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Applications

Desktop and Server VR11.X and VR12.X Vcore and non-Vcore buck-converters
Network and Telecom uncontrolled processor VR

Single Phase and Multiphase POL

CPU/GPU Regulation in Graphics Cards and Gaming Consoles

Voltage Regulator Modules requiring high power density

Memory (DDR2/3)

Features

High frequency operation up to 1.2MHz

Capability to drive MOSFET at 50A continuous current per phase
Wide driving input voltage range from 4.5V to 9V
Adjustable thermal warning

Thermal warning report function

Wide input voltage range: up to 16V

Low power dissipation

Includes bootstrap diode

Adaptive shoot through protection

Compatible with standard +3.3V PWM controller ICs
Tri-state PWM input functionality

Small package: 3mm x 3mm TDSON-10

RoHS compliant

Table 1 Product Identification

Applications

Part Number Temperature Range Package Marking

PX3517 -40 to 125°C 3x3 10-leads TDSON-10 3517

Figure 1 Picture of the product

e ®
Pb-Free
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3 Description
3.1 Pinout
UGATE|-» ---eem oo . ‘1] PHASE
[ ]
- s ] —
BOOT| 2 - r (9] PVCC
[} ]
- 1 ] —_—
THW# |32 ¢ GND ! ] RT
] ]
_— 1 [
PWM | % | i (7] VCC
]
- \ U -
GND |5 “---------- < 6| LGATE
Figure 2 Pinout, numbering and pin names (transparent top view)
Note: Signals marked with “#” are active low.
Table 2 I/0 Signals
Pin No. Name Pin Type | Buffer Type | Function
1 UGATE |O Analog Upper gate drive output
Connect to high side N-channel power MOSFET gate.
2 BOOT @) Analog Floating bootstrap supply pin for upper gate drive

Connect the bootstrap capacitor' between this pin and the
PHASE pin. The bootstrap capacitor provides the charge to
turn on the upper MOSFET. See the Internal Bootstrap
Device section herein for guidance in choosing the
capacitance value.

3 THW# @) Analog Open drain output

Connect this pin to 3.3V through a resistor’. Once the
thermal protection threshold is tripped, the THW# pin is
pulled down. Leave open if not used.

4 PWM I 3.3V Logic | PWM drive logic input

Connect this pin to the PWM out from the controller IC.
6 LGATE |O Analog Lower gate drive output

Connect to low side N-channel power MOSFET gate.
8 RT @) Analog Thermal warning threshold selection pin

Connect this pin to an external resistance2 to GND. Used
to set the thermal warning threshold. If not used it can be
left floating.

10 PHASE || Analog Return path for high side MOSFET driver

Connect this pin to the source of the upper MOSFET and
the drain of the lower MOSFET. This pin provides a return
path for the upper gate drive.

! See section 5.2 for guidance in choosing capacitance value
2 See section 5.5 for resistor value selection
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Table 3 Power Supply

Pin No. Name Pin Type | Buffer Type | Function

7 VCC POWER | - Supply for IC housekeeping and logic

Connect to +4.5V-8V power supply. Place a high quality low
ESR ceramic capacitor from this pin to GND.

9 PVCC POWER | - Supply for IC driver section
Connect this pin to +4.5V-8V power supply.

Table 4 Ground Pins
Pin No. Name Pin Type | Buffer Type | Function
5 GND GND - GND connection

Can be left open since main GND connection to circuit
board is established by die pad. Cannot be used as sole
ground connection (does not replace die pad ground).

- Die Pad | GND - Bias and reference ground

All signals are referenced to this node. It is also the power
ground return for the driver. It is mandatory to connect the
die paddle electrically and thermally to the circuit board.

