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FPGA Fundamentals: A Brief History

m Before FPGASs
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FPGA Fundamentals: A Brief History

m Before FPGAs: Simple PLDs (SPLDs)-PROMSs

a b ¢ —¢ Predefined link
%7 QZ ;E —% Programmable link
Address 0 ’ ’ '_33 asbat \
Address 1 » o EJ adbse >
Address 2 — '_EJ aAnal g
Address 3 . Y 23 AsnAc %
Address 4| -# ' '_E3 aanhx <°%;
Address 5 ' 33 2 &b B E
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| ! | -1 0=
alablbcle IE/Q?E—J/
\ " d 5 é d
Predefined AND array W X Yy

w=(a&hb) J
x=1aé&Db) Maxfield, Clive
y = (a & b) e “The Design Warrior's Guide to FPGAs”

Elsevier
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FPGA Fundamentals: A Brief History

m Before FPGAs: Simple PLDs (SPLDs)-PLAs

a b C

—o— Predefined link
v H) H) —% Programmable link
~| a&b&c N
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—~ | a&c c >
A Sy _&,; = S
— | b&lc |Ew
e k_sﬁf'} ‘8_1%
alablbclc [_j -
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Predeflned AND array 6 é &
W X Yy

w=(@a&c)l(b&lc J

X = (a&b&c ('b & !c)
y (a & b & G) Maxfield, Clive

“The Design Warrior's Guide to FPGAs”
Elsevier
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FPGA Fundamentals: A Brief History

m Before FPGAs: Simple PLDs (SPLDs)-PALs

a boc + Predefined link
[ ? ? —¥- Programmable link
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Programmable w X vy
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“The Design Warrior's Guide to FPGAs”
Elsevier
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FPGA Fundamentals: A Brief History

m Before FPGAs: Complex PLDs (CPLDs)

Programmable o
Inten[lznﬂgect\\\‘ J

,gf’/f SPLD-like
ey ‘ blocks

Maxfield, Clive
“The Design Warrior's Guide to FPGAs”
Elsevier

Input/output pins—__
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FPGA Fundamentals: A Brief History

m The GAP

PLDs

Actel
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FPGA Fundamentals: Definition

Field Programmable Gate Array

A large number of logic gates in an IC
array that can be connected
(configured) electrically

*The Four Components of FPGASs
* The Configuration Element
* The Logic Module
* The Memory
» Control Circuits/Special Features
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FPGA Fundamentals: Basic Architecture

m Generic FPGA Architecture

FActel

FOWER MATTERS

Logic module

_— Routing tracks

I/O 1;110 dule
2 2 2
2 2 2
2 2 2
2 2 2

Actel Corporation Confidential © 2009

11



FPGA Fundamentals: Routing Technologies

m [ he Interconnect Switch

~
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FPGA Fundamentals: Routing Technologies

L M2M Antifuse

-————— Amorphous Silicon/
<—LDielectric Antifuse
Tungsten Plug Via

Tungsten Plug Via

Bit Select 1 Bit Select 2 Input
VARV
Floating Gate
MEMORY |
*Erase | | SWITCH
*Program
*Sense o—
\ Word Select />Bias
d
v Vv l

Flash outeu

FActel
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FPGA Fundamentals: Routing Technologies

Flash

~

0‘ " 0‘ "

Best of Both Worlds
Reprogrammable
& Nonvolatile

SRAM

<

Reprogrammable

Large Switch Small Switch
expensive wires cheap wires

Low Logic Utilization High Logic Utilization
typ 60% typ >85%

FActel
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Anti-fuse

Nonvolatile

Smallest Switch
cheapest wires

Highest Logic Utilization
typ >90%
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FPGA Fundamentals: Routing Technologies

ProASIC, ProASICPlus, ProASIC3 Routing Switch

ProASIC Flash Switch Sel1 Sel?2
AVEA NV Switch In
FLASH SWITCH
[ ]
I I
) | I |
o—
u ~
: : > >
SEL1 SEL 2 l
vy Switch Out
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FPGA Fundamentals: Routing Technologies

m Programming Technologies

Feature

State of the art
Yes
No
Yes
No
Acceptable

Medium

FActel
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FPGA Fundamentals: Logic Elements

m LUT based vs. MUX based

Required function

AND

=D )

b — \

C | | y L:>
y=(aé&hb)lc

Maxfield, Clive
“The Design Warrior's Guide to FPGAs”
Elsevier

FActel
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D:l MUX

A =

Truth table
abec|y ﬂﬂ]—?MUX
0000
0011 b +—1
0100 a
01 1] 1
1000 1 ——0 |MUX
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1101 Sl
1111 0~
0 Mo
1 o—1
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~ Y

Actel Corporation Confidential © 2009

17



FPGA Fundamentals: Logic Elements

m Actel's Flash MUX based Logic Module
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FPGA Fundamentals: An Example

. . . . . o . .
. o . . . o . .
. o . . . . . .
. o . . . o . .
. . . . . P .
. o . . . . . .
. . o . .
. . . . . .
. . . . . .
. . . o . .
. . . P .
. . . . . .
. . . o . .
. . . . .
. . . . .
secesecesecscscsccecte eeeebeccscccccccccccsscccscccccdon $ecedeccsccsscccccccccce
. .
secesecssscscscseses odeecenesecscccscccsesecscscsccesd Pececsccesecssscscne

.
.

secesecscccscscsesnn

.
.

cecesesesecscscscse

.
fe coenececececsccccececesecncnns

eeescsesesecesecscscsccene cecesecscccscccses

ceemeccccscscscscscscssces

.
.
ceopocscsese

oM ecsthocsesesesesssscscscseseste

. .
Geedtene ecedlesesesscscscscscses
o0 o ot eecsesecesecesecscscscsccchesn cecesecscccscccses

. . . .

. . . .

. . . .

. . . .

o . . .

. . . . .

o . .

.. o . .

. . . .

. . . .

. . . .

. . . .

. . . o . .

t 111 1111 t 111ttt

Control Store

110101011101010010001

FActel

FOWER MATTERS

Actel Corporation Confidential © 2009

19



FPGA Fundamentals: Complex Architecture

m A Plethora of IPs...
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Fundamentals of Mixed-Signal
FPGAs

FUSION

Actel Fusion® FPGA




Mixed-Signal FPGAs: Analog vs. Digital

= Analog Signal

= Digital Signal

Actel
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Mixed-Signal FPGAs: Analog vs. Digital

m Quanta

FActel
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Mixed-Signal FPGAs: Analog vs. Digital

m Pendulum Tracking

nnnnnnnn TERS Actel Corporation Confidential © 2009



Mixed-Signal FPGAs: Analog vs. Digital

m Pendulum Tracking-2 Quanta-

fActe
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Mixed-Signal FPGAs: Analog vs. Digital

m Pendulum Tracking-5 Quanta-

fActe
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Mixed-Signal FPGAs: Analog-to-Digital (A/D)

Analog-to-digital
Signal processing

converter (ADC)

Sensor (conditioning) e
A To digital
*.j))) O it v syst?m
Analog domain ’l‘ Digital domain .

FActel
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Mixed-Signal FPGAs: Analog-to-Digital (A/D)

m Sampling and Quantization

| T 1711

A

Analog / N \ |l 4 100 3.bit digital

ﬁ: \. \ / o equivalent
J / | /| [ome
i 7 B 001
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\ 172"
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Mixed-Signal FPGAs: Analog-to-Digital (A/D)

m System Monitoring

Temperature ko) CPU/Digital
sensor #1 O_. é; — E Controller | @
{ —— = - § E
Temperature 9 CPU/Digital a2
sensor #n Q_’ g — Controller E 2 &
= oS
e O .E‘
Voltage/Current L CPU/Digital & ©
source #1 cg —| ADC Controller | -EE
y = on
Voltage/Current o2 CPU/Digital (73]
source #n ﬁ e Controller EE
Analog Domain | Digital Domain
- >

FActel
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Mixed-Signal FPGAs: Analog-to-Digital (A/D)

m Separate Analog and Digital

Analog/Mixed-
Signal Chip
Discrete Digital
components Chip
! !

-
| Scaler\ .«

CPU/Digital I
ADC Controller

Actel
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Mixed-Signal FPGAs: Analog-to-Digital (A/D)

m Microcontrollers

Limited number
of analog inputs

Digital
MCU Input/Outputs

A Talus

Embedded ADCs

fActe
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Mixed-Signal FPGAs: All in one

Programmable = Programmable
Analog Fabric Digital Fabric

N,
— -
Lotsof ~— [IEmirie Digital
analog inputs Input/Outputs

|
L 4
v
TIIT 1]

T— Embedded ADCs
Embedded Scalers

P i N A
= = [l L—b
2e > b — e
I8 e lotsof —TLI* ) ., Digital
- .« > analog inputs _'D ] Input/Outputs
i = D t CPU E

_T T_ One or more soft
I (E—— Embedded Scalers ' CPU cores
Analog Multiplexer Analog Multiplexer T
Embedded Scalers Embedded ADC accelerator functions

FActel
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Actel’'s Fusion Mixed-Signal FPGA

System Memory Cache Memory NV Storage
DRAM SRAM FLASH

MPU / MCU FPGA / ASIC

FActel

POWER MATTERS Actel Corporation Confidential © 2009



Actel’'s Fusion Mixed-Signal FPGA

Flash based

Up to 30 analog inputs
ADC (12 bits, 600 ksps)
Up to 1.5M system gates
Advanced I/O support
SRAM / FIFO blocks
Embedded Flash Memory
... and much more...
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Fusion Architecture

m Fusion sta

rts with ProASIC3...
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Fusion Architecture

m And adds Flash Memory Blocks and Analog Peripherals...

— CCC
— RAM Block

4,608-Bit Dual-Port SRAM
or FIFO Block
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Fusion PSC: Target Applications

m Power and Temperature Management

e Power sequencing with tracking control
Smart battery charging
Voltage, current, temperature monitors and alarms
Fan and heat-element control and monitoring
Intelligent Platform Management Interface (IPMI)

m  Motor and Motion Control
e Motor control — stepper, 3-phase and solenoid control
e Anti-lock brakes

m  System initialization and configuration

e Context save and restore
e Context switching
e System boot codes

m Storage

e Program code storage
e EEPROM emulation
e Data acquisition and logging

m Low Power and Clocking
e Control for sleep mode and wake-up
e Live at power-up clock generation, conditioning, and distribution

FActel
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Fusion Family

System Gates 90K 250K 600K 1,500K
® Tiles (D-FF) 2,304 6,144 13,824 38,400
% Secure (AES) ISP Yes Yes Yes Yes
o PLLs 1 1 2 2
Globals 18 18 18 18
RAM blocks (512x9) 6 8 24 60
- Total RAM 27 Kbits 36 Kbits 108 Kbits 270 Kbits
E FlashROM bits 1Kbits 1Kbits 1Kbits 1Kbits
o Flash Memory Blocks
b 1 1 2 4
Total Flash Memory 2 Mbits 2 Mbits 4 Mbits 8 Mbits
= Analog Quads 5 6 10 10
[ Analog Inputs 15 18 30 30
< Output Gate Drivers 5 6 10 10
I/O Types| Analog/LVDS/Std+ | Analog/LVDS/Std+ | Analog/LVDS/Pro Analog / LVDS / Pro
o I/O Banks (+ JTAG) 4 4 5 5
= Max Digital 1/0 75 114 172 252
Analog I/O 20 24 40 40
= QN108 37/9 (16)
8~ QN180 60/16 (20) 65/15 (24)
2 &8 P0Q208 93/26 (24) 95/46 (40)
D = % FG256 75122 (20) 114/37 (24) 119/58 (40) 119/58 (40)
93~ FG484 172/86 (40) 228/86 (40)
o FG676 252/126 (40)

‘o

cte

ER MATTERS
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Analog System Builder

m Creates Complete Analog System Including o
e AB Hard-Macro "
e Analog System Soft-IPs (RTL) L

+ Actel Macros

+ Clock & Management

e Analog System data storage RAMs O
e Memory files for simulation . G

: : : : : C_ndog Systom Buider 15>
e Configuration file for import into NVM System e bl

Oscillator - RC 21
Voltage Regulator Po.. 21

+ Memory & Controllers

+ Peripherals
+ Processors

Cores ETemplanes Bus Definiions I

Information Window g - x

Project Manager New Features @

Properties

WYHDL FAM: Fusion DIE: AFS600 PKG: 484 FBGA

FActel
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Analog System Builder: Supported Peripherals

Voltage Monitor

Current Monitor

Differential Voltage Monitor
Temperature Monitor

Direct Digital Input

Output Gate Driver

Internal Temperature Monitor
Internal Voltage Monitor I
RTC (Real Time Counter)

FActel

POWER MATTERS Actel Corporation Confidential © 2009 40



Analog System Builder GUI

Enter system  ADC clock rate

Specify ADC resolution Choose Advanced Options
clock rate

Modify Anaing System Builder - [analog sys)

ADC Configuratid

System Clock: 40,000 MHz ADC Clock: 10.000 MHz Resolution: |12 + | bits advanced Options. .. |

For recommended clock scheme please click here.

Available peripherals: Petipherals used in system: J J
‘Yolkage Monitar L. i

. . . Acquisition | Sampling Rate .
Current Monitor Peripheral Signal Type z Package Pin
Temperature Monitar T [l lksps)
Cifferential Yoltage Monitor Input Yaoltage 2P Yaltage 10.000 32,154 JHriazsigne
Direct Digital Input Input Yoltage Y1Pg Yoltage 1.000 32154 Unassigned

Gate Driver
Real Time Counker
Internal Temperature Monike

Temperature Temp Temperature 10,000 3214 Unaszigned
Gate Diriver W 2PEhad Gate Diriver Unazsigned

Internal Yoltgge Manitar Gate Driver Y1PBhad Gate Driver Unazsigned
Gate Diniver over_temp Gate Diriver azsighe
Sampling rate for
channel

Assign pins for
analog channels

ISelect peripherals Define ADC sampling
sequence

Modify Sampling Sequence. .. Generate. .. |

FActel
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Analog System Builder GUI

m To Configure a Voltage Monitor

Configure Voltage Monitor Peripheral

Av pad

Signal name: 1
= Ce—
|-
| Prescaler -
e o

Digital Filtering

Filtering Factor: More - Acquisition time: 10.000 ne
Mazximurn wolkage: 12000000 W

Zomparison Flag Specification -

Flag Hame ‘ Flag Type Thlt[::\srzmld

Assert
Samples

De-assert
Samples

A

B LR) | N Ed

Help [o]4 | Cancel

x]

FActel
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Analog System Builder GUI

m To Configure Differential Voltage Monitor

FActel

FOWER MATTERS

Configure Differential Voltage Monitor

Differential Yoltage Monitor Peripheral Configuration
Digital Filtering

Filtering factor:  |Mane A Acqguisition kime: 5.000 us
Signal polarity: % Positive

Comparison Flag Specification

X

™ Megative

X

Threshold |  Assert D

e
B Prescaler I
L

T

- b~
Flag Name ‘ Flag Type )| Samples | Samples |
1
2
3 v
AL pad Signal name: E
| Current
Valkage
Use Yoltage

Manitar

Jrne =1 |
e

i

Threshold |  Assert De-assert | »
(Al Ul ‘ Flag Type ‘ ] Samples Samples | —
1
2
3 v
Help K | Cancel |
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Analog System Builder GUI

m To Configure Current Monitor

FActel

FOWER MATTERS

Configure Current Monitor Peripheral

Current Monitor Peripheral Configuration
Digital Filtering

Signal polarity: % Positive

Comparison Flag Specification

X

Filtering factor:  |Mane A Acqguisition kime: 5.000 us

™ Megative

X

De-assert | ~
Samples | —

0.00% Chm

T

Threshold |  Assert
Flag Hame ‘ Flag Type (A] Samples
1
2
3
AC pad Signal name:
| ———————
External | [ Current
resiskar:

