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Features and Performance Optimized for Network Connectivity

1.0 Product Highlights

The Ubicom [P2022 Internet Processor™ combines
support for communication physical layer, Internet
protocol stack, device-specific application, and device-
specific peripheral software modules in a single chip, and
is reconfigurable over the Internet. It can be programmed,
and reprogrammed, using pre-built software modules and
configuration tools to create true single-chip solutions for
a wide range of device-to-device and device-to-human
communication applications. High speed communication
interfaces are available via on-chip hardware
Serializer/Deserializer (SerDes) blocks. These two full-
duplex blocks allow the IP2022 to be used in a variety of
communication bridging applications. Each SerDes block
is capable of supporting 10Base-T Ethernet (MAC and
PHY), USB, GPSI, SPI, or UART. The 120 MHz operating
frequency, with most instructions executing in a single
cycle, delivers the throughput needed for emerging
network connectivity applications, and a flash-based
program memory allows both in-system and runtime
reprogramming. The IP2022 implements most peripheral,
communications and control functions via software
modules (ipModule™ software), replacing traditional
hardware for maximum system design flexibility. This

approach allows rapid, inexpensive product design and,
when needed, quick and easy reconfiguration to
accommodate changes in market needs or industry
standards.

Key Features:
* Designed to support single-chip networked solutions
* Fast processor core
* 64kB Flash program memory
» 16kB SRAM data/program memory
* 4kB SRAM data memory
* Two SerDes communication blocks supporting com-
mon PHYs (Ethernet, USB, UARTS, etc.) and bridging
applications
» Advanced 120 MIPS RISC processor
« High speed packet processing
* Instruction set optimized for communication functions
» Supports software implementation of traditional hard-
ware functions
* In-system reprogrammable for highest flexibility
* Run time self-programmable
* Vpp = Vcc supply voltage
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Figure 1-1 IP2022 Block Diagram
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1.1 Additional Features

Internet Processor Capabilities
Foundation for Highly Flexible Connectivity Solution

e 120 MIPS performance @120 MHz

* Predictable execution for hard real-time applications

* Fast and deterministic 3-cycle (25ns @120MHz) in-
ternal interrupt response

» Hardware save/store of key registers

* Functions implemented via software tightly coupled
with hardware assist peripherals

Multiple Networking Protocols and Physical Layer
Support Hardware

» Two full-duplex serializer/deserializer
channels
—  Flexible to support 10Base-T, GPSI, SPI, UART,
USB protocols
—  Two channels for protocol bridging
—  On-chip squelch function for 10Base-T Ethernet
on each SERDES
e Four hardware LFSR (Linear Feedback Shift Regis-
ter) units
—  CRC generation/checking
—  Data whitening
—  Encryption

(SERDES)

Memory

*  64-Kbyte (32K x 16) on-chip program flash memory

* 16-Kbyte (8K x 16) on-chip program/data RAM

* 4-Kbyte on-chip linear-addressed data RAM

»  Self-programming with built-in charge pump: instruc-
tions to read, write, and erase flash memory

e Addresses up to 2 Mbytes of external memory

CPU Features

* RISC engine core with DC to 120 MHz operation

* 8.3 ns instruction cycle

* Compact 16-bit fixed-length instructions

* Single-cycle instruction execution on most instruc-
tions (3 cycles for jumps and calls)

» Sixteen-level hardware stack for high-performance
subroutine linkage

» 8 x 8 signed/unsigned single-cycle multiply

* Pointers and stack operation optimized for C compiler

» Uniform, linear address space (no register banks)

www.ubicom.com
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General-Purpose Hardware Peripherals

*  Two 16-bit timers with 8-bit prescalers supporting:
—  Timer mode
- PWM mode
—  Capture/Compare mode

« Parallel host interface, 8/16-bit selectable for use as a
communications coprocessor

» External memory interface

¢ One 8-bit timer with programmable 8-bit prescaler

* One 8-bit real-time clock/counter with programmable
15-bit prescaler and 32 kHz crystal input

e Watchdog timer with prescaler

e 10-bit, 8-channel ADC with 1/2 LSB accuracy

* Analog comparator with hysteresis enable/disable

e Brown-out minimum supply voltage detector

« External interrupt inputs on 8 pins (Port B)

Sophisticated Power and Frequency/Clock
Management Support

* Operating voltage of 2.3V to 2.7V

»  Switching the system clock frequencies between dif-
ferent clock sources

*  On-chip PLL clock multiplier with pre- and post-divider
— 120 MHz on-chip clock from 4 MHz ext. crystal

