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OBJECTIVES

Explain the difference between a microcontroller and a microprocessor

lden

ify the key components of the Beaglebone platform <

EXp

conditions

lden

ain why the Beaglebone changes operating frequency under different power
____ﬁ._

ify the key hardware interfaces of the beaglebone

e —————

EXp

ain the concept of a cape —

Calculate the software GPIO pin number from an expansion port header definitigs-~

.

Understand how to read a hasic schematic <

EXp

EXp
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ain the concept of a dropping resistor ~ -

ain the concept of a pull up and a pull down resistor
- A



¢+ Whatis tw factor which defines a real time system versus a non real time system
a. FastlO «

b.  Small systems “

Deterministic response  /

e CW only depends on logic
f:? (el Ss
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POP QUIZ

 What is the key item which defines an embedded system versus a non-embedded
system ——_—

[]
.f - ¥ LI L | ) -1 L= - JLTUG ) L

d.  Acombination of hardware and software

o
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HOWDOES AMICROCOMPUTERDIFFER

FROMAMICROCONTROLLER?

o Microcontroller
AL “1-chip” solution (monolithic)

* Built-in components (depending on variant)

» Microprocessor
+ Memory: RAM/SRAM, EEPROM/EPROM/PROM/ROM

___ﬂ-.--_____#

+ Peripheral devices =
o serialiparallel ports —
o digital /O ports —
+ Analog/Digital converter ==

* Timer/Counter ="
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/MiC 12y, JICROPROCESSOR VERSUS
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175 oS BB IREIENIN PP = v [ e
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BONE

USB HUB

TPS65217

PMIC THERNET
PHY

USBTO ~_§

SERIALNTAG /8

-AM3359

™ 256MB DOR2
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Feature

AM3359

_" SOMHZ-L'SH Pawered

THOMHZDC Powered

236MB DDR2 A00MHZ (128MB Optiosal)

Power Regulators

LION Single cell battery charger (via expansion*)

PMIC TPS652178
20mA LED Backlight driver, 30V, FWM (via expansion®)
*( Additional companents required)
USB to Serial Adagier miniU5H connector
Debug Support On Board JTAG via USB 4 USER LEDs
Optional 20-pin CTHITAG
Pm LISH SV Exterral jﬂl.'k.
Pee . Elyer
Power
i -User Controllsble LEDy
HS USB 2.0 Client Port Acoess o the USBI Client mode
HS USB 2.0 Host Port USB Type A Socket, S00mA LYFSHS
Ethernet |0V100, RIS
SDMMC Connector microSD , 3.3V
User Interface |-Reset Bution
Qvervoltage Protection Shutdown (@ 5.6V MAX
Power SV, 13V, VDD_ADCILBY)
5.3V 10 on all sagnals
McASPO, SPHL, 12, GPIOy6S), LCD, GPMC, MMC1, MMC2, T
Vomtor AIN(LSY MAX,, 4 Timers, 3 Seial Poss, CANO
EHRPWMID.2) XDMA Interrupt, Power button, Battery Charger, LED
Backlight, Expansion Board [D (Up to 3 can be stacked)
USE or SOVDC 10 5.2VDC
W Power See Tabbe 3 for power consumption numbers.
Welght |4 02 (3968 grams)

OF




BEAGLEBONE

Feature

AMILSH
SOOMHZ-USB Powered
THMHZ-DC Powered

236MB DDR2 400MHZ (1 28MB Optioaal)

Power Regulators

LiION Single cell battery charger (via expansion®)

