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uN8031B  

GPS Receiver Baseband 
 
Features 
• Modular and scalable ASiSTM 

(Application Specific Integrated 
System) architecture in CMOS 
technology 

• Ideally suited for embedded portable 
applications 

• 12 channel parallel receiver with 
programmable Zoom CorrelatorsTM 

• Fast signal acquisition with 
dedicated QwikLockTM search 
engine 

• Integrated low-power 16-bit 
proprietary VS DSP-core 

• On-chip SRAM memories 
• 3V power supply 
• Low power consumption enabled by 

PowerMiserTM 
• Small Form Factor – 144-pin BGA 
• Interface to an external RF front-end 
• Input master clock frequency doubler 
 

Description 
The uN8031B is a highly integrated GPS 
receiver for embedded portable 
solutions.  It obsoletes the earlier 
uN8031A and includes all baseband 
functions needed for GPS signal 
acquisition, tracking and navigation. 
Two asynchronous serial interfaces 
provide for navigation solution output 
and differential correction data input. A 
programmable general purpose I/O 
interface is also included. External non-
volatile memory can be connected using 
an external bus interface. A dedicated 
high-performance search engine using 
patented QwikLockTM architecture 
enables a rapid search of available 
satellites. An advanced tracking unit 
employing Zoom CorrelatorsTM insures 
that positioning is possible even in 
severe conditions like in urban canyons 
and under foliage. A complete GPS 
receiver built with a uN8031B baseband  
and a uN8021B RF front-end needs only 
a handful of external components, 
keeping the overall bill of materials to a 
minimum as illustrated below. 

Figure 1.  GPS Receiver Based on u-Nav Chip Set 
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Block Diagram 
The uN8031B block diagram is shown below: 

 

 
Figure 2  uN8031B Block Diagram 
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Pin Description 
The pin description for the uN8031B defined for the STPBGA144 package is in table 1 
below and the ball definition later in table 2: 
 
Group Name Description 
External Bus D[15..0] External data bus. 
 A[19..0] External address bus. 
 XCS[3..0] Active low chip select outputs. 
 XWT Active low asynchronous wait state request for 

external bus. Can be left unconnected 
when not used. 

 XWR Active low write strobe for external bus. 
 XRD Active low read strobe for external bus. 
Control RF SEL Must be tied to DVDD  
 MCLK Master clock input (16.3676 MHz). 
 XRESET Active low asynchronous system reset input. 
 RFEN Enable/power-down signal to the external RF 

front-end. 
Real time 
clock 

RTC_XIN RTC (Real Time Clock) XTAL oscillator input 
pin (32768 Hz). 

 RTC_XOUT RTC XTAL oscillator output pin (32768 Hz). 
 XVDD Analog power for the real time clock oscillator. 
RF Front-end ISIGN In-phase arm IF signal sign input. 
 IMAGN In-phase arm IF signal magnitude input. 
 QSIGN Quadrature arm IF signal sign input. 
 QMAGN Quadrature arm IF signal magnitude input. 
SPI Interface SCK Serial clock output for SPI interfaced chips 
 SPI_XCS0 Chip select (active low) to SPI chip 0 

(EEPROM). 
 SPI_XCS1 Chip select (active low) to SPI chip 1 (external 

RF) 
 SPI_SDI Serial data input from SPI interfaced chips. 
 SPI_SDO Serial data output to SPI interfaced chips. 
Peripherals RXD0 CMOS level asynchronous input for UART port 

#0. Can be left unconnected when not 
used. 

 TXD0 CMOS level asynchronous output for UART 
port #0. 

 RXD1 CMOS level asynchronous input for UART port 
#1. Can be left unconnected when not 
used. 

 TXD1 CMOS level asynchronous output for UART 
port #1. 

 PPS 1PPS signal output. 
 PM0 Input for pulse measurement 0. Can be left 
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unconnected when not used. 
 PM1 Input for pulse measurement 1. Can be left 

unconnected when not used. 
 GPIO[15..0] Interrupt-capable general-purpose IO pins. Can 

be left unconnected when not used. 
 KBDOUT[4..0] Keyboard controller row select outputs. 
 KBDIN[4..0] Keyboard controller column inputs. Can be left 

unconnected when not used. 
Test TEST Active high test mode select input. Connect to 

GND for normal operation. 
 TEST[12..0] Miscellaneous test pins. Connect all to GND for 

normal operation. Other test pins are shared with 
GPIO. 

