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TS16E13

100V Input, Ultra-Low IQ, Synchronous Buck Converter

1. Description

The TS16E13 operates over a wide input
voltage range from 4.5V to 100V. With
integrated the main MOSFET and a
synchronous MOSFET, the TS16E13 delivers
up to 1A output current. With the 3A current
limit, TS16E13 can deliver 3A peak current for
some special applications.

The TS16E13 adopts a constant on-time (COT)
control architecture to achieve excellent
transient response.

With patented standby circuits, the device can
achieve ultra-low lg, and exit the standby mode
fast.

2. Applications

® GPS tracker
® Automotive and Industry Systems
® Motor Drives, Telecom

4. Typical Application

ON/OFF

e 6 0 o e 60 W

Figure 1. Typical Application Diagram

Features

Wide Input Voltage 4.5V-100V
3A Current limit
Low RDS(ON)
500mQ/250mQ
<200pA Supply Current under ILOAD=100pA
TS16E13 Adjustable FSW up to 1MHz

Internal 3ms Soft-start

Smart power saving and ultra-Fast Transient
Response

Precision +1% Feedback Reference
Open-Drain Power Good Indicator

OC, OT Protection with Hiccup Mode

No Loop Compensation Components

ESOPS8 Package with Thermal PAD

for Internal MOSFETS
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Figure 2. Efficiency at 12Vout
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5. Package Reference and Pin Function

GND[ 1| (O __ [ 8 Jsw
, N
VIN|[ 2 | i E | 7 |BOOT
| EP
EN[ 3 | | /: | 6 |PGOOD
RT[ Noeeee " [ 5rs
ESOPS8( top view)
Order No. Description
TS16E13GAD ESOP-8, tape, 4k/reel
Pin # Name Description
1 GND Ground pin.
2 VIN Input pin. Decouple this pin to GND with a low ESR ceramic capacitor.
Enable control pin. The device has accurate 1.17V rising threshold and a
3 EN programable falling threshold. This pin also can be used for programming
the VIN turn on voltage with the resistor divider.
On-time programming pin. A resistor between this pin and GND sets the
4 RT buck switch on-time. Fsy, (kHz) = %
5 B Output feedback pin. Connect this pin to the center point of the output
resister divider to program the output voltage: Vour=1.2X(1+R1/Rs)
5 PGOOD Power good indicator pin. This pin is an open-drain output pin. Connect to
a source voltage through an pull-up resistor.
7 BOGT Boot-s.trap pin. Decouple this pin to SW pin with a 10nF ceramic
capacitor.
8 SW Inductor pin. Connect to the switch node of the power inductor.
Ep Shertal PAD Exposed pad of the package. Solder the EP Tco the GND pin and connect
to a large copper plane to reduce thermal resistance.
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6. Absolute Maximum Ratings ®

VIN, EN, SW 10 GND tce v eerrterinmeimiiiiittiiiitanaias s -0.3Vto 110V
SW t0 GND (200NS PUISE) - ++x++rssrrrmerteete ettt -3V to 110V
BS tO GIND scrrrrertniiiiitiiiiiiiiaiiiitaiieeisiisiastaetaiaieriisitietastiaretiisteiatiattattiaaittitttattatsnes SW+6.6V
RT tO GIND scrrrrertniniiiiiiiiiiiiiiiiiiietieiaiiiiiisttassataiaraiitieiastastaiiareiseteisetsetarttasesnns -0.3Vto 6.6V
FB 1O GND crrtrittninitiitaiiiiiiiiiiiieiieiaiiiinieiastatiaraiitisiastsstaiiartitiieisetsarartiaiines -0.3Vto 6.6V
PGOOD tO GND rrrrrertettttiatiiiiiiiiiiiiiiiiaraiiiiiisiiistaetiaraiiisisssstastiaraitiiieisttseasns -0.3V to 30V
Power Dissipation, Pp @Ta=25C, ESOPS -+« ruurrturineiiiiiiiii 3.3W
Package Thermal Resistance

04 (JUNCHON 10 @MDIBIL) +++++++xversesresttsit ittt 30°C/W

B)c (JUNCHON 10 CASE) - +++++++xssssemsemsesststtit et 10°C/W
Operating JUNCLION TEMPEIALUIE, Ty «« - rrerrrrrerrrrrrtrrir -40°C to 160°C
Storage TEMPEIALUIE, Tggr«««+-rrrrrrrrerrrrsnsmrrert e 65°C to 160°C
Soldering Temperature(10 SECON), Tgig:««««r««rrrrerrrrrmrrmmmmmmmttteaann ittt 260°C
Notes:

