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1. General description

2. Features

The GreenChip Il is the second generation of green Switched Mode Power Supply
(SMPS) controller ICs operating directly from the rectified universal mains. A high level of
integration leads to a cost effective power supply with a very low number of external
components.

The special built-in green functions allow optimum efficiency at all power levels. This
applies to quasi-resonant operation at high power levels, as well as fixed frequency
operation with valley switching at medium power levels. At low power (standby) levels, the
system operates at reduced frequency and with valley detection.

The proprietary high voltage BCD800 process makes direct start-up possible from the
rectified universal mains voltage in an effective and green way. A second low voltage
BICMOS IC is used for accurate, high speed protection functions and control.

Highly efficient, reliable supplies can easily be designed using the GreenChip Il controller.

2.1

2.2

2.3

Distinctive features

B Universal mains supply operation (70 V AC to 276 V AC)
B High level of integration, giving a very low external component count

Green features

B Valley/zero voltage switching for minimum switching losses

Frequency reduction at low power standby for improved system efficiency (< 1 W)
On-chip start-up current source

Efficient quasi-resonant operation at high power levels

Cycle skipping mode at very low loads; input power < 300 mW at no-load operation for
a typical adapter application

Standby indication pin to indicate low output power consumption

Protection features

B Safe restart mode for system fault conditions

B Continuous mode protection by means of demagnetization detection (zero switch-on
current)

B Accurate and adjustable versatile Overvoltage Protection (OVP) (latched)
Short winding protection
B Undervoltage protection (foldback during overload)

A 4
4

k founded by Philips



NXP Semiconductors TEA1553T

GreenChip Il SMPS control IC

Overtemperature Protection (OTP) (latched)

Low and adjustable Overcurrent Protection (OCP) trip level
General purpose LOCK input for external protection

Mains voltage-dependent operation-enabling level

Soft (re)start

Advanced Overpower Protection (OPP) functions

3. Applications

Besides typical application areas, i.e. adapters and chargers, the device can be used in all
applications that demand an efficient and cost effective solution up to 250 W.

4. Ordering information

Table 1.  Ordering information

Type number Package
Name Description Version
TEA1553T SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
TEA1553T_1 © NXP B.V. 2007. All rights reserved.
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5. Block diagram

GreenChip Il SMPS control IC
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Fig 1. Block diagram of TEA1553T
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6. Pinning information

GreenChip Il SMPS control IC

6.1 Pinning

VCO ADJ [1 | 16| DEM
OVPFCAP [ 2] 15] CSTART
ISENSE [3 ] 14] CTRL
STDBY [4 ] 13] LOCK
TEA1553T
DRIVER [5 | 12] veesv
HVS [6 | 11] GND
HVS E E n.c.
DRAIN [8] 9] vee

014aaa000

Fig 2. Pin configuration for TEA1553T

6.2 Pin description

Table 2.

Pin description

Symbol
VCOADJ
OVPFCAP
ISENSE
STDBY
DRIVER
HVS

HVS
DRAIN

Vce

n.c.
GND
VCC5V
LOCK
CTRL
CSTART
DEM

Pin

0o N o g b~ W NP

10
11
12
13
14
15
16

Description

Voltage Controlled Oscillator (VCO) adjustment input
OVP filter timing capacitor

programmable current sense input

standby control output

gate driver output

high voltage safety spacer, not connected

high voltage safety spacer, not connected

drain of external MOS switch, input for start-up current and valley
sensing

supply voltage

not connected

ground

5V output

LOCK input (“general purpose input for switching off the IC”).
control input

IPEAK reduction timing capacitor

input from auxiliary winding for demagnetization timing, OVP and
OPP

TEA1553T_1
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7. Functional description

GreenChip Il SMPS control IC

The TEA1553T is a controller for a compact flyback converter, with the IC situated on the
primary side. An auxiliary winding of the transformer provides demagnetization detection
and powers the IC after start-up.

V MAINS
S OUTPUT
< 1
I % g L
TEA1553T R
9 8
’ vce DRAIN
J___"J* 10 |n.c. HVS| |7
= 111 eND hvs| |6
12 5 +— POWER
veesv  priver| 151 vosFeT
13
LOCK STDBY | |4
1 14 3
CTRL ISENSE
— 15 2
CSTART OVPFCAP [] RSENSE
16 1 ,
—— DEM VCOADJ [ .5
| —
T
RDEM
lA
™~

r

X/
tH
B}

Fig 3. Basic application

014aaa001

(1) Ifa600V MOSFET is used, the DRAIN connection can be made directly to the Vin; a
center-tap from the transformer is not necessary.

The TEA1553T operates in multi modes, see Figure 4.

TEA1553T_1
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7.1

7.2

GreenChip Il SMPS control IC

125 KHz | VCO FIXED guasi-resonant

25 kHz

POWER
014aaa002

Fig 4. Multi mode operation

The next converter stroke is started only after demagnetization of the transformer current
(zero current switching), while the drain voltage has reached the lowest voltage to prevent
switching losses (green function). The primary resonant circuit of primary inductance and
drain capacitor ensures this quasi-resonant operation. The design can be optimized in
such a way that zero voltage switching can be achieved over almost the whole of the
universal mains range.

