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1 Introduction

Designing Zilker Labs controllers into a system
requires four tasks:

1. Design the power architecture, or power conver-
sion stage, by selecting the frequency and major
power components. This is an iterative design pro-
cess that you use to make the trade-offs that define
the power characteristics of the part implementa-
tion.

2. Develop the basic pin-strapping and stored config-
uration for the Zilker Labs device that meets your
power requirements, including input and output
voltage, delay and ramp settings, maximum output
current, and a global fault response.

3. Create the PCB layout for the power components.
You should use CAD layout software and be
aware of several sensitive connections.

4. Implement any additional advanced stored config-
uration features that you want for your system,
including power sequencing, tracking, margining,
and advanced fault and thermal management.

This guide provides a task-based approach to design-

ing with the ZL2006, using an actual design, the

ZL2006EV1 evaluation board.The ZL2006EV1 board

is intended to meet the following objectives:

b V|N =12V
« Vour=12V/15A (20 A max)
. f,, =615kHz

» Efficiency: 90% at 50% load

e Output ripple: £1%

»  Dynamic response: £3%

« Board temperature: 25°C

The complete EVB information can be found in the
ZL.2006 Evaluation Board Data Sheet. Additional
example design configurations are shown in the
appendix of this document.
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2 Designing the Power
Architecture

Designing the power architecture involves making
decisions on trade-offs between competing design
goals: size, cost, efficiency, and transient load perfor-
mance.

Before you begin a new design, you must determine
what the primary design consideration should be to
enable the trade-off decisions you will need to make.

For example, if cost is the primary consideration, you
will want to use inexpensive parts, which may have a
larger footprint, and optimize your output for the
smallest ripple current you can achieve.

For this sample design, we chose to optimize transient
performance. Our primary goal was to achieve a tran-
sient response of plus or minus 3% for up to a 50%
load step in a constrained footprint. So we designed to
meet that goal, while providing as much efficiency and
economy as possible as our secondary goals.

Setting an efficiency goal provides us with a power
loss budget. For example, if we want 90% efficiency,
we can calculate what the 10% loss would be (our
power loss budget) and design the sum of the power
loss for all components to be no greater than that bud-
get amount.

2.1 Overview of Key Design Factors

Power design is affected by a number of key factors
you should consider, which are often interrelated. The
following table lists a number of those factors, what
they affect, and what they are affected by.
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Table 1. Key Design Factors

Design Element:

Affects:

Affected By:

input ripple current

noise, input capacitor

previous converter

inductor value

transient slew rate, output ripple voltage, cir-
cuit footprint

transient deviation budget, input and output
voltage, switching frequency

high-side MOSFET

efficiency, circuit footprint

switching frequency, input and output volt-
ages

low side MOSFET

efficiency, circuit footprint

input and output voltages

output ripple current

transient response, output ripple voltage, effi-
ciency

inductor value, input and output voltages

inductor DCR

efficiency, current sensing accuracy, inductor
temperature

temperature

output capacitor value

transient response, output ripple voltage, cir-
cuit footprint, compensation

output ripple current

output capacitor ESR

output ripple voltage, transient response,
compensation

temperature, choice of capacitor type

dead time

efficiency

MOSFETSs, output current

Figure 1 provides an example of the transient response
envelope and defines key measurements for voltage
regulation.
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Figure 1. Transient Envelope Definition

Keeping these key factors and our primary design
goals in mind, we can begin an iterative design pro-
cess. Since we want to meet the power requirements of
the downstream devices, we start with the power out-
put characteristics, and then select the bias strategy.
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2.2 Define the Power Characteristics
Goals

To design the power stage, you will need to identify
these electrical characteristics:

e Transient tolerance -- As our primary goal, we
want the example design to achieve a transient
response of less than 3% for a 50% load step at a
slew rate of 2.5 A/ps.

* Ripple voltage -- In our example design, we are
setting a goal of output ripple voltage variation of
plus or minus 1%.

» Regulation voltage -- The regulation voltage will
be 1.2V at 15 A (20 A transient) drawn from a
source of 12V. The 1.2V at 15 A is a common
voltage requirement for high-density logic
devices. We also want to allow for a 5V input volt-
age.

» Characteristic load -- This is defined as the range
of the load capacitance. If the regulator is going to
be on a fixed board, with set supported compo-
nents, then the load will not change. If the power
board assembly will be used to support multiple
board configurations, then you need to design
based on the range of load capacitance you are
expecting.

These numbers will provide a means of evaluating

your design decisions as your design evolves.

2.3 Design the Power Stage

Because of the number of trade-offs possible with each
design decision, you should first create a ballpark, or
straw man design, that helps you identify the critical
factors in your design. Then, through an iterative
design process, you can fine-tune the design, making
the calculations you need to fully model your design.
See the appendices for a variety of sample power stage
designs.

To define the power characteristics, we want to:

1. Select a switching frequency.
2. Select the major output components.

— Qutput capacitors
— Inductors
— MOSFETs
3. Calculate power loss budget

Calculate bias losses.

5. Repeat the process to fine-tune design characteris-
tics.

2.4 Select a Switching Frequency

The selection of the switching frequency affects effi-
ciency and performance. Lower switching frequencies
are more efficient, reducing switching loss, and higher
frequencies provide better performance, with faster
transient response.

The following table illustrates the effect of switching
frequency on efficiency, circuit size, and transient
response.

Table 2. Switching Frequency Design
Considerations

Frequency Efficiency Circuit Size Transient
Range Response
200-400 kHz High Large Low
400-800 kHz Moderate Small High
800 kHz - 1.4 Low Smallest Best
MHz

Another factor to consider is whether or not your
switching frequency needs to synchronize with
another frequency. Is there a need for the power
switching frequency to synchronize with an external
source, such as with devices that broadcast on certain
frequencies? If so, the design should be planned to
support the given frequency and synchronization
requirement, which affects component selection and
overall performance capabilities of the power design.

For this design, we picked a switching frequency of
615 kHz, higher than the more common 300-400 kHz
range, to increase the transient response performance,
since our primary design goal is transient response.
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Design Step:  For your design, select an initial target
switching frequency to use as you begin your
component selection process. As you determine the
results of that process, you may choose to increase or
decrease your switching frequency, to better meet your
design goals.

2.5 Select the Major Power Components

The selection of the major output components define
the output characteristics. By understanding the rela-
tionships between the components, you can make the
selections to fine-tune the output characteristics, such
as output voltage, ripple current, transient response,
and power loss.

Output Capacitors

Selecting output capacitors involves a trade-off
between low equivalent series resistance (ESR) and
capacitance.

A low ESR value is desirable for both small deviations
during transient load steps and low output ripple.
However, capacitors with low ESR typically have low
capacitance values, which don’t handle high ripple
currents or high transient load steps.

You will need to calculate the approximate capaci-
tance and the ESR of the component. The formulas are
available in the AN2011 Component Selection Appli-
cation Note.

Design Step:  As a starting point for your output
capacitor selection, apportion half the output ripple
voltage to the capacitor ESR and half to the
capacitance rating. You have the option of choosing a
capacitor with low ESR and high capacitance, or a
parallel combination of capacitors with higher ESR
that provide the necessary capacitance.

Inductors
Choosing inductors involve several important factors
and trade-offs that include the following issues:

* Resulting ripple current
e Transient load slew rate
e  Saturation characteristics
» Total power dissipation

Higher inductance that generates a low ripple current
allows smaller capacitance to be used on the output.
However, a balance needs to be made between the
higher inductance values and transient load perfor-
mance that is improved with higher ripple currents. By
understanding the design’s expected load transient
step magnitude, you can calculate the optimum ripple
current, and inductor average and peak current ratings.