JmA LED Backlight driver, 3V, FWM (via expansion®)
TPS6321 ? *( Additional companents required)
PMIE ™~ USB to Serial Adapter miniU'SH connector
Debug Support O Board JTAG via USB 4 USER LEDs
Cptional 20-pin CTHTAG
Power Sh SVDC Extermal jack
P(B TR AN b layers
USBTO ~—_ indicators . Power
SERIALIJTA d=User Controllable LEDs
150 HS USB 2.0 Client Port Acoess o the USBI Client mode
HS USB 2.0 Host Port USB Type A Socket, S00mA LSFSHS
Ethemet |0V100, RIS
SD/MMC Connector microSD , 3.3V
User Interface |-Reset Button
Qvervaltage Protection Shutdown @ .6V MAX
Power SV, 13V, VDD_ADCILBY)
5.3V 10 on all sagnals
McASPO, SPHL, 12, GPIOy6S), LCD, GPMC, MMC1, MMC2, T
RN e AINCLEY MAX) 4 Timwes, 3 Sl Pors, CANO,
EHRPWMI0,2), XDMA Interrupt, Power button, Battery Charger, LED
T Backlight, Expansson Board [D (Up to 3 can be stacked)
USE o S.0VDC w0 5.2VDC
( Y ) ( Power See Table 3 for power consumption numbers.
et {D Weight 4020968 grame

Mg e agne~




TI SITARAAM335 ARM CORTEX

1 Device Summary
1.1  Features

* Highlights
= Uptet ™ ARM® Cortex™-Af
J2:8it RISC Microprocessor
+ NEON™ SIMD Coprocessor
+  XIKEB of L1 Instruction and J2KB Data
Cache with Singlo-Error Detection (parity)
« 256KB of L2 Cache with Error Correcting
Code (ECC)
- mDDR(LPOOR), DDR2, DDRY, DOR3L
Support
= Genaral-Purpose Memory Support (NAND,
NOR, SRAM) Supporting Up to 16-bit ECC
= SGX530 3D Graphics Engine

_‘ = LCD and Touchscroan Controller

= Programmable Real-Time Unit and Industrial
Communication Subsyslam (PRUJCSS)

= Real-Tima Clock (RTC)

- Up to Two USB 2.0 High-Speed OTG Ports
with Intagraled PHY

..—..w.m.mmmmmup

to Two Ports

= Serlal Interfaces Including:
+ Two Controller Area Network Ports (CAN)
+ Six UARTs, Two McASPs, Two McSPI,

and Three L2C Porls

- 12:8it Successive Approximation Register
(SAR) ADC

= Up to Theee 32-8it Enhanced Ca
ulull:dl.ln{tﬂlﬂ i

= Up to Three Enhanced High-Resolution PAWM
Modules [eHRPWM)

= Cryplo Hardware Accelerstors (AES, SHA,
PKA, RNG)

* MPU Subsystom
- Up to 1-GHz ARM® Cortex™-AB 32-Bit RISC
Microprocessor
= NEON™ SIMD Coprocessor
- J2KB of L1 Instruction Cache with Single-
Error Detection (parity)

= JIKB of L1 Data Cache with Single Error.
Detection (parity)
= 156KB of L2 Cacha with Error Corracting
Code [ECC)
= 176KB of On-Chip Bool ROM
= G4KB of Dedicated RAM
= Emulation and Debug
+ JTAG
= Interrupt Controller (up fo 128 interrupt
roquests)
+ On-Chip Memory (Shared L3 RAM)
= 64 KB of General-Purpose On-Chip Memory
Controller (DCMC) RAM
- Accossible to all Masters
= Bupports Retention for Fast Wake-Up
+ External Memory Interfaces (EMIF)
- mDDR{LPDDR), DDRZ, DORI, DORAL
Controller:
+ mDDR: 200-MMz Clock (400-MHz Data
H-H" -1
« DDRZ; 266-MHz Clock (532-MHz Data
Rate)
+ DORY: 400-MHz Clock (800-MHz Data
Rate)
+ DDRIL: 400-MHz Clock (800-MHz Data
Rate) oo
#  10-Bit Data Bus
+ 1 GB of Tolal Addressable Space
+  Supports One x16 or Two x8 Memary
Device Configurations
= Genoral-Purpose Momory Controller (GP
¢ Flexible 8-Bit and 16-8it Asynchronous
Mamory Interface with Up to seven Chip
Selects (NAND, NOR, Muxed-NOR. SR
* Uses BCH Code to Support 4:8it, 8-Bit, o
16-Bit ECC

