NEMERIX NB1042AP

Rev. 1.0 - June 2005 GPS Receiver - Reference Design

Datasheet

1 General Description 1.1 Features

GPS receiver module with passive patch antenna
Based on NJ1030A and NJ1006A chipset

The NB1042AP is a reference design that can be used
as an example to develop a self-contained GPS receiver
module based on the NemeriX NJ1030A and NJ1006A
GPS chipset. The receiver includes a passive patch an-
tenna and the flash memory necessary to store the Ne-
meriX NS1030 GPS firmware. It is built with 0.5mm pitch
uBGA devices in order to achieve a very compact de-
sign.

Low power consumption: 19mA fully active

Compact design: 22.5x25.3x7.5mm with antenna

SMT compliant
UART interface

The NB1042AP interfaces to the host system via the
NJ1030A UART using the NMEA protocol expanded with
NemeriX specific commands. It requires a 3.3V main
power supply and a back-up voltage of 1.2V to 2V to
implement maintain relevant GPS and system informa-
tion in the non volatile portion of the NJ1030A memory.

The NB1042AP is delivered with a 4MBit Flash device
and a 32.734MHz TCXO. Other configurations are pos-
sible.

uBGA 0.5mm pitch components

Support of WAAS/EGNOS (SW option)
Support of 4Mbit and 8Mbit flash

Support of 16.367MHz and 32.734MHz TCXO

Figure 1. NB1042AP Block diagram
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1.2  Specifications

Parameter Min Typical Max
Supply Voltage on (NVDD) pin 3V 3.3V 6V
Back up power supply voltage (VBAT) 1.2v 2V
Operating Temperature -30°C +65°C
Power Consumption in acquisition (fully active) 23mA

Power Consumption in tracking (fully active) 19mA

GPS Channels 16

Tracking sensitivity -150dBm

TTFF Cold Start @ -135 dBm 46 sec

TTFF Warm Start @ -141 dBm 34 sec

TTFF Hot Start @-141 dBm 5 sec

Re-acquisition time @ -147 dBm < 3sec

Update rate 1Hz

Frequency 1575.42MHz - L1 C/A Code

I/0O Port UART interface

Protocol NMEA (Extended)

Weight 10g (with 20x20x4 mm patch antenna)
Mating Connector 14 pin and 12 pin 1.27mm pitch headers
Dimensions 22.5x25.3x3.5 mm (without antenna)

2 Communication Protocol

The communication protocol is the standard NMEA ex-
panded with NemeriX commands.

3 NB1042AP Receiver Parts

3.1 Antenna

The antenna is a passive patch antenna of 20x20mm.
The antenna is mounted on one side of the NB1042AP,
while all the other components are mounted on the other
side. To improve antenna performance, a dedicated
ground plane may be inserted between the antenna and
the board. Ground plane and NB1042AP can be attached
together with double sided adhesive tape. In case a
strong electrical connection is needed between grounds,
a conductive tape or a hole in the tape together with a
conductive paste may be used.

3.2 NJ1006A RF front end

The NJ1006A is the down-converter (see NJ1006A data-
sheet). Power supply for the NJ1006A is set to 2.8V
(AVDD) with a low dropout regulator. To reduce overall
size, the Toyocom TQS-949FA 2x2.5x1mm L1 SAW filter
is used.

A single stage cascode integrated LNA with 20dB gain
and 1.5dB NF has been used for best sensitivity. The
LNA is noise matched.

3.3 NJ1030A base-band

The GPS base-band processor is the NJ1030A. It is used
in its minimum configuration, i.e. only as GPS processor
(see NJ1030A datasheet). The only required external
part is the flash memory storing the NS1030 GPS firm-
ware. Power supply is set to 1.8V (DVDD) with a linear
regulator. Supply voltage for the core is set to 1.2V using
the on-chip regulator. Communication to the NJ1030A is
provided via the UART.

3.4  Flash Memory

A 4Mbit (optional 8Mbit) flash device organized in 256k
(512K) x 16bit needed to store the NS1030 firmware. The
SST39WF400A (SST39WF800A) is an adequate flash
for this application. It operates from DVDD and comes in
a 4xémm (5x6mm) nBGA package.

A different flash memory type can be used, as long as it
is pin compatible with the memories described here. The
voltage supply must be in the NJ1030A DVDD specifica-
tion (1.8V-3.3V) and the dual voltage regulator (part Ul)
must be changed accordingly.

Note: the NB1042AP is delivered with 4Mbit SST flash
device as default configuration. Any change of the flash
configuration may require a different flash programmer
configuration (refer to the flash programmer documenta-
tion).

