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CIRCUIT FUNCTION AND BENEFITS

Modern complex systems using various combinations of
FPGAs, CPUs, DSPs, and analog circuits typically require
multiple voltage rails. In order to provide high reliability and
stability, the power system must not only provide the multiple
voltage rails but also include proper sequencing control and
necessary protection circuits.
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Figure 1. Functional Block Diagram of Universal Power Supply Module
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The module shown in Figure 1 is a reference solution for
multivoltage power systems. The design can easily be adapted to
customer requirements and provides the most popular system
voltages. The circuit uses an optimum combination of switching
and linear regulators to provide an overall efficiency of
approximately 78% when the outputs are fully loaded. Output
power delivered under full load is approximately 25 W.

CIRCUIT DESCRIPTION

A functional block diagram of the circuit is shown in Figure 1.
Complete schematics of each section are included in the
CN0190 Design Support Package. This module supplies most of
the typical power rails required for digital and analog circuits
and also demonstrates an easy way to realize overvoltage,

undervoltage, and overcurrent detection and protection. In
addition, this module shows how to implement sequencing and
power margining control.

The circuit is flexible and can accept a wide input voltage range
from 6 V to 14 V. This is possible because the highly efficient
switching controllers and regulators used in the first stage of
each power rail have correspondingly wide input ranges. The
ADM1178 block provides overvoltage and overcurrent
detection and protection for the input supply, as well as hot-
swap control for the whole system. The ADM1066 offers a
single-chip solution for power supply monitoring and
sequencing control for all of the 12 power rails and also
margining control for the 3.3V(2A) rail.

VIN_MAIN
A R2 [«_‘
SYSTEM_POWERIN[__> DJ_ * /\/\/\/ Qzlil VN
. 15mQ V3 3 AUX SI17192DP i
a © 1% iy 30V
Si7461DP R1 2010 * N 60A
100kQ DL N
1%
0603 RED R3
TP1 LED0603 R5
1kQ 10Q
T U1 1% 1%
. ; vce ALERT 30 0603 0603
SENSE GATE
EN_ADP1178 i oN DR g
= GND SDA | l
_l_— TIMER scL ——
J— JL Cc2 C31  ADM1178ARMZ SYS GND
- 0.1uF 0.1uF -
SYS_GND oV S0V scL
0603 0603 SDA
SYS_GND SYS_GND SYS_GND
VIN_MAIN
V'N—KA'N V3_3_AUX 4 _A
Q5 f Si2302CDS-T1-GE3
L SI12302CDS-T1-GE3 1 S0V —
o 20V 3A e
R11 [ 3A R8 R9 f
52.3kQ 1kQ 1kQ R12
1% 1% 1% 60.4kQ
0603 . 0603 u3 0603 |v3_3_AUX I 1%
— 1 5 — 0603
- VOUTA  VOUTB y
SYS_GND g GND VDD i SYS_GND
+INA —INB
ADCMP670-1YUJZ
R11 1 D4 D2 JL C5 R13
1.5k0 — RED 03 WRED . 0.1uF 4.7kQ
1% SYS_GND ‘\: \\: 50V 1%
0603 0603 0603
SYS_GND SYS_GND SYS_GND SYS_GND g

Figure 2. Module Input Protection Circuit

Rev.0|Page 20f 16


http://www.analog.com/CN0190-DesignSupport
http://www.analog.com/ADM1178
http://www.analog.com/ADM1066

CN-0130

Description of Input Protection Circuits

The circuit shown in Figure 2 provides input protection for
the module and is described in detail in the following
sections.

Input Voltage Polarity Reversal Protection

Protection against input voltage reversal is provided by the
P-channel MOSFET, Q1. In normal operation with positive
input voltages, Q1 (SI7461DP) turns on when the voltage
between SYSTEM_POWERIN and SYS_GND is positive and
larger than the gate-to-source threshold voltage. If the input
is negative (fault condition with polarity reversed), Q1 will
turn off to prevent the main circuit from damage, and its
function is similar to that of a diode.

Because of the high input current (up to 6.67 A), a P-channel
MOSFET is much better than a diode because the low on-
resistance of the MOSFET minimizes power dissipation. For
example, the on-resistance of the SI7461DP is approximately
0.02 Q for a Vgs of —4.5 V. A current of 6.67 A yields a power
dissipation of only 0.9 W. A diode with 0.6 V forward drop
would dissipate about 4 W at the same current. The
maximum Vs of the SI7461DP is +20 V which covers the
module's input range of 6 V to 14 V. Note that the gate bias
voltage for Q1 is supplied by the output of the divider R4-R5
to make Q1 robust to input voltage changes.

Overcurrent Detection and Protection

Input current is sensed by using the ADM1178 hot-swap
controller/digital power monitor to measure the voltage
drop across R2, the 15 mQ current sense resistor. The
ADM1178 internal FET drive controller regulates the
maximum load current by modulating the gate voltage of the
N-channel MOSFET, Q2. When the voltage through the
sense resistor is more 100 mV, the gate drive voltage limits
the current through Q2, thereby protecting downstream
circuitry.

