TDA38540 ( Infineon

TDA38540 OptiMOS™ IPOL

40 A single-voltage stackable synchronous Buck regulator

Features

e Single4.5Vto 17V application or wide input voltage range from 3.0 V to 17 V with an external VCC supply
e Outputvoltage range: 0.6 Vto 6V

e Precision reference voltage (0.6 V +/- 0.5%)

e Integrated OptiMOS™ 5 FETs

e Current-mode control with selectable ramp compensation

e Programmable switching frequency from 400 kHz to 2 MHz

e Optional synchronization to an external clock signal

e Standalone or stackable 2-phase, 3-phase or 4-phase operation with up to 40 A/phase

e Monotonic start-up with two selectable soft-start times, and enhanced pre-bias start-up
e Remote Vout sense

e Thermally-compensated internal overcurrent protection with four selectable settings

e Enableinput with voltage monitoring capability and power good output

e Thermal shut down

e Operating temperature range: -40°C < T;< 150 °C

e Smallsize: 5mm x 6 mm PQFN package

e Halogen-free and RoHS2-compliant with exemption 7a

Potential applications

e Telecom and Datacom Applications

e Server Applications

e Storage Applications

o Distributed Point of Load Power Architectures

Product validation

Qualified for industrial applications according to the relevant tests of JEDEC47/20/22

Description

The TDA38540 is an easy-to-use, fully integrated dc-dc Buck regulator. The onboard PWM controller and
OptiMOS™ 5 FETs with integrated bootstrap diode result in a small footprint solution and provide high-efficiency
power delivery. The TDA38540 is a versatile regulator, offering synchronization to an external clock signal, and
stackable operation. Stackable configurations include a Primary regulator with one, two or three Secondary
regulators. Current-mode control with a fixed switching frequency makes it attractive for telecom applications.

The TDA38540 also features important protection functions, such as pre-bias start-up, thermally-compensated
current limit, overvoltage and undervoltage protection, and thermal shutdown to give required system-level
security in the event of fault conditions.
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Ordering information

1 Ordering information
Table 1. Ordering Information
Sales Product Name Package Type Standard Pack Form and Qty | Orderable Part Number
TDA38540 QFN5mm x 6 mm Tape and Reel ‘ 5000 TDA38540AUMAL

TDA38540 — ] [] %l 1] %l

Al — Designator
Packing type Tape & Reel
Moisture Dr
UM — | protection packing y
Packing size 330 mm
Halogen Free Yes
A — | RoHS compliant Yes
Total lead free No
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Figure 1 Package Top View
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Functional block diagram

Functional block diagram
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Figure 2 Block diagram
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Typical application diagram

3

Typical application diagram
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Figure 3 Top: standalone configuration. Bottom: stackable 2-phase configuration.
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Pin descriptions

4 Pin descriptions
Note: I =Input, O = Output
Pin# Pin Name 1/0 Type Pin Description
The CLK_OUT function is only enabled on the Primary. When an
external sync clock is present at CLK_IN, CLK_OUT duplicates
. the CLK_IN signal. Otherwise, CLK_OUT provides the internal
1 _
cLK_OUT © Digital switching clock signal. Itis recommended to connect CLK_OUT
of the Primary to CLK_IN of each Secondary. In standalone
mode or on the Secondary, CLK_OUT must be left floating.
The PHST pin is used to configure the operating mode. Options
) PHST | Analo include standalone mode or stackable mode with phase shift
& | selection for up to four phases. PHST must be connected to
AGND through a resistor as described in Table 3.
PGOOD is the Power Good status open-drain output. Connect
3 PGOOD 0 Analog a pull-up resistor from this pin to VCC/LDO, or to an external

bias voltage. A 10 kQ pull-up resistor to a PGOOD bias voltage
of 3.3 Vis commonly used.

VIN is the input voltage for the Internal LDO. A 4.7 uF capacitor
should be connected between this pin and PGND. If an external
4 VIN [ Power | supply is connected to VCC/LDO, this pin should be shorted to
the VCC/LDO pin and a 10 uF ceramic capacitor can be shared
by the VIN and VCC/LDO pins.

VCC/LDO is the output of the internal LDO or input for an
5 VCC/LDO 1/0 Power |externalVCCsupply. Aceramic capacitor (2.2 uF - 10 uF) should
be connected between VCC/LDO and the power ground (PGND).
GATEL is the gate of the low-side FET. No external components
should be connected to it.

Power Ground. All PGND IC pins and the bottom PGND paddle
7,8,9,10,19| PGND - Ground | must be connected to the system’s power ground plane. PGND
and AGND are internally connected via the lead frame.

6, 37 GATEL I Analog

11, 12, 13,

14, 15, 16, SW 0 Power | Switch Node. Connect these pins to an output inductor.
17,18

Zoé,iléfz‘ PVIN I Power | Inputsupply for the power stage.

PHASE connects to the source of the high-side FET. Connect a
25 PHASE o Analog | bootstrap capacitor between this pin and the BOOT pin. A high-
temperature (X7R) ceramic capacitor of 0.1 uF is recommended.
Supply voltage for the high-side driver. Connect this pin to the
PHASE pin through a bootstrap capacitor. A resistor (e.g., 1 Q
26 BOOT | Analog | to 2 Q) can be placed in series with the bootstrap capacitor to
control the slew rate of the SW node rising edge. See Note 5.

EN is the enable pin to turn the device on and off. It can also be
27 EN | Analog | used to implement input voltage UVLO by connecting this pin
to PVIN pin through a resistor divider.
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Pin descriptions

Pin# Pin Name 1/0 Type Pin Description

Multi-function pin. Connect a resistor to AGND to set the
overcurrent protection (OCP) limit and soft-start (SS) time.

28 ILIM/SS ! Analog There are four selectable current limits and two SS options
available. See Table 7.
FB is the output voltage feedback pin. Connect this pin to the
29 FB I Analog | output of the regulator via a resistor divider to set the output
voltage.
VSENM provides the return connection for remote
30 VSENM - Analog | outputvoltagesensing. The feedback resistor divider should be

connected to this pin.

VSHARE is the connection for voltage control loop
compensation. VSHARE is connected to the output of an
internal transconductance amplifier. A type Il compensator
31 VSHARE 1/0 Analog | must be connected from this pin to AGND to configure the
voltage control loop for standalone operation, or for the
Primary in stacked operation. In stacked operation, VSHARE of
each Secondary must be connected to that of the Primary.

32 AGND - Ground | AGND is the signal ground for the internal circuitry.

The ISHARE pin is used for current balance and fault
communication. ISHARE of each phase must be connected
together in Stackable mode. The ISHARE pin should be left
floating when operating in standalone mode.

RT sets the switching frequency to one of eight settings by
connecting a resistor to ground per configuration Table 5.
Connect the RAMP pin to AGND with a resistor to select one of
eightinternalramp options per configuration Table 9. Different
internal ramp options provide different inner current loop
response.

33 ISHARE I/0 Analog

34 RT I Analog

35 RAMP I Analog

Input for an external synchronization clock signal. Itis
recommended to apply the external clock 100 us before EN is
pulled high. The CLK_IN pin must be left floating if an external
clock is not used.

36 CLK_IN I Digital
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5 Absolute maximum ratings
Table 2. Absolute maximum ratings
Description Min Max Unit Conditions

PVIN, VIN, EN to PGND -0.3 25 v Note 1
-0.3V(dc), 25V(dc),

PVIN to SW and PHASE below -5V for5ns | above 32Vfor2ns v
-0.3 (dc), 25V(dc),

SW and PHASE to PGND below-5Vfor5ns | above 32Vfor2ns v Note1
-0.3V(dc),

BOOT to PGND below -0.3V for 5 ns 29 Vv Note 1

6 V(dc),

BOOT to PHASE -0.3 7Vfor5ns v

VCC/LDO to PGND -0.3 6 Vv Note 1

PGOOD, CLK_IN, and GATEL to

AGND -0.3 6 v Note 1

FB, VSHARE, ISHARE, RT,

CLK_OUT, RAMP, ILIM/SS, and -0.3 3.6 v Note 1

PHST to AGND

PGND to AGND -0.3 0.3 v

VSENM to AGND -0.3 0.3

Storage Temperature Range -55 150 °C

Junction Temperature Range -40 150 °C

Note:

1. PGND, VSENM, and AGND pins are connected together

Attention:

Stresses beyond these 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 in the operational sections of the
specifications are not implied.
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Thermal Characteristics

6 Thermal Characteristics
6.1 Thermal Characteristics
Description Symbol Values Test Conditions
Junction to Ambient Thermal Resistance 0a 14 °C/W Note 2
Junction to PCB Thermal Resistance Bicrce 5.3°C/W Note 3
Junction to Case Top Thermal Resistance 0.c 24°C/W
Note:

2. Thermal resistance is measured with components mounted on a standard single-phase EVAL_38540_1Vout_1P
demo board in free air.

3. Thermal resistance is based on the board temperature within 10 mm from pin 8.
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Electrical specifications

7 Electrical specifications
7.1 Recommended operating conditions
Description Min Max Unit Note
PVIN Voltage Range with External VCC 3 17 \Y Note 4, Note 5
PVIN Voltage Range with Internal LDO 4.5 17 \Y Note 5, Note 6
VCC Supply Voltage Range 4.3 5.5 v Note 4
Output Voltage Range 0.6 6 v Note 7, Note 8
Continuous Output Current Range/phase 40 A Note 8
Switching Frequency 400 2000 kHz
VSENM - AGND “0.1{dc) 0.3 v
+/-0.3 (AC)
Operating Junction Temperature -40 150 °C
Note:

4. VIN is shorted to VCC and an external bias voltage is used.

5. A common practice is to have 20% margin on the maximum SW node voltage in the design. For applications
requiring PVIN equal to or above 14 V, a small resistor in series with the Boot pin should be used to ensure the
maximum SW node spike voltage does not exceed 20 V. Alternatively, an RC snubber can be used at the SW node
to reduce the SW node spike.