* Changing the core clock using a selectable divider

*  Shutting down the PLL and/or the OSC input

» Dynamic CPU speed control with speed instruction

* Power-On-Reset (POR) logic

Flexible I/O

e 521/0 Pins

2.3V to 3.6V symmetric CMOS output drive
5V-tolerant inputs

» Port A pins capable of sourcing/sinking 24 mA
e Optional I/0O synchronization to CPU core clock

Re-configurable Over The Internet

e Customer application program updatable
— Run-time self programming

*  On-chip in-system programming interface

e On-chip in-system debugging support interface

« Debugging at full IP2022 operating speed

* Programming at device supply voltage level

* Real-time emulation, program debugging, and inte-
grated software development environment offered by
leading third-party tool vendors
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1.2 Architecture

121 CPU

The 1P2022 implements an enhanced Harvard
architecture (i.e. separate instruction and data memories)
with independent address and data buses. The 16-bit
program memory and 8-bit dual-port data memory allow
instruction fetch and data operations to occur in parallel.
The advantage of this architecture is that instruction fetch
and memory transfers can be overlapped by a multistage
pipeline, so that the next instruction can be fetched from
program memory while the current instruction is executed
with data from the data memory.

Ubicom has developed a revolutionary RISC-based
architecture that is deterministic, jitter free, and
completely reprogrammable.

The 1P2022 implements a four-stage pipeline (fetch,
decode, execute, and write back). At the maximum
operating frequency of 120 MHz, instructions are
executed at the rate of one per 8.3 ns clock cycle.

1.2.2 Serializer/Deserializers

One of the key elements in optimizing the IP2022 for
device-to-device and device-to-human communication is
the inclusion of two on-chip serializer/deserializer units.
These units support popular communication protocols
such as GPSI, SPI, UART, USB, and 10Base-T Ethernet,
allowing the 1P2022 to be used in bridge, access point and
gateway applications.

By performing data serialization and deserialization in
hardware, the CPU bandwidth needed to support serial
communications is greatly reduced, especially at high
baud rates. Providing two units allows easy
implementation of protocol conversion or bridging
functions, such as a USB-to-Ethernet or RS-232 bridges.

1.2.3 Low-Power Support

Particular attention has been paid to minimizing power
consumption. For example, an on-chip PLL allows use of
a lower-frequency external source (e.g., an inexpensive
4.8MHz crystal oscillator can be used to produce a 120
MHz on-chip clock), which reduces both power
consumption and EMI. In addition, software can change
the execution speed of the CPU to reduce power
consumption, and a mechanism is provided for
automatically changing the speed on entry and return
from an interrupt service routine. The speed instruction
specifies power-saving modes that include a clock divisor
between 1 and 128. This divisor only affects the clock to
the CPU core, not the timers. The speed instruction also
specifies the clock source (OSC1 clock, RTCLK oscillator,
or PLL clock multiplier), and whether to disable the OSC1
clock oscillator or the PLL. The speed instruction
executes using the current clock divisor.

1.2.4

The IP2022 CPU executes from a 32K x 16 flash program
memory and an 8K x 16 RAM program/data memory. In
addition, the ability to write into the program flash memory
allows flexible non-volatile data storage. An interface is
available for up to 128K bytes of linearly addressed
external memory, which can be expanded to 2M bytes
with additional software-based 1/O addressing. The
maximum execution rate is 40 MIPS from flash memory
and 120 MIPS from RAM. Speed-critical routines can be
copied from the flash memory to the RAM for faster
execution. The IP2022 has a mechanism for in-system
programming of its flash and RAM program memories
through a four-wire SPI interface, and software has the
ability to reprogram the program memories at run time.
This allows the functionality of a device to be changed in
the field over the Internet.

Memory

1.2.5 Instruction Set

The [P2022 instruction set, using 16-bit words,
implements a rich set of arithmetic and logical operations,
including signed and unsigned 8-bit x 8-bit integer multiply
with a 16-bit product.
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1.2.6 Other Supported Functions

On-chip dedicated hardware also includes a PLL, an 8-
channel 10-bit ADC, general-purpose timers, single-cycle
multiplier, analog comparator, LFSR units, external
memory interface, brown-out power voltage detector,
watchdog timer, low-power support, multi-source wakeup
capability, user-selectable clock modes, high-current
outputs, and 52 general-purpose 1/O pins.

1.2.7 Programming and Debugging
Support

The IP2022 has advanced in-system programming and
debug supplort on-chip. This unobtrusive capability is
provided through the ISP/ISD interface. There is no need
for a bond-out chip for software development. This
eliminates concerns about differences in electrical
characteristics between a bond-out chip and the actual
chip used in the target application. Designers can test and
revise code on the same part used in the actual
application.