' m Hamming Code to Support 1-Bit

= Error Locator Module (ELM)
+ Used in Conjunction with the GPMC to

SE3910 REAL TIME SYSTEMS

1Bt 4-Bit and 8-804 MMC, 50, and SDID
Modes

+ MMCEDD has dedicated Power Rail for
1.8V or 1.3V Operation

¢ Up to 48-MHz Data Transfer Rate

+ Supports Card Detect and Write Protect

v Compes with MMCA.3 and 5D and 5DIO
2.0 Specifications

Up to Thees 12C Master and Slave Intorfaces

+  Standard Mode (up 1o 100 kHz)

+  Fast Mode

(GPIO)
+ 32 GPI0s per Bank [Multiplexed with
Dthar Funclional Ping)

o OPI0s Can bo Used as Intarriapt Inputs
(Up 1o Two Interrupd Inputs per Bank)

8 of General-Purposs 10

Can Also be Used as Interrupt Inputs

Eight 32-8it General-Purpose Timers

+  DMTIMER1 Is a 1sms Timer Used for
Operating System (05) Ticks

+ DMTIMERY - DMTIMERT are Pinnad Out

+ Tile-Based Architacture Dalivering Up to
20 Million Polygons per second

*  Universal Scalable Shadar Engine is a
Multi-Threaded Engina Incorporating
Pixel and Vertax Shader Functionality

Advanced Shader Feature Sel in Excess
of Microsoht V83,0, PS1.0 and OGL2.0

¢ |ndustry Standard APl Suppor of
DirectID Mabile, DGL-ES 1.9 and 2.0,
OpenVG 1.0, and OpenMax

* Fino-Grained Task Switching, Load
Balancing and Power Management

+  Advanced OMA, Driven
Operation for Minkmum CPU Interaction

+ Programmable High-Quality image Antl-
Allnsing

* Fully Virtualized Mamary Addressing fod

08 Oparation in & Unified Memary

0 Cantrodlad
v Up to 24-Bits Data Output; B-Bits per
Pixel (ROB)

+  Resolution Up to 2048048 [Wih
Maximum 126-MHz Pixel Clock)

. mm LED Intarface Display Driver
) Controlier

* Integrated Raster Controller

* Integrated DMA Englne 1o Pull Data from
this Exterrial Frame Buffar without
Burdening the Processor via Interrupls or

& Firmwware Timor
+  §12-Word Deep Internal FIFO
+ Supported Display Types:
= Character Displays « Uses LCD
Interface Display Driver (LIDD)
Controller to Program these Displays
= Passive Mairiz LCD Displays - Uses
LCD Raster Display Controller to
Provide Timing and Data for Constant
Graphica Rofrosh to o Passive Display
= Active Matrix LCD Displays - Usos
External Frame Bular Space and the
Intarnal DMA Engire to Drive
Streaming Data to the Panel
= 12-Bit Succossive Approximation Regisier
(SAR} ADC
+ 00K Samples per Second
* Input Can be Selected from any of the
Eight Analog Inputs Multiplexed Through
an B:1 analog Switch
*  Can ba Configured to Oparate as a d-wire,
Sewire, or B-wire Reslstive Touch Scroen
Controller (TSC) Interface
= Up to Three 32-Bit Enhanced Capture
Modules (eCAP)
+ Configurable as Three Capture Inputs or
Thres Auxiliary PWM Outputs
= Up to Three Enhanced High-Resolution PWM
Modulos [eHRPWM)
+  Dadicated 16-Bit Time-Basa Counter with
Tiema and Fraquancy Conlrols
+ Configurable as Six Single-Ended, Six
Dual-Edge Symmetric, or Three Dual-
Edge Asymmatric Outputs
= Up to Three 32-Bit Enhanced Quadrature
Encoder Pulse (eQEP) Modules
+ Device Identification
= Contains Electrical fuse Farm (FuseFarm) of
Which Some Bits ara Factory Programmable
+  Production ID
+  Device Part Number (Unique JTAG ID)
+  Device Revision (readable by Host ARM)
* Dabug Interiace Suppor
= JTAG and JTAG for ARM (Cortax-AB and
PRCM), PRUACSS Dabug
= Supports Device Boundary Scan
= Supports IEEE 1500
« DMA
= On-Chip Enhanced DMA Controller [EDMA)
has Threa Third-Party Transter Controllers
(TPTC) and One Third-Party Channel
Controller (TPCC), Which Supports Up to 64
mmmﬁh ical Channels and Eight
Channols, EDMA s Used for:
«  Tranafors bo and fram On-Chip Mamaries
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EXPANSION PORTS

