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X‘B [EEEN 18V 2A, Sync Step-Down Converter XTP8221D

4.5V-18V 2A, Sync Step-Down Converter

General Description

The XTP8221D high efficiency synchronous buck converter
operates over a wide input voltage range of 4.5V to 18V, and
can deliver an output current up to 2A. It integrates a top
MOSFET and a bottom MOSFET with very low Rpsoon) to
minimize conduction loss. The high pseudo-constant
switching frequency enables using small external inductor
and capacitor values.

The device uses constant on-time and ripple-based control
strategy to achieve fast transient response for applications
with high step-down ratios. It also provides cycle-by-cycle
current limit protection, output under voltage protection and
over temperature protection.

The XTP8221D is available in a 6-pin SOT23-6 package,
which provides a compact solution with minimal external

components.

Application
e Set-Top Box
e Portable TV
e DSL Modem
e LCDTV
e [P Camera

e  Other electronic equipment products

Features

Wide Input Voltage Range: 4.5V ~ 18V

Up to 2A Output Current

Low Rpsoony : 156mQ Top, 126m<2 Bottom

+1.5% 0.6V Reference

Pulse-Frequency Modulation (PFM) Mode Operation
Internal Soft-Start Limits the Inrush Current

Support Smooth Startup with Pre-Biased Output
500kHz Switching Frequency

Constant On-time and Ripple-Based Control to Achieve
Fast Transient Responses

Cycle-by-Cycle Valley and Peak Current Limit
Protection

Hic-Cup Mode Output Under Voltage Protection
Auto-Recovery Mode Over Temperature Protection
Input Under Voltage Lockout (UVLO)

Available in SOT23-6 package

XTX Technology Inc

Rev 1.1



X‘B [LE N 18V 2A, Sync Step-Down Converter XTP82 2 ID

Typical Application Circuit

Ces

Vi = 4.5V ~ 18V

BS L VOUT

IN LX A ¢ * L
Cn Ry z
Cour
—>| EN FB
ON/OFF GND

J7 R,

Function Order Information

BS| 1|
GND| 2 |
FB| 3 | 4 |eN

XTP8221D SOT23-6

6 |LX

5 [IN

X7Z7ZMA
arcesd

Pin Description

Pin No Pin Name Pin Description

’ BS Bootstrap pin. Supply top MOSFET gate driver. Connect a 0.1uF ceramic capacitor between
the BS and the LX pin.

2 GND Ground pin.

3 B Output feedback pin. Connect this pin to the center point of the output resistor divider as
shown in Figure 1. Vour = 0.6 x (1 + Ru/Ry).

4 EN Enable pin. Pull this pin higher than EN rising threshold to turn on the device and pull this pin
lower than EN falling threshold to turn off the device. Do not leave this pin floating.

5 IN Input pin. Decouple this pin from the GND pin with at least a 10uF ceramic capacitor.

6 LX Inductor pin. Connect this pin to the switching node of inductor.

XTX Technology Inc Rev 1.1



XTR KT

18V 2A, Sync Step-Down Converter

XTP8221D

Order Information

Part No Package Top Marking Tape & Reel
P8221D
XTP8221DS3CT SOT23-6 3000/Reel
YWZZX
MARKING INFORMATION
NOTE:
P8221D: Device Code
YW: Date Code
77X: Inside Code
Function Block Diagram
IN
i
] Current Sense
Internal Input
Power UVLO
Vpp |_>
—>

N>

VEN‘R

FBItD—>

VR EF

Soft-Start

oTP

Internal >
_>

PWM
Control &
Protect
Logic

Current Sense

Vep

TAT

—TGND

Absolute Maximum Ratings

Parameter (Note 1) Min Max Unit
IN -0.3 19
EN, LX -0.3 IN +0.3 v
LX, 10ns duration -5 IN + 3
BS-LX, FB -0.3 4
Junction Temperature, Operating -40 150
Lead Temperature (Soldering, 10s) 260 oC
Storage Temperature -65 150
Notes1:Exceeding these ratings may damage the device.
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18V 2A, Sync Step-Down Converter

