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DIO69319
High-Efficiency 3 A, 24 V Input Synchronous
Step-Down Converter

I Description

The DIO69319 is a high-efficiency, high-frequency synchronous step-down DC-DC regulator ICs capable of
delivering up to 3 A output currents. The DIO69319 family operates over a wide input voltage range from 4.5V
to 24 V and integrates the main switch and synchronous switch with very low Rpson) to minimize the
conduction loss.

The pure COT architecture with pseudo-fixed switching frequency operation provides a fast transient
response and eases loop stabilization. Protection features include over-current protection and thermal
shutdown.

The DIO69319 always operates in continuous conduction mode, which reduces the output ripple voltage
under light load compared to discontinuous conduction mode. The DIO69319 is stable, with an extremely low
ESR and high capacitance.

The DIO69319 requires a minimal number of readily-available, standard, external components and is
available in a space-saving TSOT23-6 package.

B Features

® Low Rps(on for internal switches (top/bottom)
80 mQ/40 mQ, 3.0 A
® 4.5V ~ 24V input voltage range

Over-current protection

Output short circuit protection with hiccup mode
Thermal shutdown

Available in TSOT23-6 package

High-efficiency synchronous-mode
® Internal soft-start limits the inrush current

I Applications

® Portable navigation devices
Portable navigation devices
Set top boxes

Portable TVs

LCD TVs
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B Ordering Information

Part Number

Top Marking

RoHS

Ta

Package

DIO69319TST6

W319

Green

-40 to 85°C

TSOT23-6 Tape & Reel, 3000

-

If you encounter any issue in the process of using the device, please contact our customer service at
marketing@dioo.com or phone us at (+86)-21-62116882. If you have any improvement suggestions
regarding the datasheet, we encourage you to contact our technical writing team at docs@dioo.com.
Your feedback is invaluable for us to provide a better user experience.
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1. Pin Assignment and Functions
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GND[ 1] | 6]BS

SW[ 2] 5] EN

VIN[3 4] FB

Figure 1. TSOT23-6 (Top view)

Pin Name Description
GND Power ground
SW Inductor pin. Connect this pin to the switching node of inductor.
VN Power input

Output feedback Pin. Connect this pin to the center point of the output resistor divider (as shown in

FB Figure 19. DIO69319 1.05 V/3 A reference design) to program the output voltage: Vour = 0.765 x (1
+R1/R2).
EN Enable control. Pull high to turn on. Do not float.

S Bootstrap. Connect a capacitor and a resistor between SW and BS pins to form a floating supply
B
across the high-side switch driver. Recommend to use 0.1 yF BS capacitor.

2. Absolute Maximum Ratings

Exceeding the maximum ratings listed under Absolute Maximum Ratings when designing is likely to
damage the device permanently. Do not design to the maximum limits because long-time exposure to them
might impact the device’s reliability. The ratings are obtained over an operating free-air temperature range
unless otherwise specified.

Symbol Parameter Rating Unit

Vee Supply voltage (V+ — V-) 28 \%
EN, SW voltage Vin+ 0.3 \

FB voltage 6 \%

BS voltage SW + 6 \Y

Tste Storage temperature range -65 to 150 °C
Ty Junction temperature range 150 °C

T Lead temperature range 260 °C
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3. Recommended Operating Condition
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Recommended operating conditions are specified to ensure optimal performance to the datasheet
specifications. The ratings are obtained over an operating free-air temperature range unless otherwise

specified.
Symbol Parameter Ratings Unit
Vce Supply voltage 4.5t024 \Y
Ty Junction temperature range -40 to 125 °C
Ta Ambient temperature range -40 to 85 °C

4. ESD Ratings

When a statically-charged person or object touches an electrostatic discharge sensitive device, the
electrostatic charge might be drained through sensitive circuitry in the device. If the electrostatic discharge
possesses sufficient energy, damage might occur to the device due to localized overheating.

Model Metric Value Unit
Human-body model (HBM) ANSI/ESDA/JEDEC JS-001 +2000
Charged device model (CDM) ANSI/ESDA/JEDEC JS-002 +500

5. Thermal Considerations

The thermal resistance determines the heat insulation property of a material. The higher the thermal
resistance is, the lower the heat loss. Accumulation of heat energy degrades the performance of
semiconductor components.

