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Attention 

Please read carefully before you start:
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Technical Support

If you have any technical problems or cannot find the required information in our
documents, please feel free to contact us for technical support. Below is a list of information
which you can provide that will be very useful to us in determining source of the problem
and the necessary solution:

 1. Your company name and website

 2. Description about application and system

 3. GPS module type

 4. GPS firmware version

 5. Description of the question or problems encountered, together with pictures or
 videos files

       Test setup
       The problem or issue shown in pictures

Technical contact information: sales@ascen.co.kr
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1. Introduction

2. General Rules for Design-in

2.1 Circuit Design 

AscenKorea has a variety of GPS modules designed for many different applications. The modules 
are classified into two major families: AKMLx and its successor the AKMxx family, or the AKSx and
its successor the AKSxx family (where x denotes the model number). The major difference between
these two families is the inclusion of smart patch antenna. AKS come with the ceramic antenna,while
AKM do not. These GPS modules provide a complete GPS solution that excels in position, speed, and
accuracy performances as well as high in sensitivity and tracking capabilities in urban environment. 
The GPS module are powered by MediaTek Inc. GPS chipset, the world's leading digital media solution
provider and largest fab-less IC Company in Korea. AscenKorea’s GPS solutions are suitable for 
assortment of devices, even small-form-factor ones.

 Add ferrite bead, power choke or low pass filter for power noise reduction
 Use linear regulator for voltage regulation
 Use enough decoupling capacitors for stable voltage due to current variation.

It is necessary to provide a clean and stable power supply for our GPS module in order to obtain
good performances (Ex: TTFF). Unstable power source will have a significant negative impact on
the GPS performance. To achieve this, the Vcc ripple must be controlled under 50mVpp. In addition,
there are also some important suggestions for main power circuit design:

2.1.1 Power supply Vcc

In order to obtain good GPS performances, there are some rules which require attentions for using
GPS module:

In order to obtain good GPS performances, there are some rules which require attentions for using
GPS module:
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2.1.2 VBACKUP (BACKUP_PWR) backup battery

The backup power is necessary for all modules to work normally.

Backup power is used for keeping RTC running and navigation data after the main power was turn
off. For most cases with backup power, the GPS module can have a shorter TTFF, Time to First Fix, or
hot start.

It is recommended to connect the module via VBACKUP to a sustained power source (ex: Li-Ion
rechargeable coin battery) for backup power. There are several ways to maintain the backup power,
such as Li battery, super capacitor or just wired to VCC. See figure 1, 2 and 3 for reference. About
super capacitor reference design, please refer to appendix.

Figure F1, Backup power using regulator for GPS module
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Figure F2, Backup power using voltage divider for GPS module

Figure F3, Backup power using regulator with super capacitor
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2.1.3 UART 0 (RX/TX) –Serial Interface

UART is the default interface, the logic, which is TTL level, supports transfer baud rate ranging from
4800 bps to 115200 bps. If RS232 logic-level is needed for any particular application, then the use of
level shifter is necessary. Please leave RX open if it is not used as there is an internal pull-up to VCC.
Please don’t use an external pull-up to prevent unexpected current draw. Please refer to “Appendix
III: UART to RS232 Interface” for more information on designing RS232 logic for UART.

Notice:

Please don’t connect diode(s) to RX/TX as it will lower signal driving capability which might adversely
affect RX/TX signal level (ex. no data output).

2.1.4 GND-Ground

Make sure all GND pins of module are linked to a good ground connection.



11

This document is the exclusive property of AscenKorea Inc. and should not be distributed, reproduced, into any other format without
prior permission of AscenKorea Inc. Specifica�ons subject to change without prior no�ce.

2.1.5 Antenna Design

GPS antenna is a receiving device to acquire week GPS signal from sky. Popular solution would be
ceramic patch antenna due to its small form factor with low cost. There are two types of antennas,
passive and active. Passive antenna is with solely antenna itself. Active antenna is with LNA to have
high gain with the cost of current supply.

