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1.1 Technologies for digital design

Custom circuits

Standard circuits

Off the uP, uC, DSP Programmable Gate Standard Full custom
Shelf ICs Memory CPLII())g;CPGA arrays cells

Programmed
(software)

Hardwired Programmed Metallization Cells Masks
(hardware)

General Specific

Optimal solution =f(N, P, T, f, S, R, ...)

N: number of units, P: Power consumption, T: design time, f: operating frequency, S: Size, R: Reliability
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1.1 Technologies for digital design

Semicustom Integrated Circuits

Gate Arrays: Committed gate or transistor
array except some interconnect metal layers

+ Fewer specific masks

+ Lower cost than standard cells
+ High integration

+ Moderate power consumption
+ High performance (fast)

- Fixed array of transistors

- Reduced flexibility (devices not used)
- Manufacturing time

- Not reprogrammable (hardware)

Standard Cells: Pre-defined circuits that
are interconnected according to the user
design

+ Device usage efficiency

+ High integration

+ Lower power consumption

+ High performance (fast)

+ Permits third-party predefined modules

- Manufacturing time

- All masks have to be manufactured
-High cost (except in large manufacturing
- volume)

- Not reprogrammable (hardware)
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1.1 Technologies for digital design

Full Custom Integrated Circuits

Complete definition of all the IC (Integrated Circuit) layers.
+ Maximum efficiency in area, speed and power consumption
- Very long design time (cost)

- Manufacturing time as in standard cells
- Not reprogrammable (hardware)

Applications:

» Massive ICs (commercial general-purpose processors, memories, etc.)
* Very high-speed / low power or special applications

 Analog and/or RF circuits
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1.1 Technologies for digital design

Technologies and logic families

- A a \
Technologies Logic families
CMOS //i MOS (CMOS...)
BiCMOS<\ > BICMOS
Bipolar — — TTL
e
AsQGa, etc. ECL
. y \ /
MOS/CMOS prevails:  High integration capability

Low power(?): f(CK), short channel
Parasitic capacitances: memory

Low cost

Bipolar: High frequency
BiCMOS: High performance, CMOS-compatible
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1.2 Integration capability and future trends

Moore’s Law (original)
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Gordon Moore, Intel
Electronics, April 19, 1965

The first IC

1975
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1.2 Integration capability and future trends

Moore’s Law (revisited)

ICs complexity
doubles every 18 months

IEEE Spectrum, June 1997
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1.2 Integration capability and future trends

Complexity evolution

64 Ghits

/k 0.03um

101I]

10°

108

107

10¢

10°

Number of bits per chip

104

64 Kbits

1970 1980 1990 2000 2010

Year

Digital Integrated Circuits. A Design Perspective. J. M. Rabaey, A. Chandrakasan, B. Nikolic
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1.2 Integration capability and future trends
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Digital Integrated Circuits. A Design Perspective. J. M. Rabaey, A. Chandrakasan, B. Nikolic

MSc ICT - VDD - P2005



1.2 Integration capability and future trends

Minimum feature reduction
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Future IC fabrication rests on solutions to circuit and device
scaling. Solid State Technology July, 2002

Based on the biannual report of the Semiconductor Industry
Association (SIA), International Technology Roadmap for
Semiconductors (ITRS) 2001 Edition, Austin, TX: International
Sematech, 2001 (http://public.itrs.net).
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1.2 Integration capability and future trends

Relationship between component number and chips per system

components / system

complexity

components / chip

Chips / system

System-on-Chip
“— (SoC)

>

Time (years)
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1.2 Integration capability and future trends

Silicon limits (1998)

