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LDO Regulator - Dual,
Adjustable Current Limit,
Diagnostic Features

3.3Vto20V
NCV47821

The NCV47821 dua channel LDO regulator with 200 mA per
channel is designed for use in harsh automotive environments. The
device hasahigh peak input voltagetolerance and reverseinput voltage,
reverse bias, overcurrent and overtemperature protections. The
integrated current sense feature (adjustable by resistor connected to
CSO pin for each channel) provides diagnosis and system protection
functionality. The CSO pin output current creates voltage drop across
CSO resistor which is proportional to output current of each channel.
Extended diagnostic features in OFF date are adso available and
controlled by dedicated input and output pins.

Features
¢ Adjustable Outputs: 3.3V to 20 V £3% Output Voltage
¢ Qutput Current per Channel: up to 200 mA
¢ Two Independent Enable Inputs (3.3 V Logic Compatible)
¢ Adjustable Current Limits: up to 300 mA
* Protection Features:
+ Current Limitation
+ Therma Shutdown
+ Reverse Input Voltage and Reverse Bias Voltage
¢ Diagnostic Features:
+ Short To Battery (STB) and Open Load (OL) in OFF State
+ Internal Components for OFF State Diagnostics
+ Open Collector Flag Output
¢ AEC-Q100 Grade 1 Qualified and PPAP Capable
* These Devices are Pb-Free, Halogen Free/BFR Free and are RoHS

Compliant
Typical Applications
¢ Audio and Infotainment System
¢ Active Safety System
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Cu* and Cyo* are optional for stability with ceramic output capacitors
Figure 1. Application Schematic
(See Application Section for More Details)
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ORDERING INFORMATION

See detailed ordering and shipping information on page 14 of

this data sheet.
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Figure 2. Simplified Block Diagram
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Figure 3. Pin Connections

Table 1. PIN FUNCTION DESCRIPTION

Pin No.
TSSOP-14
EPAD Pin Name Description
1 Vin Power Supply Input for Channel 1 and supply of control circuits of whole chip. At least 4.4 V power
supply must be used for proper IC functionality.

2 Cso1 Current Sense Output 1, Current Limit setting and Output Current value information. See Application
Section for more details.

3 EN1 Enable Input 1; low level disables the Channel 1. (Used also for OFF state diagnostics control for
Channel 1)

4 GND Power Supply Ground.

5 EN2 Enable Input 2; low level disables the Channel 2. (Used also for OFF state diagnostics control for
Channel 2)

6 CS02 Current Sense Output 2, Current Limit setting and Output Current value information. See Application
Section for more details.

7 Vin Power Supply Input for Channel 2. Connect to pin 1 or different power supply rail.

8 Vout2 Regulated Output Voltage 2.

9 ADJ2 Adjustable Voltage Setting Input 2. See Application Section for more details.

10 DE Diagnostic Enable Input.

11 EF Error Flag (Open Collector) Output. Active Low.

12 CS Channel Select Input for OFF state diagnostics. Set CS = Low for OFF state diagnostics of Channel 1.
Set CS = High for OFF state diagnostics of Channel 2. Corresponding EN pin has to be used for diag-
nostics control (see Application Information section for more details).

13 ADJ1 Adjustable Voltage Setting Input 1. See Application Section for more details.

14 Voutl Regulated Output Voltage 1.

EPAD EPAD Exposed Pad is connected to Ground. Connect to GND plane on PCB.
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Table 2. MAXIMUM RATINGS

Rating Symbol Min Max Unit
Input Voltage DC Vin -42 45 \%
Input Voltage (Note 1) Ugx \%

Load Dump - Suppressed - 60

Enable Input Voltage VEN1,2 -42 45 Y
ADJ Input Voltage VapJ1,2 -0.3 10 \Y
CSO Voltage Vcso1,2 -0.3 7 \%
DE, CS and EF Voltages Vpg, Vcs VEF -0.3 7 \Y
Output Voltage Voutt,2 -1 40 \%
Junction Temperature Ty -40 150 °C
Storage Temperature Tste -55 150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

1. Load Dump Test B (with centralized load dump suppression) according to 1ISO16750-2 standard. Guaranteed by design. Not tested in
production. Passed Class C according to ISO16750-1.

