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MICROCHIP

TC1313

500 mA Synchronous Buck Regulator,
+ 300 mA LDO

Features

* Dual-Output Regulator (500 mA Buck Regulator
and 300 mA Low-Dropout Regulator (LDO))

+ Total Device Quiescent Current = 57 pA (Typical)

* Independent Shutdown for Buck and LDO
Outputs

+ Both Outputs Internally Compensated
» Synchronous Buck Regulator:
- Over 90% Typical Efficiency

- 2.0 MHz Fixed-Frequency PWM
(Heavy Load)

- Low Output Noise
- Automatic PWM-to-PFM mode transition

- Adjustable (0.8V to 4.5V) and Standard
Fixed-Output Voltages (0.8V, 1.2V, 1.5V,
1.8V, 2.5V, 3.3V)

* Low-Dropout Regulator:

- Low-Dropout Voltage = 137 mV Typical @
200 mA

- Standard Fixed-Output Voltages
(1.5V, 1.8V, 2.5V, 3.3V)

* Small 10-pin 3x3 DFN or MSOP Package Options
» Operating Junction Temperature Range:
- -40°C to +125°C
» Undervoltage Lockout (UVLO)
* OQutput Short Circuit Protection
» Overtemperature Protection

Applications

* Cellular Phones

» Portable Computers

+ USB-Powered Devices

* Handheld Medical Instruments
» Organizers and PDAs

Description

The TC1313 device combines a 500 mA synchronous
buck regulator and 300 mA Low-Dropout Regulator
(LDO) to provide a highly integrated solution for
devices that require multiple supply voltages. The
unique combination of an integrated buck switching
regulator and low-dropout linear regulator provides the
lowest system cost for dual-output voltage applications
that require one lower processor core voltage and one
higher bias voltage.

The 500 mA synchronous buck regulator switches at a
fixed frequency of 2.0 MHz when the load is heavy,
providing a low-noise, small-size solution. When the
load on the buck output is reduced to light levels, it
changes operation to a Pulse Frequency Modulation
(PFM) mode to minimize quiescent current draw from
the battery. No intervention is necessary for smooth
transition from one mode to another.

The LDO provides a 300 mA auxiliary output that
requires a single 1 uyF ceramic output capacitor,
minimizing board area and cost. The typical dropout
voltage for the LDO output is 137 mV for a 200 mA
load.

The TC1313 device is available in either the 10-pin DFN
or MSOP package.

Additional protection features include: UVLO,
overtemperature and overcurrent protection on both
outputs.

For a complete listing of TC1313 standard parts,
consult your Microchip representative.

Package Type
10-Lead DFN *
SHDNZ[1:C 10| Peno
Ving |20 '9 Lx
SUEP il
Vour2 ::31: 11 18] Vint
NC[4:! '77 | SHDN1
AGND 5. __ _ . 6]VegiNours
10-Lead MSOP
SHDN2 [T [10] Penp
Vinz [Z] [97Lx
Vourz (3] (81 ViN1
NC [4] [ 7 1 SHDN1
Acnp 5] 61 Vre1/Vourt
* Includes Exposed Thermal Pad (EP); see Table 3-1.
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TC1313

Functional Block Diagram
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TC1313

Typical Application Circuits

TC1313

Fixed-Output Application

10-Lead MSOP

4.7 uH
V|N 8 V|N1 Lx VOUT1
2.7V to 4.2V $4_7 uF 7 Vine Pann 4.7 uF g 1.5V @ 500 mA
7 |SHDN1 Vouri| 6
1| SHDN2 Vourz% Vourz
[ |nc AGNDIIQ T 10F 25V @300 mA
TC1313
Adjustable-Output Application
10-Lead DFN
Input =1 Lx 4.7 uH Vour1
Voltage 21V @
- .
45V to 5.5V $4-7 uF o —ChND 47 ”Fg 200 kQ =>4.99 kQ 500 mA
Vout
*Optional V
Cgpacitor —1.0pF Vour2 3‘2\’;@@ 1?; pk';
V|N2 AGND 1 IJF 300 mA ¥
Note —vr

Note: Connect DFN package exposed pad to Agnp.

© 2009 Microchip Technology Inc.
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NOTES:
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TC1313

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

V|N = AGND ...................................................................... 60V

AlLOther /O ..., (Agnp - 0.3V) to (Vjy + 0.3V)

Ly tO PGND-wrvssseeresserrseseeesssssessissneese -0.3V to (Vjy + 0.3V)

PGND to AGND .................................................. -0.3V to +0.3V
Output Short Circuit Current . Continuous
Power Dissipation (Note 7) ............ccccceeveenee Internally Limited
Storage temperature ...........ccccccee i -65°C to +150°C
Ambient Temp. with Power Applied . ..-40°C to +85°C
Operating Junction Temperature... -40°C to +125°C
ESD protection on all pins (HBM) ..........ccccoovveiininnine. 3 kv

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.

Electrical Characteristics: V|N1 = V|N2 = SHDN1 ,2=3.6V, COUT1 = ClN =47 IJF, COUT2 = 1HF, L=47 IJH, VOUT1 (ADJ) =1.8V,
louT1 = 100 ma, lgyt2 = 0.1 mA T, = +25°C. Boldface specifications apply over the Tp range of -40°C to +85°C.