1. Technology limitations
+ Minimum feature size: ~ 0.1 um

Table 2. MOSFET Technology Projection: High Speed Scenario

+ Maximum chip dimensions (yield): :
10 em? Minimum feature size (um) | 0.5 035 | 025 | 018 | 013 | 009
Year of introduction 1992 | 1995 | 1998 | 2001 | 2004 | 2007
* Gate delay: ~ 10 ps SRAM density amb | 16Mb | 64Mb | 256Mb| 1Gb | 4Gb
+ Maximum oxide electric field V_(V) (+10% formax V) | 5 3.3 $87 18 22 22
(MOS): ~ 5108 V/m MOSFET gate oxide (nm) | 15 | 9 8 7 45 | 4
Junction depth (jm) 015 | 015 | 0.1 008 | 008 | 007
2. Design limitations NMOS o @V = Vi (mA/um)| 0.56 0.48 0.55 0.65 0.51 0.62
+ Sub-threshold current PMOS |,,,@V,, =V, (mAjum)| 027 | 022 | 026 | 032 | 024 | 032 |
+ Interconnect line length
+ Fan-out
¢ Clock distribution Minimum feature size (jum) 05 | 035 025 |018 | 013 |008
+ Power dissipation V_ (V) (+10% for max v_) 3.3 22 |22 |1s e
MOSFET gate oxide (nm) 12 7 6 4.5 4 4
3. Economical limitations NMOS 1, @V, =V _(mA/um) 035 | 027 | 081 | 021 | 020 [033
« Manufacturing line cost PMOS |, @V _=V_(mA/um) | 016 | 011 | 014 | 009 | 013 |016

» Power-speed tradeoff
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1.2 Integration capability and future trends

Table. Transistor Requirements for Logic

Solutions being pursued :l

Silicon limits (2000)

2002 2004 2005
“130 nm” “100 nm"
1.5-1.9 1.5-1.9 15-1.9 1.2-15
59-108 52-104 43-96 44-88
=10% =10% =10% =10% = 10%
100 85 80 70

3.1E+20

3.1E+20

34

32

3.9E+20

28

20-35
24

4.6E+20

25

20-33
22

No known solution _

(Note: Adapted from Table 22a of the 1999 International Technology Roadmap for Semiconductors)

Semiconductor International
March 2000, p. 70

Max. X;SD(nm)

Tox €quivalent (nm)

Vsuppi (V)

Nearriers in channel 600 350 180 90

Wiepl (M) 29 20 16 13

Table 1. nMOSFET

parameters
from the 1999 ITRS Roadmap

extrapolated

100 70 50 35
00 70 50 35

1.0-1.5 0.8-1.2

0.9-1.2 0.6-0.9

Solid-State Technology

March 2000, p. S14

0.6-0.8

0.5-0.6

0.5-0.6

0.3-0.6
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1.2 Integration capability and future trends

Silicon limits (2002)

Table 1. High-Performance Loglc Technology Reguirements

Year of production 2000 2002 20083 2004 200 X6 200
Technelogy node (nm] 130 90 55
Fhysacal gate length (nm | 0% 53 45 7 32 28 2%

Equivalent ooode thickness (EOTHinm)  1.3-16 1295 11-06 0518 EE-RRcREE A AR AR
Gate depletion and guanitum altfects

glectrical tckngss adpuste et (nm) 0.8 03 08 b8 05
1., electrical equivalent {nm) 2.3 r A 20 0 1.4
Momenal powear supply voltage (V) 1.2 R 1.0 1.0 09 049 07
Maminal high-parl. NMOS subthreshold ' )
currant [€25°C) (uAjpm} a.01 0.03 iXil) 0.1 0.3 0.7 1

Nominal high-perl. NMO5 saturation
currént dimee (1,1 (@Y, S25°CH  pAdam| 900 500 200 00 500 200 300

Fabricating 90 nm Devices by 2004
Semiconductor International, 1/1/2002
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1.2 Integration capability and future trends

Future IC fabrication rests on solutions to circuit and device scaling. Solid State Technology July, 2002.

