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GPS/AGPS Baseband Processor

The MB87Q2040 (“Cheetah”) is a GPS/AGPS baseband
processor with novel decoding algorithms achieved using PLASTIC PACKAGE
44,000 effective correlators. It is capable of working indoors
and receiving signals down to -157.5dBm during acquisition
and tracking. The device takes in a single low-IF input from a
GPS-RF radio and supplies location measurement data to the
host processor. A UART provides a simple 2-wire interface to
host applications. The chip is fabricated using Fujitsu’s 0.11um
CMOS technology, offering low power consumption from its
1.2V core supply, and small package size. The MB87Q2040
together with a RF radio front-end make up Fujitsu’s low cost, Package Dimensions
high performance GPS/AGPS solution. 7/mmx7mm

BCC++ 48

Features

* GPS L-band C/A code operation PIN ASSIGNMENT

e Supports both autonomous and Assisted-GPS modes
e MS-based and MS-assisted

» High indoor sensitivity

e 7m outdoor accuracy (CEP 95%) and 20m indoor

» Fast Time To First Fix (TTFF) i -1
 typically 3s when hot and 40s when cold
» Low power dissipation - MB87Q2040 T
e 15 mW - tracking wagios B GPS/AGPS
* 69 mW - acquisition .- Baseband -
» Control software executes on a host processor Processor
* requires 4-6 MIPS, run as a background process - -
e 1 or 2.5 second update rate

&) TSTSELO

« Industrial temperature range operation (-40°C to +85°C)

Applications

e Multi-carrier, Multi-standard cellular handsets
« W-CDMA, GSM/EDGE, UMTS, PDC, CDMA, etc.
« Telematics, Navigation/Security and Gaming/Tracking

Not to scale. Viewed from above.
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CAUTION
ELECTROSTATIC DISCHARGE SENSITIVE DEVICE

High electrostatic charges can accumulate in the human body and discharge

\ without detection. Ensure proper ESD procedures are followed when handling this
' ! device.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields.
However, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum
rated voltages to this high impedance circuit.
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1 Functional Description

The MB87Q2040 GPS/AGPS Baseband Processor is part of a two-chip solution supporting both
autonomous and assisted GPS operation. The accompanying RF chip incorporates all the required
radio functionality to complete the solution. A system block diagram is shown in Figure 1.

Raw Digital

Sign_Mag_ GPIO/Test
Control Baseband
SAW Reference Processor
(optional) Clock
Serial I/F a 0
< Proce O

Reference Optional Accurate Power
Frequency Reference Frequency/Time Control

Figure 1 System Block Diagram

System Features include:

* GPS L-band C/A code operation

< High indoor sensitivity down to -157.5dBm for both acquisition and tracking

« Works in both assisted GPS (MS-based and MS-assisted) mode and also autonomous mode

« Fast TTFF, typically 3s when hot and 40s from cold (outdoors). Aided light-Indoor TTFF 5-8 secs

e 7m outdoor accuracy (CEP 95%) and 20m indoor

< 1 second update rate (can also integrate for 2.5 seconds to aid indoor operation)

« UART interface to host processor

« Control software runs on a host processor as a background process, and does not need high
MIPS or large RAM

* 3V (2.7-3.6V) I/O and 1.2V (1.1-1.3V) core logic power supplies

« Typical leakage current in deep sleep mode is <100uA (25°C)

« All chips handle Industrial operating temperature range (-40°C to +85°C)

 Interface to MB15H156 BICMOS RF radio integrating IF-filters, VCO, oscillator & LNA
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1.1 GPS/AGPS Baseband Processor

The MB87Q2040 baseband processor includes a hard-wired engine with 44,000 effective
correlators. Input from the RF radio is a single low-IF, and communication with a host processor via
a serial UART interface. The control software runs on the host processor and requires around 4-
6MIPS of processing capacity, depending on whether an autonomous or assisted mode is being
implemented. The software executes as a background process that requires no real-time response
to interrupts.

The device is fabricated in 0.11um CMOS technology, benefiting from a 1.2V internal core voltage to
minimise current consumption.

1.2 GPS/AGPS RF Radio

A RF radio is required to complete the chipset and provide the low-IF signal required by the baseband
processor. Dependent on the target application, there is a choice of two RF radios. One is a CMOS
chip which caters for a wide range (10-40MHz) of reference frequencies, while the other is a lower-
cost BICMOS chip solution requiring a fixed 27.456MHz reference frequency.

Depending on the target application and environment of the product, the reference frequency may
be supplied by an external TCXO, directly from an existing reference frequency or from an AT-cut
crystal oscillator. The AT-cut crystal oscillator is only suited to environments where temperature
changes are slow. In this case, an oscillator circuit integrated on the RF radio may be used. Patented
compensation algorithms help to stabilise the frequency and relax the requirements on the crystal.

An RF SAW filter may be required in applications where high level blocking signals must be tolerated.
This Fujitsu solution is capable of working indoors and receiving/decoding low sensitivity signals
down to -157.5dBm during acquisition and tracking. The solution can operate completely
autonomously or in assisted mode (assisted modes can be MS-based or MS-assisted).
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2 GPS/AGPS Baseband Processor

A functional block diagram of the GPS/AGPS Baseband Processor is shown in Figure 2.

