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Weekly Focus
Exam/CPS Introduction
Raspberry Pi
I2C Bus
Python/Sensor
SP
SP
Network Interface

MQTT/Flask
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Reading
Ref 1 Chapter 1
Ref 2 Chapter 1-3
Ref 3
Ref 4, Ref 5
Ref 6
Ref 7 Chapter 1
Ref 7 Chapter 2

Ref 7 Chapter 14

Monday
3/8: Exam 1
3/15: Pi Intro/UART Bus
3/22:12C Bus
3/29: Classes/Modules
4/5: SPI Bus Overview
4/12: SPI HDL Design
4/19: Ethernet Interface

4/26: Flask

Wed
3/10: CPS Introduction
3/17: Git/Github
3/24: Wellness Day

3/31: Pressure Sensor

4/7: SPI HDL Design

4/14: Sensor Memory
4/21: MQTT

4/29: Open Topic

Lab

Project 5 Raspberry Pl Setup

Project 6 12C Pressure Sensor

Project 7 SPI Connected 1/0O

Project 8 Network Interface

https://engr210.github.io/
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Raspberry SPI Link
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Workstation Serial Interface

SPI Link

12C Link
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LED= and Switches




SPIl Bus Review



] Single Peripheral

SCLK » SCLK
SPI MOSI » MOSI SPI
Master ~ MISO |« MISO Slave
SS » SS
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] Reading

Set to 1, forreading Auto-Increment Address

Figure 5. SPI read protocol - g

cs T\ _— I
SPC

SDI

RW _
MS AD5 AD4 AD3 AD2 AD1 ADO
SDO CXOOOCXCXCO—
DO7 D06 DO5 D04 DO3 D02 DO1 DO0

The SPI Read command is performed with 16 clock pulses. The multiple byte read
command is performed adding blocks of 8 clock pulses at the previous one.
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]  Writing

Setto 0, forwriting  Multiple Register
: : Write ...
Figure 7.  SPI write protocol / -

cs T\ // T

SPC
SDI A XA A A e XX

RW DI7 Dl DI5 DI4 DI3 D2 D1 DIO
MS AD5 AD4 AD3 AD2 AD1 ADO

w INDIANA UNNVERSITY BLOOMINGTON




Raspberry Pi Python SPI
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Table 14.

Registers address map

Register Address

Function and
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Name Type " Binary Default commant
Reserved (Do not modify) oD e Reserved
REF_P_XL R/W 08 0o01000 | Q0000000
REF_P_L R/W o9 0001007 | QO000000
REF P H BN 0A, DO01070 | Q0000000
WHO_AM H OF 0001111 | 10111011 Dummy reqister
R e s e o e s
Reserved (Do not modify) 11-1F Reserved
CTRL_REG1 RW 20 010 0000 [ Q0000000
CTRL_REG2 R/W 21 0710 0001 | Q0000000
CTRL_REG3 R/W 22 010 0010 | Q0000000
INT_CFG_REG R/W 23 01000117 | 00000000




device = @

spi = spidev.SpiDev()

spi.open(bus, device)
spi.max_speed_hz = 5868080
spi.mode = @

readval = spi.xfer2([©Bx8F,Bx88])
(readval)
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Xilinx Artix 7 XC7A35T



Front View Back View
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] CPG236 BGA Package
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CP236 and CPG236 Packages—XC7A15T, XC7A35T, and XC7A50T
CPG236 Package (only)—XA7A15T, XA7A35T, and XA7A50T
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Basys3 PMOD Connectors



‘ Pmod Connectors x4
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VCC GND 8 signals

Ping ¥ v ! ' Pin1

Pin 12\ EEEEEE o
»|ojajdiaaa




Pmod JA

JA1:

JA2: L2

JA3:)2

J1A4: G2

JA7: H1

JA8: K2

JA9: H2

JA10: G3
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Pmod JB

IB1: A14

IB2: A16

JB3: B15

1B4: B16

IB7: A15

1B8: A17

JB9: C15

JB10: C16

Pmod JC

1C1: K17

JC2: M18

JC3: N17

1C4: P18

1C7: 117

JC8: M19

1C9: P17

JC10: R18

Pmod JXADC

JXADCI1: )3

JXADC2: L3

JXADC3: M2

JXADC4: N2

JIXADC7: K3

JXADCS8: M3

JIXADC9: M1

JXADCI0: N1




R4

R3
ks AN Pmod 2x6 AN !
200 R7 " 21 7@ Rg 200
12 AN ’ 02 86 @ AN 18
R11 200 € 3 96 200 p12
1C3 1CS
1‘\#’\: =0 © 4106 e ;"u"\.r
ica 200 p1s — 19 511 Gy———— R16 200 Jc10
4'A% © 612 @ 4'A%
200 iTe 200
D3
GMD WVCC3W3 GMD
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JAL12 : PWR
JA11:GND
JAL0: G3
JAS: H2
AR : K2
JAT:H1

JXACL2 : PWR
JXAC11:GND
JXAC10: N1
JXACS: M1
JXACS : M3
IXACT: K3

Basys3: Pmod Pin-Out Diagrarr

S T— JB1: A4
@8] 1ss:cnD 182: 416
10 . 1B3:B15
!‘z 1A3:12 ; JB4: Bi6
%% E— = = %3 o 35 : : JB5: GND
: o zmem W T ; 1B6: PWR

i T e : & XlLlNX

| = ¥ " T | UNVERSITY F
BIE] 1xACE:PWR IC1:K17
[B]|] ixacs:enD 1C2: M18
mlE] xaca:n2 JC3:N17
BB jxac3: M2 1Ca: P18
(BB xac2: 13 1C5: GND
B8 ixac1:3 1C6: PWR
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a|alajalala
FEEEEE

o|alajalala]
o|o[o|o|o[o]

JB7: A15
188: A17
189:C15
1810: C16
JB11: GND
1B12: PWR

ICT:L17
JC8: M19
1C9: P17
JC10:R1E
JC11: GND
1C12: PWR



] Analog Inputs

Dual Analog/Digital Pmod (JXADC)
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I Ana I Og I 1] pUtS Dual Analog/Digital Pmod (JXADC)

1. Dual A2D Converters
2. 12-Bit

3. 1 MSPS

4. Built in Sensors

— Temperature

— Power Rails
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VREP_ O VREFN_O
Temperature Supply

WCCINT
Sensor  Sensors yocaux ? ?
Die | . VeCPINTI!
Temperature = $ * voopau On-Chip Ref
L woCo_DoR'™ 125V
\\ Control Status
VP_0 O—— 12-bit, Registers *|  Regislers
VN_0 O— AL 1MSPS
VAUXPI0] O— ADC A -
VALXN[O] O] l_
E _]_f B4 x 16 bits 64 x 16 bits
T OVALXPI12] O— ReadWrite Read Only
VAUXN[12] ©— Mux S -
VAUXP[13] O— 12-bit, o
External
Analog < VAUXN[13] o0— < 1 MSPS
Inputs VAUXP[14] O—d/ " ADC B -
VALXN[14] O—
WALXP[15] 0— [
\_ VALIXN[15] O— / | Y L |
DRP
FPGA
JTAG I Interconmnect I
X17015-110817

Figure 1-1: XADC Block Diagram
https://www.xilinx.com/support/documentation/user quides/ug480 7Series XADC.pdf
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https://www.xilinx.com/support/documentation/user_guides/ug480_7Series_XADC.pdf

e
XADC1 P XADC1 N
== | Pmod 2x6 | iy
= * 9] 76 4 —
XADC2 P XADC2 N ==
I — 4 € 2 B G *
T -_
XADC3 P | g i 133 R * ] XADC3 N P
el GND o 5 11 GlGND
XADC4 P XADCA N o=
r—r © 612 @
X VAVAYA
7 7
. D7 D&
GND VCC3V3 GND XADCLP RIS xa1 p

100 1 _I'_

InF No Load
XADC1I N RI55 T XAL N

100 Vv
XADC2_P 5 XA2_P
Rllguw _L
C34
InF No Load
XADC2_N R157 T XA2_N
l[][l%
XADC3_P R158 XA3_P
100 vV T
C35
InF No Load
XADC3_N R159 —_[_ XA3_N
l[][l%
XADC4 P RI160 XA4 P