1/7{GHz)

Silicon limits (2002)
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,ﬂ"#! f-* [fe high pert,
y o 1,602
1000 | - .
¥ i LSTF 11
= 1 F_M
lsd (eak 1.E-05
M
100 ' : :

01

03 D5 07 09 "M
Year

13 15

1.E-06

Ved lnak (prA/pm)

Based on the biannual report of the Semiconductor Industry Association (SIA), International Technology Roadmap

for Semiconductors (ITRS) 2001 Edition, Austin, TX: International Sematech, 2001 (http://public.itrs.net).
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1.2 Integration capability and future trends

Silicon limits (2002)

Minimum transistor (prototype):

Silicon bulk planar transistor
Gate length:
15 nm

This guarantees 4 new generations
* Reduction factor for one generation : 0,7
* Area reduction factor : 0,5

CMOS needed, still viable

Solid State Technology February, 2002

Report on:

2001 IEEE International Electron Devices Meeting (IEDM), Dec. 2001.
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1.2 Integration capability and future trends

Power reduction extrapolation
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Digital Integrated Circuits. A Design Perspective. J. M. Rabaey, A. Chandrakasan, B. Nikolic
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1.2 Integration capability and future trends

Reducing power

+ Integration increase
+ Portable applications 1

Insulator breakdown electric field ® V¥ (3.3 V <22V ¢
15VE1V.)

Example: for 5 V: t_ > 10 nm,
for 3.3 V:t > 6.6 nm /_\

* Vpp ¥ = V.,V = Current threshold N i

Active

=
o

S
o 1
S
)
o

=
it

0.01

0.001
1960 1970 1980 1990 2000 2010
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1.2 Integration capability and future trends

Technological improvements

* SOI (Silicon On Insulator): bulk parasitic current elimination

 Cu interconnects : Reduction of parasitic resistance . R

» Low-k insulator: Reduction of parasitic capaw
— C
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1.2 Integration capability and future trends

Signal integrity

* Line coupling
* Suitable V and V levels

* Automatic tools
 Driver strength
« Receiver noise immunity
* Parasitics

* Victims and aggressors detection

* Applied solutions
 Buffer dimensioning

 Line separation
 Shielding
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1.3 Design techniques

Design techniques’ evolution

Current methodology: HDLs (Hardware Description

Exponential increase of Languages)
integration capability e Documentation
* Portability
@  Description at several abstraction levels (hierarchy)
« Behavioral (functional) and structural description

: .  Simulation
Designer productivity « Synthesis
increase (#TRT/day) * Retargetting (rapid prototyping)

The most common languages are VHDL and Verilog

Solution: Rise the ﬁ

abstraction level New trends
« Hardware/software co-design

 High-level design environments (SystemVerilog,
SystemC)
o [P (Intellectual Property) cores usage

MSc ICT - VDD - P2005 1:21



1.3 Design techniques

Design process (1)
Specification Functional at system-level
Partition Analog / digital part

Software/hardware co-design

i [ Simulation ]

Architecture.—level Behavior = FSM, Logic functions,
Synthesis Register transfer level...

i [ Simulation]
Logic-level synthesis | FSM and Logic functions=» Logic gates

i [ Simulation]
Library binding Logic gates=» Pre-defined library blocks (layout)

!
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1.3 Design techniques

Design process (2)

|

Placement Pre-defined blocks = Block placement

Routing Layout is completely defined

[ Simulation ]

Manufacturing

(Foundry)
Design and yield errors

Test

v
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1.3 Design techniques

Digital design domains and abstraction levels
architecture

*Y-chart

BEHAVIOR

PHYSICAL |
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1.3 Design techniques

Cost-Performance tradeoff: Design space

Area
(cost) Power

(cost)
D D

Delay — Delay —
+— (performance)

(performance) Design space
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1.3 Design techniques

Description levels

mux: process(x,al,al) muxl: mux
if x = 0’ then y <= a0; port map (
elsif x = *1’ then vy <= al; in0 => a0, inl => al,
else y <= ‘Z'; ctl => x, out => vy);
end 1if;

end process mux; Structural HDL

Behavioral HDL

Logic level

Electric level Layout level
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1.4 State of the art

32-bit RISC Microprocessor
(PowerPC)

Features

Technology 0.2 um

Vob 1.8V

Vpp A’E/S 33V .

Metal material Cu ey : ’E.?EE'.'FE'&L”
Metal levels 6 L. u oL
Frequency 450 MHz 4 f"‘%#i”’,’“"L'F“

Power 3 W @ 400 MHz S

Die area 40 mm?

