CS/EE 3710

National Semiconductor CR16
Compact RISC Processor

Bazeline ISA and Beyond. ..

CE.16 Architecture

+ Part of a microcontroller family from
National Semiconductor

= 16-bit embedded RISC processor core
« Avallable m Synethesizeable Venlog HDL
« Die size of .6 mm2 @& 0.25p
. 2 Mbytes of linear address space (247
- Less than (. 2mA per MHZ @ 3 Volts, 0.35u
+ This has morphed mto the CP3000 fanily
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CR.16 Architecture

+ More specs._..
= Static 0 to 66 MHz clock frequency
= Direct kit mampulation mstructions
= Save and Festore of Multiple Remisters
= Puzh and Pop of Multple Registers
= Hardware Multiplier Unut for fast 16-bat
muliiplication
= Intermipt and exception handling
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CR16 Block Diagram
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CR16 Register Set

+ All regizters are 16 bitz wide
= Except address registers which are 21 bats
= Onginal version used 18 bits. ..

+ 16 general purpose registers

+ B processor registers

= 3 dedicated address registers
(PC, ISP, INTBASE)

= 1 Processor Stafus Eegister
= | confiputation register
= 3 debug-conirol registers
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CR16 Registers
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Processor Registers

+ PSR — Processor Status Register
« C,T.LLFE,Z N.E P, Ibit=
= Camies, conditions, nterrupt enables, etc.
+ INTBASE - Interrupt Base register
= Holds the address of the dispatch table for
inferrupts and traps
+ [SP — Interrupt Stack Pointer

« Points to the lowest address of the last item
stored on the intermupt stack
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CR16 Instruction Encoding

+ More complex than our version. ..
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CR16 Instructions

+ Mozt ALU instructions have two forms
= MOV1 = MOVW or MOVE
+ Two-address mstroction formal
= One of the tovo arguments 1= also used as
deztination (F.dest) and 12 overamtten
« ADDEO. E3=+R3=R0+E3
+ Little-Endian data references
= Least-zipnificant 13 lowest numbered
= Both bits and bytes
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CR16 Instructions
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More CR16 Instructions
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Even More CR.16 Instructions
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Still More CR16 Instructions More and More Instructions
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CR16 Memory Map CR16 Exceptions
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+ Interrupt
= Exception caused by extemnal achwty
= CR.16 recognizes three types, Maskable,
Non-maskable, and ISE (In-Svstem Emulator)

+ Trap
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-.L.-_..'f’_;:.‘.-“:_‘.'-. = Exception caused by program action
- = oix types: SVC, DVZ, FLG, BPT, TRC, UND
o ! + Interrupt process saves PC and PSR on
R interrupt stack, RETX returns from interrupt
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CR16 Pipeline Our Class Version!

+ Three stage pipe + Bazeline instruction set uses (almost) fixed
= Fetch instriction encoding
= Decode + Detailed description on the web page
= Execute = All instructions are a single 16-bit word

+ Instruction execution iz serialized after an = All memory references (inst or data) operate on
exception 16-bnt words

+ Also serialized after LPR, RETX, and EXCP = Not all mstructions are mchuded
+ Each group will extend the baseline ISA

somehow
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