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1 Introduction

The goal of this paper is to keep track of how the
design of the ADC board of the project TimeBox was
made. We will discuss here on how the components
were chosen, how the power consumption was calcu-
lated, etc.

This board is a carrier board for the MicroZed Board
which is used here as a FPGA prototyping board.

The schematic design realised for the ADC board is
splitted into four different parts:

1. the ADC, the master pieces of the board,

2. the clock splitter, to give the ADC the same time
reference,

3. the connections to the MicroZed Board using the
FCI connectors ,

4. the power supply part.

All these parts are described in this order. The
caclulations for each part are rough calculations, we
only consider the worst case. Multiple links to the
datasheets are given. We advise the lector to keep
them on hand. The easiest way to find them is proba-
bly by right clicking on the chosen component on the
KiCAD design and going to the “Documentation” link.

2 The two ADC

2.1 Choice of the component

As this board will be used to switch from the ana-
log world to the digital one, its main part are the
two ADC. These are also the two first components to
be selected. The minimum specifications are 12 bits
with an LVDS output. The LVDS outputs must be
connected directly to the FCI connectors of the Mi-
croZed Board. The important parameters are aper-
ture jitter and ENOB. Of secondary importance are
SINAD, SFDR, DNL.

Our choice fell on the AD9645-125. It has a dual
input, 14 bits and can operate at 125 MSPS. As four
inputs are required, two devices will be used. This
component can be configured by using a SPI.

2.2 Design choices

2.2.1 Signal input stage

The input stage has been designed following
the “Differential Transformer-Coupled Configuration
for Baseband Applications” recommendations of the
AD9645’s datasheet (p.20).

Instead of using an expensive coil ADT1-1WT by
Minicircuit, we decided to use one cheaper by Coilcraft
which has more or less the same properties. In addi-
tion to its low price, the ADT1-1WT has a relatively
high minimum frequency. We need a 50 Ω input
impedance on a bandwidth from 100 MHz to 1 MHz.
It is possibly better to go below to 100 kHz frequency.
The transformer needs to be center tapped. Impor-
tant note about Coilcraft is that it is possible to get
up to 5 components for free, ideally fitting for proto-
typing.

Two different choices for coil matching these prop-
erties are available : A9899-A and WB2010-1. The
WB2010 has been selected by simulation (figure 1). It
covers a larger bandwidth than the the A9899-A.
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Figure 1: Two transformers comparison
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The input also needs a TVS. But, as the parame-
ters of the TVS components usually found online are
not defined enough, a pair of anti-parallel Zener diodes
could limit the input voltage. This voltage must be
limited at maximum 3 Vpp at the input of the ADC. In
addition, these diodes have to allow the 2 Vpp swing of
the analog signal. We have not found any diodes
with these characteristics yet. Another solution
would be to use two RF Silicium diodes with a forward
voltage sufficiently high that can be used as limiters.
We finally decided to rely on the protection diodes in-
side the AD9645.

The SMA connectors chosen are the CONSMA002-
SMD and CONSMA001-SMD with an impedance of
50 Ω, no specific parameter are necessary for this con-
nection (this board will not be set in a hazardous
place). We chose the cheapest one found on Digikey.

A connector is used for each main channel and is
used if the signal is ground referenced. In addition,
two other SMA are placed on each channel to allow the
user to use the board with an input differential signal.
The distance between the two connectors is 0.5 ” to al-
low a direct connection of the DC1954A board which
will be used to test the ADC.

2.2.2 Outputs

All the LVDS outputs are connected to the FPGA
via the MicroZed’s FCI connectors.

The AD9645 also has a SPI that has to be connected
to the FPGA. As no information is given about
the FPGA LVDS input impedance, it may be
necessary to put a 100 Ω resistor in front of each
input.

2.2.3 Clock input

As we will see in section 3, the outputs of the
clock splitter are already in LVPECL, we thus use a
mix between the LVPECL termination of the ADC’s
datasheet and the Y resistor termination [1][2].

2.2.4 Reference and bias

The reference bias has to be connected to the ground
using a 10 kΩ (1 % tolerance) resistor as explained in
the datasheet (p. 11). The reference and bias pin is
used to configure the analog current bias of the chip.

As we also need the chip characteristics to be in-
dependent of the temperature, we use a 0.1 % metal
film capacitor. The choice of such a component will be
discussed later in this section.

