[ echcode®
30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter

DATASHEET
TD1326

General Description

Features

The TD1326 is a fully integrated high efficiency synchronous @ 4V to 30V Input Voltage Range with Surge Up to 32V
step-down converter which requires minimum number of ® 2% 0.8V Feedback Voltage Accuracy
external components. It offers very compact solution withup ®  4A continuous output current
to 4A continuous output current over a wide input range. ® Support 100% duty cycle Low Dropout Operation
The TD1326 employs proprietary Constant On-Time (COT) @ Stable operation with output low ESR ceramic
control scheme providing superior transient response and capacitors
maintaining constant switching frequency under the @ Fast PWM Constant on Time (COT) control scheme with
continuous conduction mode operation. The internal ramp superior transient performance
compensation network allows stable operation with ultra-low ®  500KHz Switching frequency
equivalent series ® Pulse Skip Mode at Light Load Condition
resistance (ESR) output ceramic capacitors without using @ Integrated 40mQ and 40mQ High Side and Low Side
external compensation network. An error amplifier in the Switches
control loop provides excellent line and load regulation. ® Accurate EN Threshold for the External Programmable
The TD1326 integrates extensive protection functions include: VIN UVLO
UVLO, OCP, OVP and thermal shutdown. Input under- voltage ® Low quiescent current
lockout is internally set as 3.8V. ® Thermal Shutdown with Auto recovery.
The TD1326 is available in an DFN-10 package. ®  Hiccup mode in Over Current protection
® Available in an DFN-10 Package
Pin Configurations Applications
® USBHUB
® Docking Station
_— - [ ]
- I I 7 | en Tablet PC
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vee |72 I ( I I 5 | ss Personal Video Recorders
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7-echcode® DATASHEET

30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

Pin Description

Pin Number Pin Name | Description
1 B Feedback Input. Connect FB to the center of the external resistor divider from the output to
the AGND to set the output voltage.
5 VeC Internal 5V LDO output. The driver and control circuits are powered from this voltage.
Decouple with a minimum 1uF ceramic capacitor to PGND as close to the pin as possible.
3 BST High-Side Driver Bootstrap Supply. Connect a 0.1uF capacitor between SW and BST for proper
operation.
45 SW Output pin of internal power switches. Connect this pin to the inductor and bootstrap
capacitor.
Supply Voltage. The IN pin supplies power for internal MOSFET and regulator. The TD1326
6,7 IN operates from a +4V to +30V input rail. Bypass IN to PGND with a 22uF or greater low ESR
ceramic capacitor.
8 GND System Analog Ground.
Output Soft-Start Pin. This pin allows user control of output voltage ramp rate during start-up.
9 ss An internal 10pA pull-up current from VCC on this pin allows a capacitor to program output
voltage slew rate. This pin is pulled to ground with an internal 200Q MOSFET during shutdown
and fault conditions.
The device is shut down when this pin is low and active when this pin is high. The hysteretic
10 EN threshold voltage is 1.3V going up and 1.2V going down. An external resistor divider from VIN
can be used to program a VIN threshold below which the device will shut down. Connect EN to
VIN through a 100k resistor for automatic startup.
Ep PGND Exposed Pad is connected to the low side MOSFET Power Ground. Connect EP to a large-area
contiguous copper ground plane for effective power dissipation.

Ordering Information

TD1326

1 O
Circuit Type —‘7 LPacking:

Blank: Tube

Package R: Tape and Reel
Q:DFN
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30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

Function Block

vVcc IN
O O
(O——| VCCREG UVLO/OVP Bootstrap
EN | Regulator
Soft- | () BST
ss © strat
M1
BG HS
Driver
| + Control
Vref PWM Logic
onTime - SW
— Error
Amplifier PWM s NE
Comparator LS
Driver
& ) PGND
FB OO -
Zero - Curreft
Comparatof
*—-
Valley - Current
110%Vre! " Comparator
Fault
Logic
L1+
90%\Vref
Figurel Function Block Diagram of TD1326
Absolute Maximum Ratings (Note1)
Symbol Parameter Rating Unit
VIN Supply Voltage IN to GND +32 \Y
VEN EN to GND +32 \Y,
Vsw SW to GND Voltage -0.3to Vin+0.3 \Y
VBsT BST to SW -0.3t0+6 \Y
All Other Pins -0.3to+6 \Y
Pp Power Dissipation Internally Limited w
Bia Junction-to-Ambient Resistance in free air (Note 2) 50 °C/W
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[ echcode® DATASHEET
30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