(1) Stresses beyond the “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. These are stress ratings only,
which do not imply functional operation of the device at these or any other conditions beyond those indicated in “RECOMMENED

OPERATING CONDITIONS”. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

7. Recommended Operating Conditions

VIN VOIAQIE ++ v ettt 4.5V to 100V
EIN VOIAQIE -+t e ettt -0.3V to 100V
SWW VOIEAGE « v vveememreee ettt -0.3V to 100V
Operating JUNCHON TEMPETAUIE «+++++++xereestrrrttaniiiitiaa e -40°C to 125°C

8. ESD Ratings

Value Units
Human body model (HBM), per ANSI/ESDA/JEDEC £2000 v
discharge Veso | Charged device model (CDM), per JEDEC specification 500 v
JESD22-C101, SW, BOOT, EN, RT, FB, PGOOD @, B

Notes:
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process
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9. Electrical Characteristics

ViN=24V, Vout=5V, L=47uH, Cour=22uF. Typical values correspond to T,=25°C, Minimum and Maximum
limits apply over the full -40°C to 125°C junction temperature range unless otherwise indicated.

Parameter | Test Conditions IMIN [ TYP |MAX |UNIT
Input Voltage
Vi Input Voltage | | 45 | | 100 | v
Supply Current
Ishutbown | Shutdown Current Ven=0V 7.7 |JA
IsTanDBY Standby Current Ven=VIN, lout=0A, 155 MA
Feedback
Virer Feedback reference voltage 1182 | 12 [1218] v
EN/UVLO
VENH EN rising threshold Vin=48V, lout=0.1A 1.0 1.17 1.24 Y
IEN Hysteresis Input Current ViN=48V, lout=0.1A -1 -1.6 -2.2 MA
Hysteresis
PGOOD
Voo FB rlsmg threshold for PGOOD Ve rising 105 115 125 Vv
low to high
FB faling threshold for
VeaL PGOOD Veg falling 0.95 1.05 1.15 \Y
high to low
Frequency
Fsw Errzg:aer:ga:;enjg'mhmg F(kHz) = —3'2’;‘2\4";()‘/) 100 1000 | KHz
Timing
ton-MIN Minimum on-time 50 ns
torFF-MIN Minimum off-time 270 ns
Power Switches
Rpson-Hs | High-side MOSFET RDSON Only tested at 0.5 0.6 Q
T,=25C
Rpson-Ls | Low-side MOSFET RDSON Only tested at 0.25 | 0.35 Q
T,=25C
Current Limit
High-side MOSFET Peak Onl tested at
IPEAgs Ct?rrent limit TJ=25°Cy 32 4 4.8 A
Low-side MOSFET Valle Onl tested at
WALEYAS | et limit ’ TJ=25°Cy 16 2 24 A
Soft Start
tss Soft-start time ‘ ‘ 3 ‘ ‘ ms
Thermal Shutdown
Tsp Thermal Shutdown Threshold | T,rising 160 C
Thys Thermal Shutdown Hysteresis 25 C
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10.Block Diagram
L6pA VCC | BIAS r
Regulator '—:I VIN
EN[ >_
117V 1 [ IBoOT
RT[ — ON PWM Control -
Timer
And
Protect Logic
’ - [Jsw
FB VCC
FB[]*;% .
I [
VRer Y
.
PGOOD D_L ° L lGND
4 FB =
+
VIREF Thermal
L Shutdown
Figure3. Block Diagram
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11.Typical Characteristics
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Figure4. Efficiency at 12Vout

CH3: Vour 2V/div

CH4: IOUT O.SA/diV /

Load Current (mA)

Figure5. Load and Line Regulation

CH3: VOUT 2V/diV

CH4: IOUT 0.5A/div

53

Time(1ms/div)
Figure6. Startup from VIN

CH3: VOUT 2V/div

CH4: IOUT 0.5A/div f

Time(1ms/div)
Figure7. Shutdown from VIN

CHa3: V()UT 2V/le

b

——— T ——
CH4: I()UT 0.5A/div

Vin=48V Time(1ms/div)
Figure8. Startup from EN

Vin=48V Time(1ms/div)
Figure9. Shutdown from EN
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| CH3: Vour 2V/div

