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m SEMICONDUCTOR TDA4601
TECHNICAL DATA

Advance Information

Control IC For Line-Isolated Free FLYBACK CONVERTER
Running Flyback Converter CONTROL CIRCUIT

SILICON MONOLITHIC
The bipolar integrated circuit TDA4601 drives, regulates and INTEGRATED CIRCUIT

monitors the switching transistor in a power supply based on the
ringing choke flyback principle.

Due to the wide regulating range and the high voltage stability
during large load changes, SMPS for Hi-Fi equipment and active
loudspeakers can be realized as well as applications in TV receiv-
ers and video recorders.

The TDA4601 is available in a 9-pin plastic medium power SIP
package. The operating temperature range is —15°C to +85°C.

® Wide Operational Range
e High Voltage Stability Even at High Load Changes

® Direct Control of Switching Transistor

® Low Start-Up Current

® Linear Foldback of the Overload Characteristic

® Base Drive Proportional to the Current Through the Power PLASTIC
Switching Transistor MEDIUM POWER

e Standby Mode 3.5 W into the External Load PACKAGE

CASE 762
® Inhibit Capability (TTL Compatible)

® Undervoltage Lockout
For Application Details See ANE002
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vg 20 v
Sink Output Voltage \%i 0to Vg \"
V7-Vg +6.0 \
Reference Output I -10to +1.0 mA
Zero Crossing I2 -3.0to +3.0 mA
Control Amplifier I3 -30to 0 mA
Collector Current Ig -2.0to +5.0 mA
Trigger Input Is ~2.0to +3.0 mA
Sink Output I7 -15 A
Junction Temperature Ty +150 °C
Storage Temperature Tstg -40to +125 °C
Thermal Resistance (Junction to Air) CAYN 70 °C/W
Thermal Resistance (Junction to Case) 6Jc 15 °C/W

ELECTRICAL CHARACTERISTICS (Tp = +25°C unless otherwise stated)

Range of Operation Symbol | Fig. No. Min Typ Max Unit
Supply Voltage Vg — 15 18 \%
Ambient Temperature TA -15 — 85 °C
START OPERATION Tp = 25°C
Current Consumption (V1 Not Yet Switched) Ig 1 mA
Vg =30V — — 0.5
Vg = 50V — 1.5 2.0
Vg =10V — 2.0 3.2
Turn-On Point for V4 Vg 1 1.3 11.8 12.3 \i
V4 Before Start-Up (Vg < 11.8 V) Va4 1 6.0 6.7 — \"
REGULATION MODE Vg = 15V Tp = 25°C
Current Consumption Vieg = —10V Ig 1 110 135 160 mA
Vreg = 0 55 85 110
Reference Voltage 11 < 0.1 mA Vi 1 4.0 4.2 45 \"
11 = 5,0 mA 4.0 4.2 44
Reference Voltage Temperature Coefficient TC4 1 — 100 — ppm/°C
VPin 4 Low Static Voltage Vq 1 1.8 2.08 25 \
Vpin 4 Regulation Peak Voltage Va4 peak 1 \
Ipin 3 = 5.0 uA 4.0 4.2 45
Ipin3 = 1.3 MA — 24 3.0
VPin 3 V3 1 v
Full Fold Back lpjph 3 = 1.3 mA — 37 4.0
Fold Back Ipjn 3 = 0.5 mA — 2.5 3.0
Overload Decision Ipjn 3 = 1.0 A — 24 29
Vpin 3 Regulation — 21 -
Ipin 3 Regulation I3 1 — 1.0 - uA
Ipin 3 Leakage at Vpjn 3 = 1.5V - 0.4 -—
VPin 7 Peak High V7 peak 1 v
VR = 0V (Full Fold Back) - 3.5 —
VR = —10 V (Regulation) — 4.0 —
VR = —-15V (Standby) — 5.0 —
Vpin 7 Peak Low V7 peak 1 \"
VR =0V — 14 —
VR = -10V — 1.45 -
VR = —-15V — 1.57 —
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.)