The AD9645 generates its own 1 V reference. As
explained in the datasheet of the component (p. 20),
this pin should be decoupled to ground with a 1 µF
and a 0.1 µF capacitors in parallel. These capacitors
should have a low ESR, such as the ceramic ones. It
is important to keep the smallest capacitor as close as
possible of the chip (see below).

2.3 Selection of other components
technology

All resistors are made of metal film. This kind of
resistors has superior characteristics such as a appro-
priate temperature coefficient, appropriate power han-
dling ability and makes less noise. When looking for
the different values which are available, we didn’t find
the 33 Ω one on Digikey. That is why we use 30 Ω
instead. According to the simulation, this causes a de-
crease of the input capacity, which is now 49 Ω for the
main input and 48 Ω for the differential one. These
values are acceptable.

The capacitors are chosen to have the best temper-
ature coefficient too. Nevertheless, they have to be as
small as possible, mostly for the decoupling capacitors.

The decoupling capacitors (between the power in-
puts and the ground) are used to remove the noise
that is on the power supply lines. As it is a high preci-
sion ADC, we cannot allow noise on its power inputs.
The digital signals present on the board may generate
some noise on the power supply lines. That is why
these capacitors are needed.

The tracks on the PCB have an intrinsic inductance
depending on its length. This inductance must be
known to avoid making a RLC oscillating circuit at
the input stage of the power supply. This is one of the
reasons we put the capacitors as close as possible of the
chip. [3] The link between the dimension of the track
and its inductance is illustrated by the mathematical
relationship 1.

L(µH) = 0.0002 X
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With X [m] the length of the trace, W [m] its width
and H [m] its thickness.

Another element to be considered is that the capaci-
tors have a small ESL that makes the capacitor having
a SRF [5]. This inductance comes from the lead length
of the capacitor. So, for a same capacity, if the capac-
itor package is small, the SRF will be high. If it is big,
the SRF will be low. As shown on the figure 2, it is
possible to keep the impedance low on a large band-
width by setting different capacitor values together.

Moreover, as high capacitors values cannot be found
in small package, it is best putting different capacitor
values in parallel. Having lots of capacitors in parallel
decreases the equivalent ESR too.

The ceramic capacitors have a low ESR and ESL
[4]. They are recommended for HF decoupling. Dif-
ferent types of ceramic dielectrics can be found, each
with its own specificities. The C0G/NP0 type is high-
est quality in multilayer capacitor (low ESR, very low
temperature dependence). Unfortunately, because of
its lower permittivity, only low capacitance values can
be found with a small package (0402). As the pack-
age size is important here, instead of choosing larger
packages (0804) for the higher capacitance values, we
use other technologies of ceramic capacitor : X7R or
X5R. The first one is being preferred as it has better
characteristics. [5]
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Figure 2: True capacitor impedances [6]

2.4 Thermal and power considerations

The power requirements of the AD9645-125 are
listed in the table 1.

The AD9645 is given in 32-Lead LFCSP package.
The θja is 37.1 ◦C/W (p.10 of the datasheet). The
temperature rise would be 0.740 ◦C (equation 2).

(13.1 + 6.84) 10−3 × 37.1 = 0.740 ◦C (2)

The temperature range in which the AD9645 can
operate is from -40 ◦C to 85 ◦C. It is important to
take that into account. Other components may gener-
ate more heat and thus change the ADC behaviour.

Voltage [V] Current [mA] Power [W]
AVDD 1.9 83 0.0131
DVDD 1.9 60 0.00684

Table 1: AD9645 power consumption in the worst case

3 Clock splitter circuit

The LTC6957-1 is a low additive jitter (45 fsRMS)
IC that can split the clock signal into two LVPECL
signals. These signals will synchronise both the ADC.

The input configuration used is the ”Single-Ended
50 Ω Input Source” (p.20 of the LTC6957’s datasheet).
A 49.9 Ω resistor is used instead of the 50 recom-
mended by the datasheet. These resistors were chosen
because their value has already been used in the ADC
part. Furthermore, 50 Ω is not available in metal film
resistors.

