Simple Bias Supplies
Using the TOP200 —

Design Note DN-8 ,ﬁg?mms, INC.

Power systems often require significant amounts of bias powerAppncation Circuits

from a small, separate, regulated power supply. Applications

which use bias supplies include computer power supplies,For the sake of clarity, the following application circuits will

uninterruptible power systems, motor controllers, electric powerassume an AC input voltage has been rectified and filtered

meters, and appliance controllers. A housekeeping power supplglsewhere in the system such that high voltage DC is available.

is often required in equipment designed for long periods of low If the circuit is located far away from the bulk high-voltage

power quiescent operation. The supply provides power forsupply, a decoupling capacitor of 0.1 tpA is recommended

separate circuitry waiting for input. One important application across the high-voltage input. This capacitor should be placed

is the “Green PC” which enters a low power sleep mode untilso that it is close to Ul and T1, and the loop between the

awakened by keyboard entry or I/O activity. Fax machines, decoupling capacitor, U1, and T1 is as small as possible.

televisions, VCRs, video monitors, laser printers, and copiers are

other applications that often require small housekeeping suppliesThe circuit descriptions below assume some familiarity with
the functioning of TOPSwitch For greater detail on the

Two common methods for supplying bias power are linear TOPSwitchintegrated circuit, please refer to the data sheets for

supplies utilizing a line frequency transformer or switching TOP100-4 and TOP200-4, as well as AN-14.

power supplies using a blocking oscillator circuit. These

approaches can encounter difficulties when wide range input,The circuits shown in Figures 1 and 2 are simple 5V, 5 watt bias

high efficiency, and/or small size is required. USi@P Switcf?, supplies using the TOP200. Both circuits are full-range input
a primary regulated switching power supply can be constructe beath povx;er SUpE!'eS t_hag[. emp_}_lﬁy pnmary—adeb re?]?la}lon
that approaches the simplicity of a linear design, but with wide roma transiormer bias winding. ' nis approach IS besttor low-

: - . . lications requiring isolation and operation within a
range input, good efficiency, and very small size and weight. cost app . .
geinput. g y y g narrow range of load power. Line and load regulatiatbét
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Figure 1. Minimum Part Count Bias Supply Using the TOP200.
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Figure 2. Improved Load Regulation Bias Supply Using the TOP200.

Application Circuits (cont.)

or better can be achieved from 10% to 100% of rated load.the bias winding is reflected by the turns ratio between the bias
Careful attention is required in transformer construction and winding and the output winding to determine the output voltage.
layout to reduce the effects of stray inductance. C5is usedto bypass the CONTROL pin of Ul. Italso provides
loop compensation for the power supply by shunting AC
Voltage feedbackin both circuits is obtained from the transformercurrents around the CONTROL pin, and also determines the
bias winding, which eliminates the need for optocouplers andauto-restart frequency of U1 during start-up and short circuit
secondary-referenced error amplifiers. High-voltage DC is conditions. See the TOP100-4 or TOP200-4 data sheets for
applied to the primary winding of T1. The other side of the more detail on these functions.
transformer primary is driven by the integrated high-voltage
MOSFET transistor within the TOP200 (U1). Both circuits The circuit of Figure 2 is slightly more complex, and should be
operate at a switching frequency of 100 kHz, set by the internalused when tighter load regulation is required. C4 and VR2 have
oscillator of the TOP200. The clamp circuit implemented by been added, and the supply is now regulated by the combination
VR1 and D1 limits the leading-edge voltage spike caused byofthe internal 5.7 V shuntregulator at the CONTROL pin of U1
transformer leakage inductance to a safe value. The 5V poweand the voltage drop across VR2.
secondary winding is rectified and filtered by D3, C2, C3, and
L1 to create the 5 V output voltage. Performance Comparison
Line and load regulation curves are shown below in Figures 3
The circuits in Figures 1 and 2 differ only inthe mannerinwhich and 4. The minimum parts count supply has looser load
voltage feedback from the bias winding is used to control theregulation than the circuitin Figure 2, witth.5% load regulation
output voltage. In the circuit of Figure 1, the output of the T1 from 10% to 100% of full load. Line regulation from 95 to 370
bias winding is rectified and filtered by R1, D2, and C5. The VDC is+1.25%. Load regulation for the circuit in Figure 2 is
voltage across C5 is regulated by U1, and is determined by thet2.6%, from 10% to 100% of full load. Its outputline regulation
voltage drop across the 5.7 V internal shunt regulator at theis the same as that of Figure 1. If minimum parts count and
CONTROL pin of U1. A voltage on C5 greater than the drop lowest cost are the most important features, the minimum parts
across the CONTROL pin of U1 will cause current to flow into count circuit of Figure 1 can be used. When output load
the CONTROL pin of Ul. The operating duty cycleisinversely regulation is paramount, the circuit of Figure 2 should be
proportional to the control current, with the result that U1 will chosen.
adjust its duty cycle to minimize the control current to a value
that maintains the 5.7 V control voltage. The output voltage of
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Figure 3. Load Regulation Performance Comparison. Figure 4. Line Regulation Performance Comparison.
Design Parameters
Transformer Design Application Note AN-7 details many techniques for practical
A practical transformer design for bias and housekeepinghigh-frequency transformer design. The transformer used in
power supplies must have the following features: the design examples of Figures 1 and 2 is shown in Figure 5.
The overall design for each transformer is the same, with the
* Low-cost winding techniques exception of the number of turns in the bias winding. The
* High inductance minimum parts count circuit of Figure 1 requires a bias winding
* Low capacitance of 9 turns, while the circuit of Figure 2 requires a bias winding
» Adequate electric strength of 35 turns.
* Low radiated emissions (EMI)
» Bias/feedback winding closely coupled to output winding
8 5
3
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Figure 5. T1 Transformer Pinout and Physical Dimensions.
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Design Parameters (cont.)