6. Vin is connected to PVIN and the internal LDO is used. For single-rail applications with the internal LDO and
PVIN =VIN=4.5Vto 5.4V, the internal LDO may enter dropout mode. OCP limits can be reduced due to the lower
VCC voltage.

7. The minimum and maximum output voltages are also limited by the minimum on-time and the minimum off-
time. Please refer to Section 12.16 for details. Also note that the OCP limit may decrease when off-time is close
to the minimum off-time.

8. Refer to Figure 4 for maximum output current capability at different ambient temperatures.
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Electrical specifications

7.2 Electrical characteristics

Note: Unless otherwise specified, specifications apply over 4.5V <VIN=PVIN<17V,-40°C<T,<150 °C.
Typical values are specified at Ta =25 °C.

Parameter Symbol Conditions | Min ‘ Typ | Max ‘ Unit
Power Stage
Top Switch Ros(on) Top Voot~ Venase= 5.0 V, lo = 40 A, T;=25 °C 3.0
mQ
Bottom Switch Ros(on)_sot VCC=5.0V,l0=40A,T;j=25°C 0.93
Bootstrap Forward Voltage I(BOOT) =25 mA 150 250 mV
EN=0V 300
SW float voltage Vsw - —— mV
EN = high, No Switching 300

SW node falling edge, lo =40 A,

10
Internal LDO, T, =25 °C, Note 9 ns
Dead Band Time Tab -
SW node rising edge, lo =40 A, c
ns
Internal LDO, T;=25 °C, Note 9
Supply Current
VIN Supply Current (standby) lin(standby) EN = Low, No Switching 6 8.3 mA
VIN Supply Current (static) lin(static) EN =2V, No Switching 6 8.3 mA
Soft Start

ILIM/SS resistor =0 Q; 10 kQ;

0.43 0.6 0.77
18 kQ; or 33 kQ
Soft Start Ramp Rate RRss mV/ us

ILIM/SS resistor =56 kQ; 82 kQ; 120 | 0.11 0.15 0.19
kQ; or floating

Feedback Voltage
Feedback Voltage Ves 0.6 \Y
0°C=Tj=85°C -0.5 0.5 %
Accuracy
-40°C=Tj=150°C -1 1 %
Vee=0.6V, -40°C < Tj < 85°C 100 nA
Feedback input Bias Current IVeg
Ves=0.6V, -40°C < Tj < 150°C 1.0 HA
Transconductance Gm
Error Amplifier
Output Sink/Source Current Isink Note 9 -130 HA
Capability Isource Note 9 130 HA
Transconductance Gm Gm Note 9 1.5 mA/V
Switching Frequency
RT=0Q 360 400 440
RT =10 kQ 540 600 660
Switching Frequency Fow RT =18 kQ 720 800 880 kHz
RT =33 kQ 900 1000 1100
RT =56 kQ 1080 | 1200 1320
Final Datasheet 12 of 54 V2.0
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Parameter Symbol Conditions Min | Typ | Max | Unit
RT =82 kQ 1260 | 1400 1540
RT =120 kQ 1440 | 1600 1760
RT = floating 1800 | 2000 | 2200
Minimum On-Time Ton (Min) Note 9 23 32 ns
Minimum Off-Time Toff (Min) 270 360 ns
Synchronization
Difference between Sync freq and
CLK_IN frequency range Errorsync . y 9 -20 20 %Fsw
typical RT freq, Note 9
CLK_IN duty-cycle range Dewkin Note 9 40 50 60 %
CLK_OUT duty-cycle range Deik_out Use internal clock, Note 9 45 50 55 %
CLK_IN_High | High- levelinput voltage 2
CLK_IN threshold Vv
CLK_IN_Low | Low- level input voltage 0.6
High- level output voltage,
CLK_OUT_High & P & 2.6
Cload =100 pF,lo=2 mA, Note 9
CLK_OUT threshold \Y
Low- level output voltage,
CLK_OUT_Low 0.4
Cload =100 pF,lo=2 mA, Note 9
VCC LDO Output
Output Voltage vcc 55V <Vin<17V,Icc=25mA 4.7 5.0 5.3 Y
Vin=4.5V, lcc=50 mA,
VCC Dropout VCC_drop 356 mV
CVecc=2.2 uF
Short Circuit Current Ishort 55V=sVins17V 100 mA
LDO Undervoltage
Lockout
VCC-Start Threshold VCC_UVLO_Start | VCC Rising Trip Level 3.75 3.9 4.02
VCC-Stop Threshold VCC_UVLO_Stop | VCC Falling Trip Level 3.6 3.7 3.85
Hysteresis 200 mV
Enable
Enable-Start-Threshold En_UVLO_Start | ramping up 1.14 1.2 1.36
vV
Enable-Stop-Threshold En_UVLO_Stop | ramping down 0.9 1 1.06
Input Impedance Ren 500 1000 1500 kQ
Overcurrent Limit
Tj=25°C,intLDO, ILIM/SS=33kQ, | 46 52 56
or Floating
Tj=25°C,int LDO, ILIM/SS =18 kQ, 36 42 46
Positive Current Limit or120kQ
ILIM_p . : A
(Valley current) Tj=25°C,int LDO, ILIM/SS = 10 kQ, 27 32 36
or 82 kQ
Tj=25°C,int LDO, ILIM/SS=0kQ,or| 17.7 22 26
56 kQ
Hiccup Blanking Time Thlk_Hiccup 20 ms
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Parameter Symbol Conditions Min | Typ | Max | Unit
(Positive OCP)
Negative Current Limit ILIM_n Tj=25°C,int LDO -25 -20 -15 A
Negative current time out Timeout_NOCP | Note 9 200 ns
Overvoltage Protection
OVP Trip Threshold OVP_Vth FB Rising 1 120 125 % Vref
FB Falling, OVP hysteresis 110 115 120
OVP Protection Delay OVP_Tdly 1 ys
Hiccup Blanking Time Tblk_Hiccup 20 ms
Undervoltage Protection
UVP Enable Threshold UVP_EN FB Rising, Note 9 200 mV
UVP Trip Threshold UVP_Vth FB Falling 75 80 85 | % Vref
UVP Protection Delay UVP_Tdly 8 us
Hiccup Blanking Time Tblk_Hiccup 20 ms
Power Good
PGOOD Turn on Threshold VeG(upper) FB Rising 85 90 95 | % Vref
PGOOD Turn off Threshold Veg(iower) FB Falling 80 85 90 | % Vref
PGOOD Voltage Low with VCC Ve (low)_vee lpg_sink =5 MA,VCC=23.8V 0.5 Vv
PGOOD Voltage Low at noVCC | Veggomov \3/'2 ; VCC =0V, Rpull-up =10k to 0.75 | 09 | v
FB rising during soft-start, see
Vpe(uppen. Standalone mode, or the 1.0 ms
PGOOD Turn on Delay Vecon) oy Primary in stackable mode, Note 9
PGOOD re-asserti.on delay after soft 100 us
-start. Note 9, Figure 18
PGOOD Comparator Delay Vesicomp) oty ://ES ://EZET;Z?)M 1 2.5 3.5 us
gﬁ?ei? Open Drain Leakage o Lo PG=33V 10 uA
Ramp
RT=0Q 20
RT=10kQ 40
RT =18 kQ 60
Ramp Koy RT =33 kQ 80 o
RT =56 kQ 100
RT =82 kQ 130
RT =120 kQ 160
RT =floating 200
Thermal Shutdown
Thermal Shutdown OTP_th Note 9 160 170 .
Hysteresis OTP_hys Note 9 20 ¢
Final Datasheet 14 of 54 V2.0
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Electrical specifications

Parameter Symbol Conditions Min | Typ | Max | Unit
Hiccup Blanking Time Thlk_Hiccup 20 ms
Current Sharing Accuracy
Ratio of current difference Tj=25°C, lo=20A/Phase, Note 9 *15 %
between phases to the Ishare_acc Tj=25°C, Io <20 AfPhase, Note 9 i A
total current -
Note:
9. Guaranteed by construction and not tested in production
10. VIN supply current does not include the current from PVIN.
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Typical efficiency and power loss curves

8 Typical efficiency and power loss curves

8.1 PVin=Vin =12V, VCC =Internal LDO, fsw = 600 kHz

Note that the efficiency and power loss curves include the losses of TDA38540, the inductor losses, the losses of
the input and output capacitors, and PCB trace losses.