Valkage

EI ~
A pad
Prescaler
L

Jrne =1 |
e

[~ Use Yolage
Manitar

i

ek o ]

Threshold |  Assert De-assert | »
(Al Ul ‘ Flag Type ‘ ] Samples Samples | —
1
2
3 v
Cancel |
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Analog System Builder GUI

m To Configure Gate Driver Outputs

Configure Gate Driver Peripheral [g|
 Bositive polarity] " Wegative polarity
Fusian
Signal name:

FActel
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A Simple Example

FActel
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A Simple Example

m Displaying Flags for Different Voltage Thresholds

Programmable  Programmable
Analog Fabric Digital Fabric

/ \ ” “,
—b LED1
AC4 LED2
O i g ) LED3
Potentiometer LED4
Circuit }

Fusion FPGA

fActe
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A Simple Example

m Creating a Libero Project

Wl e b B B Py e W el
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L e I
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A Simple Example

m Use SmartDesign to Connect Various Analog & Digital
Blocks on a Virtual Canvas

i P G e e - -

AE® OoFe

Latws [ miges v s

g | e By L

[-_ — -] - _'j..'.__...__r

| B= e — ]
Bl

| s s

| Vs i 0 |

e By iy [
o _5"! e
& & |
el g—
=1 M

| .

|

l B &

|

' o i o "
Pejeniiow]
T ST pe —ull..--—-i

1T_.l—r|!' rl r']-.l_q--ﬁlu--ulu.} r————

i vy FaE e Gl SRS R S .
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A Simple Example

= Within SmartDesign, use the Analog System Builder to
Create the Voltage Monitor — Max from Potentiometer=3.3V

s g -

[ - - Fad b - - ma et et

e ——— S
—

o

* S

e
e g T

LT

-
i g s
— -

fActe
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A Simple Example

m Assigning to a Voltage Channel (ex. AC4)

i Canfapar whan
oot Ol | T e RO i Behter 12 v bs At Optore

il P g g o g ol e
in--’ M

L arand: Miaslior | N—— £ i A apamadw | gl
[ 5 il Mgl
|EPl g o il g B

[lwet gl et

b (o

{Bod P Comrrer
|Hll-’-l Pasgew o ore BMiad
|l vol e Hordon

FActel
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A Simple Example

= Synthesis -> P&R -> Programming

FActel

FOWER MATTERS
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Fusion Peripherals

m Clocking
e RC and Crystal Oscillators
e Clock Conditioning Circuitry
e No-Glitch MUX

= Embedded Memory
= Analog Block

FActel
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Fusion Clock Resources

m Fusion Provides Multiple Clocking
Resources:
e On chip clock sources:
GPIO - RC oscillator @ 100MHz

= Crystal Oscillator Circuit
= Six CCC Blocks / PLLs (1 or 2)

e No-Glitch MUX
A3P FPGA e Real Time Counter (RTC)
Fabric
(incl. SRAM, m Use Models |
CCCIPLL, I0) e Internal 100MHz RC oscillator
e Crystal OSC circuit

= 32 KHz - 20 MHz

e CCC/PLLs can multiply, divide, and
phase shift clock signals for user
applications

= Sources include: crystal Osc, RC
Osc, or external clock

e RTC enables low power sleep mode

FLASH
Memory

]
m—p JTAG Port

[ ]
Emgm HI; Actel Corporation Confidential © 2009 54



Fusion Clock Resources
m Block Diagram

GND_OSC [X]

100 MHz RC clock

vcec_osc XK

generator

Crystal Oscillator

C Iy R
HiT §oneia
c — :_|: C
I | D4
External r External
Crystal RC
Actel

FOWER MATTERS

Clock out
to FPGA core

—>

Xtal Clock

GLA

To core

No-
Glitch

Mux

Clock IOs

CLKOUT

From FPGA Core

> GLC
o I

GLINT
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RC & Crystal Oscillators

Actel
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Fusion RC Oscillator
B = €

= Summary

e Clock frequency: 100 MHz
« +/-1%:0to 70 C

Block Diagram
e Duty cycle 40% — 60% Block Diagram
e Requires no external
components VCC_0SC [—— 100 MHz RC 100MHz
e Can be used to drive either a oND_oso[g—  ClockiGenerator | GO o i
PLL or Output Pad RCOSCIP Macro PLL
. . EN
e Provides an integrated,
accurate on-chip clock source T Trim <27.0>

m Additional Features

e Factory trim capability for high
precision

Note*: Crystal oscillator and RC oscillator physically
share the same VCC and GND power pads.

FActel
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Fusion Crystal Oscillator
T —

m High-precision Clock Source
e Up to 100ppm (0.01%) precision
m  Supports Both On-chip and Off-
chip Resources
e Source for PLL/CCC

m Modes

e External Crystal:
= High gain: 2 — 20 MHz
= Med gain: 0.2 -2 MHz
= Low gain: 32 — 200 KHz

VCC_OSC

e RC Network: 32kHz — 4MHz
m Specifications

e Maximum output jitter — 50pS
RMS
= 10 MHz crystal (0.05%)

e Duty cycle: 40% - 60%

FActel
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External
Crystal

GND_OSC

XTAL1

XTAL2

MODEO_RTC

MODE1_RTC l—

Crystal
Oscillator
Circuit
XTLOSC IP Macro

From PLL tile
MODEDO F

MODE1 i

EN il

EN_RTC

From RTC

TO CCC/PLL
CLKOUTO

TORTC

CLKOUT1 .ﬁﬂ

Note: Crystal oscillator and RC oscillator physically
shared the same VCC and GND power pads.

58



Fusion
lock Conditionin Ircuitr

m All Devices Have 6 Clock Conditioning Circuitry (CCC)
Blocks, BUT ...

e ... Some CCC Blocks do not contain PLLs
= AFS090 / AFS250 — 1 PLL
= AFS 600/ AFS1500 -2 PLLs

e ... Non-PLL Functionality Still Available

= Divider and Delay Elements
= Global Access from I/O or Internal Signal

m 3 Global MUX Blocks

e Steer Signals from Global Pads and FPGA Fabric into Global
Networks

FActel
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Fusion PLL

= Functions
e Clock Phase Adjustment
e Clock Delay Minimization

e Clock Frequency Synthesis
e Allows Access From Global Pads To Global Network and PLL

e Allows Access From PLL To FPGA Core

= Input Sources:
e Single Ended I/O, Differential I/0O, FPGA Core, RC Osc, XTAL Osc

Reference
Clock

Output

Low-Pass
Filter

Phase
Detector

Feedback
Clock

[ ]
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Fusion PLL
e A S

m Delay Blocks (6 Programmable and 1 Fixed)

e Programmable Delay/Advance up to 5.56 ns in 160 ps
increments for Clock Skew Minimization

m 5 Frequency Divider Blocks

e Provide Frequency Multiplication/Division
m Clock Phase Adjustment

e 0°, 90° 180° and 270°
= Dynamic Shift Register

e Provides Dynamic Reconfiguration Capability

FActel
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Fusion PLL
Block Diagram

S\ CCC Block Diagram

,O

CLKA ._, 4 80

> D |—=CGLA
PLL CORE 00
0 : Cuipwt Dday  Primary
" Feedback Deay / |_'
Fixed delay
I
=
Ext Feedhack i
e d/ > D |HE=GLB
Divider available in bypass mode o DY Secondary 1
. D |—VE
CLKB Ouiprct Delay
N
I
—
1 -’-_. D +GLC
* put Delay Secondary 2
. D YC
CLEC (hopu Dday

FActel
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No-Glitch MUX (NGMUX)

Actel
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Fusion No-Glitch MUX (NGMUX)

m Provides Special Switching Sequence
Between Two Asynchronous Clock Domains

e User-configurable to select between 2 of 3
possible clock sources — GLA, GLC, or other
internal signal

e Time-out circuitry included in case one of the
clocks stops or runs at very low frequency

m Advantage

e Eliminates narrow pulses/glitches which can
cause clocking errors
= Especially critical in hi-rel apps

m Uses

e Clock domain control GLINT

e Power reduction by transitioning to lower
frequency

GLA

GLC :

To core

No-
Glitch
Mux

CLKOUT

SEL

[ ]
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Fusion No-Glitch MUX Usage

m NGMUX is Implemented as a 2:1 Mux in the Software
e Instantiate NGMUX in VHDL or Verilog Description

NGMUX Macro

Signal Name  Direction Function
—1 CLKO CLKO Input Clock Input
CLK1 Input Clock Input
GL
CLK1 Mux Select
— S S Input 0 -> 1 CLK1
1->0 CLKO
CLKOUT Output  [Clock Output

FActel

POWER MATTERS Actel Corporation Confidential © 2009



Fusion No-Glitch MUX
Operation

m Switching from CLKO to CLK1:

e GL will drive one last complete CLKO positive pulse (i.e. one rising
edge followed by one falling edge).

e From that point GL stays low until the second rising edge of CLK1
OCCuUrs.

e At the second CLK1 rising edge, GL will continuously deliver CLK1

signalis.
P
CLKO ﬁ*
CLK1 _||| |||

|
U
SEL _,:Z

FActel
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Fusion: Global Distribution Network

N Quadrant Global Rib e Left and Right CCCs
(——e @ ® ® —/-/[] Provide 6 Chip-wide
| s 1 . 34 . 34 3 Global Networks
= 9 i i | (Access from 1/Os in
: 77 m Middle of Left and
& : . Right Sides)
E Central G:Iobal Rib e 12 Quadrant Global
g § § § Networks (3 per
Yl A5 A° A° g Quadrant — Access
’ i i { 5 {—‘*D from 1/Os in 4
N 6 6 | 6 6 3 Corners)
5 5 5 i e Each VersaTile Has
= | i i Access to 9 Global
o Resources
. . | e Access from PLLs
5 | 5 and Internal Signals
3 ! 3 ! 3 ! 3 3
PLL/CCC
PLL/CCC
Actel
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Fusion Peripherals

m Clocking

= Embedded Memory

e Flash Memory Block
e FlashROM
e SRAM and FIFO

m Analog Block

fActe
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Fusion
Only FPGA with Flash Memory

FActel
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Fusion Flash Features

m Flash Memory 2 Mb Density
e 1 — 4 blocks/device

e Each 2 Mb array has independent
GPIO controller

e Independent JTAG access

m Flexible Operation
e X8, x16, and/or x32 FPGA

A3P FPGA _ N
Fabric e Each supports multiple partitions
(incl. SRAM, e Small page size (1kb)

CCC/PLL, 10) e Can be accessed by either on-chip

or off chip resources

= High Performance
e 60 ns random access

e Pipelined 10 ns access of
sequential memory addresses

s

JTAG Port

FActel
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Fusion Flash Features (cont.)

GPIO

A3P FPGA
Fabric
(incl. SRAM,
CCC/PLL, 10)

s

JTAG Port

FActel

FOWER MATTERS

m Flash Memory Level:

e FPGA access

e Password security

e JTAG access for programming
m Page Level:

e JTAG read / write protection

e Program/erase

e Partition on page boundaries
m Block Level Error Detect:

e Single error correct

e Double error detect

Actel Corporation Confidential © 2009
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Fusion Peripherals

m Clocking

= Embedded Memory

e Flash Memory Block
e FlashROM
e SRAM and FIFO

m Analog Block

FActel
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FlashROM (FROM) Memory

m 8 pages of 128 bits (8x128)
e Same as ProASIC3\E FROM

m FPGA Core and FlashROM Memory Can Be Programmed
Separately
e Allows Changing FROM without Erasing Core
e Core Powered Down during FROM Programming

m Example Applications
e IP Addressing
User/System Preference Storage
Device Serialization
Inventory Control
Subscription Models (Set-top Boxes)
Secure Key Storage
Presets
Date Stamping
Version Management

FActel
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FlashROM

Logical View

Core Access

Prog. Access

3-bit Page
Address

7-bit Address
from FPGA
Core

4-bit Word
Address

Programming Control and JTAG Interface

128 Bit Data

3-bit Page

Address from

Program Control

Logic

g e A e e o e e g £

8-bit Data
To FPGA Core

Every 128-bit Page Can Be Reprogrammed Independently

FActel
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Fusion Peripherals

m Clocking

= Embedded Memory

e Flash Memory Block
e FlashROM
e SRAM and FIFO

m Analog Block

FActel
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Dual-Port SRAM Blocks

= Multiple 4K bit Embedded Memory Blocks:
e 2 Write/Read ports OR independent 2-port
e Synchronous operation up to 250 MHz
e Fully programmable

Scalable aspect ratio from 256x18 to 4Kx1 ADEE;P{—> > DOUT
Cascadable - wide and deep BLKEN L
SmartGen tool automates memory generation R Fé?ﬂ—’
= FIFO Capability =
e Decoder, FIFO control and flag logic built into RAM DN i |, DOUT
block BLKEN )
e Programmable FIFO depth and flag threshold R Ok ——"| foRT B
—>
WIDTH_—___)

FActel
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Fusion SRAM Implementation

m True Dual-port RAM:

e Variable Aspect Ratios — 4096x1, 2048x2, 1024x4 or 512x9
Independent Read and Write Port Widths

e Dual-port Options — Both Read, Both Write, One Read & One
Write; Same Clock Frequency or Two Different Clock Frequencies

e Pass-through of Write Data or Hold Old Data on Output

= Two-port RAM:

e Variable Aspect Ratios — 512x9 or 256x18
Independent Read and Write Widths

e Dedicated Read and Write Ports
m Both Macros Have
e Synchronous Write

e Synchronous Read — Pipelined or Non-Pipelined
e Asynchronous Output Reset

FActel
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Fusion RAM
EIEQ

m Fusion Has One FIFO Macro:

FActel

FOWER MATTERS

Variable Aspect Ratios — 4096x1, 2048x2, 1024x4, 512x9, or
256X18

Independent Read and Write Port Widths
Four FIFO Flags — Empty, Full, AlImost-empty, Almost-full

FIFO Empty/Full Flags Synchronized to Read Clock and Write Clock,
Respectively

Programmable Threshold Values of ‘Almost’ Flags
Asynchronous Reset
Active-low Block Enable
Active-low Write Enable and Active-high Read Enable

FSTOP and ESTOP — FIFO Counters Can Count after FIFO Is Full
or Empty

= Allows Writing to FIFO Once and Repeatedly Reading Same Contents
without Rewriting Contents
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Fusion Peripherals

m Clocking

m Embedded Memory

e Flash Memory Block
e FlashROM
e SRAM and FIFO

= Analog Block

FActel
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Fusion Analog Block

m 1.5V Voltage regulator

-3.3V Voltage converter (for internal use
only)

m Bandgap voltage reference

m Power System Monitor (Generates
Flash and ADC Reference)

m Real Time Counter System (RTC)

= Analog Quad (up to 10 Analog Quads)
e Voltage monitor block
e Current Monitor block
e Temperature monitor block
e Gate control/driver block

= Analog MUX
s ADC
e Selectable 8/10/12 bit resolution

e 32 input channels
e Up to 600K samples per second

FActel

Pads

AV
ACO
AGO
ATO

Vee (1.5Y) Z?

