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Introduction 

This document details the hardware design guidelines for a customer to design the Atmel® ATBTLC1000 

IC onto their board. 
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1 Reference Schematic 

1.1 Schematic 

Figure 1-1 shows the reference schematic for a system using the ATBTLC1000. 

Figure 1-1. Reference Schematic 

 



 

ATBTLC1000 Hardware Design Guidelines – Ultra Low Power BLE 4.1 SoC [USER GUIDE] 
Atmel-42537B-ATBTLC1000-Hardware-Design-Guidelines_UserGuide_102015 
4

 

4 

Figure 1-2 shows the Bill of Materials for the schematic. 

Figure 1-2. Bill of Materials 
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2 Notes on Interfacing to the ATBTLC1000 

2.1 Programmable Pull-up Resistors 

The ATBTLC1000 provides programmable pull-up resistors on various pins. The purpose of these 

resistors is to keep any unused input pins from floating which can cause excess current to flow through 

the input buffer from the VDDIO supply. Any unused module pin on the ATBTLC1000 should leave these 

pull-up resistors enabled so the pin will not float. The default state at power up is for the pull-up resistor to 

be enabled. However, any pin which is used should have the pull-up resistor disabled. The reason for this 

is that if any pins are driven to a low level while the ATBTLC1000 is in the low power sleep state, current 

will flow from the VDDIO supply through the pull-up resistors, increasing the current consumption of the 

device. Since the value of the pull-up resistor is approximately 100kΩ, the current through any pull-up 

resistor that is being driven low will be VDDIO/100K. For VDDIO = 3.3V, the current through each pull-up 

resistor that is driven low would be approximately 3.3V/100kΩ = 33µA. Pins which are used and have had 

the programmable pull-up resistor disabled, should always be actively driven to either a high or low level 

and not be allowed to float. 

See the ATBTLC1000 Programming Guide for information on enabling/disabling the programmable pull 

up resistors. 

2.2 Using an External RTC 

The ATBTLC1000 requires a 32.768kHz clock. This can be supplied by connecting a 32.768kHz crystal to 

the RTC_CLKP and RTC_CLKN pins as shown in the reference schematic. Alternatively, if a 32.768kHz 

clock is already available in the system (from a host MCU, for example), this clock can be used thereby 

saving the cost of the crystal. To use the external clock, connect it to the RTC_CLKP pin of the ATBTLC1000 

device. 

The block diagram in Figure 2-1(a) shows how the internal low frequency Crystal Oscillator (XO) is 

connected to the external crystal. 

Typically, the crystal should be chosen to have a load capacitance of 7pF to minimize the oscillator 

current. The ATBTLC1000 device has switchable on chip capacitance that can be used to adjust the total 

load the crystal sees to meet its load capacitance specification. Refer to the ATBTLC1000 QFN SoC 

datasheet for more information. 

Alternatively, if an external 32.768kHz clock is available, it can be used to drive the RTC_CLKP pin 

instead of using a crystal. The XO has 5.625F internal capacitance on the RTC_CLKP pin. To bypass the 

crystal oscillator an external signal capable of driving 5.625pF can be applied to the RTC_CLK_P terminal 

as shown in Figure 2-1(b). This signal must be 1.2V maximum. RTC_CLK_N must be left unconnected 

when driving an external source into RTC_CLK_P. 

http://www.atmel.com/Images/Atmel-42409-ATBTLC1000-QFN-SoC_Datasheet.pdf
http://www.atmel.com/Images/Atmel-42409-ATBTLC1000-QFN-SoC_Datasheet.pdf
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Figure 2-1. ATBTLC1000 XO Connections to Low Frequency Crystal Oscillator 

 

