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ANALOG

Dual 5 A, 20 V Synchronous Step-Down

DEVICES  Regulator with Integrated High-Side MOSFET

ADP2325

FEATURES

Input voltage: 4.5V to 20V
+1% output accuracy
Integrated 48 mQ typical high-side MOSFET
Flexible output configuration
Dual output: 5A/5 A
Parallel single output: 10 A
Programmable switching frequency: 250 kHz to 1.2 MHz
External synchronization input with programmable phase
shift or internal clock output
Selectable PWM or PFM mode operation
Adjustable current limit for small inductors
External compensation and soft start
Startup into precharged output
Supported by ADIsimPower™ design tool

APPLICATIONS

Communications infrastructure
Networking and servers

Industrial and instrumentation
Healthcare and medical
Intermediate power rail conversion

GENERAL DESCRIPTION

The ADP2325 is a full featured, dual output, step-down dc-to-dc
regulator based on a current mode architecture. The ADP2325

integrates two high-side power MOSFETs and two low-side drivers

for the external N-channel MOSFETs. The two pulse-width mod-
ulation (PWM) channels can be configured to deliver dual 5 A
outputs or a parallel-to-single 10 A output. The regulator operates
from input voltages of 4.5 V to 20 V, and the output voltage can
be aslow as 0.6 V.

The switching frequency can be programmed from 250 kHz to
1.2 MHz, or it can be synchronized to an external clock to
minimize interference in multirail applications. The dual PWM
channels run 180° out of phase, thereby reducing input current
ripple as well as reducing the size of the input capacitor.

The bidirectional synchronization pin can be programmed at
a 60°, 90°, or 120° phase shift to provide for a stackable, multi-
phase power solution.

The ADP2325 can be configured to operate in pulse frequency
modulation (PFM) mode at a light load for higher efficiency or
in forced PWM mode for noise sensitive applications. External
compensation and soft start provide design flexibility.
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Independent enable inputs and power-good outputs provide
reliable power sequencing. To enhance system reliability, the device
includes undervoltage lockout (UVLO), overvoltage protection
(OVP), overcurrent protection, and thermal shutdown.

The ADP2325 operates over the —40°C to +125°C junction
temperature range and is available in a 32-lead LFCSP_WQ
package.
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FUNCTIONAL BLOCK DIAGRAM
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SPECIFICATIONS

PVIN1 = PVIN2 = 12 V at T} = —40°C to +125°C, unless otherwise noted.

Table 1.
Parameters Symbol | Test Conditions/Comments Min Typ Max | Unit
POWER INPUT (PVINx PINS)
Power Input Voltage Range Veun 4.5 20 Vv
Quiescent Current (PVIN1 + PVIN2) Il MODE = GND, no switching 3 5 mA
Shutdown Current (PVINT + PVIN2) lson EN1=EN2=GND 30 40 MA
PVINx Undervoltage Lockout Threshold UvLO
PVINXx Rising 4.2 4.4 Vv
PVINx Falling 35 37 \Y
FEEDBACK (FBx PINS)
FBx Regulation Voltage' Vg PVINx=4.5Vto 20V 0594 06 0606 | V
FBx Bias Current leg 0.01 0.1 HA
ERROR AMPLIFIER (COMPx PINS)
Transconductance Im 370 500 630 pS
Error Amplifier Source Current lsource 40 65 90 HA
Error Amplifier Sink Current loink 45 65 85 pA
INTERNAL REGULATOR (INTVCC PIN)
INTVCC Voltage 475 5 525 |V
Dropout Voltage Intvee = 30 mA 300 mV
Regulator Current Limit 80 100 120 mA
SWITCH NODE (SWx PINS)
High-Side On Resistance? Vgsrto Vg, =5V 48 80 mQ
High-Side Peak Current Limit Rum = floating, Vger to Ve, =5V 6.4 8 9.6 A
Rium =47 kQ, Vgr to Vg, =5V 34 48 6.2 A
Low-Side Negative Current-Limit Threshold 50 mV
Voltage®
SWx Minimum On Time? tun_on 130 ns
SWx Minimum Off Time? tum_ oFF 150 ns
LOW-SIDE DRIVER (DLx PINS)
Rising Time® tq CpL = 2.2 nF, see Figure 23 20 ns
Falling Time? te Cp. = 2.2 nF, see Figure 26 10 ns
Sourcing Resistor 4 6 Q
Sinking Resistor 14 3 Q
OSCILLATOR (RT PIN)
PWM Switching Frequency fow Rosc = 100 kQ 510 600 690 kHz
PWM Frequency Range 250 1200 | kHz
SYNCHRONIZATION (SYNC PIN)
SYNC Input SYNC configured as input
Synchronization Range 300 1200 | kHz
Minimum On Pulse Width 100 ns
Minimum Off Pulse Width 100 ns
High Threshold 13 Y
Low Threshold 0.4 \Y
SYNC Output SYNC configured as output
Frequency on SYNC Pin fekour fow kHz
Positive Pulse Time 100 ns
SOFT START (SSx PINS)
SSx Pin Source Current g 25 35 45 HA
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Parameters Symbol | Test Conditions/Comments Min Typ Max | Unit
TRACKING INPUT (TRKx PINS)
TRKx Input Voltage Range 0 600 mV
TRKx-to-FBx Offset Voltage TRKx =0 mV to 500 mV -12 +12 mV
TRKx Input Bias Current 100 nA
POWER GOOD (PGOODx PINS)
Power-Good Rising Threshold 87 90 93 %
Power-Good Hysteresis 5 %
Power-Good Deglitch Time From FBx to PGOODx 16 Clock cycles
PGOODXx Leakage Current Vecoop =5V 0.1 1 pA
PGOODx Output Low Voltage locoop =1 MA 50 100 mV
ENABLE (ENx PINS)
ENXx Rising Threshold 1.2 128 |V
ENx Falling Threshold 1.02 1.1 \
ENx Source Current EN voltage below falling 5 pA
threshold
EN voltage above rising 1 uA
threshold
MODE (MODE PIN)
Input High Voltage 1.3 \
Input Low Voltage 0.4 Y
THERMAL SHUTDOWN
Thermal Shutdown Threshold 150 °C
Thermal Shutdown Hysteresis 15 °C

! Tested in a feedback loop that adjusts V; to achieve a specified voltage on the COMPx pin.

2 Pin-to-pin measurements.
3 Guaranteed by design.
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ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Rating
PVINT, PVIN2, ENT, EN2 —-03Vto+22V
SW1, SW2 -1Vto+22V
BST1, BST2 Vsw +6V
FB1, FB2, SS1,SS2, COMP1, COMP2, -03Vto+6V
PGOOD1, PGOOD2, TRK1, TRK2, SCFG,
SYNC, RT, MODE
INTVCC, VDRV, DL1, DL2 -03Vto+6V
PGND to GND -0.3Vto+0.3V
Temperature Range
Operating (Junction) —40°C to +125°C
Storage —65°Cto +150°C

Soldering Conditions

JEDEC J-STD-020

THERMAL RESISTANCE

0)a is specified

for the worst-case conditions, that is, a device

soldered in a circuit board for surface-mount packages.

Boundary Condition

04 is measured using natural convection on a JEDEC 4-layer

board, and the exposed pad is soldered to the printed circuit
board (PCB) with thermal vias.

Table 3. Thermal Resistance

Package Type 0:a Unit
32-Lead LFCSP_WQ 32.7 °C/W
ESD CAUTION

Stresses above those listed under Absolute Maximum Ratings

may cause permanent damage to the device. This is a stress

rating only; functional operation of the device at these or any

other conditions above those indicated in the operational

section of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect

device reliability.

A
Al

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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Figure 4. Pin Configuration (Top View)

Table 4. Pin Function Descriptions

Pin No. | Mnemonic | Description

1 PGOOD1 Power-Good Output (Open Drain) for Channel 1. A pull-up resistor of 10 kQ to 100 kQ is recommended.

2 SCFG Synchronization Configuration Input. The SCFG pin configures the SYNC pin as an input or an output. Connect
SCFG to INTVCC to configure SYNC as an output. Connecting a pull-down resistor to GND configures SYNC as an
input with various phase shift degrees.