Overvoltage and Undervoltage Detection and Protection

The ADCMP670-1 is a dual, low power, high accuracy
comparator with an internal 400 mV reference. The two
comparators and the external MOSFETs, Q4 and Q5, are
configured as a window comparator. The low and high
voltage thresholds of 5.54 V and 14.35 V, respectively, are
set by the dividers R10-R11 and R12-R13. If the input

voltage is outside the window on the high side, VOUTA goes
high, Q5 turns on, and the ON pin of the AD1178 is pulled
low, thereby turning Q2 off. Similarly, if the input voltage

is outside the window on the low side, VOUTB goes high,
Q4 turns on, and the ON pin of the AD1178 is pulled low,
thereby turning Q2 off.

Overcurrent, Undervoltage Overvoltage Calculation
Summary

Overcurrent Threshold = 100 mV + 15 mQ = 6.67 A

Power in Current Sense Resistor = 100 mV x 6.67 A = 0.667 W
(use 0.75 W resistor)

High Voltage Threshold = 0.4 V(R10 + R11)/R11 = 14.35V
Low Voltage Threshold = 0.4 V(R12 + R13)/R11 =5.54 V
IC Protection Technology

There are also several protection features associated with the
individual power ICs. Undervoltage lockout (UVLO)
disables all inputs and the output to an IC when the input
voltage is less than the minimum voltage required for the
rails to behave in a predictable manner during power-up.
Thermal shut down (TSD) prevents the IC from damage due
to high operating junction temperature. Overcurrent
protection (OCP) also protects the IC when there is a short
on the output. Further details can be found on the individual
power IC data sheets.

Description of Power Rails in Universal Power Supply
Module

There are 12 power rails supplied by this module
summarized in Table 1. The following four rails are based on
the synchronous buck topology: 3.3V(2A), 1.5V(1A),
1.8V(1A), 1.2V(0.5A). The following two rails are based on
the nonsynchronous buck topology: 5.0V(1A), 2.5V(1A).
The -5 V rail is generated from the +5.0V(1A) rail using the
inverting buck-boost topology. The positive and negative
analog rails {Px,Nx}(0.1A) are generated by the Sepic-Cuk
topology. The last three rails are supplied by LDOs. Each rail
has an independent power on LED indicator. Table 1 lists the
voltage, maximum current capability, key features of the
power IC, and typical applications for each power rail.
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Table 1. Summary of Power Rails in Universal Power Supply Module

Output
Voltage

Current

Power IC

General Description of Power IC

Typical Applications

33V

2A

ADP1872

The ADP1872 is a versatile current-mode, synchronous step-down controller that
provides superior transient response, optimal stability, and current limit protection by
using a constant on-time, pseudo-fixed frequency with a programmable current-
sense gain, current-control scheme.

50V

1A

ADP1864

The ADP1864 is a compact, inexpensive, constant-frequency, current-mode, step-
down dc-to-dc controller. The ADP1864 drives a P-channel MOSFET that regulates an
output voltage as low as 0.8 V with +1.25% accuracy, for up to 5 Aload currents, from
input voltages as high as 14 V. The device can operate at 100% duty cycle for low
dropout voltage.

General purpose
digital circuits,

1/0 voltages

15V

1A

1.8V

1A

ADP2114

The ADP2114 is a versatile, synchronous, dual, step-down switching regulator that
satisfies a wide range of customer point-of-load requirements. The two PWM
channels can be configured to deliver independent outputs at 2A and 2A (or 3A/1A)
or can be configured as a single interleaved output capable of delivering 4A. The two
PWM channels are 180° phase shifted to reduce input ripple current and to reduce
input capacitance.

25V

1A

ADP2300

The ADP2300 is a compact, constant-frequency, current-mode, step-down dc-to-dc
regulator with integrated power MOSFET. ADP2300 operates from input voltages of
3.0V to 20V, making it suitable for a wide range of applications.

1.2V

05A

ADP2108

The ADP2108 is a high efficiency, low quiescent current step-down dc-to-dc
converter. The total solution requires only three small external components. It uses a
proprietary, high-speed current mode, constant frequency PWM control scheme for
excellent stability and transient response. Operation at 100% duty cycle gives low
dropout voltage.

1.0V

2A

ADP1741

The ADP1741 is a low dropout (LDO) CMOS linear regulator that operates from 1.6V
to 3.6 V and provide up to 2A of output current.

Core voltage of the
MCU, DSP, or FPGA

Px

0.1A

Nx

0.TA

ADP1613

The ADP1613 are step-up dc-to-dc switching converters with an integrated power
switch capable of providing an output voltage as high as 20 V.

33V

0.15A

ADP151

The ADP151 is an ultralow noise (9uV), low dropout, linear regulator that operates
from 2.2V to 5.5V and provides up to 200 mA of output current.

3V

0.1A

ADP121

The ADP121 is a quiescent current, low dropout, linear regulator that operates from
2.3V to 5.5V and provides up to 150 mA of output current.

-5V

0.2A

ADP2301

The ADP2301 is compact, constant-frequency, current-mode, step-down dc-to-dc
regulator with integrated power MOSFET. The ADP2301 devices operate from input
voltages of 3.0V to 20V, making them suitable for a wide range applications.

Analog or mixed-
signal systems such
as ADC, DAC,
amplifiers, analog
multiplexers

Low dropout linear regulators (LDOs) are generally easier to
use than switching power and have lower noise and better
transient response characteristics. However, they have low
efficiency when the output voltage is much less than the input
voltage. This limits their current output capability.

