MICROCHIP

TC1014/TC1015/TC1185

50 mA, 100 mA and 150 mA CMOS LDOs with Shutdown
and Reference Bypass

Features

« AEC-Q100 Automotive Qualified, See Product
Identification System

* Low Supply Current (50 pA, typical)
» Low Dropout Voltage

» Choice of 50 mA (TC1014), 100 mA (TC1015)
and 150 mA (TC1185) Output

» High Output Voltage Accuracy
» Standard or Custom Output Voltages
» Power-Saving Shutdown Mode

» Reference Bypass Input for Ultra Low-Noise
Operation

» Overcurrent and Overtemperature Protection

» Space-Saving 5-Pin SOT-23 Package

» Pin-Compatible Upgrades for Bipolar Regulators
» Standard Output Voltage Options:

- 1.8V, 2.5V, 2.6V, 2.7V, 2.8V, 2.85V, 3.0V,
3.3V, 3.6V, 4.0V, 5.0V

Applications

» Battery-Operated Systems

» Portable Computers

* Medical Instruments

* Instrumentation

* Cellular/GSM/PHS Phones

* Linear Post-Regulator for SMPS
» Pagers

General Description

The TC1014/TC1015/TC1185 are high accuracy
(typically £0.5%) CMOS upgrades for older (bipolar)
Low Dropout Regulators (LDOs) such as the LP2980.
Designed specifically for battery-operated systems, the
devices’ CMOS construction eliminates wasted ground
current, significantly extending battery life. Total supply
current is typically 50 pA at full load (20 to 60 times
lower than in bipolar regulators).

The devices’ key features include ultra low-noise
operation (plus optional Bypass input), fast response to
step changes in load, and very low dropout voltage,
typically 85 mVv (TC1014), 180 mV (TC1015), and
270 mV (TC1185) at full load. Supply current is
reduced to 0.5 pA (max) and Vgyr falls to zero when
the shutdown input is low. The devices incorporate both
overtemperature and overcurrent protection.

The TC1014/TC1015/TC1185 are stable with an output
capacitor of only 1 yF and have a maximum output
current of 50 mA, 100 mA and 150 mA, respectively. For
higher output current regulators, refer to the Microchip
Data Sheets: TC1107 (www.microchip.com/DS21356),
TC1108  (www.microchip.com/DS21357), TC1173
(www.microchip.com/DS21362) (IOUT = 300 mA).

Package Type

5-Pin SOT-23

Vout Bypass

CEND

TC1014
TC1015
TC1185

IcE)

Viy GND SHDN
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TC1014/TC1015/TC1185

Typical Application

Vi O——

r

Vin Vour

TC1014

TC1015

TC1185
GND

SHDN Bypass

5
Vour
+
I 1 uF

470 pF

I

Shutdown Control
(from Power Control Logic)

Reference
Bypass Cap
(Optional)

DS20001335F-page 2

© 2007-2023 Microchip Technology Inc.and its subsidiaries




TC1014/TC1015/TC1185

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings’

[aT o101 Yo =T [T TSP RSUPRPPRR 6.5V
L@ 01 { 010 ANV o] = To - USSR (-0.3V) to (V|y + 0.3V)
POWET DISSIPALION ....eeiieie et ee et e e e e et e e et e enee e nnaeeeee e ene Internally Limited (Note 7)
Maximum Voltage 0N ANY Pin ... e et e e V|y +0.3V to -0.3V
Operating Temperature RANGE............oi it ee et ee e e s e s e ee e e nneeaeaeaannes -40°C < T;<125°C
StOrage TEMPETATUIE ......veiiuiiiii ettt ettt et e b e ea e e nbe e e et e e eaeeeenbbeeeeanaeenaaes -65°C to +150°C
ESD Protection on all pins(?):

HUM@N BOAY MOGEI ...ttt et eh e ettt e s sbe e e et bt e eneeeeenbeean +2000V

L E= ot a g =1 oo Y PSR +200V

Charged DEVICE MOEI ........oiiiiiieie ettt e e ettt e bt e ettt e e eanee e eb e eeatee e enne e +2000V

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage
to the device. These are stress ratings only and functional operation of the device at these or any other
conditions above those indicated in the operation sections of the specifications is not implied. Exposure to
Absolute Maximum Rating conditions for extended periods may affect device reliability.

Note 1: Testing was performed per AEC-Q100 standard. For additional information, please contact your local
Microchip sales office.