Table 11.  Expansion Header PO Pinout

SIGNAL NAME PN PIN SIGNAL NAME
GND | om0
WO _IVALIP YOp_ Wi
ok _5 VDo_5Y
54 S w5
PWR_DUT* A0 513 RESET
LART R0 e n MDY
LARTA_TAD uir lit4 [HEPARALA
%E 1] T14 EHEFALIE
el s Al% B 121 S04
e b1 1B 122 S0
UART] TaD n? T IMETE RXD
GRO1_17 Vi bis LUART1_ToD
Gha3 21 Ald Bi6 UART1_RXD
GOY_19 (1 c12 w13
5P1_Dad B13 i 5A1 01
11 SCLK AL3 VOD_ADC{1 BV)
Al [} GNDA_ADE
LT 1] h5 N5
A2 B A7 A3
AIKO B e A1
CLEDUTY 014 L18
GND 64O
GND 640

SERIOREY P 7 O

T
|

———

-

q
|
(]

Talsto 8,

Expansion Hoader P8 Pinout

_ SIGNAL NAME SIGNAL NAME
GMo_k | amos
GMoN_2 GMO_3
TiMAL A TR
TIMAERS TAERE
amo)_13 arMoi_L

EHEFN R GRS 26
GMO1_15 GMO1_L4
aria_i amad i
EHAPWIMZA | Gmol
amMo)_30 amel s
6P P01
amoL o GMO1_29
amol_ii aMol_M
Groe_13 L Geon3s
UARTS,_CTS UARTS_RTS
AT RTSN UARTY BTSN
UARTA_ CTEN UART3. CTSH
UAKTS_TxD UARTS,_RAD
GroT 11 GMOT 13
GMO2_10 GMoz 11
Gmog & amo 4
&GP0 GPI0L_T




EXPANSION PORTS

Table 11, Expansion Header P Pinout

SIGNAL NARKE SIGNAL NAME
¥OO_ VI
¥oDo_% VOD_5v
il 5185
PWR_BUT* ALD §15_RESETn
LIART4_fomy L L Utk G011
UART4_THD uir W [HEPWA1A
GMO1 16 1] T4 EHkPAMIE
01 461 Alh e 1261 $DA
HE RS uty DUk I3CE_SDA
UARTY TAD i3 | AT LMART} RED
o117 Vil (11 UART1_ToD
GO i A4 H1 LART]_HED
GAOa_ED L1l (¥ M1 _cs0
100 A1 o 5M1_D1
§1_SCLK Al WOD_ADC] 1BV
Al (¢ GNDA_ADC
Ak AS A5 [k
G b7 A7 [as)
Al L7 AN
CLkOUT? GMoo_t

Table 8,  Expansion Hoader P8 Pinout
GPO1_G Gmon_7
GPOI_} ) GMOY_3
TiALRA TMALR?
TIAERS TMERE |
amei_L3 amoi_L!
[P ER GMOG_i
GPIO1_15 GMO1_14
aria_i amad i }
[HAPWM A GPI01_11
amMo)_30 amel s
6P P01
GAO1_0 GMO1_29
amol_ii aMol_M
GroT_ 1 GMOT_1%
UARTS €T UARTS RTSH
UARTd BTSN UARTY BTSN
UARTA_ CTEN UART3. CTSH
UAKTS_TxD UARTS,_RAD
Grio 11 GrOY 13
G010 Gmoz 11
amod & Mg 4
&GP0

n Celede YRR
¥

L ]
L ] W |
S S B b
s Pty
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Table 11.  Expansion Header PO Pinout Table 8, Expansion Header P8 Pinout

EXPANSION PORTS

SIGNALNAME | PIN | CONN | PIN | SIGNAL NAME | SHGHAL NAME SIGNAL NAME
ey E GAD L !