A switching power supply is usually the best choice for the first

CN-0141, and CN-0193.

stage of the power system because of its high efficiency and
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Table 2. Switching Converter Design Parameter Inputs for ADIsimPower

Vour Vinmiv Vinmax) loutmax) lrippLE VrippLe Istep Vstep
3.3V(2A) 6V 14V 4A 33% loutmax) 1% Vour 80% loutvax) 5% Vour
5.0V(1A) 6V 14V 2A 33% loutmax) 1% Vour 75% loutmax) 5% Vour
2.5V(1A) 6V 14V 1A 33% loutmax) 1% Vour 80% loutvax) 5% Vour

{Px,Nx}(0.1A) 6V 14V 0.1A 33% loutmax) 1% Vour 70% loutmax) 5% Vour
1.8V(1A) 3.2V 3.4V 3A 33% loutmax) 1% Vour 90% loutmax) 5% Vour
1.5V(1A) 3.2V 3.4V 1A 33% loutmax) 1% Vour 90% loutmax) 5% Vour

1.2V(0.5A) 3.2V 3.4V 0.5A 33% loutmax) 1% Vour 90% loutmax) 3% Vour

Individual Switching Supply Designs Using ADIsimPower

ADIsimPower is and interactive design tool that both
simplifies the power IC selection process and provides the
information required to build an optimized linear or dc-to-
dc converter. The program performs all the tedious
calculations and provides a final schematic, recommended
bill-of-materials, and predicted performance. The
component recommendations come from a large database of
parts with known electrical characteristics. The user simply
provides the system-level inputs to the program; such as
minimum input voltage, maximum input voltage, output
voltage, output current, output current ripple, output voltage
ripple, transient response, etc., as shown in Table 2.

All the power rails in this power module based on switching
controllers and regulators are designed using ADIsimPower
except the —5V(0.2A) rail using ADP2301, which is based on
inverting buck-boost topology.

See more details about ADIsimPower in the article
“ADIsimPower™ Provides Robust, Customizable DC-to-DC
Converter Designs” and at www.analog.com/ADIsimPower.

Design Example 1: 3.3V (2A)Rail Using the ADP1872

Figure 3 shows the circuit schematic of the synchronous-
buck topology controlled by the ADP1872. This circuit can
be divided into three parts. Part A generates the bias voltage
for ADP1872, part B is the enable control, and part C is
switching regulator part of the rail.

The ADP1872 operates on a wide range of bias voltages from
2.75V to 5.5 V. In this circuit the bias voltage is supplied by
a 4.7 V Zener diode combined with an NPN buffer transistor
as shown in Part A of Figure 3. The Zener diode selected
(DDZ9687) has a Zener voltage of 4.7 V at 50 pA current.
The ADP1872 can accept an input voltage as high as 20 V.

Pin 2 (COMP/EN) of the ADP1872 not only connects to the
internal precision enable circuitry but also to the output of
the internal error amplifier that controls the overall loop
characteristic. The N-channel MOSFET, Q9, is used to
ground the enable control of the ADP1872, thereby disabling
the device. When Q9 is off, and the ADP1872 is enabled, the
loop characteristic is controlled by the C11, C12, and R16
network. Q8 acts as an inverter so that a positive logic signal
to the input of Part B (EN_3.3V) enables the ADP1872.

The design shown in Part C of Figure 3 was generated using
ADIsimPower with the inputs shown in Table 2.
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Figure 3. Design Example 1: 3.3V (2A) Rail Generated by the ADP1872 Based on Synchronous Buck Topology
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Figure 4. Design Example 2: Analog {Px,Nx}(0.1A) Rail Based on Sepic-Cuk Topology Circuit Controlled by the ADP1613
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Design Example 2: Positive and Negative Analog Rails
{Px,Nx}(0.1A) with Overcurrent Detection and Protection
for Output

The positive and negative analog rails, {Px,Nx}(0.1A), are
designed using the ADP1613 step-up controller based on
Sepic-Cuk topology. The output can be set to four different
symmetrical output voltages by changing the value of resistors
in the feedback path. The voltages can be set to {+2.5V,-2.5V},
{+5V,—5V}, {+12V,-12V}, and {+15V,-15V}. Figure 4 shows the
circuit where all components were selected based on
ADIsimPower. The output capacitors were increased to 10 pF to
further reduce the output ripple on the analog supplies. Also an
external LC filter using a ferrite bead and a 3T capacitor is used

for noise suppression. R76 and R77 are 240 mQ shunt resistors
added for overcurrent detection and do not significantly affect
the characteristics of the control loop.

