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ARM: Advanced RISC Machine

First appeared in 1985 as “Acorn RISC Machine” from Acorn Computers in Manchester England 

Limited success – outcompeted by x86’s for PCs, so started targeting embedded applications

Interest in using ARM in emerging embedded applications grew (like Apple’s first PDA), which led to the 
reformation of the company in 1990

“Advanced RISC Machines” took and updated architecture, and began selling IP instead of chips. First IP core 
shipped in 1991.

In early 90’s ARM abandons all fab, and begins licensing cores to world’s leading silicon companies (Sharp, TI, 
Philips, Lucent, HP, IBM, QualCom, ST, Agilent, Altera, Samsung, etc.)

By 2002, ARM had over 75% of embedded market, and had sold more than 1 billion cores.

ARM Cortex-A9 launched in 2007, offering scalable performance and low power. More than 10 billion cores sold.

ARM currently has many variants, and is pushing downward into 8-bit market, and upward into high-performance 
computing. They remain fabless.
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The ARM processor core is provided by ARM, 
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Zynq-7000 All Programmable SoC Data Sheet: Overview: https://www.xilinx.com/support/documentation/data_sheets/ds190-Zynq-7000-Overview.pdf

ARM on ZYNQ

Up to 1GHz; 2.5DMIPS/MHz
TrustZone security
Thumb-2 instruction set
Jazelle execution environment
Neon media processor
FPU
Coresight and Program Trace
Six timers
32KByte Level 1 cache
512KByte Level 2 cache
On-chip boot ROM
256KByte on-chip RAM
Memory controller; 1 GByte space
8-channel DMA
Two tri-speed Ethernet MACs
Two USB 2.0 OTG perupherals
Two CAN 2.0 bus interfaces
Two SDIO 2.0 controllers
Two full-duplex SPI ports
Two high-speed UARTs
Two I2C interfaces
128 GPIO pins
54 MIO pins
Artix 35T FPGA with AMBA-AXI bus
Block RAMs
Two 12-bit ADCs
Etc…

https://www.xilinx.com/support/documentation/data_sheets/ds190-Zynq-7000-Overview.pdf


ARM Overview

The ARM is a load-store, RISC machine. All inputs to the ALU must come from registers, 
and the ALU results must be stored in a register: data from memory must be “loaded” into 
a register before ALU can use it, and results “stored” from a register back into main 
memory.

ARM uses 16 32-bit registers. 13 are General Purpose Registers (GPRs) that can be used 
for temporary operand storage. GPR13 is the stack pointer, 14 is the link register, and 
15 is the PC. All instructions can access r0-r14 directly, but r13 and r14 should be used 
with care.
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R9: GPR
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R13: SP

R14: LR

R15: PC

R12: GPRRegisters can hold 32-bit pointers, signed or unsigned 32-bit integers, unsigned 16 or 8 
bit integers (zero-extended), signed 16 or 8 bit integers (sign extended), two “packed” 
16-bit integers, four packed 8-bit integers, or signed or unsigned 64-bit integers held in 
two consecutive registers.

The ALU status bits are available in the “application program status register” (APSR). 

PC is generally not accessible by instructions (some can). Bits 31:2 store PC. Why?



APSR (CPSR)

The Application Program Status Register (APSR) holds the ALU condition flags. Same as CPSR, read by applications

The Current Program Status Register can be read by “system” to get additional information 
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N: Negative flag – set to 1 if ALU result is negative (Bit 31 is set)
Z:  Zero flag – set to 1 if ALU result is zero (All bits are zero)
C:  Carry flag – set to 1 on carry-out of ALU bit 31
V:  Overflow condition flag – set to 1 on overflow or underflow
Q:  Saturation flag – set to 1 on “saturation” of certain DSP-related instructions
GE: Greater than or equal flags, set for certain byte or half-word instructions

IT:     If-then execution state bits for Thumb mode
J,T:  Execution state bits (ARM, Thumb, Jazelle, or Thumb EE)
E:  Endianess – 0 for little endian (default)
A,I,F: Mask/Disable bits for interrupt states
M:     Mode (User, FIQ, IRQ, Supervisor, Monitor, Abort)



APSR (CPSR)

By default, data processing instructions DO NOT affect the condition flags (except for comparisons)
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To cause condition flags to be updated, the S bit in the instruction opcode must be set.

ADD R0, R1, R2 @ R0 <- R1 + R2 but CC not affected

ADDS R0, R1, R2 @ R0 <- R1 + R2 and CC updated



Memory  Map

DDR

0000 0000

3FFF FFFF

PL Port 0

4000 0000

7FFF FFFF

PL Port 1

8000 0000

BFFF FFFF

IOP E000 0000 – E000 E02F
SMC
SCLR

CPU
PS

QSPI
OCM

E100 0000 – E5FF FFFF
F800 0000 – F800 0BFF
F800 1000 – F880 FFFF
F890 0000 – F8F0 2FFF
FC00 0000 – FDFF FFFF
FFFC 0000 – FFFF FFFF

The ARM has a 32-bit address space (or up to 40 bits with certain extensions).
That’s 4GBytes.

ZYNQ’s ARM assigns the memory space as shown. How much DDR can be used?

IOP: IO peripheral registers (UART, CAN, SPI, I2C, QSPI, Ethernet, SDIO)
SMC: Static Memory Control (NAND/NOR flash)
SCLR: System-level Control Registers (Clk, Rst, APU, MIO pins, etc.)
PS: Processing System Control (Timers/counters, watchdog, OCM, etc.)
CPU: CPU control (Top-level interconnect, Interrupt, cache, etc.)
QSPI: Quad SPI linear address space
OCM: On-chip SRAM

FPGA AXI Port 0

FPGA AXI Port 1



Instruction Formats cond

31 30 29 28 27

Op1

26 25 24 23 22 21 20

Instruction specific fields

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

The 4-bit condition field is included in every 
opcode – almost all ARM instructions can be 
conditional.

The Mnemonic extension can be added to 
virtually any mnemonic to make the 
instruction conditional. 

ADD        r0, r1, r2   //r0 <= r1 + r2 always
ADDCS r0, r1, r2   //r0 <= r1 + r2 if C =1
B label1 //PC <=[label1] always
BNE label1 //PC <=[label1] if Z = 0

What’s the advantage?

(Non-executed instructions vs. branches)



Instruction Formats

The Op1 and Op fields define 
instruction classes

cond

31 30 29 28 27

Op1

26 25 24 23 22 21 20

Instruction specific fields

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Op



Data processing instructions: Bits 27-25: 000



Data processing instructions: Bits 27-25: 001



Load/Store instructions = Bits 27-25: 010 and 011



Data processing instructions: Bits 27-25: 000