TC1014/TC1015/TC1185 ELECTRICAL SPECIFICATIONS

Electrical Specifications: V5 = Vg + 1V, I = 100 pA, C| = 1.0 pyF, SHDN > V|, Tp = +25°C, unless otherwise noted.
Boldface type specifications apply for junction temperatures of -40°C to +125°C.

Parameter Sym. Min. Typ. Max. Units Device Conditions
Input Operating Voltage VN 2.7 — 6.0 \% — Note 1
Maximum Output Current louTmax 50 — — mA | TC1014
100 — — TC1015
150 — — TC1185
Output Voltage Vour VR-2.5% | VR+0.5% | VR +2.5% \ — Note 2
Vout Temperature Coefficient | TCVqyr — 20 — ppm/°C — Note 3
— 40 —
Line Regulation AVout/ — 0.05 0.35 % — (VR+1V)<V|y<6V
Load Regulation AVOUT/ — 0.5 2 % TC1014; ||_ =0.1mAto IOUTMAX
Vout — 0.5 3 TC1015 IL = 0.1 mA to loyTmax
TC1185 (Note 4)
Dropout Voltage Vin - Vout — 2 — mv — I =100 pA
— 65 — — IL=20mA
— 85 120 — I =50 mA
— 180 250 TC1015; IL =100 mA
— 270 400 TC1185 I = 150 mA (Note 5)
TC1185
Supply Current (Note 8) N — 50 80 HA — SHDN =V, I =0
Note 1:  The minimum Vy has to meet two conditions: V| > 2.7V and V|y > Vg + VpropouT-

2: VR is the regulator output voltage setting. For example: Vg = 1.8V, 2.5V, 2.6V, 2.7V, 2.8V, 2.85V, 3.0V, 3.3V, 3.6V, 4.0V, 5.0V.

31 TCVour = (VouTmax = Vourmn)x 10°
VOUT X AT

4: Regulation is measured at a constant junction temperature using low duty cycle pulse testing. Load regulation is tested over a load range
from 1.0 mA to the maximum specified output current. Changes in output voltage due to heating effects are covered by the thermal
regulation specification.

5:  Dropout voltage is defined as the input to output differential at which the output voltage drops 2% below its nominal value at a 1V
differential.

6:  Thermal Regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load
or line regulation effects. Specifications are for a current pulse equal to I y.x at Vi = 6V for T = 10 ms.

7:  The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable junction temperature and the
thermal resistance from junction-to-air (i.e., Ta, Ty, 6). Exceeding the maximum allowable power dissipation causes the device to
initiate thermal shutdown. Please see Section 5.0 “Thermal Considerations” for more details.

8:  Apply for Junction Temperatures of -40°C to +85°C.
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TC1014/TC1015/TC1185

TC1014/TC1015/TC1185 ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Specifications: V| = Vg + 1V, I =100 pA, C| = 1.0 yF, SHDN >V, Tp = +25°C, unless otherwise noted.
Boldface type specifications apply for junction temperatures of -40°C to +125°C.

Parameter Sym. Min. Typ. Max. Units Device Conditions
Shutdown Supply Current liINsD — 0.05 0.5 pA — SHDN = 0V
Power Supply Rejection PSRR — 64 — dB — Fre <1 kHz
Ratio
Output Short Circuit Current louTsc — 300 450 mA — Vour =0V
Thermal Regulation AVoyt/ — 0.04 — VIW — Note 6, Note 7

APp

Thermal Shutdown Die Tsp — 160 — °C —

Temperature

Thermal Shutdown ATgp — 10 — °C —

Hysteresis

Output Noise eN — 600 — nV/\Hz — I = louTmaxs
F = 10 kHz
470 pF from Bypass
to GND

SHDN Input High Threshold ViH 45 — — %V N — VN = 2.5V to 6.5V

SHDN Input Low Threshold Vi — — 15 %V N — ViN = 2.5V to 6.5V

Note 1:  The minimum Vy has to meet two conditions: V| > 2.7V and V|y = Vg + VpropouT-
2: VR is the regulator output voltage setting. For example: Vg = 1.8V, 2.5V, 2.6V, 2.7V, 2.8V, 2.85V, 3.0V, 3.3V, 3.6V, 4.0V, 5.0V.

31 TCVour = (VouTuax = Vourmn)X 10°
VOUT X AT

4:  Regulation is measured at a constant junction temperature using low duty cycle pulse testing. Load regulation is tested over a load range
from 1.0 mA to the maximum specified output current. Changes in output voltage due to heating effects are covered by the thermal
regulation specification.

5: Dropout voltage is defined as the input to output differential at which the output voltage drops 2% below its nominal value at a 1V
differential.