Parameters | Sym ‘ Min ‘ Typ ‘ Max ‘ Units | Conditions

Input/Output Characteristics
Input Voltage ViN 2.7 — 5.5 \Y Note 1, Note 2, Note 8
Maximum Output Current louT1 MAX 500 — — mA Note 1
Maximum Output Current louT2 mMAX 300 — — mA Note 1
Shutdown Current liN_SHDN — 0.05 1 pA SHDN1 = SHDN2 = GND
Combined V,y4 and V|yo Current

Operating lq lq — 57 100 pA SHDN1 = SHDN2 = V|

loutt1 =0 mA, Ioyt2=0mA

Synchronous Buck lq — 38 — MA SHDN1 =V, SHDN2 = GND

LDO Iq — 44 — MA SHDN1 = GND, SHDN2 = V|\2
Shutdown/UVLO/Thermal Shutdown Characteristics
SHDN1 ,SHDNZ, V||_ —_— —_— 15 %VlN V|N1 = V|N2 =2.7V to 5.5V
Logic Input Voltage Low
SHDN1 ,SHDN2, V|H 45 —_— —_— %VlN V|N1 = V|N2 =2.7V to 5.5V
Logic Input Voltage High
SHDN1,SHDN2, IIN -1.0 +0.01 1.0 pA Vint = ViNg = 2.7V 10 5.5V
Input Leakage Current SHDNX = GND

SHDNY = V|N

Thermal Shutdown Tshp — 165 — °C Note 6, Note 7
Thermal Shutdown Hysteresis TSHD-HYS — 10 — °C
Undervoltage Lockout UVvLO 2.4 2.55 2.7 \% V|n1 Falling
(Vouts and Vouyrs)
Undervoltage Lockout Hysteresis | UVLO-yyg — 200 — mV

Note 1:
2: VR is the regulator output voltage setting.

3:  TCVourz = (VouTzmax — Voutamin) * 108)/(Voutz * Dr).
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.

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

nominal value measured at a 1V differential.

The Minimum V|N has to meet two conditions: V|N > 2.7V and VlN > VRX + VDROPOUT, VRX = VR1 or VR2-

6: 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.

7: The integrated MOSFET switches have an integral diode from the Ly pin to Vg, and from Ly to Pgyp. In cases where
these diodes are forward-biased, the package power dissipation limits must be adhered to. Thermal protection is not
able to limit the junction temperature for these cases.

8: Vinq and V), are supplied by the same input source.

© 2009 Microchip Technology Inc.
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TC1313

DC CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V|N1 = V|N2 =SHDN1,2 = 3.6V, COUT1 = ClN =47 IJF, COUT2 = 1|JF, L=47 IJH, VOUT1 (ADJ) = 18V,
louT1 = 100 ma, lgyt2 = 0.1 mA T, = +25°C. Boldface specifications apply over the Tp range of -40°C to +85°C.
Parameters | Sym ‘ Min ‘ Typ ‘ Max ‘ Units | Conditions

Synchronous Buck Regulator (Voyt1)

Adjustable Output Voltage Range VouT1 0.8 —_ 4.5 \%

Adjustable Reference Feedback Vi1 0.78 0.8 0.82 \

Voltage (Vig1)

Feedback Input Bias Current lvEB1 — -1.5 — nA

(IFs1)

Output Voltage Tolerance Fixed VouT1 -2.5 0.3 +2.5 % Note 2

Mout1)

Line Regulation (VOUT'I) VL|NE—REG — 0.2 — %/ V|N = VR+1V to 55V,
ILOAD =100 mA

Load Regulation (VOUT1) VLOAD—REG — 0.2 — % V|N = VR + 15V, ILOAD =100 mAto
500 mA (Note 1)

Dropout Voltage VOUT‘] VIN - VOUT1 — 280 — mV IOUT1 =500 mA, VOUT1 =3.3V
(Note 5)

Internal Oscillator Frequency Fosc 1.6 2.0 24 MHz

Start Up Time Tss — 0.5 — ms Tr =10% to 90%

Rpson P-Channel Rpson-p — 450 — mQ Ip =100 mA

RDSon N-Channel RDSon—N — 450 — mQ lN =100 mA

Ly Pin Leakage Current I x -1.0 +0.01 1.0 pA SHDN =0V, V|\y =5.5V, Ly =0V,
Ly = 5.5V

Positive Current Limit Threshold +lxmax) — 700 — mA

LDO Output (Vou‘rz)

Output Voltage Tolerance (Voyr2) Vour2 -2.5 0.3 +2.5 % Note 2

Temperature Coefficient TCVourt — 25 — ppm/°C | Note 3

Line Regulation AVouto! -0.2 +0.02 +0.2 %IV (VR+1V) < V|y £ 5.5V

Load Regulation, Voo 2 2.5V AVoyuto/ -0.75 0.1 +0.75 % louT? = 0.1 mA to 300 mA (Note 4)

louT2
Load Regulation, Voo < 2.5V AVouTto/ -0.90 0.1 +0.90 % lout2 = 0.1 mA to 300 mA (Note 4)
lout2
Dropout Voltage VOUTZ > 2.5V V|N - VOUT2 — 137 300 mV IOUT2 =200 mA (Note 5)
— 205 500 lout2 = 300 mA

Power Supply Rejection Ratio PSRR — 62 — dB f=100 Hz, loyt1 = loyTe = 50 MA,
ClN =0 [JF

Output Noise eN — 1.8 — uV/(Hz)”* | f=1kHz, louT2 = 50 MA,
SHDN1 = GND

Note 1: The Minimum Vy has to meet two conditions: V|y > 2.7V and V|\ > Vgrx *+ Vprorout, Vrx = VRr1 OF VRo.

