, expenses and
damages arising or resulting in connection with such use or sale, including attorneys fees, even if such claim alleges that Vishay
or its distributor was negligent regarding the design or manufacture of the part.  Please contact authorized Vishay personnel to
obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay.  Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy
Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.
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