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Introduction

TDA 16850 is a high performance off-line flyback controller IC with special features used in SMPS for
Monitors, CTVs, Adapters and Chargers. A DIP-8 package is sufficient to include the primary control
functions without restrictions in respect to design flexibility. The IC supports designs with off-mode
operation with a power consumption less than 250mW as well as designs with standby mode
operation with a power consumption less than 1W. A few components only are necessary to operate
the IC which is synchronizable in a range between 20kHz to 130kHz. The most important benefit of
TDA 16850 is saving system cost.

In the application with off-mode operation the SMPS is started by applying a trigger signal on
secondary side input. This signal is transmitted via the same optocoupler that is used for transmitting
the feedback signal. The IC requires a source current at control input (Pin 8) of 100µA for more than
7µs via optocoupler for becomming active. Besides a vertical signal a DC signal as it is available from
a recharchable battery can be used for making the IC active. From start-up mode the IC reaches the
normal mode. During normal mode operation the source current at control input (Pin 8) is in the range
between 2mA (no load) and 6mA(nominal load). It never has to be less than 150µA for a time period
longer than 70µs in order to stay in normal mode. When the SMPS has to change from normal mode
into off-mode a secundary side shutdown signal interrupts the feedback signal via optocoupler. A
source current below 150µA at Pin 8 enables the IC to change into off-mode and disables the power
supply completely. Thus the feedback signal and the operating status signal are transmitted with a
single optocoupler only. The off-mode is the most effective operating mode for energy saving.

In the application with standby mode operation the SMPS is started by fulfilling the start-up conditions
at supply voltage input (Pin 7) only. The IC changes from start-up mode into standby mode, if source
current at Pin 8 is between 150µA and 2mA. The normal mode operation is characterized by a source
current in the range between 2mA and 6mA. In a typical application the source current of the standby
mode status is set by a resistor at Pin 8 directly. So the IC changes from normal mode into standby
mode by a simple interrupt of the feedback signal.
During standby mode the IC is fed from a separate supply winding which is also used to establish a
primary control loop. As this input (Pin 2) is able to handle voltages up to 85V (during normal
operation), and controls a level of 11V (during standby operation) we achieve a reduction of the output
voltages down to 15% of nominal value during standby mode. A voltage dependend switch between
two secundary windings cares for sufficient supply voltage on the voltage regulator’s input. So a
powerful and high efficient standby supply is available. In the application with standby mode the
feedback signal and the operating status signal as well are transmitted with one optocoupler only.

Without any synchronization signal the IC operates with an internal oscillator at 20kHz during standby
operation and at 60kHz during normal operation. For synchronization purposes there is a separate
input (Pin 4) with a hysteresis threshold at 1V and clamping structures at +5V/-0,7V with a current
capability of +/- 10mA. Synchronisation range is 20kHz to 130kHz which is effective during normal
mode and standby mode. The synchronisation operates with positive edge triggering and starts the
turn-on of the MOSFET with a delay, which is about 1/20 of the synchronization signal’s period.

The pulse width modulation is done internally at a ramp voltage, which uses the current sense signal
amplified by factor of five. Such kind of improved current mode control benefits stabile PWM with duty
cycle controllable continuously down to zero.
In addition there is a frequency dependend limitation of the output power. Implementing this feature
the maximum duty cycle is controlled by the oscillator that varies the voltage level at softstart capacitor
(Pin 1).
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Features of TDA 16850

The description of the functionality is standing below following the numbers of the pinout:

Pin 1: SST Softstart
The softstart pin requires a capacitor to ground in the range of 100nF to 220nF. It effects a
continuously increasing duty cycle after the IC is becomming active after supply voltage was
exceeding the start-up threshold of 22V at Pin 7. Furthermore the level at this Pin changes
influenced by the operating frequency in order to limit maximum output power almost
independent of operating frequency. The result is a limitation of duty cycle, which achieves a
maximum of 0,59 at 120kHz and 80mV/µs increasing speed of the current sense signal.
Softstart charging current is 20µA, discharging current is 2,5mA. The voltage level at Pin 1 is
typically 3,8V (120kHz) or 6,0V (30kHz). If the level at current sense input exceeds 1,2V, the
softstart capacitor is discharged (2,5mA) in order to reduce duty cycle and avoid overload.