Table 3. ESD CAPABILITY (Note 2)

Rating Symbol Min Max Unit

ESD Capability, Human Body Model ESDugm -2 2 kV

2. This device series incorporates ESD protection and is tested by the following methods:
ESD Human Body Model tested per AEC-Q100-002 (JS-001-2010)
Field Induced Charge Device Model ESD characterization is not performed on plastic molded packages with body sizes < 50 mm2 due
to the inability of a small package body to acquire and retain enough charge to meet the minimum CDM discharge current waveform
characteristic defined in JEDEC JS-002-2014.

Table 4. LEAD SOLDERING TEMPERATURE AND MSL (Note 3)

Rating Symbol Min Max Unit

Moisture Sensitivity Level MSL 1 -

3. For more information, please refer to our Soldering and Mounting Techniques Reference Manual, SOLDERRM/D

THERMAL CHARACTERISTICS (Note 4)

Rating Symbol Value Unit

Thermal Characteristics (single layer PCB) °C/IW
Thermal Resistance, Junction-to-Air (Note 5) Rgia 52
Thermal Reference, Junction-to-Lead (Note 5) RyaL 9.0

Thermal Characteristics (4 layers PCB) °C/W
Thermal Resistance, Junction-to-Air (Note 5) Roia 31
Thermal Reference, Junction-to-Lead (Note 5) RyaL 10

4. Refer to ELECTRICAL CHARACTERISTICS and APPLICATION INFORMATION for Safe Operating Area.
5. Values based on copper area of 645 mm?2 (or 1 in2) of 1 0z copper thickness and FR4 PCB substrate. Single layer - according to JEDEC51.3,
4 layers - according to JEDEC51.7

Table 5. RECOMMENDED OPERATING RANGES

Rating Symbol Min Max Unit
Input Voltage (Note 6) Vin 4.4 40 \%
Nominal Output Voltages Vout_nom1,2 3.3 20 \%
Output Current Limit (Note 7) ILiM1,2 10 300 mA
Junction Temperature Ty -40 150 °C
Current Sense Output (CSO) Capacitor Ccso1,2 1 4.7 uF

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.

6. Minimum Vi, = 4.4V or (Vout1,2 + 0.5 V), whichever is higher.

7. Corresponding Rcso1,2 is in range from 25.5 k€2 down to 850 €.
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Table 6. ELECTRICAL CHARACTERISTICS vV, =13.5V, VENn12=3.3V,Vpe =0V, Rcso1,2 =0, Ccspo1,2 =1 uF, Cjn =1 uF,
Cout1,2 = 10 uF, Min and Max values are valid for temperature range -40°C < T3 < +150°C unless noted otherwise and are guaranteed
by test, design or statistical correlation. Typical values are referenced to T; = 25°C (Note 8)

Parameter | Test Conditions Symbol | Min | Typ | Max | Unit |

REGULATOR OUTPUTS

Output Voltage (Accuracy %) (Note 9) Vin = Vin_min t0 40 V Voutl.2 ”
lout1,2 = 5 MA to 200 mA _3 _ +3

Line Regulation (Note 9) Vin = Vin_min 10 (Vout_nom1,2 + 20 V) Regjine1.2 %
lout1,2 =5 MA _ 0.1 1.0

Load Regulation Vin = (Vout nom1.2 *+ 85 V) ReGona12 ”
lout1,2 = 5 MA to 200 mA _ 0.4 14

Dropout Voltage (Note 10) Vout_nom1,2 = 5 V, loutz,2 = 200 mA Vpor.z B 250 500 =y

Vpo1,2 = Vin = Vout1,2

DISABLE AND QUIESCENT CURRENTS

Disable Current VEN1,2 =0V, Vout nom1,2=5V, Ipis - 0.1 10 uA
-40°C = T < +125°C

Quiescent Current, Ig = lin = (loutz Hlout2) | louts = loutz = 500 WA, Vin = (Vout_nom *+ Iq - 0.6 1.0 mA
8.5YV)
Quiescent Current, Ig = lin — (loutz *lout2) |80u5t1\; loutz = 200 MA, Vin = (Vout_nom *+ Iq - 155 25 mA

