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gﬁa ﬁ Last week:
Driving TTL from 3.3V
When driving one type of logic from another, need to check
voltages and currents are sufficient to do so at the speed
: that you desire. Level shifters can be used for interfacing.
CEG2400 - Microcomputer / Sracing
TTL{5.0V)LVTTL(3.3V} CMOS 5.0V
DD B -7 Voo
SySte ms ) CMOS 3.3V 44— V:”' min
o ] - Vi min —| 3.5
Lecture 5: Hardware initialisation 2al oo “L T _
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and programming examples 204 P LI (nio) sing
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Figure 1. Standard TTL/LVTTLICMOS/LVCMOS Logic Levels
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2. LPC2131

You should check output current and voltage for output is sufficient to
meet the input current and voltage of the connecting device.

A Example

* One LPC2131 driving two 74LCX244 chips

e LPC2131
— V. =0.4V max, Vq,,=Vdd-0.4=2.9V min

W) input voltage p..'l configured o provide a B34 = 55 v - IOL:4mA’ |OH:_4mA
digital funehion
Ve oulput voltage output active [ Ve v © 74LCX244
Vi A1GH-leved input voltig 20 . ! - - .
™ :l'.fx\ll.e:;'ll';:uiluu':u: . . 06 ; - VIL_O'8V max, VIH_ZV min (Ok)
Ve hysteresis voltage EE 04 v — ||=i5LIA NB double this for 2 (Ok)
s e A g v + Note for some logic, need to check both I, and
(7 HIGH-leved autput currert Vg, = I —4 ma I
[ LA Bewel outpud cument H a4 = mA IH .
lwg HIGHevel snor.creut m 5 om « Also need to check whether the propagation
current 1
[ LWl short-circus ] ] mA delay IS faSt enough
current
he pu-down current Viz5V JLIRT] =] 150 A
b pull-up current V=0V H 15 50 45 A
Vo <V <5V o 0 1] A
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2. Introduction

* How does the LPC2131 board allow you to
download programs?

* How does it allow you to execute your own
software?

» What does the J3 jumper do?
» What does the startup code do?

B, system Control Block

» Provides system features such as
— External interrupt
— Crystal oscillator
—PLL
— Memory mapping control
— Power control
— VPB divider
— Wakeup timer
» We will discuss those in green today
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g2 Reset Circuit

* #RESET goes low when you
press SW1

¢ Upon reset or powerup, ARM
executes instruction at address
0x00000000

Actually, should be

Table 2:  ARM sxception vector locations
Address

Note: identified as

rved in ARM documen:

w0000 0015
Ox0000 0016

» Wakeup timer

* When using external Powe
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B Power on

ensures everything
is stable and ready e e A
before allowing Al alet
instructions to M e | by
execute —

oscillator, RESET e m—

should be asserted

for >10ms on

powerup

— What is the RC time
constant for the
circuit in previous
slide?

Figy 11, Fompat bloeck ciagram inchufing Be wakes tir
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B Reset Code B Oscillator
AREA RESET, CODE, READONLY « Crystal + caps connected to XTAL1 and
ARM XTAL2 pins to generate a clock
aers LDR PC, Reset_Addr — A square wave can also be input to XTAL1
LDR PC, Undef_Addr . .
- ¢ We use 11.0592MHz because it is a multiple
- DCD=Define Constant Data (same as DCW) of the baud rates we wish to use for the
Reset_Addr DCD Reset_Handler UARTSs (11.0592MHz=57600x192)
XTALL Th' XTAL2
EXPORT Reset_Handler | e S
Reset_Handler s T
; initialise everything here =
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E. Phase locked loop B, PLL- howitworks
 High frequency signals are difficult to handle on * Feedback system "5‘"" sz
a PCB due to the relatively long wires used. This gli)ec?(tiﬂmtjl(tzllglgk .
is less of a problem on-chip. frequency

