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LDO Regulator, Low Noise
(8 uVRms), ADJ/FIX

38 V, 150 mA
NCP731

The NCP731 device is based on unique combination of features —
very low noise, low quiescent current, fast transient response and high
input and output voltage ranges. The NCP731 is CMOS LDO
regulator designed for up to 38 V input voltage and 150 mA output
current. Very low noise (8 uVgrys) makes this device an ideal solution
for application where clean voltage rails are critical for system
performance (power operational amplifiers, analog—to-digital /
digital-to—analog converters and other precision analog circuitry).

Internal short circuit and over temperature protections saves the
device against overload conditions.

Features

® Operating Input Voltage Range: 2.7 Vto 38 V

® Output Voltage Adjustable Range: 1.2 Vto 35V
® Fixed Output Voltage Versions: 3.3 Vand 5.0 V
(other voltage versions on request)

Very Low Noise: 8 uVrms (10 Hz to 100 kHz)
Low Quiescent Current: 48 UA typ.

Low Shutdown Current: 100 nA typ.

Low Dropout: 290 mV typ. at 150 mA

Output Voltage Accuracy +0.6% (25°C)
Programmable Soft Start Circuit

Stable with Small 1 uF Ceramic Capacitors
Over—Current and Thermal Shutdown Protections
Available in Micro-8 EP Package

Device is Pb—Free and RoHS Compliant

Typical Applications

® Supply Rails for OpAmps, ADCs, DACs and other Precision Analog
Circuitry and Audio

Post DC-DC Converter Regulation and Ripple Filtering

Test and Measurement

Industrial Instrumentation

Metering

Battery Powered Devices
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Figure 1. Adjustable Output Voltage
Application
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Figure 2. Fixed Output Voltage Application

Notes:

Blue objects are valid for ADJ version only
Green objects are valid for FIX version only
Black objects are common for all version

ORDERING INFORMATION

See detailed ordering and shipping information on page 16 of
this data sheet.

Publication Order Number:
NCP731/D
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Notes:

|N[|]

out Blue objects are valid for ADJ version only
LYLO Comp. § J. i Green objects are valid for FIX version only
UVLO_int ® The rest valid for both versions
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EN
ouTrr{1 8T IN
RapJ2 . K
ADJ/FF C1]2 ! "7 N
NC [ | weont| | Saie ] GND / ' EP C
THERMAL TSD_int NC 1 {3 , (GND) ; 6|17 SS
NC [ ] |SHUTDOWN Co
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Figure 3. Internal Block Diagram

PIN DESCRIPTION

Figure 4. Pin Assignments

Pin Number Pin Name Description
8 IN Power supply input pin.
4 GND Ground pin.
1 ouT LDO output pin.
5 EN Enable input pin (high = enable, low = disable). If this pin is not needed it should be conned to IN pin.
No internal pull-up or pull-down circuit is present.
2 ADJ/FF ADJ version — pin is ADJ
e Adjust input pin. Could be connected directly or by the resistor divider to the output pin.
FIX versions — pin is FF
e Feed forward capacitor pin. Could be connected by Cgg capacitor to OUT pin for better dynamic
performance & lower noise or left unconnected.
3,7 NC Not internally connected. Could be left unconnected or connected to GND.
6 SS Soft-start input pin. Connect a Cgg capacitor to set soft-start time. Could be left floating if not used.
EP EPAD Exposed pad, must be connected to GND.
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Table 1. MAXIMUM RATINGS

Rating Symbol Value Unit
IN Voltage (Note 1) VN -0.3t0 40 \%
OUT Voltage IADJ Version and Vout -0.3to [(V|y + 0.3) or 40; \%
FIX Versions with Voyt_nom > 6.0 V whichever is lower]
FIX Versions with Voyt_noM £ 6.0 V -0.3to [(V|Ny + 0.3) or 7;
whichever is lower]
EN Voltage VEN -0.3to (V|y+ 0.3) \%
ADJ/FF Voltage VapJ -0.3t105.5 Y,
SS Voltage Vss -0.3t05.5 \%
Output Current lout Internally limited mA
Maximum Junction Temperature Tymax) 150 °C
Storage Temperature Tsta -55to 150 °C
ESD Capability, Human Body Model (Note 2) ESDpgm 2000 \%
ESD Capability, Charged Device Model (Note 2) ESDcpm 1000 \Y;