3 SYNC Synchronization. This pin can be configured as an input or an output. When configured as an output, it provides a
clock at the switching frequency. When configured as an input, this pin accepts an external clock to which the
regulators are synchronized. The phase shift is configured by SCFG. Note that when SYNC is configured as an input,
the PFM mode is disabled and the device works in continuous conduction mode (CCM) only.

4 GND Analog Ground. Connect to the ground plane.

5 INTVCC Internal 5 V Regulator Output. The IC control circuits are powered from this voltage. Place a 1 uF ceramic capacitor
between INTVCC and GND.

6 RT Connect a resistor between RT and GND to program the switching frequency from 250 kHz to 1.2 MHz.

7 MODE Mode Selection. When this pin is connected to INTVCC, the PFM mode is disabled and the regulator works only in
CCM. When this pin is connected to ground, the PFM mode is enabled. If the low-side device is a diode, the MODE
pin must be connected to ground.

8 PGOOD2 Power-Good Output (Open Drain) for Channel 2. A pull-up resistor of 10 kQ to 100 kQ is recommended.

9 FB2 Feedback Voltage Sense Input for Channel 2. Connect FB2 to a resistor divider from the Channel 2 output voltage,
Vour2. Connect FB2 to INTVCC for parallel applications.

10 COMP2 Error Amplifier Output for Channel 2. Connect an RC network from COMP2 to GND. Connect COMP1 and COMP2
together for parallel applications.

11 SS2 Soft Start Control for Channel 2. To program the soft start time, connect a capacitor from SS2 to GND. For parallel
applications, SS2 remains open.

12 TRK2 Tracking Input for Channel 2. To track a master voltage, connect this pin to a resistor divider from the master
voltage. If the tracking function is not used, connect TRK2 to INTVCC.

13 EN2 Enable Pin for Channel 2. An external resistor divider can be used to set the turn-on threshold. When not using the
enable pin, connect EN2 to PVIN2.

14,15 PVIN2 Power Input for Channel 2. Connect PVIN2 to the input power source, and connect a bypass capacitor between
PVIN2 and ground.

16,17 SW2 Switch Node for Channel 2.

18 BST2 Supply Rail for the Gate Drive of Channel 2. Place a 0.1 uF capacitor between SW2 and BST2.

19 DL2 Low-Side Gate Driver Output for Channel 2. Connect a resistor between DL2 and PGND to program the current-
limit threshold of Channel 2.

20 VDRV Low-Side Driver Supply Input. Connect VDRV to INTVCC. Place a 1 yF ceramic capacitor between the VDRV pin and PGND.

21 PGND Driver Power Ground. Connect to the source of the synchronous N-channel MOSFET.

22 DL1 Low-Side Gate Driver Output for Channel 1. Connect a resistor between DL1 and PGND to program the current-
limit threshold of Channel 1.

23 BST1 Supply Rail for the Gate Drive of Channel 1. Place a 0.1 pF capacitor between SW1 and BST1.
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Pin No. | Mnemonic | Description

24,25 SW1 Switch Node for Channel 1.

26,27 PVIN1 Power Input for Channel 1. These pins are the power inputs for Channel 1 and provide power for the internal
regulator. Connect to the input power source and connect a bypass capacitor between PVIN1 and ground.

28 EN1 Enable Pin for Channel 1. An external resistor divider can be used to set the turn-on threshold. When not using
the enable pin, connect EN1 to PVINT.

29 TRK1 Tracking Input for Channel 1. To track a master voltage, connect this pin to a resistor divider from the master
voltage. If the tracking function is not used, connect TRK1 to INTVCC.

30 SS1 Soft Start Control for Channel 1. To program the soft start time, connect a capacitor from SS1 to GND.

31 COMP1 Error Amplifier Output for Channel 1. Connect an RC network from COMP1 to GND. Connect COMP1 and COMP2
together for parallel applications.

32 FB1 Feedback Voltage Sense Input for Channel 1. Connect FB1 to a resistor divider from the Channel 1 output voltage, Vg r;-

N/A' EP Exposed Pad. Solder the exposed pad to an external GND plane.

' N/A means not applicable.
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TYPICAL PERFORMANCE CHARACTERISTICS

T,=25C, Viy =12V, Vo =33V, L =22 uH, Cyyp = 2 x 100 pE £, = 600 kHz, unless otherwise noted.
100 y j Y > 100 NDUCTOR: FDVEL0404R7M
. | hoyCToR: Fou o0 2RaM <o [MSEEY Fodaiss
// —
20 V 90 = ==
N— —
85 Ar/ /// 85 / / —
g // - g //
NGl / // T ®
0 0
g / g 7
3 3
70 / L 70
w w
% \ 5.0V o
= Vout = 2- = Voyr = 5.0V
60 = Vour = 3.3V 60 = Vour = 3.3V
- ¥OUT = §g¥ — Vour = 2.5V
—Vour=1. — Vour = 1.8V
55 = Vour = 1.5V 55 = Vout = 1.5V
= Vour = 1.2V — Vour = 1.2V
50 0 50 ®
0 05 10 15 20 25 30 35 40 45 50 § 0 05 10 15 20 25 30 35 40 45 50 §
OUTPUT CURRENT (A) g OUTPUT CURRENT (A) g
Figure 5. Efficiency at V= 12V, fg,, = 600 kHz, FPWM Figure 8. Efficiency at V,y = 12V, f;,= 300 kHz, FPWM
100 100 T
INDUCTOR: FDVE1040-2R2M | | | L 1] INDUCTOR: FDVE1040-4R7M | | [T = |
MOSFET: FDS8880 R — - MOSFET: FDS8880 e
90 Se= 90 —7&
7 o L
80 = 7 80 = 7
Sl / A /
70— ' 70 <44 74
€ o4 // g /] W
4
§ / /’/ § 4 ;/
g 50 // b 50 /
) ) 3] Y4
H 40 7 4 40 Y,
th V4 t 4
Vi /4
30 /4 30 v
20 =4 20 |7 Z]
PZ — Vour = 5.0V, FPWM vV —=Vour = 5.0V, FPWM
10 = Vour = 3.3V, FPWM =Vour = 3.3V, FPWM
Vour = 5.0V, PFM 10 Vout = 5.0V, PFM
= Vouyr = 3.3V, PFM =Vour = 3.3V, PFM
0 ° 0 2
0.01 0.1 1 g 0.01 0.1 1 S
OUTPUT CURRENT (A) g OUTPUT CURRENT (A) g
Figure 6. Efficiency at V,y = 12V, fs,, = 600 kHz, FPWM and PFM Figure 9. Efficiency at V,y = 12V, fs,, = 300 kHz, FPWM and PFM
100
INDUCTOR: FDVE1040-1R5M 100 INDUCTOR: FDVE1040-4R7M
MOSFET: FDS8880 MOSFET: FDS8880
95 —— 95
o A¢ — | % //
= — [———
85 85 =
g g v
e g < 80
> > //
0 0
b 7 g 75
o o
B 70 70
w i
65 65
= Vour = 5.0V
60 = Vour = 3.3V 60 = Vour =3.3V
= Vour = 2.5V — Vour = 2.5V
= Vour = 1.8V = Vour = 1.8V
55 — Vour = 1.5V 55 — Vour = 1.5V
= Vour = 1.2V — Vour = 1.2V
50 . 50 =
0 05 10 15 20 25 30 35 40 45 50 § 0 05 10 15 20 25 30 35 40 45 50 3
OUTPUT CURRENT (A) g OUTPUT CURRENT (A) El

Figure 7. Efficiency at V;y =5V, f,, = 600 kHz, FPWM

Rev. A | Page 9 of 32

Figure 10. Efficiency at V,y = 18 V, fg,, = 300 kHz, FPWM



ADP2325

40

35

30

25

20

SHUTDOWN CURRENT (pA)

