Lecture 15

Potpourri: Bluetooth, Clocking, Power, FFTs, etc...

Moving Forward
* Project Proposal Due by today 5pm

*11/07 2:30-5pm and 11/09 2:30-4pm are Presentation Days:
* Attendance Mandatory

Outline (October 31, 2017) | eeeytatioween

Topics:

* Bluetooth:

* One more common communication protocol that you
may interface with

* Power Consumption/Energy and Clocking in our
systems

* Fast Fourier Transforms (with Examples!)

Bluetooth vs. Bluetooth Low Energy (BLE)
* Bluetooth was created in ~1994

* Originally supposed to be a drop-in replacement to R$232,only
wireless, and you can still see vestiges of that heritage in
documentation and some of its protocols.

* Works on ISM Band (2.4 GHz...shares with Wifi)




Bluetooth is like USB, many flavors, speeds,
etc... Is a Multi-layered stack

* Every device has a unique* 48-bit identifier (like a MAC Address)

* Handshakes and pairing layer

* Public key encryption (192 bit DHKE), followed by 128bit on latter
versions

* Actual bits are sent using PSM...either QDPSK or even 8DPSK through
a Gaussian filter (don’t hop from phase to phase instantaneously),
and frequency hopping!:

* Meaning bits are encoded using phase of carrier wave (improves throughput
but requires more complex send/receive circuitry)
* (QDPSK: four phases allows two bits at once)
* (8DPSK: eight phases allows three bits at once)

~ *Actually unique to the particular device, not type of device like in i2C. Ideally no two devices will share this._
’ ”Th’ey thought ahead 2248 gives us 280 trillion possibilities, so up to 46,000 bluetooth headsets per person ~

Drop-in modules exist

* Because of its initial goal of being a RS232 serial
replacement, there are modules which literally take in
UART (at 115.2 kbps let’s say) and will convert to
bluetooth and send and receive/convert back to UART HC-OX Series

* Add a second one that is mated to it on the other end,
and you can get a wireless R$232 link.

* Additional feature to maybe add to projects if helpful

€3 Bluetooth

BLE: Bluetooth Low Energy SMART

Cimsac Busstocen technciogy

* Complete Rethink of
what Bluetooth is
meant to be used for

* Can’t send as much
data reliably, but power
usage is significantly
reduced
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Power

While we’re not really focussing on this in final projects, maybe think about this as
another way to characterize your device’s performance




Problem: Energy Consumption

* It is getting better, but there’s no Moore’s
Law for Batteries

* We need to understand where power goes
and manage it

Battery Cost (SXWh)
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https://forum.cosmoquest.org/showthread.php?166243-Energy-Density

The Energy Problem

- 7.5cm?
AA battery
Alkaline:

~10,000)

What can One Joule
of energy do?
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Dynamic power consumption

Digital Power Consumption

* P :total power consumed P =g 1CV2f 4+ Vg
* @y : fraction of gates switching
e ( :Capacitance of gates t\
* V : Operating voltage (V;4)
* f :frequency of operation Vdd
* Ijeqr: Leakage Current:
* Sub-threshold leakage
* Gate-Leakage

Static power consumption

Vss

What do we have control over?

* Dynamic Power usage is more closely tied to how we use the system:
* Design, data structures, etc...
* Clock
* Temperature
¢ Etc...

* Static Power usage is more closely tied to actual system fabrication
and capabilities, but our usage of it can also factor in

Given Fixed Hardware: Power Reduction Strategies

P=o0 ., C Vpp? f

* Reduce Transition Activity or Switching Events
* Reduce Capacitance (e.g., keep wires short)
* Reduce Power Supply Voltage

* Frequency is sometimes fixed by the application, though this can be
adjusted to control power

Optimize at all levels of design hierarchy




Dynamic Energy Dissipation
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System Level Power Reduction Strategies

* System level
* Airplane mode: switch off cell phone/text activity.
* Display brightness control
* Variable transmit power level
* Minimize CPU cycles (encryption costs!)

* Chip level
* Workload based clock frequency/clock gating
* Power gating
* Dynamic voltage scaling (DVS)
* Multi Vyy

Power Consumption Can Be Data Dependent

* We don’t think about this at the C and up level, but at the bit level it
can really matter!

* Is your data encoded in a way such that lots of bits flip lots of the
time? (lots of charge/discharge cycles!)