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. Refer to ELECTRICAL CHARACTERISTICS and APPLICATION INFORMATION for Safe Operating Area.
2. This device series incorporates ESD protection and is tested by the following methods:
ESD Human Body Model tested per ANSI/ESDA/JEDEC JS-001, EIA/JESD22-A114
ESD Charged Device Model tested per ANSI/ESDA/JEDEC JS-002, EIA/JESD22-C101

Table 2. THERMAL CHARACTERISTICS (Note 3)

Characteristic Symbol Value Unit
Thermal Resistance, Junction-to-Air Roya 44 °C/W
Thermal Resistance, Junction-to-Case (top) RoJct 99 °C/W
Thermal Resistance, Junction-to-Case (bottom) RoeJco 19 °C/W
Thermal Characterization Parameter, Junction-to-Case (top) Wit 12 °C/W
Thermal Characterization Parameter, Junction-to-Board [FEM] ¥g 16 °C/W

3. Measured according to JEDEC board specification (board 2S2P, Cu layer thickness 1 oz, Cu area 645mm2, no airflow). Detailed description
of the board can be found in JESD51-7.
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Table 3. ELECTRICAL CHARACTERISTICS V|\ = Vout-nom + 1 Vand Viy=27V, Ven = 1.2V, loyt =1 MA, Ciy = Coyt = 1.0 uF
(Note 4), Cgg = 0 nF, Ceg = 0 nF, Ty = -40°C to 125°C, ADJ tied to OUT, unless otherwise specified.

Parameter Test Conditions Symbol Min Typ Max Unit
Recommended Input Voltage VIN 2.7 - 38 \Y
Output Voltage Accuracy (Note 5) Ty =+25°C Vout -0.6 - 0.6 %

Vin = VouT-nom + 1 V1o 38V -1.0 - 1.0

lout = 0.1 mAto 150 mA

Ty =-40°C to +85°C

Vin = VouT-nom + 1 V1o 38V -15 - 1.5

loyt = 0.1 mA to 150 mA

T, = -40°C to +125°C
Output Voltage Range (Note 6) VouTt-apJ | Vabpy - 35 \Y%
ADJ Reference Voltage (Note 6) VapJ - 1.2 - \%
ADJ Input Current (Note 6) Vapg=1.2V lADY -0.05 0.01 0.05 uA
Quiescent Current ViN =VouTt-nom + 1 V1038V, gyt =0 mA la - 48 100 uA
Ground Current louT = 150 mA laND - 400 - uA
Shutdown Current VeEn=0V,V|y=38V ISHDN - 0.07 1.0 uA
Output Current Limit Vout = VouT-NOM - 100 mV loum 210 295 450 mA
Short Circuit Current Vour=0V losc 210 365 450 mA
Dropout Voltage (Note 7) louT = 150 mA Vbpo - 230 480 mV
Power Supply Ripple Rejection VN = VouT-NoM + 2 V 10 Hz PSRR - 80 - dB

loyr =10 mA 10 kHz n 70 n

100 kHz - 42 -
1 MHz - 48 -

Output Noise Voltage f =10 Hz to 100 kHz, ADJ version, VN - 8.1 - uVRMS

Vour = Vapy

f=10 Hz to 100 kHz, ADJ version, VN - 15 -

Vout =3.3V, Cgg = 10 nF, Ry = 47.3 kQ,

Rs = 27 kQ

f=10 Hz to 100 kHz, ADJ version, VN - 20 -

Vout =5V, Cpr = 10 nF, R = 85.5 k2,

Rs = 27 kQ
EN Threshold VEN rising VEN-TH 0.7 0.9 1.1 \%
EN Hysteresis Ve falling VEN-HY 0.02 0.1 0.2 \%
EN Input Current VeEn=30V,VN=30V IEN -1 0.15 1 A
Internal UVLO Threshold V)N voltage rising Vyvio-tH | 2.43 2.55 2.69 \
Internal UVLO Hysteresis V)N voltage falling Vyvio-ny | 0.01 0.04 0.07 \
SS Charging Current Vgs=0V Iss - 910 - nA
SS High Voltage SS pin floating Vss_Hi - 2.4 - \
SS Time (Note 8) Cgs=10nF tss-1onF - 14 - ms

Csg not connected tss-onF - 0.5 -
Thermal Shutdown Temperature Temperature rising from T = +25°C TTsD - 170 - °C
Thermal Shutdown Hysteresis Temperature falling from TSD TTspDH - 10 - °C

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.