15

10
4

4.5

44

4.3

4.2

4.1

4.0

39

UVLO THRESHOLD (V)

3.8

3.7

3.6

3.5

=T, =-40°C
—T)=+25°C
—T) = +125°C

7

A\
\
1

\\\\
\

6 8 10 12 14

Figure 11. Shutdown Currentvs. V,y

Vin (V)

16

18

20

= RISING
= FALLING

—40 -20 0 20 40 60

1.10

1.08

1.06

1.04

1.02

1.00

0.98

0.96

EN SOURCE CURRENT (uA)

0.94

0.92

0.90

TEMPERATURE (°C)

80

100

Figure 12. UVLO Threshold vs. Temperature

120

—40 -20 0 20 40 60

TEMPERATURE (°C)

80

100

120

Figure 13. EN Source Current vs. Temperature at Vey = 1.5V

10036-011

10036-012

10036-013

ENABLE THRESHOLD (V) QUIESCENT CURRENT (mA)

EN SOURCE CURRENT (pA)

Rev. A | Page 10 of 32

3.10

3.05

=Ty =-40°C
—T)=+25°C
— T =+125°C

3.00

/- —]

2.80
4

Figure 14. Quiescent Current vs. V,y

8 10 12 14
Vin (V)

16

18

20

1.30

IR
N
a

= RISING

— FALLING

IR
N
o

[
=
(5]

[
=
o

0 20 40 60
TEMPERATURE (°C)

80

100 120

Figure 15. EN Threshold vs. Temperature

5.30

5.25

5.20

5.15

5.10
5.05

5.00
4.95

/

4.90
4.85 /

4.80
4.75

4.70
—4

0

-20

0 20 40 60
TEMPERATURE (°C)

80

100

120

Figure 16. EN Source Current vs. Temperature at Vey= 1V

10036-014

10036-015

10036-016




ADP23235

FREQUENCY (kHz) FEEDBACK VOLTAGE (mV)

MOSFET RESISTOR (mQ)

604

603

602

601

600

599

598

597

596

660

640

620

600

580

560

540

80

75

70

65

60

55

50

45

40

35

—
—
~]
-40 20 0 20 40 60 80 100 120
TEMPERATURE (°C)
Figure 17. Feedback Voltage vs. Temperature
Rosc = 100kQ
—|
\\\
\\—
-40  -20 0 20 40 60 80 100 120
TEMPERATURE (°C)
Figure 18. Frequency vs. Temperature
L1
=
/ -
=
=
—
—40 20 0 20 40 60 80 100 120

30

TEMPERATURE (°C)

Figure 19. MOSFET Rpsoy Vs. Temperature

10036-017

10036-018

10036-019

INTVCC VOLTAGE (V) TRANSCONDUCTANCE (uS)

SSx PIN SOURCE CURRENT (uA)

Rev.A | Page 11 of 32

600

580

560

540
\

520 ~

500 —

—
480 ]

460

440

420

40 20 0 20 40 60 80 100 120
TEMPERATURE (°C)

10036-020

Figure 20. Transconductance (g,,) vs. Temperature

5.4

5.2

5.0
438

46 f
44 l

4.2
4.0 o
4 6 8 10 12 14 16 18 20 §
Vin (V) g
Figure 21. INTVCC Voltage vs. V)
45
4.3
4.1
3.9
—]
— |
37 o —1
35
3.3
3.1
2.9
2.7 o
—40 20 0 20 40 60 80 100 120 §
TEMPERATURE (°C) g

Figure 22. SSx Pin Source Current vs. Temperature




ADP2325

- _‘\ ] :
: | fsw ] : ]
X ] [ SW J ]
» | it i—— 14 ]
: DL ] : DL ]
5 ] B {— | - ]
5V CH2 2v M20ns A CHIL 4V g 5V CH2 2V M20ns A CH27\ 4.04V §
40.4% E 40.4% g
Figure 23. Low-Side Driver Rising Edge Waveform, Cp,, = 2.2 nF Figure 26. Low-Side Driver Falling Edge Waveform, Cp, =2.2 nF
9.5 6.5
9.0 6.0
< <
[= [=
£ 85 £ 55
3 3
= =
4 =] Z
i 80 i 50
o 4
o "4
2 o
8] 0
X 75 X 45
= 5
o o
7.0 4.0
6.5 < 3.5 o
—40 20 0 20 40 60 80 100 120 & 40  -20 0 20 40 60 g0 100 120 §
TEMPERATURE (°C) g TEMPERATURE (°C) g
Figure 24. Peak Current-Limit Threshold vs. Temperature, R, = Floating Figure 27. Peak Current-Limit Threshold vs. Temperature, Ry, = 47 kQ

F. Ny

VN M VYN

sw
B—— | B — - 4 - —— -
D- _| |_ | | l } |_ | | -
FETEr FETEr T FETEr T i FETEr T FETEr FETEray 10\04 . PP PR FETEraS PP PR PP PR PR PP 2
10mV e, CH210V M lps A CH2TL 46V ¢ 10mV A B, 10V M1ps A CH2\_84V ¢
2AQ 42.6% g CH4 1AQ 47.2% g
Figure 25. Continuous Conduction Mode (CCM) Figure 28. Discontinuous Conduction Mode (DCM)
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Figure 29. Power Saving Mode
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Figure 31. Load Transient Response, 1 Ato 4 A
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Figure 32. Dual Phase, Single Output, Voyr=3.3V, loyr=10A
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Figure 34. Line Transient Response, Vi from 8 Vto 14V, loy;r=5A
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Figure 35. Output Short
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Figure 36. External Synchronization with 60° Phase Shift
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Figure 37. External Synchronization with 120° Phase Shift
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Figure 39. External Synchronization with 90° Phase Shift
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Figure 41. Coincident Tracking
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Figure 42. Thermal Derating Performance at 110°C Case Temperature Based
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THEORY OF OPERATION

The ADP2325 is a full featured, dual output, step-down dc-to-dc
regulator based on a current mode architecture. It integrates two
high-side power MOSFETs and two low-side drivers for external
MOSFETs. The ADP2325 is designed for high performance
applications that require high efficiency and design flexibility.

The ADP2325 can operate with an input voltage from 4.5 V
to 20 V and can regulate the output voltage to as low as 0.6 V.
Additional features for flexible design include programmable
switching frequency, programmable soft start, external compen-
sation, independent enable inputs, and power-good outputs.

CONTROL SCHEME

The ADP2325 uses a fixed frequency, current mode PWM control
architecture during medium to full loads, but shifts to a power
save mode (PFM) at light loads when the PFM mode is enabled.
The power save mode reduces switching losses and boosts effi-
ciency under light loads.

When operating in the fixed frequency PWM mode, the duty
cycle of the integrated N-channel MOSFET (referred to inter-
changeably as NFET or MOSFET) is adjusted, this, in turn,
regulates the output voltage. When the device operates in
power save mode, the switching frequency is adjusted to regu-
late the output voltage.

PWM MODE

In PWM mode, the ADP2325 operates at a fixed frequency

set by an external resistor. At the start of each oscillator cycle, the
high-side NFET turns on, placing a positive voltage across the
inductor. The inductor current increases until the current sense
signal crosses the peak inductor current threshold, turning off the
high-side NFET and turning on the low-side NFET (diode). This
places a negative voltage across the inductor, causing a reduction in
the inductor current. The low-side NFET (diode) stays on for the
remainder of the cycle or until the inductor current reaches zero.

PFM MODE

To enable the PEM mode, pull the MODE pin to ground. When
the COMPx voltage is below the PFM threshold voltage, the
device enters the PFM mode.

When the device enters the PEM mode, it monitors the FBx voltage
to regulate the output voltage. Because the high-side and low-
side NFETs are turned off, the load current discharges the output
capacitor causing the output voltage to drop. When the FBx
voltage drops below 0.605 V, the device starts switching and the
output voltage increases as the output capacitor is charged by the
inductor current. When the FBx voltage exceeds 0.62 V, the device
turns off both the high-side and low-side NFETSs until the FBx
voltage drops to 0.605 V. In the PFM mode, the output voltage
ripple is larger than the ripple in the PWM mode.