Antenna can be chosen according to radiation efficiency, radiation pattern, gain, bandwidth, form
factor and cost. Make sure the ground plane is sufficient for the antenna to operate with acceptable
performance. And place the matching circuit between antenna and GPS module to compensate the
frequency shift due to PCB layout.

To optimize the reception performance under an unfavorable operation environment with noisy
sources, please consider the use of an additional SAW filter as a possible solution

The total noise figure, NF, must be under 1.5dB.
Make sure the antenna is not placed closely to the noisy portion of the whole circuit design.

For the noise rejection of out-of-band, make sure the antenna do NOT have oscillation frequency
except the L1 band, 1575.42MHz. For example:

1575.42MHz - main frequency source form not GPS source
525.14MHz - frequency source ( 525.14 x 3 = 1575.42MHz )
315.084MHz - frequency (315.084 x5=1575.42 MHz)
4.092MHzMHz - GPS intermediate frequency
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Please also pay special attention to the design of power supply for the external active GPS antennas
as they vary between different GPS module models.

For some GPS modules (ex. AKS6E, AKSU1LP), the DC voltage for the active antenna is
provided internally through the same pin as external antenna input pin (EX_ANT), or through
two different pins (ex. AKML1). [Type 1]

For some models (ex. AKSL3), the power supply for the active antenna needs to be externally
provided and is connected to a designated pin (VANT) located on the module, where the DC
voltage for the active antenna is outputted from the external antenna input pin. [Type 2]

Some (ex. AKMU1), the power supply needs to be externally provided and is connected
directly to the active antenna. [Type 3]

AKMU5LP has a unique “Antenna Advisor” System that can be enabled with a additional
resistor. Please see reference design for more details. [Type 4]

AKMU5J comes with special GPS jammer detect feature called “Anti-JACK™” and Antenna
Advisor System that requires special attention, please refer to AKMU5J data sheet for more
details. [Type 5]

Module

Mode

Type 1

AKS4 AKS6E AKML1 AKML3 AKMU1 AKS
U1LP

AKM
U5LP

AKMU5J

Type 2

Type 3

Type 4

Type 5
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2.1.6 1PPS Signal

(Applicable to modules with 1PPS support)

1PPS signal is an output pulse signal useful for timing application, its electronic characteristic are
listed below:

Low Voltage level: 0~0.4V, High Voltage level: 2.8~3.1V
Source current: 14 mA, Sink current 14 mA

Notice:
Depending on user’s application, LED + resistor can be directly used with the 1PPS pin without the
need of an external buffer. Please note the reference resistor value is 330 ohm.

Please refer to Appendix V for more information on 1PPS signal transmission.

Figure 2.1.6, 1PPS signal and its pulse width with 100ms duration
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2.1.7 Design Restriction

Please keep out of traces and via under the AKS6X/AKSU1LP GPS module to avoid any interferences
affecting the antenna pin located at the bottom of the PCB board. (Module AKS6X is used as an 
example for the figures below)

Note.

Place one hole (diameter =3.0mm)
under this module as part of the
antenna pad.

Note.

If the hole can’t be placed on PCB,
please don’t let any trace and vias
pass the area.

Antenna
pad
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2.2 Layout Guideline 

Bad! Good!

Top Bottom

Please follow the layout criteria to design a system using GPS module.

2.2.1 Clearance

It is better to place GPS module higher than other circuitry for better reception.
There is only patch antenna on top layer, but other components place on bottom layer

2.2.2 Placement

Place the decoupling capacitors close to GPS module
Place the damping resistors close to GPS module
Do not place GPS module close to high-speed digital processing circuitry
Do not place GPS module close to high-current switching power circuitry
Do not place GPS module close to clock sources circuitry
Do not place patch antenna close to the tall metal object.
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Poor! Good! Excellent!

Good! Bad!

2.2.3 Trace

Do not trace under the GPS module.

