Power Management
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Application Note

Abstract

This document describes the power management considerations for
u-blox 5 module and chipset designs. Power mode options and
strategies are described to optimize u-blox 5 performance and
power consumption.
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1 Introduction

This application note describes ways of configuring u-blox 5 GPS receivers to reduce power consumption while
maintaining a high level of performance. These are important design goals for portable systems. u-blox 5
receivers offer various options for applications with different power requirements by means of its flexible supply
voltage and power mode configuration.

2 Power management options
2.1 Hardware set up

2.1.1 u-blox 5 modules

u-blox modules support three kinds of power supply models:

u-blox 5 RF IN

3V Module

2.7-3.6v —»] Vcc

L

Figure 1 : u-blox 5 modules with supply voltage of 3V nominal (2.7 ...3.6 V)

u-blox 5 RF IN

1.8V Module

175-20v —¥VcC

—

Figure 2: u-blox 5 modules with supply voltage of 1.8V nominal (1.75 ... 2.0 V).

& For more information, consult the Hardware Integration Manuals (see Related documents)
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2.1.2 u-blox 5ICs

Power Management - Application Note

Depending on the application, u-blox 5 ICs support different kinds of power supply models. Some examples are:

u-blox 5 ICs
RF IN
TCXO
(25-3.6V)
or Crystal
2.5-3.6V u-blox 5
Baseband
Figure 3: Single supply voltage from 2.5 ...3.6 V
u-blox 5 ICs
RE IN
TCXO
(1.75-2.0V)
or Crystal
1.75-2.0V u-blox 5
Baseband
Figure 4: Single supply voltage of 1.8 V nominal (1.75...2.0V)
u-blox 5 ICs
RF IN
1.75-2.0V
TCXO
(1.75 - 2V)
or Crystal
1.4V u-blox 5 v
Baseband
Figure 5: Separate supply of 1.8 V nominal (1.75...2.0V)and 1.4V (1.4...3.6 V)
& For more information, consult the applicable Hardware Integration Manual (see Related documents)
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2.1.3 Supply voltage

2.1.3.1 Recommendation

Good performance requires a clean and stable power supply with minimal ripple. Care needs to be exercised in
selecting a strategy to achieve this. Placing a resistance at Vcc can negatively impact performance. For better
performance, use an LDO to provide a clean supply at Vcc and consider the following:

Wide power lines or even power planes are preferred.
Place LDO near the module.
Avoid resistive components in the power line (e.g. narrow power lines, coils, resistors, etc.).

& Placing a filter or other source of resistance at Vcc can create significantly longer acquisition
times.
& u-blox 5 data sheets and hardware integration manuals provide power supply specifications with

u-blox 5 module and IC designs. (See Related documents).

2.1.3.2 Optimization

For low power applications, 1.8 V solutions are best as power consumption will be lower than 3 V solutions. For
u-blox 5 GPS ICs, using a separate supply of 1.8V for the IC Base band part and 1.4 V for RF parts provides the
least power consumption (see 2.1.2)

& For more information, consult the applicable data sheet and integration manual (see Related
documents).

2.2 Power mode settings

2.2.1 Operating modes

u-blox 5 technology offers power-optimized architecture with built-in autonomous power saving functions that
minimize power consumption at any given time. u-blox 5 can be operated in three different power modes:
Maximum Performance, Eco Mode and Power Save Mode. In the first two cases, the receiver is operated in
continuous mode. The difference lies in how the acquisition engine is used.

Maximum Performance mode freely uses the acquisition engine, resulting in the best possible TTFF, while Eco
mode optimizes the use of the acquisition engine to deliver lower current consumption. At medium to strong
signals, there is almost no difference for acquisition and tracking performance in these modes.

Power Save mode allows reduction in system power consumption by periodically switching the receiver on and
off. Power Save mode is only available for firmware release 6.0 or higher.