(a) Crystal Oscillator is used   (b) Crystal Oscillator is bypassed 

Table 2-1. ATBTLC1000 32.768kHz External Clock Specification 

Parameter Min. Typ. Max. Unit Comments 

Oscillation frequency  32.768  KHz 
Must be able to drive 6pF load @ desired fre-

quency 

VinH 0.7  1.2 V High level input voltage 

VinL 0  0.2 V Low level input voltage 

Stability – Temperature -250  +250 ppm  

 

Note that the maximum voltage into the RTC_CLK pin is 1.2V. If the clock source provides a larger swing 

than this, it must be reduced before being introduced into the RTC_CLK pin. This can be accomplished 

with a simple resistor divider. Figure 2-2 shows an example of a resistor divider used to reduce the 

voltage of an external clock. However, note that the resistor divider will consume current. For example, if 

the clock swing into the resistor divider circuit in Figure 2-2 is 3.3V, the circuit will consume approximately 

5.5µA of additional current, so this trade-off should be taken into consideration. 

Figure 2-2. Resistor Divider Example for an External RTC 
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2.3 Restrictions for Power States 

When VDDIO is off (either disconnected or at ground potential), a voltage must not be applied to the 

device pins. This is because each pin contains an ESD diode from the pin to the VDDIO supply. This 

diode will turn on when a voltage higher than one diode-drop is supplied to the pin. This in turn will try to 

power up the part through the VDDIO supply. 

If a voltage must be applied to the signal pads while the chip is in a low power state, the VDDIO supply 

must be on. 

Similarly, to prevent the pin-to-ground diode from turning on, do not apply a voltage that is more than one 

diode-drop below ground to any pin. 

2.4 Power-up Sequence 

The power-up sequence for ATBTLC1000 is shown in Figure 2-3. The timing parameters are provided in 

Table 2-2. 

Figure 2-3. Power-up Sequence 

VBATT

VDDIO

CHIP_EN

tBIO

t IOCE

 

Table 2-2. Power-up Sequence Timing 

Parameter Min. Max. Unit Description Notes 

tBIO 0  ms VBATT rise to VDDIO 

rise 

VBATT and VDDIO can rise simultaneously or 

can be tied together 

tIOCE 0  ms VDDIO rise to CHIP_EN 

rise 

CHIP_EN must not rise before VDDIO. 

CHIP_EN must be driven high or low, not left 

floating 
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3 Placement and Routing Guidelines 

It is critical to follow the recommendations listed below to achieve the best RF performance: 

 The board should have a solid ground plane. The center ground pad of the device must be solidly 

connected to the ground plane by using a 3 x 3 grid of vias. 

 Keep away from antenna, as far as possible, and large metal objects, to avoid electromagnetic field 

blocking 

 Do not enclose the antenna within a metal shield 

 Keep any components which may radiate noise or signals within the 2.4 – 2.5GHz frequency band 

far away from the antenna, or better yet, shield those components. Any noise radiated from the 

main board in this frequency band will degrade the sensitivity of the module. 

3.1 Power and Ground 

Dedicate one layer as a ground plane. Make sure that this ground plane does not get broken up by routes. 

Power can route on all layers except the ground layer. Power supply routes should be heavy copper fill 

planes to insure the lowest possible inductance. The power pins of the NMC1000 should have a via 

directly to the power plane as close to the pin as possible. Decoupling capacitors should have a via right 

next to the capacitor pin and this via should go directly down to the power plane – that is to say, the 

capacitor should not route to the power plane through a long trace. The ground side of the decoupling 

capacitor should have a via right next to the pad which goes directly down to the ground plane. Each 

decoupling capacitor should have its own via directly to the ground plane and directly to the power plane 

right next to the pad. The decoupling capacitors should be placed as close to the pin that it is filtering as 

possible. 

