MICROCHIP

TC1301A/B

Dual LDO with Microcontroller RESET Function

Features

Dual Output LDO with Microcontroller Reset
Monitor Functionality:

- Vourq = 1.5V to 3.3V @ 300 mA,
- VOUT2 =1.5V to 3.3V @ 150 mA
- VRESET =2.20V to 3.20V

Output Voltage and RESET Threshold Voltage
Options Available (See Table 8-1)

Low Dropout Voltage:
- Vout1 = 104 mV @ 300 mA, Typical
- Vourte = 150 mV @ 150 mA, Typical

Low Supply Current: 116 pA, Typical
TC1301A/B with both output voltages available

Reference Bypass Input for Low Noise Operation

Both Output Voltages Stable with a Minimum of
1 uF Ceramic Output Capacitor

Separate Input for RESET Detect Voltage
(TC1301A)

Separate Vo1 and Vo2 SHDN pins
(TC1301B)

RESET Output Duration: 300 msec. Typical
Power-Saving Shutdown Mode of Operation
Wake-up from SHDN: 5.3 usec. Typical

Small 8-pin DFN and MSOP Package Options
Operating Junction Temperature Range:

- -40°C to +125°C

Overtemperature and Overcurrent Protection

Applications

Cellular / GSM / PHS Phones
Battery Operated Systems
Hand-held Medical Instruments
Portable Computers / PDA’s
Linear Post-Regulators for SMPS
Pagers

Related Literature

AN765, “Using Microchip’s Micropower LDOs”,
DS00765, Microchip Technology Inc.

AN766, “Pin-Compatible CMOS Upgrades to
BiPolar LDOs”, DS00766, Microchip Technology
Inc.

AN792, “A Method to Determine How Much
Power a SOT23 Can Dissipate in an Application”,
DS00792, Microchip Technology Inc.

Description

The TC1301A/B combines two Low Dropout (LDO)
regulators and a microcontroller RESET function into a
single 8-pin MSOP or DFN package. Both regulator
outputs feature low dropout voltage, 104 mV
@ 300 mA for VOUT1’ 150 mV @ 150 mA for VOUTZ’
low quiescent current consumption, 58 yA each and a
typical regulation accuracy of 0.5%. Several fixed-
output voltage and detector voltage combinations are
available. A reference bypass pin is available to further
reduce output noise and improve the power supply
rejection ratio of both LDOs.

The TC1301A/B is stable over all line and load
conditions with a minimum of 1 yF of ceramic output
capacitance and utilizes a unique compensation
scheme to provide fast dynamic response to sudden
line voltage and load current changes.

For the TC1301A, the microcontroller RESET function
operates independently of both VoyT4 and Voyta. The
input to the RESET function is connected to the Vet
pin.The SHDN2 pin is used to control the output of
VouTz only. Voyut4 Will power up and down with V.

In the case of the TC1301B, the detect voltage input of
the RESET function is connected internally to Voyt1-
Both Vgyt1 and Voyro have independent shutdown
capability.

Additional features include an overcurrent limit and
overtemperature protection that, when combined,
provide a robust design for all load fault conditions.

Package Types

8-Pin DFN/MSOP
TC1301A
DFN8 MSOP8
RESET/ 7]  [8]|Vper RESET[1]|* (8] Voer
Vour1[2] 7] Vi Vour1[2] [7]Vin
GND[3] [6]Vourz GND[3] 6] Vour2
Bypass[4 | [5]SHDN2 Bypass[4] | 5] SHDN2
TC1301B
DFN8 MSOP8
RESET[1]  [8|SHDN1 RESET[1]|® | 8] SHDN1
Vouri|2] AN Vours[2] [7]Vin
GND[3] (6] Vourz GND[3] [ 6] Vourz
Bypass[4 ] [5]SHDN2 Bypass[4] 5] SHDN2
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TC1301A/B

Functional Block Diagrams

TC1301A TC1301B
ViN VouT1 ViN % Vour
> LDO #1 > = LDO #1 =
2.8V@300 mA SHDN1 2.8V@300 mA
- >
VouT2 VouTt2
| M. tpo# ~ | T ipow -~
SHDN2 2.6V@ 150 mA SHDN2 2.6V@ 150 mA
GND L»| Bandgap GND| L_| Bandgap -
Bypass : Ref1e5e\?ce Bypass > Ref1e56<?ce 3
VpET =
RESET
RESET Threshold
Voer | | Threshold Time Dela { —_— L Detector [-»{ 1iMe Delay<E >
y 300 ms t
Detector 1300 ms, typ[ 1 263V yP
Typical Application Circuits
TC1301A
System RESET V\RESET  VoerS
2.8V @ 300 mA| 2 7 BATTERY
@ m VOUT1 VIN
Coyrt 6 2.6V @ 150 mA Loy
1 pF Ceramic ;E GND VouT2 : 1 uF
£ =18 Courz —|
Bypass SHDN2 1 uF Ceramic _ 2.th
bepass X5R —— 42V
10 nF Ceramic ;E
Note: Cpypass is optional ON/OFF Control Voyt N
ON/OFF Control VOUT1
TC1301B
—_— 8
System RESET 1 RESET SHDN1
2.8V @ 300 mA 2 v v 7 BATTERY
@h ouT1 IN
Cour1 3 6 2.6V @ 150 mA ——CiN
1 yF Ceramic GND Vout2 : 1uF
X5R
4 SADNZL2 Cour2 ——
Bypass SHDN2 1 uF Ceramic 2.t(7)V
$X5R —— 42V
ON/OFF Control VOUT2 V
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TC1301A/B

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings

VDD errerreemeeree et ettt sttt ettt ettt et e e e e 6.5V
Maximum Voltage on Any Pin ....... (Vgg -0.3) to (Vjy + 0.3)V
Power Dissipation ............ccccceeennee Internally Limited (Note 7)
Storage temperature ...........cccceevee e -65°C to +150°C
Maximum Junction Temperature, T .......ccccccoevninienns +150°C

Continuous Operating Temperature Range ..-40°C to +125°C
ESD protection on all pins, HBM, MM................... 4 kV, 400V

DC CHARACTERISTICS

1 Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods
may affect device reliability.

Note 1:

2:

3 TCVour = (Voutmax - Voutmin) * 10%)/(Vour * 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 0.1 mA to the maximum specified output current. Changes in output voltage due to heating

effects are covered by the thermal regulation specification.
5: 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 yyax at Vy = 6V for

t =10 msec.

Electrical Specifications: Unless otherwise noted, V| = Vg +1V, loyT1 =louT2 = 100 YA, Ciy = 4.7 uF,
COUT1 = COUT2 =1 }JF, CBYPASS =10 nF, SHDN > VlH’ TA =+25°C.
Boldface type specifications apply for junction temperatures of -40°C to +125°C.
Parameters Sym Min Typ Max Units Conditions
Input Operating Voltage VN 2.7 — 6.0 Vv Note 1
Maximum Output Current louT1Max 300 — — mA VN = 2.7V 10 6.0V (Note 1)
Maximum Output Current louT2Max 150 — — mA VN = 2.7V 10 6.0V (Note 1)
Output Voltage Tolerance Vout VR-2.5 | VR0.5 | Vp+2.5 % Note 2
(Vout1 and Voura)
Temperature Coefficient TCVourt — 25 — ppm/°C |Note 3
(Vout1 and Voura)
Line Regulation AVoyt/ — 0.02 0.2 %N | (VRt1V) < Vg <6V
(Vout1 and Voura) AViN
Load Regulation, Voyt 2 2.5V AVout! -1 0.1 +1 % loutx = 0.1 mA to loytmax (Note 4)
(Vour1 and Voyra) Vour
Load Regulation, Voyt < 2.5V AVout! -1.5 0.1 +1.5 % loutx = 0.1 mA to loytmax (Note 4)
(Vour1 and Voyta) Vour
Thermal Regulation AVout! — 0.04 — %/W | Note 5
APp
Dropout Voltage (Note 6)
Voutt 2 2.7V VN - Vour — 104 180 mV louT1 =300 mA
VouTt2 2 2.6V VN - Vour — 150 250 mV louT2 = 150 mA
Supply Current
TC1301A lina) — 103 180 WA | SHDN2 = V,y, Vper = OPEN,
loutt = lout2 =0 MA
TC1301B lIns) — 114 180 A  |SHDNT =SHDN2 =V,
lout1 = loyt2 = 0 MA
The minimum V|\ has to meet two conditions: V|5 2 2.7V and V|y 2 VR + VproprouT-

VR is defined as the higher of the two regulator nominal output voltages (VT4 O Vout2)-

6: Dropout voltage is defined as the input to output voltage differential at which the output voltage drops 2% below its

value measured at a 1V differential.