Table 1 Inductors for PVin =Vin =12 V, fsw = 600 kHz
Vout (V) Lout (nH) P/N DCR (mQ) Size (mm)
0.8 120 HCBS9610F-121 (Delta) 0.145 6.4x9.6x10
1.0 150 HCB138380F-151 (Delta) 0.145 12.4 x8.3x8
1.2 150 HCB138380F-151 (Delta) 0.145 12.4 x8.3x8
1.8 250 HCUVE117512-251 (Delta) 0.15 7.5x10.7x12
2.5 250 HCUVE117512-251 (Delta) 0.15 7.5x10.7x12
3.3 350 HCBD101195-351(Delta) 0.35 10.1x11.4x9.5
5 350 HCBD101195-351(Delta) 0.35 10.1x11.4x9.5
PVin =Vin=12V, fsw = 600kHz, 1 - Phase PVin =Vin=12V, fsw = 600kHz, 1 - Phase
Natural Convection, Ta = 25°C Natural Convection, Ta = 25°C
98 9
9% — Ve=-sv 8 —Vo=5V
= —vo=33v | _ —Vo=33v
R 2 \ — Vo=25v 2 6 —Vo=2.5V
g 90 —Vo=18v g ° —Vo=18V
2 a8 ——Vo=12V § 4 —Vo=12V
£ s — Vo=1V 53 —Vo=1V
84 Vo =08V E 2 Vo =08V
82 &
80 0
0 10 20 30 40 0 10 20 30 40
lo (A) lo (A)
PVin =Vin=12V, fsw = 600kHz, 1 - Phase PVin =Vin=12V, fsw = 600kHz, 1 - Phase
Natural Convection, Ta = 25°C Natural Convection, Ta = 25°C
0.808 1.01
0.806
. 0.804 —  Loos
= 2
5 08w 5 T e
s 08 2 1 '
—Vo=08V
0.798
0.796 0.995
0.794
0.792 0.99
0 10 20 10 40 0 10 20 30 40
lo (A) lo (A)
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8.2 PVin=Vin =12V, VCC = Internal LDO, fsw = 800 kHz

Note that the efficiency and power loss curves include the losses of TDA38540, the inductor losses, the losses of
the input and output capacitors, and PCB trace losses.

Table 2 Inductors for PVin = Vin =12 V, fsw = 800 kHz
Vout (V) Lout (nH) P/N DCR (mQ) Size (mm)
0.8 120 HCBS9610F-121 (Delta) 0.145 6.4x9.6x10
1.0 120 HCBS9610F-121 (Delta) 0.145 6.4x9.6x10
1.2 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
1.8 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
2.5 250 HCUVE117512-251 (Delta) 0.15 7.5x10.7x12
3.3 250 HCUVE117512-251 (Delta) 0.15 7.5x10.7x12
5 350 HCBD101195-351(Delta) 0.35 10.1x11.4%9.5
PVin =Vin=12V, fsw = 800kHz, 1 - Phase PVin =Vin=12V, fsw = 800kHz, 1 - Phase
Natural Convection, Ta = 25°C Natural Convection, Ta = 25°C
98 10
9% —Vo=5V z —Vo =5V
— o4 —Vo=33V — 7 —\Vo=3.3V
& % —Vo=25V 2 6 —Vo =25V
g 20 —Vo=18V § . —Vo=18V
2 88 —Vo=12V § s —Vo=12V
£ 86 —Vo=1V 3 —Vo=1V
84 Vo=0.8V g 2 Vo =08V
82 & 1
80 0
0 10 20 30 40 0 10 20 30 40
lo (A) lo (A)
PVin =Vin=12V, fsw = 800kHz, 1 - Phase PVin =Vin=12V, fsw = 800kHz, 1 - Phase
Natural Convection, Ta = 25°C Natural Convection, Ta = 25°C
1817 2,525
1.812 2515
_ 1807
Ea‘ 1.802 S 0
= 1797 —Vo=18V S 5 405 —Vo=2.5V
1.792
2.485
1.787
1.782 2.475
0 10 20 30 40 0 10 20 30 40
lo (A) lo (A)
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8.3 PVin=Vin =12V, VCC = Internal LDO, fsw = 1000 kHz

Note that the efficiency and power loss curves include the losses of TDA38540, the inductor losses, the losses of
the input and output capacitors, and PCB trace losses.

Table 3 Inductors for PVin=Vin=12V, fsw = 1000 kHz
Vout (V) Lout (nH) P/N DCR (mQ) Size (mm)
0.8 70 AH3740A-70K (ITG) 0.145 6.4x9.5x10
1.0 120 HCBS9610F-121 (Delta) 0.145 6.4x9.6x10
1.8 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
2.5 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
PVin =Vin=12V, fsw = 1000kHz, 1 - Phase PVin =Vin=12V, fsw = 1000kHz, 1 - Phase
Natural Convection, Ta = 25°C Natural Convection, Ta = 25°C
9% 8
2: =25V 7 Vo =25V
90 =lav 6 —Vo =18V
‘a‘g‘ 88 =1v §' —Vo=1V
:;: :i =0.8V E s Vo =0.8V
5 o s ¢
£ £’
76 2
74 1
72
70 0
0 10 20 30 40 0 10 20 30 40
lo (A) lo (A)
8.4 PVin=Vin =5V, VCC =Internal LDO, fsw =600 kHz

Note that the efficiency and power loss curves include the losses of TDA38540, the inductor losses, the losses of
the input and output capacitors, and PCB trace losses.

Table 4 Inductors for PVin=Vin=12V, fsw = 600 kHz
Vout (V) Lout (nH) P/N DCR (mQ) Size (mm)
0.8 70 AH3740A-70K (ITG) 0.145 6.4x9.5x 10
1.0 120 HCBS9610F-121 (Delta) 0.145 6.4x9.6x10
1.8 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
2.5 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
3.3 150 HCB138380F-151 (Delta) 0.15 12.4x8.3x8
PVin = Vin = 5V, fsw = 600kHz, 1 - Phase PVin = Vin = 5V, fsw = 600kHz, 1 - Phase
Natural Convection, Ta = 25°C Natural Convection, Ta = 25°C
100 9
98 8
% —Vo=33V 7 —Vo=33V
. —Vo=1a8v £ s —Vo=18V
z —Vo=12v T s —Vo=12V
_E ZZ —Vo=1V § 4 —Vo=1V
% 36 Vo =0.8V g 3 Vo =0.8V
34 2
82 1
80 0
0 10 20 30 40 0 10 20 30 40
lo(A) lo (A)
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9 Thermal De-rating curves

Measurement is done on Evaluation board EVAL_38540_1Vout_1P. PCB is an 8-layer board with 2-ounce Copper
for all layers, FR4 material, size 3.10”x5.00”.

TDA38540 PVin =12 V, Vo = 1.0 V, fsw = 800 kHz

25 35 45 55 65 75 85 95 105

Ambient Temperature (°C)
——800 kHz, 0 LFM  ——800 kHz, 200 LFM

TDA38540 PVin =12V, Vo = 3.3 V, fsw = 800 kHz

38 \ \
36 \

34 \ \

<
5
o 32 \
30
28 \\
26
24
25 35 45 55 65 75 85 95 105

Ambient Temperature (°C)
——800 kHz, OLFM  ——800 kHz, 200 LFM

TDA38540 PVin =12V, Vo =5.0 V, fsw = 800 kHz

40
38
36
<34
g 32
30
28
26
24
25 35 45 55 65 75 85 95 105
Ambient Temperature (°C)
——800 kHz, 0 LFM  ——800 kHz, 200 LFM
Figure 4 Thermal de-rating curves, PVin =12 V, Vout=1.0V/3.3 V/5V, VCC = Internal LDO
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RDS(ON) of MOSFET Over Temperature

10 Rosion)of MOSFET Over Temperature

Rds(on) of Control MOSFET, Vcc = 5V

5.000

4.500

4.000

Rds(on) (mQ)

3.500 _—

3.000

2.500

2.000
-40 -20 0 20 40 60 80 100 120 140 160

Temperature (°C)

Rds(on) of Synchronous MOSFET, Vcc = 5V

Rds(on) (mQ)
\

0.800 —

0.700

0.600

0.500
-40 -20 0 20 40 60 80 100 120 140 160

Temperature (°C)

Figure 5 Ros(on)of MOSFETS over junction temperature
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11 Typical operating characteristics (-40 °C = Tj = +150 °C)

Vi, Standby Supply Current V;, Static Supply Current
6.5 9.0
6.3
61 8.0
5.9
7.0
3 5.7 I
£ E
~55 ~ 6.0
5.3
51 5.0
4.9
4.0
4.7
4.5 3.0
-40 -20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
Temperature (°C) Temperature (°C)
LDO Voltage with Vin=5.5V & 17V, lcc = 25mA LDO Voltage Drop with Vin=4.5V, Icc = 50mA
53 350.0
5.2 300.0
250.0
51
2 Z 200.0
5.0 =
150.0
4.9
100.0
48 500
4.7 0.0
-40 -20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
Temperature (°C) Temperature (°C)
LDO Current Limit with Vin = 5.5V - 17V
135.0
125.0
115.0
3
E
= 105.0
95.0
85.0
75.0
-40 -20 0 20 40 60 80 100 120 140 160
Temperature (°C)
Figure 6 Typical operating characteristics (set 1 of 3)
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Typical operating characteristics (-40 C=Tj<+150 C)

Vee_UVLO_Start and Vec_UVLO_Stop Thresholds

Enable_Startand Stop Thresholds

3.95 14
39 13
= 1.2
2 385
S 11
3.8 =
]l e f C e e e e e E e e e e e e e e e e e
3.75
_____ 0.9
3.7 —— 0.8
3.65 0.7
-40 -20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
Temperature (°C) Temperature (°C)
— VCC_UVLO_Stop_Threshold —VCC_UVLO_Start_Threshold —En_Start_Threshold = —En_Stop_Threshold
VFB OVP_Vth
603.0 126.0
124.0
602.0
122.0
601.0 =
[
s £ 120.0
E £
600.0 1180
5990 116.0
1140 | oL c—chb--—f===c=====-
580 +—t+— —+—F+—F—+——+————————————+ || [TTT[TEOCTTT
112.0
537.0 -40 -20 0 20 40 60 80 100 120 140 160
-40 -20 0 20 40 60 80 100 120 140 160 ——OVP Rising Threshold - - OVP Falling Threshold
Temperature (°C) Temperature (°C)
UVP_Vth Power Good Threshold
85.0 91.0
84.0 PGood Turn-On Threshold
90.0
83.0
82.0 89.0
%‘81'0 T 880
> >
2800 ®
79.0 87.0
78.0 86.0
77.0 PGood Lower Turn-off Threshold
85.0
760 e m——————————————————
75.0 84.0
-40 -20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
Temperature (°C) Temperature (°C)
Figure 7 Typical operating characteristics (set 2 of 3)
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Typical operating characteristics (-40 C < Tj<+150 C)

