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Administrivia

« Bonus office hours on Friday
 Friday 1-5 pm in the lab room
* PMs will be there as well to support

» Tuesday and Thursday after Thanksgiving will be office hours too
* In this classroom

« Come ask project questions or just work on things

» Tuesday plan: talk about embedded research
« Happy to tailor that as anyone wants
 Talk about research and PhD generally, talk about specific projects, etc.



Today’s Goals

* Discuss remaining parts of the Microbit and nRF52833
 Realize that we've covered almost everything on the system!!

« Compare and contrast other microcontrollers



Outline

- What haven't we talked about?
* Microbit
e NRF52833

» Other hardware systems

* Other microcontrollers
 Microprocessors
 FPGASs




Microbit

» Used almost all
of this!

* Remaining:
« Batteries

e Wireless

« KL27Z 12C

MicrcI) USB

Front

Touch sensitive logo

Microphone

- LED indicator
- Hole for microphone input

LED matrix 5x5

User buttons

Analogue/Digital 1/0
- Muxable to SPI, UART, 12C

- Notched pads for crocodile clips
- Holes for banana plugs

External supply

- Regulated 3.3V in or
battery out

Edge Connector

Power indictator USB activity indictator
Back

!r | m Battery connector
—— UsB s R i - JST connection for 3V
‘§ T
Nordic nRF52833 - A Reset/power
‘ ’ N button
| > ooE -

SPEAKER-
PROCESSORY @
AGCELEROMETER

. YT G~ NXP KL27Z
(\(> | ll - USB interface chip

ST LSM303AGR

=



Internal Microbit connections

v

JET
Regulator
UsSB
Antenna ANT
SWD USB
SWD GFID
nRF52833 KL27Z Reset
Xtal Xtal UART UART UART BTN
Logo GPIO  12CM1 12CMD 12C Intemal 205 R
|2C external LEDs
E}!;hés Motion
5x5 LI_ED MEMS mic Speaker Sensar
Matrix ELSM & Added in V2
FX035)
Present in micro:bit V1
(Cols only)
12C

Edge Connector




KL27 I2C Interface

 Device information
 Version of board and JTAG firmware
« Power state of boara
« USB, Battery, both
» Voltage values for battery and VIN
« USB connection state
» Disable the power LED!!

* Flash Storage
« 128 kB of the KL27’s Flash is readable/writable over 12C

https://github.com/microbit-foundation/spec-i2c-protocol/blob/main/spec/index.md



https://github.com/microbit-foundation/spec-i2c-protocol/blob/main/spec/index.md

Outline

- What haven't we talked about?
« Microbit
- nRF52833

» Other hardware systems

* Other microcontrollers
 Microprocessors
 FPGASs




NRF52833 Peripherals

« Tour of the nRF52833
peripherals

« With some details on
the ones we haven't
talked about

* Wireless
* Crypto
« Audio

nRF52833
RAM, || Ram, || Ram, || RAM: || RAM, || RAM: || RAM; || RAM, || RAM: GPIO
P=F—1= TFIL
SWCLK ———
SW-DP
SWDID —a——-
CTRL-AP AHB mullllﬂ?ﬁl
o o
4 =
o =
E (%]
AHB-AP ETM
cPu AHE TO APB ece | | wice
BRIDGE
ARM
CORTEX-M4 Py + + +
NVIC SysTick “ ] b NVMC
£ > | ANG
NRESET ———— POWER ) 5 [ I o
# > RTC [0..2]
A . = . TIMER [0..4
[ ]
woT — . - > TEMP
HCL { master } EasyDMA
L2 i ——— 5 7
) CLOCK — & ) coM
WLl =T / 5
W2 = master ) EasyDMA
r 4 £
ANT -————— RADIO <:> 7 T AAR
maste EasyDMA
EasyDMA ( master B v ! } Y

)

—=

PO.O-PO31
P1.0-P1.09



NRF52833 Peripherals

» Cortex-M4F processor
 32-bit ARM core
* Floating point

* Includes Interrupt
control and SysTick
(an extra timer)

NRESET —

TP <H

SWICLK ——
SWDID -

nRF52833

RAM,

RAM,

RAM;

- RAM;

GFRIOD

TRIU

—=
—
—

S5wW-DP

il

slave

CTRL-AP

AHBE multilayer

HC1 -]
KL
XKLL =T+
L2 =T

ANT

= m m
I-Cachel
cPU AHB TO APB acr | | uier cobe
BRIDGE
ARM
CORTEX-M4 ey + + +
NVIC & :) NVME
£ - > RNG |
I POWER " ‘ [ ] 5
¥ | RTC [0..2] |
Y &
‘ . [ ] .
& ol TIMER [0..4] |
Sp===———
WOT ¢ — > | TEMP |
PPl — . ; = ECB
- { master } EasyDMA
- 5\ F
CLOCK — & . \“::— com
—>
N { master ) EasyDMA
. i1 iy
—- RADIO <:> 7 T AAR
EasyDMA ( master B - Lozl ’,:) s it

—=

PO.O-PO31
PLO-P1.09
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NRF52833 Peripherals

RAM, || RAM, || RAM. || RAM. || RAM. || RaM. || RaM, || RAM, || RaM: | | GPIO > s‘:-g‘:f-g;

