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ANMEXDO A—1

Descricao HDC
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/¢ t 1/
/4 ¢+ + 4/
IR i ¥
/It e i 7
% i Risco | e )
1 foSmonaaat i 7
/% )
}‘: ': Microprocessador RISC CMOS 32 bits ; :;
1t Autores: Andre’, Dani, Giba, Bil Y
/] 6ME, Jorge, Junquelra l'.uigi, ¢ ¥
i Marcon, Paulo, Soto, Suzim. i 7
/t R Y
1+ + 8/
/4 ¢ 1/
/% 4 ¥/
/% Risco [ fonte.hdc ] 7
/t+ + 4/
/3 ¢
ﬁ Declaracao dos Nodos do Sistema Digital :;

/% PARTE DE CONTROLE pcon 8/
?pedef struct

unsianed char
CONTA,

CONTOU, t1, to, cod

codbd | codb3, cadb2, codbi codho
aps, 1, f0, enddst enddstbd,
enddsth3,  enddsth?,  enddstbl,  enddstbd,  endfti
endftibd,  endftib3,  endftib2,  endftibl,  endftibo,

2 endft2 endft2bd, endft2b3, endft2b2,
endft2btl,  endft260,  a_ftl, a_r a_dst,
b_ft2, b_k, b kp, b kgl, b kah,
1 Iiprmc__iast, 17est_atual, s, sl al,
al, nZ, -oi, 105, ila,
isa ine isr ilad, isal,
imel, ilai, isri, isr2, dst_eh_r0,
dst_eh_psw, dst eh pc,  ft2 eh_pc,  ft2_ig_dst, load.
store preinc, posinc, posdec, altfh’,
usa_u:'l, usa_ula, codula, codud, cond_v,
int_ac bout_bb_f1, bout_inc_f1, pc bout f1, bsis bput fl
bouf, 5§E f1, alefl,” ' bbraes Tl," bbud f, ' bbulafl; '
dst Bb ¥1, ft2ba f1, ba_ula_T1, wr_fl] rd_f1
bout b6 _f1_1, bouf_inc_i1 1, gr}out £1 1, bsfs_bout_f1 1,
ale 1T, = bb_raes 74 T,’bb ud_f1 1, bbTula FiT,” dst_Bb 171,
ft2 ba_f1_1, ba_ula f1_ 1, wr_fll rd_f1_1 enddst_]
endfti™l,”  endft21,” baftl {2, bar0f2,  ba_dst f2,
bb_ft27f3,  bb_K_{Z, 7072, rubbb f3, rui ba f2,
rula Cnduii._ﬂ ! rda_ba 2, rdb b f2, rud_codud £2, rd_f
wr_1Z, pcinc_bout_f2, bout_pc 12, bouf_inc_T2, bodt
bb_dst_f2 bsis_bout_f2, rd_f2 1, wr_f2_1, proxri bsis {3,

proxk_bsis_T3,
13

pruxn:in{_isr_ﬁi,

proxri_int_noop T3,”
bb_1_13, raen_bsis f3, bb_dst_f3,  bout bb {13,
bout pc_f3, bout_inc_T3, rd_f3 wr_f3,
proxri_int_isr_f31, proxri_in t_noup_'fi_’l '

bsis_bout

bb_1_f3_1

1 13 raen_bsis 13 1, bb_dst f3_1,
bodt pc 131, r

bout Zinc_T3_T, d 13T, wr_f3 1

-ty

proxri_bsis 13 ks
proxk_bsis T3 T

-t

2
“Bb_f2,

bout_pc_f1_1,

ri_proxri_{3
gt - K_proxk_f3,

ri_proxri_f3 1, K_proxK_f3_1,

bout_bb_f3_1, bsis_bout_f3_1,



unsigned long
Erom, ri
parte_controle;