You should calculate the load requirements of your
downstream powered components. This should
include the transient load slew rate you will need to
provide. For converters, such as this sample design,
that are aimed at the best transient performance, this
value determines the inductor value.

Calculating Inductor Requirements: Transient
Slew Rate. Our primary constraint on the inductor
value is the current slew rate. The inductor current
slew rate must approximate the load step slew rate, in
order to maintain good regulation during the transient
with minimal capacitance. If the load slew rate
exceeds the inductor slew rate, then the voltage may
vary.

Knowing the design load slew rate, 2.5 A/us, we can
calculate the necessary inductor slew rate to match.
We can calculate the inductance for rising current tran-
sients by dividing the voltage difference by the slew
rate, using the formula:

Vin B Vout

L —_——
slewrate

I

Similarly, for falling current transients, we use the for-
mula:
L ~ VOUt
~ slewrate

For this design, with the high ratio between the input
and output voltage, we will need to use the lower
inductance value to meet the falling current transient
performance goal. Using our design voltages and load
slew rate, the results for rising transient the inductance
equals 4.32 uH, and for the falling it comes out to
480nH. To meet the transients on both edges, we will
take the smaller value. So, for this design, we have ini-
tially chosen an inductor of 360nH.
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As you can see, for designs where the difference
between input and output voltage is less, the difference
between the two calculations is also less.

Calculating the Ripple Current Requirement.
Using the previously calculated inductor value, we can
now calculate the ripple current (lop,), using the maxi-
mum input voltage (Vinmax), the output voltage (Vo).
the switching frequency (f,,), and our calculated out-
put inductance (L) in the following formula:

VOUt
Vout x (1 - V—)

I - inma
opp fsw x L

Now we can check the calculated ripple current to see
how it compares to the load current. Typically, for an
efficient design, the ripple current should equal 20-
50% of the load current.

For this design, we use a ripple current (lg,p) of 4.9 A.
This value is 24.4% of our rated load current of 20 A.

The average inductor current is equal to the maximum
output current. The peak inductor current is equal to
the maximum output current plus half of the ripple
current, about 22.5 A for this design.

Thus, we select an inductor rated for the average DC
current with a peak current rating above the peak cur-
rent rating computed previously. The peak current rat-
ing of the selected inductor is more than 30 A.

Saturation characteristics. Over-current or short-cir-
cuit handling capabilities are affected by the inductor
performance. How well the inductor performs at up to
2X the normal maximum rated output current deter-
mines the protection it can provide for the load and the
power supply MOSFETS. Inductors that have poor sat-
uration characteristics, that rapidly drop in inductance
as current increases, such as gapped ferrite inductors,
should be avoided.

Total power dissipation. To understand the power
dissipation of the inductor, use the manufacturer’s data
sheet DCR winding loss to determine the total power
dissipation. Use the formula:

P., = (I,,)° x DCR

cu

For our sample design, the inductor we chose has a
DCR of 1.1 mQ, which, for a continuous current of 15
amps, yields a power loss of 248 mW. We’ll use this
value when we calculate our power loss budget.

Design Step:  Choose the smallest inductor value
that can support load and unload transients and the
ripple current approximation of 20-50% of the load
current, and that also meets the average DC current
and peak current ratings.

MOSFETs

You should evaluate MOSFETs on their efficiency:
channel loss, switching loss and gate drive current
loss. Both gate drive current loss and switching loss
are greater at higher frequencies, so lower frequencies
mean higher efficiency. Also, note that the channel
loss is temperature dependent, so that at higher tem-
peratures, the loss is greater.

In addition, MOSFETs with lower channel loss typi-
cally have higher gate charge requirements, which
increase the gate drive loss, related to switching fre-
quency.

We will make our selection of MOSFETs based on
load current and ripple current ballpark calculations.
For our sample design, the duty ratio for the high and
low side should be approximately 10 to 1, with the
high side on 10% of the time and the low side on 90%
of the time.

Selecting the QL MOSFET. Synchronous or QL
MOSFETSs for this case should be chosen on the basis
of the channel resistance and gate drive current. The
duty cycle, calculated as V,; divided by the V;,, (Vouy
Vi), affects the current calculations for the MOSFETSs.

Calculate the RMS current, channel loss, and gate
drive current based on data sheet values for the candi-
date MOSFETs. MOSFETs with lower channel loss
tend to have higher drive currents. Allow 2-5% of the
rated output power for channel loss in QL, calculated
using the following equation:

PoL = 0.05x Vg x Iy

For the sample design, Pg_ is less than 0.9 W.
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Calculate the RMS current using the duty cycle per-
centage in QL as follows:

IQL = |0ut>< A/l_D

The Ig is 14.23 A for our sample design.

Calculate the desired maximum Rpgon; as follows:
PoL

RDS(ON)) = ( )2
QL

Using our calculated values, we get 4.44 mQs for the
channel resistance.

Note that the Rpg(on) provided in the manufacturer’s
data sheet is measured at 25°C. Since the loss is tem-
perature dependent, your application Rpgony Will be
much higher. In a typical example, with a junction
temperature of 125°C, the Rpg(on; is 1.4X higher than
the value at 25°C.

Therefore, we can take the calculated RDS and divide
it by 1.4 as a basis for comparison with data sheet
MOSFET RDS values to get a value of 3.2 mQs. We
will select a candidate QL MOSFET based on the data
sheet RDS matching our desired RDS. We picked a
MOSFET with an RDS of 3.5 mQs, which is conser-
vative for a design that is not expected to run at 125°C.

Once you have selected a candidate QL MOSFET, cal-
culate the required gate drive current as follows:

ly = fSWqu

The requirement for our design using the ZL2006,
using the internal drivers, is that the gate drive current
for both QH and QL is 80mA or less. If the gate drive
current for our candidate MOSFET is too high, we will
need to select another part. The calculated gate drive
current for our sample design is 12.3 mA.

Since the gate drive circuits are integrated in the
Z1.2006, you can calculate the power to turn the MOS-
FETs on and off with the formula:

I:>QLdr = fsw X Qg X Vinmax

For initial calculations, the gate drive power loss for
the QL should not exceed 1 or 2% of the total output

power. Our sample design uses 0.6% of load power for
gate drive.

Note that the candidate we have chosen works accept-
ably well if our input voltage is 5V instead of 12V.

Selecting a QH MOSFET. Control or QH MOSFETs
have switching loss, in addition to channel and gate-
drive current loss. When selecting a QH MOSFET,
calculate the channel loss and switching loss to deter-
mine the total power dissipated by the QH.

To select a QH, use the same formulas you used for
QL to determine channel and gate-drive current loss,
with the exception of the RMS, in which the current is
calculated using the duty cycle percentage in QH as
follows:

IQH = Iou’[>< “/[_)

For our design, the desired channel loss is 0.9 W,
channel resistance is 29 mQs, the RMS current (Igy)
turns out to be 4.74 A.

Using these results, first, we find a MOSFET that
meets our channel resistance specification, on or
below the 29 mQ value. Second, we make sure the
candidate supports the RMS current value. Finally, we
want the channel loss to be 0.9 W or less, and to be
sure that the candidate package can dissipate the maxi-
mum power dissipated.

One of our design goals is to support a 5V input as
well as the 12V input voltage. Recalculating for this
case, the target RDS value is about 11 mQs.

To meet the requirement that we support 5 and 12V
input, we pick a MOSFET that is 9 mQs.

Based on our selection, we can now calculate the
switching loss.

First, calculate the switching time (tg,,) with the for-
mula that uses the QH gate charge (Qg) and the peak
gate drive (lgmay) available from the ZL2006:

gmax

Although the ZL2006 has a typical gate drive current
of 3 A, we’ll use the minimum guaranteed value of 2
A for a conservative design. The gate charge is 8 nC,
resulting in a switching time of 4ns.
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Using the calculated switching time, you can now cal-
culate the switching loss with the formula:

PQHSW = Vinmax X tsw X Iout X fsw

For our sample design, this results in a switching loss
of 2.46% of Py

The total power dissipated by QH is:

Pontot = Pon T Pomsw

PQH is 22.5 mW, and the switching loss is 443 mW, for
a total of 465.5 mW, which is 2.6% of the P;.