4. Effective capacitance, including the effect of DC bias, tolerance and temperature. See the Application Information section for more
information.

5. Output voltage accuracy of ADJ version is guaranteed when ADJ pin is connected to OUT pin. The VoyTt_nowm is then equal to Vapy.

6. Applicable only to ADJ version.

7. Dropout voltage is measured when the output voltage falls 100 mV below the nominal output voltage. ADJ version is measured with ADJ
pin connected to resistor divider which sets Voyt to 5.0 V. Limits are valid for all voltage versions.

8. Startup time is the time from EN assertion to point when output voltage is equal to 95% of VoyTt-NnOM-

www.onsemi.com
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TYPICAL CHARACTERISTICS
VN = VOUT—NOM +1VandV|N227V,Vegy=1.2V, IOUT =1mA,Cn = COUT =1.0 MF (effective), CSS =10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.
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VEN_TH, THRESHOLD VOLTAGE (V)

len, EN INPUT CURRENT (uA)

Vpo, DROPOUT VOLTAGE (mV)

NCP731

TYPICAL CHARACTERISTICS
VN = VOUT—NOM +1VandV|N227V,Vegy=1.2V, IOUT =1mA,Cn = COUT =1.0 ILF (effective), CSS =10 nF, Cgg = 10 nF,
RapJ1 = 85.5 k2, Rapy2 = 27 kQ (RapJx applicable to ADJ application only), T; = -40°C to 125°C, all output voltage versions, unless

otherwise specified.
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NCP731

TYPICAL CHARACTERISTICS

VN = VOUT—NOM +1VandV|N227V,Vegy=1.2V, IOUT =1mA,Cn = COUT =1.0 MF (effective), CSS =10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.
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TYPICAL CHARACTERISTICS
ViN=Vout-nom + 1 Vand VN =27V, Vey = 1.2V, lgyt = 1 mA, Ciy = Coyr = 1.0 uF (effective), Cgs = 10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.
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TYPICAL CHARACTERISTICS
ViN=Vout-nom + 1 Vand VN =27V, Vey = 1.2V, lgyt = 1 mA, Ciy = Coyr = 1.0 uF (effective), Cgs = 10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.
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B 150mA \ [ 150mA \
. / tr=tr= IS L Tout J tr=tr=1s \ Tout
1mA ImA
p+5mV i ) o ]
‘-‘ T8 ' i i ADJ-5V appl.
y I ADJ-5V appl: : Cour=1uF"
| Cout=1uF i [
¥ -27mV g Y -26mV
CL: Vin 1‘V/d‘iv 16us/div C1: Vin 5V/div 10us/div
C2: Voui(ac) 10mV/div C2: Vour(ac) 10mV/div
C4: lout 100mA/div C4: lout 100mA/div

Figure 33. Load Transient Response
(ADJ-5V, V|y =6.0V, Coyt = 1 uF)

Figure 34. Load Transient Response
(ADJ-5V, V|y = 35.0 V, Coyt = 1 uF)
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TYPICAL CHARACTERISTICS
ViN=Vout-nom + 1 Vand VN =27V, Vey = 1.2V, lgyt = 1 mA, Ciy = Coyr = 1.0 uF (effective), Cgs = 10 nF, Cgg = 10 nF,

RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless

otherwise specified.