OCP limit vs. Vcc Voltage Negative OCP limit
Vec =5V Vec=5V
55 10
R R e T e
a9 = RILIM = 33 kQ
a6 -13
43
_ — —_—
<40 RILIM = 18 kO <
=37 =-16
e e B e e e B e Fn £
&3 == T T O D EE A N e T
S8 RILIM = 10 kQ e e E Ll bt i
25
2 e — \
13 RILIM = 0 k2
16
1‘3) a5
40 20 0 20 40 60 80 100 120 140 160
40 20 0 20 40 60 80 100 120 140 160
Temperature (°C) Temperature (°C)
Switching Frequency
2160
1960 2000 kHz
1760 1600 kHz
=
Z 1560 1400 kHz
7 1360 1200 kHz
1160
1000 kHz
960
800 kHz
760
600 kHz
B e It e E EE
400 kHz
360 |
40 200 0 20 40 60 80 100 120 140 160
Temperature (°C)
Figure 8 Typical operating characteristics (set 3 of 3)
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Theory of operation

12 Theory of operation

12.1 Current Mode Control

The TDA38540 features proprietary peak-current-mode control with constant switching frequency. The control
schemeincludes avoltage loop and two current loops. The output voltage is regulated using a transconductance
error amplifier. A type Il compensator is used at VSHARE to adjust the voltage loop response. Current loop
stability is ensured using the internal ramp compensation. The TDA38540 offers eight selectable internal ramps,
providing flexibility to optimize the current loop response for different output filter configurations.

12.2 Configuration of Standalone and Stackable Operation

The TDA38540 offers standalone operation, or stackable interleaved operation with up to four phases. The
configuration is selected by connecting a resistor, as listed in Table 3, between the PHST pin and AGND. A
summary of the configuration differences is given in Table 4.

Table 3. Configuration resistors for PHST pin
PHST Resistor (kQ) £+ 10% | Standalone/Primary/ Secondary Config Phase Shift (Degree)
0 Standalone mode 0
120 . , 0
- Primary phase in stackable mode
Floating 0
10 90
18 120
33 Secondary phases in stackable mode 180
56 240
82 270
Table 4. Summary of differences in pin configurations between Standalone and Stackable Mode
Stackable Mode
Pin Standalone Mode -
Primary Secondary

e Remote Vout sense lines

for Vout regulation e Remote Vout sense for OVP

Note 11

FB and VSENM PGOOD, UVP and OVP
pins e Connect to Vout and e Same as Standalone mode | e« Connected to Vout and
GND through a FB GND through a FB resistor
resistor divider divider
. E _
CLK OUT o Disabled * Enabled ' cole Disabled
- e Must be left floating * Connectitto CLK_INo e Must be left floating

each Secondary

e For current balance and fault communication
e Notused

ISHARE . i
e Must be left floating ISHARE of Primary and each Secondary must be
connected together
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Stackable Mode

Primary Secondary

Pin Standalone Mode

e Output of aninternal

transconductance
- e Internal transconductance
amplifier e Same as Standalone mode e
amplifier is disabled
VSHARE e Atypellcompensator |e Mustbe alsoconnected to
e Must be connected to
must be connected at each Secondary .
N VSHARE of the Primary
this pin with reference
to AGND
EN e During power on, pull EN high when or after VCC passes | ¢ Recommend to connect
the VCC UVLO. EN to VCC of the phase
) . ¢ Same as standalone mode
PGOOD e Opendrain connection . )
e Suggest use PGOOD of Primary only in stackable mode
Note:

11. UVPisdisabled on the Secondary. Refer to Section 12.11 for details.

12.3 Selection of switching frequency

The TDA38540 offers eight programmable switching frequencies, f., from 400 kHz to 2 MHz, selected by
connecting a resistor from the RT pin to AGND, as shown in Table 5, Figure 9 and Figure 10. The selection of
switching frequency cannot be changed on the fly. To change the switching frequency, VCC needs to be cycled.

In stackable operation, the CLK_IN pin of the Secondary must be connected to CLK_OUT pin of the Primary. It
must be noted that although the switching frequency of the Secondary follows that of the Primary, the same RT
resistor used on the Primary must also be installed on the Secondary for two purposes: (1) to ensure the proper
operation of the control loop; (2) to allow the Secondary to operate at the internal free-running clock in case the
external clock is lost.

Table 5. Configuration Resistors for RT pin
RT Resistor (kQ) + 10% Switching Frequency (kHz)
0 400
10 600
18 800
33 1000
56 1200
82 1400
120 1600
Floating 2000
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TDA38540

Optional Ext
Sync Clock
PHST CLK_IN —o J1LIL

RT CLK_OuT——0a1

Figure 9 Configurations of switching frequency in standalone mode.

Secondaryl

TDA38540

Primary
—+—— CLK_IN PHST
TDA38540 O— CLK_OUT RT
Optional Ext
Sync Clock
O—PHST CLK_IN —o JTLIL

Secondary?2

TDA38540

——F+—— CLK_IN PHST

O—— CLK_OUT RT

RT CLK OUT—o0———+%

Figure 10 Configurations of switching frequency in a 3-phase stackable mode.

12.4 External synchronization

The TDA38540 can be synchronized to an external clock in both standalone and stackable operation, as shown
in Figure 9 and Figure 10. During start-up, TDA38540 checks if there is a valid external clock available on the
CLK_IN pin. If no valid clock signal is detected, the TDA38540 switches to the internal free-running clock
determined by the RT resistor, and the Primary sends the internal clock to CLK_OUT. Itis recommended to apply
the external clock at least 100 us before the EN signal is applied to avoid output disturbance during the transition
between the internal and external clocks.

During operation, the TDA38540 continues monitoring the CLK_IN pin. It can switch to the external clock when
a valid external clock signal is detected later on. If the external clock is lost, TDA38540 will switch back to the
internal clock.
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The external clock frequency must be within +20% tolerance of the internal free-running clock set by the RT
resistor, with a duty-ratio ranging from 40% to 60%. Figure 11 illustrates the start-up timing diagram with and
without an external synchronization clock.

PVIN=VIN B EVRETVIT) PVIN=VIN “H Vee_WVLo
Loo/vee LDO/Vee

Ext_Sync | | | | | ------------------- | |
CLK_IN_P Ext_Sync
CLK_out_p | | | | """"""""""""" | | CLK_OUT_P | | | | | ---------------------- | |
CLK_IN_S CLK_IN_S n
-7 Int clk External Sync clk - = Internal free-running clk
> 100ps En> 1.2V En> 1.2V
En En

Pgood Turn-on
threshold

Pgood Turn-on

< 1
Pl ] threshold

X
N
NG

Vo

Vo

Y N T
Y N T

1.0ms i— 1.0ms i—
PGOOD_P “-==---=-wy--1 PGOOD_P *==-==---w--1
PGOOD<=0.9V PGOOD <=0.9V
Figure 11 Start-up timing diagram of two-phase operation. Left: synchronized to an external clock

signal. Right: operation with the free-running internal clock.

Please note that when the TDA38540 transitions from the external clock to the internal clock, the firing of the
next PWM pulse could be delayed for a short period of time, as shown in Figure 12. The extended off-time can
cause some disturbance on V,, therefore extra output capacitance might be needed in this scenario. The
approximated time delay is given in Table 6 for reference.

‘Extended switching period

.
>

-«

o L] W
e || ]

o] [~ ]

Figure12 The delayed PWM pulse when transitioning from the external clock to the internal clock.

Table 6. Approximated time duration of the delayed PWM pulse
Set Frequency (kHz) Approximated time delay (ps)
400 7.0
600 4.7
800 3.7
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Set Frequency (kHz) Approximated time delay (ps)
1000 3.0
1200 2.6
1400 2.3
1600 2.1
2000 1.8

12.5 Soft-start

The TDA38540 has an internal digital soft-start to control the output voltage rise and to limit the input current
surge at start-up. To ensure a correct start-up, the soft-start sequence initiates when the EN and VCC voltages
rise above their respective thresholds. The internal soft-start signal rises linearly from 0 V to 0.6 V in a defined
time duration. The soft-start time does not change with the output voltage. The TDA38540 has two soft-start time
options, 1 ms and 4 ms, selected by placing a resistor from ILIM/SS to AGND. Table 7 lists the resistor values and
their corresponding soft-start time. Please note that the ILIM/SS pin is a multi-function pin, which is also used to
select different Overcurrent Protection (OCP) limits. The selection of ILIM/SS cannot be changed on the fly. To
change the selection, VCC must be cycled.

Table 7. Configuration Resistors for ILIM/SS pin
ILIM/SS Resistor (kQ) + 10% ILIM (A) SS (ms)
33 52
18 42
1
10 32
0 22
Floating 52
120 42
4
82 32
56 22

12.6 Enabling the TDA38540

The EN pin controls the on/off state of the TDA38540. An internal Undervoltage Lock-Out (UVLO) circuit monitors
the EN voltage. When the EN voltage is above an internal threshold, the TDA38540 starts to switch after a turn-
on delay, which is usually within 1 ms.