Efficiency Goals. The MOSFET conduction and
switching loss in your design should be 50% or less of
your target loss budget for each MOSFET. Based on
our calculations, the MOSFETs chosen support the
efficiency goals. Note that these numbers are at the
continuous current rating. At lower current ratings, the
efficiency should be even higher.

Package Selection. Using the calculated power dissi-
pation numbers, you can calculate the junction temper-
atures, to check the thermal characteristics of the
MOSFET.

The package you select must be able to dissipate the
generated heat. You should budget the size according
to the heat dissipation requirement.

Design Step:  Choose your MOSFETS based on
channel loss, gate drive loss and switching loss,
calculated using the load current and ripple current for
the design. Your chosen components should meet both
your efficiency and heat dissipation goals.

2.6 Calculate the Power Loss Budget

The power loss budget needs to be measured using
two calculations:

»  Determine the sum of the power loss for the
capacitors, inductors, and MOSFETS in your
design. These include:

— QL channel loss

— QH channel loss

— QH switching loss
— Total gate drive loss

— Inductor DCR loss

e Determine bias losses. To calculate the bias losses,
you will need to select a bias strategy for the
Z1.2006. You can use the ZL2006 internal regula-
tors, or an external rail to provide power for the
Z1.2006. The sample design uses the internal regu-
lators. Bias loss includes:
— High drive QL (Iy)
— High drive QH (I4p)
— Controller Iy, available from the data sheet, is

8-12 mA.

Calculating Bias Loss

Calculate the QL and QH high drive losses.Since the
gate drive circuits are integrated in the ZL2006, you
can calculate the power to turn the MOSFETs on and
off with the formula:

I:)dr = 1:sw X (QGH + QGL) X Vinmax

For initial calculations, the gate drive power loss for
the QL and QH should not exceed 1 or 2% each of the
total output power. Our sample design uses 1.1% of
load power.

Total Power Loss
The total power loss of our design is:

Table 3. Total Power Loss

Iltem Loss
Inductor 248 mw
QL RDS 900 mW
QH RDS 465.5 mW
Q gate drive 207 mW
[ 144 mw
Total 1.964 W

These numbers define a power loss of 10.9% of load
power, which is approximately 10% of our input
power.

If the sum of all of the bias loss and component loss
exceeds your power budget, you will need to adjust
your design.

Design Step:  Are you over or under your loss
budget? If you are over budget, you may need to
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rethink the DCR of your inductor, and the MOSFET
selection. You may need to increase size.

2.7 Run the Numbers and Revise the
Design

Once you have completed a ballpark design, you have
the information you need to calculate all of the electri-
cal characteristics of the power stage, to determine
how effectively the design is at meeting your goals.

At this point you can fine-tune your design by chang-
ing single elements and recalculating the resulting per-
formance.

2.8 Selecting Input Capacitors

Even when using a heavily filtered 5 or 12 volt com-
puter-grade power supply, input capacitors are highly
recommended. Using dedicated input capacitors
reduces the DC converter’s high RMS ripple current,
which couples noise into the system circuitry, and,
potentially creates excessive heat for filter capacitors
not rated for high ripple currents. The input capacitors
should be rated at 1.2X the RMS ripple current.

To calculate the RMS ripple current, use the formula:

The amount of capacitance is determined by the target
input ripple voltage, which is usually kept below 10%
of the DC value of the voltage. You can use the for-
mula:

Iout X D(Vinmin) X tsw
10% x V.

inmin

Cx~

For this design, with the 5V case, the formula gives us
a capacitance of 11.7 yF that is easily achieved.

Design Step: ~ We recommend you choose ceramic
capacitors with X7R or X5R dielectric with low ESR
and 1.1X the maximum expected input voltage.

3 Develop the Basic Configura-
tion

The ZL2006 is configurable through pin strapping and
software. You will need to determine a configuration
strategy for your design. Your options include:

* Pin strap only. No software configuration is used.

» Preload a software configuration in the ZL2006
before manufacture.

» On-board stored configuration loading at start-up
time.

3.1 Required Pin Straps

No matter which option you choose, you will need to
configure a minimum number of pin-strap features.
With the exception of the SMBus address and maxi-
mum voltage, the values for these pinstrap settings can
be overridden using a software stored configuration.
These pins include:

» SMBus Address -- Configuration of the SMBus
address is only necessary if you are planning to
communicate with the part for configuration,
monitoring, or using advanced features with other
controllers. You can configure the SMBus address
in one of three ways: through pinstrapping of SAO
and SAL, or using one resistor connected to SAO,
or two resistors connected to SA0 and SA1. We
selected two resistors to allow five addresses to be
used in the range 0x20 to 0x24. We allowed multi-
ple addresses to allow flexibility in communicat-
ing with other parts on the same bus. See section
6.9 of the ZL.2006 data sheet for the table of avail-
able addresses and resistor values.

» Maximum voltage out -- You can select one of
three modes for setting your maximum output
voltage: POLA, DOSA, and Standard modes. You
select the mode through VO and V1. We selected
standard mode, since our design was not part of a
module. You can select a set of standard voltages
using pinstrapping only on VO and V1, or set the
voltages by using a resistor on each. We used the
two-resistor method to set a nominal of 3.3 V, with
a maximum of 10% greater than the set value.
This sets a hard upper limit that cannot be violated
even if software configuration settings are incor-
rectly set too high. See section 5.3 of the ZL2006
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data sheet for more information on these resistor
settings.

» Configuration pin -- This pin can be used for sev-
eral purposes. The configuration pin determines
how the sync pin operates: as an input, or as an
output. The input can look for a fixed external sig-
nal to synchronize with, or it can use a resistor
value to determine an internal frequency of opera-
tion. When configured as an output, the pin out-
puts a standard 400 kHz, and the part operates at
the same frequency. For our sample design, we left
the configuration and sync pins open, for the
default frequency of 400 kHz as a safe start-up
configuration, making the sync pin an input, and
set our 615 kHz switching frequency as a stored
configuration. For information on setting the con-
figuration and sync pins, see section 5.7 of the
ZL.2006 data sheet.

e Sync pin -- Provides the hardware setting for the
switching frequency for the part, based on the set-
tings of the configuration pin.

* Bootstrap pin -- Connect the bootstrap capacitor as
shown in the reference circuit in the ZL2006 data
sheet, and determine the capacitor value using the
method defined in section 5.8.5.

* Communication busses -- The SMBus and DDC
busses must both have pull-up resistors.

* Initial compensation setting -- FCO, FC1 should be
set to a safe default compensation until a specific
compensation configuration setting is loaded. See
sections 5.10-5.11 of the ZL2006 data sheet for
information on setting these values. For our sam-
ple design, we left these open, to select our default
compensation settings.

Design Step:  Make sure your pin-strap
configuration is a safe configuration that will not start
potentially damaging operation before the part
configuration is loaded.

3.2 Base Configuration Settings

Once the minimum required pinstrapping configura-
tion has been developed, we can start to define the
stored configuration values we want to use.

Here is the set of base settings you need to configure
for the ZL2006 to operate.

These settings can be made using the Zilker Labs
Power Navigator software. See Appendix A for the

screen shots that display the settings we defined for
our sample design.

These settings include:

»  Output voltage thresholds. Once you select the
output voltage, the software calculates recom-
mended over and under voltage protection thresh-
olds. For our design, we accepted those default
values.