CURRENT LIMIT PROTECTION

Current Limit Voutl,2 =09x Vout_noml,z |L|M1,2 300 - - mA
Vin = (Vout_nom1,2 + 8.5 V)
PSRR & NOISE
Power Supply Ripple Rejection (Note f=100 Hz, 0.5 Vp_p12 PSRR1 » - 75 - dB
11)
Output Noise Voltage (Note 11) f=10 Hz to 100 kHz, Cpy 2 =10 nF V1,2 - 137 - UWVrms
ENABLE
Enable Input Threshold Voltage Vih(ENL,2) \Y
Logic Low (OFF) Vout1,2 = 0.1V 0.99 1.8 -
Logic High (ON) Vout,2 = 0.9 X Vout_nom1,2 Vout_nom1,2= - 1.9 231
5V)
Enable Input Current VEN1,2 =3.3 V, Vout_nom1,2 =5V IENl,Z 2 8 20 MA
Turn On Time lout1,2 = 100 MA, Cp1 2 =10 nF, ton ms
from Enable ON to 90 % of Vgt Rn1 =82 kQ, Ry =27 kQ - 1.7 -
OUTPUT CURRENT SENSE
CSO Voltage Level at Current Limit Vout1,2 = 0.9 X Vout_nom1,2, Veso llimi,2 | 2448 | 2.55 [ 2.652 \%
(Vout_nom1,2 =5 V) Rcsor,2 = 1 kQ (-4%) (+4%)
CSO Transient Voltage Level Ccso1,2 = 4.7 uF, Rcsor,2 = 1 kQ Vcsol,2 \
lout1,2 pulse from 10 mA to 300 mA, tr = 1 us - - 3.3
Output Current to CSO Current Ratio Veso1,2 =2V, lout1,2 =1 mAto 10 mA lout1,2/ - 98 - -
(Note 11, 12) (Vout_nom1,2=5V) Icso1,2 (-5%) (+5%)
Output Current to CSO Current Ratio Veso1,2 =2 V, lout1,2 = 10 mA to 300 mA lout1,2/ - 100 - -
(Note 12) (Mout_nom1,2=5V) Icso1,2 (-5%) (+5%)
CSO Current at no Load Current Veso1,2 =0V, lgyt1,2 = 0 mA, Icso_off1,2 - - 10 uA

(Mout_nom1,2=5V)

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

8. Performance guaranteed over the indicated operating temperature range by design and/or characterization tested at Ty = T;. Low duty
cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.

9. Minimum input voltage Vin min is 4.4 V or (Vout nom1,2 + 1 V) whichever is higher. Vot nom1,2 measured at ADJ1,2 pin due to excluding
Rp1 and Ry accuracy. N -

10.Measured when the output voltage Vg1, 2 has dropped by 2% of Vgt nom1,2 from the nominal valued obtained at Vi, = Voyt1 2 + 8.5 V.

11. Values based on design and/or characterization. B

12.Not guaranteed in dropout.
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Table 6. ELECTRICAL CHARACTERISTICS Vin =135V, VEN1,2 =3.3YV, VDE =0V, RCSOl,Z =0Q, CCSOl,Z =1 MF, Cin =1 MF,
Cout1,2 = 10 uF, Min and Max values are valid for temperature range -40°C < T3 < +150°C unless noted otherwise and are guaranteed
by test, design or statistical correlation. Typical values are referenced to T; = 25°C (Note 8)

Parameter Test Conditions Symbol | Min | Typ | Max | Unit |
DIAGNOSTICS
Overcurrent Voltage Level Threshold Vout_nom1,2 = 5V, Rcso1,2 = 1 kQ Voci,2 92 95 98 % of
Veso_
lim1,2
Short To Battery (STB) Voltage Vin=4.4V 1018V, lgyt1 = lourz = 0 MA, VsTB1,2 2 3 4 \
Threshold in OFF state Vpe=3.3V
Open Load (OL) Current Threshold Vihn=4.4Vto18V,Vpg =33V loL1,2 5.0 10 25 mA
in OFF state
Diagnostics Enable Threshold Voltage Vin(DE) Y
Logic Low 0.99 1.8 -
Logic High - 1.9 231
Channel Select Threshold Voltage Vin(cs) \
Logic Low 0.99 1.8 -
Logic High - 1.9 231
Error Flag Low Voltage lep = -1 mA VEF_Low - 0.04 0.4 \%
THERMAL SHUTDOWN
Thermal Shutdown Temperature lout1 = loutz = 5 MA, Vout nom1,2=5V, Tsp1,2 150 175 195 °C
(Note 11) each channel measured separately

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

8. Performance guaranteed over the indicated operating temperature range by design and/or characterization tested at Ty = T;. Low duty
cycle pulse techniques are used during testing to maintain the junction temperature as close to ambient as possible.