I Range of Operation I Symbol | Fig. No. | Min l Typ | Max l UnitJ
REGULATION MODE (continued) Vg = 15V Ta = 25°C
IPin 7 Sink Peak 17 peak 1 — +0.7 — A
VR = -15V
Ipin 8 Source Peak I8 peak 1 — -08 — A
VR = -15V
VPin 2 V2 1 v
Ipin2 = —3.0 mA — -0.3 —_
= -03mA —_ -0.2 —
+3.0 mA — +0.7 —
+0.3 mA —_ +0.8 —
PROTECTIVE OPERATION Vg = 15V Tp = 25°C
Current Consumption (Vg < 1.8 V) Ig 1 14 20 26 mA
Turn-Off Voltage (Vg < 1.8 V) V7 1 1.3 1.5 1.8 Y
Va 1 1.8 2.1 25
External Trigger input Vg 1 v
Enable Voltage (Vreg = 0 V) - 2.2 24
Disabled Voltage (Vreg = 0 V) 2.0 2.2 —
Supply Voltage Disabling Vg and V1 Vg 1 6.7 7.4 7.8 \"
Vpin 5 Zener Voltage (Pin 5 Open) Vg 1 6.5 7.3 7.8 \"
IPin5 VPings = 3.0V Is 1 — 1.4 — nA
VPins = 0V —_ -1 —
Turn-On Time (Secondary Voltages) ton 2 — 350 450 ms
Voltage Change AV) 2 mV
When S3 = Closed (AP3 = 19 W) —_ 10C 500
When Sy = Closed (AP = 15 W) —_ 500 1000
Standby Operation (Minimum Secondary Power: 3.0 Watts) AVa 2 — 20 30 Vv
When Sq = Open
Switching Frequency During Standby Mode f 2 70 75 — kHz
Primary Power Consumption During Standby Mode Pprim 2 — 10 15 VA
The heatsink must be optimized, taking the maximum data
(Ty, 6c, Ta) into consideration

CIRCUIT DESCRIPTION

The TDA4601 regulates, controls and protects the 2. Activation of the internal reference voltage V1 = 4.0
switching transistor in flyback converter power supplies V. This voltage is suddenly available when Vg
at starting-up, normal, and overload operation. reaches 12 V and enables all parts of the IC to be

supplied from the control logic including thermal and
Start-Up Sequence overload protection.

During start-up there are three consecutive 3. Activation of the control logic. As soon as the ref-
operations: erence voltage is available, the control is switched
1. An internal reference voltage is created. It supplies on through an additional stabilization circuit.

the voltage regulator and enables the supply to the

coupling electrolytic capacitor and the switching This start-up sequence is necessary for smoothly driv-

transistor. For a supply voltage (Vg) of 12 V, the cur- ing the switching transistor through the coupling elec-

rent is less than 3.2 mA. trolytic capacitor.
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FIGURE 1 — TEST CONFIGURATION FIGURE 2 — TEST DIAGRAM: NORMAL OPERATION
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Normal Operation

Zero crossing detection is sensed on Pin 2 and linked
to the control logic. The signal picked up on the feed-
back winding is applied, after filtering, to Pin 3 (used
for input regulation and for overload protection). The
regulating section works with an input voltage of about
2.0 V for normal regulation and a current of about
1.4 mA for foldback operation. Together with the col-
lector current simulation Pin 4, the overload recognition
defines the operating region of the regulating amplifier
depending on the internal reference voltage. The sim-
ulation of the collector current is generated by an exter-
nal RC network at Pin 4 and an internally set voltage
level.

For a constant line voltage and for a given output
power on the load (t on fixed) less than the maximum
output power, a decrease of C4 produces an increase
of the current sent to the base of the power switching
transistor. So the foldback point is reached earlier. The
regulation range starts from a 2.0 Vdc level which is the
bottom of a sawtooth waveform; the maximum is lim-
ited at 4.0 V (reference voltage).

A secondary load of 19 W produces a switching fre-
quency of about 50 kHz at an almost constant duty cycle
(approximately 3). Furthermore, when the switchmode
power supply delivers approximately 3.0 W, the switch-
ing frequency jumps to about 70 kHz at a duty cycle of
approximately 11. At the same itime, the collector peak
current falls below 1.0 A.