6:  Thermal Regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load
or line regulation effects. Specifications are for a current pulse equal to Iy at Vi = 6V for T = 10 ms.

7: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable junction temperature and the
thermal resistance from junction-to-air (i.e., Ta, Tj, 6a). Exceeding the maximum allowable power dissipation causes the device to
initiate thermal shutdown. Please see Section 5.0 “Thermal Considerations” for more details.

8:  Apply for Junction Temperatures of -40°C to +85°C.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: V| = Vg + 1V, I, = 100 pA, C_ = 1.0 yF, SHDN > V|, Tp = +25°C, unless otherwise noted.
Boldface type specifications apply for junction temperatures of -40°C to +125°C.

Parameter | Sym. | Min. | Typ. | Max. | Units | Conditions
Temperature Ranges:
Extended Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Ta -65 — +150 °C

Thermal Package Resistances:
Thermal Resistance, 5L.-SOT-23 0,a — | 256 | — °CIW

DS20001335F-page 4 © 2007-2023 Microchip Technology Inc.and its subsidiaries




TC1014/TC1015/TC1185

2.0

TYPICAL PERFORMANCE CURVES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Dropout Voltage vs. Temperature Dropout Voltage vs. Temperature
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FIGURE 2-1: Dropout Voltage vs. FIGURE 2-4: Dropout Voltage vs.
Temperature. Temperature.
Dropout Voltage vs. Temperature Dropout Voltage vs. Temperature
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FIGURE 2-2: Dropout Voltage vs. FIGURE 2-5: Dropout Voltage vs.
Temperature. Temperature.
Ground Current vs. V|y o Ground Current vs. V|N
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FIGURE 2-3: Ground Current vs. Input FIGURE 2-6: Ground Current vs. Input
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TC1014/TC1015/TC1185

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Ground Current vs. V|n
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FIGURE 2-7: Ground Current vs. Input

Voltage (V).

Vour vs. VIN
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FIGURE 2-10:

Output Voltage (Voyr) vs.

Input Voltage (Vp).

FIGURE 2-8:
Input Voltage (Vp).

Output Voltage vs. Temperature

Output Voltage (Voyr) vs.

Output Voltage vs. Temperature
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FIGURE 2-9: Output Voltage (Voyr) vs.
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FIGURE 2-11: Output Voltage (Voyr) vs.
Temperature.
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TC1014/TC1015/TC1185

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Output Voltage vs. Temperature
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FIGURE 2-12: Output Voltage (Voyr) vs.
Temperature.
Ground Current vs. Temperature
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FIGURE 2-13: lenp Vvs. Temperature.
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FIGURE 2-14:

Output Voltage (Voyr) vs.

Temperature.
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FIGURE 2-15:

Ignp vs. Temperature.

Output Noise vs. Frequency

Stability Region vs. Load Current
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FIGURE 2-16: AC Characteristics.
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TC1014/TC1015/TC1185

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Measure Rise Time of 3.3V LDO With Bypass Capacitor

Conditions: ClN =1uF, COUT =1uF, CBYP = 470pF, ILOAD =100mA
VN = 4.3V, Temp = 25°C, Rise Time = 448uS

Tek Run: 25.0MS/s  Sample
e |

VSHDN b
1!
C1 Rise
o 2.312s
Low signal
amplitude
litud
g i €2 High
3.36V
k C2 Rise
271.256ps

00V T.00 V & M 200s CRT % 1.40V

Vour

Measure Rise Time of 3.3V LDO Without Bypass Capacitor

Conditions: Cjy = 1uF, COUT =1uF, Cgyp = OpF, ILOAD= 100mA
VN = 4.3V, Temp = 25°C, Rise Time = 184uS

Tek Run: 25.0MS/s  Sample
. T

o : A13.22V
i : A 184ps
®:3.20V

VSHDN1 N

C1 Rise
2.416ps
Low signal

I
|
I
I
| amplitude
Frerh g €2 High
. } . 3.36V
I
Vour } 2 Rise
98.736Ms
|
I
|
|

|
Chi~ 2.00V T.00V & M 200ps Chi v 1.40V

FIGURE 2-17: Measure Rise Time of 3.3V
with Bypass Capacitor.

FIGURE 2-19: Measure Rise Time of 3.3V
without Bypass Capacitor.

