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Figure 2. Application Schematic ĭ 3ĭPhase Operation
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit

Supply Voltage VCC −0.3 to +6 V

FBRTN VFBRTN −0.3 to +0.3 V

PWM3 to PWM3, Rampadj −0.3 to VCC +0.3 V

SW1 to SW3 −5 to +25 V

SW1 to SW3 <200 ns −10 to +25 V

All other Inputs and Outputs −0.3 to VCC +0.3 V

Storage Temperature Range Tstg −65 to +150 °C

Operating Ambient Temperature Range TA 0 to 85 °C

Operating Junction Temperature TJ 125 °C

Thermal Impedance �JA 100 °C/W

Lead Temperature
Soldering (10 sec)
Infrared (15 sec)

300
260

°C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.

NOTE: This device is ESD sensitive. Use standard ESD precautions when handling.



ADP3293

http://onsemi.com
5

PIN ASSIGNMENT

Pin No. Mnemonic Description

1 EN Power Supply Enable Input. Pulling this pin to GND disables the PWM outputs and pulls the PWRGD output low.

2 PWRGD Power−Good Output. Open−drain output that signals when the output voltage is outside of the proper operating range.

3 FBRTN Feedback Return. VID DAC and error amplifier input for remote sensing of the output voltage.



ADP3293

http://onsemi.com
6

ELECTRICAL CHARACTERISTICS (VCC = 12 V, FBRTN = GND, TA = 0°C to 85°
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ELECTRICAL CHARACTERISTICS (VCC = 12 V, FBRTN = GND, TA = 0°C to 85°C unless otherwise noted) (Note 1)

Parameter UnitMaxTypMinConditionsSymbol

Current Sense Amplifier

Offset Voltage VOS(CSA) CSSUM - CSREF, CSREF =  0.8V ~1.6V,
Temperature Range: 0 °C to 60 °C

−0.5 +0.5 mV

Input Bias Current IBIAS(CSSUM) Temperature Range: 0 °C to 60 °C −7.5 +7.5 nA

Gain Bandwidth Product GBW(CSA) CSSUM = CSCOMP 10 MHz

Slew Rate CCSCOMP = 10 pF 10 V/�s

Input Common−Mode Range CSSUM and CSREF 0 3.5 V

Output Voltage Range 0.05 3.5 V

Output Current ICSCOMP 500 �A
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ELECTRICAL CHARACTERISTICS (VCC = 12 V, FBRTN = GND, TA = 0°C to 85°C unless otherwise noted) (Note 1)

Parameter UnitMaxTypMinConditionsSymbol

Thermal Throttling Control

VRHOT Output Low Voltage VOL(VRHOT) IVRHOT(SINK) = −4 mA, TTSNS = 5 V 150 300 mV

PowerĭGood Comparator

Undervoltage Threshold VPWRGD(UV) Relative to nominal DAC output −400 −350 −300 mV

Overvoltage Threshold VPWRGD(OV) Relative to nominal DAC output 100 150 200 mV

Output Low Voltage VOL(PWRGD) IPWRGD(SINK) = −4 mA 150 300 mV

Power−Good Delay Time During
Soft−Start

CDELAY = 10 nF 2.0 ms

VID Code Changing 100 250 �s

VID Code Static 200 ns

Crowbar Trip Point VCB(CSREF) Relative to nominal DAC output 100 150 200 mV

Crowbar Reset Threshold Relative to FBRTN 305 360 415 mV

Crowbar Delay Time VID Code
Changing

tCROWBAR Overvoltage to PWM going low 100 250 �s

VID Code Static 400 ns

PWM OUTPUTS Output Low Voltage VOL(PWM) IPWM(SINK) = −400 �A 160 500 mV

Output High Voltage VOH(PWM) IPWM(SOURCE) = 400 �A 4.0 5.0 V

Supply

VCC VCC VSYSTEM = 12 V, RSHUNT = 340 � 4.65 5.0 5.55 V

DC Supply Current IVCC VSYSTEM = 13.2 V, RSHUNT = 340 � 25 mA

Shunt Turn−On Current 6.5 mA

Shunt Turn−On Threshold Voltage VSYSTEM VSYSTEM rising 6 V

Shunt Turn−Off Voltage VSYSTEM falling 4.1 V

1. All limits at temperature extremes are guaranteed via correction using standard quality control (SQC).
2. Guaranteed by characterization, not tested in production.
3. Guaranteed by design, not tested in production.

