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Lecture 6: Working with registers
MPU5060 Demo

Vikram lyer

Adapted from material by Blake Hannaford, and Jon Froehlich
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Administrative

e Lab 1l

* Due next week

* Pick up a speaker in the Lab 1 in the EE store, same
place as the lab kits

* Assighment 2 posted
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Last time

 Hardware architecture- what'’s inside a processor?
* Registers
* Data bus and signaling
* How a processor works
* Example of code execution

e Getting started with Arduino
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Plan for today

e Lab 1 background
* Frequency
* Timing functions
* Brief intro to circuits

* Working with registers: MPU6050 demo
* What is an IMU and how does it work?
* Reading datasheets
* Demo of reading and writing registers to control sensor
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Lab 1 hints: Frequency and period

* Frequency = 1/Period

e Similarly, Period = 1/Frequency
 Example: a 440 Hz frequency wave has a period of
1/440 seconds = 2.27 ms period.

Pulse

Rising or Falling or
+A WA Leadng Edge Trailing Edge
. . - > /
* Period for square wave: high-low . ¥
4 Positive Negative
Afnpllfl. de Half Half
0 -
One Cycle or I 21
Period

- >
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Lab 1 hints: Handy Arduino functions

* Do NOT use tone () : hard to manage 2 different frequencies simultaneously, can
cause issues
e delay (1) :Pause the program by 1 millisecond
* |f called for every loop, pauses 1 ms after execution
* ATMega2560 clock speed = 16MHz, 1 ms is slow comparatively
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Lab 1 hints: Handy Arduino functions

* Do NOT use tone () : hard to manage 2 different frequencies simultaneously, can
cause issues
e delay (1) :Pause the program by 1 millisecond
* |f called for every loop, pauses 1 ms after execution
* ATMega2560 clock speed = 16MHz, 1 ms is slow comparatively

e millis ():returnsthe current time in milliseconds - relative to the system
* Whatdoes ‘millis () % 1000’ do when called every loop?

* Return type: unsigned long
* What is the maximum value we can get”?
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Lab 1 hints: Handy Arduino functions

* Do NOT use tone () : hard to manage 2 different frequencies simultaneously, can
cause issues
e delay (1) :Pause the program by 1 millisecond
* |f called for every loop, pauses 1 ms after execution
* ATMega2560 clock speed = 16MHz, 1 ms is slow comparatively

e millis ():returnsthe current time in milliseconds - relative to the system
* Whatdoes ‘millis () % 1000’ do when called every loop?
* Return type: unsigned long

* What is the maximum value we can get”?
e (2732 -1)=4,294,967,295 ms = around 49.7 days
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A very brief circuits review/overview

Adapted from material Jon Froehlich
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A very brief circuits review/overview

’ [ ]
Current Ampere (Amp) A Ohm’s Law:
Voltage 74 Volt Vv V=|*R
Resistance R Ohm Q

Adapted from material Jon Froehlich
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A very brief circuits review/overview

’ [ ]
Current Ampere (Amp) A Ohm’s Law:
Voltage 74 Volt Vv V=|*R
Resistance R Ohm Q

Water flow (hydraulic) analogy

Flow rate Current, amps (coloumbs/sec) Flow rate, GPM (gallons/minute)
Potential Voltage, volts Pressure, psi (pound per square inch)
Resistance Resistance, ohm (volts/amp) Resistance, psi/gpm

Adapted from material Jon Froehlich
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HYDRAULIC—ELECTRIC ANALOGY

_ Water level
\__/ As the water level increases,
so too does the “pressure” of
the water at the bottom of
the tank (due to increasing

Lowest pressure

i : 0 volts
(g at/e Ssrnali ot siary) The resistor causes an electrical

pressure (voltage) drop. So, the

amounts of weight), which voltage is back to OV here.
will “push” more water out of
owestrassie. D ~yg the tank (increasing flow) I=15mA R = 1000
(at top of water level) P e, s =7 \
Hole width =~ Resistance (R) The resistor resiststhe flow
Water Pressure = Voltage (V) (measured in ohms Q) Current (7) flows from of current and the voltage

(measured in volts) l high to low pressure (pressure) drops. The larger

A the resistor, the | t.
Highest pressure 15 volts e resistor, the less curren

(positive terminal of battery)