Measure Fall Time of 3.3V LDO With Bypass Capacitor

Conditions: C)y = 1uF, CoyTt = 1uF, Cgyp = 470pF, I oap = 50mA
VN = 4.3V, Temp = 25°C, Fall Time = 100uS

Tek Run: 50.0MS/s  Sample
[ T

\ ERra
SHDNH 9 Low sigunsal

amplitude
C1 High
2.08V

2 High
—\ 3.36V
Vout c2 Fall
e 7] 99.932ps

Low signhal
amplitude

Chi~ 200V 200V & M T00us Chi 7 920mV

Measure Fall Time of 3.3V LDO Without Bypass Capacitor

Conditions: Cy\ = 1uF, Coyt = 1uF, Cgyp = OpF, I oap = 100mA
VN = 4.3V, Temp = 25°C, Fall Time = 52uS

Tek Run: 50.0MS/s  Sample
E Tl

V. g S0
SHDN 14 4 Low sig}ﬁal

amplitude

C1 High
2.08V

€2 High
3.36 vV

Vour c2 Fall
i 51.3921s
Low signal
amplitude

Chi~ 200V 200V & M T00us Chi /7 9z0mv

FIGURE 2-18: Measure Fall Time of 3.3V
with Bypass Capacitor.

FIGURE 2-20: Measure Fall Time of 3.3V
without Bypass Capacitor.

DS20001335F-page 8

© 2007-2023 Microchip Technology Inc.and its subsidiaries




TC1014/TC1015/TC1185

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Measure Rise Time of 5.0V LDO With Bypass Capacitor

Conditions: ClN =1uF, COUT =1uF, CBYP = 470pF, I oap = 100mA
V|N = 6V, Temp = 25°C, Rise Time = 390uS

Tek Run: 50.0MS/s  Sample

i b } T
| A:S.00V
| A 438ps
@: 4.88V

d C:}2Rise
VSHDN 14 l Low srignal

amplitude
C2 High
5.04V

|
|
]
|
|
i T t 2 Rise
} : : 248.944us
! : :
Vour
I
]
i
|

CHi~ 2.00V & @i 2700V & W T000s Chi v 1.16V

FIGURE 2-21: Measure Rise Time of 5.0V
with Bypass Capacitor.

Measure Fall Time of 5.0V LDO With Bypass Capacitor

Conditions: C\y = 1uF, Coyt = 1uF, Cgyp = 470pF, I oap = 50mA
V|n = 6V, Temp = 25°C, Fall Time = 167uS

Tek Run: 50.0MS/s  Sample
[

Fo]

V Sosop
. s
SHDN 4 Low sig}:’ml
L R amplitude

: <1 High

2,08V

C2 High

5.04V

V,
OUT. L M . mcsz.nrsas"ps

Chi— 250V 200V & M T00pus CRi /7 920MmV

Measure Rise Time of 5.0V LDO Without Bypass Capacitor

Conditions: Cyy = 1uF, Coyt = 1uF, Cgyp = OpF, I oap = 100mA
Vin = 6V, Temp = 25°C, Rise Time = 192uS

Tek Run: 50.0M5/s  Sample
. e T

| A S,
| A 192us
@: 4.

v - d Cg 5Rise
SHDN 1 “; Low s?gsnal

amplitude

c2 High
5.04V

|
|
!
|
| :
' 2 Rise
} 92.860us
1
Vour |
‘ :
|
|
|

Chi 2.00V & [F 2.00V &% M 100Ms Chi \ 1.16V

FIGURE 2-23: Measure Rise Time of 5.0V
without Bypass Capacitor.

Measure Fall Time of 5.0V LDO Without Bypass Capacitor

Conditions: Cy\ = 1uF, Coyt = 1uF, Cgyp = OpF, I oap = 100mA
Vin = 6V, Temp = 25°C, Fall Time = 88uS

Tek Run: 50.0MS/s  Sample
[ T

V oo
3 s
SHDN 14 4 Low sig“l"ml

amplitude
C1 High
2,08V
t €2 High
5.04V
Vour cz fall
— 0 $7.868MS

Chi~ 2.00V 200V & M 100s Chi 7  920mV

FIGURE 2-22: Measure Fall Time of 5.0V
with Bypass Capacitor.

FIGURE 2-24: Measure Fall Time of 5.0V
without Bypass Capacitor.
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TC1014/TC1015/TC1185

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Load Regulation of 3.3V LDO

Conditions: Cyy = 1uF, Coyt = 2.2uF, Cgyp = 470pF,
VN = Vout + 0.25V, Temp = 25°C

Tek 2.50MS/s 25 Acqs
W T

I oab = 50mA switched in at 10kHz, V31 is AC coupled

Low signal

L M amplitude

2 b ¢ c2 ampl
4.8mv

Unstable

histogram

C1 period
97.21us

Vout

200V & Ch2 10.0mVAk M 20.0[s CAT 7 d0mv

FIGURE 2-25:
LDO.