Raw Digital . GPIO/Test
Sign-Mag. Acquisition
State Machines
Tracking
Control Gain
Control
Reference Oscillator Serial IF
Clock Temperature . Power

Control

Compensation

Temperature Optional Accurate Power
sensor Reference Control
Frequency/Time

Figure 2 GPS/AGPS Baseband Processor Functional Block Diagram

2.1 Reference Frequency

The MB87Q2040 implements a patented “software compensated crystal oscillator” algorithm that
helps tolerate crystal or other reference frequency instability.

A reference frequency clock is supplied from the RF chip and input to MB87Q2040. This is required
to be 27.456MHz with £5ppm accuracy (all causes), and <0.016ppm/s stability (drift + micro-jumps).
For environments where the receiver temperature changes slowly (<1°C/minute) an AT-cut crystal
will work over the entire temperature range, aided by the software compensation algorithm. For more
rapid temperature changes, a TCXO is required.

The Fujitsu GPS/AGPS chipset has a number of options for generation of the reference frequency,
depending on the target application/product. The CMOS RF chip may use any modem’s existing
reference frequency (in the range 10-40MHz) or a dedicated external crystal/TCXO. The BICMOS
RF device requires 27.456MHz. Using a dedicated crystal/TCXO makes this system independent of
the application environment around it and allows operation either autonomously or in an assisted
mode.
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2.2 Core Engine State Machines

The heart of MB87Q2040 is the GPS Intellectual Property (IP) licensed to Fujitsu from eRide Inc. This
IP includes a GPS processing engine and the Control software on the host processor (see section 3).

To achieve a fix, the algorithms on the processing engine employs two different state machines, the
Opus State Machine (OSM) and Firmware State Machine (FSM):

2.2.1 Opus State Machine (OSM)

The OSM manages all the code-delays, frequency-offset, correlation as well as interfacing between
the hardware and all peripherals.

2.2.2 Firmware State Machine (FSM)

The FSM offers 3 modes of operation:

¢ An Indoor State Machine (IDSM) mode with a high sensitivity acquisition and tracking block
capable of searching and tracking to a sensitivity of -155dBm (1s integration time) and -157.5dBm
(2.5s integration time).

e An Outdoor State Machine (ODSM) mode which searches all 32 satellites, with -145dBm
sensitivity without intervention from the host processor.

« A Time-Tracking State Machine (TSM) mode which collects navigational data and provides
synchronous measurements so that GPS time and navigation data can be decoded and utilized
without host processor interrupts.

This GPS processing engine has 44,000 effective correlators available to either search 32 satellites
at several time/frequency hypotheses, or search thousands of time/frequency hypotheses for a few
satellites that are in view. Search windows (time/frequency hypotheses) can be configured for each
satellite.

2.3 Power Supply Regions

MB87Q2040 has two power regions, PowerON and PowerSW. PowerON should remain powered at
all times, including when the device is in deep sleep mode when PowerSW would be switched off.

PowerON consists of VDDI1 (1.2V) and VDDE1 (3.0V) and should only be switched off during a full
system power down.

PowerSW consists of VDDI2 (1.2V) and VDDE2/3 (3.0V) and can be powered up or down during
device operation, but should only be powered while PowerON is on.

@ To prevent reliability problem VDDE should not be powered whilst VDDI is not.
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2.3.1 Without External PowerSW Control

If external power switching of the PowerSW region is not employed, power up of MB87Q2040 is
relatively simple and the following power sequence is recommended.

Power On VDDI > VDDE > Signal
Power Off Signal > VDDE > VDDI

All VDDI (1.2V) supplies should be enabled together, followed by all VDDE (3.0V) supplies together.

NRST should be held low until all supplies are stable and MCLKI is receiving a stable clock (running
with no glitches).

All 1.2V 1 ! ! !
All 3.0V - : : ! :
\ ! Power2Sleep triggered | ,
' : , by Firmware
‘ l Sleep2Power triggered! . ENRF controlled by '
| by host processor | | firmware |
(falling edge of UART I
' ! (RTC) RX pin) : : '
t v (INIT) ) . RTC . ACTIVE ' RTC
NRST ‘ 1 . ! ;
VIPFET ! i ] . ;
(= to CLKEN on : | . X
MB15H156) ' , : . . , ‘
X : ' . ENRF activates '
ENRF . ' ! ! RF circuit X
(= to ChipEN on ! : : : ' ' :
MB15H156) ' . : . : : '
(= from CLKout on |
MB15H156) ; - ' : k: ' ‘
. 27.456MHz ! X ' ‘Clock must start cleanly. . '
NRST to be held low for , [ X 'Start will be delayed by \
' sufficient time to allow : . 'gating.
+clock to be clean. ' I
Figure 3 Power sequence without external power switching
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2.3.2 With External PowerSW Control

If external power switching is employed, the power up sequence is more critical. The recommended
sequencing is illustrated in Figure 4.

PowerON region

vopi1 1.2v /" L
VDDI2 1.2V | PowerSW region I - . . : :
VDDE1 3.0V : PowerON region I [ : I : E
VDDE2 3.0V ' / Powerswregion ' ) | | | |
! ' ., Power2Sleep triggered — : ' !
' ! ! by Firmware ! : ENRF controlled ! !
' . , . . by firmware , ,
; . (RTC) | l : i ‘
' X (INIT) DEEP SLEEP | RTC ! ACTIVE 'RTC |
NRST : v Sleep2Power triggered ' : ' '
. . by host processor : X . .
! ' v (falling edge of UART ! ' '
VIPFET ' : > Rxpin) /\}i : : ‘
(= to CLKEN on é ! :| [/ \j L
MB15H156) . | T ' '
: ! ! ! ENRF activates !
ENRF . : X : RF circuit X
(= to ChipEN on : \ ' \ ' ' '
MB15H156) : : : : : : :
MCLKI '
(= from CLKout on I
MB15H156)

— "
27.456MHz ,Clock must start cleanly.