The comparison of the output level of the regulating
amplifier, the overload detection and the collector cur-
rent simulation drives the control logic. An additional
steering control and blocking possibility is offered thru
Pin 5. When the voltage applied on Pin 5 falls below
2.2 V then the source output (Pin 8) is blocked.

The control logic is set according to the start-up cir-
cuit, the zero crossing detection and the trigger ena-
bling. This logic drives the base current amplifier and
the base current shutdown. The base current amplifier
drives the source output (Pin 8) proportionally to the
sawtooth voltage (Pin 4). A current feedback is per-
formed by an external shunt inserted between Pin 8 and
the base of the switching power transistor. This resistor
determines the maximum amplitude of the base current
drive.

Protective Features

The base current shutdown, released by the control
logic, clamps the sink output (Pin 7) at 1.6 V, turning off
the switching transistor. This feature will be released if
the voltage on Pin 9 is less than 7.4 V, cr if the applied
voltage on Pin 5 is less than 2.2 V. In case of a short
circuit of the secondary windings, the TDA4601 contin-
uously monitors the fault condition.

In standby operation the circuit is set to a high duty
cycle. The total power consumption of the power supply
is held below 6.0 to 10 W.
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FIGURE 3 — FREQUENCY versus OUTPUT POWER

100

80
£ 60
5 R
g 40
2
2 T~
. \

2

0

0 2 60 80 100 120
OUTPUT POWER (W)
FIGURE 5 — OUTPUT VOLTAGE (V2) versus OUTPUT
CURRENT (Iq2)
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FIGURE 4 — EFFICIENCY versus OUTPUT POWER
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TEST CIRCUIT AND TYPICAL APPLICATION (See Figure 7)

This application circuit shown in Figure 2 represents
a blocking converter for color TV sets with 30 W to
120 W of output power and line voltages from 160 to
270 V.

In spite of regulation on the primary side, good volt-
age stability of the various secondary voltages is
achieved even with large load changes.

For line voltage isolation and transformation to the
desired secondary voitages, a transformer with ferrite
core is used.

SPECIAL FEATURES OF THE FLYBACK CONVERTER
POWER, SUPPLY USING THE TDA4601

® Direct driving of the power switching transistor

® Low starting current, defined starting behavior also
at slowly rising line voltage

TDA4601

Short circuit proof and open-loop resistant circuit. In
both cases a power of only 6.0 to 10 W is consumed.
Linear foldback characteristic at overload.

o Automatic restart after elimination of the overload.
e Efficiency of more than 80% at an output power of

40 to 100 W.

Frequency of oscillation between 20 kHz (100 W) and
70 kHz (without load).

Simple RF1 suppression

® Good regulation of load current and line voltage var-

iations. At a line voltage variation between 170 and
240 V the output voltage of 150 V will change approx-
imately 2.0 V.
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FIGURE 7 — TYPICAL APPLICATION
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FIGURE 8 — ALTERNATIVE START-UP CIRCUIT
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Note: For more application information refer to ANE002
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OUTLINE DIMENSIONS

PLASTIC, MILLIMETERS INCHES
MEDIUM POWER PACKAGE | MILUMETERS
CASE 762-01 MN_ MAX , MIN__MAX

2040 | 2300 | 0873 | 0897
640 | 660 | 0252 | 0.260
345 | 365 | 0135 | 1143

040 | 055 | 0015 | 0.021

|
i
-1
i

1360 | 1390 | 0535 | 0547
165 | 195 | 0064 | 0076
2200 | 2220 | 0866 | 0874
055 | 075 | 0.021 | 0.029 |
289 BSC 0.113 BSC
065 | 075 | 0025 [ 0029
270 | 280 [ 0106 | 0.110
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Motorola reserves the right to make changes without further notice to any products herein to improve reliability, function or design. Motorola does not assume
any liability arising out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights
of others. 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.
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Motorolareserves 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,
andspecifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. 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 harmiess
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.

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan.

ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate,
Tai Po, N.T., Hong Kong.
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