Ty Junction Temperature 150 °C
TstG Storage Temperature -65~ 150 °C
Tsor Maximum Lead Soldering Temperature (10 Seconds) 260 °C

Notel: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

Note 2: Ba is measured with the component mounted on a high effective thermal conductivity test board in free air.

Recommended Operation Conditions (Note3)

Symbol Parameter Range Unit
VIN VIN Supply Voltage +4to +30 Y
Vour Converter Output Voltage +0.8 to Vin \
Operating Junction Temp -40 ~ +125 °C

Note 3: Refer to the typical application circuit

Electrical Characteristics

Ta=+25°C, Vin=12V and Ven=2V, unless otherwise noted. Typical values are at Vin=12V, VEn=2V and Vour = 5V.

Symbol | Parameter Test Conditions Min Typ Max Unit
Vin Input Voltage Range 4 - 30 \"
Vouio < Input Under Voltage Lockout Vi Increasing ) 3.80 4.05 v
=~ |Threshold
Input Under Voltage Lockout
Vivo_srs Hysteresis ) 430 ) mv
Isp Shutdown Current Ven =0V, Vin =12V - 1 8 MA
Supply Current Ves = 0.85V - 500 - HA
Vrs Feedback Voltage 0.784 0.800 0.816 \
Irs Feedback Current VFB =0.8V -100 - 100 nA
fow Oscillator Frequency lout=1A - 500 - KHz
Tore  [Minimum OFF-Time - 120 - ns
Dwvax [Maximum Duty Cycle Ve=0.57V - 100 - %
Rosionys [HS Main Switch On Resistance - 40 - mQ
lusw ke |1S Switch Leakage Current Vin=12V, Ven=Vsw=0V - - 1 WA

Low Side(LS) Switch Valley
IsL o 4 - - A
Current Limit
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7-echcode® DATASHEET

e L‘S S'witch Zero-Cross Current i 80 ) A
Limit
Ronis  |LS Switch On Resistance - 40 - mQ
lisw ke |LS Switch Leakage Current Vin = Vsw =12V, Ven = 0V - - 1 MA
Ven r  |EN Threshold, Rising - 1.3 -
Ven s |EN Threshold, Falling - 1.2 -
EN Internal Pull Down Resistor 700 1000 1300 kQ
VCC Linear Regulator Veg = 0.63V, O<lycc<10mA 4.7 5.0 53 \"
Tsp Thermal Shutdown - 160 - °C
Tso_nvs |Thermal Shutdown Hysteresis - 30 - °C

Typical Application Circuit

VIN
T U1
¢ o 1IN BST L_L
coN_ [ cof e c4
/l-\100uF _|_0.1uF IN ——0.1uF
2 L1 VOUT
L L vCC
Rup — — C2 | 4 Y'Y Y e
1uF T SW 4.7uH 1 couT
L TD1 326 SW 5 /|\22qu2
10 | o —
A R1
9 fss O Z Fp [ N/
Rdown =z o
c3 °© o R2 CFF
= —0.1uF N ||
oo| o W ”
1 1 1
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Efficiency curve
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30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

TYPICAL PERFORMANCE CHARACTERISTICS

Vin=12V, Vout=5V, L=4.7 1 H, Cout=22 u F*2, TA=+25°C, unless otherwise noted
Light Load Operation Steady State Test
0A Load (C1:Vin C2: Vo.ac C3: SW C4: IL) 4A Load (C1:Vin C2: Vo.ac C3: SW C4: IL)

[T o, o o i o, i, g P, o, o, i 5, e,

Startup through VIN Shutdown through VIN
lout=4A (C1: Vin C2: Vo.pc C3: SW C4: IL) lout=4A (C1: Vin C2: Vo.oc C3: SW C4: IL)

Startup through Enable Shutdown through Enable
lout=4A (C1: Ven C2: Vo.pc C3: SW C4: IL) lout=4A (C1: VeNn C2: Vo.pc C3: SW C4: IL)
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30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

TYPICAL PERFORMANCE CHARACTERISTICS(CONT.)

