
↘ Many single-voltage power sup-
plies consist of a transformer, a 

rectifier, and a filter capacitor, as shown 
in Figure 1. This circuit is relatively 
inexpensive and easy to build but sup-
plies only a single voltage. Circuits 

employing op amps, data converters, 
and other analog circuit blocks often 
require additional voltages to operate. 
These extra voltages can be either high-
er than the main supply voltage or 
negative. In such cases, additional 

transformer windings and rectifiers are 
added. This approach is practical if all 
supply voltages have similar power 
requirements, but analog bias voltages 
usually have relatively low power 
requirements that may not justify the 

Generate boost rails in a bridge-rectifier circuit
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Figure 1 Many single-voltage power supplies 
comprise a transformer, rectifier, and filter capacitor. 
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Figure 2 With some modification, a voltage doubler can be implemented.
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overhead of additional transformer 
windings, rectifiers, and filters. Note 
that for voltages lower than the main 
supply voltage, a series voltage regulator 
or resistor divider generally is sufficient.

Because the bridge input and output 
do not share a common reference, stan-
dard negative peak detectors and voltage 
multiplier stages cannot be used. The 
bridge ac inputs, however, do have the 
ability to sink and source current with 
reference to the bridge-rectifier outputs. 
With some modification, a voltage dou-
bler can be implemented (Figure 2).

Using the same structure and refer-
encing it to the 0V rail can produce a 
negative bias. Note that positive and 
negative boost rails can operate at the 
same time. Figure 3 shows a modified 
version of the circuit with both positive 
and negative boost voltages added.

A supply using a 12V transformer 
has been used as an example, but the 
technique can be used for other volt-
ages, as well. Note that series and boost 
capacitors have a higher voltage rating 
than do filter capacitors. Filter capaci-
tors see only the peak of the rectified ac 

waveform, while series and boost capac-
itors see about two times the peak value 
(less extra diode drops). Capacitance 
values of series and boost caps vary with 
output power, and there is no inherent 
need for series and boost capacitors to 
be the same value. 

In theory, negative and boost rails 
are capable of power levels similar 

to those of the main supply voltage. 
Larger power losses are due mainly to 
the CSERIES capacitor(s). Larger capaci-
tors can be used to reduce losses, but 
they require an adequate ripple-current 
rating. If substantial power is required 
from boost voltage rails, you should still 
consider a separate transformer or addi-
tional windings.EDN

↘ This Design Idea was realized for 
voltage/current measurement on 

a four-channel analog voltage source but 
has wide use in many other applications. 
The design is based on the Atmel 
ATmega8-16AC microcontroller and 
the Maxim MAX1230 12-bit ADC (ref-
erences 1 and 2). Although the micro-
controller has an internal 10-bit ADC, 
it’s more efficient to use an external 
multichannel ADC than to multiplex 
more analog channels to the ATmega8-
16AC differential ADC inputs.

You accomplish the communi-
cation between IC1 and IC2 via the 
SPI according to the instructions in 
Reference 2. R17 and R18 are pull-ups 
for the end-of-conversion flag and 
chip-select modes. Signals for the SPI 
communication are tapped at head-
er P4 for a programmer connection. 
Pushbutton S2 connects the IC2 reset 

pin to ground; R22 and C42 debounce 
IC2. Similarly, R19 and C39 debounce 
the auxiliary S1 button connected to 
the INT0 pin of IC2, which is used to 
switch between resolution patterns on 
the display. 

IC2 pins 23 to 28 are used through 
P2 for communication with the 20×2-
character BC2002CBNHEH$ LCD 
Bolymin display (Reference 3). 
Trimpot R21 sets the display contrast. 
You can use IC2 outputs RXD and TXD 
for USB communication via an option-
al USB-to-UART interface, such as 
the FTD232BM (not shown in Figure 
1), for the purposes of data logging. 

IC1 analog inputs AIN0 to AIN15 
are connected to eight voltage divid-
ers R1 to R16. The divide ratios depend 
on the maximum input voltage to be 
measured. Also, you should take into 
account the reference voltage on pin 
REF+ to use the full bit resolution 
of the ADC. The IC1 analog inputs 
work in track-and-hold mode, so input 
impedance can affect the conversion 
acquisition time. As a result, input 
capacitors C1, C2, and C3, with values 

Standalone digital voltmeter uses a multichannel ADC
Branislav Korenko and Marek Černý, Slovak University of Technology, Bratislava, Slovakia
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it’s more efficient 
to use an external 
multichannel  
aDc than to 
multiplex more 
channels to the 
microcontroller’s
Differential aDc 
inputs. 

Figure 3 A modified version of the circuit has both positive and negative boost  
voltages added.
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