9. Minimum input voltage Vin min is 4.4 V or (Vout nom1,2 + 1 V) whichever is higher. Vot nom1,2 measured at ADJ1,2 pin due to excluding
Rp1 and Ry accuracy. B -

10.Measured when the output voltage Vqyt1,2 has dropped by 2% of oyt nom1,2 from the nominal valued obtained at Vi, = Voyt1,2 + 8.5 V.

11. Values based on design and/or characterization. B

12.Not guaranteed in dropout.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

< 350 T T T T T 3.0 T T T T T
E Vout1,2=3.3 V1o 20V Voutr,2 =33V 1020V
= 300 S 2.5 T3=-40°C to 150°C /’
% E ILIMl,Zr =10 mA to 300 mA
~ 250 o ,/
z < 20
i 5 /
x 200 o /
o >
o) 15 A
) 2 /
~ 150 @
5 \ © v
o \ N 1.0 /
5 100 3
s LI\
N 5
85
=0 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0O 10 20 30 40 50 60 70 80 90 100 110
Rcso1,2 (kQ) lout1,2, OUTPUT CURRENT (% 0f I jm1.2)
Figure 10. Output Current Limit vs. Recso Figure 11. Output Current (% of I ;y) vs. CSO
Voltage

O e TTTTTTT]
2 T;=25°C 2 T2 98eC
= Vin = Vout nom1.2 + 85V £ 25— J°
= 15 Sl i // g Vin = Vout_ nom1,2 + 8.5V /
g ~ & //
% // % 20 //
3 3
E 1.0 E 15
] / i v
(@) O 49
0 / %)
& = L~
5 05 5 >
4 o 5 r
=3 = //

0 ok
0 25 50 75 100 125 150 175 20.0 0 40 80 120 160 200 240 280
lout1,2» OUTPUT CURRENT (mA) loutt,2» OUTPUT CURRENT (mA)
Figure 12. Quiescent Current vs. Output Figure 13. Quiescent Current vs. Output
Current (Low Load) Current (High Load)

1n2 T T TTTIT ] 100
£ 10— T;=25C E 95 b
B L1108 Vin = Vout_nom1,2 + 8.5V gL 90 d
x 9106 x Q
2= - = /
o< O < 85
P 104 > /
Y
5 ¥ 100 ] S5 75 /
orx o /
=0 50 /
o)) 96 o0 65
8N 94 389 = oEo
= 0O = O 60 Ty=25°C L
S0 o2 30 / Vin=45V
_8 90 _8 55 y Vout_noml,Z =5V

88 50 1l | [ 111l
1 10 100 1000 1 10 100 1000

lout1,2, OUTPUT CURRENT (mA)

Figure 14. Output Current to CSO Current
Ratio vs. Output Current

lout1,2, OUTPUT CURRENT (mA)

Figure 15. Output Current to CSO Current
Ratio vs. Output Current (in dropout)

www.onsemi.com

Downloaded from AFFOW.COmM.

8


http://www.onsemi.com/
http://www.arrow.com

NCV47821

TYPICAL CHARACTERISTICS

100 . 3000 TTTT T T T TTT
Unstable Region . f=10Hz - 100 kHz T;=25°C
N —_
N (Area above curves) 1 R 2500 Vni1,2 =182 uVv Vip=12Vv ||
10 §\ﬂ=_ Vout_nom1,2 =20V I Cp1,2=10nF
Es E A lout1,2 = 5 MA
§ Vout_ nom1,2 =5V J > 2000 J
—~ — |:
<) : @ A
x 1 Vout_nom1,2=3-3Vs & 1500
u fa)
N 5 \
B £ 1000
01k P TC —  Stable Regi e N
" E Vin = Vout_nom1,2 + 8.5V S5—= A a ed egion E <
E Cous.2 = 10 uF - 100 uF —— (Area under curves) J g 500
L Cp1,2 = none >
0.01 L 0
0 50 100 150 200 10 100 1000 10,000 100,000
lout1,2, OUTPUT CURRENT (mA) FREQUENCY (Hz)
Figure 16. Output Capacitor Stability Region Figure 17. Noise vs. Frequency
vs. Output Current
LTI
C[0) o
lout1,2 = 5 MA
LA~ V)
80 Va I

