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Internal LDO Circuit Offers External Control Of Current Limiting

by Cornel Stanescu, Cristian Dinca, Radu Iacob and Ovidiu Profirescu, ON Semiconductor, Bucharest, Romania
and Santa Clara, Calif., U.S.A.

There is a growing trend within power semiconductor development to expand the feature set of these devices in
order to offer users greater flexibility in their circuit designs. With low drop-out voltage regulators (LDOs), a key
function that can be augmented is current limiting. In particular, giving designers external control of current
limiting is particularly useful as this enables them to limit power dissipation without resorting to overly complex
methods.

Fig. 1 shows a block diagram of a soft-start adjustable CMOS LDO that includes the current-limit protection with
external control."°* The current through the power transistor P_POWER is replicated through transistor P_TRAD,
though at a much lower level, and compared with a reference current sunk by an NMOS transistor (NB2). Three
other transistors (PB1, PB2 and NB3) are used to keep P_TRAD at the same drain-to-source voltage as
P_POWER.

If the current passing through P_TRAD reaches an equal magnitude to the current sunk by NB2 within the
active region, then the current comparator will control the gate-to-source voltage of P_POWER in a way that
maintains the level of the existing output current (i.e. the current limit.) By using an additional current-limit
block, the size of the reference current through NB1 (as well as NB2 and NB3) can be controlled by using an
external resistor (Rext.) For accurate control, the voltage across Rexr should be kept constant versus the current
through it.
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Fig. 1. Block diagram of a CMOS LDO showing current-limit protection.

In Fig. 2 a simplified schematic of the current-limit block is presented. It effectively works as a voltage buffer,
delivering the reference voltage Vrer to Rext. The resulting current IoytproT is used to bias the diode-connected
NB1 from Fig. 1.

The operational amplifier in Fig. 2, configured as a voltage buffer, has two stages. The first stage is a
transconductance-amplifier stage with NMOS input transistors (N4 and N5) and PMOS transistors (P2 and P3)
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forming the active load. The second stage is a common-drain amplifier stage built around the isolated NMOS
transistor (N6). The buffer is biased via transistors N1, N2 and N3, which are biased with a current delivered by
the voltage-reference block, which has a temperature coefficient close to zero.

The current mirror formed by the PMOS transistors (P4 and P5) is used to obtain the output current from the
block. Frequency compensation is done on the highest impedance node with capacitor CC. All current mirrors
are designed for proper overdrive voltage, while N6 is big enough to easily handle a current that is tens of
microamps. The current level through N1, N2, and N3 is close to 1 pyA. The presence of N3 assures that there is
a non-zero current IgytproT, €ven if there is no external resistor at all. N6 must be an isolated NMOS device in
order to maintain a low gate-to-source voltage while the voltage on its source is close to Vgge (i.e. 1.25 V.)
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Fig. 2. Simplified schematic of the current-limit block.

The current through resistor Rexr is set so as to keep the resistance value equal to or lower than 100 kQ for the
intended application (which needs continuous load current of 0.3 A or a current limit of at least 0.45 A.) For
example, considering Rext = 82 kQ and Vggr = 1.25 V, it results in:

\Y 1.25v
I =R — ~15 1
BT TR 82KQ LA (1)

Nevertheless, for other applications, Rexr can be easily increased to higher values. The width-to-length ratios of
P4 and P5 are designed to lower the value of IgytproT in Order to save unwanted current consumption. The
minimum Vyy for which the block is working properly is:

VIN_MIN :VREF +VSG_N6 +VOV_P2 (2)

This is dependent on IRgxt through the value of VSG_NG6. It will be quite high due to the fact that N6 is a high-
voltage transistor with a high threshold voltage. The overdrive voltage of transistor P2 is 0.3 V.

Circuit Analysis

A series of high-accuracy HSPICE circuit simulations were performed to verify the characteristics of the
proposed technique. Fig. 3 shows the variation of VRgxr versus Vy, considering a sweep of IRgxt between 0 and
20 pA, with a step of 5 pA. It is desired for the voltage VRgxt to be constant in relation to both Viy and IRgxt
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variations. For Vy higher than 4 V, up to 14 V, VRexr has a good line regulation, at any IRgxt value, better than

40 mV.