Figure 3. Oscillator Frequency vs. RT
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Theory of Operation
The ADP3293 combines a multi−mode, fixed frequency

PWM control with multiphase logic outputs for use in 2− or
3−phase synchronous buck CPU core supply power
converters. The internal VID DAC is designed to interface
with Intel 8−bit VRD/VRM 11.1 and compatible CPUs.
Multiphase operation is important for producing the high
currents and low voltages demanded by today’s
microprocessors. Handling the high currents in a
single−phase converter places high thermal demands on the
components in the system, such as the inductors and
MOSFETs.

The multi−mode control of the ADP3293 ensures a stable,
high performance topology for the following:
• Balancing currents and thermals between phases for

both static and dynamic operation
• High speed response at the lowest possible switching

frequency and output decoupling
• FEPWM and TRDET functions for improved load step

and load release transient response
• Minimizing thermal switching losses by using lower

frequency operation
• Tight load line regulation and accuracy

• Reduced output ripple due to multiphase cancellation

• PC board layout noise immunity

• Ease of use and design due to independent component
selection

• Flexibility in operation for tailoring design to low cost
or high performance

Startup Sequence
The ADP3293 follows the VR11.1 startup sequence

shown in Figure 5. After both the EN and UVLO conditions
are met, the DELAY pin goes through one cycle (TD1).
After this cycle, the internal oscillator is enabled. The first
four clock cycles are blanked from the PWM outputs and
used for phase detection as explained in the Phase Detection
Sequence section. Then, the soft−start ramp is enabled
(TD2), 
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Master Clock Frequency
The clock frequency of the ADP3293 is set with an external
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Voltage Control Mode
A high gain, bandwidth voltage mode error amplifier is

used for the voltage mode control loop. The control input
voltage to the positive input is set via the VID logic
according to the voltages listed.

This voltage is also offset by the droop voltage for active
positioning of the output voltage as a function of current,
commonly known as active voltage positioning. The output
of the amplifier is the COMP pin, which sets the termination
voltage for the internal PWM ramps.

The negative input (FB) is tied to the output sense location
with Resistor RB and is used for sensing and controlling the
output voltage at this point. A current source from the FB pin
flowing through RB is used for setting the no load offset
voltage from the VID voltage. The no load voltage is
negative with respect to the VID DAC. The main loop
compensation is incorporated into the feedback network
between FB and COMP.

Fast Enhanced Transient Modes
The ADP3293 incorporates enhanced transient response

for both load steps and load release. For load steps, it senses
the error amp to determine if a load step has occurred and
sequences the proper number of phases on to ramp up the
output current.

For load release, it also senses the error amp and uses the
load release information to trigger the TRDET pin, which is
then used to adjust the feedback for optimal positioning
especially during high frequency load steps.

Additional information is used during load transients to
ensure proper sequencing and balancing of phases during
high frequency load steps as well as minimizing stress on the
components such as the input filter and MOSFETs.

Delay Timer
The delay times for the startup timing sequence are set

with a capacitor from the DELAY pin to ground. In UVLO,
or when EN is logic low, the DELAY pin is held at ground.
After the UVLO and EN signals are asserted, the first delay
time (TD1 in Figure 5) is initiated. A 15 �A current flows out
of the DELAY pin to charge CDLY. A comparator monitors
the DELAY voltage with a threshold of 1.7 V. The delay time
is therefore set by the 15 �A charging a capacitor from 0 V
to 1.7 V. This DELAY pin is used for multiple delay timings
(TD1, TD3, and TD5) during the startup sequence. Also,
DELAY is used for timing the current limit latchoff, as
explained in the Current Limit section.

