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Lecture 12: Board Level Serial Com.
i2C / SPI

Vikram lyer

Adapted from material by Blake Hannaford
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Announcements and reminders

Lab 3 is posted, due 5/22
Deadline extended to Wednesday

Tip: for scheduling, start with simple tasks

Midterm

15 20

Std Dev @

33.0 44.0 32.64 --

Median Maximum



Plan for today

« Go over midterm

 |2C and SPI
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Motivation

PCB Complexity

High pin-counts

Ex: Google Pixel 5
Motherboard

(source: PBK.com
via arstechnica.com)
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How can we send data between chips?
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How can we send data between chips?

1234307
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How can we send data between chips?

I CLOCK CLOCK |
DATA DATA
idle or
idle next byte

|

01234567
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SPI: Serial Peripheral Interface

e Purpose: to communicate between ICs on a board with fewer pins and traces.
e Developed by Motorola in 1980’s
e Reference: Wikipedia
e 4-wire, Serial, “data-loop”
Obsolete Name Replacement Name

Master Controller

Slave Peripheral

MISO POCI

MOSI PICO

SS CS



SPI Basic data loop

CONTROLLER PERIPHERAL
I Memory Memory ‘
SCLK
>
of1]2]3]4]5]6]7 MOl By fof1[2]3]4[5]6]7
A |




3-Wire SPI

SCK SCK
PICO PICO
POCI POCI

Controller to Peripheral Peripheral to Controller,,. ..

idle next byte
SCK
Clock from
Controller
01234567 01234567
PICO
Peripheral-In

Controller—Outi 1 00 1 0 1 0
0x53 = ASCII 'S’

POCI

Peripheral-Out
Controller-In
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4-Wire SPI

Controller to Peripheral

;Hf

idle

SCK
Clock from
Controller ASRS

01

PICO

SCK
PICO
POCI

CcS

> SCK

> PICO

< POCI
Ccs

E ' : .

Peripheral-In

45@

Peripheral to Controlleridic or
next byte

o UL

01234567

0x53 = ASCII 'S’

Controller—Out‘i 1 00 1 o 1 0

POCI

Peripheral-Out
Controller-In

CS
Chip Select

after last

byte sent

or received
- - ..




W UNIVERSITY of WASHINGTON TON

CSE/ECE 474, Spring 2022

Multiple SPI Devices, Option 1: Chip Select

Controller

Peripheral 1

Peripheral 2

Peripheral n

e + Individual
chip
access

e - more pins
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Multiple SPI Devices, Option 2: Big loop

Peripheral 1 Peripheral 2 Peripheraln e +fewer
pins

e -slower, all
at one time

Controller
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Figure 21-1. SPI Block Diagram"
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729> @@ -

) Image Transfer Demo

Disconnect

Incoming: 19360/19360

Take Start
Picture Stream
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Example of SPI: Biodegradable mouse
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I2C (inter-integrated circuit bus)

Purpose: to communicate between ICs on a board with fewer pins and traces.
Developed by Philips in 1980’s (now NXP)
e Reference: NXP Documentation
e The name I2C is proprietary, some chips call this “Two Wire Interface” (TWI)
e 2-wire, Serial, bi-directional
SCL: clock wire
e SDA: data wire
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I2C (inter-integrated circuit bus)

Controller: One device on the I12C bus which controls transmission and supplies
the clock signal.

Peripheral: One or more other devices on 12C bus which send and/or receive
data.

Obsolete Name Replacement Name
Master Controller

Slave Peripheral
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I2C (inter-integrated circuit bus)

e SCL: clock line provided by Controller
e SDA: bi-directional serial data

SDA = * >1SDA

Controller 1 Peripheral 1
SCL * >»>1SCL
SDA = * >1SDA

Controller 2 Peripheral 2
SCL * >»>1SCL
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I2C (inter-integrated circuit bus)

CONTROLLER 1 F —_ PERIPHERAL
a e N o UATA
[ REGISTER ] W T {f REGISTER | o
| Cl
[ > LOGIC(
]

<‘.'.:.".- ® ’e | ®

CLOI

1] SAE 2
' ’ |I‘ .Y ) ..} - DISABLE
l " B

|
|
|||l
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0
Re&

e Only requires 4 wires and can
connect many devices

I2C (inter-integrated circuit bus)

2 mm
Ambient light

sensor

Temperature
and Humidity
sensor

e Available on many small chips

Storage Startup Micro- RF Switch
Capacitor circuit controller






I2C “Start Condition” & “Stop Condition”

Idle Start Condition Stop Condition
SDA: HIGH HIGH— LOW LOW— HIGH
SCL: HIGH HIGH HIGH

START condition STOP condition



12C Protocol

Address of Follower Repeated Until All the
Controller Data Bits are Transferred
R | ACK/ ACK/
. START : R/W - STOP
 CONDITION 7 Address Bits Bit NQgK 8 Data Bits NggK CONDITION
Peripheral
— , P
R } :
SDAI\I/XKXX\/\_X_KXX|X1
| | acknowledgement acknowledgement | Sr |
| | signal from slave signal from receiver | |
| | .
L1 K ACK
START or J L STOP or
repeated START byte complete, clock line held LOW repeated START

coniiioe while interrupts are serviced condition



12C Protocol

Address of Follower Repeated Until All the
Leader Data Bits are Transferred
A | ACK/ ACK/

. START : RIW : STOP

/ CONDITION 7 Address Bits Bit NQgK 8 Data Bits NggK > CONDITION >
Follower
ACK/NACK Bit _
Data Stays Stable During HIGH SCL Pulse
ACK/NACK Bit
Start Condition 7-Bit Address READ;SIR'TE DATA BYTE Stop Condition
SDA l J 1 1 0 l 1 ‘ 0 0 /A D7>’DG><DSXD4 /D3 02“,(01 >/DO> [ I
\ I _J

LU L ﬂﬂTﬂ T TN T 0T



12C Addresses

|I2C address is hard coded into the chip but there are only 128 (2*7) of them!
[ Adafruit’s List of 12C addrs ]

What if you want to use 2 chips with same 12C addr???


https://learn.adafruit.com/i2c-addresses/the-list

12C Addresses

|I2C address is hard coded into the chip but there are only 128 (2*7) of them!
[ Adafruit’s List of 12C addrs ]

What if you want to use 2 chips with same 12C addr???