& For more information, consult the u-blox 5 Receiver Description including Protocol Specification [6] and
firmware release note (see Related documents)

2.2.2 Maximum Performance mode

In Maximum Performance mode, u-blox 5 receivers use the acquisition engine at full performance to search for
all possible satellites until the Almanac is completely downloaded. As a consequence, tracking current
consumption level will be achieved when: a valid GPS position is fixed; Almanac is entirely downloaded and
Ephemeris for all satellites in view are valid.
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2.2.3 Eco mode

In Eco mode, u-blox 5 receivers use the acquisition engine to search for new satellites only when needed for
navigation and deactivates it as soon as a position is fixed and a sufficient number (at least 4) of satellites are
being tracked. The tracking engine continues to search and track new satellites without orbit information:

e In cold starts, it searches for enough satellites to navigate and optimizes use of the acquisition engine to
download their ephemeris.

e In non-cold starts, it focuses on searching for visible satellites whose orbits are known from the Almanac.

In Eco mode, the acquisition engine limits use of its searching resources to minimize power consumption. As a
conseguence the current consumption will drop much faster in comparison to the Max. Performance mode (see
Figure 6) and the time to find some satellites at weakest signal level might be slightly increased.

2.2.4 Power Save mode (only FW 6.00)

The Power Save mode (PSM) provides new power management options for u-blox 5 receivers to reduce average
tracking current consumption by periodically switching off parts of or the complete GPS receiver. PSM enables
periodic waking up the receiver at configurable intervals from one second to one week. This is done using a
hardware interrupt (EXT_INT pin) or by sending a serial command (RxD1).

The lowest power configuration with u-blox 5 modules can be achieved when combining Power Save mode with
1.8V supply of the u-blox 5 receiver (see Figure 6).

Eco Mode with 3V supply

— =+ Power Save Mode with 3V supply (1Hz)
—— Eco Mode with 1.8V supply

— — - Power Save Mode with 1.8V (1Hz)

B
£ ¥S3V u-blox5 Receivers
g / /1.8'\;“ u-blox 5 Receivers
& b S e ETTETETTETT ) S ey e £ g T
L ! Y with PSM /
o ! N /
g S0 (EEEelsiaia et s e i s e s e
< Acquisition Tracking

Time (S) B0 a0 120 150 180

Figure 6: Average current consumption for FW 6.00 with and without power save mode enabled

For more information on software Power Save Mode consult the u-blox 5 Receiver Description including Protocol
Specification [6] and applicable firmware release note (see Related documents).

2.2.5 Peak current reduction (only FW 6.00)

From firmware version 6.00, the peak acquisition current can be controlled and reduced independently of the
operation mode option. Peak current reduction allows a relaxation of the power supply specification, which is
especially helpful for migration from ANTARIS 4 designs. Peak current reduction can be at the cost of a longer
time-to-first-fix at weakest signal conditions.

Figure 6 shows average current consumption over time for different power modes using peak current reduction.
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Figure 7 : Average acquisition current consumption during cold start (FW 6.00 with good sky visibility)

2.2.6 Software approach to save power (FW 5.00)

It is possible to switch off all or part of the receiver by sending software commands. For example, the u-blox 5 RF
part can be switched off using the “Control GPS"” (UBX-CFG-RST) command, which can reduce current
consumption to less than 10mA. For more information on software low power options with Firmware V5.00
please contact your u-blox support team.

2.2.7 Hardware approach to save power (FW 5.00)

When not using the low power modes software approach, one can control the power management of the u-
blox 5 receivers by putting them into an idle state by use of an external power control (Figure 8). Connection of
battery power to the battery backup pin will minimize the startup time (hot start).

Software Power Control
- RF IN
from the application u-blox 5

l Module
2.7-3.6V

» Ve
@ V_BAT
L —

Figure 8: External power control

When using an external power switch and battery backup to optimize consumption and navigation
performance, it is recommended to control u-blox5 power from the application as shown in the following state
diagram (Figure 9)

GPS.G5-CS-08022-C2 Released Page 8 of 17



b I ox Power Management - Application Note

Power ON after x sec (typ. 120s) and try acquisition again

<
<

Power ON Power

ON SLEEP

Power OFF, if no fix after x sec (min. 60s, typ. 120s)

- If acquisition time < x sec (typ. 120s) and got 1st position valid
(monitor "valid" status in NMEA-RMC or UBX-NAV-STATUS message)

Get 1°! Fix

With UBX protocol:

o Wait "Position within limits in UBX-NAV-STATUS

o Verify that Real Time Clock (RTC) is calibrated to minimize startup time (hot start).
The UBX-MON-HW message allows monitoring RTC calibration.