The overcurrent detection circuit is shown in Figure 5. The
ADM1170 is a hot-swap controller with soft start and is used for
overcurrent detection for the positive output rail in this circuit.
The internal overcurrent detection circuit accepts a voltage
from 1.6 V to 16.5 V which includes the {Px,Nx} output ranges
from 2.5 V to 15 V. When the voltage between SENSE+ and
SENSE- is larger than 50 mV/(typical), the gate pin is grounded,
which shuts down the ADP1613. The overcurrent threshold is
set to 208 mA (typical) by the 240 mQ shunt resistor, R76.
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Figure 5. Overcurrent Detection Circi

uit for {Px,Nx }(0.1A )Rails
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The overcurrent detection circuit for the negative output rail
uses the AD628 high common-mode voltage, programmable
gain difference amplifier combined with ADCMP350
comparator with on-chip 0.6 V reference. The AD628 is a
two-stage amplifier. The first stage is a difference amplifier
with a fixed gain of 0.1. The gain of the second stage, G, can
be programmed by external resistors. The overcurrent
threshold and shunt resistor are the same values as used

on the positive rails. The gain of second stage amplifier is

G = 125, which is calculated from Equation 1 by solving for G:

0.6V (1)

Irnrestorp X Rsaunt X (G % 0.1) =

where Ituresnorp = 208 mA, and Rsuunt = 240 mQ).

Because the AD628 is powered by the {Px,Nx} rails, both

rails need time to settle during the module’s initial power-on
interval. During this time, the AD628 may work abnormally
due to the undefined power supply levels. The 2 kQ resistor,

R62, is used to pull down the output of AD628 before the
{Px,Nx} rails are at their final value, thereby preventing the
circuit from going into a latch-up condition.

Design Example 3: -5V (0.2A) Using Inverting Buck-Boost
Topology Controlled by the ADP2301

The ADP2301 is nonsynchronous step-down regulator. In
the circuit shown in Figure 6 it is used in the inverting buck-
boost topology to generate a negative voltage. This circuit is
not directly supported in ADIsimPower but is described in
detail in Application Note AN-1083, "Designing an Inverting
Buck Boost Using the ADP2300 and ADP2301 Switching
Regulators." In this topology the VIN pin and GND pin of
the ADP2301 are connected to the input and output of the
rail, respectively. Other negative voltages can be generated
by changing the value of the feedback resistors. However, it
is important to make sure that [VIN| + [VOUT] is less than
the maximum 20 V input voltage of ADP2301.

L11
"8 LPS5030-472ML
ciz 1 ]
0.LhF c119 c101 R123 —
0603 100uF 100uF 147kQ SYS_GND
U9 D22 63V 6.3V 4
6 1 1206 1206 1%
Sw BST S824S 0603
VIN_ADP2300 [ D>——¢ SlvIN  GNDJ2 Y o
c113 4] 3
100pF 5 R121 EN FB
6.3V 100kQ ADP2301AUJZ
1206 1% R125
0603
l i 2.8kQ
— 1%
SYS_GND €109 C115 0603
EN_ADP2300 [ >—— . TouF 10uF
Q23 R130 206 1206
MMBT3306 024 AAN l I > VOUT(-5V_0.2A)
MMBT3906 10kQ
1%
R122 0603
10kQ
1%
0603
©
S
SYS_GND g

Figure 6. Design Example 3: -5V Inverting Buck-Boost Topology Controlled by ADP2301
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Power Supply Monitoring, Sequencing, and Margining
Control

Voltage Monitoring

The ADM1066 Super Sequencer® is a configurable device
that offers a single-chip solution for supply monitoring and
sequencing in multiple-supply systems. The circuit is shown
in Figure 7. The system input power is connected to VH of
the ADM1066. All the power rails except -5V (0.2A) connect
to VPx, VXx and AUXx directly after attenuation by the
resistor divider. See AN-780 and AN-782 for more details
about how to monitor high voltage or negative inputs.

The ADM1066 has up to 10 supply fault detectors (SFDs).
The inputs can be configured to detect an undervoltage fault
(the input voltage drops below a preprogrammed value),

an overvoltage fault (the input voltage rises above a
preprogrammed value), or an out-of-window fault (the input
voltage is outside a preprogrammed range). All the power
supplies in the module are monitored using the out-of-
window fault criterion. The thresholds of each window are
set to Vour + 5% and Vour — 5%. The parameters for each
supply are listed in Table 3.

The 10 PDO outputs of the ADM1066 control all the 12
power rails. The 5.0V(1A), —-5V(0.2A), and {Px,Nx}(0.1A)
share a single PDO pin. All the other rails are controlled by
individual PDO pins.