Use chip select / enable bits (if available) (driven by random 1/O pins)

SCL —
SDA
e >
: Chip 1 Chip 2
Pin 2 —>| Addr = 0x3D r Addr = 0x3D
Pin 3



https://learn.adafruit.com/i2c-addresses/the-list

12C Protocol

‘V A Voo
A Vooo R, boio
v poIo c =
1
- C,
R 2 Vg = GND
SDA

1?C Address Pin Select P —
Addr.: 111011X
(Connect to VSS, X =0’)
(Connect to VDDIO, X ='1")

Vg = GND
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Step 1: Find the registers to read/write from

Addr Addr = Serial . s = : = : . -

(Hex) (Dec.) Register Name VE Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

. 103 12C_MST_DELAY_CT | . DELAY_ES I2C SLv4 | 1c.SLv3 | 12c.slv2 | 12¢c Sl 12C_SLVO
RL _SHADOW - - DLYEN | DLYEN | DLYEN | DLYEN | _DLYEN
SIGNAL_PATH_RES GYRO ACCEL TEMP

68 104 ET RW : s : : : _RESET _RESET _RESET

12C_MST 12C_IF FIFO I2C_ MST | SIG_COND
6A 106 USER_CTRL RW . FIFO_EN i g : e P |
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 2 WHO_AM_I[6:1] .
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4.28 Register 107 — Power Management 1
PWR_MGMT_1

Type: Read/Write

Register Register . . . . . . . .
(Hex) (Decimal) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
DEVICE i
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.
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Step 1: Find the registers to read/write from

Addr Addr = Serial . s = : = : . -

(Hex) (Dec.) Register Name VE Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

. 103 12C_MST_DELAY_CT | . DELAY_ES I2C SLv4 | 1c.SLv3 | 12c.slv2 | 12¢c Sl 12C_SLVO
RL _SHADOW - - DLYEN | DLYEN | DLYEN | DLYEN | _DLYEN
SIGNAL_PATH_RES GYRO ACCEL TEMP

68 104 ET RW : s : : : _RESET _RESET _RESET

12C_MST 12C_IF FIFO I2C_ MST | SIG_COND
6A 106 USER_CTRL RW . FIFO_EN i g : e P |
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 2 WHO_AM_I[6:1] .
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Step 2: Hardware connections

+av

[I]R’p : . .
Device 1 Device 2 Device 3

SCL I MCU
SDA

ESB - =
COMMUNICATION

Arduino

ANALOG IN "
-3 BB 3 Bl




Step 3: Writing the code

id 1
#include "Wire.h" // I2C library. void loop () {

Wire.beginTransmission (MPU ADDR) ;
Wire.write (0x41);
Wire.endTransmission (false) ;
Wire.requestFrom(MPU ADDR, 2, true);

const int MPU ADDR = 0x68; // I2C

address

intlé t accel x, accel y, accel z;

intl6 t gyro x, gyro y, gyro_z; // variables for

gyro raw data
intl6 t temperature; //

variables for temperature data

// Read temperature data

temp high = Wire.read();

temp:low = Wire.read();

// Convert temperatures to single value

temperature = temp high << 8 | temp low;

Serial.print ("Temp H: "); Serial.println(temp H, BIN);
Serial.print("Temp L: "); Serial.println(temp L, BIN);
Serial.print ("Temp all: "); B
Serial.println (temperature, BIN) ;

uintl6é t temp H
uintl6 t temp L:;

void setup() {
Serial.begin (9600) ;
Wire.begin () ;
Wire.beginTransmission (MPU ADDR) ;
Wire.write (0x6B) ; B
Wire.write (0);
Wire.endTransmission (true);

Serial.print ("Temp = ”);
Serial.println (temperature/340.00+36.53);

// delay
delay (1000);
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12C on our
AtMega 2560

“TWI”’ = 2-wire
interface

Figure 24-9. Overview of the TWI Module

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
A A
Y Y

Bus Interface Unit

START / STOP

Control Spike Suppression

Bit Rate Generator

Prescaler

A

Y

= . Address/Data Shift Bit Rate Register
Arbitration detection Register (TWDR) Ack (TWER)
A A A
\ Y y
Address Match Unit Control Unit

Status Register
(TWSR)

Address Register
(TWAR)

A
Y

Control Register

(TWCR)

Address Comparator

State Machine and

Status control

TWI Unit
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AtMega2560 Software Examples
SPI: https://github.com/KareemAhmed96/SPI-Configurable-Driver

12C/TWI: Arduino AVR library: “Wire.h”

Examples for Arduino Uno
EEPROM

SoftwareSerial
SPI BarometricPressureSensor

Wire DigitalPotControl
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AtMega2560 Software Examples

SPI & [2C/TWI: “Bit Banging” code

Assign your own pins to COPI, PICO, SCLK, CS

Write code to generate the needed transitions.

+ portable, easy to understand(?), works on small chips
- slow, blocks other code

Example github project