With NMEA protocol:
o Wait x sec (typ. 2s) for RTC calibration.

Getting sufficient fixes
Get allows the acquisition
Continuous of more satellites,
Fix which can improve
position accuracy.

— Enough Fixes

Figure 9: Simplified diagram to control power externally

This approach is not recommended with FW6.0.
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3 Power consumption

Firmware V5.00 "

* Maximum performance
¢ Eco mode

Firmware V6.00 "
* Maximum performance
* Eco mode
* Power Save mode (1Hz)
(30 min update)
(4 hr update)

Current

typical

74 mA
67 mA

61 mA
58 mA
46 mA

. 2)

Acquisition Tracking

typical

47 mA
45 mA

47 mA
44 mA
24 mA

. 2)

-2

Values for Flash based products (LEA-5H, TIM-5H)

See figure 14 for average currents in Power Save mode.

Power Management - Application Note

Power Consumption

Tracking
@18V @ 3V
84 mW 141 mW
81 mW 135 mW
84 mW | 141 mW
79 mW 132 mW
43 mW 72 mW
2.9 mW 4.8 mW
1.8 mW 3mW

Figure 10: Indicative current and power consumption for u-blox 5 standard modules in different power modes

& For more information on current figures, see the applicable data sheet and manual (see Related

documents).

3.1 Firmware consideration

From firmware version 6.00, the power consumption in Maximum Performance, Eco and Power Save mode is
noticeably reduced when compared to previous firmware versions (see Figure 10).

GPS.G5-CS-08022-C2

Released

Page 10 of 17



@b I ox Power Management - Application Note

3.2 Power Save mode

Power Save mode allows a reduction in system power consumption by periodically switching the receiver on and

off. At 1Hz update rate Power consumption savings of up to 50% can be expected. The longer the update
period, the lower the power consumption (see Figure 11).

10 mA---¢
P ————
E 50pA ! : : : \‘N-...
. L SR .
| sec. 1 min 1 hour 1 day

Figure 11 : Typical average current in function of the update period (see Figure 12), graphic uses logarithmic scale

Depending on the configuration of the update period the receiver will show slightly different behavior. When

configured for short update periods (i.e. <= 5s) the receiver does not shut down completely between fixes, but
instead uses power optimized tracking mode (see Figure 12).

Acquisition Tracking

Backup
(>5s update period)

Current
v

On Time Time
Update Period

Figure 12 : Update period configuration with the Power Save mode

For long update periods or when the receiver doesn’t receive any signals, it either runs in full operation or in

backup state. When configured for long update periods the receiver repeatedly performs hot or warm starts (see
Figure 13).
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Current vs. Time — — LEA-5H (1 Fix/30min) —— LEA-5H (1Fix/4H)
50 Asset Tracking Unit Surveying/Emergency

45

40

35

30

25

20

current [mA]

 — — o — |— == —| —

4hours

USSSS Sy — R S———— ——— p—

0 T T T T T T T ]
20000 22000 24000 26000 28000 30000 32000 34000 36000

Time [9]

Figure 13 : Typical current vs. time for long update periods (30 min. and 4 hrs)

The Power Save mode can be configured to achieve optimal performance for various application scenarios. A
number of parameters can be customized to specific needs (see Figure 14).

Application | Portable Navigation Device |Mabile Device Tracker | Asset Tracking Unit Surveying / Emergency
Configuration"
Update period 1s 10s 30 min 4 hours
On Time 3 1s 32« 10s
Test set-up Measurement during 24hours 5 Warm starts (first 5min. measured)
Indicative average 24 mA 16mA 1.6 mA 1 mA
current
Indicative power 43.2 mW 28.8mW 2.9 mW 1.8 mW
consumption
(1.8V)

1) Userconfiguration. Far more Information about configuration see the u-blox 5 Recaiver Description including Profocol Specification
Tests performed with LEA-5H modules and FW6 version under good GPS signals (CNo=45dBHz)

Figure 14 : Typical Indicative power consumption for different application scenarios

3.3 GPS signal environment

At medium to strong signals, there is almost no difference in acquisition time between the different operation
modes (i.e. Maximum Performance, Eco mode and Power Save mode). Differences are noticeable at signal
strengths below —138 dBm. At weakest signals, Maximum Performance mode provides more predictable
acquisition time performance.

