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Multiphase IMVP-IV
Core Controller for Mobile CPUs

FEATURES

Pin Programmable 1-, 2-, or 3-Phase Operation

Excellent Static and Dynamic Current Sharing

Superior Load Transient Response when Used with
ADOPT™ Optimal Positioning Technology

Noise-Blanking for Speed and Stability

Synchronous Rectification Control for Optimized Light
Load Efficiency

Soft DAC Output Voltage Transition for VID Change

Cycle-by-Cycle Current Limiting

Latched or Hiccup Current Overload Protection

Masked Power Good during Output Voltage Transients

Soft Start-Up without Power-On In-Rush Current Surge

2-Level Overvoltage and Reverse-Voltage Protection

APPLICATIONS
IMVP-IV CPU Core DC-to-DC Converters
Programmable Output Power Supplies

ADP3205

The ADP3205 is a 1-, 2-, or 3-phase hysteretic peak current mode
dc-to-dc buck converter controller dedicated to powering a mobile
processor’s core. The chip optimized low voltage design runs from
the 3.3 V system supply. The chip contains a precision 6-bit DAC
whose nominal output voltage is set by VID code. The ADP3205
features high speed operation to allow a minimized inductor size
that results in the fastest possible change of current to the output.
To further minimize the number of output capacitors, the con-
verter features active voltage positioning enhanced with ADOPT
optimal compensation to ensure a superior load transient response.
The output signals interface with ADP3415 MOSFET drivers,
which that are optimized for high speed and high efficiency. The
ADP3205 is capable of providing synchronous rectification control
to extend battery lifetime in light load conditions.

The ADP3205 is specified over the extended commercial temperature
range of 0°C to 100°C and is available in a 40-lead LFCSP package.
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ADP3205-SPECIFICATIONS' |

cDAcREFFB = 680 nF, RDRV1 = RDRVMVS =100 kQ, I::DRV1 = l::DRVZ

(0°C < Ty < 100°C, High (H) =

Vee, Low (L) =

0V,Vee=33V,SD=H,

VCUREFB = VREFFB = VI]AB( VDABREF) VREG = VOS— = VVID =125V, RDACREFFB =50 Q,

cl]RV3 =10 pF CSS = 0.047 MF RPWRGD =3kQto Vcc, RCLAMP =51kQto

Ve, HYSSET, DPSHIFT is open, DPSLP = H, DPRSLP = L, VBOOTSET = 1.0 V, VDPRSET = 1.0 V, unless otherwise noted.) Current sunk by a pin
has a positive sign; current sourced by a pin has a negative sign.

Parameter Symbol Conditions Min Typ Max Unit
SUPPLY UVLO SHUTDOWN
Normal Supply Current Icc 7 11 mA
UVLO Supply Current Iccwvro) 450 UA
Shutdown Supply Current Icesp SD=L,3.0V<Vc<3.6V 60 UA
UVLO Threshold SD=H
Veen Vcc Ramping Up, Vgs =0V 2.95 \%
Veeo Vcc Ramping Down 2.65 \Y
Vs Floating
UVLO Hysteresis? Veenys 50 mV
Shutdown Threshold VsprH Vee/2 \%
(SD CMOS Input)
CORE FEEDBACK POWER GOOD
Core Feedback Threshold Voltage | VcorereTH 0.7V <Vpac <1708V
VCOREFB Ramplng Up 1.12 VDAC 1.14 VDAC
VCOREFB Ramping Down 1.10 VDAC 1.12 VDAC
VCOREFB Ramplng Up 0.88 VDAC 0.90 VDAC
Vcorers Ramping Down 0.86 Vpac 0.88 Vpac
Power Good Output Voltage VpwrGD Vcorers = Vbac 0.95 Ve Vee A%
(Open-Drain Output) Vcorers = 0.8 Vpac 0 0.8 \%
Masking Time IPWRGD, MSK3 VCC =33V 80 200 us
CLOCK ENABLER
Output Voltage VCLKENH Vee =3.0V, Ietrex = -10 IJA 2.5 3.0 \Y
VCLKENL VCC =3.6 V, Im =+10 ].lA 0 0.4 \%
Delay Time (PWRGD to CLKEN) | tpcrken 10 us
DELAYED POWER GOOD
Output Current IppwrRGDH Vee =3.0V, Off +0.1 UA
(Open-Drain Output) IbpwrGDL Ve =3.6V,On 1.0 mA
POWER GOOD DELAY TIMER
Tlmlng Threshold VTPWRGDTH 1.2 A%
Input Current ItpwrGD Vipwrgp =3V 0.1 MA
Input Resistance RTPWRGD VTPW'RGD =13V 320 Q
SOFT START/LATCH-OFF TIMER
Charge Current Iss Vs =05V -32 UA
Discharge Current Vs =05V +0.7 UA
Soft-Start Enable Threshold Vssen Vreg = 1.25V,
Vramp = Veorers = 1.27 V
Vss Ramping Down 200 300 mV
Vss Ramping Up? 150 mV
Soft-Start Termination Threshold VssTERM Vramp = Veorers = 1.27V
Vss Ramping Up 1.70 2.00 2.25 \Y
FIXED REFERENCE
Output Voltage VREer —10 pA < Iyrer £ 10 pA 1.666 1.700 1.734 \Y
VID PROGRAMMED DAC
REFERENCE
VID Input Threshold (MOS Inputs) | Vyipo. 5 0.5 \Y
Output Voltage Vpac See VID Code Table I 0.700 1.708 \Y
Static Tolerance (at a Given VID) | AVpac/Vpac
1.708 V> Vpac 2 0.860 V -1.0 +1.0 %
0.844 V2 Vpac20.700 V -8.4 +8.4 mV
Settling Time tpacs? Cpacrer = 10 nF 3.5 s
-2- REV. 0



ADP3205

Parameter Symbol Conditions Min Typ Max Unit
DAC REFERENCE FEEDBACK
Input Resistance RpACREFFB 80 kQ
CORE COMPARATOR
Input Offset Voltage (Ramp—Reg) VCoREOS Vreg = 1.25V 0.5 +4 mV
Input Bias Current IREG) IRAMP VREG = VRAMP =125V +1 ]JA
Output Voltage Vbrv = Vee=3.0V 2.5 \%
(DRV1, DRV2, and DRV3) Vbrv L Vec=3.6V 0.8 \Y%
Propagation Delay Time trmpoDrY PD° | Ta = 25°C 60 ns
(RAMP-DRV1, RAMP-DRV2,
RAMP-DRV3) 70 ns
Rise and Fall Time tprv R’ 8 ns
(DRV1, DRV2, and DRV3) tprV B 9 ns
Noise Blanking Time tBLNK DRV L-H Transition 80 ns
DRV H-L Transition 140 ns
CURRENT SENSE MULTIPLEXER
Trans-Resistance Resics+ MUX Switch Is ON 150 Q
Reso s+ MUX Switch Is OFF 10 MQ
Ress-cs+
Common-Mode Voltage Range Vesemr Vesi = Vesz =Vess 0 2 \%
CURRENT LIMIT COMPARATOR
Input Offset Voltage Verimos Ves.=1.25V 2.5 mV
Input Bias Current Tcses Iese Vese =1.25V -3 -5 UA
Propagation Delay Time teren’ T, = 25°C 65 ns
85 ns
HYSTERESIS SETTING
Hysteresis Current Iramp 1 Vreg = 1.25V
~lcsp u Vcorers = Vramp = 1.23 V
IHYSSET =100 IJ.A -85 -100 -115 ]JA
Inysser = 10 pA -10 HA
VRAMP =127V
Igysser = 100 A 85 100 115 PA
Inysser = 10 pA 10 HA
Hysteresis Reference Voltage VHYSSET Vpac \%
CURRENT LIMIT SETTING
Limit Setting Current Ics Vramp = 1.23V
VreG = Ves- = Veorers = 1.25V
Vcs+ =123V
Igysser = 100 A —268 -310 -335 UA
Inyssgr = 10 pA -31.5 HA
Vcs+ =127V
Igysser = 100 A -178 -208 -225 HA
Inyssgr = 10 A -21.5 UA
DEEP SLEEP SHIFT SETTING
AND CONTROL
DPSHIFT Inner Resistance Rppsurrr DPSLP =L 140 Q
DPSLP = H 10 MQ
DPSLP Control Threshold VbpsLpTH Vec/2 \%
(CMOS Input)
DEEPER SLEEP VOLTAGE
SETTING AND CONTROL’
Input Current IDPRSET VDPRSET =10V +0.1 MA
DPRSET Gain Appr 1.09 VIV
(DPRSET-DACREF)
DPRSLP Control Threshold VppRrSLPTH Vec/2 \Y
(CMOS Input)
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ADP3205
SPECIFICATIONS (continued)