XTP8221D

Thermal Information

Parameter Typ Unit
054 Junction-to-Ambient Thermal Resistance 55 oW
01c Junction-to-Case Thermal Resistance 6.5
Pp Power Dissipation Ta = 25°C 1000 mW
Recommended Operating Conditions
Parameter Min Max Unit
Input Voltage 4.5 18 v
Output Voltage 0.6 9.0
Continuous Output Current 2 A
Ambient Temperature -40 85
°C
Junction Temperature -40 125
Electrical Characteristics
All typical values are at Vix = 12V, Vour = 3.3V, L =4.7uH, Cour = 10uF, Ty = 25°C, loutr = 1A.
Parameter Symbol Test Conditions Min | Typ | Max | Unit
Voltage Range Vin 4.5 18
UVLO Rising Threshold Vmuvro Vi rising 4.45 A%
Input UVLO Hysteresis Vinnys 0.3
Quiescent Current Ig Iour = 0A 200 | 280 A
n
Shutdown Current Isupn Ven =0V 5 10
Voltage Range Vser 0.6 9.0 v
FB Reference Voltage VrEr 0.591 | 0.6 | 0.609
FB Input Current Irs Vs =1V -50 50 nA
) From EN high to LX
Turn On Delay Time toN,DLY o 180 us
starts switching
Vour from 0% to 100%
Output Soft-Start Time tss ot ’ “los | 1| 16 | ms
Vser
UVP Threshold Vuve 33 %V REF
UVP Delay Time tuve,pLY 100 us
UVP Hiccup On-Time tHICCUP,ON 1.5
ms
UVP Hiccup Off-Time tHICCUP,OFF 4.5
Rising Threshold VEngr 1.08 | 1.2 1.32
Enable - \%
Falling Threshold VEnF 0.9 1.0 1.1
(EN)
Input Current Iex Vexn=3.3V 0 pA
XTX Technology Inc Rev 1.1




XTR KT

18V 2A, Sync Step-Down Converter

XTP8221D

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Top MOSFET Rps(on Rps(on,Top 156 o
m
Bottom MOSFET Ropson) Rpsony,Bot 126
Top MOSFET Current Limit I 3
MOSFET | 1 reshold LT
A
Bottom MOSFET Current Limit
ILmTBOT 2 2.8 3.7
Threshold
Switching Frequency fsw Iour = 1A, CCM, 350 | 500 | 650 kHz
Frequency
Minimum On-Time toN,MIN 50
ns
Minimum Off-Time toFFMIN 100
Temperature Torp 150
OTP °C
Temperature Hysteresis Thys 15
Remarks:

The minimum and maximum parameter ranges in the specification are guaranteed by testing, and the typical values are

guaranteed by design, testing or statistical analysis.

Application Circuits

Typical application circuits

Css

——

Vin=4.5V ~ 18V L v
BS ouT
> ' : IN LX AlA j_ —]
+| Cn: me Renk XTP$221D Ry Crr L
— T Cour
T~
EN FB l
GND
N J7 R
RENL
BOM List for XTP8221D (VOUT =3.3V)
Reference Designator Description Reference Designator Description
Cmi 47uF/50V Electrolytic Capacitor L 4.7uH/inductor, 3.8A
Cmn2 10uF/25V/X5R Ru 100k, 1%
Cour 10puF/16V/XSR R 22.1kQ, 1%
Css 0.1uF/50V/X5R Renn 10k€Q, 1%
Crr 47pF/50V/COG Renc 1IMQ, 1%
XTX Technology Inc Rev 1.1
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Recommend Component Values for XTP8221D

VOUT(V) | RH(kQ) | RL(k®) | CFF(@F) L/Part Number COouT
12 100 100 10 3.3uH 22uF/16V/X5R
1.8 100 49.9 10 3.3uH 10pF/16V/X5R
3.3 100 22.1 47 4.7pH 10uF/16V/X5R
5 100 13.7 47 6.8uH 10pF/16V/XSR

Functional Description

General Description
The XTP8221D efficiency synchronous buck converter operates over a wide input voltage range of 4.5V to 18V, and can
deliver an output current up to 2A. It integrates a top MOSFET and a bottom MOSFET with very low Rpson) to minimize

conduction loss. The high pseudo-constant switching frequency allows small external inductor and capacitor values.