Load Regulation of 3.3V

Load Regulation of 3.3V LDO

Conditions: Cy\ = 1uF, Coyt = 2.2uF, Cgyp = 470pF,
ViN = Vour + 0.25V, Temp = 25°C

TeK SN 2.50MS/s 82 Acqs
1t T

I oap = 150mA switched in at 10kHz, Vot is AC coupled'

howo || [ L.

C1 period
.20us

b 1 Low signal

amplitude

v G amt
.6m

out Unstable

histogram

Chi 200V & 20.0mVAE M 20.00s Chi 7 40mv

Load Regulation of 3.3V LDO

Conditions: Cjy = 1uF, Coyt = 2.2uF, Cgyp = 470pF,
ViN = Vour + 0.25V, Temp = 25°C

Tek 2.50MS/s 7 Acqs
+ T

I oap = 100mA switched in at 10kHz, Vg7 is AC coupled

I
LOAD o
C1 period
97.211s
Low signal
amplitude

FIGURE 2-26:
LDO.

Load Regulation of 3.3V

v €2 Ampl
out dnstale
histogram
200V % CR2 T0.0MVAE M 20008 CHT & 40mv
FIGURE 2-27: Load Regulation of 3.3V
LDO.
Line Regulation of 3.3V LDO
Conditions: V\y = 4V, + 1V Squarewave @2.5kHz
Tek EHITH 1.00MS/s 8 Acgs .
, N et
R «
IN 1 av
C1 Fre?(
2.537606kHz2
Low signal
” amplitude
€2 Ampl
Vour . J\K . 1.2mv
: 1 capcrk
51.2my
Ciy = OuF, Coyr = 11F; Cgyp = 470pF,
1Loap = 100mA, V) & Vo7 aire AC coupled
Chi 1,00 Ve T0.0mvAe M50.0ps CRi 7 160mV
FIGURE 2-28: Load Regulation of 3.3V

LDO.
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TC1014/TC1015/TC1185

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise specified, all parts are measured at temperature = +25°C.

Thermal Shutdown Response of 5.0V LDO
Line Regulation of 5.0V LDO

Conditions: V| = 6V, C\ = OuF, Coyt = 1uF
Conditions: Vjy = 6V, + 1V Squarewave @2.5kHz

Tek Run: 50.0kS/s  Sample

[ T]
TeK S{deH 1.00MS/s 28 Acqs
it T
C2 Pk-Pk
. 280V
. . - .. 1 c1 ampl
J ooV
VlN 1+ C21.+709\£er
C1F
2.53751%kHz Vourt ] . )
Low signal C2 period
)\ amplitude 296.485ms
Vour : €2 Ampl
4.0mv C2 +Duty
£3.367 %
C2 Pk-Pk
79.2mv
Cyy = OuF; Coyr = 1uF, Cgyp = 470pF, 2.00V & M 100ms Chi J [RY
1, oAp = 100mA, V) &Vqrare AC coupled
: I oap Was increased until temperature of die reached about 160°C, at
ChT ™ 1.00 Vi 20.0mVAE M50.04s ChT 7 3Z0mv which time integrated thermal protection circuitry shuts the regulator
off when die p ire pproxi y 160°C. The
remains off until die temperature drops to approximately 150°C.
FIGURE 2-29: Line Regulation of 5.0V FIGURE 2-30: Thermal Shutdown
LDO. Response of 5.0V LDO.
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TC1014/TC1015/TC1185

3.0 PIN DESCRIPTION

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

Pin Number

(5-Pin SOT-23) | Symbol

Description

VN Unregulated supply input

GND Ground terminal

0.5 pA (maximum).

SHDN Shutdown control input; the regulator is fully enabled when a logic high is applied to
this input. The regulator enters shutdown when a logic low is applied to this input.
During shutdown, output voltage falls to zero and supply current is reduced to

4 Bypass | Reference bypass input; connecting a 470 pF to this input further reduces output
noise.
5 Vout Regulated voltage output

3.1 Input Voltage (V|y)

Connect the V|y pin to the unregulated source
voltage. Like all low dropout linear regulators, low
source impedance is necessary for the stable
operation of the LDO. The amount of capacitance
required to ensure low source impedance will
depend on the proximity of the input source
capacitors or battery type. For most applications,
1.0 uF of capacitance will ensure stable operation
of the LDO circuit. The type of capacitor used can
be ceramic, tantalum or aluminum electrolytic.
The low-ESR (Effective Series Resistance) char-
acteristics of the ceramic will yield better noise
and PSRR (Power Supply Ripple Rejection)
performance at high frequency.