Pin 2: VREG Supply and feedback during standby mode
During standby mode the feedback control current via optocoupler from secundary side error
amplifier is interrupted. Feedback control is now provided by sensing the voltage level at Pin 2
and controlling its level to 11V. In addition the IC is supplied from this Pin fed from a separate
winding. An integrated voltage regulator between Pin 2 and Pin 7 provides a voltage level of
about 10V at Pin 7 during standby mode.
This input employs a 85V-capable regulator that enables the IC to withstand high voltage
levels at Pin 2 during normal mode. This function allows to reduce transformer’s flyback
voltage during standby mode to about 15% of the level during normal mode. The factor of
voltage reduction between standby mode and normal mode depends on the different
transformer ratios of the two separate supply windings for the IC.

There is another function at Pin 2 that monitors overload conditions during start-up. At that
point of time when softstart level at Pin 1 achieved a level of 2,6V the level at Pin 2 has to be
higher than 3V, otherwise the IC interprets this condition as an overload and restarts after
discharching start-up capacitor at Pin 7 to a level of 7V.

Pin 3: CS Current sense
This pin is connected directly to the shunt resistor in order to sense the voltage drop to
ground. No external low pass filter is required. An open connecton is detected by an internal
pull-up current source (10µA) that activates the overcurrent comparator.
The overcurrent comparator turns off the driver output via flipflop directly as soon as the
current sense signal exceeds the threshold of 1,5V. There is a second comparator with a
threshold at 1,2V that reduces duty cycle via current sink and softstart capacitor.
The current sense signal is not directly involved to do the pulse width modulation but via
constant gain amplifier and internal resistor a ramp voltage with higher amplitude is produced
by charging an internal capacitor. So we achieve an improved current mode control with high
noise immunity and stabile PWM with duty cycle controllable continuously to zero.

In addition the slope of the current sense signal is used to sense the DC supply voltage in
order to monitor undervoltage condition. The minimum increase of the sense voltage is
70mV/µs.

Pin 4: SYNC Synchronization input 
The synchronization range is 20kHz up to 130kHz. The leading edge triggering threshold is 1V
with a hysteresis down to 0,7V. Clamping levels are –0,7V and 5V at +/- 1mA (max clamp
current +/- 10mA) if a current fed signal is used. At higher synchronization frequencies than
spezified the operating frequency is half of it. The Gate drive turn on edge starts with a delay
of 1/20 of the period of the sync. signal.
Without synchronization signal (input preferred on low level) the TDA 16850 operates with an
internal 60kHz oscillator. During standby mode the internal oscillator operates at 20kHz in
order to reduce switching losses. A synchronization during standby mode is possible but not
the typical operation.
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Pin 5: GND Ground 
The ground pin is used for power signals and sensing signals as well. An external film or
ceramic capacitor between ground pin and Vcc supply Pin 7 is required for bypassing high
frequent currents and reducing the source impedance.

Pin 6: Gate Gate driver
The Gate driver includes a Gate voltage limitation (11V) in order to save power consumption
of the driver, a modulated turn-on rising edge for soft turn-on switching, a fast turn-off falling
edge and an active low state during undervoltage lockout (1V720mA). Typical rise time of the
Gate voltage is 150ns, typical fall time is 40ns at a 4,7nF load.
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Figure 1:  Block diagram of TDA 16850
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Pin 7: VCC Supply voltage
This is the supply terminal during normal mode operation. The start-up threshold is 21V, the
undervoltage lockout (UVLO) threshold is 8V. Current consumption during UVLO is 200µA
(max), quiescent supply current with disabled Gate is 3mA plus output current of the feedback
input (Pin 8) across the optocoupler.
There is a zener diode between Pin 7 and ground with a current capability of 4mA. If the zener
current exceeds 2mA, the IC runs into protection mode and stopps Gate control. This function
can be used as an overvoltage protection in case of a fault in the feedback loop (e.g. with a
damaged output diode).

