=m UNITRODE

Low Dropout 200mA Linear Regulator

FEATURES

 Precision Positive Linear Voltage
Regulator

e 0.2V Dropout at 200mA

e Guaranteed Reverse Input/Output
Voltage Isolation with Low Leakage

» Adjustable Output Voltage
(down to 1.25V)

* Load Independent Low Quiescent
Current (10pA typ)

» Load Regulation of 5mV from OmA to
200mA

* Logic Shutdown Capability

e Shutdown Quiescent Current
below 2pA

 Short Circuit Protection - Duty Cycle
Limiting

* Remote Load Voltage Sense for
Accurate Load Regulation

UCC286/7/8
UCC386/7/8

PRELIMINARY

DESCRIPTION

The UCC386/7/8 positive linear pass regulator series is tailored for low
dropout applications where extremely low quiescent power is required.
Fabricated with BICMOS technology ideally suited for low input to output
differential applications, the UCC386/7/8 will pass 200mA while requiring
only 200mV of input voltage headroom. Quiescent current is typically less
than 10pA. To prevent reverse current conduction, on-chip circuitry limits
the minimum forward voltage to 50mV typical. Once the forward voltage
limit is reached, the input-output differential voltage is maintained as the in-
put voltage drops until undervoltage lockout disables the regulator.

The UCC386 has an on chip resistor network for preset to regulate at 3.3V,
while the UCC387 has a fixed 5V output. The UCC388 requires an exter-
nal resistor network which can be programmed for output voltages down to
1.25V. The output voltage is regulated to 1.5% at room temperature and
better than 2.5% over the entire operating temperature range.

Short circuit current is internally limited. The device responds to a sus-
tained overcurrent condition by limiting the duty cycle of the load to 12.5%
typical. This drastically reduces the power dissipation during short circuit
such that heat sinking, if at all required, must only accomodate normal op-
eration.

Internal power dissipation is further controlled with thermal overload protec-
tion circuitry. Thermal shutdown occurs if the junction temperature exceeds
140°C. The chip will remain in the off state until the temperature drops to
115°C.

Pulling OFFB low commands a low power shutdown mode, which requires
less than 2uA quiescent current. These devices are available in the 8 pin
TSSOP (PW) and 8 pin SOIC (DP) surface mount power package. For
other packaging options consult the factory.

SIMPLIFIED BLOCK DIAGRAM AND APPLICATION CIRCUIT
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature . .. ................
Junction Temperature. . .................

Lead Temperature (Soldering, 10sec).......

Currents are positive into, negative out of the specified termi-
nal. Consult Packaging Section of Databook for thermal limita-
tions and considerations of packages. All voltages are

referenced to GND.

UCC286/7/8

UCC386/7/8
CONNECTION DIAGRAMS
........... 9V
SOIC-8, TSSOP-8 (TOP VIEW)
~0.3 to VIN+0.3V
_65°C to +150°C DP Or PW Packages
_55°C to +150°C
....... +300°C
VOUT E El VIN
D
GND E ﬂ GND
GND E E GND
VSENSE E El OFFB

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for: UCC386/7/8 Ta = T3=0°C to
70°C; UCC286/7/8 Ta= Ty=-40°C to 85°C; VIN = VOUT+1.5V, loyt = OMA, Cout = 0.1pF

PARAMETER TEST CONDITIONS | MIN ‘ TYP ‘ MAX |UNITS
UCC386 Fixed 3.3V Output
Output Voltage Ta=25°C 3.25 3.3 3.35 V
Over Temperature 3.22 3.3 3.38 V
Line Regulation VIN = 3.45V to 8.5V, loyt = 10mA 13 25 mV
Load Regulation louT = 1mMA to 200mA 5 10 mV
Output Noise Voltage T3=25°C, BW = 10Hz to 10kHz 200 UVRMS
Dropout Voltage, VIN-VOUT lout = 200mA, VOUT = 3.20, Tao< 85°C 200 500 mV
lout = 50mA, VOUT = 3.20, Tp < 85°C 50 mA
Peak Current Limit VOUT =0V 350 550 750 mA
Overcurrent Threshold 250 300 350 mA
Current Limit Duty Cycle VOUT =0V 125 14 %
Overcurrnet Timeout, ToN VOUT =0V 750 800 850 Us
Quiescent Current OFF = VIN 10 20 HA
Shutdown Quiescent Current VIN = 8.5V, OFF = 0.5 1.5 3 HA
Shutdown Threshold VIN = 8.5V 0 0.5 V
Reverse Leakage Current 0V < VIN < VOUT, VOUT < 3.35V, at VIN 10 HA
0V < VIN < VOUT, VOUT < 3.35V, at VOUT 10 HA
Bias Current at VSENSE Pin 2 HA
UCC387 Fixed 5V Output
Output Voltage Ta=25°C 4,925 5 5.075 Vv
Over Temperature 4.785 5 5.125 V
Line Regulation VIN = 5.5V to 8.5V, loyt = 10mA 13 25 mV
Load Regulation louT = 1mMA to 200mA 5 10 mV
Output Noise Voltage T;=25°C, BW = 10Hz to 10kHz 200 UVRMS
Dropout Voltage, VIN-VOUT lout = 200mA, VOUT = 4.75, To < 85°C 200 500 mV
lout = 50mA, VOUT = 4.75, T < 85°C 50 mA




