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StreamEngine® 5160 and 5170 Communication Processors
Ten-Way Multithreaded Processors Optimized for Network Connectivity

1.0 Product Highlights

The StreamEngine 5160 and 5170 Communication
Processors (IP51xx) are revolutionary new platforms from
Ubicom, designed to provide highly integrated solutions
for applications at the “edge” of Internet connectivity,
including routers, bridges, gateways, and a wide variety of
embedded networked client solutions.

The IP51xx is optimized for efficient network processing in
embedded solutions. Its development has led to the
definiton of a new microprocessor architecture:
Multithreaded Architecture for Software I/O (MASI). Many
MASI concepts were pioneered in the Ubicom 1P2000™
family of processors, but the IP3000 family dramatically
extended those techniques by introducing hardware
support for eight threads operating with no context
switching overhead, as well as three-operand and
memory-to-memory operations. The IP5000 family further
expands this capability by extending the number of
threads from eight to ten.

The IP51xx, then, is a 32-bit CPU supporting ten-way
multithreaded operation. It provides for up to ten real-time
tasks to execute in a completely deterministic fashion. In
essence, the IP51xx supports running a different thread
on every clock, but without the overhead for context
switching typical with traditional microprocessor
architectures. To the system designer, the IP51xx
appears as if there were ten processors on the chip.

The multithreaded and deterministic nature of the IP51xx
processor provides for integration of numerous functions
on chip — some with on-chip hardware assist and some
entirely in software — as threads, including the ability to
support interfaces such as MIl, USB, GPSI, Utopia,
PCMCIA, IDE, PCM Highway, RGMII, and PCl interfaces.
This yields both a high degree of flexibility and reduces die
size, as it eliminates the need for many on-chip dedicated
hardware blocks for specific functions.

The IP51xx employs a three-operand and memory-to-
memory architecture, utilizing on-chip program and data
memory support. This scheme enables highly efficient
data movement and processing on data. The result is that
the IP51xx is designed to support packet processing and
transfers at wire speeds, eliminating the need for large
data buffers typically found in use with traditional RISC-
based microprocessors.
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Key Features:

* 32-bit Multithreaded CPU — 270 MIPS or 350 MIPS
« |P51xx is optimized for communication processing
« Ten-way fine-grained multithreading
« Deterministic execution on all threads
« Zero overhead full context switching
* Programmable MIPS per thread
« Instruction Set Architecture optimized for packet processing
* Memory-to-memory architecture, powerful addressing modes
» Small, fast instruction set, strong bit manipulation
* Reduced code size vs. RISC CPUs
« On-chip program / data memory
< Eliminates cache miss penalties
Highly configurable I/O support
« Many combinations of software 1/O:
» Utopia, PCMCIA, IDE / ATAPI
« PCM Highway, UART, SPI, I2C
¢ MIl ports of 10 / 100 PHY
« Two Serdes for fast serial I/O:
» USB, GPSI
* SPI, UART
* RGMII port
* PCI host
« High-Speed USB port
Additional key hardware
¢ True random number generator for software-implemented
encryption / security (32-bit seed)
« Independent I/0 and core CPU clocking
« Separate phase-locked loops (PLLs)
¢ Programmable multipliers & dividers
¢ Single low-cost crystal (12 MHz)

To further optimize the IP51xx for networking infrastructure
and embedded client solutions, the processor includes
several key hardware support blocks, including true
random number generator and fixed-point multiply /
accumulate (MAC) units. The random number generator
facilitates robust software implementation of common
encryption / security protocols critical to the continued
growth of communication processing.
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2.0 Pin Definitions
2.1 Pin Assignments (256-Pin BGA)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
e N
PDO PG2 | VDD_PLLDDR| PG8 PG18 PG14  PG17 | DDRCLK DDR CLKN |DDR CLKFBN DDR CLKFB | PG25
A O O O O O O O O O O O
P
PC31 PG3 PG4 PG7 PG12 | DDRODT | PG16 PG19 PG20 "'PG22  PG24 PG26
B O O O O O O O O : O O O
PC30 PG1 PG6 PG9 PG11  PG13|| PG15 [DDRG VREF| PG21 : PG23  PG27 PG28
C O O O O O O O 0 O O
pC27 PGO PG5 PG10| DDRG VREF VDDG RC ~ VDDG  VDDG RC DDRH VREF| PG30  PG29  PG31
D O O O O O O O O O O O O
Z
PC26 \VDDG VDD  VDDD \VDDG \VDDG PHO PH3 PH2 PH1 )
E O O O O O O O O O E
e N
pPC22 \VDD_D VSS VSS VSS VSS VSS VDDH PH6 PH5 PH4
F O O O O O O O O O F
PC20 PC19 PC29 PC28 ||VDDD VSS VSS VSS VSS VSS VSS PH9 PH8
G O O O O O O O O O O G
A
PC18 PCl1l7 PC24 PC23 | VDDIO|| VSS VSS VSS VSS VSS VSS VODD  VDDD
H O O O O ) O O O O O O H
—
PC15 PCl16 PCl14 PC13 ||VDDD VSS VSS VSS VSS VSS VSS VDD VDD VDD
J O O O O O O O O O O O J
M
PC11  PCl2 PCl0 PC9 VD I0| [ VSS VSS VSS VSS VSS VSS VbobD| VDDIO VDDIO PI5 P14
K O O O O O O O O O O O O O K
VDD D VSS VSS VSS VSS VSS VSS VDD D VDDF VDD 0 PI11 PI6
L O O O O O O O O O O O L
) | VDDF  VDDFPD | PF4 PI10 PI7
M O O O O O O M
PB14 PB4 PBO PE4 ) TEST2 (USBZ VBUS(PFlS PF12 PF5 | PR VREI; PF6 PI8
N O O O O O O O O O O O O N
PB19 PB11 PB12 PB13 PBI15 PB1 PE6 PE3 TESTL |USB2 RBAS| PF14 PF8 PF9 PF7 PF2 PI9
P O O O O O O O O O O O O O O P
PB10 PB9 TSO TSI PB5 PB2 PE7 PE2 RSIN | USB2ID | PF13 PF11 PF10 PF3 PF1 PFO
R O O O O O O O O O O O O O O R
N J
\
TSCK  TSSN PB8 PB7 PB6 PB3 PES PE1 PEO TESTO | USB2P  USB2ZN [OSCOUT OSCIN  VDDUP VDD PLLCG
T L O O O O O O ) O O O O O O O @) @) O T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Figure 2-1 IP51xx BGA Pin Assignments (Top View Through Package)
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16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
PG25 | DDR CLKFB DDR CLKFBN DDRCLKN DDRCLK | PG17  PG14  PG18 PGS |VDDPLLDIR | PG2 PDL  PDO
A O O oJjJo o O o| O |JO o O
! /!
PG26 PG24 PG22 | PG20 PGO PGL6 | DRODT | PG12 PG7 PG4  PG3 PD2 | PC31
B o o o, o o|Jo0o|]o o o o O
|
PG28 PG27 PG23 | PG21 |DORGREH PGI5 | |PGI13 PGIL PGY  PG6 PGl PC30
C O O O 0 ojJo o o O O O
PG3L PG29  PG30 [DDRHVREF VODGRC \DDG  VDDG RC DDRGVREF [PG10 PG5 PGO PC27
D o o o o O o O o O O
\
PHL  PH2 PH3  PHO | VDDG  VDDG | VODD | VODG | VDD \VDDD | VDDG PC26
E o o o o] o o)Jo(0o)Jo oo O
PH4 PH5  PH6 | VDDH VSS  VSS  VSS  VSS  VSS | VDD PC22
F o O O | O O O O 0O | O O
PH8  PHO VSS VSS VSS  VSS  VSS  VSS | VDD||PC28 PC29 PCl9  PC20
G o O o o o o} oj]lo o o o
VDD  VDDD VSS VSS  VSS  VSS  VSS  VSS |[wDi0 | PC23  PC24 PCl7  PCI8
H o O o o o o|j|loo|Jo o o O
VDD VDD VDD | VSS  VSS  VSS  VSS  VSS  VSS | VDD||PC13 PCl4 PCI6  PCI5
J o O o o o o] ojJo o o O
M —
P4 P5 |VDDIO VDO [VODD | VSS VSS VSS VSS  VSS  VSS |[wDio | PCO PClO PCl2 PCll
K O O | O O o O O |lO o O O
PI6 P11 |VDIO VODF VDD | VSS VSS VSS  VSS  VSS  VSS | VDD|| PC3 PCc4  PC8  PC7
L o O |0 O (6 6 o O O O] O O
PI7  PIL0 | PF4 |VDDFPD \VODF | VODD VODD [ VDU | VDD [ VoDIO |VDD D |VDDIO PC5  PC6
M o ool o oo ojJol|lOo) oo O
J J
4 Y N\
PI8 | PF6 |PFVREF| PF5  PF12  PF15 USB2VBUS| TEST2 | PE4 | PBO PB4 PB14 PB16 PBIS
N ol o]J]o| o o o] O o O O
P9 | P2 PF7  PF9  PF8  PFl4 |USB2RBAS| TESTL | PE3  PE6 | PBL PBI5 PBI3 PBI2 PBIl  PBI9
P o]l O O O ol O o O O O O
PFO  PFL  PF3 PFl0 PFIl PFI3 | USB2D | RSIN | PE2 PE7 | PB2 PB5 | TSI TSO | PB9  PBIO
R o o o o O O] O |0 o O ol O O
S J Z
J
VODPUCG VODUP OSCIN OSCOUT| USB2N USBP( TESO |PEO PEL  PE5 | PB3  PB6  PB7  PB8 | TSSN  TSCK
T c o oo o o ojJjo 0o o ojJo o o O] O O
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

www.ubicom.com

Figure 2-2 IP51xx BGA Pin Assignments (Bottom View)
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Table 2-1 Pin Assignments (sorted by pin number) Table 2-2 Pin Assignments (sorted by signal name)
Pin Signal Pin Signal Pin Signal Pin Signal Signal Pin Signal Pin Signal Pin Signal Pin
Al PDO E1l PC26 J1 PC15 N1 PC2 DDR_CAL A5 PC25 E2 PG20 B13 ||vDD_D M10
A2 PD1 E2 PC25 J2 PC16 N2 PC1 DDR_CLK Al2 ||PC26 E1l PG21 C13 ||vDD_D M11
A3 PD5 E3 PA7 J3 PC14 N3 PB18 DDR_CLKFBN| A14 ||PC27 D1 PG22 B14 ||vDD_IO F5
A4 PD8 E4 PAO J4 PC13 N4 PB16 DDR_CLKFB| A15 ||PC28 G4 PG23 C14 ||vDD_IO H5
A5 DDR_CAL E5 VDDG J5 VDD_D N5 PB14 DDR_CLKN Al13 ||PC29 G3 PG24 B15 |[|vDD_IO K5
A6 PG2 E6 VDDG J6 VSS N6 PB4 DDR_ODT B10 |[[PC30 C1 PG25 A16 ||VDD_IO K13
A7 |VDD_PLLDDR E7 VDD_D J7 VSS N7 PBO DDRG_VREF| C12 ||PC31 Bl PG26 B16 ||vDD_lO K14
A8 PG8 E8 VDD_D J8 VSS N8 PE4 DDRG_VREF| D9 PDO Al PG27 C15 ||vDD_IO L14
A9 PG18 E9 VDDG J9 VSS N9 TEST2 DDRH_VREF| D13 ||PD1 A2 PG28 C16 ||vDD_IO M5
Al10 | PG14 E10 |VvDD_D J10 | VSS N10 |USB2_VBUS OSC_IN T14 ||PD2 B2 PG29 D15 ||vDD_IO M7
All | PG17 E11 |VDDG J11 | VSS N11 | PF15 0OSC_OUT | T13 |[|PD3 C2 PG30 D14 ||VDD_PLLCG| T16
A12 |DDR_CLK E12 |VDDG J12 | VvDD_D N12 | PF12 PAO E4 PD4 D2 PG31 D16 ||VDD_PLLDDR| A7
A13 |DDR_CLKN E13 | PHO J13 | vDD_D N13 | PF5 PA1 B5 PD5 A3 PHO E13 ||VDDF L13
Al14 |DDR_CLKFBN|| E14 | PH3 J14 |vDD_D N14 | PF_VREF PA2 Cc4 PD6 B3 PH1 E16 ||VDDF M12
A15 |DDR_CLKFB|| E15 |PH2 J15 | PI3 N15 | PF6 PA3 D5 PD7 F4 PH2 E15 ||VDDF_PD| M13
Al6 | PG25 E16 |PH1 J16 | PI2 N16 | PI8 PA4 D3 PD8 A4 PH3 E1l4 ||VDDG D11
Bl PC31 F1 PC22 K1 PC11 P1 PB19 PA5 C5 PD9 B4 PH4 F16 ||VDDG E5
B2 PD2 F2 PC21 K2 PC12 P2 PB11 PA6 D4 PD10 C3 PH5 F15 ||VDDG E6
B3 PD6 F3 PD11 K3 PC10 P3 PB12 PA7 E3 PD11 F3 PH6 F14 ||VDDG E9
B4 PD9 F4 PD7 K4 PC9 P4 PB13 PBO N7 PEO T9 PH7 G15 |(|vDDG E11
B5 PA1 F5 VDD_IO K5 VDD_|O P5 PB15 PB1 P6 PE1 T8 PH8 G14 ||VDDG E12
B6 PG3 F6 VDD_D K6 VSS P6 PB1 PB2 R6 PE2 R8 PH9 G13 ||VDDG_RC| D10
B7 PG4 F7 VSS K7 VSS P7 PE6 PB3 T6 PE3 P8 PIO G16 ||[VDDG_RC| D12
B8 PG7 F8 VSS K8 VSS P8 PE3 PB4 N6 PE4 N8 PI1 H16 ||VDDH F13
B9 PG12 F9 VSS K9 VSS P9 TEST1 PB5 R5 PES T7 PI2 J16 ||VDDH G12
B10 [DDR_ODT|| F10 |VSS K10 |[VSS P10 [USB2_RBIAS PB6 T5 PE6 P7 PI3 J15 ||VDDH H12
B11 PG16 F11 |VSS K11 |VSS P11 PF14 PB7 T4 PE7 R7 P14 K16 ||[VDDH_RC| H15
B12 |PG19 F12 |VvDD_D K12 |vDD_D P12 | PF8 PB8 T3 PF_VREF| N14 |[PI5 K15 ||vDDU M9
B13 | PG20 F13 | VDDH K13 |VvDD_IO P13 | PF9 PB9 R2 PFO R16 |[PI6 L16 ||vVDDU_P T15
Bl14 | PG22 F14 | PH6 K14 |VvDD_IO P14 | PF7 PB10 R1 PF1 R15 |[PI7 M16 |[|VSS F7
B15 |PG24 F15 PH5 K15 |[PI5 P15 | PF2 PB11 P2 PF2 P15 |[|PI8 N16 |[[VSS F8
B16 |PG26 F16 PH4 K16 |[Pl4 P16 |PI9 PB12 P3 PF3 R14 ||PI9 P16 |[|VSS F9
C1l PC30 Gl PC20 L1 PC7 R1 PB10 PB13 P4 PF4 M14 ||PI10 M15 ||VSS F10
C2 PD3 G2 PC19 L2 PC8 R2 PB9 PB14 N5 PF5 N13 |[PI11 L15 ||VSS F11
C3 PD10 G3 PC29 L3 PC4 R3 TSO PB15 P5 PF6 N15 ||[RSTN R9 VSS G6
C4 PA2 G4 PC28 L4 PC3 R4 TSI PB16 N4 PF7 P14 |[|TESTO T10 |[|VSS G7
C5 PA5 G5 VDD_D L5 VDD_D R5 PB5 PB17 M4 PF8 P12 |[|TEST1 P9 VSS G8
C6 PG1 G6 VSS L6 VSS R6 PB2 PB18 N3 PF9 P13 |[|TEST2 N9 VSS G9
Cc7 PG6 G7 VSS L7 VSS R7 PE7 PB19 P1 PF10 R13 ||TSCK T1 VSS G10
C8 PG9 G8 VSS L8 VSS R8 PE2 PCO M3 PF11 R12 |[TSI R4 VSS G11
C9 PG11 G9 VSS L9 VSS R9 RSTN PC1 N2 PF12 N12 |[TSO R3 VSS H6
C10 | PG13 G10 |[VSS L10 |VSS R10 | USB2_ID PC2 N1 PF13 R11 |[|TSSN T2 VSS H7
Cl11 | PG15 G11 |VSS L11 VSS R11 | PF13 PC3 L4 PF14 P11 USB2_ID R10 |[|VSS H8
C12 |DDRG_VREF|| G12 |VDDH L12 |vDD_D R12 | PF11 PC4 L3 PF15 N11 USB2_N T12 ||VSS H9
Cl13 | PG21 G13 | PH9 L13 | VDDF R13 | PF10 PC5 M2 PGO D6 UsSB2_P T11 ||VSS H10
Cl4 | PG23 G14 | PH8 L14 |VDD_IO R14 | PF3 PC6 M1 PG1 C6 [|USB2_RBIAS| P10 ||VSS H11l
C15 | PG27 G15 |PH7 L15 |PI11 R15 | PF1 PC7 L1 PG2 A6 [|USB2_VBUS| N10 ||VSS J6
Cl16 | PG28 G16 | PIO L16 |PI6 R16 | PFO PC8 L2 PG3 B6 VDD_D E7 VSS J7
D1 PC27 H1l PC18 M1 PC6 T1 TSCK PC9 K4 PG4 B7 VDD_D E8 VSS J8
D2 PD4 H2 PC17 M2 PC5 T2 TSSN PC10 K3 PG5 D7 VDD_D E10 |[|VSS J9
D3 PA4 H3 PC24 M3 PCO T3 PB8 PC11 K1 PG6 C7 VDD_D F6 VSS J10
D4 PAG6 H4 PC23 M4 PB17 T4 PB7 PC12 K2 PG7 B8 VDD_D F12 |[|VSS J11
D5 PA3 H5 VDD_IO M5 | VDD_IO T5 PB6 PC13 J4 PG8 A8 VDD_D G5 VSS K06
D6 PGO H6 VSS M6 |VDD_D T6 PB3 PC14 J3 PG9 C8 VDD_D H13 ||VSS K07
D7 PG5 H7 VSS M7 VDD_IO T7 PES PC15 J1 PG10 D8 VDD_D H14 ||VSS K08
D8 PG10 H8 VSS M8 VDD_D T8 PE1 PC16 J2 PG11 C9 VDD_D J5 VSS K09
D9 |DDRG_VREF H9 VSS M9 VDDU T9 PEO PC17 H2 PG12 B9 VDD_D J12 ||VSS K10
D10 |VDDG_RC H10 |VSS M10 |VDD_D T10 | TESTO PC18 H1 PG13 C10 ||vDD_D J13 |[|VSS K11
D11 | VDDG H11 |VSS M11 |vDD_D T11 |USB2_P PC19 G2 PG14 A10 ||VDD_D J14 ||VSS L6
D12 |VDDG_RC H12 | VDDH M12 | VDDF T12 |USB2_N PC20 Gl PG15 C11 ||vDD_D K12 |[|VSS L7
D13 |[DDRH_VREF|| H13 |VDD_D M13 |VDDF_PD|| T13 |OSC_OUT PC21 F2 PG16 B11 ||vDD_D L5 VSS L8
D14 | PG30 H14 | vDD_D M14 | PF4 T14 | OSC_IN PC22 F1 PG17 All ||vDD_D L12 ||VSS L9
D15 | PG29 H15 |VDDH_RC|| M15 | PI10 T15 |VvDDU_P PC23 H4 PG18 A9 VDD_D M6 VSS L10
D16 |PG31 H16 |PIl M16 | PI7 T16 |VDD_PLLCG PC24 H3 PG19 B12 |[|vDD_D M8 [|VSS L11
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2.2  Pin Descriptions
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Type Codes: | = Digital Input, Al = Analog Input, O = Output, Z = Tristateable, P = Power, PU = On-Chip Pullup,

PD = On-Chip Pulldown, ST = Schmitt Trigger, NS = Non-Slew Rate Limited

Table 2-3 Pin Descriptions

Name Type ((:)uurtrpe%tt Vg]l?;g;e Supply Description
DDR_CAL I/O Calibrator pin for input and output impedance calibration
DDR_CLK 0,z Clock output to DDR SDRAM
DDR_CLKN 0,z Clock output to DDR SDRAM (inverted)
DDR_CLKFB I Clock input from DDR SDRAM
DDR_CLKFBN I Clock input from DDR SDRAM (inverted)
DDR_ODT 0,z Output to DDR SDRAM (also sensed by the IP51xx to
determine internal configuration).
DDRG_VREF I DDR SDRAM voltage reference from port G
DDRH_VREF I DDR SDRAM voltage reference from port H
OSC_IN Al Crystal clock input
OsSC _ouT (0] Crystal clock output
PA[6,4:0] I/O 8mA | 0-5.5V | VDD_IO |Port A. Refer to Table 2-5.
PA[7,5] I/O,NS | 8mA 0-5.5vV | VDD _IO |Port A. Refer to Table 2-5.
PB[19,17:0] I/0 8mA | 0-5.5V | VDD_IO |PortB. Refer to Table 2-6.
PB18 I/O,NS | 12mA | 0-5.5V | VDD_IO |Port B. Refer to Table 2-6.
PC[31:0] I/O 8mA | 0-5.5vV | VDD_IO |Port C. Refer to Table 2-7.
PD[11:0] I/O 8mA | 0-5.5V | VDD_IO |PortD. Refer to Table 2-8.
PE[7:0] le] 8mA | 0-5.5V | VDD_IO |PortE. Refer to Table 2-9.
PF_VREF I Input threshold level — reference voltage level for input
comparator
PF[15:0] I/O 8.1mA | not 5V VDDF/ |Port F. Refer to Table 2-10.
tolerant | VDDF_PD
PG[31:0] I/O 8.1ImA | not 5V VDDG / |Port G. Refer to Table 2-11.
tolerant | VDDG_RC
PHI[9:0] /0 8.1mA | not 5V VDDH / |Port H. Refer to Table 2-12.
tolerant | VDDH_RC
PI[11:0] I/O 8mA | 0-5.5V | VDD_IO |Portl. Refer to Table 2-13.
RSTN I,ST,PU 0-5.5V | VDD_IO |Assertto O for chip reset. See Note 1.
TESTO, TEST], I,PD 0-5.5V | VDD_IO |Test mode pins. Connect to VSS. See Note 1.
TEST2
TSCK I,ST,PD 0-5.5vV | VDD_IO |Debug Interface Clock (used only for in-system
programming and debug).
TSI I,ST,PU 0-5.5vV | VDD_IO |Debug Interface Serial Data Input (used only for in-

system programming and debug).
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Table 2-3 Pin Descriptions (continued)

Output | Input e
Name Type Curr%nt VoIFt)age Supply Description
TSO 0,z 8 mA 5V VDD_IO |Debug Interface Serial Data output (used only for in-
tolerant system programming and debug; high Z unless TSSN
when Z low). 5V tolerant when tristated.
TSSN 1,ST,PU 0-5.5V | VDD_IO |Debug Interface Slave Select, active low (used only for in-
system programming and debug). See Note 1.
uUsB2_ID I If this input is high, then this port is a USB peripheral port.
If this input is low, then this port is a USB host port.
USB2_N I/O 5V USB data on USB port (negative)
tolerant
usB2_P I/O 5v USB data on USB port (positive)
tolerant
USB2_RBIAS @) Tie this to VSS with a 9.1 Kohm (x 1%) resistor. This will
give an output of 1.2V + 3%.
USB2_VBUS I/PD 5v The IP51xx senses whether this is 5V or floating — if it is
tolerant floating, then the IP51xx can output on a GPIO to turn on
a circuit to supply 5V to the USB2 bus. A 200 ohm resistor
is recommended between 5V and the USB2_VBUS pin,
so that transients in the 5V supply won't cause the
USB2_VBUS pin to go above 5.25V.
VDD_D P1.2v VDD for digital core
VDD_IO P 3.3V VDD for GPIO I/Os
VDD _PLLCG P1.2v VDD for core and I/O PLLs (clock generator)
VDD_PLLDDR P1.2v VDD for DDR SDRAM and DDR SDRAM Deskew PLLs
VDDF 2.5/3.3V VDD for Port F: 2.5V for Gigabit Ethernet, 3.3V for GPIO.
VDDF_PD 3.3V VDD for Port F Gigabit Ethernet predriver
VDDG 1.8/2.5V VDDQ (I/O supply) for Port G SDRAM DDRL
VDDG_RC 2.5V VDD for DDRL Receiver
VDDH 1.8/2.5V VDDQ (/O supply) for Port H SDRAM DDRH
VDDH_RC 2.5V VDD for DDRH Receiver
VvDDU 3.3V VDD for USB2 PHY 1/O
VDDU_P P1.2v VDD for USB2 PHY PLL
VSS POV VSS for all digital core, 1/0s, and PLLs
Note 1: Ubicom recommends not relying on internal pullup or pulldown.
2.3 /0 Ports Signal Maps Table 2-4 shows the overall organization of the 1/O ports.