6.0V L Vin 1 6.0V 1 Vin
| 150mA \ T smA | ‘
p | tr=tr=1Hs IL lout | te=te=1ps ! Tour
ImA ‘ ImA ‘
i 13mV +9mV
13 SO0V | \ i :“_W}/_UL_ T ] < 5.()_\/ B . Vf“,!,,,
: | ¢ ,
' | ADJ-5V appl. ~14my ADJ-5V appl.
-24mV | COUT =10 MF ] COUT =100 MF ]
Cl: Vi Widiv — CL: Vi Lov/div ‘ -
C2: Vour (ac)  10mV/div 2OMS/dIV C2: Vour (ac)  10mV/div 100uS/dIV
C4: lour 100mA/div C4: lour 100mA/div
Figure 35. Load Transient Response Figure 36. Load Transient Response
(ADJ—SV, VIN =6.0 V, COUT =10 ],I,F) (ADJ—5V, VIN =6.0 V, COUT =100 uF)
6.0V | Vix
r. 150mA Py g 150mA Py
o | tr=tr=1ps I ¥ Tour OmA / tr=te=1s | \ Tour
OmA i - .
55V b +19mV Vin
pHlomv il
5.0V \ Vour 5.0V \ = Vour
. : E| Worst case condit‘ions: E|
- I ADJ-5V appl. - —Iour starts from OmA ADJ-5V appl. -
\ 1 C =1uF | - Viy is minimal (near dropout) G =1 uF
" -29mV o " i | - Cgin is minimal out W
‘ -32mV |
Cl: Vi 1V/div 1duS/diV Cl1:Vin 1Vv/div ‘ 16u3/div
C2: Vour (ac)  10mV/div C2: Vour (ac)  10mV/div
C4: loyr 100mA/div C4: lour 100mA/div
Figure 37. Load Transient Response Figure 38. Load Trans. Response
(Vin=6.0V, loyt =0 - 150 mA) (Vin=5.5V, loyt =0 - 150 mA ~ Worst Conditions)
6.0V \ Vi 6.0V _/~ \ sy v‘\‘
4 150mA ™ I 150mA | N
/ tr=tr=111s \ Tous 1mA tr=tp=1ps Tour
OmA
+16mV  sov P —
5.0V Lo . Vour \/‘: 2 OO T T Vour 1
| ‘ ~26mV@Ge=1nF-100nF
i | FIX-5V appl. 732‘“‘,@,(_}‘*: 100p ADJ-5V appl.
i | Cour =1uF Cour =1uF
=y Crr=10nF /
Cl: Vi 1v/div 10‘us/di‘v Ve 1‘V/di‘v 16us/div
C2:Vour (ac)  10mV/div C2: Vour (ac)  20mV/div
C4: lour 100mA/div C4: lour 100mA/div
Figure 39. Load Transient Response Figure 40. Load Transient Response
(FIX-5V, V|y =6.0V, Coyt =1 1uF) (ADJ-5V, Cgf = variable)
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TYPICAL CHARACTERISTICS
VN = VOUT—NOM +1VandV|N227V,Vegy=1.2V, IOUT =1mA,Cn = COUT =1.0 MF (effective), CSS =10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.

f. 150mA b\ / Au::t;:llu.‘x o
OmA tr=te=1p1s : Ioy
— 43V | » = § +6.0mV +5.6mV }
‘ +16mV i
R | Vour |
| : 1o
I | FIX-3.3V appl. ; ~3smv | FIX-5V appl.
Cout =1uF , RLoap = 100 Q
_3omV -6.0mV
L Vin 1V/div 10us/div C1: Vin 1v/div 5us/div
C2: Vour (ac)  10mV/div C2: Vour (ac)  2mV/div
C4: lour 100mA/div
Figure 41. Load Transient Response Figure 42. Line Transient Response
(FIX-3.3V, V|y =4.3V, Coyt = 1 uF) (Vour=5.0V,V|N=5.5-6.5V)
" T 8.0V |
} ) 7.0V tr=tp=1Us . M\l
60V [ uet=ns ——
| +4.6mV +4.6mV |
soy  f+l4mV |  +1.6mV  Veur |
{ Y _1emv ! -0.8mV
1 -1.8mV"
V 38mv FIX-5V appl. FIX-5V appl.
- RLOAD=1OOQ' RLOAD=1OOQ'
C1: Viy 1V/div 5us/div C1: Vin 1v/div 5us/div
C2: Vour (ac)  2mV/div C2: Vour (ac)  2mV/div
Figure 43. Line Transient Response Figure 44. Line Transient Response
(Vour=5.0V,V|y=6.0-7.0V) (Vour=5.0V,V|y=7.0-8.0V)
T i ‘ . ‘_ ) L o ‘ |I:|X—5V allppl. ‘ -— (S)hort applied, tﬁe ;.)ee;kbis ia;z)ed by Gur discharging‘
30.0V | R _ 100 Q ————— l.llpul current limites y
I LOAD = Short released
6.0V tr=tp=12Us (2V/us) : Vin OmA B Tour
. ‘ —— Lsoy | 38V Vin
t l Vi)l,]
g §+7.0mV 1 +6.5mV 1
: [ rr—— " L20mv ‘ ADJ-5V appl.
=5.0mV M, | ¥ DJ-5V app
-7.0mV d
Cl: Vi iO\//d\'v 5M3/d|v Cl: Vi 10v/div 1ms/div
C2: Vour (ac)  5mV/div C2: Vour 1V/div
C4: lour 200mA/div
Figure 45. Line Transient Response Figure 46. Short Circuit (1 ms)
(Vour=5.0V,V|y=6.0-30.0V)
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TYPICAL CHARACTERISTICS
ViN=Vout-nom + 1 Vand VN =27V, Vey = 1.2V, lgyt = 1 mA, Ciy = Coyr = 1.0 uF (effective), Cgs = 10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.