Power DVDD Pad and core power. (18 pins) 
 GND Pad and core ground. (20 pins) 

Table 1.  uN8031B Pin Description 
 

A1 TEST[0] C1 DVDD E1 D[11] G1 DVDD J1 D[2] L1 DVDD 
A2 TEST[1] C2 DVDD E2 D[13] G2 D[7] J2 D[3] L2 XCS1 
A3 TEST[2] C3 RFEN E3 D[15] G3 D[8] J3 D[1] L3 XCS2 
A4 TEST[3] C4 TEST[8] E4 D[12] G4 GND J4 A[0] L4 A[1] 
A5 XVDD C5 TEST[9] E5 TEST[12] G5 GND J5 A[6] L5 A[4] 
A6 SPI_XCS1 C6 RTC_XIN E6 GND G6 GND J6 GND L6 A[7] 
A7 MCLK C7 RF SEL E7 GND G7 GND J7 GND L7 A[11] 
A8 DVDD C8 SPI SDO E8 GPIO[0] G8 GND J8 A[16] L8 A[14] 
A9 ISIGN C9 QMAGN E9 GPIO[4] G9 GND J9 KBDOUT[3] L9 A[17] 
A10 KBDIN[0] C10 TXD1 E10 GPIO[6] G10 GPIO[10] J10 TXD0 L10 KBDOUT[0] 
A11 KBDIN[1] C11 DVDD E11 GPIO[5] G11 GPIO[11] J11 DVDD L11 KBDOUT[4] 
A12 PM0 C12 RXD1 E12 DVDD G12 GPIO[9] J12 DVDD L12 KBDIN[4] 
B1 TEST[4] D1 D[14] F1 DVDD H1 D[6] K1 DVDD M1 XCS0 
B2 DVDD D2 XWT F2 D[10] H2 D[5] K2 XRD M2 A[2] 
B3 TEST[5] D3 PPS F3 D[9] H3 D[4] K3 XWR M3 DVDD 
B4 TEST[6] D4 TEST[10] F4 GND H4 D[0] K4 XCS3 M4 A[5] 
B5 TEST[7] D5 TEST[11] F5 GND H5 A[9] K5 A[3] M5 A[8] 
B6 RTC_XOUT D6 GND F6 GND H6 GND K6 XRESET M6 A[10] 
B7 SPI_SCK D7 GND F7 GND H7 GND K7 A[12] M7 A[13] 
B8 SPI_SDI D8 SPI_XCS0 F8 GND H8 RXD0 K8 A[15] M8 DVDD 
B9 IMAGN D9 QSIGN F9 GND H9 GPIO[13] K9 A[18] M9 A[19] 
B10 DVDD D10 GPIO[1] F10 GPIO[8] H10 GPIO[15] K10 KBDOUT[1] M10 KBDOUT[2] 
B11 DVDD D11 GPIO[2] F11 GPIO[7] H11 GPIO[14] K11 TEST M11 KBDIN[3] 
B12 PM1 D12 GPIO[3] F12 DVDD H12 GPIO[12] K12 DVDD M12 KBDIN[2] 

Table 2.  uN8031B Package STPBGA Definition 
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Some of the pads of uN8031B include a pull-up or a pull-down resistor or a keeper; 
therefore no external resistor is required. If not used, the pins connected to these pins can 
be left unconnected. For keeper pins with resistive straps, 4.7K ohms is recommended to 
insure sufficient current to change state. The following table lists these special pins: 
 
Pin Pad Type 
D[15..0] keeper 
GPIO[15..0] keeper 
PM0 keeper 
PM1 keeper 
KBDIN[4..0] 100kΩ pull-down 
XWT 100kΩ pull-up 
RXD0 100kΩ pull-up 
RXD1 100kΩ pull-up 
SPI_SDI 10kΩ pull-up 

Table 3.  Pin Types 
 
Interconnection with uN8021B 
The uN8021B external GPS RF front-end chip can be connected to uN8031B GPS 
baseband processing chip using 10 signals as shown in the figure below. No external glue 
logic or pull-up/pull-down resistors are required.  The signals can be divided into three 
separate function groups as follows: 
 

• System signals (clock, reset, RF enable) 
• Data signals from RF to baseband (I/Q sign and magnitude) 
• Control signals from baseband to RF (SPI interface) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Interconnection Diagram with uN8021B 

GPIO Pin
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General Description 
The uN8031B GPS Baseband Receiver implements hardware necessary for acquiring and 
tracking GPS satellite signals as well as enough processing capability and memory for 
on-chip navigation solution computation. It is based on u-Nav’s extensive GPS design 
experience. 
 
The uN8031B GPS Baseband Receiver has two main functional units for GPS signal 
processing: dedicated acquisition unit based on QwikLockTM  search engine technology 
and a hardware correlator based tracking unit employing Zoom CorrelatorsTM. These are 
controlled by a proprietary low-power DSP processor core referred to in this document as 
the VS_DSP. The chip has integrated program and data memories for the software and 
data, and interfaces to the application system via two asynchronous serial ports. There is 
an external memory bus for connecting non-volatile FLASH memory which will hold the 
DSP software and any necessary non-volatile storage requiring data. There is also a 16-
pin general purpose I/O interface which enables interfacing the uN8031B to many other 
devices.  The 1PPS output is capable of delivering an accurate time mark signal if 
required by the application.  The uN8031B has extensive and flexible power control 
which enables extremely low-power GPS receiver operation. This is required by many 
portable applications where power is at premium.  Even with low-power operation, the 
uN8031B still has high performance. 
 