Analog
Quado

Analog
Quad1

Analog
Quad2

Analog
Quad3

Analog
Quad4

Analog
Quad5

Analog
Quadé

Analog
Quad7

Analog
Quads

Analog
Quad9

Temperature
Monitor

|

Intemal Diode
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Analog Mux
(320 1)

ADC

16

/e

Digital OUT 1o FPGA
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Analog Quad (AQ)

= Analog Quad is the Basic Analog I/0O Structure

Power

Analog Quad

Line Side L i
Su oad Side
Pply AMA— L >
T
M
Off chip Rpullup
AV AC AG AT
Pads lzgl GateNDriver Izgl
Voltage Monitor Current Monitor Temperature
o Block Block Monitor Block
n chip
Pre- Pre- Pre-
Scaler Scaler Scaler
Power
Digital Digital MOSFET
igita gral | | Gate Driver Digital
. Input " Input 1 " Input |
L| Current ]
Monitor/Inst.
— ™ Amplifier
v v From v
ToFPGA Y To FPGA ' FPGA ToFPGA "

FActel
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To Analog Mux

To Analog Mux
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Fusion Analog Quad

m Features

e Includes 4 analog interface pins
= AV pin — Input: direct and prescaler voltage monitor
= AC pin — Input: direct and prescaler voltage monitor, current monitor
= AT pin — Input: direct and prescaler voltage monitor, temp monitor
= AG pin — Output Power FET gate control or high voltage, high drive output
e Input voltage range for AV and AC pads: - 10.5Vto 0 V or OV to 12V
+/- 10%
e Input voltage range for AT pad: OV to 16V +/- 10%
e AV, AC, AT pads can be used as low speed digital inputs
(Tr, Tf > 20nS)
e Modular building block used on all Fusion family members
= AFS090: 5 Quads
= AFS250: 6 Quads
= AFS600, AFS1500: 10 Quads

FActel
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Analog Quad: Direct Input

Analog Quad
AV AC AG AT
Pads IX' |X| GateleDriver |X|
Voltage Monitor Current Monitor Temperature
on chlp Block Block Monitor Block
Pre- Pre-
Scaler Scaler
Power
S el MOSFET
igita igital | Gate Driver Digital
| P Input oy Input 7y ol Irllgpluat1 [
L | Current ]
Monitor/Inst.
Amplifier
v Y v Y From v Y
To FPGA To FPGA FPGA To FPGA
To Analog Mux To Analog Mux To Analog Mux

Direct Input used when Maximum Input Voltage is between 2V and Vgge

FActel
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Analog Quad: Direct Input

m AV, AC, and AT pads can be Routed Directly to the Analog Mux by
Configuring the Analog Quad

m Features

Best accuracy, lowest offset

No Buffers or Amplifiers between Input pin and ADC
No DC input current; capacitive load only (~20pF)
Resistive connection to ADC: ~4k ohm

One Input range: 0V to ADC reference level

Full scale level for internal reference is 2.56V

= Decimal value of 8 most significant bits is input level in ‘centiVolts’
(i.e., ADC count of 207 = 2.07V at input)

Equivalent function to micro-controller style ADC

m Limitations

FActel
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Positive input only
Single range
Needs low impedance input source for full bandwidth

Input ca}Dacitance varies greatly as input selection MUX is changed and
Sample/Hold cycles

Actel Corporation Confidential © 2009 84



Analog Quad: Pre-scaler Input

Analog Quad
AV AC AG AT
Pads I}g N GateDgIDriver I}g
Voltage Monitor Current Monitor Temperature
on chlp Block Block Monitor Block
Pre- Pre- |
Scaler Scaler
> —» >
[ Power
e S MOSFET
Igita igna Gate Driver Digital
- - |
Input Input 1 ™ Input
L | Current
Monitor/Inst. |—
> Amplifier
v  / vy From v  /
To FPGA To FPGA FPGA To FPGA
To Analog Mux To Analog Mux To Analog Mux

Pre-scaler Input used when Input Voltage is not between 2V and Vg

[ ]
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Analog Quad: Pre-scaler Input

m Features

e Input voltage ranges for AV and AC pads

Pre-Scaler input from -10.5V to OV or OV to 12V
Full scale ranges for ADC: £16V, 8V, +4V, £ 2V, £ 1V, £ 0.5V, £ 0.25V and £0.125V

e Input voltage ranges for AT pads

Pre-Scaler input from 0V to 16V
Full scale ranges for ADC: +16V and +4V

e All ranges indicate input level in mV with a simple left or right shift of the
binary value

= On 4V range with 12 bit ADC setting, LSB = 1mV at input pin
e Constant input impedance; ~1M ohm, 5pF
m Limitations
e Pre-scale circuits add offset and gain error

e Dynamic range changes are discouraged (will cause transient measurement
errors on all channels)

FActel
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Pre-Scaling

m Overdriving the ADC Input Can Result in:
e Erroneous Conversions
e Input Latch Up
= Permanent Damage To Device Is Possible
m To Avoid Overdriving, The Input Can Be Pre-scaled To
Ensure Maximum Voltage To ADC Does Not Exceed VREF
e “Scale Down” Voltages That Are Greater Than VREF
e “Scale Up” Voltages That Are Less Than VREF
e Invert If Input Voltage Is Negative

VCC

Analog to N
V,, E==— Pre-scaler Digital —
Converter

VREF

FActel =
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Pre-Scaling (Cont.)

m Pre-scaler Value (Gain) is Chosen to Ensure (Max V, * G)
= VREF

m Gain May Be Chosen Such That the LSB of the Converter
Output is a Convenient Number

e Example:
For Vger = 2.56V and V=6V, G = 0.4267 Ensures Input to ADC = Vg
But . ..
LSB of ADC equals the following:
8 bit: 23.44 mV
10 bit:  5.86 mV
12 bit:  1.47 mV

e Using A Different Gain Value Can Result In Simpler Calculations

m Limitations
e Pre-scale Circuits Add Offset and Gain Error

FActel
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Analog Quad: Pre-scaling Factors

LSB 8-bit LSB 10-bit LSB 12-bit
Full Scale Voltage | conversion conversion conversion
Vin Scaling Factor (G) (VREF / G) (mV) (mV) (mV) Range Name
12V 2V > 8V 0.15625 16.368 V 64 16 4 16V
8V =2V, >4V 0.3125 8.184 V 32 8 2 8Vv
4V =2 V> 2V 0.625 4.092V 16 4 1 4V
2Vz=Vy>1V 1.25 2.046V 8 2 0.5 2V
1V 2V,y> 0.5V 2.5 1.023 V 4 1 0.25 1V
0.5V =2 V,y> 0.25V 5.0 0.5115V 2 0.5 0.125 0.5V
0.25V 2 V> 0.125V 10.0 0.25575V 1 0.25 0.0625 0.25V
Vin = 0.125V 20.0 0.127875V 0.5 0.125 0.03125 0.125V

m Fusion Scaling Factors Give Convenient LSB Values For All ADC Resolutions
e All Ranges Indicate Input Level in mV with Simple Left or Right Shift of Binary Value

= Maximum Allowable Input Voltage:
e -10.5V or +12V for AV and AC pads
e +16V for AT pad

m Pre-scaling Offset and Gain Error

e Gain error
Positive DC inputs:
Negative DC inputs:
e Offset error
2 £ 0.2% of range

FActel
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1% typ
2% typ
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Analog Quad: Pre-scaler Input Examples

m Example 1

e 8V Is Applied to AV Pad
= Scaling Factor Is Set to 0.3125
= Output of Pre-scaler (Input to ADC) is (8 * 0.3125) = 2.5V
= For 12-bit Resolution, ADC output = 212 * (2.5 / 2.56) = 4000
- LSB=(2.56/0.3125)/212=2 mV

m Example 2

e 12V Is Applied to AV Pad
= Scaling Factor Is Set to 0.15626
= Output of Pre-scaler (Input to ADC) is (212 0.15625) = 1.875V
= For 12-bit Resolution, ADC output = 212 * (1.875/ 2. 56) = 3000
= LSB=(2.56/0.15626) /2?2 =4 mV

m Example 3

e —0.2V Is Applied to AV Pad
= Scaling Factor Is Set to 10
= Output of Pre-scaler (Input to ADC) is (0.2 * 10) = 2.0V

Input signal is inverted to make ADC input positive

= For 12-bit Resolution, ADC output = 212 * (2.0 / 2.56) = 3200
- LSB =(2.56/10)/2%2 = 0.0625 mV

FActel
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Analog

Quad: Current Monitor

g::,’;; Li\'}f/\?ide Analog Quad Load Side
>
Off chip
AV AC AG AT
Pads I}g M Gatel}QDriver |2§|
Voltage Monitor Current Monitor Temperature
oOn chlp Block Block Monitor Block
Pre- Pre-
Scaler Scaler L
B Power
. S MOSFET
igita igita Gate Driver Digital )
" Input "1 Input L " Input |
i Current ]
Monitor/Inst.
Amplifier
v i VR / From v
To FPGA To FPGA FPGA To FPGA v
To Analog Mux To Analog Mux To Analog Mux

FActel
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Analog Quad: Current Monitor

m Can sense Current by Measuring Voltage Drop Across an External

Resistor

0.10hm
10V 1A

10V 9.9v
AV AC

} WV » 1oADC

m If the Polarity bit is set to ‘0’ (positive):
e Current monitor output will be = 10 * (AV-AC)

m If the Polarity bit is set to ‘1’ (negative):

e Current monitor output will be = 10 * (mag(AV)-mag(AC))
= Note: ADC input should be positive only

FActel
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Analog Quad: Temperature Monitor

FActel
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To Analog Mux

To Analog Mux
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_ Diode
Off chip connected
Bipolar
AV AC AG AT Transistor
Pads Izg Gatelngriver I}g
Voltage Monitor Current Monitor Temperature
Block Block On chip Monitor Block
Pre- Pre-
Scaler Scaler
Power
e e MOSFET
igita Igia Gate Driver Digital
L P Input L P Input vy L P In%ut
L| Current j
Monitor/Inst.
— ™ Amplifier
v From Y v
ToFPGA Y ToFPGA ' FPGA To FPGA

To Analog Mux
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Analog Quad: Temperature Monitor

m Can Monitor Temperature of External Transistor Connected as Diode
e Basic accuracy of 5 degrees C
e Output count of ADC reads directly as absolute temperature (K)

I

7

e Example: @ room temperature (25°C = 298.15°K):
Diode equation — v
V = (KT/q) * In(11/12)

Where [11/12 is 10 and K/q is 86.258x10

V =59.2mV
e After gain of 12.5 voltage to ADC will be =59.2mV * 12.5 = 740mV

FActel
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Analog Quad: Direct Digital Input

Analog Quad

AV AC AG AT
Pads I}g M Gatel}QDriver N
Voltage Monitor Current Monitor Temperature
On chip Block Block Monitor Block
Pre- Pre-
Scaler Scaler L
Power
. . MOSFET
Digital Digital Gate Driver Digital
= Input - Input L - Input
Current |
Monitor/Inst.
— ™ Amplifier
v From
ToFPGA ' ToFPGA ' FPGA ToFPGA '

FActel
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To Analog Mux
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Analog Quad: Direct Digital Input

m AV, AC, and AT pads can be used as low speed Digital
Inputs (LVTTL)

e Operating speed — 10MHz (Max)
o (Tr, Tf>20nS)

m Delay — 10nS (Typ)
= The Digital Buffers can be Disabled if not used

POWER MATTERS Actel Corporation Confidential © 2009
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Analog Quad: Gate Driver

FActel

FOWER MATTERS

Power o Analog Quad
ANN— L >
!
A VAYA Y
Off chip Rpullup
AV AC AG AT
Pads lzgl GateMDriver Izgl
Voltage Monitor Current Monitor Temperature

on chip Block Block Monitor Block

Pre- Pre-

Scaler Scaler

Power
Sl Shail MOSFET
igita igral | Gate Driver Digital
. "1 Input " Input C ol Irﬁ:ut |
Ll Current ]
Monitor/Inst.
— ™ Amplifier
v From v
ToFPGA Y To FPGA Y FPGA ToFPGA '

To Analog Mux

To Analog Mux
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Analog Quad: Gate Driver

m Features

e Controls turn on of external Power FET by pulling the gate towards
ground

e FET Vgs limited to Ig * Rpullup
e Slew rate of load controlled by Ig/Cgd = dV/dt

e Works for positive supplies (with P-FET) and negative
supplies (with N-FET)

e High drive mode can sink/source 25mA
= Limitations

e Requires external pullup resistor
e Open drain style output. Does not output a voltage level

FActel
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Analog Quad: Gate Driver

m Gate Driver has two Modes:
e High current drive - 25mA @ 1V
e Low current drive — choose between 1, 3, 10 and 30uA

AG
e ™ Hish
| | Cur t:”
| 1 uA? IPA 10 uA 30u |
| I
| |V

FActel
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Fusion Analog MUX

m |nput to the Fusion ADC is a 32:1
Analog MUX

m 30 Input Channels are User Definable
e Connected to Analog Quad AV. AC and

AT inputs L\
. ="
= Two Channels are Hardwired Internally = &

e Channel O is wired to the FPGA’s 1.5V I &
supply =K
= Fusion device can monitor its own
power supply

e Channel 31 connects to an internal
temperature diode

= Monitor temperature of the Fusion
device

= Analog Block Input CHNUMBER[4:0]
Selects Channel for Conversion

FActel
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Fusion ADC

8/10/12 bit Selectable Resolution
32 Input Channels
Up to 600K samples/sec
TUE (Total Unadjusted Error)
e +/-2LSB in 8 bit mode
e +/-4LSB in 10 bit mode
e +/-6LSB in 12 bit mode
m Clock
e ADC interface clock max frequency — 100MHz
e Selectable clock divider (divide by 4 to 1024) to generate ADC internal clock
e ADC internal clock frequency range — 1 — 10MHz
m Sample and Hold
e Selectable sample time 2 — 257 * ADC internal clock period
m  Self Calibration
e Automatic full calibration on powerup
e Optional incremental calibration after each conversion
m Status Signals:
e Conversion in progress
e Sampling in progress
e Calibration in progress
e Data valid
m Power Requirements
e 3.3V for Analog, 1.5V for Digital, and reference voltage (2.56V to 3.3V)

FActel
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Analog Block Summary

= Up to 10 Analog Quads per Device

e Pre-scaler input range:
= -10.5Vto OV or OV to 12V for AV and AC inputs
= 0to 16V for AT input

e Voltage Monitor
e Current Monitor

e Temperature Monitor

e Gate Driver — For controlling Power MOSFETSs

m 32 Input Channel ADC with Selectable Resolution (8/10/12
bit)

m Selectable Internal/External Voltage Reference

= 1.5V Voltage Regulator

m Real Time Counter (RTC)

FActel
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Fusion: I/O Overview

m Fusion |/Os Are Organized in Banks Supporting Multiple
Standards
e 15V,18V,25Vand 3.3V
s Common I/O Features
e Programmable Slew Rate
e Programmable Drive Strength
e Weak Pull-up / Pull-down
m |/Os Power Up in Known State
e No special power up sequencing is required

[ ]
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Fusion: I/O Functions

mRegular 1/Os

e Input, Output, Tristate and Bidirectional Buffers

m Registered I/Os

e Built-in Input, Output and Output-Enable Registers
Each Register Equivalent to 1-tile Core Flip-flop

mDDR 1/Os
e Built-in Input and Output DDR Registers

FActel
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Fusion |/O Bank Types

= Hot Swap Bank
e Support for Single-ended I/O Standards
- LVTTL, LVCMOS
e Hot Swappable
e 3 Drive Strengths, Weak Pull-up / Pull-down Circuits
e DDR Transmit / Receive

m LVDS Bank

e Support for Single-ended and Differential I/O Standards
= Single-ended
= LVTTL, LVCMOS
= PCI, PCI-X
= Differential
= High-Speed 700Mb/s LVDS with External Resistors
= LVPECLI/O

e 2 Programmable Slew Rates, 6 Drive Strengths, Weak Pull-up / Pull-down
Circuits

e DDR Transmit / Receive
e No Hot-swap Capability

FActel
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Fusion I/O Bank Types (cont.)