As the clock signal frequency is not defined yet
(ranging between 5 MHz and 125 MHz, signal level
around 15 dBm), we then decided to use jumpers to
adapt the LTC6957 bandwidth to the chosen clock sig-
nal. The jumpers are linked to the FILTA and FILTB

inputs. These inputs can be linked to the 3.3 V or
the 0 V. Each of the four configurations gives a filter
parameter (p.22 of the datasheet).

The power supply input is also decoupled to ground
with the help of capacitors. As this component gen-
erates a lot of transient, it is necessary to decouple it
from the power lines in order to avoid the noise being
spread over all the board. Along with the capacitors,
a ferrite bead has been added.

The SD1 & SD2 pins are grounded to activate the
two different outputs.

As the two ADC have to be synchronised to each
other, it is necessary to keep the same length for the
differential tracks. A rule of thumb that should be ap-
plied is that a signal travels 30 cm in 1 ns on a FR4
board (the speed of light is rounded to 3 108 m/s).
As the ADC clocks signals to should be matched to
better than 10 ps, it is required to keep the difference
between the differential lines under 3 mm.
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It is also important to keep each pair of the differ-
ential line with the same length. As the information
is coded on the difference between the two voltages, a
too large phase delay could lead to a corrupted infor-
mation.

The impedance only matters when the length of the
tracks is larger than 1/10 of the wavelength of the sig-
nal it carries. Consequently, as we send a clock of
125 MHz to the ADC, the impedance of the traces are
irrelevant if they are shorter than 4.2 cm length.

• Thermal and power considerations

The power requirements are listed in the table 2.

Voltage [V] Current [mA] Power [mW]
3.45 22 75.9

Table 2: LTC6957 power consumption in the worst
case

As it is written in the datasheet (p.26), “Typically,
the internal power consumption will be (20 mA × 3.3 V
= ) 66 mW, while the on-chip power dissipation from
the output loading will be less than half that number.
With a total power dissipation on-chip of 90 mW, the
temperature rise in the MS-12 package will be 13 ◦C
given the θja of that package”.

The characteristics of the component are specified
within a temperature range from -40 ◦C to 85 ◦C. As
the temperature is included in this range, we do not
need to pay attention to the heat dissipation.

4 MicroZeb Board connections

In this section, we will discuss about the connections
to the FPGA. All the ADC outputs are connected to
the Bank 34 of the MicroZed Board. This bank as well
as the board have to be powered by our carrier card.

This can be done by supplying 5 V on the VIN_HDR

inputs (pins 57, 59, 58, 60 on JX1 and 12, 57, 58, 59,
60, on the JX2) and 1,8 V on the VCCO_34 inputs (pins
78, 79 and 80). We also provide 1,8 V on the VCCO_35

(pins 78,79 and 80 on JX2) when using this bank.

We also put some connectors that allow us to use the
FPGA’s GPIO for other purposes once on the board.

Each power input has its own decoupling capacitors
and ferrite bead. As the consumption of the FPGA
and its outputs changes over time, it is necessary to
separate it from the power supplies lines. Otherwise,
the noise generated by the FPGA will confound the
sensitive components using the common power supply
lines.

4.1 Power considerations

The indications concerning the power consumption
of the bank are not extensively detail in the MicroZed
hardware guide. Logically it would be proportional to
the number of outputs we decide to use. As the GPIO
are mainly used to receive information from both the
ADC, the number of outputs would be limited. Only
the SPI pins would act as outputs. We also need to
provide the bias current. Considering these character-
istics, it is belived that the bank power consumption
would be 50 mA at worst. As the input voltage on the
ADC inputs must not be higher than 1.8 V the same
voltage as the one for the ADC digital part is used.
We can therefore make the table 3.

Voltage [V] Current [mA] Power [mW]
1.9 50 95

Table 3: Bank 34 consumption in the worst case

Concerning the MicroZed itself its power require-
ments are listed in the table 4.

Voltage [V] Current [mA] Power [W]
5 (-0/ +1) 1.2 (+0.2) 8.4

Table 4: LTC6957 power consumption in the worst
case

As we will see later, this information is important
for the power supply design. Note that because of the
presence of its own embedded regulators, the MicroZed
cannot be placed anywhere on the carrier board. In-
deed, these components may radiate electromagnetic
waves that can blur the sensitive signals. They should
be as far as possible.