Parameter Symbol Conditions Min Typ Max Unit
BOOT VOLTAGE SETTING
Input Current I300TSET Vsoorser = 1.0V +0.1 HA
BOOTSET Gain ABOOT 1.09 \YA%
(BOOTSET-DACREF)
LOW-SIDE DRIVE CONTROL
Output Voltage (CMOS Output) | Vpryrsprzs | DPRSLP = H 0 0.4 Y
DPRSLP =L 0.7 VCC VCC \Y%
Output Current IorRvIsDIZ3 DPRSLP = H, Vpryisp=15V | 2 mA
DPRSLP = L, Vpgysp= 15V | 0.8 mA
POWER STATE INDICATOR
PSI Control Threshold Vrst 0.30 0.5 0.70 \Y
(MOS Input)
SYNCHRONOUS TIMER
Tlmlng Threshold VTSYNTH 1.2 \'%
Input Current Itsyne Vrisync = 1.7V +0.1 ]JA
DRVI or DRV2 or DRV3 =L
Input Resistance Rrsync Visync = 1.3V
DRV1 or DRV2 or DRV3 = H 670 Q
OVER/REVERSE VOLTAGE
PROTECTION
Overvoltage Threshold VCOREFB, OVP VCOREFB RiSiI'lg 1.9 \Y
Reverse—Voltage Threshold VCOREFB, RVP VCOREFB Fallmg -0.3 \%
Output Voltage (Open-Drain Output) | Verame 0.7 Ve Vee \Y%
Output Current Iciamp Vecorers = VpacsVeramp= 1.5V 10 ].lA
VCOREFB =22 V, VCLAMP =08V ]| 1 6 mA

NOTES

'All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods.

2Guaranteed by design. Not production tested.

>Two test conditions: 1)PWRGD is OK but forced to fail by applying an out-of-the-CoreGood-window voltage (Vcorgrs, sap = 1.0 V at Vyip = 1.25 V setting) to the
COREFB pin right after DPRSLP has been asserted/deasserted. PWRGD should not fail immediately only with the specified blanking delay time. 2) PWRGD is
forced to fail (Vcorgers, sap = 1.0 V at Vyp = 1.25 V setting) but gets into the CoreGood-window (V corers, goop = 1.25 V) right after DPRSLP has been asserted/deasserted.
PWRGD should not go high immediately only with the specified blanking delay time.

*Measured from 50% of VID code transition amplitude to the point where V pacrgr settles within +1% of its steady state value.

40 mV p-p amplitude impulse with 20 mV overdrive. Measured from the input threshold intercept point to 50% of the output voltage swing.

%Measured between the 30% and 70% points of the output voltage swing.

"DPRSLP circuit meets the minimum 30 ns DPRSLPVR signal assertion requirement; guaranteed by design.

Specifications subject to change without notice.
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ADP3205

ABSOLUTE MAXIMUM RATINGS*

Input Supply Voltage Vee) « v oo oo veee et -0.3Vto+7V
All Other Inputs/Outputs . ........... -0.3VtoVec+03V
Operating Ambient Temperature Range ....... 0°C to 100°C
Junction Temperature Range . ............... 0°C to 150°C
Junction-to-Ambient Thermal Resistance .......... 98°C/W
Storage Temperature Range ............. —65°C to +150°C
Lead Temperature (Soldering, 10sec) ............. 300°C

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those listed in the operational sections
of this specification is not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability. Absolute maximum ratings
apply individually only, not in combination. Unless otherwise specified all other
voltages are referenced to GND.

ORDERING GUIDE
Temperature | Package Package | Quantity
Model Range Description | Option | per Reel
ADP3205]JCP-Reel | 0°C to 100°C | LFCSP-40 | CP-40 2500

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily I
accumulate on the human body and test equipment and can discharge without detection. Although the WARN I N G - @

subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recommended ; | | | | i l

ADP3205 features proprietary ESD protection circuitry, permanent damage may occur on devices

to avoid performance degradation or loss of functionality.

ESD SENSITIVE DEVICE
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PIN CONFIGURATION
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PIN FUNCTION DESCRIPTIONS

Mnemonic

Function

3-8

10

11

12

13

14

PsSI

HYSSET

VID[5:0]

VREF

BOOTSET

DPRSET

DPRSLP

DPSLP

PWRGD

Power Status Indicator. This is a digital input pin that is driven low when the CPU enters into either deep sleep or
deeper sleep modes. The drive signal is normally a PSB level CMOS signal, but the chip is also capable of han-
dling Vc level logic signals. The PSI signal is indicative of a light load condition, and because of that, it is used for
enabling discontinuous current mode operation. Combined with the STPCPU and DPRSLPVR signals, the PST
signal can control power good masking. The PSI signal, and consequently the generated masking signal, carries
the necessary masking time determined by system signal specification.

Hysteresis Set. This is an analog I/O pin whose output is a fixed voltage reference and whose input current is
programmed by an external resistance to ground. The current is used in the IC to set the hysteretic currents for
the core comparator and the current limit comparator. Modification of the resistance will affect both the hysteresis
of the feedback regulation and the current limit set point and hysteresis.

Voltage Identification. These are the VID inputs for logic control of the programmed reference voltage that appears
at the DACRETF pin, and, via external component configuration, is used for setting the output voltage regulation
point. The VID code sets the DAC output voltage directly except in deeper sleep mode and bootset mode, where
the DPRSET or BOOTSET voltage determines it. The VID signals are normally PSB level CMOS signals, but
the chip is also capable of handling V¢ level logic signals.

Reference Voltage Pin. This pin provides a VREF reference voltage to set the boot voltage and the deeper
sleep voltages.

Boot Voltage Set. This is a high impedance analog input pin. At power-up, the DACREF voltage ramps up, by default,
to a boot voltage determined by this pin. The pin voltage can be set by an external resistor divider that is driven
by the fixed VREF reference voltage. There is a nonunit gain from the BOOTSET pin to the DACREEF output.