Vin=12V, Vout=5V, L=4.7 1 H, Cout=22 u F*2, TA=+25°C, unless otherwise noted
Heavy Load Operation Medium Load Operation
4A Load (C1:Vin C2: Vo.ac C3: SW C4: IL) 2A Load (C1: Vin C2: Vo.ac C3: SW C4: IL)

L o T, T 5 B, T T (8, T, e, e O o P, [ D [ [ e, i

W W. . ... ...
VAY, \"" \/ \/ \V \/\J \/ \_‘, \

N A\
AVAY

00viE | 500 myds [oovis  F2o0 an wo v | soomyvit [100 Vi | 200 A
a A A e 1Mo a n o ale 1m0
sommzs Joomman |omms | omme 2ooeen Joomien | 20mmrn | 20 Mz

Short Circuit Protection Short Circuit Recovery
lo=4A-Short (C1: Vin C2: Vo.bc C3: SW C4: IL) lo=Short-4A  (C1: Vin C2: Vo.pc C3: SW C4: IL)

Load Transient
1A Load->4A Load->1A Load (2A/ 1 S)
( C2:Vo.ac C4:1L)

Y Em A&

fcha
0amyith | 200 AR Al itk 7 -400mA |
" S B SR 100 kix/hs i AT
20 MHz & 20 MHz & RL: 1 Mpts.
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30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

OPERATION

The TD1326 is a fully integrated synchronous step-down converter employing constant on-time (COT) control scheme to achieve
superior transient performance. Its proprietary internal ramp compensation offers stable operation with lower ESR ceramic
output capacitors without using external complex compensation networks.

CONSTANT ON-TIME CONTROL

The constant on-time control (COT) operates by comparing the feedback voltage Ves with the reference voltage (Vesres). When
FB droops below the reference, the control circuit turns on HS switch immediately for a pre-determined period of time (on-time)
to ramp up the inductor current. When this on-time times out, the LS switch is then turned on to ramp down the inductor
current. The LS switch is turned off when inductor current reaches zero Izx (or triggers negative current limit INEG TD1326) or
HS switch is turned on again for the next cycle. This operation repeats itself if FB droops below reference again.

The TD1326 uses a proprietary algorithm to calculate the on-time based on input voltage, output voltage and load current to
achieve nearly constant switching frequency over entire continuous conduction load current range. The on-time can be
estimated as:

Vour
Ton =
Vin

* 2US

Due to its immediate response on FB voltage droop and simplified loop compensation, The TD1326 offers superior transient

response compare to traditional fixed frequency PWM control converters.

LIGHT LOAD OPERATION

In medium and heavy load condition, the TD1326 operates in PWM mode with typical switching frequency of 500KHz. When
load current reduces, the TD1326 naturally transitions from PWM mode to PFM mode where the pulse width remains the
calculated on-time but the switching frequency reduces to accommodate the low output current. The lower the output current,
the lower the switching frequency. Once the switching frequency drops to low enough, the devices enter sleep mode to cut
down its quiescent current to maintain high efficiency in light load.
The critical load current at the boundary of PWM mode and PFM mode is related to the inductor ripple current, which depends
on the inductor value, input voltage and output voltage. Typically, this critical load current level is estimated as:
Vour X (Vin — Vour)

2L X Vg X fsw

IeriT =

When switching frequency drops below 20KHz in very light load condition, the switching noise can be heard by the human ears.
TD1326 offers a unique pulse-skipping mode with a minimum switching frequency of 25KHz. This ultrasonic pulse-skipping mode
reduces audio-frequency modulation of the power supply that may occur at very light loads. The transition to fixed-frequency
PWM operation is automatic and occurs at the same point as in pulse-skipping Mode. Ultrasonic pulse skipping occurs if no
switching has taken place within the last 30us. Low side switch turns on for a short period to induce a negative current in the
inductor to discharge the output. High side turns on if the output drops below the regulation point.
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30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