5 Power Supply

All the power information given previously are
summed up in the table 5. For this table, we sup-
posed that the bank 35 consumes the same power as
the 34. The bank 13 is also supplied but as it has only
a few GPIO, its consumption has been neglected in the
calculation.
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Component Number Voltage [V] Tot Current [mA] Tot Power [mW]
ADC Analog Part 2 1.9 166 315.4
ADC Digital Part 2 1.9 120 228
Clock Splitter 1 3.45 22 75.9
I/O banks 2 1.9 100 190
MicroZed 1 6 1.4 8400

9209.3

Table 5: Power consumption of the components in the worst case

The operating voltages are 5 V for the MicroZed,
3.3 V for the clock splitter, and 1.8 V for the FPGA
GPIO and both the ADC digital and analog power
supply. Notice that the digital and the analog power
supplies have to be separated.

The first step in the power design procedure is to
make a plan on what we need (figure 3).

12 V DC

5 V MicroZed

3.3 V Clock Splitter

1.8 V

1.8 V

ADC

ADC & banks

Figure 3: Power Supply Design plan

To sum up what has been said, we need :

• one 12 V/5 V DC converter,

• one 5 V/3.3 V DC converter,

• two 3.3 V/1.8 V DC converters.

A 12 V DC input voltage is generally used in the
electronic world. We decided to use that voltage to
supply the whole board. As we need a 5 V voltage,
we can obtain it from the 12 V by using a converter.
This converter should be able to drive big powers (at
least 9.2 W). We can use a buck converter for instance.
This kind of converters makes a lot of electromagnetic
noise. As we are at the beginning of the power sup-
ply chain, we can imagine that the converter would be
separated enough from the sensitive parts that are at
its end.

The next required voltage is the 3.3 V one. It is
only used by the clock splitter. We do not need a high
quality one as it will not be directly connected to the
ADC. This converter can also be used as an interme-
diate step between the 5 V and the 1.8 V voltages.
Indeed, if we directly switch from 5 V to 3.3 V, the
power dissipated by the converter itself would be big
enough to increase its temperature of several degrees.
As these converters need to be as accurate as possible,
a too big power dissipation and a too big temperature
variation are to avoid.

The second step is to look at the smallest voltages.
As the regulators will also consume power, we have to
take them into account while choosing the upstream
ones.

5.1 Analog 1.8 V power supply

The analog power supply needs to be carefully se-
lected as it will provide the bias current for the ADC
analog part. Any noise or fluctuations would introduce
an error on the measured values.

LDO regulators are able to regulate a voltage even if
their input voltage is close to their output one. They
will not dissipate a lot of power and be very stable.

The LT3042 is an ultralow noise RF linear regulator
with an ultrahigh PSRR . It can drive up to 200 mA,
as a reminder, it needs to drive 166 mA at worst. A
quick look in the datasheet’s charts and we see that
the worst drop out voltage is 450 mA. So, we can use
3.3 V at its input.

As explained by its datasheet, the SET pin is used
to set the output voltage. The resistor value can be
calculated by the Ohm’s law. The SET pin provides a
100 µA current. As we need 1.8 V, we just put a 18 kΩ
resistor. The value of this capacitor is critical : any
temperature dependancy is to avoid. It would be best
to use a metal film resistor for the reasons explained
above. We did not unfortunately find one with this
value. We decided to use another technology : thin
film. The tolerance on this value is ± 0.1 %. We can
therefore calculate the voltage range : the biggest re-
sistance being 18.018 kΩ and the smallest 17.982 kΩ.
The AD9645 needs a voltage power supply between
1.7 and 1.9 V. In all case, the voltage requirement are
satisfying.

It may be interesting to calculate the variations of
the resistor with the temperature. Its temperature co-
efficient is 25 ppm/◦C. If we consider that we have a
temperature rise of 40 ◦C, we can calculate the new
maximum resistor value (equation 3).
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Rmax25 ◦C
= Rmax [1 + α ∆T ]

= 18.018 [1 + 25 10−6 40] (3)

≈ 18.036 kΩ

We still stand standing in the recommended val-
ues for the AD9645. This resistor should be con-
nected to the load ground and not the chip’s
one. It is necessary to avoid the noisy diode
that exists between the SET and GND pins. It is
also recommended to add a shunt capacitor on this
resistor to increase the LDO noise performance. A
4.7 µF with an ESR below 50 mΩ and an ESL below
2 nH is recommended for the output. Ceramic capac-
itors are adapted for these characteristics. As we put
one on the output, we use the same one to shunt the
resistor. It is worth noting that the capacitor needs to
be filled once the LT3042 is turned on before it starts
supplying the 1.8 V to the ADC. We can calculate this
delay using the formula 4 (p.17 of the datasheet).

tss = 2.3 RSET CSET

= 2.3 18 103 4.7 10−6 (4)

≈ 0.195 s

As we will see later, the analog power supply cannot
be applied on the ADC before the digital one. This
can be avoided using this delay.