In Power Save mode, power optimized tracking (see section 3.2) is only possible to a minimal C/NO of
approximately 30dBHz. To maintain position fixes the receiver switches from power optimized tracking to normal
tracking power mode when less than 5 SVs are reliably tracked.
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Using Kickstart technology is therefore an advantage with Power Save mode to maintain power optimized
tracking in weakest signal conditions (see Figure 15) and to achieve shortest acquisition time (see Figure 16)

—— Typical Acquisition Current with Kickstart
= = « Typical Acquisition Current without Kickstart

<Et 60
T 40
g
5
U |20
L Typical Tracking Current with Kickstart
= Typical Tracking Current without Kickstart
Good Signals Moderate Signal Poor Signal
{Max Cho = 45dBHzZ) (Max CMo = 38dBHz) (Max Chlo = 32dBHz)

1) Average measurements from 5 Warm starts with Power Save Mode 1Hz (GPS roof antenna and different signal attenuation)

Figure 15 : Typical average current during acquisition and tracking with Power Save mode at 1Hz navigation rate’

o  p— Acquis'l'tlon Tirme with PSMH Hz'] with Kickstart
s = = - Acquisition Time with PSM(1Hz) without Kickstart
@ |70 :
S
'_
=
g 50
7]
=
& 130
<
o
o=
'_
Good Signals Moderate Signal Poor Signal
(Maz CHo s 45dBHz) (Max CNo s 38dBHz) (Maz CNos 32dBHz)

Figure 16 : Typical average acquisition time with Power Save mode at 1Hz navigation rate'

3.4 DDC bus

With u-blox 5 firmware version 4.00, DDC port communication brings an expected increase in current

consumption of up to 20mA. With u-blox 5 firmware version 5.00, the extra current consumption required from
DDC port is lower.

! Tests performed under real GPS signal conditions and with LEA-5 modules
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4 Configuration settings

4.1 Default settings

Although the default configuration can be changed on all u-blox 5 modules, u-blox 5 modules :
e with Kickstart run in Maximum Performance mode by default.

e without the KickStart feature operate in Eco mode by default.

Power Mode Default settings on

Eco Mode Standard modules (LEA-5A, LEA-5M, NEO-5M and NEO-5D)

Maximum Performance Mode KickStart modules (LEA-5S, LEA-5H, LEA-5T, LEA-5Q, NEO-5Q, NEO-5G and TIM-5H),
AMY-5M*

Peak current reduction Disabled (with firmware 6.00)

Maintain fast start-up Disabled (with firmware 6.00)

Power Save mode Disabled (with firmware 6.00)

Table 1: Default Power mode on u-blox 5 modules

4.2 Software settings

u-blox 5 modules with firmware V4.01 or later (e.g. LEA-5H, LEA-5T and TIM-5H) :

u-blox 5 products with firmware V4.01 or later feature a configuration message (UBX-CFG-RXM) that allows
switching between the two modes (refer to the u-blox 5 Protocol Specification [4]). Settings can be stored to
Flash or Backup Battery RAM memory using a save command (UBX-CFG-CFQ).

u-blox 5 modules with firmware V4.00 :

Receivers with firmware V4.00 can be reconfigured by sending the appropriate UBX binary command below:
e To configure LEA-5S, LEA-5Q, LEA-5H modules to Eco mode:
B5 62 06 25 10 00 00 00 00 00 DO 07 EE 03 F4 01 BO 04 E8 03 06 00 97 1F
e To configure LEA-5A and LEA-5M modules to Max. Performance mode:
B5 62 06 25 10 00 00 00 00 00 40 1F E8 03 98 3A BO 04 E8 0303 00 F9 10

e |t is strongly recommended to save the modified settings to BBR and/or Flash (using the UBX-CFG-CFG
command):