2: VR is the regulator output voltage setting.

3:  TCVourz = (VouTzmax — VouTzmin) * 108)/(Voutz * Dr).

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.

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

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

7: The integrated MOSFET switches have an integral diode from the Ly pin to Vg, and from Ly to Pgyp. In cases where
these diodes are forward-biased, the package power dissipation limits must be adhered to. Thermal protection is not
able to limit the junction temperature for these cases.

8: Vinq and V), are supplied by the same input source.
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TC1313

DC CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V|N1 = V|N2 =SHDN1,2 = 3.6V, COUT1 = ClN =47 IJF, COUT2 = 1|JF, L=4.7 IJH, VOUT1 (ADJ) = 18V,
louT1 = 100 ma, lgyt2 = 0.1 mA T, = +25°C. Boldface specifications apply over the Tp range of -40°C to +85°C.

Parameters Sym Min Typ Max Units Conditions
Output Short Circuit Current louTsc2 — 240 — mA RLoap2 £ 1Q
(Average)
Wake-Up Time tWK — 31 100 us IOUT1 = IOUTZ =50 mA
(From SHDN2 mode), (Vout2)
Settllng Time tS —_ 100 —_ us IOUT1 = IOUT2 =50 mA
(From SHDNZ2 mode), (Vout2)
Note 1: The Minimum Vy has to meet two conditions: V|y > 2.7V and V|\ > Vgrx *+ Vpropout, VRx = VR1 Of VRo.

2: VR is the regulator output voltage setting.

3:  TCVourz = (VouTzmax — Voutamin) * 108)/(Vouts * Dr).

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.

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

6: 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. Tp, T, 6,a)- Exceeding the maximum allowable power
dissipation causes the device to initiate thermal shutdown.

7: The integrated MOSFET switches have an integral diode from the Ly pin to V|, and from Ly to Pgnp. In cases where
these diodes are forward-biased, the package power dissipation limits must be adhered to. Thermal protection is not
able to limit the junction temperature for these cases.

8: V)yq and V|, are supplied by the same input source.

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, all limits are specified for: V| = +2.7V to +5.5V

Parameters ‘ Sym ‘ Min ‘ Typ ‘ Max | Units ‘ Conditions

Temperature Ranges

Operating Junction Temperature Range 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, 10L-DFN 0JA — 41 — °C/W | Typical 4-layer board with Internal
Ground Plane and 2 Vias in Thermal
Pad

Thermal Resistance, 10L-MSOP CATN — 113 — °C/W | Typical 4-layer board with Internal

Ground Plane

© 2009 Microchip Technology Inc. DS21974B-page 7




TC1313

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|N1 = V|N2 = SHDN1,2 = 36\/, COUT1 = C|N =47 “F, COUT2 =1 IJF, L=47 HH,
VouT1 (ADJ) = 1.8V, Tp = +25°C. Boldface specifications apply over the Ty range of -40°C to +85°C. T = +25°C. Adjustable or fixed-
output voltage options can be used to generate the Typical Performance Characteristics.
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FIGURE 2-1:
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FIGURE 2-5: Vour: Output Efficiency vs.

loutr (Vourr = 1.2V).

50
48
46
44
42

lq LDO (pA)

40
38
36

R
SHDNA = Agno
SHDNZ = Vyy,

Vin=

=

Viy = 3.6V

//_\_/
N

5.5V

Viy = 4.2V

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

Ambient Temperature (°C)

100

FIGURE 2-3:

Temperature.

Ig LDO Current vs. Ambient

SHDNT = Vi |
9% lours = 100 mA = Aano
g 90
>
% 85 lours = 250 mA
g 80 lour = 500 mA
w75
=
3 70
>
65
60
27 305 34 375 41 445 48 515 5.5
Input Voltage (V)
FIGURE 2-6: Vour: Output Efficiency vs.

Input Voltage (VOUT7 = 18\/)

DS21974B-page 8

© 2009 Microchip Technology Inc.



TC1313

Note: Unless otherwise indicated, V|N1 = V|N2 =SHDN1,2 = 3.6V, COUT1 = C|N =47 }JF, COUT2 =1 LIF, L=47 HH,
Vout1 (ADJ) = 1.8V, T, = +25°C. Boldface specifications apply over the T, range of -40°C to +85°C. T = +25°C. Adjustable or fixed-
output voltage options can be used to generate the Typical Performance Characteristics.

1.21

1.206 \, Vit = 3.6V

1.202

SHDNA = V.
SHDN2 = Agno
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1.198

1.194

1.19
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FIGURE 2-10:
(Vourr = 1.2V).