PRECISION ENABLE/SHUTDOWN

The ADP2325 has two independent enable pins (EN1 and
EN2), one for each channel. The ENx pin has an internal pull-
down current source of 5 pA to provide a default turn-off whenever
an ENx pin is open.

When the voltage on the EN1 or EN2 pin exceeds 1.2 V (typical),
Channel 1 (per the EN1 pin) or Channel 2 (per the EN2 pin) is
enabled and the internal pull-down current source at the EN1
or EN2 pin is reduced to 1 pA, which allows the user to program
the UVLO lockout of the input voltage.

When the voltage on the EN1 or EN2 pin drops below 1.1 V
(typical), Channel 1 or Channel 2 turns off. When EN1 and

EN2 are both below 1.1 V; all of the internal circuits turn off
and the device enters the shutdown mode.

SEPARATE INPUT VOLTAGES

The ADP2325 supports two separate input voltages. This means
that the PVIN1 and PVIN2 voltages can be connected to two
different supply voltages. In these types of applications, because
the PVINI voltage provides the power supply for the internal regu-
lator and control circuitry, the PVIN1 voltage must be above the
UVLO voltage before the PVIN2 voltage begins to rise.

This feature allows for a cascading supply operation, as shown in
Figure 45 where PVIN2 is sourced from the Channel 1 output.

In this configuration, the Channel 1 output voltage needs to be high
enough to maintain Channel 2 in regulation, and the Channel 1
output voltage must be higher than the input voltage UVLO
threshold.

ViyO—— PVINI PVIN2

ADP2325
Vouri L1 L2 Vour2
—o0

0_‘me Sw1 SwW2 T’*‘“"\—
Couni=+ M1 I_ J M2 =—Cour2
DL1 DL2

PGND

<
<
10036-041

Vv
Figure 45. Cascading Supply Operation

INTERNAL REGULATOR (INTVCC)

The internal regulator provides a stable voltage supply for the
internal control circuits and a bias voltage for the low-side gate
drivers. It is recommended that a 1 uF ceramic capacitor be placed
between INTVCC and GND. The internal regulator also includes a
current-limit circuit for protection.

The internal regulator is active when either of the channels is
enabled. The PVIN1 pin provides power for the internal regulator,
which is used by both channels.
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BOOTSTRAP CIRCUITRY

The ADP2325 integrates the boot regulators to provide the gate
drive voltage for the high-side NFETs. The regulators generate
5 V bootstrap voltages between the BSTx and the SWx pins.

It is recommended that an X7R or X5R, 0.1 uF ceramic
capacitor be placed between the BSTx and the SWx pins.

LOW-SIDE DRIVER

The DLx pin provides the gate drive for the low-side N-channel
MOSFET. Internal circuitry monitors the gate driver signal to
ensure break-before-make switching to prevent crossconduction.

The VDRV pin provides the power supply to the low-side drivers.
It is limited to a 5.5 V maximum input; placing a 1 puF ceramic
capacitor close to this pin is recommended.

OSCILLATOR
A resistor from RT to GND programs the switching frequency
according to the following equation:

60,000

SW kHz] = ———
Jow [icHiz] Rog (KO

A 200 kQ resistor sets the frequency to 300 kHz, and a 100 kQ
resistor sets the frequency to 600 kHz. Figure 46 shows the
typical relationship between fg,, and Ry

1200

1100

1000 \
900 \
800 \

700 \
600 \

SWITCHING FREQUENCY (kHz)

500 ~
400
\
300 ~
\\
200

50 70 90 110 130 150 170 190 210 230 250
Rosc (kQ)

Figure 46. fg, vs. Rosc

SYNCHRONIZATION

The SYNC pin can be configured as an input or an output by
setting the SCFG pin, as shown in Table 5.

10036-042

Table 5. SCFG Configuration

When the SYNC pin is configured as an input, the ADP2325 syn-
chronizes to the external clock that is applied to the SYNC pin, and
the internal clock must be programmed lower than the external
clock. The phase shift can be programmed by the SCFG pin.

When working in synchronization mode, the ADP2325 disables
the PFM mode and works only in the CCM mode.

SOFT START

Use the SSx pins to program the soft start time. Place a capacitor

between SSx and GND; an internal current charges this capacitor
to establish the soft start ramp. The soft start time can be calculated
using the following equation:

0.6 VxCy

tSS I

s
where:

Cqs is the soft start capacitance.

I is the soft start pull-up current (3.5 pA).

If the output voltage is precharged prior to power-up, the ADP2325
prevents the low-side MOSFET from turning on until the soft
start voltage exceeds the voltage on the FBx pin.

During soft start, the ADP2325 uses frequency foldback to
prevent output current runaway. The switching frequency is
reduced according to the voltage present at the FBx pin, which
allows more time for the inductor to discharge. The correlation
between the switching frequency and the FBx pin voltage is listed
in Table 6.

Table 6. FBx Pin Voltage and Switching Frequency

FBx Pin Voltage Switching Frequency
Vi = 04V fow

04V >V, =02V 1/2fgy

Vs <02V 1/4f,

PEAK CURRENT-LIMIT AND SHORT-CIRCUIT
PROTECTION

The ADP2325 uses a peak current-limit protection circuit to
prevent current runaway. Place a resistor between DLx and PGND
to program the peak current-limit value, as listed in Table 7.
The programmable peak current-limit threshold feature allows
for the use of a small size inductor for low current applications.

Table 7. Peak Current-Limit Threshold Setting

SCFG SYNC Phase Shift
INTVCC Output 0°

GND Input 90°

180 kQ to GND Input 120°

100 kQ to GND Input 60°

Rum Peak Current-Limit Threshold
Floating 8A
47 kQ) 48 A

When the SYNC pin is configured as an output, it generates a
clock with a frequency that is equal to the internal switching
frequency.

The ADP2325 uses hiccup mode for overcurrent protection.
When the peak inductor current reaches the current-limit
threshold, the high-side MOSFET turns off and the low-side
driver turns on until the next cycle while the overcurrent counter
is incremented.
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If the overcurrent counter reaches 10, or if the FBx pin voltage
falls to 0.2 V after the soft start, the device enters hiccup mode.
During this mode, the high-side MOSFET and low-side driver are
both turned off. The device remains in this mode for seven soft
start cycles and then attempts to restart from soft start. If the
current-limit fault is cleared, the device resumes normal
operation; otherwise, it reenters hiccup mode.

The ADP2325 provides a negative current limit. When the low-side
FET voltage exceeds the negative current-limit threshold voltage
(50 mV typical), the low-side FET turns off immediately for the
remainder of this cycle. Both the high-side and low-side FETs

turn off until the next cycle.

In some cases, the input voltage (PVIN) ramp rate is too slow
or the output capacitor is too large to support the set regulation
voltage during the soft start, causing the device to enter the
hiccup mode. To prevent such cases, use a resistor divider at the
ENx pin to program the UVLO of the input voltage or use a
longer soft start time.

VOLTAGE TRACKING

The ADP2325 has a tracking input, TRKx, that allows the output
voltage to track an external (master) voltage. Voltage tracking
allows power sequencing applicable for FPGAs, DSPs, and ASICs,
which may require a power sequence between the core and the I/O
voltages.

The internal error amplifier includes three positive inputs: the
internal reference voltage, the soft start voltage, and the tracking
input voltage. The error amplifier regulates the feedback voltage
to the lowest of the three voltages. To track a master voltage,
connect the TRKx pin to a resistor divider from the master
voltage, as shown in Figure 47.

VMASTER
Rrre_TopP
VsLAvE
TRKx SWx
R ADP2325
TRK_BOT Rrop
FBx

Reot

10036-043

Figure 47. Voltage Tracking

Coincident Tracking

A common application is coincident tracking, which is shown in
Figure 48. Coincident tracking limits the slave output voltage to
be the same as the master voltage until it reaches regulation. To
enable coincident tracking, set Ry 1op = Ryop and Ropy gor = Rore

/
VMASTER

/ VsLAVE

VOLTAGE

TIME

10036-044

Figure 48. Coincident Tracking
Ratiometric Tracking
In ratiometric tracking, the slave output voltage is limited to a frac-
tion of the master voltage. In this application, the slave and master
voltages reach their final values at the same time (see Figure 49).