SoftĭStart
The soft−start times for the output voltage are set with a

capacitor from the SS pin to ground. After TD1 and the
phase detection cycle have been completed, the SS time
(TD2 in Figure 5) starts. The SS pin is disconnected from
GND, and the capacitor is charged up to the 1.1 V boot
voltage by the SS amplifier, which has a limited output
current of 15 �A. The voltage at the FB pin follows the
ramping voltage on the SS pin, limiting the inrush current

during startup. The soft−start time depends on the value of
the boot voltage and CSS.

Once the SS voltage is within 100 mV of the boot voltage,
the boot voltage delay time (TD3 in Figure 5) is started. The
end of the boot voltage delay time signals the beginning of
the second soft−start time (TD4 in Figure 5). The SS voltage
now changes from the boot voltage to the programmed VID
DAC voltage (either higher or lower) using the SS amplifier
with the limited 15 �A output current. The voltage of the FB
pin follows the ramping voltage of the SS pin, limiting the
inrush current during the transition from the boot voltage to
the final DAC voltage. The second soft−start time depends
on the boot voltage, the programmed VID DAC voltage, and
CSS.

Once TD5 has finished, the SS pin is then used to limit the
slew−rate of DVID steps. The current source is changed to
75 �A and the DVID slew−rate becomes 5 X the soft−start
slew−rate. Typically, the SS slew−rate is 2 mV/�S, so the
DVID becomes 10 mV/�S.

If EN is taken low or if VCC drops below UVLO, DELAY
and SS are reset to ground to be ready for another soft−start
cycle.

Current Limit, ShortĭCircuit, and Latchoff Protection
The ADP3293 compares a programmable current limit set

point to the voltage from the output of the current sense
amplifier. The level of current limit is set with the resistor
from the ILIM pin to CSCOMP. During operation, the
voltage on ILIM is equal to the voltage on CSREF. The
current through the external resistor connected between
ILIM and CSCOMP is then compared to the internal current
limit current Icl. If the current generated through this register
into the ILM pin(Ilim) exceeds the internal current limit
threshold current (Icl), the internal current limit amplifier
controls the internal COMP voltage to maintain the average
output at the limit.

If the limit is reached and TD5 in Figure 5 has completed,
a latchoff delay time starts, and the controller shuts down if
the fault is not removed. The current limit delay time shares
the DELAY pin timing capacitor with the startup sequence
timing. However, during current limit, the DELAY pin
current is reduced to 3.75 �A. A comparator monitors the
DELAY voltage and shuts off the controller when the
voltage reaches 1.7 V. Therefore, the current limit latchoff
delay time is set by the current of 3.75 �A, charging the
delay capacitor from 0 V to 1.7 V. This delay is four times
longer than the delay time during the startup sequence.

The current limit delay time starts only after the TD5 is
complete. If there is a current limit during startup, the
ADP3293 goes through TD1 to TD5, and then starts the
latchoff time. Because the controller continues to cycle the
phases during the latchoff delay time, the controller returns
to normal operation and the DELAY capacitor is reset to
GND if the short is removed before the 1.7 V threshold is
reached.
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The latchoff function can be reset by either removing and
reapplying the supply voltage to the ADP3293, or by
toggling the EN pin low for a short time. To disable the short
circuit latchoff function, an external resistor should be
placed in parallel with CDLY. This prevents the DELAY
capacitor from charging up to the 1.7 V threshold. The
addition of this resistor causes a slight increase in the delay
times.