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, T, 6;4). Exceeding the maximum allowable power
dissipation causes the device to initiate thermal shutdown.

0 2003 Microchip Technology Inc.
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TC1301A/B

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted, V| = Vg +1V, loyT1 =louT2 = 100 PA, Ciy = 4.7 uF,
COUT1 = COUT2 =1 }JF, CBYPASS =10 nF, SHDN > VIH’ TA =+25°C.
Boldface type specifications apply for junction temperatures of -40°C to +125°C.

Parameters Sym Min Typ Max Units Conditions
Shutdown Supply Current FETYNGY
213017 el In_SHDNA | — 58 90 UA | SHDNZ = GND, Vpgr = OPEN
Shutdown Supply Current
1013018 il In_soNB | — 0.1 1 uA | SHDNT = SHDNZ = GND
Power Supply Rejection Ratio PSRR — 58 — ag | 1=100Hz loyrs = lourz = 50 mA,
C|N =0 IJF
Output Noise eN — 830 — | nVi(Hzy% |15 1 KHZ lourt = lourz = S0 mA,
ClN =0 lJF
Output Short-Circuit Current (Average)
Vour louTse - 200 - mA IR oap1=1Q
Vourz louTsc — 140 — mA R oap2£1Q
SHDN Input High Threshold Vig 45 — — %ViN | Vin= 2.7V to 6.0V
SHDN Input Low Threshold Vi — — 15 %ViN | Vin= 2.7V to 6.0V
Wake-Up Time (From SHDN t _ 53 20 s VlN = 5V, IOUT1 = IOUTZ =30 mA,
mode), (VouT) WK ' H See Figure 5-1
Settling Time (From SHDN mode), t . 50 . s ViN =5V, loyt1 = loyTe = 50 mA,
VouT2) s H See Figure 5-2
Thermal Shutdown Die o
Temperature TSD —_ 150 —_ C VlN = 5V, IOUT1 = IOUTZ =100 IJA
Thermal Shutdown Hysteresis Thys — 10 — °C VN =5V
1.0 6.0 Tp=0°Cto+70°C
Voltage Range VpeT 1.2 — 6.0 V' |T,=-40°C to +125°C
RESET Threshold V1 -1.4 — +1.4 %
-2.8 — +2.8 % Tp =-40°C to +125°C
RESET Threshold Tempco AVTH/AT — 30 — ppm/°C
—_—a _ _ VDET = VTH to (VTH -100 mV),
VDET RESET Delay tRPD 180 us See Figure 5.3
—_— . " - . VDET = VTH -100 mV to VTH + 100 mV,
RESET Active Time-out Period trRPU 140 300 560 ms ik = 1.2 mA, See Figure 5-3.
VpeT = VTHmin: Isink = 1.2 mA,
RESET Output Voltage Low VoL — — 0.2 Y lsink = 100 pA for Vpgr < 1.8V,
See Figure 5-3
: 0.9 _ _ VDET > VTHmax Isource = 500 WA,
RESET Output Voltage High VoH Vper Vv See Figure 5.3

Note 1:

2:

3: TCVour = (VouTmax - Voutmin) * 10°/(Vout * 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 0.1 mA to the maximum specified output current. Changes in output voltage due to heating

effects are covered by the thermal regulation specification.

The minimum V| has to meet two conditions: V| 2 2.7V and V|y 2 Vg + VpropouT
VR is defined as the higher of the two regulator nominal output voltages (Voyt1 or VouT2)-

5: 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 \yax at Vg = 6V for

t =10 msec.

6: Dropout voltage is defined as the input to output voltage differential at which the output voltage drops 2% below its

value measured at a 1V differential.

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., T, T, 8;,). Exceeding the maximum allowable power

dissipation causes the device to initiate thermal shutdown.
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TC1301A/B

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, all limits are specified for: V|y = +2.7V to +6.0V.

Parameters ‘ Sym ‘ Min ‘ Typ ‘ Max ‘ Units ‘ Conditions
Temperature Ranges
ggﬁgzting Junction Temperature T -40 . +125 °C |Steady State
Storage Temperature Range Ta -65 — +150 °C
Maximum Junction Temperature T, — — +150 °C | Transient
Thermal Package Resistances
Thermal Resistance, MSOP8 CETN — 208 — °C/W | Typical 4 Layer Board
Thermal Resistance, DFN8 CITN — 41 — °C/W | Typical 4 Layer Board with Vias

0 2003 Microchip Technology Inc. DS21798A-page 5



TC1301A/B

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 indicated, V|N = VR +1V, IOUT1 = IOUTZ =100 IJA, ClN =47 HF, COUT1 - COUT2 =1 |JF (X5R or X7R),
CBYF’ASS =0 pF, SHDN1 = SHDNZ2 > V|H' For the TC1301A, VDET = VOUT1' RESET = OPEN, TA =+25°C.

350 — — 3.00
_ TC1301B T,=25°C T,=25C
< 300 lout1 = lour2 = 0 MA - lour1 = 100 mA
;g:' 250 Vourt Active % 2.90 lour2= 50 MA |
(9 > Vourt
5 200 £
% 150 Vour2 Active | Vour, SHDN 3 2.80
@ \ N 5
2 100 £
8 Y 3 270
é 50 Vourz
0 2.60 L |
2.7 3.0 3.3 3.6 3.9 42 45 48 51 54 57 6.0 27 3 33 36 39 42 45 48 51 54 57 6
Input Voltage (V) Input Voltage (V)
FIGURE 2-1: Quiescent Current vs. Input FIGURE 2-4: Output Voltage vs. Input
Voltage. Voltage.
1.8 2.90 ]
. 1.7 2.85 Vour
S 16 s
% 1.5 ON ° 2.80 /
< 14 g 2.75 /
g 13 S 270
£ /
= 12 — 5 265 Vourz
Z 44 OFF s
g - 3 260 T,=+25C -
n 1.0 lourt = 300 mA
0.9 2.55 lout2 = 100 mA |
0.8 2.50 —
27 3 33 36 39 42 45 48 51 54 57 6 27 3 33 36 39 42 45 48 51 54 57 6
Input Voltage (V) Input Voltage (V)
FIGURE 2-2: SHDN Voltage Threshold FIGURE 2-5: Output Voltage vs. Input
vs. Input Voltage. Voltage.
140 _ 1400 ‘
[ ] TC1301B Vi = 4.2V S Vs = 2.8V
g 0 Vours Active lourt = lourz = 0 pA | E 1200 [Vee=26v
:1 ::fg - X Vourt Active 3 g 100.0 lout2 = 100 pA T, =+125°C
s — s T, = +25°C >/
£ 100 Vour, SADN o 800 y >/
o 9 N 8 60.0 T,=-40°C
Z 80 s ° N
3 R s 400
g 70 — — 3 - %
S 60 S 200
@ 50 & o
40 )
-40 25 -10 5 20 35 50 65 80 95 110 125 0 50 100 150 200 250 300
Junction Temperature (°C) lour1 (MA)
FIGURE 2-3: Quiescent Current vs. FIGURE 2-6: Dropout Voltage vs. Output
Junction Temperature. Current (Voyr4)-
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TC1301A/B

Note: Unless otherwise indicated, V|N = VR +1V, IOUT1 = IOUTZ =100 IJA, ClN =47 HF, COUT1 - COUT2 =1 |JF (X5R or X7R),
CBYPASS =0 pF, SHDN1 = SHDN2 > V|H' For the TC1301A, VDET = VOUT1' RESET = OPEN, TA = +25°C.