A
VMASTER

VsLAve

VOLTAGE

y
10036-045

TIME

Figure 49. Ratiometric Tracking
The ratio of the slave output voltage to the master voltage is a
function of the two dividers, as follows:

1+ RTOP

VSLA VE _ RBOT

B R
Vitaster 1 + —TRK_TOP
R

TRK _BOT

The final TRKx pin voltage must be higher than 0.54 V. If the
tracking function is not used, connect the TRKx pin to INTVCC.

PARALLEL OPERATION

The ADP2325 supports a 2-phase parallel operation to provide

a single output of 10 A. To configure the ADP2325 as a 2-phase

single output

1. Connect the FB2 pin to INTVCC, thereby disabling the
Channel 2 error amplifier.

2. Connect COMPI to COMP2 and connect EN1 to EN2.

3. Use SS1 to set the soft start time and keep SS2 open.

During parallel operation, the voltages of PVIN1 and PVIN2
should be the same.
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POWER GOOD

The power-good (PGOODX) pin is an active high, open-drain
output that indicates whether the regulator output voltage is
within regulation. Logic high indicates that the voltage at the
FBx pin (and, therefore, the output voltage) is above 90% of the
reference voltage. Logic low indicates that the voltage at the FBx
pin (and, therefore, the output voltage) is below 85% of the
reference voltage. There is a 16-cycle deglitch time between FBx
and PGOODx.

OVERVOLTAGE PROTECTION

The ADP2325 provides an OVP feature to protect the system
against an output shorting to a higher voltage supply or for
when a strong load transient occurs. If the feedback voltage
increases to 0.7 V, the internal high-side MOSFET and low-side

driver turn off until the voltage at the FBx pin is reduced to
0.63 V, at which time the ADP2325 resumes normal operation.

UNDERVOLTAGE LOCKOUT

The UVLO threshold is 4.2 V with 0.5 V hysteresis to prevent
power-on glitches on the device. When the PVIN1 or PVIN2
voltage rises above 4.2 V, Channel 1 or Channel 2 is enabled and the
soft start period initiates. When either PVIN1 or PVIN2 drops
below 3.7V, it turns off Channel 1 or Channel 2, respectively.

THERMAL SHUTDOWN

In the event that the ADP2325 junction temperature exceeds
150°C, the thermal shutdown circuit turns off the regulator. A
15°C hysteresis is included so that the ADP2325 does not recover
from thermal shutdown until the on-chip temperature drops
below 135°C. Upon recovery, soft start initiates prior to normal
operation.
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APPLICATIONS INFORMATION

ADIsimPower DESIGN TOOL

The ADP2325 is supported by ADIsimPower design tool set.
ADIsimPower is a collection of tools that produce complete
power designs optimized for a specific design goal. The tools
enable the user to generate a full schematic, bill of materials,
and calculate performance in minutes. ADIsimPower can
optimize designs for cost, area, efficiency, and parts count
while taking into consideration the operating conditions and
limitations of the IC and all real external components. For
more information about ADIsimPower design tools, refer to
www.analog.com/ADIsimPower. The tool set is available from
this website, and users can also request an unpopulated board
through the tool.

INPUT CAPACITOR SELECTION

The input decoupling capacitor attenuates high frequency noise
on the input and acts as an energy reservoir. This capacitor should
be a ceramic capacitor in the range of 10 uF to 47 pF and must
be placed close to the PVINx pin. The loop composed of this
input capacitor, high-side NFET, and low-side NFET must be
kept as small as possible. The voltage rating of the input capacitor
must be greater than the maximum input voltage. Ensure that the
rms current rating of the input capacitor is larger than that
expressed in following equation:

I oms =Tour x{Dx(1-D)

OUTPUT VOLTAGE SETTING

The output voltage of the ADP2325 can be set by an external
resistor divider using the following equation:

Vour =0.6x (1 +MJ
BOT
To limit output voltage accuracy degradation due to FBx pin
bias current (0.1 pA maximum) to less than 0.5% (maximum),
ensure that Ry is less than 30 kQ. Table 8 provides the recom-
mended resistor divider for various output voltage options.

Table 8. Resistor Divider for Various Output Voltages

Vour (V) Ryopr £1% (kQ) Rsor £1% (kQ)
1.0 10 15

1.2 10 10

15 15 10

1.8 20 10

25 475 15

33 10 2.21

5.0 22 3

VOLTAGE CONVERSION LIMITATIONS

The minimum output voltage for a given input voltage and
switching frequency is limited by the minimum on time. The
minimum on time of the ADP2325 is typically 130 ns. The
minimum output voltage in CCM mode at a given input voltage
and frequency can be calculated using the following equation:

Vou'l; MIN = VIN X tyin on stw - (RDSONI - RDSONz) x IOUT,MIN X
tavon X fow = (Rpsonz + R) X Tour sy

where:

Vour v is the minimum output voltage.

tyin oy 1 the minimum on time.

Iour vy is the minimum output current.

few is the switching frequency.

Rpson; 1s the high-side MOSFET on resistance.

Rpson 18 the low-side MOSFET on resistance.

R, is the series resistance of the output inductor.

The maximum output voltage for a given input voltage and
switching frequency is also limited by the minimum off time
and the maximum duty cycle. The minimum off time is typically
150 ns and the maximum duty is typically 90% in the ADP2325.

The maximum output voltage that is limited by the minimum off
time at a given input voltage and frequency can be calculated
using the following equation:

Vour max = Vin X (1 =ty orr X fsw) = (Rpsons = Rpsonz) X
IOUTiMAX X (1 - tMINfOFF Xf:‘fW) - (RDSONZ + RL) X IOUTiMAX
where:
Vour max is the maximum output voltage.
tyi orr 1S the minimum off time.
Iour max is the maximum output current.

The maximum output voltage that is limited by the maximum
duty cycle at a given input voltage can be calculated using the
following equation:

Vour max = Dyux X Viy
where D,,, is the maximum duty cycle.

As the previous equations demonstrate, reducing the switching
frequency alleviates the minimum on time and minimum off time
limitation.

CURRENT-LIMIT SETTING

The ADP2325 has two selectable current-limit thresholds. Make
sure that the selected current-limit value is larger than the peak
current of the inductor, Iy x.
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INDUCTOR SELECTION

The inductor value is determined by the operating frequency,
input voltage, output voltage, and inductor ripple current. Using

a small inductor provides faster transient response but degrades
efficiency due to larger inductor ripple current, whereas a large
inductor value provides smaller ripple current and better effi-
ciency but results in a slower transient response. Thus, there is a
trade-off between the transient response and efficiency. As a
guideline, the inductor ripple current, Al is typically set to
one-third of the maximum load current. The inductor value can
be calculated by using the following equation:

L= (VI ~Vour <D
AL X foy

where:

Vv is the input voltage.

Vour is the output voltage.

Al is the inductor ripple current.
fsw is the switching frequency.

D is the duty cycle.
D= Vour
Viy

The ADP2325 uses adaptive slope compensation in the current
loop to prevent subharmonic oscillations when the duty cycle is
larger than 50%. The internal slope compensation limits the min-
imum inductor value.

For a duty cycle that is larger than 50%, the minimum inductor
value is determined by the following equation:

Vour X(1—D)
2x .fSW
The inductor peak current is calculated by

LA

I Ioyr 2‘

PEAK =

The saturation current of the inductor must be larger than the
peak inductor current. For the ferrite core inductors with a
quick saturation characteristic, the saturation current rating of the
inductor should be higher than the current-limit threshold of the
switch to prevent the inductor from entering saturation.

The rms current of the inductor can be calculated by

2 AIL2
12

I

rMs — 4/ Lour

Shielded ferrite core materials are recommended for low core
loss and low EMI.