IEEE Journal of Solid-State Circuits, Nov. 1998, pp. 1609-1616
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1.4 State of the art

DEC Alpha Microprocessor (ISSCC 1997)

+ 64-bit RISC (Reduced Instruction Set Computer)
+ 0.35 um 6-metal CMOS technology

+ 600 MHz

+ 15.2 Mtransistors

¢ 17 x 18.9 mm?= 3.2 cm?

*T2W@Vpp =22V

+ 587 pins (198 for V, and V()

+ 64 kbyte on-chip cache

+ 1 uF on-chip surface capacitor (to regulate V)
+ Hierarchical clock distribution

S — |

e |

IEEE Journal of Solid-State Circuits, Nov. 1998, pp. 1627-1633
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1.4 State of the art

Microprocessor 1A-32 (Intel, 1999)

Characteristics

Technology 0.25 um
Vob 1.4-22V
Metal levels 5
Frequency 650 MHz
Transistor count 9.5 M
Dimensions 123 mm?

gate

IEEE Journal of Solid-State Circuits, Nov. 1999, pp. 1454-1465
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1.4 State of the art

Microprocessador 1A-64 (Intel, 2000)

Characteristics : ECC L1 irestruclion cache aad e - |
| Bach . Belchipredelch eagee - 1432 :
Technology 0.18 um : o L $ Thandes deste
| : N
Metal levels 6 : wEm LT LT L — | o i
| L 4 r 1 r 1 1
Fl‘equency 800 MHZ : | Hispister slack engingsemapping | 1 :
. . T S e
Transistor count 254 M e | Bramch nd Ff. — 3 Ao 1
. | g i gislers 28 mbeqir rogeshins 124 lesling-poind reg sl i :
Pin count 1012 IEERHEE ‘ } ‘ . c g
: i E E Branch Eleal i : S
LB H Itbiger and o 4l !
: i 5 ﬁ [ rFILF||I='=er|aiIs Dla||_1"' ! ke poial ]rl:::li i :
: i - I dala cache | Sinsie i I
: i = IZTFL:E inslmll:liur E :
I ', - mulliple-Zata i |
I BCE| FHAG vl
| i i
I | e 8 I
i *53 6 bus conmoter L "'"H:-""EL.L.
DTLE = dale-Irans|afion byokzzside bulles; ECC = wrooe checkiag and comecSian; EMAG = Boating-poial maltiplieraceumulalor;
[TLE = irsbruclioa-Ranslation lookaside bulfer; WM = memoey manager.

IEEE Journal of Solid-State Circuits, Nov. 2000, pp. 1539-1544
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1.4 State of the art

Microprocessor Pentium 4 (Intel, 2001) 1/2

* 42 Mtransistors

0.18-um CMOS

6 aluminium levels

Chip area: 217 mm?

Power: 55W @ 1500 MHz @ 1.75 V

Front-End BT Instruction S— System |
(4K Entries) TLB/Prefetcher — sekiben Infarfaca
1 1S
| instruction Decodar | R ——
L] RO | | ;
(512 Entries) {12K pops) pop Qusus pumped | B - Sched
o e e L] ] 1.2 GB/s - m i
|
MR Bus . 1 .'
: Interface . |
Unit . T
& : t * [ & | - 1 :
e e i M 1 : o - Out-ot Ofdar-
AGU AU gLy ||| 2x aiw || | sewaiu Fe L2 Cache Caintrol
i MMx P (256K Byle
Losd | | Etors Simple Simple Cirfiglens SEE Move B-wayl
address | | Address ineir, Imeir, Irasiir, SSEZ
] ] ' : : | #8GB/s
§ L1 Duts Croha (BKbyee a-way) £ 250 s
| p—

A 0.18-um CMOS IA-32 Processor With a 4-GHz Integer Execution Unit
IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 11, NOVEMBER 2001
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1.4 State of the art

Microprocessor Pentium 4 (Intel, 2001) 2/2

Clock distribution (H-tree)

Blg
&

M LCDs

system Core | _|Clock ||

clocks PLL Dist "El-ig:
100MHz Local Clod

Dirivers

H LCDs |13
100MHz

o
"3
Core Clocks

LCDs

200MHz

o Clock 4
PLL Dist LCDs ﬁﬂ MHz

IO Clocks

A Multigigahertz Clocking Scheme for the Pentium® 4 Microprocessor
IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 11, NOVEMBER 2001
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1.4 State of the art

RISC Microprocessor core (2001)

e Instruction set ARM™ V 5TE
« Custom logic

* 6-layer metal

e 0.18-um CMOS process

¢ 16.77 mm?