3.2 General Description

The PX3517 is a dual, high speed driver designed to drive a wide range of high side and low side N-channel
power MOSFETS in synchronous rectified buck converters. When combined with the Primarion family of Digital
Multi-phase Controller ICs or Digital Point of Load Controller ICs and Infineon N-channel MOSFET products, the
PX3517 forms a complete core-voltage regulator solution for advanced micro and graphics processors as well
as point-of-load applications. VCC and PVCC can be tied together and supplied by a voltage ranging between
4.5V and 8V. They can be separated for better noise decoupling of the logic section (VCC) from the power
section (PVCC). They can also be supplied with different voltages, but in this case the appropriate power
up/down sequence has to be implemented. PVCC provides the capability of driving the high side MOSFET gate
and low side MOSFET gate with a variable gate driving voltage to tailor efficiency based on customer
conditions. Adaptive shoot-through protection is integrated into the IC. This prevents both upper and lower
MOSFETs from conducting simultaneously and minimizes dead time. A thermal warning function with an
adjustable threshold, set by an external resistance, is featured to protect the system from thermal issues. Once
the junction temperature of the PX3517 encounters the thermal warning threshold the driver outputs a logic
signal through the open drain THW# pin.

Datasheet 6 Revision 2.4, 2015-10-20
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Figure 3
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4 Electrical specification

Electrical specification

4.1

Stresses above those listed in Table 5 “Absolute Maximum Ratings” may cause permanent damage to the
device. These are absolute stress ratings only and operation of the device is not implied or recommended at
these or any other conditions in excess of those given in the operational sections of this specification. Exposure
to the absolute maximum ratings for extended periods may adversely afect the operation and reliability of the
device.

Absolute Maximum Ratings

Table 5 Absolute Maximum Ratings (Tambient =25°C)
Parameter Symbol Values Unit | Note / Test
Min. |Typ. |Max. Conditions
VCC PVCC supply voltage (DC) Mycc, Vevee -0.3 — 9 Vv
THW# THW# -0.3 - 3.6 Y
BOOT voltage Veoort -03 |- 30 \
BOOT to PHASE VOltage VBOOT —VPHASE -0.3 - 9 \Y
PHASE Voltage, DC VPHASE -1 - 16 V
PHASE voltage, pulsed Vphase -8 - 25 v 3
VPWM - - 3.6 V
RT Vgt - - 3.6 Y
Junction temperature T Jmax -40 - 150 °C -
Storage temperature Tste -55 - 150 °C -
¥ The pulse duration is 10ns.
ton [ps]
2.5
Typical server VCORE
0.5 application conditions
o
0.0
12 13 14 15 16
VPHASE [V]

Figure 4 Safe Operating Area of Rpyase
Datasheet 8 Revision 2.4, 2015-10-20
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Note: ton refers to the on-time of the HS-MOSFET. For input voltages below 12 V no limits on the duration of ton
need to be applied.The relative position of a typical Server VCORE application conditions V=12V
Vour=1.8V fsw=450kHz is represented as reference.This Safe Operating Area is verified by design, not
100% tested in production.

Note: All rated voltages are relative to voltages on the GND pins unless otherwise specified.

Datasheet 9 Revision 2.4, 2015-10-20
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Electrical specification

4.2 Thermal Characteristics

Table 6 Thermal Characteristics

Parameter Symbol Values Unit | Note/ Test Condition
Min. | Typ. |Max.

