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Abstract

This paper describes a post-layout simulation method using VHDL and C for verifying the
architecture of antifuse-based FPGAs and the dedicated CAD system. An antifuse-based FPGA
consists of programming circuitry including decoding logic, logic modules, segmented tracks, antifuses
and IO pads. The VHDL model which includes all these elements is used for logic verification and
programming verification of the implemented circuit by reconstructing the logic circuit from the
bit-stream generated from layout tool. The implemented circuit comprises of logic modules and routing
networks. Since the routing delay of the complex networks is comparable to the delay of the logic
module in the FPGA, the accurate post-layout simulation is essential to the FPGA system. In this
paper, the C program calculates the delay of the routing networks using SPICE, Elmore or Horowitz
delay models and the results feedback to the VHDL simulation. Critical path can be found from this
post-layout simulation results.
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library WORK;
use WORK .fpga_logic.all;
entity cal_delay is

port( ready L in  bit;
done : out bit);
end;
architecture only of cal_delay is
attribute foreign @ string;

attribute foreign of only @ architecture is
“cal_delay_init cal_delay.o”;
begin

end:

a8 4. C dojg} A se] A5 $1%F VHDL Z2oe)
Fig. 4. VHDL Program for Interfacing with C.

do_cal_delay(ip)
inst_rec *ip;
{
intvall;
intresult;

vall = mti_GetSignalValue(ip->ready);

if (vall '= 1)
return;
cal_fib_delay();
result = 1;

mti_ScheduleDriver(ip->done, result, 0,
MTI_INERTIAL);
}
cal_delay_init{region, param, generics, ports)
regionlD region:
char *param;
interface_list *generics;
interface_list *ports;

inst_rec*ip;

signallDoutp;

processIDproc;

ip=(inst_rec*)MALLOC((unsigned)sizeof(inst_
rec));

mti_AddRestartCB(free, ip);

ip->ready = mti_FindPort(ports, "ready”);

outp = mti_FindPort(ports, “done");

ip->done = mti_CreateDriver(outp);

proc=mti_CreateProcess("pl”, do_cal_delay, ip);

mti_Sensitize(proc, ip->ready, MTI_EVENT);

}

a2 5. VHDLY 1] so]2E 1% C =28y
Fig. 5. C Program for Interfacing with VHDL.
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use STD.textio.all:
library WORK;

use WORK.fpga_logic.all:
entity flb is

generic(l Cinteger - (O
j Uinteger = 0);

port ( a Cin  fpga_logic = 7’
b cin fpga_logic =
set tin  fpga_logic = 7%
sel Cin fpga_logic = 77
0 Cout fpga_logic ¢ 7%
lo out fpga_logic = 'Z’;
fo Cout fpga_logic 0 727
ready tin  fpga_logic = 'Z')

end flb;

architecture flb of flb is
constant fname

FPGAS} wjAd ] od A 2k&

&gk VHDL =g BB S
D
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—..|>___ 0
b : Logic
f Module lo
set —{>— fo
sel D
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Fig. 8. Logic Module including Delay of Routing
Path.

D string = “delay/flb" & To_String(i) & "_" & To_String(j) & "dly”:

hegin
ma <~ transport a after t_as
mb < transport b after t_b;
mset <= transport set after t_set;
msel <+ transport sel after t_sels
PO: process (ready)
file fff . text:
variable  VALUE ! integer;
variable IN_LINE : line:
begin
if (ready’event and ready-'1l’) then
FILE_OPEN(fff, fname, READ_MODE);
while not(ENDFILE(fff)) loop
readline(fff, IN_LINE):
read(IN_LINE, VALUE) t_a <= VALUE = 1 ps:
read(IN_LINE, VALUE)Y tb <= VALUE S5
rea ALUE); t_set <~ VALUE * 1 ps;
read(IN_ HNI‘, VALUE) t_sel <= VALUE * 1 ps;
end loop;
FILE_CLOSE(fff);
end if;
end process PO;
I’1: process (ma,mb,mc,md,mdb,me meb,mf mg,mgh,mh,mhb mdin,msel)
- | REeldig vE
end process Pl
end flb;

a8 9. w=e|mEe VHDL
Fig. 9. VHDIL

912)

we

Model of Logic Module.



19%4% 58 HETFTEE%

@7t welg ol8aled AAME wiAdA R gt
#)]edA17ke VHDLE 2d8s FPGAYdellA] A3}
7] 9)3ted 27 Bellrfe} ol wEiRES] 7+ qlY
zpof| sgEhz wjAdARe] AAATRE R B E
Y71 med¥ 4 ik e AAATE welR
E UollA elelw] AlEHo|dE ] el el
transport *|dAlZF 29 Helg medsle] o]8]ic)
oo tigt =e|rEe] VHDL 23 9ol viehy
st

By

MY % EEEY
e

fus N
H

ETRIeA febsl= FPGAE 8000 gates
2000 gates w° F7H7E <qlch 8000 gates
FPGA = 16x32° =e|B&8& 7H4v, 313264712
ale]F2E vEAIck 2000 gates & FPGAE 8x169]
R Es sPAd, 78368709 orelFsE  7havh
FPGA #igte] VHDL xdle] 7158 giste] alwg
Ael(inverter chain), 4 B]E BCD 7€} ojg]
742 312l tialed AEE 43 ik & & wA
wixl7]el vlEd Q7S B3 2% 4 B|E BCD
FheEe] =2 e & ke e ofF 15078 A ko]

he=d

=

ok a8 102 MEDS gjHoR o] FPGA
o] qrelF2E 2o g Avm kel ekl

AZbt R H A RE S o] Aras wiA

ad7fola EHEl menre) | el ckelaes Shelvt
desl vlatsled 731&14 Pl TS e
= 'C'e ok jrESR H= 4 qbElsR2E,
Wi A e}EH‘rfi‘é ﬂlﬁtk ETRI FPGAZ 4

Askz geld] & VHDL 8% o] 45 FPGAS)
Agage sastgon, ool Az wimad 44|
WA A welE Bl AHAIE WSkt a3
11 %ol skaw Auel 4 W= BCD 7HeE9) g
Hag 2oy @ F kel By Aselch
mode ©] glel "1'Ql Aol qhElFAGE xE0
W sk S 09 e BES) welga A
Hebd, BCD SEE 29 9 % S e

I“O

g == rapd(4), clka, tpad(6), lpad(8), bpad(7),
rpad(7)olch rapd(4)¢} clkatv ¥Hog, 47 reset
# clockg vebdr}  tpad(6), lpad(8), bpad(7),

rpad(7)-&
ehdic)

FeHow, sls) nEave 49 vEg

Erq
103

(913)

E3BH AR £5% 185
1535 ns <C(4, 17, 2, 1)>
5345 ns <Cl4, 0, % 2)>
9155 ns <C(9, 4, 2, 2)>
12965 ns <C(9, 4, 2, 1)>
16775 ns <C(0Q, 5, 2, 2)>
36825 ns <C(4, 11, 3, 16)>
39635 ns <C(4, 11, 18, 4)> <C(5, 11, 18, 8)>
43445 ns <C(4, 11, 18,13)> <C(5, 11, 18, 29)>
489215 ns <H(16, 37, 4, 0)>
493025 ns <H(16, 37, 5, 0)>
496835 ns <V (4, 1’ 1, 0>
369225 ns <V(6, 5, 4, 0)>
271500 ns Hardware Programmer  Transmission
Complete
T2l 10, otEF2 e A
Fig. 10. Result of Programming Antifuses.
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