« Memory buses

TP <

SWICLK ——
SWDIO -

'y

AHBE multilayer

AHB-AP ETM |-cache|
CPU AHB TO APB FICR | | uicr copE
BRIDGE
ARM
CORTEX-M4 ™ + + +
NVIC SysTick NVMC
RNG |
NRESET ————— ™ POWER RTC [0..2] |
* TIMER [0..4] |
woTt TEMP |
PPl £ce
/! Y
HCL e ——————— { master } EasyDMA
K2 P A
CLOCK
Bl == i cem
X2 <1 = EasyDMA
ANT - ——— ] RADIO AAR
EasyDMA master } {1 L } s L
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NRF52833 Peripherals

« JTAG and Debugging
* Allows code updates

* Allows GDB to step
through code

TP =

SWICLK ——
SWDID -

NRESET —

HC1 -]
KL
HL1 =
L2 =T

ANT

nRF52833

RAM, || RaM, || RAM, || RAM || RAM. || RAM: || RAM; || RAM, || RAM: | | GPIO
4] 4] 4]

CTRL-AP

AHBE multilayer

] = im o ] ]
E i w o
AHB-AP ETM I-Cachel
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ARM
CORTEX-M4 P + + +
NVIC SysTick . . ) NVMC
i Y
e » RNG
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A . [ 1 .
. || ol TIMER [0..4] |
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NN F
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N { master ) EasyDMA
r 4 £
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I I —
FasyDMA ( p— B { master ) EasyDMA
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NRF52833 Peripherals

» Volatile memory

« SRAM, 128 kB

e

nRF52833
TP} —1{={ TPIL
SWCLK ——— =
SW-DP
SWDIO -l——-
CTRL-AP AHB multilayer
" = -]
E W e
AHB-AP |  ETM I-{“achel
cou AHE TO-APR FICR | | vicR cooE
BRIDGE
ARM
CORTEX-M4 Py + + +
MVIC SysTick “ | | ) NVMC
< > RNG |
NRESET ———— POWER — [T
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PO.O-PO31
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NRF52833 Peripherals

 Nonvolatile memory

 Flash, 512 kB

 Non-Volatile Memory
Controller

nRF52833
RAM, || RaM, || RAM, || RaM: || RAM. || RAM: RAM, || RAM;:
TP <7 TRIL 2 = - : 2
SWICLK — Swop
SWDID - '
CTRL-AP AHB multilayer
& g
" =
E ]
AHB-AP ETM I-Cachel
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BRIDGE
ARM
CORTEX-M4 e
MNVIC SysTick “
]
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NRF52833 Peripherals

» Power and Clock
management

nRF52833
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NRF52833 Peripherals

RAM, || RaM, || RaAM, || RAM: || RAM. || RAM: || RAM; || RAM, || RAM, L~ E?-E-EE-E
* GPIO pins
P<—= TPIL : 2 2 y
SWCLK —— ]
SW-DP
SWDIO ~——]
CTRL-AP AHB multilayer
o = im m = wn
E “ e o
AHB-AP | ETM I-Cachel
cou AHE TO-APR FICR | | LICR cooE
BRIDGE
ARM
CORTEX-M4 Py + + +
MVIC SysTick “ ) NVMC
& L > RNG |
NRESET ————— POWER ‘" s [T 7
7 . II > RTC [0..2] |
Fa LY
A . | ol TIMER [0..4] |
WOT — & - > TEMP |
X1 - » { master ) EasyDMA
K2 - —— N Fi
KL< CLOCK —| | < . x:} -
1 I
M2 =H—— { master ) EasyDMA
. A £,
ANT - ———= RADIO | |¢ . > AAR
EasyDMA ( master B {:\ master f:) EasyDMA
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NRF52833 Peripherals

Various timers

Watchdog Timer

Real-Time Counter

Timer peripheral

nRF52833
RAM, || mam, || mam, || mams || RAM. || RaM: || BAM; || RAM, || BAM: | | GPIO
TP=3+4+—= TPIU E E igf E E
SWCLK —— ]
SW-DP
SWDIO -——-
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WD e & - > TEMP
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. N\
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PO.O-PO31
PLO-P1.09

RAM; RAM, RAM,

NRF52833 Peripherals 1

* Programmable I B ey
Peripheral swes— o
Interconnect
AHB-AP ETM I I 'E

¢ Ra ndom N U m ber cPU AHB TO APB FICR CODE

UICR
BRIDGE

Generator contons ~ R

slave
slave

slave
5lave
slave

master

slave

slave

NVIC SysTick - . . NVMC
& — RNG
RRESET ——— = POWER — (" [ I = S
A PR 7 =
MER [0 4
S n S WD A é L] - TEMF
* [emperature sensor =
KC1 g . { master } EasyDMA
W2 - —— P N\ i
cLock | | <& > ceM
W< ® / 5
X2 <] ~ {\ master ,r} EasyDMA
L M,
ANT - ———= RADIO <:> ‘ 7 Y ’ AR
EasyDMA ( master B {:\ L E,:) EasyDMA
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NRF52833 Peripherals —

» Wireless radio i
* Bluetooth Low Energy ... | »—
« 802.15.4 WDI0 - — P> .
(Zigbee or Thread)