To prevent very high frequency operation at lower loads, the quasi-resonant operation
changes smoothly in fixed frequency Pulse Width Modulation (PWM) control.

At low power levels, the frequency is controlled via the Voltage Controlled Oscillator
(VCO), down to a minimum of about 25 kHz.

At very low power levels (standby), a cycle skipping mode will be activated.

Start-up, mains enabling operation level and undervoltage lock-out

Initially, the IC is self-supplying from the rectified mains voltage via pin DRAIN. Supply
capacitor Cycc is charged by the internal start-up current source to a level of about 4 V or
higher, depending on the drain voltage. Once the drain voltage exceeds Vmains(oper)(en)
(mains-dependent operation-enabling voltage), the start-up current source will continue
charging capacitor Cycc (switch S1 will be opened); see Figure 1. The IC will activate the
power converter as soon as the voltage on pin Vcc passes the Vggarp level. The IC supply
is taken over by the auxiliary winding as soon as the output voltage reaches its intended
level and the IC supply from the mains voltage is subsequently stopped for high efficiency
operation (green function).

The moment the voltage on pin Vcc drops below the Vinuvioy (undervoltage lock-out)
level, the IC stops switching and enters a safe restart from the rectified mains voltage.
Inhibiting the auxiliary supply by external means causes the converter to operate in a
stable, well defined burst mode. (See Figure 14 and Figure 15).

Supply management

All (internal) reference voltages are derived from a temperature compensated, on-chip
band gap circuit.

© NXP B.V. 2007. All rights reserved.
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7.3

7.4

GreenChip Il SMPS control IC

Current mode control

Current mode control is used for its good line regulation behavior.

The on-time, is controlled by the internally inverted control pin voltage, which is compared
with the primary current information. The primary current is sensed across an external
resistor. The driver output is latched in the logic, preventing multiple switch-on.

The internal control voltage is inversely proportional to the external control pin voltage,
with an offset of 1.5 V. This means that a voltage range from 1 to 1.5 V on pin CTRL will
result in an internal control voltage range from 0.5 V to 0 V (a high external control voltage
results in a small duty cycle).

Oscillator

The maximum fixed frequency of the oscillator is set by an internal current source and
capacitor. The maximum frequency is reduced once the control voltage enters the VCO
control window. It then changes linearly with the control voltage until the minimum
frequency is reached (see Figure 5 and Figure 6).

Vsense(max)

0.52V

1v 15V VcTRL
(TYP) (TYP)
014aaa003

Fig 5. The Vsense(max) Voltage as a function of V. crre

125 kHz

25 kHz I—

VCO, VCO; Vsense(max)
LEVEL LEVEL

014aaa005

Fig 6. The VCO frequency as a function of V. sense (max)

© NXP B.V. 2007. All rights reserved.
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7.5 VCO adjust

GreenChip Il SMPS control IC

The VCOADJ pin can be used to set the VCO operation point. As soon as the peak
voltage on the sense resistor is controlled below half the voltage on the VCOADJ pin
(VCO1 level), frequency reduction will start. (The actual peak voltage on Rgegnse Will be
somewhat higher due to switch-off delay, see Figure 8.) The frequency reduction will stop
about 50 mV lower (VCO,, level), when the minimum frequency is reached.

A current of typically 10 pA flows out of the VCOADJ pin, enabling the VCO operation
point to be set with a single resistor. When a more low-ohmic connection is desired (e.g.
due to noise), a voltage divider can be made from the VCC5V pin (see Figure 7).

15V-VetrRL  CURRENT COMPARATOR
CTRL o
DRIVER H=
| . DRIVER ]
Voo, ISENSE
Ve
5V
v
L Vx OSCILLATOR

VCOADJ

Fig 7. Implementation of STDBY and cycle skipping functionality

!
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7.6

1.7

GreenChip Il SMPS control IC

fs (kHz)

fI'T\aX

fmin

STDBY (V)

Vx (V)

0
CYCLE SKIPPING

Vx (V)

014aaa007

(1) The voltage levels dV4, dV,, dV3 and dV, are fixed in the IC to 50 mV (typ.), 18 mV (typ.),
40 mV (typ.) and 15 mV (typ.) respectively. The level at which the VCO mode of operation
starts/ends can be externally controlled with the VCOADJ pin.

Fig 8. Signal diagram for STDBY and cycle skipping functionality

Cycle skipping

At very low power levels, a cycle skipping mode will be activated. A high control voltage
will reduce the switching frequency to a minimum of 25 kHz. If the voltage on the control
pin is raised even more, switch-on of the external power MOSFET will be inhibited until the
voltage on the control pin has dropped to a lower value again (see Figure 8).

For system accuracy, the absolute voltage on the control pin is not used to trigger the
cycle skipping mode. Instead, a signal derived from the internal VCO will be used.

If the no-load requirement of the system is such that the output voltage can be regulated
to its intended level at a switching frequency of 25 kHz or above, the cycle skipping mode
will not be activated.