' NRST to be held low for ! ! ' 'Start will be delayed by
: sufficient time to allow : : : :gatlng.
\ clock to be clean. , \ , \

Figure 4 Power sequence with external power switching

2.4 Power Modes

All power modes are selectable via the control software.

2.4.1 Deep Sleep Mode

The deep sleep mode has the lowest power consumption. Use of separate on-chip supply regions
allows full power down of most of the chip and stopping of all clocks. Power to the PowerSW region
together with its related 1/O signals is OFF, and MCLK (the master clock for all internal clocks) is
turned OFF as well. Signal ENRF is OFF and signal NRST is in a disabled state. Wake up from deep
sleep is invoked by a low transition on the RX pin, which then puts the chip into the RTC mode.
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When the device initiates Deep Sleep mode VINFET is set to ‘1’ and VIPFET to ‘0’, shutting down
the externally switched supplies (VDDE2/VDDE3 and VDDI2) if power switching is employed.

VIPFET is linked to the CLKEN of the RF Radio, thus disabling the clock into MCLKI. All internal
signals passing between MB87Q2040’s power regions are disabled.

Before a wake-up sequence is started all signals in the powerSW region should be considered
unknown, and VDDI2 & VDDEZ2/VDDE3 will be off if power switching is used. The following events
occur at wake up.

A falling edge on RX will trigger the wake-up sequence. VIPFET and VINFET will toggle state and
this shall power-up VDDI2 and VDDE2/3. Once the supply is settled, NRST should be held low for at
least 10ns after VDDI2/VDDE?2 is stable. During power-up the external clock signal fed to MCLKI
should be stable (running with no glitches).

2.4.2 Real Time Clock (RTC) Mode

In RTC mode the majority of the logic is not clocked, but power supply is ON for the entire chip. ENRF
is OFF and only millisecond (MSECxXx) outputs and peripherals are turned ON with clocks running.
All other clocks are turned OFF to save power.

2.4.3 Search Mode

In this mode the search is performed, which means highest power dissipation. All the clocks are
running, multiple satellites are being searched, and the ENRF is ON.

2.4.4 Track Mode

In Track mode, a certain number of satellites are tracked with fine adjustments in code search. Not
all clocks are running, so power dissipation is lower than search mode. ENRF is ON.

2.5 JTAG Boundary SCAN Support

While operating normally, asserting the JTAG reset, TRST, to level “0” for more than 10ns initiates
the JTAG scan operation, and the Boundary SCAN registers enter the system test mode.
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3 Host Processor and Control Software

Interfacing the MB87Q2040 to the host processor is via a serial port (UART).

The UART interface can handle Baud rates in the range 9,600-57,600, with 8-bit data, odd
parity and 1-stop-bit.

The baseband processor takes its reference frequency and the raw IF sign/magnitude data from the
RF radio. After completing the GPS processing measurement results are sent to the host processor
where the control software determines the position, velocity, and time (PVT) results. The Control
software is written in C and is independent of the target operating system. Figure 5 shows the
structure of the control software residing on the host processor.

Application Software

(developed by Customer)

Position, Time
on, ’ Request
App API Velocity, status, etc. T L q

Master Control Software

Assistance
Server

_>(optional)

(developed by Customer
with support from Fujitsu)

Position, Time Set aidin
Core API Hon, 1me, T¢ up, aiding,
Velocity, status, etc. accuracy, etc.

Core Software

WAP, SMS,
RF-Comm, etc.

4— GPS Baseband

UART

(Proprietary)

Figure 5 Control Software layers residing on Host Processor

The software is run as a background process on the host processor and requires no real-time
interrupts, no host libraries and no RTOS. The processing power required will be dependent on the
application and whether GPS-aiding is required; normally some 4-6 MIPS will be required from host
processor.

The code footprint varies dependent on the application and efficiency of the application code. For
example, an autonomous only implementation on an ARM7TDMI platform resulted in the overall
software footprint requiring around 198kB ROM and 70kB RAM on the host processor.
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Two levels of API libraries are available to the customer. The first layer has a “Core API” library that
includes functions to perform the basic control decisions for the receiver run mode including setup,
aiding availability/type and required minimum accuracy for measurements, see section 3.1.

Customers will tailor the control code based on their requirements, together with Fujitsu’s application
engineers. Fujitsu can supply appropriate wire/wireless interface adapters (WAP, RFcomm, TCP/IP,
etc.) as well as appropriate aiding-data protocol (3GPP, 1S801, NMEAQ183 etc.) for communicating
with the aiding server hosted by the operator. This layer will also contain and maintain OS specific
functions that shall include the standard communication protocols via ports including the UART and
TCPIP/WAP/etc.

The second layer of API library will be supplied to customers to assist development of end-user
applications such as mapping, directions, boundary areas and security alarms. It also supports/
manages basic location measurement requests for data such as position, velocity, time and GPS
status.

Details of the Control software and API libraries are described in a separate document, but an
introduction is included in section 3.1. Porting the Control Software to any customer specific platform
is eased by having the whole code in the C programming language. Fujitsu will assist with porting
and/or the optimisation of this Control software to the customer’s host processor.