: I
T"': J-; = =
AHB-AP ETM |-':HCHE|

PO.O-PO31
PLO-P1.09

slave
slave
slave
5lave
slave

maste

slave

* Cryptography cru '“‘H:HITE?G”EFB FICR | | uicr cope
» ECB (AES mode) compem ~ )
. CCM (AES mode) o To| [l
NRESET ———— [~ POWER — S [ 1 7 HT:N; >
‘l {E = E} I TIMEF'[.[.{..:I..L] ||
¢ AAR (Accelerated WDT — ‘ [ ] >
Address Resolver) | = g
» For BLE random =1 < N NN e
addresses el -

L
ANT RADIO AAR
EasyDMA

EasyDMA
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NRF52833 Peripherals :=

Wired

communication
protocols

USB Device

SPI

 Controller/Peripheral

TWI (I2C)
 Controller/Peripheral

UART

KC2 -

ANT

CLOCK

RADIO

LUSED

M
| |« x - ccm
{ master ) EasyDMA
1 i
=k —[
p—— S { master ) EasyDMA
= ! !

SPIM [0..3]

EasyDMA

fi k!
{ master }
| !

i

TWIS [0..1]

EasyDMA

fi k)
{ master >
N 7

Y

il

TWIM [0..1]

i b
{ master }
B !

EasyDMA

AY
EasyDMA master )
Ay F)
=
i< P
NFC1 -—= = T
EasyDMA g Friaster )
POO=PO.E1
PLO-P109 =1 GPIOTE |
comMp | <_> .
LPCOMP | <>
/ \
EasyDMA {  master )
LED =7} . !
A —————— QDEC —
B—t——
OUTD - 0UT3 < PWIM [0..3] @ \
EasyDMA {  master )
MCK <7 \ !
LRCK =}1+—— ==
Sl <H——> 125 —
SDOUT <]
SDIN ———— r \
EasyDMA Q friaster )
CLE ...-;_"'_"'] i
o —— FOM <f—> < :
EasyDMA {  master )
) !

LARTE [0..1]

EasyDMA

SPIS [0..2]

EasyDMA
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HCZ -
XL1 =+
W2 =T

ANT

NRF52833 Peripherals

» Inter-IC Sound (I125)

VELS ~—
O+ -l —

« Wired communication >
bus explicitly for audio 2
data e
+ Unrelated to I2C p10-riis<H

* Like a synchronous
UART <

 Clock, data in, data out

OUTO - 0UTS <7}

 Additional signals

» MCK - synchronization
* LRCK — left/right

channel select

. £ b Ay —
CLOCK L . . \.\LR CCM
{ master ) EasyDMA
y ! Fi
woo <> —
EasyDMA ( ter S : master ,.r} EasyDMA
) F
i AY
EasyDMA (  master )
A} F
F— 2 =
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NFCT / = & T :} SPIM [0..3] =
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SAADC <:> :> TWIM [0..1] =
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\ ( master ) EasyDMA
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PDM ‘ane] K - SPIS [0..2] =
i \
! LY —
EasyDMA {  master ) Comasier ) =T
i !

5CK
KOS
M50

SCL
5DA

SCL
5DA

RTS
CTS
TxD
RXD

CSN
KIS0

KOS
5CK
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NRF52833 Peripherals

* NFC

* Near-Field
Communication

* Close-range wireless
communication
protocol

« “Tap-to-pay”
systems

OUTO - 0UTS <7}
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5CK
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NRF52833 Peripherals :=

» GPIOTE
* GPIO interrupts

K2 -
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NRF52833 Peripherals :=

 Analog inputs

Comparator

* Low-Power
Comparator

Successive
Approximation
Analog-to-Digital
Converter

OUTO - 0UTS <7}

K2 -
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MFC] -f—
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NRF52833 Peripherals

« Quadrature Decoder
peripheral

* Detects rotation
speeds and
direction

« Usually for motors
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Quadrature Encoding

light receiver "

I\
source \’ﬁﬁw/
l . DAY < light

zones

” transparent
marks

encoder
disk

Optical encoder working principle

Usually two receivers and disks: A & B
That gets you direction and speed

Quadrature

1o~ Transition”
: — HI" State

o SO

Channel A leading B

A —" —
-9
B

Channel B leading A
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NRF52833 is complete

 That's just about everything!

* First 550 out of 600 pages of nRF52833 datasheet

« Remaining 50 are hardware details
 Pinout for different packages
« Recommended circuit layout
 Soldering details
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Break + Open Question

- What doesn’t the nRF52833 have a peripheral for?
(i.e., what could you imagine a peripheral for that it doesn’t have)
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Outline

 What haven’t we talked about?
« Microbit
« NRF52833

« Other hardware systems

 Other microcontrollers
 Microprocessors
 FPGASs




Microcontroller knowledge is transferrable

 Your knowledge of microcontrollers applies to almost all of them
» They have similar peripherals that work in similar ways

» The exact names and configurations will definitely be different
« But the fundamentals stay the same

* Let’s prove this with a quick view of two microcontrollers
1. Atmel SAM4L
2. Texas Instruments MSP430
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Atmel SAM4L Microcontroller

* ARM Cortex M4F (same processor!)