* Range V, 0.75-1.65V

« 55mW @ 0.7V, 200 MHz

« 900 mW @ 1.65V, 800 MHz
* 4500 MIPS/W @ 0.75 V

« 850 MIPS/W @ 1.65V

SEINENANN EEANNNEENEE:

s L LI RR LR AN EEL L

An Embedded 32-b Microprocessor Core for Low-Power and High-Performance Applications
IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 11, NOVEMBER 2001
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1.4 State of the art

Dual microprocessor MAJC (2001)

* 0,22 um CMOS

6 levels Cu

Leff 0,12/0,15 um

12,9 Mtransistors

276 mm?

624 pins (247 for supply)
18 W @ 500 MHz @ 1,8 V

250 MHz 400 MHz 66 MHz
North UPA Rambus DRAM PCI I
4 KB /O Buffer Memory Controller
Graphics

16 KB Instruction Cache ||Preprocessor(GPPY|| 16 KB Instruction Cache

Switch

FUs || Fuz [{Fur ||Fuo || 18KBShared |¥Fuo || FUt || Fu2 ||FU3
Data Cache

South UPA

250 MHz
The First MAJC Microprocessor: A Dual CPU System-on-a-Chip
IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 36, NO. 11, NOVEMBER 2001 1609
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1.4 State of the art

Clock distribution (H-tree)

~—_ Top level H-tree

RC-tree
to flops
£y

~—on T 2
sen gl 1 B oeew g H . :

v L3-buffer & L5-buffer
v L4-buffer ¥ L6-buffer

| MS
== M
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1.4 State of the art

Microprocessor POWERS (2004)

* 130 nm SOI O

« 8levels Cu NH

» low-k dielectric

» 276 Mtransistors

¢ 389 mm?

* Dual core

* Simultaneous multithreading

* 1.5GHz@ 1.3V

* 1.9 MB L2 cache and
directory/control L3 e —

* 24 temperature sensors T LD =g S I

L3 Directory /Control - ©_

Design and Implementation of the POWERS5S™ Microprocessor

International Solid-State Circuits Conference 2004
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1.4 State of the art

System
Memory

(64 GB)

DDR2
DRAMS

Processor Chip

—t= (5 X+ Bus

Core Core
(SMT) (SMT)
NCU | NCU CiuU NCU NCU
L3 le—uf L3Dir | 4 9MB L2 Cache
o L3cntl|
10+ Cntl
sMm| #+— MemCntl 1 smp Fabric Cnt

Scalable SMP Buses
(BW-64W SMP)
2:1 Elastic Interface

2W-8W SMP Buses
1:1 Elastic Interface

MSc ICT - VDD - P2005
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1.4 State of the art

e Clock distribution

Main clock Memory clock
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1.4 State of the art

IBM 64-bit superscalar Microprocessor with power management (2005)

130 nm / 90 nm CMOS SOI
10 levels Cu
Low-k dielectric
58 Mtransistors
118 mm? (130 nm) / 62 mm? (90 nm)
50W@w25GHz@ 1.3V

120 nm 90 nm
Technology CMOS wif 501 | Strained CMOS wi 50|
Gate Lpoly 35 nm 46 nm
Tox 13 & 22 Angstrom 10.5, 15 & 22 Angstrem
917/418 pdium @ 1.2V | 938400 pAfpm @ 1.0 v
|t (AC) AC)
WNFET/PFET | 830/408 pA/pm @ 1.2 | 87TH3ETS pAipm @ 1.0 v
(with self-heating) | (with self-heating)
| 30 nAMS nd @ nominal | 40 nAMAD nA @ nominal
MFET/PFET 200 nAM 00 nA @ min 300 nAf300 nd @ min
Up to 8 with 1x, 2% and Up to 10 with 1x, 2%, 4x
Metal Levels |~ s and 6x in FTEOSTow-k
1.2pmx 1.8 pm= B4 pm x 1 m =
il ’ 216 an?p o8 Y108 “r;;sl g