Deeper Sleep Voltage Set. This is a high impedance analog input pin. In deeper sleep mode, the DACREF voltage
is determined by this pin. The pin voltage can be set by an external resistor divider that is driven by the VREF
pin’s reference voltage. There is a nonunit gain from the BOOTSET pin to the DACREF output.

Deeper Sleep Control (Active High). This is a digital input pin that is driven by the system’s DPRSLPVR signal.
Its active high state corresponds to deeper sleep mode operation. When it is activated, the signal controls the
DACREEF amplifier output voltage by disconnecting the DAC resistor network from the DACREF amplifier and
using it as a unity gain buffer. When it is deactivated, the DAC resistor network connection is restored, and the voltage
level is determined by the external VID code. The DPRSLPVR signal is also used to initiate a PWRGD masking
period to disable its response to a pending dynamic core voltage change triggered by a DACREEF voltage transition.

Deep Sleep Control (Active Low). This is a digital input pin that is driven by the system’s STPCPU signal, which,
in its active low state, corresponds to deep sleep mode of operation.

Power Good (Active High). This is an open-drain output pin which, via the assistance of an external pull-up resistor
tied to V¢, indicates that the core voltage is within the specified tolerance of the VID programmed value. PWRGD
is deactivated (pulled low) when the IC is either disabled, in UVLO mode, or starting up, or the COREFB voltage is
out of the core power good window. The open-drain output allows external wired ANDing (logical NORing) with
other open-drain/collector power good indicators.
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ADP3205

PIN FUNCTION DESCRIPTIONS (continued)

Pin

Mnemonic

Function

15

16

17

18

19

20

21
22
23

24

25

26

27

CLKEN

TPWRGD

DPWRGD

SS

CLAMP

GND
vVCC
COREFB

DACREFFB

DACREF

DPSHIFT

Clock Enable. This is an active low, V¢ level logic output signal. It is used to enable the CPU’s clock generator
module. The signal is asserted low with some internally set delay after all the wired-ANDed, open-drain power
good signals (PWRGD of the core controller, of the PSB, and of the MCH chipset converters) report power is okay by
allowing the common PWRGD node voltage to go high.

Power Good Delay Time Set. This is an analog input-output pin that is used to set the delay time from the shared
PWRGD signal assertion to DPWRGD assertion. The delay time is set by the external RC network. The R resistor is
connected from the pin to the VREF reference pin and provides charge current into the C capacitor connected from
the pin to GND. The charge period starts when PWRGD asserts high and terminates when the pin voltage reaches the
TPWRGD threshold. Due to the band gap referenced termination and target thresholds, the delay accuracy practically
depends only on the accuracy of the external RC components. In case of power good failure, DPWRGD deasserts
low without any delay relative to PWRGD deassertion.

Delayed Power Good Output. This is an open-drain digital output pin that requires an external pull-up resistor.
The pin active high assertion indicates that the delay of the merged power good signals is expired and the CPU
reset period can be terminated.

Shutdown (Active Low). This is a digital input pin that is driven by a system signal (VR-ON), which, in its active
low state, shuts down the IC operation, placing the IC in its lowest quiescent current state for maximum power
savings.

Soft Start. This is an analog I/O pin whose output is a controlled current source used to charge or discharge an
external grounded capacitor and whose input is the detected voltage that is indicative of elapsed time. The pin controls
the soft-start time of the IC and also times the delay before the chip latches off following a current overload event.

Clamp Output (Active High). This is an open-drain output pin, which, via the assistance of an external pull-up
resistor, indicates that the core voltage should be clamped for its protection. To allow the highest level of protection,
the CLAMP signal is developed using both a redundant reference and a redundant feedback path with respect to
those of the main regulation loop. The signal is timed out using the soft-start capacitor, so an external current
protection mechanism (e.g., fuse or ac adapter’s current limit) should be tripped within ~3 times the programmed
soft-start time (e.g., 5 ms to 10 ms). In a preferred and more conservative configuration, the core voltage is clamped by
an external FET. The initial protection function is served when it is activated by detection of either an overvoltage
or a reverse-voltage condition on the COREFB pin. A backup protection function due to loss of the latched signal at
IC power-off is served by connecting the pull-up resistor to a system “ALWAYS” regulator output (e.g., V5_ALWAYYS).
If an external FET is used, this implementation will keep the core voltage clamped until the ADP3205 has the
power reapplied, thus keeping protection for the CPU even after a hard failure (e.g., a shorted top or bottom FET)
caused power-down and restart.

Ground
Power Supply. This should be connected to the system’s 3.3 V power supply output.

Core Feedback. This is a high impedance analog input pin that is used to monitor the output voltage for setting
the proper state of the PWRGD and CLAMP pins. It is generally recommended to RC-filter the ripple and noise
from the monitored core voltage, as suggested by the application schematic.

Reference Feedback Input. This is an input pin for the core power good reference resistor divider. The pin is
normally driven with a slew rate controlled version of the DACREF output voltage. The slew rate control can be
achieved by the use of a low impedance RC network.

Digital-to-Analog Converter Reference Output. This output voltage is the VID controlled reference voltage whose
primary function is to determine the output voltage regulation point. During soft start, the reference output voltage
tracks the ramping up SS voltage up to the BOOTSET pin determined level. It stays there until soft start times
out. When soft start is terminated, DACREF ramps up or down to the VID code determined level.

Deep Sleep Shift. This is an analog I/O pin whose output is the DACOUT reference voltage and whose input is a
current that is programmed by external resistors to ground. The current is used to set a switched bias current out of
the RAMP pin, depending on whether it is activated by the DPSLP signal. When activated, the added offsetting current
creates a downward shift of the regulated core voltage to a predetermined optimum level for regulation corre-
sponding to deep sleep mode of CPU operation. The use of the DACREEF voltage as the reference for offset current
generation makes the DPSHIFT to be a fixed percentage of the VID setting, as required by IMVP specifications.

Regulation Voltage Summing Input. This is a high impedance analog input pin into which the voltage reference
of the feedback loop allows the summing of both the DACREF voltage and the core voltage for programming the
output resistance of the core voltage regulator. This is also the pin at which an optimized transient response can
be tailored using Analog Devices’ patented ADOPT compensation technique.
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ADP3205

PIN FUNCTION DESCRIPTIONS (continued)

Pin

Mnemonic

Function

28

29

30

31

32

33

34, 36,
38

35, 37,
39

40

RAMP

CS-

CS+

CS1

CS2

CS3

DRVLSDI,
DRVLSD2,
DRVLSD3

DRV1, DRV2,
DRV3

TSYNC

Regulation Ramp Feedback Input. The RAMP pin voltage is compared against the REG pin for cycle-by-cycle switching
response. Several switched current sources also appear at this input, the cycle-by-cycle hysteresis-setting switched
current programmed by the HYSSET pin, and the deep sleep shift current programmed by the DPSHIFT pin.
The external resistive termination at this pin sets the magnitude of the hysteresis applied to the regulation loop.

Current Limit Negative Sense. This is a high impedance analog input pin that is normally Kelvin connected via a
current-limit programming resistor to the negative node of the current sense resistor(s). A hysteretically controlled
current—three times the current programmed at the HYSSET pin—also flows out of this pin and develops a
current-limit-setting voltage across the current limit programming resistor that must then be matched by the induc-
tor current flowing in the current sensing resistor in order to trigger the current limit function. When triggered, the
current flowing out of this pin is reduced to two-thirds of its previous value, twice the HYSSET current, producing
hysteresis in the current limiting function.