The ten I/O ports are designated Port A, Port B, ..., Port |,
and USB Port. Every port is capable of multiple functions,
except the USB port, which is dedicated to USB.
Programs select the function of a port by programming the
port’s function select register. Behavior of each I/O port’s
signals depends on the function selected for that port.

Table 2-5 through Table 2-14 show the signal
assignments for each function of each port. Refer also to
Section 6.0 on page 145 for more detail and for
explanations of terms.
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Table 2-6 Port B Signal Map

Port - ; ; - Bit # |Function O|Function 1|Function 2|Function 3
Port Width Function 0| Function 1 |Function 2|Function 3 PB[n] | (GPIO) (PCI) (reserved) | (reserved)
A 8 |GPIO Flash/INT/ |GPIO/  [GPIO/ 0 |GPIO DEVSEL_N
Clock INT/ INT 1 |ePIO PERR_N - -
Clock 2 |GPIO STOP_N
B 20 |GPIO PCI --- 3 GPIO SERR_N - -
C 32 |GPIO (F;/COI o) Reserved 2 lePo TRDY_N
D 12 |GPIO Serdes Reserved - 5 |GPIO FRAME_N —
(240 MHz) 6 |GPIO IRDY_N - -
E 8 |GPI0O  [Serdes Reserved  [MIl / RMII 7__|GPIO PAR
(250 MHz) 8 |GPIO CBE[0]
F 16 |GPIO GMAC --- 9 GPIO CBE[1] -
(Ml /RMIt/ 10 |GPIO CBE[2]
RGMII 11 |GPIO CBE[3]
G 32 |GPIO DDR SDRAM --- 12 lePio REQO_N — —
H 10 |GPIO DDR SDRAM --- 13 |lGPIO GNTO_N - -
| 12 |GPIO N/A Reserved [MII (qut E 14 |GPIO REQ1 N
Extension)
USB| 2 |NA High-Speed | N/A NIA 15 [GPIO  |GNTIN
Port USB 16 |GPIO RST_N --- -
17 |GPIO CLK - -
Table 2-5 Port A Signal Map 18 |GPIO CLK_OUT
Bit # |Function o/Function 1|Function 2|Function 3 19 |GPIO INTA
AN | (GPI0)y | (Flash, | (GPIO, | (GPIO,
INT,Clock)|INT,Clock)|  INT)
0 GPIO Sl GPIO GPIO
1 GPIO SO GPIO GPIO
2 GPIO SCK GPIO GPIO
3 GPIO CE_N GPIO GPIO
4 GPIO GPIO/ GPIO/ GPIO/
INT_O INT_O INT_O
5 GPIO GPIO/ GPIO/ GPIO/
INT_1/ |[INT_1/ |INT_1
CLOCK_0 |CLOCK_0
(250 MHz) |(250 MHz)
6 |GPIO GPIO/ GPIO/ GPIO/
INT_2 INT_2 INT_2
7 GPIO GPIO/ GPIO/ GPIO
CLOCK 1 [CLOCK 1
(Core Clock) |(Core Clock)
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Table 2-7 Port C Signal Map

Table 2-8 Port D Signal Map

Bit # |Function O[Function 1|Function 2|Function 3 - : Function 1 : ;
PC[n] (GPIO) (PCI) (reserved)|(reserved) IEISE[#] Fu(récpt:(o)? 0 (Serdes) '(:rueg(étrl\(/)gdi Zléggr'\?gd?
(240 MHz)
0 |GPIO AD[00]
1 |GPIO AD[01] 0 |GPIO RXD
2 |GPIO AD[02] 1 |GPIO RXM
3 |GPIO AD[03] 2_|GPIO RXP
4 |GPIO AD[04] 3 |GPIO CLK
= lePo AD[05] 4 |GPIO TXME
6 |GPIO AD[06] 5 |GPIO XM
7 |GPIO AD[07] 6 |GPIO TXP
8 1GPIO AD[08] 7 |GPIO TXPE
s lePo AD[09] 8 |GPIO GPIO
10 |GPIO AD[10] 9 |GPIO GPIO
1 ePo AD[11] 10 |GPIO GPIO
12 1GPIO AD[12] 11 |GPIO GPIO
13 |GPIO AD[13] Table 2-9 Port E Signal Map
14 |GPIO AD[14] Function 1
Bit # [Function O Function 2|Function 3
15 |GPIO  |AD[15] PEIN] | (GPIO) | §30Wisa) | reserved) | (Mil/ RMil)
16 |GPIO AD[16]
17 |GPIO AD[17] 0 |GPIO RXD EEECcL:Eé
18 |GPIO AD[18] 1 |GPIO RXM -~ |RXD[0] /
19 |GPIO AD[19] TXD[O]
20 |GPIO AD[20] 2 |GPIO RXP RXDI[1] /
21 |GPIO AD[21] TXD[1]
22 |GPIO AD[22] 3 |GPIO CLK RXDI[2] /
23 |GPIO AD[23] TX_EN
24 |GPIO AD[24] 4 |GPIO TXME RXDI[3] /
25 |GPIO  |AD[25] RX_ER
26 |GPIO ADI[26] 5 |GPIO XM E%D\é\//
27_|GPIO AD[27] 6 |GPIO TXP - |RX_ER/
28 |GPIO AD[28] RXDI[0]
29 |GPIO AD[29] 7 |GPIO TXPE coL/
30 |GPIO ADI[30] RXDI[1]
31 |GPIO AD[31]

10
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Table 2-11 Port G Signal Map

i i Function 1 ' i Bit # |Function O|Function 1|Function 2|Function 3
Bit # [Function O Function 2|Function 3
PF[n] | (GPIO) (MRJIG/I\/IIQIII\;”I (reserved) | (reserved) PG[n] | (GPIO) |(DDR SDRAM)|(reserved)|(reserved)
0 GPIO TXD[O] / __ . 0 GPIO ADDR[13] - ——
TXDI[0] / 1 |GPIO ADDR[12]
TXD[0] 2 |GPIO ADDRI[11]
1 |GPIO  |TXD[1]/ 3 |GPIO  |ADDR[09] | -
%BH} ! 4 |GPIO ADDR[08]
2 |GPIO TXD[2] 5 |GPIO ADDR[07]
N/A / 6 |GPIO ADDR[06]
TXD[2] 7 |GPIO ADDRI[05]
3 |GPIO TXD[3]/ 8 |GPIO ADDR[04]
$>/<AD/[3] 9 |GPIO ADDR[03]
4 |GPIO TX_ER/ 10 |GPIO ADDR[02]
N/A / 1 |GPIO ADDRI[01]
N/A 12 |GPIO ADDR[00]
> |GPIO &—Em 13 |GPIO ADDR[10]
X CTL 14 |GPIO CS_N
6 |GPIO TX_CLK/ 15 |GPIO CAS_N
REF_CLK_I/ 16 |GPIO BA2
N/A 17 |GPIO BA1
7 |GPIO COL/
18 |GPIO BAO
REF_CLK_O/
TX_CLK_O 19 |GPIO RAS_N
8 |GPIO RXDI[0] / 20 [GPIO WE_N
RXDI[O] / 21 |GPIO CKE
S Eig[g]/ 22 |GPIO  |DM/LDM | —
RXDH / 23 |GPIO DQ[7]
RXD[1] 24 |GPIO DQ[6]
10 |GPIO RXD[2]/ 25 |GPIO DQ[5]
N/A / 26 |GPIO DQ[4]
11 |GPIO gig[g]/ 27 _|GPIO  |LDQS
N/A /[ ! 28 |GPIO DQ[3]
RXDI[3] 29 |GPIO DQ[2]
12 |GPIO RX_ER/ 30 |GPIO DQ[1]
RX_ER/ 31 |GPIO DQI0]
N/A
13 |GPIO RX_DV/
N/A /
RX_CTL
14 |GPIO RX_CLK /
N/A /
RX_CLK
15 |GPIO CRS/
CRS_DV
N/A

N/A: Not applicable for that mode (RMII and/or RGMII)

www.ubicom.com
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Table 2-12 Port H Signal Map

Bit # |Function O|Function 1|Function 2|Function 3
PH[n] | (GPIO) |(DDR SDRAM)|(reserved)|(reserved)
0 |GPIO UDM
1 |GPIO DQI[15]
2 |GPIO DQ[14]
3 |GPIO DQ[13]
4 |GPIO DQ[12]
5 |GPIO ubDQSs
6 |GPIO DQI[11]
7 |GPIO DQJ[10]
8 |GPIO DQI[09]
9 |GPIO DQI[08]
Table 2-13 Port | Signal Map
Bit # |Function O|Function 1|Function 2|Function 3
PI[n] (GPIO) |(reserved)|(reserved) (MII)
0 |GPIO TX_CLK/
TX_CLK_OUT
1 |GPIO TXDI[O0]
2 |GPIO TXDI[1]
3 |GPIO TXD[2]
4 |GPIO TXDI[3]
5 |GPIO TX_EN
6 |GPIO TX_ER
7 |GPIO CRS
8 |GPIO GPIO
9 |GPIO GPIO
10 |GPIO GPIO
11 |GPIO GPIO
Table 2-14 USB Port Signal Map
Pin Name Fu(nucgg)n 1
USB2_ID ID
USB2_N dataN
UsSB2_P dataP
USB2_RBIAS rBias
USB2_VBUS vbus

12
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3.0 System Architecture

The central feature of the IP51xx architecture is hardware
multithreading, with zero-overhead context switching
between hardware threads. All registers that contain
context-specific information are duplicated for each of ten
hardware threads. The CPU hardware is capable of
switching from one hardware thread to another, on a
cycle-by-cycle basis with no switching delay. This design
enables deterministic and extremely efficient interrupt
response, which in turn supports the creation of software
peripherals. A software peripheral is a combination of
simple peripheral I/O hardware, and control logic
implemented in software, rather than custom peripheral
hardware.

3.1 CPU Registers

The IP51xx features 16 general-purpose 32-bit data
registers, eight 32-bit address registers (A0-A6, A7/SP),
multiply/multiply-accumulate (ACC) registers, and various
other registers. These registers reside in the register
address space, an address space separate from the
indirect registers and memory. Instructions reference the
registers within the register address space directly (as
opposed to indirectly through offsets from an address
base register). There is no capability for indirect
referencing of registers in the register address space.

Every register in the register address space is 32 bits
wide.

There are two distinct groups of registers in the register
address space:

e Per-Thread Registers
* Global Registers

Some registers are described as read-only. Do not write
to a read-only register. Writes to these registers do not
change the state of the register, but may cause
undesirable side effects.

Some registers are described as write-only. Reads of
these registers return undefined results.

3.1.1 Per-Thread Registers

Per-thread registers define the architectural state of one
hardware thread. The first 64 registers are per-thread;
that is, to support immediate context switching (without
the overhead of saving and restoring these registers in
software), the per-thread register set is duplicated for
each of the ten hardware-supported threads, as shown in
Figure 3-1. Table 3-1 shows the locations of these
registers in the register space.

www.ubicom.com
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Refer also to Section 7.2 for detailed register descriptions.

Table 3-1 Per-Thread Register Map

Address | Register(s) Description

000-03C | D0-D15 General-purpose data

registers.

040-07C | Reserved

080-098 | AO-A6 32-bit address registers.

09C |A7 or SP 32-bit stack pointer, also
referred to as A7.

0AQ |ACCO_HI High 32 bits of MAC, DSP,
and multiplier result.

0A4|ACCO_LO Low 32 hits of MAC, DSP,

and multiplier result.

0A8| MAC_RC16 Multiply-accumulate result,

rounded and clipped.

0AC | SOURCES3 Implicit third source operand

for certain instructions.

Count of executed
instructions.

OBO|INST_CNT

0B4 |CSR Control codes and status
register.

0B8|ROSR Read-only status register.

OBC |IREAD_DATA |IREAD result

OCO |[INT_MASKO |Thread interrupt mask.

0C4 |INT_MASK1 |Thread interrupt mask.

0C8-0CC |Reserved

0DO |PC 32-bit Program Counter.

0D4 | TRAP_CAUSE | Cause of most recent trap.

OD8|ACC1 HI High 32 bits of DSP result.

ODC|ACC1_LO Low 32 bits of DSP result.

OEO |PREVIOUS | Program Counter value for
PC last successfully executed
instruction for this thread.

OE4-0FC | Reserved

13
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[CONTEXT #9
[CONTEXT #8
[CONTEXT #7
[CONTEXT #6
[CONTEXT #5
[CONTEXT #4
[CONTEXT #3
[CONTEXT #2
[CONTEXT #1
CONTEXT #0
000 DO - D15
GENERAL PURPOSE
REGISTERS
03C (32 bits wide)
080 AO - A7
ADDRESS REGISTERS
09C (32 bits wide)
0AO0 | ACCO_HI |
0A4 | ACCO_LO |
0A8 | MAC_RC16 |
0AC | SOURCE3 |
Per-Thread
Registers 0BO | INST_CNT |
0B4 | CSR |
0B8 | ROSR |
0BC | IREAD_DATA |
0Co INT_MASKO |
0c4 INT_MASK1 o
0DO | PC | .
0D4 | TRAP_CAUSE | o
0D8 | ACC1_HI | -
oDC | ACC1_LO | —
0EQ | Previous PC | e
31 0
100
Global See Table 3-2.
Registers 3FC
31 0
i 0000 0000
ggggférs See Table 3-3.
and Memory | 4003 FFFC - g

Figure 3-1 Per-Thread, Global, and Indirect Registers, and Indirect Memory

3.1.2 Global Registers in these registers, there are associated “write-only” set

and clear registers. A value written to a “set” register is
Registers at addresses 0x100 and greater are global; that  atomically ORed, on the next cycle, with the
is, shared among all threads. Table 3-2 shows the  corresponding hardware register. The complement of a
addresses of these registers in the register space. Refer  value written to a “clear” register is atomically ANDed, on
also to Section 7.3 for detailed register descriptions. the next cycle, with the corresponding hardware register.

Registers containing bits that can be set by hardware are
generally read-only. To enable software to set or clear bits
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IP51xx Data Sheet — March 28, 2007

Table 3-2 Global Register Map

Address Register(s) Description Type
100| CHIP_ID Chip ID Read Only
igg :H$:§$2?1) Interrupt Status Read Only

10C-110 | Reserved
ﬂg :Hi:ggﬁ Set Interrupt Status write Only
11C-120 | Reserved
igg :H1:2t52 Clear Interrupt Status write Only
12C-130 | Reserved
134 |GLOBAL_CTRL Processor function control bits Read/Write
138 |[MT_ACTIVE Threads’ active/inactive status Read Only
13C|MT_ACTIVE_SET Set bits of MT_ACTIVE register Write Only
140 | MT_ACTIVE_CLR Clear bits of MT_ACTIVE register Write Only
144 |MT_DBG_ACTIVE Threads’ Debug Active status Read Only
148 |MT_DBG_ACTIVE_SET |Set bits of MT_DBG_ACTIVE register Write Only
14C|MT_EN Multithreading Enable Read/Write
150 | MT_HPRI Multithreading High Priority Thread mask for non-real- Read/Write
time (NRT) threads
154 |MT_HRT Multithreading Hard Real Time Thread (HRT) mask Read/Write
158 |MT_BREAK Multithreading BKPT executed mask Read Only
15C|MT_BREAK_CLR Clear bits of MT_BREAK register Write Only
160 |MT_SINGLE_STEP Multithreading Single Step mask Read/Write
164 |MT_MIN_DELAY_EN Multithreading Minimum Delay Enable mask Read/Write
168 | MT_BREAK_SET Set bits of MT_BREAK register Write Only
16C | Reserved
170 | DCAPT Write Trap Address Read/Write
174-178 | Reserved
17C|MT_DBG_ACTIVE_CLR |Clear bits of MT_DBG_ACTIVE register Write Only
180 | SCRATCHPADO
184 | SCRATCHPAD1 , )
Four scratchpad registers Read/Write
188 | SCRATCHPAD?2
18C | SCRATCHPAD3
190-19C | Reserved
1A4 |MT_|_BLOCKED Thread blocked due to instruction fetch (1 bit / thread) Read Only
1A8 |MT_D BLOCKED Thread blocked due to data access (1 bit / thread) Read Only
1AC |MT_| BLOCKED_ SET Set bits of MT_I_BLOCKED register Write Only
1BO|MT_D_BLOCKED_SET |Set hits of MT_D_BLOCKED register Write Only
1B4|MT_BLOCKED_CLR Clear bits of MT_|_BLOCKED and MT_D_BLOCKED Write Only
1B8 |MT_TRAP_EN Multithreading Enable Traps mask Read/Write
1BC|MT_TRAP Multithreading Trap (set by hardware when an Read Only
enabled trap occurs, or by writing to MT_TRAP_SET)
1CO|MT_TRAP_SET Set bits of MT_TRAP Write Only

www.ubicom.com
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Table 3-2 Global Register Map (continued)

Address Register(s) Description Type
1C4|MT_TRAP_CLR Clear bits of MT_TRAP Write Only
1C8-1FC | Reserved
200 |1_RANGEO_HI Instruction space memory range 0 high Read/Write
204 |1_RANGE1_HI Instruction space memory range 1 high Read/Write
208 |I_RANGE2_HI Instruction space memory range 2 high Read/Write
20C-21C | Reserved
220|1_RANGEO _LO Instruction space memory range 0 low Read/Write
224 11_RANGE1_LO Instruction space memory range 1 low Read/Write
228 |1_RANGE2 LO Instruction space memory range 2 low Read/Write
22C-23C | Reserved
240|1_RANGEO _EN Instruction space memory range 0 thread enables Read/Write
244 11_RANGE1_EN Instruction space memory range 1 thread enables Read/Write
248 |1_RANGE2_EN Instruction space memory range 2 thread enables Read/Write
24C-25C | Reserved
260 | D_RANGEOQ_HI Data space memory range 0 high Read/Write
264 |D_RANGE1_HI Data space memory range 1 high Read/Write
268 |D_RANGE2_HI Data space memory range 2 high Read/Write
26C |D_RANGE3 HI Data space memory range 3 high Read/Write
270-27C | Reserved
280 | D_RANGEO_LO Data space memory range 0 low Read/Write
284 D_RANGE1l LO Data space memory range 1 low Read/Write
288 | D_RANGE2_LO Data space memory range 2 low Read/Write
28C|D_RANGE3 LO Data space memory range 3 low Read/Write
290-29C | Reserved
2A0 | D_RANGEO_EN Data space memory range 0 thread enables Read/Write
2A4 | D_RANGE1_EN Data space memory range 1 thread enables Read/Write
2A8 | D_RANGE2_EN Data space memory range 2 thread enables Read/Write
2AC|D_RANGE3_EN Data space memory range 3 thread enables Read/Write
2B0-3FC | Reserved
16 www.ubicom.com



3.2 Addressing Model

The IP51xx has an on-chip 192 KB SRAM memory used
for both data and instructions (program). Using separate
data and address buses for the data and instruction
accesses, instruction fetches and data operand accesses
are done concurrently without any contention or waiting.
The data access allows up to one 32-bit operand read and
one 32-bit operand write in each clock cycle. Instruction
memory and data memory have nonoverlapping
addresses; so, the data and instruction address space
can be treated as a single unified 32-bit space. The actual
allocation of the memory ranges for instructions and data
is specified in the global register space (Table 3-2)
beginning at address 200.

CPU registers belong to an address space separate from
data and program memory address spaces.

Table 3-3 shows how the entire indirect and program
address space is allocated.

All memories use byte addressing, although all accesses
to instruction memory and registers are in 32-bit word
multiples, 32-bit word-aligned. Data accesses vary in
width, depending on instruction. Operand addressing in
data memory is big-endian — i.e., the most significant byte
has the lowest address. Bit numbering within registers
and instruction and data memory is little-endian, with bit 0
being the least significant bit.

3.3 Instruction Model

Instructions perform memory-memory operations, as well
as memory-register, register-memory, and register-
register operations. A variety of addressing modes are
available. Instructions are 32-bits wide, and execute at the
rate of one per cycle.

www.ubicom.com
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Table 3-3 Indirect and Program Space Address Map

Address Range Function

0000 0000-0000 07FC |Reserved
0000 0800-0000 083C |HRT Table 0

See Table 7-4.
0000 08400000 08FC |Reserved
0000 0900-0000 093C |HRT Table 1

See Table 7-4.
0000 0940-00FF FFFC |Reserved

0100 0000-0100 OFFC

On-chip peripherals
(includes timers and debug
port). For data (indirect)
space, these on-chip
peripherals occupy 4 KB.
For instruction space, there
is 16 MB available at this
block of addresses.

See Table 7-5.

0100 1000-01FF FFFC

Reserved

0200 0000-0200 FFFC

I/O ports (64 KB).
See Table 7-16

0201 0000-02FF FFFC

Reserved

0300 0000-0302 FFFC

On-chip SRAM (192 KB) *

0303 0000-3FFF FFFC

Reserved

4000 0000—-47FF FFFC

External DDR SDRAM
(128 MB)

4800 0000-5FFF FFFC

Reserved

6000 0000-60FF FFFC

External Flash (16 MB) **

6100 0000-FFFF FFFC

Reserved

* Ubicom software aliases On-chip SRAM to
3FFC 0000 — 3FFE FFFC.

**Flash memory is aliased to several different ranges of
addresses. Ubicom software uses the range
6000 0000 — 60FF FFFC. At start-up, the CPU begins
executing at address 6000 0000.

17
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3.4  Fast Multithreading Context Switch

A context is all of the state information for a given task or
thread — all the information must be saved when the flow
of program execution for a given thread is interrupted, so
that the thread can restart as if no interrupt had occurred.
The context consists of the following pieces:

» Per-thread registers.

» Data memory area used by the given thread.

» Control and status registers of peripheral support
logic that is used by the given thread. For example, if
Port A is used by a thread, then its setting and status
are part of the context.

The IP51xx and its programming environment support
fast context switching in the following ways:

» Per-thread register file with 10 sets of the context-
dependent registers, one set of registers for each
thread.

e Indexed addressing for data memory. The index
registers are themselves part of the per-thread
register file.

e Compilation, linking, loading tool chain that provides
unique base addresses for each task. All addressing
modes for the data memory are address-register-
based, so it is possible to have multiple instances of a
software thread executing on different data sets.