Al

A0

SCL

SDA
HIGH VOLTAGE MONITORING

RoL 22k0 | Ros 2%Q
PX_VOUT
VOUTED 0"V MNGeos 192 V'V Vages

NEGATIVE VOLTAGE MONITORING

vcep
RS6 2200 Re7 22kQ +VDDCAP +
NXVOUTE DN M Ga5s 196 V'V Vos03 R
VOUT (L.0V, 2A)[5 cs3 cs4 c8s 86
10pF ——0.1pF 0.1uF ——10pF
R93 2k@ [ Roo 10kQ 10V 50V e Y 10V
vouT 1.5V, 1A D— AN WWosis——17 VW VG603 0805 | 0603 alslelelslolylslelalls) 0603 | 0805
SHSE S S S SESE S S OO0
VOUT (1.2V, 0.5A) > : 3@%%‘%5‘%225%8' 40 -
- 50330 00 SYS GND
R117 22kQ [ R103 22kQ - 20822 ez _
VOUT (3.3V, 0.1A 3
OUT 3.3V, 0.1A D AN Mgz, VWWaeos sysleno i 8 8" ne ok 6 e
VOUT (L8V, 2A)>—RZA AN 122 l RVANNZZQ 3l vx2 EXPPAD PDO2 |33 ENT_ADP2114 1.8V
: 1% 0603 . 1% 0603 1 2 vx3 DO3 [23 ENI ADP2114 1.5V
= 3] VX4 PDO4 :i EN_ADP1741
SYS_GND 2] VX5 PDO5 25 EN_ADP2108
VOUT (5V, 1A 5] VP1 PDOS [35 EN_ADP121
VOUT (3.3V, 2A S vp2 u15 DO7 38 EN_ADP1613
VOUT (2.5V, 1A ol vP3 ADM1066ASUZ PDOS EN_ADP151
VOUT (3V, 0.1A T2 VP4 PDOY J2L EN_ADP2300
VIN VH PDO10 26 EN_ADP1864
12] Q k= 25
N2 2.5 NC 5
FB_1872 CHREANN10KR, RBIN A A 52.360 cs9 | ceo ©2PEPTHBIBEY ENABLE CONTROL
- 1% 0603 é:; 0603 — o —0F S ERSSS3832
100pF 0805 | 0603 EECEEEESERER
50V DAC6
0603 — DAC5
— SYS_GND DACS
GND_ADP1872 DACS .
5
Q
OUTPUT MARGIN CONTROL FOR 3.3V(2A) &
8

Figure 7. Supply Sequencing, Voltage Monitoring, and Voltage Margining Control Using the ADM 1066

Rev.0|Page 9of 16



http://www.analog.com/ADM1066
http://www.analog.com/ADM1066
http://www.analog.com/AN-780
http://www.analog.com/AN-782
http://www.analog.com/ADM1066
http://www.analog.com/ADM1066

CN-0130

Table 3. Overvoltage and Undervoltage Thresholds for Output Voltage Rails

VMAX VMIN Resistor Overvoltage Undervoltage
Power Rail (V) (V) Divider Threshold (V) Threshold (V)
VX1 1.0V_2A 1.05 0.95 1 1.05 0.95
VX2 1.5V_1A 1.575 1.425 5/6 1.31 1.19
VX3 1.2V_0.5A 1.26 1.14 1 1.26 1.14
VX4 3.3V_0.1A 3.465 3.135 5/16 1.08 0.98
VX5 1.8V_1A 1.89 1.71 11/16 1.30 1.18
VP1 5.0V_1A 5.25 4.75 1 5.25 4.75
VP2 3.3V_2A 3.465 3.135 1 3.465 3.135
VP3 25V_1A 2.625 2375 1 2.625 2375
VP4 3.0V_0.1A 3.15 2.85 1 3.15 2.85
VH VIN 14.20 5.70 1 14.20 5.70
AUX1 Nx_0.TA -2.375 -15.75 1/ 1.65 0.43
AUX2 Px_0.1A 15.57 2.375 1712 1.30 0.22
Sequencing Control Strategy
Depending on the output rail, there can be up to three stages 3. Monitor all the rails after they are all turned on
in the power paths shown in Figure 1. The rails for successfully. Turn off all of the rails in all three
3.3V(2A), 2.5V(1A), 5V(1A), and {Px,Nx}(0.1A) are stages if any rails are at fault, and go back to the
converted directly from input voltage and pass through only first step and turn on the rails in the 1st stage.
one stage. The rails for 3V(0.1), 1.5V(1A), 1.8V(1A), The state machine generated by the ADM106x Configuration
1.2V(0.5A), -5V (0.2A), and 3.3V (0.1A) pass through two Tool-Version 4.0.6 is shown in Figure 8. Also see Application
stages. The 1.0V(2A) rail passes through three stages. Note AN-0975, "Automatic Generation of State Diagrams for
The sequencing and control strategy is as follows: the ADM1062 to ADM1069 Using Graphviz."
1. Turn on 1st stage, 2nd stage, and 3rd stage Definitions for terms used in the state diagram are as
sequentially and then check voltage on each rail. follows:
2. If some rails are faulty at setup, turn off all the rails e PSetUp : Check the power input voltage
in the same stages and go back and check the rails in e TOnStx : Turn on Stage x (x = 1, 2, 3)

the previous stage. If the rails in the previous stage TOffStx : T (S L3
are all ok, turn on all the rails in this stage again. * tx: Turn off Stage x (x = 1, 2, 3)

e MoStx : Monitor Stage x (x =1, 2, 3)
e MoAll: Monitor all the rails in all three stages

e Note: Binary word format is (PDO10, PDO9,
PDOS, PDO7, PDO6, PDO5, PDO4, PDO3,
PDO2, PDO1)
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09578-008

(T) AFTER 10ms

Figure 8. Power Monitor and Sequencing Control Strategy State Machine Diagram

Margining Control for 3.3V(2A) Voltage Rail

There are 6 DACs in the ADM1066 used to implement a closed-
loop margining system that enables supply adjustment by
altering either the feedback node or the reference of a dc-to-dc
converter using the DAC outputs. DAC1 is connected to feedback
of ADP1872 in the 3.3V(2A) rail through R85, C82, and R89.
The capacitor C82 is used to decouple the PCB trace noise. The
total resistance of R89 and R85 is set to 152.3 k(), thereby
allowing the output of 3.3V(2A) to be adjusted continuously
from VOUT_3.3(2A) — 0.2V to VOUT_3.3V(2A) + 0.2 V.