According to [7], it is better to remove the input
capacitor to improve the PSRR.

• Thermal and power considerations

We can calculate the power dissipation of the
LT3042 using the regular LDO power dissipation for-
mula 5.

Pmax = IOUTmax
(VINmax

−Vout) + IGND VINmax
(5)

The graph 1 on the datasheet shows us that the
ground current at 25 ◦C and for a output current of
200 mA is 7 mA. We do not know the maximum in-
put voltage for the moment. It will depend on the
5 V/3.3 V converter. As it is only a rough calculation
to help us to design the power supply, we take 3.5 V
at this step. When choosing the 5 V/3.3 V converter,
if we notice that we are too wrong, we then will do
this calculation again. Putting all these numeric val-
ues in the equation 5 and we find a power dissipation
of 0.3233 W.

Pmax = 166 mA (3.5 V − 1.7 V) + 7 mA 3.5 V (6)

= 0.3233 W

The LT3042 is available in two different packages
with different power dissipation characteristics. On
one hand we have the DFN package with a thermal re-
sistance of 34 ◦C/W. On the other hand, we have the
MSOP package with one of 33 ◦C/W. The difference
is not big enough and the selection between the two is
only a matter of choice. We have chosen the second
one. We are now able to calculate the rise of junction
temperature above the ambient one (equation 7).

33 ◦C/W 0.3233 W = 10.6689 ◦C (7)

This temperature rise is really conformable and we
do not need to add any heatsink.

5.2 Digital 1.8 V power supply

This one has to provide enough power for the Mi-
croZed GPIO and the two AD9645 digital parts. This
current has been estimated at 220 mA (details in equa-
tion 8).

120 mAADC + 100 mAGPIO = 220 mA (8)

Then, we look for an LDO with an output current
under 300 mA. However, this output current should
be greater than 220 mA. The package *SON, *LGA,
*BGA and SC-70 are difficult to solder, they are then
removed from the list. We will need an Enable input
to make the power on sequencing (Explained below).
A Power Good output would be perfect to simplify the
circuit. As explained before, the components should be
low noise. The two components found fitting all these
restrictions are the LP3982 and the TPS77918. Note
that the TPS77918 has a fast transient response. It
also shows the graphics with its stability in function
of the ESR. As we use a lot of decoupling capacitors
at the inputs of the ADC, the equivalent ESR would
be small (about 1 mΩ to 10 mΩ). To keep a good
stability, we would have to add a serial resistor.

On the other side, the LP3982 is stable as long as
the ESR is below 0.5 mΩ, as it is. After having a look
at the transient response (graph 20 in the datasheet),
we can see that if the output current is increased by
100 mA, the output voltage decrease less than 20 mV.
If the current decreases by 100 mA, then the output
voltage has a 50 mV positive transient. It might be
enough for our application. We thus decided to use
the LP3982.

The drop out is 145 mV in the worst case. Its input
should be around 3.3 V.

6



• Thermal and power consideration

The ground current used by the LP3982 is around
200 µA maximum when the output current is 220 mA.
This ground current can be neglected in front of the
output current. When using the formula 5, we find a
power dissipation of 396.7 mW (equation 9).

Pd = 220 mA (3.5 V − 1.7 V) + 200 µA 3.5 (9)

= 0.3967 W

The package selection is highly important in this
case. The DGK has a thermal resistance (junction to
board) of 94.2 ◦C/W. Fortunately, the LP3982 is also
given in NGM package, with a thermal resistance of
only 16.7 ◦C/W. This leads us to a temperature rise
of 6.62 ◦C (equation 10).

0.3967 16.7 ≈ 6.62 ◦C (10)

This temperature matches with our expectations. If
we had chosen the other package, the temperature rise
would have been around 40 ◦C.