Ubicom provides the complete Red Hat GNUPro tools,
including C compiler, assembler, linker, utilities and GNU
debugger. In addition, Ubicom offers an integrated
graphical development environment which includes an
editor, project manager, graphical user interface for the
GNU debugger, device programmer, and ipModule™
configuration tool.

www.ubicom.com
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2.0 Pin Definitions

2.1 PQFP (Plastic Quad Flat Package)

AN
N
NT pwo2+Ad wo po o
BRB23PR232S 58833
rooxXxxXxrroono<sxrerxeoe ®
N I T Y N N N NN A N N M
SRRRELCEIRRNIREBB8EL 88
TSS —1 64 - RG3
TSCK -2 63 - RG2
TSI <3 62 - RG1
TSO -4 61 - RGO
RAO — 5 60 - RF7
RA1 -6 59 - RF6
RA2 {7 58 - RF5
RA3 —{ 8 57 - RF4
DVdd - 9 56 |- DVdd
DVss — 10 55 - DVss
IOVss — 11 54 —10OVss
IOVdd —{ 12 IP2022/PQ80-120 53 [~ 10Vdd
RBO — 13 52 - RF3
RB1 —{ 14 51 - RF2
RB2 —{ 15 50 - RF1
RB3 —{ 16 49 - RFO
RB4 — 17 48 - RE7
RB5 — 18 47 - RE6
RB6 — 19 46 - RE5
RB7 — 20 45 |- RE4
RCO — 21 44 - RE3
RC1 - 22 43 - RE2
RC2 — 23 42 - RE1
RC3 — 24 41 - REO
CERIIIBSSTSI SIS
T T T T T T T 17T T T 7T T T 177
<t WO OMNOTYT O VT ANMIT WO O~
ONONSNONa Nl - Nallallallalala)
n:n:ncrxncncaaggn:rxn:mn:n: R

Figure 2-1 PQFP Pin Definition (Top View)
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UBGA (Micro Ball Grid Array package)

2.2

IP2022/BG80-120
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Refer to Section 2.3 for signal names.

Figure 2-2 uBGA Pin Definition
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2.3  Signal Descriptions

| = Digital Input, Al = Analog Input, O/DO = Digital Output, HiZ = High Impedance, P = Power, PLP = On-Chip Pullup,
ST = Schmitt Trigger

Table 2-1 Signal Descriptions

Pin Sink Source
Name Type @33V | @3.3V Function
PQFP | pBGA IOVDD | IOVDD
AVDD 70 B6 P Analog Supply
AVSS 71 A6 P Analog Ground
9,31, | D1,D6, :
DVvVDD 56,72 | E9 G5 P Logic Supply
10, 32, | E1,K5, :
DVSS 55 73 | E10,05 P Logic Ground
GVvVDD 65 A8 P I/0 Port G supply
IOVDD | 12, 34, | E5,G6, P I/0 Supply (except Port G)
53 E6
IOVSS 11, 33, | E2,K6, P I/0 Ground (all ports)
54 E7
XVDD 76 A4 P PLL Supply
XVSS 77 D4 P PLL Ground
0OSC1 78 B4 I/ST Clock/Crystal Input
0scC2 79 A3 O/Hiz Crystal Output (tri-state if FUSEO bit 15 = 1)
RST 80 A2 I/ST/ Reset Input
PLP
RTCLK1 74 A5 I Real-Time Clock/Crystal Input
RTCLK2 75 B5 O/Hiz Real-Time Crystal Output (tri-state if FUSEO bit 14 =
1)
TSS 1 Al I/ST/ Target SPI Slave Select (used only for in-system pro-
PLP gramming and debug)
TSCK 2 Cc2 I/ST/ Target SPI Clock (used only for in-system program-
PLP ming and debug)
TSI 3 B1 I/ST Target SPI Serial Data Input (used only for in-system
/PLP programming and debug)
TSO 4 B2 O/Hiz Target SPI Serial Data output (used only for in-sys-
tem programming and debug; high Z unless TSS low)
RAO 5 D2 I/O0 24 mA 24 mA | 1/O Port, High Power Output, Timer 1 Capture 1 Input
RA1 6 C1 I/O0 24 mA 24 mA | 1/O Port, High Power Output, Timer 1 Capture 2 Input
RA2 7 B3 I/O 24 mA 24 mA | 1/O Port, High Power Output, Timer 1 Clock Input
RA3 8 E4 11O 24 mA 24 mA | 1/O Port, High Power Output, Timer 1 Output
RBO 13 F5 I/O0 8 mA 8 mA I/0 Port, External Interrupt, Timer 2 Capture 1 Input

) www.ubicom.com
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Table 2-1 Signal Descriptions (continued)