Vourt1 vs. lourt
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FIGURE 2-7: Vour; Output Efficiency vs.
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TC1313

Note: Unless otherwise indicated, V|N1 = V|N2 =SHDN1,2 =3.6V, COUT1 = C|N =47 }JF, COUT2 =1 IJF, L=47 HH,
Vout1 (ADJ) = 1.8V, T, = +25°C. Boldface specifications apply over the T, range of -40°C to +85°C. T = +25°C. Adjustable or fixed-
output voltage options can be used to generate the Typical Performance Characteristics.
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FIGURE 2-16:
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TC1313

Note: Unless otherwise indicated, V|N1 = V|N2 =SHDN1,2 = 3.6V, COUT1 = C|N =47 }JF, COUT2 =1 LIF, L=47 HH,
Vout1 (ADJ) = 1.8V, T, = +25°C. Boldface specifications apply over the T, range of -40°C to +85°C. T = +25°C. Adjustable or fixed-
output voltage options can be used to generate the Typical Performance Characteristics.

lout1 =250mA  lout2 = 150mA
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Load Switching Waveforms vs. Time.
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Note: Unless otherwise indicated, V|N1 = V|N2 =SHDN1,2 =3.6V, COUT1 = C|N =47 }JF, COUT2 =1 IJF, L=47 HH,
Vout1 (ADJ) = 1.8V, T, = +25°C. Boldface specifications apply over the T, range of -40°C to +85°C. T = +25°C. Adjustable or fixed-
output voltage options can be used to generate the Typical Performance Characteristics.
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Note: Unless otherwise indicated, V|N1 = V|N2 =SHDN1,2 = 3.6V, COUT1 = C|N =47 |JF, COUT2 =1 LIF, L=47 }JH,
Vout1 (ADJ) = 1.8V, T, = +25°C. Boldface specifications apply over the T, range of -40°C to +85°C. T = +25°C. Adjustable or fixed-
output voltage options can be used to generate the Typical Performance Characteristics.
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3.0 PIN DESCRIPTIONS

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

TABLE 3-1: PIN FUNCTION TABLE
Pin DFN MSOP Function
1 SHDN2 SHDN2 Active Low Shutdown Input for LDO Output Pin
2 VN2 ViN2 Analog Input Supply Voltage Pin
3 VouT2 VouT2 LDO Output Voltage Pin
4 NC NC No Connect
5 AgND AGND Analog Ground Pin
6 Veg/Vout1 | Ves/ Vout1 |Buck Feedback Voltage (Adjustable Version)/Buck Output Voltage (Fixed
Version) Pin
7 SHDN1 SHDN1 Active Low Shutdown Input for Buck Regulator Output Pin
VN1 VN1 Buck Regulator Input Voltage Pin
Lx Ly Buck Inductor Output Pin
10 PanD PanD Power Ground Pin
11 EP — Exposed Pad. It is a thermal path to remove heat from the device. Electri-
cally, this pad is at ground potential and should be connected to Agnp.

3.1 LDO Shutdown Input Pin (SHDN2)

SHDN2 is a logic-level input used to turn the LDO
regulator on and off. A logic-high (> 45% of Vy) will
enable the regulator output. A logic-low (< 15% of V)
will ensure that the output is turned off.

3.2 LDO Input Voltage Pin (V|y2)

ViN2 is a LDO power-input supply pin. Connect
variable-input voltage source to V|\,. Connect V|y4 and
VN2 together with board traces as short as possible.
VN2 provides the input voltage for the LDO regulator.
An additional capacitor can be added to lower the LDO
regulator input ripple voltage.

3.3  LDO Output Voltage Pin (Voyt2)

Vour? is a regulated LDO output voltage pin. Connect
a 1 pF or larger capacitor to Voy1o and Agyp for proper
operation.

34 No Connect Pin (NC)
No connection.
3.5 Analog Ground Pin (Agnp)

Agnp is the analog ground connection. Tie Agyp to the
analog portion of the ground plane (Agnp). See the
physical layout information in Section 5.0 “Application
Circuits/Issues” for grounding recommendations.

3.6 Buck Regulator Output Sense Pin

(Ves/Vout1)

For VouTt1 adjustable-output voltage options, connect
the center of the output voltage divider to the Vg pin.
For fixed-output voltage options, connect the output of
the buck regulator to this pin (VoyuT1)-

3.7 Buck Regulator Shutdown Input
Pin (SHDN?1)

SHDN?1 is a logic-level input used to turn the buck
regulator on and off. A logic-high (> 45% of Vy) will
enable the regulator output. A logic-low (< 15% of V)
will ensure that the output is turned off.

3.8 Buck Regulator Input Voltage Pin
(Vini)

VNt is the buck regulator power-input supply pin.
Connect a variable-input voltage source to V|yq.
Connect V¢ and V), together with board traces as
short as possible.

3.9 Buck Inductor Output Pin (Ly)

Connect Ly directly to the buck inductor. This pin
carries large signal-level current; all connections
should be made as short as possible.

3.10 Power Ground Pin (Pgnp)

Connect all large-signal level ground returns to Pgpp.
These large-signal level ground traces should have a
small loop area and length to prevent coupling of
switching noise to sensitive traces. Please see the
physical layout information supplied in Section 5.0
“Application  Circuits/lssues” for grounding
recommendations.