G
Highest pressure \—/§ Water Flow = Current (1)

(at bottom of tank) (measured in amps or A)

Animation credit: Jon Froehlich
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1 V=1 joule (of work) / 1 coulomb (of charge)

It takes work (like from a battery) to
increase the electric potential of the charges

: . "Fc— -
High potential — +"© L+ o__ Potential
W l 1 O ©-
positive terminal of battery) ® -
\ Battery/ =
® :
Electr|c é Resistor (R)
potential 1
L
I Resistors transform electrical energy
Low potential — [+ I A into heat dropping the electric
(negative terminal of battery) o

The charges here have zero potential of the flowing charges

electric potential (0V), we can
call this ground

Power = work / time, 1 W =1 joule / second
Watts = Voltage (joules / coulomb) x Current (coulombs / second)

Animation credit: Jon Froehlich
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D l Od e S Water flows only when

pressure exceeds V' (to
open trap door)

A

Anode
Blocker _ %
et — S _

o/
]
AN

2
g ,
Z
Zv
A
Z
“
Z
Z

Trap Door ~ Water can
never flow
this direction A Cathode
Imagine this trap door won't open unless a certain water Once the V', threshold is met, the trap door
pressure threshold is met (this is the forward voltage V7, opens and water (current) passes through.

which is sometimes called the “on” voltage V).
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EPOXY CASING
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Prototyping with breadboards

CUTAWAY VIEW 1 > & CUTAWAY VIEW 2

\\m“““““‘ v
TL T\ L\
PR Y

i &\

Fach of these columns This power rail is one

areindeendent nodes giant wire (or node) This breadboard has two

power rails on each side



Prototyping with breadboards

Internal connections




YA/ UNIVERSITY of WASHINGTON CSE/ECE 474, Spring 2023

Prototyping with breadboards
NodeA

VCC2
oV

P ———
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ooooooo (o ol 0000000000888 8880000088880 eeseessteees H H
ooooooo Eooi.io-oooooooooooooooooooooooooooooooooocooooooooooooo ""“+ ReS|St0r

Battery

X /
N Od e B . N Ode C oooooooooooooooooooooooooooooooooooooooo
(connected to GND) [P (connected Via @ jUm T WVire)

000000000000000000000000000000000000000000000000000000000000000
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Prototyping with breadboards

e o 0 0 0 P o elle o eooo00000000e0000000000000000000000000000
e o 0 0 o o e oioi oooooooooooooooooooooooooooooooooooooooo
e o 0 0 0 o o » 0 0. 5.0 0 0 0 0 00 0000000000006 0000000000000 00000000000000060s0os

ooooooo ;iooioioooooo-oooooooooooooooooooocoooooooooooooo-loooooo i"""=+

ooooo  QIIIIIIID 6 © © 0 © 0 0 0 0 0 0 0 0 0 0 0 0 0000000000000 00000000000 00000000o0

- Node € A AAAAAAAAAAAAAAAAANAANAAAANAAAAAAAAAAAAA
A (connected via a jUmper Wire) S

Battery

00000000000000000000000000000000000000000000000000
..................................................

Resistor §

SIMPLE BREADBOARDED LED CIRCUIT UNDERLYING CIRCUIT AND CONNECTIONS CURRENT FLOW THROUGH BREADBOARD

]

=
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MPUG6050: Inertial measurement unit (IMU)

Includes:

e 3 axis Accelerometer- sensor
that measures acceleration

3 axis Gyroscope- sensor that
measures angular acceleration

* Temperatu re sensor
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IMU use case 1: Drones and flying robots

Roll

LA

'l
/)
i
£
{/

o

Yaw
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IMU use case 2: Tracking hummingbirds

" DEPARTMENT
~ OF BIOLOGY

&\\%P OV g A7 0/ '

12 \@ﬁ‘

Alyssa Sargent Yash Talwekar

Video credit: Alyssa Sargent
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IMU use case 3: Measuring breathing

a Microcontroller b C
Boost converter Servo

— "ytor Naloxone
- ' '

Biocompatible Activation  Adhesive Retracted Deployed
sticker\ Accelerometer button patch needle needle
A
10 bpm ._ ‘ X | 0 bpm
" — SRS
Pre-injection Post-injection

J. Chan, V. lyer, A. Lyness, P. Kooner, J. Sunshine, S. Gollakota. Closed-loop wearable naloxone injector system



What’s inside the chip?