Pin Sink Source
Name Type @33V | @3.3V Function
PQFP | UBGA IOVDD | I0VDD

RB1 14 F1 110 8 mA 8 mA I/0 Port, External Interrupt, Timer 2 Capture 2 Input

RB2 15 F2 11O 8 mA 8 mA I/0 Port, External Interrupt, Timer 2 Clock Input

RB3 16 G1 110 8 mA 8 mA | I/O Port, External Interrupt, Timer 2 Output

RB4 17 F4 I/10 8 mA 8 mA | I/O Port, External Interrupt, External Memory WR

RB5 18 J3 I/0 8 mA 8 mA | 1/O Port, External Interrupt, Parallel Slave Peripheral
HOLD, External Memory RD

RB6 19 G2 I/10 8 mA 8 mA | 1/O Port, External Interrupt, Parallel Slave Peripheral
R/W, External Memory LE

RB7 20 H1 I/0 8 mA 8 mA | I/O Port, External Interrupt, Parallel Slave Peripheral
CS, External Memory AO

RCO 21 J2 I/10 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D8, External
Memory A9

RC1 22 H2 I/O0 4 mA 4 mA I/0 Port, Parallel Slave Peripheral Data D9, External
Memory A10

RC2 23 J1 110 4 mA 4 mA | I/OPort, Parallel Slave Peripheral Data D10, External
Memory A1l

RC3 24 K1 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D11, External
Memory A12

RC4 25 K2 I/10 4 mA 4 mA | I/OPort, Parallel Slave Peripheral Data D12, External
Memory A13

RC5 26 K3 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D13, External
Memory Al4

RC6 27 J4 110 4 mA 4 mA | I/OPort, Parallel Slave Peripheral Data D14, External
Memory A15

RC7 28 K4 110 4 mA 4 mA | I/OPort, Parallel Slave Peripheral Data D15, External
Memory A16

RDO 29 G4 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data DO, External
Memory shared A1/DO

RD1 30 J5 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D1, External
Memory shared A2/D1

RD2 35 J6 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D2, External
Memory shared A3/D2

RD3 36 G7 I/0 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D3, External
Memory shared A4/D3

RD4 37 K7 I/O 4 mA 4 mA I/0 Port, Parallel Slave Peripheral Data D4, External
Memory shared A5/D4

RD5 38 J7 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D5, External
Memory shared A6/D5

www.ubicom.com 9
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Table 2-1 Signal Descriptions (continued)

Pin Sink Source
Name Type @33V | @3.3V Function
PQFP | pBGA IOVDD | IOVDD
RD6 39 K8 110 4 mA 4 mA | I/O Port, Parallel Slave Peripheral Data D6, External
Memory shared A7/D6
RD7 40 K9 I/O 4 mA 4 mA I/0 Port, Parallel Slave Peripheral Data D7, External
Memory shared A8/D7
REO 41 K10 I/0 8 mA 8 mA | I/O Port, SICLK - SCLK (SPI), RxCLK (GPSI),
optional SERDES clock input for UART or USB.
RE1 42 H9 I/0 8 mA 8 mA | I/O Port, SIRXP - VP (USB), SS (SPI Slave), TXEN
(GPSI Master), RXEN (GPSI Slave)
RE2 43 J10 I/0 8 mA 8 mA | I/O Port, SIRXM - VM (USB)
RE3 44 J9 I/0 8 mA 8 mA | I/O Port, SIRXD - RCV (USB), RXD (UART), DI
(SPI), TxD (GPSI Master), RxD (GPSI Slave)
RE4 45 H10 I/O 8 mA 8 mA | 1/O Port, SITXPE/S10E - TxD+ (Ethernet), OE
(USB), RXEN (GPSI Master), TXEN (GPSI Slave)
RES 46 G9 I/O 24 mA 24 mA | 1/O Port, High Power Output, SITXP - Tx+ (Ethernet),
VPO (USB), TXD (UART), DO (SPI), RxD (GPSI
Master), TxD (GPSI Slave)
REG6 47 G10 /0 24 mA 24 mA | 1/O Port, High Power Output, S1TXM - Tx- (Ethernet),
VMO (USB), TXCLK/RXCLK (GPSI Master), TXCLK
(GPSI Slave)
RE7 48 J8 I/O 8 mA 8 mA | I/O Port, SITXME - TxD- (Ethernet), TXBUSY (GPSI)
RFO 49 F7 I/0 8 mA 8 mA | 1/O Port, S2TXPE/S20E - TxD+ (Ethernet), OE
(USB), RXEN (GPSI Master), TXEN (GPSI Slave)
RF1 50 F9 I/0 24 mA 24 mA | I/O Port, High Power Output, S2TXP - Tx+ (Ethernet),
VPO (USB), TXD (UART), DO (SPI), RxD (GPSI
Master), TxD (GPSI Slave)
RF2 51 F10 I/10 24 mA 24 mA | 1/O Port, High Power Output, S2TXM - Tx- (Ethernet),
VMO (USB), TXCLK/RXCLK (GPSI Master), TXCLK
(GPSI Slave)
RF3 52 F6 I/O 8 mA 8 mA | I/O Port, S2TXME - TxD- (Ethernet), TXBUSY (GPSI)
RF4 57 B9 I/O 8 mA 8 mA | I/O Port, S2CLK - SCLK (SPI), RxCLK (GPSI),
optional SERDES clock input for UART or USB.
RF5 58 A9 I/10 8 mA 8 mA | I/O Port, S2RXP - VP (USB), SS (SPI Slave), TXEN
(GPSI Master), RXEN (GPSI Slave)
RF6 59 D10 I/0 8 mA 8 mA | I/O Port, S2RXM - VM (USB)
RF7 60 D9 I/0 8 mA 8 mA | I/O Port, S2RXD - RCV (USB), RXD (UART), DI
(SPI), TxD (GPSI Master), RxD (GPSI Slave)
RGO 61 C10 Al/DO 4 mA* 4 mA* | Output Port, ADCO Input, Comparator Output
RG1 62 (0£°] Al/DO 4 mA* 4 mA* | Output Port, ADC1 Input, Comparator — Input
RG2 63 B10 Al/DO 4 mA* 4 mA* | Output Port, ADC2 Input, Comparator + Input