« Lots of very configurable peripherals
« USART, SPI, TWI, 12S, DAC, ADC, Timer, ...
 Kind of a “do-everything” microcontroller

—
_ System
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HE CONTROLLER RAM
L
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TWI MASTER 3
—> z TWISLAVED | Tk ————]
VD TWISLAVE 1 e TWD »
¢ SEG[IS. D—]
_> Z LCD l———COME 0 —
¥l CONTROLLER SIASL BIASH—
———capH.CcAPL—]
e sck———
M2 INTER-IC SCOUND ‘—E'Ei—"
4E CONTROLLER I500—— 3
IMCEK, -
oK
M|=| AUDIO BITSTREAM ABDAC[..0] .
Ve DAC L ABDACH[.D—
- 16-CHANMEL [—TRIGGER
= 12-bit ADC i
Fa (f———AD[14.0
INTERFACE : Py
I 10-bit DAC l—  DACOUT————
g INTERFACE

s LY

CAPACITIVE TOUCH

P e —

& MODULE is——»
=< | PARALLEL CAPTURE [§—_—"Coi—
8| CONTROLLER [ ocoamap.g
GLUE LOGIC [ ¢——— N0
CONTROLLER ouTp-B——»
———CLeR 0 —
TIMER/COUNTER D |g 820} >

TIMERACOUMNTER 1

A —»

AC INTERFACE

l&—scan 0]
£ ——— ACAN[2. 0]
4———ACREFN

32-BIT CRC

CALCULATION UNIT
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SAM4L GPIO

* GPIO register map (heavily abbreviated)

Table 23-2. GPIO Register Memory Map
Config. Access
Offset Register Function | Register Name Access Reset | Protection | Protection
000 GPIO Enable Reqgister ReadWnte GPER Read/Wnte A Y M
0040 Output Driver Enable Register ReadMWnte QODER Read/Wnte A Y M
0050 Cutput Value Register ReadWnte OVR ReadWrite A1) N N
Depe
0x060 Pin Vialue Regyister Read PVR Read-only Q;":;ﬂ N N
states
0070 Pull-up Enable Register Read/Write PUER Read/Write | -l Y N
0x030 FPull-down Enable Register Read/Write FDER Read/Write (1) Y N
0x090 Interrupt Enable Register Read/\Write IER Read/Write | - N N
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Setting or clearing individual bits

 Actually, each register appears four times in a row
« Read/write version
« Set version (like nRF *SET)

* Clear version (like nRF *CLR)
 Toggle version

Table 23-2. GPIO Register Memory Map
Config. Access
Offset Register Function | Register Name Access Reset | Protection | Protection
Ox000 GPIO Enable Reqgister ReadWnte GPER ReadMWrite A1 Y N
0x004 GPIO Enable Register Set GPERS Wiite-only Y N
0x008 GPIO Enable Register Clear GPERC Write-only Y N
Ox00C GPIO Enable Reqgister Toggle GPERT Wite-only Y N
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SAM4L Timers

* Three 16-bit timers

« Each of which can have multiple inputs
clock signals with prescaler values

« Timers can be chained together to make

up to a 48-bit timer

« One register for reading counter

 Three registers for “compare

interrupts”

TCLED

TimerCounbar

Channeig  THoA

TIOE

THAD

TImeriCounter -,
Channal 1
TIoE

SYMC

TimerCounbar

Channel 2 -

TIOE

FYNC

Timer Counter
Ox10 Channel 0 Counter Value CvV0 Read-only
0x14 Channel 0 Register A RAD Read/Write!"!
O0x18 Channel 0 Register B REQ Read/Write!"
x1C Channel 0 Reqister C RCO Read\Wnte 35




SAM4L PWM

* PWM peripheral is essentially built N
into Timer peripheral N

RC / with RC

 Timer peripheral also supports a e
“Waveform” mode where it RA_
generates an output GPIO signal,
l.e. PWM

Time

Waveform Examples |
TIOB

* One comparison point is low-to-
high transition, another is high-to-
low transition

TIOA
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Texas Instruments MSP430 (MSP430FR59xx)

« Example of a
very different
microcontroller

» 16-bit custom
architecture
pProcessor

- 2 kB RAM
« 64 kB FRAM

P1x,P2x P3.x, Pdx PJ.x
LFXIN,  LFXOUT, 8 8 18
HFXIN __ HEXOUT
i L Capacifive Touch 10 0/1
ADC12_B 'O Ports IO Ports 11O Port
MCLK <+ P ACLK Comp_E {up to 16 REF_A P1, P2 P3, P4 PJ
Clock standard 2x81/0s || 2x8 1/0s || 1x81/0s
System (upto 18 inputs, Voltage
> SMCLK inputs) _uptod Reference PA PB
DMA 'fl'rfgﬁt";‘f“ 1x16 1/0s | | 1x16 1/0s
Controller .
3 Channel
MAE
Bus
Cont_rol MDE
Logic
CPUXV2
incl. 16
Registers MPU TAZ
JF Encap Power AES256 TA3
Mgmt
FRAM RAM "
CRC16 MPY32 Sec:url_ty Watchdog Timer_A
. . LDO Encryption -
. 2CC
EEM G4KB 2KB svVs Decryption ;
(S:3+1) 48KB 1KB (128, 256) Registers
32KB Brownout ' (int. only)
Enengy Trace++
MDE
JTAG
Interface MAB
jeesk aduee,
- [ »
Spy-Bi-Wire ’ .
TEO TAOQ TA1 1 )
euscl_aof] Jeusci_Bo ' '
eUSCI_A1 . :
Timer_B Timer_A Timer_A (12C, ' RTC_B )
7TCcc 3cc 3Ccc (UART, SPI) ' '
Registers Registers [ | Registers IrDA, : :
(int, ext) (int, ext) (int, ext) SPI) ' .
]
' '
i ]
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MSP430 GPIO register map