* Are common transitions using the fewest bit changes?

* Glitches are no longer an annoyance, but leeches sucking our vital life fluids
(power) from our bodies (electrical devices)




Number Representation:

Two’s Complement vs. Sign Magnitude

10Hich representation is more energy efficient?

Bus Coding to Reduce Activity

Extra bit to indicated if the
bus is inverted

* Minimize bit transitions o
on high capacitance Majority
busses Function
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Hamming Distance

* Reduce Hamming Distance between
sequences...don’t count up with states using
regular binary...use a Gray code perhaps

* Counting to 8 in regular 3bit binary involves 14
total bit changes

* Counting to 8 in 3bit Gray involves 8 total bit
changes(big savings)

Count Transitions

000
001
010
011
100
101
110
111

3

P NP WRNR

14

Gray code
by bit width

3-bit
000
001
011
010
110
11
101
100
2-bit

4-bit
0000
0001
0011
0010
0110
o111
0101
0100
1100
1101
111
1110
1010
1011
1001
1000

Time Sharing is a Bad Idea (From a power perspective)

Parallel busses for 1,Q .
Time-shared bus for 1,Q
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Time Sharing Increases Switching Activity
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Not just a 6-1 Issue: “Cool” Software

; MEMORY address

a[0) 0111111100000000
address a[l 0111111100000001
a2 0111111100000010
CPU 16 a[3 0111111100000011
b[0] 1000000000000000
b[1! 1000000000000001
b[2! 1000000000000010
b[3 1000000000000011
float a [256], b[256]; float a [256], b[256];
float pi= 3.14; float pi= 3.14;

for (i=0; i< 255; i++) {
ali] = sin(pi * i /256);
b[i] = cos(pi * i /256);

for (i = 0; i < 255; i++) {a[i] = sin(pi * i /256);}
for (i = 0; i < 255; i++) {b[i] = cos(pi * i /256);}

512(8)+2+4+8+16+32+64+128+256
= 4607 bit transitions

2(8)+2(2+4+8+16+32+64+128+256)
=1030 transitions
10/31/17

Glitching Transitions

A B A B C

Figuee 4: Glteh Meanurement Caroun (7ALS00).

(A+B) + (C+D)

(((A+B) + C)+D)

« Balancing paths reduces glitching transitions
« Structures such as multipliers have lot of glitching transitions

« Keeping logic depths short (e.g., pipelining) reduces glitching

Clock Gating is a Good Idea! Reduce Supply Voltage : But is it Free®
(For energy conservation only...)
VDD t =0+
Adder Off v G V¢ D
1 n + DD n
Global Clock Adder Clock _,_ v E(V == c
Enable_Adder DD 2 DD T L
gigigigh _ . 1
Multiplier On ,
_DD
\| | X Delay = CL i = CL . 2 o VDD ~ L
— lD E(V Vv )2 (VDD - I/'T)2 VDD
Multiplier Clock 2 DD

Enable_Multiplier

100’s of different clocks in a microprocessor
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Vpp from 2V to 1V, energy d by x4, delay Tx2




Transistors Are Free...
(What do you do with a Billion Transistors?)

f=500Mhz
Vop=1V

IN

IN' f= 500Mhz
Vpp=1V

X X

out | SELECT |

l out

PparaIIeI= (2Cmult 1°f/2)= Pserial/4

Trade Area for Low Power
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Does your GHz Processor run at a GHz?

Processor
Chl.p . Thermal
Activity
Sensor
Control

Note that there is a difference between average and peak power
On-chip thermal sensor (diode based), measures the silicon temperature

If the silicon junction gets too hot (say 125 ° C), then the activity is reduced (e.g., reduce clock rate or use clock gating

Use of Thermal Feedback

10/31/17

Dynamic Voltage Scaling on a Processor

Digitally adjustable DC-DC converter
powers SA-1110 StrongArm core

ey Cpman.