35 Clock

The clock frequency is set to 32.734MHz and is gener-
ated by a TCXO. The recommended TCXO is the Rakon
IT5325B. It has 2.0ppm accuracy over temperature, a
size of 5x3.2x1.5mm and requires a minimum voltage
supply of 2.7V. The TCXO is sensible to power supply
noise, therefore the AVDD power supply of the RF front-
end is used. The use of a 16.367MHz TCXO is also
possible in the design, if the WAAS/EGNOS functionality
is not enabled in the GPS software.

Note: the NB1042AP is delivered with 32.374 MHz
TCXO as default configuration. If a 16.367 MHz TCXO is
used, a different NS1030 SW build is necessary. Also the
configuration of the flash programmer must be adapted
accordingly (see dedicated documentation).

2. NemeriX SA
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3.6 RTC and Battery Backup

The NJ1030A includes a real time clock and 8kB
NVRAM. This allows time and navigation database to be
maintained when the NB1042AP is powered down. The
RTC crystal is a tuning fork type, 32.768kHz crystal. A
Microcrystal CC5V-T1A in 4.1x1.5mm package is the
selected device.

RTC and NVRAM require a supply voltage of 1.2V to 2V.
Power must be provided via the VBAT pin on the inter-
face connector. Any 1.2-1.5V battery or a super-capacitor
can be used. If a rechargeable battery or a super-
capacitor are used, a charge circuit must be provided.
This may consist of a simple resistor-diode circuit. A
mean to limit charge voltage below 2V should be in-
cluded if the battery can be removed while the main
power is on.

A suitable battery is the Varta V15H NiMH 1.2V re-
chargeable battery. This battery has a capacity of 15mAh
and a size of 11.5mm(diameter)x3mm(height). It can be
recharged at 1.8mA via a simple diode-resistor network.
If the VBAT back-up voltage is not present RTC and
NVRAM will not be active. As a consequence the re-
ceiver will always execute a cold start when activated.

3.7  Voltage Regulator

A dual voltage regulator generates two voltage supply
(AVDD and DVDD) from the main voltage supply
(NVDD). AVDD is 2.8V and provides voltage to the
NJ1006A and the TCXO. DVDD is 1.8V and provides
voltage to the NJ1030A and the flash memory. Power for
the NJ1030A core is obtained with the internal voltage
regulator and it is set to 1.2V.

4 Interface Ports
4.1 Connector J1

Connector J1 is a serial interface at 1.8V voltage level. A
14 pin 1.27mm pitch through hole connector is used. The
pinout is shown in Table 1.

Pin 8 (GPIO[4]) is a pin that can be used to monitor
NB1042AP status. It blinks for 1ms every time that some
traffic is generated on the UART interface. It can be left
unconnected if desired.

This interface port allows the user to download the firm-
ware in the flash by using the interface board I1B2000.
Details on flash programming are available in the 1B2000
datasheet.

Table 1. Interface connector J1

Pin # Description
1 NVDD (3.3V)
2 NMEA TX
3 NMEA RX
4 GND
5 Reset
6 VBAT
7 DSU_MUX
8 GPIO[4]

9 DSU_RX
10 DSU_TX
11 DSU_EN
12 DSU_BRE
13 DSU_ACT
14 WAKEUP

4.2 Connector J2

On connector J2 the NJ1030A 8 GPIO signals are avail-
able at 1.8V voltage level. The analog input signal to A/D
Converter AIN[2] is also available. A 12 pin 1.27mm pitch
through hole connector is used. The pinout is shown in
Table 2.

Table 2. Interface connector J2

Pin # Description
GND
GPIO[O]
GPIO[1]
GPIO[2]
GPIO[3]
GPIO[4]
GPIO[5]
GPIO[6]
GPIO[7]
GND
AIN[2]
GND

==
RBIR|B|o|xw|(~|jo|o|s|wine

The NB1042AP is also SMT compliant and can be
mounted directly on the host PCB without the need of the
connectors J1 and J2.
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Figure 2. RF section schematic diagram

5. Schematic Diagram
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Figure 3. Base band section schematic diagram

NB1042AP GPS Receiver - Reference Design
Schematic Diagram (Continued)
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6. PCB Layout

Figure 4. PCB top assembly
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7. PCB stack-up and details

Figure 5. PCB stack up and details

-

ral
ra

Twal - [ irwo on |
A T1vw3[AIRRavHo010Rd]  swomiuv |

aNao31

NsvANIaT0S

HSINIS

(1:1 3735 ) INI1L00

]

WINLVK

SSINNIHL

-

Ad0D d3TT04INODONN
T T v

< T ¥ T ©

GOT-11

5
VS XIHIW3N

AOVHNOIY 1IYHIAG NIVINIVA OL ¥IQHO NI SNOILYHIAO ONINIHOVA
(39VLS 1ST) AYYWIYA 3HL 1V 1NO Q3IHdvD 38 0L
S3T0H HOMOUHL Q3LYTd NV QILYId-NON HLOS ONITII¥G 1V L