Table 12-3. Digital I/O Registers (continued)

Offset | Acronym Register Name Type Access |Reset Section

01h P2IN Port 2 Input Read only |Byte undefined Section 12.4 2
or PAIN_H

03h P20OUT Port 2 QOutput Read/write | Byte undefined Section 12.4.3
or PAOUT_H

05h P2DIR Port 2 Direction Read/write | Byte 00h Section 12.4 4
or PADIR_H

07h P2ZREN Port 2 Resistor Enable Read/write | Byte 00h Section 12.4.5
or PAREN_H

0Bh P2SELD Port 2 Select 0 Read/write | Byte 00h Section 12.4.6
or PASELO_H

0Dh P2SEL1 Port 2 Select 1 Read/write | Byte 00h Section 12.4.7
or PASEL1_H

17h P2SELC Port 2 Complement Selection Read/write | Byte 00h Section 12.4.8
or PASELC L

19h P2IES Port 2 Interrupt Edge Select Read/write | Byte undefined Section 12.49
or PAIES_H

1Bh P2IE Port 2 Interrupt Enable Read/write | Byte 00h Section 12.4.10
or PAIE_H

1Dh P2IFG Port 2 Interrupt Flag Read/write | Byte 00h Section 12.4.11
or PAIFG_H

 Registers are a single byte in size

« Oddly, some have an “undefined” reset state
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Example MSP430 GPIO register: OUT

« Example 8-bit register. Controls 8 pins in a GPIO “port”

12.4.3 PxOUT Register
Port x Output Register

Figure 12-3. PxOUT Register

7 4 3 2 1
PxOUT
w w w rw w
Table 12-6. PxOUT Register Description
Bit Field Type Reset Description
7-0 PxOUT RW Undefined

Port x output

When /O configured to output mode:
0b = Output is low.

1b = QOutput is high.

When I/O configured to input mode and pullups/pulldowns enabled:

Ob = Pulldown selected
1b = Pullup selected
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MSP430 Timer peripheral

* A choice of input clocks goes through dividers to run a 16-bit timer
* Five total timers available on the system
« Some can trigger external output pins, some are only internal

—_—— e —

oo
01
10
1

TASSEL

2

Y2

IDEX  Timer Clock

1

Timer Block

'|.’3 15 0 ?2 I
. L 16-bit Timer
Divider Divider P Count
— TAxR 44— EQUO
i1/ M../8 >
/11214/8 l Clear R Cq— Mode I
i P Set TA:-:CTLI
TACLR TAIFG

40



MSP430 PWM

» The MSP430 Timer peripheral handles PWM as well!

25.2.3.1 Up Mode

The up mode is used if the timer period must be different from OFFFFh counts. The timer repeatedly
counts up to the value of compare register TAXCCRO, which defines the period (see Figure 25-2). The
number of timer counts in the period is TAXCCRO + 1. When the timer value equals TAXCCRO, the timer

restarts counting from zero. If up mode is selected when the timer value is greater than TAXCCRO, the
timer immediately restarts counting from zero.

OFFFFh

TAXCCROf— — — — — —

e — — —

Oh

Figure 25-2. Up Mode
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Outline

 What haven’t we talked about?
« Microbit
« NRF52833

« Other hardware systems

« Other microcontrollers
- Microprocessors
* FPGASs




Microprocessor system design

« What about modern microprocessors? (really SoC’s)
« Similar idea, but a LOT more stuff

« Various peripherals, which might not be focused on sensor I/O
 Less ADCs and I2C more Ethernet and Graphics

 External memory busses
« Microprocessors expect external memory to exist on the system
« Which means that they need pins for an external memory bus
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Beaglebone

« Cheap, single board
computer
» Like Raspberry Pi

2 PORT
USBHUB

Gross diagram that’s actually in their datasheet

RSTBUTTON

FT2232H
USBTO
SERIAL

DDR2
1X16 256MB

USER LEDS
" W B

10/100

RMII ETHERNET
AM3358 PHY

UsBso

microSD
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AM3358 processor

* ARM Cortex A8
 32-bit processor
« 1 GHz clock
300 pins!!

* Internal memory
» 176 kB ROM
* 64 kB RAM

 External memory
- DDR2/3, 400 MHz RAM
 NAND or NOR Flash

ARM® Graphics Display
Cortex"-A8 PowerVR 24-bit LCD controller
Upto 1 Ghz SGEX
a0 GEX Touch screen controller
PRU-ICSS
32KB and 32KB L1 + SED Crypto
EtherCAT, PROFIMET,
256KE L2 + ECC BAKB EtherNatIE
176KB ROM| B4KB RAM e and mare
FAM
L3 and L4 interconnact
Serial System Parallel
UART x& aDMA BCAP X
X MMC, SD and
ADC (8 ch I '
SP1 2 Timers xB < (0 chernel) SDIO x3
I"C %3 WDT GPIO
MCASP x2 RTC JTAG
40 |
(4 channel) aHRPWM x3
CAN x2 Crystal
(Ver. 2 A and B) 8CEP Osciliator 2
FRCM
USB 20 HS Memory interfaca
DRD + PHY «2 mDDR{LPODR), DOR2,