VOO VAP | ) 4 | VoD Wi GMol_6 Gmol_7

voo v |5 B e VOO SV y LV '( /‘ | GOl GPIOY_3

Wiy | 7T §i W (— L LY

m_aurJ N AlG SgfRESETn 5 | TIMERS THAERR
LART4_RD o [ 31 v /’ | amony L amoln
UART4_THD) wr |13 e utd M IA [P IR GPO_H
m 1] 15 16 T14 EHEFALIE . l GM0L_1% GMO0L_14
1§41 A |17 QMIB| B 12C1, 404 | Gmoo amI 1
12§01 or (10N ow 2 30 A—— | Gmol
UART, TXD nt (R D - GO30 GMOLS
GRoL_I7 V4 nu o (ARRTL GMOL 4 Gmol_I
G321 A4 ISP oie UARTL_RED GPOL_0 GPOL_29
GROY_1 cn |ITEM i W1t amol 1 P24
i#1_DO B1i 29 I 30 i SM1 01 Gpm-n ﬁpm-“
5911 SC1X s |31 32 voo_aocqa vy UARTS,_ TS | s
Al ] 31 g M GNDA_ADC UARTY RTIN URTY TSN
L LR E ANS UARTA CTSN UART3, CTSH
A2 JBNNE I N A3 UARTS_TD WAKTS_RAD
A0 b (N O A1 GPoR_12 GPo2_13
CLEOUT? Urr Y LH c1a GMoo_7 amo1_Lo amoz._ L1
G0 |a M GhD ™y o029

Y Il Y 602 7

= I?il -

g

ey

N cpledd 1EY
oiE EEERS
eI IR N

B Mt

= 8
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CALCULATING THE GPIO PIN

NUMBER

Table 12. Expansion Header P8 Pinout

expansion header)

PIN PROC NAME MODED MODE1 MODEZ MODE} MODE4 MODES MODES | MODET >
: GND
Ra GPRIOY 6 gpme_adb mme1_dath gpeoiff]

I GPIO1 7 gpme_adT mmc1_dalT gpat[7]
Rb GHIOT 2 gpmc_add mme1 dalt2 apio 2]
[ GPIO_2 gpme_add manc1_datd gpio1[3]

TIMER4 gpme_advn_alé timard gpe 2]

[ TIMERT gpme_gan_rin timer ! apiod)d|
16 TIMERS gpmc_beln_cle imerS gpeods] |
1] HI R geme_wan timart gpedid]
RiZ GFIOT_13 gpmc ad13 lod datald mmec1_dats mmee dat eQEPZA in prl_peud pru_r30 18 1[13)
M2 GPIOY 1 gpme_ad12 Led_datatd mmc1_dald Mmc2_dat0 Eqep2a_in pei_peud_peu 130 14 ¥ gpiot[1é]
T10 I8 gpmc_adf kd data? mmct dat 1 mmed dals ahrpwm2B apalf23)
T GPIO0_26 gpme_ad10 ked_data2! mmec1_dals mme2_dall ehrpwm_tipzone in fpsal(26)
U1l GPIOT_ 1§ opme_ad 18 kod_data 16 mmec1_dat? mme? dald 0QEPZ sirobo ped peul) peu k30 18 apiai[16)
Vil GPIOT_14 adid kod_datal? mmec1_dalf mmed dal2 eQEPZ indox pri_prull peu_r31 14 gpo1[14)
U2 : 4] gpme_ad11 kod_datad mmec1_datd mmc2_dal’ ahrpwmil_synco { apsal(27]
Vi2 (i gpmic clk mu | lod mamarny clk gpme_wail 1 mmc? cdk measpl fsr HPH:-:"N
1o EHRFYYMZA gpme_adb kod_datadd mmci_dall mmce_dald BhrpwmaA \ apolldd]
Vi GRIOT_3 gpme_cans gpmc_bain mmel emd prl_prul_peu r30 13 prl_pril_peu e 13 |1|::.‘|ﬂ_.11|
U | 30 gpme_csn1 gpme_clk mme1_clk prl_pral_pna 730 12 | prl_pnt_pra_rd1 12 I gpea1[30])
Vi Z;i r' pme_add | mmci_dald gproi[s]

gpmc_add mime1_dald gpioifd]

gpme_ad1 mme1_datl gpseifl]

gpme_ad0 mme1_dat) gpso1f0]

gpme_csnl gpo1d9]

kod_vsymc . Al pr_prat_pny_r30_B pri_prl_pny 1318 Qpeo]4d)

od ik gpme_all pri_peuf_pru_r30 10 priprt pna i3 10 N | Qpeo[24]

led_hsyne . A el it _pry_r30 9 pr_peu_peu_r31._9 gjhl:]?[?:'lj

25 lod_ac biag_en gpmc_all opa2(25)