100 ¥V _L
C36

InF No Load
XADC4 N Rl161 T XA4 N
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Pin Voltages



Raspberry Pin Input Pins

Symbol Parameter Conditions Min Typical Max Unit
Input Low
ViL > VDD 10 = 1.8V - - 06 V
Voltage
VDD 10 = 2.7V - - 08 V
VDD 10 = 3.3V - 0.9 '
Input high
ViH VDD 10 = 1.8V 1.0 - - Vv
voltage®
VDD 10 = 2.7V 1.3 - - \'
VDD 10 = 3.3V 16 - '
Input leakage
i TA = +85-C - - 5 HA
current
Input
Cin P - - 5 - pF

capacitance
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Raspberry Pi Output Pins

Symbol

VoL

Parameter
Output low

voltageP

Output high

voltageP

w INDIANA UNNVERSITY BLOOMINGTON

Conditions Min Typical Max Unit
VDD 10 = 1.8V,

- - 02 VvV
IOL =-2mA
VDD I0 = 2.7V,

- - 015 V
IOL =-2mA
VDD IO = 3.3V,

014 V

IOL =-2mA
VDD 10 = 1.8V,

1.6 | - - Vv
IOH = 2mA
VDD 10 = 2.7V,

25 - - Vv
IOH = 2mA
VDD IO = 3.3V,

3.0 v
IOH = 2mA




set property PACEAGE PIN K17 [get ports [MOSI}]
set_property IOSTRNDARD LWCMOS33 [get ports {MOSI}]

Xilinx Artix XC7A35T FPGA - ==

Table 8: SelectlO DC Input and Output Levels(142}

/O Standard Vi Vin VoL Vou loL lon
¥V, Min V., Max V, Min V, Max V, Max ¥, Min mA, Max| mA, Min
HSTL_| —0.300 | Vpege—0.100 | Vggp +0.100 |Vgog + 0.300 0.400 Voco—0400 | 800 | -8.00
HSTL_I_18 —0.300 | Vpep—-0.100 | Vgge +0.100 |Vogg + 0.300 0.400 Voeo—0400 | 800 | —8.00
HSTL_II —0.300 | Vage-0.100 | Vgee+0.100 | Voo + 0.300 0.400 Veoo—0400 | 16.00 | —16.00
HSTL_ll_18 —0.300 | Vpge—0.100 | Vgge+0.100 |Vgpg + 0.300 0.400 Veep—0.400 | 16.00 | —16.00
HSUL_12 —0.300 | Vpgr—0.130 | Vggp+0.130 |Vgog +0.300|  20% Vieeg 80% Veeo 010 | -0.10
LVCMOS12 —-0.300 | 35% Veeo 65% Voop | Voo + 0.300 0.400 Vooo—0400 | Note3 | Note3
LVCMOS15 —0.300 35% Voo 65% Veco  [Viooo + 0300 25% Veco 75% Veco Mote 4 | Mote 4
LVCMOS18 —0.300 | 35%Veeo 65% Viooo | Veoa + 0.300 0.450 Veco—0450 | Note5 | Notes
LVCMOS25 —0.300 07 1.700 Veeog + 0.300 0.400 Vopo—0.400 | Noted4 | Note 4
LVCMOS33 —0.300 0.8 2.000 3.450 0.400 Voog— 0400 | Noted | Note 4
MOBILE_DDR -0.300 | 20% Veeg BO0% Voo |Veco +0.300( 10% Vieeo 90% Veeg 010 | -0.10
PCI33_3 —0.400 30% Voo 50% Veco  |Meoo + 0500 10% Veeo 90% Voo 1.50 -0.50
55TL135 —0.300 | Vpge—0.090 | Vgge+0.080 |Vppop +0.300(Vopg/2 —0150|Vepg/2 + 0150 13.00 | -13.00
SSTL135_R —0.300 | Vpege—0.090 | Vger +0.090 |Vopg + 0.300|Vepg/2 — 0.150(Viepg/2 + 0.150| 890 | -8.90
S58TL15 —0.300 | Vrgr—0.100 | Vgep+0.100 (Vopg + 0.300|Vepg/2 —0175|Vopp/2 + 0175 13.00 | —13.00

