ASICs...THE COURSE (1 WEEK)

PROGRAMMABLE
ASIC DESIGN
SOFTWARE

Key concepts: There are five components of a programmable ASIC or FPGA :

(1) the programming technology

(2) the basic logic cell

(3) the I/O cell

(4) the interconnect

(5) the design software that allows you to program the ASIC

The design software is much more closely tied to the FPGA architecture than is the case for

other types of ASICs

8.1 Design Systems

Keywords: design kits * original equipment manufacturer (OEM) « generic cell library « hard-
ware description languages (HDLs) « ABEL (pronounced “able”) « CUPL (“cupple”) « PALASM
(“pal-azzam”) « VHDL < Verilog ¢ logic simulator ¢ back-annotation * postlayout timing
information e postlayout netlist (also called a back-annotated netlist) ¢ postlayout timing simu-

lation « timing-analysis  timing constraint ¢ timing violation « forward-annotation
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8.1.1 Xilinx
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The Xilinx FPGA design flow
(The program names and file names change with the newer Xilinx Alliance and Foundation
tools, but the information flow is identical.)
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8.1.2 Actel

File types used by Actel design software (an example—these change often)

ADL
IPF
CRT
VALIDATED
COB
VLD
PIN
DFR
LOC
PLI
SEG
STF
RTI
FUS
DEL
AVI

Main design netlist

Partial or complete pin assignment for the design

Net criticality

Audit information

List of macros removed from design

Information, warning, and error messages

Complete pin assignment for the design

Information about routability and 1/0 assignment quality
Placement of non-1/0O macros, pin swapping, and freeway assignment
Feedback from placement step

Assignment of horizontal routing segments

Back-annotation timing

Feedback from routing step

Fuse coordinates (column-track, row-track)

Delays for input pins, nets, and I/O modules

Fuse programming times and currents for last chip programmed
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FPGA state-machine language (an example of “third-party” tools)

LOG/iC state-machine language PALASMversion

*| DENTI FI CATI ON

sequence detector

LOG i C code

* X- NAMES

X; linput

*Y- NAMES

D, 'output, D=1 when three 1's
appear on X

*FLOW TABLE
. . TI TLE sequence detector
é?;?';e, X input, Y output, next CH P MEALY USER
. CLK Z Q2 QL X
S1, X1, YO, F2, EQUATI ONS
S1, X0, YO, F1; —
; Z=X* Qe * QL
S2, X1, YO, F3; _ % *
S2, X0, YO, F1: Qe = X" QL+ X QR
s3, X1 YO F4: QL o= X" Q2+ X" /A
S3, X0, YO, F1;
4, X1, Y1, F4,
S4, X0, YO, F1;
* STATE- ASSI GNMVENT
Bl NARY;

* RUN- CONTROL
PROGFORVAT = P- EQUATI ONS;
*END
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8.1.3 Altera

Altera uses a self-contained design system, MAX+plus (as well as an interface to EDIF for
third-party schematic entry or logic synthesis).

» The interconnect scheme in Altera complex PLDs is nearly deterministic, simplifying the
physical-design software as well as eliminating the need for back-annotation and a postlayout
simulation.

» As Altera FPGAs become larger and more complex, some cases require signals to make
more than one pass through the routing structures or travel large distances across the Altera
FastTrack interconnect. It is possible to tell if this will be the case only by trying to place and

route an Altera device.

8.2 Logic Synthesis

It is easier to write A=B + C than to draw an FPGA schematic for a 32-bit adder at the gate
level

Key concepts, facts, and terms: logic synthesis ¢ logic minimization « mapping e fine-grain
architecture « coarse-grain architecture « vendor independence  Synplicity « Synopsys FPGA
Express « FPGA Compiler « Design Compiler « Exemplar « X-BLOX ¢« LPM ¢ IP cores
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8.2.1 FPGA Synthesis

The VHDL code for a sequence detector
entity detector is port (X, CLK: in BIT; Z: out BIT); end,

architecture behave of detector is
type states is (S1, S2, S3, $4);
signal current, next: states;
begin
conbi nati onal : process begin
case current is

when S1 =>
if X="1" then Z <= '0"; next <= S3; else Z <="'0"; next <=
S1; end if;
when S2 =>
if X="1" then Z <= '"0"; next <= S2; else Z <= '0"'; next <=
S1; end if;
when S3 =>
if X="1" then Z <= '"0"; next <= S2; else Z <= '0"'; next <=
S1; end if;
when S4 =>
if X="1" then Z <= "1"; next <= S4; else Z <= '0"; next <=
S1; end if
end case;

end process
sequenti al : process begin
wait until CLK event and CLK = '1'; current <= next ;
end process;
end behave;