Thermal resistance, junction-soldering | 6s - 7 |- KIW |-

point®

Thermal resistance, junction-top of B3top - 20 |- -

package

4.3 Recommended Operating Conditions and Electrical Characteristics

Note: PVCC = VCC =5V, Tambient = 25°C

Table 7 Recommended Operating Conditions
Parameter Symbol Values Unit | Test conditions
Min. Typ. Max.
MOSFET driver voltage Voevee 4.5 - 8.0 \Y -
Logic supply voltage Vyee 4.5 - 8.0 -
rising edge between 3.1V and 4.5V :
dvcc/dt>5V/100ms
Frequency of the PWM faw 1.2 MHz | Noted
Junction temperature Tiop -40 +125 °C -
Minimum on time 20 ns Note4
Minimum off time 30 ns Note4
Table 8 Voltage Supply And Biasing Current
Parameter Symbol Values Unit | Test conditions
Min. Typ. Max.
UVLO rising Vivio R - 3.6 4.5 Vv VCC rising
rising edge between 3.1V and 4.5V :
dvcc/dt>5V/100ms
UVLO falling Vivio F - 3.2 - VCC falling
Driver current Ipvee 300kHz - 2 - mA | fsw = 300kHz
lpvee_pwme - 670 : MA | PWM=0V
IC current (control) lvee pwmL - 1.05 - mA | PWM =0V
lvee o - 660 - pA |PWM= Open

® The junction-soldering point is referred to the GND bottom exposed pad.

Datasheet

Revision 2.4, 2015-10-20
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Table 9 Logic Inputs And Threshold
Parameter Symbol Values Unit | Test conditions
Min. Typ. Max.
THW# Programmable 70 - 130 °C
Warning
Temperature range
Thermal warning -10 - +10
accuracy
Hysteresis - 10 -
On resistance - | 375 80 Q lLoap = 8MA
Leakage current - (0.1 5 MA
PWM Input low Vewm L - - 0.8 \Y, Veww falling
Input high Vewm H 25 - - Vpwwm. Fising
Input resistance Rin-pwm - 2.06 - kQ Vewn =1V
Open voltage Vewm o - 1.6 - \Y Vewm o
Tr_i—state shutdown | Vi s 1.2 - 2.0 -
window
Table 10 Timing Characteristics
Parameter Symbol Values Unit | Test conditions
Min. ‘ Typ. ‘ Max.
Upper Gate (UGATE) Output
Shutdown hold off time tsshp_u 50 ns No load
UGATE rlse t|me trﬁU 10 NOte4, 3nF load
UGATE fall time tru 10 Note4, 3nF load
Tri-state to high propagation tpoTs_U 15 No load
delay
UGATE turn-on propagation tpoH_U 15 No load
delay
UGATE turn-off propagation tpoL_U 20 No load
delay
Lower Gate (LGATE) Output
Shutdown hold-off time tsshp_L 50 ns No load
LGATE rise time L 10 Note4, 3nF load
LGATE fall time ti L 5 Note4, 3nF load
Tri-state to low propagation tpoTs L 15 No load
delay
LGATE turn-on propagation tpoH_L 15 No load
delay
LGATE turn-off propagation teoL L 7 No load
delay
Thermal warning
Thermal warning propagation to_thHw# 10 |us
delay

* Parameter verified by design, not 100% tested in production.

Datasheet

11

Revision 2.4, 2015-10-20



@IEOI‘I

/

PX3517

Table 11 Output Characteristics

Electrical specification

Parameter Symbol Values Unit | Test conditions
Min. ‘ Typ. ‘ Max.
Output Characteristics

Upper drive source current Isrc_uc 2 A Note4, current pulse < 20ns
Upper drive source impedance Rsrc_uc 0.8 Q Isrc_uc = 200mA

Upper drive sink current Isnk_uc 2 A Note4, current pulse < 20ns
Upper drive sink impedance Rsnk_ue 0.6 Q Isink_us = 200mA

Lower drive source current Isrc_LG 2 A Note4, current pulse < 40ns
Lower drive source impedance Rsrc_Le 0.8 Q Iskrc_uc = 200mA

Lower drive sink current Isnk LG 4 A Note4, current pulse < 40ns
Lower drive sink impedance Rsnk_Le 0.35 Q Isink_us = 200mA

Datasheet
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5 Theory of Operation

The PX3517 functionality is enabled by the VCC pin. When the VCC pin voltage overcomes the VCC rising
voltage threshold, the driver begins to operate depending on the PWM status. Before the VCC pin voltage
voltage reaches the VCC rising threshold both MOSFETSs are kept in the OFF state. For VCC is recommended
to have a slope for the rising edge higher than 5V/100ms around the rising UVLO threshold.