The USB differential signals should be trace close for minimum loop radiation
RF traces have to execute the 50 ohm impedance control for good sensitivity
Any right angle turn in trace routing should be accomplished with two 135 degree turn or an arc turn

2.2.4 Damping Resistors

The purpose of placing damping resistor at the designated I/O ports (Typically the Rx and Tx) of the
GPS module is to limit the radiation given out at these points to comply with FCC or CE regulations.
Fine tuning the damping resistor is required as the amount of radiation will be dependent on user’s
application. As a general rule, the longer the layout line is, the higher the radiation will be, and a
higher value (ohm) damping resistor is required to keep the radiation level down.

Typically, Damping Resistor under 1000ohm will not affect communication signal quality.

It is better to have independent trace of power source for any device

Power
source

GPS
Module

GPRS
Module

Bluetooth
Module

GPS
Module

GPRS
Module

Bluetooth
Module

Power
source
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2.2.5 Ground Segmentation

The separation of ground between GPS module and the rest of the system is recommended to avoid
interference. If this is not possible, it is best to follow these typical rules: segmentation of ground
between digital and analogue system, high current and low current system, and different radiation
systems in general (such as GPS and GPRS).

One way to segment the ground is to place digital and noise component at one corner of the board,
while placing analog and quiet components at the opposite corner of the board. Make sure there is
no crossing of microstrip or current between the two component sets and grounds of each sets are
contacted in one point only.

Another way to do this is the place the two different sets at different layers of the board, while the
ground of each layer is contacted in one point only (preferable at border of the board).

2.2.6 Ground Plane

Having a ground plane designed for GPS module with built-in passive antenna (such as AKS6B , AKS6E,
AKSU1LP ) is crucial as it can enhance the magnetic-field line of the antenna for better GPS signal
reception. It is strongly recommended to have a ground plane designed underneath the GPS module
with integrated antenna at top layer. The GPS reception can be further improved by increasing
ground plane size until it reaches the optimum size for GPS reception (performance equal to an
external GPS antenna).

The recommended thickness for the ground layer is 0.5 to 1 OZ (0.0175 to 0.035 mm)

It is best to place the ground plane on the top layer of the PCB, directly underneath the GPS module
as the figure below shows:

Ground Plane
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Ground Plane for FR4 Design

Here is a table that shows the ground plane size in relation to C/N value of AKS6 series for 
reference:

*C/N performance close to that of an external antenna

Ground Plane Area (Length x Width) (cm)

No Ground Plane 45, 44

47, 46, 45, 44

48, 46, 46, 44

47, 47, 46, 46

48, 47, 46, 44

50, 49, 48, 47

48, 46, 46, 46

48, 46, 46, 46

49, 49, 48, 48

48, 48, 47, 47

2.6 x 2.6 (Square)

3.6 x 3.6 (Square)

4.6 x 4.6 (Square)

5.6 x 5.6 (Square)

6.6 x 6.6 (Square)*

2.4 x 3.6 (Rectangle)

5.6 x 3.6 (Rectangle)

7.6 x 3.6 (Rectangle)*

9.6 x 3.6 (Rectangle)

Top 4 satellite C/N values (higher the better)
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3. Reference Design and Noice

3.1 AKML3

Notice about design:

Please note the Vcc and VBAK power source design; it is recommended there are some capacitors
and ferrite chip beads.
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3.2 AKS2

AKS2-C reference design
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AKS2-P reference design

Notice about design:

Please note the Vcc and VBAK power source design; it is recommended there are some capacitors
and ferrite chip beads.
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3.3 AKS4

Notice about design:

Please note the Vcc and VBAK power source design; it is recommended there are some capacitors
and ferrite chip beads.
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3.4 AKS6B/AKS6E

AKS6/AKS6B UART reference design

AKS6E UART reference design

AKS6/AKS6B USB reference design
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Notice about the design:

ENABLE (Pin2)

Keep open or pull high to Power ON. Pull low to shutdown the module.

