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Phase-locked loop (PLL)

E Implemented using a VCO (Voltage controlled oscillator), a
phase detector and a closed feedback loop

B A PLL generates a signal where
phase and frequency follows the input signal ("referansen”)
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Figure 15.17. Phase-locked loop.

B Use in digital design:

— Create a clock which is synchronized/phase locked to another
clock or data signal

— Clock multiplication and division (clock divider)

B FPGA's typically have several PLLs



Set-up/hold times

E The input must be stable for a
certain time before (set-up time)
and after (hold time) a clock edge,
to avoid metastability (that the
output goes to a metastable state
— which is a state different from '0’
or’'1’).

B The output will returnto ’'0’ or '1’
after having been in the
metastable state, but it is uncertain
at which state it ends up.
Therefore the system is no longer
deterministic.
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Clock to output delay

clk
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— Clock to output
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Time delay through logic gates
- use synchronous logic!
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Multiple Clock Domains

E In many designs two (or more) clocks with different
frequencies exist

B Data moved across clock domains appears
asynchronous to the receiving (destination) domain

B Asynchronous data will cause meta-stability
B The only safe way: use a synchronizer

clk

Setup & hold violation

d =
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2 - Flip-Flop Synchronizer

E Most common type of (bit) synchronizer
E Eliminate output metastability

E FF1 will go metastable, but FF2 does not look at
data until a clock period later, giving FF1 time to
stabilize (FF = Flip Flop)

Metastable: a voltage between the high and low voltage thresholds

Recommended synchronizer design

synchronizer
Fa¥
Fd N

META SYNCIN

ASYNCIN
(asynchronous input) S CLK

> CLK Synchronous
system
FF1 FF2
CLOCK

(system clock)
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Clock Skew

e Clock signal may not reach all flip-flops simultaneously.

e Output changes of flip-flops receiving “early” clock may reach D inputs of flip-
flops with “late” clock too soon.

(&) Q2
D Q D Qr——

CLOCKD

> CLK > CLK

FF2

FF1

CLOCK

A U U

Qi /
Reasons for slowness:

(a) wiring delays GLOCKD T T \

(b) capacitance ,— Incorreat
(c) incorrect design Q2 /

correct

a long, slow path
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Multiple Clock Domains (MCD)

B Arise naturally in interfacing with the outside world
B Reduce power and energy consumption

E Typically different parts of the circuit run at different
frequencies

B MCD synchronizer: FIFO

— -
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First-in-first-out (FIFO) Memory

+ Producer can perform many writes without

¢ Used to implement gueves. consumer performing any reads (or vice

¢ These find common use in computers versa). However, because of finite buffer
and communication circuits. size, on average, need equal number of

+ Generally, used for rate matching data reads and writes.
producer and consumer: + Typical uses:

¢ interfacing I/O devices. Example
network interface. Data bursts from
network, then processor bursts to

> —» memory buffer (or reads one word at

a time from interface). Operations not

after write synchronized.

¢ Example: Audio output. Processor

stating state

> =
produces output samples in bursts
(during process swap-in time). Audio
after read DAC clocks it out at constant sample
. L, rate.
PYKC 3-Mar-08 E3.05 Digital System Design Topic 8 Slide 17
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Klokkeenabling vs
klokkegating

Register

data |
AND

clock —B_>
gate — |

(a) Clock gating

MUX  Register Register
l J_ ; I i}
data reg-out data reg-out
enable enable

reg-out

clock D clock D
S — N
(b) Clock enabling (“then”) (b) Clock enabling (“now”)
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Look-Up Table (LUT)

Required function Truth table Programmed LUT
I
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Examples of the use of LUTs |

B Store values for Sine and cosine functions

B In aerospace a LUT is usually used to store
magnetic field model data (used in the navigation
algorithm) because the magnetic field models (IGRF
/WMM) are to computationally demanding to run in
real-time on the onboard computer

I [T o, 2000.05.29
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Basic FIR Filter

