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Off-Line SMPS Current Mode Controller

with CoolIMOS™ on board

Features

* PWM controller + CoolMOS™ within one
compact package

« 650V M avalanche rugged CoolMOS™

* Typical Rpgy,= 3 Ohm

» Standard DIP-8 package up to 20W

» Only few external components required

» Low start up current

* Improved current mode control for low load

conditions

» Input Undervoltage Lockout

* Max duty cycle 72%

 latched thermal shut down when
T;{=140°C of PWM controller

» Overload and open loop protection by
hiccup mode

» Overvoltage protection during
hiccup mode

» Overall tolerance of current limiting

» adjustable peak current limitation via
external resistor

» current overshoot minimization
dependent on dl/dt

<+5%

P-DIP-8-6

Description

The TDA 16822 is a current mode pulse width
modulator with built in CoolMOS™ transistor. It fulfils
the requirement of minimum external control circuitry for
a flyback application.

Current mode control means that the current through
the CoolIMOS™ transistor is compared with a reference
signal derived from the output voltage of the flyback
application. The result of that comparision determines
the on-time of the CoolMOS™ transistor. The accuracy
of the switching frequency is highly sophisticated due to
temperature compensation. Furthermore overload and
open loop protection is implemented by sensing the
feedback line. This means in case of overload or open
loop the IC is working in protection mode.

Typical Application
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1 Pin Configuration and Outline Dimension
(top view) g
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Index Marking

1) Does not include plastic or metal protrusion of 0.25 max. per side

Figure 1

Pin Symbol Function

1 SoftS Soft-Start

2 FB Feedback

3 Isense Controller Current Sense Input, CoolIMOS™ Source Output
4 Drain 650V M CoolMOS™ Drain

5 Drain 650V @ CooIMOS™ Drain

6 N.C. Not connected

7 VCC Controller Supply Voltage

8 GND Controller Ground

(1): at Tj = 110°C
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2 Electrical Characteristics

2.1 Absolute Maximum Ratings

Note: Absolute maximum ratings are defined as ratings, which when being exceeded may lead to destruction
of the integrated circuit. For the same reason make sure, that any capacitor that will be connected to pin 7
(VCC) is discharged before assembling the application circuit.

Parameter Symbol Limit Values Unit Remarks
min. max.

Ve supply voltage Vee -0.3 17 \

Drain Source Voltage Vos - 650 \Y T=110°C

Continous Drain Current I - 15 A

Avalanche energy, repetitive lar - 2.5 A

tAR limited by T;.,"”

Avalanche current, repetitive t, | Exg - 0.1 mJ la,r=2.5A

limited by Tjmax Vpp=50V

FB Voltage Veg -0.3 6.5 Y

SoftS Voltage Veois -0.3 6.5 \Y

ISense lsense -0.3 3 \Y

Junction temperature T, -40 150 °C

Storage temperature Tg -50 150 °C

Thermal resistance Rina - 90 K/W P-DIP-8-6

1) Repetitive avalanche causes additional power losses that can be calculated as P, = E g*f

2.2 Operating Range

Note:  Within the operating range the IC operates as described in the functional description.

Parameter Symbol Limit Values Unit Remarks
min. max.

Vcc supply voltage Vee Veeon 17 \

Junction temperature T, -25 130 °C Controller

Ambient temperature Ta -25 100 °C

Version 2.0 5 11 April 2000
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2.3 Characteristics

Supply Section

Note: The electrical characteristics involve the spread of values guaranteed within the specified supply voltage
and ambient temperature range T, from — 25 °C to 100 °C. Typical values represent the median values,
which are related to 25°C. If not otherwise stated, a supply voltage of V- = 15 V is assumed.

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.

Start up current lyeer - 85 125 UA Ve < 8.5V

Supply current with inactiv lyees - 5 7 mA Veois =0

CoolMOS™

Supply current with activ lvees - 6.5 8 mA llg=0

CoolMOS™

VCC Turn-On Threshold Vecon 13.5 14 14.5 Vv

VCC Turn-Off Threshold Vecof 8.5 9 9.5 \Y

VCC Turn-On/Off Hysteresis Veehy 4 5 6 \Y

Internal Voltage Reference

Parameter Symbol Limit Values Unit Test Condition

min. typ. max.