.4—’.' . Short applied, -the peak is causea b.y .Q,m- dischargin.g. T _V(IN)=V(EN)
Output current limited by LDO V(SS)
| \.,_Lﬁh#ﬂkh_,_ e__r -
I {1 /| | a—Short released /
| OmA . Fy lour
«—— , I L O | R - /
Fs.0v 38V — Vin q / ]
| ‘ Thermal shutdown cycling Vour V(ADJ)
@,_/ V(OUT):
! Cre=0nF [ /Crr=1nF e ]
g ADJ-5V appl. ! = onr ADJ-5V appl.
| | e RLoap = 500 @
’ @ Cgs =0nF
C1: Vin 10V/div 50ms/div Cl: ‘V.N:VE‘N ‘5‘V/di‘v ‘ SOOMS/diV
C2: Vour 1v/div C2: Vour 2V/div
C4: lour 200mA/div C3: Vans 1V/div
Figure 47. Short Circuit (250 ms) Figure 48. Startup by V|y (ADJ-5V, Cgg = 0 nF)
T T T VAN VEN) " V(IN)=V(EN)
fﬁ V(SS) f V(SS)
a— 9 e L 9
| : 0—_/ |
V(ADJ) V(ADJ)
d Crr=1nF vouT) 9 V(OUT)-
Cre=0nF, - — ]
Crr=0nF 2
- ADJ-5V appl. __—~"Crr=100nF ADJ-5V appl.
Crr=100nF R =500 Q N
p LOAD p! Crr=10nF Rroap = 500 Q
Css=1nF Css = 10nF
C1: Vin=Ven 5V/div 2ms/div| C1: Vin=Ven 5V/div 5ms/div
C2: Vour 2V/div C2: Vour 2V/div
C3: Vany 1V/div C3: Vany 1V/div
C4: Vss 1V/div C4: Vss 1v/div
Figure 49. Startup by V|y (ADJ-5V, Csg = 1 nF) Figure 50. Startup by V|y (ADJ-5V, Csg = 10 nF)
L T VIN)RV(EN) V(IN)=V(EN)
V(SS) ‘ [ V(88)
G //”// ] [ SSm— <
./‘///’ ‘ .
g / ] a- ‘:
V(ADJ) V(FF)
@ V(OUT); q‘“‘—_dif)= =0nF V(OUT)
] Crr=1nF
Cre=0nF ADJ-5V appl. FIX-5V appl.
Crr=100nF
e RLoap =500 Q RrLoap = 500 Q
Cgs =100 nF Css =0nF
C1: Vin=Ven 5V/div 50ms/div C1: Vin=Ven 5V/div 2ms/div
C2: Vour 2V/div C2: Vour 2V/div
C3: Vaos 1V/div C3: Vi 1V/div
C4: Vss 1v/div C4: Vss 1v/div

Figure 51. Startup by V|y (ADJ-5V, Cgg = 100 nF)

Figure 52. Startup by V|y (FIX-5V, Cgs = 0 nF)

www.onsemi.com

12


http://www.onsemi.com/

NCP731

TYPICAL CHARACTERISTICS
VN = VOUT—NOM +1VandV|N227V,Vegy=1.2V, IOUT =1mA,Cn = COUT =1.0 MF (effective), CSS =10 nF, Cgg = 10 nF,
RapJy1 = 85.5 kQ, Rapyz = 27 kQ (RapJx applicable to ADJ application only), T; = —-40°C to 125°C, all output voltage versions, unless
otherwise specified.