Current Limit Positive Sense. This is a high impedance analog input pin that is multiplexed between either of the
current-sense inputs during the high state of the DRV pin of the respective channel. During the common off time
of the channels, the pin’s voltage reflects the average current of the channels. The multiplexed current sense signal
is passed to the core comparator through an external resistive termination connected from this pin to the RAMP
pin. The external (RAMP) resistor sets the magnitude of the hysteresis applied to the regulation loop.

Current Sense Channel 1. This is a high impedance analog input pin that is used to provide negative feedback
of the current information for the first channel.

Current Sense, Channel 2. This is a high impedance analog input pin that is used to provide negative feedback of
the current information for the second channel. The pin is also used to determine whether the chip is acting as

a single or multiphase controller. If the CS2 pin is tied to V¢ but not to a sense resistor, three-phase operation is
disabled. In this condition, the second phase output signal (DRV2) is not switching but stays static low; the first
and third phase output signals (DRV1 and DRV3) are switching in-phase. It is the user’s discretion to use only
one of the two signals or both to drive a single- or dual-channel power stage.

Current Sense, Channel 3. This is a high impedance analog input pin that is used to provide negative feedback of
the current information for the third channel. The pin is also used to determine whether the chip is acting as a dual-
or three-phase controller. If the pin is tied to V¢ but not to a sense resistor, three-phase operation is disabled; the
chip works as a dual-phase controller. In this condition, the third phase’s drive signal (DRV3) is not switching but
stays static low.

Drive-Low Shutdown (Active Low). These are digital output pins which, in active state, indicate that the bottom
FETs of the core regulator should be disabled. In the suggested application schematic, these pins are directly
connected to the pin named similarly on the ADP3415 ICs. The ADP3205 achieves high conversion efficiency
in light load conditions by using these pins for synchronous rectification control. During high-to-low voltage
conversions and during overvoltage protection, the pin’s voltage is always set high. During reverse-voltage protection,
the pin’s voltage is low.

Drive Output 1, 2, and 3. These are digital output pins that are used to command the state of the switched nodes
via the drivers and the power switches. They have to be connected to the driver inputs of the appropriate channels.

Synchronous Rectifier On-Time Setting. This is an analog input-output pin. In light load condition, i.e., when the
PSI signal is asserted low and when the on-time of any of the active phases terminates, a timer common for all the
phases is started. While the timer is active, the bottom MOSFET of the appropriate channel is kept turned on.
When the timer times out, the bottom MOSFET of the relevant channel also gets turned off. If the timer is set right,
the bottom MOSFET turn-off happens at the zero current crossing moment, and the ideal diode operation occurs.
The delay time is set by the external RC network. The R resistor is connected from the pin to the VREF reference
pin and provides charge current into the C capacitor connected from the pin to GND. The charge period starts
when the active phase on-time terminates and the bottom MOSFET of the same phase turns on. The timer times
out when the C capacitor voltage reaches the TSYNC pin threshold. Due to the band gap referenced termination
threshold and the charge-target threshold, the TSYNC time accuracy practically depends only on the accuracy of
the external RC components. Nonsynchronous operation can be disabled by shorting the TSYNC pin to GND.
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ADP3205

Table I. VID Code (Vcccore vs. VID)

m VO FOANOOFTFOANOOFTOANLOOFHFTOANOOIFOANOOFOAN OO
Qal@0VOFO =0 VONOANO V- FANONDSO FAN—~ONWVOFO—O
OS5 | T 111 Qe &R 0 ©Q QLN Iy I
V( oA A A A A A A o o O O O OO OO OO OO OO DODODODODOO O
S| O~ O~ O O rd O rd O r« O r O rd O r«4 O rd O rdOrd Or«4O O O
- OOt OO~ OO " OO~ r OO~ OO~ OO OO
N OO OO rrd rt OO0 OO rdrdrdrd OO0 OO rdrdrrd OO OO r r v v
=
>
N | OO O OO OO rrrrdrd ri rd v+ O O O OO O O O rd rmdt rd v rd = v
T QOO OO OO O OO OO0 O OO rm rmit rmd rd vt o
WA | o o o e o e e e e o e e o o o e o o e e e o e e o o e o o~
m VAN OO FOANLOOFTONOWOFTFONOOITONOOHTOANOO H A
Q Al ATV FIFA—=RNVO FHO—000OINOAqAOV:IFANO OO HA —
oS ImeevwwovwmmuuUuUUII LI TLTOQOQOOOOAAAAAA
V( R B e B e B e B e B e B e B e B e e B e B e B e B e B e R e B e B e B e B i e B e B e B o B e B e B e B e B e B e B e B |
S| O O OO~ O 1O 1O~ O ~~O O ~~O OO O OO
- OOt OO~ 1 OO~ r~O O~ rOO OO~k OO OO
D2 C O OO = rrdrd OO0 OO~ rdrdrd OO OO rdrdrd OO OO r r r— =
=]
>
N | OO OO OO OO rrdrrdrd ri rd ¥+ O O O OO O OO rit rmit rd v red = v
T QOO OO OO O OO OO0 OO O rm rmit rd rd vt r o
N | OO OO OO ODODDODODODODDODODODODDODODODODDODODODODDODODODODOoOOO

REV. 0



ADP3205-Typical Performance Characteristics
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THEORY OF OPERATION

Theoretical Background

Featuring a new proprietary single or multiple phase buck converter
hysteretic control architecture developed by Analog Devices, Inc.,
the ADP3205 is the optimal core voltage control solution for
IMVP-IV Intel® mobile microprocessors.

The theoretical background for single and multiple phase dc-to-dc
converters using the ADP3205 for Intel mobile CPUSs is presented
below. The ADP3205 features multiphase ripple regulators (also
called hysteretic regulators), which allow employing the ADOPT
(Analog Devices’ Optimal Voltage Positioning) technique to
implement the desired output voltage and load line, both statically
and dynamically, as required by Intel’s IMVPs specifications.

Vour 4

3
KVAVANE

Vour

Figure 1. Conventional Hysteretic Regulator
and Its Characteristic Waveforms

Figure 1 shows the conventional single-phase hysteretic regulator
and the characteristic waveforms. The operation is as follows.
During the time the upper transistor, Q1, is turned on, the inductor
current, I, and also the output voltage, Vour, increase. When
Vour reaches the upper threshold of the hysteretic comparator,
Q1 is turned off, Q2 is turned on, and the inductor current and
output voltage begin to decrease. The cycle repeats after Voyr
reaches the lower threshold of the hysteretic comparator.

Since there is no voltage-error amplifier in the hysteretic regulator,
its response to any change in the load current or the input voltage
is virtually instantaneous. Therefore, the hysteretic regulator repre-
sents the fastest possible dc-to-dc converter control technique.
A disadvantage of the conventional hysteretic regulator is that its
frequency varies proportionally with the ESR, Rg, of the output
capacitor. Since the initial value is often poorly controlled, and
the ESR of electrolytic capacitors also changes with temperature
and age, practical ESR variations can easily lead to a frequency
variation in the order of one to three. However, a modification of
the hysteretic topology eliminates the dependence of the operating
frequency on the ESR. In addition, the modification allows the
optimal implementation, ADOPT, of Intel’s IMVP-IV load-line
specifications.