* Inputvoltage thresholds. Once you select the input
voltage, the software calculates recommended
over and under voltage protection thresholds. For
our design, we accepted those default values.

» Max output current characteristics. Output current
protection thresholds and scaling factors must be
set. Entering an output current populates the pro-
tection thresholds. For our sample design we
chose to override those values. We decreased the
average limit to 16 A, and reverse current limits
are decreased to -16 and -10 A. We used our
inductor DCR value for the current sensing scale.

» Delay and ramp timing characteristics

»  Switching frequency. Although we set our pinstrap
frequency to be 400 kHz, we want to use a value
of 615 kHz for operation.

» Global fault response characteristics. Based on the
PMBus specification for standard fault responses,
our choices are:

— Shutdown immediately

— Shutdown after a specified delay

— Shutdown and retry with a specified number
of attempts and delay time.

We chose the shutdown and retry with maximum delay

and infinite attempts for our sample design.

e Current sensing configuration. You have two
choices for current sensing, using the inductor or
the MOSFET. The inductor is more accurate, but
limited to a maximum of 4 V output. The MOS-
FET current sensing is less expensive, and less
accurate, but supports higher output voltages. We
chose inductor DCR output sensing for higher
accuracy.

o Deadtime configuration. You will need to define
the initial dead time to ensure that QH and QL are
not both active at the same time. The ZL2006 fea-
tures an algorithm that dynamically adjusts dead
time during operation. The following suggested
values for the ZL.2006 dead time settings should
provide a safe and efficient dead time setting for
most common designs. For the ZL2006, use a
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DEADTIME value of 0x3838, and a
DEADTIME_CONFIG value of 0x0808.
Other basic settings you may want, although they are
not required, include:

»  Synchronization and Interleave settings -- This is
important if you are using multiple controllers,
and you want to optimize their power usage.

» Temperature sensing characteristics -- These
default to wide values for fault limits and warning
thresholds. We used the default values for our
design. Note that you can use the internal or exter-
nal temperature sensing. We chose to use external
temperature sensing, with a sensor placed near the
inductor, for accurate temperature compensation
for the current sensing.

4 Create the PCB Layout

The first step in your PCB layout process should be to
examine a Zilker Labs example layout or previous
design. The EVB data sheet provides PCB layout
information. To ensure a successful layout, use CAD
tools for routing the sensitive traces. There are some
critical connections in a power converter design.
These are explained in the Zilker Labs Layout Design
Application Note AN2010.

To create your PCB layout, you should:

» Consult Zilker Labs documentation.

» Verify that the schematic design is implemented
properly in the layout.

o Verify the thermal design characteristics of the
layout.

4.1 Verify the Schematic Design
Implementation

Verify that the key schematic design decisions are
implemented properly in the layout:

* Pin straps

*  SMBus configuration

» DDC bus configuration

»  Switching clock configuration

* Regulator pin decoupling

* Input and output capacitance

e FET and inductor selection

» Enable configuration and operation.

e Sensitive traces routing and polarity for Faraday
shielding and Kelvins

e OQutput filter does not introduce parasitic induc-
tance.

*  Verify that there are an adequate number of vias
for current carrying and plane interconnects.

4.2 Verify the Design’s Thermal
Characteristics

o Verify that the design has adequate heat sinking
for controller and drivers

» Verify adequate heat sinking for FETs and induc-
tor

» Estimate thermal connection between current
sensing element and temperature sensing element.

* Does the unit need to run with no forced air? You
will need additional heat sinking if this is your sit-
uation.

5 Implement Advanced
Configuration Features

The ZL2006 supports a humber of advanced features
that can be configured for your design. These features
are documented in the Zilker Labs Application Notes,
and include:

» Power Sequencing -- The ZL.2006 supports event-
based power sequencing among multiple control-
lers. This is accomplished by defining the DDC ID
for each controller, and defining a prequel and
sequel 1D for each controller to define the
sequence of powering up and down. This is useful
for powering up or down different power rails in a
specific order. These options are in the Group
page of the PowerNavigator software, or in the
DDC Advanced tab.

» \Dltage Tracking -- The ZL2006 can be config-
ured to track another output voltage connected to
the VTRK pin. With this feature the tracking can
be at 100% or 50% ratio, and can track continu-
ously or can track up to a a target voltage setting
maximum. These settings are available on the
PowerNavigator Advanced tab.

* Non-linear Response loop -- For faster transient
load step response. Most controllers respond in a
linear fashion to transient load steps. The NLR
feature allows you to define other response char-
acteristics for limiting transient deviations. You
can define triggers for more rapid adjustments to
step load transients. These functions are defined in
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the NLR_CONFIG values on the PowerNavigator

Advanced tab.

Current Sharing -- The current sharing feature

allows you to construct multiphase converter

arrays for higher current or higher transient capa-
bilities. This function uses the ISHARE_CONFIG
and VOUT_DROOP commands. Individual
phases can be added or dropped from the array
using the PHASE_CONTROL command. These
commands are on the Basic and DDC Advanced
tabs of PowerNavigator.

Fault Spreading -- For designs with multiple con-

trollers, this mode allows you to power down a set

or all of the controllers if there is a fault with a sin-
gle controller. This is set up using the

DDC_GROUP on the DDC Advanced tab.

Advanced Operating Modes:

— Frequency adaptation -- Using this mode, if
the controller is experiencing small load cur-
rents, the operating frequency can be dynami-
cally reduced to increase efficiency. Set this in
the MISC_CONFIG on the DDC Advanced
tab.

— Diode emulation -- This mode improves effi-
ciency at light load conditions. It is also set by
the MISC_CONFIG on the DDC Advanced
tab.

— Adaptive compensation -- The controller has
the ability to vary the compensation between
two stored sets of values in proportion to the
measured load current. This allows the fre-
guency response of the regulation loop to be
nearly independent of load current. This fea-
ture is set using the PID_TAPS_ADAPT com-
mand and MISC_CONFIG in the DDC
Advanced tab.

Snapshot Data Collection -- Using the SMBus,

you can signal the chip to capture a set of data

points of chip status within a narrow time window.

This allows calculation of efficiency and other

parameters from values taken at nearly the same

time. This feature uses the

SNAPSHOT_CONTROL command on the DDC

Advanced tab.

Droop Characteristics (also called active voltage

positioning) -- The VOUT_DROOP command

controls the output voltage to follow a pro-
grammed resistance characteristic vs. load current.

This behavior is required for some processor

loads, and also required in current sharing applica-

tions. The VOUT_DROOP command is on the
Basic tab.

6 Summary

Upon reaching this point in the design process, you
have accomplished the following initial steps for prop-
erly designing and configuring the

Digital-DC parts into a circuit:

* You have determined the target specifications of
the regulator and power management functions
and also the design optimization goals of the cir-
cuit.

* You have designed a first pass at the power stage
components which will achieve the desired speci-
fications and goals.

* You have determined the initial and required pin-
straps for achieving safe power-up of the control-
ler.

* You have determined pinstraps and stored config-
urations for the advanced features of the control-
lers.

With these steps accomplished, you should have a

working regulator and power management strategy, as

well as a good baseline design to make small changes
for further optimization and perfection of the imple-
mentation. Due to the flexibility and ease of use of the

Zilker controllers, this process can be accomplished

quickly, allowing you to focus on other issues of

importance in the system design.
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Appendix A

This appendix shows the settings used in the This is the Configure Device screen.
PowerNavigator software for our ZL2006 sample
design configuration.