During 
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VR11.1 VID Codes

OUTPUT(V) VID0VID1VID2VID3VID4VID5VID6VID7

1.02500 0 1 0 1 1 1 1 0

1.01875 0 1 0 1 1 1 1 1

1.01250 0 1 1 0 0 0 0 0

1.00625 0 1 1 0 0 0 0 1

1.00000 0 1 1 0 0 0 1 0

0.99375 0 1 1 0 0 0 1 1

0.98750 0 1 1 0 0 1 0 0

0.98125 0 1 1 0 0 1 0 1

0.97500 0 1 1 0 0 1 1 0

0.96875 0 1 1 0 0 1 1 1

0.96250 0 1 1 0 1 0 0 0

0.95625 0 1 1 0 1 0 0 1

0.95000 0 1 1 0 1 0 1 0

0.94375 0 1 1 0 1 0 1 1

0.93750 0 1 1 0 1 1 0 0

0.93125 0 1 1 0 1 1 0 1

0.92500 0 1 1 0 1 1 1 0

0.91875 0 1 1 0 1 1 1 1

0.91250 0 1 1 1 0 0 0 0

0.90625 0 1 1 1 0 0 0 1

0.90000 0 1 1 1 0 0 1 0

0.89375 0 1 1 1 0 0 1 1

0.88750 0 1 1 1 0 1 0 0

0.88125 0 1 1 1 0 1 0 1

0.87500 0 1 1 1 0 1 1 0

0.86875 0 1 1 1 0 1 1 1

0.86250 0 1 1 1 1 0 0 0

0.85625 0 1 1 1 1 0 0 1

0.85000 0 1 1 1 1 0 1 0

0.84375 0 1 1 1 1 0 1 1

0.83750 0 1 1 1 1 1 0 0

0.83125 0 1 1 1 1 1 0 1

0.82500 0 1 1 1 1 1 1 0

0.81875 0 1 1 1 1 1 1 1

0.81250 1 0 0 0 0 0 0 0

0.80625 1 0 0 0 0 0 0 1

0.80000 1 0 0 0 0 0 1 0

0.79375 1 0 0 0 0 0 1 1

0.78750 1 0 0 0 0 1 0 0

0.78125 1 0 0 0 0 1 0 1

0.77500 1 0 0 0 0 1 1 0

0.76875 1 0 0 0 0 1 1 1

0.76250 1 0 0 0 1 0 0 0

0.75625 1 0 0 0 1 0 0 1

0.75000 1 0 0 0 1 0 1 0

0.74375 1 0 0 0 1 0 1 1

0.73750 1 0 0 0 1 1 0 0
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VR11.1 VID Codes

OUTPUT(V) VID0VID1VID2VID3VID4VID5VID6VID7

0.73125 1 0 0 0 1 1 0 1

0.72500 1 0 0 0 1 1 1 0

0.71875 1 0 0 0 1 1 1 1

0.71250 1 0 0 1 0 0 0 0

0.70625 1 0 0 1 0 0 0 1

0.70000 1 0 0 1 0 0 1 0

0.69375 1 0 0 1 0 0 1 1

0.68750 1 0 0 1 0 1 0 0

0.68125 1 0 0 1 0 1 0 1

0.67500 1 0 0 1 0 1 1 0

0.66875 1 0 0 1 0 1 1 1

0.66250 1 0 0 1 1 0 0 0

0.65625 1 0 0 1 1 0 0 1

0.65000 1 0 0 1 1 0 1 0

0.64375 1 0 0 1 1 0 1 1

0.63750 1 0 0

1

08.64 .971 re
f
BT
8 0 0 8 128.8063 508.0252386.026437511
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Application Information
The design parameters for a typical Intel VRD 11.1

compliant CPU application are as follows:
• Input voltage (VIN) = 12 V

• VID setting voltage (VVID) = 1.400 V

• Duty cycle (D) = 0.117

• Nominal output voltage at no load (VONL) = 1.381 V

• Nominal output voltage at 85 A load
(VOFL) = 1.296 V

• Static output voltage drop based on a 1.0 m�

load line (RO) from no load to full load
(VD) = VONL − VOFL = 1.381 V − 1.296 V = 85 mV

• Maximum output current (IO) = 100 A

• Maximum output current step (�IO) = 85 A
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The smallest possible inductor should be used to minimize
the number of output capacitors. For this example, choosing
a 220 nH inductor is a good starting point and gives a
calculated ripple current of 12.5 A. The inductor should not
saturate at the peak current of 39.6 A and should be able to
handle the sum of the power dissipation caused by the
average current of 34.6 A in the winding and core loss.