m Pro |/O Bank

e LVDS Bank I/O Standards Support PLUS ...

e ... Voltage-Referenced I/O Standards
= HSTL1
= SSTL2/3
- GTL+

e 2 Programmable Slew Rates, 6 Drive Strengths, Weak Pull-up / Pull-
down Circuits

e DDR Transmit / Receive
e Hot-Swappable
= Analog I/O Bank
e Analog Quad I/O Structure
e Can be used for low speed digital input signals

FActel
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Fusion I/O: 1/O Bank Type Summary

Differential 1/0
I/0 Bank Single-Ended I/0 Standard Standard Voltage-Referenced Hot-Swap
Hot-Swap |LWWVTTULVCMOS 3.3V, LVCMOS 2.5V/1.8V/ - - Yes
1.5V, WCMOS2.5/5.0 V
LVDS VITULVCMOS 3.3V, LVCMOS 2.5V/1.8V/| LVPECL and LVDS - -
1.5V, LVCMOS2.5/5.0V, 3.3V PCI/3.3 V PCI-X
Pro /O LVITULVCMOS 3.3V, LVCMOS 2.5V/1.8V/| LVPECL and LVDS |GTL+2.5V/3.3V,GTL2.5V/3.3V, Yes
1.5V, LWCMOS2.5/5.0V, 3.3V PCI3.3 WV PCI-X HSTL Class 1 and 2, SSTL2 Class 1
and 2, SSTL3 Class 1 and 2
[ﬂﬁ!onl Actel Corporation Confidential © 2009 107




Fusion: I/O Banks per Device

m AFS090/AFS250

e Four I/O Banks:
1 Hot-swap Bank - North side of chip
= 2 LVDS Banks - East, West sides
1 Analog Bank — South side

m AFS600/AFS1500

e Five |/O Banks:
= 2 Pro I/O Banks - North side of chip
= 2 LVDS Banks - East, West sides
1 Analog Bank — South side

FActel
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LVDS I/0 Bank

Hot-Swap I/0 Bank

ccc

Bank 0

ccC

AFS090
AFS250

Analog Quads

Pro I/O Bank

Bank 0 | | Bank 1

AFS600
AFS1500

[dag

Analog Quads
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LVDS / Pro I/O Banks: Output Drive and Slew Rate

m LVDS Bank
OUT_DRIVE (mA)

I/0 Standards 2 4 6 8 12 16 Slew
LVTTLLVCMOS 3.3V v v v v v v High Lowy
LVCWMOS 25V v v v v v - High Lowy
LVCWMOS 1.8V v v v v - - High Lowy
LVCMOS 15V v v - - - - High Low

m Pro I/O Bank

OUT_DRIVE (mA)
IO Standards 2 4 6 8 12 16 24 Slew
VTTLLYCMOS 3.3V v v v v v v v High Low
LVCMOS 25V v v v v v v v High Low
LVCMOS 2.5 V/5.0V v v v v v v v High Low
NVCWMOS 1.8Y v v v v v v - High Lawy
LVCWMOS 1.5V v v v v v - = High Lawy
Actel

FOWER MATTERS

Actel Corporation Confidential © 2009

109



Fusion: I/O Banks and User I/O Counts

\ Part # AFS090 AFS250 AFS600 AFS1500
I/O Types| Analog/LVDS/Std+ | Analog/LVDS/Std+ | Analog/LVDS/Pro | Analog/LVDS/Pro
o I/O Banks (+ JTAG) 4 4 5 5
= Max Digital 1/0 73 114 172 278
Analog /O 20 24 40 40
QN108 36/14
3. QN180 48/20 62/24
L= PQ208 93/24 95/40
S g FG256 73120 114/24 119/40 119/40
Q FG484 172/40 228/40
FG676 278/40
"Actel’
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Agenda

fActe

Fusion Overview
Fusion Architecture
Fusion Design Flow
Development Support

POWER MATTERS Actel Corporation Confidential © 2009
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Fusion Design Flow

Fusion Smart Backbone
Libero Flow

SmartGen

Simulation

Programming and Security
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Actel Fusion Silicon: Physical View

FPGA Fabric

System Application

Optional MCU
(ARM or 8051)

Fusion Fusion Fusion

Smart Smart Smart
Applet 1 Applet2 Applet3 Peripheral in
FPGA Fabric

Fusion Smart Backbone

* Control

1 1 1 1
+ + + +
Flash Memory Analog Smart@Analog Smart Analog Smart
Peripheral Peripheral 1 @ Peripheral Peripheral

FActel
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The Fusion Backbone

Analog System A3 P NVM System
Builder SEQUENCE CONTROL Builder
Interface INIT e
, AVE
A Clients Clients Power-up
FLAGS USER_DATA A Initialization
Flag Transition AAAa Maa. State Machine

FPGA State Machine

Eabric \ v NVM Access
\\ Control & Interfaces
SMTR ME M%

Your
FPGA LPF / Threshold INIT
Functions Evaluation SMEV MEM CONFIG
Engine v

Sample Sequence
State Machine ApC Ao NVM

PTBASE

Analog System

This gets times (for the 10 quad

= ASSC MEM# e
L1
Backbone / < N
NVM SyStem Time-SIOt based ‘ Analog Test Regis}e ‘

X '

Embedded Band Gap,
Supply filter 15V
Bl OCkS NCAP '3'3\,;/u(;?arge Analog Quad Analog Quad and Power Voltage g
P System Regulator i
r Monior
VDD33q PUB T .q7
Fusion Device & v
Cho ATESTIN

Probe
Pad

. . . o

VODN33  GNDAD] GNDAD]  Avg) ACOl AG] ATO  ATRINGO] AT(o1]  AGEO:  AGS1  Avjal] ONDAQI] AVDD ADCGNDREF VAREF

L

g b1 g
FActel
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System Overview

m Soft IP Role in System
e “Glue” That Binds System Components Together

e Main Control for Analog System
= Sampling
= Digital low-pass filtering
= Threshold comparisons
= State filtering
- GPI/GPO

e Makes microcontroller dependency unnecessary (self-sustained)

m Soft IP Configuration

e All configuration within the Analog I/F Soft IP is controlled via setting top-
level Generics/Parameters and propagating these values through hierarchy
= Allow user read access to RAMs, RAM address space size, enable DLPF, control
Current/Temperature monitoring functions, Declare number of GPI/GPO signals,
etc.

FActel
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System Overview

Har

ft IP Block

Access

External Clock

Crystal Oscillator

RC Oscillator

ADC
Analog 5
Inputs Analog
from Mux s ADC
Quads
Clock
Generation

PLL |+ Clock

This clock signal is
distributed to all
components in this
diagram

Access

[ softiP

[[] HardiP

FActel
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+——»

Access

-+

-

-+

RAM Initializer ¥

. | Flash Memory

Block (NVM)

General-Purpose
Digital Inputs

ADC Sample 512x9
Sequence Controller |« » Dual-Port RAM
(ASSC) (ASSC RAM)
F 3
r
System Monitor 512x9
.| Ewvaluation Phase | Dual-Port Init/Config
| State Machine i RAM(s)
(SMEV) (SMEV RAM)
.
r
Systemn Monitor 512x9
.| Transition Phase | U] Dual-Port
2| State Machine [ g RAM(s)
(SMTR) (SMTR RAM)
Iy
General-Purpose

Digital Outputs

Actel Corporation Confidential © 2009

Caontral and Data Signals

116



System Overview
NVM

= Non-Volatile Memory (NVM)

e System configuration storage

Including Analog system
configuration parameters

mmmmmmmmmmmmm
......

e User-define storage
- On-chip/off-chip microcontroller(s) T T

= User data storage
= efc.

NVM

Soft IP
Hard IP

FActel
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System Overview
IN] nfig Block

m Init/Config Soft IP Block = —
Sy = | =0
e Reads configuration information from NVM . [0 (=]
[
e Initializes (writes) all “clients” sdek a2 2
[
- Analog Quads, analog I/F soft IP, user IP ==
e When init/config is done, the
analog I/F soft IP commences operation @
Init/Config
RAM Initializer
Soft IP
Hard IP
:ﬂcﬁhl Actel Corporation Confidential © 2009
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System Overview
Dual-Port RAM Blocks

m 512x9 Dual-port RAM Blocks g

e Heart of Analog I/F system L=

- Initialized by Init/Config 519x0 CEE(Eel] e |
e ASSC block Configuration Pual-Port RAMB) | ey 19|

- Parameter storage ==
e ADC sample storage for

each analog channel Soft IP

e Digitally low-pass filtered ADC sample storage Hard IP

e Application sequence storage for SMEV and SMTR blocks
e Threshold comparison results for SMEV block

FActel
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System Overview
%

m ADC Sample ASSC
Sequence Controller (ASSC) L Anc ADG

e Controls ADC
= Calibration

F Y
¥

Saturation
"| Detection

A
y

Digital

= Power-down FsM [ Scaling
" Samplmg -« Sg‘éﬁﬁe +«—»+—» Sys. Monitor
= 8/10/12-bit Resolution —
. N RAM s U
e Detects Saturation of Channels €7 conral [$E Duator

e Digital post-scaling of ADC Samples

e Controls Current Monitor and Temperature Monitor Strobes
e RAM Stores Sequence Information for ASSC

FActel
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Sampling Sequence Specification

= Why do we need to Sequence the Samples???
e 32 analog signals; 1 ADC
TDM Sequencing
64 Time Slots
More time slots for a Channel; more ADC Mindshare; Higher Throughput

Each channel Added to Analog System Gets Added to Sequencer
Automatically

m Sequence can be Optionally Modified for More/Less Samples
m Out of Sequence Jumps for Special Sampling During Runtime
e One time jump; return to regular operating sequence
e No automatic sequence, manual jump requests only
m Main Operating Sequence

e Automatically computed based on target rate
e Manual specification for customized applications

FActel
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Main Feature Description
%

m Programmable Sequencer

» [ime

011(2|3|4([5|6]|7

8

9

10

112(13|1(4]1(2

1

3

1

f Resetto Seq 0 after Sampling Channel4

49|50 (51|52 |53 |H4|55[5%6|57 |58 (9 |60

2111314 R

(@]

- 64 Possible Sample slots

- Variable sample rates

- Power down
- Timedsampling

- Automatic or external triggering

\J

\J

- External controlled ‘jump to Seq #

FActel
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Seq(Timeslot)#
Channel/Function

PowerDown
Stop

Calibrate
Reset to Seq 0
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System Overview
SMEV Soft IP Block

m System Monitor Evaluation Phase SMEV
State Machine e S
e Compares ADC Samples with [ Threshoi
user-defined Thresholds [ Comparisen
e Simple 12-bit, Unsigned Arithmetic FoM [ Fiterng
Operations —
= A[11:0], B[11:0] N e
e Digital Low-Pass Filtering of ADC Sample: N [ rw gl SMEY
- Average ADC sampled data L e B b Rau
= Requires only current ADC sample and y
previous averaged data I
e State Filtering (Digital Correlation)
= Look for 0->1 or 1->0 Transitions ‘bloek
e RAM Stores Application Sequences for
SMEV

= Sequences controlled by Op-codes

FActel

POWER MATTERS Actel Corporation Confidential © 2009 123



Digital Low Pass Filtering

N —_ 2 12 = 10.8 11.1
9.86 ’

8.20
6.94

5.25

Step Response N
g T =4 Samples

12

3 Full charge/Discharge

2.25 At 5*T = 20 samples
1.68
1.26 0.95 0.71

Impulse Response
Equation: X, <= X, — (X, .4+/2N) + (1./2N); where N = LPF factor
‘Actel’
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Digital Low Pass Filtering (cont.)

Equation: X, <= X, — (X, .4+/2N) + (1./2N); where N = LPF factor
Digital Filtering - Step Response

N = 2 4
In = 12 12
Initial Value = 0 0
Digital Filtering, N=2and N=4
X0 3.000 0.750
X1 5.250 1.453 14.000
X2 6.938 2.112
X3 8.203 | 2.730 120091
X4 9.152 3.310 10,000 |
X5 9.864 3.853 @
X6 10.398 | 4.362 £ 8000 e
X7 10.799 | 4.839 5 —_Series?
X8 11.099 5.287 =
X9 11.324 5.706 4.000 |
X10 11.493 6.100
X11 11.620 6.469 2.000 1
X12 11.715 6.814 oo b
X13 11.786 7.138 | 3 5 7 9 1 13 15 17 19 21 23 25 27
X14 11.840 7.442 Samples
X15 11.880 7.727
rAc‘l‘eI Actel Corporation Confidential © 2009 125
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State Filtering

N =2 12 10.8 11.1
Over_8v 915 9.8%\ 10.4

0.2U
6.94 Assert==3
0 5.25
| | 3 | | | | | | | | |
[ I I I I I I I I I |
Step Response N
g T =4 Samples
12
N=2 |
3 Full charge/Discharge
2.25 At 5*T = 20 samples
1.68
0

Impulse Response
Equation: X, <= X, — (X, .4+/2N) + (1./2N); where N = LPF factor
‘Actel’
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System Overview
SMTR Soft IP Block

m System Monitor Transition
Phase State Machine

e User-defined Digital Inputs and > Control [€ T Signals
Digital Outputs (flags)

SMTR

Boolean

e Boolean Operations on Digital Inputs <> oorations
and Internal Temporary Registers o

.| Branch
| Operations

e Branching Operations (if-then-else conditional

jumps, looping) — SMTR
7 . . . “«—> ool €T 512x9
e “Microcontroller-like J D.P.RAM(s)
e Reads and Processes SMEV Comparisons I
e RAM Stores Application Sequences for SMTR gig
= Sequences Controlled by Op-codes il
JActel’
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Data Processing Order

Acquire Analog Signal
Convert to Digital Data
Average the Resulting Data to Smooth the Samples

Compare the Result With the Threshold to Detect Overflow
or Underflow

m Wait for Multiple Compare Results to Remove Glitches
m Raise the Over/Under Flow Flag

‘Actel’
FOWER MATTERS
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Main Feature Description
Analog l/E ration Flow

m ASSC -> SMEV -> SMTR

e Pipelined, TDM operation: ADC samples first, Evaluation of samples second,
Transition decisions based on Evaluation third, repeat ...