3.11  Exposed Pad (EP)

For the DFN package, connect the EP to Agnp with
vias into the Agnp plane.

© 2009 Microchip Technology Inc.
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4.0 DETAILED DESCRIPTION

41 Device Overview

The TC1313 combines a 500 mA synchronous buck
regulator with a 300 mA LDO. This unique combination
provides a small, low-cost solution for applications that
require two or more voltage rails. The buck regulator
can deliver high-output current over a wide range of
input-to-output voltage ratios while maintaining high
efficiency. This is typically used for the lower-voltage,
higher-current processor core. The LDO is a minimal
parts-count solution (single-output capacitor), providing
a regulated voltage for an auxiliary rail. The typical LDO
dropout voltage (137 mV @ 200 mA) allows the use of
very low input-to-output LDO differential voltages,
minimizing the power loss internal to the LDO pass
transistor. Integrated features include independent
shutdown inputs, UVLO, overcurrent and
overtemperature shutdown.

4.2 Synchronous Buck Regulator

The synchronous buck regulator is capable of supply-
ing a 500 mA continuous output current over a wide
range of input and output voltages. The output voltage
range is from 0.8V (min) to 4.5V (max). The regulator
operates in three different modes and automatically
selects the most efficient mode of operation. During
heavy load conditions, the TC1313 buck converter
operates at a high, fixed frequency (2.0 MHz) using
current mode control. This minimizes output ripple and
noise (less than 8 mV peak-to-peak ripple) while main-
taining high efficiency (typically > 90%). For standby or
light-load applications, the buck regulator will automat-
ically switch to a power-saving Pulse Frequency
Modulation (PFM) mode. This minimizes the quiescent
current draw on the battery while keeping the buck
output voltage in regulation. The typical buck PFM
mode current is 38 pA. The buck regulator is capable of
operating at 100% duty cycle, minimizing the voltage
drop from input to output for wide-input, battery-
powered applications. For fixed-output voltage applica-
tions, the feedback divider and control loop compensa-
tion components are integrated, eliminating the need
for external components. The buck regulator output is
protected against overcurrent, short circuit and over-
temperature. While shut down, the synchronous buck
N-channel and P-channel switches are off, so the Ly
pin is in a high-impedance state (this allows for
connecting a source on the output of the buck regulator
as long as its voltage does not exceed the input
voltage).

4.2.1 FIXED-FREQUENCY PWM MODE

While operating in Pulse Width Modulation (PWM)
mode, the TC1313 buck regulator switches at a fixed
2.0 MHz frequency. The PWM mode is suited for higher
load current operation, maintaining low output noise
and high conversion efficiency. PFM to PWM mode
transition is initiated for any of the following conditions.

» Continuous inductor current is sensed
* Inductor peak current exceeds 100 mA

« The buck regulator output voltage has dropped
out of regulation (step load has occurred)

The typical PFM-to-PWM threshold is 80 mA.
422 PFM MODE

PFM mode is entered when the output load on the buck
regulator is very light. Once detected, the converter
enters the PFM mode automatically and begins to skip
pulses to minimize unnecessary quiescent current
draw by reducing the number of switching cycles per
second. The typical quiescent current for the switching
regulator is less than 38 pyA. The transition from PWM
to PFM mode occurs when discontinuous inductor
current is sensed, or the peak inductor current is less
than 60 mA (typ.). The typical PWM to PFM mode
threshold is 30 mA. For low input-to-output differential
voltages, the PWM to PFM mode threshold can be low
due to the lack of ripple current. It is recommended that
V|Nn1 be one volt greater than V14 for PWM to PFM
transitions.

4.3 Low-Dropout Regulator (LDO)

The LDO output is a 300 mA low-dropout linear
regulator that provides a regulated output voltage with
a single 1 yF external capacitor. The output voltage is
available in fixed options only, ranging from 1.5V to
3.3V. The LDO is stable using ceramic output
capacitors that inherently provide lower output noise
and reduce the size and cost of the regulator solution.
The quiescent current consumed by the LDO output is
typically less than 43.7 pA, with a typical dropout
voltage of 137 mV at 200 mA. The LDO output is
protected against overcurrent and overtemperature.
While operating in Dropout mode, the LDO quiescent
current will increase, minimizing the necessary voltage
differential needed for the LDO output to maintain
regulation. The LDO output is protected against over-
current and overtemperature.

4.4 Soft Start

Both outputs of the TC1313 are controlled during
startup. Less than 1% of Vgyrt¢ or Voyro overshoot is
observed during start-up from V)y rising above the
UVLO voltage; or SHDN1 or SHDN2 being enabled.

© 2009 Microchip Technology Inc.
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4.5 Overtemperature Protection

The TC1313 has an integrated overtemperature
protection circuit that monitors the device junction
temperature and shuts the device off if the junction
temperature exceeds the typical 165°C threshold. If the
overtemperature threshold is reached, the soft start is
reset so that, once the junction temperature cools to
approximately 155°C, the device will automatically
restart.

DS21974B-page 18
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5.0 APPLICATION CIRCUITS/
ISSUES

5.1 Typical Applications

The TC1313 500 mA buck regulator + 300 mA LDO
operates over a wide input-voltage range (2.7V to 5.5V)
and is ideal for single-cell Li-lon battery-powered
applications, USB-powered applications, three-cell
NiMH or NiCd applications and 3V to 5V regulated
input applications. The 10-pin MSOP and 3x3 DFN
packages provide a small footprint with minimal exter-
nal components.