EMAC (2-port) 10M, 100M, 1G
IEEE 1588v1, and swilch
(MII, RMII, RGMII)

DDR3, DDR3L
(16-bit; 200, 266, 400, 400 MHz)

MAND and MOR (16-bit ECC)

Figure 1-1. AM335x Functional Block Diagram



AM3358 peripherals i

.
| ARM® Graphics Display :
| Cortex™AB PowerVR 24-bit LCD controller l
I | Uptn1 Gh= S6X Touch screen contraller |
 Advanced peripherals | |
. | i |
e Gra 9, hics 1|[32¢B and 32KB L1 + SED Crypto PRUICSS [
. Eth t I||  2sexBL2 +ECC 64KB e =T, :
erne : 176KB ROM| B4KE RAM Eaiﬁd and more |
|
- USB y CAN l |
| L3 and L4 interconnect |
| |
: Serial System CAP 3 Parallel :
- a X
 Regular peripherals | [oners oo |0 Mg soma ||
. | SPl x2 Timers x8 12-bit SAR X I
« GPIO, Timers | FC x3 WDT GPIO |
| MCASP x2 RTC JTAG |
« ADC | (4 channel) aHRPWM x3 '
| CAM x2 re—— Crystal I
° UART’ SPI, IZC Il | (Ver.2Aand B) — Oscillator x2 :
: USBE 2.0 HS Memory interface |
| R e mDDR{LPODR), DOR2, I
EMAC (2-port) 10M, 100M, 1G ~DDR3, DDR3L I
: e 1525 and sulich (16-bit; 200, 266, 400, 400 MHz) | ||
| (Mil, RMII, RGMII) NAND and NOR (16-bit ECC) :
|
|

Figure 1-1. AM335x Functional Block Diagram



How much bigger is a microprocessor?

« NRF52833 datasheet:
« 600 pages total

« AM3358 datasheet:

250 pages of electrical information
« 5000 pages of peripheral information

« And it’s not that the basic peripherals are much larger
« UART: 60 pages
« 12C: 20 pages
 Four different timers at ~30 pages each
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Memory interface - DDR

« Double Data Rate (DDR)

 Address bits
« 17 pins (3 bank, 14 address)

 Bank + Address selects a 2 kB
chunk out of 2 GB

« Data bits
« 16 pins

* Clocks, Chip select
« Various sequencing signals

Pinout on the Beaglebone

coR AfaLg & DDR_A[13.0]
= DOR_ AL R29 . . 33,04 FODR_AD
. DOR_A1__R25 . 33 04 FODR A1 ggg_ﬂ
I, ODOR A2  R30 33,04 FODR AZ DoR A
™ AT R26 .7 ~33.04 OR_Aa poR Az
DOR_AZ R31 " \/A33.04 FODR_Ad DOR A
., DOR A5 R32 33 POOR_AK DOR A
. DDR_AE_R33 ~,v,33,04 FOOR_AG .
OOR_AT R34 .~ n33.04 FOOR_AT DOR_AG
. DOR_AS _R35 ,.,33.04 FODR AR ggg_ﬂ;
N\ 5OR Miﬁ 'M e DDR_AS
N 2 Ty AL DOR_A10
K OOR A11 R38 . ° .~ ~33,04 PODR A11 oaas
¢ I, DOR A R35 33.04 FODR A12 DOR A1
e N ] W CR_ATS DDR_A13
DDR_A14
BAD Rdi 33,0402  PDDR BAD gg;.g;g
BAT RAZ 33,0402 PODRBAT __ET | DORBAC
DOR_D[15.0] < e D101 BAZ RA&3,".,33,0402 PODR BA2 e
., DOR_DO Rdd . . 3304 PODR_D0
ODR D1 RS .~ .~ 33,04 PDDR. D1 ggg_g?
™., W] D2 R4G 33 04 FODR D2 DOR_D1
™, ODR_D3 RAT '\/\./“—'—h 33,04 FODR D3 DOR_D2
[\ ] RAB 33,04 DR_Da i3 | DOR_Da
[ DDR D5 R4, 33,04 FODR D5 DOR D4
., DOR_DS RS0, 33,04 FODR_O& DDR DS
[\ o7 RE1 e 33,04 OR_DO7 DOR_Dé
N DDR D& RS2 . "7 33,04 FOOR D& DOR D7
-, OOR D% RE3 .. 33,04 FODR 08 DDR D8
™, W] D10 R54 33,04 FODR D10 DOR D2
. DDR D11 R5E WJ‘"";,m FODR D11 & DOR D¢
[ ] D12 R5E .~ . ~23 04 FODR D12 DDR_D:E
™, DDOR D13 RET " e 3,04 FODR D12 DOR_D12
\—D'EI'E_EDFE*% A o 3 DOR_Di4
h 1 R5Q .~ . ~33.04 FODR_D18 e
RGO 3,04 PODR._CLK
;  DoRcix 3 fa0s— PODR Lk DOR_CK
7 Db ox 62 /33,0407 PDOR CKE DOR _NCK
? DR CSn AN FODR_CSn DDR_CSNO
DDOR_CSn RE4 33,04 PODR_CASH X
; DOR_CASn RES V3304 PODR RASH DOR_CASN
7 DDR_RASH g DR RN
7 5 REE 33,04 FODR_WER _
DOR_WEn A DOR_WER
RET 3,04 PODR_DOMO
1’ DBRcbis) 66 /33,0402 PODR D0S0 DOR DO
7 DDR_DASND {55 RBD 7 33,04 FDDR_DQSNG DOR"DASD
7 = RT0 ~ 33,04 DR_DGMT _
ODR_DGM BOR_DAM
7 DDR DOS1 5 RT1 . 33,04 PODR_OOS1 DOR_DaM!
T DDR_DOSN1 £¢55 RTZ " 33,04 FODR_DOSHI SER
- | 1
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Break + Question

 Wires (traces) for high-speed busses like memory
must be match, to ensure that all are exactly the same length.