Figure 13 shows three ways to configure EN. Configuration 1 and 2 are mainly for standalone mode or for the
Primary phase in stackable mode. It is recommended to use configuration 3 for the Secondary devices, because
the on/off of state the Secondary units are controlled by the Primary through the ISHARE bus.

To ensure a proper power on, the EN signal should be pulled up after VCC has passed the UVLO threshold, as
shown in Figure 11 and Figure 14. The time duration from VCC passes the UVLO threshold to when EN can be
pulled up is not critical. If an external VCC is used, PVin can be applied either before or after VCC. There is no
specific power sequencing requirement for power off.

With configuration 2, the Enable signal is derived from the PVin voltage by a resistive divider, REN1 and REN2. By
selecting different divider ratios, users can program a UVLO threshold voltage for the bus voltage. This is a very
desirable feature because it prevents the TDA38540 from operating until PVin is higher than a desired voltage
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level. Below is the recommended design guideline of Rgy; and Rgy,, where PV, i is the minimum input
voltage, 4.5 V is the minimum recommended PV;, using the internal LDO, and EN_UVLO_Start_max is the

maximum limit of the EN start threshold.

Rena
max(PVin min,4.5V) X > EN_ULVO_Start_max

Rgn1 + Renz

PVin i PVin
—,_ 1 PVinl I Vin i 1
| | vin T Reni Voem vn| | v I
Vo= TDA38540 | | Ve
£< En | Standalone I T
" TDA38540 | Primary 1 En_| TDA38540
—=0 Standalone I R - Secondary I
Primary = EN2 =
En = an external logic signal En=—C"EN2 5 py. En=VCC (Secondary)
Rgn1tREN2
Configuration 1 Configuration 2 Configuration 3
Enable Configurations: Configurationl & 2 are for standalone mode or for the Primary

Figure 13
phase in stackable mode. Configuration 3 is for Secondary phases.

PVin_min
o . ov PVin = Vin p e
ov PVin=Vin | _{= VCC_UVLO d g VCC_UVLO
: Pull up EN when or after
oy VEC=ENS Pull up EN when or after oy MEC=ENS : VCC reaches UVLO
VCC reaches UVLO : EN_P = REN2/(REN1+REN2)*PVin
. JEN Threshold
ov ENP : ¥ PGOOD turn - on oV ENP ' i
! ; H threshold : g PGOOD Turn-on
i <1ms — il msia— : : threshold
ov 2 : . Fb H — i1 my-—
: ov : H
PGOOD PGood d
OV .......... OV x\ 1
stays at logic low .
Pgood stays at logic low
oV SW_P 3t oV SW_P “““ I
ov ISHARE | | o ISHARE |
o WS i, M, s I,
. . R
EN_Standalone/EN_P: an external logic signal EN_Standalone/EN_P: EN2__ % PV,
REN1+REN2
EN_Secondary : tied to VCC EN_Secondary : tied to VCC
Figure 14 Start-up sequence
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12.7 Pre-bias Start-up

The TDA38540 is able to start up into a pre-charged output without causing oscillations and disturbances of the
output voltage. When the TDA38540 starts up with a pre-biased output voltage, both control FET and synch FET
are kept off until the internal soft-start signal exceeds the pre-bias voltage on the FB pin.

12.8 Internal Low-Dropout (LDO) Regulator

The TDA38540 has an integrated low-dropout (LDO) regulator providing the bias voltage for the internal circuitry.
When using the internal LDO for single-rail operation, VIN should be connected to PVIN. To save the power losses
on the LDO, an external bias voltage can be used by connecting VIN to VCC/LDO. Figure 15 illustrates the
configuration of the VCC/LDO and VIN pins.

Section 7.1 specifies the recommended operating voltage range of VIN and VCC under different configurations.
The following design guidelines are recommended.

e Place a bypass capacitor to minimize disturbance on the VCC pin. For single-rail operation using the internal
LDO, a 4.7 uF low ESR ceramic capacitor must be used between VIN and PGND and a 2.2 uF to 10 uF low ESR
ceramic capacitor is required to be placed close to the VCC/LDO pin referenced to PGND. A 10 uF MLCC is
recommended for the VCC bypass capacitor when VIN is below 5.5 V. When using an external VCC bias
voltage, a 10 pF ceramic capacitor can be shared by VIN and VCC/LDO.

Pvin PVin ExtVee
— 1 4.7uF L ' ,7
7 I I
PVin VIN | = = PVin VIN
= VCC _J_ vccC
TDA38540 2.2uF ~10uF TDA38540 Liour
PGND % PGND
Single rail operation with the internal LDO Use an external VCC

Figure 15 Configuration of Using the internal LDO or an external VCC.

12.9 Positive Low-side Overcurrent Protection (OCP)

The TDA38540 monitors the current of the synchronous MOSFET through its Rosen. Four current limit options
are available. The OCP threshold is set by the resistance at ILIM/SS as shown in Table 7. The selected OCP limit
value is loaded to the IC’s operating memory during power up and cannot be changed on the fly. To change the
OCP limit, users must cycle VCC. The OCP is activated after EN is above its threshold.

Figure 16 illustrates OCP operation in stackable mode operation. In standalone mode, the OCP operation is the
same as that for the Primary phase. Inductor current is checked near the end of each switching cycle. When a
single OCP event is detected, OCP fault is registered and PGOOD is pulled low. In the meantime, the TDA38540
turns off both FETSETs and enters hiccup mode with 20 ms blanking time. After the completion of blanking time,
the TDA38540 attempts to recover to the nominal output voltage with a soft-start. It repeats hiccup mode and
attempts to recover until the OCP condition is removed.

In stackable mode, there is some difference in the OCP operation between Primary and Secondary phases.
Primary enters hiccup mode immediately after an OCP event is detected, and pulls ISHARE high to broadcast the
fault to all Secondary phases that enter hiccup mode subsequently.
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If a Secondary phase detects an OCP event prior to Primary phase, it skips the next PWM pulse to ramp down the
phase current. If the OCP event is no longer detected at the beginning of the following switching cycle, the PWM
pulse resumes. Otherwise, the PWM pulse is skipped again. ISHARE and other phases remain in normal operation.
In conclusion, OCP of Secondary phases does not trigger hiccup mode. But if the Primary also detects OCP, it will
pull down ISHARE to force all Secondary phases to enter hiccup mode, as shown in Figure 16.

As discussed above, the TDA38540 senses the valley current for OCP. Therefore, the OCP limits specified in
Section 7 is referred to the valley of the inductor current. The corresponding output dc current can be calculated
as follows:

Aiy

Lout oce = luimp + >

Where: lou oce is the output dc current when OCP is tripped. Iuu_p = positive OCP limit specified in the Section 7,
which is the valley of inductor current. AilL is the Peak-peak inductor ripple current.

To avoid inductor saturation during OCP events, the following criterion is recommended for the inductor
saturation current rating.

Isat = Ipim pomax + A0

Where: It is the inductor saturation current and lum_p_max is the maximum spec of the positive OCP limit.

A Detect
Overcurrent
event

I 2 W N OCP Limit

HDrv_P

LDrv_P

S [0

i Detect OCevent,
| Pulse skipping

T RS e el it OCP Limit

iLs

s LI 5 |
S i inln
S 0 O O I
ISHARE —%—i :I—
PGOOD —|

Figure 16 Operation of positive low-side OCP in stackable mode. In this case, OCP of Secondary is
detected earlier than that of Primary, but does not enter hiccup mode until Primary also
detects OCP.
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12.10 Negative Low-Side Overcurrent Protection (OCP)

The TDA38540 also features a negative low-side OCP with a fixed OCP limit. Similar to the positive OCP, the
negative OCP circuit also monitors the current of the synchronous MOSFET through its Rosien during the off time.
If the current drops below -20 A, the synchronous MOSFET is turned off for about 200 ns to let the current flow
through the body diode of the control MOSFET. This feature is intended to prevent the occurrence of excessive
negative current, such as during a large load release or an OVP event.

12.11 Undervoltage Protection (UVP)

Under Voltage Protection (UVP) provides additional protection during OCP fault or other faults. UVP circuitry
monitors the FB voltage and is activated during start-up when the FB voltage rises above around 200 mV. When
the FB voltage drops below the UVP threshold for a duration longer than the UVP protection delay, an
undervoltage trip signal asserts and both the control MOSFET and the synchronous MOSFET are turned off. The
TDA38540 then enters hiccup mode with a blanking time of 20 ms, during which the control MOSFET and the
synchronous MOSFET remain off. After the completion of blanking time, the TDA38540 attempts to recover to
the nominal output voltage with a soft-start, as shown in Figure 17. The TDA38540 will repeat hiccup mode and
attempt to recover until the UVP condition is removed.

Please note that UVP is available in standalone mode and on the Primary in stackable mode, but not on the
Secondary in stackable mode. When Primary detects a UV fault, ISHARE is pulled high and all phases enter hiccup
mode.