3.2 Ground Terminal (GND)

Connect the ground pin to the input voltage
return. For the optimal noise and PSRR
performance, the GND pin of the LDO should be
tied to a quiet circuit ground. For applications
have switching or noisy inputs, tie the GND pin to
the return of the output capacitor. Ground planes
help lower inductance and voltage spikes caused
by fast transient load currents and are
recommended for applications that are subjected
to fast load transients.

3.3 Shutdown (SHDN)

The Shutdown input is used to turn the LDO on
and off. When the SHDN pin is at a logic high
level, the LDO output is enabled. When the
SHDN pin is pulled to a logic low, the LDO output
is disabled. When disabled, the quiescent current
used by the LDO is less than 0.5 pA max.

34 Bypass

Connecting a low-value ceramic capacitor to the
Bypass pin will further reduce output voltage
noise and improve the PSRR performance of the
LDO. While smaller and larger values can be
used, these affect the speed at which the LDO
output voltage rises when the input power is
applied. The larger the bypass capacitor, the
slower the output voltage will rise.

3.5 Output Voltage (Voyt)

Connect the output load to Vgt of the LDO. Also
connect one side of the LDO output capacitor as
close as possible to the Vgt pin.

DS20001335F-page 12
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TC1014/TC1015/TC1185

4.0 DETAILED DESCRIPTION

The TC1014, TC1015 and TC1185 are precision fixed
output voltage regulators (if an adjustable version is
needed, see the TC1070, TC1071 and TC1187 data
sheet at www.microchip.com/DS21353). Unlike bipolar
regulators, the TC1014, TC1015 and TC1185 supply
current does not increase with load current. In addition,
the LDOs’ output voltage is stable using 1 uF of capac-
itance over the entire specified input voltage range and
output current range.

Figure 4-1 shows a typical application circuit. The
regulator is enabled anytime the shutdown input
(SHDN) is at or above V|, and disabled when SHDN is
at or below V| . SHDN may be controlled by a CMOS
logic gate or I/O port of a microcontroller. If the SHDN
input is not required, it should be connected directly to
the input supply. While in shutdown, the supply current
decreases to 0.05 pA (typical) and Vgt falls to zero
volts.

TC1015
Battery TC1185

=
|

¥ VIN VOUTT VOUT
1uF +
+ I M TC1014 I1 uF

SHDN Bypass
470 pF

Reference
Bypass Cap
— (Optional)

Shutdown Control
(to CMOS Logic or Tie
to V| if unused)

FIGURE 4-1: Typical Application Circuit.

4.1 Bypass Input

A 470 pF capacitor connected from the Bypass input to
ground reduces noise present on the internal
reference, which in turn, significantly reduces output
noise. If output noise is not a concern, this input may be
left unconnected. Larger capacitor values may be
used, but results in a longer time period to rated output
voltage when power is initially applied.

4.2 Output Capacitor

A1 pF (min) capacitor from Vg to ground is required.
The output capacitor should have an effective series
resistance greater than 0.1Q and less than 5Q. A 1 pF
capacitor should be connected from Vy to GND if there
is more than 10 inches of wire between the regulator
and the AC filter capacitor, or if a battery is used as the
power source. Aluminum electrolytic or tantalum
capacitor types can be used (since many aluminum
electrolytic capacitors freeze at approximately -30°C,
solid tantalums are recommended for applications
operating below -25°C). When operating from sources
other than batteries, supply-noise rejection and
transient response can be improved by increasing the
value of the input and output capacitors and employing
passive filtering techniques.

4.3 Input Capacitor

A1 uF capacitor should be connected from V |y to GND
if there is more than 10 inches of wire between the
regulator and this AC filter capacitor, or if a battery is
used as the power source. Aluminum electrolytic or
tantalum capacitors can be used (since many
aluminum  electrolytic  capacitors  freeze  at
approximately -30°C, solid tantalum is recommended
for applications operating below -25°C). When
operating from sources other than batteries, supply-
noise rejection and transient response can be
improved by increasing the value of the input and
output capacitors and employing passive filtering
techniques.

© 2007-2023 Microchip Technology Inc. and its subsidiaries
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5.0 THERMAL CONSIDERATIONS

5.1 Thermal Shutdown

Integrated thermal protection circuitry shuts the
regulator off when die temperature exceeds 160°C.
The regulator remains off until the die temperature
drops to approximately 150°C.