1
CLKIN
” Clock MPU-60X0
CLKOUT
Self 12
test ADC —> Interrupt O INT
° Status
ys|c a Register
ﬁ (cs)
:e;: Y Accel ADC |+ Slave 12C and 9 () ADO/ (SDO)
sensors z
Interface SCL/(SCLK)
_ 24 spA/ (SDI)
e
o ADC | - Config
= Registers
3 Master12C | | Serial 7y AUX_CL
tsel: § Serial Interface -
es ADC > B
s P Interface | | )I'dp::s si AUX_DA
g ~| Registers
3
— 5 1 Fsyne
test ADC |
Factory
Calibration Digital Motion
L_{ Processor
Self
test ADC —* (OHP)
Temp Sensor ADC |[—»
Bias & LDO
IR
p— A J A\

CPOUT vDD GND REGOUT [VLOGIC]
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. Dielectric with
Capacitors Distance d”  Permittvity = €
i In metres ;

Conductive g_........... |
Plate A HEHEE b

.......

-eac

e e Lead

........
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--------
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.........
--------
........
--------
---------
........
.........
........
.......
-------
......
------

Conductive -
Plate with Area
A inm*

w1 Conductive

.......

SRR Plate B
Analogy: rubber membrane
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MEMS Accelerometer

Anchor —»

mAss  SPRING APPLIED
ACCELERATION

' ! CS1<CS2
FIXED OUTER

PLATES

Acceleration

|||||

‘‘‘‘‘

i -“Capacitors Anchor—»



YA/ UNIVERSITY of WASHINGTON CSE/ECE 474, Spring 2023

MEMS Gyroscope

—>
Sense A acor = 2V Xx Q
direction /

vV —
[t Q ~ >
Rate of :> V
k Rotation 4
y i
i
Angular Z Cy i
1‘0t.at10n Proof —_ Mov'ing
direction
Y (X)
Cy
Frame




What’s inside the chip?

1
CLKIN
22 MPU-60X0
CLKOUT
Self
test Interrupt ) INT
H Status
P ys ICa ﬁ Register
(cs)
— Y Accel Slave I12C and ADO/ (SDO)
Senso rs = SPI Serial .
Interface SCL / (SCLK)
Self SDA / (SDI)
e
test Config
Registers

Master 12C Serial AUX CL
Serial Interface =

Bypass
Sensor Interface | | )I’dpux AUX_DA

~| Registers

Self
test

Bujuoppuo) jeubis

) FSYNC

Self
test

Factory

Calibration Digital Woton D i gita I rea d ou t

tseeJI | (DMP)
and interface
Temp Sensor h

Charge Bias & LDO
Pump

20 Tz Jas Lo s
p— A J A\

CPOUT vDD GND REGOUT [VLOGIC]
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Registers

Register- an array of D flip-flops which can store a collection of bits

An n bit register has n inputs, n outputs, and one clock line

Flip flop: Memory element that stores 1 bit

e G e G G

D Q [ Q)

J_ — CLK Q p— - r> [—> l—> >

O Q1 1 Q2 O Q3 1 Q4
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Hardware control registers

ON

OFF
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Hardware control registers

ON

OFF

Fcn 7 Fcn 6 Fcn 5 Fcn 4 Fcn 3 Fcn 2 Fcn 1 Fcn O
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Hardware control registers

ON

OFF

Fcn 7 Fcn 6 Fcn 5 Fcn 4 Fcn 3 Fcn 2 Fcn 1 Fcn O
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MPUG6050 Register table

CSE/ECE 474, Spring 2023

Addr Addr = Serial = = = = = = = :

(Hex) (Dec.) Register Name VE Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

&7 103 I2C_MST_DELAY_CT | o DELAY ES 12C_SLV4 12C_SLV3 12C_SLV2 12C_SLV1 12C_SLVO
RL _SHADOW - - _DLY _EN _DLY_EN _DLY_EN _DLY EN _DLY EN
SIGNAL_PATH_RES GYRO ACCEL TEMP

68 104 ET RW - - - - - _RESET _RESET _RESET

12C_MST 12C_IF FIFO 12C_MST SIG_COND
6A 106 USER_CTRL RW - FIFO_EN EN DIS - _RESET _RESET _RESET
DEVICE )