ASSC ch1 ch2 ch3 ch1
Block { SMEV v ev? a3
activity
SMTR tr1 tr2 tr3
time >
Actel
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Soft IP Summary

m Soft IP Main Control for Analog System

m Configurable via Setting Generics/Parameters at top-
level

m Pipelined Operation

s Complex Sequencing, Branching, and Looping
Operations Possible With Limited Hardware Resources

m Completely Self-sustained System (no Micro Required)

‘Actel’
FOWER MATTERS
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Fusion Design Flow

Fusion Smart Backbone
Libero Flow

SmartGen

Simulation

Programming and Security

FActel
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Libero IDE

m Integrated Development Environment

FActel

FOWER MATTERS

Schematic Editor
HDL entry tools
SmartGen Wizard
Actel IP Cores

Logic Synthesis
Logic Simulator

|/O Editor

Place & Route tools
Timing Analysis
Device Programming

& Project Manager, - C:Mctelprj\Actel_booicamp\Sysmon_AFES_SOC_lab\Solutions\WHDLYSysMon\SysMon. prj - [Project Flow]

3 Project  File Edit Wiew Tools ‘Window Help — || X
FEE DS @)

Current Designer view: | lmplt - i3 @

Design Explarer g - x Catalog L - ox
Show: | Companents ~| Design Entry Tools Root:Top & Filker: | * J Add Core | Options
1) work “F [ = — Pre-Syrithe 3 Function, Name: ersion:

2B Top (Top.vhd) VD Aottt ] 4 ) B Post-Synth + Actel Macros
@ AFE VR Edit HDL Editar | SmartDesign| ViewDraw > Post.Lay .
B - o : + Basic Blocks
analog_sys *
E MM _sys + Bus Interfaces
E 0501000 Ezgl_ + Clock & Management
E PLL_40_10 Source Files + Fusion Peripherals
* + Memory & Contiollers
+ Peripherals
=
+ Processors
’m + User Defined
B, v
< ¥
Project Flow
* i v Modules ||* /'._) Search | ipy~ Options
& Reading file 'PLL_40_10.vhd'. ~
RBeading file 'Top.wvhd'.
g The SysMon project was opened. <
3]

18 £ < > 1
B tierarchy B Files 2 All ji Errors J Warnings ), Info i Search Resuts1 J Cores |Templates | Bus Defirions

Ready WYHOL |FAM: Fusion |DIE: M1AFSG00 PKG: 454 FEGA

Actel Corporation Confidential © 2009

132



Familiar FPGA Design Flow

Schematics

Libero IDE

. Praject dhamager _C:Ueelpe {Uetel_bosicamptinsn 475 S0C_Liblslusman 161 ysbariyaitas ot [Prsject {iw]

Simulation

P 41 Vew leewt Fomat Tosk Wedow

Verilog/VHDL
IP Blocks

SmartGen

L -x

Filker: ‘* J Add Core | Options
S Function, Name: “ersion:
+ M Actel Cells

+ ] Basic Blocks

+ 1i Bus Interfaces

+ T Clock & Management

= g gFusinn Peripheralz

Catalag

Analog System Builder 15
Flash Memary System Builder 12
Oscillatar - Crystal 21

i -
o8- oo 0 I T

SR 1 o DAL I P W84

Logic Synthesis /

Symptty - [0 Uctelps usion_demaleyntsesisieys_mes_tup_sym,prf]

[ T
FPOCH WO n S0 =8

Synplify’

o | o f= Tiw = - \
Charga | * - poin 2 - .

Place & Route

Programmed
FPGA

P o
natan 12, gohathvesholt 50, repst_path £X0 LaL; LIb Bl B b LEL

siais

JoE Drme -

FActel

FOWER MATTERS

Actel Corporation Confidential © 2009 133



Fusion Design Flow

m Fusion Smart Backbone
m Libero Flow

m SmartGen

= Flash Memory System Builder
= Analog System Builder
= Other SmartGen Cores

m Simulation
m Programming and Security

Kuﬁmru! Actel Corporation Confidential © 2009
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Libero with SmartGen

e Project Manager - C:VActelprjMntro_Fusion_VHDL _labs\Solutions\PwrM\PwrM. prj - [Project Flow]

@ D&

Cresign Explarer

1‘3 Projeck File Edit Wiew Tools ‘window Help

Current Designer view: ||mp|1

Show: |Comp0nents

- @ work

«

+ E=f[ FPower_Management [Fower_Mana

X

] Eﬂiemmhy . Files

+

Log Wiindaw

Version: &.5.0.34
Release: vE8.5

Beading file 'AS PurM.wvhd'.
RBeading file 'AS_PuwrM_assc wrapper.vhd'.

Py £i1m Tirnetr il
| r‘\AII A Etrors f}\ ‘Warnings f}'\Info '}\ Search Results 1 fn"

- |8 x
3% @A
Catalog g =« x
Design Entry Tools Root : Power_Management Filker: | * J Add Core| Options
£ ] = = g = Pre-Synthesis 2 Function, Name: “ersion:
/0 Atrbute _ “ _ R Fost-Synthesis + Actel Macros
Edit HOL Editar | SmartDesign [ ViewDraw PastLayout .
Ll +| Basic Blocks
¢ +| Bus Interfaces
5 +
Source Files Fusion Peripherals
Analog System Builder 1.
= Synthesis Simu Flash Memory Spstem... 1.2
= Simulation Oszeillatar - Crystal 21
it - Dscilator - AC
Synply M ‘Yoltage Regulator
newt [Power_:lv ModelZim +| Memory & Controllers
+ Peripherals
+ Processors
] Cores |Templates Buz Definfions ‘
Information Window L - x
k Project Manager New Features (5
i
E s Properties
s
< &
Project Flow
*| iag~ Moddles ||* /'..) Search ‘ My v Options
* Libero Project Hanager Y

WHDL |FAM: Fusion [DIE: AFS&00 PKG: 484 FEGA

JActer=

FOWER MATTERS
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SmartGen Cores for Fusion

m New System Builders
e Analog System Builder
e Flash Memory System Builder
m New Silicon Cores
e Divided and Delayed Clock
Crystal Oscillator
VRPSM
NGMUX
RC Oscillator
e Dynamic CCC
m Enhanced Cores from ProASIC3/E
e Static PLL

e Delayed Clock

e RAM
= Initialization from Flash Memory

FActel
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Analog & NVM System Generation

(i

=
\\( [

(€ AV
AT

\
User

Analog System Generation Flash Memory System Generation

SmartGen

SmartGen

_ Config File
Analog System Builder Flash Memory System Builder

Mem files Mem files RTL

RTL

Programming
=
Analog Top

FActel
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Fusion Design Flow

m Fusion Smart Backbone

m Libero Flow

m SmartGen

= Flash Memory System Builder
= Analog System Builder
= Other SmartGen Cores

m Simulation
m Programming and Security

Kﬂﬁmruls Actel Corporation Confidential © 2009
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SmartGen
Flash Memor

9 Project File Edit Wiew Tools wWindow Help

- @ work,

+ E=f[ Power_Management [Fower_Manage:

FEA DS

Current Designer view: |Im|:|1 ﬂ
Dresign Explorer 7 x

Show: |Comp0nents ﬂ

I” Enable Designer Elack creation

i@ ¥ B

Design Entry Tools
= Pre-Synthesis
FPostSynthesis
FostLayout

. = B s
4 =
HOL Editor | SmartDesign| ViewDraw

Root : Power_Management 2

Source Files

=g H
ynthesiz
L = = Simulation

Sunplify v

new [Power_ «

Model3im

Catalog L o« x
Filter: | add Core | Options

4 Function, Mame: |
+ M Actel Cells
+ B Basic Blocks

+ 14 Bus Interfaces
+ & Clock & Management
= E {Fusion Peripherals

Oszcillator - RC
Yoltage Fegulator Power Supply Monitar

+ 3 Memory & Controllers
+ " Peripherals

+ 7 Processors

HE¥ Cores are available for download

I Cnres |@ Templates ElBus Definitions ‘
< 3
1= — Information findow L o+ x
GiCiect FIDWJ Project Manager New Features @

*| idy > Modules ||* p Search ‘ i Options

* The synthesis, stimulus and programoing profile:
Reading file 'A3 PwrM.vhd'.

= Reading file 'AS _PwrM assc_wrapper.vhd'.
Reading file 'AS PwrM assc_ram.vhd'.
Reading file 'assc.wvhd'. Pmpenics
Reading file 'AS _PwrM smev_ wrapper.vhd'.
Reading file 'A3 _PwrM swmtr_ wrapper.vhd'.
Reading file 'smewv.wvhd'.
Reading file 'AS PwrM swev ram.vhd'.
Reading file 'AS_PwrM smtr_ram.vhd'.
Reading file 'smtr.wvhd'.

3 The PwrM project was opened. “w

Tl M (£ < | 3
Hierarchy Files 2 | [\AII I,v\r‘ Errors ;?-‘ Warnings I:?-‘Info ;?\' Search Results 1 I,-'r
|Ready WYHOL |FaM: Fusion DIE: AFSG00 PKG: 454 FEGA

FActel
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Flash Memory System Builder

Modify Flash Memory System - [nvm_sysm™]
o|e| 4%

Awallable client wpes

Clients uged in the Flazh Memory System

Analog System
Initialization
[rata Storage
Rt [nitialization
CFl Data

[t s

[ Pipelined Read

Help

Ready

Client Type

Client Name

Start
Address
[hex)

Word
Size

Page

Initialization

Start

End

Order Cost

Lock Start
Address

Cloze

4.

FActel

FOWER MATTERS
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Flash Memory System Builder

1 lien

= Analog System

e Initialize AB and Analog System soft IP RAM data

e Uses configuration file generated by Analog System Builder
m Data Storage Clients

e Use NVM as a hard-drive. Partition and access the NVM memory.
m Initialization Clients

e User clients that required initialization and start-up
m RAM Initialization Client

e Special type initialization client

e Generated by SmartGen

e Uses configuration file generated by SmartGen
m CFI Data Client

e Used to store the query data for CoreCFl

= The data is stored in a reserved page location. This client does not take up any of
the 2048 pages in the Flash Memory

= CoreCFI Provides an Industry-Standard External Interface to Actel Fusion™
Flash Memory

FActel

POWER MATTERS Actel Corporation Confidential © 2009 141



Flash Memory Builder Features

m Supports the Following Memory File Formats
e Intel-Hex
e Motorola-S
e Actel-Hex
e Actel-Binary

Generates Map Files for Programming the NVM
Clients are Page Aligned
Clients are Initialized Sequentially

Start Addresses for Partitions
e Automatically managed
e Manually specified and locked for applications requiring fixed addresses

m Automatic Conflict Resolution for Overlapping Client Partitions

FActel
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Initialization Client

m Specify Clients to be Initialized at  [EEEEEEENEE
Start-up

m Supported Word Sizes
e 8 bit & 9 bit
On-demand Save-back to NVM

Multiple Memory file Formats
Supported

Client name: ||

Start address: 0 _%I [hexadecimal only]
Size of word: g - | hits
Mumber af waords: 1

Mermary cantent file: |

Browsze. .

Format of memaory content file; |InteI-H ey ﬂ

[ Enable on-demand save to Flash Memary

JTAG Protection

[ Prevent read [ Present write

Part M ames

LClient zelect name: |

Sawve request name: |

Help ok | Cancel

FActel
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Data Storage Client

m Create a Partition in the Flash

Memory System and Specify the [EIEEEIEAEEr X
Memory Content for That |
Partition Cierkpame: |
= Supported Word Sizes st | e
o 1byte, 2 byte, 4 byte Sgeolvert |3 <] bh
= Start Address Nanbarotwards 1
= Ability to Lock Start Address EpeEils |
(SyStem Bullder Level) Format of memory contert fle: | IntebHex | e

JTAG Protection

[ Prevent read [ Prevent write

Help ak Cancel

FActel
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RAM Initialization Client

m The RAM Initialization Client is a Special
Type of Initialization Client That Allows Select Client Name from pull-
RAM to be Initialized at Power-up down menu

e Memory Editor in SmartGen used to
specify RAM content

Add RAM Initialization Client

m Difference from Initialization Client: Saddess  \0 =) (indecima)
e Cascading Of Multiple RAM Blocks Is
Handled Automatically RiM core: ' ~

m Initialization on a 9-bit Data Bus for ——

Optlmlzed erte CyCIeS [ Prevent read [ Prevent write
m Logic Automatically Created for -

Multiplexing Initialization and run time e || oK Cancel

Interfaces

Set JTAG Protection

FActel
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Analog System Client

m Load the Configuration File Generated by the Analog
System Builder Into the Flash Memory System Builder

= The Analog System Components can be Initialized by the
Flash Memory System at Start Up

Add Analog System Client E|

Analog System core: | -| G¢— Se|eCt Cllent Name fI'Om pUII'
(85 Pord ' down menu

Help k. Cancel

[ ]
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Flash Memory System Builder with RAM

Joitiglization Client

Modify Flash Memory System, - [nym_block]

Awallable client wpes

X)

Clients uged in the Flazh Memory System

Analog System F Client T Client N Start Word ST LU T Lock Start

Initialization tent lype tent Hame Address Size Address
Start Endl Order Cost

[rata Storage

FiésM Initialization 1 €| ram nttialization  ram256:3 0 g 0 7 1 1 r

e Start address /
Start and end pages

[ Pipelined Read

Lock start address

Generate. ..

Help
Ready

FActel
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Cloze

4.
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Flash Memory System
Restrictions
Minimum Usage per Client: 1 Page
Maximum Data Storage Clients: 64

Maximum Initialization Clients: 64

Analog System takes 6 Initialization Clients
e 4 Initialization Clients if Calibration IP is not used

= Each RAM takes as many Initialization Clients as Number of
RAM Blocks in the RAM

‘Actel’
FOWER MATTERS
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Fusion Design Flow

m Fusion Smart Backbone

m Libero Flow

m SmartGen

= Flash Memory System Builder
= Analog System Builder
= Other SmartGen Cores

m Simulation
m Programming and Security

miﬁmru! Actel Corporation Confidential © 2009
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Analog System Builder

m Creates Complete Analog System Including
e AB Hard-Macro
e Analog System Soft-IPs (RTL)
e Analog System data storage RAMs
e Memory files for simulation
e Configuration file for import into NVM System

FActel
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Analog System Builder in Libero

e Project Manager - C:VActelprjMntro_Fusion_VHDL _labs\Solutions\PwrM\PwrM. prj - [Project Flow] |'._ 'E|rg|
1‘3 Projeck File Edit Wiew Tools ‘window Help — & X
FE@ be
Current Designer view: ||mp|1 j 3 2
Cresign Explarer L x Catalog g =« x
Show: |C0mp0nents j Design Entry Tools Root : Power_Management = Filter: | * J Add Core| Options
=il work ~E = = = - = Pre-Synthesis 3 Function, Name: “erzion:
+-BE] Power_Management (Power_Manai 140 Attribute 4 5 PostSynthesis 7 Actel Macros
Edit HOL Editor | SmartDesign|  YiewDraw Post-Layout
Lisl +| Basic Blocks
¢ +| Bus Interfaces
= + Clock & Management
Source Files =M Fusion Peripherals
= Synthesis Simu Das.” emEry t_l,lls e, .. 1212
= 5imulati seillatar - Crystal )
= imulation
= _ Dseilatar - RC 21
Synply M ‘Yoltage Regulator Po.. 2.1
new [Power_:lv ModelSim +| Memory & Controllers
+ Peripherals
+ Processors
Z
Cores |Templates Buz Definitions ‘
Information Window L - x
k Project Manager New Features (5
i
B = B Properties
s
< >
Project Flow
*| iag~ Moddles ||* /'..) Search ‘ My v Options
* Libero Project Hanager ~
Version: &.5.0.34
n' Release: vE8.5
i Beading file 'AS PurM.wvhd'.
4 | 3 E Reading file 'AS PurM assc wrapper.vhd'.
h— _ I D s A v
Eﬂlﬂaﬂ:h! Flles & | r‘\AII A Errors f}\ \Warnings f}'\Info '}\ Search Results 1 fn"
|Ready YHOL |FAM: Fusion DIE: AFSEO00 PEG: 454 FEGA

FActel
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Analog System Builder
Supported Peripherals

Voltage Monitor

C u rre nt M O n Ito r Modify Analog System Builder, - [AS_PwrM*]

Differential Voltage Monitor

T em pe ra tu re M on | to r SystemClocks | Mh ADC Clock: Resolution: bits
Direct Digital Input 4%
Output Gate Driver Tope | Agaition | Samelng Rote| ok e pi

]
Differential Yoltage Monitor

Internal Temperature Monitor Dire: ikl

Internal Voltage Monitor Ineralvorage Morkor
RTC (Real Time Counter)

FActel
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Analog System Builder GUI

Enter system  ADC clock rate

Specify ADC resolution Choose Advanced Options
clock rate

Modify Anaing System Builder - [analog sys)

ADC Configuratid

System Clock: 40,000 MHz ADC Clock: 10.000 MHz Resolution: |12 + | bits advanced Options. .. |

For recommended clock scheme please click here.