MB87Q2040 takes its reference frequency and the raw IF sign/magnitude data from the RF chip,
performs the GPS processing and sends the measurements to the host processor, where the control
software will provide the final PVT (position, velocity, and time) results.

3.1 Core API Library Introduction

The API library reside on the host processor and controls MB87Q2040. The library consists of three
input functions and one output function. The input functions are called by the sample application. The
output function is called by the master and must be implemented by the same application. These are:

3.1.1 Input Functions
int erStartdient()

This function is called to start the client. It will create a thread and return immediately.
int erStopdient()

This function is called to stop the client. It will not return until all client threads have completed,
resources have been freed and MB87Q2040 is in a shutdown state.

i nt erSet Ai di ngOptions(erAidingStruct aiding)
This function is called to configure the GPS aiding to be used. It must be called before the call to

erStartClient(). If erStartClient() is not preceded with a call to this function, the client will run in
autonomous mode.
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3.1.2

Output Function

i nt erProvidePvt(erPvtStruct erPvt)

The Master will call this function when it has PVT data available. This function is expected to return
immediately. The argument is a structure containing the PVT data and is defined below.
An example application code is shown in Appendix A.

3.1.3

Resulted Measurements

GPS time of this report

Time of position fix

Bit masked flag detailing the type of fix calculated

Number of SVs in fix

Indicates source of chosen solution

If chosen fix is sub solution, indicates SV that removed to calculate fix
Indicates source of reported altitude

ECEF position coordinates in meters

LLA position coordinates in radians, radians, meters
Filtered ECEF position coordinates in meters

Filtered LLA position coordinates in radians, radians, meters
ECEF velocity coordinates in meters per second

ENU velocity coordinates in meters per second

Filtered ECEF velocity coordinates in meters per second
Filtered ENU velocity coordinates in meters per second
Filtered clock bias in meters

Filtered clock drift in meters per second

PDOP of fix

Accuracy of filtered position in meter

Accuracy of filtered velocity in meters per second
Accuracy of filtered bias in meter

Accuracy of filtered drift in meters per second

Horizontal accuracy of filtered position in meter per second
Vertical accuracy of filtered position in meter per second
Horizontal speed in meter per second

Vertical speed in meter per second

Direction of user movement in radians
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4 Performance

4.1 Operating Modes

MB87Q2040 can be set up to perform in three possible modes.

4.1.1 Autonomous mode

In this mode, MB87Q2040 will decode Navigation data from Satellites only. It therefore needs a good
signal strength (to as low as -145dBm) while decoding for first fix. TTFF in this mode is slowest as
MB87Q2040 downloads the ephemeris data at 50bps (taking ~30s). Once MB87Q2040 has received
ephemeris and Almanac data (i.e. its status becomes ‘hot’), then it can go on to supply fix
measurements indoors with sensitivity down to -157.5dBm. An application/user may supply some
time or location assistance, if available (e.g. handset time or cell location currently in use), resulting
in improved TTFF.

4.1.2 Assisted, MS-Based mode

Either on wake up from autonomous mode, or upon a request for a fix after current aiding data has
expired (ephemeris is valid for four hours, and refreshed every two hours), MB87Q2040 shall request
Navigation data from the aiding server via the implemented interface (SMS, WAP, TCP/IP, RRLP,
etc.) using any aiding-data format (3GPP/2, 1S801, etc.). MB87Q2040 will continue to supply fixes
and update its ephemeris/almanac as time permits and without further resource/help from the aiding
server. Therefore assistance can be good for hours.

Assisted, MS-based mode of operation achieves the fastest Time To First Fix.

MB87Q2040 aiding interface is independent of the aiding server. eRide Inc. has a worldwide
reference network and can supply the aiding server to any operator and/or infrastructure companies.

4.1.3 Assisted, MS-Assisted Mode

This mode directs MB87Q2040 to request server aiding for every fix every time, and then sends the
measurements to the network for computing before then receiving the coordinates. This method can
create a lot of network traffic in a continuous application such as tracking/Navigation, and therefore
will be slow to fix.

4.2 Sensitivity

The algorithm implemented in MB87Q2040 can acquire and track weak signals down to -155dBm
using 1s integration time and -157.5dBm while integrating for 2.5s. MB87Q2040 achieves this
sensitivity in both autonomous and assisted modes as well as during both acquisition and tracking of
satellites.

4.3 Time To First Fix
The Time To First Fix (TTFF) is as follows:
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Hot! or aided start outdoors take typically 3 seconds

From Cold? on autonomous start, outdoors, takes typically less than 40 seconds
Warm? start takes about 5-30 seconds, outdoors

1. Hot start means that the receiver has full Ephemeris navigation data, Almanac, time to within 10s,
and knows its location to within 15km (similar to being aided).

2. Cold start means the receiver has no knowledge of RTC, its location, Almanac or Ephemeris and
no aiding is available.

3. Warm start means the receiver has any combination of time, current location, Almanac, and
Ephemeris.

4.4 Accuracy

The MB87Q2040 GPS/AGPS baseband processor meets the requirements for FCC-E911
regulations for October 2005.