UCC286/7/8
UCC386/7/8

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for: UCC386/7/8 Ta = T3 = 0°C to
70°C; UCC286/7/8 Ta = Tyj=-40°C to 85°C; VIN = VOUT+1.5V, loyt = OMA, Cout = 0.1pF

PARAMETER ‘ TEST CONDITIONS | MIN ‘ TYP ‘ MAX |UNITS ‘
UCC387 Fixed 5V Output (continued)
Peak Current Limit VOUT = 0V 350 550 750 mA
Overcurrent Threshold 250 300 350 mA
Current Limit Duty Cycle VOUT =0V 125 14 %
Overcurrnet Timeout, Ton VOUT =0V 750 800 850 Ms
Quiescent Current OFF = VIN 10 20 HA
Shutdown Quiescent Current VIN = 8.5V, OFF = 0.5 1.5 3 MA
Shutdown Threshold VIN = 8.5V 0 0.5 \%
Reverse Leakage Current 0V < VIN <VOUT, VOUT < 3.35V, at VIN 10 HA
0V < VIN < VOUT, VOUT < 3.35V, at VOUT 10 HA
Bias Current at VSENSE Pin 2 HA
UCC388 Adjustable Output
Output Voltage Ta=25°C 1.23 | 1.25 | 1.27 \%
Over Temperature 122 | 1.25 | 1.28 \%
Line Regulation VIN = VOUT +200mV to 8.5V for VIN > 2.0V, 10 40 mV
louT = 10mMA
Load Regulation loyt = 1mA to 200mA 5 10 mV
Output Noise Voltage Tj=25°C, BW = 10Hz to 10kHz 200 HVRMS
Dropout Voltage, VIN-VOUT lout = 200mA, VOUT = 3.20, Tpo < 85°C 200 500 mV
lout = 50mA, VOUT = 3.20, T < 85°C 50 mV
Peak Current Limit VOUT =0V 350 550 750 mA
Overcurrent Threshold 250 30 350 mA
Current Limit Duty Cycle VOUT = 0V 125 14 %
Overcurrnet Timeout, Ton VOUT =0V 750 800 850 Ms
Quiescent Current OFF = VIN 10 20 HA
Shutdown Quiescent Current VIN = 8.5V, OFF = 0.5 15 3 HA
Shutdown Threshold VIN = 8.5V 0 0.5 \%
Reverse Leakage Current 0V < VIN < VOUT, VOUT < 3.35V, at VIN 10 HA
0V < VIN < VOUT, VOUT < 3.35V, at VOUT 10 HA
Bias Current at VSENSE Pin 50 nA

PIN DESCRIPTIONS

GND: Chip Ground. All voltages are measured with re-
spect to this pin. This is the low noise ground reference
for input regulation. The output decoupling capacitor
should be tied between VOUT and GND.

OFFB: Shutdown, active low. This pin must be externally
pulled to GND to turn off the IC. Pulling this pin high
turns on the IC. This pin is internally pulled to VIN by
100nA current source.

VIN: Positive supply input for the regulator. Bypass this
pin to GND with at least 0.1uF of low ESR, ESL capaci-
tance if the source is located further than 1 inch from the
device.

VOUT: Output of the regulator. The regulator does not
require a minimum output capacitance for stability, how-
ever a small capacitor is recommended to improve tran-
sient response. Choose the appropriate size capacitor
for the application with respect to the required transient
loading. For example, if the load is very dynamic, a large
capacitor will smooth out the response to load steps.

VSENSE: Externally programmable voltage sense node.
Connect resistor divider network between VOUT
VSENSE and GND to provide custom regulation level.