140
~ Vit = 2.8V [T ]
£ 120 Vre=2.6V loutt = 300 mA
= lourz = 100 A e
Z 100 — —
> |
g 80
8
S 60
> lours = 100 mA
5 40 E—————
8 — lourt = 50 mA
§_ 20 ‘OUT1 ‘ l‘“
(=]

0
-40 -25 10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

0.40
0.30
0.20
0.10 Vour1
0.00
-0.10
-0.20

T T T T T T
Vour2 lour2= 0.1 MA to 150 mA |

| Veq = 2.8V
Vo = 2.6V
0.30 [V =42
-0.40 L1

40 25 10 5 20 35 50 65 80 95 110 125

Load Regulation (%)

Junction Temperature (125°C)

FIGURE 2-7: Dropout Voltage vs.
Junction Temperature (Voyr1).

FIGURE 2-10: VOUT1 and VOUT2 Load
Regulation vs. Junction Temperature.

0.045

Vi = 3.8V t0 6.0V
0.040 Viq = 2.8V, loyrq = 100 pA =
0.035 —Voyr, T VR2 = 2.6V, loyr2 = 100 pA T
—_

0.030 R R

0.025
0.020
0.015
0.010
0.005
0.000

i
Vour1

Line Regulation (%/V)

-40 -25 -10 5 20 35 50 65 80 95 110125
Junction Temperature (°C)

S 180 T
Vgi = 2.8V
~E; 160 [ Vgo= 2.6V T,=+125°C
S 140 Figyr =100 pA "
G TEasc
g 100 T,=-40°C
o]
5 80
> 60
3 40 A
Qo
o 20 e
a 0 /
0 30 60 90 120 150
loutz (MA)
FIGURE 2-8: Dropout Voltage vs. Output

Current (Voyrs)-

— 180 T T T
E 160 lour2 = 150 mA
~ 140 Ve =28V
3 120 Ve =26V
lours = 100 pA

% 100 ouT1 |
% 80
> 60 lout2 = 50 mA
E I

g 40 I

o 20 lout2 = 10 mA
S, I -

-40 -25 10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

FIGURE 2-11: VOUT1 and VOUT2 Line
Regulation vs. Junction Temperature.

2.832 T T
= Vi = 4.2V

‘>: 2.828 | Vri=28V

Vg2 = 2.6V, loyr2 = 100 pA |
o =]

c
2
o
z 2.824 — lours = 300 mA ¢9¢ lours = 100 mA -
E’z.szo
o /<
> 2.816 / | -
= =100 p
g- oUT1
£ 2812
o
2.808

-40 25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

FIGURE 2-9: Dropout Voltage vs.
Junction Temperature (Voyo).

FIGURE 2-12:
Temperature.

Vour vs. Junction
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TC1301A/B

Note: Unless otherwise indicated, V|N = VR +1V, IOUT1 = IOUTZ =100 IJA, ClN =47 HF, COUT1 - COUT2 =1 |JF (X5R or X7R),
CBYPASS =0 pF, SHDN1 = SHDN2 > V|H' For the TC1301A, VDET = VOUT1' RESET = OPEN, TA = +25°C.

2.856 —————
. Vg1 = 2.8V, loyrs = 300 mA
2 2.848 | Vre=26V, lourz =100 A -

5 —

S 2840 —] Vin = 3.0V |
> |

() 1
g 2.832 =
S P L
> 2.824 — Vi = 4.2V
g‘ 2.816 // —L\ ‘

3 < L — Vi = 6.0V
o // ‘m |

2.808

40 25 10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

30

25

20

15

Ivoer (MA)

10

5

0

FIGURE 2-13: Vours vS. Junction

Temperature.

2.645 I I
g out2 = 90 m. | ——
3 2605 ST —
g / // //__/
8 2630 T | 1 loumz=150mA |
3 e e I
> 2625 e
3 P L Vi = 4.2V
5 2.620 Vg1 = 2.8V, loyrs = 100 pA _|
o LT Vio = 2.6V

2.615 | | | | |

40 25 10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

FIGURE 2-14: Voure vS. Junction

Temperature.
2.644 —
- Vgt = 2.8V, loyrs = 100 pA Vin = 3-0V//
> Vg2 = 2.6V, loyr2 = 150 mA L—T
e ==
> 2636 Vwzav || =
o < == Vix = 6.0V
g {// IN
5 2,632 %
>
3 4/
.g- 2.628 v
o /

2.624

-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

FIGURE 2-15:
Temperature.

Vour? vs. Junction

-40 -25 <10 5 20 35 50 65 80 95 110 125

Vi = 2.8V T
—
| Vgo = 2.6V Vper = 6.0V — |
—] Vper = 4.2V
| J—
[
| LT Vper = 3.0V

Junction Temperature (°C)

FIGURE 2-16:

IpgT current vs. Junction

Temperature.

400 —
—_ Viy =4.2V
‘g 375 Vgy = 2.8V
@ 350 ™~ Veo =26V |
£ 225 Vper = 2.63V
-
o ™~
2 300
5 ~
< 275 —
[ ~—
§ 250
@ 225

200

-40 -25 10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

FIGURE 2-17:

RESET Active Time vs.

Junction Temperature.

2.6395
2.6390 /
E 2.6385
£
E 2.6380
I 2.6375
=
|_'.: 2.6370 Vi =42V
= 2.6365 Vg1 = 2.8V
Vg, = 2.6V
2.6360 Vper = 2.63V |
2.6355 —
-40 -25 10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

FIGURE 2-18:

Vet Trip Point vs. Junction

Temperature.
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TC1301A/B

Note: Unless otherwise indicated, V|N = VR +1V, IOUT1 = IOUTZ =100 IJA, ClN =47 HF, COUT1 - COUT2 =1 |JF (X5R or X7R),
CBYPASS =0 pF, SHDN1 = SHDN2 > V|H' For the TC1301A, VDET = VOUT1' RESET = OPEN, TA = +25°C.

PSRR A:T/R{JBIB: & o MKR 1 0@0.8988 Hz
1odBidec 7 MAX B.R@Q dB GRIN -42.6246 dB
DdBE‘ FRX 185.8 deg PHASE deg

A0dB Vin o4, :
| V1 = 2.8V, V2 = 2.6V : I

20dB 10Ut = 10UL2 = 30MA - e - .

Cout1 = Cout2 = 1uF /

h

Cbypass = 0 nF

-30dB ‘ /

-40d8 >

-50dB ¥ s

-60dB

O ¢ kI - .88 3. #
0.01 0.1 10 100 1000

Frequency (KHz)

10

/

1] \ Vourz Vourt

FIGURE 2-19: Power Supply Rejection
Ratio vs. Frequency (without bypass capacitor).

A:T/R(4BIB: & < MKR 1 B2@.228 Hz
psRR H MAX ©0.@98 4B GAIN -51.2368  dB
10dB/dec B MAX 180.8 deg PHASE deg

ods T H !

-10dB Vinsdav : ~Vout1 ~

V1=2.8Y,V2= 2.6V H
-20dB{"loutd = lout2 = 30mA 5
Cout1 = Cout2 = 1pA //
-30dB Cbypass = 10nF

-40dB //

5008 |

S~

-60dB.

S 8 ¥ 1 E A A S
0.01 0.1 10 100 1000
Frequency (KHz)

FIGURE 2-20: Power Supply Rejection
Ratio vs. Frequency (with bypass capacitor).