INDIANA
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https://www.xilinx.com/support/documentation/data_sheets/ds181_Artix_7_Data_Sheet.pdf

Shift Registers



] 4 Bit Shift Reaister

Q3 Q2 Q1 QO

Serialln —{D Q‘D CJ‘D Q‘D CJJ

FF3 FF2 FF1 FFO
AN FAY AN AN

CLK CLK CLK CLK
Figure 16.9: A Shift Register Made from Four D Flip Flops

Source: Nelson (2019) Designing Digital Systems with SystemVerilog (v2.0)
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https://www.amazon.com/Designing-Digital-Systems-SystemVerilog-v2-0/dp/1075968437

| 4 Bit Shift Register (Behavioral SystemVerilog)

Program 17.3.1 SystemVerilog Code for a 4-Stage Shift Register

module delay4d (
input logic clk, Serialln,
output logic[3:0] Q);

always_£ff @ (posedge clk)

begin
Q[3] <= Serialln;
Q[2] <= Q[3];
Q[1] <= Q[2];
Q0] <= 0QI[1];
end
endmodule

Source: Nelson (2019) Designing Digital Systems with SystemVerilog (v2.0)
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https://www.amazon.com/Designing-Digital-Systems-SystemVerilog-v2-0/dp/1075968437

] Refinement...

Program 17.3.2 SystemVerilog Code for a 4-Stage Shift Register - Simplified Version

module delay4d |
input logic clk, Serialln,
output logic[3:0] Q);

always_ff @ (posedge clk)
Q <= {Serialln, Q[E:l]};

endmodul e

Source: Nelson (2019) Designing Digital Systems with SystemVerilog (v2.0)
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https://www.amazon.com/Designing-Digital-Systems-SystemVerilog-v2-0/dp/1075968437

] What is the effect of this reordering?

module delay4d (
input logic clk, Serialln,
output logic[3:0] 0Q);

always_ff @(posedge clk)

begin
0[2] <= QI[3];
Q[0] <= Q[1];
Q[3] <= Serialln;
Q[1l] <= Ql2];
end
endmodule

Source: Nelson (2019) Designing Digital Systems with SystemVerilog (v2.0)
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https://www.amazon.com/Designing-Digital-Systems-SystemVerilog-v2-0/dp/1075968437

Asynchronous Input



] Consider the following general architecture ...

Current
State State
— Memory
(o | et
Inputs Forming { 1D Q) }- |
Logic -
FAN
[T !
Qutput

Qutputs

Forming
Logic

Figure 16.12: Register Transfer Level (RTL) Structure
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] Asynchronous Input

1. Simplifying Design Assumption: combinational logic stabilizes before the
sequential circuitry uses the resulting values.

2. Consider signals from a different clock domain

— Raspberry Pi...
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] Consider the following state machine.

A IFL

. )N C1
= L
A 5> No [l co

10

I
o clk
Assume A arrives from a different clock domain.
Arrival of A can be any time relative to clk.
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] Consider the following timing ...

CLK -_I—l—t—l_
N

Al
~ N1
@ NO

Current
S

A oo 00 X 10

(1) rﬂ o

Figure 24.2: Timing Problem of Figure 24.1
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] Solution: Add a flip flop ...

IFL N1
So=rth | I
Sns A
[
A_p q S | clk
EnS NO
T D25 D o—
clk " N
[
clk

Figure 24.3: Synchronizing an Asynchronous Input

No free lunch ... Ais now stable but delayed by 1 clock.
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Asynchronous Output



] Consider the following general architecture ...

Current
State State
Memo
Input Next vy
Formi State { _| D }_
orming —ID Q —
Logic
T
/_"
| Output Qutputs

| Forming
Logic

Figure 16.12: Register Transfer Level (RTL) Structure
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] Consider the following ATM signal

ATM
gt“”" dispense | $20 Bill
ate signal Dispenser
Machine P )
Mechanism

If dispense signal were going to another module within
the same clock domain, no issue. What if this were a
different clock domain?
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] Synchronize combinational logic before output

ATM
Your .
dispense $20 Bill
State D Q - .
. signal Dispenser
Machine )
A Mechanism
|
clk

Figure 24.5: Generating a Glitch-Free Output
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