Why?
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Break + Question

 Wires (traces) for high-speed busses like memory
must be match, to ensure that all are exactly the same length.

Why?

« Speed of electricity in the wires matters

« If one wire is a foot longer than the others, its signal arrives 1 ns
late
 Even fractions of nanoseconds could matter for high-speed communication
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Flash interface - MMC

« Multi-media Card interface

» Used to communicate with SD Cards
» Also for eMMC Flash chips (which act like SD Cards, but soldered in place)

 For SD cards SPI can usually be used

* For eMMC 4-bit version of interface

* Clock

* Commana 2 I R s 1
_29 |55 g MMCO_DATO 11

Data 0, 1, 2, 3 28 75 3

MMCO_DAT1 11
27 |E13 MMCO_DAT2 11

MMCO_DAT3 11

Pinout on the Beaglebone




Ethernet interface - RMII

» Reduced Media-Independent Interface (RMII)

Signal

Description
hame

REF_CLK | Continuous 50 MHz reference clock .
Pinout on the Beaglebone

TXDO Transmit data bit 0 (transmitted first) §3§§ E:llg § Eﬂ::i‘,—}igg“
TXD1 Transmit data bit 1 21 |16 255 RMIITXD1
- K15 > -
. i 17 18 < RMII1_TXD2
TX_EN VWhen high, clock data on TXD0 and TXD1 to the transmitter )_16 78 < gmm_;xga
)3_3 111_TX
RXDO Receive data bit 0 (received first) 131 [ire 3 RMIl1_CRS_DV
’ 13_0 < RMII1_COL
RXD1 Receive data bit 1 510 H{‘-‘ﬁ <Co% RMIl1_RXCLK
_ _ , _ 2 21 11z S RMII1_RXDO
Carrier Sense (CRS) and Rx_Data Valid (Rx_DV) multiplexed on 2 20 M6 S RMII1_RXD1
CRS_DV | alternate clock cycles. In 10 Mbit/s mode, it altemates every 10 clock E—:g L17 2 Eﬂ::i‘,—gigg
‘= J15 > -
cveles. 13_2 e S RMII1_RXERR
¥ )3_4 3 RMII1_RXDV
RX_ER Receive error (optional on switches) ) 29 msﬂ US H18  R201\ A A33.0402 Ny oy REFCLK
0_1 M7 Q¢ MDIO_CLK
MDIO Management data 0_0 {8 MDIO_DATA

MDC Management data clock.

o 00 O OF OO OO OO o O OO OO OO OO OO OO

o O O



Other processor pinouts on the Beaglebone

11 AIND N =
1 AlNA e 57
1 AlNZ % AT
1 AlNG %% o
1 AlN4 % T
1 AlNS 4 AB
1 AlNG % 75
2 AINT >
VREFP_ADC B9
WVREFN_ADC AS
11 UARTZ_RXD (O3> ’;‘E
11 UARTZ_TXD 2 Bi6
11 2C1_SDA (O3> ATE
11 12C1_SCL o =iE
1011 CO/EMUA4
10 UARTO_RX ‘<~ E]g
10 UARTO_TX e FiE
10 UARTO_RTS > ETT
K 10 UARTO_CTS 4
f 1 UARTI_TXD ‘% E—:',g
11 UARTI_RXD % 576
mn 12C2_SDA 4 SR
1 202 SCL >
C16
27 I2C0_SCL 17
27 12C0_SDA <O
a usBo_pp e m;
g UsSBO_ DM <00 R
useo ID *Fe
Frs STPTA Fi6
8 USBD_VBUS > s
RAT
B UsB1_DP E T8
8 USB1_DM > 1B
B USB1_ID > F1;
B USB1_DRWVBUS S EE]
8 LUSBI_WBUS <

AlIND
AlN1
AlNZ
AINZ
AlN4
AINS
AING
AINT

VREFP
VREFN

SPI0_SCLK/UARTZ_RXDN2C2
SPI0_DO/UARTZ_TXDNZC2_SC
SPI0_DH/MMCT_SDWPAZCT_S|
SPI0_CS0MMCZ_SOWPI2CT_
SPI0_CS1/UARTI_RXOVECAPT.