5.3 The 5 V/3.3 V DC converter

As we told before, this converter does not need to
be a low noise or a high quality one : it is mainly used
as a step to dissipate the power. As we operate from
5 V, the maximum dropout should be lower than 1 V.

The currents it should drive in the worst case could
easily be calculated by summing all the power con-
sumption from ADC, GPIO, the clock splitter and the
two regulators as done in the equation 11.

Ptot = PADCtot
+ PGPIO + Preganalog

+ Pregdigital

= 543.4 mW + 190 mW + 75.9 mW (11)

+ 323.3 mW + 396.7 mW

= 1.5293 W

When operating at 3.3 V, this corresponds to an
output current of 463 mA that should be driven by
the regulator at worst.

There is such a lot of regulators, it could be difficult
to select one. We have to limit the choice on research
engines (such as Digikey). An effective way to do so
is to use only the well known manufacturers such as
Texas Instruments, Fairchild, Linear Technology and
On semi. After, it is only a matter of price and choice.
Other characteristics that should be taken into account
are the solderability (avoid DFN, QFN, WSON pack-
ages) and power evacuation (avoid SOT-23 and SOIC

packages). The maximum output current should have
some leeway. The voltage drop should be as low as
possible to give us more headroom.

We finally chose the NCP5501DT33G (500mA,
0.23V@500mA, DPAK-3). A quick look at the
datasheet let us know that all the characteristics for
this converter suit our project.

This regulator is the simplest one that can be found.
We just add some decoupling capacitors at its in-
put and one 4.7 µF at its output. Figure 17 in the
datasheet shows us that the smaller the ESR is, the
better the stability will be. As we work with ceramic
capacitors, the stability would not be a problem.

• Thermal and power considerations

We saw previously that this converter has to drive
463 mA in the worst case. Its input voltage would be
in the worst case 6 V (the maximum for the chip and
for the MicroZed Board). Its output voltage is 3.3 V
with an accuracy of ± 2 %. The minimum output
voltage value would be 3.2043 V. The figure 12 of the
datasheet can tell us that the ground current will be
around 500 µA with an input voltage of 6 V.

The power consumption is calculated at the equa-
tion 12.

Pd = 463 mA (6 V− 3.3 V) + 500 µA 6 V = 1.2531 W
(12)

The thermal resistor (between junction and air) of
that component in a DPAK-3 package is 60 ◦C/W.
This means that in the worst case, the temperature el-
evation would be 75.186 ◦C (calculated with the equa-
tion 13). We have to separate the sensitive parts form
that component. It is also necessary to add an heatsink
to the NCP5501.

60 ◦C/W 1.2531 W = 75.186 (13)

5.4 The 12 V/5 V DC converter

The last step is to choose and to design the buck
converter. As a reminder, the input voltage is 12 V
and the output is 5 V.

The power to be driven is calculated in the recap
table 6.
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Component Tot Power [mW]
ADC Analog Parts 315.4
ADC Digital Parts 228
Clock Splitter 75.9
I/O banks 190
MicroZed 8400
Analog LDO 323.3
Digital LDO 396.7
5 V/3.3 V converter 1253.1

Total 11182.4

Table 6: Total power consumption of the components
in the worst case

The output current would be 2.23648 A. The qual-
ity of the voltage given to the MicroZed Board is not
relevant because it has its own regulators. This volt-
age can not be top noisy either. Even if we have LDO
with high PSRR, the voltage ripple could be radiated
on the whole board. The high length tracks on which
is driven the power may act like antennas.

To reduce noise, we have to use a high frequency
switching (between 1 and 2 MHz). These high frequen-
cies are easier to shield using decoupling caps or ferrite
beads (as well as a magnetic shield around the coil).
It could be interesting to have a SYNC input to con-
trol the switching frequency to change the switching
frequency if necessary. Another interesting character-
istic is to keep the switching transistor inside the chip
to minimize the high current switching loop and thus
keep it usable at high switching frequencies.

The best DC/DC converters are made by Lin-
ear Technology and Texas Instrument. Begining the
search with their product would be a good start. While
looking for a 3 A buck converter with all these charac-
teristics, the LM46303 appeared to be a device which
does not need a lot of supplementary components to
be functional. Other components exist, such as the
LM27403, but they need much more components and
are hard to design (furthermore, its switching transis-
tors are outside its package).