Trimmed reference voltage VRer 6.35 6.55 6.75 Y, Measured at pin FB

Temperature coefficient Vgge | AVger - 0.2 - mv/°C

Feedback & Soft-Start

Parameter Symbol Limit Values Unit Test Condition

min typ. max.

Vg Operating range min level | Vg, - 0.8 - \Y

Feedback resistance Reg 3.0 3.7 4.9 kOhm

Temperature coefficient Rgg TK Reg - 600 - ppm/°C

Soft-Start resistance Rsoft-start 42 50 62 kOhm

Temperature coefficient TK Rsptistart | - 600 - ppm/°C

RSoft—Start

Version 2.0 6 11 April 2000
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Oscillator

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.

Frequency fowitch 93 100 107 kHz

Temperature Coefficient TK foitch - 1000 - ppm/°C

Protection Unit

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.

Over load & open loop Vego 4.5 4.8 51 V Vsoit-start > 5-3V

detection limit

Activation limit of overload & Vsot-start 5.0 5.3 5.6 \% Veg > 4.8V

open loop detection

Deactivation limit of Vsoistart2 3.8 4 4.2 V Vg < 4.8V

overvoltage detection Vee > 16V

Overvoltage detection limit Vyee 15.3 16 16.7 \% Veott-start < 4V

Vg >4.8V

Thermal Shutdown Tisp 130 140 150 °C guaranted by design

Current Limiting (Current Sense CS)

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.

CS threshold (incl. propagation | Vg, 0.97 1.02 1.07 \ Rsense=20hm

delay time) dl/dt<0.5A/us

(see Figure 4)

CoolIMOS™ Section

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.

Drain source breakdown V(er)pss 600 - - V T=25°C

voltage 650 - - V T=110°C

Drain source avalanche V(er)ps - 700 - \ T=25°C

breakdown voltage

Drain source Rpson - 3 3.8 Ohm T=25°C

on-resistance - - 7 Ohm T=120°C

Zero gate voltage drain current | Ipgg - 0.1 - UuA Ugs=0V

Output Capacitance Coss - 10 - pF UpsO=V to 480V

Rise time tise - 40 - ns

Version 2.0 7 11 April 2000
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PWM Section
Parameter Symbol Limit Values Unit Test Condition
min typ. max.
Max duty cycle Dmax 0.67 0.72 0.77
Min duty cycle Dmin 0 - - Veg = 0V
OP gain A, 3.45 3.65 3.95
OP gain bandwidth B, - 4 - MHz
OP phase margin D, - 90 - °
Version 2.0 8 11 April 2000
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Output Capacitance Coss versus Overcurrent Shutdow n, Ipk=0.5A
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4 Operation Description

Power Management

The undervoltage lockout monitors the external supply
voltage V... When V.. exceeds the on-threshold
Veeon=14V, the internal bias circuit and the voltage
reference are switched on. Additionally the error-latch
in the protection unit is reset. The internal bandgap
generates a reference voltage Vgg=6.55V to supply
the internal circuits. When V.. falls below the off-
threshold V.,4=9V the circuit is switched off. Then the
power down reset discharges the soft-start capacitor
Cosoit-start t pin SoftS by switching on T,. During start up
the current consumption is only about 100uA.

Improved Current Mode
- PWM-OP

The input of the PWM-OP is applied to the external
sense resistor Rgg,ee CONNEcted to pin 1Sense. Rgenge
allows an individual adjustment of maximum
CoolMOS™ source current with very low tolerance of
maximum current threshold. Rg,,¢e CONverts the source
current of the CoolMOS™ into a sense voltage. The
sense voltage is amplified with a gain of 3.65. Then the
amplified signal is superimposed on a virtual ramp of
0.8V. Under low load conditions the source current of
the CoolMOS™ is insufficient to built a voltage ramp for
the PWM-Comparator. To guaranted a proper
operation at low load the virtual ramp is the reference
signal for the PWM-Comparator. The output of the
PWM-OP is connected to the positive inputs of the
PWM-Comparator and the Soft-Start-Comparator.