As expected, the knee of the graph does, depend on the IRgxr current level to some extent, but not very much.
It is between 3.4 V (at zero current) and 4 V (at 20 pA.) Load regulation (i.e. VRgxr variation versus IR) is also

good, being close to 80 mV.
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Fig. 3. Simulated VRext versus Vi for IRexr values of 0, 5, 10, 15, and 20 LA.
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Fig. 4 shows the short-circuit current of the LDO itself versus Viy, considering the same IRgxt sweep. For zero
IRexT (N0 RexT), the current limit is lower than 0.1 A and is slowly increased with Viy. The short-circuit current
value increases almost linearly with IRgxr.

For IRgxr = 15 pA, the current limit will be 0.44 A to 0.47 A, which is appropriate for an application with 0.3-A
continuous current. This corresponds to Rexr = 82 kQ. For IRgxr = 20 pA, the current limit is already pretty high,
at 0.54 A to 0.605 A. From this, the recommended V;y domain was considered to be between 4 V and 14 V.

© 2012 How2Power. All rights reserved.

Page 3 of 7



HOW=POWER

Exclusive Technology Feature
i bl i~ ¥

Your Power Design MNewsletter
064 T— : : :
] ‘
e R
1 i i 15uh ; :
17 8 S R S e B . e
Tout-sc (A) . :
- —
T T T P _,-4/ ------------------------------------- G ssisssisssssiasess
10ud
1 : : :
02 A— e == — -
] i | i ST i ]
] | S0l
[ — 5 e UURNNNS  SN—. A— —
] ' Oud
0 : s D ’
TR BT T SRS S EREE R aae Sans I )
Fig. 4. Simulated current limit of LDO (for R, = 0) versus Vi for IRexr values of 0, 5, 10, 15, and

20 pA.

Measurement Results

The circuit used to test out the proposed technique was fabricated in a triple-metal 0.5-um standard 16-V CMOS
process. The circuit area was 1.3 mm?, including the trimming circuitry used to bring Vap; within the target
accuracy of £1%. As mentioned, the recommended input-voltage range of the LDO was between 4 V and 14 V,
while the reference voltage was 1.25 V. The output voltage of the LDO could be externally programmed
between 1.25V and 12 V using two resistors.

The measurements show that good performance levels can be attained. Fig. 5, which represents VRgyxr versus
Viy for different IRgyxr current values, is almost exactly the same as the simulated graphs from Fig. 3.
Furthermore, line regulation is in fact much better—reaching no more than 3 mV for Viy between 4 V and 14 V.
Load regulation is also close to that described in the simulations. Fig. 6 shows the measurement results of the
LDO output short-circuit current Ioyt-sc versus Vi, for different Rexr values.
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Fig. 5. Measured VRexr versus Vi for IRexr values of 2, 5, 10, and 20 uA.
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Fig. 6. Measured Ioyr.sc versus Viy for Rexr values of 68 kQ and 82 kS2.

For Vout = 6.5 V (obtained through the external feedback network), Rext = 82 kQ, and Viy = 7 V, the measured
transient load regulation, at a full 1-mA to 300-mA load-current step with rise/fall times of 1 us, is looking like
that shown in Fig. 7, proving that the circuit is quite fast.
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Fig. 7. Measured transient load regulation: Ioyr and Vour versus time.
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Conclusions

Implementation of an external control technique for the current limiting of LDOs, such as the one described
here, offers a high degree of flexibility to design engineers. This approach allows designers to choose the
optimum current for their specific circuit design simply by changing the value of an external resistor.

The voltage available at this additional pin on the LDO is regulated through a voltage buffer connected to the
internal Vrer. When Rexr = 68 kQ, it establishes a current limit of up to 0.6 A. Meanwhile, for applications with
0.3-A maximum continuous current, the best choice is to have a current limit around 0.45 A, which can be
obtained by using Rexr = 82 kQ.

Theoretical considerations, simulations and experimental results all indicate the validity of the proposed
technique, that it is fully functional, and that the LDO has a fast load-transient response at a full 1-mA to 300-
mA load current step. The proposed LDO consumes only 100 pA (160 pA at full load) and has a dropout voltage
of 200 mV at 300 mA (for Voyr = 6.5 V.)

Note: The current-limiting feature described in this article is available on two devices from ON Semiconductor—
the CAT6201, a 300-mA LDO and the CAT6202, a 500-mA LDO.
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