File Help

——

B

A

S RESTAR. [i

ZILKER  PowerNavigator s

Configure Device ] File 1/0 | Prus commands | [ Output Enabled

Power Conversion Settings

ZLZ006EY] Yout  ZL2006 @ addr 0x20 T‘ Device Address

Power Management Settings

Cutput Yeltage | 1.2 ¥ Max Output Current . 20 &

Qutput Over-Yoltage Faulk i 1.38 W Peak Qutput Over-Current Faulti 30 A

Avg Oukput Over-Current Fault I 25 A

MaximumOutputVoItagei 1.32 W
Cutput Margin Highl 1.26 ¥ Peak Output Under-Current Faul | -10 &

Output Margin Low | 1,14 Avg Oukput Under-Current Faulk j -5 oA

Global FaLlt Response

Fault Response Retries FRetry Cont, T‘
Fault Response Delay 70 ms. e ‘

Fault Response  Delay and Retry. T!

=

Power Good Threshald © 1.08

CurrentSenseImpedancel 0.88 mOhm

Output Under-Voltage Fault I 1.02 % Delay and Rarmp

 — Qutput Turn-on Delay 10 ms
Input Voltage | 12 |

Cukput Turn-on Ramp I 5 ms

Input Over-Yolkage Fault !14.406 W Qutput Turn-off Delay ] 10 ms
Input Over-Yoltage Warning ]13.‘503 W Qutput Turn-off Ramp i 5 ms
Input Under-Yoltage Warning 10,797 4

3 & 2 I Switching Frequency ] 615 kHz

Input Under-Yoltage Fault ] 9,594

©) 2008, Zilker Labs, Inc. All rights reserved
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This appendix shows the settings used

in the

PowerNavigator software for our ZL2006 sample

design configuration.

This is the PMBus basic configuration screen.

tal-DC Eval Software
File Help

<ZILKER

] File Ijc

Configure Device
PMEBus: Basic

PMEBUs Basic Commands

| PMBus: Fault Linits

PowerNavigator"

PMEBus Commands

Ta modify a PMBus command value: select the value, type the new value and press enter or click outside the value box,

| - Output Enabled

| PMEBus: Monitor and Status | PMEBus: Advanced

S RESTART‘

DEVICE COMFIG = ‘

ZLZ006EYT Yout  ZL2006 @ addr 0x20 Tl Device Address

| PMEBus: DDC Advanced

Following a walue modification, the value is automatically read back For verification,

| PMEBus: Store

— FREQ_SWITCH | 615 kH :
MOUT_COMMAMND | 1,200 4 R = COPERATION Disable wf Ramp
i READ_FREQUENCY -0.5 kHz oz
OPERATION {44
MOUT_MODE  Linear Exp -13 MaE_DUTY 90 o
Powerup Operation  Enable pin or PMBus
WOUT_TRIM o TON_DELAY 10 ms Enable Mode | Pin Enable Only
Enable Pin Polarity Active H.igh
YOUT_CAL_OFFSET i TON_RISE 5 ms Disable Action | Use TOFF_DELAY
OM_OFF_CONFIG [i16
WOUT_Max 1,32 ¥ TOFF_DELAY 10 ms
Deadtime H-L 60 ns
VMOUT_MARGIN_HIGH 1.26 W TOFF_FALL 5 ms Deadtime L-H 6'0 ne
r . Digital PID Coefficients DEADTIME '!SCSC
MOUT_MARGIMN_LOW 1.14 W e
Tap & 805475
TapB | -15761.50 'WRITE PID. Min Deadtime H-L 8 ns| DYNAMIC
YOUT_TRANS_RATE 1 mius - g—
Tap C 771557 Min Deadtime L-H & ns| DYMAMIC
Analog Compensation Equivalent H —
ey DEADTIME COMFIG 0404
YOUT_DROOP 0 i - ECETEE .
Q 1.496
IOUT_CAL_GAIN | 0.535 mOhm Matural Freq. | g z4s kHz
I0UT_CAL_OFFSET 1.4 & DEVICE_ID ZLZD.D.E-D.DZ-I.:Eli.
©) 2008, Zilker Labs, Inc. All rights reserved
-
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This appendix shows the settings used

in the

PowerNavigator software for our ZL2006 sample

design configuration.

E Zilker Labs Digital-DC Eval Software

This is the Group Settings screen.

File Help
~—ZILKER I TM
e owerNavigator” e mmmm
- L A B S
Ch1l: 2L2006EY1 Yout EMSTATUS MGN HIGH O Ch2: 2L EM STATUS MGN HIGH O Ch3: 2L EM STATUS MGMN HIGH O
MNOMINAL () @ MOMINAL () ( B)  NOMINAL O]
22006 @ addr0x20 ' - MEn Low O || o s ‘ =" manLow () || T s ‘ =" ManLow )
Vout 1 Yout 2 VYout 3
1 o 4 1 o 4 1 o 4
DO2lV | s 0.00]V | s BOOjV | o
Iout 1 Iout 2 Iout 3
15 15 15
10 20 55 10 20 55 10 20 55
0.0 A ;2 0.0/A A0 0.0 A ;2
¥in 1 6 B 10 ¥in 2 6 B 10 ¥in 3 6 B 10
4 12 4 12 4 12
BRIV | bR 0.0Jv | BT BOjv | e
—— Temperature degC cv— Temperature degC — Temperature degC
Duty Cycle 0,00 %  Ext s Duty Cycle 0.00 % Extu Duty Cycle 0.00 % Exta
SwFreq 6150 kHz B g ) } ! S Fre 0.0 kHz T g ) ! L Sw Fre 0.0 kHz I g ) } !
d -20 0 50 100 140 9 : -20 0 50 100 140 9 ' -20 0 50 100 140
Status 1 Clear Chl Faults C_%) || Status 2 Clear Ch2 Faults C_#) || Status 3 Clear Ch3 Faules C_8)
Ml Enabled | wout Ml Input Saurce Ml Enabled | WouT . Input Source Ml Enabled . YouT i Input Source
il Power Good [ TouT | Temperature il Power Good | ToUT . Temperature il Power Gond L 1OUT | Temperature
Configure 1 - Configure 2 Configure 3 -
MoubSetl . 1.2 W Time On Dly 1 | 10 ms Wouk Set 2 oW Time On Dly 2 | 0 ms Vouk Set 3 o Time On Dly 3 | 0 ms
YoutMarginHighl | 1.26 ¥  TmeOnRisel 5 ms||VoutMargnHigh2| 0 ¥ TmeOnRise2| 1 ms||VoutMargnHigh3 | 0 ¥ TimeoOnRise3 | 1 ms
‘Wout Margin Low 1 | 114 ¥ Time OFf Dly 1 |10 ms || ¥out IMargin Low 2 | 0¥ Time Off Dly 2 0 ms || vout TMargin Low 3 | 0 Y  Time Off Dly 3 | 0 ms
PGThreshold1 | 1.08 ¥ TimeoffFallt| 5 ms|| PGThreshaldz | 0 ¥  TimeoffFalz| 1 ms|| PGThreshald3| 0 ¥ TiveoffFalz | 1 ms
Tracking Track, DiséEIé Tracking | Traﬁk DiséEie Tracking | Track DisaEIé
Sequencing - Prequel 9  NoPrequel Sequencing - Prequel 9 Mo Prequel Sequencing - Prequel 9 Mo Prequel
Sequencing - Sequel 9 Mo Sequel Sequencing - Sequel (d Mo Sequel Sequencing - Sequel :’j ] Mo Sequel
Enable Made Use EMABLE Pin Enable Made Use ENABLE Pin EnableMode | Use ENABLE Pin
©) 2008, Zilker Labs, Inc. All rights reserved
-
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This appendix shows the settings used

in the

PowerNavigator software for our ZL2006 sample
design configuration.

B zilker

Labs Digital-DC Eval Software

This is the PMBus Advanced screen.