STDBY output

The STDBY output pin can be used to drive an external NPN or FET, Vstpgy =5V, in
order to switch off a Power Factor Correction (PFC) circuit. The STDBY output is activated
by the internal VCO: as soon as the VCO has reduced the switching frequency to almost
the minimum frequency of 25 kHz, the STDBY output will be activated (see Figure 8). The
STDBY output will go low again as soon as the VCO allows a switching frequency close to
the maximum frequency of 125 kHz.

© NXP B.V. 2007. All rights reserved.
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7.8

7.9

GreenChip Il SMPS control IC

Demagnetization

The system will be in discontinuous conduction mode all the time. The oscillator will not
start a new primary stroke until the secondary stroke has ended.

Demagnetization features a cycle-by-cycle output short-circuit protection by immediately
lowering the frequency (longer off-time), thereby reducing the power level.

Demagnetization recognition is suppressed during the first tsypxfmr ring) time. This
suppression may be necessary in applications where the transformer has a large leakage
inductance and at low output voltages/start-up.

Overvoltage protection

An OVP mode is implemented in the GreenChip series. For the TEA1553T, this works by
sensing the auxiliary voltage via the current flowing into pin DEM during the secondary
stroke. The auxiliary winding voltage is a well-defined replica of the output voltage. Any
voltage spikes are averaged by an internal filter.

Pin OVPFCAP is used to program the OVP function as follows:

1. Pin grounded: OVP is disabled.

2. Pinat5V (e.g. connected to pin 12, the VCC5V pin): the internal OVP circuit is
enabled.

3. A capacitor is connected from the pin to the ground: this capacitor is used to set the
number of OVP events that can occur before the logic determines that an actual OVP
condition exists. The minimum timing is the internal OVP timing.

In the last case, the number of OVP events can be set by an external capacitor connected
to pin OVPFCAP:

I ech(ovprcaR X tpiovPFrcan

Covp = NX Y;
OVPFCAP

Where n is the number of OVP counts which are allowed to occur before an actual OVP
state is detected.

If the output voltage exceeds the OVP trip level, an internal counter starts counting
subsequent OVP events. The counter has been added to prevent incorrect OVP
detections which could occur during ESD / lightning events.

If the output voltage exceeds the OVP trip level a few times, and then does not exceed itin
the next cycle, the internal counter will count down twice as fast as it counted up.
However, when typically 10 cycles of subsequent OVP events are detected, the IC
assumes a true OVP state exists and the OVP circuit switches the MOSFET off. Next, the
controller waits until the VinwuvLo) level is reached on pin Vcc, and then capacitor Cycc is
recharged to the Vsaryp level.

Operation only recommences when the V¢ voltage drops below a level of about 4.5V, in
practice this only occurs when the mains input voltage has been disconnected for a short
period of time

The output voltage at which the OVP function trips, Vyipovercar), can be set by the
demagnetization resistor, Rpgwm:

© NXP B.V. 2007. All rights reserved.
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Ns

Viripoverean = §— X (ovpX Roem + Ve (pos)
aux

Where Ng is the number of secondary turns and N is the number of auxiliary turns of
the transformer.

Current lgyp is internally trimmed.

The value of the demagnetization resistor, Rpgp, can be adjusted to the turns ratio of the
transformer, thus making an accurate OVP possible.

7.10 Valley switching

(See Figure 9.) A new cycle starts when the power switch is switched on. After the
‘on-time’ (which is determined by the ‘sense’ voltage and the internal control voltage), the
switch is opened and the secondary stroke starts. After the secondary stroke, the drain

1
(2xmx [(LyxCy))
where L, is the primary self inductance of the transformer and Cg is the capacitance on
the drain node.

voltage shows an oscillation with a frequency of approximately

As soon as the oscillator voltage is high again and the secondary stroke has ended, the
circuit waits for the lowest drain voltage before starting a new primary stroke. This method
is called valley detection. Figure 9 shows the drain voltage together with the valley signal,
the signal indicating the secondary stroke and the oscillator signal.

In an optimum design, the reflected secondary voltage on the primary side will force the
drain voltage to zero. Thus, zero voltage switching is possible, preventing large capacitive

losses BD = % x C x V2 x fE}, and allowing high frequency operation, which results in small

and cost effective inductors.

TEA1553T_1 © NXP B.V. 2007. All rights reserved.
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7.12
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GreenChip Il SMPS control IC

primary secondary secondary
stroke stroke ringing

/\//‘\
/U |\

drain

sy [ \

secondary
stroke

oscillator

014aaa027

(1) Start of new cycle at lowest drain voltage.
(2) Start of new cycle in a classical PWM system at high drain voltage.

Fig 9. Signals for valley switching

Overcurrent protection

The cycle-by-cycle peak drain current limit circuit uses the external source resistor to
measure the current accurately. This allows optimum size of the transformer core to be
determined (cost issue). The circuit is activated after the leading edge blanking time, tjep.
The OCP protection circuit limits the ‘sense’ voltage to an internal level.

Overpower protection

During the primary stroke, the rectified mains input voltage is measured by sensing the
current drawn from pin DEM. This current is dependent on the mains voltage, according to
the following formula:

| ~ Vaux ~ N x Vmains
DEM RDEM RDEM
N
Where: N = I\TUX
p

The current information is used to adjust the peak drain current, which is measured via pin
ISENSE. The internal compensation is such that a maximum output power can be
achieved that is almost mains independent.