CH3: Vour 2V/div '

b

i ‘ o | 3
CH4: I 0.5A/div || CH4: I 0.5A/div
il . =
|

g il B

ViN=48V lout=0A Time(10ms/div) Vin=48V lout=1A Time(10ms/div)
Figure10. Short Protection and Recovery Figure10. Short Protection and Recovery

| CH3: AVour S0mV/div | CH3: AVour S0mV/div

| CH4: I 0.5A/div | CH4:1,. 0.5A/div

ViN=48V Vour=5V Time(500us/div) Vin=48V Vour=5V Time(500us/div)
lout:0A ~ 1A lout:0.25A ~ 0.75A
Figure13. Load Transient

Figure12. Load Transient

CH3: AVour 50mV/div

CH3: AVout 50mV/div
T T N A A AAAAAAAAN

CH4: 1. 0. 5A/d1v

\\\\\\\\\\ \\\\\

CH4: I 0.5A/div

ViN=48V Vout=5V Time(500us/div) lout=0A Vin=48V Voutr=5V Time(5us/div) lout=1A
Figure14. Out Ripple Figure15. Out Ripple
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12. Applications

12.1. Operation Overview

The TS16E13 is a ultra-low Ig synchronous buck converter. With very low Rpsony MOSFETs, the
TS16E13 can achieve very high efficiency. This converter operates over a wide input voltage range from
4.5V to 100V delivering up to 1A DC load current or 3A peak current. As adopting constant on-time (COT)
mode, TS16E13 can achieve fast transient responses for high voltage step down applications. Control
loop compensation is not required for this regulator, reducing design time and external component count.
And the pin arrangement is designed for a simple layout requiring only a few external components.
Because of high integration in the TS16E13, the application circuit is very simple. Only the on-timer
resister Ry, the feedback resistors (Rt and Rr), the BOOT capacitor Cgoor, the feedforward capacitor Cx,
the input capacitor Cin, the output capacitor Cout and the output inductor L need to be selected for the
targeted applications.

12.2. Switching Frequency (Ry)

The switch frequency of TS16E13 is set by the on-time resistor RT. As shown below, in 5Vout application
a 51kQ resistor sets the switching frequency at 320kHz.

3.2xVoyr (V)

R (M)

Note that the final switching frequency is not only affected by component tolerant but also ton.min and

Fow(kHz) =

torFF-mIN.

12.3. Output Voltage Program
Choose Rf1 and Rr to program the output voltage. For target Vour setpoint, calculate Rf1 and Rf2 using
below equation:

Vour = 1.2VX (1 + R

Rf,

R¢1 in the range of 100kQ to 500kQ is recommended for most applications. Larger feedback resistors
consumes less DC current, which is important if light-load efficiency is critical. But too large resistors is
not recommended as the feedback path would become more susceptible.
The feedforward capacitor Cx is strongly recommended, which can improve the system stability and
transient responses.

VOUT
Rnu Cr
FB
R
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12.4. Input Capacitor (Cin)
An input capacitor is necessary to limit the input ripple voltage while providing AC current to the buck
converter at every switching cycle. The input ripple voltage AVn at input capacitor is calculated as:
AV, =10UT><Dx(1—D)
Fsw X Gy
The capacitance of input capacitor is calculated as:
> loyr XD X (1—=D)
Fsw X (AVin — Ioyr X Rgsg)
To minimize the potential noise problem, a X5R or better grade capacitor with sufficient voltage rating is
recommended. This capacitor should be close to the VIN and GND pins to minimize the loop area formed
by Civ and VIN/GND pins. In this application, a 1uF low ESR ceramic capacitor is recommended.