The device also provides cycle-by-cycle current limit protection output under voltage protection and over temperature

protection.

Constant On-Time and Ripple-Based Control Strategy

The XTP8221D uses instant PWM architecture to achieve fast transient response for applications with high step-down ratios,
and high efficiency at light loads. It uses a constant on-time and ripple-based control strategy in which a virtual replica of the
inductor current signal is synthesized internally and combined with the feedback voltage. When the sum voltage is lower than
the reference voltage, the bottom MOSFET turns off and the top MOSFET turns on for a fixed period of time (Constant ton).

ton is internally calculated according to the input voltage, output voltage, and desired switching frequency (fsw):

_Vour/

The top MOSFET turns off after a period of ton.

Minimum and Maximum Duty Cycle

In the COT architecture, there is no limitation for operating the part at low duty cycle, since in this case, when the on-time is
close to the minimum on-time, the switching frequency is reduced as needed to always ensure a proper operation.

The device can support a maximum duty cycle of up to 75% across the entire operating temperature range of -40°C ~ 125°C.

PFM Light Load Operation
XTP8221D use pulse-frequency modulation (PFM) operation mode under light load condition for high efficiency. Under light
load conditions, typically when the load satisfies the following equation:

_A x(1-)

- 2 2% x

the current through the bottom MOSFET will ramp to near zero before the next ton time. When this occurs, the bottom
MOSFET turns off, preventing recirculation current that can seriously reduce efficiency under these light load conditions. As

XTX Technology Inc Rev 1.1
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18V 2A, Sync Step-Down Converter

load current is further reduced, the combined feedback and ramp signals remain much higher than the reference voltage, the

instant-PWM control loop will not trigger another ton until needed, and the apparent operating switching frequency will
correspondingly drop, improving efficiency. Continuous conduction mode (CCM) resumes smoothly as soon as the load
current increases sufficiently for the inductor current to remain above zero at the time of the next tox cycle. The buck converter
enters CCM once the load current exceeds the threshold shown in. Above the threshold, the switching frequency stays fairly

constant over the output current range.

While in PFM mode, the output of the device doesn’t require over voltage protection because the device stops switching as
soon as the voltage at the FB node increases above Vrgr, preventing the output voltage from increasing further.

Input Under Voltage Lockout (UVLO)

To prevent operation before the internal circuitry is ready and to ensure that the top and bottom MOSFETs can be properly
driven, the device incorporates an input under voltage lockout protection. The device remains in a low current state and all LX
node switching actions are inhibited until Vin exceeds its rising threshold. At that time, if EN is enabled, the device will
startup. If Vv falls below Vinuvio less than the input UVLO hysteresis, the LX node switching actions will again be

suppressed.

Precise EN Threshold

The EN pin uses precise rising and falling thresholds to provide programmable ON/OFF control. The device will be turned on
when the EN pin voltage exceeds the rising threshold. The device will be turned off while the EN pin voltage falls below the
falling threshold. Increasing the input UVLO threshold is possible using an external resistor divider as shown below:

B
EN Comparator < Rew
EN

7

Y
VEnr < Rew

A4

EN Control

It is not recommended to connect EN pin to the Vv or another voltage source directly. A resistor with a value between 1kQ
and 1MQ is recommended if the EN pin is pulled high.

Soft-Start and Startup with Pre-Biased OQutput

The device incorporates an internal soft-start circuit to ramp the output to the desired voltage whenever the device is enabled.
For XTP8221D, the soft-start circuit clamps the output at a low voltage internally and then allows the output to rise to the
desired voltage over approximately 1ms, which avoids high current flow and transients during startup.

The device supports startup with pre-biased output. If the output is pre-biased to a certain voltage before startup, the buck
converter disables the switching of both the top MOSFET and the bottom MOSFET until the internal soft-start voltage Vss
exceeds the sensed output voltage at the FB node. The first pulse on-time is internally calculated based the input voltage and

pre-biased output voltage.