The results from MB87Q2040 performance shows that it is possible to achieve better than 20m
accuracy indoors and in urban canyons. This level of accuracy was previously only achievable in
outdoor open spaces.
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5 Electrical Characteristics

5.1 Absolute Maximum Ratings

Ratings
Parameter Notes |Symbol . Units
Min. Typ. Max.
Supply voltage
Internal supply VDDI -0.5 1.8 \%
External Supply VDDE -0.5 4.0 \%
Input Voltage -0.5 VDDE+0.5 \Y,
Storage Temperature TsT -40 +85 °c
Junction Temperature T; -40 +125 °c
Ta (mMin) to T (Max), VSS = 0V
5.2 Recommended Operating Conditions
Ratings
Parameter Notes |Symbol Units
Min. Typ. Max.
Supply voltage
Internal supply VDDI 1.1 1.2 1.3 \%
External Supply VDDE 2.7 3.0 3.6 \%
Storage Temperature Tsr 5 +30 °c
Ambient Temperature Ta -40 +85 °c
Ta (mMin) to T (Max), VSS = 0V
5.3 Clock Specifications
Ratings
Parameter Notes |Symbol . Units
Min. Typ. Max.
Clock Input
Clock frequency 1 Feok 27.456 MHz
Clock input duty cycle 40 60 %
Ta (mMin) to T (max), VDDIx = +1.2V, VDDEXx = +3.3V, VSS = 0V
1. +5ppm accuracy (all causes) and <0.016ppm/s stability (drift + micro-jumps)
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5.4 DC Characteristics

Ratings
Parameter Notes |Symbol . Units
Min. Typ. Max.
CMOS inputs
High-level input voltage ViH 20 VDDE \%
Low-level input voltage VL 0 0.8 \Y,
CMOS outputs
High-level output voltage 1 VoH VDDE - 0.2 VDDE \%
Low-level output voltage 2 VoL 0 0.2 \%
Internal Pull-up/down Resistance 15 33 70 kQ
Ta (min) to T (Max), VSS = 0V
1. lpy =+4mA
2. lgL=-4mA
5.5 Power Consumption
Ratings
Parameter Notes |Symbol Units
Min. Typ. Max.
Power Supply
PowerON region, core IDDI1 30 mA
PowerSW region, core IDDI2 150 mA
PowerON region, external IDDE1 10 mA
PowerSW region, external IDDE2 10 mA
Oscillator region, external IDDES3 TBD mA
Pad leakage current 10 HA
Power Dissipation 1 Pp
Real Time Clock mode 2 mwW
Tracking after a fix 15 mw
‘Cold’ acquisition (indoor) 2 77 mwW
‘Cold’ acquisition (combination) 3 69 mwW
‘Hot’ Search (outdoor) 32 mw
Deep Sleep mode 929 [\
Wake-up from Deep Sleep mode 60 mwW
Ta (min) to Ty (max), VDDIx = +1.2V, VDDEX = +3.3V, VSS = 0V
1. Current consumption and Power dissipation are data related. Maximum figures are by evaluation.
2. High sensitivity (indoor) search
3. 6 Satellites (outdoor), 2 (indoor)
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CAUTION
ELECTROSTATIC DISCHARGE SENSITIVE DEVICE

High electrostatic charges can accumulate in the human body and discharge

\ without detection. Ensure proper ESD procedures are followed when handling this
‘ ! device.
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6 Mechanical Data

6.1 Pin Assignment
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6.2 Pin Definition

Power & Ground

Pin Nos. Pin Name (I)nuagh/t Description Note
3,44 VDDI1 Power | Internal PowerON supply, +1.2V Decouple to VSS
5, 47 VDDE1 Power | External PowerON supply, +3.0V Decouple to VSS
7,18, 30, 43 VDDI2 Power | Internal PowerSW supply, +1.2V Decouple to VSS
19, 31, 40 VDDE2 Power | External PowerSW supply, +3.0V Decouple to VSS
10 VDDE3 Power | External supply for oscillator cells, +3.0V Decouple to VSS
49 VSS Power | Ground, OV Ground pad under package
MOFSET Switches
Pin Nos. Pin Name (I)nuagfj/t Description Note

4 VINFET (0] Gate control of the P-type FET I/O voltage VINFET=1 in Sleep Mode
power switch. This switches the 3.3V supply to | VINFET=0 in RTC/Active modes
the VDDE2 and VDDES pins in PowerSW
region. See Application notes for circuit.

6 VIPFET o Gate control of the N-type FET Core voltage | VIPFET=0 in Sleep Mode
power switch. This switches the 1.2V supply to | VIPFET=1 in RTC/Active modes
all VDDI2 pins located in the PowerSW region.

See Application notes for circuit.
RF Radio Interface
Pin Nos. Pin Name (Ijnua;gt Description Note

41 Sign/QM | IF Sign data input, or Real-part of Magnitude | O=negative signal
data for 1/Q input. Sampled on both edges of | 1=positive
27.456MHz clock.

42 Mag/QS | IF Magnitude data input, or Real-part of Sign | O=below threshold
data for 1/Q input. Sampled on both edges of | 1=above threshold
27.456MHz clock.

36 IS | Imaginary part of Sign data for I/Q input Connect to VSS for IF input

35 IM | Imaginary part of Magnitude data for I/Q input | Connect to VSS for IF input

46 MCLKI | 27.456MHz reference clock Stop high when inactive

48 ENRF (0] Enable/disable RF radio control O=disable, 1=enable

37 AGC1 (@) RF AGC control. If the RF radio has the ability | 0="internal mode’
to either control its own gain or be externally | 1="external mode’
controlled, AGC1 can be used to enable/
disable this internal control.