~

0
Ioutl,Z =200 mA

0 \

. \

40

PSRR ; (dB)
(2]

Ta=25°C

30} Vihn=13.5V DC + 0.5 Vpp AC
Vout_nom1,2 =5V

10 100 1000 10,000 100,000

FREQUENCY (Hz)

N/

20

Figure 18. PSRR vs. Frequency

www.onsemi.com
9

Downloaded from AFFOW.COmM.


http://www.onsemi.com/
http://www.arrow.com

NCV47821

DEFINITIONS

General

All measurements are performed using short pulse low
duty cycle techniques to maintain junction temperature as
close as possible to ambient temperature.

Output voltage

The output voltage parameter is defined for specific
temperature, input voltage and output current values or
specified over Line, Load and Temperature ranges.

Line Regulation

Thechangein output voltagefor achangeininput voltage
measured for specific output current over operating ambient
temperature range.

Load Regulation

The change in output voltage for a change in output
current measured for specific input voltage over operating
ambient temperature range.

Dropout Voltage

The input to output differential at which the regulator
output no longer maintains regulation against further
reductionsin input voltage. It is measured when the output
drops 2% of Vout_nom below itsnominal value. Thejunction
temperature, load current, and minimum input supply
requirements affect the dropout level.

Quiescent and Disable Currents

Quiescent Current (I ) isthe difference between theinput
current (measured through the LDO input pin) and the
output load current. If EnablepinissettoLOW theregulator
reducesitsinternal biasand shuts off the output, thistermis
called the disable current (Ip;s).

Current Limit
Current Limit is value of output current by which output
voltage drops below 90% of its nominal value.

PSRR

Power Supply Rejection Ratio isdefined asratio of output
voltage and input voltage ripple. It is measured in decibels
(dB).

Line Transient Response

Typical output voltage overshoot and undershoot
response when the input voltage is excited with a given
slope.

Load Transient Response

Typical output voltage overshoot and undershoot
response when the output current is excited with a given
slope between low-load and high-load conditions.

Thermal Protection

Internal thermal shutdown circuitry isprovided to protect
theintegrated circuit in the event that the maximum junction
temperatureisexceeded. When activated at typically 175°C,
the regulator turns off. This feature is provided to prevent
failures from accidental overheating.

Maximum Package Power Dissipation

The power dissipation level is maximum allowed power
dissipation for particular package or power dissipation at
which the junction temperature reaches its maximum
operating value, whichever islower.

www.onsemi.com

Downloaded from AFFOW.Com.

10


http://www.onsemi.com/
http://www.arrow.com

NCV47821

APPLICATIONS INFORMATION

Circuit Description

The NCV47821 is an integrated dual low dropout
regulator that providesaregul ated voltage at 200 mA to each
output. It is enabled with an input to the enable pin. The
regulator voltage is provided by a PNP pass transistor
controlled by an error amplifier with a bandgap reference,
which gives it the lowest possible dropout voltage. The
output current capability of the LDO is 200 mA per output
and the base drive quiescent current is controlled to prevent
oversaturation when the input voltage is low or when the
output is overloaded. The integrated current sense feature
provides diagnosis and system protection functionality. The
current limit of thedeviceisadjustableby resistor connected
to CSO pin. Voltage on CSO pin is proportional to output
current. Theregulator is protected by both current limit and
thermal shutdown. Thermal shutdown occurs above 150°C
to protect the IC during overloads and extreme ambient
temperatures.

Regulator

The error amplifier compares the reference voltage to a
sample of the output voltage (Vout1,2) and drivesthe base of
a PNP series pass transistor via a buffer. The referenceisa
bandgap design to give it a temperature stable outpuit.
Saturation control of thePNPisafunction of theload current
and input voltage. Oversaturation of the output power
deviceis prevented, and quiescent current in the ground pin
isminimized.