Pin 8: OPTO Feedback and operating mode control
This terminal is used for the feedback control via optocoupler and for the control of the
operating modes. The level of this Pin of an active IC is 2V. The status of operation is
controlled by the source current , internally limited at 6mA.
Without any source current out of Pin 8 the IC is not active, it is in off-mode. During off-mode
the current consumption is that one for the start-up only.
A source current that exceeds 100µA for more than 7µs at Pin 8 enables the IC to switch into
start-up mode, even when the source current is reduced to zero again after 7µs. During start-
up mode the IC operates at a frequency of 20kHz (without synchronization) and produces
output voltages in a way that at Pin 2 a primary controlled voltage of 11V is established. The
start-up mode is very similar to the standby mode, on which we observe the same operating
conditions. The only difference between start-up mode and standby mode is the higher source
current (150µA to 2mA in standby mode) at Pin 8. The standby mode of the IC can be used to
realize a power supply with a power consumption of less than 1W during standby mode. If a
system uses standby mode, the source current (200µA) at Pin 8 is set by an external 6,8k
resistor to ground.
The normal mode is set by a source current more than 2mA. This current usually is controlled
via optocoupler by the error amplifier placed on secundary side. During normal mode the IC
operates with the internal oscillator at 60kHz.
To leave the normal mode the source current at Pin 8 has to be reduced below 2mA in order
to reach the standby mode. In a typical design the opto diode of the optocoupler is bypassed
with a switch. If the source current at Pin 8 is less than 160µA, the IC reaches the power down
mode (active IC with about 3mA current consumption, driver signal on active low level) and in
the next step due to missing power supply or detecting this status as a failure (turn-off after
75µs) the IC reaches the off mode with a current consumption of less than 100µA.
In typical applications two combinations of operating modes are used: switching between off-
mode and normal mode or between standby mode and normal mode

Monitoring and protective functions

There are a couple of functions that improve reliability and save system costs.
Primary peak current is sensed via shunt resistor and is limited at two levels. A first level at 1,2V

reduces duty cycle by discharging softstart capacitor dependend on duration of overcurrent. A
sense signal above 1,5V turns off the MOSFET immediately.
The following conditions have to last for 70µs, before the shut down becomes effective.

Undervoltage of IC supply turns off the MOSFET at a level of 8V, at a level of 7,5V immediately.
Overload during start-up or standby control loop failure (at Pin 2) is detected by evaluating the levels

at Pin 2 (more than 3V) at a softstart level of 4V at Pin 1.
Undervoltage of mains is detected by sensing the slope of the current sense signal. The shut down

rising speed is 70mV/µs.
Overvoltage of IC supply becomes active as soon as the supply voltage at Pin 7 exceeds the zener

threshold of 23V and develops a zener current more than 2mA. This function can be used for
overvoltage protection during a feedback loop failure.

Overtemperature of IC activates the protection mode at a junction temperature more than 160°C.