PGOOD turn-off
threshold
85%xvref UVP threshold
80%xVref
T e
VFB = N\ J—
HDrv |_ _l
20ms
%Hiccupﬁ B
LDrv e
2
PGood JJ
-
UVP delay
Figure 17 Illustration of output UVP operation

12.12 Overvoltage Protection (OVP)

Overvoltage Protection (OVP) is achieved by comparing the FB voltage to a fixed internal OVP threshold voltage
equal to 120% of the reference voltage, V..r. When the FB voltage exceeds the OVP threshold for a time duration
longer than the OVP delay, an overvoltage trip signal is asserted. The control MOSFET is latched off immediately
and PGOOD flags low. The synchronous MOSFET remains on to discharge the output capacitor until the FB
voltage drops below 115% of V,.;, after which the device enters hiccup mode with a blanking time of 20 ms. After
hiccup blanking time expires, the TDA38540 tries to restart with a soft-start. The OVP operation is illustrated in
Figure 18. OVP becomes active after Power On Ready (POR) is high regardless if EN is high or low.
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4_ 20ms Hiccup _y

LDrv g -ﬂ- ﬂ U l_l ﬂ é B

120%Viets | 115%Vief

\Y ref

90 Avref N E l‘ 90%Vref -"‘- E
S%Vref/ E E
: oVvP delay 1us /

VFB

PGOOD_Primary
PGOOD_Standalong

»> - > i ¥
PGOOD turn-on PGOOD turn-on
delay =1.0 ms delay =100 us
Figure 18 Illustration of OVP. Please note that PGOOD turn-on delay of 1.0 ms is only applied to

standalone mode or the Primary in stackable mode. After soft - start, if Vout drops below
the PGOOD threshold without triggering UVP, PGOOD will be pulled high with about 100 pus
delay after Vout recovers.

12.13 Overtemperature Protection (OTP)

Temperature of the controller is monitored internally. When the temperature exceeds the overtemperature
threshold (170 °C typical), OTP circuitry turns off both control and synchronous MOSFETs and resets the
internal soft start. The device enters hiccup mode with a blanking time of 20 ms. After hiccup blanking time
expires, if the sensed temperature drops below 150 °C (typical), the TDA38540 tries to restart with a soft-start. If
the sensed temperature is above overtemperature threshold, the TDA38540 initiates another 20 ms of hiccup
blanking time. OTP will cycle in this manner till the cause of the overtemperature event is removed.

12.14 Power Good (PGOOD) Output

The PGOOD signal is used to indicate that output voltage is in regulation and the TDA38540(s) is operating
properly. The PGOOD pin is the open drain of an internal NFET, and needs to be externally pulled high through a
pull-up resistor. In stackable mode, it is recommended to use PGOOD of Primary as system-level PGOOD. Figure
18 illustrates the PGOOD response. Detailed PGOOD behavior is summarized in Table 8.

Note that during start-up with a pre-biased voltage, the PGOOD signal is held low before the first PWM pulse is
generated and is then pulled high with the PGOOD turn-on delay after FB voltage rises above the PGOOD
threshold.

Please also note that during start-up, PGOOD is asserted 1 ms after FB voltage rises above the PGOOD turn-on
threshold. However, in operation, if FB voltage momentarily drops below PGOOD turn-off threshold, causing
PGOOD to be pulled low, but it could recover without triggering UVP, PGOOD is re-asserted with just 100 ps
delay, to reduce system recovery time.
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Table 8. Criteria for PGOOD Assertion for Standalone and for Primary Phase in Stackable Mode
Standalone Primary in Stackable mode
1. ENsignaland VCC voltage are 1. ENsignal and VCC voltage of Primary
above their respective thresholds phase are above their respective
2. Vouisin regulation thresholds
3. No faults are triggered including 2. EN signal of Secondary phases are above
Criteria for PGOOD output UV, OV fault, OT fault, and thei‘r r‘espective.thresholds Note 12
Assertion OC fault 3. Vouisin regula’flon .

4. No faults are triggered on Primary
including output UV, OV fault, OT fault,
and OC fault

5. No output UV, OV fault, and OT fault are
triggered on Secondary phases Note 12

Note:

12. VCC voltages of Secondary phases need to be present.

12.15 Selection of Internal Ramp

The inner current loop of the TDA38540 employs peak-current-mode control. To ensure loop stability and to
provide some flexibility to adjust the current loop response, the TDA38540 implements eight selectable internal
ramp compensation gains, Kramp, which can be selected by connecting a resistor from RAMP pin to AGND, as
shown in Table 9.

Table 9. Configuration for RAMP pin
RAMP Resistor (kQ) £ 10% Kramp
0 20x103
10 40x 103
18 60x 103
33 80x10°
56 100x 10
82 130x 103
120 160x 103
Floating 200x10°

To ensure the inner current loop stability, Kramp is recommended to satisfy the following criteria.

102 x (2 — D)
Kramp 2 zf;‘WL

Higher Kramp can help improve noise immunity and switching node jitter, but reduces the bandwidth of the
inner current loop.
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12.16 Minimum and Maximum Duty Ratio

The minimum on-time, Tonmin), and the minimum off-time, Tofmin), are specified in Section 7.2. They set
limitations on the achievable minimum duty ratio and the maximum duty ratio for any given switching
frequency.

Dpin = (Ton(min) + Tdb(rise)) X fow X 1.1
Dpax =1— Toff(min) X fow X 1.1

It should be noted that, the worst case, D,,;,, 0ccurs at no load. Due to the negative inductor current, the
effective on-time is increased by the dead time on the PWM rising edge, which should be considered in the
calculation. To ensure sufficient design margin, the maximum specification of Tonmin) and Tosmin) Must be used in
the above equations. 10% f,, variations have also been considered in the equations. Figure 19 shows the
minimum and maximum achievable Vout at different PVIN and f..

Minimum Vout vs. fsw Maximum Vout vs. fsw
16 7.00
14 - 600 —m—mM8Mm — — ——— - - - - - <
12 St 5.00 RN
=1 S =) S
5 - = 4.00 N
208 Pt o = —. ~
e > —~ -
Z —————— % 3.00 R —
s —m—m—m—m————— — — —  — — — - s o~ )
0 2.00 T~
0.2 1.00 e~
0 0.00
400 600 800 1000 1200 1400 1600 1800 2000 400 600 800 1000 1200 1400 1600 1800 2000
fsw (KHz) fsw (KHz)
— - =PVIN=45V ——PVIN=12V ----- PVIN=17 V —  =PVIN=45V ——PVIN=12V ==-=PVIN=17V
Figure 19 Minimum and maximum achievable Vout at different PVIN and f..

12.17 Output Voltage Programming

Output voltage can be programmed with an external voltage divider. The FB voltage is compared to an internal
reference voltage of 0.6 V. The divider ratio is set to provide 0.6 V at the FB pin when the output is at its desired
value.

FB1

R
Vour = Vref X1+ R )

FB2
Where, Rpg, is the top feedback resistor and Ryg, is the bottom feedback resistor.

Small leakage currents flow into FB and VSHARE which have some adverse impact on the output voltage
accuracy, itis recommended to select Rpp, as follows.

R X Voy
FBL = G Vrer

Where, n = total phase count and G,,, = 1.5 m, transconductance of the amplifier. For the unoptimized Rgp,
value different from the calculation above, the resulting V,,,; error can be calculated as below.

n X (Rpp1 + Rppz)

AVout 1k = IVpp X (Rppy — G X Rrgg
m

)

Where, [Vgg is the leakage current of FB pin. The worst case IVpg currentis 1 pA occurring at 150°C.
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12.18 Output voltage sensing

The TDA38540 can be configured for either remote sensing or single-ended sensing through VSENM pin, as
shown in Figure 3 and Figure 20 respectively. Remote I, sensing is often used when the TDA38540 is placed
away from the load. The output voltage at a remote location is sensed to compensate for the voltage drop on
the PCB traces. Single-ended sensing can be used when the voltage drop on the PCB traces is of less concern. It
offers simpler PCB routing.

It should be noted that the VSENM pin carries some internal bias current. Therefore, it is not recommended to
add additional resistor to the VSENM sensing line. Otherwise, the induced voltage drop on the VSENM sensing
line can affect V, regulation.

When connecting 1, sense lines to the output, sense points should be always tapped from a high-frequency
bypass capacitor of 0.1 yuF or higher. Please refer to Section 15 for more information of PCB routing.

PVin
= i L
_I_ Enable - -
I, | - -
En VIN PVIN BOOT
Vce/LDO
I PHASE —T
PGood = SW YY)
PGood

ILIM/SS
RAMP

|||—| —

TDA38540  gareLl—

Ext Sync ____ | ISHARE B
(optional)
I VSENM
——CLK_OuUT

RT

VSHARE RFB2 RFB1
Cz PHST
cp % AGND PGND

v o lol

Figure 20 Configuration of single-ended Vout sensing
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13 Design Example
In this section, an example is used to explain how to design a 2-phase buck regulator with the TDA38540. The
application circuit is shown in Figure 3 . The design specifications are given below.
o PV; =12V (+10%)
o V=10V
e ],=80Atotal,40A/Phase
e F,, =800kHz
o V,yu ripple voltage =+1% of V,
e Load transient response = + 4% of V,,,,; with a step load current =40 A and slew rate = 10 A/us

13.1 Enabling the TDA38540

The TDA38540 has a precise EN threshold voltage, which can be used to implement a UVLO of the input bus
voltage by connecting the EN pin to PVin with a resistor divider, as shown in Configuration 2 of Figure 13.

Therefore, the EN resistor divider of Primary phase, Ren; and Ren, can be calculated as follows.

R
_ EN2___ S EN ULVO_Start_max

Rgn1 + Renz

Where EN_UVLO_Start_max=1.36 V. For PVjy, 1mqx =10.8V, select Rgy1=49.9 kQ, and Rgy1=7.5 kQ.

max(PV i min,4.5) X

The EN of Secondary phase is tied to the VCC as shown in Configuration 3 of Figure 13.

13.2 Configuring operation mode and phase Shift

The TDA38540 can support up to 4-phase operation. As shown in Table 3, to configure a 2-phase operation, the
PHST pin of the Primary phase can be left floating or be connected to a quiet ground (AGND or PGND) through a
120 kQ resistor. The PHST of the Secondary phase should be connected to the ground through a 33 kQ resistor,
to achieve 180° phase shift.