With this hardware support for context switching, each
virtual peripheral has a unique view of memory and the
programming model that is unaffected by and mostly
unaware of other virtual peripherals that may exist.

Furthermore, because the important registers are
duplicated for each context, there is no need to save or
restore any registers when switching between different
threads. Therefore, a context switch can occur in zero-
time between instructions.

3.5 Instruction Level Multithreading

Each set of per-thread registers defines a thread. Each
thread is identified by an integer in the range 0—9 which
corresponds to its entry in per-thread register file.

Several global registers contain information that the CPU
uses to schedule execution of the threads:

* MT_ACTIVE, and the corresponding
MT_ACTIVE_SET, and MT_ACTIVE_CLR

» MT_DBG_ACTIVE, and the corresponding
MT_DBG_ACTIVE_SET, and
MT_DBG_ACTIVE_CLR

- MT_EN
-  MT_HPRI
e  MT_HRT
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« MT_BREAK, and the corresponding
MT_BREAK_SET, and MT_BREAK_CLR

*  MT_SINGLE_STEP

« MT_MIN_DELAY_EN

» MT_I_BLOCKED, and the corresponding
MT_I_BLOCKED_SET

« MT_D_BLOCKED, and the corresponding
MT_D_BLOCKED_SET

+ MT_BLOCKED_CLR

+ MT_TRAP_EN

« MT_TRAP, and the corresponding MT_TRAP_SET,
and MT_TRAP_CLR

All of the above registers are structured as bit maps,
where each bit position corresponds to a thread; for
example, bit 0 corresponds to thread 0, bit 1 corresponds
to thread 1, etc. Bits 31:10 are reserved.

3.5.1 Scheduling Table (HRT)

The IP51xx uses two Hard-Real-Time (HRT) tables to
control thread scheduling. The HRT tables are located at
fixed memory addresses (shown in Table 3-3). One of the
two HRT tables is active and being used by the CPU; the
other is available for updates. The HRT Table Select bit in
the GLOBAL_CTRL register determines which is the
active table.

Each of the 64 HRT table entries is 8 bits wide. Table
entries are contiguous in memory, one entry per byte. An
HRT entry has the format shown in Table 3-4.

Table 3-4 HRT Entry

Bit
Field
7 |End of Table.

1 = The next entry executed will be entry zero
of the table indicated by the HRT Table
Select bit in the GLOBAL_CTRL register.

0 = Not end of table.
6 |Unoccupied Entry.

1 = This time slot is available for a Non-Real-
Time (NRT) thread.

0 = The thread indicated by Thread Number
should be scheduled if it is schedulable.

5:4 |Reserved.
3:0 |Thread Number.

Description

Each entry in the table represents an available instruction
cycle and specifies the thread (if any) to which that cycle
is allocated. Software controls how many of the 64 table
entries are actually used by setting bit 7 in the last used
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entry. The HRT table must have at least one element with
bit 7 set.

At each cycle, the CPU steps to the next entry in the
current HRT table and determines which thread to
execute based on the information in that entry. After it has
processed the last entry of the table, it checks the global
HRT Table Select bit and goes to entry zero of the
currently selected HRT table.

At power-up or reset, bit 6 is cleared and bit 7 is set in all
entries (each entry is an unoccupied end-of-table entry).
Software must ensure that the active HRT table has at
least one entry with the End of Table (bit 7) set. If no entry
has bit 7 set, the result is undefined.

3.5.2 Scheduling Policies

For scheduling purposes, threads are defined as:

* HRT — A thread whose bit in the MT_HRT register is
1. An HRT thread can only be scheduled in time slots
allocated to it by the current HRT Table.

* NRT — A thread whose bit in the MT_HRT register is
0. NRT threads can be scheduled both in the HRT
table and by the round-robin scheduler.

The IP51xx implements three scheduling policies:

1. Hard-Real-Time (Time-Division Multiplexing) — An
HRT thread is guaranteed to receive CPU cycles in
proportion to the number of its HRT Table entries.

2. Round-Robin — NRT threads are scheduled on a
round-robin basis (in rotation) during the CPU
cycles when either no HRT thread is allocated or
the allocated HRT thread is not ready.

3. Priority — Among the NRT threads, those threads
whose bit in the MT_HPRI register is set to 1 have
high priority; others have low priority. No low-priority
NRT threads receive a CPU allocation as long as
there are active high-priority NRT threads.

Note that it is possible for an NRT thread to have time
slots allocated to it in the HRT table. Such a thread
participates in round-robin scheduling but is also
guaranteed to receive a minimum level of service from the
CPU in proportion to the number of its entries in the HRT
Table.
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3.5.3 Schedulable Threads

For a thread to be considered for scheduling in the
instruction pipe, the following conditions must be true for
that thread. A thread is considered to be “schedulable”
when these conditions are satisfied:

» The debug interface has not halted the processor
(dbg_mp_halt is deasserted).

* The thread must be enabled (MT_EN is set).

* The thread must be active (MT_ACTIVE is set).

 The thread must not be halted due to a debug
condition (MT_DBG_ACTIVE is set).

» The thread must not be blocked on the instruction port
(MT_I_BLOCKED is cleared).

» The thread must not be blocked on the data port
(MT_D BLOCKED is cleared).

* Minimum instruction spacing enforcement is turned
off for this thread (MT_MIN_DELAY_EN is not set), or
minimum instruction spacing enforcement is turned
on for this thread (MT_MIN_DELAY_EN is set), but
the minimum spacing requirement has been met.

The MT_xx values in the list above are individual bits
defined for each thread in the corresponding MT_xx
global registers. See Table 7-3 for details about these
registers.

3.5.4 Hard Real-Time (HRT) Scheduling

The static schedule for HRT threads is specified by the
HRT Table.

Figure 3-2 shows an HRT example with three threads in a
table that is eight entries long. Thread 1 is scheduled 50%
of the time, thread 2 is scheduled 25% of the time and
thread 3 is scheduled 12.5% of the time. With the IP51xx
clocked at 270 MHz, this would equate to 135, 67.5, and
33.75 MIPS, respectively. The vacant slot in the last entry
of the table guarantees that at least 33.75 MIPS remain
available for NRT thread execution.

Each HRT thread is guaranteed to be allocated the
instruction slots specified in the table, when it is ready to
use them, provided it is schedulable. Thus each HRT
thread has guaranteed deterministic performance.

The interrupt latency for each HRT thread is deterministic
within the resolution of its static allocation. The pipeline
length determines the latency and the time until the thread
is next scheduled. The added scheduling jitter can be
considered to be the same as an asynchronous interrupt
synchronizing with a synchronous clock. For example, a
thread with 25% allocation will have deterministic interrupt
latency with respect to a clock running at 25% of the
system clock.
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Clock Cycles End of Table
Unoccupied
Thread Number Reserved l
~ 7 | 6 | 5 4 | 3 | 2 1 0
&
z 1 #1 0 0
o 2 #2 0 0
o
g 3 #1 0 0
§ 4 #3 0 0
= 5 #1 0 0
ES 6 #2 0 0
o
3 7 #1 o | o
-
@ 8 Vacant 1 1
o
-% 1 1 1 1 1
> 1 1 1 1 1
! 1 1 i 1 1
! [} 1 [} L} 1
! Thread #1: 125 MIPS
! Thread #2: 62.5 MIPS
v Thread #3: 31.25 MIPS

Figure 3-2 HRT Thread Table Example

Although the HRT Table reserves the instruction slots for
the hard real-time threads this does not mean that other
threads cannot sometimes execute in that instruction slot.
For example a UART in thread 3 will actually be idle most
of the time. It only needs deterministic performance when
it is sending or receiving, and there is no need for it to be
scheduled when it is not active. All vacant instruction slots
and all slots that are allocated to threads that are not
schedulable are used by the scheduler for dynamically
schedulable (round-robin) threads.

3.5.5 Round-Robin (NRT) Scheduling

As the name suggests, round-robin threads are
scheduled in turn, with one instruction initiated from each
schedulable thread. Round-robin threads are scheduled
in the vacant slots in the HRT table and in slots where the
HRT or NRT thread specified by the table is not
schedulable.

Two levels of priority are supported for NRT threads: low
and high. Priority is controlled by the thread’s bit in the
global MT_HPRI register. If any high priority thread has its
MT_EN and MT_ACTIVE bits set (regardless of its
MT_DBG_ACTIVE bit), no low priority thread will be
scheduled. This is true even if the high priority thread is
not ready to execute.

3.5.6 Suspend

A thread can temporarily remove itself from scheduling
activity with the SUSPEND instruction. SUSPEND clears
the MT_ACTIVE bit for the current thread, so that the
thread will not be scheduled. An interrupt condition for that
thread asserts the MT_ACTIVE and re-enables normal
scheduling of the thread.
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3.5.7 Startup

At startup or after reset, thread O is active, debug active,
and enabled, and all other threads are disabled. Thread O
begins execution at the fixed flash ROM address
6000 0000, and is responsible for initialization; for
example:

* Load instructions into the on-chip SRAM,;

 Load an HRT table and all thread control registers
(including PC);

» Initialize global semaphores and shared memory.

When the initialization is complete, thread 0 enables the
other initialized threads, which then are free to execute.

3.6 Programming and Debugging Support

The IP51xx has advanced in-system programming and
debug support on-chip. This unobtrusive capability is
provided through a dedicated Debug 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, assembiler, 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, and profiler.

The [IP51xx's external flash memory can be
reprogrammed through the debug port (in-system)
regardless of the contents of the flash. It is not required to
have specific supporting software within the flash to allow
in-system reprogramming to take place.

3.7 Debugging Features

The IP51xx has a number of mechanisms that are
intended for use by Ubicom’s debug kernel, and that
support an off-chip debugging system. These
mechanisms include:

e MT_DBG_ACTIVE active register

e MT_SINGLE_STEP register

* Breakpoint instruction BKPT and breakpoint interrupt
* SUSPEND instruction

« MT_BREAK Register

» Debug mailboxes and the Debug Mailbox Interrupt

» DCAPT register and Trap
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e Minimum Instruction Delay

3.7.1

The MT_SINGLE_STEP register bit allows a controlling
thread to single-step threads that are being debugged.
This feature is enabled (on a per-thread basis) by setting
the MT_SINGLE_STEP bit that corresponds to the thread
being single-stepped. When this bit is set, the thread
being debugged is executed as scheduled by the
multithreading features. Simultaneously, the CPU clears
that thread's MT_DBG_ACTIVE bit, so that the thread will
not be activated until software sets the MT_DBG_ACTIVE
bit again.

Single-Step

3.7.2 Breakpoints

Debugging breakpoints are supported by the Program
Breakpoint interrupt, the BKPT instruction, and the
MT_DBG_ACTIVE register.

The BKPT instruction suspends the thread that executes
it and clears its MT_DBG_ACTIVE bit. In addition, the
BKPT instruction can suspend additional threads and
clear their MT_DBG_ACTIVE bits. The source operand is
a bit mask that specifies which additional contexts to
suspend.

The BKPT instruction asserts the MT_BREAK bit of the
current thread (so that the debug kernel knows which
thread executed the BKPT instruction) and asserts the
Program Breakpoint interrupt (if enabled).

3.7.3 Write Address Trap

The DCAPT register can be loaded with a register or data
address. Any write to the address in the DCAPT register
triggers a Trap. The DCAPT register can't be disabled, but
can be loaded with a value that can never match. A value
that can never match is one with bit 0 equal to 1 and bits
31:13 not equal to all 0's; for example: 0x8000 0001.

A trap is also asserted upon detection of out-of-range or
operand misalignment errors.

Whenever a Trap is asserted, the PC and TRAP_CAUSE
registers for the affected thread capture the program
counter value and the reason for the interrupt.

3.7.4 Debug Mailboxes

The Debug Mailboxes are the software visible portion of
the debug port. The debug kernel uses the Debug
Mailboxes to receive requests from an external debugging
system and to return results. The Debug Mailbox Interrupt
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signals to the debug kernel regarding arrival or departure
of mailbox messages.

3.75 Execution Control

Some of the CPU’s instruction execution parameters can
be modified by Ubicom’'s debug kernel to aid in
debugging.

When a thread’s bit in the MT_MIN_DELAY_EN register
is set, the Minimum Instruction Delay value of the
GLOBAL_CTRL register (refer to Section 7.3.4) is
applied. This value is the minimum number of clocks
between instructions of the same thread.

3.8 Interrupts and Exceptions

Interrupts are signaled by setting bits in the global
Interrupt Status register. This is a 64-bit register (in two
32-bit parts, INT_STATO and INT_STAT1), with each bit
representing a potential interrupt source. When a bit is set
to 1, it asserts the associated interrupt condition.

Bits in the Interrupt Status register corresponding to 1/0
interrupts give the state of the corresponding /O
interrupt(s). Other bits can be set by hardware or by
software (via the Interrupt Set register). If there is no
hardware source associated with a particular bit, that bit
represents a software interrupt. However, even if there is
a hardware source (other than I/O) associated with an
interrupt status bit, the bit can still be set by software. This
makes it possible to simulate interrupts for software
testing.

Once an interrupt status bit is set, it remains set until
explicitly cleared by software (via the Interrupt Clear
Register). No automatic interrupt acknowledge signal is
sent to an originating peripheral device — neither when the
interrupt status bit is set, nor when an interrupt handler
responds to it. If an acknowledgement is needed, it is the
responsibility of the interrupt handling software to send it,
by writing to the appropriate peripheral register.

Note: I/O interrupts must be cleared by writing to the
appropriate 1/0 control register, not by directly clearing the
INT_STAT bit.

Section 7.3.2 and Section 7.3.3 show the mapping of
interrupt status bits to specific interrupt sources.

3.8.1 INT_STAT[O-1] Registers

The INT_STAT[0-1] registers are dedicated to interrupts:
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» Asynchronous Error Interrupt. Used to report any
serious error that is asynchronous to the instruction
stream.

» Real-Time Compare Register Interrupt.

* Program Breakpoint / Trap Interrupt. This interrupt
indicates that one or more threads has been halted,
as a result of execution of the BKPT instruction, or
that one or more of 13 possible trap interrupts has
occurred. When atrap occurs, cause(s) of the trap are
indicated by bits set in the TRAP_CAUSE register.
Refer to Section 7.2.3 for details.

» Debug Port Interrupt. Indicates that a debug message
is waiting or has been successfully sent.

* /O Interrupts. Most I/O functions can generate a
variety of interrupts, which are visible in INT_STATO
and INT_STAT1. Each I/O function has a Interrupt
Status register giving the cause of the interrupt and
the interrupt bit itself. Several 1/O interrupts might be
shared by a single INT_STAT bit.

* A block of ten fine-grained timer interrupts is
associated with a corresponding block of ten 32-bit
timer registers. When the value held in a given timer
register matches the value of the global cycle count
register, the corresponding interrupt is asserted.

3.8.2

INT_STATO and INT_STAT1 can be read by software, but
they cannot be written directly. Instead, special Interrupt
Set (INT_SETO and INT_SET1) and Interrupt Clear
(INT_CLRO and INT_CLR1) registers are defined (see
Table 7-3). These are 64-bit registers that parallel
INT_STATO and INT_STAT1. Writing a 1 to a bit position
in INT_SETO and INT_SET1 sets the corresponding bit in
the INT_STATO and INT_STAT1. Likewise, writing a 1 to
a bit position in INT_CLRO and INT_CLR1 clears the
corresponding bit in INT_STATO and INT_STAT1. Other
bits in INT_STATO and INT_STAT1 are not affected.

Interrupt Set and Clear Registers

3.8.3 Thread Interrupt Mask

Each hardware context has a pair of 32-bit Interrupt Mask
registers, INT_MASK]JO0-1], that determine the interrupts to
which it responds (see Table 7-2). The masks are logically
ANDed with the contents of the corresponding Interrupt
Status registers; if the result is non-zero, an interrupt
condition is signaled to the associated hardware thread,
setting the INTERRUPT CONDITION bit of its ROSR
register. If the thread is currently suspended, it is made
active. If it is currently active, it remains active, continuing
normal execution. However, if it executes a SUSPEND
instruction, the presence of the pending interrupt will
immediately reactivate it.
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The Interrupt Mask register is a per-context read-write
register. It is normally written only at start-up, however, to
configure the assignment of interrupts to hardware
threads.

3.8.4 Breakpoint and Trap Registers

When the breakpoint / trap interrupt is triggered, software
should look at the MT_BREAK and MT_TRAP registers to
determine whether the cause was a breakpoint or a trap
(or both).

The MT_BREAK global read-only register has one bit per
hardware thread. If the bit for a given thread is set, it
indicates that the thread is halted for a break condition.
The interrupt handler for the breakpoint / trap interrupt can
read this register to determine which thread is halted for a
break condition.

Bits in the MT_BREAK register are cleared by software,
by writing to the Multithreading Break Clear
(MT_BREAK_CLR) register. Clearing one of these bits
does not restart the corresponding thread; setting the
MT_DEBUG_ACTIVE bit accomplishes that.

The MT_TRAP global read-only register also has one bit
per hardware thread. If the bit for a given thread is set, it
indicates that the thread is halted because of a trap. The
interrupt handler for the breakpoint / trap interrupt can
read this register to determine which thread is halted for a
trap. It can then read the TRAP_CAUSE register for that
thread to determine the cause of the trap.

Bits in the MT_TRAP register are cleared by software, by
writing to  the  Multithreading TRAP  Clear
(MT_TRAP_CLR) register. Clearing one of these bits
does not restart the corresponding thread; setting the
MT_DEBUG_ACTIVE bit accomplishes that.

3.8.5 Forcing an Interrupt

As mentioned in connection with the Interrupt Mask
register, the presence of an interrupt condition signaled to
a thread serves merely to reawaken the thread, if it is
suspended, or to cancel its suspension, if it is running and
executes a SUSPEND instruction. For high priority
interrupts with dedicated handler threads, the system
design requirement for the interrupt handling time to be
less than the inter-arrival time of the interrupt guarantees
that the handler will be suspended when the interrupt
arrives. Interrupt response, in that case, is immediate.

When independent interrupts share a common interrupt
handler thread, it is possible for the handler to be active,
responding to a previous interrupt, when a new interrupt
arrives. Handling of the new interrupt will then be delayed
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until handling of the previous interrupt is completed, and
the interrupt handler thread issues a SUSPEND.

In order to minimize interrupt latency for interrupts
handled by a common handling thread, the handling
functions should be kept short. In some cases, that means
using the common interrupt handling thread as a “front
end”, to force a vectored interrupt to an extended ISR in a
thread running a lower priority background process. The
instruction sequence to accomplish this is:

1. Halt the target thread by clearing its bit in the
Multithreading Enable (MT_EN) register. Note that
this does not force the cancellation of any
instructions for that thread that are already in the
pipe; it merely keeps the thread scheduler from
allocating any more cycles to the target thread, until
it is re-enabled.

2. Wait until all instructions for that thread have
cleared the pipeline.

3. After setting the source thread select field in the
CSR to the target thread number, copy its PC and
CSR values to control memory, where they can be
accessed later.

4. After setting the destination thread select field in the
CSR to the target thread number, write the desired
ISR address and appropriate CSR value to its PC
and CSR.

5. Re-enable the thread by setting its bit in the
Multithreading Enable (MT_EN) register.

6. Use the SETCSR instruction to recover the control
thread's own destination context.

3.9 Crystal Oscillator

Figure 3-3 shows the connections for attaching a crystal
to the OSC oscillator. The crystal is connected across the
OSC_IN and OSC_OUT pins. There is about 4pf of
capacitance on each of OSC_IN and OSC_OUT pins to
VSS. A parallel resonant crystal is recommended that has
a maximum ESR of 60 ohms at 12 MHz. A feedback
resistor (Rf) of 2 megohms must be connected between
OSC_IN and OSC_OUT for reliable crystal startup.

The crystal manufacturer’s load capacitance rating (CL)
should be equal to (C1 x C2) / (C1 + C2), where C1 =
capacitance on OSC_IN (4pF + stray board capacitance
+ added capacitance), and C2 = capacitance on
OSC_OUT (4pF + stray board capacitance + added
capacitance). It is recommended that C1 = C2 = 22pF.
The trace length between the OSC pins and the crystal
should be as short as possible, to avoid noise coupling.

External clocks into OSC_IN are not supported.
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-

OSC_IN Rf OSC_ouT
(2 megohms)
L
12 MHz
Crystal
C1 (22pF) ||:|| C2 (22pF)

T 71

Figure 3-3 Crystal Connection

3.10 Clock Circuitry

The clock block supports six independent clock sources
for control and operation of the IP51xx. The clock sources
are the core clock, the I/O clock, the 200 MHz fixed clock,
the DDR SDRAM clock, the real-time clock and the
internal R-C clock. The core clock supplies timing for the
main processor as well as the subsystems accessed by
the main processor such as the system timers and the 1/0O
blocks. The I/O clock provides a clock for the GMAC and
Port E Serdes subsystems. It is a 250-MHz fixed
frequency clock. The 200-MHz fixed frequency clock
provides a clock for the PCI subsystem. The real-time
clock provides a precise continuous timing reference,
independent of any system configuration (such as low
power mode). The R-C clock provides an imprecise
continuous timing reference used for tasks such as
system reset and initialization. No phase relationship is
guaranteed between any of the clocks, even if derived
from the same reference.

Figure 3-4 shows the logic for producing core, 1/0, and
DDR clocks. The clock registers location and layout are
specified in Table 7-5.

An external crystal must be connected between OSC_IN
and OSC_OUT, as discussed in Section 3.9. External
clocks into OSC_IN are not supported.
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* The capability exists to program to any integer value in this range, but, for reliable operation, a value
must be used which results in the output frequencies shown in this figure. Bit field values of N cause
divide or multiply by N+1. For example, if OCP_CLK_CORE_CFG has bits 28:23 = 000000, then the
Reference Clock Divider will divide by 1.

*%%

Bits 28 through 5 must not be changed while bit 4 = 1 (this will cause clock glitches).

bit 4, set bits 6 and 3:0 (and set bits 5 and 7 if the lowest power is desired), then set bit 4.

*kkk
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Figure 3-4 Clock Circuitry Diagram

To reduce the core clock to the minimum possible frequency (OSC_IN frequency divided by 16), clear

Only the 350 MHz version is rated for 350 MHz. The 270 MHz version is rated for a max of 270 MHz.
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3.11 Reset

The following sources are capable of causing a chip reset:

* Power-on

» External reset (RSTN pin)
* Watchdog module

» Debug port

*  Processor trap

»  Software initiated reset

When a reset occurs, the reasons for the reset are
reflected in the Reset Reason register. For details see
Table 7-5.
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4.0 Instruction Set

4.1 Operand Addressing

The IP51xx has data types of three principle sizes: 8-bit
byte, 16-bit short word and 32-bit long word, as shown in
Figure 4-1. There is also a 48-bit data type, used only for
accumulator results in the ACCO or ACC1 register. The
byte ordering for operands in memory is big-endian,
although bit numbering within registers is little-endian (as
shown in Figure 4-1). Big-endian format means that the
address of the operand refers to the byte address of the
most-significant byte, and bytes are in memory in the
order of most to least significant. For example, storing the
16-bit operand 0x1234 at address 0x1000 means that
0x12 is stored at address 0x1000 and 0x34 is stored at
address 0x1001.

Both the program and data spaces are byte addressed,
and operand addresses must be naturally aligned — that
is, they must be integer multiples of the operand size. A
misaligned operand address causes a trap. If the
misaligned address is a target, the target may or may not
be modified, and additional bytes near the target may be
modified. When a reference is made to a misaligned data
space operand, as a source or target, a TRAP bit is set.
The TRAP_CAUSE register for the affected thread
captures the reason for the trap event, and the PC register
for that thread points to the instruction that caused the trap
event.