Another important factor in the inductor design is the dc
resistance (DCR), which is used for measuring the phase
currents. A large DCR can cause excessive power losses,
though too small a value can lead to increased measurement
error. A good rule is to have the DCR (RL) be about 1 to 1.5
times the droop resistance (RO). This example uses an
inductor with a DCR of 0.57 m�.

Designing an Inductor
Once the inductance and DCR are known, the next step is

to either design an inductor or to find a standard inductor that
comes as close as possible to meeting the overall design
goals. It is also important to have the inductance and DCR
tolerance specified to control the accuracy of the system.
Reasonable tolerances most manufacturers can meet are
15% inductance and 7% DCR at room temperature. The first
decision in designing the inductor is choosing the
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CX(MIN) ���
�



220 nH � 85 A

3 ��1.0 m��
50 mV
85 A

�� 1.4 V

� 396 �F��
�

�
� 2.407mF

CX(MAX) �
220 nH � 1.1 V

3 � 5.392 � �1.0 m��
2
� 1.4 V

�

��

1 ��233.75 �s � 1.4 V � 3 � 5.39 � 1.0 m�
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impedance and MOSFET input capacitance, Equation 24
provides an approximate value for the switching loss per
main MOSFET, where nMF is the total number of main
MOSFETs.

PS(MF) � 2 � fSW �
VCC � IO

nMF
� RG �

nMF
n � CISS

(eq. 24)

where RG is the total gate resistance (2 � for the ADP3120A
and about 1 � for typical high speed switching MOSFETs,
making RG = 3 �), and CISS is the input capacitance of the
main MOSFET. Adding more main MOSFETs (nMF) does
not help the switching loss per MOSFET because the
additional gate capacitance slows switching. Use lower gate
capacitance devices to reduce switching loss.

The conduction loss of the main MOSFET is given by the
following, where RDS(MF) is the on resistance of the
MOSFET:

(eq. 25)

PC(MF) � D �	� IO
nMF
�2

� 1
12

��n � IR
nMF
�2
� RDS(MF)

Typically, for main MOSFETs, the highest speed (low
CISS) device is preferred, but these usually have higher on
resistance. Select a device that meets the total power
dissipation (about 1.5 W for a single D−PAK) when
combining the switching and conduction losses.

For this example, an BSC100N03L is selected as the main
MOSFET (six total; nMF = 3), with CISS = 1000 pF
(maximum) and RDS(MF) = 11 m� (maximum at
TJ = 120°C). An IPD09N03L is selected as the synchronous
MOSFET (six total; nSF = 6), with CISS = 1600 pF
(maximum) and RDS(SF) = 10.5 m� (maximum at
TJ = 120°C). The synchronous MOSFET CISS is less than
3000 pF, satisfying this requirement.

Solving for the power dissipation per MOSFET at
IO = 100 A and IR = 7.5 A yields 1.9 W for each synchronous
MOSFET and 2.0 W for each main MOSFET.

Finally, consider the power dissipation in the driver for
each phase. This is best expressed as QG for the MOSFETs
and is given by Equation 26, where QGMF is the total gate
charge for each main MOSFET and QGSF is the total gate
charge for each synchronous MOSFET.

(eq. 26)

	 fSW
2 � n

� �nMF � QGMF � nSF � QGSF
� � ICC
� VCC

PDRV �

Also shown is the standby dissipation factor (ICC × VCC)
of the driver. For the ADP3120A, the maximum dissipation
should be less than 400 mW. In this example, with
ICC = 7 mA, QGMF = 13 nC, and QGSF = 15 nC, there is
200 mW in each driver, which is below the 400 mW
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In this example, the overall ramp signal is 1.05 V. If the
ramp size is smaller than 0.5 V, increase the ramp size to be
at least 0.5 V by decreasing the ramp resistor for noise
immunity.

Current Limit Setpoint
To select the current limit setpoint, first find the resistor

value for RLIM. The current limit threshold for the ADP3293
is set with a constant current source (IILIM = 4/3*IREF)
flowing out of the ILIM pin, which sets up a voltage (VLIM)
across RLIM. Thus, increasing RLIM now increases the
current limit. RLIM can be found using:

RLIM �
VLIM
IILIM

�
ILIM � RCS � DCR

4
3 � VREF � RPH

L I M
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First, compute the time constants for all the poles and zeros in the system using Equation 36 to Equation 40.