Symbol Parameter Value Unit
Reua Junction-to-ambient thermal resistance 110 °CIW
ReJc Junction-to-case thermal resistance 42.2 °CIW

www.dioo.com 2 © 2023 DIOO MICROCIRCUITS CO., LTD.
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6. Electrical Characteristics

The values are obtained under these conditions unless otherwise specified: Vin =12 V, Vour = 1.2V, L =

1.5 pH, Cout = 47 pF, Ty =-40°C to 125°C, lout =1 A

Symbol Parameter Test Conditions Min Typ Max Unit
Vin Input voltage range 45 24 \%
la Quiescent current lout = 0, Vrs = Vrer x 105% 150 MA
IsHDN Shutdown current EN=0 10 15 MA
Ty =-40°C to 125°C 0.745 0.765 0.780
VRer Feedback reference voltage \%
Ty=0°Cto 125°C 0.750 0.765 0.780
Irs FB input current Vee=3.3 V -50 50 nA
Roson" | Top FET Ron Ta=25°C 80 mQ
Roson)” | Bottom FET Ron Ta=25°C 40 mQ
Low side power FET current
Im 9 3.3 4 4.7 A
limit
VENH EN rising threshold 1.5 \%
VENL EN falling threshold 0.4 \%
Vin under-voltage unlock
Vuvio 415 4.45 \Y
threshold, rising
Hysteresis VN voltage 0.4 \%
V|N =12 V; VOUT =3.3 V;
fsw Switching frequency 600 700 800 kHz
Load =3 A
Min ON time 140 ns
Min OFF time 90 140 ns
Maximum duty cycle 90%
tss™ Soft start time 1 ms
Thermal shutdown
tsp(" 148 °C
temperature
thys™ Thermal shutdown hysteresis 20 °C
Note:

(1) Guaranteed by design.

(2) Specifications subject to change without notice.
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7. Typical Performance Characteristics

Tek i&{F [

|

u

Vin=12V, Vour = 3.3 V, No load

Figure 2. Start up from Vin

Vin=12 V, Vour =3.3 V, Load=3 A

Figure 4. Start up from Vin

Vin=12V, Vour=3.3V, Load =1.1Q

Figure 6. Start up from Enable
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200V & )20.0ms SOOMZ/E) @B
D 1004 & J\Wev-9.600000ms 10M AR 3,60V

Vin=12V, Vour = 3.3 V, No load

Figure 3. Shut down from Viy

[T}

Vin=12 V, Vour = 3.3 V, Load =3 A

Figure 5. Shut down from Viy
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25063/ @D\
10M 5 180V

ViNn=12V,Vour=3.3V,Load =1.1Q

Figure 7. Shut down from Enable
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Figure 8. Load transient Figure 9. Load transient
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Figure 10. Ripple
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Figure 12. Short circuit protection
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Figure 14. Efficiency vs. Output current
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Figure 16. FB voltage vs. Temperature
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Figure 11. Ripple
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Figure 13. Short circuit recovery
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Figure 15. Output voltage vs. Output current
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Figure 17. EN threshold voltage vs. Temperature
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Figure 18. Quiescent current vs. Temperature

8. Block Diagram
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9. Application Information
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Important notice: Validation and testing are the most reliable ways to confirm system functionality.
The application information is not part of the specification and is for reference purposes only.

9.1. Application examples

DIO69319 4.5V to 24 V input, 1.05 V output converter.

DIOG9319 L1 15 uH

VIN=45Vto24 V

3 2
VIN RTT00% Z VN SW = Y'Y
6
, ) N ss|--—]

- _[ c5 l C6 l c7
‘ 10uF | 10pf | D.HJF 4 B GND 1 LT ‘ 22uF | 22uF | 22uF
o= =

Figure 19. DIO69319 1.05 V/3 A reference design

The DIO69319 is a synchronous buck regulator IC that integrates the pure COT control, and top and bottom
switches on the same die to minimize the switching transition loss and conduction loss. With ultra-low
Rbson) power switches and proprietary pure COT control, this regulator IC can achieve the highest

efficiency and the highest switch frequency simultaneously to minimize the external inductor and capacitor
size, and thus achieve the minimum solution footprint.