The figure 4 in the datasheet shows that its efficiency
at 1 MHz is around 85 % at 3 A. Its best efficiency
(90 %) is around 1 A, which would probably be around
the consumption of the board.

The inductor is used to limit the current ripple at
the output. It will act a current generator when the
LM43603 upper transistor is on off state. At best,
the current ripple (∆i) would be between 20 % and
40 % of the output current. It is possible to calculate
the inductor using the equation (from the LM43602
datasheet) :

L = (Vin − Vout) D/(fs ∆il) (14)

With D the duty cycle (can be approximated as-
sessed by the quotient Vout/Vin which corresponds to
a 0.42 ratio) and with ∆il which can be calculated with
the equation 15.

∆il = Iout ∆i = 1.7 0.2 = 0.34 (15)

The inductor is calculated with these numerical val-
ues in eguation 16

L =
(12− 5) 0.42

106 0.34
= 8.65 µH (16)

The coil has to be shielded to avoid the electromag-
netic waves to be radiated elsewhere on the board. A
good place to search for coils is Würth or Coilcraft.
This last one provides a nice search engine.

The exact value of 8.65 µH would be difficult to find.
After a calculation, it is better to round the result to
the closest standard value to have more choice. We
opt for a 8.2 µH one. The 7447797820 from Würth is
shielded and its current of saturation 5.8 A which is
above the expected current peak (2.24 + 0.34 = 2.58).
This saturation limit should be at least 10 % higher
than the peak current. It is also preferred to use a
coil where the wiring input is clearly indicated. The
input of the coil is inside the output one. So the out-
side wiring will act as a shield. As the biggest current
fluctuations will occur at the input, the later should
be orientated towards the buck converter.

The LM43603 needs a resistor bridge to set its out-
put voltage. This resistor bridge has to be connected
to de FB pin. We have to take into account that there
are protection diodes on the MicroZed board. We can
use them to regulate the 5 V voltage on the board. So,
it is necessary to provide a voltage a bit higher than
the 5 V needed.

The first thing anybody would do is to use big re-
sistors in the bridge to limit the current that passes
through it. But a FR4 board has a surface resistance
that is somewhere between 10 MΩ (when completely
dry and clean) and 1 MΩ (because of dirt and humid-
ity). Using a 1 MΩ on it will make the equivalent
resistor (this resistor in parallel with the FR4 board)
twice smaller than its expected value. A rule of thumb
is to avoid using any resistor larger than 100 kΩ while
using a FR4 board.

The chosen resistors have values of 50 kΩ and 12 kΩ.
The LM43603 will act to keep its feedback voltage at
1 V. We thus have 5.22 V as an output target. As
such resistors made of metal film cannot be found, we
have chosen the thin film ones. We can calculate the
maximum voltage deviation. The feedback voltage is
in the range of 0.994 to 1.026 in the temperature range
from -40 to 85 ◦C (datasheet p.6). And if the resistors
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tolerance is 0.1 %, we can find an upper voltage of
5.31 V and a lower voltage of 5.12 V (calculated with
equation 17 and 18). In both cases we are above 5 V.

Vmax =
1.026 (50.05 103 + 11.988 103)

11.988 103
(17)

≈ 5.31 V

Vmin =
0.994 (49.95 103 + 12.012 103)

12.012 103
(18)

≈ 5.12 V

Instead of using only one capacitor at the output,
we decided to put many of them. Like for the decou-
pling capacitors, we put different capacitors values to
insure the high harmonics to be caught. The output
capacity value has some restrictions given in page 28
of the datasheet. Putting low ESR capacitors in par-
allel makes their equivalent ESR lower. We are sure to
follow the datasheet’s requirements.

The same is done at the input. Unfortunately, as the
voltage will be an unstable 12 V, 16 V limited capac-
itors would be to low. We cannot thus use the same
capacitors for the input as for the output. Capacitor
with 50 V limitation should be enough.

The feed-forward capacitor, Cff has to be chosen
such that phase margin is boosted at the crossover fre-
quency without it (cf. datasheet p.29). This crossover
frequency can be calculated by the equation 19.

fx =
5.3

Vout Cout
=

5.3

5 47 10−6
≈ 22.6 kHz (19)

Then, to center the crossover frequency between the
zero and the pole caused by Cff , we can use the equa-
tion 20.