Hir) —
' - - Tapped
Delay Line

@ <—— Coefficient

Multipliers

Adder Tree

¢ Altera and Xilinx provide FIR filter compiler support.
¢ These examples are taken from Altera’s “FIR Compiler User's Gu;g,gjm

Plasma and Space Physics
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FIR Filter Compiler Design Space

Parallel With Extended
Pipelining
Throughput

Multi-Bit With Extended
Serial Pipelining

With Extended
Pipelining

Area

source ANITERA.
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Speed vs Area optimization

Speed/Area optimization can be set in Quartus II
before synthesis

ttings - counter_demo

Categaorny:
- General Analyziz & Syntheziz Settings
~ Files
- Libraries Specify options for analyzis & synthesis. Theze options cantral Quartuz 1 Integrated Synthesis and
- Device do nat affect WM or EDIF netlists unless WS G primitive resprthesiz iz enabled,
[+ Operating Settingz and Conditions
[+~ Compilation Process Settings Optirization Techhique
[+ EDA Toal Settings . r Speed
[+ I & ]
e . ¥
- Fitter Settings Bialanced
[+ Timing Analysiz 5 ettings " Area
- A gsembler
.. Design Assistant [T Timing-Driven Spnthesis
- SignalTap Il Logic Analyzer v Power-Up Don't Care
L'_:'g": Analy 2el Interface [T Perform WSIwyG primitive resynthesis
=- S_lmulah:ur Settings
- Simulation Yerification PowerPlay power optimization: INDFI‘I‘IEﬂ compilation ;I
Lo Simulation Output Files
- PowerPlay Power Analyzer Settings HDL Message Level ILEHEE ;I ﬂl
- 55M Analyzer
M ore Settings... |
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Pipelining

B Used to increase the throughput (amount of data
processed in a given time period)

E Long data paths are broken into shorter data paths,
such that the system frequency can be increased

B The data path is broken by adding registers in the
data path



Pipelining
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Without pipelining:
- tpd = => 1:max =UT

E With 2 pipelining registers

Data path

Inputs
P operation

Outputs

Inputs Qutputs

Part 1 of
data path
Part 2 of
data path
Registe!

Part 3 of
data path

Breaks up the data path in three
shorter data paths by using two
pipelining registers

(ideal)
— tg=TI8  =>1,=3%(1/T)
— Allows a system frequency
which is three times higher

B With 2 pipelining registers

(real)

— Delay in the pipelining
registers gives that the system
frequency can increase less
than a factor of three

pd = propagation delay
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Pipelining summary

E Pros
— Increased performance !

B Cons

— Increased latency
— Demands more logic

Plasma and Space Physics
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Use of pipelining In
programmable logic

E Used to increase the performance in FPGA-designs
E FPGA well suited for pipelining due to many flip-flops

E Pipelining is used less frequently in CPLDs

— CPLDs can perform lager operations in a single clock cycle compared
to FPGAS
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Figure 9-11 Point-to-point delays

Plasma and Space Physics
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System-On-a-Programmable-Chip

The following paper is part of the coarse syllabus:

IJCA, Vol. 13, No. 3, Sept. 2006 1

Using System-on-a-Programmable-Chip Technology to Design Embedded Systems

J. O. Hamblen*
Georgia Institute of Technology. Atlanta, GA 30332, USA

T.S. Hall’
Southern Adventist University. Collegedale. TN 37315, USA

Plasma and Space Physics
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Embedded system Example

B DE2 Media computer; see the document ”

Host computer

f\_/_ (USB connection)

T
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USB DE2 Board
Blaster KEY, Audio VGA RS-232
‘ CODEC DAC chip
Reset
JTAG port Nios II processor Audio | AV | Video-out Serial PS/2
port | config port port port

S:*'E;)E'n ]J.‘l?{"l"\."ﬂl Cyclone ]:[ On-chip
fumer FPGA chip memory
Parallel Parallel Parallel LCD Parallel SEAM SDRAM Parallel
port ports ports port port controller controller ports
L ez | ! ¢
Switches LEDR,;; 7-Segment 16x2 KEY;, SR‘m@{ SDEJ‘M Expansion
SW;,5  LEDGg, HEX7-HEXO0 <P P JRO, IP1