UARTO_TXDVSPI1_CS1/DCAND
UARTO_RXDISPI1_CSODCAND
UARTO_CTSN/UART4_RXDIDCE
LARTO_RTSN/UART4_TXD/DCA

UARTI_TXD/MMC2_SDWP/DCE
UART1_RXDMMC1_SDWP/IDCH
UART1_CTSMNITIMERG/DCAND_
UART1_RTSMMMERS/DCAND_

12C0_SCLTIMERT/UARTZ_RTS!
12C0_SDATIMER4/UARTZ_CTS

USBO_DP

USBO0_DM

USBO_CE

USBO_ID
USBO_DRVVBUS/GPIOD_18
USBO_VBUS

UsSBi1_DP

USB1_DM

USB1_CE

usB1_ID
USB1_DRVVBUS/GPIO3_13
USB1_VBUS

NTRST
TMS
TOI
TCK
TDO
PI03_7
iPIO3_8

iPI0Z_1
J101_29
2101_30
2101_31
iPIOZ_0
PI0Z_4
iPI0Z_3
iPI0Z_2
iPI0Z_5
101_28
100_30
2100_31

PI01_7
100_322
100_23
1100_26
1100_27
10112
7101”13
7101”14
101”15

01_16
3N01_17
J101_18
J01_19
J01_20
2101”21
’101_22
3101_23
301”24
3101_25
101_26
101_27

(.

B JTAG_TRSTn
517 <CITAGTTMS
AT JTAG_TDI
A7 JTAG_TCK
517 CITAG_EMUO
JTAG_EMUA
—= <{3GPI02_1
05 <KEPI01_29
v <CEPI01_30
73 PIO1_31
[(T6
= CORTIMERS
o CCTIMERT
5 (QOSTIMER4
073 (QPTIMERS
77 KQGPIO1 28
017 S ART4_RXD
ART4_TXD
‘Lj; ')’ GPIO1_0
=5 < GPIO1_1
= < GPIO1_2
U6 4 GPIO1_3
B )9 GPIO1_4
R9 § GPIO1_5
i S GPIO1_6
VITH )S GPIO1_T7
+10 < EHRPWM2A
2E) < EHRPWM2B
073 < GPI00_26
73 $ GPI00_27
=5 S GPIO1_12
Vi S GPIO1_13
075 < GPIO1_14
¢ GPIO1_15
5‘1'3 § GPIO1_16
ViE < GPIO1_17
13 )9 EHRPWM1A
R1d EHRPWM1B
(V15
75 USRO
5 USR1
Vi USR2
Vil USR3
T16
VT {uUsBi1_oc
=

11
11

11

Lots of
acronyms that
we recognizel

Analog inputs
UARTs

12C

GPIOs
Timers
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Resources on the Beaglebone and its microprocessor

» https://beagleboard.org/bone-original
« https://beagleboard.org/static/beaglebone/BEAGLEBONE SCHEM

A3.pdf

e https://transistor-
man.com/files/emu/beaglebone hardware/BONE SRM.pdf

« https://www.ti.com/product/AM3358
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Outline
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« Microbit
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« Other hardware systems

* Other microcontrollers
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FPGA systems

* When else might you run into large busses like memory?

* On an FPGA!
 Field-Programmable Gate Array (FPGA)

 Configurable hardware
« Engineers write a description of the hardware (Verilog or VHDL)

« FPGA implements that hardware

« Much faster than software, but still slower than a custom chip
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Combined
FPGA +
Microcontroller




Busses: AHB vs APB

High-performance High-bandwidth

ARM processor on-chip RAM

B UART Timer
R

High-bandwidth AHB | | APB

Memory Interface D
G
E Keypad PIO

DMA bus
master AHB to APB Bridge

- Advanced High-performance » Advanced Peripheral Bus
Bus (AHB) (APB)
» Multiple bus controllers « Simpler interface
» Pipelined operation * Lower power
» Burst transfers of data » Used for most peripheral

. mmunication
 Used for high-speed memory communicatio
operations



With an FPGA you can create your own peripherals

« Busses can be exposed to the FPGA for it to use

« Example use case
« Custom camera with selectable pixel lines and an ADC
« Don’t want to manually control it with software (too slow)

 Create a hardware peripheral on the FPGA that takes software commands
like “grab a frame” and implements them
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Example register map

» Verilog HDL that describes a
register map

« Reads in the address from the
bus to determine which register
IS written to

 Modifies internal registers based
on the bits of the data

if (bus_write) begin
case (PADDR[7T:

"GLOB_START: begin

PWDATA[@];
PWDATA[1];

camd_frame_capture_start <

caml_frame_capture_start <
end
"CAM@_FRAMEMASK: begin
cam@ _mask_write_enable <= 1;
{PWDATA[3
PWDATA[15:8];

camd_mask_addr <

camd_mask_data <
end

TCAMB_SETTINGS1: begin

Lo

12475
cam@_config_value <= PWDATA[21:1&];
cam@ _nbias_wvalue <= PWDATA[13:8];

cam@_vref_value <= PWDATA[

Bad  Pud

=

cam@_aobias_wvalue <= PWDATA[S5:8];
end
"CAMB_SETTINGS2: begin
cam@_val offset <= PWDATA[27:161;
camd_wvsw_value <= PWDATA[15:8];
cam@_hsw_value <= PWDATA[7:8]1;

end

@:24], PWDATA[13:1&e]}
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Performing peripheral operations

* On every clock edge, check status
registers

- If they are active, iterate through a state
machine

 Possibly many states to make the actual
operation occur

IO

LE:

and

and

=Tl
it =

{frame_capture_start) be

mask_pixel col _nxt = @;

mask_pixel row _nxt = @;

[
o

gir

main_state _nwxt = “CAPTURE;

else begin

frame_capture_done_nxt =

main_state_nxt = “IDLE;

H
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« Microbit
« NRF52833
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