5
L

7

Controller q I:_/VV\ \V
He =
vV

out SA-1110

Control
nos

nOS selects appropriate clock frequency based on
workload and latency constraints
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Algorithmic Workload
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Temperature

Junction (Silicon) Temperature

Realistic Scenario

T
Simple Scenario Siicon __~] T’
10k Case 1 ¢ T
. . n S
* While some input power gets used for [ Sink gl
information/computation, etc... a lot is a0 'T\ T,
ultimately lost as heat % Ti-T.= Roia Po ’
E 10y Rgya is the thermal resistance between Pp Roic 30\
| silicon and Ambient T, eﬁ“a\ 0&\‘5
. . rs . 2 B\ o\
* As temperature rises, carrier mobility will =1 5 T Rocs Wese*“e <<_a\““c“\ﬁ
R —_—— . A
drop off quickly | S : 4 b Ron T ot
Temperature T (K) Rosa
TA TA
* As mobility drops off, current delivered T=T,+Ron Pp Roca = Rocs * Rosa
drops off, systems can’t charge/discharge gl ..
A kl . bl Make this as low as possible is minimized by facilitating heat transfer
as qLUIC y, we run into trouble (bolt case to extended metal surface — heat sink)
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Thermal Shutdown

What happens
when the
CPU cooleris
removed?

Low-Power Digital: Sub-Threshold Operation

Strong Inversion Operation: fast, power-hungry VDD = 0 18V

|

Subthreshold Operation: slow,
minimum energy operation

9,

10 0 02 4 06 0.8 1
www.tomshardware.de rematess V2,
www.tomshardware.com
Exploit Sub-threshold Operation (Vp, < V)
for Sensor Circuits
31/1 31/1 34
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Digital Power Consumption

e P :total power consumed

* @y : fraction of gates switching

e ( :Capacitance of gates

Dynamic power consumption

P = a0—>1€V2f + Viear

Y

Types of Static Leakage:

Sub-Threshold Leakage:

Zoom in around the

We want: threshold and we’ve got:

Gate Leakage:

Where an electron or hole just tunnels
through the FET gate

H ’ tial 3 e
* V :Operating voltage (V;4) s _T_ 0 _T_
. . S
. f . frequency of operation vdd Static power consumption R AR D »
. . n
* Ijeqr: Leakage Current: loss= 1Y os n
* Sub-threshold leakage A
Q MOSFET Structure
* Gate-Leakage Ves -
Vssm.)
Vss
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Leakagq§qqrqqt: Moore’s Law Meets Static Power
http://www.ruf.rice.edu/~mobile/elec518/readings/DevicesAndCircuits/kim03leakage.pdf

From 2011




Aside: Shmoo Plot

* Sometimes hear plots of various performance specs
on semiconductors called “Shmoo” plots

* Called that because they plots look like Shmoos,
weird bowling-pin like creatures from Lil Abner, even
though they never do

* Anyways sometimes these comparison plots are
called Shmoos

ﬂm The Life and Times of

THE SHMOO

107 %?kipedia finally explained this to me...pre-semiconductor, Shmoo plots looked like Shmoos with magnetic things

Sandy Bridge vs. vy Bridge (32nm vs. 22 nm core i5)

* Sandy Bridge was older model
transistor

* lvy Bridge was 3D transistor

10/31/17
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Trigate

* One of the first departures from planar
semiconductor fabrication since we
started doing it as humans in the early ...
1950s. ;

* Was in the pipeline since right around
2000, and finally started coming out in
2014

* Cuts static loss (sub-threshold loss in
particular) by 50%

Tr-Gate ransistors can have multple fins connected together  Tr-Gate
1o ncreas se total dive strength for higher performance o mes

10/31/17

22 nm Tri-Gate Transistor

Traditional Planar Transistor

22 nm Tri-Gate Transistor

fors form conducting channels on three sides
eture. provideng Nl depisted” operation

22 nm Tri-Gate Transistor

have mutipie ins connected together
e strength for higher performance

43

Sandy Bridge vs. Ivy Bridge (32nm vs. 22 nm core i5)

* Intel fell way behind schedule
getting their 22nm tech into
production, but its trigate
devices in IVB, have
drastically cut down static
power loss

CPU Power (W)

10/31/17
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The Threat of Static Power Loss

* If your primary loss mechanism becomes static phenomena, then there
will become a point where a cranking the clock could be beneficial!

* Run as fast as possible with the best hardware as possible (32 bit MCU if
appropriate vs. 8 bit or something)

* Then sleep! (the static monster won't get you if you're in sleep)

* Not necessarily the right solution, particularly as new transistor models
come in and keep static loss at bay, but you never know.