DE2_Media_Computer.pdf
DE2_Media_Computer.pdf
DE2_Media_Computer.pdf
DE2_Media_Computer.pdf
DE2_Media_Computer.pdf
DE2_Media_Computer.pdf
DE2_Media_Computer.pdf
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Nios |l Processor

32-bit CPU (RISC processor)

Three versions of the NIOS Il processor are available,
designated economy (/e), standard (/s), and fast (/f)

B Use either assembly language or the C programming language

Select a Hios ll core:

ONios Ilfe | ONios Il/s |®Nios IIF
. RISC RISC RISC
Nios Il 32-bit 32-bit 32-bit
Selector Guide Instruction Cache instruction Cache
Family. Cyclone il Branch Prediction Branch Prediction
Hardware Multiply Hardware Multiply
foystem: 50.0 MHz Hardware Divide Hardware Divide
0 Barrel Shifter
A Data Cache
Dynamic Branch Prediction
Performance at 50.0 MHz Up to 8 DMIPS Up to 32 DMIPS Up to 57 DMIPS
Logic Usage B00-700 LEs 1200-1400 LEs 1400-1800 LEs
Memory Usage Two MSKs (or equiv.) Two MSKs + cache Three MSKs + cache
- » ,
Nios Il Hardware Development Nios Il Software Developer’s Handbook
Tutorial

Creating Multiprocessor Nios Il Systems
Tutorial

Nios Il Processor Reference
Handbook

And many more references .....
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Altera SOPC Builder

B SOPC = System-On-a-Programmable-Chip

E SOPC Builder is used to implement a system that
uses the Nios Il processor on an Altera FPGA device

I® Altera SOPC Builder - nios_system

File Module Swstem  Wiew Tools  Help

System Contents | Njgs I Maore “cpu 0" Sethings | Syskem Generation

| 5] Altera SOPC Buider ~| Target i
l_:-_g Create Mew Component ... i Clock Source MHz Pipeline
=-Avalon Components Board: | Urspecified Board ok |External |s0.0 E
i @ Nioz | Processor - Afters ; L dlick ba addi, | | | _E]
= Bridges Device Family: | Cwclone L | : s
e @ Avalon Tristate Bridg
=~ Communication |
: K ze madule Mame Crescription Input Clock  Base End @
@ SPI (3 Vire Serial) [ B cpu_0 Mios | Proczssar - Aftera Carporation clk ‘ [ |
& UART (RS-232 serial inztruction_mazter hlaster port :
- O D1ESS0 UART wvith 4 r—t data_maszter hiaster pon | IR D‘ IRG 31|
LD DIZEM 120 Bus Interts — jtag_debug_module Slave port | 0x0D0OOODD|  CocNONNTFF
L pIEeEE 120 Bus Inter onehip_mamory_ 0 Cr-Chiig Matnaty (RA ar ROR) cll 00004000 O00001FFF
-1 DSP Serial Periphera ] Switches FIC (Parallel 1100 clk 0x00000500  Cex00000S0F]
Lo € HABSS0S UBRT -- A - LEDs FIC (Parallel 1100 clk 0x00000810  Cex0000031F|
L) HE250 - 45T, Inc. ] jtag_uart_0 JTAG UART clk 0x00000§20)  (:00000527([ 0
i e 0 High Performance Git 4.
3 *
all a\..-.ai_l.=_hl..=.F‘_..-\_r!-\..nnna_nk
e [®]®] O
[ IS J l @ T l & Tove Up J l w [ove Down

171 cpu_0y defaulting Reset Sddress, Exception Address to onchip_memaory_0
cpu_0: The reset address points ko volable memary, Execution of undefined code may occur upon reset,
1) Done checking for updates,

Pre: Mext = J I Genetake
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On-chip debugging

B Three possible solutions:

1. Route internal signals to test connectors and use an external logic
analyzer to look at the signals

2. Use an on-chip debugger

3. Use an advanced test unit, e.g. an advanced oscilloscope with a
logic analyzer which supports debugging of FPGAs by JTAG
(Tektronix and Agilent have such oscilloscopes)

FPGAView™
Software

B On-chip debuggers:
— ChipScope (Xilinx)
— SignalTap Il (Altera)
* Note: not all circuit families are supported!