Available peripherals: Petipherals used in system: J J
‘Yolkage Monitar L. i

. . . Acquisition | Sampling Rate .
Current Monitor Peripheral Signal Type z Package Pin
Temperature Monitar T [l lksps)
Cifferential Yoltage Monitor Input Yaoltage 2P Yaltage 10.000 32,154 JHriazsigne
Direct Digital Input Input Yoltage Y1Pg Yoltage 1.000 32154 Unassigned

Gate Driver
Real Time Counker
Internal Temperature Monike

Temperature Temp Temperature 10,000 3214 Unaszigned
Gate Diriver W 2PEhad Gate Diriver Unazsigned

Internal Yoltgge Manitar Gate Driver Y1PBhad Gate Driver Unazsigned
Gate Diniver over_temp Gate Diriver azsighe
Sampling rate for
channel

Assign pins for
analog channels

ISelect peripherals Define ADC sampling
sequence

Modify Sampling Sequence. .. Generate. .. |

FActel
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Voltage Monitor Settings

= Signal Name

) Name Of analog pad In top_ Configure Voltage Monitor Peripheral g|
Ievel deSIQn Ay pad |§ignalname: Pgler N L
= Acquisition Time =

Digital Filtering

e Sample & Hold Duration

m Digital Filtering

Acquisition time: 10,000 I
Mazximurn wolkage: 12000000 W

e Digital Averaging Factor — HT'FT.,.,.C.| o ‘Dﬂﬁ
e Initial Value 12 S —
= Maximum Voltage 3 .
e Used to set the pre-scaling o ] coa
factor
= User range OV to +12 or -
12V to OV

= ADC range -3V to + 3V

FActel
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Voltage Monitor Flag Settings

m Voltage Comparison Flag

S peCIfI Catl O n -Cnnfigure Voltage Monitor Peripheral g|
[ ) Flag Name AY pad Signal name: 7 ~
e Specify Flag Assertion when | AvEaLORD =" FTD—»
Under or Over Threshold N
[ ) ThreShOId Ievel (V) Filtering Factor: I - Acguisition time: 10.000 g
P Number Of. Consecutive times Initjal value: 0.000000 Y Maxirnurm voltage: £.000000 y
the Slgnal IS above or beIOW Camparison Flag Specification ﬂ J
th reShOId for flag to assert Flag Name ‘ Flag Type Threshold Assert De-assert | ~
and de-assert 7 TVERIPa T ¥] = Sc':lm|:l||E=s‘l1 Samples
- Eliminate cases where a e i L : i
single glitch causes the flag 4___JUNDER3P UNDER : 2 10 &
to assert | — =
. . He ancel
- Make sure the signal is really e |
above or below range for
flag assert
- Make sure the condition that
caused the flag assertion is
really gone before de-
asserting the flag
[ﬂg!?{l Actel Corporation Confidential © 2009 155



Current Monitor

m Requires a Voltage-current Channel Pair Placed On
Adjacent Package Pins

m Measures Differential Voltage Across External Resistor

e The differential voltage is multiplied by 10x before it is applied to the
ADC

e Choose an external resistor that ensures that the difference in
voltages is less than the value of Vref

m Optionally Monitors Voltage on the Voltage Channel in the
Pair
e Options identical to voltage monitoring service

m Voltage Differential Must be Less Than or Equal to VREF

[ ]
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Current Monitor Settings

fActe

FOWER MATTERS

Digital Filtering
e Digital Averaging Factor
e Initial Value
Acquisition Time
e Sample & Hold duration
Signal Name
e Name of analog pad in top-level design

External Resistor
e Value of the resistor connected across the
Current-Voltage pair
Current Comparison Flag Specification
e Flag Name

o Specifly Flag Assertion when Under or
Over Threshold

e Threshold level (A)

e Number of consecutive times the signal is
above or below threshold for flag to assert
and de-assert

Voltage Monitor Settings Same as
Voltage Monitor

Configure Current Monitor Peripheral

Current Monitor Peripheral Configuration

Acquisition time: 5.000 us

Digital Filtering

Filtering factor:  |Mane A

Signal polarity: % Positive " Megative
Comparison Flag Specification ﬂ J
Threshold |  Assert De-assert | ~
Flag Name ‘ Flag Type &) Samples Samples
1
2
3 w
AC pad Signal name:
| ———————
External | [ Current
resiskar:
0.005 Ohm
Valkage
i L
A pad Prescaler w [ Use voltage
Manitar
e
Threshold |  Assert De-assert | »
Flag Name ‘ Flag Type ‘ ] ‘ Samples Samples
1
2
3 v

o]

Cancel |

Help

Actel Corporation Confidential © 2009
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Differential Voltage Monitor

m Measures The Differential Voltage Between A Pair Of
Voltage And Current Input Channels
e Uses same components as Current Monitor
e Requires two channels (AV and AC)
e they must be on adjacent package pins
m Optionally Monitors Voltage on the Voltage Channel in the
Pair
m Voltage Differential Must be Less Than or Equal to Vg,

r L]
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Differential Voltage Monitor Settings

m Digital Filtering
e Digital Averaging Factor
e |Initial Value
m  Acquisition Time
e Sample & Hold duration
m Signal Name
e Name of analog pad in top-level
design
m Differential Voltage Comparison
Flag Specification
e Flag Name

e Specify Flag Assertion when Under
or Over Threshold

e Threshold level (V)

e Number of consecutive times the
signal is above or below threshold
for flag to assert and de-assert

m Voltage Monitor Flags same as
Voltage Monitor

FActel

FOWER MATTERS

Configure Differential Voltage Monitor E|
Differential Yoltage Monitor Peripheral Configuration
Digital Filtering
Filtering factor:  |Mane A Acqguisition kime: 5.000 us
Signal polarity: % Positive " Megative
Comparison Flag Specification nf
Threshold |  Assert De-assert | ~
Flag Hame ‘ Flag Type vl Samples Samples
1
2
3 v
AL pad Signal name: E
| Current
Valkage
i L
A pad Prescaler [ Usevolage
Manitar
e
Threshold |  Assert De-assert | »
Flag Name ‘ Flag Type ‘ ) Samples Samples
1
2
3 v
Help Ok | Cancel |
159
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Temperature Monitor

m Measures Differential Voltage Across External Diode

m Configuration Settings

e Identical to the voltage monitoring service, except maximum supply
voltage.

m Voltage Differential Must be Less Than or Equal to Vg,

Actel
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Temperature Monitor Settings

m Digital Filtering Factor
e Digital Averaging Factor

u ACquiSition Time Configure Temperature Monitor, Peripheral
e Sample & Hold duration Sranane: | scatston te: [S00— us
m Signal Name e T
e Name of analog pad in top-level oo
m Temperature Comparison Flag — e
Specification 3
e Flag Name 3 .
e Specify Flag Assertion when e o ] conee
Under or Over Threshold

e Threshold level (°C)

e Number of consecutive times the
signal is above or below
threshold for flag to assert and
de-assert

FActel
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Output Gate Driver

= Analog Output from the FPGA
m Controlled via the Gate Driver
Enable
e Active High
e Generated with FPGA gates

m Turn External PMOS or NMOS
Transistor ON or OFF (Gate
Driver Polarity)

m Can be Driven by Flag Logic
from Analog System to Build a
Self-controlled Design

FActel

Configure Gate Driver Peripheral

Signal name:

(" MNegative polarity

\ Enable signal name:

Source current:
O

Help

X

Fusion

3
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Direct Digital Input

m Enables Use of Unused Analog Inputs as Slow Digital
Inputs

m Useful if Running Out of I/Os in a Design
m Does Not Need to be Sequenced Via Sample Sequencer
= Does Not Impact Throughput of the Analog System

Configure Direct Digital Input

Input signal name: Qukput signal name:

Help K, | Cancel
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Internal Temperature Monitor

= Used to Monitor the Chip
Te m pe ratu re Configure Internal Temperature Monitor Peripheral

= 32" Channel in the Analog | rasn o sl s

Digital filkering

M u X Filkering Factor: 4 A
Initial value: 0,000 s

e Similar to External Comporon o Specfatn 7l %

Temperature Monitor ; S— roate | ™8| Sommtes | i |
= Flags Can be Used to 5
Detect Overheating of the 1 o

Device
m One Per Device

FActel
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Internal Voltage Monitor

m Used to Monitor 1.5V Supply
to FPGA Fabric and NVM Cepinu e 2 et Peclea

A pad

m Channel 0 on the Analog e
M ux DLGH‘:::';:TD“ [wore  ~] Acquisition time: R
m Similar to Voltage Monitoring

Comparison Flag Specification ™~

m Flags Can be Used to oghose | rogtme | Wgin] St TEeemet] 5
Detect and Handle Brown- I
out Conditions o

m One Per Device

FActel
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RTC Configuration in SmartGen

m Crystal Oscillator Mode Control
e RTC CLK must be driven by XTLOSC
e RTC controls XTLOSC Mode
- Low Gain (32 kHz to 200 kHz)
= Medium Gain (200 kHz to 2 MHz)
- High Gain (2 MHz to 20 MHz)
m Match with Register Value

e Triggers MATCH when counter equals 40-bit match value
= [nitial value

e Can specify non-zero value
m Reset Counter to Zero

e Works as a timer application when chosen
e Works as an elapsed time record if not chosen

m Export MATCH Signal

e Asserts RTCPSMMATCH to activate Voltage Regulator Power Supply
Monitor (VRPSM)

FActel
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RTC Configuration in SmartGen

m Two Views in SmartGen
e Enter desired time or match value

Configure Real Time Counter E| Configure Real

me Counter,

x)

0

" Reqgister view " Time alarm view

Crystal oscillator source: Crystal oscillator source:

&+ External crystal or ceramic resonator &+ External crystal or ceramic resonator

" RC network " RC network
RTC clock specification: - RTC clock specification:
Clock divider Clock divider
RTCCLE RTC counter Frequency RTCCLE RTC counter Frequency
| jizs L | jizs L

Fi ncy = 230 Hz =
32,000 kHz - requency 37.000 Kz - Frequency = 250 Hz

Period = 4 ms Period = 4 ms

Masirnum time = 50903 days 7 hours ...

Required time:

Ddays:’—ﬂhours: Dmin:’—tls: a0 ms 0 us

Actual time = 0 days 0 hours 0 min 0 s 0 ms 0 us

Initial value: | a (HE®)

Makch with register walue: | o (HEX)

[v Reset counter to zera when match occurs [v Reset counter to zera when match occurs

[ Export MATCH signal For Yoltage Regulator Power Supply Monitor [~ Export MATCH signal for Yoltage Regulator Power Supply Manitor

Help K | Cancel Help (o] 4 | Cancel

FActel
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RTC Design Considerations

m Uses Analog System Configuration Bus for Setting the
Various Values
m Can be Used with VRPSM & XTLOSC to Create a Self
Wake-up Application
m Analog Block System Clock Fy,x = 100 MHz but
e RTC Initialization clock Fy;,x = 10 MHz

r L]
rﬁrcngenl Actel Corporation Confidential © 2009 168



Analog System Builder
th Perioheral

= Analog System Builder After Adding Peripherals

FActel

FOWER MATTERS

Modify Analog System Builder - [AS_PwrM]

ADC Configuration

Help

Swstem Clock: 20,000 MHz ADC Clock: 5,000 MHz e Resolution: |10 « | bits Advanced Options... |
Far recommended clock scheme please click here.
Available peripherals: Peripherals used in swstem:
Yaoltage Monitar . .
; N . Acquizition | Sampling Rate -
Current Manitar Peripheral Signal Type - Package Fin
Temperature Monitar time [us) (ksps)
Cifferential Yoltage Monitor {9 | |nput Curent ACIR Cument 5.000 29,412 Unassigned
g'ftectDD_'g'ta' Input 2 |- AV Violtage 10,000 29412 Auta
ol T Counter 2 Input Voltage AVIHLOAD Yaltage 10,000 29,412 UUnassigned
Inkernal Temperature Marite 4 | Gate Driver AVII_OM Gate Driver Unaszigned
Internal Yolkage Monitor
Modify Sampling Seguence. .. Generate. .. |

Close
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Sample Sequencer

m ADC has 32 Input Channels

e 30 external inputs + Internal Temperature + Internal Voltage
e Each channel must be sampled individually
e TDM Sequencing Used (64 Time Slots)

m SmartGen Sample Sequence “Procedures’
e “Procedure” is a named group of samplings
= (Power Up; Calibrate; Run; Standby; Power Down, etc.)
e “Procedure” can be as small as one and as many as 64 samplings

e Support for Multiple Independent “Procedures” and Repeat
“Procedures”

e Jump to New Procedure Caused by Terminating Operation in a
Sequence or an External Trigger

e Supports use models where different channels are sampled at
different times during system operation

= Example: power-up sequence and normal operation sequence

FActel

POWER MATTERS Actel Corporation Confidential © 2009 170



Sample Sequence Specification

= Main Procedure — System Default
e Always starts at slot 0 and always executed upon reset
e Cannot be deleted or unlocked

= Additional Procedures
e Define additional procedures based on system requirements

e Procedures Must be Triggered by External User Logic Through the
External ASSC Control ports

e Two modes:

= Jump and continue

= Assert ASSC_SEQJUMP for 1 clock to execute slot at ASSC_SEQIN
= Single Step

= Set ASSC_XMODE = 1, to enable single step through sequencer

= Assert ASSC_XTRIG for 1 clock to execute slot at ASSC_SEQIN

FActel
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SmartGen
mpl

Sequence for
selected procedure

FActel

FOWER MATTERS

Modify Sampling Sequence

Procedures

Add or Delete a Procedure

4l x|

Hame

Lock| Start Slot | Uzed Slot

I @llaw manual modification of operating sequence:

Details of procedure:

Available signals:

AT

Main

Sampling rate

o g4

Takal sloks used:

Signal

Required Rate| Actual Rate

(ksps] (ksps]
R
Total sampling rate: 0.000  ksps
Calculate Sequence ‘
Opetating sequence
Dperation Signal | Jump Destination | 2
HOF
HOP
HOP
HOP
HOP
HOF B
HOP
HOP hd
Help [o]'4 | Zancel
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Sampling Sequence Operations

m Available Operations:

e SAMPLE - Sample a channel that is configured in the system and proceed
to the next slot

e SAMPLE JUMP — Sample a channel that is configured in the system and
jump to the start of the specified procedure

e CALIBRATE — Perform a full calibration of the Fusion ADC and proceed to
the next slot
= Takes 3840 ADC Clock cycles

e CALIBRATE_JUMP — Perform a full calibration of the Fusion ADC and jump
to the start of the specified procedure

e JUMP — Jump to the start of the specified procedure

e POWERDOWN - Perform a powerdown operation on the ADC;

= After a powerdown is initiated, a calibration operation is required to resume
sampling

e STOP — Stop the sequencer
= An external trigger is required to re-start the sequencer

e NOP — No operation is performed and proceed to the next slot

= NOP’s in the middle of a sequence use uP a time slot; NOP’s after the end of the
last functional slot do not use up a time slot

FActel
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SmartGen
mpl

Defined procedures

Sequence for
selected procedure

FActel

FOWER MATTERS

ncer with Pr r

Add or Delete a Procedure

Modify Sampling Sequence

Procedures J *
| Name | Lock| Start Slot| Used Slot| ~
b ain I o 12
BackLp v 13 7 Total shots used:
ail5 afe v 20 ]
63 [ 64
TempFocuz [ 26 10 !
CurrentFocus I 36 5 2
[ STS [ ] g5

[~ &llow manual modification of operating sequence

Details of procedure: Fail5afe
Available signals: Sampling rate
A1 ~ o Required Rate| Actual Rate
AY_2 | | Signal (ksps] (ksps]
AY_3 AR 0.000 12469
s il AC_14 0.000 12,463
a7 INTERMAL YOLTAGE 0.000 12469
a8 INTERMAL_TEMPERATU 0.000 12,469
ay 9 A 14 0.000 12469
Ay_10 m =4 AT_26 0.000 12469
Tokal sampling rate: 74813 ksps
Calculate Sequence ‘
Operating sequence
Operation Signal ‘ Jump Destination ‘ w

SAMPLE Ay B

SAMPLE AC_14

SaMPLE INTERM&L_WOLTAGE

SAMPLE INTERMAL_TEMPERATL

SAMPLE AT_26

SAMPLE_JUMP A 14 Backlp

MNOP

NOP v

el o ]

Cancel

Sample rate for
each channel in
selected procedure

- Jump Destination

Actel Corporation Confidential © 2009
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Analog System Builder
| . I

Modify Analog System Builder - [AS_Pwri] b__<|

ADC Configuration
System Clock: 80.000 MHz ADC Clock: 10.000 MHz Resolution: |5 + | bits advanced Options. .. |

Faor recommended clock scheme please click here.