¢ Sometimes we want a high frequency for high
throughput, sometimes we want a low clock
frequency for low power and because it
generates less electromagnetic interference

* Many chips use a low frequency external clock
and multiply on-chip to address these issues
— A circuit that can do this is a phase locked loop (PLL)

« Output of the loop .
filter sets voltage "z
to VCO so the

two frequencies 0 1 IS [
at the phase o *__LB 8 [
detector are i

exactly the same | e
» Once “locked”, L _ |
Fout=N x Fin i

Source:
http://www.uoguelph.ca/~antoon/gadgets/pll/pll.htm|
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2 LPC21xx PLL

PLL —]

FLLC .
Connect F

PLL

PLL - divider

Enable

Current
controlled
oscillator

PLL
Multiplier

MEELO)

| i 10, PLL block diagram
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2 PLL

* PLL multiplies the input oscillator
frequency Fosc by M to give CCLK
— CCLK = Fggc XM

» To do this it uses a current controlled
oscillator at frequency
—Feco=Fosc XM Xx2xP

» Furthermore Fsc must be in range 10-
25MHz and F.g in range 156-320MHz
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2 PLLCFG

3.7.3 PLL Configuration register (PLLCFG - 0xEQ1F C084)

The PLLCFG register contains the PLL mulliplier and doader values. Changes to the
FLLCFG register do not take effect until a comect PLL feed sequence has hean given (See
Section 377 "PLL Fesd reqister (PLLFEED - OxED1F COACY an pags 30). Calculations
for the PLL frequancy, and mulliplisr and drader values are found in the PLL Frequency
Calculabion section on page 31

Table 15:  PLL Cenfiguration register (PLLCFG - address 0xEQ1F CO84) bit deseription

Bit Symbol Description Rezet
value
40  MSEL lier value. Suppies the value “M” in the PLL frequency 0

on selecting the night value for MSEL see Section
fre calcuiation” on page 31

85 PSEL  PLL Divider value Supplies the valus "P" in the PLL frequency i
calculahons
Hote: For details on sedecting the right value for PSEL see Section
374 PLL frequency caloigation” on page 31

7 Reserved, user software should not write ones to reserved bits, The  MA
walue read from a reserved bit is not defined
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E. Choosing P and M

» Choose desired Fogc and CCLK (CCLK must be
integer multiple)
e Calculate M in range 1-32 (MSEL bits are M-1)

 Calculate P so that Fq is in correct range (P
must be 1,2,4 or 8. PSEL bits are P-1)

L 0

Tokir 11 PLL Muspder suber
WL B LTS e B E =TT
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§. Example

* Fgsc=10 MHz requires CCLK = 60 MHz
¢ M =CCLK/Fosc =60 MHz /10 MHz = 6.
— M -1 =5 will be written as PLLCFG[4:0]

* Value for P can be derived from P = Fq /
(CCLK x 2), Fcco must be 156-320 MHz.
Assuming the lowest allowed frequency for Fqqq
=156 MHz, P = 156 MHz / (2 x 60 MHz) = 1.3.
The highest F frequency criteria produces P
= 2.67. Only solution for P that satisfies both of
these requirements and is listed in Table 20 is P
= 2. Therefore, PLLCFG[6:5] = 1 will be used.
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B PLLCON

Table 14:  PLL Control register (FLLCON - address 0xE01F CO80) bit description

Bit Symbol Description Reset
value
1] PLLE PLL Enable. When one. and after a valid PLL feed. this bit will ]

activate the PLL and allow it to lock to the requested frequency. See
PLLSTAT register, Table 15.