APPLICATION INFORMATION

Load Independent Current Consumption. This series
of LDO’s is based on CMOS circuitry and uses a high
side P channel pass element. Consequently, the current
consumed by the LDO is extremely low at 10pA under
normal operating conditions and does not vary with load.
The shutdown mode (OFFB = GND) consumes only 2uA,
making this series an excellent choice for battery applica-
tions.

Reverse Voltage Standoff. = These LDO's are designed
to operate with the voltage at the output greater than the
voltage at the input. This can be an advantage where a
circuit needs to be powered from two separate power
sources that must be kept isolated, such as selecting be-
tween one of two or more batteries.

Overcurrent Protection. The UCC386/7/8 uses a fixed,
absolute, current limit in conjunction with a timed
overcurrent function that significantly reduces power
dissipation in the event of a shorted load (see Figure 1).
In this diagram, a 100mA load is applied to the output of
the LDO. At some point, a fault is applied. When the
current level exceeds the overcurrent threshold of about
300 mA, a timer is started. If the current does not fall
below the overcurrent threshold before the timer times
out, about 5.6ms, the LDO declares an overcurrent
condition exists and turns off its output for about 5.6ms.
Note that the output current is internally limited to
600mA. After the output has been off for 5.6ms, it is
turned on for about 800us and again limited to 600mA. If
the current does not fall below the overcurrent threshold
before the 800us timer expires, the output is again turned
off for 5.6ms. This process repeats itself until the fault
condition is removed from the output of the LDO. The
average current supplied to the faulted load by the LDO
is approximately 112mA. This is well below the
maximum rated current of 200mA o the LDO. Therefore,
for most applications that have adequate thermal

[4=5.6ms—» > |<—800us
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Figure 1. Current Waveform During a Fault.

UCC286/7/8
UCC386/7/8

dissipation for the LDO to operate at full rated load, the
thermal dissipation will also be adequate in a faulted
condition.

Thermal Shutdown. The LDO’s have a thermal shut-
down circuit that will turn the LDO output off before the
die temperature reaches damaging levels. When the die
cools, the LDO will again function. The thermal shut-
down circuit has a turn-off threshold of nominally 140°C,
and a turn-on threshold of 115°C. These temperatures
insure that the LDO will not be damaged due to exces-
sive power dissipation.

Maximum Load Recovery. The LDO will start a load
that has a large capacitance and a DC current compo-
nent. One of the consequences of the LDO’s fault be-
havior is a maximum output capacitor value and load
current that the LDO can restart after an overcurrent con-
dition has been declared. Fig. 2 shows the maximum
load that the LDO can re-start from a faulted condition
with a given output filter capacitor. Note that the LDO
can start a much higher load than it can restart after a
fault. If the LDO is hiccuping into a load that it cannot re-
start, either momentarily disconnecting the load or a
power cycle will allow the LDO to start the load.

Using OFFB. The OFFB pin is used to turn the output of
the LDO on or off from some external source. There are
two things to note when using this pin. The first is that
after taking OFFB high (on), the LDO will require up to
about 2ms to start and stabilize. The second item is that
OFFB is designed to be driven from an open drain type
output. Internally, this pin is pulled high by a weak
(100nA) current source, and will normally be at the input
supply voltage, so the driving circuitry must be able to
withstand the voltage applied to the input of the regulator.
Also, depending upon load, if the OFFB pin is driven
(overriding the internal pull-up) high with a fast edge sig-
nal, there may be a brief pulse on the output, followed by
no output, with the regulator coming on and stabilizing
about 2ms after the OFFB pin was driven high. This out-
put pulse is never more than the normal output voltage of
the regulator and is about 200ps in length.

Output Capacitance and Transient Response. The
transient response of the regulator is heavily influenced
by the capacitor on the output. In general, larger capaci-
tors produce less voltage variation during load changes,
but take longer to stabilize (quit wiggling). Note that no
output capacitor is required for a stable output. However,
if the load exhibits sharp changes in current require-
ments, and temporary deviations from the nominal output
voltage must be minimized, some output filter capacitor
will be needed.



APPLICATION INFORMATION (continued)

UCC388 Output Voltage Programming. Referring to
the applications diagram on the front page of the data
sheet, the output voltage is given by:

Vo =1.250°51 " Rs2 E
S2

Note that for the UCC388, the internal resistor R2 is open.
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Figure 2. Critical Load Current vs. Output
Capacitance