Q3LYLS ISIMYIHLO SSIINA WwZ D-/+ SIINVYITOL ¥VINIT °9
Q31YLS ISTAYIHLO SSIIND Ww NI SNOISNINIO 11V 5

$3015 H108 YSYN¥3QT05 318YI9VNI-OLOHd 13M ¥O AYQ

TIDIN WK ¥3IAD 4109 NOISHIANI HNGO 0
THSINI ¥
¥3dd0D 202/ - (ONILY1d HILIV) SSINYDIHL ¥3dd0D QIHSINIS
PH4"ILYNINYT SSYIO JBI4 NITHL Ww0'T - TYINILYA
(S43AVT 9) ¥IAVIILION - 3dAL Q¥Y08
NOILYDI4103dS QY08 "€

(aa)  si130 11180~

(ne) MSVN 108~
(ne) MSVN dOL-
(38) 213 108

(#31] ¥ HIL3 ¥INNI-

€ HDLI ¥INNI-

HIL3 HINNI-

HIL3 HINNI- .
HOL3 dOL-¥T0-MY-+0

BN ON WHOMLYY
NO3Y AHAYHOOLOHd "2

53100

QY¥08 40 dN QTING ONIAOHS MIIA

oto1

Aviol

orz
o0y
oiz
o0t
oiz

se/s¢ 002 3LYNI

H213 109

se/se 002 311

¥ HOLT WINNI

€ HILI ¥INNI

se/se 00z 31

2 HDL3 ¥INNI
T HILI HINNI

(Wn) NoTLvava3s

WSV -19n0a
T

NT

W

ER

€52

HD13 doL

41 .,u;QUm 1ON 0Q ez

vol-11

on o)

1
Ad0D d3TTOYLINCGINN

NemeriX SA

NB1042AP-ds10 — Rev. 1.0 — June 2005



Datasheet

NB1042AP GPS Receiver - Reference Design

9 Bill of Material

Symbol |Type Value Size Description

F1 Toyocom TQS-949FA 2x2.5mm GPS L1 SAW filter

Jl 14x1 connector 1.27 mm pitch | Power supply and interface connector

J2 12x1 connector 1.27 mm pitch | Interface connector

Al Patch antenna 20x20mm L1 passive patch antenna.

C1l COG 100pF 0402 LNA input coupling capacitor

C2 COG 100pF 0402 LNA output DC block capacitor

C3 COG 0.56pF 0402 LNA input matching capacitor

C4 COG 100pF 0402 Mixer input DC block capacitor

C5 X7R 100nF 0402 NJ1006A Band gap reference decoupling capacitor
ce® COG 33pF +5% 0402 IF filter first tank capacitor

C7 COG 470pF 0402 PLL loop filter capacitor

C8 X7R 100nF 0402 NJ1006A VB reference decoupling capacitor
c9® COG 33pF 5% 0402 IF filter second tank capacitor

C10 X7R 3.3nF 0402 PLL loop filter capacitor

Cl1 X7R 1nF 0402 Decoupling capacitor for AVDD power supply
C12 X7R 22nF 0402 Decoupling capacitor for AVDD power supply
C13 X7R 10nF 0402 AGC capacitor

Cl14 X7R 22nF 0402 TVDD decoupling capacitor.

C15 X7R 1uF 0805 Main NVDD decoupling capacitor

C16 X7R 22nF 0402 NJ1030A LVDD decoupling capacitor

C17 X7R 22nF 0402 NJ1030A reset capacitor

Cc18 X7R 22nF 0402 TCXO decoupling capacitor

C19 X7R 22nF 0402 NJ1030A LVDD decoupling capacitor

C20 X7R 1uF 0603 NJ1030A LVDD decoupling capacitor

c21 X7R 1nF 0402 TCXO coupling capacitor.

Cc22 COG 22pF 0402 RTC XTAL load capacitor

c23 X7R 22nF 0402 NJ1030A DVDD decoupling capacitor

C24 COG 22pF 0402 RTC XTAL load capacitor

C25 X7R 1nF 0402 NJ1030A MXI decoupling capacitor.