10

-
I

V=42V Vourt

Vgq = 2.8V /
| Veo=2.6V

Floyrs = 150 mA
Flourz= 100 mA \\
L Caypass =0 nF \

0.01 +—L— : : :
001 0.4 1 10 100 1000

o
o

NOISE (uVWHz)

Frequency (KHz)

FIGURE 2-21: VOUT1 and VOUT2 Noise vs.
Frequency (without bypass capacitor).

]
=
E 0.4 | Yn=42v /
o Ve = 2.8V
g Vro=2.6V
loyrs = 150 mA
Z 001+ lourz = 100 mA
Caypass = 10 nF
0.001 ‘ T T T T
0.01 0.1 1 10 100 1000
Frequency (KHz)
FIGURE 2-22' VOUT1 and' VOUT2 Noise vs.
Frequency (with bypass capacitor).
TeK Run: 2.50MS/s  Sample
§ T 1
Vin=4.2v
Vout2
1V/IDIV
R2=250hms
Vout1
1V/DIV i
R1=250hms :
/SHDN1 !
f/SHDN2
2V/DV ]
P
o %ggv TR 106V M20.00s Chi 1.4V
FIGURE 2-23: VOUT1 and VOUT2 Power up
from Shutdown TC1301B.
Tek Run: 10.0kS/s Sample [HGEE
Vin=4.2V b T 1
Vout2 . . .
2ViDIV
R2=250hms | :
/SHDN2 : .
5V/IDIV :
Vout1 T
2ViDIV 4
R1=250hms |
Vin
2V/IDIV
B NECR T R TR P aTAPTR w1  w T a
M 200V & Chd4 200V &
FIGURE 2-24: Vour2 Power up from

Shutdown Input TC1301A.
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TC1301A/B

Note: Unless otherwise indicated, V|N = VR +1V, IOUT1 = IOUTZ =100 HA, ClN =47 HF, COUT1 - COUTZ =1 |JF (X5R or X7R),
CBYF’ASS =0 pF, SHDN1 = SHDN2 > V|H' For the TC1301A, VDET = VOUT1' RESET = OPEN, TA = +25°C.

Vinzd, 2y Tek Run: 2.50MS/? SaTmple Irig] . Tek Run: Z_SOMS,E, SaTmple ]
o ) T Vin =4.2v
Vout2 Vout2
VDIV M
R2=250hms 100mv/DIV “T_A’i iy
Vout1 Vout1 Rout1 = 25 ohms
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V/DIV 10mv/DIVY " MW —
R1=250hms Q‘J V
Vin
lout2
2v/DV 100mA/DIV
o .. .
d
14 ;
ZOUVITRE T OOV WOl T ST 60V e o
FIGURE 2-25: Vours and Voo Power-up FIGURE 2-28: 150 mA Dynamic Load Step
from Input Voltage TC1301B. Voure:
TeK Run: 1.00MS/s  Sample TeK Run: 1.00kS/s  Sample [HEFE
[ T- 1 [-F S : 1
Vin . - _ . i Vin W |
3.0Vto 4.2V ¢ 2v/DIV
1V/DIV s : «
: : Rout1=Rout?2 = 25 ohms :
Vout2 : Rout2 = 25 ohms /RESET :
100mV/DIV Fe _ _ o 2v/DIiv .
Vout1
100mv/DIV | Rout1 = 25 ohms T
Vout1 .
2ViDIV
Chi 100V To0mVA W S0.01s Chi & 368V CHi 200V Ch2 200V WM50.0ims Chi 7 240V
Ch3 160mva CE 200V

FIGURE 2-26:

Dynamic Line Response.

FIGURE 2-29:

RESET Power-Up From V,y

Tek Run: 2'50MS/[5 Sa!rmple 1 Tek Run: 50.0kS/s  Sample [HFE
Vin = 4.2V : E Vin = 42V L T e -
Rout1 = 25 chms ARV "Rout1 = Rout2 = 25 chms
Vout2 )
B e
R /RESET
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Vout1 R [\\ b
100mV/DIvV (
lout1 Vdet bl .
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. |

i £ 4

THIN TO0mvA: ha 20.0mi% M 20.04s Chd S 48maA MG 00V ChZ 200V M1.00ms CHi v 1.14V

FIGURE 2-27:

Vour1-

300 mA Dynamic Load Step

FIGURE 2-30:

Down.

TC1301A RESET Power-
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TC1301A/B

Note: Unless otherwise indicated, V|N = VR +1V, IOUT1 = IOUTZ =100 IJA, ClN =47 HF, COUT1 - COUT2 =1 |JF (X5R or X7R),
CBYF’ASS =0 pF, SHDN1 = SHDN2 > V|H' For the TC1301A, VDET = VOUT1' RESET = OPEN, TA = +25°C.

035 N2aVvmezev | || ] PP T[]
030 [Vogr=Vpy-20my — ' 732MA___—— 4.0 Vo =a2v ]
| PEeET - 1
S 025 - | — s gg Ver = 28V 5 26V RESET source = 800 pA
4 T 5 |Voer=Vmw+20mV
© 0.20 S 34
> > 3.2
= - 2
ﬁ 0.15 o = 1.2 mA 5 gg
| ———] . Vper = 3.0V
¢ 0.10 X 26 RESET source = 500 pA
0.05 22
0.00 2 N
40 -25 10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
FIGURE 2-31: RESET Output Voltage Low FIGURE 2-32: RESET Output Voltage High
vs. Junction Temperature. vs. Junction Temperature.
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3.0 TC1301A PIN DESCRIPTIONS

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

TABLE 3-1: TC1301A PIN FUNCTION TABLE
Pin No. Name Function
1 RESET | Push-pull output pin that will remain low while Vpgt is below the reset threshold and for
300 ms after Vpgt rises above the reset threshold.
VouT1 Regulated Output Voltage #1 capable of 300 mA.
GND Circuit ground pin.
Bypass | Internal Reference Bypass pin. A 10 nF external capacitor can be used to further reduce
output noise and improve PSRR performance.
5 SHDN2 Output #2 Shutdown Control Input.
6 VouT2 Regulated Output Voltage #2 capable of 150 mA.
7 VIN Unregulated Input Voltage Pin.
8 VpET Input pin for Voltage Detector (VpeT).

3.1 RESET Output Pin

The push-pull output pin is used to monitor the voltage
on the Vpet pin. If the Vet voltage is less than the
threshold voltage, the RESET output will be held in the
low state. As the Vpgt pin rises above the threshold,
the RESET output will remain in the low state for
300 ms and then change to the high state, indicating
that the voltage on the Vet pin is above the threshold.

3.2 Regulated Output Voltage #1
(Vout1)

Connect Vgytq to the positive side of the Voyrq
capacitor and load. It is capable of 300 mA maximum
output current. Vgoyr¢ output is available when V y is
available; there is no pin to turn it OFF. See TC1301B,
if ON/OFF control of Vo4 is desired.

3.3 Circuit Ground Pin (GND)

Connect GND to the negative side of the input and
output capacitor. Only the LDO internal circuitry bias
current flows out of this pin (200 pA maximum).

34 Reference Bypass Input

By connecting an external 10 nF capacitor (typical) to
the bypass input, both outputs (VgyT4 and Vgyra) will
have less noise and improved Power Supply Ripple
Rejection (PSRR) performance. The LDO output
voltage start-up time will increase with the addition of
an external bypass capacitor. By leaving this pin
unconnected, the start-up time will be minimized.

3.5 Output Voltage #2 Shutdown
(SHDN2)

ON/OFF control is performed by connecting SHDN2 to
its proper level. When the input of this pin is connected
to a voltage less than 15% of V|, Voyto Will be OFF. If
this pin is connected to a voltage that is greater than
45% of VIN’ VOUT2 will be turned ON.