Measured Efficiency of Switching Supplies and Overall
Power Module

The measured efficiency as a function of load current for each
of the switching power supplies is shown in Figure 9. The
overall efficiency of the power module is shown in Figure 10 for
an input voltage of 10 V with the outputs fully loaded. Table 4
summarizes the module efficiency for input voltages of 6 V,
10V,and 14 V.
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Figure 9. Efficiency vs. Output Current for Switching Supplies
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Figure 10. Overall Efficiency of Fully Loaded Module with 10V Input
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Table 4. Fully Loaded Power Module Efficiency for Various
Input Voltages

VIN=6V | VIN=10V | VIN=14V
Total Input Power (W) 30.79 31.47 32.24
Total Circuit Power Loss (W) 5.96 6.63 7.39
Total Output Power (W) 24.83 24.85 24.86
Overall Efficiency (%) 80.6 78.9 77.1

Measured Output Voltage Ripple

Ripple was measured on all switching module outputs. A typical
result is shown in Figure 11 for the 1.5V(1A), ADP2114 switching
supply output. Ripple results are summarized in Table 5.

Table 5. Summary of Switching Regulator Ripple and
Transient Response

Power Rail Vin VRIPPLE (P-P) Istep Vstep

3.3V(2A) 10V | 264mV(0.8%) | 3.2A* | 170 mV (5.2%)

5.0V(1A) 10V | 43.6mV(0.9%) | 1.5A* | 130 mV (2.6%)

2.5V(1A) 10V | 8.2mV(0.3%) 0.8A 80 mV (3.2%)
1.8V(1A) 33V | 7.6 mV(0.4%) 2.7 A* 50 mV (2.8%)
1.5V(1A) 33V | 8.6mV(0.6%) 09A 39 mV (2.6%)

1.2V(0.5A) | 3.3V | 11.4mV (0.9%) | 045A 26 mV (2.2%)

*These outputs also drive other regulators in module.

Ripple measurements are highly dependent on the circuit layout,
oscilloscope bandwidth setting, probe bandwidth, and the
method by which the probe is connected to the output. The
measurements shown in Figure 11 were made with a Tektronix
TDS3034B 300 MHz oscilloscope using a P6139A, 500 MHz,
10x passive probe. The full bandwidth of the scope and probe
combination is 300 MHz. The scope has several internal
bandwidth settings which use internal filters to reduce the
effective bandwidth. The data in Figure 11 was measured with
the full 300 MHz bandwidth.

Further details regarding the measurement of power supply
noise and ripple can be found in Chapter 8, Power and Thermal
Management Hardware Design Techniques, Analog Devices,
1998.

X RIPPLE = 8.60mV p—p ]
N | | | ]
B |
DC = 1.5V :
S ol =2 ]
10.0mV/DIV 2us/DIV
CH2 1V/DIV

Figure 11. 1.5V(1A), ADP2114 Output Ripple for Output Current of 0.5A.
Tektronix TDS3034B Scope, P6139A Probe, Scope BW Set to 300 MHz

Measured Transient Response

FPGAs, DSPs, and other digital ICs often place transient

current loads on the power supply. It is important for the supply
voltage to remain within specified limits under these conditions.
A typical transient response is shown in Figure 12 for the
1.8V(1A) output based on the ADP2114. A summary of
transient response measurements for the switching supplies is
given in Table 5. Note that in the case of the 3.3V(2A), 5V(1A),
and 1.8V(1A) rails the step current is higher than the individual
rail output current because these rails drive multiple stages.

]
—
)
|

Al =0.9A

09578-013

100mV/DIV 400us/DIV
CH2 2A/DIV
Figure 12. 1.8V(1A), ADP2114 Output Transient Response, Tektronix
TDS3034B Scope, P6139A Probe, Scope BW Set to 20 MHz
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COMMON VARIATIONS

The ADM1275 is a one-chip solution for hot-swap control,
overcurrent, undervoltage, and overvoltage detection and
protection for the system. The ADM1870 has an internal bias
regulator that can supply the voltage for the internal circuit,
thereby reducing the number of external components. The
ADP1871 and ADP1873 are power saving mode (PSM) versions
of the ADP1870 and ADP1872 that can also be used in
applications that need high efficiency under a light load. The
ADP2116 is a configurable 3 A/3 A or 3 A/2 A dual-output load
combination or 6 A combined single-output load and pin
compatible with the ADP2114. Negative rails with large current
output capability can be generated by the ADP1621 based on
the Cuk topology.

CIRCUIT EVALUATION AND TEST

This power module can be simply evaluated after powering on
with dc power supply with any voltage vary from 6 V to 14 V.
Make sure the dc power supply can meet the requirement when
testing the output capability of any power rail. All the power
rails will be turned on under the preloaded monitoring and
control strategy shown in Figure 8 by the ADM1066. You can
also design your own control strategy and download it into the
ADM1066 through I*C bus connector JP1 to make the power
monitoring and sequencing control for your own application
using the ADM106x Super Sequencer Evaluation Board
Software. See the data sheet of ADM1066 and AN-698 and
AN-0975 for more details.