This transformer has several special design features worthy ofhe bias and output windings. Under actual conditions, the
note. The first of these is the use of triple-insulated wire for thetransformer leakage inductance causes a voltage spike to occur
transformer secondary. This allows the elimination of tape when the primary switching MOSFET turns off. With no filter
margins for safety spacing, enabling the full width of the bobbin on the feedback winding, this spike peak charges the bias
to be used for the primary and bias windings. This allows asupply and causes the secondary output to droop excessively as
smaller core to be used for a given power and primary inductancehe output load is increased. With R1 in place, the turn-off spike
level. Because of the better utilization of the bobbin width and is filtered out, and the bias voltage more accurately reflects the
the consequent reduction of winding build, acceptable values ofiinal value of the primary reflex voltage, rather than the initial
leakage inductance can be obtained with a conventional twaurn off spike. This improves the load regulation of the output.
layer primary winding rather than a split primary. However, this gain in load regulation does have a drawback.
The same filtering process that makes the bias winding less
The transformer primary is applied first. The switching MOSFET sensitive to the turn-off leakage spike also makes the bias
is connected to the start of the primary, so that the half of thesupply less sensitive to peak charging of the output at low or
primary winding that has the largest voltage excursion is zero outputload. This means that the output voltage rise at low
shielded from the other windings by the remainder of the or zero load will be higher with the filter resistor than without
primary winding. This reduces the capacitive coupling fromthe it. These two effects must be traded off when selecting a value
primary to the secondary, and reduces radiated coupling tdor the filter resistor. There is generally an optimum value of
other parts of the power supply circuit. The secondary is woundresistance, obtainable by experiment, that provides acceptable
on top of the primary using triple-insulated wire, and the bias load regulation without resulting in excessive output voltage
winding is applied last. This particular winding order isimportant rise atzero load. Inthe case of the circuits of Figure 1 and Figure
to the proper functioning of the supply. Since the bias winding 2, the optimum value of filter resistance was found by experiment
is applied last, it is closely coupled to the secondary, but onlyto be 22Q. This resistance will vary depending on the
loosely coupled to the primary. This allows the voltage on thetransformer leakage inductance, the degree of coupling between
bias winding to track the voltage on the output of the supply. the primary and bias windings, and the amount of capacitance
Because the bias winding is only loosely coupled to the primary,after R1. The optimum value will generally be somewhere
it is less subject to peak charging due to the primary turn-offbetween 10 to 10@. A reasonable starting value for
leakage spike. The magnitude of the primary leakage spike ixperimentation in a new design is an intermediate value such
a function of the peak primary current. At high output currents, as 47Q.
peak charging from this leakage spike in the bias supply tends
to causd OPSwitcho reduce its operating duty cycle, resulting Selecting Components for Determining Output Voltage
in output droop at high output power. Placing the bias winding In a primary-regulated bias supply, the output voltage is regulated
last allows the leakage spike to be filtered effectively with a by controlling the voltage of the primary bias winding. Since
single resistor in series with the bias winding. the output winding and bias winding are coupled together, the
output voltage will tend to track the bias voltage. They are
The design and wire size of the bias winding is selected to formrelated by the turns ratio between the bias winding and the
asingle layer completely traversing the width of the transformeroutput winding. The output voltage of the supply of Figure 2
bobbin. This is done by selecting a wire size much larger thancan be expressed as follows:
needed to handle the current delivered by the bias supply. In the
case of the transformer for the simple circuit of Figure 1 with N[
only 9 turns on the bias winding, a bifilar construction is used Vgyr = asw +Vyro +Vpo + IC(15+ ZVRZ)) x _SE_ Vps (1)
to increase the fill factor. Having the bias winding extend the Ns
fullwidth of the bobbin maximizes the coupling to the secondary
winding directly beneath it, improving regulation. Since the V,; IS the output voltage of the supply ang,Vis the VR2
bias winding fills the width of the bobbin, there is no opportunity Zener voltage. 5.7 V is the voltage of the U1 internal shunt
for variation in the position of the bias winding, and the unit-to- regulatorvoltage. s the currentthrough VR2 flowing into the