100% DUTY CYCLE LOW DROPOUT OPERATION

When input voltage approaches the output voltage, the TD1326 will extend the on-time toward the maximum on-time to satisfy
the duty cycle requirement to regulate the output voltage. If the input further drops to equal or lower than the output level,
the TD1326 forces the main high side (HS) switch to remain on for more than one cycle, eventually reaching 100% duty cycle.
The 100% duty cycle operation allows the converter to effectively pass through the input voltage directly to output with
minimum voltage drops on the HS switch and the inductor. In the low dropout operation mode, the TD1326 turns on HS switch
for multiple switching cycles until it turns off HS switch momentarily and turns on low side (LS) switch (typical 120ns) to refresh
the BST supply voltage. The LS switch is turned off after the BST refresh pulse, then the HS switch resumes on for multiple
switching cycles which gives the effective 100% duty cycle. The refresh BST pulse is needed to charge the BST capacitor and
ensure the HS switch driver circuit proper operation.

ENABLE
TD1326 offers an accurate enable threshold of EN pin, which is typically 1.3V rise and 1.2V fall. The TD1326 is enabled by pulling
up the EN pin above 1.3V and TD1326 is disabled by pulling down the EN pin above below 1.2V.
When using the EN pin threshold voltage to program the input startup voltage level, the following equation shall be used:
Ryp + Rpown//1M
Rpown//1M

Vin—starT = 1.3V X

Where the 1MQ is the internal pull down resistor on EN pin.
When EN is pulled high, TD1326 will start up if Vin is higher than UVLO threshold. When EN is pulled low, TD1326 will go into
shutdown. Tie EN pin to VIN if the shutdown feature is not used.

SOFT START
During the soft start period, output voltage is ramped up linearly to the regulation level, independent of the load current and
output capacitor value. SS pin allows user control of output voltage ramp rate during start-up. An internal 10uA pull-up current
from VCC on this pin allows a capacitor to program output voltage slew rate. The soft start time with different capacitor is below:
0.8V x Cgg
Tss = ———F—
10pA

CURRENT LIMIT and HICCUP MODE

The TD1326 has built-in cycle-by-cycle current limit protection to prevent inductor current from running away in any fault
conditions. The TD1326 continuously monitors the inductor valley current during its operation. Once the valley current exceeds
the limit level, TD1326 will turn on LS and wait for the inductor current to drop down to a pre-determined level before the HS
can be turned on again. If this current limit condition is repeated for a sustained long period of time, TD1326 will enter hiccup
mode, where it stop switching for a pre-determined period of time before automatically re-try to start up again. It always starts
up with soft-start to limit inrush current and avoid output overshoot.

When TD1326 enters valley current limit mode, the peak current is also limit due to the fixed on-time of the HS, and this peak

current can be estimated as:

(Vin — Vour)
Ipgak = IvaLLey + Ton X — 1
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30V 500KHz 4A Fast-PWM Synchronous Step-Down Converter TD1326

Application Information

Setting the Output Voltage
External feedback resistors are used to set the output voltage. 1% resistors are recommended to maintain output voltage
accuracy. Refer to typical application circuit on page5, the top feedback resistor R1 has some impact on the loop stability, R1
recommended range is between 10kQ-150kQ. For any chosen R1, the bottom feedback resistor R2 can be calculated as:

R,

2= VOUT
08 1

R

Inductor

The inductor is necessary to supply constant current to the output load while being driven by the switched input voltage. A
larger-value inductor will result in less ripple current that will result in lower output ripple voltage. However, a larger-value
inductor will have a larger physical footprint, higher series resistance, and/or lower saturation current. A good rule for
determining the inductance value is to design the peak-to-peak ripple current in the inductor to be in the range of 30% to 40%
of the maximum output current, and that the peak inductor current is below the maximum switch current limit. The inductance
value can be calculated by:

\Y/ %
ouT__ 1- ouT

L=—29
fsw X AlL, Vin

)

Where AlL is the peak-to-peak inductor ripple current.