SHORT WORD ADDRESS
15 8 7 0
MS BYTE = MOST SIGNIFICANT
0| MSBYTE LSBYTE LS BYTE = LEAST SIGNIFICANT
2| wMsBYTE LS BYTE
N
i)
@Bla|l MSBYTE LS BYTE
Ll
e
[a) I 1
[a] I I
< i i
o
Z| LONG WORD ADDRESS
Il 81 24 23 16 15 8 7 0
a g
Slo| MsBYTE BYTE BYTE LS BYTE
v
4| wMsBYTE BYTE BYTE LS BYTE
8| wmsBYTE BYTE BYTE LS BYTE

Figure 4-1 Big-Endian Data Formats of IP51xx.
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4.2 Addressing Modes

Most of the IP51xx instruction formats (as shown in Table
4-2) use a small number of common fields, which are
aligned for ease of decoding. The most important of these
are the 11-bit source-1 and 11-bit destination operand
specifiers, and the 5-bit source-2 field. The latter may
contain either a 5-bit unsigned immediate value, or a data
register number (in the right-most 4 bits), depending on
the specific instruction. A five-bit immediate value is
normally a bit number or a shift count, again depending on
the specific instruction. DSP instructions allow a data
register, an accumulator, or a 5-bit immediate in this field.

The 11-bit source-1 and the 11-bit destination fields are
defined the same. This 11-bit field is used to select one of
the following addressing modes (refer to Table 4-1 for
more detail):

» Direct Addressing of the register address space

» Register Indirect with 7-bit unsigned offset

* Register Indirect with pre or post increment or
decrement

» Register Indirect with indexing

* Immediate: 8-bit value, sign extended to size of
operand type

An immediate value in the destination specifier is unusual,
but it can be used to prevent write back of the instruction
result value to any real destination. The instruction is then
executed ‘for side effects only’ —i.e., setting the condition
codes.

To encode all of the above in only 11-bits, variable length
encoding is used. The minimum length encoding of a 1-bit
is used for the register indirect with offset mode, allowing
the maximum number of bits for offset. This results in the
following two formats:

Register Indirect With
Offset: 1 iiaaniiiii
Other AddressingModes: 0 x x AAAnnnnn

...where:
"i" . Indicates immediate value bits;
"A" . Indicates the three address bits that
select one of the 8 address registers;
"x"and "n": Other fields used by other addressing

modes.
Details of this encoding scheme are shown in Figure 4-5.

In the Harvard architecture model, addressing modes for
data and program memory space have to be considered
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separately. For data address space, the supported
addressing modes are described above. For program
space, both register indirect and PC relative addressing
modes are supported. Addressing modes for both spaces
are summarized in Table 4-1.

4.2.1 The Register Address Space

Register addressing mode is used to address the general-
purpose registers, D0-D15, as well as the address
registers AO0-A7, accumulators ACCO/ACC1, SOURCES3,
and all on-chip control registers. It is the only mode that
can access the core's control registers, because the
address space in which these registers reside is not a
subset of the general memory address space. A register
in the register addressing space cannot be accessed
through a regular memory addressing mode that happens
to resolve to the same numerical value.

The register addressing space is 256 registers in length,
or 1024 bytes. The byte address specified in an
assembler statement is right shifted two bits by the
assembler, to generate the 8-bit register address offset.
Although the assembler syntax requires a byte address,
what is addressed in this mode is not bytes, but a space
of 256 32-bit register locations. The register addressing
space covers access to the following registers:

e All Programmers' Model registers described in
Section 3.1.

e On-chip control and status registers for overall chip
and timer control.

Because the register addressing space is absolute, an
assembler include file of EQU statements can be used to
define symbolic names for all the registers. Then
instructions can access these registers directly using their
symbolic name as a source or destination operand.
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Table 4-1 Addressing Modes

Space

Type

ASM Syntax

Effective Address (EA)

Operand

Register

$xx or

Register Mnemonic

No EA. Register address is 10 bits:
(8-bit register number) || 00

Indirect

(An)

EA = An

Indirect with
Offset

offset(An)

EA = An + offset;

PDEC only: EA = An - offset (in range 4 to 512);

Assembly Syntax: Offset specified in bytes;

Opcode Coding:

Byte Operand: Offset = 7-bit unsigned immediate value;

16-Bit Operand: Offset = 7-bit unsigned immediate value || O;
32-Bit Operand: Offset = 7-bit unsigned immediate value || 00;
PDEC Operand: Offset = 11111111111111111111111 || 7 bit imme-
diate || 00

Indirect with
Post-Increment

(An)delta++

Step 1. EA=An;

Step 2: An «<-An + delta

Assembly Syntax: delta specified in bytes;

Opcode Coding:

Byte Operand: delta = 4-bit signed immediate value;
16-Bit Operand: delta = 4-bit signed immediate value || O;
32-Bit Operand: delta = 4-bit signed immediate value || 00.

Indirect with
Pre-Increment

delta(An)++

Step 1: An «<-An + delta

Step 2: EA=An;

Assembly Syntax: delta specified in bytes;

Opcode Coding:

Byte Operand: delta = 4-bit signed immediate value;
16-Bit Operand: delta = 4-bit signed immediate value || O;
32-Bit Operand: delta = 4-bit signed immediate value || 00.

Indirect with
Index

(An,Dn)

EA = An + (Dn << log,(operand size in bytes))

Immediate

HXXXX
H#HXX

Operand is 16-bit or 8-bit immediate value taken from instruction.
Value is sign-extended to 32-bits before use. For 8 bit immedi-
ate in general source-1, the EA is the 32-bit sign extended imme-
diate.

CALLI
Instruction

Indirect

offset(An)

PEA = An + (sign-extended coded offset <<2)

Assembly Syntax: Offset is specified in bytes as a signed 18-bit
number. This number is right shifted by two bits for instruction
coding. Coded Offset = Assembly Offset[17:0] >> 2

CALL
Instruction

Relative

offset(PC)

PEA = PC + (coded offset<<2)

Assembly Syntax: Offset is specified in bytes as a signed 26-bit
number. This number is right shifted by two bits for instruction
coding. Coded Offset = Assembly Offset[25:0] >> 2

JMPcc
Instruction

Relative

offset(PC)

PEA = PC + (Opcode Offset)<<2

Assembly Syntax: Offset is specified in bytes as a signed 23-bit
number. This number is right shifted by two bits for instruction
coding. Opcode Offset = Assembly Offset[23:0] >> 2

Notation: EA:

Data Effective Address; PEA: Program Space Effective Address

28

www.ubicom.com



4.3 Instruction Set Summary

The instruction set has a fixed-length 32-bit instruction
word, and the internal data path is 32 bits wide.

This section discusses the instructions in logical groups,
as follows:

» Arithmetic and Logical Operations

» DSP Operations

»  Shift and Bit-Field Operations

» Single Bit Operations

» Data Movement And Extension Operations
»  Program Control Operations

Detailed descriptions of the individual instructions are
presented in Section 4.5.

4.3.1 Arithmetic and Logical Operations

Integer arithmetic support consists of the basic operations
of add, subtract, multiply, and multiply-accumulate (MAC).
Logical operations include the four basic operations of
AND, OR, XOR, and NOT. They perform bit-wise Boolean
operations on operands.

The following paragraphs discuss selected instructions in
more detail.

ADDC and SUBC

ADDC and SUBC use the C-bit in the 32-bit condition
code to implement extended precision arithmetic
operations. The C-bit is used for any carry and borrow
between different 32-bit words of an extended operand
(there is no ADDC.2 or SUBC.2). For SUBC, the
complement of the C-bit on input is the “borrow” value for
the operation. The borrow is effectively added to the right-
hand operand (the subtrahend) before it is subtracted
from the left hand operand. (In practice, what that means
is that, whereas normal subtraction is implemented by
adding the logical complement of the right hand operand
to the left hand operand, with a forced '1' as carry in,
SUBC uses the input value of the C-bit as the carry in.)

The Z bits are treated differently for ADDC and SUBC
than for other instructions. If the result is nonzero, the Z
bit is cleared, but if the result is zero, the Z bit is not
changed. When adding multiprecision numbers, first an
ADD instruction will set or clear the Z bit for the least
significant 32 bits. Subsequent ADDC instructions can
only clear the Z bit. After the sequence of ADD and
ADDC, the Z bit will be set if the multiprecision result is
zero.

There is limited scope for inserting instructions between
the instruction that sets the carry flag value and the ADDC
or SUBC instruction intended to use it. MOVE, and other
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instructions that don't affect the C flag are safe, but loop
end tests are problematic. A loop end test will normally
affect the flag value. Therefore, it is desirable to use in-line
expansions, rather than loops, for extended precision
arithmetic. Since the normal IP51xx arithmetic operations
are 32 bits wide, it only takes a single ADD, followed by
one ADDC, to perform a 64-bit extended precision add.

In rare cases, where very long extended precision
operations must be implemented, it is possible to use the
LEA instruction to decrement a loop counter register, and
use an EXT instruction to set the Z and N bits of the
condition codes, without affecting the C and V flags. That
permits a conditional branch on non-zero for the loop end
test, at the cost of the extra EXT.

MAC_RC16

The MAC_RC16 register is set by any DSP Instruction
that targets ACCO. It is not modified by any other
instruction that explicitly targets ACCO. The result being
placed in ACCO is considered to be a number in S16.31
format. This is a two's complement 48-bit fractional
number with 31 bits after the decimal point. To create the
value in the MAC_R16 register, this 48-bit number is first
rounded to have 15 bits after the decimal point. To round,
the value of the 16th bit after the decimal point is added to
the 15th bit after the decimal. After rounding, the result is
clamped to be in the range 0.111111111111111 (binary)
to 1.000000000000000 (binary). The sign of the clamped
value is the same as the sign of the original number,
before rounding, to prevent the highest positive number
from being rounded to the lowest negative number. After
rounding and clamping, the result is sign extended to 32
bits and stored in the MAC_RC16 register. The resulting
format has 17 copies of the sign bit, a decimal point, and
15 fractional bits, in two's complement.

CRCGEN

This is a special purpose instruction for efficient
calculation of CRC values in message protocols, such as
Ethernet, and bit-stream scrambling. It models the
operation of a Linear Feedback Shift Register (LFSR), for
any generating polynomial of order 32 or less. It
processes eight bits of input at a time. It is defined as
follows:
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Syntax:
Inputs:

CRCGEN s1, s2

sl — next data byte, B (general source, typically from memory)

s2 — generating polynomial, P (Dn register or 5 bit immediate)
ACCO_LO - current CRC value, C

Outputs:

ACCO_LO — new CRC value, C'

ACCO_HI - scrambled output byte, S, shifted into the most significant byte
MAC_RC16 - S16.15 image of ACCO_HI, ACCO_LO

Operation:
X = (C " B) & OxFF;
F=X;

for (i=0; i<8; i++) F = (F>>1)NF&1 ? P : 0);

S = C & OxFF;

ACCO_LO =F A" (C>>38);

ACCO_HI = (ACCO_HI >> 8) | (S << 24);
MAC_RC16 «S16.15(ACCO_HI, ACCO_LO)

4.3.2 DSP Operations

Digital Signal Processing (DSP) operations perform
multiply, multiply-accumulate, add, and subtract, with
results going to one of the two accumulators. The
accumulators are 48 bits each, split between two 32-bit
registers (ACCO_HI / ACCO_LO, ACC1_HI/ ACC1_LO).
ACCO can also be referred to using the names MAC_HI /
MAC_LO. The 16 most significant bits of the HI
accumulator register are set to zero by each operation.
The result is not sign extended beyond 48 bits. The A bit
in the DSP control field specifies the destination
accumulator (0: ACCO. 1: ACC1).

Source-2 for DSP instructions can be an unsigned
immediate, a Dn register or an accumulator. Instruction
format 10a (in Table 4-2) uses an unsigned 5 bit
immediate for the source-2 operand, and the DSP S and
T bits are ignored.

For instruction format 10b (in Table 4-2), if the DSP
control S-bit is set, the source-2 field in the instruction
specifies an accumulator. (0: ACCO, 1: ACC1). MADD
and MSUB use the entire 48-bit accumulator as the
source. Other instructions use the upper or lower 16-bits
of the ACC_LO part of the accumulator, depending on the
T bit. If the S-bit is clear, the source-2 field specifies a Dn
register.

For instruction format 10b, the DSP control T bit, when
set, specifies that a 16-bit source-2 input should be taken
from the 16 most significant bits of the source-2 register
(Dn or ACC_LO).
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The DSP control C bit, when set, causes the result to be
clipped. For MULF.C and MACF.C, there is one possible
multiply overflow condition that causes clipping. The
result of -1.0 * -1.0 is clipped to the largest positive
number 0.9999... For MACS.C, MACF.C, MSUFC,
MADD.4.C, and MSUB.4.C, the C bit causes the 48-bit
add/subtract result to be clipped to signed 32 bits before
being sign extended to 48 bits and stored in the
accumulator. For MACU.C and MACUS.C, the C bit
causes the 48-bit add result to be clipped to unsigned 32-
bits, before being zero extended to 48 bits and stored in
the accumulator. For MADD.2.C and MSUB.2.C, the C bit
causes the 48-bit add/subtract result to be clipped to
signed 16 bits before being sign extended to 48 bits and
stored in the accumulator. Overflow of the 48-bit
accumulator does not set the O bit in the CSR register.

Whether the C bit is set or not, any operation that would
have caused clipping to change the result, will set the O
bit in the CSR register.

MSUB and MADD do 48-bit arithmetic. Both source
operands are sign extended to 48 bits before the
operation if they are not accumulators.

MACUS supports efficient 32x32 bit multiplies with either
32 or 64 bit results.

If the destination is ACCO, the MAC_RC16 register will get
the rounded and clipped result.
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4.3.3 Shift and Bit-Field Operations

This category of instructions provides the ability to directly
manipulate variable-width fields. Most have two source
and one destination operand. The source operand
encoded in the source-1 field of the instruction format is a
general memory or register operand. The second source
operand is invariably a bit number, a shift count, or, in the
case of the bit field extract instruction, a two-element bit-
field specifier (see below).

All of the instructions in this class, with the exceptions of
bset and bclr, use the restricted 3-operand instruction
formats (formats 4a and 4b in Table 4-2 on page 34).
Those formats restrict the destination operand to be a
data register, but they allow the second source operand to
be specified by either a 5-bit immediate field (format 4a)
or by the contents of a data register (format 4b).

The bset and bclr instructions have their own dedicated
format (format 2 in Table 4-2 on page 34). This format only
allows for a 5-bit immediate specifier for the second
source operand (the bit number), but it allows the
destination operand to be a general memory or register
operand. This allows bset and bclr to be used to update
peripheral control registers, or to manage bit semaphores
in data memory.

The following paragraphs discuss specific shift and bit
field instructions in more detail.

4.3.3.1 Bit Field Extract

For bfextu, the Unsigned Bit Field Extract instruction, a
bit-field is defined by the following parameters in the
source-2 operand:

Bits 4:0:
Bits 12:8:

Bit-Field Length;
Bit-Field Start.

The source-2 operand can be either a data register, or
5-bit immediate field. If the latter is used, it is zero-
extended to 32 bits, making the bit field start location
automatically zero. The bit field itself resides in the
source-1 operand, which is a general EA operand.
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|« Width pl¢— Start —]

Bit Field

Source

Destination

Figure 4-2 lllustration of Bit-Field Extract

4.3.3.2 Bit Merge Instruction

Bits or bit fields from two source operands can also be
merged, under control of a selection mask, and saved in
a destination operand. This is illustrated in Figure 4-3.

The merge instruction takes a general source-1 operand
and a source-2 data register, and merges their bits into a
general destination operand. Selection of bits is controlled
by a mask that must be loaded into the special source-3
operand register prior to the operation. Where there isa 1
in the mask, that bit from source-1 is merged and replaces
the corresponding bit from source-2.

The merge instruction performs the merge operation
atomically, with respect to other threads that may be
running. If the source-1 operand and the destination are
the same memory address, or the same control register in
the register address space, the merge becomes an
atomic read-modify-write operation — again with respect
to other threads. However, if the destination is a
peripheral register, the operation is not atomic, with
respect to the peripheral hardware. The latter will see first
a read, followed a short time later by a write.

SOURCE3 Mask 1s
Source 1 Bit Field
Destination Bit Field
4 4
Source 2 Bit Field Bit Field

Figure 4-3 Merge Operation
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4.3.3.3 Shift and Merge Instructions

Since the IP3000 requires memory operands to be
aligned in accordance with the operand size, there is an
issue of how to access unaligned data fields within byte
streams or external data structures. Two shift and merge
instructions, shmrg.1 and shmrg.2, support assembly of
larger operands from byte or short word data streams,
respectively.

The streams are assumed to have big-endian ordering.
shmrg.1 shifts its 32-bit source-2 operand left by 8 bits,
merges the upper 24 bits with the lower 8 bits of its first
operand, and places the results in its destination. The
second source operand may be a data register or a 5-bit
immediate value (zero-extended to 32 bits). The
destination operand must be a data register.

shmrg.2 is similar, but the shift is 16 bits and the lower 16
bits of the first operand are merged.

4.3.3.4 Shift Double Instruction

Sometimes a bit field will span word boundaries. The Shift
Double instruction, shftd, facilitates access to such fields.
It uses a 64-bit funnel shifter to right shift two 32-bit source
operands that are concatenated together. The shift count
comes from the source-2 operand and one of the shifter
inputs from the SOURCES3 register. The operation is
illustrated in Figure 4-4.

SOURCES3 Register Source 1

Bit Field

Bit Field

— Shift Count—p

Destination

Bit Field Bit Field

Figure 4-4 Shift Double (shftd) Instruction

4.3.3.5 Other Shift Instructions

The remaining instructions in this category are
conventional arithmetic and logical shift operations. In all
shift instructions, variant forms are supported for either
static or dynamic shift counts.
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4.3.4 Single Bit Operations

The single bit instructions handle test, set, and clear of a
single bit of a 32-bit operand. For bset and bclr, both Z
condition bits are set according to the state of the
specified bit before the set or clear operation. This is
different than for all other instructions, which set the
condition codes according to the result of their operation.
There are for two reasons for the difference:

First, for control of conditional branching, it does not make
sense to set the Z bit, when the user knows whether the
result will be set or cleared.

Second, and more importantly, setting the Z bit before the
operation allows the user to use bset as an atomic test
and set semaphore instruction.

The bset instruction can be used to implement binary
semaphores directly. Other types of semaphores can then
be implemented in software, using the binary semaphore
around them for mutual exclusion.

Examples:

bset (A0), (A0), #8
jmpeqg resource_available
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435 Data Movement And Extension

Operations

This group of instructions performs simple address and
data transfers. They are used to move bytes, words and
long words from a source address to a destination
address.

There are two forms of immediate moves: movei (move
immediate) and moveai (move address immediate). The
latter moves a 24-bit immediate value, left-shifted by 7

PARAMETER = Pos.

IP51xx Data Sheet — March 28, 2007

bits, into an address register. When that register is used
as a base register in an addressing mode with a 7-bit
offset, it provides immediate addressability to any data
location in two gigabytes of data address space.

A special bypass mechanism in the pipeline enables an
address register that has been loaded via moveai to be
used immediately by the following instruction, without the
4-cycle address register load-to-use delay that applies for
other address register loads.

Register Addressing mode

Saves address register to stack

mod-4 number

Example:

move.4 D1l,D2

move.l D1, (AO0)

move.4 D9,PORTA_ DATA H

move.2 (Al)2++, (A2)2++

move.2 D4,COEF64 (A6)

move.4 (SP)4++,A0 ;

move.4 AO0,DO ; Moves DO — A0

move.4 DO,PARAMETER (SP) ;

movei D9,#0xffe9 ; D9 = Oxffffffe9
4.3.6 Program Control Operations

In program flow control operations, the PC is always
incremented by four (when not branching) since all
instructions are four bytes long. In terms of the semantic
model of the program, the increment takes place after the
instruction is executed. Hence, in the descriptions below,
“PC” refers to the address of the instruction itself; that is,
a PC-relative branch with an offset value of zero branches
to itself.

Instruction addressing modes are different from data
addressing modes, since they address program space.
This is shown with “pea” or Program Effective Address.

For the register-indirect branches, calli and ret, the two
least-significant bits of the register contents are ignored.

Note that call and calli can be used as ordinary jumps,
simply by ignoring the saved return address. calli can be
used to return if the return address is in an An register. It
is typically used this way in leaf routines since it is faster
than ret on the IP51xx implementation.
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4.4

Instruction Formats and Encoding

Table 4-2 shows the formats of instructions. The format
codes of the first column provide cross-references for the
instruction encodings in Table 4-4.

Table 4-2 Instruction Formats

26 16|15 11|10
Format Class
31 272625 21]20]19 16|15]14 10 8|7 5[4
1a Opcode Unused =0 Ecx)tpe Cnos?gn Unused =0 No Operand
5 Bits 11 Bits \ 11 Bits P
5 Bits
1b Opcode Unused =0 Eciga Cnos?sn Source-1 1-Operand
5 Bits 11 Bits : 11 Bits Source
5 Bits
1c Opcode Destination ECX)& Cnos?gn Unused =0 1-Operand
5 Bits 11 Bits ; 11 Bits Destination
5 Bits
L Opcode
Opcode Destination . Source-1
1d 5 Bits 11 Bits Exten_5|on 11 Bits 2-Operand
5 Bits
Opcode Destination Bit Number Source-1
2 5 Bits 11 Bits 5Bits 11 Bits BSET, BCLR
3 Opcode Destination 0 SR%uritﬁj Source-1 3-Operand
5 Bits 11 Bits gt 11 Bits General
4 Bits
Opcode Opcogie DN Bit Number, Source-1 3—Op¢rand
4a 5 Bits 0| Extension |0 4 Bits Count 11 Bits Restricted
5 Bits 5 Bits Dd=G1.op.imm
Opcode Source-2 3-Operand
4b OSpE(i)tge 1| Extension |0 4%ri]ts 0| Register Sflu Eﬁsl Restricted
5 Bits 4 Bits Dd=G1.op.D2
Opcode Immediate Source-1
5 5 Bits 16 Bits 11 Bits CMPI
6 Opcode Destination Immediate Move
5 Bits 11 Bits 16 Bits Immediate
Opcode Condi- Signed PC-Relative Offset Conditional Branch
7 5pBits tion P|C 0[20:0] P: Prediction Bit
4 Bits 21 Bits C: 16/32 CC select
o Opcode O[if:z An Signed P%'[Fzzg!g;'ve Offset CALL, MOVEAI
5 Bits 3 Bits 3 Bits 21 Bits O: Offset Field
o Opcode O%iﬂ An g[':;eg] Eafecnos‘?gn o7:s]| Am | o[4:0] |cALLI
5 Bits 3 Bits 3 Bits 5 Bits 5 Bits 3 Bits | 3 Bits 5 Bits O: Offset Field
Opcode Opcode DSP Immediate Source-1 DSP
10a . 0| Extension Control : .
5 Bits - . 5 Bits 11 Bits Imm src2
5 Bits 5 Bits
Opcode Opcode DSP Source-2 Source-1 DSP
10b 5 Bits 1| Extension Control 0| Register 11 Bits Req src2
5 Bits 5 Bits 4 Bits 9
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Table 4-3 defines the DSP Control bits.
Table 4-3 DSP Control Bit Definitions

Bit # | Symbol Definition

20 C When set, causes the result to be
clipped.

19 T When set, specifies that a 16-bit
Source-2 input should be taken from
the 16 most significant bits of the
Source-2 register (Dn or ACC_LO).