Regulator Stability Considerations

Theinput capacitor (Ci) isnecessary to stabilizetheinput
impedance to avoid voltage line influences. The output
capacitor  (Cout1,2) helps determine three  main
characteristics of a linear regulator: startup delay, load
transient response and loop stability. The capacitor value
and type should be based on cost, availability, size and
temperature constraints. The auminum electrolytic
capacitor is the least expensive solution, but, if the circuit
operates at low temperatures (-25°C to -40°C), both the
value and ESR of the capacitor will vary considerably. The
capacitor manufacturer's data sheet usually provides this
information. The value for the output capacitor Coyt1 2,
shown in Figure 1 should work for most applications; see
also Figure 16 for output stability at variousload and Output
Capacitor ESR conditions. Stable region of ESR in
Figure 16 shows ESR values at which the LDO output
voltage does not have any permanent oscillations at any
dynamic changes of output load current. Marginal ESR is
thevaueat whichtheoutput voltagewavingisfully damped
during four periods after the load change and no oscillation
is further observable.

ESR characteristics were measured with ceramic
capacitors and additional series resistors to emulate ESR.
Low duty cycle pulse load current technique has been used

to maintain junction temperature close to ambient
temperature.

Calculating Bypass Capacitor

If improved stability (reducing output voltage ringing
during transients) is demanded, connect the bypass
capacitor Cp; 2 between Adjustablelnput pinand Vot 2 pin
according to Applications circuit at Figure 1. Parallel
combination of bypass capacitor Cpz 2 with the feedback
resistor Ryy1 contributesin the device transfer function asan
additional zero and affects the device loop stability,
therefore its value must be optimized. Attention to the
Output Capacitor value and its ESR must be paid. See also
Stability inHigh Speed Linear LDO Regulators Application
Note, AND8037/D for more information. Optimal value of
bypass capacitor is given by following expression

_ 1
Cpn = 2 X @ Xf, x Rnl(F) (ea- 1)
where
Rn:  the upper feedback resistor

f,  thefreguency of the zero added into the device
transfer function by Rn; and C,,; external
components.

Set the Rp1 resistor according to output voltage requirement.
Chose the f, with regard on the output capacitance Cqyt1 2,
refer to the table below.

10 22 47 100

Cout1,2 (WF)
fz range (kHz)

max 19 max 19 N/A* N/A*

NOTE: * For Coyt1,2 = 47 uF and higher, Cy, > capacitors are not

needed for stability improvement. Cy1 » capacitors are
useful for reduction start up overshoot and noise
reduction. See electrical characteristic table.

Ceramic capacitors and its part numbers listed bellow
have been used as low ESR output capacitors Cot1 2 from
the table above to define the frequency ranges of additional
zero required for stability:

GRM31CR71C106KAC7 (10 uF, 16 V, X 7R, 1206)
GRM32ER71C226KE18 (22 uF, 16 V, X 7R, 1210)
GRM32ER61C476ME15 (47 uF, 16 V, X5R, 1210)
GRM32ER60J107ME20 (100 uF, 6.3 V, X5R, 1210)

Enable Inputs

An enable pin is used to turn a channel on or off. By
holding the pindown to avoltagelessthan 0.99 V, the output
of the channel will be turned off. When the voltage on the
enable pin is greater than 2.31 V, the output of the channel
will be enabled to power its output to the regulated output
voltage. The enable pins may be connected directly to the
input pin to give constant enable to the output channel.
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Setting the Output Voltage
The output voltage range can be set between 3.3V and
20 V. Thisis accomplished with an external resistor divider
feeding back the voltageto the | C back to the error amplifier
by thevoltageadjust pin ADJ. Theinternal referencevoltage
is set to atemperature stable reference (Vrer1) of 1.265 V.
Theoutput voltageiscal culated fromthefollowing formula.
Ignoring the bias current into the ADJ pin:
Rn1
Vout_nom_n = VREFl(l + R_nz) (eq. 2)
Use Rp2 < 50 kL2 to avoid significant voltage output errors
due to ADJbias current.
Designers should consider the tolerance of Ry and Ry
during the design phase.