Table 9. Recommended Inductors

Value | lgur | laws | DCR

Vendor Part No. (1H) (A) (A) (mQ)
Sumida CDRH105RNP-ORSN | 0.8 135 | 95 |43
CDRH105RNP-1R5N | 1.5 105 | 83 | 5.8
CDRH105RNP-2R2N | 2.2 925 | 75 | 7.2
CDRH105RNP-3R3N | 3.3 78 |65 | 104
CDRH105RNP-4R7N | 4.7 64 |61 | 123
CDRH105RNP-6R8N | 6.8 54 |54 |18

Coilcraft | MSS1048-152NL 15 105 | 10.8 | 5.1
MSS1048-222NL 2.2 84 |978 |72
MSS1048-332NL 33 738 | 7.22 | 10.1
MSS1048-472NL 47 646 | 69 | 114
MSS1048-682NL 6.8 594 | 6.01 | 15.4

Wurth 7447797110 1.1 16 |76 |14
Elektronik | 7447797180 18 133 |73 |16
7447797300 3.0 105 | 70 | 18
7447797470 47 80 |58 |27
7447797620 6.2 75 |55 |30

OUTPUT CAPACITOR SELECTION

The output capacitor selection affects both the output voltage
ripple and the loop dynamics of the regulator. For example,
during load step transient on the output, when the load is sud-
denly increased, the output capacitor supplies the load until the
control loop can ramp up the inductor current, which causes an
undershoot of the output voltage. Use the following equation to
calculate the output capacitance that is required to meet the voltage
droop requirement:

K,y ><AISTEP2 xL

Cour v =
- ZX(VI —Vour )X AVour uv
where:
Al is the load step.

AVqyr v is the allowable undershoot on the output voltage.
Ky is a factor, typically setting Ky, = 2.

Another example is when a load is suddenly removed from the
output and the energy stored in the inductor rushes into the
output capacitor, which causes the output to overshoot. The
output capacitance required to meet the overshoot requirement
can be calculated using the following equation:

c Koy X Algppp” XL
ouT_ oV —
(VOUT + AVOUT?OV)Z - VouTZ

where:
AVyyr ov is the allowable overshoot on the output voltage.
Koy is a factor, typically setting Ky, = 2.
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The output ripple is determined by the ESR of the output
capacitor and its capacitance value. Use the following equation to
select a capacitor that can meet the output ripple requirements:

Al

8 fow X AVour pippre

Co UT_RIPPLE —

A VO UT_RIPPLE

R. =
ESR AIL

where:
AVour ez 18 the allowable output voltage ripple.
Ry is the equivalent series resistance of the output capacitor.

Select the largest output capacitance given by Cour yvs Cour ovs
and Coyr pppre to meet both load transient and output ripple
performance.

The selected output capacitor voltage rating must be greater
than the output voltage. The minimum rms current rating of
the output capacitor is determined by the following equation:

A
Coyr_rms — \/ﬁ
LOW-SIDE POWER DEVICE SELECTION

The ADP2325 has integrated low-side MOSFET drivers, which
can drive the low-side N-channel MOSFETs (NFETs). The selec-
tion of the low-side N-channel MOSFET affects the dc-to-dc
regulator performance.

The selected MOSFET must meet the following requirements:

e Drain source voltage (V,s) must be higher than 1.2 x V.
e Drain current (Ip) must be greater than 1.2 X I ;1 yax Where
I it vax 18 the selected maximum current-limit threshold.

The ADP2325 low-side gate drive voltage is 5 V. Make sure that
the selected MOSFET can be fully turned on at 5 V.

Total gate charge (Qg at 5 V) must be less than 50 nC. Lower Qg
characteristics constitute higher efficiency.

When the high-side MOSFET is turned off, the low-side MOSFET
carries the inductor current. For low duty cycle applications, the
low-side MOSFET carries the current for most of the period. To
achieve higher efficiency; it is important to select a low on-resist-
ance MOSFET. The power conduction loss for the low-side
MOSFET can be calculated by

PFETiLOW = OUT2 X RDSON X (1 - D)
where R, is the on resistance of the low-side MOSFET.

Make sure that the MOSFET can handle the thermal dissipation
due to the power loss.

In some cases, efficiency is not critical for the system; therefore,
the diode can be selected as the low-side power device. The
average current of the diode can be calculated by

Iniopeavey = (1 = D) X Iyr

The reverse breakdown voltage rating of the diode must be
greater than the input voltage with an appropriate margin to
allow for ringing, which may be present at the SWx node. A
Schottky diode is recommended because it has a low forward
voltage drop and a fast switching speed.

If a diode is used for the low-side device, the ADP2325 must
enable the PFM mode by connecting the MODE pin to ground.

Table 10. Recommended MOSFETSs

Vendor | Part No. Vos | Ib Roson Qg
Fairchild | FDS8880 30V | 10.7A | 12mQ 12nC
Fairchild | FDMS7578 | 25V | 14A 8mQ 8nC

Fairchild | FDS6898A 20V | 94A 14 mQ 16 nC
Vishay Si4804CDY 30V | 79A 27 mQ 7 nC
Vishay SiA430DJ 20V | 10.8A | 185mQ | 53nC
AOS AON7402 30V | 39A 15 mQ 7.1nC
AOS AO4884L 40V | 10A 16 mQ 13.6 nC

PROGRAMMING THE UVLO INPUT

The precision enable input can be used to program the UVLO
threshold and hysteresis of the input voltage, as shown in Figure 50.
°

PVINX |

L
Rrop EN S

ENx

L
ReoT_En 3

v

10036-046

Figure 50. Programming the UVLO Input
Use the following equation to calculate Ryp gy and Ryoyp gy

LIV Vi e =12V X Vi parive

TOPEN T Vx5 pA—1.2 VX1 pA
RBOT EN = 12 VXRTOP‘EN
B Vin_risivG ~ RTOP_EN x5uA-12V
where:

Vi wsivg 18 the Vi rising threshold.
Vin i 18 the Vi falling threshold.
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COMPENSATION COMPONENTS DESIGN

In peak current mode control, the power stage can be simplified
to a voltage controlled current source supplying current to the
output capacitor and load resistor. It is composed of one domain
pole and a zero contributed by the output capacitor ESR. The
control-to-output transfer function is shown in the following
equations:

VOUT(S) — A xRx 2X72'><fZ

= Ay E——
Veomr () 1+ s
2X7X fp

Gyp(s)=

fz= !

2X 7T X Rpgp X Coyp

f _ 1
i 2><7r><(R+RESR) x Cour
where:
Ay, =833 A/V.

R is the load resistance.
Cour is the output capacitance.
Ry, is the equivalent series resistance of the output capacitor.

The ADP2325 uses a transconductance amplifier for the error
amplifier to compensate the system. Figure 51 shows the
simplified peak current mode control small signal circuit.

Vour Vour
o ’ °]
L
Rrop ¢
Cour
L
| R
RgoT3
Resr
3
2
v £
L

Figure 51. Simplified Peak Current Mode Control Small Signal Circuit

The compensation components, R and C, contribute a zero,
and the optional C, and R contribute an optional pole.

The closed-loop transfer equation is as follows:

R - 1+R xCxs
T(s)=——B00 y “8m Shi x Gyp(s)
Ryor+ Rygp  Cc+Cop sx| 1+ R xCe xCop s
Ce+Cqp

The following design guidelines show how to select the compen-
sation components, R, Cg, and C,, for ceramic output capacitor
applications.

4. Determine the cross frequency (f). Generally, the f; is
between fg,,/12 and £, /6.
5. R can be calculated by using the following equation:

_ 2x 7w x Ve xCopr X fo

¢ 0.6Vxg, xA,

6. Place the compensation zero at the domain pole (f;).

C. can be determined by
C. = (R + Rpgp )X Cour
c R,

7.  Cgpis optional. It can be used to cancel the zero caused by
the ESR of the output capacitor.

R

C — ESR X COUT
Ccp RC
The ADP2325 has an internal 10 pF capacitor at the COMPx

pin; therefore, if C, is smaller than 10 pF, no external capacitor
is required.
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DESIGN EXAMPLE

This section describes the design procedure and component
selection for the example application shown in Figure 54, and
Table 11 provides a list of the required settings.