Peripherals used in syskem: % E

By ailable peripherals:

Efll:;aegnet hhlllzﬂiittoo: Peripheral Signal Type A::_quisitiun Samp::ng =tz Package Pin
Temperature Monitar ime [us) [ksps)
D!FFEVE”_“?l Waltage Manitor 1 | Input Current A3 Current 10.000 17.937 Unaszigned
Egtﬁ;tD?i'ggf' Input z |- ANIBY Woltage 10.000 B3.812 Auto
Redl Time Counter g I|:|ut Itage AVSWLAD oltag 10.000 17.937 EE [AE_E]

4 | Gate Driver : 0N Gate Driver |Unassigned =

Internal Temperature Monike

Internal Yoltage Monitar |Ihazzighed

BS [AG0)
E2 (451
E7 [4G2)
71 (853

A ] Analog Pin Assignments are 76 (4G4
—_—

. a0 [AGH5)
Made in SmartGen S5lase
94 [AGE)
938 [AG9)

Click Generate to create the
Analog System Soft IP

Generate, .,

Modify Sampling Sequence. .. |

Help Close |

[ ]
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Fusion Backbone
mar N Fil

+-- Commaon HOL 5ource Files
1] A5_Pu

- HDL Source Files -II Analog System Builder Output
+- Simulation Files
Feport F

AS_Putlog D < Analog System Log File
Uther Flez

[ & rvm_spsm _
+-- HDL Source Files -II Flash Memory System Builder

+- Simulation Files Output
= Repaort Files

rrern_syam.log
+ Other Files

+ E IC_0sC

+|- zer Files

ElHieran:hy Files |

FActel
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Fusion Analog Block IP

Basi

FActel

FOWER MATTERS

nfi

[

[e]Al

CLKSRC

PLL j
\

INIT_DOMNE

Initialization Clock for the Analog System
must be less than 10 MHz
PLL and NGMUX can be used to
provide a slow initialization

SYE_CLK - 1A frequency and a fast operating
frequency
Flash Memory Block Analog System Block
IMIT_CLE JETE TNIT_DONE SYE_CLK
L |user_cwx INIT_ADDR |
INIT_DATA | AS AS
INIT IP INIT_ACM_WEN | IP RAM
INIT_EW_WER |
NM_CLIKC INIT_TR_VWEN i | CLK r CLK
f Uszer outputs >
> NUMEEK —* syscLk
in RTECLK
AB
NVM
L ACMCLE
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Fusion Design Flow

m Fusion Smart Backbone

m Libero Flow

m SmartGen

= Analog System Builder
= Flash Memory System Builder
= Other SmartGen Cores

m Simulation
m Programming and Security

miﬁmru! Actel Corporation Confidential © 2009
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Crystal Oscillator

m New for Fusion —_— .
= Mode control from FPGA or RTC | 2] add core[ options

4 Function, Mame: W erzion;

m Mode selection for Gain 5 Actel Macios

+ Basic Blocks

e Low Gain (32 — ZOOKHZ) Oscillator : Create Core

+ Bus Interfaces

!

o Medium Gain (ZOOKHZ = 2MHZ) + Clock & Management latar mode:
. . —| Fuzion Penpherals - |

() ngh Gain (ZMHZ - 20MHZ) Analog System Builder 15 ) Giain 2kHz - 200kHz

Flazh Memory Sustern Builder 1.2 i‘%ﬂ,ﬁ%ﬂﬁ?"ﬁdﬁf He

21 NFtWEIIECk conditioning circuit
Dscillator - RC 2.1
Yoltage Regulator Power Su.. 2.1
¥ Memory & Controllers Help Close

+  Peripherals

+ Processors

Corez | Templates Buz Definitions

FActel

POWER MATTERS Actel Corporation Confidential © 2009 179



VRPSM, NGMUX and RCOSC

m Very few configuration options

s NGMUX and RCOSC available under Clock Conditioning
Cores

= VRPSM in Voltage Regulator Category

RC Oscillator : Create Core . . ]
. El Voltage Regulator, Power Supply Monitor, : Create Core §|
No-Glitch MUX : Create Core —
Dzcillator output drives:
The No-Glitch MLE does not require any uzer configuration. To g S )
generate this core, please press the Generate button, " {ntemal logic directl Valtage Regulator gutput at power up: [ ~
" Clock conditioning circuit [ E=port Pawer Supply Monitor MATCH signal for Real Time Counter

Help -
Help £

FActel
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Static PLL

m Similar to ProASIC3 PLL
e Dividers, Delays, Phase-shift & MUX selections
m New Input Clock Sources
e Crystal Oscillator
e RC Oscillator
m GLA Output Divider Available in PLL Bypass Mode
e Divider values 1 - 32
m RC Oscillator Clock Source Considerations
e Input Clock frequency is 100MHz
e Extra Divide-by-half feature available
= Dividers with values 0.5, 1.5, 2.5.... 31.5
m SmartGen does not Include the XTL/RCOSC Library Macro as part of
PLL Generation
e User must manually connect XTLOSC or RCOSC to CLKA

FActel
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Divided and Delayed Clock

New for Fusion
Divide a Clock and Optionally Delay by a Given Amount
Clock Source Options Same as Static PLL

Same divider Options as static PLL Including the RC Oscillator Divide-
by-half

m Divider RESET for Predictable Edge Synchronization Between Input and
Output Clock

Divided and Delayed Clock : Create Core

Input clock source: Divider: Qutput delay:

—|Crystal Oscillakar ﬂ_ll j |0.0 ns - _D' GL
Hardwired IO
External [0 Cutput delay:
Internal Logic — v
Crystal Oscillator |0.575 ns | —L>
seillatar
Generate. . | Reset |
Help Close
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Fusion Design Flow

Fusion Smart Backbone
Libero Flow
SmartGen

Simulation
e Analog Block Simulation
e Flash Memory Block Simulation

m Programming and Security

FActel
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Supported Simulators

= The Analog Block Simulation Flow Works With All Digital
Simulators That Actel Supports
e ModelSim VHDL
Cadence NC-VHDL
ModelSim Verilog
Cadence NC-Sim
Cadence NC-Verilog

= The Digital Simulation Flow Correctly Handles All 37
Analog Inputs

e VAREF, GNDREF, AV0-AV9, AC0-AC9, ATO-AT9,
ATRETURNO1, ATRETURN23, ATRETURN45, ATRETURNG7,
ATRETURNS9

= Analog Block Simulation Requires Using Actel-supplied
VHDL Procedures or Verilog Modules

FActel
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Input Stimulus for Analog System

m Create Analog System Netlist Using SmartGen
o) _Eacrt1 analog pin will be configured as either an analog or a digital
inpu
m Use analog_io Package Contained in
<drive>:\Actel\Libero v8.5\Designer\lib\vtiI\95\fusion.vhd
library fusion;
use fusion.analog 1o0.all;

m For Input AVO Configured as an Analog Input
drive_analog 1nput( 0.3, AVO );

e This converts the real number 0.3 into a serial-bit-stream which
drives AVO

m For Input AV1 Configured as a Digital Input
AV1 <= “17;
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VHDL Simulation
Analog 10 Pr [

m Use the Procedures Contained in Package analog_10

procedure drive_analog_input(analog val - In real;
signal serial : out std logic);
procedure drive _current _inputs(volt_real - In  real;
resistor - In real;
current - In real;
signal av - out std logic;
signal ac - out std logic );

procedure drive_differential_inputs(volt real : In real;

delta > 1n real;
signal av - out std logic;
signal ac - out std logic );

procedure drive_ temperature _quad(temp celsius : In real;
signal serial: out std logic );
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rﬁrcngenl Actel Corporation Confidential © 2009 186



Driving Analog Input
VHDL Simulation

m Pass a Constant into Procedure
= drive_analog_input( 0.3, AVO0);

= This converts the real number 0.3 into a serial-bit-stream which drives
AVO0

m Pass a Real Variable into Procedure

variable AVOreal : real;
AVOreal := 0.3;
drive_analog input( AVOreal, AVO );
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VHDL Simulation
Driving Analog Input Using Signal (Not Recommended

= VHDL Signal Assignments do not Occur Instantly
e Example of poorly written code with unexpected behavior

signal AVOreal : real;
AVOreal <= 0.4;

walt on AVOreal;
AVOreal <= 0.3;

drive_analog_ input( AVOreal ,AV0 ); -— AVO will be assigned 0.4 not 0.3

m Make Sure that the Signal Value has been Updated when
Passing a Signal into drive_analog_input

e A wait statement can be used for this

signal AVOreal: real;
serialize AVO:process
begin

wait on AVOreal;

drive_analog input ( AVOreal, AVO );
end process serialize_AVO
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VHDL Simulation

Restrictions

m You Cannot Call drive_analog_ 1nput From a Process
With a Sensitivity List

e drive_analog 1nput contains wait statements

e NC-VHDL does not allow a subprogram with wait statements to be
called from a process with a sensitivity list
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Input Stimulus for Analog System
Verilog Simulation
m Create Analog System Netlist Using SmartGen

e Each analog pin will be configured as either an analog or a digital
iInput
m Use the Verilog Modules drive_analog 1o and
read analog io contained in:
<drive>:\Actel\Libero_v8.5\Designer\lib\vlog\fusion.v
m For Input AVO Configured as an Analog Input:
drive _analog_ 1o drive AVO( 0.3, AVO );

e This converts the real number 0.3 into a serial-bit-stream which
drives AVO

m For Input AV1 Configured as a Digital Input:
assign AV1 = 1’°bl;
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Verilog Simulation
Analog 10 Modul

m Use the Modules Provided by Actel

module drive _analog_input (parallel _in, serial _out);

module drive current inputs (volt vect, resistor_vect, current_vect, av,
ac);

module drive differential inputs (volt vect, delta vect, av, ac);

module drive temperature _quad (temp celsius, serial _out);
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Verilog Simulation

Restrictions

= You Cannot Instantiate drive_analog 10 in a Procedural
Block

e Must instantiate macro outside the procedural block

FActel
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WaveFormer Lite

m Supports Creation of Analog Stimulus for Fusion

e Pre-defined analog waveforms are available such as Sinusoidal, Step,
Increment, Random, and RC discharge

e VHDL Testbench includes VHDL procedures in analog_io package
drive_current_monitor(volt_real, resistor, current, signal_serial);
drive_current_inputs(volt_real, resistor, current, signal_av, signal_ac);
drive_differential_inputs(volt_real, delta, signal_av, signal_ac);
drive_temperature_quad(temp_celsius, signal_serial);

e Verilog Testbench includes modules for analog inputs provided by
Actel

module drive_analog_input ( parallel_in, serial_out );
module drive_current_inputs ( volt_vect, resistor_vect, current_vect, av, ac );
module drive_differential_inputs ( volt_vect, delta_vect, av, ac );
module drive_varef out ( parallel_in, en_out, serial_out );
module drive_current_monitor (volt_vect, resistor_vect, current_vect, serial_out );
module drive_temperature_quad ( temp_celsius, serial_out);
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Fusion Analog Signals
Ifv Signal T

@ WaveFormer Lite - [Diagram - Top_tbench. btim*] |Z”E]b__<]

wm File Import/Export  Edit Bus Parametetlibs Report Wiew Options ‘Window Help - |5 x
HIDE s
|& & & &5 || BN
IGY 1 _.‘u" Mariahl
Signal Properties |1|rz|“; |
Mame: |VOIt1 [ Active Law |1'D|m? Ll |1'2|m? Ll |1'4m? L |1'§m? L |1'8|m? Ll |2'D|m? 1l |2'2|m|S Ll |2"I|1m|S L
A~
SY5_CLK S ——— | Analog Props...| Grid Lines., ., | =
SYS_RESET =
INIT_FPOWER_UP i+ Drive o o -
VAREF Equation Entry | verilag | vHOL |
RESULT_AVSW[11:0]
Type: ex, (51G1 and 51G2) delay 5
RESULT_TEMP[11:0]
“alt1 | j ﬂ
“alt? Clack: |Unc|0cked ﬂ Edge/Level: |Dos j
olt3 Set: |N0tUsed j Clear: |N0tUsed j
Yaoltd
alts Clack Enable: |Mot Used w W
Yaltb
valt? wimEqn | |@ns=Z (5=15=0/*5 9=H9=L 5=V 5=X |
Yol LabelEqn | [Ramp(z.5,2.5,300000) =
Yoltd
Walt10 W Export Signal Direction: |output j
Leonaa [ &nalog Display Size Ratio: ,1_
SCICCT Temper'ClTLlr‘e, Signal Type:
4_stake T
Voltage or Current i) G e A
9 —_— actel_current_delka
f l . 1. [ Faling |actel_temperature & Sensitive
r'o m l S -OK actel_voltage_comman Mext
o actel_voltage_delta J J
Yolt18
A4]
< |2 >
State Button: if activated, next segment will be drawn weak low Simulation Inactive [5/2
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Fusion Analog Signals
Using Built-1n \Waveforms

@ WaveFormer Lite - [Diagram - Top_tbenr
1 File Import/Export  Edit Bus  Paramekerlibs

Ty

SYS CLK

SYS_RESET

INIT_POWER_UP

Signal Properties |1|rz|
Mame: |VOIt1 [ Active Law
| Analog Props... | Grid Lines., ., |
(* Drive . C .