5.2 Fixed-Output Application

A typical Voyt4 fixed-output voltage application is
shown in “Typical Application Circuits”. A 4.7 yF
ViNt ceramic input capacitor, 4.7 yF Vgoyrq ceramic
capacitor, 1.0 yF ceramic Vgyr, capacitor and 4.7 pH
inductor make up the entire external component
solution for this dual-output application. No external
dividers or compensation components are necessary.
For this application, the input-voltage range is 2.7V to
42V, VOUT1 =1.5V at 500 mA, while VOUT2 =2.5V at
300 mA.

5.3 Adjustable-Output Application

A typical Vgoyr1 adjustable-output application is also
shown in “Typical Application Circuits”. For this
application, the buck regulator output voltage is adjust-
able by using two external resistors as a voltage
divider. For adjustable-output voltages, it is recom-
mended that the top resistor divider value be 200 kQ.
The bottom resistor divider can be calculated using the
following formula:

EQUATION 5-1:
VFB
R =R X | =——
BoT TO0P (VOUTI _ VFB)
Example:
RTOP = 200 kQ
VOUT1 =21V
VFB = 0.8V
Rgot = 200 k x (0.8V/(2.1V — 0.8V))

Rgot = 123 k2 (Standard Value = 121 kQ)

For adjustable output applications, an additional R-C
compensation is necessary for the buck regulator
control loop stability. Recommended values are:

RCOMP = 4.99 kO
Ccomp =33 pF

An additional V|2 capacitor can be added to reduce
high-frequency noise on the LDO input-voltage pin
(Vin2)- This additional capacitor (1 pF) is not necessary
for typical applications.

5.4 Input and Output Capacitor
Selection

As with all buck-derived dc-dc switching regulators, the
input current is pulled from the source in pulses. This
places a burden on the TC1313 input filter capacitor. In
most applications, a minimum of 4.7 puF is
recommended on V¢ (buck regulator input-voltage
pin). In applications that have high source impedance,
or have long leads (10 inches) connecting to the input
source, additional capacitance should be used. The
capacitor type can be electrolytic (aluminum, tantalum,
POSCAP, OSCON) or ceramic. For most portable
electronic applications, ceramic capacitors are
preferred due to their small size and low cost.

For applications that require very low noise on the LDO
output, an additional capacitor (typically 1 uF) can be
added to the V|2 pin (LDO input voltage pin).

Low ESR electrolytic or ceramic can be used for the
buck regulator output capacitor. Again, ceramic is
recommended because of its physical attributes and
cost. For most applications, a 4.7 yF is recommended.
Refer to Table 5-1 for recommended values. Larger
capacitors (up to 22 yF) can be used. There are some
advantages in load step performance when using
larger value capacitors. Ceramic materials, X7R and
X5R, have low temperature coefficients and are well
within the acceptable ESR range required.

TABLE 5-1: TC1313 RECOMMENDED
CAPACITOR VALUES

C(Vin1) | C(Vin2) | Cour1 | Coure
Min 4.7 uF none 4.7 uF 1 uF
Max none none 22 uF 10 uF

© 2009 Microchip Technology Inc.
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5.5 Inductor Selection

For most applications, a 4.7 yH inductor is
recommended to minimize noise. There are many
different magnetic core materials and package options
to select from. That decision is based on size, cost and
acceptable radiated energy levels. Toroid and shielded
ferrite pot cores will have low radiated energy but tend
to be larger and more expensive. With a typical
2.0 MHz switching frequency, the inductor ripple
current can be calculated based on the following
formulas.

EQUATION 5-2:

Vv
DutyCycle = —our

IN

Duty cycle represents the percentage of switch-on
time.

EQUATION 5-3:
T,y = DutyCycle x F—l—
sw
Where:
Fsw = Switching Frequency

The inductor ac ripple current can be calculated using
the following relationship:

EQUATION 5-4:
AIL
VL = Lx Xl—
Where:
' = voltage across the inductor
(Vin = Vour)
At = on-time of P-channel MOSFET
Solving for Al = yields:
EQUATION 5-5:
Vv
Al = TL x At

When considering inductor ratings, the maximum DC
current rating of the inductor should be at least equal to
the maximum buck regulator load current (Igy11), plus
one half of the peak-to-peak inductor ripple current (1/
2* Alp). The inductor DC resistance can add to the
buck converter I°R losses. A rating of less than 200 mQ
is recommended. Overall efficiency will be improved by
using lower DC resistance inductors.

TABLE 5-2:  TC1313 RECOMMENDED

INDUCTOR VALUES

Part | Value DCR MAX Size

Number| (pH) (mg;x) Ipc (A)] WxLxH (mm)

Coiltronics®

SD10 22 | 0.091| 1.35 |5.2,5.2, 1.0 max.
SD10 3.3 | 0.108 | 1.24 |5.2,5.2, 1.0 max.
SD10 4.7 | 0.154 | 1.04 |5.2,5.2, 1.0 max.