All these failures except overcurrent have to be effective for at least 70µs, then the IC changes into
protection mode. In protection mode the driver is stopped immediately and the supply voltage at Pin 7
has to be discharged to a level below 7V with a current of 13mA typically. Then the IC changes into
off-mode and moves on into start-up mode, if start-up conditions are fulfilled.
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 LATCH
TDELAY = 70µs

VVCC < 7 V

  Startup Mode
  VVCC < VZ1

  IVCC = 3 mA + IOPTO

  IOPTO = 0 ... 2 mA  (UOPTO = 2 V)
  VVREG = 11 V
  fGATE (no sync)  = 20 kHz
  fGATE (sync) = 30 ... 130 kHz

  Standby Mode
  VVCC < VZ1

  IVCC= 3 mA + IOPTO + IGATE

  IOPTO =0,16 ... 2 mA (UOPTO= 2 V)
  VREG= 11 V
  fGATE (no sync) = 20 kHz
  fGATE (sync) = 30 ... 130 kHz

  Off Mode
  VVCC           VZ1 =  24 V
  IVCC  < 100 µA
  IOPTO < 0 ... 57 µA (UOPTO= 0,5 V)
  fGate  =   0 kHz

  Normal Mode
  VVCC< VZ1

  IVCC = 3 mA + IOPTO + IGATE

  IOPTO = 2 ... 6 mA  (UOPTO = 2 V)
  VREG = 11 V ... 85 V
  fGATE (no sync) = 60 kHz
  fGATE (sync) = 30 ... 130 kHz

VVCC > 22 V

IOPTO > 2mA

  Power Down Mode
   IVCC = 3 mA + IOPTO + IGATE

  IOPTO = 0 ... 150 uA (UOPTO= 2 V)
  fGATE = 0 kHz

IOPTO > 160 µA

IOPTO < 2mA

IOPTO < 160 µA

t  >  7 µs
IOPTO > 100 µA
t
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t

t

  Protection Mode
  fGATE   =   0 kHz
  VVCC         0 V
  VSST         0 V

Failure Modes

IC Overtemperature
Tj  > 160 °C

IC Supply Overvoltage
 IZ1 > 2 mA

VREG Loop Failure
VSST > 2,6V  &  VVREG < 3V

Mains Undervoltage
dVCS

dt
 70 mV
1 µsec<

IC Supply Undervoltage
VVCC < 8 V

Figure 2:  Flow chart of operating modes
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Application with off-mode operation

The start-up conditions at supply input (Pin 7, 22V) are fulfilled with start-up resistor R13 and capacitor
C23. The standby mode supply input (Pin 2) is not required in the off-mode application, but the
overload monitoring compares the level of Pin 1 and Pin 2 (VPIN1 > 2,6V & VPIN2> 3V) during start-up.
So we need diode D24 and capacitor C25 fed from the same winding n3. The feedback and status
control (Pin 8) is directly controlled by the optocoupler. We use an optocoupler CNY 17F-3 or similar
types with a current transfer ratio close to 100%.
In order to start the SMPS we feed the vertical synchronisation signal ( or DC level 2,5V to 5V) into the
secundary side input (sync), limited by R73. The signal supplies the optocoupler via T72 with a current
in the range between 100 - 300µA. That enables the IC via Pin 8 (source current > 100µA for > 7µs) to
change from off-mode into start-up mode (20kHz).
The output voltages increase and provide via IC51 a 5V-supply for the feedback control and sensitive
control circuitries. The feedback control IC62 becomes active and feeds a current to the optocoupler
entering the normal mode operation. The vertical synchronisation signal is blocked by T72 as the
basis level is higher than the emitter level as soon as the 5V are available.
Changing from normal into off mode is done by switch S2 that bypasses the control current of the
optocoupler diode. During off mode S2 becomes inactive and allows a restart via sync input on
secundary side.

Figure 3: Typical circuitry required for off-mode operation
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Application with standby mode operation