File Help

PM

Configure Device

PMEus: Basic

< ZILKER
] File Ijc

Bus Advanced Commands

| PMBus: Fault Limits

u Th
PowerNavigator
ZL2006EY] Yout  ZL2006 @ addr Ox20 Tl Device Address

PMEBus Commands

| PMEBus: Monitor and Status

| - Output Enabled

PMEBus: Advanced

| PMEBus: DDC Advanced

DEYICE COMFIG = ‘

S RESTART]

| PMEBus: Store

I Sense Delay 416 s
1 Sense Fault Count 5
TEMP Sense Read Disable

Temp Fault Select Fault on Inte

MFR_CONFIG EISA 15

15ense Control | Vout Ref, Dn élope

MLR. During Ramp ‘Wait For PG
Alternate Ramp Ckrl Enabled

PG Qut Control Open Drain
SYMC Output Mode Push-Pull

rnal

IMin Duky Cycle | Enable
| SYNC always.On

Correct for YOO

SYNC Timeout EM
PID Feed-Fud Ctrl
Fault Spread Control Ignore Fault
SMBus Mstr Clk Rate 100 kHz
SYNC Input Mode Pinstrap Input
S¥NC Pin Configure Input Only
SMEBus Ti Inhibit | Transmit Enabled
SMBus Tfout Inhibit Timeauts Enabled
Lowside FET mode | Off when Disabled

Standby Mode Low Power

MLR Enable
Load Unload

Inner Threshald | 0.5 % 1.5 % of Yout

Inner Max Time [ 1 d xTsw 6

CQuter Multiplier  Disable  of Inner

OuterThreshold | 0.0 0.0 % of Yout
Quter Max Time 0 1] xTswied
Pulse Blanking 0 0 *TswlEd

HNLR_CONFIG §f  C2010200

Interleave Group Mumber o - Track Enable Track Disable
USER._COMFIG !6000
Mumber of Devices in Group 16 Track Ratio 100% YTRE
Position in Inkerleave Group a MFR_ID Ziker_Labs Uppet Limit | Target Yoltage
INTERLEAVE -ﬂUUUU I— Ramp Behavior | Track Sag Always
MFR_MODEL | ZLZ006EY1 Wout
- TRACK_CONFIG EDI
TEMPCO_CONFIG 528
MFR._REVISION Rewv 2
ATEMP_SCALE | 1.0 FE -
MFR._LOCATION Auskin_Tx
RTEMP_OFFSET | 0.0 °C
MFR_DATE | -no data-
MFR_SERIAL -rio data-
©) 2008, Zilker Labs, Inc. All rights reserved
-
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This appendix shows the settings used in the This is the PMBus Advanced DDC screen.
PowerNavigator software for our ZL2006 sample
design configuration.

. H Zilker Labs Digital-DC Eval Software

File Help
= Th
—ZILKER |
owerNavigator s s
- L A B S
Configure Device ] File If0 PMBus Commands | - Oukput Enabled ZLZ006EY1L Yout  ZL2006 @ addr 0x20 Vl Device Address
1 PMBus: Basic | PMBus: Fault Limits | PMBus: Manitar and Status | PMBus: Advanced PMBus: DOC Advanced | PMBus: Store
PIMBus Group Commands
Broadcast Margin Disable ISHARE Rail 1D 0 pOC T Inhibit []
3 Broadcast Enable Disable Number of Devices 1 Rail DDC ID o
Device Position 1 Broadcast Group o
Adapt Compensation | Disable Current Share Contral Disabled DDC_CONFIG HﬁDDD
Adapt Comp Update 3ms ISHARE_CONFIG 10000
| _ il & 16 24
i Precise Ramp Up Dly Disable . 1 Ll 17 25
. - INDUCTOR 0,36 uH 2 10 15 26
Diode Emulation Disable 3 11 19 27
. G 12 20 28
Adapt Camp Factor 3 Phase Control | Phase Inactive 5 13 21 29
Minirum GL Pulse Disable ? }; gg g?
“ PHASE_COMTROL !DD
Snapshot Mode Disable
DOC_GROUP 500000000
Adantive Fi - PID_TAPS_ADAPT Coefficients 3 E
EJlaRioR AR e Disable Adapt Tap A | 387,00 Select the Rail DDC ID's for the device ta listen
: and respond ko when Faults occur,
MISC_CONFIG EUUSU Adapt TapB | -750.00 Do not select this rail's own DDC 1D,
e MOTE: Device reacts ko Faults as directed by
Adapt Tap C | 367.00 “Fault Spread Conkrol” in USER_CONFIG,
A DDC_GROUP setting of 0x00000000 causes
Analog Compensation Equivalent the device to ignore Fault spreading data,
Adapt Go 12.041 dE
Convert Ta ——
Adapt Q| 1942 Coefficients Prequel Rail ID ’) Mo Prequel
Adapt F 10,085  kHz
R Sequel Rail ID :) Mo Sequel
SEQUENCE 40000
©) 2008, Zilker Labs, Inc. All rights reserved
-
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This appendix shows the settings used

in the

PowerNavigator software for our ZL2006 sample

design configuration.

This is the PMBus Fault Limits screen.

bs Digital-DC Eval Software

File Help
. Thi
~——ZILKER
owerNavigator"” —isemes«: s
i L A B S
Canfigure Device ] File IjO PMBus Commands l - Output Enabled ZL2006EY1 Yout  ZL2006 @ addr 0x20 Vl Device Address
PIMBus: Basic PMEBus: Fault Limits | PMBus: Monitor and Status | PMBus: Advanced | PMEBus: DDC Advanced | PMBus; Store
PMBus Fault Limit Commands
YOUT_OV_FAULT_LIMIT | 1.38 ¥ YOUT_OV_FLT_RESPONSE LJEF
OYLIY_CONFIG 101
YOUT_UY_FALLT_LIMIT | 1.02 ¥ YOUT_LIY_FLT_RESPONSE [{BF
POWER_GOOD_ON | 1.08 ¥ POWER_GOOD_DELAY 5 ms
I0UT_OC_FAULT LIMIT | 30 &
MFR_IOUT_OC_FLT_RESPONSE HEF
I0UT_AYG_OC_FAULT LIMIT | 25 &
10UT_UC_FALLT_LIMIT . -10 &
MFR_IOUT_LIC_FLT_RESPONSE fJEF
10UT_AYG_LIC_FALLT_LIMIT 5 A
VIN_OW_FALLT_LIMIT 14406 ¥ YIN_OW_FALLT_RESPONSE [EF YIN_OV_WARN_LIMIT | 13.2 ¥
YIN_UY_FALLT_LIMIT | 9.594 ¥ YIN_LIY_FALLT_RESPONSE fJEF YIN_LIY_WARN_LIMIT | 10,5 ¥
OT_FAULT_LIMIT | 125 °C OT_FALILT_RESPONSE [EF OT_WARN_LIMIT | 110 °C
UT_FALLT_LIMIT | -45 °C UT_FALLT_RESPONSE £|EF UT_WARN_LIMIT | -30 °C
©) 2008, Zilker Labs, Inc. All rights reserved
.
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Appendix B: ZL2006 Design Example for 12V input:1.2V@15A rated output,

Transient Optimized

Design Specification

Parameter Design Goal Units
Output voltage 1.2 V
Output current 15 A
Output current 20 A surge 10us
Frequency 615 kHz
Ripple voltage 12 mV
Transient Deviation 36 mV
Component Requirements
Value | Units Value | Units | Vendor Part Number
Lout | 360 nH 1.1 mQ VISHAY IHLP4040DZERR36M61
Cout | 5x100 | uF 2 mQ TAIYO YUDEN JMK325BJ107MY-T
Cout | 2x680 | uF 15 mQ UNITED CHEMI- APXA6R3ARA681MJCOG
CON
QH 11 mQ 8 nC FAIRCHILD FDMS8692
QL 3.5 mQ FAIRCHILD FDMS8670AS
Cin 5x10 uF PANASONIC-ECG | ECJ-3YB1E106K
Pinstrap Table
Function Pin Setting Result
Address SA0 SA0=19.6k 0x20
SAl SA1=11k
VOUT_MAX \0) V0=16.2k VOUT_MAX=3.63V
VOUT_COMMAND=3.3V
V1 V1=34.8k
Clock Config CFG CFG=Z Fsw=400kHz, SYNC=Input
Compensation FCO FC0=Z fsw/120 < fn < fsw/60
FC1 FCl=Z fsw/10 > fzesr > fsw/30