Setting the Output Current Limit

The output current limit can be set up to 300 mA by
external resistor Resos 2 (see Figure 1). Capacitor Ceso of
1 uFinparallel with Resp isrequired for stability of current
limit control circuitry (see Figure 1).

1
Vesorz = Ioutl,Z(RCSOLZ x _100) (eq. 3)
_ 100 2.55
limi2 = =7 X Resols (eq. 4)
_ 100 2.55
Resoi2 = 77 X_ILIMlz (eq. 5)

where
Rcso1,2 - current limit setting resistor
Vcso1,2 - voltage at CSO pin proportional to lgyt1 2
ILim1,2 - current limit value
lout1,2- output current actual value

CSO pin provides information about output current actual
value. The CSO voltage is proportional to output current
according to Equation 3.

Onceoutput current reachesitslimit value (I jv1,2) set by
external resistor Rcsp than voltage at CSO pinistypicaly
2.55V. Calculations of 1) m12 or Resor 2 values can be
done using Equation 4 and Equation 5, respectively.
Minimum and maximum value of Output Current Limit can
be calculated according Equation 6 and 7.

\% )
CS01,2_min
ILIM1,2_min = RATlomin x R . (eq. 6)
CS01,2_max
VCSOl,Z_max
lim1,2 max = RATIOmax X &==———=—(eq.7)

CS01,2_min
where
RATIOmin - minimum value of Output Current
to CSO Current Ratio from €electrical

characteristics table and particular output
current range

RATIOmax - maximum value of Output Current to
CSO Current Ratio from electrical
characteristics table and particular output
current range

Vso1,2 min = Minimum value of CSO Voltage Level
at Current Limit from electrical characteristics
table

Vso1,2_max - maximum value of CSO Voltage Level
at Current Limit from electrical characteristics
table

RCSOl,Z_min - minimum value of Rcspg 2 with
respect its accuracy

Rcso1,2 max - maximum value of Resog 2 with
respect its accuracy
Designers should consider the tolerance of Rcsoi 2
during the design phase.

Diagnostic in OFF State

The NCV47821 contains also circuitry for OFF state
diagnosticsfor Short to Battery (STB) and Open Load (OL).
There are internal current sources, Pull-Up and Pull Down
resistors which provide additional cost savings for overall
application by excluding external components and their
assembly cost and saving PCB space and safe control |Os of
aMicrocontroller Unit (MCU).

Simplified functional schematic and truth table is shown
in Figure 19 and related flowchart in Figure 20.

Ipy Current source enabled via EN and DE pins

@

PASS DEVICE is OFF in Diagnostics
Mode in OFF state

&TZ

Comparator active only in Diagnostic
state (DE = H).

Vin o

0 Vout

EN o—

DE o]

o EF

Digital Diagnostics

to MCU's digital input
with pull-up resistor
—= to MCU's DIO supply rail

EN — Enable (Logic Inpuf)
DE - Diagnostics Enable(Logic Input)
EF - Error Flag Output (Open Collector Outpu)

EN | DE | lpy | EF Vout Diagnostic Status/Action
L L |OFF| HZ | Unknown None (Diagnostics OFF)

L | H [OFF[ L [Vou>Vou o Short to Battery (STB)

L | H [OFF| HZ [Vou < Vou ore| Check for Open Load (OL)
H | H|ON| L |Vou>Vou orr Open Load (OL)

H | H | ON | HZ |Vgy < Vou ore| No Failure (Vo close to 0 V)

Figure 19. Simplified Functional Diagram of OFF
State Diagnostics (STB and OL)
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The diagnosticsin OFF state shall be performed for each
channel separately. For diagnostics of Channel 1 the input
CSpin hasto be put logic low, for diagnostics of Channel 2
theinput CS pin hasto be put logic high. Corresponding EN
| pin hasto be used for control (EN1 for Channel 1 and EN2

Diag. ON. Set for Channel 2). For detailed information see Diagnostic
EN=L&DE = H Features Truth Tablein Figure 21.