XTX Technology Inc Rev 1.1



X‘B [LE N 18V 2A, Sync Step-Down Converter XTP82 2 ID

External Bootstrap Capacitor

The external bootstrap capacitor provides the gate driver voltage for the N-channel top MOSFET. A 0.1pF low ESR ceramic
capacitor connected between the BS pin and the LX pin is recommended.

BS

Ces=0.1pF

Bootstrap Capacitor Connection

Feedback Resistor Divider Ry and RL

Choose Ry and Ry to program the proper output voltage. A value between 1k€Q and 1M is recommended for both resistors to
minimize power consumption under light loads. As an example, if Vour = 3.3V and Ru selected value is 100k€2, Rr can be
calculated as follows:

0.6
" Yooy "
Vour
R
FB
Ru
GND

Feedback Resistor Divider
With a calculated value of 22.2kQ for Ry, a standard 1% resistor is selected.

Output Inductor L

Consider the following when choosing this inductor:

1) Choose the inductance to provide a ripple current that is approximately 40% of the maximum output current. The

recommended inductance is calculated as:

_ Vour(1=Vour ! Vin, max)
Jswlour, max*0.4

where fsw is the switching frequency and Iout,max is the maximum load current.

The device has high tolerance for ripple current amplitude variation. As a result, the final choice of inductance can vary
slightly from the calculated value with no significant performance impact.

2) For buck converter using FCCM light load operation mode, make sure the inductance value is high enough to avoid
reverse current limit threshold is been triggered just under steady state if the load current is zero.

XTX Technology Inc Rev 1.1
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3) The inductor’s saturation current rating must be greater than the peak inductor current under full load:

VOUT(I_VOUT/V]N MAX)
Tsiram™l + ’
SAT,MIN”£OUT MAX 2XfS'WXL

4) The DCR of the inductor and the core loss at the switching frequency must be low enough to achieve the desired efficiency
requirement. Use an inductor with DCR less than 50mQ to achieve good overall efficiency.

Fault Protection Modes

Cycle-by-Cycle Current Limit Protection
If the top MOSFET current exceeds the top current limit threshold, it will turn off and the bottom MOSFET will turn on. If the
bottom MOSFET current exceeds the bottom current limit threshold, it will stay on until the current decreases below its current

limit threshold. As a result, both inductor peak and valley currents are limited.

Output Under Voltage Protection (UVP)

With output current increasing, as soon as the bottom MOSFET current exceeds its current limit threshold, the top MOSFET
will not be allowed to turn on any more. If the load current continues to increase, the output voltage will drop. When the output
voltage falls below 33% of the regulated level, the output under voltage protection will be activated and the device will operate

in hiccup mode. For XTP8221D, the hiccup on-time is 1.5ms, and the hiccup off-time is 4.5ms.

Over Temperature Protection (OTP)

The device includes over temperature protection (OTP) circuitry to prevent overheating due to excessive power dissipation.
This will shut down the device when the junction temperature exceeds 150°C. When the junction temperature is reduced by
approximately 15°C, the device will resume normal operation after a complete soft-start cycle. For continuous operation,

provide adequate thermal dissipation so that the junction temperature does not exceed the OTP threshold.

Typical Performance Characteristics

(Ta=25°C, Vin = 12V, Vour = 3.3V, L = 4.7uH, Cout = 10pF, unless otherwise noted)

Efficiency vs Output Current Efficiency vs Output Current
VOUT=1.2V,IOUT=0-2A,L=3.3uH VOUT=1.8V,IOUT=0-2A,L=3.3pH
- 100
4] 90 N —— S N
e T B T T - RN
of T T = RN P B 0% MR e
£ = £ /] 174
& - - 70
2] Q
s °| / 5
S = J = ” /
i (i
# . — Vi =5V, Vour = 1.2V 50 717 Vi =5V, Vour=1.8V —
// — = Vp =12V, Vour =12V il — = Vi =12V, Vour = 1.8V
wop A =R Ve = 1 2 a A Vv = 18V, Vour =18V —|
- UL b UL LT
0.001 0.01 0.1 1 2 0.001 0.01 0.1 1 2
Qutput Current (A) Output Current (A)
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XTP8221D