Coiltronics

SD12 22 | 0.075| 1.80 |5.2,5.2, 1.2 max.
SD12 3.3 | 0.104 | 1.42 |5.2,5.2, 1.2 max.
SD12 47 | 0.118 | 1.29 |5.2,5.2, 1.2 max.

Sumida Corporation®

CMD411| 2.2 | 0.116 | 0.950 |4.4, 5.8, 1.2 max.
CMD411| 3.3 | 0.174| 0.770 | 4.4, 5.8, 1.2 max.
CMD411| 4.7 | 0.216 | 0.750 | 4.4, 5.8, 1.2 max.

Coilcraft®

1008PS | 4.7 0.35 1.0 |3.8, 3.8, 2.74 max.
1812PS | 4.7 0.11 1.15 |5.9, 5.0, 3.81 max.

5.6 Thermal Calculations

5.6.1 BUCK REGULATOR OUTPUT

(Vout1)
The TC1313 is available in two different 10-pin
packages (MSOP and 3x3 DFN). By calculating the
power dissipation and applying the package thermal
resistance, (0,,), the junction temperature is estimated.
The maximum continuous junction temperature rating
for the TC1313 is +125°C.

To quickly estimate the internal power dissipation for
the switching buck regulator, an empirical calculation
using measured efficiency can be used. Given the
measured efficiency (Section 2.0 “Typical Perfor-
mance Curves”), the internal power dissipation is
estimated below.

EQUATION 5-6:

Vour1 *louri v ] _p
Efficiency —( ourt ® OUTI) — " Dissipation

The first term is equal to the input power (definition of
efficiency, Poyt/P\n = Efficiency). The second term is
equal to the delivered power. The difference is internal
power dissipation. This estimate assumes that most of
the power lost is internal to the TC1313. There is some
percentage of power lost in the buck inductor, with very
little loss in the input and output capacitors.
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For example, for a 3.6V input, 1.8V output with a load
of 400 mA, the efficiency taken from Figure 2-7 is
approximately 84%. The internal power dissipation is
approximately 137 mW.

5.6.2 LDO OUTPUT (VouT2)

The internal power dissipation within the TC1313 LDO
is a function of input voltage, output voltage and output
current. The following equation can be used to
calculate the internal power dissipation for the LDO.

EQUATION 5-7:

Prpo = (Vinawax) = Vourawmmy) * louramax)
Where:
P.po = LDO Pass device internal power
dissipation
Vinmaxy) = Maximum input voltage
Voutminy = LDO minimum output voltage

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’s maximum
internal power dissipation.

5.6.3 LDO POWER DISSIPATION
EXAMPLE

Input Voltage
ViN= 5V 210%
LDO Output Voltage and Current
Vout = 3.3V
loyt = 300 mA
Internal Power Dissipation

PLoomax) = (Vingmax) = Voutzuiny) X lout2vax)
Ploo= (5.5V)—(0.975 x 3.3V))
x 300 mA

PLDO = 684.8 mW

5.7 PCB Layout Information

Some basic design guidelines should be used when
physically placing the TC1313 on a Printed Circuit
Board (PCB). The TC1313 has two ground pins,
identified as Agnp (@analog ground) and Pgnp (power
ground). By separating grounds, it is possible to
minimize the switching frequency noise on the LDO
output. The first priority, while placing external
components on the board, is the input capacitor (Cjy1)-
Wiring should be short and wide; the input current for
the TC1313 can be as high as 800 mA. The next
priority would be the buck regulator output capacitor
(Cout1) and inductor (L4). All three of these
components are placed near their respective pins to

minimize trace length. The Cj\¢ and Coyt4 capacitor
returns are connected closely together at the Pgnp
plane. The LDO optional input capacitor (Cjy2) and
LDO output capacitor CoyTo are returned to the Agnp
plane. The analog ground plane and power ground
plane are connected at one point (shown near L). All
other signals (SHDN1, SHDN2, feedback in the
adjustable output case) should be referenced to Agnp
and have the Agyp plane underneath them.

o-Via Acnp to Ponp
r— - - - EEmm— — — — — — — 1
| : I
* Cy\» Optional +Vour
| IN2 Optiona |
| L Court |
A
| AcND ’—‘ .
| . ; Penp !
= [ ] |
| S i PR (0 *
Viva oz o G |
| IN2 2] | 191
voura ] B L e
| COUT2E|L__E__ -
o ] TC1313 [6] b Y Plane
| AGND | GND
L — — — J\AGND Plane
FIGURE 5-1: Component Placement,

Fixed-Output 10-Pin MSOP.

There will be some difference in layout for the 10-pin
DFN package due to the thermal pad. A typical fixed-
output DFN layout is shown below. For the DFN layout,
the V|1 to V|2 connection is routed on the bottom of
the board around the TC1313 thermal pad.

e - Via )
Acnp to Panol +Vourt
_ [
*CiN2 Optlona\\- | | |
r T T T TEsEd [
| Ao NI Cour Ly |
e e )
[ ]

0]
[9]
[8]
[7]

|
e L] | |Tc13ﬁ__\_J

L - - — — — 4 .