Chip Clocks and Reset 
The chip clocking is shown in figure 3. The clock frequency is doubled internally and the 
DSP generates two clocks from it: CLK and INTCLK. The CLK is used by VS_DSP and 
memories. It is stopped in HALT-state or when a wait-state is requested by external bus 
interface or peripherals. The INTCLK is used by the search engine, correlator and 
peripherals. It is not affected by HALT-state or wait-states. During the SLEEP-state the 
clock doubler does not generate clock. The clock doubler has a counter which is used at 
power-up and when the SLEEP-state is ended.  The counter gives 4096 clock cycles time 
for the input clock to stabilize before it is driven out of clock doubler. 

 
Figure 4.  uN8031B Clocking 
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There is also another clock, the real time clock or RTC, which is generated from the 
RTC_XIN/RTC_XOUT pair and is used for system control and very low power 
peripherals (RTC/sleep timer). The reset input XRESET is active low and should have an 
external power-on reset circuit. 
 
Interfaces 
The intermediate frequency (IF) input from the RF front-end chip comes to the uN8031B 
as a pair of two-bit digital signals. It is interpreted as a complex number consisting of real 
and imaginary parts, corresponding to the In-phase and Quadrature arms of the signal. 
The IF nominal frequency is around 40 kHz. 
 
The 16-bit external memory bus is compatible with most asynchronous SRAM and 
FLASH memories allowing direct connection of the memories to the bus. There are four 
pre-decoded active-low chip-select signals for connecting up to four different devices to 
the bus. The bus is capable of accessing one megaword (20-bit address) on each of the 
four devices. In order to interface flexibly with external memories having different 
speeds, the external data bus has configurable wait states. 
 
The external data bus interface multiplexes VS_DSP core buses XDB, YDB and IDB to 
the external (off-chip) data bus EDB. 32-bit wide IDB accesses are converted to two 16-
bit EDB accesses.   
 
There are other peripheral devices in the uN8031B in addition to the dedicated GPS 
receiver blocks: 
 
� 2 x UART 
� 1PPS pulse generator 
� SPI interface to 2 external devices (such as a boot-EEPROM and external 

uN8021B RF front-end) 
� 16 bit parallel I/O which are capable of generating interrupts 
� IF signal bit counter 
� 16-bit millisecond counter 
� 32-bit interrupt controller 
� 24-bit real time clock 
� 16-bit sleep timer 
� 10-bit keyboard interface 
� 2 pulse measurement units 
� PowerMiserTM power controller 

 
The peripherals are controllable by the VS_DSP through a memory mapped register 
interface. 
 
Functional Units 
There are three main functional units on the uN8031B: the search engine (a dedicated 
acquisition unit based on QwikLockTM technology), the hardware correlator based 
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tracking unit employing Zoom CorrelatorsTM, and the proprietary low-power VS_DSP 
processor core. In addition there are a number of peripheral units as well as the integrated 
memory required for the GPS algorithm implementation. 
 
Search Engine 
The Search Engine is a u-Nav Microelectronics developed rapid acquisition block. The 
search engine block implements the acquisition time frequency analysis and signal 
integration and it has the following main features: 

� 2-bit I/Q inputs 
� 2046 sample time axis giving 1/2 chip resolution 
� Programmable Doppler frequency 
� Pre-detection integration time: 1–32 ms 
� Post-detection integration rounds: 1–32 
� On-chip dedicated integration memory, accessible also by the VS_DSP 
� Can be synchronized to known bit timing 
� Autonomous operation, generates interrupt upon completion 

 
Correlator Unit 
The correlator unit implements the hardware for baseband tracking through 12 parallel 
hardware correlation channels using Zoom CorrelatorsTM. The main features of the 
correlator unit are: 
� 2-bit I/Q inputs 
� 12 parallel tracking channels 
� 4 Zoom CorrelatorsTM per tracking channel 
� Individual channels can be enabled or disabled for saving power 
� Easy setting of tracking state for rapid signal acquisition 
� Mixed individual and common dump: All channel output data is sampled 

synchronized to that channel’s code generator epoch timing, one interrupt is 
generated with an interrupt source register indicating the channel which 
generated the interrupt. All measurement data (code and carrier counts and 
phases) is sampled simultaneously for all channels. Only one interrupt is 
generated. The dump rate is settable via a counter. 