C26 X7R 22nF 0402 NJ1030A VREF decoupling capacitor

c27 X7R 22nF 0402 NJ1030A DVDD decoupling capacitor

c28 X7R 1uF 0603 Main AVDD decoupling capacitor

C29 X7R 1uF 0603 Main DVDD decoupling capacitor

C30 X7R 22nF 0402 NJ1030A DVDD decoupling capacitor

C31 X7R 22nF 0402 NJ1030A DAVDD decoupling capacitor

C32 X7R 22nF 0402 NJ1030A VBAT decoupling capacitor

D1 BAS516 SOD-523 Reset circuit diode

L1t Multi-layer 33nH £10% 0402 LNA ESD protection inductor

L2? Multi-layer 33nH +10% 0402 LNA output DC bias inductor

L3?! Multi-layer 2.2nH +0.3nH 0402 LNA output matching network inductor

L4t Multi-layer 3.3nH +0.3nH 0402 LNA output matching network inductor

L5*t Multi-layer 5.6nH +0.3nH 0402 LNA input matching network inductor

L6 2 Multi-layer 1.5uH +10% 0805 IF filter first tank inductor

L7 2 Multi-layer 1.5uH +10% 0805 IF filter second tank inductor

R1 Chip 6.8k +1% 0402 PLL loop filter resistor

R2 Chip 390R +1% 0402 NJ1006A SGN output damping resistor

R3 Chip 390R +1% 0402 NJ1006A MAG output damping resistor

8. NemeriX SA NB1042AP-ds10- Rev. 1.0 — June 2005
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R4 Chip 390R +1% 0402 NJ1006A CP input damping resistor
R5 Chip 47k £1% 0402 NJ1030A DSU_MUX pull-down resistor
R6 Chip 47k £1% 0402 NJ1030A UART_RX pull-up resistor
R7 Chip 470k +1% 0402 Reset pull-up resistor

R8 Chip 47k £1% 0402 NJ1030A DSUBRE pull-down resistor
R9 Chip 47k £1% 0402 NJ1030A DSUEN pull-down resistor
R10 Chip 10M £1% 0402 RTC oscillator bias resistor

R11 Chip 27k £1% 0402 NJ1030A voltage supervisor resistor
R12 Chip 100k £1% 0402 NJ1030A voltage supervisor resistor
R13 Chip 47k £1% 0402 NJ1030A EXT_WAKE_UP pull-down resistor
R14 Chip 47k £1% 0402 NJ1030A AIN[2] pull-down resistor
R15 Chip 47k £1% 0402 NJ1030A DSURX pull-down resistor
R16 Chip 33R 1% 0402 NJ1030A TVDD filter resistor

R17 Chip 10R £1% 0402 NJ1030A AVDD filter resistor

R18 Chip 150R +1% 0402 NJ1030A VBAT protection resistor
Ul Torex XC6401 USP-6B Dual voltage regulator 1.8V/2.8V

U2 NemeriX NJ1006AM5 |LPCC28 5x5 mm NemeriX GPS front-end

u3 NemeriX NJ1030AU5 | TFBGA128 7X7 mm NemeriX GPS base-band processor
u4 SST39WF400AM1 WFBGA48 4x5 mm 4Mbit flash memory.

(U4) (SST39WF800AM1) (WFBGA48) (4x6mm) (8Mbit flash memory)

X1 Rakon IT5325BE 4PADS5032 |32.734MHz 2ppm TCXO.

X2 MC CC5V-T1A SMD4115XTAL | 32.768kHz Crystal for RTC.

Note 1: Avoid using wire wound inductors; MuRata LQG15H series works well.
Note 2: Use only multilayer fully shielded inductors, e.g. MuRata LQG21N1R5K10. 5% tolerance is recommended for these inductors.
Note 3: 2% tolerance is preferred, 5% is acceptable.

NB1042AP-ds10 — Rev. 1.0 — June 2005 NemeriX SA 9.
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10. Notes
Ordering information Related products
Part Description Part Description
NB1042AP GPS Engine Board 1B2000 NB104xAx interface board
. NJ1030AU5 GPS Baseband Processor
Related documentation uBGA 7x7, 0.5mm pitch
Part Description NJ1030AUS GPS Baseband Processor
IB2000 ds10 IB2000 datasheet BGA 10x10, 0.8mm pitch
NJ1006A ds13 NJ1006A datasheet :
NJ1030A ds13 NJ1030A datasheet NJ1006A GPS RF Front-End
EB1006AH11 NJ1006A GPS RF Front-End
Evaluation board
DK1030A Software Development Kit
NB1042AS GPS receiver reference design
with active antenna
NemeriX SA
Headquarters
Stabile Gerre 2000
PO Box 425
6928 Manno
Switzerland

Phone +41 91612 4700
Fax +41 91 612 4701

email sales@nemerix.com

LEGAL NOTICE:

NEMERIX PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR IN APPLICATIONS WHICH INVOLVE POTENTIAL RISK OF DEATH, PERSONAL INJURY OR SEVERE PROPERTY
OR ENVIRONMENTAL DAMAGE IN CASE OF FAILURE OR MALFUNCTION OF THE PRODUCT.
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