6B 107 PWR_MGMT _1 RW RESET SLEEP CYCLE - TEMP_DIS CLKSEL[2:0]

6C 108 PWR_MGMT_2 RW LP_WAKE_CTRL[1:0] STBY_XA STBY_YA STBY_ZA STBY_XG STBY_YG STBY_ZG

72 114 FIFO_COUNTH RW FIFO_COUNT[15:8]

73 115 FIFO_COUNTL RW FIFO_COUNT[7-0]

74 116 FIFO R W RW FIFO_DATA[7-0]

75 117 WHO_AM | R - WHO_AM_I[6:1] -
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MPUG6050 Register table

Addr Addr . Serial . . . . . . . .

(Hex) (Dec.) Register Name VE Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

. 103 12C_MST_DELAY_CT | ... DELAY ES I2C SLv4 | 12Cc.SLv3 | cSsLv2 | 12c SLv1 12C_SLVO
RL _SHADOW - - DLYEN | DLYEN | DLOYEN | DLYEN | _DLYEN
SIGNAL_PATH_RES GYRO ACCEL TEMP

68 104 ET RW - - - - - _RESET _RESET _RESET

12C_MST 12C_IF FIFO I2C_ MST | SIG_COND

6A 106 USER_CTRL RIW - FIFO_EN “EN . ] CRESET gt " RESET
PWR_MGMT 1 TEMP_DIS CLKSEL[2:0]

6C 108 PWR_MGMT 2 RIW LP_ WAKE_CTRL[1:0] STBY XA | STBY.YA | STBY ZA | STBY XG | STBY.YG | STBY ZG

72 114 FIFO_COUNTH RIW FIFO_COUNT[15:8]

73 115 FIFO_COUNTL RIW FIFO_COUNT[7:0]

74 116 FIFO_ R W RIW FIFO_DATA[7:0]

75 117 WHO_AM | R - WHO_AM_I[6:1] -
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4.28 Register 107 - Power Management 1
PWR_MGMT_1

Type: Read/Write

CSE/ECE 474, Spring 2023

Register
(Hex)

6B|

Register
(Decimal)

107

Bit7

DEVICE
_RESET

Bit6

SLEEP

BitS

CYCLE

Bit4

Bit3

TEMP_DIS

Bit2

Bit1

CLKSEL[2:0]

Bit0

Description:

This register allows the user to configure the power mode and clock source. It also provides a bit for

resetting the entire device, and a bit for disabling the temperature sensor.
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4.28 Register 107 - Power Management 1
PWR_MGMT_1

Type: Read/Write

CSE/ECE 474, Spring 2023

Register Register . . . . . . . .
(Hex) (Decimal) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
DEVICE )
6B 107 _RESET SLEEP CYCLE TEMP_DIS CLKSEL[2:0]
Parameters:

DEVICE RESET When set to 1, this bit resets all internal registers to their default values.
The bit automatically clears to 0 once the reset is done.

The default values for each register can be found in Section 3.

SLEEP When set to 1, this bit puts the MPU-60XO0 into sleep mode.

CYCLE When this bit is set to 1 and SLEEP is disabled, the MPU-60X0 will cycle
between sleep mode and waking up to take a single sample of data from
active sensors at a rate determined by LP_WAKE_CTRL (register 108).

TEMP_DIS When set to 1, this bit disables the temperature sensor.

CLKSEL 3-bit unsigned value. Specifies the clock source of the device.



YA/ UNIVERSITY of WASHINGTON "ON

418 Registers 65 and 66 — Temperature Measurement

TEMP_OUT _H and TEMP_OUT L

Type: Read Only

CSE/ECE 474, Spring 2023

Register | Register Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 Bit0
(Hex) (Decimal)
41 65 TEMP_OUT[15:8]
42 66 TEMP_OUT[7:0]
Description:

These registers store the most recent temperature sensor measurement.

The temperature in degrees C for a given register value may be computed as:

Temperature in degrees C = (TEMP_OUT Register Value as a signed quantity)/340 + 36.53




Wiring the MPU6050 to the Arduino

Note: I12C connections
typically require pull up
resistors but those are
omitted here for simplicity
Py (we have confirmed this
® = Tt setup will work). We'll discuss
what t

| - > x x o 2 o <
8 2§

Arduino MEGA