Old frequency «———— Frequency dithering

Norman J. Rohrer,et al., “A 64-bit Microprocessor in 130-nm and 90-nm Technologies With Power Management Features”,

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 40, NO. 1, JANUARY 2005, pp.19-27
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1.4 State of the art

1 memory

DDR

Prefetch & Dispatch
16KB I$ IBU

| Grouping | RF
_Emmmq Exe Unit

UltraSPARC core-0

Floating-point
and Gra Uni

512KB
L2 Unit

o
a— DDR CTRL 5 [P
<

e ETEEITLFLFIEl = EE L - Fl ==L =T

Floating-point ..___“w
i ]

I

]

512KB
L2% Unit

and Graphic Unit

AR ASST.AEAAAT.I AR

LSU
Ld Buf

TR TR TN R TN

Groupin RF

~116KB D$

B
2 MMU
o B4-ent DTLB]"!

Prefeich & Dispatch
16KB 1% IBUF

UltraSPARC core-1

Sun Microsystems Dual 64-bit UltraSparc (2005)

1:40

JBUS
(symmetric multiprocessor bus)

MSc ICT - VDD - P2005
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1.4 State of the art

Sun Microsystems Dual 64-bit UltraSparc (2005)

Process 0.25um CMOS/5 layers Al (Original | 0.13um CMOS/7 layers Cu
UltraSPARC | was fabricated in
0.5um CMOS/4 layers Al.)
Voltage 1.9V 1.3V
Transistors 5.4M 80M total, 72M for SRAMs
Die size 126mm? 206mm? | 29 mm? per core
Clock freq. 450MHz 1.2GHz
FPower 23W 23W (typical), 5.3W per core

Max. memory
bandwidth

3.6GB/s to L2
1.92GB/s to main memory

9.6GB/s to L2
4.26GB/s to main memaory

Performance

2.5 SPECint_rate2000 (estimated)

11.0 SPECint_rate2000 (preliminary)

misc

10% processor

cores
46%

L2 caches
14%

JBUS
controllers
7%

DDR
controller

4%

(a) Chip power: 23W
(typical)

load/store/
MMU
27%

floating- Ll
point/graphic 3% prefetch/

22% - dispatch
- 32%

integer
execution
16%
(b) Processor core power:
5.3W (typical)

MSc ICT - VDD - P2005
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1.4 State of the art

Systems-on-chip, SoC, 1/3

 Current processes permit embedding in a single chip 8 Mgates and 140 Mbits of

DRAM
* Technologies > 0.2 um
» Packages of 1200 pins

 IP (Intellectual Property )-library based

uP

DSP

MPEG

MSc ICT - VDD - P2005
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1.4 State of the art

SoC 2/3
L

":’l—_’/’/
Designed by

@ Building a System on Chip

Campatibility is the key to building an 50C, as is
illustrated by this fictitious IC design [left]. To
build it, afabless semiconductor company has

used blocks of intellectual property (| P) acquired
fromseveral IP houses, The fabless designers
must ensure all the blocks will wark together and
be compatible with the semiconductor process of
the faundry chosen to fabricate the chips.

ERRERRRRID

————I|C designed by Meikui/Ming Corp.,
fabricated by Fabulous Foundries

Designed by Ram Inc.

Designed by Macros [nc.