18 S Source 2 Select

1: Accumulator:
(s2=0:ACCO0, s2=1:ACC1)

0: A Dn register

17 |Reserved: Set to zero.

16 A Destination accumulator:
1. ACC1

0: ACCoOo

When Source 2 is an immediate value (Format 10a), the
S and T bits are ignored.

For a more detailed discussion of these DSP control bits,
see Section 4.3.2.

Figure 4-5 shows the 11-bit encodings used in the 11 bit
sourcel and source?2 instruction fields for the various
addressing modes.

1l 15 ly 13 b 1y g
0 1 1]A, AL Ag| 0 Ry R, Ry Ry
0 1 0 mililg I I 1o
0 0 1 8-BIT DIRECT ADDRESS
0 0 O 8-BIT SIGNED IMMEDIATE

I[6:0] — 7-bit unsigned immediate value that is left
shifted by 0, 1, or 2 depending on operand size.

I[3:0] — 4-bit signed immediate value that is left shifted
by 0, 1, or 2 depending on operand size.

M (Mode) — Selects post- (0), or pre- (1) addition of
increment mode.

A[2:0] — 3-bit Address Register Selection.

R[3:0] — 4-bit Data Register Selection.

Direct Address — 8-bit Direct Address specifier, left
shifted two bits to generate the byte address of a 32-bit
register in the direct address space.

Signed Immediate — 8-bit immediate value that is sign-

extended to 32 bits for use as an immediate operand.
Figure 4-5 Coding of Addressing Modes.

Table 4-4 specifies instruction formats and opcode
assignments for all the instructions described in the
preceding sections. Entries in the table are grouped by
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format, not by functionality. Refer back to Table 4-2 for
instruction formats. Opcode and opcode extension values
are given in hexadecimal.

Undefined instruction encodings include unassigned
opcodes and subops, and instruction bits set to 1 that are
defined to be zero. The result of executing an undefined
instruction is undefined.
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Table 4-4 CPU Instruction Encodings

) Opcodesqg
Type Mnemonic - - Notes
Primary Extension
Format 1: 2-operand
No-Operand Program Control <reserved> 00 00
SUSPEND 01
One-Operand Source RET 04
BKPT 07
Two-Operand NOT.4 0A
Data Movement and Unary Operations | NOT.2 0B
MOVE.4 ocC
MOVE.2 0D
MOVEA OE
MOVE.1 OF
SETCSR 12 5
EXT.2 15
EXT.1 17
LEA.4 1C
LEA.2 1D
LEA.1 1F
PDEC 1E
<reserved> 01 -
Format 2: BSET, BCLR
BSET 04 -
BCLR 05 -
<reserved> 06, 07 -
Format 3: 3-Operand, General
AND.2 08 -
AND.4 09 -
OR.2 0A -
OR .4 0B -
XOR.2 ocC -
XOR.4 0D -
ADD.2 OE -
ADD.4 OF -
ADDC 10 -
SUB.2 11 -
SUB.4 12 -
SUBC 13 -
<reserved> 14-17 -
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Table 4-4 CPU Instruction Encodings (continued)

i Opcodesqg
Type Mnemonic - - Notes
Primary | Extension
Format 4: 3-Operand, Restricted
BTST 02 06 3
CRCGEN 08 2
LSL.4 10
LSL.2 11
LSR.4 12
LSR.2 13
ASR.4 14
ASR.2 15
BFEXTU 16
BFRVRS 18
SHFTD 1A
MERGE 1C
SHMRG.2 1E
SHMRG.1 1F
<reserved> 03 -
Format 5: Compare Immediate
|CMPI 18 | - 3
Format 6: Move Immediate
| MOVEI 19 | - 4
Format 7: Conditional Branch
‘JMP<CC> 1A | -
Format 8: CALL, MOVEAI
CALL 1B -
MOVEAI 1C -
<reserved> 1D -
Format 9: Call Indirect
CALLI 1E -
<reserved> 1F -

www.ubicom.com
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Table 4-4 CPU Instruction Encodings (continued)

. Opcodesqg
Type Mnemonic - - Notes
Primary | Extension

Format 10: DSP

Src-2 can be Dn or ACCO or ACC1. MULS 06 00
MACS 01

Destination can be ACCO or ACC1. MULU 02

.C: clip result. MACU 03
MULF 04

.T: use top 16 bits of src-2. MACE 05

Multiplies are 16-bit. sreserved> 06
MACUS 07

Add/sub are 48-bit. <reserved> 08
MSUF 09
<reserved> OA-OF
MADD.4 10
MADD.2 11
MSUB.4 12
MSUB.2 13
<reserved> 14-1F

Notes:

w

1. Destination is implicit ACCO_HI, ACCO_LO, MAC_RC16 registers.
Destination field in instruction is coded as zero.

2. Destination is implicit CSR register (CCs).

If destination is data memory address, operand size is 16 bits.

4. Destination is coded with the direct register address of the CSR register.

38
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4.5 Detailed Instruction Reference

This section provides detailed information about each
instruction. These instructions are presented in
alphabetical order.

Table 4-5 shows the functional groups and lists the
instructions included in each group. For descriptions
applying to these instruction groups, see Section 4.3.

The following points apply to all instructions, in the
instruction description tables that follow:

e The “.size” field in instruction syntax refers to the data
memory width of operands, and not the instruction
width or the ALU result width; both the latter are
always 32-bits.

« With arithmetic, logical, and shift operations, if the
source is 16-hits, it is always sign extended to 32-bits
before the operation to match the width of the internal
data path. Only MOVE.1 and MOVE.2 zero-extend a
smaller source operand, when the destination is a 32-
bit register (i.e., any register in the register address
space — most frequently a data register). The 16-bit
condition codes allow operation with 16-bit unsigned
integers in memory.

» All arithmetic and logical operations are performed in
32-bit resolution. If the destination is in memory and
the instruction's operand size is only 16 bits, it is the
lower 16 bits of the 32-bit result that is written to
memory.

e The source-2 operand, for instructions with more than
one input operand, is always either a 32-bit data
register, or (in the case of shift and bit field
instructions) a 5-bit zero-extended immediate value.
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» Data registers, address registers, and other registers
in the register address space, used as source or
destination operands, are always 32-bits wide.

* An immediate 8-bit value in the source-1 operand
specifier is always sign-extended to 32-bits before
use.

» The detailed instruction descriptions indicate which
condition flags are set by each instruction. In general,
any instruction which computes a 32-bit result will set
both the N and Z flag bits. Only instructions that can
generate a carry or overflow will set the C or V bits.
BTST, BSET, and BCLR set only the Z bit. MOVE
instructions do not affect the flags.

 The indicated condition flag bits are always set
independently in both the 16- and 32-bit condition
codes. Thus, if a 32-bit result were all 0's in the lower
16 bits, but had some non-zero bits in the upper 16
bits, the 16-bit condition result would be 1 in the Z bit
and 0 in the N bit. The 32-bit result would be 0 in the
Z bit and a copy of bit 31 in the N bit.

Example: As the following two instructions demonstrate,
the size refers to data memory access size. The
arithmetic and logical operations are always performed at
32-bit resolution.

;op dest, s1, s2

ADD.2 (Al1),(A0),D2 ; Read 16-Bits —

; Add 32-bits —Store 16-bits

; Read 16-Bits —
; Add 32-bits —Store 32-bits

ADD.2 D1,(A0),D2

Table 4-5 Instructions Included in Each Functional Group

Functional Group

Instructions Included

Arithmetic and Logical Instructions

ADD.2, ADD.4, ADDC, AND.2, AND.4, CMPI, CRCGEN, LEA.1,
LEA.2, LEA.4, PDEC, NOT.2, NOT.4, OR.2, OR.4, SUB.2, SUB .4,
SUBC, XOR.2, XOR.4

DSP Instructions

MULS[.T], MACS[.C][.T], MULU[.T], MACUL.C][.T], MULF[.CI[.T],
MACF[.C][.T], MACUSI.C][.T], MSUFL.C][.T], MADD.2[.C][.T],
MADD.4[.C], MSUB.2[.C][.T], MSUB.4[.C]

Shift and Bit-Field Instructions

ASR.2, ASR.4, BFEXTU, BFRVRS, LSL.2, LSL.4, LSR.2, LSR.4,
MERGE, SHFTD, SHMRG.1, SHMRG.2

Single Bit Instructions

BTST, BSET, BCLR

Data Movement and Extension Instructions

MOVEI, MOVEAI, EXT.1, EXT.2, SETCSR, MOVE.1, MOVE.2,
MOVE.4, MOVEA,

Program Control Instructions

JMP<cc>.C.T/F, CALL, CALLI, RET, SUSPEND, BKPT

www.ubicom.com
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Table 4-6 lists the abbreviations and symbols used in the detailed instruction descriptions.

Table 4-6 Abbreviations and Symbols Used in the Detailed Instruction Descriptions

Symbol Descriptions

C Carry condition code bit (CSR register bit 0 for 16 bits or bit 4 for 32 bits). The C bit is set to the value of
the carry out for arithmetic operations where a carry out is a meaningful possibility (add, subtract, and
compare). For subtract and compare operations, the C bit contains the complement of the borrow. For
other operations, the bit remains unchanged from its value before the operations.

N Negative condition code bit (CSR register bit 3 for 16 bits or bit 7 for 32 bits). Set if result is negative,
cleared otherwise.

\% Overflow condition code bit (CSR register bit 1 for 16 bits or bit 5 for 32 bits). For arithmetic operations
where overflow is a meaningful possibility, the V bit is set if overflow occurs and cleared if it does not. For
other operations, the bit remains unchanged from its value before the operations.

4 Zero condition code bit (CSR register bit 2 for 16 bits or bit 6 for 32 bits). Set if result is zero, cleared
otherwise. For addc and subc the Z bit is cleared if the result is nonzero, and left unchanged if the result
is zero. This bit does not include any testing of carry bit.

0] DSP Overflow Status (sticky) condition code bit (CSR register bit 20). DSP instructions set this bit if the
result is not exact, but never clear it. When a DSP instruction sets this bit, the change is visible several
clocks after the DSP instruction.

SE48 | Sign extension to 48 bits.
SE32 | Sign extension to 32 bits.
ZE48 | Zero extension to 48 bits.
S16.15 | A 16-bit fractional value (S.15 format) that is sign-extended to 32 bits (S16.15 format).

XN n repetitions of bit X.

|l Concatenation of bits.

| Logical OR.

& Logical AND.

! Logical negation.

>>N Right shift by N bits.
<<N Left shift by N bits.

d General-purpose, 11-bit destination operand used to select a register, memory location, or an immediate
value.

sl General-purpose, 11-bit source operand used to select a register, memory location, or an immediate
value.

s2 Restricted 4- or 5-bit source operand used to select a data register or an immediate value.

[.T] (top) |In DSP instructions, indicates that the s2 input is from the 16 most significant bits of the s2 register.
[.C] (clip) |In DSP instructions, indicates that the result will be clipped before being stored in the target accumulator.
Dn, Dm |One of 16 data registers.
An, Am |One of 8 address registers.
#<val> |Immediate value.

Rn Any register.
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add.2 d, s1, Dn 16/32-Bit Add
add.4 d, s1, Dn
31 2726 16 (15|14 11|10 0
OPCODE DESTINATION SOURCE-2 SOURCE-1
add.2 01110 d 0 Dn sl
add.4 01111 d 0 Dn sl

www.ubicom.com

Operand size (bytes):2, 4
Flags affected: C, Z, N,V
Description: d<«sl1+Dn

For Add.2, the 16-bit value in s1 is added to the 16-bit value in Dn. The 16-bit result is stored in d.
For Add.4, the 32-bit value in s1 is added to the 32-bit value in Dn. The 32-bit result that is stored in d.
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addc d, s1, Dn

42

31

27

26

16

15

14

11

10

32-Bit Add with Carry

OPCODE

DESTINATION

SOURCE-2

SOURCE-1

10000

d

Dn

sl

Operand size (bytes):4
Flag affected: C,Z, N,V
d «s1 + Dn + C(32-bit C flag)

Description:

The 32-bit value in s1 is added to the 32-bit value in Dn. The 32-bit result is stored in d. If a carry occurs,
it is stored in C (bit 4 of the CSR register).

addc uses C to implement extended-precision arithmetic operations. The C flag is used for any carry
and borrow between 32-bit words of an extended operand.

The Z flag is treated differently for addc than for other instructions. If the result is nonzero, Z is cleared.
If the result is zero, Z is not changed. When adding multiprecision numbers, an add instruction will set
or clear Z for the least-significant 32 bits. Subsequent addc instructions can only clear Z. After the
sequence of add and addc instructions, Z will be set if the multiprecision result is zero.
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and.2 d, s1, Dn Logical AND
and.4 d, s1, Dn
31 27|26 16(15|14 11(10 0
OPCODE DESTINATION SOURCE-2 SOURCE-1
and.2 01000 d 0 Dn sl
and.4 01001 d 0 Dn sl

Operand size: 2,4
Flags affected: N, Z
Description: d «s1 AND Dn

The contents of s1 are combined with the contents of Dn in a bitwise logical AND operation. The result
is placed in d.
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asr.4 Dm, s1, #cnt
asr.2 Dm, s1, #cnt
asr.4 Dm, s1, Dn
asr.2 Dm, s1, Dn

a4

asr.4
asr.2

asr.4
asr.2

Arithmetic Shift Right

31 27|26 25 21]20|19 16|15 1 0
OPCODE e DESTINATION| ~ SOURCE-2 SOURCE-1
00O010|0/10100j0 Dm #ent sl
00010|0/1 01010 Dm #ent sl

31 27|26 25 21|20 |19 16|15 |14 1 0
OPCODE e DESTINATION| | SOURCE-2 SOURCE-1
0001011 0100/0 Dm Dn sl
0001011 01010 Dm Dn sl

Operand size (bytes):2, 4
Flags affected: N, Z

Description:

shct «Dn, or shct «+#cent
Dm «s1[31]5"! || s1[31:shct]

The contents of s1 are shifted right arithmetically. The number of bits to shift is specified by Dn or #cnt.

If s1is a 16-bit operand, it is sign-extended to 32 bits before the operation.
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bclr d, s1, #bit_num Bit Clear

www.ubicom.com

31 27|26 16|15 11|10 0

OPCODE DESTINATION SOURCE-2 SOURCE-1
00101 d #bit_num sl

Operand size (bytes):4
Flag affected: Z

Description:  Step 1: Test the bit in s1 indicated by #bit_num and set Z accordingly
(Z <bit).
Step 2: Clear the selected bit in d.

Note: Source and destination operands are typically the same, but this is not
required.
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bfextu Dm, s1, #cnt
bfextu Dm, s1, Dn

Bit Field Extract Unsigned

31 27|26|25 21|20|19 16{15 11{10 0
OPCODE
OPCODE EXTENSION DESTINATION| ~ SOURCE-2 SOURCE-1
00O010|0/10110/0 Dm #ent
31 27|26|25 21|20|19 16|15 14 11{10 0
OPCODE
OPCODE EXTENSION DESTINATION SOURCE-2 SOURCE-1
00010|1/1 0110/0 Dm 0 Dn

Operand size (bytes):4
Flag affected: N, Z

Description:

Extracts a bit-field from the 32-bit s1 operand and places it in the least-significant bits of Dm. Dn or #cnt
contains the parameters:

Bits 4:0: bit-field width;

Bits 12:8: bit-field start position (low-order bit);
(for the #cnt format, this field is always five zeros)

The result is zero-extended to 32 bits. If Length equals zero, then result equals zero.
If start + width > 32, bit positions > 32 are filled with zeros. See Figure 4-6.

This instruction is a combination of an Is| by “bit-field start”, followed an and.4 with

“bit-field width” bits.

46
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Bit Field
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Figure 4-6 Bit-Field Extract
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Breakpoint
31 2726 16|15 11]10 0
OPCODE EXTERaE SOURCE-1
00000OOO0OODOOODOOOOO|OO0O1I 112 sl

Operand size (bytes):n/a
Flags affected: none

Description:  PC «Address of bkpt instruction
MT_DBG_ACTIVE[thread] <0
For each thread T specified by s1,
MT_DBG_ACTIVE[T] «0
MT_BREAK([thread] «-1

The sl is a bit mask that indicates which additional contexts to suspend (by clearing their
MT_DBG_ACTIVE bits). The number of a bit set in the mask is the thread number that is to be
suspended. The thread that executes the bkpt instruction is always suspended.
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bset d, s1, #bit_num Bit Set

48

31 27|26 16|15 11|10 0

OPCODE DESTINATION SOURCE-2 SOURCE-1
00100 d #bit_num sl

Operand size (bytes):4
Flags affected: Z

Description:  Step 1: Test the bit in s1 indicated by #bit_num and set Z accordingly
(Z <bit).
Step 2: Set the selected bit in d.

Note: Source and destination operands are typically the same, but this is not
required.
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Bit Test
31 27|26 25 21|20 16|15 11]10 0
OPCODE e SOURCE-2 SOURCE-1
00010({0/00110({0000 0| #bit num sl
31 27|26 25 21|20 15|14 11]10 0
OPCODE EXTEREN SOURCE-2 SOURCE-1
00010/12/001 10000000 Dn sl

Operand size (bytes):4

Flags affected: Z
Z «1s1[bit]

The btst instruction tests a specified bit of the 32-bit s1 operand and sets the Z accordingly. The bit is
specified by the contents of Dn or #bit_num.

Description:

Note:

The btst instruction has no destination operand; it is used only for its effect on Z in CSR.
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call An, offset

50

31 27|26 24

23 21

PC-Relative Call to a Subroutine

20 0

OPCODE 0[23:21]

ADDRESS
REGISTER

SIGNED PC-RELATIVE OFFSET O[20:0]

110 1 1| offset

An

offset

Operand size (bytes):n/a

Flags affected: none

Description:  Step 1: An «PC+4
Step 2: PC «PC + signed offset

offset is two's complement, 26 bits (byte address) in assembly syntax. Only the most-significant 24 bits
(word address) are stored for the instruction. The processor shifts this 24-bit offset value left by two bits
before using it. The return address is saved in the An register selected.

Example:
CALL AO, CalcSpeed

Jump
save

PC-Relative to Subroutine and
return address in AO.
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Address Indirect Call to a Subroutine

31 27|26 24|23 21|20 1615 1l 8|7 5|4 0
OPCODE | O[15:13] | ADOREES | OFFSET[12:8] | renmen | OI7:5] | ACORESS | OFFSET[4:0]
1 1110|offset | An offset 0 0 0 O Of offset | Am offset

Operand size (bytes):n/a

Flags affected: none

Description:

Step2: An«PC +4
Step 3: PC «Target

Step 1: Target «<—~Am + signed 18-bit offset

offset is two's complement, 18 bits (byte address) in assembly syntax. Only the most-significant 16 bits
(word address) are stored for the instruction. The processor shifts this 16-bit offset value left by two bits
before adding it to the contents of Am. The return address is saved into An.

Example:
CALLI

A5, CheckParms(A6)

Jump indirectly to Subroutine and

save return address i

n A5.
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cmpi s1, #imm-16 Compare with Immediate Value
31 27|26 11|10 0
OPCODE SOURCE-2 SOURCE-1
11000 #mm-16 sl

52

Operand size (bytes):2
Flags affected: C, Z, N, V
Description: sl — (sign-extended #imm-16)

The C, Z, N, and V flags are set according to the results of the operation.

Note: There is no destination operand; this instruction is used only for its effect on the condition codes
in CSR.
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crcgen sl, Dn
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32-bit Incremental CRC Generation

31 27|26 |25 2120 16|15 1110 0
OPCODE e SOURCE-2 SOURCE-1

00010001 000/000O00O0 #poly sl

31 27|26 25 2120 15]14 1110 0
OPCODE EXTEREN SOURCE-2 SOURCE-1

00010|1|01 000/000O0O00O0 Dn sl

Operand size (bytes):1

Flags affected: none

Description:

ACCO_LO holds current CRC

sl specifies the next input byte

Dn or #poly specifies the generating polynomial
ACCO_LO «CRC(ACCO_LO, s1, s2)
ACCO_HI[23:0]«-ACCO0_HI[31:8]
ACCO_HI[31:24]«scrambled output byte
MAC_RC16 «S16.15(ACCO_HI, ACCO_LO)

This is a special-purpose instruction for efficient calculation of CRC values in message protocols, such
as Ethernet, and bit-stream scrambling. It models the operation of a Linear Feedback Shift Register
(LFSR) for any generating polynomial of order 32 or less. It processes eight bits of input at a time.
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ext.1d, sl

54

Sign-Extend Byte to 32 Bits

31 2726 16|15 1110 0
OPCODE
OPCODE DESTINATION EXTENSION SOURCE-1
000O00O d 10111 sl

Operand size (bytes):1
Flags affected: N, Z

Description:

d «(s1[7])?* || s1[7:0]

Sign-extend byte from source to 32-bits and store result to destination.

The sign extension is effective only if the destination is a register. If it is a memory destination, the
destination size, being the same as the source size, makes the operation equivalent to move.1. If the
source is a direct register, 8 bits is extracted from that register and sign-extended.

www.ubicom.com



ext.2d, sl

www.ubicom.com

IP51xx Data Sheet — March 28, 2007

Sign-Extend 16 Bits to 32 Bits

31 2726 16|15 1110 0
OPCODE
OPCODE DESTINATION EXTENSION SOURCE-1
000O00O d 10101 sl

Operand size (bytes):2
Flags affected: N, Z

Description:

Sign-extend 16-bit s1 to 32-bits and store result in d.

d «(s1[15])1° || s1[15:0]

The sign extension is effective only if the destination is a register. If it is a memory destination, the
destination size, being the same as the source size, makes the operation equivalent to move.2. If the
source is a direct register, 16 bits is extracted from that register and sign-extended.
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jmp<cc>.C.P offset PC-Relative Conditional Jump
31 27|26 2322|2120 0
CONDITION
OPCODE CODE P|C SIGNED PC-RELATIVE OFFSET
11010 cc |PlC offset

Operand size (bytes):n/a
Flags affected: none

Description:  If specified condition function evaluates to TRUE,
then: PC «PC + signed 23-bit offset
else: PC «PC + 4
cc: refer to Table 4-7 for definition of the condition codes
C: Condition code set select:
C = 0: Select 16-bit Condition Codes (S).
C = 1: Select 32-bit Condition Codes (W).
P: Branch prediction:
P = 0: Continue (F).
P = 1: Take branch (T).

offset is two's complement 23 bits (byte address) in assembly syntax. Only the most-significant 21 bits
(word address) are stored. The processor shifts this 21-bit offset value left by two bits before using it.

There are two sets of condition codes: 16-bit condition codes and 32-bit condition codes. It is up to the
programmer to choose the right set for conditional jump instructions, through the use of the size suffix
appended to the jump instruction. .S indicates use of the “short,” or 16-bit conditions codes, while .W
indicates use of the “word,” or 32-bit condition codes. If no size suffix is used, the assembler uses a
default of .W.

The IP51xx has static branch prediction, indicated by instruction suffixes .T and .F. The T indicates true
or “predict taken,” and F indicates false or “predict not taken.”

There is no branch delay slot; the instruction after the branch is not automatically executed. The branch
prediction indicator controls whether the next instruction fetched after the branch is on the “taken” or
“not taken™ pathl. If the branch prediction is subsequently found to be wrong, the fetched instruction is
annulled, and an instruction fetch for the correct path is issued.