 
VS_DSP Architectural Description 
The VS_DSP is the VLSI Solution proprietary VS_DSP processor core described in the 
VS DSP User’s Manual.  The processor implementation within the uN8031B is generated 
with the architecture listed below: 
� Data word, data address, and program address widths are 16 bits  
� Program word width is 32 bits 
� Multiplier input is 16 bits with eight accumulator overflow guard bits   
� Eight arithmetic registers and eight index registers 
� One hardware loop mechanism 
� Version 2 instruction set with paging 
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Code and Data Memory 
The code and data memories are the dedicated VS_DSP memories required for the proper 
implementation of any GPS software to be run on the VS_DSP processor. The internal 
memories include the following blocks: 
� 16K 16 bit wide words X-bus data RAM memory 
� 16K 16 bit wide words Y-bus data RAM memory 
� 4K 16 bit wide words Y-bus data RAM (S-mem) also by the search engine 
� 8K 32 bit wide words of Program RAM memory 
� 992 16 bit wide words of Y-data ROM 
� 1 K 32 bit wide words Boot ROM memory 

 
Paged accesses to external memory areas are handled by the external bus interface. 
Externally the uN8031B can address up to 4M 16 bit words of data or program memory. 
 
Power Controller 
The uN8031B can reduce power consumption by disabling individual peripheral devices 
and halting the VS_DSP. In the halt-state the VS_DSP and memories are not clocked, but 
the peripherals are clocked and can wake up the VS_DSP by generating an interrupt. 
When a peripheral device is disabled its registers can be read but not written. 
 
Further power saving can be achieved by disabling the master clock and changing to the 
SLEEP state.  During SLEEP-state only the system control, RTC and sleep timer are 
clocked with special 32768Hz clock. Leaving the SLEEP-state can be triggered by RTC, 
sleep timer, keyboard or GPIO. 
 
Millisecond counter 
The millisecond counter generates one epoch pulse every 32736th clock cycle (near 
millisecond with 32.735MHz internal clock). The epoch pulse is used by the VS_DSP 
(INT TIMER interrupt), search engine, correlator and 1PPS unit for synchronization. The 
millisecond counter peripheral also has a 16-bit counter which counts the number of 
epoch pulses. 
 
PPS Signal Generator 
The PPS is a 15-bit counter which starts counting from a configured value down to 0 after 
a millisecond pulse is received. When 0 is reached, a new value for PPS output is fetched 
from a configuration register. 
 
SPI Interface 
The SPI interface has two chip select signals enabling two external SPI-compliant chips 
to connect to uN8031B. The SPI_XCS0 chip select should be connected to a serial 
EEPROM which can be used as an external boot-up memory device. SPI_XCS1 is 
typically used for controlling an external RF chip. Only one chip at a time can use the 
interface. The uN8031B chip acts as a master device and is controlled through memory 
mapped register interface. 
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The SPI clock speed can be 2Mhz, 1Mhz, 500kHz or 250kHz. Four EEPROM read and 
write modes are supported: read data, write data, read status and write status. Note that 
the SPI_SDI pin does not require an external pull-up to prevent the pin from floating, if 
no external SPI device is active or there are no external SPI devices, since there is an 
internal pull-up on the pad. The pull-up capability and thus the speed of the interface can 
be increased using an external pull-up resistor smaller than the 10kΩ on-chip resistor. 
 
If only the external RF chip is connected to the SPI interface, the connections are made as 
shown in figure 3 earlier and the SPI_SDI pin can be left unconnected. If the serial 
EEPROM is also connected, the SPI connections should be made as shown in figure 5 
below where a 25LC640 serial EEPROM is used as an example: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: SPI with RF and EEPROM chips 
 
IF Signal Bit Counter Device (ICD) 
The ICD block counts ones in sign and magnitude bits of incoming I and Q signal in a 
given time interval. The values are used in configuring the gain parameter in the RF front 
end. After the given time interval has elapsed, the block generates an INT ICD interrupt 
and four 16 bit values are readable through memory mapped register interface. 
 
Dual UART 
These two identical peripherals implement serial interfaces using RS232 data format with 
CMOS signal levels. Both interfaces include transmit and receive functions at the speed 
of 300 bps and higher. After the reset, the communication speed is initialized to 9600 bps, 
if the input clock speed is 16.3676 MHz. Other speeds can be achieved by writing new 
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clock divider values to the device using the processor. The only data format supported by 
the UARTs is 8 bit data with one stop bit and no parity. 
 
Real Time Clock 
The real time clock (RTC) increments a 24-bit up counter 256 times in a second. It has a 
24-bit alarm register which can be used to generate RTC alarms. The RTC is clocked 
with a special 256 Hz clock (generated from the 32768 Hz clock input) giving 3.9 ms 
accuracy for alarms. Reset has no effect on RTC counter, neither has the processor 
clock/SLEEP state since the RTC is clocked by different clock. The value of RTC 
counter is undefined after power up. 
 
The RTC unit has a clock crystal input and output pins and its own power supply pin, 
XVDD. The connection diagram for the RTC pins is shown in figure 6. Check the 
datasheet of the crystal oscillator for the correct capacitance values. 
 

 
 
 
 
 
 
 
 
 

Figure 6: Connecting the RTC Crystal pins 
 

Sleep timer 
The sleep timer is a 16-bit down counter which has a resolution of 7.8 ms (128 Hz). It 
generates a INT SLEEP interrupt when it reaches zero. It can be also be used to wake the 
uN8031B from the SLEEP state. 
 