© NXP B.V. 2007. All rights reserved.

Product data sheet

Rev. 01 — 3 July 2007 12 of 27



NXP Semiconductors TEA1553T

GreenChip Il SMPS control IC

The OPP curve is given in Figure 10.

Vsense(max)

0.52V
(TYP)

0.30V
(TYP)

-500 HA IDEM -120 pA
(TYP) (TYP)
014aaa009

Fig 10. OPP correction curve

7.13 Advanced overpower timing via pin CSTART

TEA1553T_1

Overload conditions might lower the switching frequency below 20 kHz, since
demagnetization prevents next cycle occurrence before the transformer current reaches
zero (demagnetization protection). To prevent audible noise, an extra timer of typically
25 kHz is added. When the timer is activated (the frequency is typically below 25 kHz), a
current (Iaop) of approximately 10 YA is injected into the external soft-start resistor and
capacitor. The current that is being injected is dependent on the Vggnsg Voltage and the
duty cycle, see also Figure 11 and Figure 12.

laop
(HA)

0.5 VSENSE(V)

014aaa010

Fig 11. 1 pop as a function of V ggnse

The current injection results in a decrease of the primary peak current and a higher
frequency. The injection is only possible when the voltage on the control pin is below 0.5 V
and the CSTART voltage is above 2.5 V. The current injection is disabled when

Vetre > 0.5V (that is, in normal operation and also in frequency reduction mode), during
start-up (CSTART timing) and when Vggnsg > 0.5 V.

© NXP B.V. 2007. All rights reserved.
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7.14

7.15

7.16

GreenChip Il SMPS control IC

I

= J Faop
DRIVER

Rss

< ISENSE
100 kQ

C
SS ] Rsense

<
o
o
o

/R

Y

GATE (3)

1H

014aaa011

Fig 12. Advanced overpower current injection

The charging current, loppadv), Will flow as long as the voltage on pin ISENSE is below
approximately 0.5 V. If it exceeds this value, the current source will start to limit the current

|opp(adv)-

Minimum and maximum ‘on-time’

The minimum ‘on-time’ of the SMPS is determined by the Leading Edge Blanking (LEB)
time. The IC limits the maximum ‘on-time’ to 50 pys. When the system requires an ‘on-time’
longer than 50 ps, a fault condition is assumed (e.g. Cj has been removed), the IC will stop
switching and enter the safe restart mode.

Short winding protection

After the leading edge blanking time, the short winding protection circuit is also activated.
If the ‘sense’ voltage exceeds the short winding protection voltage, Vs, the converter will
stop switching. Once V¢ drops below the Vinuvioy level, capacitor Cycc will be
recharged and the supply will restart again. This cycle will be repeated until the short
circuit is removed (safe restart mode).

The short winding protection will also protect in case of a secondary diode short circuit.

LOCK input

Pin 13 is a general purpose (high impedance) input pin, which can be used to switch off
the IC. As soon as the voltage on this pin is raised above 2.5 V, switching will stop

immediately. The voltage on the Vcc pin will cycle between Vsiaryp and Vinuvioy, but the
IC will not start switching again until the latch function is reset. The latch is reset as soon
as V¢ drops below 4.5 V (typical value). The internal OVP and OTP will also trigger this

latch (see Figure 3).

The detection level of this input is related to the VCC5V pin voltage in the following way:
0.5 x Vycesv £ 4 %. An internal Zener clamp of 5.6 V will protect this pin from excessive
voltages. No internal filtering is done on this input.

© NXP B.V. 2007. All rights reserved.
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7.18

7.19

7.20

TEA1553T_1

GreenChip Il SMPS control IC

Overtemperature protection

An accurate temperature protection is provided in the circuit. When the junction
temperature exceeds the thermal shutdown temperature, the IC will stop switching. When
Vcc drops to VinuvLo), capacitor Cycc will be recharged to the Vsiaryp level, however the
IC will not start switching again. Subsequently, Vcc will drop again to the VinuviLo) level,
and so on.

Operation only recommences when the V¢ voltage drops below a level of about 4.5V, in
practice this only occurs when the mains input voltage has been disconnected for a short
period of time.

5 V output

Pin 12 can be used for the supply of external circuitry. The maximum output current must
be limited to 1 mA. If higher peak currents are required, an external RC combination
should limit the current drawn from this pin to 1 mA maximum.

The 5 V output voltage will be available as soon as the start-up voltage is reached. As the
high voltage supply cannot supply the VCC5V pin during start-up or shutdown, during
latched shutdown (via pin 13 or other latched protection such as OVP or OTP), the voltage
is switched to zero.

Open/not connected CTRL pin protection

If the CTRL pin is open/not connected, a fault condition is assumed and the converter will
stop switching. Operation will recommence as soon as the fault condition is removed.