38 AGC4 (0] Controls an RF radio AGC in ‘external mode’.

AGC4 is a PWM output with selectable sign.
Linear in dB change between OV (max gain)
and 2V (min gain), and flat gain beyond 2V
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UART Interface

Pin Nos. Pin Name (IDTJ?[L)JltJlt Description Note
2 RX | Receive data from host processor
21 TX (@] Transmit data to host processor
Additional Function Pins
Pin Nos. Pin Name (IDrL?[L)JL/t Description Note
1 NRST | Reset O=reset, 1=active
23 PPS o Pulse per second output
33 EPPS I Pulse per second input. Used for accurate Internal pull-down
reference time if available from host system.
The control software will initiate sync of this
signal with the RTC.
32 FRQCK | Accurate reference frequency input. Used to | Internal pull-down
connect an accurate reference source if
available from host system. The control
software will initiate sync of this signal with the
reference frequency.
45 MCLKOSC (@) XTAL oscillator cell output
8 TC (@] TCO capacitor port Please refer to Section 7
11 TR (@) TCO thermistor port Please refer to Section 7
12 TG | TCO gate port Please refer to Section 7
9 TR_IN | TCO external TR connection Connect to TR (pin 11)
JTAG & Test
Pin Nos. Pin Name (I)TJFt)gL/t Description Note
16 TDI | JTAG input Internal pull-up
20 TDO (0] JTAG output
17 TCK | JTAG clock Connect to VSS
15 TRST | JTAG reset Connect to VSS to disable
14 T™MS | JTAG Internal pull-up
39 VPD | Fujitsu test pin Connect to VSS
13 TSTSELO | Fujitsu test pin Internal pull-down
34 TSTSEL1 | Fujitsu test pin Internal pull-down
28 TSTSEL2 | Fujitsu test pin Internal pull-down
26 SPR1 | Fujitsu test pin Internal pull-down
24 SPR2 | Fujitsu test pin Internal pull-down
24 SPR2 | Fujitsu test pin Internal pull-down
25 MSEC (@) Test pin - 1Imsec output
27 MSEC10 (@) Test pin - 10msec output
29 MSECI (@) Test pin - msec interrupt

Copyright © 2005 Fujitsu Microelectronics Europe GmbH

Preliminary & Confidential

Page 21 of 28

Disclaimer : The contents of this document are subject to change without notice. Customers are advised to consult with FUJITSU sales representatives before
ordering.The information and circuit diagrams in this document are presented “as is”, no license is granted by implication or otherwise.



January 2005 Version 2.0

& FME/MS/CHEETAH/DS/xxxx
FUJITSU MB870Q2040 GPS/AGPS Baseband Processor

6.3 Package Data

48-pin plastic BCC
(LCC-48P-M06)
6.24 (.246) TYP
‘ ‘ 5.00(197)TYP
7.00£0.10(.276+.004) _(0.80(.031)MAX) |
(Total height) 0.50(.020) 0.50+0.10
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0.075 £0.075 EDDDDDEDDDD{D
(003 %.000) - ! Hr 5500020
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% S 510/(20) ||
‘ |
i 1L 5.50 £0.05 (217 + 0.02) | |5 6.13 (:244)
Index Area 7.00+0.10 i 6.24 (.246) g N =10 5.00(.197)
(276£.004) | | AGE= | = Ivp
I O | 0| [0.50£0.10
I O | 1| (:020£.004)
I | i O] @9
I O D CH \\
I 00000000000 K
— @~ DA A O
1 13 pro opn
6.20(.244) REF
. | oewisorapat || Detaisof'Bpat ] | Dewiisof Crpart ]
} 0.45+0.10 } | ‘ 0.40£0.10 | | _0.45$0.10 |
[]0.05(.002) | (.018+.004) | | 1 (.016+.004) | | (.018+.004) |
| | M - I |
| RN |
| | ‘
| | [ 0.30:0.10 } | 0.45£0.10 }
Dimensions in mm (inches) } (:018+.004) } | (-:012+.004) | (.018+.004) |
© 2005 FUJITSU LIMITED """ "~~~ ~"~"~"~""~>""~""~> “~" " """/ /~ oo o TooTTTToTo T T T

Mounting Rank HO8: After opening the moisture-proof packaging reflow is acceptable
twice within 8 days using the Fujitsu H-rank temperature profile.

6.4 Ordering Information

The following reference should be used when ordering devices,

* Tray MB87Q2040PVH-GE1
» Tape & Reel MB87Q2040PVH-G-EREL1

For further assistance please contact your Fujitsu Microelectronics’ sales representative.
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7  Applications

For applications information and details of customer development kits please refer to the
appropropriate documents.
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Appendix A API Code Application Example

Appendix A.1 Structure Definitions

typedef struct {

U32 pvtGpsTine;// GPS tine of this report.

U32 pvtFixTime;// Time of position fix.

U8 pvtFixType;// Bitmasked flag detailing the type of fix cal cul at ed.

U32 pvtFixSVs;// Number of SVs in fix.

U8 pvtFixSource;// Indicates source of chosen solution

U3 pvtSubsolnSv;// If chosenfix is subsolution, indicates SV that
renoved to cal culate fix.

U8 pvtAltSource;// Indicates source of reported altitude.

S32 pvtPos[3];// ECEF position coordinates in neters.

S32 pvtlLla[3]; // LLA position coordinates in radians, radi ans,
nmeters.

S32 pvtPosFilt[3];// Filtered ECEF position coordinates in neters.

S32 pvtLlaFilt[3]; // Filtered LLA position coordinates in radians,
radi ans, neters.