Interrupt Controller 
The interrupt controller delivers the interrupt requests from the peripherals to the 
processor. Each interrupt source has own interrupt vector (interrupt handler start address). 
There are three levels of priority and a disable/enable mask available for all the sources. 
 
Pulse measurement interface 
The uN8031B has two pulse measurement devices, which can be used to measure with 
great accuracy how long an input stays high or low. The pulse measurement devices 
support several accuracy modes, trigger modes (once-only, continuous-wait and 
continous) and input polarity. 
 
Keyboard I/O Port 
The keyboard controller can be connected to up to 5x5 keyboard matrix. The controller 
scans the matrix and generates an interrupt (INT KBD) when a key is pressed or released. 
There is bounce-removal logic with a 28 ms delay time. The controller does not support 
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cases where multiple keys are pressed simultaneously. The connection of a full keyboard 
switch matrix is illustrated in Fig. 7. The pull-down resistors are required on all input 
pins if a keyboard is connected. If any of the KBDIN-pins is not needed, they can be left 
unconnected since there is an internal 100kΩ pull-down. Thus if no keyboard is  to be 
used, no external components need to be connected to the keyboard I/O port. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Connection of a full 5x5 keyboard matrix 
 
The timing diagram of the keyboard I/O port is shown in figure 8.  

 
Figure 8: Keyboard I/O port timing 

 
Each row (connected to KBDOUT) is pulled to logic one during its scan turn and each 
column (connected to KBDIN) is read during this scan. Each complete scan takes seven 
scan cycles of length Tp, which is 512 times the master clock cycle length. The master 
clock is twice the system input clock, therefore being approximately 32 MHz. If the scan 
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result (in this example bit 3 for row 1, because KBDOUT[4..0] was driven to 00010 and 
KBDIN was 01000) stays the same during 256 consecutive scans (28 ms real time), it is 
considered valid. This creates the bounce-removal action. The data is sampled at the end 
of the scan cycle. The setup time Tks and the hold time Tkh  is 10 ns or more. 
 
Parallel I/O Port 
The Parallel I/O port (GPIO) is 16-bit input/output interface, on which each bit can be 
configured as input or output. The GPIO can be used to connect different kinds of 
peripherals such as an LCD-display to the uN8031B . If a bit is configured as input, it can 
be configured to generate an interrupt (INT GPIO) as well. Interrupt can be configured to 
happen on rising, falling or on both edges of the input signal. 
 
Since the two MSBs of the GPIO port (bits 14 and 15) are used by the internal ROM in 
selecting the boot-up source, they must be pulled either to GND or DVDD through 
resistors and are generally not usable for other purposes. The boot-up source is selected 
by the following logic: 
 

Bit 15 Bit 14 Source 
0 0 SPI device 0 
0 1 UART 0 
1 0 External memory 
1 1 External memory 

Table 4.  Configuring Boot Source 
 
External Bus Interface 
The external bus interface multiplexes core buses XDB, YDB and IDB to the external 
(off-chip) bus EDB. 32-bit IDB accesses are converted to 16-bit EDB accesses. In order 
to interface flexibly with external memories having different speeds, EDB has 
configurable wait states. 
 
The external bus has four programmable chip select outputs for external memory blocks. 
All four chip select output can have different amounts of wait states. In addition to this, 
wait states can be requested asynchronously using the XWT input pin.  Chip select 
outputs XCS[3:0] are active low. 
 
Addresses 
Logical addresses are converted to physical addresses by the external bus interface to 
map all three address spaces (X,Y and I) to a single address space (E). 
 
For external X addresses, the physical address is the logical address. For external Y 
addresses, the physical address is obtained by inverting logical address bit 15. This maps 
the Y addresses to the “gap” left by internal X data space ending at 0x8000.  For external 
I addresses, the physical address is obtained as follows: 

1. The logical address is inverted. 
2. The inverted address is shifted left by 1 bit. 
3. The LSB is set to 0 for low 16 bit access or to 1 for high 16 bit access. 
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This maps the zero-page (first 64K) instruction addresses to end of external memory. 
 
The above scheme allows both data and instruction to reside in same physical memory. 
Data is in the start of the memory and instructions in the end of the memory. The 
mapping is conceptually depicted in figure 9. This shows how I:0x0000 would be 
mapped to external E:0xffff ffff and E:0xffff fffe, I:0x0001 to E:0xffff fffd and E:0xffff 
fffc and so on. External Y-memory range Y:0x8000 to Y:0xffff is mapped to E:0x0000 to 
E:0x7fff.  Because of internal on-chip instruction memory, the external memory from 
I:0x00000 through I:0x023FF is not actually accessible as instruction memory as 
suggested in the figure below.  Instead, this space is accessible only as X memory.   
 

 
Figure 9.  Internal to External Memory Space Mapping 
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Register Programming 
Refer to the uN8031 User's Manual for detailed information on all uN8031B 
programmable registers except EDB configuration.  The following sections provide a 
detailed description of only those registers configuring the external data bus. 
 