B5 62 06 09 0D 00 00 00 00 00 FF FF 00 00 00 00 00 00 07 21 AF

For more information on u-blox 5 Power supply specifications and power modes, check the latest LEA-5 Data
Sheet [1], TIM-5 Data Sheet [2] or NEO-5 Data Sheet [3].

u-blox 5 ICs with firmware V4.01 or later:

u-blox 5 products with firmware V4.01 or later feature a configuration message (UBX-CFG-RXM) that allows
switching between the two modes (refer to the u-blox 5 Protocol Specification [4]). Settings can be stored to
Flash or Backup Battery RAM memory using a save command (UBX-CFG-CFG).

u-blox 5 ICs with firmware V4.00 :

? Do not operate AMY-5M in Maximum Performance mode, use GPSMODE pins to put AMY-5M in Eco mode.

GPS.G5-CS-08022-C2 Released Page 14 of 17
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For information regarding the software configuration of u-blox 5 ICs with firmware version 4.00, contact u-blox
support.

4.3 Hardware settings

u-blox 5 ICs, LEA-5Q, NEO-5Q, NEO-5G and AMY-5M modules include a CFG_GPSO pin, which enables the
boot-time configuration of the power mode. These settings are described in Table 3.

CFG_GPSO Power Mode
0 Eco Mode
1 Maximum Performance Mode

Table 2: Supported CFG_GPSO0 settings (LEA-5Q)

& The CFG_GPSO pin is shared with the SPI Clock pin. When using Eco Mode and SPI, pull CFG_GPS0 low
during startup and then release it.
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5 Related documents

[1] LEA-5 Data Sheet, Docu. No GPS.G5-MS5-07026
[2] TIM-5 Data Sheet, Docu. No GPS.G5-MS5-07014
[3] NEO-5 Data Sheet, Docu. No GPS.G5-MS5-07025
(4] AMY-5M Data Sheet, Docu. No GPS.G5-MS5-08196
[5] UBX-G5010, UBX-G500/UBX-G0010 Data Sheet, Docu No GPS.G5-X-06063
(6] u-blox 5 Receiver Description including Protocol Specification, Docu. No GPS.G5-X-07036
& For regular updates to u-blox documentation and to receive product change notifications please register

on our homepage (www.u-blox.com).

Revision history

Revision Date Name Status / Comments
- 29/01/2009 svin Initial release
A 23/07/2008 svin 1.2.2 Low Power Mode
06/10/2008 tgri Cl, Power Values
B1 27/10/2008 tgri Power consumption 1.4/1.8 V
@ 30/07/2009 svin New Cl, update to include Power Save mode with FW6.00
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Contact

For complete contact information visit us at www.u-blox.com

u-blox Offices

North, Central and South America Headquarters Asia, Australia, Pacific

Europe, Middle East, Africa

u-blox America, Inc. u-blox Singapore Pte. Ltd.

Phone: +1(703) 483 3180 u-blox AG Phone: +65 6734 3811

E-mail: info_us@u-blox.com Phone: +41 44 722 74 44 E-mail: info_ap@u-blox.com
E-mail: info@u-blox.com Support:  support_ap@u-blox.com

Regional Office West Coast: Support:  support@u-blox.com

Phone:  +1(703) 483 3184 Regional Office China:

E-mail: info_us@u-blox.com Phone: +86 10 68 133 545

E-mail: info_cn@u-blox.com
Technical Support: Support:  support_cn@u-blox.com
Phone: +1(703) 483 3185

Regional Office Japan:

Phone: +81 3 4360 5343
E-mail: info_jp@u-blox.com
Support:  support_jp@u-blox.com

E-mail: support_us@u-blox.com

Regional Office Korea:

Phone: +82 2 542 0861

E-mail: info_kr@u-blox.com
Support:  support_kr@u-blox.com

Regional Office Taiwan:

Phone: +886 2 2657 1090
E-mail: info_tw@u-blox.com
Support:  support_tw@u-blox.com
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