3.2 RF Traces and Components 

The RF trace that routes from the ATBTLC1000’s RFIO pin to the antenna must be 50Ω controlled 

impedance. This is pin 2 of the 32-pin QFN package. This controlled impedance trace must reference a 

ground plane on a lower layer. To achieve 50Ω impedance, a typical design might implement a coplanar 

waveguide utilizing 1oz copper and a dielectric constant of 4.0 with a 12 mil wide trace and 6 mil spacing 

on either side to the top layer ground and referenced to a ground plane on an inner layer, which is 6.5 mils 

below the trace. This must be adjusted depending on the dielectric and copper weight used. No other 

traces must route through the RF area on layers between the RF traces and the ground reference plane. 

In fact, try not to route any other traces in the RF area on any layer. This ground reference plane must 

extend entirely under the ATBTLC1000 package. 

Be sure that the route from pin 2 to the antenna is as short as possible to reduce path losses and to 

minimize the opportunity for the trace to pick up noise. 

Be sure to add as many ground vias as possible, tying all ground layers together (ground stitching) all 

along the RF traces and throughout the area where the RF traces are routed. Add at least one ground via 

right next to the ground pad of each of the components in the RF path. Place ground vias all along the RF 

traces on either side. 

Tie the center ground pad of the ATBTLC1000 to the inner ground layer using a grid of nine vias. The 

ground path going from the ground pad down to the ground plane must have as low impedance as 

absolutely possible. The ground return path for the RF must not be broken. It must be a solid, continuous, 

unbroken low impedance path. 

Do not use thermal relief pads for the ground pads of all components in the RF path. These component 

pads must be completely filled in with ground copper. 
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Be sure to place the DC blocking capacitor (C4) and matching components (C5, L4, C4) as close to the 

RFIO pin as possible. Figure 3-1 shows the placement and routing of these components using the design 

parameters detailed in the first paragraph of this section. Note that they are placed as close as possible to 

the ATBTLC1000’s pin 2. The components used for this design are 0201. Note that the width of the route 

matches the width of the component pads. This will avoid impedance discontinuities which would occur if 

there is a large mismatch in trace width versus the component pad size. 

Figure 3-1. Placement and Routing of DC Blocking Cap and Matching Components 

 

Be sure that the route from the antenna to the ATBTLC1000 is as short as possible and is completely 

isolated from all other signals on the board. No signals should route under this trace on any layer of the 

board. Make sure that all digital signals that may be toggling while the ATBTLC1000 is active are placed 

as far away from the antenna as possible. No connectors which have digital signals going to them should 

be near the antenna. All digital components and switching regulators on the board should be shielded so 

they do not radiate any noise that can be picked up by the antenna. 

In summary, make sure that anything that switches is shielded and kept away from the antenna, the 

ATBTLC1000, or the route from the ATBTLC1000 to the antenna. 

3.3 Power Management Unit (PMU) 

The ATBTLC1000 contains an on-chip switching regulator, which regulates the VBAT supply down to 

approximately 1.2V for supplying the rest of the device. It is crucial to place and route the components 

associated with this circuit correctly to ensure proper operation and especially to reduce any radiated 

noise, which can be picked up by the antenna and can severely reduce the receiver sensitivity. The 

external components for the PMU consist of two inductors, L5 = 15nH and L6 = 4.7µH and a capacitor, 

C14 = 4.7µF. These components must be placed as close as possible to ATBTLC1000 pin 14. The 

smaller inductor, L5, must be placed closest to pin 14. Current will flow from pin 14, through L5, then L6, 

and then through C14 to ground and back to the center ground paddle of the ATBTLC1000 package. 

Place components so this current loop is as small as possible. Make sure there is a ground via to the 

inner ground plane right next to the ground pin of C14. The ground return path must be extremely low 

inductance. Failure to provide a short, heavy ground return between the capacitor and the ATBTLC1000 

ground pad will result in incorrect operation of the on chip switching regulator. Figure 3-2 shows an 

example placement and routing of these components. The current loop described above is indicated by 

the red line, with the dashed portions indicating the path on inner layers. The route from pin 14 to L5 is on 

an inner layer and is shown in Figure 3-3 in red/white. 
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Figure 3-2. Placement and Routing of PMU Components 

 

Figure 3-3. Inner Layer PMU Route 
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Placement of FB1, C12, and C16 should be as close as possible to the VBAT_BUCK pin (pin 15), with the 

smaller capacitor, C16, placed closest to the pin. Again, the route should be as heavy as possible to 

provide a low impedance path. The placement and routing of these components is shown in Figure 3-2. 