External Data Bus Configuration Registers 
The external data bus interface is controlled by two registers, bus control register (BCR0) 
and chip select register (BCR1). They are mapped to internal data memory as follows: 

    
Address Name Type Width Format 
0x4000 BCR0 R/W 16 bit field 
0x4001 BCR1 R/W 4 bit field 

Table 6.  External Bus Configuration Registers 
 
The external bus interface control register BCR0 is used to configure the wait states. 
Each chip select output XCS[3..0] has four programmable bits which contain the number 
of wait states to be generated for that chipselect output. Each wait state corresponds to 
one clock cycle. The bits are located in BCR0 as follows: 
 

Bits Description 
15..12 XCS[3] wait states 
11..8 XCS[2] wait states 
7..4 XCS[1] wait states 
3..0 XCS[0] wait states 

Table 7.  Register BCR0 Bit Definition 
 
At reset, BCR0 is initialized to all ones. This selects a default of 15 wait states for all 
external memory accesses.  Figure 10 illustrates a write operation with wait states. In read 
operations the read signal XRD has similar timing as XWR. Clocks are not part of the 
interface but they are included here to show how EDB access is synchronized to core 
clocks.   

 
 

Figure 10.  EDB timing 
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The chip select register BCR1 is used to configure the behavior of the four chip select 
outputs.  These bits are defined as follows: 
 

Bits Description 
3 Must be programmed to zero 
2 Y peripheral enable 
1 XCS[0] includes BL3 
0 CS block size 

Table 8.  Register BCR1 Bit Definition 
 
External memory is divided into four blocks of equal size being either 4MW or 16MW.  
BCR1 bit 0 selects the memory block size. If the bit is 0, block size is 4MW. If the bit is 
1, block size is 16MW.  16MW block size is default at boot-up but typically is 
reconfigured to 4MW. The corresponding memory blocks (address ranges) are shown in 
table 9 where “X” denotes data and “I” instruction address ranges.  Block decoding in 
4MW mode is determined by logical address bits 23 and 22 with bits 31..24 don’t care.  
Block decoding in 16MW mode is determined by logical bits 25 and 24 with bits 31..26 
don’t care.  Table 9 sets the upper don’t care bits to zero for clarity. 
 
The uN8031B physically has only 20 least significant bits of the address connected 
externally making the native block size 1MW. Table 10 shows example address ranges 
which could be used in 4M block size mode. There are several other possible choices (the 
1M block is visible in four different places within a 4M block) but this one provides 
continuous memory between BL0–BL1 and BL2–BL3. 
 

Block 4M block size 16M block size 
BL0 X 0x0000 0000 ... 0x003F FFFF 

 I  0x0060 0000 ... 0x007F FFFF 
X 0x0000 0000 ... 0x00FF FFFF 
 I 0x0180 0000 ... 0x01FF FFFF 

BL1 X 0x0040 0000 ... 0x007F FFFF 
 I 0x0040 0000 ...  0x005F FFFF 

X 0x0100 0000 ... 0x01FF FFFF 
 I 0x0100 0000 ...  0x017F FFFF 

BL2 X 0x0080 0000 ... 0x00BF FFFF 
 I 0x0020 0000 ...  0x003F FFFF 

X 0x0200 0000 ... 0x02FF FFFF 
 I 0x0080 0000 ... 0x00FF FFFF 

BL3 X 0x00C0 0000 ... 0x00FF FFFF 
 I 0x0000 0000 ...  0x001F FFFF 

X 0x0300 0000 ... 0x03FF FFFF 
 I 0x0000 0000 ... 0x007F FFFF 

Table 9.  Memory Block Address Ranges 
 

Block 4M block size 
BL0 X 0x0030 0000 ... 0x003F FFFF 

 I  0x0060 0000 ... 0x0067 FFFF 
BL1 X 0x0040 0000 ... 0x004F FFFF 

 I 0x0058 0000 ...  0x005F FFFF 
BL2 X 0x00B0 0000 ... 0x00BF FFFF 

 I 0x0020 0000 ...  0x0027 FFFF 
BL3 X 0x00C0 0000 ... 0x00CF FFFF 

 I 0x0008 0000 ...  0x001F FFFF 
Table 10.  Example Memory Address Ranges for 4M Block Size 
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BCR1 bit 1 includes BL3 for chip select XCS[0]. This can be used if a single memory 
device is used for both data and program memory. 
 
BCR1 bit 2 enables chip select for external Y peripherals. If the bit is 0, then external Y 
peripheral accesses are mapped to normal Y data memory chip select. If the bit is 1, then 
external Y peripheral accesses are separated from Y data accesses. 
 
Chip select outputs function as follows: 
 

XCS[0] Active in accesses to BL0. 
if BCR1 bit 1 is 1, active also in accesses to BL3. 

XCS[1] Active in accesses to BL1. 
XCS[2] If BCR1 bit 2 is 0, active in accesses to BL2.  