A photograph of the EVAL-CN0190-EB1Z board is shown in
Figure 13.

Figure 13. Photograph of EVAL-CNO190-EB1Z Universal Power Supply
Module

09578-014

Equipment Needed (Equivalents Can Be Substituted)
o Tektronix TDS3034B 4-channel 300 MHz color digital
phosphor oscilloscope

o Tektronix P6139A, 500 MHz, 8 pE, 10 M(), 10x passive probe

o Agilent N3302A, 150 W, 0 Ato 30 A, 0 V to 60 V electronic
load module combined with N3300A

o Agilent E3631A,0Vto 6 V,5A;0V to 25V, 1 A, triple
output dc power supply

o Agilent 3458A, 8.5 digit digital multimeter
o Fluke 15B digital multimeter

e USB-SMBUS-CABLE Z (USB-to-I*C interface dongles), or
CABLE-SMBUS-3PINZ (parallel port to I*C interface cables)

e PC (Windows 2000 or Windows XP) with USB interface

Setup & Test

The block diagram for measuring the efficiency of the

power rails is shown as Figure 14. After powering up the
EVAL-CN0190-EB1Z with 10 V dc, set the electronic load
Agilent N3302A to operate in the constant current mode. Set
the Agilent 3440A to act as ammeter and set the Fluke 15B to
operate as a voltmeter. The power output can be calculated by
multiplying Vour by Iour. The Vi and I can be read directly
from the display window of the Agilent E3631A dc power
supply. Efficiency can be calculated from Equation 2:

Efficiency = Pour/Pwv = (Vour X Iour) + (Vv X Iv) 2)

DC POWER
SUPPLY
AGILENT

E3631A

AMMETER
AGILENT
3440A

VOLTMETER
FLUKE 15B

ELECTRONIC LOAD
AGILENT N3302A

Figure 14. Test Setup for Measuring Efficiency
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Ripple and transient response is measured using the circuit
shown in Figure 15. Channel A of the oscilloscope monitors the
output voltage of the module. Channel B monitors the voltage
across the 0.1 Q current sense resistor, which is proportional to
the load current. Set the electronic load to the "switch" mode
with preset amplitude and frequency. The output dynamic
voltage and current can then be captured with the oscilloscope.

ViN
DC POWER
SUPPLY
AGILENT EVAL-CNO0190-EB1Z
E3631A GND
Vour GND
(f\] A
\J

/A
]
!v

CHANNEL A CHANNEL B

(e,

ELECTRONIC LOAD

OSCILLOSCOPE AGILENT N3302A

09578-016

Figure 15. Test Setup for Measuring Ripple and Transient Response

LEARN MORE

CN-0190 Design Support Package:
http://www.analog.com/CN0190-DesignSupport

ADIsimPower™ Design Tool, Analog Devices:
http://www.analog.com/adisimpower

MT-031 Tutorial, Grounding Data Converters and Solving the
Mystery of "AGND" and "DGND," Analog Devices.

MT-101 Tutorial, Decoupling Techniques, Analog Devices.

CN-0135 Circuit Note, Powering the AD9272 Octal Ultrasound
ADC/LNA/VGA/AAF with the ADP5020 Switching Regulator
PMU for Increased Efficiency, Analog Devices.

CN-0137 Circuit Note, Powering the AD9268 Dual Channel, 16-
bit, 125 MSPS Analog-to-Digital Converter with the ADP2114
Synchronous Step-Down DC-to-DC Regulator for Increased
Efficiency, Analog Devices.

CN-0141 Circuit Note, Powering the AD9788 800 MSPS TxDAC
Digital-to-Analog Converter Using the ADP2105 Synchronous
Step-Down DC-to-DC Regulator for Increased Efficiency,
Analog Devices.

CN-0193 Circuit Note, High Voltage (30 V) DAC Powered from
a Low Voltage (3 V) Supply Generates Tuning Signals for
Antennas and Filters, Analog Devices.

Kessler, Matthew. Application Note AN-1083, Designing an
Inverting Buck Boost Using the ADP2300 and ADP2301
Switching Regulators, Analog Devices.

Kessler, Matthew. Application Note AN-1075, Synchronous
Inverse SEPIC Using the ADP1870/ADP1872 Provides High
Efficiency for Noninverting Buck/Boost Applications , Analog
Devices.

Bradley, Michael. Application Note AN-0975, Automatic
Generation of State Diagrams for the ADM1062 to ADM1069
Using Graphviz, Analog Devices.

Canty, Peter and Michael Bradley , Application Note AN-698,
Configuration Registers of the ADM1062/ADM1063/
ADM1064/ADM1065/ADM1066/ADM1067/ADM1166,
Analog Devices.

Moloney, Alan. Application Note AN-780, Monitoring Negative
Voltages with the ADM1062 to ADM1069 Super Sequencers,
Analog Devices.

Moloney, Alan. Application Note AN-782, Monitoring High
Voltages with the ADM1062-ADM1069 Super Sequencers ,
Analog Devices.

Del Mastro, Enrico. Application Note AN-897, ADC Readback
Code , Analog Devices.

Practical Design Techniques for Power and Thermal
Management, Analog Devices, 1998.