unit consistency is improved. CONTROL pin of U1, which provides the operating current for
U1, and also establishes its operating duty cycleQ iGthe
Selecting the Bias Winding Filter Resistor dynamic impedance of tf@P Switctinternal shunt regulator,

The bias winding filter resistor (R1) plays an important part in and Z,,is the dynamic impedance of Zener diode VRZisN
determining the load regulation of the supply. Under ideal the number of turns in the T1 secondary winding, apis the
conditions, the load regulation of the supply would be determinednumber of turns in the bias winding,, \s the voltage drop of
by the difference in voltage drop between the bias rectifier andthe output rectifier D3. In the case of the circuit of Figure 1,

output rectifier, as well as the difference in resistance betweenVR2 is not used, and the termsg_yand Z_, fall out of the
expression, leaving:
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_ NgO the output voltage as compared to VR2. A 1% tolerance Zener
Vour = a5'w +Vpp +(Ic 15)) “N.H Vos (2) can be selected to further tighten the absolute tolerance of the
. output voltage for this circuit. Higher voltage Zeners also tend
, to have a sharper “knee” in their V-l characteristic than low
The TOPSwitchcontrol current () has a range of 2.5 MA | qjtage Zeners. This provides higher gain in the control loop for
minimum at maximum duty cycle to 6.5 mA for minimum duty  ighter control of load regulation, since a sharper breakdown

cycle. The control current and impedance terms introduce & aracteristic will result in a larger change of current into the
variation of around 1% in the final value of the output voltage. gntrol pin of U1 for a given change in bias voltage. This is
This can be ignored or taken into account with an approximatey, o e ot by the load regulation of the circuit in Figure 2. The
midrange value for control currenf(bf 5 mAwhen choosing  high value of bias voltage also tends to provide a pre-load to the
component values to set the output voltage of the supply.  g,501y when the output load is small. When the output load on
. ) . , the supply is reduced to a small value, the feedback control
In the circuit example of Figure 2, a relatively high value of cjrcyit will source current into the CONTROL pin in order to
Zener voltage (22 V) was selected for VR2.  There are tWomaintain regulation. Since the bias voltage is relatively high,

reasons behind this choice. The first is that use of accuratgne current sourced into the CONTROL pin represents a
Zener with voltage of several times tR®@PSwitchcontrol substantial amount of power (almost 200 mW if minimum

voltage will tend to reduce the effect of variations in the value output duty cycle is programmed). This loads the supply and
of the 5.7 V. CONTROL pin voltage GfOPSwitchsince the  tanqs to curb output voltage rise for low or zero load conditions.
TOPSwitchcontrol voltage will be less of a factor in determining