Vin
Q1 L
}W'L Res o Vour
i T+
r—1% Co
ﬂ $ RE% LOAD

Vi Rp 3

/s +
+ (=)_VREF

Figure 2. Modified Hysteretic Regulator with ADOPT
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The implementation requires adding a resistive divider (R and Rp)
between the reference voltage and the output, and connecting
the tap of the divider to the noninverting input of the hysteretic
comparator. A capacitor, Coc, is placed across the upper member
(Re) of the divider.

It is easily shown that the output impedance of the converter can
be no less than the ESR of the output capacitor. A straightforward
derivation demonstrates that the output impedance of the conver-
ter can be minimized to equal the ESR, Rg, when the following
two equations are valid (neglecting PCB trace resistance for now):

Rp _ Rp —Rgg 3
Re Res
and
CoRy’
C =
00 = R ©)
From (2), the series resistance is:
R
Ros = —5
Re

This is the ADOPT configuration and design procedure that
allows the maximum possible ESR to be used while meeting a
given load-line specification.

It can be seen from Equation 3 that unless R, is zero or R is
infinite, Rcg will be always smaller than Rg. An advantage of the
circuit of Figure 2 is that if we select the ratio Rp/Rs well above
unity, the additional dissipation introduced by the series resistance
R will be negligible. Another interesting feature of the circuit
in Figure 2 is that the ac voltage across the two inputs of the
hysteretic comparator is now equal only to the ac voltage across
Recs. This is due to the presence of the capacitor Cp¢, which
effectively couples the ac component of the output voltage to the
noninverting input voltage of the comparator. Since the compara-
tor sees only the ac voltage across Rcg, in the circuit of Figure 2,
the dependence of the switching frequency on the ESR of the
output capacitor is completely eliminated. Equation 4 presents
the expression for the switching frequency.

_ Res (VIN— VOUT) Vour
LVy Vin

Multiphase converters have certain, very important advantages,
including reduced rms current in the input filter capacitor
(allowing the use of a smaller and less expensive device), distrib-
uted heat dissipation (reducing the hot-spot temperature and
increasing reliability), higher total power capability, increased
equivalent frequency without increased switching losses (allowing
the use of smaller equivalent inductances and thereby shortening
the load transient time), and reduced ripple current in the output
capacitor (reducing the output ripple voltage and allowing the use
of smaller and less expensive output capacitors). Also, they have
some disadvantages that should be considered when choosing the
number of phases. Those disadvantages include the need for more
switches and output inductors than in a single-phase design (lead-
ing to higher cost than a single-phase solution, at least below a
certain power level), more complex control, and the possibility of
uneven current sharing among the phases.

f @

The ADP3205 controller alleviates two of the above disadvantages
of multiphase converters. It presents a simple and cost-effective
control solution and provides perfect current sharing among the
phases. A simplified block diagram of a three-phase converter

-11-
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Figure 3. 3-Phase Modified Hysteretic Regulator with ADOPT

using the control principle implemented with the ADP3205 is
shown in Figure 3.

As Figure 3 shows, in the multiphase configuration the ripple
current signal is multiplexed from all phases. During the on-time
of any given phase, its current is compared to the upper threshold
of the hysteretic comparator. When the current reaches the upper
threshold, the control FET of that phase is turned off. During
the common off time of all phases, their currents are averaged
and compared to the lower threshold. When the averaged phase
current reaches the lower threshold, the hysteretic comparator
changes state again and turns on the control FET of the next
phase, as selected by the phase splitter logic. This control concept
ensures that the peak currents of all phases will be the same, and
therefore, the phase currents will be perfectly balanced. The
ADOPT compensation can be used the same way as in the
single-phase version previously discussed.

Implementation of Multiphase Hysteretic Control and ADOPT
With a properly applied ADOPT capacitor, C¢, the ADP3205
implements hysteretic control of ripple current. The resistor from
the HYSSET pin to ground sets up a current that is switched
bidirectionally into a resistor interconnected between the RAMP
and CS+ pins. The switching of this current sets the hysteretic
control signal for the ripple current. By setting the HYSSET pin
voltage equal to the DACREF voltage, the ripple current is set
proportional to the Vogg voltage. In this way, the ADP3205
keeps switch frequency constant at different Vcogrg voltages.

When more than one phase is used, the ripple current signals
from the CS1, CS2, and CS3 pins are multiplexed. During the
on-time of any given phase, its current is compared to the upper
threshold of the hysteretic control. During the common off-time
of all phases, their currents are averaged and compared to the
lower threshold of the hysteretic control.

The ADOPT compensation provides the optimum output voltage
containment within a specified voltage window or along a specified

load-line using the fewest possible number of output capacitors.
Figure 4 shows the step-off load transient of the application
circuit in Figure 13.

At a certain CPU core voltage, the inductor ripple current is kept
constant while the output voltage is regulated with fully program-
mable voltage positioning parameters that can be tuned to optimize
the design for any particular CPU regulation specifications. By
controlling the ripple current rather than the ripple voltage, the
frequency variations associated with changes in output impedance
for standard ripple regulators do not appear.

Tek EITE wrms,ff 4 Acqs
F

24 |8
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Figure 4. Step Load Transient
* Ch 1: Veogrg (1.0 V offset)
* Ch 2: Load current signal (load current step from 32 A to 7 A)
* Ch 3: SW node voltage
* Ch 4: Current of inductor (20 A/div)
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Command the MOSFET Driver

Driving of the individual phase is accomplished by using external
MOSFET drivers, such as the ADP3415. Each phase owns two
PWM interface pins: the DRV and DRVLSD. The top MOSFET is
turned on when the DRV pin is high; the bottom MOSFET is
turned on when the DRV pin is low and the DRVLSD pin is high.
The DRVLSD pin commands to turn off the bottom MOSFET
at light load current condition to achieve high power conversion
efficiency as well as at reverse voltage protection.

Current Sensing, Current Sharing, and Current Limit
Accurate current sensing is needed to accomplish output voltage
positioning accurately, which, in turn, is required both to meet
specification and to allow the minimum number of output capaci-
tors to be used to contain transients. A current sense resistor is
used between each inductor and the output capacitors. To allow
the control to operate without amplifiers, a negative feedback
signal is multiplexed from the inductor, or the upstream, side of
the current sense resistors, and a positive feedback signal for load-
line tuning is multiplexed from the output or downstream side.

Static and dynamic current sharing is achieved by keeping the
voltage across the sense resistor of each phase identical. Since all
the phases are sharing one hysteretic comparator, the IC parasitic
mismatch between phases is minimized, leading to good perform-
ance in current sharing.

The current programmed at the HYSSET pin and a resistor from
the CS- pin to the common node of the current sense resistors set
the peak current limit. If the current limit threshold is triggered,
the top MOSFET of that phase is turned off immediately by
setting the DRV pin low. Thus, cycle-by-cycle peak current limit
is achieved. Also a hysteresis is applied to the current limit thresh-
old so that hysteretic control is maintained during the current
limited operation.

Soft Start and Power-On Sequence

Soft start is implemented by forcing the DACREEF voltage to
track the SS pin voltage at power-on. A capacitor from the SS pin
to ground programs the soft start time.