RE � n � RO � AD � RDS �
RL � VRT

VVID
�

2 � L � (1 � n � D) � VRT
n � CX � RO � VVID

(eq. 36)

RE � 3 � 1 m�� 5 � 5.25 m��
0.57 m�� 1.05 V

1.4 V
�

2 � 220 nH � (1 � 0.35) � 1.05 V
3 � 3.36 mF � 1 m�� 1.4 V

� 50.96 m�

(eq. 37)

TA � CX � �RO � R1� � LX
RO

�
RO � R1

RX
� 3.36 mF � �1 m�� 0.5 m�� �

330 pH
1 m�

�
1 m�� 0.5 m�

0.83 m�
� 1.88 �s

(eq. 38)
TB � �RX � R1 � RO

� � CX � �0.83 m�� 0.5 m�� 1 m�� � 3.36 mf � 1109 ns

(eq. 39)

TC �

VRT ��L �
AD�RDS
2�fSW

�
VVID � RE

�

1.05 V ��220 nH �
5�5.25 m�

2�450 kHz
�

1.4 V � 50.96 m�
� 2.81 �s

(eq. 40)

TD �
CX � CZ � R2

O

CX � �RO � R1� � CZ � RO

�
3.36 mF � 396 �F � �1 m��

2

3.36 mF � �1 m�� 0.5 m�

�

�
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Figure 10. Typical Transient Response for Design
Example Load Step

Figure 11. Typical Transient Response for Design
Example Load Release

1-Vo, 3-COMP, 4-TRDET, D0~D2-PWM1~3

CIN Selection and Input Current di/dt Reduction
In continuous inductor current mode, the source current of

the high­side MOSFET is approximately a square wave with

a duty ratio equal to n × VOUT/VIN and an amplitude of

one­nth the maximum output current. To prevent large

voltage transients, a low ESR input capacitor, sized for the

maximum rms current, must be used. The maximum rms

capacitor current is given by:

ICRMS � D � IO � 1
N � D

� 1�

(eq. 45)

ICRMS � 0.117 � 100 A � 1
3 � 0.117

� 1� � 15.9 A

The capacitor manufacturer’s ripple−current ratings are
often based on only 2000 hours of life. As a result, it
advisable to further derate the capacitor or to choose a
capacitor rated at a higher temperature than required.
Several capacitors can be placed in parallel to meet size or
height requirements in the design. In this example, the input
capacitor bank is formed by three 680 �F, 16 V aluminum
electrolytic capacitors and twelve 4.7 �F ceramic capacitors.

To reduce the input current di/dt to a level below the
recommended maximum of 0.1 A/�s, an additional small
inductor (L > 370 nH at 18 A) should be 
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Figure 13. Typical Shunt Resistor Value and Power Dissipation for Different UVLO Voltage
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The maximum power dissipated is calculated using
Equation 46.

PMAX �
�VIN(MAX) � VCC(MIN)

�2

RSHUNT

(eq. 46)

where:

VIN(MAX) is the maximum voltage from the 12 V input
supply (if the 12 V input supply is 12 V ± 5%,
VIN(MAX) = 12.6 V; if the 12 V input supply is 12 V ± 10%,
VIN(MAX) = 13.2 V). VCC(MIN) is the minimum VCC voltage
of the ADP3293. This is specified as 4.75 V. RSHUNT is the
shunt resistor value.

The CECC standard specification for power rating in
surface mount resistors is: 0603 = 0.1 W, 0805 = 0.125 W,
1206 = 0.25 W.

Tuning the ADP3293
1. Build a circuit based on the compensation values

computed from the design spreadsheet.
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AC Load Line Setting
11. Remove the dc load from the circuit and hook up

the dynamic load.
12. Hook up the scope to the output voltage and set it
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Because the ADP3293 turns off all of the phases (switches
inductors to ground), no ripple voltage is present during load
release. Therefore, the user does not have to add headroom
for ripple. This allows load release VTRANREL to be larger
than VTRAN1 by the amount of ripple, and still meet
specifications.