56

1. In some cases, a fetch for the instruction on the "not taken" path may already have been issued, by default, before the
branch instruction is recognized. If the prediction is for "taken," that fetch will be annulled, and a new fetch for the "taken"
path will be issued. That fetch, in turn, could be annulled, if the branch, contrary to the prediction, resolves to "not taken."
Also note that if the actual branch resolution is available before the next instruction fetch for the thread is issued, the actual
resolution overrides any prediction.
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Examples:
JVPNE.S.T LOOP_BEGIN ; Jump Not-Equal using 16-bit CCs
; assuming branch is likely to occur.
JVPCS.W_F ERROR_COND ; Use 32-bit CCs, and assume no jump.
Table 4-7 Condition Codes
Codeqg cc Condition Test U%igigi%/d
0 F False 0 Both
1 CC (LO) | Carry Clear (Lower) IC Unsigned
2 CS (HS) | Carry Set (Higher or Same) | C Unsigned
3 EQ Equal z Both
4 GE Greater or Equal (N&V) + (IN&!V) Signed
5 GT Greater Than (N&V&!Z) + (IN&!V&!Z) | Signed
6 HI Higher Than C&lz Unsigned
7 LE Less or Equal Z + (N&!V) + (IN&V) Signed
8 LS Lower or Same IC+Z Unsigned
9 LT Less Than (N&!V) + (IN&V) Signed
10 MI Minus N Signed
11 NE Not Equal 1z Both
12 PL Plus IN Signed
13 T True 1 Both
14 VC Overflow Clear v Signed
15 VS Overflow Set V Signed
Notation:
& Indicates logical AND operation.
! Indicates logical negation.
+ Indicates logical OR.
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lea.4 d, sl Load Effective Address
lea.2d, sl
lea.1d, sl
31 27|26 15 11 0
OPCODE DESTINATION EXTERaE SOURCE-1
lea.4 00000O0 d 11100 sl
lea.2 00000O0 d 11101 sl
lea.1 000O00O0 d 11111 sl
Operand size (bytes):1, 2,4
Flags affected: none
Restriction: s1 must not be a register.
Description:  d «EA(s1)
Calculates the effective address (EA) for s1 and stores the address in the d.
The destination operand is always 32 bits. If the destination operand is an address register (An) and
the Destination Thread Select bit in CSR is not set, then a fast path eliminates hazards with a later An
use.
Examples:
moveail AO, #%hi(symbol)
lea.4 Al, %lo(symbol)(AO) :; Word address of symbol into Al
lea.2 A2, %lo(symbol)(AO) :; Half word address of symbol into A2
lea.1 A3, %lo(symbol)(AO) : Byte address of symbol into A3
lea.4 A5, (A0,D4) ; A5 = A0 + (4*D4)
lea.2 A6, (A0,D4) ; A6 = A0 + (2*D4)
lea.1 A7, (AO,D4) ; A7 = A0 + (1*D4)
lea.2 A0, 4(A0) ; AO = A0 + 4 with no bypass hazard
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Isl.4 Dm, s1, #cnt Logical Shift Left
Isl.2 Dm, s1, #cnt

Isl.4 Dm, s1, Dn
Isl.2 Dm, s1, Dn

31 27|26 25 21]20|19 16|15 1110 0
OPCODE e DESTINATION|  SOURCE-2 SOURCE-1
Isl.4 00010(0/10000O0|O0 Dm #ent sl
Isl.2 00010(0/2 00010 Dm #ent sl
31 27|26 25 21|20 |19 16|15 |14 1110 0
OPCODE e DESTINATION| | SOURCE-2 SOURCE-1
Isl.4 00010|1/1 0000j0 Dm 0 Dn sl
Isl.2 00010(1/]2 00010 Dm 0 Dn sl

Operand size (bytes):2, 4

Flags affected: N, Z

Description:  Dm «s1[(31-Dn):0] || 0P"
Dm «s1[(31—#cnt):0] || 0#C™

The contents of s1 are shifted left, inserting zeros into the emptied bits. The result is placed in Dm. The
number of bits to shift is specified by Dn or #cnt.

If s1is a 16-bit operand, it is sign-extended to 32 bits before the operation.

www.ubicom.com 59



|IP51xx Data Sheet — March 28, 2007

Isr.4 Dm, s1, #cnt
Isr.2 Dm, s1, #cnt
Isr.4 Dm, s1, Dn
Isr.2 Dm, s1, Dn

Isr.4
Isr.2

Isr.4
Isr.2

Logical Shift Right

31 27|26 25 21]20|19 16|15 1110 0
OPCODE e DESTINATION| ~ SOURCE-2 SOURCE-1
00O010|0/10010j0 Dm #ent sl
00010|0/1 00110 Dm #ent sl

31 27|26 25 21|20 |19 16|15 |14 1110 0
OPCODE e DESTINATION| | SOURCE-2 SOURCE-1
00010{1j1 0010j0 Dm Dn sl
00010|2j1 00110 Dm Dn sl

Operand size (bytes):2, 4
Flags affected: N, Z

Description:

Dm «0P" || s1[31:Dn]

Dm 0%t || s1[31:#cnt]

The contents s1 are shifted right, inserting zeros into the emptied bits. The result is placed in Dm. The
number of bits to shift is specified by Dn or #cnt.

If s1is a 16-bit operand, it is sign-extended to 32 bits before the operation.
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macf[.C][.T] acc, s1, #imm

macf[.C][.T] acc, s1, s2
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16 x 16-bit Signed Fractional Multiply-Accumulate

31 27|26|25 21{20 16{15 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/0/00101|CTSO0A #imm sl
31 27|26|25 21{20 15|14 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/]/00101|CTSO0A|O s2 sl

Operand size (bytes):2

Flags affected: O

Description:

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0]:ACCO_LO} +
SE48((s1 * #imm)<<1)
ACCn_HI[31:16] =0

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0:ACCn_LO} +
SE48((s1 * s2)<<1)
ACCO_HI[31:16] = 0

Fractional multiply has an implicit left-shift by one; otherwise, it would end up with two sign bits.

s2 can be either Dn or acc; acc can be either ACCO or ACC1.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.

Sticky O bit is only set, never cleared by these instructions.

The macf instruction performs a multiply-accumulate function on 16-bit fixed point fractional data types
(S.15), most commonly used by Digital Signal Processing algorithms. macf performs an implicit mulf
operation and adds the 32-bit result to the 48-bit accumulator value. The format of the accumulator is

S16.31.
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macs[.C][.T] acc, s1, #imm
macs][.C][.T] acc, s1, s2

62

16 x 16-bit Signed Integer Multiply-Accumulate

31 27|26|25 21{20 16(15 1 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/0/00001|CTSO0A #imm
31 27|26|25 21{20 15|14 11 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/]00001|CTSO0A|O s2

Operand size (bytes):2

Flags affected: O

Description:

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0]:ACCO_LO} +
SE48(s1 * #imm)

ACCn_HI[31:16] = 0

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0:ACCn_LO} +

ACCO_HI[31:16]1=0
s2 can be either Dn or acc; acc can be either ACCO or ACCL1.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.

SE48(s1 * s2)

Sticky O bit is only set, never cleared by these instructions.

The macs instruction performs a multiply-accumulate function on 16-bit fixed point signed data types
(S.15), most commonly used by Digital Signal Processing algorithms. macs performs an implicit muls
operation and adds the 32-bit result to the 48-bit accumulator value. The format of the accumulator is

S16.31.
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macu[.C][.T] acc, s1, s2
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16 x 16-bit Unsigned Integer Multiply-Accumulate

31 27|26|25 21{20 16{15 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/{0/00011|CTSO0A #imm sl
31 27|26|25 21{20 15|14 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/]/00011|CTSO0A|O s2 sl

Operand size (bytes):2

Flags affected: O
{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0]:ACCO_LO} +

Description:

ACCn_HI[31:16] = 0

ZEA8(s1 * #imm)

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0:ACCn_LO} +
ZE48(s1 * s2)

ACCO_HI[31:16]1=0
s2 can be either Dn or acc; acc can be either ACCO or ACCL1.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.

Sticky O bit is only set, never cleared by these instructions.

The macu instruction performs a multiply-accumulate function on 16-bit fixed point unsigned data types
(S.15), most commonly used by Digital Signal Processing algorithms. macu performs an implicit mulu
operation and adds the 32-bit result to the 48-bit accumulator value. The format of the accumulator is

S16.31.
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macus[.C][.T] acc, s1, #imm

macus|.C][.T] acc, s1, s2

64

16 x 16-bit Unsigned Integer Multiply-Shift-Accumulate

31 27|26|25 21{20 16(15 1 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/0/00111|CTSO0A #imm
31 27|26|25 21{20 15|14 11 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110(/1/]00111|CTSO0A|O s2

Operand size (bytes):2

Flags affected: O

Description:

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0]:ACCO_LO} +
((s1 * #imm)<<16)

ACCn_HI[31:16] = 0

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0:ACCn_LO} +

ACCO_HI[31:16]1=0
s2 can be either Dn or acc; acc can be either ACCO or ACCL1.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.

((s1 * s2)<<16)

Sticky O bit is only set, never cleared by these instructions.

The macus instruction performs a multiply-accumulate function on 16-bit fixed point unsigned data

types (S.15), most commonly used by Digital Signal Processing algorithms. macus performs an implicit
mulu operation and shifts the 32-bit result left by 16 bits before adding it to the 48-bit accumulator. This
instruction supports fast multi-precision multiplies.
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madd.2[.C][.T] acc, s1, s2
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48-bit Add
31 27|26 25 21|20 15|14 11]10 0
OPCODE ExremEN | DsP CcoNTROL SOURCE-2 SOURCE-1
madd.4 00110/1{1 0000|/CTSO0A|O s2 sl
madd.2 00110|1/]1 0001{CTSO0A|O s2 sl

Operand size (bytes):2, 4
Flags affected: O

{ACCn_HI[15:0]:ACCn_LO} «-SE48(s1) + SE48(s2)
ACCn_HI[31:16] =0

s2 can be either Dn or acc; acc can be either ACCO or ACC1.

Description:

If s2 specifies an accumulator, the entire 48-bit accumulator is used, and the T bit must be zero.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.

For definitions of the DSP control bits, see Table 4-3.

Sticky O bit is only set, never cleared by these instructions.

The madd instruction performs an addition function on signed 48-bit integers. The result is sign-
extended to 48 bits and stored in ACCO_HI and ACCO_LO. The upper 16 bits of ACCO_HI are cleared.
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msub.4[.C] acc, s1, s2 48-bit Subtract
msub.2[.C][.T] acc, s1, s2

66

31 27|26 25 2120 15]14 1110 0
OPCODE ExremEN | DsP CcoNTROL SOURCE-2 SOURCE-1
msub.4 00110|1|11 0010[CTSO0A|O s2 sl
msub2 00110{1j1 001 1/CTSO0A|O s2 sl

Operand size (bytes):2, 4

Flags affected: O

Description:  {ACCn_HI[15:0]:ACCn_LO} «-SE48(s1) - SE48(s2)
ACCn_HI[31:16]1=0

s2 can be either Dn or acc; acc can be either ACCO or ACCL1.

If s2 specifies an accumulator, the entire 48-bit accumulator is used, and the T bit must be zero.

For MSUB.2, s2 is always 16 bits. If sl is a register, it is 32 bits. Where s1 and s2 are equal, the
difference (for example, MSUB.2 acc, Dx, Dx) is not necessarily zero.

If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.
Sticky O bit is only set, never cleared by these instructions.

The msub instruction performs a subtraction function on signed 48-bit integers. The result is sign-
extended to 48 bits and stored in ACCO_HIl and ACCO_LO. The upper 16 bits of ACCO_HI are cleared.
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msuf[.C][.T] acc, s1, #imm
msuf[.C][.T] acc, s1, s2

www.ubicom.com

IP51xx Data Sheet — March 28, 2007

16 x 16-bit Signed Fractional Multiply-Subtract

31 27|26|25 21{20 16{15 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110{0/01001|CTSO0A #imm sl
31 27|26|25 21{20 15|14 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/]01001|CTSO0A|O s2 sl

Operand size (bytes):2

Flags affected: O

Description:

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0]:ACCO_LO} -
SE48((s1 * #imm)<<1)
ACCn_HI[31:16] =0

{ACCn_HI[15:0]:ACCn_LO} «{ACCn_HI[15:0:ACCn_LO} -
SE48((s1 * s2)<<1)
ACCO_HI[31:16] = 0

Fractional multiply has an implicit left-shift by one; otherwise, it would end up with two sign bits.

s2 can be either Dn or acc; acc can be either ACCO or ACC1.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.

Sticky O bit is only set, never cleared by these instructions.

The msuf instruction performs a multiply-subtract function on 16-bit fixed point fractional data types
(S.15), most commonly used by Digital Signal Processing algorithms. msuf performs an implicit mulf
operation and subtracts the 32-bit result from the 48-bit accumulator value. The format of the
accumulator is S16.31.
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merge Dm, s1, #imm
merge Dm, s1, Dn
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Bitwise Merge

31 2712625 21120|19 16|15 11|10 0
OPCODE
OPCODE EXTENSION DESTINATION SOURCE-2 SOURCE-1
00010/0/11100]0 Dm #imm sl
31 27126 |25 21120|19 16|15|14 11|10 0
OPCODE
OPCODE EXTENSION DESTINATION SOURCE-2 SOURCE-1
00O010/1/11100|0 Dm 0 Dn sl

Operand size (bytes):4
Flags affected: N, Z

Restriction:

(msk) before the operation.

Description:

Dm «(s1 & msk) | (#imm & 'msk)
Dm «(s1 & msk) | (Dn & Imsk)

The merge instruction takes s1 and either Dn or #imm, merges their bits, and places the result in Dm.
Selection of bits is controlled by msk. Where there is a 1 in the msk, that bit from s1 is merged and
replaces the corresponding bit from Dn. See Figure 4-7.

This is a 32-bit merge that operates as follows:

Note: #imm is zero-extended to 32 bits for this instruction.
SOURCES Register Mask 1s
Source 1 Bit Field
A
Destination Bit Field
2 2
Source 2 Bit Field Bit Field

Figure 4-7 Merge Operation

SOURCES3 register must be loaded with a 32-bit selection control mask

The merge instruction performs the merge operation atomically, with respect to other threads that may
be running. If s1 and Dm are the same register, the merge becomes an atomic read-modify-write
operation-again with respect to other threads. However, if the destination is a peripheral register, the
operation is not atomic, with respect to the peripheral hardware. The latter will first see a read followed

shortly by a write.
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move.4 d, sl Move
move.2 d, sl
movead, sl
move.ld, sl
31 27|26 16|15 11]10 0
OPCODE DESTINATION EPCODE SOURCE-1
move.4 000O00O0 d 01100 sl
move.2 000O00O0 d 01101 sl
moveA 000O00O d 01110 sl
move.1 000O00O d 01111 sl
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Operand size (bytes):1, 2, 4
Flags affected: none

Description: d<«sl

8-Bit Move:

If d is a directly addressed register, then the upper 24 bits (31:8) are cleared to zero.
16-Bit Move:

If d is a directly addressed register, then the upper 16 bits (31:16) are cleared to zero.

Both the s1 and the d address must be two-byte aligned, The least-significant bit of the addresses must
be zero; otherwise, the result is architecturally undefined.

32-Bit Move:

Moves a long word from source to destination.

Both the s1 and the d address must be quad-byte aligned, The two least-significant bits of addresses
must be zero; otherwise, the result is architecturally undefined.

For movea, if the destination causes a cache miss, and the destination address is a multiple of 32, the
cache line is not read from memory, and the other 28 bytes on that cache line are undefined.

Examples:

move.4 D1,D2

move.1l D1,(AO)

move.4 D9,PORTA_DATA ; Register addressing mode
move.2 (Al)2++,(A2)2++

move.2 D4,COEF64(A6)

move.4 (SP)4++,A0 ; Saves address register to stack
move.4 AO0,DO ; Moves DO —AO

move.4 DO,PARAMETER(SP) ; PARAMETER = Pos. mod-4 number
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moveai An, #imm-24
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Move 24-bit Address Immediate Value

31 2726 21 20 0
OPCODE O[23:21] |pEoREEn SIGNED PC-RELATIVE OFFSET O[20:0]
11 1 0 Of#mm-24 An #imm-24

Operand size (bytes):4

Flags affected: none

Description:

Moves the value in #imm-24 into bits [30:7] of An. Bit 31 and bits [6:0] of An
are cleared.

When the destination address register is used as a base register in an addressing mode with a 7-bit
offset, it provides immediate addressability to any data location in two gigabytes of data address space.

A special bypass mechanism in the pipeline enables an address register that has been loaded via
moveai to be used immediately by the following instruction, without the 3-cycle address register load-
to-use delay that applies for other address register loads.
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Move 16-Bit Immediate Value

27|26 16|15 0

OPCODE DESTINATION SOURCE-1

1

1001 d #imm-16

Operand size (bytes):4, 2

Flags affected: none

Description:

if (destination is a directly addressed register)
then

d «SE32(#imm16)

else destination is a data memory address, so
d «#imm16 ; 2-byte destination size
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mulf[.C][.T] acc, s1, #imm

mulf[.C][.T] acc, s1, s2

16-bit Signed Fractional Multiply

31 27|26|25 21{20 16(15 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/0/00100/CTSO0A #imm
31 27|26|25 21{20 15|14 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/]/00100|CTSO0A|O s2

Operand size (bytes):2

Flags affected: O

Description:

ACCO_HI[31:16] = 0

{ACCn_HI[15:0]:ACCn_LO} «-SE48((s1 * #imm)<<1)

{ACCn_HI[15:0]:ACCn_LO} «-SE48((s1 * s2)<<1)
ACCO_HI[31:16] =0

Fractional multiply has an implicit left-shift by one; otherwise, it would end up with two sign bits.

s2 can be either Dn or acc; acc can be either ACCO or ACC1.

If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.

For definitions of the DSP control bits, see Table 4-3.

Sticky O bit is only set, never cleared by these instructions.

The mulf instruction performs a multiply function on 16-bit fractional data types (S.15) most commonly
used by Digital Signal Processing algorithms. This instruction generates a 32-bit number in the S.31

format, sign-extends the 32-bit result to 48 bits, and stores the result to the 48 least-significant bits of
ACCO_HIland ACCO_LO. The upper 16 bits of ACCO_HI are cleared. #imm represents a number in the
range 0 to 31*2715,
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muls[.T] acc, s1, #imm
muls[.T] acc, s1, s2
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16-bit Signed Integer Multiply

31 27|26|25 21{20 16{15 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/{0/00000|CTSO0A #imm sl
31 27|26|25 21{20 15|14 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/00000|CTSO0A|O s2 sl

Operand size (bytes):2

Flags affected: none

{ACCn_HI[15:0:ACCn_LO} «-SE48(s1 * #imm)
ACCn_HI[31:16] =0

Description:

{ACCn_HI[15:0]:ACCn_LO} < SE48(s1 * s2)
ACCn_HI[31:16] = 0

s2 can be either Dn or acc; acc can be either ACCO or ACC1.

If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.

For definitions of the DSP control bits, see Table 4-3.

The muls instruction performs a multiply function on signed 16-bit integers. The result is sign-extended
to 48 bits and stored in ACCO_HI and ACCO_LO. The upper 16 bits of ACCO_HI are cleared.
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mulu[.T] acc, s1, #imm
mulu[.T] acc, s1, s2
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16-bit Unsigned Integer Multiply

31 27|26|25 21{20 16(15 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL |  SOURCE-2 SOURCE-1
00110/0/00010/CTSO0A #imm
31 27|26|25 21{20 15|14 11{10 0
OPCODE
OPCODE EXTENSION | DSP CONTROL SOURCE-2 SOURCE-1
00110{1/]00010|[CTSO0A|O s2

Operand size (bytes):2

Flags affected: none

{ACCn_HI[15:0]:ACCn_LO} «ZE48(s1 * #imm)
ACCn_HI[31:16] =0

Description:

{ACCNO_HI[15:0]:ACCn_LO} «ZE48(s1 * s2)

ACCO_HI[31:16]=0
s2 can be either Dn or acc; acc can be either ACCO or ACCL1.
If the destination is ACCO, the MAC_RC16 register will get the rounded and clipped result.
For definitions of the DSP control bits, see Table 4-3.

The mulu instruction mulu performs a multiply function on unsigned 16-bit integers. The result is zero-
extended to 48 bits and stored in the ACCO_HI and ACCO_LO registers.
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not.4d, sl Logical Negation
not.2d, sl
31 27|26 1615 1110 0
OPCODE DESTINATION EPCODE SOURCE-1
not.4 000O00O d 01010 sl
not.2 000O00O d 01011 sl

Operand size (bytes):2, 4
Flags affected: N, Z
Description: d«NOT sl

Performs a bitwise logical NOT operation on the contents of s1. The result is placed in d.
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or.2d, sl1,Dn Logical OR
or.dd, s1, Dn
31 27|26 16|15|14 11|10 0
OPCODE DESTINATION SOURCE-2 SOURCE-1
or.2 01010 d Dn sl
or.4 01011 d Dn sl
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Operand size (bytes):2, 4

Flags affected: N, Z

Description: d«s1ORDn

Combines the contents of s1 with the contents of Dn in a bitwise logical OR operation. The result is

placed in d.
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pdec d, sl Indirect with Offset
31 2726 16|15 11]10 0
OPCODE DESTINATION EXTERaE SOURCE-1
00O0O00O d 11110 sl

Operand size (bytes):4
Flags affected: none
Description:  d «EA(sl)

Identical to lea.4, except that the 7-bit offset in base+offset addressing mode is extended to 32 bits by
adding 21 one-bits (121 || 7-bit immediate || 00).
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ret sl
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Return from Subroutine

31 2726 16|15 11]10 0
OPCODE EXTERaE SOURCE-1
00000OOO0OODOOODOOOO|OO1O00O0 sl

Operand size (bytes):n/a
Flags affected: none
Description: sl —PC

The s1 operand is conventionally specified as SP or A7, but this is not a requirement.
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setcsr sl
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32-Bit Move to CSR

31 2726 16|15 1110 0
OPCODE
OPCODE DESTINATION EXTENSION SOURCE-1
000O00O CSR 10010 sl

Operand size (bytes):4

Flags affected: none

Description:

CSR of current context «s1

This instruction is used to switch context back, since changing the destination context field of CSR is
otherwise not possible to undo.

The assembler encodes the destination field with the direct register address of the CSR register.
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shftd Dm, s1, #imm
shftd Dm, s1, Dn
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Shift Double
31 2712625 21120|19 16|15 11|10 0
OPCODE
OPCODE EXTENSION DESTINATION SOURCE-2 SOURCE-1
00010/0/11010]0 Dm #imm sl
31 27126 |25 21120|19 16|15|14 11|10 0
OPCODE
OPCODE EXTENSION DESTINATION SOURCE-2 SOURCE-1
00O010/1{11010/0 Dm 0 Dn sl

Operand size (bytes):4

Flags affected: N, Z

SOURCES3 register must be loaded with a 32-bit value to be shifted before
the operation.

Restriction:

Description:

sl is a 32-bit operand.

64-bit funnel shift that operates as follows:
Dm «{(SOURCES3 || s1) >> #imm)[31:0]

Dm ««((SOURCE3 || s1) >> Dn[4:0])[31:0]

Sometimes a bit field spans word boundaries. The shift-double instruction, shftd, facilitates access to
such fields. It uses a 64-bit funnel shifter to right-shift two 32-bit source operands that are concatenated.
The shift count comes from Dn or #imm and one of the shifter inputs from the SOURCES register. The
operation is illustrated in Figure 4-8.