The power-on sequence of the ADP3205 is illustrated in Figure 5.
The 3.3 V for the ADP3205 and 5.0 V for the MOSFET driver
are required to be established before the system SD signal enables
the ADP3205. The SS pin voltage increases linearly. The ADP3205
regulates the Vcorg voltage to follow the DACREF voltage. The
DACREEF voltage rises to Vgoor, Which is programmed at the
BOOTSET pin, and stays there while the SS pin voltage continues
to rise. When the SS pin voltage hits Vsstrrm, the ADP3205
will set PWRGD (power good signal) by checking whether the
Vcorg voltage is within the good window of the DACREFFB
voltage. The CLKEN will be asserted 10 ps after the assertion of
PWRGD. The PWRGD is an open-collector pin. Power good
signals from the MCH and VTT rail can pull this pin to low.
3 ms to 10 ms later, the DPWRGD (the IMVP-IV power good)
signal is asserted. This 3 ms to 10 ms delay is programmed by a
resistor and a capacitor on the TPWRGD pin.

REV. 0
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Figure 5. Power-On Sequence

Soft Vcorg Transient

During the transient between two CPU core voltages, such as
the transient between deep sleep mode and deeper sleep mode,
soft transient of Vcogg is implemented to reduce inrush current
of the inductor and of MOSFETsS as well as to reduce audio
noise of input capacitors and inductors. An RC filter between
the DACREF pin and the DACREFFB pin programs the dura-
tion of the soft transition.

The following two waveforms (Figures 6a and 6b) demonstrate
that the soft Vorg transition greatly reduces inrush current in
the inductor. In a conventional Vogg transient arrangement,
the transient is completed in a short period of time, less than 20
us, resulting in huge inductor current, which is only limited by
the peak current limiter. In a soft Vcogrg transient arrangement,
the transient duration is programmed to be about 60 s by the
RC filter on the DACREEF pin. As a result, the current stress to
inductors, MOSFETsS, and sense resistors is greatly reduced.
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Figure 6a. Conventional Vcogpe Transient
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Figure 6b. Soft Vcore Transient
* Ch 1: Veorg (1 'V offset)
* Ch 2: Current in inductor (10 A/div)
* Ch 3: DPRSLP signal
* Ch 4: Switch node

Output Voltage Programming

In the IMVP-1V specification, the output voltage is a function of
both the system operating mode and the core current, according
to a specified load line.

The nominal core voltage is set up at the DACREEF pin, which is
programmed in the following way:

. Deeper Sleep Mode: VDACREF =1.094 VDPRSET
* Boot Up VDACREF =1.094 VBOOTSET
* All Other Conditions: Vpacrer is set by the VID Code

The voltages of the DPRSET and the BOOTSET pins are
programmed by resistor dividers from a 1.7 V reference voltage
provided at the VREF pin.

In deep sleep mode (the DPSLP pin is low), the CPU core volt-
age has to be offset by a dc value specified as a percentage of the
DAC REF voltage in the IMVP-IV specification. This voltage
offset is programmed by a resistor connected between the DSHIFT
pin and the REG pin.

PSI and Power-Saving Operation

In deep sleep (C3) and deeper sleep (C4) mode, if the PSI signal
from the CPU is asserted (low), indicating low CPU current,
the ADP3205 switches into power-saving operation.

In power-saving operation, the bottom MOSFET is turned off
before the inductor current becomes negative. As a result, the
dc-to-dc converter runs in the discontinuous current mode. In
discontinuous current operation mode, the ADP3205 keeps
peak current proportional to the Vcogg voltage by setting the
HYSSET pin voltage equal to that of the DACREEF pin.

i _ 2IHYSSETRA _ 2I/DACREFIQA
PEAK — -
RCS RHYSSETRCS

The time period that the bottom FET is ON is also proportional
to the peak current.

)
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i L
Tsyne = —VPEAK (6)
CORE
Therefore, the time period, Tsync that the bottom MOSFET is

ON is independent of Vcorg and battery voltage, assuming
Vcore = VDACREF-

The ADP3205 programs Tgync with an RC circuit at the TSYNC
pin, as shown in the system schematic in Figure 11, Figure 12,
and Figure 13. The waveforms of power-saving operation are
shown in Figure 7. The capacitor Cgsyyc is discharged to zero
voltage when the DRV pin of any of the phases is high. When
the DRV pin goes low, Csync starts charging up to the reference
voltage through the Rgyyc resistor. When the voltage on the
TSYNC pin hits the threshold Vrsynta, the ADP3205 sets the
DRVLSD of the same phase low. The time period the bottom
FET is on, Tsyncs can be calculated as follows:

1 (7)

Tsyne = Rgyne X Csyne XIn 1%
1 _ YrsyntH

VREF

where Vigr =1.7 V, Visynty = 1.2 V. The above formula can be
simplified to:

Tsyne =1.22R gyneCsyne ®
T
=
£
34l
4
: i
H i
Eﬁﬂ T.00V & ChZ S5.00V & M1.00us Ch2 . T.6V
Ch: 5.00V % Ch4 S00mvVes

Figure 7. Power-Saving Mode Operation

* Ch 1: TSYNC pin voltage

* Ch 2: DRV pin voltage

+ Ch 3: DRVLSD pin voltage

* Ch 4: Inductor current (5 A/div)

Usually, some margin is used to set TSYNC shorter than calculated
by the above formula. The margin guarantees that the bottom
MOSFET is turned off before the inductor current goes nega-
tive. Turning off the bottom MOSFET at the positive inductor
current avoids the turn-on loss and EMI noise.

During the Vcogrg voltage transient, such as switching the event
from deeper sleep to deep sleep, this power-saving mode is disabled
and the PSI signal is asserted to guarantee fast transition.
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PROTECTION FEATURES

The ADP3205 provides comprehensive redundant protection
features of OVP, RVP, and OCP to protect the CPU core as
well as the power stage of the dc-to-dc converter from damage in
various harsh conditions, as might be induced by a component
or connection failure in the power stage or system.

Overvoltage Protection (OVP)
The CPU core voltage is monitored via the COREFB pin. OVP
is triggered when the voltage of the COREFB pin is over 1.9 V.

Primary overvoltage protection is achieved by activating the crow-
bar function of the bottom MOSFET: via their driver ADP3415.

The ADP3205 commands the MOSFET drivers to enter crowbar
state by setting all the DRV pins low and setting all the DRVLSD
pins high.

Meanwhile, the ADP3205 provides a redundant overvoltage
protection feature via its CLAMP pin, which is an open-drain
output pin. The CLAMP pin defaults to a low state at normal
condition. If the OVP is triggered, the CLAMP pin is switched
and pulled high by external pull-up resistors. The CLAMP pin
is used to drive the gate of a power MOSFET whose drain-
source is connected across the CPU core voltage and the CPU
ground. Turning on this MOSFET will clamp the CPU core
voltage to essentially zero, thus preventing further energy from
being applied to the CPU core.

Once the OVP is triggered, the ADP3205 will latch itself in the
OVP state, even after the system SD signal goes low. The latch
is reset only by removing the V¢c power of the ADP3205 or
recycling the SD signal to high again.

Reverse-Voltage Protection (RVP)

The RVP is implemented in the ADP3205 in the same architec-
ture of the OVP function. RVP is triggered when the voltage on
the COREFB pin is lower than -300 mV.

To prevent the CPU core voltage from being further negative,
the ADP3205 commands the MOSFET drivers to turn off all the
bottom MOSFETS by forcing all the DRV pins and the DRVLSD
pins low.