3.6 Regulated Output Voltage #2
(Vout2)

Connect Voyto to the positive side of the Voyro
capacitor and load. This pin is capable of a maximum
output current of 150 mA. Vg2 can be turned ON and
OFF using SHDN2.

3.7 Unregulated Input Voltage Pin
(Vin)

Connect the unregulated input voltage source to V. If
the input voltage source is located more than several
inches away or is a battery, a typical input capacitance
of 1 uF to 4.7 pyF is recommended.

3.8 Input Pin for Voltage Detector
(Vper)

The voltage on the input of Vgt is compared with the
preset Vpet threshold voltage. If the voltage is below
the threshold, the RESET output will be low. If the
voltage is above the Vgt threshold, the RESET output
will be high after the RESET time period. The Ipgt
supply current is typically 9 pA at room temperature
with VDET =3.8V.

DS21798A-page 12
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4.0 TC1301B PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 4-1.

TABLE 4-1: TC1301B PIN FUNCTION TABLE
Pin No. Name Function
1 RESET | Push-pull output pin that will remain low while Vpgt is below the reset threshold and for
300 ms after Vo1 rises above the reset threshold
VouT1 Regulated Output Voltage #1 capable of 300 mA
GND Circuit Ground Pin
Bypass | Internal Reference Bypass pin. A 10 nF external capacitor can be used to further reduce
output noise and improve PSRR performance
5 SHDN2 Output #2 Shutdown Control Input
6 VouT2 Regulated Output Voltage #2 capable of 150 mA
7 VIN Unregulated Input Voltage Pin
8 SHDN1 Output #1 Shutdown Control Input
4.1 RESET Output Pin 4.5 Output Voltage #2 Shutdown

The push-pull output pin is used to monitor the output
voltage (Voytq)- If Voyr is less than the threshold
voltage, the RESET output will be held in the low state.
As Vg1 rises above the threshold, the RESET output
will remain in the low state for 300 ms and then change
to the high state, indicating that the voltage on Vg 14 is
above the threshold.

4.2 Regulated Output Voltage #1

(Vour1)

Connect Vgoytq to the positive side of the Voyrq
capacitor and load. It is capable of 300 mA maximum
output current. For the TC1301B, V14 can be turned
ON and OFF using the SHDN1 input pin.

4.3 Circuit Ground Pin (GND)

Connect GND to the negative side of the input and
output capacitor. Only the LDO internal circuitry bias
current flows out of this pin (200 pA maximum).

44

By connecting an external 10 nF capacitor (typical) to
bypass, both outputs (VoyT11 and Voyt2) will have less
noise and improved Power Supply Ripple Rejection
(PSRR) performance. The LDO output voltage start-up
time will increase with the addition of an external
bypass capacitor. By leaving this pin unconnected, the
start-up time will be minimized.

Reference Bypass Input

(SHDN2)

ONJ/OFF control is performed by connecting SHDN2 to
its proper level. When this pin is connected to a voltage
less than 15% of V|, VoyTte WIll be OFF. If this pin is
connected to a voltage that is greater than 45% of V),
VOUT2 will be turned ON.

4.6 Regulated Output Voltage #2

(Vout2)

Connect Vgyto to the positive side of the Vgoyto
capacitor and load. This pin is capable of a maximum
output current of 150 mA. V12 can be turned ON and
OFF using SHDN2.

4.7 Unregulated Input Voltage Pin

(Vin)

Connect the unregulated input voltage source to V. If
the input voltage source is located more than several
inches away or is a battery, a typical minimum input
capacitance of 1 yF and 4.7 yF is recommended.

4.8 Output Voltage #1 Shutdown
(SHDN1)

ONJ/OFF control is performed by connecting SHDN1 to
its proper level. When this pin is connected to a voltage
less than 15% of V|, Vout1 Will be OFF. If this pin is
connected to a voltage that is greater than 45% of V),
VOUT1 will be turned ON.

0 2003 Microchip Technology Inc.
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5.0 DETAILED DESCRIPTION

51 Device Overview

The TC1301A/B is a combination device consisting of:
one 300 mA LDO regulator with a fixed output voltage,
Vout1 (1.5V - 3.3V), one 150 mA LDO regulator with a
fixed output voltage, Voyto (1.5V - 3.3V), and a
microcontroller voltage monitor/RESET (2.2V to 3.2V).

For the TC1301A, the 300 mA output, Vqyt1 is always
present, independent of the level of SHDN2. The
150 mA output (Voytp) can be turned ON/OFF by
controlling the level of SHDN2.

For the TC1301B, Voyry and Voyr _each have
independent shutdown input pins (SHDN1 and
SHDNZ2) to control their respective outputs. In the case
of the TC1301B, the voltage detect input of the
microcontroller RESET function is internally connected
to the Voyt1 output of the device.

5.2 LDO Output #1

LDO output #1 is rated for 300 mA of output current.
The typical dropout voltage for Voyrq = 104 mV @
300 mA. A 1 yF (minimum) output capacitor is needed
for stability and should be located as close to the Vg 71
pin and ground as possible.

5.3 LDO Output #2

LDO output #2 is rated for 150 mA of output current.
The typical dropout voltage for Vo1, =150 mV. A 1 yF
(minimum) capacitor is needed for stability and should
be located as close to the VgyT2 pin and ground as
possible.

54  RESET Output

The RESET output is used to detect whether the level
on the input of Vpgt (TC1301A) or VoyTt1 (TC1301B) is
above or below a preset threshold. If the voltage
detected is below the preset threshold, the RESET
output is capable of sinking 1.2 mA (VRgsgT < 0.2V
maximum). Once the voltage being monitored is above
the preset threshold, the RESET output pin will
transition from a logic-low to a logic-high after a 300 ms
delay. The RESET output is a push-pull configuration
and will actively pull the RESET output up to Vpgr
when not in RESET.

5.5 Input Capacitor

Low input source impedance is necessary for the two
LDO outputs to operate properly. When operating from
batteries or in applications with long lead length (> 10
inches) between the input source and the LDO, some
input capacitance is recommended. A minimum of
1.0 yF to 4.7 pF is recommended for most applications.
When using large capacitors on the LDO outputs,
larger capacitance is recommended on the LDO input.
The capacitor should be placed as close to the input of

the LDO as is practical. Larger input capacitors will help
reduce the input impedance and further reduce any
high-frequency noise on the input and output of the
LDO.

5.6 Output Capacitor

A minimum output capacitance of 1 yF for each of the
TC1301A/B LDO outputs is necessary for stability.
Ceramic capacitors are recommended because of their
size, cost and environmental robustness qualities.
Electrolytic (Tantalum or Aluminum) capacitors can be
used on the LDO outputs as well. The Equivalent
Series Resistance (esr) requirements on the
electrolytic output capacitor’s are between 0 and 2
ohms. The output capacitor should be located as close
to the LDO output as is practical. Ceramic materials
X7R and X5R have low temperature coefficients and
are well within the acceptable esr range required. A
typical 1 uF X5R 0805 capacitor has an esr of 50 milli-
ohms. Larger LDO output capacitors can be used with
the TC1301A/B to improve dynamic performance and
power supply ripple rejection performance. A maximum
of 10 yF is recommended. Aluminum electrolytic
capacitors are not recommended for low temperature
applications of < -25°C.

5.7 Bypass Input

The bypass pin is connected to the internal LDO
reference. By adding capacitance to this pin, the LDO
ripple rejection, input voltage transient response and
output noise performance are all increased. A typical
bypass capacitor between 470pF to 10nF s
recommended. Larger bypass capacitors can be used,
but results in a longer time-period for the LDO outputs
to reach their rated output voltage when started from
SHDN or V|N'

5.8 GND

For the optimal noise and PSRR performance, the
GND pin of the TC1301A/B should be tied to a quiet
circuit ground. For applications that 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.