/% INTERFACE gint 1/
Eypeﬂaf struc

unsigned char
ale ba_dst, ba_fti, ba_r0
bb_{, bb X, bb dst, bb_ft

bb_rmes, bb_ud bb_ula
bout_pc, hsu_imut, praxk

ft2 ba, pcinc_bout, pc_bout,
proxri_int_noop, rda_ba, rdb_b

raea_bsis,  rua_ba, rub_bb,

W3

} {nterface;

/% PARTE OPERATIVA po ¥/

Eypedef struct

lamg unsigned

bout, pcinc, inc, bb,
bsis raes, proxk, K,
bregf321,  ula, a, b,
rubj

unsigned char

sinal _kp, sinal kg, rula, log,
and, or, xor, add,
inv_b, com_c, inv ¢ cin,
sel_or, sel_xor, sel,_a:'ld, €y
overf negat, 2ero}

} parie_aperativa;

/% MEMORIA mea 8/
Eypedef struct

long unsigned ram[2345];
long unsigned latch_end;
} memoriaj

{typedef struct

bout_bb,
Bsis, K_proxK,

proxri_bsis,

rud_codud,
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ba_ula,
bb_ro0,

bout_inc,
dst_bb,

proxri_int_isr, .
rd, ri_proxri,

rula_codula,

ba,
K_ext,
rua,

arit,
inv_a,
sel _and,
couf,

parte_controle pcon;

interface pint;

parte_operativa po}

memoria nes;

} circuito;

/4 t 1/
;’: E defines utilizados na descricao do Risco : :}'

fdefine BITSL  0x80000000L /8 -BITxx e’ uma constante §/
ddefine BIT30 0x40000000L /f de 32 bits onde £/

$define BIT24  0x1000000L  /t todos os bits sao zero, 8/

#define BIT23  (x800000L
#define BIT22  0x400000L
fdefine BIT16  0x10000L
fdefine BIT1L  OxB0OOL
ddefine BIT10  (x400L
fdefine BIT4  Oxi0L
$define BITI  OxBL
fdefine BIT2  Ox4l
fdefine BITI  Ox2L
$define BITO  OxiL

/t exceto o bit xx

t/



$define CAMPOCOD 0x3e000000L
$define CAMPODST 0x3e0000L
$define CAMPOFT!L 0x11000L
$define CAMPOFT2 0x7c0L
$define CANPOKP 0x7ffL
$define CAMPOKG OniffifL
$define F { 0x0L )

#define V (*F )

§define VERD V
#define NUN_0 Ox0

#define NUM_1 Oxi
fdefine NUNTTL Oxif

#define END_ROO NUM_ 0
#define END PSW NUN 1
#define ENDPC NUNTJ1

fdefine ROO breg[END_R00]
$define PSH breg[END_PSH]
$define PC breg[END PC]
/it
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&/

!: Inclusao do "globais.h" (obrigatorio) e de outras bibliotecas {npcional!!;

#include "e:globais.h”
#include "e:funcoes.bib”

/1

/% Declaracac dos nodos que serac alterados no decorrer da simulacas ¢/
/1 NODO(char %, (long, unsigned, int, char}, int});
/1 NODO{"Idetificacao", variavel a_ser_alterada, radical};
;: radical: 16 (hexadecimal), 10 (decimall, 8 (octal), 2 (binaria) :i
ALTNODOS
{
/t
i NODO("rda_ba", sa-)pint.rda_ba, 16);
}
I t/
;: Descricao das fases do circuite i
BESCFAGES '
" nfases = 33

Fase(l, atraso inicial, periodo total, periodo ativo);

Fase(2, atraso inicial, periodo total, periodo ativo}s
& Fase(3, atraso inicial, periodo total, periodo ativo)j
}
/t t/
;: Parametros de Siaulacac !I
PARAETROS )
§define ZERD 0
§define ANALISADOR (-1)
#define ATRASD 1
/1

Arquivo(0, 10000, 1};

SIMULADOR = ZERD;
SINULADOR = ANALISADOR;

i SINULADOR = ATRASO;

SIMULADOR = ATRASO;

L3
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/8
/1 Iniciacao das variaveis

1/

4

/1
{HIBIALIIM
t

" sn->pint.rda_ba = sa->pint.rda_ba;