- PWM-Comparator

The PWM-Comparator compares the sensed current
signal of the CoolMOS™ with the feedback signal Vg
. Vg is created by an external optocoupler or external
transistor in combination with the internal pullup
resistor Rgz and provides the information of the
feedback circuitry. When the amplified current signal of
the CoolMOS™ exceeds the signal Vgz the PWM-
Comparator switches off the CoolMOS™,

Soft-Start

The Soft-Start is realized by the internal Soft-Start-
Comparator and pullup resistor Rgg.gian- The Soft-
Start-Comparator compares the voltage at pin SoftS at
the negative input with the ramp-signal of the PWM-OP
at the positive input. When the Soft-Start voltage Vg
sart 1S less than the Feedback voltage Vg the Soft-
Start-Comparator limits the pulse width by reseting the
driver. The Soft-Start also controls the starting phase of
the hiccup mode by the Comparators C2 and C5 in
case of overload or open loop. The Soft-Start voltage is
generated by an external capacitor Cgygiae at pin
SoftS and the internal pullup resistor Rggs.swarr DY
charging the external capacitor Cgg_sart-

Current Limiting

There is a cycle by cycle current limiting realised with
the Current-Limiting Comparator. The CoolMOS™
source current is sensed via an external sense resistor
Rgense- When the voltage Vgg,ee at Rgense €XCe€dS the
internal threshold voltage V., the Current-Limit-
Comparator immediately turns off the gate drive.

- Propagation Delay Compensation

Concerning circuit delay there is an overshoot of the
peak current I, which depends on the ratio of dli/dt of
the peak current. A propagation delay compensation is
integrated to bound the tolerance of the current limiting
at +/-5% plus the tolerances of Rggpee-

This means the propagation delay time between
exceeding the current sense threshold V., and
CoolMOS™ switch off is compensated within a range
of

di
o< co5A/ s
at H

E.g. I=0.5A at f,;cn=100kHz. Without propagation
delay compensation the current sense threshold is set
to Ven=1V. A current ramp of dl/dt=0.4A/us and a
propagation delay time of t.gy 4e1,y=180Nns leads to an
lx overshoot of 12%. With the propagation delay
compensation the overshoot is only about 2%. A
current ramp of dI/dt=0.1A/us leads to an overshoot of
3% in both cases, with and without compensation. For
further information see Figure 4 on page 8.

Oscillator

The oscillator generates a frequency fg ., = 100kHz. A
resistor, a capacitor and a current source which
determine the frequency are integrated. The charging
and discharging current of the implemented oscillator
capacitor are internally trimmed, in order to achieve a
very high accuracy switching frequency. The ratio of
controlled charge to discharge current is adjusted to
reach a maximum PWM duty cycle D,,,,=0.72.

PWM-Latch

The oscillator clock output applies a set pulse to the
PWM-Latch  when initiating the CoolMOS™
conduction. After setting the PWM-Latch can be reset
by the PWM-OP, the Soft-Start-Comparator, the
Current-Limit-Comparator or the Error-Latch of the
Protection Unit. In case of reseting the driver is shut
down directly.

Driver

The driver-stage drives the gate of the CoolMOS™
and is optimized to minimize EMI and to provide high
circuit efficiency. This is done by reducing the switch on
slope when reaching the CoolMOS™ threshold. Thus
the leading switch on spike is minimized. When
CoolMOS™ is switched off, the falling shape of the
driver is slowed down when reaching 2V to prevent an
overshoot below ground. Furthermore the driver circuit
is designed to eliminate cross conduction of the output
stage.

Version 2.0 11
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Protection Unit (Hiccup Mode)

An overload and open loop protection is integrated
within the Protection Unit. These two failure modes are
latched by an Error-Latch. Additional thermal shutdown
and undervoltage protection of V. is latched by the
Error-Latch. In case of these failure modes the Error-
Latch is set after a delay of 5us and CoolMOS™ s shut
down. This delay prevents the Error-Latch from spikes
during normal operation mode.