V,y, INPUT VOLTAGE (V)

Figure 57. Max. Allowable Output Current vs. Vy,
FIX & ADJ Applications, Ty = 25°C

V(IN)=V(EN) ADJ-5V appl. Voviomm— Vovioay ~ 2.35V
V(SS) RLoap =500 Q
rm| Cgs =10nF
1 Cep=10nF
VUVLO*TH rrd 24V
L 4 T . o
3 - _WF‘F_)_ . \(,\m‘ coples V»un_til .rc"‘.dw.s R
regulation level (1.2V) V(SS
d Cre=1nF ViouT) d | v(ssH
/57 Cre=10nF d _ V(ADJ)
/ FIX-5V appl. Vour follows Vg with gain /
Crr=100nF RLoap =500 Q given by Rioi, Rani
Css=10nF |
. s o 5 __voun,
C1: ‘VIN=VE‘N 5‘V/dilv 26ms/aiv Cl1: VIN=VE‘N 2V/div 1 6ms/div
C2: Vour 2V/div C2: Vour 2V/div
C3: Ver 1V/div C3: Vans 1V/div
C4: Vss 1v/div C4: Vss 1V/div
Figure 53. Startup by V|y (FIX-5V, Figure 54. Startup/Shutdown by V|y
Css = 10 nF) (Slow Rising Edge)
V(EN)<+ Vin-ti— Vin-ny ~ 0.8V
ADJ-5V appl.
RLoap =500 Q
Css=0nF Vaps copfes Vi until
) Crr =0nF V(SS) reaches rggulation V(SS)
i level (IZV)
/ \ V(ADJ)] V(ADJ)
9 i ADJ5V appl. J
e Rioap =500 Q
N Css =10 nF { . .
Ny Crr = 10nF Vour follows Vg with gain
< I,‘ , V(OUT) d i given by Ripyi, Rabn \ V(OUT)
:‘-’: tRAMP@Css=0nF = tRAMP-MIN ~ 90Us !
C1: Ven 2V/div 200us/div C1: Ven 1v/div 10ms/div
C2: Vour 2V/div C2: Vour 2V/div
C3: Vi) 1V/div C3: Vaoy 1V/div
C4: Vss 1V/div C4: Vss 1V/div
Figure 55. Startup/Shutdown by Vgy Figure 56. Startup/Shutdown by Vgy
(Fast Rising Edge) (Slow Rising Edge)
160 160
< - < —
£ 140 £ 140
- =
g 120 g 120
© <
Z 100 Vout=1.2V £ 100 Vout=12V
ﬁ ——Vout = 3.3V "-_’ ——Vout = 3.3V
2 80 Vout = 5.0v = 80 Vout = 5.0¥
3 Vout = 10.0v : ——Vout = 10.0¢v
g 60 Vout = 15.0V < 60 Vout = 15.0V
= =
g 40 FIX or ADJ application | g 40 FIX or ADJ application |
= 90 Ty = Typaayy = 125degC £ 20 Ty = Typay = 125degC
= T, = 25degC = T, = 50degC
0 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

Vi, INPUT VOLTAGE (V)

Figure 58. Max. Allowable Output Current vs. V|,
FIX & ADJ Applications, Tp = 50°C
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APPLICATIONS INFORMATION

Input Capacitor Selection (Cjy)

Input capacitor connected as close as possible is necessary
for device stability. The value of the input capacitor should
be at least 1 uF. Maximum value is not limited and the higher
means better, because it filters unwanted input voltage AC
component modulated onto the input DC voltage and
provides energy to charge output capacitor in case of load
transient. There is no requirement for the ESR of the input
capacitor but it is recommended to use ceramic type (X5R,
X7R etc.) for its low ESR and ESL. In cases when LDO’s
input power supply has a poor load transient response or it
has high output impedance (ex: long connection wires) then
the input capacitor needs to be significantly bigger (in range
of tens of uF) to avoid of LDO’s input voltage drop below
the minimum level, given by the sum of output voltage and
dropout voltage, otherwise the output voltage drop could
happen.