Enable (High): 1.8V<= Venable<=VCC

Disable (Low): 0V<= Venable<=0.25V

The pin could be left open if system doesn’t want to shut down the power.

VBACKUP (Pin4)

This is the power for GPS chipset to keep RTC running when main power is removed. The voltage
should be kept between 2.0V and 4.3V. (Typical：3.0V)

The pin must be connected for normal operation.

3D-FIX (Pin5)

The 3D-FIX was assigned as fix flag output. If not used, keep floating.

2  Before 2D Fix
The pin should continuously output one-second high-level with one-second low-level signal.

DPLUS (Pin6) (for AKS6/AKS6B)
USB Port DPLUS Signal: if you use the USB interface for connection, please install MT3329 USB VCP
driver before you use the module.

3  After 2D or 3D Fix
The pin should continuously output low-level signal.

Low

1S

1S
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DMINUS (Pin7) (for AKS6/AKS6B)

USB Port DMINUS Signal: if you use the USB interface for connection, please install MT3329 USB VCP
driver before you use the module.

EX_ANT (Pin7) (only for AKS6E)

External Antenna input and Output 3.0V power for external antenna.

The maximum consumption current for the GPS antenna is limited to 30mA.

When a 3mA or higher current is detected, the IC will acknowledge the external antenna as being
present and uses external antenna for reception.

In the event of short circuit occurring at external antenna, the module will limit the drawn current to
a safe level.
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3.5 AKMU1

Patch Antenna Application

Notice:
1. Ferrite bead L1 was add for power noise reduc�on.
2. C1 and C2 decoupling capacitor should put near module.
    For C1, the value depends on system noise, range 1uF~100uF is reasonable.
3. Damping resistors R1, R2, R3, R4 and R5 should be fine-tuned for system applica�on.

AKMU1
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External Antenna Application

AKMU1

Notice:

1. Ferrite bead L1 was add for power noise reduc�on.
2. C1 and C2 decoupling capacitor should put near module.
    For C1, the value depends on system noise, range 1uF~100uF is reasonable.
3. Damping resistors R1, R2, R3, R4 and R5 should be fine-tuned for system applica�on.
4. L2 was added for RF Choke.
5. C4 was added for power noise reduc�on.

RF_IN (Pin16)

  GPS RF signal input. If used to external ac�ve antenna, which is the power supply from external
  DC voltage. The voltage should be kept between 3.0V~10V, Typical 3.0V
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



Antenna (Active) detect circuit reference design

Reference Design

Condi�ons：When ANTENNA _ DETECT logic 2.0V

R2

100 3.72

3.02

2.84

1.95

1.46

0.90

200

220

330

390

470

Table 1-1

EXTERNAL_ANT Current
(mA)
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ANTENNA _ DETECT Logic

ANTENNA _ DETECT
Logic

EXTERNAL Note

1 EXTERNAL Load

No Load

The consump�on current is
higher than specified table 1-1

--0

Summary: 470 is the recommended value of R2 when using this schema�c. With the external
antenna connected (EXTERNAL Load), if the current of EXTENRNAL_ANT is 0.9 mA or
higher, the output logic of ANTENNA_DETECT will be 1. If the external antenna is not
connected (No Load), the output logic will be 0 for ANTENNA_DETECT (see Table 1-2 
for reference).

The output logic of ANTENNA_DETECT can be adjusted accordingly by changing the
value of R2 to alter for the level of consump�on current, please refer to Table 1-1
for more details.

Table 1-2
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Over Current Protection Circuit

Because of AKMU1/AKMU2P’s design, the power supply for external active antenna
needs to be provided from an outside source without entering the module. For those
interested in protecting the External Antenna from short circuit at the external antenna pin,
please add an over current protection circuit as below, and place it in between the power
source for the external active antenna and the power input of the external active antenna.

Note:

Normal Action

When the power supply 3.3V input, the TR1 is into saturation region and VCC-EXTERNAL
output voltage, TR2 is into cutoff region.