Cint |

PGND Plane

AGND Plane

FIGURE 5-2: Component Placement,
Fixed-Output 10-Pin DFN.
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5.8 Designh Example

VouT1 = 2.0V @ 500 mA
VouTz = 3.3V @ 300 mA
Viy = 5V £10%
L = 47uH

Calculate PWM mode inductor ripple current
Nominal Duty

Cycle = 2.0V/5.0V =40%
P-channel
Switch-on time = 0.40 x 1/(2 MHz) = 200 ns
Vi = (Vin-Vour) =3V
Al = (VL) xToy =128 mA

Peak inductor current:

Iippky = louT1+1/2Al1 = 564 mA
Switcher power loss:
Use efficiency estimate for 1.8V from Figure 2-7
84%, Ppjss1 = 190 mW

Efficiency
Resistor Divider:
Rrop = 200 ko
Reor = 133 k0
LDO Output:
Ppiss2 = (Vinwax)—
VouT2Miny) X lout2(Max)
Ppiss2 = (56.5V —(0.975) x 3.3V) x 300 mA

PDISSZ = 684.8 mW

Total
Dissipation = 190 mW + 685 mW = 875 mW

Junction Temp Rise and Maximum Ambient
Operating Temperature Calculations

10-Pin MSOP (4-Layer Board with internal Planes)
RSJA = 113° C/Watt

Junction Temp.
Rise = 875 mW x 113° C/Watt = 98.9°C

Max. Ambient

Temperature = 125°C - 98.9°C

Max. Ambient

Temperature = 26.1°C
10-Pin DFN

ROy = 41° C/Watt (4-Layer Board with
internal planes and 2 vias)

Junction Temp.
Rise = 875 mW x 41° C/Watt = 35.9°C

Max. Ambient
Temperature = 125°C - 35.9°C

Max. Ambient
Temperature = 89.1°C

This is above the +85°C max. ambient temperature.
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TC1313

6.0 PACKAGING INFORMATION

6.1 Package Marking Information

10-Lead MSOP

100

Example:

0T

XXXXXX
YWWNNN

o B

51HOE -
527256

o B

I

I

Second letter represents Vo141 configuration:

5=TC1313
1=1.375V VOUT1
H =26V VOUT2
0 = Default

Code | Vouytq | Code | Vourq | Code | VouTte
A 3.3V J 2.4V S 1.5V
B 3.2V K 2.3V T 1.4V
C 3.1V L 2.2V u 1.3V
D 3.0V M 2.1V \Y, 1.2V
E 2.9V N 2.0V w 1.1V
F 2.8V ) 1.9v X 1.0V
G 2.7V P 1.8V Y 0.9v
H 2.6V Q 1.7V 4 Adj
| 2.5V R 1.6V 1 1.375V

Fourth letter represents +50 mV Increments:

Code Code
0 Default 2 +50 mV to V2
1 +50 mV to V1 3 +50 mV to V1

and V2

10-Lead DFN Example:
XXXX 51HO
YYWW 0527
NNN 256

Third letter represents Vg1, configuration:

Code | Voyt2 | Code | Voyr2 | Code | Vouto

A 3.3V J 2.4V S 1.5V
B 3.2V K 2.3V T —
C 3.1V L 2.2V u —
D 3.0V M 2.1V \Y —
E 2.9V N 2.0V W —
F 2.8V o] 1.9v X —
G 2.7V P 1.8V Y —
H 2.6V Q 1.7V Z —
| 2.5V R 1.6V

YY
Ww
NNN

Legend: XX..X Customer-specific information
Year code (last digit of calendar year)

Year code (last 2 digits of calendar year)

Week code (week of January 1 is week ‘01’)
Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)
This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note:

characters for customer-specific information.

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available

© 2009 Microchip Technology Inc.
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TC1313

10-Lead Plastic Dual Flat, No Lead Package (MF) — 3x3x0.9 mm Body [DFN]

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

— D -— b — | € |—-—
N 1 ‘T r N &
| 1 | !
o+ ) |
_/7_f’_/ ''''' [ E - 1T -~ \—\T"'_ E2
% 7 7 RN\
A ////4 ExPOSED — | NN W
70070 PAD N\ N
NOTE 1 — ‘ f L N~ NOTE 1
1 2 2 1
TOP VIEW BOTTOM VIEW

i

Units MILLIMETERS

Dimension Limits MIN | NOM | MAX
Number of Pins N 10
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Length D 3.00 BSC
Exposed Pad Length D2 2.20 2.35 2.48
Overall Width E 3.00 BSC
Exposed Pad Width E2 1.40 1.58 1.75
Contact Width b 0.18 0.25 0.30
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package may have one or more exposed tie bars at ends.
3. Package is saw singulated.
4. 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 C04-063B
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TC1313

10-Lead Plastic Micro Small Outline Package (UN) [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
| S
:
B A A
/- ///// /] E1
7
A 1
NOTE 1 U H U U
1 ZL )
e
[ o [
" O L - ¢}
A1 J L }'
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 10
Pitch e 0.50 BSC
Overall Height A - - 1.10
Molded Package Thickness A2 0.75 0.85 0.95
Standoff A1 0.00 - 0.15
Overall Width E 4.90 BSC
Molded Package Width E1 3.00 BSC
Overall Length D 3.00 BSC
Foot Length L 0.40 0.60 0.80
Footprint L1 0.95 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.08 - 0.23
Lead Width b 0.15 - 0.33
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. 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 C04-021B
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