Note that the PMU is a switching regulator and produces noise within the 2.4GHz receive band. Therefore 

it is essential that the RF route, components, and antenna be kept as far away from the PMU and its 

components (L5, L6, and C14) as possible. 

The same goes for the VBAT_Buck supply. This is the supply for the PMU and noise from the PMU feeds 

back to this supply pin. FB1 is used to suppress this noise to keep it from radiating from the supply route. 

Therefore, the RF route should also be kept away from the VBAT_Buck supply route and FB1, C12, and 

C16. 

A shield should be placed over the ATBTLC1000 and PMU components to keep any RF radiation from 

being picked up by the antenna. 

3.4 Ground 

Proper grounding is essential for correct operation of the device and peak performance. A solid inner layer 

ground plane should be provided. The center ground paddle of the device must have a grid of ground vias 

solidly connecting the pad to the inner layer ground plane. A 3x3 grid of ground vias is recommended. 

These ground vias must surround the perimeter of the pad. One of these ground vias must be in the 

center pad as close as possible to pin 2 (RFIO). This ground via serves as the RF ground return. There 

must also be a ground via in the center pad as close as possible to pin 14. This is the ground return for 

the PMU. See Figure 3-4 for an example of the recommended grounding of the center pad. 

Figure 3-4. Proper Grounding of Center Ground Pad 

 

As mentioned previously, one inner layer should be dedicated as a ground plane. It is important that the 

ground return currents have direct low impedance path back to the device ground. This is especially 

crucial for the RF and PMU ground returns. Figure 3-5 shows the top layer RF path route superimposed 

over an example of an incorrect second layer ground. In Figure 3-5 the top layer is shown in green and 

the second layer is shown in red. The RF route is indicated by the blue line. The RF return current will flow 

back along this path to the package ground pin closest to the RFIO pin (pin 2). But as shown in Figure 3-
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5, a gap exists in the ground plane blocking the return current. This discontinuity in the ground will greatly 

affect the RF performance and must be avoided at all costs. This example also shows the correct 

placement of ground vias in the center paddle. Note that there is a ground via placed directly next to the 

RFIO pin. 

Figure 3-5. Example of an Incorrect Ground Plane 

 

3.5 VDDIO 

VDDIO (pin 26) is also a supply input pin and the route to this should be a large power route. The 

decoupling capacitor for this supply (C11) should be placed as close as possible to the pin. Figure 3-6 

shows the placement of the decoupling capacitor and the route to this power pin. 

Figure 3-6. VDDIO Route and Decoupling Capacitor Placement 

 

3.6 LP_LDO_OUT 

LP_LDO_OUT (pin20) is the output of an on-chip regulator. It requires a 1µF ceramic capacitor (C13) to 

be placed as close as possible to the pin. 
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3.7 Sensitive Routes 

The following signals are very sensitive to noise and one must take care to keep them as short as 

possible and keep them isolated from all other signals by routing them far away from other traces or by 

using ground to shield them. Pay special attention to routes on layers above and below these routes. Any 

noisy signals running above or below these signals on other layers will couple noise into these routes: 

XO_N 

XO_P 

RFIO 

3.8 Supply Pins 

The following are power supply pins for the ATBTLC1000. They are supplied with approximately 1.2V by 

the on-chip PMU. It is important that the decoupling capacitors for these supplies are placed as close to 

the ATBTLC1000 pin as possible. This is necessary to reduce the trace inductance between the capacitor 

and ATBTLC1000 power pin to an absolute minimum: 

VDDRF (pin 1) 

VDD_AMS (pin 3) 

VDD_SXDIG (pin 31) 

VDD_VCO (pin 32) 

VDDC_PD4 (pin16) 

Place one 0.1µF capacitor as close as possible to pins 3, 31 and 32. Place a 1µF capacitor as close as 

possible to pin 3. 