To avoid overheating and poor efficiency, an inductor must be chosen with an RMS current rating that is greater than the
maximum expected output load of the application. In addition, the saturation current (typically labeled ISAT) rating of the
inductor must be higher than the maximum load current plus 1/2 of in inductor ripple current. The peak inductor current can
be calculated by:

Vour Vour
Ip = lour + 5—— % (1 —
LP ouT ZfSW % L ( VIN

)

Input Capacitor

The input current to the step-down converter is discontinuous and therefore requires a capacitor to supply the AC current to
the step-down converter while maintaining the DC input voltage. Ceramic capacitors are recommended for best performance
and should be placed as close to the VIN pin as possible. Capacitors with X5R and X7R ceramic dielectrics are recommended
because they are fairly stable with temperature fluctuations. The capacitors must also have a ripple current rating greater than
the maximum input ripple current of the converter. The input ripple current can be estimated as follows:

Vour Vour
Iein = lour X x (- )
Vin Vin

The worst-case condition occurs at V\y = 2*Vour, where:

lour

| =
CIN 2

For simplification, choose the input capacitor with an RMS current rating greater than half of the maximum load current. The
input capacitance value determines the input voltage ripple of the converter. If there is an input voltage ripple requirement in
the system, choose the input capacitor that meets the specification. The input voltage ripple can be estimated as follows:

lout Vour Vour
AVyy = x 2 x (1 - -2
fswxCn  Vin Vin
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Under worst-case conditions where V\x = 2*Vour:

1 lour
AVin =7 % fow X Cix

Output Capacitor

The output capacitor has two essential functions. Along with the inductor, it filters the square wave generated by the TD1326
to produce the DC output. In this role it determines the output ripple, thus low impedance at the switching frequency is
important. The second function is to store energy in order to satisfy transient loads and stabilize the TD1326’s control loop. X5R
or X7R type ceramic capacitors have very low equivalent series resistance (ESR) and provide low output ripple and good transient
response. Transient performance can be improved with a higher value output capacitor and the addition of a feed forward
capacitor placed between Vour and FB. Increasing the output capacitance will also decrease the output voltage ripple. A lower
value of output capacitor can be used to save space and cost but transient performance will suffer and may cause loop instability.
When choosing a capacitor, special attention should be given to the data sheet to calculate the effective capacitance under the
relevant operating conditions of voltage bias and temperature. A physically larger capacitor or one with a higher voltage rating
may be required.

PCB Layout Instruction

(1) The high current paths (PGND, IN, and SW) should be placed very close to the device with short, direct and wide traces.

(2) Put the input capacitors as close to the IN and PGND pins as possible.

(3) Put the decoupling capacitor as close to the VCC and GND pins as possible. Place the Cap close to GND if the distance is long.
And place >3 Vias if via is required to reduce the leakage inductance.

(4) Keep the switching node SW short and away from the feedback network.

(5) The external feedback resistors should be placed next to the FB pin. Make sure that there is no via on the FB trace.

(6) Keep the BST voltage path (BST, Rast, Csst and SW) as short as possible.

(7) Keep the IN and PGND pads connected with large copper and use at least two layers for IN and PGND trace to achieve better
thermal performance. Also, add several Vias with 10mil_drill/18mil_copper_width close to the IN and P GND pads to help on
thermal dissipation.

(8) Four-layer layout is strongly recommended to achieve better thermal performance.
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Package Information

DFN-10 Package Outline Dimensions

" E ¥ b L
0 Ei 100 11
N\
0
=l [ = C
q) ——
1 A1 A
= 6 ) D1 s
A3 1
TOP VIEW A
SIDE VIEW BOTTOM VIEW
Unit A Al A3 b D E e L K El D1
g MIN 0.60 0.00 0.25 3.92 3.92 0.32 0.20 2.9 2.45
k] 0.203 0.80
gl TYP 0.65 0.02 0.30 4.00 4.00 0.40 - 3.0 2.55
= REF TYP
=| MAX 0.70 0.05 0.35 4.08 4.08 0.48 - 3.1 2.65
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Design Notes
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