Soft start-up (pin ISENSE)

To prevent transformer rattle during hiccup, the transformer peak current through the
sense resistor, Ipy, is slowly increased by the soft start function. This can be achieved by
inserting a resistor and a capacitor between pin ISENSE (pin 3) and the sense resistor,
Rsense- An internal current source charges the capacitor to V = Isiartup(softy X Rss, With @
maximum of about 0.5 V.

The start level and the time constant of the increasing primary current level can be
adjusted externally by changing the values of Rgs and Cgg.

| _ Vsense may_(lstartup( sof} x Rss)
DM — R

sense

T = RSSXCSS

The charging current Isartupsofty Will flow as long as the voltage on pin ISENSE is below
approximately 0.5 V. If the voltage on pin ISENSE exceeds 0.5 V, the soft start current
source will start limiting the current Isiartup(soft). At the Vsiartup level, the lsiartupsofty Current
source is completely switched off (see Figure 13).

Since the soft start current Isgarup(soft) iS subtracted from pin Vcc charging current, the Rss
value will affect the V¢ charging current level by a maximum of 60 pA (typical value).

© NXP B.V. 2007. All rights reserved.
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él Istartup(soft)

05V % J startup DRIVER |'_'

ISENSE  Rss

overcurrent I

protection Css Rsense
voltage

A

0l4aaa012

Fig 13. Soft start-up

7.21 Driver

The driver circuit to the gate of the power MOSFET has a current sourcing capability of
typically 170 mA and a current sink capability of typically 700 mA. This permits fast
turning on and off of the power MOSFET for efficient operation.

A low driver source current has been chosen to limit the AV/At at switch-on. This reduces
the Electromagnetic Interference (EMI) and also limits the current spikes across Rgense-

TEA1553T_1 © NXP B.V. 2007. All rights reserved.
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8. Limiting values
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Table 3.

Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). All voltages are measured
with respect to ground (pin 11); positive currents flow into the chip; pin Vcc may not be current

driven. The voltage ratings are valid provided other ratings are not violated; current ratings are valid
provided the maximum power rating is not violated.

Symbol
Voltages

Vvcoaby

Vovprcapr

VISENSE
VDbRAIN
Vce
Viock
VcTrL
VcsTaRT

VpEM

Currents

lisensE
IstpBY
IDRIVER
IDRAIN

lovcesy)

lcTrRL

IpEM

General
Ptot

Tstg

TEA1553T_1

Parameter

voltage on
pin VCOADJ

voltage on
pin
OVPFCAP
voltage on
pin ISENSE

voltage on
pin DRAIN
supply
voltage

voltage on
pin LOCK

voltage on
pin CTRL

voltage on
pin CSTART

voltage on
pin DEM

current on
pin ISENSE

current on
pin STDBY

current on
pin DRIVER

current on
pin DRAIN

output
current on
pin VCC5V

current on
pin CTRL

current on
pin DEM

total power
dissipation

storage
temperature

Conditions

input voltage; continuous

continuous

current limited

continuous

continuous

current limited

input current

d<10%

Tamp < 70 °C

Min Max Unit
-0.4 +5 \%
-0.4 +7 \%
-0.4 - \%
-0.4 +650 \%
-0.4 +20 \%
-0.4 +7 \%
-0.4 +5 \%
-0.4 +7 \%
-0.4 - \%
-1 +10 mA
-1 - mA
-0.8 +2 A

- +5 mA
-1 0 mA
- +5 mA

-1.25 +1.25 mA

-55 +150 °C
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Table 3. Limiting values

GreenChip Il SMPS control IC

In accordance with the Absolute Maximum Rating System (IEC 60134). All voltages are measured
with respect to ground (pin 11); positive currents flow into the chip; pin Vcc may not be current
driven. The voltage ratings are valid provided other ratings are not violated; current ratings are valid

provided the maximum power rating is not violated.

Symbol  Parameter  Conditions
T junction

temperature
ESD

VEsp electrostatic class 1
discharge
voltage

human pins 1 to 7 and pins 9 to 16

body pin 8 (DRAIN)
model

machine
model

= |

Min
-20

Max Unit
+145 °C
2000 \%
1500 \%
200 \%

[1] Equivalent to discharging a 100 pF capacitor through a 1.5 kQ series resistor.

[2] Equivalent to discharging a 200 pF capacitor through a 0.75 pH coil and a 10 Q resistor.

9. Thermal characteristics

Table 4. Thermal characteristics

Symbol Parameter
Rin(-a) thermal resistance from junction
to ambient

Conditions
in free air

Typ Unit
110 KW

10. Characteristics

Table 5. Characteristics

Tamp =25 °C; Ve = 15 V; all voltages are measured with respect to ground (pin 11); currents are positive when flowing into

the IC, unless otherwise specified.