Data Sheets and Evaluation Boards
CN-0190 Circuit Evaluation Board (EVAL-CN0190-EB1Z)
ADP1872 Data Sheet

ADP1864Data Sheet

ADP2114 Data Sheet

ADP2300 Data Sheet

ADP2301 Data Sheet

ADP2108 Data Sheet

ADP1741 Data Sheet

ADP151 Data Sheet

ADP121 Data Sheet

ADP1613 Data Sheet

ADM1066 Data Sheet

ADM1178 Data Sheet

ADCMP670 Data Sheet

ADM1170 Data Sheet

ADCMP350 Data Sheet

AD628 Data Sheet

Rev.0|Page 150f 16



http://www.analog.com/CN0190-DesignSupport
http://www.analog.com/adisimpower
http://www.analog.com/mt-031
http://www.analog.com/mt-031
http://www.analog.com/mt-101
http://www.analog.com/cn0135
http://www.analog.com/cn0135
http://www.analog.com/cn0135
http://www.analog.com/cn0137
http://www.analog.com/cn0137
http://www.analog.com/cn0137
http://www.analog.com/cn0137
http://www.analog.com/cn0141
http://www.analog.com/cn0141
http://www.analog.com/cn0141
http://www.analog.com/cn0141
http://www.analog.com/cn0193
http://www.analog.com/cn0193
http://www.analog.com/cn0193
http://www.analog.com/AN-1083
http://www.analog.com/AN-1083
http://www.analog.com/AN-1083
http://www.analog.com/AN-1075
http://www.analog.com/AN-1075
http://www.analog.com/AN-1075
http://www.analog.com/AN-1075
http://www.analog.com/an-0975
http://www.analog.com/an-0975
http://www.analog.com/an-0975
http://www.analog.com/an-698
http://www.analog.com/an-698
http://www.analog.com/an-698
http://www.analog.com/an-698
http://www.analog.com/an-780
http://www.analog.com/an-780
http://www.analog.com/an-780
http://www.analog.com/an-782
http://www.analog.com/an-782
http://www.analog.com/an-782
http://www.analog.com/an-897
http://www.analog.com/an-897
http://www.analog.com/en/training-tutorials-seminars/resources/index.html
http://www.analog.com/en/training-tutorials-seminars/resources/index.html
http://www.analog.com/EVAL-CN0190-EB1Z
http://www.analog.com/ADP1872
http://www.analog.com/ADP1864
http://www.analog.com/ADP2114
http://www.analog.com/ADP2300
http://www.analog.com/ADP2301
http://www.analog.com/ADP2108
http://www.analog.com/ADP1741
http://www.analog.com/ADP151
http://www.analog.com/ADP121
http://www.analog.com/ADP1613
http://www.analog.com/ADM1066
http://www.analog.com/ADM1178
http://www.analog.com/ADCMP670
http://www.analog.com/ADM1170
http://www.analog.com/ADCMP350
http://www.analog.com/AD628

CN-0130

REVISION HISTORY

7/11—Revision 0: Initial Version

(Continued from first page) Circuits from the Lab circuits are intended only for use with Analog Devices products and are the intellectual property of Analog Devices or its licensors. While
you may use the Circuits from the Lab circuits in the design of your product, no other license is granted by implication or otherwise under any patents or other intellectual property by
application or use of the Circuits from the Lab circuits. Information furnished by Analog Devices is believed to be accurate and reliable. However, Circuits from the Lab are supplied "as is"
and without warranties of any kind, express, implied, or statutory including, but not limited to, any implied warranty of merchantability, noninfringement or fitness for a particular
purpose and no responsibility is assumed by Analog Devices for their use, nor for any infringements of patents or other rights of third parties that may result from their use. Analog Devices
reserves the right to change any Circuits from the Lab circuits at any time without notice but is under no obligation to do so.

©2011 Analog Devices, Inc. All rights reserved. Trademarks and ANALOG
registered trademarks are the property of their respective owners.
CN09578-0-7/11(0) DEVICES www.analog.com

Rev.0|Page 16 of 16




	Evaluation and Design Support
	Circuit Function and Benefits
	Circuit Description
	Description of Input Protection Circuits
	Input Voltage Polarity Reversal Protection
	Overcurrent Detection and Protection
	Overvoltage and Undervoltage Detection and Protection
	Overcurrent, Undervoltage Overvoltage Calculation Summary
	IC Protection Technology

	Description of Power Rails in Universal Power Supply Module
	Individual Switching Supply Designs Using ADIsimPower
	Design Example 1: 3.3V(2A)Rail Using the ADP1872
	Design Example 2: Positive and Negative Analog Rails {Px,Nx}(0.1A) with Overcurrent Detection and Protection for Output
	Design Example 3: −5V(0.2A) Using Inverting Buck-Boost Topology Controlled by the ADP2301

	Power Supply Monitoring, Sequencing, and Margining Control
	Voltage Monitoring
	Sequencing Control Strategy
	Margining Control for 3.3V(2A) Voltage Rail

	Measured Efficiency of Switching Supplies and Overall Power Module
	Measured Output Voltage Ripple
	Measured Transient Response
	Common Variations
	circuit evaluation and test
	Equipment Needed (Equivalents Can Be Substituted)
	Setup & Test

	Learn More
	Data Sheets and Evaluation Boards

	Revision History