5.9 SHDN1 / SHDN2 Operation

The TC1301A SHDN2 pin is used to turn Vo2 ON
and OFF. A logic-high level on SHDN2 will enable the
Vourt2 output, while a logic-low on the SHDN2 pin will
disable the Vg1 output. For the TC1301A, VoyT1 is
not affected by SHDN2 and will be enabled as long as
the input voltage is present.

The TC1301B SHDN1 and SHDN2 pins are used to
turn Voyt1 and Vgoyte ON and OFF. They operate
independent of each other.

DS21798A-page 14
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510 TC1301A SHDN2 Timing

Vour1 Will rise independent of the level of SHDN2 for
the TC1301A. Figure 5-1 is used to define the wake-up
time from shutdown (tyyk) and the settling time (tg). The
wake-up time is dependant upon the frequency of
operation. The faster the SHDN pin is pulsed, the
shorter the wake-up time will be.

ViN
tS
twk F": I
|
|
SHDN2 L
: |
! I
|
R
Vourt N
|
A
P! !
| |
e
Vout2 | m
LY
| | |
FIGURE 5-1: TC1301A Timing.

511 TC1301B SHDN1/SHDN2 Timing

For the TC1301B, the SHDN1 input pin is used to
control Voyt1. The SHDN2 input pin is used to control
Vourta2, independent of the logic input on SHDN1.

VIN
tS
twk"’; |
- |
SHDN1 Lo
o I
15
|
VouT1 Ve
o
| |
SHDNZ |, |
| L
o
11 |
Vourz L \
FIGURE 5-2: TC1301B Timing.

512 Vpgr and RESET Operation

The TC1301A/B integrates an independent voltage
reset monitor that can be used for low battery input
voltage detection or a microprocessor power-on reset
(POR) function. The input voltage for the detector is
different for the TC1301A than it is for the TC1301B.
For the TC1301A, the input voltage to the detector is
pin 8, or the Vpet pin. For the TC1301B, the input
voltage to the detector is internally connected to the
output of LDO #1 (VoyTt4)- The detected voltage is
sensed and compared to an internal threshold. When
the voltage on the Vpgt pin is below the threshold
voltage, the RESET output pin is low. When the voltage
on the Vpet pin rises above the voltage threshold, the
RESET output will remain low for typically 300 ms
(RESET time out period). After the RESET time-out
period, the RESET output voltage will transition from
the low output state to the high output state if the
detected voltage pin remains above the threshold
voltage.

The RESET output will be driven low within 180 us of
VpeT going below the RESET voltage threshold. The
RESET output will remain valid for detected voltages
greater than 1.2V overtemperature.

5.13 TC1301A RESET Timing

Figure 5-3 shows the RESET timing waveforms for the
TC1301A. This diagram is also used to define the
RESET active time-out period (trpy) and the Vpgr
RESET delay time (trpp)-

'RESET Time
r—
|

Vi —»1 = TRPD

! |
v |
|
|
|
VoL
I +

TC1301A RESET Timing.

FIGURE 5-3:
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5.14 TC1301B RESET Timing

The timing waveforms for the TC1301B RESET output
are shown in Figure 5-4. Note that the RESET
threshold input for the TC1301B is VoyTt4. The VouTq
to RESET threshold detector connection is made
internal in the case of the TC1301B.

€T RPD
|
|
|
|
|
|
|

VoL

\v

TC1301B RESET Timing.

FIGURE 5-4:

5.15 Device Protection

5.15.1 OVERCURRENT LIMIT

In the event of a faulted output load, the maximum
current the LDO output will permit to flow is limited
internally for each of the TC1301A/B outputs. The peak
current limit for VgyT4 is typically 1.1A, while the peak
current limit for V1o is typically 0.5A. During short-
circuit operation, the average current is limited to
200 mA for VOUT1 and 140 mA for VOUTz.The VDET
and RESET circuit will continue to operate in the event
of an overcurrent on either output for the TC1301A.
The voltage detect and RESET circuit will continue to
operate in the event of an overcurrent on Vqyt4 (Or
Voure) for the TC1301B. In the event of an overcurrent
on VoyT1, the RESET will detect the absence of VgyT4.

5.15.2 OVERTEMPERATURE
PROTECTION

If the internal power dissipation within the TC1301A/B
is excessive due to a faulted load or higher than
specified line voltage, an internal temperature sensing
element will prevent the junction temperature from
exceeding approximately 150°C. If the junction
temperature does reach 150°C, both outputs will be
disabled until the junction temperature cools to
approximately 140°C. The device will resume normal
operation. If the internal power dissipation continues to
be excessive, the device will again shut off. The Vpgt
and RESET circuit will continue to operate normally
during an overtemperature fault condition for both the
TC1301A and TC1301B.
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6.0 APPLICATION CIRCUITS/
ISSUES

6.1 Typical Application

The TC1301A/B is used for applications that require
the integration of two LDO’s and a microcontroller

RESET.
TC1301A
System RESET Y RESET Voer 2

2.8V @300mA| 2 7 BATTERY

T Vourt VIN gV
Coutt ?INF
u
J; ——27v

3 6 150 mA
1 uF Ceramid] GND  Vours|2@
X5R %; 5
c J_— Bypass SHDN2 Cout2 i
bypass ) $1 uF Ceramic 4.2V
10 nF Ceramlc;I; X5R ];
ON/OFF Control VoyT2

IN

ON/OFF Control Voyr4

TC1301B
8
System RESET ! RESET SHDN1
2.8V @ 300mA 2

7 BATTERY
Vour VN

Court

C
3 6 m IN
1 uF Ceramic GND  Vout2 150 mA N
X5R Q7—4 .
—{BypassSHDN2 Coun 27V
mic— to
;(fl:l’?: Cera IC;|; 4.2V

ON/OFF Control Voyt2

FIGURE 6-1:
TC1301A/B.

Typical Application Circuit

6.1.1 APPLICATION INPUT CONDITIONS

Package Type = 3X3DFN8
Input Voltage Range = 2.7V to 4.2V
V|y maximum = 4.2V
3.6V
VouTt1 = 300 mA maximum

V |\ typical

Vout2 = 150 mA maximum
System RESET Load = 10 kQ

6.2 Power Calculations

6.2.1 POWER DISSIPATION

The internal power dissipation within the TC1301A/B is
a function of input voltage, output voltage, output
current and quiescent current. The following equation
can be used to calculate the internal power dissipation
for each LDO.

EQUATION

Prpo = Vineaxy = Vouromny *Lournaxy)

PLpo = LDO Pass device internal power dissipation
ViN(MAX) = Maximum input voltage
Voutminy = LDO minimum output voltage

In addition to the LDO pass element power dissipation,
there is power dissipation within the TC1301A/B as a
result of quiescent or ground current. The power
dissipation as a result of the ground current can be
calculated using the following equation. The V)y pin
quiescent current and the Vpgt pin current are both
considered. The V|y current is a result of LDO
quiescent current, while the Vpgt current is a result of
the voltage detector current.

EQUATION

Prenpy = Vinemax) X (Uyin*1ypgr)

Pienp) = Total current in ground pin.
ViNMax) = Maximum input voltage.

lyin = Current flowing in the V) pin with no output
current on either LDO output.

lypeT = Current in the Vpet pin with RESET loaded.

The total power dissipated within the TC1301A/B is the
sum of the power dissipated in both of the LDO’s and
the P(lgnp) term. Because of the CMOS construction,
the typical Ignp for the TC1301A/B is 116 pA.
Operating at a maximum of 4.2V results in a power
dissipation of 0.5 milli-watts. For most applications, this
is small compared to the LDO pass device power
dissipation and can be neglected.

The maximum continuous operating junction
temperature specified for the TC1301A/B is 125°C. To
estimate the internal junction temperature of the
TC1301A/B, the total internal power dissipation is
multiplied by the thermal resistance from junction to
ambient (R8,,), thermal resistance from junction to
ambient, of the device. The thermal resistance from
junction to ambient for the 3X3DFN8 pin package is
estimated at 41°C/W.