Symbol Parameter Conditions
Start-up current source (pin 8)

IDRAIN current on pin DRAIN input current;
Vee =0V, V,on pin
DRAIN > 100 V
with auxiliary supply;
V) on pin DRAIN > 100 V

VBRr breakdown voltage

Vmains(oper)(en) mains-dependent
operation-enabling
voltage

Vce management (pin 9)
Vstartup start-up voltage

VihuvLo) undervoltage lockout
threshold voltage

Vhys hysteresis voltage Vstartup = Vth(UVLO)

TEA1553T_1

Min

1.0

650
60

10.3
8.1

2.0

Typ

1.2

100

11
8.7

2.3

Max Unit
1.4 mA
300 HA
- Vv
100 \%
11.7 Vv
9.3 \Y%
2.6 V
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Table 5. Characteristics ...continued
Tamp =25 °C; Vee = 15 V; all voltages are measured with respect to ground (pin 11); currents are positive when flowing into
the IC, unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Ich(high) high charging current V, on pin DRAIN > 100 V; -1.2 -1 -0.8 mA
Vee < 3V

leh(ow) low charging current  V, on pin DRAIN > 100 V; -1.2 -0.75 -0.45 mA
3V <Vce < VinuvLo)

lrestart restart current V| on pin DRAIN > 100 V; -650 -550 -450 KA
VinuvLo) < Vee < Vstartup

Icc(open operating supply no load on pin DRIVER 11 1.3 15 mA

current

Demagnetization management (pin 16)

VDEM voltage on pin DEM 50 80 110 mV
VeL(neg) negative clamp voltage on pin DEM, -0.5 -0.25 -0.05 \%
voltage I on pin DEM = -500 pA
Vel (pos) positive clamp voltage voltage on pin DEM, 0.5 0.7 0.9 \%
I on pin DEM =1 mA
tsup(xfmr_ring) transformer ringing 1.1 1.5 1.9 us

suppression time
Pulse width modulator

ton(min) minimum on-time - tieb - ns

ton(max) maximum on-time 40 50 60 us

Oscillator

foscow) low oscillator Vionpin CTRL>15V 20 25 30 kHz
frequency

fosc(high) high oscillator Vionpin CTRL<1V 100 125 150 kHz
frequency

Vvcostart) start VCO voltage peak voltage at pin - VCO, - mV

ISENSE, where frequency
reduction starts. See
Figure 6 and Figure 8

Vvco(max) maximum VCO peak voltage at pin - VCO; -50 - mV
voltage ISENSE, where the
frequency is equal to
fosc(low)

Duty cycle control (pin 14)

Vmin(émax) minimum Voltage - 1.0 _ \V/
(maximum duty cycle)

Vmax(dmin) maximum voltage - 1.5 - v
(minimum duty cycle)

lcTRL current on pin CTRL  input current, V| on pin -1 -0.8 -0.5 LA

CTRL=15V

5V output (pin 12)

Vo(vcesv) output voltage on pin  current on pin 4.75 5.0 5.25 \
VCC5V VCC5V = -1 mA

loveesv) output current on pin -1.0 ) ) mA
VCC5V

LOCK input (pin 13)
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Table 5. Characteristics ...continued
Tamp =25 °C; Vee = 15 V; all voltages are measured with respect to ground (pin 11); currents are positive when flowing into
the IC, unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Virip trip voltage 2.37 25 2.63 \

Vvec(lateh)(reset) latch reset voltage on  Vyijp <2.3V - 45 - \%
pin Vee

Viock/Vveesy voltage on pin LOCK Vtrip =0.5x Vo( VCC5V) -4 - +4 %
to voltage on pin
VCC5V ratio

Advanced overpower timing via pin CSTART (pin 15)

leh(csTART) charge current on pin -11.5 -10 -8.5 KA
CSTART

Virip(CSTART) trip voltage on pin 2.37 25 2.63 \%
CSTART

lopp(adv) advanced over-power V,on pin SENSE < 0.1V -11.5 -10 -8.5 HA
protection current

fact(opp)(adv) advanced over-power V,on pin CTRL<0.5V 20 25 33 kHz
protection activation  and
frequency V| on pin CSTART >25V

VCOadj input (pin 1)

lvcoapy current on pin -11.5 -10 -8.5 LA
VCOADJ

Valley switch (pin 8)

(AVIAL)yrec valley recognition -85 - +85 V/us
voltage change with
time

tavrec-swon) valley recognition to - 150 [ - ns

switch-on delay time
Current and short winding protection (pin 3)

Vsense(max) maximum sense AV/At = 0.1 Vips 0.48 0.52 0.56 \
voltage

tpp propagation delay AV/At = 0.5 Vips - 140 185 ns

Vswp short-winding 0.83 0.88 0.96 \%
protection voltage

tieb leading edge blanking 300 370 440 ns
time

Istartup(soft) soft startup current Vi on pin SENSE< 0.5V 45 60 75 HA

Overvoltage protection (pin 16 and pin 2)

lovp over-voltage @a 279 300 321 UA
protection current

lch(ovPFCAP) charge current on pin  V, on pin OVPFCAP =1V Bl -36 -32 -28 HA
OVPFCAP

ldch(ovPFCAP) discharge current on  V, on pin OVPFCAP =1V B 52 60 68 LA
pin OVPFCAP