Table 11. Dual Step-Down DC-to-DC Regulator Requirements

Parameter Specification
Channel 1
Input Voltage Vi =120V £10%
Output Voltage Vo =1.2V
Output Current loum =5A

Output Voltage Ripple
Load Transient

AVoury ppee =12 MV
+5%,1Ato4 A, 1A/us

Channel 2
Input Voltage Vi =120V +10%
Output Voltage Vour, =33V
Output Current loun=5A

Output Voltage Ripple
Load Transient
Switching Frequency

AVoura_pppre =33 mV
+5%, 1Ato4 A, 1A/us
oy = 500 kHz

OUTPUT VOLTAGE SETTING

Choose a 10 kQ) top feedback resistor (Rq,); calculate the
bottom feedback resistor using the following equation:

0.6
R =R ., X| —————
BOT TOP [VOUT _ 0~6J

To set the output voltage to 1.2V, the resistor values are Ryp, =
10 kQ and Ry, = 10 kQ. To set the output voltage to 3.3V,
the resistors values are Ry, = 10 kQ and Ry, =221 kQ.

CURRENT-LIMIT SETTING

For 5 A output current operation, the typical peak current
limit is 8 A. In this case, no Ry, is required.

FREQUENCY SETTING

To set the switching frequency to 500 kHz, use the following
equation to calculate the resistor value, Ry

60,000
fow (kHz)
Therefore, Ry =120 kQ).
INDUCTOR SELECTION

The peak-to-peak inductor ripple current, AL, is set to 30%
of the maximum output current. Use the following equation

Rosc (kQ) =

to estimate the value of the inductor:
(VIN ~ VOUT)>< D
Al x fg

For Vyr, = 1.2V, Inductor L1 = 1.4 pH, and for V,;, =33V,
Inductor L2 = 3.2 pH.

Select the standard inductor value of 1.5 pH and 3.3 pH for
the 1.2 V and 3.3 V rails.

Calculate the peak-to-peak inductor ripple current as follows:
(VIN ~Vour ) xD

Lx foy
For Voyy, = 12V, AL, = 1.4 A. For Voyp, = 3.3 V, AL, = 1.45 A.

Al =

Find the peak inductor current using the following equation:

Al

4+ —=
T
ouU’ 2

For the 1.2 V rail, the peak inductor current is 5.73 A, and for
the 3.3 V rail, the peak inductor current is 5.73 A.

I I

PEAK =

The rms current through the inductor can be estimated by
AIL?
12

The rms current of the inductor for both the 1.2 Vand 3.3V
rails is approximately 5.02 A.

I

— 2
RMS — IOUT +

For the 1.2 V rail, select an inductor with a minimum rms
current rating of 5.01 A and a minimum saturation current
rating of 5.73 A. For the 3.3 V rail, select an inductor with a
minimum rms current rating of 5.02 A and a minimum
saturation current rating of 5.73 A.

Based on these requirements, for the 1.2 V rail, select a

1.5 pH inductor, such as the Sumida CDRH105RNP-1R5N,
with a DCR = 5.8 m); for the 3.3 V rail, select a 3.3 pH
inductor, such as the Sumida CDRH105RNP-3R3N, with a
DCR =10.4 mQ.

OUTPUT CAPACITOR SELECTION

The output capacitor is required to meet the output voltage
ripple and load transient requirements. To meet the output
voltage ripple requirement, use the following equation to
calculate the capacitance and ESR:

Al

8 fow XAVour rppre

C

OUT_RIPPLE —

A VO UT _RIPPLE

R =
ESR IL

For Vour = 1.2V, Cour mppsr = 30 UF and Rygy, = 8.3 mQ. For
Vour2 =33V, Cour_mpprer = 11 UF and Ryg, = 23 mQ.
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To meet the +5% overshoot and undershoot requirement, use
the following equation to calculate the capacitance:

C B Koy X Alpn” XL
ouT.OV = p
(VOUT +AVour ov ) ~Vour®

c B Ky XAl X L
ouT UV =
2x (VI —Vour )X AVour vy

For estimation purposes, use K, = Ky = 2. For Vo, =12V,
use Coyr vy = 188 uF and Cqyr gy, = 21 uE For Vo, =33V,
use Coyr oy, = 55 UF and Cqyp yy, = 21 uE

For the 1.2 V rail, ESR of the output capacitor must be smaller
than 8.3 m(), and the output capacitance must be larger than
188 uE It is recommend that three 100 pF, X5R, 6.3 V ceramic
capacitors be used, such as the GRM32ER60]J107ME20 from
Murata, with an ESR =2 mQ.

For the 3.3 V rail, the ESR of the output capacitor must be
smaller than 23 mQ), and the output capacitance must be
larger than 55 pF. It is recommended that two 47 uF, X5R,
6.3 V ceramic capacitors be used, such as the Murata
GRM32ER60J476ME20, with an ESR = 2 mQ.

LOW-SIDE MOSFET SELECTION

A low R0y N-channel MOSEET is selected for high efficiency
solutions. The MOSFET breakdown voltage must be greater

than 1.2 V x V,, and the drain current must be greater than
12V x L pyre

It is recommended that a 30 V, N-channel MOSFET be used, such
as the FDS8880 from Fairchild. The Ry, of the FDS8880 at a
4.5V driver voltage is 12 m(2, and the total gate charge is 12 nC.

COMPENSATION COMPONENTS

For better load transient and stability performance, set the
cross frequency, f, to f,,/10. In this case, f;,, runs at 500 kHz;
therefore, the f.. is set to 50 kHz.

For the 1.2 V rail, the 100 uF ceramic output capacitor has
a derated value of 64 pE

2x7x1.2V x3x64 uF x50 kHz

o= 28.9kQ
0.6V x500 uSx8.33 A/V
(0240 +0.0010)x 3 x 64pF
o= = 1598 pF
28.9kQ
0.001 Q2 x3x64pF 6.60F
T T ok T

By choosing standard components where R, =28 kQ and C, =
1500 pF, no C,, is needed.

Figure 52 shows the 1.2 V rail bode plot at 5 A. The cross
frequency is 42 kHz and the phase margin is 50°.

60 180

48 144

36 108

N

_ 24 = 72 .
a ™ \\\ 4
T 12 SN 36 o
w b N
[a) SR > g
=] 0 N 0 (=}
E N w
z N n
O -12 -36 <
< I
= L~ o

24 72

r‘jv-"’

-36 —-108

—48 —-144

—60 1 2> -180

1k 10k 100k M

10036-061

FREQUENCY (Hz)
Figure 52. Bode Plot for 1.2 V Rail

For the 3.3 V rail, the 47 uF ceramic output capacitor has a
derated value of 32 pF.

2x 7 x3.3Vx2x32pF x50 kHz

= =26.5kQ
0.6 VX500 uSx8.33 A/V
(0.662+0.001Q2)x 2 x 32uF
o= =1594pF
26.5kQ
_00010x2x32yF
T ek T

By using standard component values of R, = 27 kQ) and
Cc, = 1500 pE no Cg, is needed.

Figure 53 shows the 3.3 V rail bode plot at 5 A. The cross
frequency is 55 kHz and phase margin is 67°.

60 180
48 144
36 \\ 108
N
24 P Sy 72
o N\ ™ n
CARY) P~ N % 9
o s I3
2 0 Stj 0 %
=4
3 -12 \\\ -36 ‘f;’
z: \ Aol 70 &
YO
-36 H -108
&
—48 -144
-60 o > -180
1k 10k 100k M

10036-062

FREQUENCY (Hz)
Figure 53. Bode Plot for 3.3 V Rail
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SOFT START TIME PROGRAMMING

The soft start feature allows the output voltage to ramp up in
a controlled manner, eliminating output voltage overshoot
during soft start and limiting inrush current. The soft start
time is set to 3 ms.