If BCR1 bit 2 is 1, active for Y peripheral accesses. 
XCS[3] Active in accesses to BL3. 

Table 11.  Chip Select Mapping 
 
Note that if BCR1 bit 1 is 1, both XCS[0] and XCS[3] will be active in BL3 accesses. In 
this case, it is advisable to leave XCS[3] unused. 
 
Also note that if BCR1 bit 2 is 1, BL2 will not be available. All accesses to BL2 will 
most probably result in data corruption and/or program crash. 
 
BCR1 bit 3, when 1, enables VS DSP #1 compatibility mode. This bit must be 
programmed 0 for normal operation in the uN8031B. 
 
The mapping of chip select signals to external X-memory blocks with different BCR1 
settings is shown in figure 11. Each block contains four address ranges denoting the 
images of the same memory space. The address range visible on the external bus is 
0x00000...0xfffff for each of the 16 address ranges. For addresses larger than 24 bits, the 
8 most significant bits are effectively don’t care so the mapping depicted in the figure 
will be repeated through the 32-bit address space. 
 
The mapping of chip select signals to instruction I-memory blocks is shown in figure 12. 
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Figure 11.  External X-Memory Mapping to XCS Signals 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12.  External I-Memory Mapping to XCS Signals 

BCR1

BCR1
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Electrical Characteristics 
 
Absolute Maximum Ratings 
Item Symbol Min Max Unit 
Storage temperature range TSTG -55 +150 °C 
Operating temperature range TA -30  +85 °C 
Maximum power dissipation   
(TA = +85 °C) 

PD  500 mW 

Current on any pin to avoid latch-up IMAX -30 +30 mA 
ESD protection VESD 2000  V 
Supply voltage, digital   DVDD -0.3 3.6 V 
Supply voltage, RTC XVDD -0.3 3.6 V 
Input pin voltage, I/O VIO -0.3 DVDD+0.3 V 

Table 14.  Absolute Maximum Ratings 
Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are 
stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated under 
“Recommended Operating Conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended 
periods may affect device reliability. 
 
Recommended Operating Conditions 
Item Symbol Min Typical Max Unit 
Operating temperature  TA -30   +85 °C 
Supply voltage, digital DVDD 2.7 3.0 3.3 V 
Supply voltage, RTC  
(Recommended to be same 
level as DVDD.) 

XVDD 2.7 3.0 3.3 V 

Table 15.  Recommended Operating Conditions 
 
Digital Signal Characteristics 
Item Symbol Test 

Condition 
Min Max Unit 

Input high voltage VIH  0.7xDVDD DVDD+0.3 V 
Input low voltage VIL  -0.3 0.3xDVDD V 
Output high voltage VOH IOH =1mA 0.8xDVDD DVDD V 
Output low voltage VOL IOL =-1mA 0 0.22xDVDD V 
Input leakage  
(Not applicable to 
pins in Table 3 with 
keeper or resistive 
strap.) 

ILI 25 °C -5.0 +5.0 µA 

Table 16.  Digital DC Characteristics 
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Item Symbol Min Typical Max Unit 
Clock frequency, 
MCLK 

Fc 16.36675 16.3676 note 1 16.36794 MHz 

Clock period, 
MCLK 

tC  61 note 2  ns 

Clock duty cycle 3 tDUTY 45  55 % 
Digital input pin 
capacitance 

Ci   3 pF 

Digital output load 
capacitance 

CL   20 pF 

Table 17.  Digital AC Characteristics 
 

1 The constraints on MCLK frequency correspond to IF frequencies ranging between 5 
KHz and 120 KHz. 
 

2 Note that the RF oscillator frequency must be 16.3676 MHz, so the 61 ns clock cycle is 
not exact.  
 
3 MCLK duty cycle must be within these specifications to insure proper on-chip clock 
doubling operation.    
 
Typical Operating Power 
Operating power consumption is mode and software dependent.  Some representative 
numbers are given in the table below: 

Mode Description Conditions Typical Unit 
Search Signal acquisition with Search 

Engine running continuously and 
8 channels tracking 

DVDD = 3.0V 
25 °C 

58 mW 

Run Tracking 8 channels with  
Search Engine running 10% of 

the time. 

DVDD = 3.0V 
25 °C 

35 mW 

Sleep Only RTC running DVDD = 3.0V 
25 °C 

0.03 mW 

Table 18.  Typical Modal Operating Power 
 
In both the search and run situations, eight correlator channels are active. The number of 
active channels affects the power consumption. The actual power consumption depends 
also on the peripheral device activity which is application-specific. A more detailed 
description on operating currents and power consumption behavior of the uN8031B can 
be found in the User’s Manual in subsection “Power Consumption”. 
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Digital Timing 
The external bus timing diagram is illustrated in the figure below. Note that the chip 
select signals (XCS0..3) have the same timing requirements as the address signals. 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 13.  External Bus Timing 

 
Item Symbol Min Typical Max Unit 
Address setup time tAS  7  ns 
Address hold time tAH 2   ns 
Write signal pulse width tWR  ½*(WS+0.5) x tC  ns 
Read signal pulse width tRD  ½* (WS+0.5) x tC  ns 
Data output setup time tDOS  ½* (WS+0.5) x tC  ns 
Data output hold time tDOH 3   ns 
Data input setup time tDIS 10   ns 
Data input hold time tDIH 1   ns 

Table 19.  Recommended Operating Conditions 
WS is the number of wait states programmed for the bus access.  
 