10
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Table 2-1 Signal Descriptions (continued)

Pin Sink Source

Name Type @33V | @3.3V Function

PQFP | pBGA IOVDD | IOVDD
RG3 64 A10 Al/DO 4 mA* 4 mA* | Output Port, ADC3 Input, ADC reference Input
RG4 66 B7 Al/DO 4 mA* 4 mA* | Output Port, ADC4 Input, SIRX-
RG5 67 B8 Al/DO 4 mA* 4 mA* | Output Port, ADC5 Input, SIRX+
RG6 68 A7 Al/DO 4 mA* 4 mA* | Output Port, ADC6 Input, S2RX-
RG7 69 D7 Al/DO 4 mA* 4 mA* | Output Port, ADC7 Input, S2RX+

*GVDD = 2.5V

www.ubicom.com
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3.0 System Architecture.

v
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Figure 3-1 IP2022 Detailed Block Diagram
The 1P2022 CPU executes from a 32K x 16 flash program reach of the ipModule™ concept. The hardware

memory and an 8K x 16 RAM program memory. Figure 3-
1 shows the 1P2022 detailed block diagram. The
maximum execution rate is 30 MIPS from flash and 120
MIPS from RAM. Speed-critical routines can be copied
from the flash memory to the RAM for faster execution.

The CPU operates on 8-bit data in 128 special-purpose
registers, 128 global registers, and 3840 bytes of data
memory. The special-purpose registers hold control and
status bits used for CPU control and for interface with
hardware peripherals (timers, I/O ports, A/D converter,
etc.)Although the philosophy followed in the design of
Ubicom products emphasizes the use of fast RISC CPUs
with predictable execution times to emulate peripheral
devices in software (the ipModule™ concept), there are a
few hardware peripherals which are difficult to emulate in
software alone (e.g. an A/D converter) or consume an
excessive number of instruction cycles when operating at
high speed (e.g. data serialization/deserialization). The
design of the 1P2022 incorporates only those hardware
peripherals which can greatly accelerate or extend the

12

peripherals included on-chip are:

* 521/0 port pins

e Watchdog timer

* Real-time timer

e 2 Multifunction 16-bit timers with compare and cap-
ture registers

* 2 Real-time 8-bit timers

» 2 Serializer/deserializer (SERDES) units

e 4 Linear feedback shift register (LFSR) units

» 10-bit, 8-channel A/D converter

* Analog comparator

» Parallel slave peripheral interface

There is a single interrupt vector which can be
reprogrammed by software. On-chip peripherals and up to
8 external inputs can raise interrupts.

There are five sources of reset:

* RST external reset input

* Power-On Reset (POR) logic

* Brown-Out Reset (BOR) logic (detects low Avdd con-
dition)

www.ubicom.com



e Watchdog timer reset
* In-system debugging/programming interface reset

An on-chip PLL clock multiplier (x50) enables high-speed
operation (up to 120 MHz) from a slow-speed external
clock input or crystal. A CPU clock-throttling mechanism
allows fine control over power consumption in modes that
do not require maximum speed, such as waiting for an
interrupt.