13.3 Programming the switching frequency

To set the switching frequency at 800 kHz, the RT pin of both Primary phase and Secondary phase should be
connected to an 18 kQ resistor. Please refer to Table 5.

13.4 Selecting input capacitors

Without input capacitors, the pulse current of Control MOSFET is directly from the input supply power. Due to
the impedance on the cable, the pulse current can cause disturbance on the input voltage and potential EMI
issues. The input capacitors filter the pulse current, resulting in almost constant current from the input supply.
The input capacitors should be selected to tolerate the input pulse current, and to reduce the input voltage
ripple. The RMS value of the input ripple current can be expressed by:

I—IXDmX1+mD
wis = I X_|(D =) % (—— D)

Vo .. _
D= o m= Integer (n X D)
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Where, Izys is the RMS value of the input capacitor current; I is the output current, D is the Duty Cycle; n is the
total phase count; and m is the integer part of (n X D). For I, =80 A and Dmax = 0.09, the resulting RMS current
flowing into the input capacitor is about 15 A.

To meet the requirement of the input ripple voltage, the minimum input capacitance can be calculated below.

m+1 m
Iox (=== D) x (D =29

m+1

Cin(min) >

fow X APV = ESR x I, x ( - D))

Where APVin is the maximum allowable peak-to-peak input ripple voltage, and ESR is the equivalent series
resistor of the input capacitors. Ceramic capacitors are recommended due to low ESR, ESL and high RMS current
capability. For I, = 80 A, fs,, =800 kHz, and APV, = 240 mV, Cin(min) > 15 UF. Due to layout constraints, the
coupling of the input capacitors between each phase is usually not as good as in theory, in real applications,
which reduces the effectiveness of the input ripple current cancellation, and usually more input capacitance than
the calculation is desired. In addition, to account for the de-rating of ceramic capacitors under a bias voltage and
to consider the current rating, 10 x 22 uF/0805/25V MLCC are used for the input capacitors for each phase.
Additional bulk capacitors are recommended if the input supply is not located close to the voltage regulator.

13.5 Inductor Selection

Theinductoris selected based on output power, operating frequency and efficiency requirements. A low inductor
value results in a large ripple current, lower efficiency and high output noise, but helps with size reduction and
transient load response. Generally, the desired peak-to-peak ripple current in the inductor (Ai) is found between
20% and 60% of the output current.

The inductor saturation current must be higher than the maximum spec of the OCP limit plus the peak-to-peak
inductor ripple current. For some core material, inductor saturation current may decrease as the increase of
temperature. So, itisimportant to check the inductor saturation current at the maximum operating temperature.

The inductor value for the desired operating ripple current can be determined using the following relation:

Vo Vo
) X+
PVin(max) Alep X st

L=(1-

Isat 2 OCPmax + Ainp

Where PV (max) = Maximum input voltage; Ai,, = Peak-to-peak inductor ripple current per phase; OCPumax =
maximum spec of the OCP limit as defined in Section 7; and I,; = inductor saturation current. In this case,
selectinductor L =150 nH to achieve Ai,,,,, =20% of phase current. The I4; should be no less than 67 A.

13.6 Output Capacitor Selection
The output capacitor selection is mainly determined by the output voltage ripple and transient requirements.

To satisfy the V; ripple requirement, C, should satisfy the following criterion.

C, > Alnipp
8 X AV, X n X f5,

Where, AV, = desired output ripple voltage, Aiy,,;,, = combined output peak to peak ripple current from each
phase current. Due to the interleaved operation, the equivalent total output ripple current in multiphase
operation is smaller than that in single-phase operation and can be calculated as follows.
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By xnx (D =2 x (1 p)

Alnipp = D(1-D)

Where Aij,, is the peak-to-peak inductor ripple current of one phase. m is a factor as defined in Section 13.4.n
is the total phase count and D is the duty-ratio.

For Aiyp,, = 7.6 A, AV, = 20 mV, f;,, = 800 kHz, C, must be larger than 27 uF. The ESR and ESL of the output
capacitors, as well as the parasitic resistance or inductance due to PCB layout, can also contribute to the output
voltage ripple. It is suggested to use Multi-Layer Ceramic Capacitor (MLCC) for their low ESR, ESL and small size.

To meet the overshoot requirements during the load transient, the output capacitors should meet the following
criterion.

. L x AI?
© T 2xXn XAV, X Vo

C

Where, AV, is the allowable Vout deviation during the load transient. Al, is the step load current.

To meet the undershoot requirements during the transient load, the output capacitors should also meet the
following criterion.

(1-D) A2 XL

C,>AI, x +
? ? AVoL X fsw 2x AVoL Xn X (Vin - Vout)

The resulting C,should meet both criterial. Please note that the impact of ESL, ESR, control loop response,
transient load slew rate, and PWM latency is not considered in the calculation shown above. Extra capacitance is
usually needed to meet the transient requirements.

In this case, to meet the transient load requirement (i.e. AV, =40 mV, Al, =40 A), calculated C, should be higher
than 1500 pF for overshoot requirement, and should be higher than 1282 uF to satisfy undershoot requirement.
2300 pF is selected in the final design. For more accurate estimation of C,,, simulation tool can be used to aid the
design.

13.7 Selection of FB Resistors

As discussed in Section 12.17, it is recommended to select the FB resistors as follows.
n X Vout

FB1 = ~ <1
G X Vier

Rppy
Rpp, = —Vout .

Vref
Withn =2, Gp,=1.5m, V=1V, V.o = 0.6 V, select Rpgq = 2.21 KQ, Rpp, =3.32 kQ.

13.8 Designing Voltage Loop Compensation

Thanks to the peak current-mode control, the LC double pole seen with voltage mode control is separated by
the inner current loop, referred as the low-frequency pole and the high-frequency pole below.

The voltage loop DC gain is
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anRLoadPVin Vref

K =
be n RLoad(l + FmFVPVin) + FmRsenPVin Vout

The location of the low-frequency pole is

n X (1 + E,FE,PVy,) + FReen PViy

Wirp = C,,ESR2 L
02 3 _
(Col + CoZ + RLoad )FmRsenPVLn + RLoad
The location of the high-frequency pole is
ESR2 L
(Col + Coz + Coz X m) FmRsenPVin + m
WHFP = ESR2
(Col + C02 + C02 X m) X L
Where
P D
" Kramp X Vout - Ainp X Rsen
Ai;,., X R
FV Lpp sen

T 2x(1-D) XV,

C,1 and Cy, are two types of output capacitors, e.g. MLCC and electrolytic capacitors. The corresponding
equivalent series resistance of C,; and Cy, is ESR1 and ESR2 respectively. R; 44 is the load resistance. R, is the
equivalent current sensing resistance, equal to ~ 10 mV/A. Since ESR of MLCC is usually small, ESR1 is ignored
here to simplify the calculation. For constant current load, the above formulas are still valid by treating R; ;44 as
an infinite value.

The ESR zero of C, is located at

1
WESR2 = S ESR2

the TDA38540 uses a type -1l compensator for its voltage loop compensation, as shown in Figure 3. The transfer
function can be expressed as below.

Where

R _CZ+CPK_ 6
Z 7 R,C,’ TP RzCsz’ L

Table 10 provides the compensation design guidelines as the starting point. Further optimization is usually
recommended for optimized loop performance. w, is the desired cross-over frequency of the voltage loop.

Table 10. Placement of compensator zero and pole
Location of ESR zero | Placement of compensator zero & pole Compensation design
W, < W w, = 0.75w W, = 2w
c ESR2 z LFP> Wp 2 C—("ZGmC—G_m_C R - 1
K. = We Wy P wpky” 2 Ky Pz ¢,
Kpcwirp
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Location of ESR zero | Placement of compensator zero & pole Compensation design

Wsw

2

Wipp < Wgspz < We | w; = 0.75w pp, Wy =

_ WcWzWESR?
L, = —"

Kpcwirp

It has been calculated in Section 13.6 that 2300 uF is selected for C,. This can be achieved with 12 x 47 uF and 4
x470 uF with ESR=6 mQ. If the desired cross-frequency is 100 kHz and 100 m is selected for k;.q;n;,, the calculated
compensation parameters are shown below.

Table 11. Summary of compensation calculations
Parameter Value Parameter Value
12 X 47 uF + 4 x
C, 470 uF/6 mQ Kramp 100m
Rgen 10 mQ R, 5.49 kQ
C, 4.7nF Cp 120 pF
13.9 Selecting Internal Ramp Compensation

As discussed in Section 12.15, K4, should meet the following criterion to ensure the inner current loop
stability. Smaller K;.qm;, leads to a higher current loop gain and maybe more phase margin, but may also result
in higher switching jitter. As a tradeoff, 100m is selected for K_ramp.

1072 x (2 — D)
Kram 2
4 2fanl

l.e. Kyqmp = 80m

13.10 Bootstrap Capacitor

For most applications, a 0.1 uF ceramic capacitor is recommended for bootstrap capacitor placed between
PHASE and BOOT Pin. To ensure the maximum SW node spike voltage does not exceed 20V, a 2 Q resistor is used
in series with the BOOT pin on the evaluation board. The resistance should be optimized with different PCB
layout design and operation conditions.