Virip(OVPFCAP) trip voltage on pin 2.37 25 2.63 \%
OVPFCAP

thovPFCAP) pulse duration on pin 2.3 2.8 3.4 us
OVPFCAP
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Table 5. Characteristics ...continued
Tamp =25 °C; Vee = 15 V; all voltages are measured with respect to ground (pin 11); currents are positive when flowing into
the IC, unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
QovpPEcAP charge on pin charge delivered [4  -103 -90 =77 pC
OVPFCAP charge subtracted Bl 145 170 195 pC
Overpower protection (pin 16)
lopp(DEM) over-power protection (L -120 - HA
current on pin DEM
lopp(red)(DEM) reduced over-power  Visense < 0.3V m - -500 - pA
protection current on
pin DEM
STDBY output (pin 4)
Vo(sTDBY) output voltage on pin 4.75 5.0 5.25 \%
STDBY
Isource(STDBY) source current on pin  pin STDBY source -25 -22 -20 HA
STDBY current, Vgtpgy = 1.5V
Isink(STDBY) sink current on pin pin STDBY sink current, 2 - - mA
STDBY V) on pin STDBY = 1.5V
Driver (pin 5)
Isource(DRIVER) source current on pin  pin DRIVER source - -170 -88 mA
DRIVER current, Vcc = 9.5V,
V,on pin DRIVER =2V
Isink(DRIVER) sink current on pin pin DRIVER sink current, - 300 - mA
DRIVER Vee=9.5V;
Vion pin DRIVER =2V
Veec=9.5V; 400 700 - mA
V| on pin DRIVER =9.5V
Vo(max) maximum output Vec=12V - 115 12 \%
voltage

Temperature protection

Tpi(max) maximum protection 130 140 150 °C
level temperature

Toi(hys) protection level _ g _ oC
hysteresis
temperature

[1] Guaranteed by design.
[2] Set by the demagnetization resistor, Rpgym; see Section 7.9 “Overvoltage protection”.

[3] Set by the OVPFCAP capacitor; see Section 7.9 “Overvoltage protection”.

[4] Value equal to the product of the OVPFCAP current pulse width and the OVP filter timing charge current.
[5] Value equal to the product of the OVPFCAP current pulse width and the OVP filter timing discharge current.

[6] Set by the demagnetization resistor, Rpgy; see Section 7.12 “Overpower protection”.

[7] Maximum source voltage is limited to 0.3 V.
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11. Application information

A converter using the TEA1553T consists of an input filter, a transformer with a third
winding (auxiliary), and an output stage with a feedback circuit.

Capacitor Cycc (at pin 9) buffers the supply voltage of the IC, which is powered via the
high voltage rectified mains during start-up and via the auxiliary winding during operation.

A sense resistor converts the primary current into a voltage at pin ISENSE (pin 3). The
value of this sense resistor defines the maximum primary peak current.

V MAINS
;‘M‘\ e ~ OUTPUT
L N — i
9

TEA1553T — pe
8
' vce DRAIN
il
—_— 10| n.c. HVS 7
11
GND Hvs| |6
1 5 | POWER
o VCC5V  DRIVER 1 MOSFET
N 13 4
—— LocK STDBY css
- 14 3
CTRL ISENSE —:—@—'
15 2 RS2 RSS
— | CSTART OVPFCAP| [ [] RSENSE
L 16 1
DEM VCOADJ [
e =
| —
| S
RDEM
[P

X/
ft
Bt

NI
2]

014aaa013

(1) The LOCK pinis used in this example for an additional external overtemperature protection. If this pin is not used, it must be
tied to ground.

Fig 14. Application diagram of TEA1553T with controlled PFC
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o . ‘ o
VDRAIN ‘
|

Vmains(oper(en)

start-up normal ovp normal output
sequence ‘ operation ‘ ‘ operation ‘ short-circuit ‘

014aaa014

Fig 15. Typical waveforms

TEA1553T_1 © NXP B.V. 2007. All rights reserved.

Product data sheet Rev. 01 — 3 July 2007 23 of 27




NXP Semiconductors TEA1553T

GreenChip Il SMPS control IC

12. Package outline

SO16: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1

R e e Y

[O7y] He w
.
SRR |
a ! :

- - - Ay N b oAy A

!9
ﬁHﬁtﬂHHHﬁg e
[e]

pin 1 index

.
0\ 2.‘5 ‘5 mm
scale

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

UNIT mgx_ A1 | Ay | Az bp c p® | E® | e He L Lp Q v w y z® | o
mm | 175 | g% | 1% | 9% | o6 | o1s | 85 | 58 | “27 | 5 | 205 | o4 | o6 | 0% |02 | 01 | gF |
v |00 9519 0857 0. 9019100400 058 | 036 | 005 | 3284 [oom | 9558|3528 001 | oon |oame| 322
Note

1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.

REFERENCES
OUTLIgE E%ROPEAN ISSUE DATE
VERSION EC JEDEC JETA PROJECTION
991227
SOT109-1 076E07 MS-012 E @ 03-02-19

Fig 16. Package outline SOT109-1 (SO16)
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14. Legal information
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14.1 Data sheet status

Document status [11[2] Product status 31 Definition

Objective [short] data sheet Development
Preliminary [short] data sheet Qualification

Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term ‘short data sheet’ is explained in section “Definitions”.