5.2 Power Dissipation

The amount of power the regulator dissipates is
primarily a function of input and output voltage, and
output current. Equation 5-1 is used to calculate worst-
case actual power dissipation:

EQUATION 5-1:
Pp=Vinyax—Vourmn!Loapmax
Where:
Pp = Worst-case actual power
dissipation
Vinmax = Maximum voltage on Vg
Voutmin = Minimum regulator output voltage
lLoapmax = Maximum output (load) current

The maximum allowable power dissipation
(Equation 5-2) is a function of the maximum ambient
temperature (Tayax), the maximum allowable die
temperature (T;,ax) and the thermal resistance from
junction-to-air (6,4). The 5-pin SOT-23 package has a
0, of approximately 220°C/Watt.

EQUATION 5-2:

P _ (TJMAXf TAMAX)
DMAX 0
JA

Where all terms are previously defined.

Equation 5-1 can be wused in conjunction with
Equation 5-2 to ensure regulator thermal operation is
within limits. For example:

Given:

ViNuax = 3.0V +10%
Voutun = 2.7V-25%
lLoabmax = 40mA

T juax = 125°C

T Amax = 55°C

Find:

1. Actual power dissipation
2. Maximum allowable dissipation

Actual power dissipation:

Pp = (Vinuax — YouTmm)ILoADMAx
=[(3.0x 1.1) = (2.7 x .975)]40 x 1073

=26.7mW

Maximum allowable power dissipation:

P _ (TJMAX_TAMAX)
DMAX T
_ (125-353)
220
318 mw

In this example, the TC1014 dissipates a maximum of
26.7 mW below the allowable limit of 318 mW. In a
similar manner, Equation 5-1 and Equation 5-2 can be
used to calculate maximum current and/or input
voltage limits.

5.3 Layout Considerations

The primary path of heat conduction out of the package
is via the package leads. Layouts having a ground
plane, wide traces at the pads, and wide power supply
bus lines combine to lower 6,4 and therefore increase
the maximum allowable power dissipation limit.

DS20001335F-page 14
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

1

DOO®
®&a@ represents part number code + temperature range and voltage
® represents year and 2-month period code
@ represents lot ID number

TABLE 6-1: PART NUMBER CODE AND TEMPERATURE RANGE

W) TC1014 TC1015 TC1185
Code Code Code
1.8 AY BY NY
2.5 A1 B1 N1
2.6 NB BT NT
2.7 A2 B2 N2
2.8 AZ BZ NZ
2.85 A8 B8 N8
3.0 A3 B3 N3
3.3 A5 B5 N5
3.6 A9 B9 N9
4.0 A0 BO NO
5.0 A7 B7 N7

© 2007-2023 Microchip Technology Inc. and its subsidiaries DS20001335F-page 15
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5-Lead Plastic Small Outline Transistor (CXX) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

51 M Jo.20]c]2x
=1
| [e7] |
| — 1| ®
(DATUM D) | |
NTT I
| l |
ER
\ |
[E1] 7777 - - — [g]
///////// .
AL
M Jo.s]c]p
2 NOTE 1 1 i 2 l
! (1N[0.25/C|D
l=—]e] (DATUM A-B)
[B]-4 = nNxb
[©[0.20|c|A-B|D]
TOP VIEW
A
A A2 |/ \I
* ‘™ ]o.20[C]

|_> SEATING PLANE
S P

SEE SHEET 2

SIDE VIEW

Microchip Technology Drawing C04-091-CXX Rev H Sheet 1 of 2
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TC1014/TC1015/TC1185

5-Lead Plastic Small Outline Transistor (CXX) [SOT-23]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Notes:

0
pu— L | —
VIEW A-A
SHEET 1
Units MILLIMETERS

Dimension Limits MN | NoMm [ MAX
Number of Pins N 5
Pitch e 0.95 BSC
Outside lead pitch el 1.90 BSC
Overall Height A 0.90 - 1.45
Molded Package Thickness A2 0.89 - 1.30
Standoff A1 - - 0.15
Overall Width E 2.80 BSC
Molded Package Width E1 1.60 BSC
Overall Length D 2.90 BSC
Foot Length L 030 | - | 060
Footprint L1 0.60 REF
Foot Angle 0 0° - 10°
Lead Thickness c 0.08 - 0.26
Lead Width b 0.20 - 0.51

1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or
protrusions shall not exceed 0.25mm per side.
2. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-091-CXX Rev H Sheet 2 of 2
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5-Lead Plastic Small Outline Transistor (CXX) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