EQUATION

Tymaxy = Prorar * ROy Typax
T,max) = Maximum continuous junction
temperature.
PtoTaL = Total device power dissipation.
R85 = Thermal resistance from junction to ambient.

Tamax = Maximum Ambient Temperature.

0 2003 Microchip Technology Inc.
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The maximum power dissipation capability for a
package can be calculated given the junction to
ambient thermal resistance and the maximum ambient
temperature for the application. The following equation
can be used to determine the package maximum
internal power dissipation.

EQUATION

P _ (Tyraxy) — Taquax)
D(MAX) RO,

Pbax) = Maximum device power dissipation.

Tymaxy = Maximum continuous junction
temperature.

Tammax) = Maximum ambient temperature.

RO, = Thermal resistance from junction to ambient.

EQUATION

Tyrisey = Ppooaxy * ROy

Tyrise) = Rise in device junction temperature over
the ambient temperature.

Pbax) = Maximum device power dissipation.
R85 = Thermal resistance from junction-to-ambient.

EQUATION

Ty = Tyriseyt Ty
T, = Junction Temperature.

Tyrise) = Rise in device junction temperature over
the ambient temperature.

Ta = Ambient Temperature.

6.3 Typical Application

Internal power dissipation, junction temperature rise,
junction temperature and maximum power dissipation
are calculated in the following example. The power
dissipation as a result of ground current is small
enough to be neglected.

6.3.1 POWER DISSIPATION EXAMPLE

Package
Package Type = 3X3DFN8
Input Voltage
ViN= 2.7V to 4.2V
LDO Output Voltages and Currents

VOUT1 = 2.8V
IOUT1 = 300 mA
VOUT2 = 1.8V

IOUT2 = 150 mA

Maximum Ambient Temperature
TA(MAX) = 50°C
Internal Power Dissipation

Internal Power dissipation is the sum of the power
dissipation for each LDO pass device.

PLootmaxy = (Vingmax) - VouTigviny) X
louT1(MAX)
Ploo1= (4.2V - (0.975 x 2.8V)) x 300 mA

PLDO1 = 441.0 milli-Watts
PLpo2= (4.2V -(0.975 X 1.8V)) x 150 mA
PLDOZ = 366.8 milli-Watts

ProtaL = PLpot * PLpo2
PTOTAL= 807.8 milli-Watts

Device Junction Temperature Rise

The internal junction temperature rise is a function of
internal power dissipation and the thermal resistance
from junction to ambient for the application. The
thermal resistance from junction to ambient (R8,,) is
derived from an EIA/JEDEC standard for measuring
thermal resistance for small surface-mount packages.
The EIA/JEDEC specification is JESD51-7, “High
Effective Thermal Conductivity Test Board for Leaded
Surface Mount Packages”. The standard describes the
test method and board specifications for measuring the
thermal resistance from junction to ambient. The actual
thermal resistance for a particular application can vary
depending on many factors such as copper area and
thickness. Refer to AN792, “A Method To Determine
How Much Power a SOT32 Can Dissapate in Your
Application” (DS00792), for more information regarding
this subject.

Tyrise)= ProTaL X Raya
T)rise = 807.8 milli-watts x 41.0 “C/Watt

TJRISE = 33.1°C
Junction Temperature Estimate

To estimate the internal junction temperature, the
calculated temperature rise is added to the ambient or
offset temperature. For this example, the worst-case
junction temperature is estimated below:

Ty= Tirise + Tagmax)
T,= 83.1°C
Maximum Package Power Dissipation at 50°C
Ambient Temperature
3X3DFN8 (41°C/Watt R0 )
Ppmax) = (125°C - 50°C) / 41°C/W
Ppmmax) = 1.83 Watts
MSOPS8 (208°C/Watt R8 )
Ppmax) = (125°C - 50°C) / 208°C/W
Ppmax) = 0.360 Watts
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7.0 TYPICAL LAYOUT TC1301A

FIGURE 7-1: MSOPS8 Silk Screen Layer.

When doing the physical layout for the TC1301A/B, the
highest priority is placing the input and output
capacitors as close to the device pins as is practical.
Figure 7-1 above represents a typical placement of the
components when using SMT0805 capacitors.

TC1301A Layout Example

Coutl TC1301A

+Umnt+1 1 —
= |
NI = |

]
FI—'

GND

telalt

O
c

"

N

+Vout?2

FIGURE 7-2: MSOPS8 Wiring Layer.

A wiring example for the TC1301A is shown. The vias
represent the connection to a ground plane that is
below the wiring layer.

X X

x
X

FIGURE 7-3:
Example.

DFN3X3 Silk Screen

8-lead 3X3 DFN physical layout example with bypass
capacitor.

/SHDN2

FIGURE 7-4:
Example.

DFN3X3 TOP Metal Layer

Vias represent the connection to a ground plane that is
below the wiring layer.

8.0 ADDITIONAL OUTPUT
VOLTAGE AND THRESHOLD
VOLTAGE OPTIONS

8.1 Output Voltage and Threshold
Voltage Range

Table 8-1 describes the range of output voltage options
available for the TC1301A/B. VgyT1 and Voyto can be
factory preset from 1.5V to 3.3V in 100 mV increments.
The Vpgr (TC1301A) or threshold voltage (TC1301B)
can be preset from 2.2V to 3.2V in 10 mV increments.

TABLE 8-1: CUSTOM OUTPUT VOLTAGE
AND THRESHOLD VOLTAGE
RANGES
VOUT1 VOUT2 VDET Threshold
1.5V to 3.3V 1.5V to 3.3V 2.2V to 3.2V

For a listing of TC1301A/B standard parts, refer to the
Product Identification System on page 23.
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9.0 PACKAGING INFORMATION
9.1 Package Marking Information
8-Lead MSOP 8-Lead DFN
H H H H PART NO. X- X1 X2 Xr X XX XX
1A BFHA T | | | |
VVIRNN YYWV TC1301 Type Vout1 Voute Reset Temp Package Tube
@ R NNN A/B Voltage Range TaO{a, &
o eel
JUTL
X1 represents V11 configuration: X represents the temperature range:
Code | Voytq | Code | Voutq | Code | Vourq V= -40°C to +125°C
A 3.3V J 2.4V S 1.5V XX represents the device packaging:
B 3.2v K 2.3V T 1.65V MF = 8-pin DFN (3x3)
C 3.1V L 2.2V u 2.85V UA = 8-pin MSOP
D 3.0v M 2.1v v 2.65V XX represents tube or tape and reel:
E 2.9V N 2.0v w 1.85V No designator = Tube (standard)
F 2.8V © 1.9v X — TR = Tape and Reel
G 2.7V P 1.8V Y —
H 2.6V Q 1.7V z —
| 2.5V R 1.6V
X2 represents Vo, configuration: Eor a listing o.f.TC.1 301A/B standard parts, refer to the
roduct Identification System on page 23.
Code | Voyt2 | Code | Voutq | Code | Vout2
A 3.3V J 2.4V S 1.5V
B 3.2v K 2.3V T 1.65V
C 3.1V L 2.2V u 2.85V
D 3.0V M 2.1V \Y 2.65V
E 2.9V N 2.0V W 1.85V
F 2.8V 0] 1.9V X —
G 2.7V P 1.8V Y —
H 2.6V Q 1.7V z —
| 2.5V R 1.6V
Xr represents the reset voltage range:
Code Voltage Code Voltage
A 2.63V J —
B 2.2 K —
C 2.32 L —
D 25 M —
E 2.4 N —
F 2.6 ) —
G — P —
H — Q —
| — R —
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TC1301A/B