1 PLLC PLL Connect. When PLLC and PLLE are both set to one, and aftera 0
valid PLL feed. connects the PLL as the clock source for the
microcontroller. Otherwise, the oscillator clock is used directly by the
microcontroller. See PLLSTAT register, Table 16,

T2 - Reserved. user software should not write ones to reserved bits. The  NA
value read from a reserved bit is not defined.
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2 PLLFEED

* Incorrect programming of the PLL will
cause the uC to operate incorrectly

» The PLL is only updated if a PLLFEED
sequence is received
— Update PLLCFG & PLLCON registers
— Write OxAA to PLLFEED
— Write 0x55 to PLLFEED

2 PLLSTATUS

Table 16: PLL Status register (PLLSTAT - address 0xE0Q1F C088) bit description
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Bit Symbol  Description

an MSEL Read-back for the PLL Multiplier value. This Is the value currently
used by the PLL

65  PSEL Read-back for the PLL Divider value. This is the value currently
used by the PLL

7 . Reseried, user software should not wiile ones 1o reserved bits.
The value read from a reserved bit is not defined.

B PLLE Read-back for the PLL Enable bit. When one, the PLL is currently

activated, When zero, the PLL s turned off, This bit is automatically
cieared when Power-down mode is activated

] PLLC Read-back for the PLL Connect bt When PLLC and FLLE are both
one, the PLL Is connected as the clock source for the
miécrocontrolier. When either FLLC or PLLE is zero, the PLL Is
bypassed and the oscillator clock is used directly by the
microcontrolier. This bit is automatically cleared when Power-down
made Is activated.

L] PLOCK  Reflects the PLL Lock status. When zero, the PLL is not locked
Whaen one, the PLL is locked onto the requested frequency.

Resat
value

o

NA

0

o

1511 - Reserved. user software should not wiite ones 10 reserved bis. MA
The value read from a reserved bit is not defined.
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2. PLL Definitions 2B PLL startup code
; Phase Locked Loop (PLL) definitions ; Setup PLL
PLL_BASE  EQU OxEOLFCO80 ;PLL Base Add
PLLCON_OFS QEQU x0x00 JPLL Conalfoel Oﬁsﬁss IF PLL_SETUP <> 0
PLLCFG_OFS EQU 0x04 ; PLL Configuration Offset LDR RO, =PLL BASE
PLLSTAT_OFS EQU 0x08 : PLL Status Offset —
PLIFLED OFS EQU OWC  :PLL Feed Offse MOV  R1, #0xAA
PLLCON_PLLE EQU (1<<0) ; PLL Enable MOV  R2, #0x55
PLLCON_PLLC EQU (1<<1) ; PLL Connect
PLLCFG_MSEL EQU (0x1F<<0) ;PLL Multiplier
PLLCFG_PSEL EQU (0x03<<5) ; PLL Divider ; Conﬁgure and Enable PLL
PLLSTAT_PLOCK EQU  (1<<10 ; PLL Lock Stat
oo PLL Sotun G ock Status MOV R3, #PLLCFG_Val ; Ox24
Jl <01.0.4> MSEL: PLL Multiplier Selection STR R3, [RO, #PLLCFG_OFS]
I e MOV R3, #PLLCON_PLLE
il <01.5..6> PSEL: PLL Divider Selection STR R3, [RO' #PLLCON_OFS]
T wmews STR R1, [RO, #PLLFEED _OFS]
1 <le> STR  R2, [RO, #PLLFEED_OFS]
PLL_SETUP EQU 1
PLLCFG_Val EQU 0x00000024; Whatis M and P? What is Foo? CCLK?
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E_ wait until ready & switch 2 VPB Clock
; Wait until PLL Locked . (P:rgcesso(r’ uses
PLL Loop  LDR R3,[RO, #PLLSTAT OFS] Seriphormis use
ANDS  R3, R3, #PLLSTAT_PLOCK PCLK (peripherals -
usua y on run as Table 27;  VPB Divider register (VPBOIV - sddiess SREDTF C 100} bt description
BEQ PLL_Loop fast as the processor) =~ M Mo v Geowmn i
*+ VPBdivider O e e e "
: Switch to PLL Clock determines relation e =

MOV RS,
#(PLLCON_PLLE:OR:PLLCON_PLLC)
STR R3, [RO, #PLLCON_OFS]
STR R1, [RO, #PLLFEED_OFS]
STR R2, [RO, #PLLFEED_OFS]
ENDIF ; PLL_SETUP

between them "

— Startup code
doesn’t change the

default of / 4

What is PCLK in our
system?