The route going from C14 in the reference schematic to pins 1, 3, 16, 31, and 32 is a power route. It 

should be as short and heavy as possible. Try to route it as a power plane on an inner layer. In Figure 3-7, 

shown in grey, is an example of a route of this supply on an inner layer of a PCB. The three vias in the 

upper left portion go to C14 and the 1.2V route on the top layer, visible in Figure 3-2. The via below and to 

the right goes to ATBTLC1000 pin 16 and vias in the bottom right go to pins 1, 3, 31, and 32. 
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Figure 3-7. Routing of 1P2V Supply 

 

Additionally, while the VBAT_BUCK (pin 15) supply is not sensitive to picking up noise, it is a noise 

generating supply. Therefore, be sure to keep the decoupling capacitors for this supply pin as close as 

possible to the VBAT_BUCK pin and make sure that the route for this supply stays far away from sensitive 

pins and supplies. 

3.9 Additional Suggestions 

Make sure that traces route directly through the pads of all filter capacitors and not by a stub route. Figure 

3-8 shows the correct way to route through a capacitor pad. Figure 3-9 shows a stub route to the 

capacitor pad. This should be avoided as it adds additional impedance in series with the capacitor. 

Figure 3-8. Correct Routing Through Capacitor Pad 
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Figure 3-9. Incorrect Stub Route To Capacitor Pad 

 

4 Interferers 

One of the major problems with RF receivers is poor performance due to interferers on the board radiating 

noise into the antenna or coupling into the RF traces going to input LNA. Care must be taken to make 

sure that there is no noisy circuitry placed anywhere near the antenna or the RF traces. All noise 

generating circuits should also be shielded so they do not radiate noise that is picked up by the antenna. 

Also, make sure that no traces route underneath the RF portion of the ATBTLC1000. Also, make sure that 

no traces route underneath any of the RF traces from the antenna to the ATBTLC1000 input. This applies 

to all layers. Even if there is a ground plane on a layer between the RF route and another signal, the 

ground return current will flow on the ground plane and couple into the RF traces. 

5 Antenna 

Make sure to choose an antenna that covers the proper frequency band; 2.400GHz to 2.500GHz. Talk to 

the antenna vendor and make sure he understands that the full frequency range must be covered by the 

antenna. 

Make sure the antenna is designed for a 50Ω system. 

Make sure the PCB pad that the antenna is connected to is properly designed for 50Ω impedance. This is 

extremely important! The antenna vendor must specify the pad dimensions, the spacing from the pad to 

the ground reference plane, and the spacing from the edges of the pad to the ground fill on the same layer 

as the pad. Also, since the ground reference plane for the 50 trace going from the antenna pad to the 

ATBTLC1000 will probably be on a different layer than the ground reference for the antenna pad, make 

sure the pad design has a proper transition from the pad to the 50Ω trace. 

Make sure that the antenna matching components are placed as close to the antenna pad as possible. 

The antenna cannot be properly matched if the matching components are far away from the antenna. 
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6 Reference Documentation and Support 

6.1 Reference Documents 

Atmel offers a set of collateral documentation to ease integration and device ramp. 

Table 6-1 shows a list of documents available on the Atmel web or integrated into development tools. 

Table 6-1. Document List 

Title Content 

ATBTLC1000 

QFN SoC, 

Datasheet 

 

Design Files Pack-

age 

User Guide, Schematic, PCB layout, Gerber, BOM & System notes on: RF/Radio Full Test 

Report, radiation pattern, design guidelines, temperature performance, ESD. 