Where do we get frequencies? Q)

. . 16MHz Crystal
* Most frequencies come from Crystal Oscillators made of quartz

* Equivalent to very High-Q LRC tank circuits
* https://en.wikipedia.org/wiki/Crystal oscillator frequencies

* Incorporate into circuit like that below and boom, you’ve got a
square wave of some specified frequency dependent largely on
the crystal T

0

—[Jt

ost http://www.z80.info/uexosc.htm
ope  SERIES RESONANT OSCILLATOR CIRCUIT L o .
I https://en.wikipedia.org/wiki/Crystal ‘6scillator

High Frequencies

* Very hard to get a crystal oscillator to operate above ~200 MHz (7th
harmonic of resonance of crystal itself, which usually is limited to
about 30 MHz due to fabrication limitations)

* Where does the 2.33 GHz clock of my iPhone come from then?

* Frequency Multipliers!

Voltage Controlled Oscillator

* |t is very easy to make voltage-controlled
oscillators that run up to 1GHz or more.

* Why don’t we just:

Vi VCO fo

* Pick the voltage V; that is needed to get the
frequency we want f,,? That’s gotta be specified
right? A simple VCO (not found iri FPGA)

* Same reason we don’t see op amps in open loop
out in the wild...they are too unstable...gotta place
them in negative feedback

O oV

10/31/17 8
-controlled-oscillators-vco/




Phase Locked Loop

* Place the unstable, but capable VCO in a feedback loop.
* This type of circuit is a phase-locked loop variant

Phase Locked Loop

* Circuit that can track an input phase of a system and reproduce it at
the output

Phase, Charge LP Filter Phase, Ch LP Fil
of | Frequency VCO A — ’ arge 1lter
f f Detector Pump \ f fref FrDeeqt:‘ce'?ocg — Pump —>) _\ = VCO fo
fmeas fmeas
Phase, Frequency Detector Phase Detector
* Can be a simple XOR gate
Phase, Charge LP Filter * If near the desired frequency already this can work...if it is too far out, it
frey & Frequency P 8 L VCO £ won’t and can be very unreliable since phase and frequency are not the
Detector ump \ same thing, it will lock onto harmonics, etc...
i * Instead use a PFD: ) " =
. * Phase/Frequency Detector: . ::P i 3 T !

. ¥ e «
DN
I"o— D Q {pq x

PD LF




Phase-Frequency Detection

* Detects both change and which clock signal
is consistently leading the other one

* Using MOSFETs you charge/discharge a
capacitor accordingly which also with some
resistors low-pass filter’s the signal O e L4

v o——cp FF

* The output voltage is then roughly
proportional to the frequency error!

[ — e
DN

“r'o— D Q

PFD

10/31/17
http://www.globalspec.com/reference/72819/203279/2-7-ph tors-with-charge-pump-output

PFD, Charge Pump, LP Filter

fref

Phase,
Frequency
Detector

—

Charge
Pump

LP Filter
N\

— VCO

fmeas

4

* So this circuit can make fy = fr..; That doesn’t help us!

* How can we make a higher frequency?

10/31/17

fo

Use Resistors in Voltage Divider in Feedback Path!

v,

v, * Avoltage divider in feedback path gives us
—e Vo voltage gain!
1 1
K= —o =~ 0.9999 means —
1-p+G P k G
R
G=—=2
Ri +R,
= The gain A,, of this circuit is therefore:
R +R,
v R1
V. o= Ry The gain of a “non-inverting amplifier”

Use a Clock Divider in Feedback Path!

* Aclock divider in feedback path gives us

clock gain!
Phase, Charge LP Filter
fref ——>| Frequency |— 8
Detector Pump \
Fy
”fmeas"
We ”lie” to the PFD so that it ~n

pushes the system more

10/31/17

— VCO

fo




Use a Clock Divider in Feedback Path!

Phase, .
—»| Frequency [—p Charge N LP Filter L veo
f”«’f = 27 MHz Detector Pump —\

FS

10/31/17

fo

Clock Generation Uses Power!