Table 1. Design Parameters

Parameter Value
Input voltage range 45Vto24V
Output voltage 1.05V
Output current 3A
Output voltage ripple 20 mVpp

www.dioo.com 7 © 2023 DIOO MICROCIRCUITS CO., LTD.
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Table 2. Recommended Component Values

Output R2(kQ) | R3 (kQ) L1 (uH) C5 + C6 (uF)
voltage (V) Min Typ Max

1 3.09 10.0 1 1.5 2.2 44 - 66
1.05 3.74 10.0 1 1.5 2.2 44 - 66

1.2 5.76 10.0 1 1.5 2.2 44 - 66

1.5 9.53 10.0 1 1.5 2.2 44 - 66

1.8 13.7 10.0 1 1.5 2.2 44 - 66

2.5 22.6 10.0 1.5 2.2 3.3 44 - 66

3.3 33.2 10.0 1.5 2.2 3.3 44 - 66

5 54.9 10.0 1.5 3.3 4.7 44 - 66

Because of the high integration in the DIO69319 IC, the application circuit based on this regulator IC is
rather simple. Only input capacitor Cin, output capacitor Cour, output inductor L, and feedback resistors (R1
and R2) need to be selected for the targeted application specifications.

9.2. Feedback resistor dividers R1 and R2

Choose R1 and R2 to program the proper output voltage. To minimize the power consumption under light

loads, it is desirable to choose large resistance values for both R1 and R2. A value of between 10 kand 1 M

is highly recommended for both resistors. If Vout is 3.3 V and R1 = 40.2 k is chosen, then R2 can be

calculated to be 12 k.

9.3. Current protection

___0.7651
Vour —0.765V

Vout

0.765FB

GND

R1

R2

Figure 20. Feedback resistor dividers R1 and R2

(1)

The output over-current limit (OCL) is implemented using a cycle-by-cycle valley detect and control circuit.

The switch current is monitored during the OFF state by measuring the low-side FET drain to source

voltage. This voltage is proportional to the switch current. To improve accuracy, the voltage sensing is

www.dioo.com
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temperature compensated. During the on time of the high-side FET switch, the switch current increases at

DI069319, Version 1.0, Jul 2023

a linear rate determined by VN, Vour, the on-time, and the output inductor value.

During the on-time of the low-side FET switch, this current decreases linearly. The average value of the
switch current is the load current, lour. If the monitored current is above the OCL level, the converter
maintains the low-side FET on and delays the creation of a new set pulse, even if the voltage feedback loop
requires one, until the current level below the OCL level or lower. In subsequent switching cycles, the
on-time is set to a fixed value and the current is monitored in the same manner. If the over-current condition
exists for consecutive switching cycles, the internal OCL threshold is set to a lower level, reducing the
available output current. When a switching cycle occurs where the switch current is not above the lower
OCL threshold, the counter is reset and the OCL threshold is returned to the higher value.

There are some important considerations for this type of over-current protection. The load current is higher
than the over-current threshold by one-half of the peak-to-peak inductor ripple current. Also, when the
current is limited, the output voltage tends to fall as the demanded load current may be higher than the
available current from the converter. This may cause the output voltage to fall. When the Vs falls below the
UVP threshold voltage, the UVP comparator detects it. And then, the device will shut down after the UVP
delay time (typically 14 ps) and restart after the hiccup time (typically 8 ms).

When the over-current condition is removed, the output voltage returns to the regulated value.

9.4. UVLO protection

Under voltage lock-out protection (UVLO) monitors the device input voltage. When the voltage is lower than
the UVLO threshold voltage, the device is shut off. This protection is non-latching.

9.5. Thermal shutdown

The device monitors its own temperature. If the temperature exceeds the threshold value (typically 155°C),
the device is shut off. This is a non-latch protection.

9.6. Input capacitor Ciy

This ripple current through the input capacitor is calculated as:

lein_rms=lout+ A/ D(1 — D) (2)

This formula has a maximum at Vin = 2Vout , where loin_rvs = lout/2. This simple worst-case condition is
commonly used for DC/DC design.