The IP2022 has a mechanism for in-system programming
of its flash and RAM program memories through a four-
wire SPI interface. This provides easy programming and
reprogramming of devices on assembled circuit boards. In
addition, the flash memory can be programmed by
software at run time, for example to store user-specific
data such as phone numbers and to receive software
upgrades downloaded over the Internet. The IP2022 also
has an on-chip debugging facility which makes the
internal operation of the chip visible to third-party
debugging tools.

3.1 CPU Registers

Figure 3-2 shows the CPU registers, which consist of
seven 8-bit registers, seven 16-bit registers, and one 24-
bit register. The 16-bit registers are formed from pairs of
8-bit reqgisters, and the 24-bit register is formed from three
8-bit registers. For the register quick reference guide, see
Section 7.0 and Section 7.1.

The W or working register is used as the source or
destination for most arithmetic, movement, and logical
instructions.

The STATUS register holds the condition flags for the
results of arithmetic and logical operations, the page bits
(used for jumps and subroutine calls), and bits which
indicate the skipping state of the core and control of
continuation skip after return from interrupt. Figure 3-3
shows the assignment of the bits in the STATUS register.

7 6 5 4 3 2 1 0
PA2:0 y SAR y SSF y z y DC y C \
Figure 3-3 STATUS Register

 PA2:PA0O—Program memory page select bits. Used
to extend the 13-bit address encoded in jump and call
instructions (selects 8K-word pages). Modified using
the page instruction.

¢ SAR—SKkip After Return bit. This bit should be set if
the core should be in the skipping state, and should

www.ubicom.com
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7 0
| W Register |

[ STATUS Register |

[ MULH Register |

| SPDREG Register |

[ INTSPD Register |

| XCFG Register |

15
| PCH/PCL Register [
115 Interrupt Registers 0,
i IPCH/IPCL Register * |:
1 1
| INTVECH/NTVECL Register * |}
1 1
5 Pointer Registers 0

| IPH/IPL Register [

| DPH/DPL Register [

| SPH/SPL Register [

15

DATAH/DATAL Register * |

[ ADDRX/ADDRH/ADDRL Register [

515-040b.eps

Figure 3-2 CPU Registers

not be set if the core should not be in the skipping
state after the completion of the return instruction
(ret, retnp, or retw instructions, but not reti).
The return instruction will also clear the SAR control
bit to ensure correct behavior after the dynamic jump.
SSF—Shadowed Skipping/not state Flag. Gives the
ISR the ability to know if the interruptoccurred imme-
diately following a skip instruction. The software can
choose either to clear the SSF flag in the ISR or to
make the first instruction of the context switching code
a nop to flush out the skip state.

Z—Zero bit. Affected by most logical, arithmetic, and
data movement instructions. Set if the result was ze-
ro, otherwise cleared.

DC—Digit Carry bit. After addition, set if carry from bit
3 occurred, otherwise cleared. After subtraction,
cleared if borrow from bit 3 occurred, otherwise set.
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» C—Carry hit. After addition, set if carry from bit 7 of
the result occurred, otherwise cleared. After subtrac-
tion, cleared if borrow from bit 7 of the result occurred,
otherwise set. After rotate (rr or rl) instructions,
loaded with the LSB or MSB of the operand, respec-
tively.

The MULH register receives the upper 8 bits of the 16-bit
product from signed or unsigned multiplication. The lower
8 bits are loaded into the W register.

The SPDREG register holds bits that control the CPU
speed and clock source settings, and is loaded by using
the speed instruction, as shown in Figure 3-4. The
SPDREG register is read-only, and its contents may only
be changed by executing a speed instruction, taking an
interrupt, or returning from an interrupt. For more
information about the speed instruction and the clock
throttling mechanism, see Section 3.4 and Figure 3-16.

Note: The speed instruction should be followed by a
nop instruction if port b interrupt is used to wake up from
sleep mode.

7 6 5 4 3 0
\ PLL ] 0SC ] CLK1:0 CDIV3:0
Figure 3-4 SPDREG Register

«  PLL—enable x50 PLL clock multiplier; 0 = enabled.
Power consumption can be reduced by disabling it.
See Figure 3-16.

e OSC—enable OSC oscillator; 0 = enabled (stops
OSC oscillator and blocks propagation of OSC1 ex-
ternal clock input). Power consumption can be re-
duced by disabling it.

¢ CLK1:.0—selects the system clock source, as shown
in Table 3-1. See Figure 3-16 for the clock logic. See
Section 7.1.5 (FCFG register, FRDTS1:0 bits) for ex-
ceptions.

Table 3-1 CLK1:0 Field Encoding

CLK1:0
00 PLL Clock Multiplier

01 OSC Oscillator/External OSC1 Input

10 RTCLK oscillator/external clock on
RTCLK1 input

11 System Clock Off

System Clock Source
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e CDIV3:0—selects the clock divisor used to generate
the CPU core clock from the system clock, as shown
in Table 3-2 (also see Figure 3-16).