* In general with everything, if you don’t need it, don’t use it.
* Human eye can’t tell difference between these two dimmers

. B i
Running Blue LED at 50% duty cycle at 100Hz Running Blue LED at 50% duty cycle at 4000Hz

Based off of 12 MHz clock Based off of 480 MHz clock

103117 Consuming 0.35 W Consuming 0.5W .

Hardware vs. Software

Flexibility

0.1-1pJ/Op 4]

Direct Mapped
Hardware

Embedded
Processor

Courtesy of R. Brodersen, J. Rabaey, TI, ARM/StrongARM

10/31/17

Energy/Operation

Alternative Energy Sources

* Energy Harvesting — movement

* Energy Harvesting — thermoelectric generator
* Ambient RF

* Grapes

* Gastric fluids

10/31/17




Trends: Energy Scavenging

MEMS Generator

Jose Mur Miranda/

Power Harvesting Shoes

Joe Paradiso
(Media Lab)

Low-Profile Wearable Body-Powered

Thermoelectric Generator

DC-DC
Converter

thermal €6

insulation

copper
heatsink

Copper sheet

* Low profile, lightweight, conformal.

DC-DC
Converter

copper
heatsink

Jeff Lang e s .
Vibration-to-Electric After 3-6 steps, it provides 3 * Utilization of small temperature difference
Conversion mA for 0.5 sec  Utilization of natural convection for cooling
~ 10mW ~10mwW
Credit: Krishna Settaluri MIT 2010
10/31/17 61 10/31/17 62
P Body-Powered, Flex EKG System
@, 1 B 0035
003 "/\'

- 0.0 | | P R S N
e | \ _—1 "1 AmBiENT :
giGOV; “ \ ~ ( / ’_’::’_\ : :

3 | o~ [ ) | i |Copper Heat-sink
S | 15mv . {h \ | |
0005 ( EKG \ | i |

1l | f Probes \Q SRR ! % IEnergy Harvesting/
3 5 ———— ool | . . .
0 ® 10, aconse). 0 o Ny TEG Arrays| P IAcquisition Circuitry
™y Processing | 5 |
Optimal Electrical Load Resistance 330 \ Circuitry :Copper Contact Sheet

(20Q theoretical) \ 22 |
|
Optimized Power 11pwW /l

16 TEG Islands (2 TEG modules)
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Credit: Krishna Settaluri MIT ‘2010

10/31/17

Credit: Krishna Settaluri MIT 2010




Board Layout

6.4cm

10/31/17

EKG Leg Inputs

Voltage regulation

* Thin flex substrate — 0.0074 in ~ 0.02cm

Ambient RF

Prudential Center
FM Stations:

WZLX 100.7, WBMX 104.1, WMIJX 106.7, and WXKS-FM 107.9, WBOS 92.9,
WBAQT 96.9, and WROR-FM 105.7.

Power output:
22,000 watts

Recovered:
~ 0.2 milliwatt

10/31/17

Grape Power

10/31/17

i

s

MSP430

ttrn-Low-Powe! MCUs

AL

m\lulmuun\\l

B

\\||\“\||||||\\|||\|ll“

Creative Ways to Power a
Microcontrgler...

Grape Juice Voltage

Copper penny
Zinc screw

Newman’s Own
Grape Juice

Inifinite Power! If we ignore

10/31/17




Gastric Fluid Powered

(+) Pt on glass

10.mm

/ Fig. 3. Photo of GMB prototype.

Hikaru Jimbo, Norihisa Miki

Research conducted at
MIT: Phil Nadeau

Using 4mm x 4mm
electrodes (Zn/Cu),
10uW of average power
from in brief (< 30 min)
in vivo measurements

Gastric-fluid-utilizing micro battery for micro medical devices
Sensors and Actuators B: Chemical, Volume 134, Issue 1, 2008, 219-224
http://dx.doi.org/10.1016/j.snb.2008.04.049

Energy harvesting

* Thermo-electric generator
* Thermoelectric material

Thermoelectric Generator

converts temperature

. R Heat Applied T, ]
difference into voltage & = lecton
= Temperature o o
T>T,
Heat Released T |

G B B

Load (Cellphone, etc..)