Figg 12. VP drvider conneciioss
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2 Stack space 2 Setup stack
UND_Stack_Size EQU  0x00000000 ; Setup Stack for each mode
SVC_Stack_Size EQU  0x00000008 LDR RO, =Stack_Top

ABT_Stack_Size EQU  0x00000000 ; Enter Undefined Instruction Mode and set its Stack Pointer
< = MSR CPSR_c, #Mode_UND:OR:|_Bit:OR:F_Bit

FIQ_Stack_Size EQU  0x00000000 MOV  SP.RO
IRQ_Stack_Size EQU  0x00000080 ' )
USR_Stack_Size EQU  0x00000400 ELE R RO SR SR e
; Enter User Mode and set its Stack Pointer

Stack_Size EQU (UND_Stack_Size + SVC_Stack_Size + MSR CPSR_c, #Mode_USR
ABT_Stack_Size +\ MOV  SP, RO -
FIQ_Stack_Size + IRQ_Stack_Size + SUB  SL, SP, #USR_Stack_Size
USR_Stack_Size) - -
AREA STACK, NOINIT, READWRITE, ALIGN=3 ; Enter the C code
Stack_Mem SPACE Stack_Size IMPORT __main
LDR RO, =__main
Stack_Top EQU Stack_Mem + Stack_Size BX RO
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« Wish reset to be flexible * Need some way to map
— download to flash (boot different portions of
loader) memory to the ARM )
. q Table 3:  LPCZ2131/2/4/6/8 memory mapping modes
— execute our program in except|on vectors — P
flash ; oHe
. — Memory mapping control Boot Hardware The Ecot Loader always exscutes after any reset. The Boot Block
— execute routine in RAM determines source of this Loader activation by Intermupt vectors are mapped to the bottom of memory to aliow
data maode any Resst handiing exceptions and using interrupts during the Boot Loading
T.!h:? 2. = ARM sxce; Elnan vtemr locations . process,
e User Seftware Activated by Boot Loader when a valid User Program Signaturs is
Flash activation by  recognized in memory and Boot Loader operation is net forced.
mode Ecol code Interrupt vectors are not re-mapped and are found In the bottom of the
Flash memery,
UserRAM Software Activated bf; a User Program as desired. Interrupt veciors are
maode activation by re-mapped to the bottom of the Static RAM,
User program
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2. Memory mapping modes E_ Memory mapping modes

Table 12: Memory Mapping control register (MEMMAP - address 0xEQ1F C040) bit o 12kB boot block remapped to high memory so it
description . B} R R
Bt Symbol Value Description Reset is at the same address for devices with different
value A
1:0 MAP oo Boot Loader Mode. Interrupt vectors are re-mapped fo Boot 00 ﬂaSh Sizes
Block
01 User Flash Mode. Interrupt vectors are not re-mapped and
reside in Flash 08000 0000
10 User RAM Mode. Interrupt vectors are re-mapped to Static 206GE OxTFFF FFFF
RAM | B i
7 Reserved. Do not use this option 20GE-12KE
Warning: Improper setting of this value may result in incorrect
operation of the device. 0x000& 0000
72 - - Reserved, user software should not write ones to reserved ~ NA = g ey B

bits. The value read from a reserved bit is not defined.

512 kB FLASH MEMORY

So how does the bootloader know to execute your code?