A Synopsys script

/ desi gn checki ng/ report _design > detector.rpt
search_path = . [optim ze for areal

[use the TI cell libraries/ max_area 0.0

link library = tpclO.db conpi |l e

target library = tpclO.db wite -h -f db -0 detector_opt.db
synbol library = tpcl0.sdb report -area -cell -timng >

read -f vhdl detector.vhd det ector. rpt

current design = detector free -al

wite -n -f db -hierarchy -0 /wite EDIF netlist/

det ector. db wite -h -f edif -0

check _design > detector.rpt exi t
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8.3 The Halfgate ASIC
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8.3.1 Xilinx

Design flow for the Xilinx implementation of the halfgate ASIC

Script (using Compass tools as an example) Design flow

# hal fgate. xilinx.inp
shel | set def
pat h wor ki ng xc4000d xbl ox cnosch000x
qui t
asi c
open [v] hal fgate "
synt hesi ze

save [nls]hal fgate p © yinput D myOutput
qui t ‘3

f pga

o myOutput = ~mylnput

set tag xc4000 IBUF IN_mylnput OBUF

set opt area ® —D;Do—

optim ze [nls]halfgate_ p 9 mylnput myOutput
g?i/t _IN_mylnput_IBUF myOutput_OBUF

open [nls]halfgate p

trace critical o

print trace [txt]hal fgate_p mylnput myOutput
qui t —| o
shel | vuterm ° A s
exec xnfrmerge -p 4003PC84 hal fgate p >
[ dev/ nul |
exec xnfprep halfgate_p > /dev/null
exec ppr halfgate p > /dev/null

exec makebits -w halfgate p > /dev/nul | 2815 11605

exec |l ca2xnf -g -v halfgate_p IBUF N_myinpdl OBUF
hal fgate b > /dev/null (5 ) —[>;[>0—
qui t _ mylnput myOutput
manager notice YSYM2 YSYML
utility netli st

open [xnf]hal fgate b e

save [nls]halfgate_ b

save [edf] halfgate b
qui t
qtv

open [nls]halfgate_ b

trace critical

print trace [txt]halfgate_b
qui t
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The Xilinx files for the halfgate ASIC
Verilog file (hal f gat e. v)

nodul e hal fgate(nyl nput, mnmyQutput); i nput nyl nput; out put
myQut put; wire nyCQut put;
assi gn nyQut put = ~nyl nput;

endnodul e
Preroute XNF file (hal f gat e_p. xnf)

LCANET, 5 END

USER, FPGA- Optim zer, 4.1, EXT, nylnput, I,

Dat e: 960710 , Option: Area SYM

PROG FPGA- Optim zer, 4.1, myQut put _obuf , OBUF, LI BVER=
"Li b=4000" 2.0.0,

PART, 4010PGL91 PIN, I, I, _IN_nylnput,,
PWR, 0, G\D I NV

PWR, 1, VCC PIN, O O nyQutput,
SYM _I N _nyl nput _I BUF, | BUF, LI B END

VER=2.0.0 EXT, nyQutput, O

PIN, I, I, nylnput, EOF

PIN, O O _IN_nylnput,
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LCAfile(hal fgate _p.lca)

;. halfgate_p.lca (4003PC84-
4), makebits 5.2.0, Tue Jul 16
20: 09: 43 1996

Version 2

Desi gn 4003PC84 4 0O

Speed -4

Addnet PAD_nyl nput PAD61. 12
PADL. O

Net del ay PAD nyl nput PADl. O
3.1

Program PAD_nyl nput {65G521}
{65&287} {65CG50} {63GH0}
{52G50} {45G50}

NPr ogr am PAD _ny| nput

col . B. 1 ong. 3: PADL. O
col.B.long.3:row. G local .1
col.B.long. 3:row. M| ocal . 5-s
VB.

40.1.14 MB.40.1. 35

row. M | ocal . 5: PAD61. | 2

Edi t bl k PAD61

Base 1O

Config INFF: 11: 12:1 QO
QUT: PAD:. TRI:

Endbl k

Edi t bl k PAD1

Base | O

Config INFF: 11: 12: O
QUT: O NOI' PAD: TRl :
Endbl k

Nanebl k PAD61 nyl nput
Nanmebl k PAD1L myQut put

I nt net nyQut put PAD

my Qut put

I nt net nyl nput PAD nyl nput
System FGG 0 VERS 2 !
System FGG 1 G0 O !