-Overload & Open loop with normal load

The detection of open loop or overload is provided by
the Comparator C3, C5 and the AND-gate G2. The
detection is activated by C5 when the voltage at pin
SoftS exceeds 5.3V. Henceforth the comparator C3
can set the Error-Latch in case of open loop or overload
which leads the feedback voltage Vg to exceed the
threshold of 4.8V. After latching VCC decreases till 9V.
At this time the external Soft-Start capacitor is
discharged by the internal transistor T1 due to Power
Down Reset.

When the IC is inactive VCC increases till 14V. Now the
Error-Latch is reset by Power Up Reset and the
external Soft-Start capacitor Cgg.sar IS Charged by the
internal pullup resistor Rggs g DUring the Soft-Start
phase which ends when the voltage at pin SoftS
exceeds 6V the detection of overload and open loop by
C3 and G2 is inactive. In this way the start up phase is
not detected as an overload. But after the Soft-Start
phase the start up phase must be finished to force the
voltage at FB under the failure detection threshold of
4.8V. Figure 6 shows the hiccup mode in case of
overload or open loop with normal load.

-Open loop with no load

An additional protection by the comparators C1, C2
and the AND-gate G1 is implemented. In case of open
loop and no load condition the burst phase during
hiccup mode is finished early. In this situation the
converter output voltage increases and also V.

Open loop & no load condition

Overload & Open loop/normal load S Rty |
|
B 5us Delay i
Failure |
4.8V Detection !
Failure }
Detection }
L
| t
Softs 4 !
L 5.3V i
SoftS 4 B R O SR
v Overvoltage i
53y+- ¢y Detection Phase }
|
|
|
|
Driver A |
- |
t
Driver 4
vce 4
- 16V
t 14V
vece 4
14V ‘ | V1
| |
ov Lo\
| [ |
| Il |
| Il |
| 1 |
L . .
T g Figure 7
Figure 6 An overvoltage protection is provided by Comparator
C1in the first time till the Soft-Start voltage exceeds the
threshold of the Comparator C2 at 4V and the voltage
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at FB is above 4.8V. This combination is to prevent the
normal operation mode from overvoltage protection
due to varying of VCC concerning the regulation of the
converter output. Figure 7 shows the hiccup mode for
open loop and no load condition.

-Undervoltage Protection

There is an undervoltage protection of V. realised by
the Comparator C4. In case V. falls below 10V the
Comparator C4 immediately turns off the gate drive by
means of the Error-Latch. This is to provide only
defined switching of the CoolMOS™.

-Thermal shutdown

Thermal shutdown is latched by the Error-Latch when
junction temperature of the pwm controller is exceeding
an internal threshold of 140°C.
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Total Quality Management

Qualitat hat fur uns eine umfassende
Bedeutung. Wir wollen allen Ihren
Anspriuchen in der bestmdglichen
Weise gerechtwerden. Es geht uns also
nicht nur um die Produktqualitat —
unsere Anstrengungen gelten
gleichermal3en der Lieferqualitat und
Logistik, dem Service und Support
sowie allen sonstigen Beratungs- und
Betreuungsleistungen.

Dazu gehdrt eine bestimmte
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Total Quality im Denken und Handeln
gegenuber Kollegen, Lieferanten und
Ihnen, unserem Kunden. Unsere
Leitlinie ist jede Aufgabe mit ,Null
Fehlern® zu l6sen — in offener
Sichtweise auch tber den eigenen
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Wettbewerbsvorsprung zu verschaffen.

Geben Sie uns die Chance, hohe
Leistung durch umfassende Qualitat zu
beweisen.

Wir werden Sie Uberzeugen.
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Quality takes on an all encompassing
significance at Semiconductor Group.
For us it means living up to each and
every one of your demands in the best
possible way. So we are not only
concerned with product quality. We
direct our efforts equally at quality of
supply and logistics, service and
support, as well as all the other ways in
which we advise and attend to you.

Part of this is the very special attitude of
our staff. Total Quality in thought and
deed, towards co-workers, suppliers
and you, our customer. Our guideline is
“do everything with zero defects”, in an
open manner that is demonstrated
beyond your immediate workplace, and
to constantly improve.

Throughout the corporation we also
think in terms of Time Optimized
Processes (top), greater speed on our
part to give you that decisive
competitive edge.

Give us the chance to prove the best of
performance through the best of quality
— you will be convinced.