+ loyr X Rgsg

12.5. Output Inductor (L)
It is recommended to choose the ripple current of inductor between 30% to 50% of the rated load current
lout(max) for most applications. The inductance is calculated as:

L

|4 |

=T o, < 7,
And the peak current of inductor is calculated as:

I, (peak) = Iyyr(max) + %
The saturation current rating of the inductor must greater than the I (peak). An inductor whose saturation
current is above the current limit setting of the TS16E13 will be best choice. Note that inductor saturation
current levels generally decrease as the inductor temperature increase.
12.5 Output Capacitor (Cour)
The output capacitor limits the capacitive voltage ripple at the converter output. This voltage ripple which
is generated from the triangular inductor current ripple flowing into and out of the capacitor can be
calculated as:

Al
Aour = g Fow X Cour

Above equation only take the steady state ripple into consideration. The transient requirements also must
be taken into consideration when selecting the output capacitor. The X5R or better grade ceramic
capacitor larger than 22uF is recommended. For high peak current applications, an E-cap larger than
100uF is recommended too.
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12.6. Enable Operation
Input UVLO can be programmed by EN rising threshold. The UVLO turn-on voltage can be calculated as:

EN1

R
Vovio = (1 + R ) X Venu

EN2

Venn is EN rising threshold voltage, typical is 1.17V.

The UVLO hysteresis is accomplished with an internal 1.6uA current source that is switched on or off into
the impedance of the set-point divider. When the voltage at the EN pin exceeds the rising threshold, the
current source is activated to quickly raise the voltage at the EN pin. The hysteresis can be calculated as:

Vhys(V) = Rgyq X 1.6pA

Vo ' VIN
[F
o EN g
T Renz 5‘

is GND

12.7. Boot-Strap Capacitor

This capacitor provides the energy for high-side gate driver. A high quality 10nF ceramic capacitor
connected between the BS pin and the SW pin is recommended. Also a RC series net can be used for
slow down the turn-on speed of high side MOSFET.

12.8. Power Good (PGOOD)

TS16E13 provides a PGOOD flag pin to indicate whether the output voltage is within the regulation level.
PGOOD is an open-drain output that requires a pullup resistor to a DC source. The typical range of pullup
resistance is about 10kQ. When the FB voltage exceeds 96% of the reference, the internal switch will be
turned off and PGOOD can be pulled high by the pullup resistor. If the FB voltage falls below 92% of the
reference, the switch will be turned on and PGOQOD is pulled low to indicate the output voltage is out of
regulation.
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13.Layout

13.1 Layout Guideline
To achieve high performance of the TS16E13, the following layout tips must be followed.

@)

)
®)

(4)

©)

(6)

At least one low-ESR ceramic bypass capacitor Ciy must be used. Place the Ciy as close as possible
to the TS16E13 VIN and GND pins.

Minimize the loop area formed by Cin connections to VIN and GND pins.

Inductor must be placed close to the SW pin. Minimize the area of SW trace to avoid the potential
noise problem.

Maximize the PCB area connecting to the GND pin and thermal pad. If it is allowed, a ground plane
can be used as noise shielding and heat dissipation path.

Place the feedback resistors, Rn and Ry, close to the FB pin. Route the feedback Vour sense path
away from noisy nodes such as the SW net.

The RT pin is sensitive to noise. The on-time set resistor Rt must be close to the device.

13.2 Layout Example

cooo
0000

00
o0
oe
00

Figure16. Layout Example
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14.Package Size
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Figure17. Recommended Land Pattern (mm)
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Figure19. TS16E13 Side View
Millimeter
SYMBOL
MIN NOM
A 1.300 1.700
A1 0.000 0.100
A2 1.350 1.550
0.330 0.510
c 0.170 0.250
D 4.700 5.100
D1 3.050 3.250
E 3.800 4.000
E1 5.800 6.200
E2 2.160 2.360
e 1.270(BSC)
L 0.400 1.270
0 0° 8°

Figure20. TS16E13 Side View
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15.Reel and Tape Information
Reel Dimensions
12.4%19
3 1 S
17.6459
Sprocket
P / Holes
—> (—K

OO0 O 4|

Ql : Q2 Ql ; Q2 B W User Direction

Q3 | Q4 Q3 | Q4 of Feed

N f
A
. Package . SPQ A B K P W Pinl
Device Pins
Type (pcs) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant

TS16E13GAD ESOP-8 8 4000 |6.5+0.1|5.4+0.1|2.0£0.1| 8+0.1 | 12+0.1 Q1
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16. Tape and Reel Box Dimensions
»
H
!
2z
, Package . SPQ Length Width Height
Device Pins
Type (pcs) (mm) (mm) (mm)
TS16E13GAD ESOP-8 8 8000 360 360 65
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