18 | _intersil
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ZL.2006 Configuration File Example for 12V input:1.2V@15A rated
output, Transient Optimized

#File name of config Ffile

#<Project/BoardName>_<DeviceAddr>_<RaiIName/No.>_<Devi- #General converter commands
ceNo.> <FileRev>.txt TON_DELAY 5.000000 #ms
#ZL.2006EV1_0x20_1V2_ZL2006_4R1.txt TON_RISE 5.000000 #ms
TOFF_DELAY 5.000000 #ms
#This configuration file is intended for the device TOFF_FALL 5.000000 #ms
# described in the filename of this file and the FREQUENCY_SWITCH 615.000000 #kHz
# ASCI1 MFR_xxxx # commands in this file #PID_TAPS A=8084.75, B=-15761.41, C=7715.36
#with L=400nH, Co=5x(100uF/2.0mohm)+(2X680uF/10mohm) PID_TAPS A=15141.91, B=-29677.9, C=14599.08
#A1l PASSWORD protections must be cleared on the #device MAX_DUTY 90.000000 #%
before loading this file DEADTIME 0x3838 #56ns max
DEADTIME_CONFIG 0x0404 #8ns min, dynamic
#Device ID: Z1L.2006 INDUCTOR 0.36 #uH
#Schematic revision: 01 #OPERATION 0x44
#BOM revision: 02 #ON_OFF_CONFIG 0x16
#PowerNavigator Revision: 3.2.1
#Revision Log: #Advanced commands
#Rev. 4.1 10/22/08, K. Dehnel MFR_CONFIG Ox6A14
H—————————————————— USER_CONFIG 0x6000
#Configuration File Format: NLR_CONFIG 0xCA010200
#PMBus Command <tab> Hex Value #NLR_CONFIG 0x00000000
I1SHARE_CONFIG 0x1200
#Erase user store & default store #TRACK_CONFIG <nn>
RESTORE_FACTORY MISC_CONFIG 0x0480
STORE_USER_ALL INTERLEAVE 0x0000
STORE_DEFAULT_ALL DDC_CONFIG 0x0012
DDC_GROUP 0x00000000
#Prepare device for all commands to be SEQUENCE 0x0000
# added to the DEFAULT store TEMPCO_CONFIG 0x28
RESTORE_DEFAULT_ALL #XTEMP_SCALE <nn>

#XTEMP_OFFSET <nn>
#Manufacturer information fields in ASCII:

#MFR_SERIAL reserved for use at time of manufacturing #Security Settings
#MFR_DATE reserved for use at time of manufacturing #PUBLIC_PASSWORD  <XXXX>
MFR_ID Zilker Labs #PRIVATE_PASSWORD  <yyyyyyyyy>
MFR_MODEL ZL2006EV1 #UNPROTECT <nnnnnnnnnnnn>
MFR_LOCATION Austin
MFR_REVISION Rev 4.1 STORE_DEFAULT_ALL
RESTORE_DEFAULT_ALL #comment out if USER stores follow
#Output Voltage commands this command
VOUT_COMMAND 1.200000 #V
#VOUT_MARGIN_HIGH 1.545 #V # - end of file -

#VOUT_MARGIN_LOW 1.455 #V

#VOUT_OV_FAULT_LIMIT 1.724976 #V
#VOUT_UV_FAULT_LIMIT 1.275024 #V

#POWER_GOOD_ON 1.349976 #V

#POWER_GOOD_DELAY 5.000000 #ms
#VOUT_OV_FAULT_RESPONSE 0x80 #immediate shutdown
#VOUT_UV_FAULT_RESPONSE 0x80 #immediate shutdown
OVUV_CONFIG 0x01 #2 counts

#Output current

I0UT_CAL_GAIN 0.920000 #mohms

IOUT_CAL_OFFSET 1.4 #A

10UT_OC_FAULT_LIMIT 30.000000 #A
10UT_AVG_OC_FAULT_LIMIT 24.000000 #A
I0UT_UC_FAULT_LIMIT -15.000000 #A
I0UT_AVG_UC_FAULT_LIMIT -10.000000 #A
#MFR_IOUT_OC_FAULT_RESPONSE 0x80 #immediate shutdown
#MFR_IOUT_UC_FAULT_RESPONSE 0x80 #immediate shutdown

#Input Voltage

VIN_OV_FAULT_LIMIT 13.4 #V

VIN_OV_WARN_LIMIT 13.0 #V

#VIN_OV_FAULT_RESPONSE 0x80 #immediate shutdown
VIN_UV_WARN_LIMIT 4.7 #V

VIN_UV_FAULT_LIMIT 4.5 #V
#VIN_UV_FAULT_RESPONSE 0x80 #immediate shutdown

#0ther Faults

OT_FAULT_LIMIT 120.000000 #deg C
OT_WARN_LIMIT 110.000000 #deg C
#0T_FAULT_RESPONSE 0x80 #immediate shutdown
UT_WARN_LIMIT -20.000000 #deg C
UT_FAULT_LIMIT -30.000000 #deg C

#UT_FAULT_RESPONSE 0x80 #immediate shutdown
#VMON fault threshold (in applicable devices)
#VMON fault response (in applicable devices)

19 intersil AN2040.0
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Appendix C: ZL2005 Design Example for 12V input:1.2V@10A rated output,
Size Optimized

Design Specification

Parameter Design Goal Units
Output voltage 1.2 V
Output current 10 A
Frequency 615 kHz
Ripple voltage 12 mV
Transient Deviation 48 mV
Component Requirements
Value | Units Value | Units | Vendor Part Number
Lout | 470 nH 4 mQ VISHAY IHLP2525CZERR47M01
Cout | 5x47 uF 2.5 mQ TDK C3216X5R0J476M
QH 16.8 mQ 5 nC INFINEON BSZ130N0O3LS
QL 4.8 mQ INFINEON BSZ035N03LS
Cin 2x22 uF MURATA GRM32ER61C226KE20L
Pinstrap Table
Function Pin Setting Result
Address SA0 SA0=19.6k 0x20
SAl SA1=11k
VOUT_MAX \0) V0=16.2k VOUT_MAX=3.63V
VOUT COMMAND=3.3V
V1 V1=34.8k
Clock Config CFG CFG=Z Fsw=400kHz, SYNC=Input
Compensation FCO FC0=Z fsw/120 < fn < fsw/60
FC1 FCl1=Z fsw/10 > fzesr > fsw/30
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ZL.2005 Configuration File Example for 12V input:1.2V@10A rated
output, Size Optimized

# Configuration file for ZL2005PEV4

#syntax:
#PMBus Command <tab> Value

#Erase default and user store
RESTORE_FACTORY
STORE_DEFAULT_ALL

MFR_ID ZilkerlLabs
MFR_MODEL  ZL2005PEV4
MFR_REVISION Rev_1.6
MFR_LOCATION  Austin_TX

VIN_OV_FAULT_LIMIT 13.5
VIN_OV_WARN_LIMIT 13.2
VIN_UV_FAULT_LIMIT 4.2
VIN_UV_WARN_LIMIT 4.5

VOUT_COMMAND 1.2 #V
FREQUENCY_SWITCH 600 #kHz

POWER_GOOD_DELAY 1

TON_DELAY 15
TON_RISE 5
TOFF_DELAY 15
TOFF_FALL 5

SEQUENCE  0x0000

#Use Rdson current sense method with

# internal temp sensor

MFR_CONFIG 0x7981

USER_CONFIG 0x0000

PID_TAPS A=1569.69, B=-2903.12, C=1412.91

10UT_OC_FAULT_LIMIT  20.
10UT_AVG_OC_FAULT_LIMIT 15.