On-chip debugging
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“The SignalTap Il Embedded Logic Analyzer is scalable,
easy to use, and is included with the Quartus Il software
subscription. This logic analyzer helps debug an FPGA design
by probing the state of the internal signals in the design
without the use of external equipment”.

“The SignalTap Il Embedded Logic Analyzer does not require
external probes or changes to the design files to capture the
state of the internal nodes or I/O pins in the design.”

mmmmmmmmmm by ) W ] [Feady o acouie x  JTAG ChanCorfiguiatior:  |JTAG ready
Irat=nie | Stebuz LE s 468 Memor: 1024 MET2 ML
slo_sgnatzp 0 Mol urrieg 468 cells 1024 bits Otlo  Hadwae: | USE-Blzster U SE-0] j Selup.
Deace [1: EP2C3E I0X0208 4000 -| Szan Chain
5 2| 307 Manager ]
g Z005MDS/6 16215714 #0
Type | Alias N, 24 40 5 LR 25 X
[ 4 iswi]
[ =]
3 2]
[ ]
3 St
[ FE]
[ 6]
m =71
[ Daa |fd e
Higrarchy Displas R [ patalog: AL
F#® witches zl Ao _sicnakan 0
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Solar enérgetic particles”
~ (flares, CMEs)

Solaraany™ -

,J-j('}alactic cosmic rays VanAllen belfs g
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Radiation Effects on Electronics

B Total ionizing dose (TID) effects
— Accumulation of ionizing dose deposition over a long time.

B Displacement damage (DD)

— Accumulation of crystal lattice defects caused by high energy
radiation.

Single event effects (SEE)

— A high ionizing dose deposition, from a single high energy particle
occurring in a sensitive region of the device.
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Single Event Effects

NMOS transistor

Cosmic ray track -

Each particle
produces an
ionization track

Depletion region '

Positive well
@ eve nt u pset (S E U Substrate
i S | N g Ie event tranS|e Nt (S ET) Mlustration by J. Scarpulla et al.

B Single event latchup (SEL)
B Single event burnout (SEB)

Plasma and Space Physics
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Single event upset (SEU)

B Internal charge deposition causes a "bit flip” in a
memory element or change of state in a logic circuit.

B SEU occurs in e.g. computer memories and
microprocessors. @

Possibly non-Destructive effects:
* Corruption of the information stored in a memory element.

 Usually not permanent damage; a memory element/logic state can be refreshed
with a new/correct value if the SEU 1s detected.

Possibly destructive effects:

» Microprocessor program corruption.

m=) Calculation errors, freeze (requires a reset), wrong command execution.
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Radiation Countermeasures
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If possible, chose an orbit with a reduced level of radiation.

Shielding to lower the radiation dose level (using e.g. Al, Cu)
— Unable to deal with high-energy particles.

Radiation hardened (rad-hard) components
— Special manufacturing processes of the electronics, like Silicon-On-Insulator
(SOI) technology.
System-level error corrections (radiation-hardening by
design)
— Error detection and correction of memory (parity bits, Hamming code)
— Triple Redundancy and Voting (TMR - Triple Module Redundancy)

» Three copies of the same circuit + a voter performing a “majority
vote”.

» E.qg. three separate microprocessors, all doing the same computations.
— Watchdog timer to avoid processor crash; resets the system automatically if
an error is detected.
Turn off supply voltage before entering a part of the orbit where
high radiation is expected
— Reduce the effect of the ionization.
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Example: FPGAs and TMR

B FPGA = Field Programmable Gate Array

HEEH BN BN
| - =
Routing AI.ImA
. . . Channel :
configuration eyice
. . . -
H

./uopad
H B .\.
HEEH BN BN Logic Blodk

Fault-tolerant (TMR) FPGA design:

I -
-

( = = | COTS/ rad-
| | _ | - hard
\_\ - — - _"*

-

rad-hard
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