SOURCES3 Register

Bit Field

Source 1

Bit Field

Destination

— Shift Count—

Bit Field

Bit Field

Figure 4-8 Shift-Double (shftd) Instruction
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shmrg.2 Dm, s1, #imm
shmrg.1 Dm, s1, #imm
shmrg.2 Dm, s1, Dn
shmrg.1 Dm, s1, Dn
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shmrg.2
shmrg.1

shmrg.2
shmrg.1

Operand size (bytes):1, 2

Shift and Merge

31 27|26 25 21]20|19 16|15 1110 0
OPCODE e DESTINATION|  SOURCE-2 SOURCE-1
000100111100 Dm #imm sl
000100211110 Dm #imm sl

31 27|26 25 21|20 |19 16|15 |14 1110 0
OPCODE e DESTINATION| | SOURCE-2 SOURCE-1
0001011 1110}0 Dm Dn sl
0001022111110 Dm Dn sl

Flags affected: N, Z

Description:

Shift and merge 1 byte:

Dm «(Dn << 8) | (s1 & 0x000000FF)
Dm «(#imm << 8) | (s1 & 0xO00000FF)

Shift and merge 2 bytes:
Dm ««(Dn << 16) | (s1 & 0XO000FFFF)
Dm «(#imm << 16) | (s1 & 0XxO000FFFF)

Because the CPU requires memory operands to be aligned in accordance with the operand size, there
is an issue of how to access unaligned data fields within byte streams or external data structures. The
shift and merge instructions, shmrg.1 and shmrg.2, support assembly of larger operands from byte or
short word data streams, respectively.
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sub.2d, s1, Dn
sub.4d, s1, Dn

sub.2
sub.4

31 27

26

16/32-Bit Subtract

16|15 |14 11|10 0
OPCODE DESTINATION SOURCE-2 SOURCE-1

10001 d Dn sl

10010 d Dn sl

Operand size (bytes):2, 4
Flags affected: C, Z, N, V

Description:

d«sl -

Dn

The contents of Dn are subtracted from the contents of S1. The result is placed in d.
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subc d, s1, Dn 32-Bit Subtract with Carry
31 27|26 16(15|14 11(10 0
OPCODE DESTINATION SOURCE-2 SOURCE-1
10011 d 0| Dn sl
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Operand size (bytes):4
Flags affected: C, Z, N, V

Description: d «sl1 - Dn-!C (32-bit C Flag)
where: C = 1 if there is no borrow.

The contents of Dn are subtracted from the contents of s1. The result is placed in d. If a carry occurs,
Cissetto 1.

subc uses the C flag in the 32-bit condition code to implement extended-precision arithmetic
operations. The C is used for any carry and borrow between different 32-bit words of an extended
operand. (There is no subc.2.) The complement of the C on input is the borrow value for the operation.
The borrow is effectively added to the right-hand operand (the subtrahend) before it is subtracted from
the left-hand operand. (In practice, what that means is that, whereas normal subtraction is implemented
by adding the logical complement of the right-hand operand to the left-hand operand, with a forced 1 as
carry in, subc uses the input value of the C as the carry in.)

Z is treated differently for subc than for other instructions. If the result is nonzero, Z is cleared, but if the
result is zero, Z is not changed.
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suspend Suspend
31 27|26 16|15 11(10 0
OPCODE EXTENSION

00000O0OO0OO0OO0O0OCOOOOOO|0OOOO1|000000O0COO0OBO0O

Operand size (bytes):n/a

Flags affected: none

Description:  PC «-Address of next instruction

MT_ACTIVE[thread] <0
Suspends the current thread until an interrupt condition for that thread occurs.
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xor.2d, s1, Dn Logical Exclusive-OR
xor.4 d, s1, Dn
31 27126 16|15|14 11|10 0
OPCODE DESTINATION SOURCE-2 SOURCE-1
xor.2 01100 d 0 Dn sl
xor.4 01101 d 0 Dn sl

Operand size (bytes):2, 4
Flags affected: Z, N
Description: d«sl1 XOR Dn

Combines the contents of s1 with the contents of Dn in a bitwise logical Exclusive-OR operation. The
result is placed in d.
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5.0 Programmer’s Reference

5.1 IP51xx Startup and Initialization

At startup, or after reset, thread 0 is active and
schedulable (bit 0 in MT_EN, MT_ACTIVE, and
MT_DEBUG_ACTIVE are set to 1). All other threads are
disabled. Thread 0 begins execution at a fixed flash ROM
address (6000 0000) and is responsible for these
initialization steps:

1. Load the instruction SRAM.

2. Load the HRT table and all thread control registers
(including PC).

3. Initialize global semaphores and shared memory.

When the initialization is complete, thread 0 enables the
other initialized threads, which then are free to execute.

5.2 Interrupt Handling

The multithreaded nature of the Instruction Set
Architecture enables a much more efficient alternative to
a traditional vectored interrupt system. This section
describes how that alternative works, and how
applications can be structured to take advantage of it.

5.2.1 Context Switching

There are two types of context switching: hardware and
software.

Hardware context switching is the switching between
different physical contexts maintained by the
multithreading hardware. The overhead for this type of
context switch is zero. The processor can switch from
execution in thread A to thread B with no cycles lost to any
switching overhead.

Software context switching is what an RTOS does when it
preemptively suspends the execution of the currently
running task in order to reassign the processor resource
that the task was using to a newly enabled task of a higher
priority. This is also what has to happen in systems with
vectored interrupts. Because the transfer s
asynchronous, the ISR has no way of knowing what
registers the interrupted task was using or whether the
RTOS will even return to that task after the interrupt has
been handled. The ISR must save the full context of the
interrupted task before it begins to do its own work.

Unlike the zero-overhead hardware context switch, a
software context switch is no less expensive on the
IP51xx processor than it is on most other processor
architectures. If anything, it can be more expensive
because of the larger number of physical registers that

86

must be saved and restored, and the inability for software
to save or restore more than one register per cycle. As a
result, software context switching should be avoided as
much as possible.

5.2.2 Avoiding Software Context

Switching

The multithreading architecture makes it easy to avoid
most software context switching. Rather than preempting
a running task in order to use its thread resources,
interrupts can be handled in one or more other threads
dedicated to that purpose.

When there are no interrupts that need to be handled, the
interrupt handling threads are suspended and consume
no processor cycles. When an interrupt is asserted, it
enables the execution of its handler thread. The handler
thread, having higher priority, preempts processor cycles
that would otherwise have been allocated to some other
thread, but it does not use any of the context resources of
the threads it displaces. There is no interrupt context that
it needs to save, so the interrupt handler can begin
immediately to service the interrupt.

The two 32-bit interrupt mask registers (INT_MASKO and
INT_MASK1) allow the thread-scheduling logic fine-
grained control as to which interrupt signals are seen by
which threads. A thread can be:

* Shielded from all interrupts.

» Set up to respond to one particular interrupt or a
particular set of related interrupts.

» Set up to respond to all interrupts that do not have
their own dedicated handler threads.

The most time-critical interrupts will have dedicated, HRT
threads waiting to respond to them the instant they are
asserted. Less critical interrupts can be grouped for
handling by a common handler thread. In that case, the
handler does not automatically know which interrupt will
occur next, and a small overhead is paid at the start of the
handler’'s execution to identify which interrupt has
awakened it. This overhead can be on the order of ten
cycles (including the branch to the appropriate sub-
handler), which is still an order of magnitude less than the
overhead incurred for a software context switch.
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5.2.3 Minimizing Interrupt Latency

When one thread handles multiple independent
interrupts, it is not guaranteed that the thread will be
suspended and waiting for an interrupt when the next
interrupt arrives. In order to avoid the cost of a forced
software context switch, the new interrupt does not
preempt the handling of a previous interrupt. Instead, it
waits (pending) until the handler has completed its
response to the prior interrupt. At that point, the handler
issues a suspend operation to wait for the next interrupt
that it is configured to handle. The presence of the
pending interrupt causes the thread to immediately re-
awaken so that the suspend effectively becomes a no-op,
even though pipeline timing may not be identical.

The latency incurred while an interrupt waits for a
common interrupt handler to finish responding to a
previous interrupt is conceptually no different from the
latency incurred, in a vectored priority interrupt system,
when a lower priority interrupt must wait while a higher
priority interrupt is handled. For the IP51xx’s interrupt
system, the latency tends to be lower, because interrupt
handlers are not saddled with the overhead of software
context switching. And, of course, the latency can be
avoided altogether, for critical interrupts, simply by
assigning the interrupt its own handling thread. It does,
however, suggest that as a matter of design policy,
interrupt handlers should be kept short. If an interrupt
requires an extended response, the handler should simply
1) read and save any critical information needed for
interrupt response, and 2) signal the RTOS to activate a
task that does the extended processing required to fully
respond to the interrupt.

5.2.4 Creating a Traditional ISR Structure

The inclusion of multithreading features in the IP51xx core
does not preclude the use of a traditional Interrupt Service
Routine (ISR) structure. In most processor architectures
there are two threads: the mainline code that executes
most of the time, and the ISR that executes periodically
and mutually exclusively with the mainline code.

By using two threads, a traditional ISR can be created.

The mainline code is executed in one or more low priority
NRT threads. The ISR is a thread that is high priority NRT.
By using this set of thread priorities each mainline thread
will be completely excluded by the higher priority ISR
thread, creating the same scheduling mechanism as a
traditional ISR.
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5.3 Using the Debug Port

The Debug Port provides a test interface through which
an external host can access internal resources within the
IP51xx for debug purposes. The signals on the Debug
Port are described in Section 6.10.

Section 5.3.1 explains how the host communicates with
the debug port and lists the available host commands.

Section 5.3.2 lists the debug port registers, and shows
how the various debug commands access these
registers.

Section 5.3.3 lists a variety of debug operations that can
be performed, and details the command sequences that
can accomplish each of these operations.

5.3.1 Debug Commands

The host communicates with the debug port by issuing
40-bit packets. A packet consists of an 8-bit opcode, and
a 32-bit payload. The 8-bit opcode consists of a O followed
by a 7-bit command.

Registers in the debug port which are accessible by the
host are addressed by the command. Each Host access
consists of two packets — one packet is sent from the
host to the debug port and one packet is sent to the host
from the debug port. The latter, which is also 40 bits,
consists of a 0 followed by the previous opcode followed
by the data which is expected by that (previous)
command. This provides the host with a mechanism to
read back the content of one or more specified registers.
Some host commands set or clear registers. Others write
the content of packet's payload to a register, or read back
a register.

Table 5-1 shows the available host commands.
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Table 5-1 Debug Interface Host Commands

Command -
Code Command Name Description
7'h00 NOP Perform no operation.
7'h01 OPEN Activate the debug port.
7'h02 CLOSE Close the debug port. Future commands will be ignored.
7'h03-04 Reserved
7'h05 MAIL_STATUS Read the mailbox status.
Note: Always wait more than 3 core clock cycles after reading the mail box
(RD_MAIL_BOX command) before issuing the MAIL_STATUS command. This
allows time for proper updating of the mail status to reflect the current state of
MP_OUT_MBOX][31:0].
7'h06 DBG_RST_REQ |Request a core reset.
7'h07 WR_MAIL_BOX |Write a 32-bit word into the incoming mailbox. The debug port returns the status of
the mailbox buffers.
7'h08 RD_MAIL_BOX |Read a 32-bit word from the outgoing mailbox buffer.
7'h09 CLEAN_MAIL Reset the incoming mailbox’s write pointer and the outgoing mailbox’s read
pointer such that the two mailboxes are empty.
7'hOA TEST_MODE Write to the Test Register with data.
7'h0B-12 Reserved
7'h13 HALT MP Stop all threads (by setting the DBG_MP_HALT register to 1).
7'h1l4 REL_MP Release all threads (by clearing the DBG_MP_HALT register to 0).
7'h15 FORCE_MP Force a thread to execute (through the dbg_mp_force vector). The
DBG_MP_FORCE ['MP_TNUM-1:0] register is set by Data bits [MP_TNUM-1:0].
Only one thread can be forced at any given time.
7'h16 RD_MP_REG Perform a read of processor registers.
7'h17 SET_MP_ Set the processor register address used for register write. Data contains
REG_ADR the processor register address.
7'h18 WR_MP_REG Write data to the processor register whose address is set by the last
SET_MP_REG_ADR command.
7’h19 RD_IPORT_STAT | Read the status of the instruction port.
7'h1A WR_IBUF Write a 32-bit instruction to a 1-entry instruction buffer (IB) targeting a thread.
7’hlB WR_RST_ Write to the DBG_RST_HALT_MP_EN register. When set, this register enables the
HALT_MP_EN halt of the processor when internally generated reset conditions occur. When clear,
internally generated reset conditions cause a chip reset.
7'h1C RD_RST_ Read the status of the DBG_MP_HALT and DBG_RST_CAUSE_HALT registers.
HALT _MP
7’hl1D-7F |Reserved
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Table 5-2 Debug Interface Host Accessible Registers

set to ‘1’ for one cycle.

Register Name Read By Written By Reset Description
MP_IN_MBOX_FULL MAIL_STATUS, CLEAN_MAIL: 0 0 (1) |MP Input MBox full
MP_IN_MBOX_EMPTY |WR_MAIL_BOX, CLEAN_MAIL: 1 1(1) |MP Input MBox empty

CLEAN_MAIL: WR_MAIL_BOX: 0
MP_OUT_MBOX_FULL g}np—ir']”—r::)t(’;x—efﬂ" . CLEAN_MAIL: 0 0(1) |[MP Output MBox full
P_IN_Mbox_emply, RD_MAIL_BOX: 0
mpout_mbox_full, — =
MP_OUT_MBOX_EMPTY |mp out_mbox_empty, CLEAN_MAIL: 1 1(1) |MP Output MBox empty
28’h0}
MP_IN_MBOX[31:0]* WR_MAIL_BOX: MP Input MBox
cur_pkt_data[31:0] FIFO input
MP_OUT_MBOX[31:0]* |RD_MAIL_BOX MP Output MBox
FIFO output
DBG_INT_SET WR_MAIL_BOX Interrupt request to MP
set to ‘1’ for one cycle.
DBG_MP_HALT HALT_MP, HALT_MP: 1 0(2) |HaltMP
REL_MP: (3) REL_MP: 0 Blocks all instruction
{31'h0,dbg_mp_halt} execution.
WR_RST_HALT_MP_EN,
RD_RST_HALT_MP:
{29'h0,dbg_rst_cause_halt,
dbg_mp_halt,
dbg_rst_halt_mp_en}
FORCE_MP FORCE_MP: (3) FORCE_MP: 0 (1) |Force MP Thread
[[MP_TNUM-1:0] {(832-"MP_TNUM)’'h0, cur_pkt_data Force chosen thread to
dbg_mp_force [MP_TNUM-1:0] run.
[[MP_TNUM-1:0]}
DBG_MP_RREQ RD_MP_REG: Request to read

specified MP register

MP_DBG_RDATA[31:0]

RD_MP_REG:
mp_dbg_rdata[31:0]

Content of MP register
(signal mp_dbg_rdata),
the address of which is
specified in the payload
of the RD_MP_REG
command and is stored
in DBG_MP_ADDR _
WDATA

DBG_MP_WR_ADR[31:0]

SET_MP_REG_ADR: (3)
dbg_mp_wr_adr[31:0]

SET_MP_REG_ADR:
cur_pkt data[31:0]

MP register address to
be used in command
WR_MP_REG

DBG_MP_WREQ

WR_MP_REG:

set to ‘1’ for one cycle.

Request to write to
specified MP register

DBG_MP_ADDR_
WDATA[31:0]

RD_MP_REG:

cur_pkt data[31:0]
WR_MP_REG:
dbg_mp_wr_adr[31:0]
— (1st cycle)

cur_pkt data[31:0]
—(2nd cycle)

Contains address of an
MP register and data to
be written to that MP
register.
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Table 5-2 Debug Interface Host Accessible Registers (continued)

Register Name Read By Written By Reset Description

IFETCH_REQ_TNUM[3:0] |RD_IPORT_STAT, Contains the thread
WR_IBUF: number of a thread that
{ifetch_req_tnum[3:0], is fetching from the
ifetch_req_addr[27:2], Debug Port. Resides in
ifetch_req_vid, bits [31:28] of the
ibuf_empty} response word.

IFETCH_REQ_ RD_IPORT_STAT, Contains bits [27:2] of

ADDR[25:0] WR_IBUF: the address of the
{ifetch_reqg_tnum[3:0], instruction that is
ifetch_req_addr[27:2], fetching from the Debug
ifetch_req_vld, Port. Resides in bits
ibuf_empty} [27:2] of the response

word.

IFETCH_REQ_ VLD RD_IPORT_STAT, 0 (1) |Setto ‘1l ifthe instruction
WR_IBUF: fetch request to the
{ifetch_req_tnum[3:0], Debug Port is valid.
ifetch_req_addr[27:2], Resides in bit [1] of the
ifetch_req_vid, response word.
ibuf_empty}

IBUF_EMPTY RD_IPORT_STAT, WR_IBUF: 0 1 (1) |Instruction Buffer Empty.
WR_IBUF: Set to ‘0’ when the host
{ifetch_req_tnum[3:0], puts a word to IBUF; set
ifetch_req_addr[27:2], to ‘1’ when the CPU
ifetch_req_vld, reads from it. Resides in
ibuf_empty} bit [0] of the response

word.
INST_BUF[31:0] WR_IBUF: Instruction Buffer
cur_pkt data[31:0]

DBG_RST_HALT _MP_EN |WR_RST_HALT_MP_EN, |WR_RST_HALT_MP_EN: |0 (2) |Ifsetto ‘l’itenables halt
RD_RST _HALT MP: cur_pkt_data[0] of the CPU on any
{29'n0, internal reset cause.
dbg_rst_cause_halt, Resides in bit [0] of the
dbg_mp_halt, response word.
dbg_rst_halt_mp_en}

DBG_RST_CAUSE_HALT |WR_RST_HALT_MP_EN, 0(2) |ltissetto 'l ifDBG_

RD_RST_HALT_MP:
{29'ho,
dbg_rst_cause_halt,
dbg_mp_halt,
dbg_rst_halt_mp_en}

RST_HALT_MP_EN=1,
and an internal reset
cause happens. It is set
to ‘0’ when HALT_MP is
cleared. Resides in bit [2]
of the response word.

Notes:

aghrLONE
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MP = CPU = processor.

(1) specifies a core reset.
(2) specifies a chip reset.
(3) returns the new value of the register that is set or written by this same command.
* specifies that this is actually a FIFO, rather than a register.
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5.3.3 Debug Operations

Ubicom uses GDB as the front-end for its debugger
implementation. The backend for GDB utilizes the Debug
Port on the IP51xx to retrieve and set state in the
processor.

The host can perform the following functions through the
Debug Port:

e Starting a debugging session

» Ending a debugging session

» Stopping all threads

» Restarting all threads

e Setting up the debugger assistant thread

» Restoring the debugger assistant thread to its original
state

* Reading register data

*  Writing register data

* Reading memory

o Writing memory

*  Flushing the d-cache for a range of addresses and
invalidating the i-cache for the address range

*  Setting a breakpoint

* Removing a breakpoint

» Single-stepping code

»  Switching threads to inspect the state of a different
thread

*  Waiting for breakpoint events

* Resetting the CPU

» Erasing and writing flash

The rest of this section describes the Debug Port
command sequences and processor instruction
sequences that are injected via the debug space to
implement each of the above operations.

In the following discussions, CPU refers to the processor,
and IP5K refers to the IP51xx.

5.3.3.1 Starting a Debugging Session

Any external debugger must first activate the Debug Port
to accept Debug Port commands. This is done by issuing
OPEN via the debug port. Until the IP5K sees this
command, it will ignore any commands issued to the
Debug Port. On reset the processor is in a state where it
ignores all commands. The IP5K backend will issue the
OPEN command when the user issues the target ip5k
command from the debugger command line.

5.3.3.2 Ending a Debugging Session

When a user decides to close down a debugging session
by either issuing detach or quit commands, the Ubicom
debugger will restore the state of the current thread back
to what it was at the point to attachment. It will restart all
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the threads that were running at the point of attachment.
The backend will then issue a CLOSE command to
shutdown the debugger interface.

All subsequent description assumes that the OPEN
command has been issued and the debug port is actively
accepting commands.

5.3.3.3 Stopping All Threads

To stop all threads issue a HALT_MP command with a
payload data of 1. This will freeze all threads.

5.3.3.4 Restarting All Threads

To restart all the threads issue REL_MP with a payload
data of 0. The will allow all threads to resume execution.

5.3.3.5 Setting Up the Debugger Assistant

Thread

All operations described from this point on need the
assistance of code running on the IP5K. The Ubicom
debugger running on the host will first stop all the threads
by issuing a HALT_MP command via the backend. The
debugger backend then commandeers one of the IP5K
hardware threads to act as a debugger assistant. Before
athread can be used as a debugger assistant, some of its
register state has to be preserved. The debugger
preserves previous_pc, pc, d0, a0, al, dO. During the
processor restart process these registers will be restored.

The sequence of commands listed below is issued to set
up a debugger assistant thread. In this example, the
debugger assistant thread is hardware thread number 2.

1. Retrieve the current PC for thread 2: Issue
RD_MP_REG with payload (0xdO | 2 <<10). Issue
NOP to retrieve the PC from the debugger port.

2. Change thread 2 PC to 0x1000000 (point to debug
space): Issue SET_MP_REG_ADDR with payload
(0xdO | 2<<10). Issue WR_MP_REG with payload
0x1000000.

3. Force thread 2 to start running: Issue FORCE_MP
with payload (1 << 2).

4. Issue RD_PORT_STAT, RD_PORT_STAT. Port
status tells us whether we can issue commands via
the Debug Port.

5. Get the cpu to execute a move.4 scratchpadO,
previous_pc instruction by sending it through the
Debug Port: Issue WR_IBUF with payload (move.4
scratchpadO, previous_pc).

6. Read content of scrathcpadO register: Issue
RD_MP_REG with payload 0x180. This is to
retrieve previous_pc from scratchpadO.
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7. Get the cpu to execute a move.4 scratchpad3, al
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 scratchpad3,
al).

8. Get the cpu to execute a move.4 scratchpad2, a0
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 scratchpad?2,
a0).

9. Get the cpu to execute a move.4 scratchpadl, csr
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 scratchpadl,
Ccsr).

10. Get the cpu to execute a move.4 scratchpadO, dO
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 scratchpadO,
do).

11. Get the cpu to execute a movei a0,
#%hi(0x01000300) instruction by sending it through
the debug port: Issue WR_IBUF with payload
(movei a0, %hi(0x01000300). Load a0 with base
address of mailbox. The mailbox is used in other
data transfer operations.

12. Read content of the scrathcpadO register: Issue

RD_MP_REG with payload 0x180. This is to
retrieve dO from scratchpadO.

13. Read content of the scrathcpadl register: Issue
RD_MP_REG with payload 0x184. This is to
retrieve csr from scratchpadl.

14. Read content of the scrathcpad?2 register: Issue
RD_MP_REG with payload 0x188. This is to
retrieve a0 from scratchpad2.

15. Read content of the scrathcpad3 register: Issue
RD_MP_REG with payload O0x18c. This is to

retrieve al from scratchpad3.
16. Issue NOP to finish off the command sequence.

5.3.3.6 Restoring the Debugger Assistant

Thread to its Original State

The sequence of commands listed below is used to
restore the state of a debugger assistant thread back to its
original state. It should be noted that previous_pc is a
read only register, and it cannot be restored to its original
state. Registers d0O, al, a2, csr can be restored as
follows:

1. Load the saved copy of dO to the mailbox: Issue
WRITE_MAILBOX with payload copy of dO.

2. Get the cpu to execute move.4 d0O, (a0) instruction
by sending it through the debug port: Issue
WR_IBUF with payload (move.4 dO, (a0)).