[3]  The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

14.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

14.3 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such
information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of a NXP Semiconductors product can reasonably be expected to

15. Contact information

result in personal injury, death or severe property or environmental damage.
NXP Semiconductors accepts no liability for inclusion and/or use of NXP
Semiconductors products in such equipment or applications and therefore
such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) may cause permanent
damage to the device. Limiting values are stress ratings only and operation of
the device at these or any other conditions above those given in the
Characteristics sections of this document is not implied. Exposure to limiting
values for extended periods may affect device reliability.

Terms and conditions of sale —  NXP Semiconductors products are sold
subject to the general terms and conditions of commercial sale, as published
at http://www.nxp.com/profile/terms, including those pertaining to warranty,
intellectual property rights infringement and limitation of liability, unless
explicitly otherwise agreed to in writing by NXP Semiconductors. In case of
any inconsistency or conflict between information in this document and such
terms and conditions, the latter will prevail.

No offer to sell or license —  Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or the
grant, conveyance or implication of any license under any copyrights, patents
or other industrial or intellectual property rights.

14.4 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

GreenChip — is a trademark of NXP B.V.

For additional information, please visit: http://www .nxp.com

For sales office addresses, send an email to: salesad dresses@nxp.com

TEA1553T_1

© NXP B.V. 2007. All rights reserved.

Product data sheet

Rev. 01 — 3 July 2007

26 of 27


http://www.nxp.com
http://www.nxp.com/profile/terms

NXP Semiconductors

TEAL1S553T

16. Contents

GreenChip Il SMPS control IC

1 General description. .. ............. .. .... 1
2 Features . ......... ... . ... 1
2.1 Distinctive features . . ... ......... .. ... .. 1
2.2 Greenfeatures . ......... ... ... ... .. .... 1
2.3 Protection features . . .. .................. 1
3 Applications . . . . ... . 2
4 Ordering information. .. .................. 2
5 Block diagram ............... .. ... .. .... 3
6 Pinning information. . .................... 4
6.1 Pinning . ....... . . 4
6.2 Pindescription .. ........... ... . ...... 4
7 Functional description ................... 5
7.1 Start-up, mains enabling operation level and
undervoltage lock-out. .. ................. 6
7.2 Supply management. . ................... 6
7.3 Currentmode control .. .................. 7
7.4 Oscillator. . . ... 7
7.5 VCOadjust. . .........ooiiiiii i 8
7.6 Cycleskipping. . ..., 9
7.7 STDBYoutput. . . ...... ... 9
7.8 Demagnetization. ... ................... 10
7.9 Overvoltage protection . .. ............... 10
7.10 Valley switching. . ...................... 11
7.11 Overcurrent protection . ................. 12
7.12 Overpower protection . . ................. 12
7.13 Advanced overpower timing via pin CSTART . 13
7.14 Minimum and maximum ‘on-time’. ... ...... 14
7.15 Short winding protection. . ............... 14
7.16 LOCKINpUE. . .o oo 14
7.17 Overtemperature protection . ............. 15
7.18 SVOUPUL . ..o oo 15
7.19 Open/not connected CTRL pin protection ... 15
7.20 Soft start-up (PIN ISENSE) . ... ........... 15
7.21 Driver . ... 16
8 Limitingvalues. .. .......... ... ... ...... 17
9 Thermal characteristics. .. ............... 18
10 Characteristics. .. ...................... 18
11 Application information. .. ............... 22
12 Packageoutline . ............ ... .. ..... 24
13 Revision history. . ............. .. ... .... 25
14 Legal information. .. .................... 26
14.1 Data sheetstatus .. .................... 26
14.2 Definitions. .. ....... .. ... 26
14.3 Disclaimers. . ....... .. ... . ... .. .. .. 26
14.4 Trademarks. ......... ... . i 26
founded by

PHILIPS

Contact information .................... 26

Contents

Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section ‘Legal information’.

© NXP B.V. 2007.

All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: 3 July 2007
Document identifier: TEA1553T_1



	1. General description
	2. Features
	2.1 Distinctive features
	2.2 Green features
	2.3 Protection features

	3. Applications
	4. Ordering information
	5. Block diagram
	6. Pinning information
	6.1 Pinning
	6.2 Pin description

	7. Functional description
	7.1 Start-up, mains enabling operation level and undervoltage lock-out
	7.2 Supply management
	7.3 Current mode control
	7.4 Oscillator
	7.5 VCO adjust
	7.6 Cycle skipping
	7.7 STDBY output
	7.8 Demagnetization
	7.9 Overvoltage protection
	7.10 Valley switching
	7.11 Overcurrent protection
	7.12 Overpower protection
	7.13 Advanced overpower timing via pin CSTART
	7.14 Minimum and maximum ‘on-time’
	7.15 Short winding protection
	7.16 LOCK input
	7.17 Overtemperature protection
	7.18 5�V output
	7.19 Open/not connected CTRL pin protection
	7.20 Soft start-up (pin ISENSE)
	7.21 Driver

	8. Limiting values
	9. Thermal characteristics
	10. Characteristics
	11. Application information
	12. Package outline
	13. Revision history
	14. Legal information
	14.1 Data sheet status
	14.2 Definitions
	14.3 Disclaimers
	14.4 Trademarks

	15. Contact information
	16. Contents