Meanwhile, the CLAMP pin of the ADP3205 switches to high
(pulled high by the external pull-up resistors). The clamp MOSFET
whose drain-source is connected across the CPU core voltage

is turned on. Thus, the CPU core voltage is quickly reset to
essentially zero.

The ADP3205 will latch itself in the RVP state, even after the
system SD signal goes low. The RVP latch is reset only by remov-
ing the V¢ power of the ADP3205 or recycling the SD signal to
high again.

Overcurrent Protection (OCP)

When an overload or short happens at the output, the Vcorg
voltage will drop out of the regulation window due to the cycle-
by-cycle peak current limitation.

The ADP3205 enters hiccup mode after the Vcogg voltage drops
out of the regulation window (power good fails). The frequency of
the hiccup mode is controlled by the capacitance on the SS pin. If
the overload or short on the output is removed, the ADP3205
can return to normal operation.

An external application circuit (a small-signal diode and resis-
tor) can be used to clamp the SS pin voltage to obtain latched
overcurrent protection as shown in Figure 11, Figure 12, and
Figure 13.
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Undervoltage Lockout

The ADP3205 includes an undervoltage lockout (UVLO) circuit
to ensure that if V¢ is too low to maintain proper operation,
the IC will remain off and in a low current state.

APPLICATION INFORMATION

The power stage must be planned before designing the control
circuitry. The most important fundamental choice is how many
parallel phases will be used. This choice depends on a number of
factors, the most important of which is the thermal design, which is
strongly affected by the choice of the power MOSFET switches
and their mounting and thermal performance, the airflow, and
so on. It is beyond the scope of this data sheet to provide a quanti-
tative trade-off analysis. Historically, 14 A to 18 A per phase is an
optimal maximization against the cost of adding another phase.

Inductor Selection

The inductor is selected based on two criteria: minimization of
the output capacitors and trade-off between the power conversion
efficiency and the size/cost of the power stage.

For the IMVP specifications on ripple voltage in both static and
load transient operation, the optimized inductance should be
the one that minimizes the output capacitance to meet both
specifications. If the inductance is too small, the ripple current
is high, and therefore, the output ripple voltage will be too high.
To keep the output ripple voltage within the “ripple regulation
window,” more output capacitors are required. On the other
hand, during step load transient, if the inductance is too large,
the rate at which current can change is too slow, so more output
capacitors would need to be added simply to hold up the output
voltage while the inductors have time to respond.

Small inductance means large ripple current at a certain switch
frequency. As a result, the turn-off loss of the top MOSFET
increases as well as the conduction loss in MOSFETSs and induc-
tors. However, larger inductance potentially leads to a larger size
footprint of the inductor and more output capacitors.

The selection of the inductance is an iterative process. A good
initial value of the inductance is the one resulting in peak-to-peak
ripple current of 50% of the maximum dc current per phase.

Output Capacitors

The output capacitor requirement is forced by the IMVP speci-
fications on Vcogrg voltage ripple in steady-state and transient.
Under the existing cost structure, the most popular solution is
the combination of MLLCCs and specialty polymer capacitors.
The combination provides both low ESR and large capacitance
at relatively low cost.

During steady-state, due to the lower ESR effect, the Vcorg
ripple is closer to a sinusoidal wave rather than triangle wave.
Therefore, the steady-state Vcorg ripple can be estimated by the
following equation:

(1 - nPH;:f)VCORE ©)

Where Vgpp stands for the peak-to-peak ripple voltage, npy is
the number of phases, L is the inductance of each phase, f is
the switch frequency of each phase, and Zgf is the impedance of
the combined output capacitors at the ripple frequency, which
equals the switch frequency times the number of phases. Also, D is
the duty cycle of each phase.

Veer = Zce
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Even under the extreme dynamic condition of a maximum load
step (up or down) in the CPU current demand, the Vcogrg volt-
age is still required to be within the window specified by IMVP.
Since the ADP3205 can respond essentially as fast as possible,
the undershoot and overshoot of V¢ogrg is mainly determined by
the output capacitors. Usually, the worst dynamic is the over-
shoot during a step-off load from the maximum load current to
minimum load current. Therefore, the minimum output capaci-
tance is determined by having this worst-case overshoot within
the specification window.

Input Capacitors

Use an input capacitance to output the current ratio of approxi-
mately 2 UF/A. Input capacitors are most effective in their filtering
function when distributed evenly among the MOSFETs of
parallel power phases and connected in close proximity to the
MOSFET:S on the power and ground planes. Very high frequency
performance is needed, so MLCCs are a popular choice. The
rms current rating of the input capacitors should be sufficient
for the maximum input ripple current of the power stage, which
is given by

1
Iinrms = Tomax X D[_—DJ (10)
npy

where npy is the number of phases (that are operated out of
phase), D is the duty ratio, and Ip,4x is the maximum output
current. Duty cycle D, which equals Vo/Vyy, should be chosen
at the worst-case condition for the input ripple current. The
condition where Vyy is closest to 2 X Vg X npy, even with three
phases, is still typically the minimum input voltage at which the
maximum load is allowed.

Antiparallel Schottky Diode

External antiparallel Schottky diodes (across the bottom MOSFET)
may help improve efficiency a small amount (< ~1%) depending
on their forward voltage drop compared to the MOSFET’s body
diode at a given current; a MOSFET with a built-in antiparallel
Schottky is more effective. For an external Schottky, it should be
placed next to the SR MOSFET or it may not be effective at all.

Clamp MOSFET and Connection

For a less comprehensively protective but also less costly solution,
the CLAMP pin may be used to latch the disconnection of input
power. The latch should be powered whenever any input power
source is present. Typically, such a latching circuit is already
present in a system design, so it becomes only a matter of allowing
the CLAMP pin to also trigger the latch. In this configuration,
the latched off-state of the system would be indicative of a system
failure. The OV/RV protective means is provided by not allow-
ing the continued application of energy to the CPU core. The
design objective should be to ensure that the CPU core could
safely absorb the remaining energy in the power converter, since
this energy is not clamped as in the preferred configuration.

Control Design

Due to the substantial tightening of the CPU voltage regulation
specifications, it has become important to preserve every millivolt
of accuracy by considering second order regulation offset effects
when selecting components. Therefore, the detailed design of a
multiphase converter with the ADP3205 is rather complex. A design
aid using the Mathcad™ program by Mathsoft™ has been de-
veloped. Please contact ADI for further information.
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PCB LAYOUT AND COMPONENT PLACEMENT

The CPU core power supply must be carefully considered as
part of the total system functional block placement and layout
strategy. A good layout helps to increase power conversion
efficiency, improve thermal management, and achieve better
noise immunity of the control circuits.

Overall Placement

The ADP3205 sends digital signals to the drivers and interfaces
with digital system signals, but it must sense very small analog
signals with great precision: the output voltage error and the
current signals. So the optimal placement of the ADP3205 is
near the output and the current sense resistors, away from noise
sources (e.g., switching power circuits). An ideal overall place-
ment is illustrated in Figure 8. The ADP3205 sits immediately
beside the sense resistors, while the power stage is around sym-
metrically. A sufficient number of vias should be placed
immediately beside the downstream of the sense resistors, in
order to conduct the high current from the power stage to the
CPU pins. The ground area of each phase is placed near the
ADP3205 side, so that the ADP3205 is isolated from the switch-
ing noise of the power stage.