Equation Entry | verilag | vHOL |

Type: ex, (51G1 and 51G2) delay 5

EEX

-8 X
o
| &
F
R
|1.8ms |2.Dms |2.2ms |2.4ms
1 L Il | 1 L 1 L 1 L L | 1 L 1

|1.Dms |1.2ms |1.4ms |1.6ms
L Il | | L 1 L 1 L Il | 1 L L L 1

e

WAREF

RESULT_AvSy[11:0]

RESULT_TEMP[11:0]

| =] |
Clock: |Unclacked = | Edgeflevel:  |pos A

Set: |N0tUsed j Clear: |N0tUsed j

—— Click to select list of signal functions
/
rd

oltt Clock Enable: [Nat Used w]  Advanced Register .
Wolt2
bl WhnEqn | |&ns=2 (5=15=0)*5 9=H o=l 5=¥5=% |
Woltd
walts LabelEan| |Rampiz.5,2.5,300000) | Fl
il v Expart Signal Direction: W
xz::; [ &nalog Display A . ,1—
Yoltd Signal Type: |acte|_v0|tage j
ol Radic: [real | Busmse: [ Lse: [0 |
Wolt11
Volt12 I Falling Edge Sensitive | Rising Edge Sensitive
Volt13 ok | cancel | appv [ prev | mext
Wolt14
Wolt1s
Yolt16
Woltl7?
Wolt1d

£ 5231 |E3

State Button: if activated, next segment will be drawn weak low
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,(Concatenate)

Inc(start, increment, count)

Dec(start, decrement, count)
IncString(“string”, start, increment, count)
Range(start, finish, count)
RandInt(count, Range_to_zero)

Hex(list)

Bin(list)

Rep((list, count)

Skip(count)

File(“filename.txt”)

Signal(“signalname”)

Map{operations} list

PRBS7(length, seed)

PRBS15(length, seed)

Sin(amplitudeV, period, duration)
SinStart(amplitudeV, period, duration)
SinEnd(amplitudeV, period, duration) ¥
CapCharge(amplitudeV, RC, duration) >
CapDischarge(amplitudeV, RC, duration) T

Ramp(StartV, EndV, Duration)
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Fusion Analog Signals

% WaveFormer Lite - [Diagram - Top_tbench. btim*]
wm Ele Import/Export  Edit Bus  Parameterlibs  Report  Wiew Options  Window Help

R & & &N =l s P

Sehup | Saole N [ ] T | vl [imval] st [ A+
= e s =8

Text | Marker e i) == =

us [200us uous |
L L L 1 1 L

|EDDUS |BDDUS |1.Dm5 |1.2m5 |1.4m5 |1.Ems |1.8m5 |2.Dm5 |2.2ms |2.f1m5
1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

5YS_RESET
INIT_PCWER_LIP
WAREF
RESULT_AVEV[11:0]
RESULT_TEMP[11:0]

ojojofofofofolokofoy ¥0jspalors)1 fizsf] Glirs{2 feas 502 B
vo2 [0 000 fofololofofol 0=l gksl1 =il 8lesl2 [-=k.5l2 5l J25]25 f25)25]25
Wolt3 |10 0000000 {0000 k=0 1 f=f.60s Iz =l :SIIIIIHIIIIIstzsi&sJ&sstésbsbsﬁs:tsbsx25 I I2.5 {25 1257051258 25105 I25 x25 _
Waoltd O 000000000 s\ 5jors Sl Blies) 2 [z 5 5 A O O O O 0 A = W = P EJE 2 512 :
kel IO A o A o O R £
Vot L 0dododofodadodolo oo gyt o e e L L R T i Fslreeal 1.9 f1.o7al2.05 12522 I22?5I235I2425x25
voiglfoloojojojolololojolo DHIHIIH__I_IH_.I__I_HIHHHHII OO R T 76 1.828] 1.9 11.976]2.06 2.126] 2.2 [2.275]2.35 0.425] 2
olt? (0o 0 oo foyooYa _I_D_I_D_I__D_I_ ) sl T T Jar10 J5esfo7 (8A5( 5410 25I91__x8 S EER R
Wolt10 oo oo oo e oo - - - T GRS CES EFE CE EF EVE ERB S B R
“alt1 I i ! sl 4

volti2 @Yo oo oo lololala okl
Volt14
TR | D B (1 (5 (D B B (T A
\"‘IDII.]E e e e

Volt17
VoltiB

< 2= >

State Button: if activated, next segment will be drawn walid Simulation Inactive
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WaveFormer Lite

VHDL Testbench

architecture STIMULATOR of stimulus is
-- Control Signal Declarations
signal AV5V_driver : real;
signal Temp_driver : real;

-- Actel Analog Drivers Block

<: drive_analog_input(AV5V_driver, AV5V);

\\\g:izf:finiiature_quad(Temp_driver, Temp);

-- Sequence: Unclocked
Unclocked : process
begin

AV5V_driver <= 0.0;
Temp_driver <= 5.0;
wait for 12 ns;
INIT_POWER UP <= "1°%;
wait for 28 ns;

SYS RESET <= "17;
wait for 379907 ns;
AV5V_driver <= 0.1;
wait for 20132 ns;
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WaveFormer Lite

Verilog Testbench

fActe

C

module stimulus(SYS_CLK, SYS RESET, INIT_POWER_UP, VAREF, Supply_good,
Over_temp, ATRETURNO1, AV5V, Temp);
output SYS CLK;
output SYS_RESET;

reg SYS RESET driver;

reg INIT_POWER_UP_driver;
reg VAREF_driver;

reg ATRETURNOL1_driver;
real AV5V_driver;

real Temp_driver;

”’a;;;;:;;;:;;:;nput analog_AV5V_driver($realtobits(AV5V_driver), AV5V);
drive_temperature_quad temperature Temp _driver($realtobits(Temp driver), Te
task Unclocked;
begin
#12;
INIT_POWER_UP_driver <= 1"b1;
#26;
SYS_RESET driver <= 1"bl;
#380193;
AV5V_driver <= 0.1;
#19;
Temp_driver <= 5.75;
#19725;
Temp_driver <= 15.0;

#25;
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Viewing Values of Serialized Signals in Simulator

m  Waveform Viewer Shows the Values of the Serialized Signals as ‘Z’

e The serialization procedure in the simulation models occurs in zero
simulation time, using delta delays

The remainder of the time the serialized signal is ‘Z’
ModelSim displays both the time and the delta during simulation

ﬁl‘ wave - default

File Edit Yew Insert Format Tools Window

D@ :BBOD AES || SEAR ||+ 5 el L B 9 o

J R,ﬁkﬂjr@:ﬁ;g

o1 H|

[ N |
i

I ;-[E'-' EE —JlIII
L 5000000000 ps i ' L ' i ; i
J [y | = .
| 2075398264 ps to 3563634638 ps | Now: 5 ms  Delta: 4 =
L]
Actel
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Restrictions on AV/AC/AT Voltages for Current and

—Lemoeratyre Moniors e

= Analog Voltage Reference

e Selected by VAREFSEL
0 = voltage supplied from internal reference = 2.56V

1 = external voltage applied = VAREF

m  Current Monitor

e Maximum value is voltage reference
10 times the difference in the absolute voltages applied on the AV and AC

o
quads

o If ?txceeded then the current monitor output will saturate at the reference
voltage.

If internal reference used:
Saturates at 2.56V when difference between AV and AC is 0.256V or greater

m Temperature Monitor
e Maximum value is voltage reference
12.5 times the absolute voltage applied on the AT quad
If exceeded then the temperature monitor output will saturate at the

reference voltage.

If internal reference used:
Saturates at 2.56V when AT is 0.2048V or greater

200
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ADC

Clock Period and Conversion Time

m ADC CLK

e ADC internal clock

e Minimum period is 100ns (10MHZ)
e Maximum period is 2,000ns (0.5 MHZ)
([

Generated from user-controlled signals:
SYSCLK
TVCI[7:0] (programming divider)

m Conversion Time

e Dependent on user design requirements:
ADC_CLK period
STC[7:0] (sample time control)
ADC mode (8, 10, or 12-bit conversion)
e Minimum conversion time is 1.2us
10MHZ ADC_CLK, 8-bit conversion, and sampling time of 2 ADC_CLK periods
e Maximum conversion time is 542 us
0.5MHZ ADC_CLK, 12-bit conversion, and sampling time of 257 ADC_CLK periods
e RESULT will not change until conversion is finished.

e When the conversion is finished, DATAVALID is asserted and RESULT is driven

FActel
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Fusion Design Flow

Fusion Smart Backbone
Libero Flow
SmartGen

Simulation
e Analog Block Simulation
e Flash Memory Block Simulation

m Programming and Security

FActel
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Addressing

m The NVM Array is Word-Addressable

e DATAWIDTH signal used to select the size of the word
= 1, 2, or 4 bytes
m Address bits are MSB Justified
e Different from RAMs
e For 1 byte access:
= ADDRJ17:0] are significant
e For 2 byte access:
= ADDRJ17:1] are significant
= ADDRJ[O0] is ignored
e For 4 byte access:
= ADDRJ17:2] are significant
= ADDR([1:0] are ignored
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Data

m Data bits are LSB Justified
e Same as RAMs
e For 1-byte access:
DOJ[7:0] are significant
DO[31:8] are 0
e For 2-byte access:
DO[15:0] are significant
DO[31:16] are O
e For 4-byte access:
DOI[31:0] are significant
= WEN Updates User Data into Page Buffer only

e To store data into the NVM array, WEN should be followed by a
PROGRAM of the same page
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Cycle Accuracy

m Copy Page is Cycle-approximate

e Affects any user operations which involve copy page operations

e Cycle time is non-deterministic in silicon
= Takes 63-67 clock cycles

e Simulation models always execute copy page in 65 clock cycles
m Update Page Cycle Accuracy Controlled by Generic
(VHDL) / Parameter (Verilog) FAST _SIM
o Affects RESET, PROGRAM and ERASE operations

Cvcle Duration of Busy
y FAST SIM = 1(default) FAST SIM=0
Reset 3 SYSCLK cycles 25 us
Program 4 us 8.4 ms
Erase

FActel
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Busy Operation

FAST

RESET operation System Reset de-asserted

IM =1

f

Busy de-asserted after 3 clock cycles

SYS_RESETh || \
SYSCLK L aEalys Talalalalalal el
PLL_LOCK [ \
Myh_BUSY 1 /
READ
WWRITE |
PROGRAM
PROGRAM operation
SYS_RESETn
SYSCLK
PLL_LOCK
nvm_BUSY | <[ — Dy
WRITE | |
PROGRAM '
User program command Busy asserted for 4 us
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Using FAST_SIM Generic / Parameter

m Modify NVM file from SmartGen

module nvm_block(

NVM #( -MEMORYFILE("nvm_bIock-mem"),

USER_DATA[3], USER_DATA[2], USER DATA[1], USER_DATA[O]}),

VCC VCC_power_instl (.Y(VCC_power_netl));

_); /

NVM_INST (.RD({ USER_DOUT[31], USER_DOUTES6}+—USER DOUT[29], USER _DOUT[28].
USER_DOUT[27]. USER_DOUT[26]., USER_DOUT[25], USER_DOUT[24].

add

nvm_block.v

BUSY: out gfd_loaic;

end component;
begin
NVM_INST : NVM generic map(MEMORYFILE => "‘nvm_block.mem*)

port map(RD(31) => USER_DOUT(31),
-, LOCKREQUEST => USER_LOCK);

end DEF_ARCH;

endmodule
architecture DEF_ARCH of nvm_block is add
component NVM generic (MEMOR sstring -= """ ‘(////

port( RD: ou or(31 downto 0);

nvm_block.vhd

FActel
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Busy Operation
EAST _SIM =0

RESET operation Busy asserted for 25us
, System Reset de-asserted

SYSCLK #
S¥S_RESETh \
PLL_LOCK]|| | 7
Nyh_BUSY 1
READ
WRITE [—
PROGRAN

PROGRAM operation

v |
S3YS_RESETn
PLL_LOCK
Ny BUSY |‘< >
READ
WRITE [ A
PROGRAM |
User program command Busy asserted for 8 ms
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Lab 2

m Complete Lab 2 in the Lab Guide

e Open a project in Libero
e Configure a Voltage Monitor, Current Monitor and Gate Driver
e Simulate the Design

FActel
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Fusion Design Flow

Fusion Smart Backbone
Libero Flow

SmartGen

Simulation

Programming and Security

FActel
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Programming & Security

m Device Programming Scenarios
e First-time Programming
= Specify Security Information
e Re-programming
= Specify Previously-used Security Information
e Changing Security Settings
= Environments
e Trusted Programming Environment
= Users May Have Access to Pass Key and AES Key
e Un-trusted Programming Environments

= Never Expose Pass Key or AES Key
= Never Program Security Settings

FActel
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FlashPoint

r_

FActel

FOWER MATTERS

reen

FlashPoint - Programming File Generator - 5tep 1 of 1

Dutput filename:

JATop.atp Browze. ..

Silican feature(z] ta be programmed:

[ Security zettings
[ FPGA dray
[ FlashROM

I

[ Embedded Flash Memaong

mstance Name Instance Program Embedded Flash Memory
Location g Configuration File

MY _instithd_IMNST 1 r Do ctelpriFusion_labs'data_storagel
smartgennyvm_blockinvm_kblock efc

[ Programming previouzly secured device(s)

Silicon signature [max length iz 8 HEX chars):

| Finizh | Cancel Help
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FlashPoint
Securjty settinas

FActel

FOWER MATTERS

Security Settings - Step 2 of 2

Select zecurity level

- | - High

- Medium

_ _  Mone

Fazz K.ey [max length iz 32 HEX chars]:

Protect with Pasz Key

- Lock the FPGA Armray for both writing and werifying.
- Uze the Pass Key ta write ar verify.

- Lock the FlashROM for both reading and witing wia the JTAG
interface.

- Uze the Paszz Key to read or write,

Default Level |

AES Key [mas lenath iz 32 HE= chars]:

Generate random key

B3

[ £

< Back | Finish |

Cancel

Help

3
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FlashPoint
ElashROM

FActel

FOWER MATTERS

FlashROM Settings - Step 3 of 3

]|

FlazhBOM reqgions: Serial Murnber j
Frogram o
words | e l4af13|12]11|10] 9 EiRpRHcE
pages
page Mame Serial Mumber
r -IIIIIIIIIIIIIIII Stertpege 1D
Start ward 1]
Eepe L L DL e e
Cortert Auto Inc
S e
- Start value 1000
I -IIIIIIIIIIIIIIII o
Step value (HEXH
r Mgz value (HEX)| 10000
T
r
. lllllllll
FlazhROM programming file type "
’V % Single programming file for all devices " Ore programming file per device
Mumber of dewvices o prograrn: 1000 i Target Programmer..
< Back Mest > Finizh Cancel Help
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Fusion Starter Kit

m Designed to Showcase Fusion

e FPGA —single volt operation
Crystal — 32 kHz for RTC
Tri-color LED to exhibit PWM
MOSFET on board to power control
Potentiometer for analog voltages
LCD to display values
Temperature diode on board
e Fusion can monitor own current draw!

m Starter Kit Features
e All I/O brought out to headers
e JTAG headers for programming & chain
e Daughter card pins compatible w/PA3
e Prototyping area
m Contents
e Libero IDE Gold
e Fusion evaluation board
e FlashPro3
e Tutorial and documentation
e Logic Navigator debugger

m Available Now

FActel
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Fusion Embedded Development Kit

m Develop designs using
e Fusion Mixed-Signal FPGA
= M1AFS1500-FGG484
e Cortex-M1 embedded processor
e 8051s embedded processor
e Ethernet applications

m The development kit includes

e Low Cost Programming Stick
Libero IDE
Free Libero IDE Gold license
SoftConsole for Compile/Debug
On Chip Program and Debug
User’s guide and tutorial
Example designs
PCB schematics and layout files

m Ordering code
e M1AFS-EMBEDDED-KIT @ $199

FActel
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Fusion Embedded Development Board Features

RoHS compliant I
10/100 Ethernet interface b e
USB-to-UART interface |
12C interface

Built-in temperature monitor
Voltage potentiometer
RealView debug header
OLED 96x16 pixel display
4,000,000 SRAM

FActel
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Fusion Advanced Development Kit

m Microprocessor and System Management Applications
Development Platform

m Supports the Following Functions:
Power-up detection

Thermal management

Power sequencing

Sleep modes

System diagnostics

Remote communications

e Clock generation and management

= Kit Contents:
e FlashPro3programming stick
e 2 Mini USB cables

e Fusion Advanced Development Board with ARM Cortex-M1—enabled
M1AFS1500-FGG484

e Libero IDE DVD, including SoftConsole for processor-based designs
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Barto's Law

Every circuit is considered
GUILTY
until proven innocent
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