I xtg  3.5pAx3ms
ST 06V 06V

=17.5 nF

Choose a standard component value of Cg, = C, = 22 nE

INPUT CAPACITOR SELECTION

A minimum 10 pF ceramic capacitor is required, placed near
the PVINx pin. In this application, one X5R ceramic capacitor of
10 uF and 25 V is recommended.
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EXTERNAL COMPONENTS RECOMMENDATIONS

Table 12. Recommended External Components for Typical Applications with 5 A Output Current

f,, (kHz) Vo (V) [ Vour (V) L(uH) | Cour (MF) Rrop (kQ) Rsor (kQ) R, (kQ) C.(pF) | Ce (PF)
300 12 1 2.2 2% 330 10 15 47 2700 56
12 1.2 2.2 2% 330 10 10 59 2700 56
12 15 33 2% 330 15 10 75 2700 47
12 1.8 33 330 20 10 43 2700 68
12 25 47 330 475 15 62 2700 56
12 33 47 2% 100 10 221 33 2700 33
12 5 6.8 100 + 47 22 3 36 2700 33
5 1 15 2% 330 10 15 49 2700 68
5 1.2 2.2 2% 330 10 10 59 2700 56
5 15 2.2 330 15 10 37 2700 82
5 1.8 2.2 330 20 10 43 2700 68
5 25 2.2 2% 100 475 15 22 2700 47
5 33 2.2 100 10 221 15 2700 47
600 12 15 15 330 15 10 75 1500 47
12 1.8 15 3% 100 20 10 53 1500 22
12 25 2.2 2% 100 475 15 47 1500 22
12 33 2.2 100 + 47 10 221 47 1500 22
12 5 33 100 22 3 47 1500 22
5 1 1 330 10 15 49 1500 68
5 1.2 1 330 10 10 59 1500 56
5 15 1 2% 100 15 10 27 1500 47
5 1.8 15 2% 100 20 10 33 1500 33
5 25 15 100 + 47 475 15 33 1500 22
5 33 15 100 10 221 30 1500 47
1000 12 18 1 2% 100 20 10 56 820 22
12 25 1 100 475 15 39 820 22
12 33 15 100 10 221 53 820 22
12 5 2 47 22 3 39 820 22
5 1 0.56 3% 100 10 15 47 820 22
5 1.2 0.56 2% 100 10 10 37 820 6.8
5 15 0.68 2% 100 15 10 47 820 47
5 1.8 0.8 100 + 47 20 10 43 820 47
5 25 0.8 100 475 15 43 820 47
5 33 0.8 47 10 221 27 820 22

330 pF: 6.3V, Sanyo 6TPD330M; 100 WF: 6.3 V, X5R, Murata GRM32ER60J107ME20; 47 WF: 6.3 V, X5R, Murata GRM32ER60J476ME20.
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TYPICAL APPLICATION CIRCUITS

Rrop1 ¢ == Cct oo VIN
10kQ $ T 1500pF T X C12v
Css1 10uF,
R b 22nF 25V
BOT1 RCl
10kQ 28k0
C
Cinr INTVCC 3§ Asg BSTL L1
1pF MODE L= ous g Vouri
g 8 o Swi1 1.2V
SCFG M1 c c c 5A
TRK2 FDS8880 SR Sar2 == TOT8
100pF 100uF T~ 100pF
TRK1 bL1 W W T W T
VDRV
Cgﬁ; ADP2325 PGND
GND M2 l ‘7
DL2 FDS8880 Couta L. Cours
—{PGOOD2 ATWF T 47pF T
—] V,
PGOOD1 N sw2 L~ It o y9ur2
—{sYNC N ~ L2 y
z N 5A
RT N = o~ o £ - 3.3pH
Rosc o8 w zz 2 Casr2
120kQ 0.1uF
Rgot2 Rez
2.21kQ 27kQ oVIN
q Ce2 Css2 ] Cine 12v
) 1500pF T 22nF = 10F, -
TOP2 $ 25V 8
10kQ 3 ;g g

Figure 54. Using an External MOSFET Application, Viy,; = Vin, = 12V, Vour; = 1.2V, loyr = 5 A, Voura = 3.3V, loyr, = 5 A, foy = 500 kHz

C
RTop1 & cL o VIN
RS T onF G X C12v
Css1 10pF,
3 10nF 25V
ReoT1 Rel
3kQ 20kQ
C
Cvr INTVCC 3 § 3220 TOEEE 4'?;11H
N Sa : Vout1
$ SCFG 8 & swi NW\_TO gx
D1
TRK2 83208 & Cour1 L Coum
TRK1 DL1 220F T 220F
oo, $vorv "t |
DRV 3
1pF ADP2325 PGND
GND RiLimzs l‘%
MODE DL2 47KQ 5 ngum L Cours
7] D2 FT 22uF
PGOOD2 B220A ¥ ! !
—|PGo0DL sw2 a9
—svne o L2 FICA
RT o 2 ~ ~ Z2 D 8.2uH LA
R 83 b 2 h Cgst2
10(?](58 o O %] wa m 0.1pF
ReoT2 Rcz
2.21kQ 18kQ ViN
Cco LGCssz | Cpne v
R 4.7nF T 10nF 104F, =
TOP2 § 25V g
10kQ 3 ;g g

Figure 55. Using an External Diode Application, Vi, = Vin, = 12V, Vour; = 5V, loyr; = 3A, Vour = 3.3V, loyr = 1.5 A, fo, = 600 kHz
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Vour1

1 Cour1
T 330pF
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Figure 56. Parallel Single Output Application, Viy =12V, Voyr= 1.2V, loyr = 10 A, fgy = 300 kHz
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MODE PGND 6
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Figure 57. Enable PFM Mode with the MODE Pin Pulled to GND, Viy; = Vin, = 12V, Vour = 1.5V, lour =5 A, Voura = 2.5V, loyr, = 5 A, fgy = 600 kHz
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Figure 58. Synchronization with 90° Phase Shift Between Each Channel
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Figure 59. Programmable Vi gsivg = 8.7 V, Vi farung = 6.7 V, 3.3 V Startup Prior to 1.8V,
Vine=Vina =12V, Voyr; = 3.3V, loyr =5 A, Vourz = 1.8V, lour = 5 A, foy = 300 kHz
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Figure 60. Channel 2 Tracking with Channel 1
Vine=Vina =12V, Vour1 = 2.5V, loyr; = 5 A, Vour = 1.25V, loyr, = 5 A, foy = 500 kHz
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PACKAGING AND ORDERING INFORMATION

OUTLINE DIMENSIONS
5.10 0.30
5.00 SQ 0.25
PIN 1 4.90 m*‘ "
INDICATOR PIN 1
\\ \ 2JUUUUUUU® |~ INDICATOR
| 0.50 gzzl _‘ = ;
BSC LE) EXPOSED g 3.25
S TR 1Y 3bse
= ‘ - 2.95
=) i =INE
‘ v P \ 8
‘ 050 NNNNNNNN L0.25 MIN
TOP VIEW 040 BOTTOM VIEW |
0.30 FOR PROPER CONNECTION OF
0.80 THE EXPOSED PAD, REFER TO
0.75 THE PIN CONFIGURATION AND
2.0 0.05 MAX FUNCTION DESCRIPTIONS
0.70 |—D-D-D-D-D—D—D-D:|_t { 0.02NOM SECTION OF THIS DATA SHEET.
- 11 COPLANARITY
0
SEATING
ATING 0.20 REF

COMPLIANT TO JEDEC STANDARDS MO-220-WHHD.
Figure 61. 32-Lead Lead Frame Chip Scale Package [LFCSP_WQ]

5 mm x 5 mm Body, Very Very Thin Quad

112408-A

(CP-32-7)
Dimensions shown in millimeters
ORDERING GUIDE
Model’ Temperature Range Output Voltage Package Description Package Option

ADP2325ACPZ-R7
ADP2325-EVALZ

—40°C to +125°C

Adjustable

32-Lead LFCSP_WQ
Evaluation Board

CP-32-7

' Z = RoHS Compliant Part.
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