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MOTIVATION

m ARM processors are frequently used in
application specific integrated circuits (ASICs).

m Major applications:
Telecommunication
Data communication
Portable Computing
Automotive
Information Systems
Imaging



DEVELOPMENT OF THE CHIP

m Research on ARM processors

m Coding the architecture (Verilog)

m Synthesis with scan chain (Synopsys DC)
m Test pattern generation (Tetramax)

Place & Route (Astro)
Post layout verification (Verilog)

DRC & LVS verification (Calibre)



ARCHITECTURE
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IO Signals

DATAIN[31:0] :D

BIGEND @—P

NEXEC @—»
nIRQ @—p»

nFIC @—p»

CLOCK @—

nRESET @—P»
ABORT @—P

CPA @ g

CPB @—

VOD @—p

VvSS @—P

PROCESSOR

> DATAOUT[31:0]
:: > ADDRESS[31:0]
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INSTRUCTION SET

Instruction Set is consisted of 34 instructions which can be divided into 12 groups:

. Data processing

. PSR (Program Status Register) transfer
. Multiply

. Single data swap

. Single data transfer

. Undefined Instruction

. Block data transfer

Branch

. Coprocessor data transfer

10. Coprocessor data operation
11. Coprocessor register transfer
12. Software interrupt



Conditional Execution

31 2627

Condition Mnemonic Tntertestation Needed flag state for
Code Extension execution
Q000 EQ Equal / equals zero Z set
Q001 HE Mot equal Z clear
Q010 CalHS Carry set / unsigned higher or same (Z set
0011 T Catty clear / unsigned lower i clear
0100 I Ilinus [ negative I set
0101 PL Plus / positive N clear
0110 Vs Crverflow W oset
0111 Wiz o overflow W oclear
1000 HI Tnsigned higher C set and Z clear
1001 Ls Tnsigned lower or same i clear or Z set
1010 GE signed greater than or equal M equals WV
1011 Bk signed less than I iz not equal to
1100 5T signed greater than Zclear and M equals WV
1101 LE =igned less than or equal Zsetor N isn't equal to WV
1110 AT, Always Any
1111 IRt Mewver Mone
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Components of the Processor

m Read registers
m \Write register

m Address register
m [ncrementer

m Register bank

m Multiplier

m Shifter

m ALU

m Controller
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Read Registers
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Register Bank
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Multiplier
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Shifter

Clock @—»

Input data[31:0]

Shift_amount_controller[7:0]

Sthift_amount_multiplier[7:0]

Shift_source[1:0] [

Shift_type[1:0]
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a_bus[31.0]

b_bus[31:0]

controller @—p

a latch enable @ —p
b latch enable @ B
Control clear b@——p
Multiplier clear b @—— b
Carry in@——p
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Architecture of the ALU
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Controller

m Instruction decoding
m FSM

m Interrupt handler

m Pipeline Registers



FSM - Data Processing

31 2827262524 212019 1615 1211 1
cond |00 (#|opeode |3 Rn Rd operand 2
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FSM - Multiply

31 2827 2423 212019 1615 12 11 8 7 4 3 0
cond |0000 | mul |S| Rd Rn Rs (1001 Rm |

mul = 000; Rd=RmxRs
mul=001; Rd=RmXxRs + Rn

_______:_'.'.“:Shiftsd multiplier is not zero

Y shifted multiplier is zero

decode
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FSM — Single Load

K]l BB 24232021 2019 1615 1211 1

source/destination register!
base reqister
[oad/store

write-back (auto-indesx)
Up/doim
pre-fpost-index

1

: C o2 D
: unsigned bytesward

I *

¥

2h 11 0

[ EEEEREEEEEEE D > [ 12bitinmedizte ] |
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i, destination '= PC x "4 destination = PC
2 11 766473 I : o
"""""""" = | d#shit |[Sh|0[ Rm ! decode pre-fill-pipeline

immediate shift length —I \
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FSM — Multiple Transfer

2l 28 27 252423 2221 20149 1615 0

cond | 100 |PJU Rn register list

base register
load/fstore

write-back (auto-index)
restore PSR and force user bit

up/Sdown
pre-/post-index

Instruction is Inad_‘ -'----.._______I_Tstruv:tiun is store
v 4
Transfer number 1= 1 {":__:t- multiple-load-final multiple-store-final ________1'" Transfer number I= 1
Transfer number = 1 and ."il':l'estinati-:rn =PC . . g Transfer number = 1 and
destination is not PC. Destination = PC --.-;]?ﬁllnatlurl is not PC

decode pre-fill-pipeline pre-fill-pipeline decode



Coprocessor Register Transfer

31 2827 2423 212019 1615 12 11 87 543 0
cond [1110]|Copl|L| CRn Rd CP# |[Cop2|1| CRm |

decoc



Interrupt Handler
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SYNTHESIS
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Optimization

A

Instruction Y
Decode U
& ]
Control 3

Address

Address Register

il

licremen
fer

s T

% Multiplier
)
7 J
Shatter
L JL

ALU

1

‘l’T

i

Read Registers

Bd

Input

[Jata
Curput



"

Optimization
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Optimization
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ALU before being modified

7 AV

A operand latch B operand latch

invert A -
- Inverter

ll {5

logic functions

function

logicfarithmetic
= result mux

zero detect

result



ALU after being modified

a_bus[31:0]

‘ a-bus-register ‘

b_bus[31:0]

‘ b-bus-register ‘

multiplexer | \ multiplexer |
\ router
7
AND | OR EOR | MOV | NOT | NAND
Adder-Subtracter
Logical Functions
multiplexer

iy

Result[31:0]
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PLACE & ROUTE

m DRC has O error count.
m LVS check has passed.

m Post layout simulation has no timing
violations.
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Layout with Bonding Diagram
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SIMULATION RESULTS

m Load Instruction
m Multiply Instruction



Load — Instruction decoding
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Load — Cycle 1
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Load — Cycle 2

Jhomesd.
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Load — Cycle 3

<Debusswinwave 2> /home/. /ARM7 fastro/arm? fsdb
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Multiply — Decoding, Multiplier,
Multiplicand

< Debl uy fhome/. . /ARMY fastro/arm? . fsdb

IEiIe aignal Miew Waveform  Analog Tools Window Help

I A FF <) 4 By | 792036448 0 -792006448 | @ ® W| By § « + »| GoTo |
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shifted multiplier =zero
shift amount[7:0]
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Multiply — Multiplicand is shifted left in
each cycle according to Booth’s
algorithm

<Debussyinwave 2> /home/. ARM7 fastro/arm? fsdb

File signal Yiew MWaweform Analog Tools Window Help
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Multiply — Multiplier is shifted right 2
bits In each cycle

chussyiniw ave: 2
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Multiply — The instruction completes
when the shifted multiplier becomes
Zero

< DebuyssynWwave: 2> fhome/s. JaRM7fastrofarm? . fsdb
File &ighal View MWaveform Analog Tools Window Help
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Multiply — The result is on ALU bus

< Debussy:nwave: 2> fhome/.  ARM7‘astrofarm? fsdb
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CONCLUSION

(Max frequency before optimizations: 70Mhz)

Specifications

Dlaximam operating frequency 90 MHz
Test frequency 10 MHz
Power supply voltage 1.5V
Power 309 miWw
Gate count 286547
Atea 797
Instraction count 34
Datapath width 32 hits
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