10UT_UC_FAULT_LIMIT  -10.
10UT_AVG_UC_FAULT LIMIT -8.

#low FET not enabled for output OV, output OV and

# UV count to 2

OVUV_CONFIG  0x01

10UT_SCALE 3.65

10UT_CAL_OFFSET 0

#Set temperature compensation at 4000ppm/ C internal
# temp sensor

TEMPCO_CONFIG 0x28

NLR_CONFIG 0xB303

#VOUT_DROOP 2 #mV/A

STORE_DEFAULT_ALL
RESTORE_DEFAULT_ALL
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Appendix D: ZL2006 Design Example for 12V input:1.8V@30A, rated output,
Efficiency Optimized (Current Sharing)

Design Specification

Parameter Design Goal | Units
Output 1.8 \%
voltage
Output 30 A
current
Frequency 300 kHz
Ripple 12 mvV
voltage
Transient 36 mV
Deviation
Component Requirements
Value | Units Value | Units | Vendor Part Number
Lout | 560 nH 1.2 mQ VISHAY IHLP5050FDERR56M01
Cout | 8x47 uF 2.5 mQ TDK C3216X5R0J476M
Cout | 4x820 | uF 10 mQ UNITED CHEMI- APXAB6R3ARA821MJCOG
CON
QH 3.8 mQ 20 nC INFINEON BSCO30NO3LS
QL 1.8/2 | mQ INFINEON BSCO016NO03LS (2 each)
Cin 6x10 uF PANASONIC-ECG | ECJ-13YB1E106K
Cin 4x330 | pF 18 mQ UNITED CHEMI- APXA160ARA331MJCOG
CON
Pinstrap Table
Function Pin Setting Result
Address SA0 SA0=19.6k 0x20
SAl SA1=11k
VOUT_MAX VO V0=16.2k VOUT_MAX=3.63V
VOUT_COMMAND=3.3V
V1 V1=34.8k
Clock Config CFG CFG=Z Fsw=400kHz, SYNC=Input
Compensation FCO FC0=Z fsw/120 < fn < fsw/60
FC1 FCl=Z fsw/10 > fzesr > fsw/30
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ZL.2006 Configuration File Example for 12V input:1.8V@30A rated
output, Efficiency Optimized (Current Sharing)

# This configuration is intended for Zilker Labs USER_CONFIG 0x6051 # SYNC Input
ZL2006EV2-Chla MFR_CONFIG 0x82D4

# Ul / ZL2006 NLR_CONFIG 0xE2010355

# ZL Configuration File Revision 2 INTERLEAVE 0x0000

# Schematic revision level 02 TEMPCO_CONFIG OxA8

# BOM revision level_ TRACK_CONFIG 0x00

# ZL Author B. KATES
# Advanced 2

#Erase default and user stores MISC_CONFIG 0x4080

RESTORE_FACTORY ISHARE_CONFIG 0x0121 # Ishare Group 1, members 2, posi-
STORE_USER_ALL tion 1, CS En

STORE_DEFAULT_ALL DDC_CONFIG 0x0101 # DDC Rail ID 1, Broadcast Group 1
RESTORE_DEFAULT_ALL DDC_GROUP 0x00000000

MFR_ID Zilker_Labs STORE_DEFAULT_ALL

MFR_MODEL ZL2006EV2R2 RESTORE_DEFAULT_ALL

MFR_REVISION  Prod_Rev8
MFR_LOCATION  Austin_TX
MFR_DATE  10_1_08
MFR_SERIAL  chilA

VOUT_COMMAND 1.80
VOUT_MAX  3.65
VOUT_DROOP 0.5
VOUT_MARGIN_HIGH 1.89
VOUT_MARG IN_LOW 1.71
VOUT_UV_FauLT_LIMIT 1.53
VOUT_UV_FAULT_RESPONSE  0x80
VOUT_OV_FauLT_LIMIT 2.07
VOUT_OV_FAULT_RESPONSE  0x80
OVUV_CONFIG  0x80

I10UT_SCALE 1.13
I0UT_CAL_OFFSET 1.00

10UT_OC_FAULT_LIMIT  45.0
I0UT_AVG_OC_FAULT_LIMIT  40.0
I0UT_UC_FAULT_LIMIT  -17.0
I0UT_AVG_UC_FAULT_LIMIT  -14.0
MFR_IOUT_OC_FAULT_RESPONSE  OXBF
MFR_IOUT_UC_FAULT RESPONSE  OXBF

VIN_OV_FAULT_LIMIT 14.0
VIN_OV_WARN_LIMIT 13.5
VIN_OV_FAULT_RESPONSE 0x80
VIN_UV_WARN_LIMIT 4.641
VIN_UV_FAULT_LIMIT 4.50
VIN_UV_FAULT_RESPONSE 0x80

OT_WARN_LIMIT  110.0
OT_FAULT_LIMIT 120
OT_FAULT_RESPONSE  OxBF

UT_WARN_LIMIT -20
UT_FAULT_LIMIT -30
UT_FAULT_RESPONSE OxBF

POWER_GOOD_ON  1.35
POWER_GOOD_DELAY  10.0

TON_DELAY 15
TON RISE 5
TOFF_DELAY 15
TOFF_FALL 5

DEADTIME  0x3838
DEADTIME_CONFIG 0x0808
MAX_DUTY 96

INDUCTOR 0.56

FREQUENCY_SWITCH 300 # kHz

#CompZL Taps for G=31.596, Q=0.301, f=3_506kHz,
fsw=300kHz, Vi=12, Vo=1.8

PID_TAPS  A=7948.25, B=-14135.50, C=6225.25 # dl0=30-
60A @ 2.5A/us, dVo=+/-3.5%

# Advanced
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Revision History

Date Rev. #
Nov.21, 2008 1.0 Initial release
May 1, 2009 1.1 Assigned file number AN2040 to app note as this will be the first release with an Intersil file number. Replaced
header and footer with Intersil header and footer. Updated disclaimer information to read “Intersil and it's

subsidiaries including Zilker Labs, Inc.” No changes to datasheet content.
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© 2006, Zilker Labs, Inc. All rights reserved. Zilker Labs, Digital-DC, Autonomous Sequencing and
the Zilker Labs logo are trademarks of Zilker Labs, Inc. All other products or brand names mentioned
herein are trademarks of their respective holders.

This document contains information on a product under development. Specifications are subject to
change without notice. Pricing, specifications and availability are subject to change without notice.
Please see www.zilkerlabs.com for updated information. This product is not intended for use in con-
nection with any high-risk activity, including without limitation, air travel, life critical medical opera-
tions, nuclear facilities or equipment, or the like.

The reference designs contained in this document are for reference and example purposes only. THE
REFERENCE DESIGNS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS" AND INTERSIL
CORPORATION AND IT'S SUBSIDIARIES INCLUDING ZILKER LABS, INC. DISCLAIMS ALL
WARRANTIES, WHETHER EXPRESS OR IMPLIED. ZILKER LABS SHALL NOT BE LIABLE
FOR ANY DAMAGES, WHETHER DIRECT, INDIRECT, CONSEQUENTIAL (INCLUDING
LOSS OF PROFITS), OR OTHERWISE, RESULTING FROM THE REFERENCE DESIGNS OR
ANY USE THEREOF. Any use of such reference designs is at your own risk and you agree to indem-
nify Intersil Corporation and it's subsidiaries including Zilker Labs, Inc. for any damages resulting
from such use.
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