Protect Action

If the VCC-EXTERNAL is short to ground and the power supply 3.3V input, the TR1 and TR2 is
into active region, therefore limit current is R3 determine.

R3 value for Limit Current

R3 is 20K the limit current approximately 30mA.

R3 is 6.8K the limit current approximately 50mA.

R3 is 390 the limit current approximately 100mA.
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3.6 AKSU1LP

USB Interface

UART Interface

Active Antenna Application

AKSU1LP

AKSU1LP

AKSU1LP
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3.7 AKMU5LP

Patch (Passive) Antenna
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Active Antenna with Antenna Advisor
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Active Antenna with External Power Management IC
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3.7 AKMU5J

Patch (Passive) Antenna
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Patch (Passive) Antenna (additional stage LNA)

Adding a LNA between Patch Antenna and RF_IN pin will increase jamming detection distance.
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Active Antenna with Antenna Advisor
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Active Antenna with External Power Management IC
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4. Thermal Profile for SMD Modules

(Reference Only)

*All the information in this sheet should be used only for Pb-free certification.

SMT Reflow Soldering Temperature Profile:

SMT Solder Mask:

Manual Soldering:
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5. Troubleshooting

How to check for the working status of AKS6/AKS6B?

Item 1: VCC (Pin1)

Item 2: ENABLE (Pin2)

Item 3: VBACKUP (Pin4)
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Item 4: 3D-FIX (Pin5)

TXD (Pin9)
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6. Contact

For help or further information, please contact us via the following methods:

Ascenkorea Technology Inc.
 Address: AscenKorea Inc.

       Rm. 710, 7F, Halla Sigma Valley B/D, GasanDigital 2Ro 53, Geumcheon-gu,
 
                       Seoul, Korea

 Tel: +82 2 858 7810   Fax: +82 2 858 7813

 Web Site : www.AscenKorea.com 

 Sales Email: sales@ascen.co.kr
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Appendix I: Super Capacitor Design 

About Super Capacitors

How to calculate the backup time
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Appendix II: About 50 ohm Matching Line 
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Appendix III: UART to RS232 Interface 
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Appendix IV: UART to USB Interface 
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Appendix V: How to efficiently transfer 1PPS 
through extended distances 
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1PPS Delay Time：
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How to calculate the delay time of the communication cable with the length of “N”
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

Waveform rising time caused by OPA

Recommended OPA

Voltage degradation of communication cable
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Appendix VI: Evaluation Kit (EV-KIT) Schematics 

Base Board:
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AKS6B Base Board:

AKS6E Base Board:
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AKMU1 Daughter Board:

AKSU1LP Daughter Board:
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Appendix VII: Cautions on Reflow Soldering Process 

1

2

3

4

Details Suggestions Notes

The maximum tolerated
temperature for the tray is
100°C.

After the pre-baking process,
please make sure the
temperature is sufficiently
cooled down to 35°C or below in
order to prevent any tray
deformation.

Double check to see if the
surrounding components around
the GPS module are displaying
symptoms of cold weld(ing) or
false welding.

If there is any bending or
deformation to the PCBA board,
this might causes the PCBA to
collide into one another during
the unloading process.

If the operator is planning to
readjust the module position,
please do not touch the patch
antenna while the module is hot
in order to prevent rotational
offset between the patch
antenna and module
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5

6

7

Details Suggestions Notes

It is very easy to cause positional
offset to the module and its
patch antenna when handling
the PCBA under high
temperature.

1. Test must be performed first
to determine if V-Cut process is
going to be used. There must be
enough space to ensure the
blade and patch antenna do not
touch one another.

2. An uneven amount of manual
force applied to the separation
will likely to cause positional
shift in patch antenna and
module.

It is possible to chip corner
and/or cause a shift in position if
patch antennas come in contact
with each other.
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Other Cautionary Notes on Reflow-Soldering Process:
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Manual Soldering

Soldering iron:

Notes:
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