Log Co.
5 Filters Microprocessor
|
" Signal
i generator
i
/
[i ::';?EE?U?, Phase- Data  Instruction
Properties Ltd. w :U cache cache

[ |
|
i

Designed by i

Denzity LLC ——
B Encoder A/D Multiplier Memory
y converter controller
[ |
| i
1 '*:-: ) '{}T.ftput drivers
]

L L™

Designed by Peripherals Corp.
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1.4 State of the art

® How Intellectual Property (IP) Revenues

SoC 3/3

Grew Worldwide in 2000

IP companies
ARM

MIPS Technologies
Rambus

Mentor Graphics
SYNOpPSys

InSilicon

O5F Group

Virage Logic
Artisan

Parthus Technology

TTP Com

2000
revenues,
inUS$
millions

114.2
91.8
2.3
341
338
261
251
221
20.8
196
7.0

Percent
growth
over _
1999 IP companies
29.0 ARC Cores
81 Tality
66.6 Murlogic
6.3 Tensilica
395 Virtual Silicon
348 LEDA Systems
321 foran
94 sarnoff
237 Virtual IP Group
£64.5 Others
45.0 TOTAL

2000
revenues,
inUS$S
millions

161
29
120
10.3
8.2
12
6.8
b
6.2
1210
689.9

Percent
growth
over
1999

4502
120.3

-43.8
6.6
518

401

Source: Gartner, Dataguest, May 2001,

IEEE SPECTRUM ¢ March 2002
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1.4 State of the art

Fleld Programmable System-On-Chip (FIPSOC, 1999)

Combines programming concepts of:
« Microprocessor
 FPGA

« Analog circuits

Integrated design environment

Allows prototype realization of
complete systems on chip. FPGA

Easy retargetting

Dynamically reconfigurable logic Analog

Software and hardware emulation
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1.4 State of the art

Simulation models

« HDL code. Either it can be synthesizable or not
 Useful for development stage (virtual prototyping)

IP (Intellectual property) cores

Classes:

 Soft. synthesizable HDL code. Technology independent.
* Firm. Generic components.

« Hard. Physical components.
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1.5. Synchronous design review

1.5.1 Non-recommended digital design techniques

, , , , « Example: frequency doubling.
* Dubious techniques in ASIC semicustom

I CK
demgn.. — D CKd
« Sometimes can be necessary. Linia de

retard CK’

* Delay line
* Sensitive to process and temperature
.. : CK
variations = variable delays — E—
» Unnecessary in synchronous designs CK* | L

X *I>O—|>O—|>O—I>O* xd CKd [ ] [ ]

 Frequency multiplier

 Necessary in some specific circuits *On-chip oscillators
(UARTs...).

» Normally implemented with external _|>O_|>O_|>O_

circuits (PLLs...).

* Better using library oscillators
(normally in pads).
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1.5.1 Non-recommended digital design techniques

* RS flip-flop (asynchronous)
* No guaranteed return from state R = S =1
 Asynchronous operation

* Sensitive to input glitches

R S R|Q Q
Q

0 0/Q Q

110 1

1 01 O
Q

S —_—
No guaranteed return
Normally it is not necessary to use this flip-
flop. It can be usually replaced by a
synchronous RS flip-flop.

* Implicit flip-flop

« It arises from feedback loops in
combinational circuits.

* It must be avoided.
* Control elements incorrect usage

* Decoders and comparators may
produce glitches in their outputs.

« It is discouraged to connect them to
clock inputs.

D Qf

e
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1.5.1 Non-recommended digital design techniques

« Latch output as a clock  Gated clock

*Allows successive load, but the

» Asynchronous clock : . :
previous situation is even worse since

* Prevents two successive captures there appear undesired pulses.

D2 D Q[ D Q—
DI —/D
Q CK
CK—p CK
CK
a
CK’ | <
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1.5.1 Non-recommended digital design techniques

* Negative clock edge

* Reduces the available time to half the
period =» circuits become slower.

D Qf—

*@jﬂj -

CK4|>Oi

» Asynchronous clear. Short reset pulse.

* Problems similar to gated clock and
RS flip-flop.

* Available time reduction during the
reset period.

—O
-0
=]
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1.5.1 Non-recommended digital design techniques

» Asynchronous clear. Long reset pulse
* Improves previous version.

* A complete clock period is wasted.

—D D Q D Q[
CK Q— —> CK Q— — CK Q
{ ? ? R
CK
CK
R_

* Central clock generator.
» Several clock signals are generated from counters or other elements.