Table 3-2 System Clock Divisor

System CPU Core Frequency
CDIV3:0 Clock (if System Clock

Divisor is 120 MHz)
0000 1 120 MHz
0001 2 60 MHz
0010 3 40 MHz
0011 4 30 MHz
0100 5 24 MHz
0101 6 20 MHz
0110 8 15 MHz
0111 10 12 MHz
1000 12 10 MHz
1001 16 7.5 MHz
1010 24 5 MHz
1011 32 3.75 MHz
1100 48 2.5 MHz
1101 64 1.875 MHz
1110 128 0.9375 MHz
1111 Clock Off 0 MHz

The INTSPD register holds bits that control the CPU
speed and clock source during interrupt service routines
(it is copied to the SPDREG register when an interrupt
occurs). It has the same format as the SPDREG register.

When the OSC crystal driver is stopped (SPDREG bit 6 =
1) and Port B or Real Time Timer interrupts are enabled,
then INTSPD bits 5 and 4 must not both be 0, because the
crystal startup time plus PLL startup time may be greater
than WUDP2:0 (see Figure 3-16).

The XCFG register holds additional control and status
bits, as shown in Figure 3-5.

7 6 5 4 3 21 0

|GIE|FWP|RTEOS|RTOSC_EN|INT_EN|Rsvd|FBUSY |
Figure 3-5 XCFG Register

* GIE—qglobal interrupt enable bit. When set, interrupts
are enabled. When clear, interrupts are disabled. For
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more information about interrupt processing, see
Section 3.7.

» FWP—flash write protect bit. When clear, writes to
flash memory are ignored. For more information
about programming the flash memory, see Section
4.7,

* RTEOS—real-time timer oversampling enable bit.
When set, oversampling is used. For more informa-
tion, see Section 5.3.

* RTOSC_EN—RTCLK oscillator enable bit. When
clear, the RTCLK oscillator is operational. When set,
the RTCLK oscillator is turned off.

* INT_EN—int instruction interrupt enable bit. When
set, int instructions cause interrupts. When clear,
int instructions only increment the PC, like nop.

 FBUSY—read-only flash memory busy bit. Set while
fetching instructions out of flash memory or while
busy processing an iread, ireadi, iwrite,
iwritei, fwrite, fread or ferase instruction
that operates on Flash, otherwise clear. For more in-
formation about programming the flash memory, see
Section 4.7.

The PCH and PCL register pair form a 16-bit program
counter. The PCH register is read-only. The PCL register
can be used to implement a lookup table, by moving a
variable to the w register, then executing an add PCL,w
instruction. If w=01 when the add occurs, the instruction
after the add will be skipped; if w=02, two instructions will
be skipped, etc.

The IPCH and IPCL register pair specifies the return
address when a reti instruction is executed.

The INTVECH and INTVECL register pair specifies the
interrupt vector. It has a default value of O following reset.
On a return from interrupt, an option of the reti
instruction allows software to save the incremented value
of the program counter in the INTVECH and INTVECL
registers.

The IPH and IPL register pair is used as a pointer for
indirect addressing. For more information about indirect
addressing, see Section 4.1.3.

The DPH and DPL register pair and the SPH and SPL
register pair are used as pointer registers for indirect-with-
offset addressing. For more information about indirect-
with-offset addressing, see Section 4.1.4. The SPH and
SPL registers are automatically post-decremented when
storing to memory with a push instruction, and they are
automatically pre-incremented when reading from
memory with a pop instruction.

www.ubicom.com
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The ADDRSEL register holds an index to one of eight 24-
bit pointers used to address program memory. The current
program memory/external memory 24-bit address
selected by the ADDRSEL register is accessible in the
ADDRX (bits 23:16), ADDRH (bits 15:8), and ADDRL (bits
7:0) registers. The upper 5-bits of the ADDRSEL register
are unused. All 8 banks of 24-bits are initialized to
0x000000 upon reset.

Program memory is always read or written as 16-bit
words. On reads, the data from program memory is
loaded into the DATAH and DATAL register pair. On
writes, the contents of the DATAH and DATAL register pair
are loaded into the program memoty.
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3.2 Data Memory

Figure 3-6 is a map of the data memory. The special-
purpose registers and the first 128 data memory locations
(between addresses 0x080 and OxOFF) can be accessed
with a direct addressing mode in which the absolute
address of the operand is encoded within the instruction.
The remaining 3840 bytes of data memory (between
addresses 0x100 and OxFFF) must be accessed using
indirect or indirect-with-offset addressing modes. There is
one 16-bit register for the indirect address pointer, and
two 16-bit registers for indirect-with-offset address
pointers. The offset is a 7-bit value encoded within the
instruction. For more information about the addressing
modes, see Section 4.1.