The PX3517 functionality is driven by PWM signal transitions. When the PWM signal performs a transition from
low state to high state (PWM voltage higher than 2.5V typ) the low side MOSFET is turned off, after the turn off
propagation delay time. Next the high side MOSFET is turned on, after the turn on propagation delay time. Once
the on time has expired, the PWM signal provides a transition from high state to low state (PWM voltage lower
than 0.8V typ). This will drive the high side MOSFET from the ON state to the OFF state, after the turn off
propagation delay time. The PX3517 is also capable of driving two external MOSFETS into the OFF state. When
the PWM signal level enters the shut down window or tri-state (typically between 1.2V and 2V), after the shut
down hold off time has expired, both MOSFETSs are switched off. This feature is useful when the IC controller
wants to reduce the number of active phases in order to decrease power consumption. In principle the tri-state
can also be used to improve performance during transitions between heavy and light loads.

The PX3517 implements an embedded resistor network, which forces the PWM pin voltage of the device into
the middle of the shut down window if the PWM input is left floating by the controller IC.

An adaptive anti-shoot-through control scheme is implemented in order to avoid cross conduction between the
high side MOSFET and the low side MOSFET. This adaptive scheme allows for the use of a variety of different
power MOSFETSs for different kinds of power conversion. Nevertheless, the dead time is kept as short as
possible in order to maximize the efficiency of the overall solution.

The adaptive cross conduction protection is based on the gate-to-source voltage level of the MOSFETs during
turn off. When the PWM signal goes low, the high side MOSFET will begin to turn off. Once the Vgs of the high
side MOSFET is discharged below 1V, the low side MOSFET will begin to turn on.

When the PWM signal goes high, the low side MOSFET will begin to turn off. Once the Vgs of the low side
MOSFET is discharged below 1V, the high side MOSFET will begin to turn on.

There is an additional control mechanism on the PHASE pin that forces the turn on of the low side MOSFET if
the PHASE pin is not actively held high. This ensures that the converter will sink current efficiently, and that the
bootstrap capacitor will be refreshed appropriately during each switching cycle.

During start up it is possible for the 12V conversion input to rise before the 5V input. In this case, the high side
MOSFET can have an induced turn on through the CGD/CGS partition. In order to avoid this undesirable effect
the PX3517 embeds a resistance of 10kQ between UGATE pin and PHASE pin.

The PX3517 features adjustable thermal warning protection. The thermal warning trip point ranges from 70°C to
130°C, and is selected according to a resistance between the RT pin and GND pin. An embedded thermal
sense element senses the driver temperature and compares it to the trip point. Once the two temperatures
match, a logical signal is issued by the THW# pin. In this case the driver system does not shut down. The
thermal warning has a hysteresis of 10°C. Once the temperature reaches the threshold determined by the
external resistance, the THW# will be de-asserted if the temperature drops below the threshold by 10°C.

51 Driver Characteristics

The gate driver of the PX3517 has 2 voltage inputs, VCC and PVCC. VCC is the logic supply for the driver.
PVCC is used to drive the high and low side MOSFETs. Ceramic capacitors should be placed very close to
these input voltage pins to decouple the sensitive control circuitry from a noisy environment.

Since two different pins are provided for supplying the power to the driver, the correct power up/down sequence
has to be considered. In order to avoid false turn on of the gates (spurious high side turn on, for instance) it is
strongly suggested to ensure that the voltage at the VCC pin reaches the UVLO threshold earlier than the
PVCC pin. In this way the logic section will ensure the correct functionality of the power section.

Proper response of the driver to the PWM signal is only guaranteed when UVLO have been cleared by the
respective supply voltages (ref to table 8).