VOUT=3.3V,IOUT=0-2A,L=4.7uH VOUT=5V,IOUT=0-2A,L=6.8uH
100 100
L % =TT
9 g B R AR B R % I e 11 I R B
AT - + T 85 A~ T Tl -
< 80 <
< é = 80
>
E I E " )i
£ 1 & 7
Tl —— Viu = 5V, Vour= 3.3V T ) I —— V=74V, Vour=5v |
AR — = Viy =12V, Vour =3.3V — = V=12V, Vour=5V
AU Vi = 18V, Vour = 3.3V 60— seeeees Vi = 18V, Vour = 5V
50 [~ |-
E 55
o o0 o ” %001 0.01 0.1 T2
Output Cumrent (A) Qutput Current (A)
Output Voltage Ripple
Output Voltage Ripple Output Voltage Ripple
VIN=12V,VOUT=3.3V,IOUT=0A VIN=12V,VOUT=3.3V,IOUT=2A
R RRE R, o AVoor - 50mVidiv
L AVout 50mVrdiv . . . X
2 2 = g
Vik  10Vidiv | _ Vix 10Vidiv
: BT e
IF 1A/div /\\ =% 1 Conrdiv ! : : ]
A £k £ B
Time (1ps/div) Time (1ps/div)

Load Transient

Load Transient

VIN=12V,VOUT=3.3V,IOUT=0-1A

VIN=12V,VOUT=3.3V,IOUT=0.2-2A

It 1A/div

Time (400us/div)

]

T 200mvidiv

oo o 2Addive

Time (400ps/div)
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Power On/Off Waveforms
Startup from EN Shutdown from EN

VIN=12V,VOUT=3.3V,IOUT=2A

5V/div

2Vidiv

VOU T

Vix -~ 10Vidiv

I 2A/div -

Time (800us/div)

VIN=12V,VOUT=3.3V,IOUT=2A

i e e A s s s i

)
b

Time (200us/div)

Startup from VIN

Shutdown from VIN

VIN=12V,VOUT=3.3V,IOUT=2A

VIN=12V,VOUT=3.3V,IOUT=2A

Time (2ms/div)

Vin 10V/div

p POEO——

Vour  2V/div ¢

Vi 10 V/div

Time (2ms/div)
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8V 2A, Sync Step-Down Converter

PCB Layout Guidelines

The reasonable layout of the switching power supply is crucial to the stable operation of the switching power supply. For
high-frequency switching converters, poor layout design can lead to poor line or load regulation and stability problems. For
best results, refer to the image below and follow the guidelines below.

1. Place input capacitor as close as possible to VIN and GND.

2. Place feedback resistors close to the FB pin.

3. Keep switching nodes (SW, BST) away from the feedback network.

4.  Add thermal vias on exposed copper to improve heat dissipation.

Sample of PCB Layout

XTX Technology Inc Rev 1.1
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Package Information (unit:mm)

SOT23-6
D
PR L i
oo -
| LS - :
Ce o 3 3 c—H—t
ko — -
/A \ S
+ ! ct * S
1 | / ff / ATy
'9@'\_“"// I I 2 e = N WITH PL_ITING
<T SECTION B—E
SYMBOL MILLIMETER
MIMN NOM M & X
A = i 1.25
a1 0.03 0.06 0.10
A2 1.00 1.10 120
&3 0.60 0.65 0.70
ko 033 T 0.41
kol 0.32 0.35 0.38
= 0.15 = 5% L7
cl 0.14 0.15 0.16
D =.82 2.9 =2.02
E 1.50 1.60 1.70
E-1 .60 =80 3.00
e 095 BSC
L 0.30 0.40 0.50
L1 .60 REF
0 o~ i S
01 8° —— 12
02 127 e 14-
a3 8° - L=
i 1=* = 14=
XTX Technology Inc Rev 1.1

14



XTRERT XTP8221D

8V 2A, Sync Step-Down Converter

Tape and Reel Information:
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