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INTRODUCTION

In most non-battery applications, the power to the
microcontroller is normally supplied using a wall
mounted transformer, which is then rectified, filtered
and regulated. In most applications, this method of
generating the regulated voltage is cost effective and
can be justified. However, there are applications where
the PIC12/16/17 is the main controller and low voltage
is not required by other components except the PIC12/
16/17. In these instances, the cost of the transformer
becomes the sizable cost factor in the system. Trans-
formerless power supplies, thus, have a distinct advan-
tage in cost as well as in size. The disadvantages of
using a transformerless power supply are: (1) low cur-
rent supply and (2) no isolation from the AC line volt-
age. The PIC12/16/17 microcontrollers draw a
maximum of 10 mA, even at the highest frequency and
voltage of operation, therefore low current availability is
not an issue. AC line voltage isolation can be
addressed by using MOVs or transient suppressors on
the PIC12/16/17.

IMPLEMENTATION

When a capacitor and resistor are connected in series
to an AC source, as in Figure 1, a constant current can
be maintained through the resistor, so long as the reac-
tance of the capacitors is much greater than the resis-
tance. The current flow is dependent upon the value of
the capacito,r and assuming that V1 is much greater
than V2, the value of the current can be assumed to be:

IRMS = Vi/Xc where Xc is the reactance of the
capacitor.

FIGURE 1:

Assuming a line voltage of Vi=115V and line
frequency = 60 Hz,

IRMS = 115(2160C) = 4300C or IRMS ~ 40 mA/uF.

In order to get a DC voltage using this system, a pair of
rectifiers and filter caps can be added as shown in
Figure 2. This would give us a capability of driving one
half of the current through the positive part and the
other half through the negative part. The max current
on each side would be = 20 mA/uF.

FIGURE 2:
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In most applications, the output voltage should be reg-
ulated. Figure 3 shows a diagram for a practical circuit
where a +/- 5V regulated output is generated. Note that
the neutral is connected to ground through a fuse. This
would guard against improper AC wiring.

FIGURE 3:
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* Not needed when connected to a GFCI socket.

In most PIC12/16/17 applications, the negative voltage
is not required. Figure 3 has been thus modified for a
single ended supply as in Figure 4. Note that R1 and
R2 are required for UL approval.

FIGURE 4:
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* Not needed when connected to a GFCI socket.
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Precautions:

1. As mentioned earlier, the neutral should be con-
nected to earth ground through a fuse. This
would insure protection in case of improper

wiring.

2. The AC coupling capacitors and rectifier diodes
should be able to withstand the peak voltage in
the system. Remember VRMS = VPG/2, where
VPG = VPEAK to earth ground voltage. Hence for
a 120V system, the max voltage = 170V. For a
240V system, the max voltage = 340V.

TABLE 1: COST ANALYSIS OF A +5V POWER SUPPLY WITH/WITHOUT A TRANSFORMER

Components PrLiJg;t(l) Qty Transformer P.S. Qty. Transformerless P.S.
1.1 VA transformer 5.65 1 5.65 0 —
1N4005 diode 0.05 2 0.10 2 0.10
1 uF/250V cap 0.57 0 — 1 0.57
5.1V Zener 0.11 1 0.11 1 0.11
330 uF/25V filter cap 0.17 1 0.17 1 0.17
Total 6.03 0.95

Note 1: All prices are based on 100 quantity pricing from the 2000 Digikey Catalog and are listed here for

comparison purposes only.

As can be seen, the cost of the transformer power supply is 6 times that of the transformerless power supply. In

guantities of 100, the cost of a transformerless power supply is less than a dollar.

CONCLUSION

A transformerless power supply is a low cost, small footprint alternative by which a PIC12/16/17 can be powered.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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U.S.A. and other countries.
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Certified logo, MPLIB, MPLINK, mTouch, PICkit, PICDEM,
PICDEM.net, PICtail, PIC3? logo, PowerCal, PowerlInfo,
PowerMate, PowerTool, REAL ICE, rfLAB, Select Mode, Total
Endurance, UNI/O, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.
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