Factors Affecting Line and Load Regulation

For optimum load regulation, a value of transformer primary TOPSwitctCONTROL pin dynamic impedance is@5 From
inductance should be chosen such that the power supply remairthe TOPSwitchdata sheet, it can be found that T@P Switch

in the continuous mode over as much of its specified input linecontrol function dynamic range is 4 mA. This is the control
and output load range as possible. For a flyback supplycurrent required to drive th€OPSwitchduty cycle from
operating in the continuous mode, the duty cycle is independentmaximum to minimum. The variation in the reference voltage
of output load to a first order, and varies only in response todue to this current is:

input voltage. This is important because of the effect of

variations inTOPSwitchcontrol current on the output voltage AVger = Al % (15+ ZVRZ) 3)
of the supply. These effects are represented by the Zener
impedance terms and th®PSwitchcontrol impedance terms AVigee = 4mA x 45Q =180mV

in Equations (1) and (2) above. The productahd the various

circuitimpedances forms an error term that causes regulation td his will cause an output voltage change of:

be less than perfect. Since the CONTROL pin input curgent |

must vary to control the duty cycle, any change in duty cycle _ Ng

will cause a change in the voltage drop across the Zener and/or AVouyr = AVpgr X No (4)
TOPSwitchinput dynamic impedance, causing a shift in output B
voltage and a consequent deterioration in load regulation. Ifthe
power supply operates in the discontinuous mode, its operating
duty cycle will be a strong function of output loading. This
means that th€OPSwitchcontrol current will also vary with  This translates to a variation of 0.7% over the range of duty
load, and regulation will suffer. The circuit of Figure 2 can be cycle. This variation in voltage drop with duty cycle, as well as
used as an example. Itusesa 22V Zenerto setthe output voltagianges to the average value of the bias voltage due to duty
in conjunction with theTOPSwitchcontrol voltage. The  cycle changes, gives rise to the variation in output voltage with
impedance of a typical 22 V Zener (1N5251) is(30 The input line voltage observed in Figure 4.

AV =180mV x 3—75 =36mV
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Output Filter Components

In each of the circuits shown in this Design Note, the output An electrolytic capacitor is the best choice for C3. This choice
voltage is filtered with a=network consisting of C2, C3, and is dictated both by cost and damping considerations. The
L1. C2ischosen forlow ESR and high ripple current capability. original circuit utilized a 0.1uF ceramic capacitor in the
The RMS output ripple current carried by C2 is approximately second-stage filter. This choice turned out to be unsuitable due
equal to the DC output current in amperes, and the capacitoto the high Q of the ceramic capacitor, which resulted in high
should be chosen accordingly. A second stage filter is necessarfyequency, lightly damped ringing at the output of the supply.
to reduce the 100 kHz and high frequency ripple and noise to 5Electrolytic capacitors have sufficient ESR to damp the
mV. Without the second stage of the filter, the fundamental resonance with the filter inductor.

switching component exceeds 100 mV at maximum load, with

high frequency spike noise of several hundred millivolts. The The value of filter capacitors will have an effect on the stability
inductor used for L1 is not critical. Any inductor of 0.5 {02 of the supply, as they roll off the gain of the bias voltage control
with sufficient current capability will work. In the original loop. Insufficient output capacitance will cause the bias
prototype, both a small ferrite bead on a wire lead with anregulation loop to oscillate. Stability of the supply can be
inductance of uH, and 0.5uH air-core inductor were tried with  checked by step loading the bias supply with a pulsed load of
virtually identical results. For higher output powers, the ferrite around 5 mA and checking the response at the bias filter
bead would be unsuitable due to saturation. capacitor (C5 in Figure 1 and C4 in Figure 2).
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Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability.
Power Integrations does not assume any liability arising from the use of any device or circuit described herein, nor does it
convey any license under its patent rights or the rights of others.

Pl Logo andTOPSwitch are registered trademarks of Power Integrations, Inc.
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