Postroute XNFfile (hal f gate_b. xnf)

EXT, nyQut put,
"COWAND EXT, nylnput,
EOF

LCANET, 4
PROG, LCA2XNF, 5.2.0,
= -g -v halfgate_p halfgate_b

TIME = Tue Jul 16 21:53:31
1996"
PART, 4003PC84-4
SYM XSYmML, OBUF, SLOW
PIN, O O nyQutput, 3.0
PIN, I, I, _IN nylnput,
8.6, INV
END
SYM XSYM2, | BUF
PIN, O O _IN_nylnput,
2.8
PIN, |, |, nylnput

END

O 10
I, 29
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8.3 The Halfgate ASIC
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8.3.2 Actel

The Actel files for the halfgate ASIC
ADL file

STF file

;  HEADER

; FILEID ADL ./hal fgate_io. adl
85e8053b

;  CHECKSUM 85e8053b

; PROGRAM certify

: VERSI ON 23/ 1

; ALSMAJORREV 2

;  ALSM NORREV 3

; ALSPATCHREV . 1

; NODEI D 72705192

: VAR FAM LY 1400

.  ENDHEADER

DEF hal fgate_io; mylnput,

my Qut put .

USE ADLI B: | NBUF; | NBUF_2.

USE ADLI B: OQUTBUF; OUTBUF_3.
USE ADLI B: | NV; u2.

NET DEF_NET 8; u2: A, |NBUF _2:Y.
NET DEF_NET_9; nyl nput,

| NBUF_2: PAD.

NET DEF_NET 11; OUTBUF_3:D, u2:Y.
NET DEF_NET_12; myQut put,
OUTBUF_3: PAD.

END.

;  HEADER

; FILEID STF ./halfgate_io.stf

c96ef 4d8

lines omtted ..

total)

DEF hal fgate_i o.
USE ; | NBUF_ 2/ U0;
TPADH: ' 11: 26: 37",
TPADL: ' 13: 30: 41",
TPADE: ' 12: 29: 41",
TPADD: ' 20: 48: 70",
TYH:. ' 8: 20: 27",
TYL:"'12:28: 39".
PIN u2: A
RDEL: ' 13: 31: 42",
FDEL: ' 11: 26: 37" .
USE ; QUTBUF_3/ UO;
TPADH: ' 11: 26: 37",
TPADL: ' 13: 30: 41",
TPADE: ' 12: 29: 41",
TPADD: ' 20: 48: 70",
TYH: ' 8:20: 27",
TYL:"'12:28:39".
PI N OQUTBUF_3/ U0: D
RDEL: ' 14: 32: 45",
FDEL: ' 11: 26: 37" .
END.

(126 lines
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8.3.3 Altera

(edif halfgate_p
(edifVersion 2 0 0)
(edi fLevel 0)
(keywor dMvap
(keywor dLeve
(status
(witten
(timeStanp 1996 7
10 23 55 8)
(program " COVPASS
Desi gn Automation --
EDIF Interface"”
(version "v9r1l.2
updat ed 26- Mar -

0))

| ast

96"))
(aut hor

"m kes")))

(library flex8kd
(edi fLevel 0)
(technol ogy
(nunber Definition

(simul ationlnfo
(1 ogi cValue H)
(1 ogi cVval ue
L))
(cell not
(cell Type
GENERI C)
(view
COVPASS nde_vi ew
(vi ewType
NETLI ST)
(interface
(port IN
(direction
| NPUT) )
(port OUT

EDIF netlist in Altera format for the halfgate ASIC

(direction

QUTPUT) )
(desi gnat or
"@dabel ")))))

(l'i brary working
(edi f Level 0)
(t echnol ogy
(nunber Definition
)

(simul ati onlnfo
(l ogicvalue H)
(1 ogi cVal ue
L)))
(cell halfgate p
(cel |l Type
GENERI C)
(view
COWMPASS nl s_vi ew
(vi ewType
NETLI ST)
(interface
(port nyl nput
(direction
[ NPUT) )
(port myQut put
(direction
QUTPUT) )
(desi gnat or
" @.abel "))
(contents
(instance Bl i1l
(vi ewRef
COVMPASS nde_vi ew
(cel | Ref not
(1'i braryRef
flex8kd))))
(net nyl nput
(j oi ned

(port Ref
nyl nput)
(portRef IN
(1 nst anceRef
Bl1i1))))
(net nyQut put
(j oi ned
(port Ref
myQut put )
(portRef QUT
(i nst anceRef
Bl .i1))))

(net VDD
(joined)
(property

gl obal
(string
"vee')))

(net VSS
(joined)
(property

gl obal
(string
"gnd”)))))))
(design hal fgate_p
(cell Ref hal fgate_p
(l'i braryRef
wor ki ng))))
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Report for the halfgate ASIC fitted to an Altera MAX 7000 complex PLD
**% | NPUTS **