0.0 GB ACTIVE WTERRIET VECTOR (FRoM FLAGHL SRAM, 07 BT

1 axnooo oooo
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g2 After reset

0 TFFF FFFF
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g Details

* Remapped area is
— 32 bytes (size of interrupt buffer area)

— Additional 32 bytes (to store constants for
jumping beyond range of branch instruction)

4 4 — Total 64 bytes
g » Same data can be read from both
R remapped and original locations
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B Boot loader E.  valid user program
* Always runs after reset — » Reserved ARM interrupt vector location
» Allows programming of flash ? (0x0000 0014) should contain the 2’s
memory complement of the check-sum of the

=

— Low on PO0.14 starts the in-system |
programming command handler (J3
inserted on our board)

— If high, looks for a valid user program
and executes it

— P0.14 must be pulled high or low by
external hardware

remaining interrupt vectors.
—i.e. checksum of all vectors is 0.
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B. Some simple programs

Prograun 7.3a: add.s — Add two numbers

1 ; Add two {32-Bit) sumbers

g ChdEzd - add

1 AREL  Progras, CODE, READONLY

5 EXTRY

[ LDR Ai, Valuel i Load the first nusber

o LDR A2, Valuwel i Load the second mumber

10 ARD R, R2 : ADD thes together inte R1 (x = x + y)
1 8T R, : Srore the result

12 W1 B11
13

14 Valwel DCD &3TE3C123 i First value to be added
15 Valwe2 DCD RIETAOZAA i Second value to be added
Result DCD o i Storage for result

END

Following programs from: http://www.arm.com/miscPDFs/9658.pdf
(excellent book on ARM assembly)
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B 64-bit addition

Program 7.7 add6d.o — 64 bit addition

| i B4 Bir additien

M ChAExD - addbd

1 AREAL  FProgram, CODE, READONLY
EXTRY
T Main
# LOR RO, =Valuel ; Pointer to first value
" LOR R, (RG] : Load firsy pare of valusl
1 LOR R2 : Load lower part of valusl
1 113 RO : Pointer to secosd value
1 Lok B3 : Load upper part of valus?
11 LoR R4, [RO, #4] i Load lower part of valusld
u ADDE  RE : Mdd lover 4 byres and ser carry flag
15 Anc R ; hdd upper 4 bytes including carry
1 LOR RO ; Pointer to Result
17 STR RS i Stere upper part of result
1
m STR RA, [RO, #4) ; Store lower part of resslt
0 5 [

ELZAZES40, KF2100123  ; Value to be added
e EODLOLGEF, R40OZIFEL  ; Value to be added
2 Resalt DD [ i Space to store result
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8: factorial.s — Lookup the factorial from a table by using the address of the memary L t b

: Lookup the factorial from a table using the address of the mesory locaticn

Program
location

) T ChAExd - factorial
1 AREA rogran, CODE, READONLY
8 ENTRY largestit.s van o sevics of 16 bif nwmbers to find the largest
Nein 1. Scan s series of 16 bit mesbers o fisd the lergest
[ LoA =lataTable Lead the nddress of the lackup table N —
] LOR Value Uffser of valus to be lacked up i MMEA  Progras, COOE, REASORLY
i MOV R1, LSL #0x2 Data is declared as Jibit - need 3 ENTRY
i : to quadruple the offset to point at the L
1 correct memory lecation e Lens the ad ¢ eae esren ean
I ADD RO, RO, R1 i HO mow contains memary address to stors N ey i o 1 nsTanmna e g T S
1 LR K2, [Ra) SR K3, Leagsh iimit slemant count
15 Low B3, sHesult : The address vhere we vant to store the ansver o -
15 STR B2, [R3] Store the ansuel L Deas +42 table fs espiy
¥ Lesp
17
1 sut Bt 1pet the dare
Lise if zars

peisier
comat vith aere set

g f9 201 m1, loop

RO, B2, #d
B3, B3, S0l
Leop

i The data table contaiaing the factorials

1, Result ietherwise dose - store result

Valss DCE B
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Largest number

Datal, DATA
BLIED itable of valees ta ba tested
e
[Tt
¥2000

0

B Datad. DATA

Leageh DOV i velre having ta align
aLtcw Losp esunt
Result DOV O istarage for result