If VTRAN1 and VTRANREL are less than the desired final
droop, this implies that capacitors can be removed. When
removing capacitors, also check the output ripple voltage to
make sure it is still within specifications.

Layout and Component Placement
The following guidelines are recommended for optimal

performance of a switching regulator in a PC system.

General Requirements
For good results, a PCB with at least four layers is

recommended. This provides the needed versatility for
control circuitry interconnections with optimal placement,
power planes for ground, input and output power, and wide
interconnection traces in the remainder of the power
delivery current paths. Keep in mind that each square unit of
1 ounce copper trace has a resistance of ~0.53 m� at room
temperature.

Whenever high currents must be routed between PCB
layers, use vias liberally to create several parallel current
paths, so the resistance and inductance introduced by these
current paths is minimized and the via current rating is not
exceeded.

If critical signal lines (including the output voltage sense
lines of the ADP3293) must cross through power circuitry,
it is best to interpose a signal ground plane between those
signal lines and the traces of the power circuitry. This serves
as a shield to minimize noise injection into the signals at the
expense of making signal ground a bit noisier.

An analog ground plane should be used around and under
the ADP3293 as a reference for the components associated
with the controller. This plane should be tied to the nearest
output decoupling capacitor ground and should not be tied
to any other power circuitry to prevent power currents from
flowing into it.

The components around the ADP3293 should be located
close to the controller with short traces. The most important
traces to keep short and away from other traces are the FB
pin and CSSUM pin. The output capacitors should be
connected as close as possible to the load (or connector), for
example, a microprocessor core, that receives the power. If
the load is distributed, the capacitors should also be
distributed and generally be in proportion to where the load
tends to be more dynamic.

Avoid crossing any signal lines over the switching power
path loop described in the Power Circuitry Recommendations
sections.

Power Circuitry Recommendations
The switching power path should be routed on the PCB to

encompass the shortest possible length to minimize radiated
switching noise energy (EMI) and conduction losses in the
board. Failure to take proper precautions often results in
EMI problems for the entire PC system and noise−related
operational problems in the power converter control
circuitry. The switching power path is the loop formed by
the current path through the input capacitors and the power
MOSFETs, including all interconnecting PCB traces and
planes. Using short and wide interconnection traces is
especially critical in this path for two reasons: it minimizes
the inductance in the switching loop, which can cause high
energy ringing; and it accommodates the high current
demand with minimal voltage loss.

When a power dissipating component, for example, a
power MOSFET, is soldered to a PCB, it is recommended to
liberally use the vias, both directly on the mounting pad and
immediately surrounding it. Two important reasons for this
are improved current rating through the vias and improved
thermal performance from vias extended to the opposite side
of the PCB, where a plane can more readily transfer the heat
to the air. Make a mirror image of any pad being used to
heatsink the MOSFETs on the opposite side of the PCB to
achieve the best thermal dissipation in the air around the
board. To further improve thermal performance, use the
largest possible pad area.

The output power path should also be routed to encompass
a short distance. The output power path is formed by the
current path through the inductor, the output capacitors, and
the load.

For best EMI containment, a solid power ground plane
should be used as one of the inner layers extending fully
under all the power components.

Signal Circuitry Recommendations
The output voltage is sensed and regulated between the

FB pin and the FBRTN pin, which connect to the signal
ground at the load. To avoid differential mode noise pickup
in the sensed signal, the loop area should be small. Thus, the
FB trace and FBRTN trace should be routed adjacent to each
other on top of the power ground plane back to the
controller.

The feedback traces from the switch nodes should be
connected as close as possible to the inductor. The CSREF
signal should be connected to the output voltage at the
nearest inductor to the controller.

FlexMode is a trademark of Analog Devices, Inc.
All brand names and product names appearing in this document are registered trademarks or trademarks of their respective holders.
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