CFF =
1

2πfx
× 1√

RFBT × (RFBT //RFBB)

=
1

2π22.6 103
× 1√

50 103 × 9.677 103
(20)

≈ 320 pF

The next standard value that can be found easily is
330 pF.

It is recommended to tie the BIAS pin to VOUT when
VOUT ≥ 3.3 V. When this connection is used, a 1 µF
to 10 µF high quality ceramic capacitor is recom-
mended to bypass the BIAS pin to ground (p.15 of the
datasheet). As we already have some 1 µF capacitor
in the design, we chose this value.

We will use the the SYNC input to set the switch-
ing frequency. But, we decided to put an extra
39.2 kΩ resistor to set the default switching frequency
to 500 kHz.

The datasheet recommends to put a bulk capacitor
to provide damping to the voltage spiking due to the
lead inductance of the cable. A more efficient config-
uration is to place our own inductor on the chip and
then decouple it with additional capacitors. This way,
our inductor will dominate the wire inductance (and
hence dominate the voltage rise slope). As we are al-
ready using a suitable 8.2 µH inductor for the converter
itself, we use that one for the input as well.

• Thermal and power considerations

The maximum operating junction temperature of
the LM43603 can be calculated using the mathemati-
cal relationship on page 40 of the datasheet. Its power
dissipation can be calculated by the equation 21.

Pd = Vin Iin (1− η)− 1.1 IOUT DCR (21)

= 12 2.23648 (1− 0.87)− 1.1 2.23648 28.6 10−3

≈ 249 mW

Where η [–] is the efficiency and DCR [Ω] is the in-
ductor parasitic resistance (28.6 mΩ in the worst case).

We can therefore calculate the temperature rise us-
ing the equation 22 keeping in mind that the thermal
resistor of the LM43603 is 38.9 ◦C/W (the figure 98
p.41 is to keep in mind while making the layout).

T = 38.9 0.249 ≈ 9.7 ◦C (22)

No heatsink needed, but to have this thermal resis-
tor, we need a 4 layers copper area between 400 mm2

and 900 mm2 to keep these characteristics.

5.5 DC inputs design

We decided to use two types of connectors for the
DC input power supplies. One barrel jack and a
mini DIN 4. As the connections of the Mini DIN are
not well defined, we put a dual rectifier bridge. To
avoid a too big voltage drop between the inputs and the
LM43603, we decided to use Schottky power diodes.

Another diode is used as a security for the DC barrel
jack.

5.6 Power sequencing

The MicroZed Board uses different voltages. They
are generated by the 5 V supplied on the VIN_HDR pins.
At some point of its power on routine, it sends a signal
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to the carrier card to give it the command to switch
on the VCCO power.

The components previously chosen sometimes have
a powerGood output and an enable input. We have to
keep in mind that for the AD9645, the analog power
supply must be applied after the digital one.

The power on routine for the whole board is time
disposed like this :

1. LM43603 gives the microZed 5V on VIN_HDR

2. LM43603 gives the microZed 5V on PWR_ENABLE

(same time as 1)

3. microZed gives the LP3982ILD the VCCIO_EN sig-
nal

4. The LP3982ILD gives a PowerGood signal to the
LT3042

5. The LP3982ILD powers the MicroZed’s bank 34
& 35 (same time as 4)

Abbreviations

ADC Analog to Digital Converter

DC Direct Current

DNL Differential NonLinearity

ENOB Effective Number Of Bits

ESL Equivalent Serial Inductor

ESR Equivalent Serial Resistor

FPGA Field Programmable Gate Array

GPIO General Purpose Input Outuput

HF High Frequency

IC Integrated Circuit

LDO Low Dropout

LVDS Low Voltage Differential Signal

LVPECL Low Voltage Positive Emitter-Coupled
Logic

PCB Printed Circuit Board

PSRR PowerSupply Rejection Ratio

RF Radio Frequency

SFDR Spurious Free Dynamic Range

SINAD Signal to noise and distortion ratio

SMA SubMiniature version A

SPI Serial Peripheral Interface

SRF Self Resonant Frequency

TVS Transient Voltage Suppressor
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