Shar eabl e
Expander s Fan-1In Fan- CQut
Pin LC LAB Primtive Code Total Shared n/fa INP FBK QOUT FBK Nane
43 - - I NPUT 0 0 0 0 0 0 1 nylnput
** QUTPUTS **
Shar eabl e
Expander s Fan-1In Fan- CQut
Pi n LC LAB Primtive Code Total Shared nfa INP FBK OQUT FBK Nane
41 17 B OUTPUT t 0 0 0 1 0 0 0 nyQut put

** L.Od C CELL | NTERCONNECTI ONS **
Logic Array Block 'B':

+- LC1l7 nyQut put

|

LC | | AB| Nane
Pi n
43 ->* | - * | mylnput

*

The logic cell or pinis an input to the logic cell (or LAB) through the PIA
The logic cell or pinis not an input to the logic cell (or LAB).

The structural postlayout files generated by the Altera MAX+plus software:

/'l halfgate p (EPM/032LC44) MAX+plus Il Version 5.1 RC6 10/03/94
[/ Wed Jul 17 04:07:10 1996
“timescale 100 ps / 100 ps

nodul e TRI _halfgate _p( IN, O, QUT );input IN, input OE output OUT
bufifl ( OQUT, IN, CE);
specify
specparamTTRI = 40; specparamTTXZ = 60; specparamTTZX = 60,
(IN=>QUT) = (TTRI, TTRI ) ;
(CE => QUT) = (0,0, TTXZ, TTZX, TTXZ, TTZX);
endspeci fy
endnodul e

nodul e hal fgate_p (nyl nput, nmyQutput);
I nput nyl nput; output myQut put; supplyO gnd; supplyl vcc;
wire Bl il, nylnput, nmyQutput, N 8, N 10, N 11, N 12, N 14;
TRl _halfgate p tri_2 ( .QUT(nyQutput), .IN(N_8), .OE(vcc) );
TRANSPORT transport_3 ( N8 NB8 A);
def paramtransport 3. DELAY = 10;
and delay 3 ( N8 A Bl .il);
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xor xor2_4 ( Bl.il, N10, N 14 );
or orl 5 ( N_10, N 11 );
TRANSPORT transport_6 ( N 11, N 11 A);
def paramtransport 6. DELAY = 60;
and andl 6 ( N 11 A N 12 );
TRANSPORT transport_7 ( N 12, N 12 A);
def paramtransport 7. DELAY = 40;
not not 7 ( N_12 A, nylnput );
TRANSPORT transport_8 ( N 14, N 14 A);
def paramtransport 8. DELAY = 60;
and andl 8 ( N 14 A gnd );

endnodul e

/Il MAX+plus Il Version 5.1 RC6 10/03/94 Wed Jul 17 04:07:10 1996
“timescale 100 ps / 100 ps
nodul e TRANSPORT( OUT, IN); input IN output OQUT; reg OQUTR,
wre OQUT = QUTR;, paraneter DELAY = O;
“ifdef ZeroDel aySi m
al wvays @N OQUTR <= I N

“el se
al wvays @ N OUTR <= #DELAY I N,
“endi f
“ifdef Silos
initial #0 OUTR = I N;
“endi f

endnodul e



ASICs... THE COURSE 8.3 The Halfgate ASIC

15

unused
OE output enable

LAB B Logic Cell 17 vce

1 macrocell i
n_and_8 n 14 n_tri_halfgate_p
HD — B1_i1
9 n_8 [ myOutput (B,
n_12 n_11 L 41
B, n_delay 3 /O pad
n_and_6 nor 5 Nn-10 - - I/O Control
- - Block (I0C)
myInput [Bin
ﬂ 43
n_12 I/O pad
Programmable n_not_7 /O Control
Interconnect Array (P1A) Block (10C)

The VHDL version of the postlayout Altera MAX 7000 schematic for the halfgate ASIC
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8.3.4 Comparison

« Xilinx XC4000, a nondeterministic coarse-grained FPGA

*» Actel ACT 3, a nondeterministic fine-grained FPGA

* Altera MAX 7000, a deterministic complex PLD

The differences:

1. The Xilinx LCA architecture does not permit an accurate timing analysis until after place and
route. This is because of the coarse-grained nondeterministic architecture.

2. The Actel ACT architecture is nondeterministic, but the fine-grained structure allows fairly
accurate preroute timing prediction.

3. The Altera MAX CPLD requires logic to be fitted to the product steering and programmable
array logic. The Altera MAX 7000 has an almost deterministic architecture, which allows accu-

rate preroute timing.

8.4 Summary

Key concepts:

* FPGA design flow: design entry, simulation, physical design, and programming
» Schematic entry, hardware design languages, logic synthesis

* PALASM as a common low-level hardware description

* EDIF, Verilog, and VHDL as vendor-independent netlist standards