Diag. OFF. Set
EN=L&DE=L

Diagnostic in ON State

HZ L Diagnostic in ON State provides information about
Overcurrent or Short to Ground failures, during which the
EF output isin logic low state. The diagnosticsin ON state
shal be performed for each channel separately. For
diagnostics of Channel 1 theinput CSpin hasto beputlogic
low, for diagnostics of Channel 2 the input CS pin hasto be
put logic high. For detailed information see Diagnostic
Features Truth Tablein Figure 21.

Ipy ON. Set
EN=H&DE =H

( Short to Battery )

Figure 20. Flowchart for Diagnostics in OFF State

Operational Status Output Voltage Diagnostic Output Error Flag
Vout1 OF outz) (CsO1 or CS0O2) (EF)

Disabled Low (~0 V) Low (~0 V)

Short to Battery L H L/H ¥ High (Vo ~ Vi) Low (~0 V) L 15
Open Load (OFF) H H L/H ¥ High (Vo ~ Vi) Low (~0 V) L 16}
Normal (OFF) H H L/H¥™  Low (~0V) Low (~0 V) Hz el
Open Load (ON) H L X Vout_nom Low (~0 V) HZ
Normal (ON) H L X Vet e Proportional to I, (10 %) HZ
Over Current H L L/H 7 290 % of Vot nom High (~2.55 V) L
Short to Ground H L L/H1  Low (~0V) High (~2.55 V) L

Figure 21. Diagnostic Features Truth Table

13. State of EN pin of appropriate channel

14.CS = L means CH1 diagnostics and CS = H means CH2 diagnostics in OFF state (DE = H) via EF output, appropriate EN pin is used for
turning internal switch ON and OFF (e.g. when DE = H and CS = L and EN1 = L then IPU1 is OFF, when DE =H and CS =L and EN1 =
H then IPU1 is ON)

15.Internal current source turned OFF (between Vg and Vi, of appropriate channel)

16. Internal current source turned ON (between Vg,: and Vj, of appropriate channel)

17.CS =L means CH1 diagnostics and CS = H means CH2 diagnostics in ON state (e.g. when CS = L and EF =L then CH1 has Overcurrent
or Short to Ground failure, when CS = H and EF = L then CH1 has Overcurrent or Short to Ground failure)
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Thermal Considerations

As power in the device increases, it might become
necessary to provide some thermal relief. The maximum
power dissipation supported by the device is dependent
upon board design and layout. Mounting pad configuration
onthe PCB, theboard material, and the ambient temperature
affect therate of junction temperaturerisefor the part. When
the device has good thermal conductivity through the PCB,
the junction temperature will be relatively low with high
power applications. The maximum dissipation the device
can handleis given by:

[TJ(MAX) - TA]
Rosa

Since T;is not recommended to exceed 150°C, then the
device soldered on 645 mm?, 1 oz copper area, FR4 can
dissipate up to 2.38 W when the ambient temperature (Tp)
is25°C. SeeFigure 22 for Rgja versusPCB area. The power
dissipated by the device can be caculated from the
following equations:

PD(MAX) = (eq. 8)

(eq. 9)
Pp = Vin(lq@loutl,Z) + oua(Vin=Vou) + loua(VinVoutz)
or
(eg. 10)
Pomax) + (Vourr X Tour) + (Vouz X louz)

Ioutl + Iout2 + lq

Vinmax) =

ORDERING INFORMATION

§ 130
\
OG 120 \
~ 110
4 \\
< 100 \\
<
= 90 \ 1 oz, Single Layer
2 N\
@ 80 \\
E 70 \\\\
< 60} 20z, Single Layer ‘\‘\\
2 T — [—
w 50
T I
: 40 1 oz, 4 Layer
g“? 28 2 0z, 4 Layer
0 100 200 300 400 500 600 700

COPPER HEAT SPREADER AREA (mm?2)

Figure 22. Thermal Resistance vs. PCB Copper Area

Hints

Vin and GND printed circuit board traces should be as
wide as possible. When the impedance of these traces is
high, thereisachanceto pick up noiseor causetheregulator
to malfunction. Place external components, especialy the
output capacitor, as close as possible to the device and make
traces as short as possible.

Device Output Voltage Marking Package Shipping®
NCV47821PAAJR2G Adjustable Linel: NCV4 TSSOP-14 Exposed Pad 2500 / Tape & Reel
Line2: 7821 (Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.
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