UARTS CTSN Icd datald gpme_all oQEP1_index measpd_axr warth warts ctsn Gpiad[10)

UARTS _RTSN Icd_datals gpme_atd eJEP1_sirobe mcaspl ahclk measpl aard uarts_rsn gpeo0[11]

UART4 RTSN led datald gpme_al? oQEP1B In mcaspd fsr micaspl_axrd uard_rsn gpef] |
SOUAREEREN oo datat! | gpme alS [ etvpwmiB | measpd ahckr | measpd ax? w3 man [ gpo2[17] |

UART4_CTSN Icd_datal2 gpme_| alf | eEP1A In mcaspl_aclkr measpld_ard uard_ctsn gpeolie]
UARTI LTSN T B S ohvpwr 1A measp)_axrd uant _can gpo2{te]

UARTS_TXD bod_datal gpme_all shepwm1_tripzone_in mecaspld_aclkx uarth tad uartd_ctsn gpo2[14)

UARTS _RXD bt _dataf gpme_ald ahipwrmil_synco measpd_tax uarts_red uartd_rsn Gpad{13]

| ked datab gpmc_ab oQEPZ Indax prl_peul_peu 30 6 prf prul poy r31 B apad] 1]

bod_datal gpmc_af e(JEP2_slrobe pr1_edo data_oul” pri_prul_pry ¥ T pri_prul_pny r31 7 gpo2(13]

kot _datad gpme_ad GUEFZA in prt_prul_peu_ra0 4 pr_prut_pna 1314 gpea{10]

lod_datad gpme_ad #JEPZB In pri_pi_pru_rX0 § pri_prul_peu i1 _§ ama2{11)

bod_datad gpme_ad shipwmd_ripzone_in prd_peud_peu_r30 2 pr_prutl_pny 131 2 qpeo L8|

kod_datad gpmc_aJd ahrpwmi)_synco pri _prul_peu_rid 3 pr_prul_pny_r31.3 gpeedth]

ked_datad gpmc_al o pwrniA prl_peul pru 130 0 pr_prit pra 131 0 )

bod_data gpme_at ahrpwmis pri_prul_peu_r30 1 pri et _pru rdi 1




CALCULATING THE PIN

NUMBER

| - Up to Four Banks of General-Purpose 10
) Z_ pin 5 (GPIO)
— —++ 32 GPIOs per Bank (Multip

}5 / Other Functional Pins)

an IC * GPIOs Can be Used as Inerrupt Inp
(Up to Two Interrupt Inpuis per Bank)

Export Pin Numbel = GPIOControllerNumber * 32 + GP

(sPTo7 )7
| X322 2 =

SE3910 REAL TIME SYSTEMS P;P



CALCULATING THE PIN

NUMBER

- Up to Four Banks of General-Purpose 10
(GPIO)

+ 32 GPIOs per Bank (Multiplexed with
Other Functional Pins)

* GPIOs Can be Used as Interrupt Inputs
(Up to Two Interrupt Inputs per Bank)

Export Pin Number = GPIOControllerNumber * 32 + GPIOPin

Pn )9 G PIbe_zp.

W/
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INTRODUCTION TO
SCHEMATICS

* Resistor § 7 /f 6’5/ ¢ 7/5
*  Switch o _}- /[/;“/ a—#
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A SIMPLE INPUT CIRCUIT
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A SOLUTION?
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A GOOD SOLUTION



ANOTHER GOOD SOLUTION
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THE LAB CAPE
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LAB CAPE SCHEMATIC
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THE SCHEMATIC WE BUILT
WITH THE PULL UP RESISTOR
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