Datasheet 13 Revision 2.4, 2015-10-20
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Therefore, it is strongly recommended to only issue pulses to PWM when no UVLO conditions are present. The
power down sequence should set PWM to HiZ with respect the internal threshold, before ramping down VIN
(see figure 7 for VIN connection), PVCC and VCC respectively.

The MOSFETSs selected for this application are optimized for 5V gate drive, giving the end user optimized
efficiency at both high load and light load. Nevertheless the driving voltage (PVCC) can be increased,
(independently from VCC), up to 8V in order to have a customized efficiency curve depending on application
conditions. The reference for the power circuitry including the driver output stage and the reference for the gate
driver control circuit is CGND.

Referring to the block diagram in Figure 3 on page 7, VCC is internally connected to the UVLO circuit. For VCC
voltages less than the 3.6V (typ.) required for proper circuit operation, the UVLO circuit will perform a system
shut-down. PVCC supplies both the floating high side MOSFET driver and the low side MOSFET driver circuits.
An active boot circuit for the high side MOSFET gate drive is also included. A second UVLO circuit, sensing the
BOOT voltage level, is implemented to prevent false UGATE turn on during insufficient power supply level
conditions (BOOT Cap charging/discharging sequence). During such an undervoltage condition both UGATE
and LGATE are driven low actively. Further, a passive pull-down (10kQ) is placed on each gate.

UVLO Output
Logic Level
“
A
Shutdown y  Enable
< —>
“p
1 1
1 1
1 1
1 1
1 1
1 ] ;
Vuvio F Vuvio r VCC

Figure 5 Internal output signal from UVLO unit

5.2 Current Capability and Internal Bootstrap

The PX3517 implements high current capability and low ohmic pull down resistances for the driving stages. The
high current capability ensures fast switching transition for the MOSFETs. This reduces the switching losses
(2A of driving source/sink current for the upper MOSFET) even with high gate charge high side MOSFETSs. The
low ohmic pull down resistance (lower drive sink impedance 0.35Q) prevents induced turn on phenomenon of
the low side MOSFET during the fast turn on of the high side MOSFET.

The high side MOSFET is powered through the bootstrap circuitry. The PX3517 provides an embedded
bootstrap diode, so to complete the power network only a capacitance between the PHASE pin and the BOOT
pin is needed. In many cases the PX3517 is optimized for the best switching behavior, so an external resistance
is not needed. The bootstrap capacitance is chosen depending on the high side MOSFETgate charge. The
following formula gives a good estimation of the voltage drop across the bootstrap capacitance due to the
charging of the high side MOSFET.

QG_HS
Cooor > """ MW7
AVBOOT is the desired variation of the bootstrap voltage. This should generally be as low as possible in order
to avoid high side MOSFET RDSON drop. Generally, a value between 0.1V and 0.01V is acceptable.

The low side MOSFET driver is powered through the PVCC pin. The same considerations and formula for the
bootstrap capacitance can be applied to the capacitance used to filter the PVCC pin.

The flexibility to adjust the driving voltage from 4.5V to 8V gives designers the capability to shape the efficiency
curve in any way that is desired.

Datasheet 14 Revision 2.4, 2015-10-20
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5.3 Power Dissipation

The power dissipation of the driver is given by the gate charge of the external power MOSFETSs. The following
formulas held:

Ppiss = Pycc * fow * (QGS_HS + QGS_LS)

fsw is the switching frequency and QGHS and QGLS are respectively the gate charge of the high side MOSFET
and the gate charge of the low side MOSFET at the PVCC driving voltage. The very low thermal resistance
package used for the PX3517 allows the device to avoid any usage of external resistances to decrease the
power dissipation inside the driver even with high driving voltage. Since the thermal resistance is strongly
influenced by the number of layers used in the board, it is recommended to roughly check the expected junction
temperature via the power calculation.

54 Inputs to the Internal Control Circuits

The PWM is the control input to the IC from an external PWM controller IC and is compatible with 3.3V.