Output Capacitor Selection (CoyT)

The LDO requires the output capacitor connected as close
as possible to the output and ground pins. The LDO is
designed to remain stable with output capacitor’s effective
capacitance in range from 1 uF to 1000 uF and ESR from
1 mQ to 50 mQ. The ceramic X5R, X7R or better type is
recommended due to its low capacitance variations over the
specified temperature range and low ESR. When selecting
the output capacitor, the value deviation caused by
temperature and DC bias voltage needs to be considered.
Especially for small package size capacitors below 0805 the
effective capacitance drops rapidly with the applied DC bias
voltage (refer the capacitor’s datasheet for details).

Larger capacitance and lower capacitor ESR improve the
load transient response, PSRR and output voltage noise,
therefore recommended output capacitor value is 10 uF.

Output Voltage

NCP731 part is available in several fixed output voltage
versions (FIX) and adjustable version (ADJ). Both versions
allow connection of external feed forward capacitor (Cpr)
which improves dynamic performance (PSRR, noise,
transient response) but prolongs the startup time, see charts
in Typical characteristics section.

Application with FIX LDO version provides output
voltage equal to LDO’s nominal output voltage Voyt-NOM
(given by OPN, see Ordering information table), while
application with ADJ LDO version allows adjustability of
the output voltage by external resistor divider connected to
OUT, ADJ and GND pins. Then the output voltage can be
computed by the following equation:

R1
Vour = Vaps - (1 + R_z) + lapy * Ry (eq. 1)

Where:

Vout s output voltage of the circuit with resistor

divider (adjustable application)

Vapy  is the ADJ version reference voltage (1.2 V)
Iapy  is the ADJ pin input current

Ry is the upper resistor in resistor divider

R> is the lower resistor in resistor divider

Recommended values of Ry and Rj are in range from
1 kQ to about 300 k. Higher resistor values are better from
current consumption point of view.

Both circuits of FIX (non-adjustable) and ADJ
(adjustable) applications are shown at the following figures.

ViN=6-38V Vour=5V
IN ouT
o CN  oN | Cour ©
1uF NCP731A R 1 uE
I O—EN ADJ 855K |G
12V FF
oFF —NC ADJ/FF, 10nF
ss GND NC }— (optional)
L e
27k
Css
10 nF
(optional)

Figure 59. ADJ (adjustable) Application Schematic

ViN=6-38V Vour=5V
IN ouT
CN  oN | Cour ©
1uF NCP731A 1 uE
O— FIX-5.0V
EN 5.0 JFF I
oFF —NC ADJ/FF 10 nF
ss GND NC }— (optional)
Css
10 nF;
(optional)

Figure 60. FIX (non-adjustable) Application Schematic

Next table lists recommended resistor divider values (R
and Ry) selected from E24 series.

Table 4. EXAMPLES OF RESISTOR DIVIDER VALUES

Vour Ry Rz Vour2 err
vl [ke] k] vl [%]
1.2 Short None 1.200 0.00
25 39 36 2.500 0.02
3.3 82 47 3.294 -0.17
5.0 51 16 5.026 0.51
8.0 68 12 8.001 0.01
10.0 220 30 10.002 0.02
12.0 270 30 12.003 0.02
15.0 150 13 15.048 0.32

Where:

Vour [V] is desired output voltage
Vour [V] is calculated output voltage

err [%] is difference between desired and calculated
output voltage
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Of course, the table above is just an example and other
values of output voltage divider resistors are possible.

Listed Vourz values were computed according to
Equation 1, for zero Ry, R, and Vapj errors and
IADJ =10 nA.