The start-up conditions at supply input (Pin 7) are fulfilled with start-up resistor R13 and capacitor C23.
The feedback and status control (Pin 8) is connected with the optocoupler and in addition with resistor
R25 to ground, which sets the source current for the standby status (160µA). As soon as a AC input
voltage is available, the SMPS will start and change into standby mode.
During standby mode the IC is supplied at Pin 2 from a separate transformer winding via D22 and
C25. Input Pin 2 is able to handle input voltages up to 85V. It is used as an supply and control input.
During standby operation the voltage at Pin 2 is controlled to a level of 11V. During normal mode the
IC is fed via Pin 7, so the voltage at Pin 2 can be e.g.  six times higher. Therefor during standby
operation the levels at all windings are reduced by a factor of six in order to reduce power
consumption.
The auxiliary supply during standby mode is done with a voltage dependend switch (S1) which feeds
the voltage regulator IC51 either from a 45V output (during standby 7V) or from a 8V output (during
standby 1V).
The feedback control circuit operates in the same way like in the off-mode application. Different is the
way how the SMPS generates the standby status information. The resistor R25 at Pin 8 sets the
current that is specified for standby operation (worst case 240µA). So the only required function is a
switch that opens the feedback control loop. In a typical design a transistor (S2) bypasses the emitter
diode of the optocoupler in order to eliminate the control current. Under these conditions the TDA
16850 operates in standby mode.
Such a control of standby power supply is powerful and efficient. With a 120W SMPS we get a
standby output power of 5W at an input power less than 7W. At a standby load of 5V/30mA the power
consumption is less than 1W.

Figure 4: Typical circuitry required for standby mode operation.
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Duty Cycle versus operating frequency and dV/dt at current sense input

The control behaviour of TDA 16850 in respect to duty cycle can be calculated approximately
according the following equations.

Maximum current sense threshold @ 20kHz: VCSMAX20KHZ = 1,2V
Minimum current sense slew rate for undervoltage shut down threshold: dVCSMIN / dt = 70mV/µs

Maximum on-time at 20kHz: s
smV

V
dtdV

V
T

CSMIN

KHZCSMAX
KHZONMAX µ

µ
17

/70
2,1

/
20

20 ===

Relation between slew rate at current sense input dVCS/dt, Shunt RSHUNT , input voltage VL , primary
inductance LPRIM and current in the primary inductance iL .
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Figure 5: Controlled on-time versus operating frequency and dV/dt at current sense input.
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Siemens S..A.
Semiconductor Sales
Via Piero e Alberto Pirelli,10
I-20126 Milano
T (+39)02-66 76 -1
Fax (+39)02-66 76 43 95
IND
Siemens Ltd.
Components Division
No.84 Keonics Electronic City
Hosur Road
Bangalore 561 229
T (+91)80-8 52 11 22
Fax (+91)80-8 52 11 80
Siemens Ltd.
CMP Div,5th Floor
4A Ring Road,IP Estate
New Delhi 110 002
T (+91)11-3 31 99 12
Fax (+91)11-3 31 96 04
Siemens Ltd.
CMP Div,4th Floor
130,Pandurang Budhkar Marg,
Worli
Mumbai 400 018
T (+91)22-4 96 21 99
Fax (+91)22-4 96 22 01
IRL
Siemens Ltd.
Electronic Components Division
8,Raglan Road
IRL-Dublin 4
T (+3 53)1-2 16 23 42
Fax (+3 53)1-2 16 23 49
IL
Nisko Ltd.
2A,Habarzel St.
P.O.Box 58151
61580 Tel Aviv –Isreal
T (+9 72)3 -7 65 73 00
Fax (+9 72)3 -7 65 73 33