S32 pvtVel [3];// ECEF velocity coordinates in nmeters per second.

S32 pvtEnu[3];// ENU velocity coordinates in neters per second.

S32 pvtVelFilt[3];// Filtered ECEF vel ocity coordinates in nmeters per
second.

S32 pvtEnuFilt[3];// Filtered ENU velocity coordinates in nmeters per
second.

S32 pvtBias; // Filtered clock bias in neters.

S32 pvtDrift;// Filtered clock drift in neters per second.

S32 pvtPdop; // PDOP of fix.

U32 pvt SigmaPos;// Accuracy of filtered position in neter.

U32 pvtSigmaVel; // Accuracy of filtered velocity in nmeters per
second.

U32 pvtSignaBias;// Accuracy of filtered bias in neter.

U32 pvtSigmaDrift;// Accuracy of filtered drift in neters per second.

U32 pvtSignmaHoriz;// Horizontal accuracy of filtered positionin neter
per second.

U32 pvtSigmaVert;// Vertical accuracy of filtered position in neter
per second.

U32 pvt Speed;// Horizontal speed in nmeter per second.

S32 pvtdinb;// Vertical speed in nmeter per second.

S32 pvtDirection;// Direction of user novenent in radians.

} erPvtStruct;

Appendix A.2 Sample Application

static osSerial Struct sioDebug;
osSenaphor eStruct debugSens;

/**
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* Program mai n thread routine.

*/

OS_THREAD _FUNC_RT mai nThr ead( OS_THREAD _FUNC_ARG) {
osl ni t Semaphor e( &debugSem) ;
erStartdient();

while (1) {
0sSl eep(1000);
if (osCGetKey() =="'4qd") {
erStopClient();
br eak;
}
}
OS_THREAD_FUNC _RTRN( 0) ;
}
/**

* Program mai n routine.

*/
void main(int argc, char *argv[]) {
int conmPort;
er Ai di ngOpti onsStruct aid;
comPort = 1; // Specify COM port to be used.
ai d. ai dProtocol = 0;// Specify aiding protocol to be used,
I 0 = aut ononous.
er Set Ai di ngOpti ons(aid);
osSt art Thread( mai nThread, 0, NULL) ;
whil e(1) osSl eep(1000);
}
/**
* Qutput data over serial 10/ stdout
*/
voi d bmQut put (char *line) {
int j;
osTakeSemaphor e( &debugSenm) ;
for (j =0; j < (int)strlen(line); j++) {
osPut Seri al (&si oDebug, line[j]);
}
osDr opSenmaphor e( &debugSem) ;
}
/**

* This function will be called by the Master when
* PVT data is avail abl e.
*/
voi d erProvidePvt (erPvt Struct pvt) {
static long startTinme = O;
| ong sysTinme = (long) ((osCGet MsecTi ner()+500)/1000);
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char src[4];

char rnt[80];

char out[80];

if (startTime == 0) startTine = sysTineg;

if (pvt.pvtFixSource == 0) strcpy(src,"EST");
el se strcpy(src,"FI X");

sprintf(out,"%u %40u %Bu %0d %40d %d40d [¥%s]\r\n",
sysTi me-startTinme, pvt. pvt GosTi e, pvt. pvt Fi xTi e,
pvt. pvt PosFilt[ 0], pvt. pvtPosFilt[1], pvt.pvtPosFilt[2],src);
bmOut put (out) ;
}

Appendix A.3 NMEA Output

The data internally available in the receiver can also be put out in NMEA0183 format. Adding the
following lines to erProvidePvt() in the sample code above will put out $GPRMC sentences in
addition.

/1 Format NMEA RMC sentence.
er Get NmeaRnt( &pvt, rnt);
bmOut put (rnt) ;

The generated string will look like this

$GPRMC, 123519, A, 4807. 038, N, 01131. 000, E, 022. 4, 084. 4, 230394, 003. 1, W6A

Appendix A.4 Server Aiding

The bit mask flag inputType determines the type of input the master is sending to the core. If server
aiding data is available, the bit mask flag has to be set accordingly and the aiding values can be put
into the appropriate corelnputStruct. Here is an example how this could be done.

static corelnputStruct ci; /1 1nput data for the core.
static void bnFronterver() {
corel nput Struct | ocal;
int retval;
/1 Check server connecti on.
i f (saCetSocketStatus() == 0) {
retval = saQpen();
if (retval == FALSE) {
printf("Cannot Open Socket: bnFronServer()\n");
return;

}
}

/! Read data fromthe server.
saRead( &l ocal );
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/1l Set relevant bit nask flag and put data into core
[l input structure.
if (local.inputType & Cl _OFFSET) {

ci.inputType | = C _OFFSET,;

ci.offset = local.offset;

if (local.inputType & ClI _OWI PCS) {
ci.inputType | = C _OWNI PCS;
ci.omi Pos = | ocal . ommi Pos;

if (local.inputType & CI _OWI SSF) {
ci .inputType |= Cl_OWI SSF;
ci.omi Ssf = | ocal . onmi Ssf;

if (local.inputType & Cl _OWN EPH) {
ci.inputType | = Cl _OWN EPH;
ci.omi Eph = | ocal . omi Eph;

if (local.inputType & Cl _OVWN ALMPAGE) {
ci.inputType | = Cl _OVN ALMPAGE;
ci.al mPage = | ocal . al nPage;

if (local.inputType & CI _OVNI MODELS) {
ci.inputType | = Cl _QOVN MODELS;

ci.omi Model s = | ocal . ormi Model s;
}
/1l Notify core that data is avail abl e.
if (ci.inputType) ccSetData(&ci);
}
Copyright © 2005 Fujitsu Microelectronics Europe GmbH Preliminary & Confidential Page 27 of 28

