
The popular and multiply
sourced TL431 three-terminal

shunt regulator offers designers consid-
erable versatility in its applications.
Figure 1a illustrates the TL431’s inter-
nal circuitry, which comprises a preci-
sion voltage reference, an operational
amplifier, and a shunt transistor (Ref-
erence 1). In a typical voltage-regula-
tor application, two external resistors,
RA and RB, determine the shunt-regu-
lated output voltage at the lower end
of load resistor RS (Figure 1b). By way
of illustration, the TL431 and a few
external active and passive components
can serve as a low-power auxiliary
power supply for an SMPS (switched-
mode-power-supply) PWM (pulse-
width-modulated) controller. In some
power-supply designs, an auxiliary
winding on the step-down transformer
supplies power to the PWM controller.
Under light output loads, the auxiliary

winding may supply inadequate power
to the PWM controller. For example,
the converter circuit in Figure 2

derives power for PWM controller IC1
through an auxiliary bias winding,
WAUX, which is part of transformer T1.
Resistor RT and capacitor CHOLD form a
trickle-charge circuit that supplies
start-up power to IC1 . To conserve
energy, resistor RT supplies just enough
current to trickle-charge CHOLD to volt-
age VAUX. Once the circuit starts, it

Although the concept of a total-
ly accessible system represents

an ideal situation for users, designers
now must limit access to—and conceal
code sequences for—software routines
for calibration, diagnostics, memory
erasure, system reset, and more. In a sys-
tem that includes a computer-compat-
ible interface, such as an RS-232, a
GPIB, or an infrared-I/O port, the sys-
tem’s software can detect unique input
patterns and execute the “secret” code
sequences. But if a system lacks a data
port, any attempt to implement a
secret-access feature in a publicly acces-
sible user interface makes it transparent

to the user, even if the feature includes
password protection. This Design Idea
offers an efficient way to activate a code
sequence without making the customer
aware that such a feature exists and
without requiring any hardware modi-
fications.

If a system includes an RTC (real-
time clock), you can define a date and
time stamp that invokes the hidden
code. The date acts as a password, and,
if you choose a date far in the past, a
casual user would be unlikely to stum-
ble across it. To implement the routine,
you can modify the system software by
inserting a date- and time-check rou-

tine at the location in which the hid-
den code executes. Under normal con-
ditions, the program skips the hidden
code and executes the routine only if
the system’s date matches the one that
the routine specifies.

For example, the following pseudo-
code illustrates the use of Aug 12, 1980,
as a system “password”:
Check_date:

if (Read_RTC(year)��1980 and
Read_RTC(month)��8 and
Read_RTC(day)��12)

run_hidden_sequence();
Continue_the_Code();
After completing the procedure, you

must remember to reset the system’s
clock to the current date and time.
Otherwise, the system executes the spe-
cial code for the remainder of the day
until the clock rolls over to the next
day.EDN
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Figure 1 An uncomplicated block diagram (a) conceals the TL431’s internal
complexity, but you need only three external resistors to use the TL431 in a
basic shunt-regulator circuit (b).
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operates as you would expect and deliv-
ers output power to the load, and the
auxiliary winding and its components
power the PWM controller.

However, removing the output load
reduces the energy supplied to the aux-
iliary bias winding, depleting the
charge on CHOLD and causing IC1 to
turn off, which in turn upsets output-
voltage regulation and causes the power
supply to operate erratically. A low-
power bias-supply circuit supplies
light-load start-up power and then
switches off to conserve power when-
ever the auxiliary winding can supply
enough energy to PWM controller IC1
(Figure 3). In this circuit, a series-pass
regulator turns on under light-load
conditions and turns off when the bias
winding can supply the energy to the
PWM controller, thus conserving
energy under load and improving con-
verter efficiency.

Resistors RA through RD, shunt reg-
ulator IC1, diode D1, and transistor Q1
form the low-load series-pass-regulated
bias supply. You select these compo-
nents to produce a voltage at Q1’s emit-
ter that falls between IC1’s turn-off volt-
age and the nominal voltage produced
by rectifying the auxiliary bias winding’s
output, VAUX_NOM. In effect, the voltage
at IC1’s VCC pin follows in wired-OR
fashion whichever is higher: VAUX_NOM
or the voltage at transistor Q1’s emitter.
When the auxiliary bias winding and its
components deliver sufficient power,
Q1’s emitter sees a reverse bias, and Q1
shuts off to conserve energy. Con-
versely, Q1 supplies power when VAUX
decreases below VAUX_NOM due to a light
output load. Note that the circuit still
must include trickle-charge resistor RT
because most PWM controllers incor-
porate undervoltage lockout, the abil-
ity to start at a higher than nominal
supply voltage.

To design the series-pass regulator,
select resistor RC to supply sufficient
operating current to IC2, and select
resistor RD to maintain Q1’s collector
voltage and current within its safe oper-
ating area. Select resistors RA and RB to
set the series regulator’s output voltage
above IC1’s start-up voltage and below
the nominal voltage supplied by the

auxiliary winding’s rectified output.
Choose bypass capacitor CA to mini-
mize ripple voltage across IC2.

You can use the following equation
to adjust the voltage divider formed by
resistors RA and RB:

The voltage at Q1’s emitter must fall
below the nominal auxiliary voltage,

which the auxiliary bias winding sup-
plies. VREF represents shunt regulator
IC2’s internal nominal reference voltage
of 2.495V, and VD1 and VBE(Q1) represent
D1’s voltage drop and Q1’s forward base-
emitter voltage, respectively.EDN
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Figure 2 An auxiliary winding supplies power to the supply’s PWM 
controller.

Figure 3 In this improved design, pulse-width-controller IC1 derives its
power from RT for start-up, auxiliary winding WAUX for normal operation, 
and shunt-regulator circuit IC2 and Q1 for low-load operation.
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