Platform Getting 

started Guide 

How to use package: Out of the Box starting guide, HW limitations and notes, SW Quick 

start guidelines. 

HW Design Guide This document 

SW Design Guide Integration guide with clear description of: High level Arch, overview on how to write a net-

working application, list all API, parameters and structures. 

Features of the device, SPI/handshake protocol between device and host MCU, with 

flow/sequence/state diagram, timing. 

SW Programmer 

guide 

Explain in details the flow chart and how to use each API to implement all generic use 

cases (e.g. start AP, start STA, provisioning, UDP, TCP, http, TLS, p2p, errors manage-

ment, connection/transfer recovery mechanism/state diagram) - usage and sample applica-

tion note 

 

For a complete listing of development-support tools and documentation, visit http://www.atmel.com/ or 

contact the nearest Atmel field representative. 
  

http://www.atmel.com/Images/Atmel-42409-ATBTLC1000-QFN-SoC_Datasheet.pdf
http://www.atmel.com/Images/Atmel-42409-ATBTLC1000-QFN-SoC_Datasheet.pdf
http://www.atmel.com/
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7 ATMEL EVALUATION BOARD/KIT IMPORTANT NOTICE AND 

DISCLAIMER 

This evaluation board/kit is intended for user's internal development and evaluation purposes only. It is 

not a finished product and may not comply with technical or legal requirements that are applicable to 

finished products, including, without limitation, directives or regulations relating to electromagnetic 

compatibility, recycling (WEEE), FCC, CE or UL. Atmel is providing this evaluation board/kit “AS IS” 

without any warranties or indemnities. The user assumes all responsibility and liability for handling and 

use of the evaluation board/kit including, without limitation, the responsibility to take any and all 

appropriate precautions with regard to electrostatic discharge and other technical issues. User indemnifies 

Atmel from any claim arising from user's handling or use of this evaluation board/kit. Except for the limited 

purpose of internal development and evaluation as specified above, no license, express or implied, by 

estoppel or otherwise, to any Atmel intellectual property right is granted hereunder. ATMEL SHALL NOT 

BE LIABLE FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMGES RELATING 

TO USE OF THIS EVALUATION BOARD/KIT. 

ATMEL CORPORATION 

1600 Technology Drive 

San Jose, CA 95110 

USA 
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8 Revision History 

Doc Rev. Date Comments 

42537B 10/2015 

 The document title is updated 

 Figure 1-1 and Figure 1-2 are updated 

 New Section 2.2 is added 

 Section 3.2 is updated 

 Section 3.3 is updated 

 Figure 3-2 is updated 

 New Section 3.4 is added 

42537A 09/2015 Initial document release. 
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contained herein. Unless specifically provided otherwise, Atmel products are not suitable for, and shall not be used in, auto motive applications. Atmel products are not intended, 

authorized, or warranted for use as components in appl ications intended to support or sustain life. 

SAFETY-CRITICAL, MILITARY, AND AUTOMOTIVE APPLICATIONS DISCLAIMER: Atmel products are not designed for and will not be used in conne ction with any applications where 
the failure of such products would reasonably be expected to result in significant personal injury or death (“Safety-Critical Applications”) without an Atmel officer's specific written consent. 
Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the operation of nuclear facilities and weapons systems. Atmel 

products are not designed nor intended for use in military or aerospace applications or environments unless specifically desi gnated by Atmel as military-grade. Atmel products are not 

designed nor intended for use in automotive applications unless specifically designated by Atmel as automotive -grade. 
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http://community.arm.com/community/arm-partner-directory/partner-atmel
https://www.facebook.com/AtmelCorporation
https://twitter.com/Atmel
http://www.linkedin.com/company/atmel-corporation
https://plus.google.com/106109247591403112418/posts
http://www.youtube.com/user/AtmelCorporation
http://en.wikipedia.org/wiki/Atmel
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