J
Siemens Components K.K.
Talanawa Park Tower 12F &17F
3-20-14,Higashi-Gotanda,
Shinagawa-ku
Tokyo
T (+81)3-54 49 64 11
Fax (+81)3 -54 49 64 01
MAL
Infineon Technologies AG
Sdn Bhd
Bayan Lepas Free Industrial Zone1
11900 Penang
T (+60)4 -6 44 99 75
Fax (+60)4 -6 41 48 72
N
Siemens Components
Scandinavia
Østre Aker vei 24
Postboks 10,Veitvet
N-0518 Oslo
T (+47)22-63 30 00
Fax (+47)22-68 49 13
Email:
scs@components.siemens.se
NL
Siemens Electronic Components
Benelux
Postbus 16068
NL-2500 BB Den Haag
T (+31)70-3 33 20 65
Fax (+31)70-3 33 28 15
Email:components@siemens.nl
NZ
Siemens Auckland
300 Great South Road
Greenland
Auckland
T (+64)9-5 20 30 33
Fax (+64)9-5 20 15 56
P
Siemens S.A.
an Componentes Electronicos
R.Irmaos Siemens,1
Alfragide
P-2720-093 Amadora
T (+351)1-4 17 85 90
Fax (+351)1-4 17 80 83
PK
Siemens Pakistan Engineering
Co.Ltd.
PO Box 1129,Islamabad 44000
23 West Jinnah Ave
Islamabad
T (+92)51-21 22 00
Fax (+92)51-21 16 10
PL
Siemens SP.z.o.o.
ul.Zupnicza 11
PL-03-821 Warszawa
T (+48)22-8 70 91 50
Fax (+48)22-8 70 91 59
ROK
Siemens Ltd.
Asia Tower,10th Floor
726 Yeoksam-dong,Kang-nam Ku
CPO Box 3001
Seoul 135-080
T (+82)2-5 27 77 00
Fax (+82)2-5 27 77 79
RUS
INTECH electronics
ul.Smolnaya,24/1203
RUS-125 445 Moskva
T (+7)0 95 -4 51 97 37
Fax (+7)0 95 -4 51 86 08
S
Siemens Components Scandinavia
Österögatan 1,Box 46
S-164 93 Kista
T (+46)8-7 03 35 00
Fax (+46)8-7 03 35 01
Email:
scs@components.siemens.se

RC
Infineon Technologies
Asia Pacific Pte.Ltd.
Taiwan Branch
10F,No.136 Nan King East Road
Section 23,Taipei
T (+8 86)2-27 73 66 06
Fax (+8 86)2-27 71 20 76
SGP
Infineon Technologies Asia
Pacific,Pte.Ltd.
168 Kallang Way
Singapore 349 253
T (+65)8 40 06 10
Fax (+65)7 42 62 39
USA
Infineon Technologies Corporation
1730 North First Street
San Jose,CA 95112
T (+1)4 08-5 01 60 00
Fax (+1)4 08-5 01 24 24
Siemens Components,Inc.
Optoelectronics Division
19000 Homestead Road
Cupertino,CA 95014
T (+1)4 08-2 57 79 10
Fax (+1)4 08-7 25 34 39
Siemens Components,Inc.
Special Products Division
186 Wood Avenue South
Iselin,NJ 08830-2770
T (+1)7 32-9 06 43 00
Fax (+1)7 32-6 32 28 30
VRC
Infineon Technologies
Hong Kong Ltd.
Beijing Office
Room 2106,Building A
Vantone New World Plaza
No.2 Fu Cheng Men Wai Da Jie
Jie
100037 Beijing
T (+86)10 -68 57 90 -06,-07
Fax (+86)10 -68 57 90 08
Infineon Technologies
Hong Kong Ltd.
Chengdu Office
Room14J1,Jinyang Mansion
58 Tidu Street
Chengdu,
Sichuan Province 610 016
T (+86)28-6 61 54 46 /79 51
Fax (+86)28 -6 61 01 59
Infineon Technologies
Hong Kong Ltd.
Shanghai Office
Room1101,Lucky Target Square
No.500 Chengdu Road North
Shanghai 200003
T (+86)21-63 6126 18 /19
Fax (+86)21-63 61 11 67
Infineon Technologies
Hong Kong Ltd.
Shenzhen Office
Room 1502,Block A
Tian An International Building
Renim South Road
Shenzhen 518 005
T (+86)7 55 -2 28 91 04
Fax (+86)7 55-2 28 02 17
ZA
Siemens Ltd.
Components Division
P.O.B.3438
Halfway House 1685
T (+27)11-6 52 -27 02
Fax (+27)11-6 52 20 42