» Skew problem.
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1.5.2 D, E, T, R synchronous flip-flops

Synchronous techniques:
* All elements operate with a clock edge (not level)
*One single primary system clock.

D flip-flop

It 1s the basic element. Edge-triggered.
Constraints: — 4
* Setup time (input data stable before the
active clock edge).
» Hold time (input data stable after the —PCK g
active clock edge)
e Minimum clock pulse width.

* D flip-flop with synchronous clear

Asynchronous reset signals must be avoided.
Output inverters improve the flip-flop drive
capacity.

CK > CK ¢

:
3
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1.5.2 D, E, T, R synchronous flip-flops

* E (Enable) flip-flop

Loads input data when E i1s active, otherwise the flip- Mux solutions:
flop keeps the stored value.

Observation: The clock is not gated. R LD&
Q —
I J
—0 o— d q >C* Q D _§
L[]
(a)
Q —_—

~|

MUX W
D=1 —> q >o— o) E—
- | CK q Q

R E D Q Q Operation | > ~
0 X X 0 1 Reset R

1 0 X Q Q Previous state

1 10 | o0 1 Datainput E

1 1 1 |1 0 Datainput D

(b)
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1.5.2 D, E, T, R synchronous flip-flops

*T (Toggle) flip-flop

Useful for counters.

7|
—
e
Ql

Operation

R
d q -Q
0 X Reset
T — B B 1 Previous state
—>CK T >Of Q 11

Inverting
Possible implementations:

()
OO ©
Vol

* Transmission gates

| d
q
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1.5.2 D, E, T, R synchronous flip-flops

7 |

sl

*Complex gates

« Hybrid E/T Flip-flop

=~ |

T

> CK

o
o

MUX [~

MUX

—P> CK

¥ Y

Rl

=

>,

Rl

Operation

p—a;—a;—ap—ao

'—"—‘OON
el
— o XXX

— oK e

Reset
Previous state
Inverting
Data input
Data input
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1.5.2 D, E, T, R synchronous flip-flops

* Synchronous RS flip-flop
Global clear for reset and test.

Reset (R) input has higher priority than set (S) input.

e
—>CK  q ><%—6

n Bl

GC R S Q Q | Operation

0 X X |0 1 Global clear

1 0 X |0 1 | Reset

1 1 0 Q Q | Previous state
1 1 1 1 0 Set
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1.5.2 D, E, T, R synchronous flip-flops

*R (request) flip-flop

Request is synchronous, acknowledge is synchronous

Asynchronous version

0

J) « Ack
GC p — Req
d © q >o Q
Req
> CK  q >Of— Q
CK
Ack GC Req|Q 0@ Operation
0 X X 0 1 Asynchronous clear
1 0 X 0 1 Synchronous clear
1 1 0 Q Q Previous state
1 1 1 1 0 Request 0 d
A req > CK

P

q

“ Ack
— Req

P

o g
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1.5.3 Building synchronous systems

From the previous primitives completely synchronous systems

can be implemented.

* Synchronous Binary Counter (SBC)

I's the basic block
RESET SBC
ENABLE ‘ } ‘ } ‘ } @ E OUT
T T T T
(> (> (> |7>
CK ' : Q(3:0)
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1.5.3 Building synchronous systems

 Cyclic state generator

RESET
ENABLE

Based on:
*Counter: Encodes the current
state.
*Decoder: Activates lines
related with the current state. 0123
Example: Algorithmic State DATAPATH
Machine (ASM)

CONTROL
UNIT

+ -

Other control strategies as ALU
hardwired o microprogramming
could also be applied with
synchronous techniques.

V om

V om

CK
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1.5.3 Building synchronous systems

* Modulus 10 counter

ENABLE
RESET E
R SBC
>
CK ]
Q(3:0)
9
* Control conditional variation
Depends on:
 Internal values DATA —CA
» External variables COMPA- E
Example: RATOR STATE
STATE — CB >GENERATOR
SO Sl SN-I
cx |
STATE
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1.5.3 Building synchronous systems

Conditional execution modes

* Incremental mode e Conditional waiting mode

RESET
R RESET R
INC E SBC E SBC
CK > CK >
N N

: A /s
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