40 K temp difference
1.8V @ 368 mA

10/31/17 69 10/31/17 https://www.adafruit.com/products/700 70
p ntent/73937/73937-fig2.gif
b' Texas
INSTRUMENTS bq26604
SLUSAMOC - OCTOBER 2011-REVISED SUNE 2015
bq25504 Ultra Low-Power Boost Converter With Battery Management for Energy
Harvester Applications
1 Features 3 Description
+ Ultra Low-Powor With High-Efficiency DC-DC The bq25504 device is the first of a new family of
Boost Converter/Charger inteligent mtegrated energy harvesting NENo-power
management solubons that are well sufied for
Continuous Energy Harvesting From Low-Input  moating the special noeds of ultra low power
Sources: Vyy 2 80 mV (Typical) appications. The device Is specificaly designed to
- Ultra-Low Quiescent Current: I < 330 nA officiontly acquire and manage the mecrowatts (W)
(Typical) to miliwalts (mW) of power generated from a varety
Vi / ’ g of DC sources kke photovoltas (solar) or thermal
Cold-Start Voltege: Vs, 2 330 mV (Typical) eloctric generators. The bg25504 is the first device of
+ Programmable Dynamic Maximum Power Pont s kind o implement & highly efficlent boost
Tracking (MPPT) converterichorger  targeted toward products ond
- Integrated Dynamsc Maxsmum Power Pont systems, such as wiroless sensor networks (WSNs)
Tracking for Optimal Energy Extraction Froma  Which  have  stringent power ond  operabonal
Vatiety of Energy Generation Sources demands. The design of the ba25504 starts with a
3 . SR DC-DC boost converter/charger that requires only
- ot ;Zauu,g.y Roguiation Prevents Collapsing Microwotts of power 0 bogin oparating. S
input Source
e Once started, the boost convertericharger con
. Storage
Py Sk, . effectively extract power from low-voltage output
- Energy Can be Stored to Lison such as (TEGs)
Battories, Thin-fim Batteries, Super or sngle- or dualcoll solar panels. The boost
Capacitors, or Conventional Capacitors. converter can be started with Vy as low as 330 mV,
+ Battery Charging and Protecton and once started, con continue to harvest energy
; down to s0mv.
- User Programmable Undervoltage and
Overvoltage Lovels Device Information'™
On-Chip Temperature Sensor With
Programmable Overtemperature Shutoff VORN (16) 300 mm x 3,00 man
* Battery Status Output (1) For B svatsble packages. see the orderatie 300endam o
- Battery Good Output Pm T end of P catasheed
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Audio Feature Extraction

* Most features are best recognized in the frequency domain

« Use Discrete Fourier Transform
« Algorithm used: Fast Fourier Transform (FFT)
* Input: N data values acquired at sample frequency wg
* Nyquist rate is wg/2
* Output: N complex values representing DFT coefficients in the frequency range -wg/2 to +ws/2.
« Each value covers a frequency range of ws/N
« Indices (0,(N/2)-1) are for frequencies i*(ws/N)
* Indices (N/2,N-1) are for frequencies -wg/2 + (i — N/2)*(ws/N)
« If N is even, output is symmetric, so we can calculate magnitude using only positive frequencies. Magnitude =~/ +;>
* constant factors.
* Example
* Audio data from AC97 sampled at 8kHz
* 2048 data points => 2048-point FFT
* 2048 complex results, each result covers 8k/2048 = 4Hz range

Fast Fourier Transforms

* FFTs are really central to a lot of DSP
* Software FFTs are *relatively* easy to do

* Implementing one in an FPGA from the ground up is a bit less
intuitive, but it can be done, and since it can do much of its
operations in parallel it has a niche in a lot of real-time applications

* Great review article below (sort of step-by-step build) which should
be accessible if you've seen/done/thought about implementing FFTs
before in something like C for example...will post on Course site
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Full FFT block Diagram

Data Memory Blocks
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FFT example - Labkit

* IP wizard will build a N-point FFT module 9/7;,,,7
+ WARNING: they’re big! °'e,,,c
*In theory, there are two operating modes (select at build time) u”@op

“pipelined” where you get a complex value out for every sample you send the module - runs
continuously
”burslt” where you load up N samples, wait a while and get your answer while loading the set of
samples.