8-Lead Plastic Micro Small Outline Package (UA) (MSOP)

e — —
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1 / 1 "
¢ ,
% A1 A
(F) L
B~
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8
Pitch p .026 BSC 0.65 BSC
Overall Height A - - .043 - - 1.10
Molded Package Thickness A2 .030 .033 .037 0.75 0.85 0.95
Standoff A1 .000 - .006 0.00 - 0.15
Overall Width E 193 TYP. 4.90 BSC
Molded Package Width E1 118 BSC 3.00 BSC
Overall Length D .118 BSC 3.00 BSC
Foot Length L .016 .024 .031 0.40 0.60 0.80
Footprint (Reference) F .037 REF 0.95 REF
Foot Angle [0} 0° - 8° 0° - 8°
Lead Thickness c .003 .006 .009 0.08 - 0.23
Lead Width B .009 .012 .016 0.22 - 0.40
Mold Draft Angle Top o 5° - 15° 5° - 15°
Mold Draft Angle Bottom B 5° - 15° 5° - 15°

*Controlling Parameter
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC Equivalent: MO-187
Drawing No. C04-111
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8-Lead Plastic Dual Flat No Lead Package (MF) 3x3x1 mm Body (DFN)

f————— E ——

o

- '

plJ

U

B

- D2

=

|
ExPOSED — | ‘ . . . AN PIN 1
METAL 1 ID INDEX
PAD AREA
[ F2 —— ] (NOTE 2)
TOP VIEW BOTTOM VIEW
A3 Li A1
EXPOSED
TIE BAR
(NOTE 1)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8
Pitch p .026 BSC 0.65 BSC
Overall Height A .031 .035 .039 0.80 0.90 1.00
Standoff A1 .000 .001 .002 0.00 0.02 0.05
Lead Thickness A3 .008 REF. 0.20 REF.
Overall Length E .118 BSC 3.00 BSC
Exposed Pad Length  (Note 4) E2 .055 .096 1.39 2.45
Overall Width D .118 BSC 3.00 BSC
Exposed Pad Width (Note 4) D2 .047 .069 1.20 1.75
Lead Width b .007 .010 .015 0.23 0.26 0.37
Lead Length L .012 .019 .022 0.30 0.48 0.55

*Controlling Parameter
Notes:

1. Package may have one or more exposed tie bars at ends.

2. Pin 1 visual index feature may vary, but must be located within the hatched area.

3. Dimensions D and E do not include mold flash or protrusions. Mold flash or protrusions shall not

exceed .010" (0.254mm) per side.

4. Exposed pad dimensions vary with paddle size.

5. JEDEC equivalent: Pending

Drawing No. C04-062
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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.

S O R ST O AT A o
a) TC1301A-FHAVUATR:Tape and Reel,
TC1301 Type Vout1 Voutrz Reset Temp Package Tube ) 8LpMSOP k
A/B Voltage Range or ) package.
Tape & |b) TC1301A-FHAVUA: 8L-MSOP package.
Reel | TC1301A-FHAVMFTR:Tape and Reel,
8L-DFN package.
Device: TC1301A: Dual LDO with microcontroller RESET function d) TC1301A-FHAVMF: 8L-DFN package.
TC1301B: Dual LDO with microcontroller RESET function
a) TC1301B-FHAVMFTR:Tape and Reel,
Output Voltage: VouT1 VouTt2 8L-DFN package.
A = 33V A = 33V b) TC1301B-FHAVMF: 8L-DFN package.
B = 32V B = 32V c) TC1301B-FHAVUATR:Tape and Reel,
c =31 c =31 8L-MSOP package.
D =30V D =30V d) TC1301B-FHAVUA: 8L-MSOP package
E =29V E =29V - package.
F = 28V F =28V
G = 27v G = 27v TC1301 Standard Parts
H = 26V H = 26V .
| - 25V | - 25y Device | Voyt1/Vouto/Reset Part Number
J = 24V J = 24V TC1301A 2.8/2.6/2.63 TC1301AFHAVXXXX
Ko =23v Ko =23V TC1301A 18/26/24  |[TC1301APHEVXXXX
L =22V L =22V btk
M = 24V M = 21V TC1301A 2.0/2.5/2.32 TC1301ANICVXXXX
('\; = f-% ('\; = f-% TC1301A 2.9/2.7/2.63 TC1301AEGAVXXXX
p ; 1.8V p ; 1-8V TC1301A 2.9/2.8/2.63 TC1301AEFAVXXXX
Q =17V Q =17V TC1301A 2.9/3.0/2.63 TC1301AEDAVXXXX
5 = 1% 5 = 1% TC1301A|  28/27/2.63  |[TC1301AFGAVXXXX
T = 165V T = 165V TC1301A 2.8/2.8/2.63  |[TC1301AFFAVXXXX
U = 285V U = 285V TC1301A 2.8/2.9/2.63 TC1301AFEAVXXXX
vV = 265V vV = 265V
W = 185V W = 185V TC1301A 2.8/3.0/12.63 TC1301AFDAVXXXX
TC1301B 2.9/2.7/12.63 TC1301BEGAVXXXX
R Vol A 263V TC1301B 2.9/2.8/2.63 TC1301BEFAVXXXX
eset Voltage: B - ooy TC1301B 2.9/3.0/2.63  |TC1301BEDAVXXXX
C = 232v TC1301B 2.8/2.7/12.63 TC1301BFGAVXXXX
E = g% TC1301B 2.8/2.82.63  |TC1301BFFAVXXXX
FE = 26V TC1301B 2.8/2.9/2.63  |[TC1301BFEAVXXXX
TC1301B 2.8/3.0/12.63 TC1301BFDAVXXXX
Temperature Range: V= -40°C to +125°C TC1301B 1.8/2.7/2.63 TC1301BPGAVXXXX
TC1301B 2.712.712.5 TC1301BGGDVXXXX
Pack ME Dual Flat, No Lead (3x3 body), 8ead TC1301B 2.7/12.8/12.5 TC1301BGFDVXXXX
ackage: = ua at, No Lea Xo Mm Doaqy), o-leal
MFTR = Dual Flat, No Lead (3x3 mm body), 8-lead TC1301B 2.85/1.85/2.6 TC1301BUWFVXXXX
(Tape and Reel) TC1301B 2.85/1.8/2.6 TC1301BUPFVXXXX
UATR = Plastic Micro Small Outline (MSOP), 8-lead
(Tape and Reel) TC1301B 2.8/2.6/2.63  |[TC1301BFHAVXXXX
Sales and Support
Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3.  The Microchip Worldwide Site (www.microchip.com)
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.
Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

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

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical
components in life support systems is not authorized except
with express written approval by Microchip. No licenses are
conveyed, implicitly or otherwise, under any intellectual
property rights.
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The Netherlands
Accredited by the RvA

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEELoQ, MPLAB, PIC, PICmicro, PICSTART,

PRO MATE and PowerSmart are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

AmpLab, FilterLab, microID, MXDEV, MXLAB, PICMASTER,
SEEVAL and The Embedded Control Solutions Company are
registered trademarks of Microchip Technology Incorporated
in the U.S.A.

Application Maestro, dsPICDEM, dsPICDEM.net, ECAN,
ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
PICkit, PICDEM, PICDEM.net, PowerCal, Powerlinfo,
PowerMate, PowerTool, rfLAB, rfPIC, Select Mode,
SmartSensor, SmartShunt, SmartTel and Total Endurance are
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2003, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

f‘? Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999
and Mountain View, California in March 2002.
The Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is ISO 9001 certified.
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2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7200

Fax: 480-792-7277

Technical Support: 480-792-7627

Web Address: http://www.microchip.com

Atlanta

3780 Mansell Road, Suite 130
Alpharetta, GA 30022

Tel: 770-640-0034

Fax: 770-640-0307
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2 Lan Drive, Suite 120
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Tel: 978-692-3848
Fax: 978-692-3821
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Tel: 972-818-7423
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