The PWM input has tri-state functionality. When the voltage remains in the specified PWM shutdown window for
at least the PWM shutdown holdoff time t_tsshd, operation is suspended by keeping both MOSFET gate outputs
low. If left open, the pin is internally fixed to Vewm o = +1.6V level.

During the power-up sequence, the initial state of the PWM signal is ignored, until the first rising edge.
Since all the thresholds are derived from an internal linear regulator they will not depend on the VCC input.

Table 12 PWM Pin Functionality

PWM logic level Driver output

Low LGATE= High, UGATE = Low
High LGATE = Low, UGATE = High
Open (left floating, or High impedance) LGATE = Low, UGATE = Low
5.5 Thermal Protection

The THW# pin offers the possibility to check when the temperature of the driver overcomes the threshold fixed
by the RT pin resistor. Once the temperature of the driver matches the trip point this open drain output (pulled
up to 3.3V by, for instance, an external resistance in the range of 10kQ) is pulled to zero (active low) with a
typical resistance of 37Q. When the temperature of the device goes below the thermal warning minus the
hysteresis (10°C typ), the pin THWH# is released and pulled up by the external resistance. If the thermal warning
is not used, then leave the pin floating. The thermal warning protection does not switch off the driver.

TWH# Output
Logic Level

“ H”

“ Ln

»
»

Tj

Trhws FALLING TrhHw# RAISING

Figure 6  Thermal warning

The RT pin provides the option to program the trip point of the thermal warning as follows:
Trr(£2) = 248 x (T — 70) + 82,0000
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T is the desired warning temperature. If the threshold is fixed to T=100°C then the AT is 30°C and external
resistance is equivalent to 89.5kQ, as shown in the following table.

Desired warning temperature [°C] | Resistance connected to the RT pin [Q]
70 82000
80 84400
90 87000
100 89500
110 92000
120 94400
130 96880

The adjustability of the thermal warning should compensate the fact that the sensing point on the driver can be
slightly different from the hot spot of the application. In this case a gap between the temperature of the hot spot
and the temperature of the driver can be measured and then the thermal warning can be designed with an offset
to compensate for the difference.

In order to have better temperature matching it is strongly recommended to connect the GND exposed pad of
the driver as near as possible to the hot spot.

If the thermal protection is not used the RT pin can be left floating.

5.6 Layout Considerations

The PX3517 has a good protection system against unwanted overshoot and undershoot; the PHASE pin can
range between dynamically from -8V to 25V.

The parasitic inductances of the PCB and of the power devices’ packaging (both upper and lower MOSFETS)
can cause serious ringing, exceeding absolute maximum rating of the devices. Careful layout can help minimize
such unwanted stress. The following advice is meant to lead to an optimized layout:

Keep decoupling loops (PVCC-GND and BOOT-PHASE) as short as possible.

Minimize trace inductance, especially on low impedance lines. All power traces (UGATE, PHASE, LGATE,
GND, PVCC) should be short and wide, as much as possible.

The PHASE node should also be short and wide. Minimize the distance between the PHASE node and both the
high side MOSFET source and the low side MOSFET drain to avoid efficiency losses.

Minimize the current loop of the output and input power trains. Short the source connection of the lower
MOSFET to ground as close to the transistor pin as feasible. Input capacitors (especially ceramic decoupling)
should be placed as close to the drain of upper and source of lower MOSFETSs as possible.

To optimize heat spreading, copper should be placed directly underneath the IC whether it has an exposed pad
or not. The copper area can be extended beyond the bottom area of the IC and/or connected to buried copper
plane(s) with thermal vias. This combination of vias for vertical heat escape, extended copper plane, and buried
planes for heat spreading allows the IC to achieve its full thermal potential.
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Figure 8  Adaptive gate driver timing diagram
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Mechanical Drawing

Mechanical Drawing
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Figure 9 Mechanical dimensions
All dimensions in mm.
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