/Sé‘/

* To use FFT, use sample
Verilog

xk_re[22:0]

from _ac97_datal7:0] mm
0= xk_im[22:0]

* Demo: audio spectrum analyzer e index(13:0]

* Uses “pipelined” mode

¢ 44 page datasheet reset_}

ready —,
clk_27mhz —|
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FFT — Nexys4 DDR

* IP core uses AXI4 protocol
* 97 page datasheet

Toble J-é Data Input Channal TOATA Fialds

Field

5w roe]|

Oescription

XN RE b | Yo

XN by [ Ye

Toble -9 Data Output Chasmel TOATA Flalds

Frald

e ‘wmh‘ Padded |

= - 34) In twos complement of unghe precion

1~ 8- 34) im twos complement or sngle

| ot st comge
Yes.- sign | toem
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st Vs

v frame,_stariod
vt et raspecies
et 25t masny
o

v s n_chanent_hat
overt_data,out_channed hat
vt st chaneed hat

HE

HH

AXI| Protocol

* Separate data and address e st st e
. Fead Reat Read Reas
connections for reads and ]_“- l_"‘f ]j“ [“"]
writes: simultaneous, e -
bidirectional data transfer.
* Useful for memory mapped T
applications = T===l=] |=
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FFT of AC97 data

To process AC97 samples:

* use Pipelined mode (input one sample in each cycle, get one sample out each cycle).
* FFT expects one sample each cycle, so hook READY to CE so that FFT only cycles once per AC97

frame
* use Unscaled mode, do scaling yourself

* Number of output bits = (input width) + NFFT + 1

- NFFT is log,(size of FFT)

* let number of FFT points = P, assume 48kHz sample rate

there are P frequency bins
positive fregs in bins 0 to (P/2 - 1)
negative fregs in bins (P/2) to (P-1)
each bin covers (48k/P)Hz

10/31/17

Use XK_INDEX to tell which bin’s data you're getting out
Typically you want magnitude = sqrt(xk_re”2 + xk_im~2)
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Tools
* Labkit hardware with sample Verilog
* NTSC Camera — display BW images
* ZBT Memory — high speed memory two 512Kx36 banks
¢ Alphanumeric data with hex display
* Compact Flash — 128Mbits non-volatile memory

* Nexys4 hardware with sample Verilog
* VGA Camera
¢ SD card read/write

* Application support

* Sound -Matlab script: convert wav files to AC97 8bit COE file Images - Matlab script:
convert BMP COE field
¢ USB PC-Labkit data transfer

* git — Shared project team repository with version control

* hg — Shared project team repository with version control for people who want
to be different

10/31/17

Iterative SQRT mOd u |e // takes integer square root iteratively

module sqrt #(parameter NBITS = 8, // max 32
MBITS = (NBITS+1)/2)
(input wire clk,start,
input wire [NBITS-1:0] data,
output reg [MBITS-1:0] answer,
output wire done);
reg busy;
reg [4:0] bit;
// compute answer bit-by-bit, starting at MSB
wire [MBITS-1:0] trial = answer | (1 << bit);

always @(posedge clk) begin
if (busy) begin
if (bit == 0) busy <= 0;
else bit <= bit - 1;
if (trial*trial <= data) answer <= trial;

end
else if (start) begin
busy <= 1;

answer <= 0;
bit <= MBITS - 1;
end
end

assign done = ~busy;
endmodule

Special Sessions

* Thu: tutorials (in lab; optional)
* labkit NTSC camera 2:30p Gim
* labkit flash memory 2:45p Gim
+ using images and COE files 3pm Gim
» chroma keying 8p Diana
» PC interfacing 9p Diana
* Nexys4 camera (8:30p) Weston
» Device Interfacing (3:15p) Joe
* Other sources of information:
» general computer vision and image processing ideas James
» XADC, Vivado block designs, or ILA - Mitchell, Joe

» motors, and in particular servos — Elizabeth
» FIR filters / generated coefficients and “tested” the filters - Madeleine

How to Make Your Projects Work

What are the power requirements?
* Labkit: 3.3V, 5V, +12, -12
* Nexys4: 3.3V

Characterize external components before designing your system
* Understand input/output voltage specs
* Understand behavior of unused input/control lines
* Understand tri-state control lines

Synchronize external signals to system clock.

Exercise with care: grounds —in particular high current devices

Look at waveforms on a scope for external signals >1Mhz

Do NOT assume plug/play except for speakers, microphones, NTSC camera

Verilog modules except for Labs 3-5 are provided “As-is”. No warranty expressed
or implied.

0/31/17 84




See you in lab!

‘/’

Final project represents 72 hours of credit, so you should
average 2-3 hours/day of work on your project assuming
you give yourself the occasional day off...