7 0
0x001 127
Special-Purpose
OXO7E Registers
0x080
128
Global Registers
OXOFF | _ o ___
0x100
3840 Bytes
Data Memory
OxFFF
515-028a.eps

Figure 3-6 Data Memory Map

3.3 Program Memory

Figure 3-7 is a map of the program memory. A program
memory address in the INTVECH/INVECL, IPCH/IPCL, or
PCH/PCL registers or on the hardware stack is a word
address. However, the GNU software tools require byte
addresses when referring to locations in program
memory. An address loaded in the
ADDRX/ADDRH/ADDL register is a byte address.

The program memory is organized as 8K-word pages
(16K bytes). Single-instruction jumps and subroutine calls
are restricted to be within the same page. Longer jumps
and calls require using a page instruction to load the
upper address bits into the PA2:0 bits of the STATUS
register. The page instruction must immediately precede
the jump or call instruction. The PA2:0 bits should not be
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modified by writing directly to the STATUS register,
because this may cause a mismatch between the PA2:0
bits in the STATUS register and the current program
counter (see Section 3.3.2). For more information about
the flash program memory, see Section 4.7 and Section
7.0.2.

Word Byte
Address  Address

15 0
0x0000 0x000000

Program RAM
Ox1FFF 0x003FFE
0x2000 0x004000

Reserved

(undefined data)
Ox7FFF OxO0FFFE
0x8000 0x010000

Ox9FFF O0x013FFE
0xA000 0x014000

OxBFFF 0x017FFE
0xC000 0x018000

OxDFFF O0x01BFFE
0xE000 0x01C000

OXFFFF OxO1FFFE

Flash Program Memory

Flash Program Memory

Flash Program Memory

Flash Program Memory

515-006b.eps

Figure 3-7 Program Memory Map

External memory is not shown in Figure 3-7 because the
CPU cannot execute instructions directly out of external
memory. For more information about external memory,
see Section 5.11.

3.3.1 Loading the Program RAM

Software loads the program RAM from program flash
memory using the iread/ireadi and
iwrite/iwritei instructions. The iread instruction
reads the 16-bit word specified by the address held in the
ADDRX/ADDRH/ADDRL register. This word can be in
program flash memory, program RAM, or external
memory. When the iread instruction is executed, bits
15:8 of the word are loaded into the DATAH register, and
bits 7:0 are loaded into the DATAL register. The address
is aword-aligned byte address (i.e. an address that is zero
in its LSB). The ireadi instruction is identical to the
iread instruction, except that it also increments the
address by 2.

The iwrite instruction writes the 16-bit word held in the
DATAH/DATAL registers to the program RAM location
specified by the address held in the
ADDRX/ADDRH/ADDRL  register. The iwritei
instruction is identical, except that it also increments the
address by 2. For more information about the
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iread/ireadi and iwrite/iwritei instructions,
see Section 4.7.

3.3.2 Program Counter

The program counter holds the 16-bit address of the
instruction to be executed. The lower eight bits of the
program counter are held in the PCL register, and the
upper eight bits are held in the PCH register. A write to the
PCL register will cause a jump to the 16-bit address
specified by the PCH and PCL registers. If the PCL
register is written as the destination of an add or addec
instruction and carry occurs, the PCH register is
automatically incremented. (This may cause a mismatch
between the PA2:0 bits in the STATUS register and the
current program counter, therefore it is strongly
recommended that direct modification of the PCL register
is only used for jumps within a page.) The PCH register is
read-only.

The PA2:0 bits in the STATUS register are not used for
address generation, except when a jump or subroutine
call instruction is executed. However, when an interrupt is
taken, the PA2:0 bits are automatically updated with the
upper three bits of the interrupt vector (INTVECHI/L).
These bits are restored from the STATUS shadow register
when the interrupt service routine returns (i.e. executes a
reti instruction).

3.4 Low Power Support

Software can change the execution speed of the CPU to
reduce power consumption. A mechanism is also
provided for automatically changing the speed on entry
and return from the interrupt service routine. The speed
instruction specifies power-saving modes that include a
clock divisor between 1 and 128. This divisor only affects
the clock to the CPU core, not the timers, SERDES,
external memory or ADC (see Figure 3-16). The speed
instruction also specifies the clock source (OSC clock,
RTCLK oscillator, or PLL clock multiplier) and whether to
disable the OSC clock oscillator or the PLL.

For maximum power savings when running from the OSC
clock, disable the RTCLK oscillator (RTOSC_EN bit in the
XCFG register), disable the watchdog timer (WDTE bit in