CPU AND DECOUPLING CAP AREA

L1l 1

SENSE RESISTORS

| . STAGE
| 1 OF
PHASE 1 | |ADP3205] | PHASE 2
| |
l—— 1_ — !
GROUND CUTIN GROUND
AREA GROUND LAYER AREA

Figure 8. Overall Placement Example 1

Noise immunity can be improved by the use of a devoted signal
ground plane for the ADP3205 and its surrounding components.
If such a ground plane can be used, connect it into the main
ground plane with several vias near the vicinity of the output
capacitors. A cut around ADP3205 on the ground plan, as shown
in Figure 8, serves the same purpose of a signal ground.

If the ideal recommended placement cannot be accommodated,
care should be taken to keep the ADP3205 and surrounding
components away from the radiation sources (e.g., from power
inductors) and to keep the capacitive coupling away from noisy
power nodes. If possible, please avoid the situation where the
power stage stands between the sense resistors and the ADP3205.
It is difficult to route the current sense trace if the current sense
resistors and the ADP3205 are isolated by the noisy power
stage. Again, a dedicated ground or ground cut is needed to
avoid ground noise.
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CPU AND DECOUPLING CAP AREA

0000000000 |
0000000000 [ ,ppcs
1
|

0000000000

VCORE
SENSE RESISTORS EE Vg e

POWER CUTIN

STAGE GROUND LAYER
OF

PHASES

Figure 9. Overall Placement Example 2

Current Sense Resistors

1.

Considering the high current levels at full load, the placement
of the current sense resistors should be as close as possible to
the CPU.

. The voltage Vcogg is measured at the downstream heads of

the sense resistors. Due to the high density current on the
sense resistors’ heads, it is required to join the two heads of
the sense resistors as close as possible. The PCB traces from
the sense resistors should be Kelvin connected as shown in
Figure 10. If vias are used in the sensing signal traces, avoid
power current passing the sensing signal vias.

. For the two V¢ogg traces from the downstream heads, it is

essential to keep them symmetrical before they are joined
together. Asymmetrical traces may lead to asymmetrical

ac ripple in Vcorg. If space is available, make two long traces
to the Vcogg signals before they are joined together.

PCB OF VcORE

PCBTO PCBTO
INDUCTOR INDUCTOR
OF PHASE 1 OF PHASE 2

- —— g

TO CS1 TO RD TO CS2

Figure 10. Kelvin Connection of Current Sensing Traces

4. The RC filter used for the current sense signal should be

REV. 0

located near the control components; this filters out the
effect of both the current sense resistors’ parasitic induc-
tance and the noise picked up along the routing of the
signal. The former is achieved by having the time constant
of the RC filters approximately matched to that of the sense
resistors and is important for maintaining the accuracy of the
current signal.

. Absolutely avoid crossing any signal lines over the switching

power path loop, described in the overall placement. If critical
signal lines (e.g., signals from the current sense resistors leading
back to the ADP3205) must cross through power circuitry,

a signal ground plane is required to be interposed between
those signal lines and the traces of the power circuitry. This
serves as a shield to minimize noise injection into the signals.

MOSFET Driver

The drivers, unlike the control, should be located near the power
MOSFET:S that they drive. This separation of control and driver
makes it possible for the optimal placement of the functional
blocks of the CPU core power supply. Locate the ADP3415 near
the MOSFET: so the loop inductance in the path of the top gate
drive returned to the SW pin is small, and similarly for the bottom
gate drive whose return path is the ground plane. The GND pin
should have at least one very close via into the ground plane.

CPU and Power Stage

1. While HF bypass capacitors, i.e., small MLCCs, must be
located directly under and within the CPU mounting area
(as dictated in CPU system design manuals), even larger
MLCC:s and polarized bulk capacitors of the CPU core power
supply must be located in close proximity to the CPU, i.e.,
around the periphery of the CPU. The physical area of the
loop enclosed in the electrical path through the input bypass
capacitors and around through the top and bottom MOSFETs
(drain-source) should be small and wide. This is the switching
power path loop.

[\S}

. There should be at least one solid ground plane interconnect-
ing the CPU ground pins, the bypass and bulk capacitors, and
the power delivery stage.

3. There must be a minimum of one solid power plane intercon-
necting the CPU core pins, the bypass and bulk capacitors,
and the current sense resistors from which current is delivered
from the several phases.

4. More ground and power planes can help in three ways: reducing
copper resistance that degrades static and dynamic regulation,
shielding of sensitive signal lines, and thermal performance.
Don’t let any PCB layers around the CPU remain unused; fill
them with copper and use them for any or all of these purposes.

5. Make provisions for thermal management of all the MOSFETs.
Heavy copper and wide traces to ground and power planes
will help to pull the heat out. Heat sinking by a metal tap
soldered in the power plane near the MOSFET's will help.

6. The CPU may be the number one power dissipator in the
system, but it has a fan that is usually devoted to cooling the
CPU. The CPU power delivery stage is the number two power
dissipator in the PC system at maximum load. It has no devoted
fan. Any airflow can help it. Channel the airflow across the
CPU power delivery stage also, or even the reverse side of the
PCB from where the power MOSFETSs are mounted. Make
sure the CPU is upstream in the airflow path so that the power
delivery stage heat does not warm the air that cools the CPU.

7. Space must be allocated in the PCB layers for power flow vias.
Vias interfere with signal lines from the CPU, but many vias
are needed to minimize inductance and resistance in the power
current path and for reducing thermal resistance to the copper
power planes. It is best to locate the CPU power stage in a
location where it is not necessary to pass many signals to the
CPU pins. This technique will also leave available space on
signal layers of the PCB near the power stage, so they can be
used for extra power planes instead.
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Figure 13. Typical Application for 3-Phase 25 A Load
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1. The central square-shaped pad is optional. If the pad is used, the exposed lead-frame paddle on the bottom of
the package should be soldered to it to improve solder-joint reliability. The pad can be left floating or can be
connected to V¢, but should never be grounded. If the pad is omitted, any wiring and/or vias in the area
underneath the package should be properly protected with electrically isolating coating to prevent shorts
between the wires/vias caused by the package’s metal paddle.

2. The size of the central square-shaped pad can match the package exposed paddle size of 4.25mm x 4.25mm,
but it is recommended to be oversized to maximum 4.63mm x 4.63mm to improve placement alignment.

Figure 14. Recommended PCB Footprint
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OUTLINE DIMENSIONS

40-Lead Frame Chip Scale Package [LFCSP]
6 mm X 6 mm Body
(CP-40)

Dimensions shown in millimeters

BsﬁéJ g‘,o " " 0.60 MAX
0.60 MAX PIN 1

T INDICATOR

31
PIN 1 050 30
INDICATOR . =
&
5.75 BSC sortom | & |&28
BSC SQ T VIEW = (3.70s8Q
& (175
0.50 =
.40
.30

. 4.50
12° MAX 1.00 MAX REF

@
@
=
o
=

/R
0.05 MAX
1.00 ¥ 0.02NOM
0.90 .I |‘o.30 I ¥ co
0.80 0.23 0.20 REF PLANARITY
080  seaTING 0.23 0.08
PLANE 0.18

COMPLIANT TO JEDEC STANDARDS MO-220-VJJD-2

Note: Soldering the exposed metal paddle on the bottom of the package to the square pattern shown
on the recommended PCB footprint drawing (Figure 14) improves thermal resistance and solder-joint
reliability.
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