—| X |
SILK SCREEN
- Y
Z C G
! !
| |
1 2
GX

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits]  MIN [ Nom |  MAX
Contact Pitch E 0.95 BSC
Contact Pad Spacing C 2.80
Contact Pad Width (X5) X 0.60
Contact Pad Length (X5) Y 1.10
Distance Between Pads G 1.70
Distance Between Pads GX 0.35
Overall Width Z 3.90

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2091-CXX Rev H
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6.2 Taping Form

010 A0
Device — User Direction of Feed Bunyepy
Marking soIneQ
OO0 OOOOO\OOOOO} Oou
W, Width of
[0 oo oo [0 PIN'1 Carrier Tape
B aog QAN \
_/ <
PIN'1 P,Pitch
Standard Reel Component Reverse Reel Component
Orientation Orientation
Carrier Tape, Number of Components per Reel and Reel Size
Package Carrier Width (W) Pitch (P) Part Per Full Reel Reel Size
5-Pin SOT-23 8 mm 4 mm 3000 7in
© 2007-2023 Microchip Technology Inc. and its subsidiaries DS20001335F-page 19
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision F (November 2023)

» Added automotive qualification to Features and
examples to Product Identification System.

» Updated Absolute Maximum Ratingst to better
describe the part.

» Updated Section 6.0, Packaging Information.

» Made minor text and format changes throughout
the document.

Revision E (February 2007)

» Changed Dropout Voltage from mA to pAin
Section 1.0, Electrical Characteristics.

» Updated Product Identification System, page 23.
» Updated Section 6.0, Packaging Information.

Revision D (April 2006)

* Removed “ERROR is open circuited” from SHDN
pin description in Pin Function Table.

» Added verbiage for pinout descriptions in Pin
Function Table.

» Replaced verbiage in first paragraph of
Section 4.0, Detailed Description.

» Added Section 4.3, Input Capacitor.

Revision C (January 2006)

» Changed TR suffix to 713 suffix in Taping Form in
Package Marking section.

Revision B (May 2002)

» Converted Telcom data sheet to Microchip
standard for Analog Handbook.

Revision A (February 2001)

» Original release of this document under Telcom.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. =X.X _)l(_ XXXXX XXX
Device Output Temperature Package Qualification
Voltage Range
Device: TC1014: 50 mA LDO with Shutdown and Vrgp Bypass
TC1015: 100 mA LDO with Shutdown and Vggr Bypass
TC1185: 150 mA LDO with Shutdown and Vrgr Bypass
Output Voltage: 1.8 = 1.8V
25 = 25V
26 = 26V
27 = 27V
28 = 28V
2.85 = 285V
3.0 = 3.0V
3.3 = 33V
36 = 3.6V
40 = 4.0V
50 = 5.0V
Temperature Range: V= -40°Cto+125°C
Package: CT713 = Plastic Small Outline Transistor (SOT-23),
5-lead, Tape and Reel
Qualification*: Blank = Standard Part
VAO = AEC-Q100 Automotive Qualified

*All currently available VAO variants are shown in the
examples.

Contact your local Microchip sales office to request
automotive qualified variants for other packages types or
voltage options.

Examples for TC1014:

a) TC1014-1.8VCT713: 1.8V, 5LD SOT-23,

Tape and Reel

b) TC1014-2.85VCT713: 2.85V, 5LD SOT-23,
Tape and Reel

c) TC1014-3.3VCT713: 3.3V, 5LD SOT-23,
Tape and Reel

d) TC1014-3.0VCT713VAO: 3.3V, 5LD SOT23,
Tape and Reel,
Automotive Qualified

e) TC1014-3.3VCT713VAO: 3.0V, 5LD SOT23,
Tape and Reel,
Automotive Qualified

Examples for TC1015:

a) TC1015-1.8VCT713: 1.8V, 5LD SOT-23,

Tape and Reel

b) TC1015-2.85VCT713: 2.85V, 5LD SOT-23,

Tape and Reel

3.0V, 5LD SOT-23,

Tape and Reel

d) TC1015-3.3VCT713VAO: 3.3V, 5LD SOT-23,
Tape and Reel,
Automotive Qualified

c) TC1015-3.0VCT713:

Examples for TC1185:

a) TC1185-1.8VCT713: 1.8V, 5LD SOT-23,

Tape and Reel

2.8V, 5LD SOT-23,

Tape and Reel

c) TC1185-5.0VCT713VAO: 5.0V, 5LD SOT-23,
Tape and Reel,
Automotive Qualified

b) TC1185-2.8VCT713:

© 2007-2023 Microchip Technology Inc. and its subsidiaries
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NOTES:
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https://
www.microchip.com/en-us/support/design-help/client-support-
services.
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MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
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IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
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