Startup

In the NCP731 device there are two main internal signals
which triggers the startup process, the IN—pin under—voltage
lockout (UVLO) signal and enable signal. The first one
comes from UVLO comparator, which monitors if the
IN-pin voltage is high enough, while the second one comes
from EN-pin comparator. Both comparators have
embedded hysteresis to be insensitive to input noise. When
both signals turn into high level, the startup process is
initiated. The feed—forward capacitor, used to improve
dynamic behavior, unintentionally influences the rise time
and the shape of output voltage ramp—up. When Cgp is lower
or just slightly higher than Cgs, the output voltage rises
linearly and the rise time is programmable by external
soft—start capacitor (Cgs). The influence of both these
capacitors to IN—pin resp. EN—pin startup behavior is shown
at Typical characteristics section. Total startup time,
combined from startup delay time and output voltage rise
time, could be computed by this equation (when Cgp < Csg):

tss = tss_pLy * trawp (q. 2)

VF{EF

tss = tss—pLy + tRamp-min les Css

\Y
910 PA Cgg[nF] - 1e6

tgglus] = 160 + 90 +
tgglus] = 250 + 1319 - Cgg[nF]
Where:

tss
tss-pLy 1is startup delay time (160 us typ.)

is overall startup time

tRAMP IS output voltage ramp—up time

tRAMP-MIN i shortest output voltage ramp—up time
(90 s typ. for Cgg = 0 nF)

VRrer  is internal voltage reference (1.2 V typ.)

Iss is soft—start charging current (910 nA typ.)

Thermal Protection

When the LDO’s die temperature exceeds the thermal
shutdown threshold value, the device is internally disabled.
The IC will remain in disabled state until the die temperature
decreases by the thermal shutdown hysteresis value. Then
the LDO is back enabled.

The thermal shutdown feature provides the protection
against overheating due to application failure and it is not
intended to be used as a normal working function.

Power Dissipation
Power dissipation caused by voltage drop across the LDO
and by the output current flowing through the device needs

to be dissipated out from the chip. The maximum power
dissipation is dependent on the PCB layout, number of used
Cu layers, Cu layers thickness and the ambient temperature.
The maximum power dissipation can be computed by one of
the following equations:

T,-T
Pois = %\
8JA
Or
T,-T
Pois = H
6JB
Where
Ty is the desired junction temperature
Ta is the ambient temperature
Tp is the board temperature (on the trace within
1 mm of the package body)
Rgja  is junction to ambient thermal resistance
RojB is junction to board thermal resistance

If we enter the maximum junction temperature for the
junction temperature Ty = Tjmax), we obtain a maximum
allowable power dissipation Ppigmax). Then, if higher
power dissipation than maximum power dissipation is
applied (Ppis > Ppis(max)), the device will be overheated
(Ty > Tymax))-

We can substitute for the power dissipation the following
equation:

Pois = (VIN - VOUT) “lout
To obtain:
T, - Ty

P =
DIS RGJX

= (VIN - VOUT) “lour

And then express the output current:
Ty—Tx

lour =

Roax * (VIN - VOUT)
Where:
Tx is T resp. T
Rojx  is Roya resp. Rojp

And similarly, if we enter the maximum junction
temperature for the junction temperature Ty = Tymax), we
obtain an equation for the maximum allowable load current
lout(MAX).-

Tymax) — Tx
Reax - (VIN - VOUT)

Then, if higher load current than maximum load current
is applied (Iour>lour(MaXx)), the device will be
overheated (Ty > Tymax))-

Maximum allowable output current charts are shown at
Figures 57 and 58. Note, louT(mAX) at such figures is based

lout(vax)
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on previous equation and is limited to nominal current Inom
(nominal LDO’s output current).

PCB Layout Recommendations

To obtain good LDOQO’s stability and the best transient,
PSRR and output voltage noise performance, place both Cpy
and Cgyr capacitors as close as possible to the device pins,
make the PCB traces wide and short and place capacitors to
the same PCB Cu layer as the LDO is (avoid connections
through vias). The same rules should be applied to the

ORDERING INFORMATION

connections between Coyt and the load — the less parasitic
impedance the better dynamic performance at the point of
load.

Regarding high impedance ADJ/FF and SS pins, prevent
capacitive coupling of their traces to any switching signals
in the application.

EN input doesn’t need any special care.

GND pin and exposed pad should be connected to PCB
GND plane for the best power spreading out of the chip. NC
pins could be connected the PCB GND plane as well.

Part Number Marking Voltage Option (Vout-nOM) Package Shipping’
NCP731ADN330R2G 731A33 FIX, 3.3V
NCP731ADN500R2G 731A50 FIX, 5.0 V '\f'lfbo_ T:?eif 3000 / Tape & Reel
NCP731ADNADJR2G 731AAD ADJ, 1.2V

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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