3. Load saved copy of csr to the mailbox: Issue
WRITE_MAILBOX with payload copy of csr.
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4. Get the cpu to execute a move.4 csr, (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 csr, (a0)).

5. Load saved copy of a2 to the mailbox: Issue
WRITE_MAILBOX with payload copy of al.

6. Get the cpu to execute a moved al, (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 al, (a0)).

7. Load saved copy of a0 to the mailbox: Issue
WRITE_MAILBOX with payload copy of a0.

8. Get the cpu to execute move.4 a0, (a0) instruction
by sending it through the debug port: Issue
WR_IBUF with payload (move.4 a0, (a0)).

9. Stop the debug assistant thread: Issue FORCE_MP
with payload O.

10. Change thread 2 PC to the original address: Issue
SET_MP_REG_ADDR with payload (0xdO | 2<<10).
Issue WR_MP_REG with payload saved value of

pc.

5.3.3.7 Reading Register Data

To read the register contents of thread 5 (for example) we
have to make thread 5 the debugger assistant thread
using the sequence described in Section 5.3.3.5. If the
current debugger assistant thread is not 5 and happens to
be thread 2, then we first restore the state of thread 2 by
using the sequences listed in Section 5.3.3.6. We then
make thread 5 the debugger assistant using the
sequences in Section 5.3.3.5. Once thread 5 has been set
up as the debugger assistant, we then do the following to
retrieve the contents of register a5.

1. Get the cpu to execute a move.4 scratchpadO, a5
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 scratchpadO,
ab).

2. Read content of the scrathcpadO register: Issue
RD_MP_REG with payload 0x180. Issue NOP. This
is to retrieve a5 from scratchpadoO.

If the request is to recover contents of dO, a0, al, pc,
previous_pc, then the debugger backend routines serve
up the data that was saved while setting up the debugger
assistant thread.

5.3.3.8  Writing Register Data

To write the register contents of thread 5 we have to make
thread 5 the debugger assistant thread, as mentioned in
Section 5.3.3.7. Once that is done, then issue the
following to change the contents of register a5:

1. Load the new value of a5 to the mailbox. Issue
WRITE_MAILBOX with payload the new value of
as.
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2. Get the cpu to execute a move.d a5, (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 a5, (a0)).

If the destination register is d0, a0, al, csr, pc, then the
debugger backend routine changes these values in the
internal saved state that is it maintaining for the debugger
assistant thread. The new values will take effect as soon
as this thread is restored.

5.3.3.9 Reading Memory

The Ubicom debugger backend is usually passed a
source address and a length (in bytes) to read. If the read
address is not word aligned the backend will round the
address down to the lower word aligned address. If the
end address (start address + length) is not word aligned
then the backend will increase the length until the end
address is also word aligned. The aligned end address
minus the aligned start address gives the length in bytes
that will be read via the Debug Port interface. The
debugger backend then supplies only the data requested
by the front end. The (aligned length)/4 gives the number
of words that have to be read from the IP5K. The
sequence for reading bytes of data is as follows:

1. Calculate the end address of the transfer. End addr

= start addr+length

Round down the start address.

Round up the end address.

Number of words = (End addr - Start addr)/4

Load start address to the mailbox: Issue

WRITE_MAILBOX with payload start address of the

transfer.

6. Get the cpu to execute a move.4 al, (a0)

instruction by sending it through the debug port:

Issue WR_IBUF with payload (move.4 al, (a0)).

Register al now holds the base address of the

transfer block.

While (num words -)

8. Get the cpu to execute a move.4 scrathpadO,
(al)4++ instruction by sending it through the debug
port: Issue WR_IBUF with payload (move.4
scrathpadO, (al)4++).

9. Read the content of scrathcpadO register: Issue
RD_MP_REG with payload 0x180. This is to
retrieve memory from scratchpadO.

10. Issue NOP

11. Go back to Step 7.

arwbd

~

5.3.3.10 Writing Memory

As in the case of read, we limit writes to be word aligned.
To do that, a given data transfer can be separated into 3
parts. There may be leading section that is 1, 2, or 3 bytes
long because the start is misaligned. There is a center
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section where everything is aligned. There may also be a
trailing section that is 1, 2, or 3 bytes long because the
end address is misaligned. If there is a leading misaligned
section, we round down the address and read 4 bytes
from that address. We then change the extra leading
bytes in this block of 4 bytes. For the trailing bytes we read
the 4 bytes that contain those and change the appropriate
bytes. Now we can have a write buffer where we can start
writing from an aligned boundary and end the writing at an
aligned boundary. Once we are done with the leading and
trailing manipulation we will have an aligned buffer of data
to write and we know the start address of this aligned
block and its length in words. Now the sequence to write
this data is as follows:

1. Load the start address to the mailbox: Issue
WRITE_MAILBOX with payload the start address of
the transfer.

2. Get the cpu to execute a move.d al, (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 al, (a0)).
Register al now holds the base address of the
transfer block.

3. While (num words -)

4. Load the transfer data to the mailbox: Issue
WRITE_MAILBOX with the transfer data. Bump up
the buffer pointer.

5. Get the cpu to execute a move.4 (al)d++, (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 (al)4++,
(a0)).

6. Go back to Step 3.

5.3.3.11 Flushing the D-Cache and
Invalidating the I-Cache

The backend is passed the start address and length in
bytes for the data block. Compute the end address of the
block. Each cache line is 32 bytes long. Use the following
sequence to accomplish this:

1. Compute the end address (Start address + length).

2. Set the number of cache lines = 0.

3. If end address is not cache aligned, then set the

number of cache lines = 1.

End_address &= ~0x1f.

5. Start_address &= ~0x1f

6. Number of cachelines += (Start address - end
address)/32

7. Get the cpu to execute a move.4 scratchpadO, a2
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 scratchpadO,
a2). This saves a2, which will be restored at the
end.

»
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10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.
22.
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Get the cpu to execute a movei al,
#%hi(0x1000600) instruction by sending it through
the debug port: Issue WR_IBUF with payload
(movei al, #%hi(0x1000600). This loads the base
address of the D-Cache control block into al.

Get the cpu to execute a movei a2,
#%hi(0x1000500) instruction by sending it through
the debug port: Issue WR_IBUF with payload
(movei a2, #%hi(0x1000500). This loads the base
address of the I-Cache control block into a2.

Load 0x90 to the mailbox: Issue WRITE_MAILBOX
with payload 0x90.

Get the cpu to execute a move.4 16(al), (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 16(al), (a0)).
This loads the D-cache control register with a “Flush
D-cache by address” operation.

Load 0x60 to the mailbox: Issue WRITE_MAILBOX
with payload 0x60.

Get the cpu to execute a move.4 16(a2), (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 16(a2), (a0)).
This loads the I-cache control register with an
“Invalidate I-cache by address” operation.

While (number of cache lines -)

Load the start address to the mailbox: Issue
WRITE_MAILBOX with the start address as the
payload.

Get the cpu to execute a move.4 (al), (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 (al), (a0)).
This loads the D-cache address register with the
cache line start address.

Get the cpu to execute a bset 16(al), 16(al), #0x3
instruction by sending it through the debug port:
Issue WR_IBUF with payload (bset 16(al), 16(al),
#0x3). Activate the D- cache flush operation by
setting the start bit in the cache control register.
Load the start address to the mailbox: Issue
WRITE_MAILBOX with the start address as the
payload.

Get the cpu to execute a move.4d (a2), (a0)
instruction by sending it through the debug port:
Issue WR_IBUF with payload (move.4 (a2), (a0)).
This loads the I-cache address register with the
cache line start address.

Get the cpu to execute a bset 16(a2), 16(a2), #0x3
instruction by sending it through the debug port:
Issue WR_IBUF with payload (bset 16(a2), 16(a2),
#0x3). Activate the |- cache invalidation operation
by setting the start bit in the cache control register.
Start Address += 32

Go back to Step 14.

5.3.3.12 Setting a Breakpoint

Setting a breakpoint is just a special case of reading and
writing memory. The Ubicom backend does not support
writing breakpoints to flash. To insert a break point you
have to read back the instruction that is currently present
at the address and save it in the host and then write a
bkpt, #-1 instruction to cause all threads to stop when it
gets executed. If the destination of the breakpoint is in the
DDR SDRAM, then flush the D-Cache and invalidate the
I-cache for this address, using the sequence described in
Section 5.3.3.11.

5.3.3.13 Removing a Breakpoint

Removing a breakpoint is just a special case of reading
and writing memory. In the Ubicom backend we will read
the memory at the given location and make sure that it is
a bkpt, #-1 instruction. If it is, then we replace it with the
instruction data passed to us by the GDB front end. If the
destination of the breakpoint is in the DDR SDRAM, then
we flush the D-Cache and invalidate the I-cache for this
address, using the sequence described in Section
5.3.3.11.

5.3.3.14 Single-Stepping Code

In this example we single step thread 4. Currently thread
4 is being used as the debugger assistant thread. The
sequence is as follows:

1. If the debugger assistant thread is the same as the
single stepping thread, then restore the state of the
single stepping thread. Now pick some other thread
and make it the debugger assistant thread. Refer to
Section 5.3.3.5 and Section 5.3.3.6 for details.

2. Get the cpu to execute a movei
mt_dbg_active_clr, #-1 instruction by sending it
through the debug port: Issue WR_IBUF with
payload (movei mt_dbg_active_clr, #-1). This will
suspend all threads and keep them from executing.

3. Get the cpu to execute a movei
mt_dbg_active_set, #(1<<4) instruction by sending
it through the debug port: Issue WR_IBUF with
payload (movei mt_dbg_active set, #(1<<4). This
makes only thread 4 active and runable.

4. Get the cpu to execute a movei mt_single_step,
#(1<<4) instruction by sending it through the debug
port. Issue WR_IBUF with payload (movei
mt_single_step, #(1<<4). This enables thread 4 to
run for only one instruction.

5. Restore the debugger assistant thread.
6. Restart all threads. Issue REL_MP.
7. While(1)
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8. Read the content of the mp_dbg_active register:
Issue RD_MP_REG with payload 0x144. Issue
NOP.

9. If mp_dbg_active is zero, break; else go to Step 7.

10. Halt all threads: Issue HALT_MP.

5.3.3.15 Switching Threads

Restore the state for the current debugger assistant
thread. Set up the new thread as the debugger assistant
thread. Now read the register contents.

5.3.3.16 Waiting for Breakpoint Events

The state of the cpu can be determined by reading the
contents of the mt_dbg_active, mt_trap, mt_break and
RST_HALT_MP registers, and then analyzing the results.
Under normal running conditions mt_dbg_active will be
non-zero, mt_trap should be 0, mt_break should be 0,
and RST_HALT_MP bit 1 should be 0. mt_dbg_active
will go to zero if a single stepping sequence is being run.
It can also go to zero if a bkpt, #-1 instruction has been
executed by IP5K code. mt_break will be non-zero if any
thread executes a bkpt instruction. mt_trap will be non-
zero if trap events happen in the system. RST_HALT_MP
bit 1 is set if a software issued reset happens in the
system. If any of these events take place, control is
transferred back to the GDB front end.

5.3.3.17 Resetting the CPU

To reset the cpu, issue DBG_RST_REQ with payload 0
via the debug port. This will only reset the cpu. If
WR_RST_HALT_MP_EN with a non-zero payload was
issued prior to DBG_RST_REQ, then the cpu will reset
and stop at 0x60000000. If WR_RST_HALT_MP_EN was
never issued, then the cpu will start running immediately.
An OPEN command will have to be issued to the debug
port to make the debug port start accepting debug
commands.

5.3.3.18 Effect of Internal Resets

Most internally generated reset signals would not reset
the chip, even if DBG_RST HALT _MP_EN is set.
Instead, a rst_dbg_halt_mp signal would be asserted for
one core clock cycle to indicate to the Debug Module that
one or more internally generated reset conditions have
occurred.

The Debug Module would then halt the processor. The
reasons for the reset would be available in the Reset
Reasons register (see Section 5.18.5 and Table 7-5).
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The rst_dbg_halt_mp signal is generated by the following
equation:

rst_dbg_halt_mp <=
internal_resets & dbg_reset_halt_mp_en

The three resets that would cause normal chip reset
regardless the state of the DBG_RST HALT _MP_EN
register are the power-on reset, the external reset, and
debug reset.

5.3.3.19 Erasing and Writing Flash

Ubicom creates a standalone piece of executable code
called Loader Kernel that can fit and run from the Off
Chip Memory. The Loader Kernel consists of the
following pieces of code:

1. PLL initialization code.

2. Other initialization code.

3. Main dispatch loop.

4. Code to calculate CRC for a given block of flash
memory.

5. Flash driver code.

The Loader Kernel is part of the Ubicom SDK and it built
for every project. The Loader Kernel is linked into the
project elf file as a section called .downloader.

The Loader Kernel consists of 2 threads: thread 1 moves
data in and out of the mailbox, and thread 2 is the flash
write and erase thread. The Loader Kernel uses a double
buffer scheme to speed up the download process. Thread
1 receives command requests and data via the mailbox
interface.

For a flash erase operation the host sends down an Erase
request command, start address, and length in bytes to
erase. Thread 1 receives this data, copies it into buffer 1,
wakes up thread 2, and then suspends itself, waiting for
thread 2 to wake it up. Thread 2 upon wake up picks up
the command from buffer 1, switches the command
receive buffer to buffer 2 and then wakes up thread 1. This
allows thread 1 to receive the next command while the
flash erase is in progress.

For flash write operations, the host sends a Flash write
command, start address, and number of bytes to write
followed by that many bytes of data. Thread 1 will receive
all this and copy it to the current write buffer. It then wakes
up thread 2 and suspends itself until thread 2 wakes it up.
Thread 2 will wake up and then switch the current write
buffer to the next available buffer and wake up thread 1 to
receive more requests. Thread 2 will then start moving the
data from the buffer to the proper location in flash.
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5.4 Data Cache

The Data Cache in the IP51xx has the size of 8 Kbytes. It
is 4-way associative and has a 32-byte cache line, which
means that there are four 2-Kbyte banks, each containing
64 lines of 32 bytes.

In the following discussions, CPU refers to the processor,
and IP5K refers to the IP51xx.

541 Data Cache Policies

CPU source and destination operands that reference off-
chip DDR memory use the D-Cache. The D-cache
supports simultaneous read and write operations with a
Write Queue. If a source operand is found in the cache
(hits the cache), data is returned immediately to the CPU.
If a target operation hits the cache, the data is written to
the cache, and that cache line is marked dirty. There is no
write-through to memory.

When a read request does not find data in the cache, the
thread that made the request is blocked while 32 bytes of
data is fetched from memory. A blocked thread does not
schedule any instructions. While the cache is fetching
data from off chip memory, it can still satisfy read requests
from other threads. If there are additional cache misses,
the cache will queue one miss per thread. While the cache
is fetching data from off-chip memory, writes are stored in
the write queue. If the write queue fills up, any thread that
writes to the cache will be blocked.

When there is a cache miss, the cache selects a 32-byte
cache line to replace using a pseudo-random policy

among the 4 lines associated with the set defined by the
address of the request. If the contents of that line are
marked dirty, the line is written back to memory before
being replaced.

5.4.2 Resetting the Data Cache

There are two sources that can reset (initialize) the
D-Cache:

e Hardware reset — a signal from the Reset block
e Software reset — caused by software setting a bit in
the D-Cache Control Register (DCCR)

Both types of reset cause the following:

* Invalidation of the entire D-Cache: Valid bits in all
entries of the Tag Array are cleared to 0.

» Initialization of all state machines

» Clearing of the MCB error flag

5.4.3

Data Cache Control Registers (DCCR) are used to
provide direct access, read and write, to Data and Tag
arrays in the D-Cache. They also allow some specific
Cache operations, such as Invalidation and Flushing.

Data Cache Control Registers

Registers and their relative addresses inside the OCP +
DCCR address space are listed in Table 5-3. All registers
are 32 bit. Not implemented bits (in DCSTAT and
DCCTRL) return O's when read.

For more detail, see Section 7.5.7.

Table 5-3 Data Cache Control Registers (DCCR)

Register ool Read/ 32-Bit
Address Name Description Write |[Reset Value
Ox00 DCADDR D-Cache Address. Can be used as a direct address / index, or as | R/W | XXXX XXXX
a logical address.
Ox04 DCRDD D-Cache Read Data. Contains data from Data or Tag arrays, R/W | XXXX XXXX
returned by executing a direct read command.
Ox08 DCWRD D-Cache Write Data. Contains data to be written to Data or Tag R/W | XXXX XXXX
arrays by a direct write command.
Ox0C DCSTAT D-Cache Status. R/W | 0000 0000
Ox10 DCCTRL D-Cache Control. R/W | 0000 0000
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5.4.3.1 DCCTRL Register

The operation of the D-Cache is controlled by DCCTRL
register settings. The structure of the DCCTRL register is
shown below.

DCCTRL
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31

OoP VIR|O

The functions of the bits in DCCTRL are as follows:
DCCTRL[31:8]

Reserved. Returns 0 when read.

DCCTRL[7:4]

OP: DCCR operation code. See Table 5-4.

These bits are cleared to O by core reset, or by
DCCTRL[2] = 1. Software can write any value to
DCCTRL[7:4], provided V is set to 0.

DCCTRL[3]
V: DCCR operation is Valid.

It is cleared to O by core reset, or by DCCTRL[2] = 1, or
upon completion of an operation specified in
DCCTRL[7:4] (OP), provided it was set to 1. Software can
write to DCCTRL[3] (V), provided V is set to 0.

DCCTRL[2]
R: D-Cache Reset.
If active (set to 1) it resets the D-Cache, as well as the

DCSTAT register and all bits in the DCCTRL register,

DCSTAT

except itself. This bit is set to 0 by core reset. It can be set
to any value by software, regardless of the state of the
V-hit.

DCCTRL[1]

Reserved. Returns 0 when read.
DCCTRL[O0]

D: DCCR operation Done.

This bit cannot be set by software; it is a read only bit. It is
cleared to 0 by core reset, or by DCCTRL[2] =1, oron a
software write of 1 to DCCTRLJ[3] (V), provided V was set
to O prior to that. Bit D is set to 1 upon completion of an
operation specified in DCCTRL[7:4] (OP), provided that V
is set to 1.

5.4.3.2 DCSTAT Register

The DCSTAT register stores states associated with
D-Cache functionality, so they can be analyzed by
software. The structure of the DCSTAT register is shown
below:

31

WIDLE | MCBE

DCSTAT[31:2]

Reserved. Returns 0 when read.
DCSTATI[1]

WIDLE: D-Cache write queue is idle.

This bitis cleared to O by core reset, or by DCCTRL[2] = 1.
It can be written by software (any value). When there is no
software write to DCSTAT, then it reflects the state of
fullness (or emptiness) of the D-Cache write queue, which
resides in the CPU2DC block of D-Cache.
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DCSTAT[0]

MCBE: MCB bus Error during a transaction involving
D-Cache.

This bit is cleared to 0 by core reset, or by DCCTRL[2] = 1.

It can be written by software (any value). When there is no
software write to DCSTAT, then it reflects the state of
MCB error detection logic in the DC2MEM block of
D-Cache.
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5.4.3.3

DCCTRL Operation Codes

Table 5-4 describes the operation codes that are defined

for DCCTRL[7:4].

Table 5-4 DCCTRL Operation Codes

Operation Opcode Description

Direct Read DATA 0001 Read word of DATA Array from address specified in DCADDR[10:2] and bank
(way) - in DCADDR[12:11]. Put it into DCRDD.

Direct Read TAG 0010 Read content of TAG Array from address specified in DCADDR[10:5] and bank
(way) - in DCADDRJ[12:11]. Put it into DCRRD. See Notel.

Direct Write DATA 0011 Write word from DCWRD to DATA Array to address specified in DCADDR[10:2]
and bank (way) - in DCADDR[12:11].

Direct Write TAG 0100 Write data from DCWRD to TAG Array to address specified in DCADDR[10:5]
and bank (way) - in DCADDR[12:11]. See Note2.

Invalidate by Index 0101 Clear V-bit in entry of TAG Array, directly addressed using DCADDR[10:5] and
DCADDR[12:11].

Invalidate by Address 0110 Clear V-bit in entry of TAG Array, directly addressed by DCADDR[10:5] and
associatively by DCADDRJ[31:11] (to choose the way (bank)).

Flush by Index 0111 If D-bit in entry of TAG Array, directly addressed using DCADDR[10:5] and
DCADDRJ12:11] is set to 1, write corresponding line back to DRAM if V-bit is set
to 1. Clear D-hit.

Flush and Invalidate by 1000 If D-bit in entry of TAG Array, directly addressed using DCADDR[10:5] and

Index DCADDRJ12:11] is set to 1, write corresponding line back to DRAM if V-bit is set
to 1. Clear D-bit, clear V-bit.

Flush by Address 1001 If D-bit in entry of TAG Array, directly addressed by DCADDR[10:5] and
associatively by DCADDRJ[31:11] (to choose the way) is set to 1, write
corresponding line back to DRAM if V-bit is set to 1. Clear D-bit.

Flush and Invalidate by 1010 If D-bit in entry of TAG Array, directly addressed by DCADDR[10:5] and

Address associatively by DCADDRJ[31:11] (to choose the way) is set to 1, write
corresponding line back to DRAM if V-bit is set to 1. Clear D-bit, clear V-bit.

Note 1. The content of the DCRDD register after
executing command (operation) Direct Read Tag is
shown below:

DCRDD

TAGADDR
31

INDEX 0| DIR_WAY | TAGD | TAGV
11|10 5413 2 1 0

TAGADDR, TAGD, and TAGYV reflect the content of the
addressed entry in TAG Array. INDEX = DCADDR[10:5]
and DIR_WAY = DCADDR[12:11] are stored back into
DCRDD from D-Cache just for information / confirmation.

Note 2: For command (operation) Direct Write Tag the
content of the DCWRD register is used as follows:

* Bits DCWRD[31:11] are written to the Address portion
of the addressed entry in the TAG Array.
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e Bit DCWRD[1] is written to bit D, and bit DCWRDI0] is
written to bit V of the addressed entry in the TAG
Array.

Any code can be written from the CPU to DCADDR,
DCRDD, and DCWRD if DCCTRL[3] (V) is set to 0. If
DCCTRL[3] = 1, only the content of the DATA Array or the
TAG Array is allowed to be stored in DCRDD upon
completion of a Direct Read operation, but any software
update of DCRDD, as well as DCADDR and DCWRD is
blocked.
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Software can read any of the DCCR registers at any time.

5.4.4 Notes to the D-Cache Programmer

e Since a D-Cache operation is initiated by setting
DCCTRL[3] to 1 (and thus blocking subsequent
update of any register until DCCTRL[3] = 0), software
should first write an address to DCADDR and data (if
needed) to DCWRD, and only then write to DCCTRL.
While DCCTRLJ[3] = 1, the DCCR block initiates the
request to D-Cache. If the operation was a read, read
data is put into the DCRDD register. When the D-
Cache finishes the operation, it indicates it with the
Done bit, which is used to set DCCTRLJ[0] to 1, and
clear DCCTRL[3] to 0. Then the request is de-
asserted and DCCR considers the operation
complete.

e It is the responsibility of software to provide a sole
allocation of DCCR to a thread until an operation it
has initiated is complete.

5.4.5 Tracking D-Cache Performance

A variety of statistics related to D-Cache performance can
be monitored using the programmable statistics counters
provided in the IP51xx. For details, see Section 5.6.

55 Instruction Cache

The Instruction Cache in the IP51xx has the size of 16
Kbytes. It is 4-way associative and has a 32-byte cache
line, which means that there are four 4-K