13.11 PVin, Vin and VCC/LDO Bypass Capacitors

A ceramic capacitor (2.2 uF - 10 pF) should be connected between VCC/LDO and the power ground (PGND) and
and a 4.7 uF MLCC is selected for Vin bypass capacitor. Besides the input capacitance calculated in Section 13.4,
a4.7 puF MLCC in 0603 package in parallel with a 2.2 uF MLCC in 0402 package are suggested placed close to the
PVin pin, which proves effective in suppressing the SW node spike.
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14 Application Information

14.1 Application Diagram

PVin CinHF CinHF
D 2.2uF 4.7uF
Enable oin 1t Cn Prima
al_ aTFL| | T T TR "
| RBoot
- 20
Cvce En VIN PVin
2.20F BOOT -W—]  cBoot
Vce/LDO 0.1uF
RPG PHASE J
PGood wokQ s T
= sw A
RAMP PGood L
150nH
330 RAMP
ILIM/SS umss TDA38540  gate | —
33K
ISHARE B
CLK_ouT VSENM
(ExttASVmi) D_ CLK_IN RT M
optional — AN
prionas 4——{VSHARE RFB2 RFB1
do Cz PHST 3.32kQ 2.21kQ A~
12bpF 4.7nH AGND PGND RT Col Co2
12x47uF4x470uF
Ry PHST 18kQ . 0
5.49kQ L1 120kQ J_ J_
et P ~
L Tfous
) CinHF CinHF =
PVin 2.2UF 4.7UF
O Cvin 1 Cin
ATEZ| T T TP secondary
RBoot
En VIN  PVin 20
BOOT CBoot
Cvee J_ Vce/LDO 0.1uF
2.2uF I PHASE
L sw A
RAMP —— PGood L
0 A 150nH
ILIM/SS uwss TDA38540  gate [—
33kQ
ISHARE FB
CLK_OUT VSENM
CLK_IN RT A
VSHARE RFB2 RFB1
RT 3232k0 221kQ
N PHST 18kQ
AGND PGND
J_ PHST
1l S

Figure 21 Application diagram of TDA38540 with 2-phase operation. PVin=12V,Vout=1V,lo=80A,
fsw =800 kHz
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14.2 Typical Operating Waveforms

PVin=Vin=12.0V,Vout=1V, lo=0-80 A, fsw = 800 kHz, Room Temperature, no airflow

Figure 22 Start-up at 80 A load (Ch;: PVi,, Ch,: Enable, Ch;: PGood, Ch,: V,)

(W /1ov |(20muisiv somsis  200mwipt
Stopy

Figure 23 Pre-bias start-up at 0 A load (Ch;: PVi,, Ch,: Enable, Ch;: PGOOD, Cha: Vout)

nnnnnnn

Figure 24 V.. ripple at 80 A load, f,, = 800 kHz (Ch,: V,.:), peak to peak V.. ripple = 8.8 mV

V2.0
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Figure 25 SW node, 80 A load, f,,, = 800 kHz

| \
Al e \\*m*\\\W\*-M‘\\\N
I \ \ ; | /A"” VAYYY Wuwl“m

Figure 26 Transient response at 40 A step-load current at 10 A/us slew rate: I,,,=0Ato 40 A (Ch.:iL_s,
Chs:iL_p, Chy: Vou), f,,, = 800 kHz. Peak-to-Peak: 80 mV

Figure 27 Thermalimage of the board at 80 A load. TDA38540 (P)=94 °C, L (P) =66 °C, TDA38540 (S)=91
°C,L (S)=66"°C,f,, =800kHz, T,=26 °C, natural convection
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15 Layout Recommendations

PCB layout is very important when designing high frequency switching converters. Layout will affect noise pickup
and can cause a good design to perform with less than expected results. Following design guidelines are
recommended to achieve the best performance.

e Bypass capacitors, including input/output capacitors, Vin and VCC bypass capacitors, should be placed near
the corresponding pins as close as possible.

e Place bypass capacitors from TDA38540 power input (Drain of Control MOSFET) to PGND (Source of
Synchronous MOSFET) to reduce noise and ringing in the system. The output capacitors should be terminated
to a ground plane that is away from the input PGND to mitigate the switching spikes on the Vout. The VCC
bypass capacitor should be terminated to PGND.

e Place aboot strap capacitor near the TDA38540 BOOT and PHASE pin as close as possible to minimize the loop
inductance.

e SW node copper should only be routed on the top layer to minimize the impact of switching noises

e Connect AGND pin to the PGND pad through a single point connection. On the TDA38540 demo board, AGND
pin is connected to the exposed PGND pad with a copper trace.

e Viaholes can be placed on PVin and PGND pads to aid thermal dissipation.

e Wide copper polygons are desired for PVin and PGND connections in favor of power losses reduction and
thermal dissipation. Sufficient via holes should be used to connect power traces between different layers.

e Single-ended Vout sensing is often used for local sensing. To implement this configuration, following design
guidelines should be followed, as illustrated in Figure 20.

o The output voltage can be sensed from a high-frequency bypass capacitor of 0.1 pF or higher,
through a 15 mil PCB trace.

o Keep the Vout sense line away from any noise sources and shield the sense line with ground
planes.

o The sense trace is connected to a feedback resistor divider with the lower resistor terminated at
VSENM pin.

o Short VSENM pin and AGND pin with a short trace.

e [Ifitisrequired to sense the output voltage at a remote location, pseudo remoting sensing can be implemented
as follows. The configuration is also shown in Figure 3.

o A pair of PCB traces with at least 15 mil trace width, running close to each other and away from
any noise sources such as inductor and SW nodes, should be used to implement Kelvin sensing of
the voltage across a high bypass capacitor of 0.1 uF or higher.

The ground connection of the remote sensing signal must be terminated at VSENM pin.
The Vout connection of the remote sensing signal must be connected to the feedback resistor
divider with the lower feedback resistor terminated at VSENM pin.

o Shield the pair of remote sensing lines with ground planes above and below.

o Do NOT connect VSENM pin and AGND pin in this configuration

e Instackable operation, Keep the signals of VSHARE, ISHARE and CLK away from any noise sources such as
SW node and PVin.

e The EN pin and configuration pins including ILIM/SS, RT, and PHST should be terminated to a quiet ground.
On the TDA38540 evaluation board, they are terminated to the PGND copper plane away from the power
current flow. Alternatively, they can be terminated to a dedicated AGND PCB trace.
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15.1 Solder Mask

Evaluation has shown that the best overall performance is achieved using the substrate/PCB layout as shown in
the following figures. PQFN devices should be placed to an accuracy of 0.050 mm on both X and Y axes. Self-
centering behavior is highly dependent on solders and processes, and experiments should be run to confirm the
limits of self-centering on specific processes.

Infineon recommends that larger Power or Land Area pads are Solder Mask Defined (SMD). This allows the
underlying copper traces to be as large as possible, which helps in terms of current carrying capability and device
cooling capability. When using SMD pads, the underlying copper traces should be at least 0.05 mm larger (on
each edge) than the openings in the solder mask. This allows for layers to be misaligned by up to 0.1 mm on both
axes. Ensure that the solder resist between the smaller signal lead areas is at least 0.15 mm wide, due to the high
x/y aspect ratio of the solder mask strip.

234
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o 0.21 0.035
| & =
[ ! o=
| o o|—
-

|
= o

o
o g E e
f\i o

4
\
0.34 x 45° | .

- 045

0.65

- copper solder mask

All dimensions are in units mm
Figure 28 Solder mask (all dimensions in mm)
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15.2 Stencil Design

In most cases, the thickness of a stencil has to be matched to the needs of all components on the PCB. For
typical integrated QFN or SON packages, stencils with a thickness of 100 pm to 120 um are recommended.
Further details and specific stencil design recommendations can be found in the application note
“Recommendations for Board Assembly of Infineon Integrated Packages without Leads”. A recommended
stencil design is shown below. This design is for a stencil thickness of 100 pm.
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= 7 0000000bde T =
d I
0.31xa5° - 0|0 0|6
[
0.62 o
Bx 02 0.955
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1.89 1.96
29 2925
7/ stencil apertures
Figure 29 Stencil pad size and spacing (all dimensions in mm)
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16

This section includes marking, mechanical and packaging information for the TDA38540.

Package

(infineon

16.1 Marking Information
TDA38540 PART NUMBER
®
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o HITTTIRXXX
|
LOT CODE
ASSEMBLY SITE CODE
PIN 1, IDENTIFIER DATE CODE, FORMAT YYWW
Figure 30 Package Marking
16.2 Dimensions
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Figure 31 Package dimensions
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16.3 Tape and Reel Information
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Figure 32 Tape and reel drawing
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17 Environmental Qualifications

Qualification Level Industrial

Moisture Sensitivity QFN Package ‘ JEDEC Level 2 @ 260 °C

ESD Human Body Model ANSI/ESDA/JEDEC JS-001, Level 2 (2000 V to <4000 V)

Charged Device Model ANSI/ESDA/JEDEC JS-002, Level C3 (=1000 V)

RoHS2 Compliant This product complies with EU Directive 2015/863/EU
amending Annex Il to EU Directive 2011/65/EU (RoHS) and
contains Pb according RoHS exemption 7a, Lead in high
melting temperature type solders.
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18 Evaluation Boards and Support Documentation

Table 5 TDA38540 Evaluation Boards and User Guides

Evaluation board

Specifications Website Address

EVAL_38540_1Vout_1P

1-Phase, 12V+10%, 1V, 40 A www.infineon.com/ EVAL_38540_1Vout_1P

EVAL_38540_1Vout_2P

2-Phase, 12 V+10%, 1V, 80 A www.infineon.com/ EVAL_38540_1Vout_2P

Table 6 TDA38540 Package Information

Device Package Type Website Address
TDA38540 PG-IQFN-36-3 https://www.infineon.com/cms/en/product/packages/PG-IQFN
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