The reset timing diagram is as follows: 
 
 
 
 
 
 

Figure 14.  Reset Timing 
 

XRESET should not be applied until after the real time clock has started and stabilized. 
 
Item Symbol Min Typical Max Unit 
XRESET hold time TXRH 2 x tC   ns 
XRESET pulse width TXRI 2 x tC   ns 

Table 20.  Recommended Operating Conditions 
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Application Notes 
For best results with the uN8031B, the procedures and circuit implementations described 
in these application notes should be followed. 
 
MCLK Source 
The uN8031B implements an on-chip clock doubling circuit.  Duty cycle variations from 
the ideal 50% must be minimized.  TCXO reference clock sources vary in output duty 
cycle as a function of voltage and temperature.  When using a TCXO reference source, 
route this clock into the uN8021B RF Front-end and derive MCLK from the RF chip 
CLK_OUT source.  The uN8021B clock buffer will tend to self adjust the duty cycle 
back towards the nominal 50%.  Avoid directly driving MCLK from the TCXO since this 
topology fails to take advantage of the self-adjusting nature in the uN8021B and may 
expose the uN8031B to duty cycle variation outside of the tolerated range. 
 
 



 uN8031B  
GPS Receiver Baseband 

Advance Data Sheet – specifications subject to change 
Doc. No. 803103   

23

 
 
 
  2001-2002, u-Nav Microelectronics Corporation, All Rights Reserved. 
 
Information in this document is provided in connection with u-Nav Microelectronics Corporation products. No 
part of this document may be reproduced, modified, publicly displayed, transmitted in any form or by any 
means or used for any commercial purpose, without the express written permission of u-Nav 
Microelectronics Corporation.  These materials are provided by u-Nav Microelectronics as a service to its 
customers and may be used for informational purposes only.  u-Nav Microelectronics assumes no 
responsibility for errors or omissions in these materials.  u-Nav Microelectronics reserves the right to make 
changes to specifications or product descriptions at any time, without notice.  u-Nav Microelectronics makes 
no commitment to update the information and shall have no responsibility whatsoever for conflicts or 
incompatibilities arising from future changes to its specifications and product descriptions. 
 
This document provides no guarantees as to product performance and may not contain all information 
pertinent to your company’s intended applications.  For each such application, your company’s technical 
experts are responsible for validating, and must not rely upon, the parameters contained herein and for 
ensuring that the referenced product(s) are suitable for the application.  u-Nav Microelectronics assumes no 
liability for applications assistance or customer product design.  u-Nav Microelectronics’ publication of 
information regarding any third party’s products or services does not constitute u-Nav Microelectronics’ 
approval, warranty or endorsement thereof. 
 
No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this 
document. All products are sold subject to the terms and conditions of sale supplied at the time of order 
acknowledgement, including those pertaining to warranty, patent infringement, and limitation of liability. 
 
u-Nav Microelectronics products are not intended for use in medical, lifesaving, life sustaining, or other 
applications where any failure would cause a risk of serious bodily harm or death.  u-Nav Microelectronics 
customers using or selling u-Nav Microelectronics products for use in such applications do so at their own 
risk and agree to fully indemnify u-Nav Microelectronics for any and all damages, liabilities and losses 
resulting from such improper use or sale. 
 
The following are trademarks of u-Nav Microelectronics Corporation:  u-Nav Microelectronics, the u-Nav 
Microelectronics logo symbol, ASiSTM, Zoom CorrelatorsTM, QwikLockTM , and PowerMiserTM. VS_DSPTM is 
trademark of VLSI Solutions Oy. The use of any trademark, trade name, or service mark found in this 
document without the owner’s express written consent is strictly prohibited.  
 
u-Nav Microelectronics strives to produce quality documentation and welcomes your feedback.  Please send 
comments or suggestions to tech.pubs@unav-micro.com.   
 
 
For further information, please contact: 
 

Corporate Office:           San Jose sales office:           Research and Development: 
 u-Nav Microelectronics u-Nav Microelectronics  u-Nav Microelectronics Oy 
 Corporate Headquarters Jon Tammel, Worldwide Sales Hermiankatu 1 
 15255 Alton Parkway  21011 Michaels Drive  FIN-33720 Tampere 
 Suite 200   Saratoga, CA  95070  Finland 
 Irvine, CA  92618  Phone: (408) 867-8885   
 Phone: (949) 453-2727 jon.tammel@unav-micro.com 
    Fax: (949) 341-0423    
 apps@unav-micro.com 
 www.unav-micro.com 

 