To minimize the potential noise problem, place a typical X5R or better-grade ceramic capacitor is really
close to the IN and GND pins. Care should be taken to minimize the loop area formed by Cin, and IN/GND
pins. In this case, a 10 pF low ESR ceramic capacitor is recommended.

www.dioo.com 9 © 2023 DIOO MICROCIRCUITS CO., LTD.
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9.7. Output capacitor Cour
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The output capacitor is selected to handle the output ripple noise requirements. Both steady-state ripple
and transient requirements must be taken into consideration when selecting this capacitor. For the best
performance, it is recommended to use X5R or better-grade ceramic capacitor greater than 22 puF
capacitance.

9.8. Output inductor L
There are several considerations in choosing this inductor.

1) Choose the inductance to provide the desired ripple current. It is suggested to set the ripple current at
about 40% of the maximum output current. The inductance is calculated as follows:

[= Vour(1—Vour | Vin, max)

Fsw x Tour, max x 40%

®)

where Fsw is the switching frequency and loutmax is the maximum load current. The DIO69319
regulator IC is quite tolerant of different ripple current amplitudes. Consequently, the final choice of
inductance can be slightly off the calculation value without significantly impacting the performance.

2) The saturation current rating of the inductor must be selected to be greater than the peak inductor
current under full load conditions.

Vour(1—Vour | Vin, max)
Isat,min>louTt,max + (4)

2-Fsw-L

3) The DCR of the inductor and the core loss at the switching frequency must be low enough to achieve
the desired efficiency requirement. It is desirable to choose an inductor with DCR < 50 mQ to achieve
good overall efficiency.

10. Layout Guidelines

The layout design of the DIO69319 regulator is relatively simple. For the best efficiency and minimum noise

problems, we should place the following components close to the IC: Ciy, L, R1, and R2.

(1) It is desirable to maximize the PCB copper area connecting to the GND pin to achieve the best
thermal and noise performance. If the board space allows, a ground plane is highly desirable.

(2) Cin must be close to pins IN and GND. The loop area formed by Cix and GND must be minimized.

(3) The PCB copper area associated with the SW pin must be minimized to avoid the potential noise
problem.

(4) The components R1 and R2, and the trace connecting to the FB pin must NOT be adjacent to the SW
net on the PCB layout to avoid the noise problem.

(5) If the system chip interfacing with the EN pin has a high impedance state at shutdown mode and the
IN pin is connected directly to a power source such as a Li-lon battery, it is desirable to add a
pull-down 1 mQ resistor between the EN and GND pins to prevent the noise from falsely turning on
the regulator at shutdown mode.

www.dioo.com 10 © 2023 DIOO MICROCIRCUITS CO., LTD.
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11.Physical Dimensions:TSOT23-6

el

L2 —t+——

R1 R~

[ Teasn

E E1
/
2 | | °
o 1/I—I—b l—- $]0.20® B B
n
JOP VIEW SIDE VIEW
[ | o
A A2 “j
\ / Common Dimensions
A[0.10 (Units of Measure = Millimeter)
SIDE VIEW A‘]J Symbol Min Nom Max
b A - 0.90
| b1 | A1 0 - 0.15
. I — A2 0.65 0.75 0.85
N\ N
"_\ / WITH PLATING A3 035 0.40 0.45
ccl N,~— b 0.36 - 0.50
! N /4\ b1 0.36 0.38 0.45
N N ELNRAN c 0.14 - 0.20
BASE METAL cl 0.14 0.15 0.16
SECTION B-B D 2.85 2.95 3.05
E 2.60 2.80 3.00
E1 1.60 1.65 1.70
e 0.90 0.95 1.00
e 1.80 1.90 2.00
L 0.30 0.45 0.60
L1 0.575REF
L2 0.25BSC
R - . 0.25
R1 - 0.25
[S) 0° - 8°
o1 3° 5° 7°
02 10° 12° 14°
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Disclaimer

This specification and information contained herein are provided on an “AS IS” basis and
WITH ALL FAULTS. All product specifications, statements, information, and data
(collectively, the “Information”) in this datasheet or made available on the website of
www.dioo.com are subject to change without notice. The customer is responsible for
checking and verifying the extent to which the Information contained in this publication is
applicable to his/her application. All Information given herein is believed to be accurate
and reliable, but it is presented without guarantee, warranty, or responsibility of any kind,
express or implied.
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