Disclaimer : The contents of this document are subject to change without notice. Customers are advised to consult with FUJITSU sales representatives before
ordering.The information and circuit diagrams in this document are presented “as is”, no license is granted by implication or otherwise.



o8
FUJITSU

January 2005 Version 2.0

FME/MS/CHEETAH/DS/xxxx

MB870Q2040 GPS/AGPS Baseband Processor

Worldwide Headquarters

Japan Asia
Tel: +8144 7543753 Fujitsu Limited Tel: +652810770 Fujitsu Microelectronics Asia Pte Ltd
Fax: +81 447543329 amikodanaka 4-1-1 Fax: +65 281 0220 151 Lorong Chauan
Nakahara-ku New Tech Park
Kawasaki-shi #05-08
Kanagawa-ken 211-8588 Singapore 556741
Japan
http://Iwww.fujitsu.com http://www.fmal.fujitsu.com

USA Europe

Tel: +1408 7375600 Fujitsu Microelectronics America, Inc.  Tel: +4961036900 Fujitsu Microelectronics Europe GmbH

Fax: +1408 7375999 1250 E. Arques Avenue, M/S 333 Fax: +49 6103690122 Am Siebenstein 6-10
Sunnyvale, CA 94088-3470 D-63303 Dreieich-Buchschlag
USA Germany

Tel: +1 800 866 8608 Customer Response Center
Fax: +1 408 737 5984 Mon-Fri: 7am-5pm (PST)

http://www.fma.fujitsu.com/ http://www.fme.fujitsu.com/

The contents of this document are subject to change without notice. Customers are advised to consult with FUJITSU sales
representatives before ordering.

The information and circuit diagrams in this document presented as examples of semiconductor device applications, and are not
intended to be incorporated in devices for actual use. Also, FUJITSU is unable to assume responsibility for infringement of any patent
rights or other rights of third parties arising from the use of this information or circuit diagrams. No license is granted by implication
or otherwise under any patent or patent rights of Fujitsu Microelectronics Europe GmbH.

FUJITSU semiconductor devices are intended for use in standard applications (computers, office automation and other office
equipment, industrial, communications, and measurement equipment, personal or household devices, etc.).

CAUTION: Customers considering the use of our products in special applications where failure or abnormal operation may directly
affect human lives or cause physical injury or property damage, or where extremely high levels of reliability are demanded (such as
aerospace systems, atomic energy controls, sea floor repeaters, vehicle operating controls, medical devices for life support, etc.)
are requested to consult with FUJITSU sales representatives before such use. The company will not be responsible for damages
arising from such use without prior approval.

Any semiconductor devices have inherently a certain rate of failure. You must protect against injury, damage or loss from such
failures by incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and prevention
of over-current levels and other abnormal operating conditions.

If any products described in this document represent goods or technologies subject to certain restrictions on export under the Foreign

Exchange and Foreign Trade Control Law of Japan, the prior authorization by Japanese government should be required for export
of those products from Japan.

FME/MS/CHEETAH/DS/xxxx 2.0

Page 28 of 28 Preliminary & Confidential Copyright © 2005 Fujitsu Microelectronics Europe GmbH

Disclaimer : The contents of this document are subject to change without notice. Customers are advised to consult with FUJITSU sales representatives before

ordering.The information and circuit diagrams in this document are presented “as is”, no license is granted by implication or otherwise.



	1 Functional Description
	1.1 GPS/AGPS Baseband Processor
	1.2 GPS/AGPS RF Radio

	2 GPS/AGPS Baseband Processor
	2.1 Reference Frequency
	2.2 Core Engine State Machines
	2.2.1 Opus State Machine (OSM)
	2.2.2 Firmware State Machine (FSM)

	2.3 Power Supply Regions
	2.3.1 Without External PowerSW Control
	2.3.2 With External PowerSW Control

	2.4 Power Modes
	2.4.1 Deep Sleep Mode
	2.4.2 Real Time Clock (RTC) Mode
	2.4.3 Search Mode
	2.4.4 Track Mode

	2.5 JTAG Boundary SCAN Support

	3 Host Processor and Control Software
	3.1 Core API Library Introduction
	3.1.1 Input Functions
	3.1.2 Output Function
	3.1.3 Resulted Measurements


	4 Performance
	4.1 Operating Modes
	4.1.1 Autonomous mode
	4.1.2 Assisted, MS-Based mode
	4.1.3 Assisted, MS-Assisted Mode

	4.2 Sensitivity
	4.3 Time To First Fix
	4.4 Accuracy

	5 Electrical Characteristics
	5.1 Absolute Maximum Ratings
	5.2 Recommended Operating Conditions
	5.3 Clock Specifications
	5.4 DC Characteristics
	5.5 Power Consumption

	6 Mechanical Data
	6.1 Pin Assignment
	6.2 Pin Definition
	6.3 Package Data
	6.4 Ordering Information

	7 Applications
	Appendix A API Code Application Example
	Appendix A.1 Structure Definitions
	Appendix A.2 Sample Application
	Appendix A.3 NMEA Output
	Appendix A.4 Server Aiding