/t Descricao do Sistema Digital

i/

void funcao_parte_controle( void );
void funcao_interface( void );

void funcao_parte aferativa{ void );
void funcao_sesoria{ void );

DESCRICAD

funcao_parte_controle();
funcao_interface() {
funcao_parte_operativa();
funcao_memoria();

#include "R-PC.C"
#include "R-INT.C"
#include "R-PO.C"
#include "R-MEN.C"

/t Exibicac grafica das variaveis
"t JANELA(long, char tll
/t VALOR(long, char %, int);

/1 JANELA(valor _a_ser_exibido, 'Idetfﬂcacao');
/1 VALOR(valor_a_ser exibido, “Idetificacao”, radical);

/t radical? 16 (hexadecisal), 10 (decimal)

1
EXIBEJANELA

{

$define xJAN( a, b ) /% nada 8/

$define XJAN( a, b ) /% nada &/

$define JAN( a, b ) JANELA{ b, sa-)pint.a )

JANELA( "f1", fH )
JANELA( "f2", 1[2] 13
JANELA( “f3", f[3] );
JANELA( "80", sa-)pcon.s0 )3
JANELA{ "51", sa-)pcon.sl )}

JAN( ale, "ale" )3
JAN( rd, "rd" )3
JAN( wry "wr® )}

xJAN( proxri_bsis, “proxri_bsis” )
xJAN( rees bsis, ‘raes_bsis* );
xJAN( proxK_bsis, "proxX_bsis® )}
wIAN( ri_proxri, "ri_proxri® )3

xIAN( K_proxk, *K_proxk® );

JAN( ba_dst, "ba_dst* );
JAN( ba_ftl, "ba_ft1" );
JAN( baTr0, "ba_r0* )3

JAN( bb_ft2, “bb ft2* );
JAN( bbX, “bb KT )

JAN( bbdst, "Bb gst* h
JANG bb 70, *bb_70° )3

%JAN( rua_ba, "rua_ba" )j
xJAN( rubbb, "rub’bb® )3
XJAN{ rula_codula, "rula_codula" }j
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xJAN( bb_1, *bb 1" )
xJAN( ba.yla, *Ba_ul
xJAN( bb_ula, "bb_ul

JAN( bb_rmea, “"bb_rmea® );

IAN( ££2_ba, "ft2_ba" );
IAN( dstbb, “dst bb* )3

JAN( bout_bb, "bout_bb" )3
JAN( bout”inc, "bout_inc* };
xJAN( bout pc, *bout_pc” )3

*JAN( bsis_bout, "bsis_bout" );

%JAN( pcinc_bout, "pcinc_bout” );
xJAN( pc_bout, "pc_bout"");

*JAN( rda_ba, "rda_ba" )i

xJAN( rdbTbb, *rdbTbb* )}
xJAN( rud codud, *rud_codud® )
;JM&{ bb_ud, *bb_ud* T;

L

H
EaH
' )

/t

EXTBEVALOR

{

#define xVAL( a, b, ¢ ) /% nada &/

$define IVAL( a, b, c ) /4 nada 8/

$define xVALOR( a, b, ¢ ) /% nada &/

#define XVALOR( a, b, ¢ ) /t nada ¥/

$define VAL( a, b, ¢ ) VALOR( b, sa->po.a, c )

VALOR{ “"proxri", sa-)pcon.rrnxri, 16 )3
VALOR( "ri", sa-)pcon.ri, 16 )3
¥VALOR( 'Cﬂﬂiﬁ', sa->pcon.CONTA, 16 );

¥VALOR( "dst®, sa-)pcon.enddst, 16 );
xVALOR( "ft2", sa->pcon.endft2, 14 );
¥VALOR( "dst=pc®, sa->pcon.dst_eh_pc, 16 )3

VAL( Ernxt, "proxk", 16 );
VAL( K_ext, "K_ext", 16 );
VAL( rmea, “reea", 15 );

VAL{ breg[0], "R0", 16
VAL( breg{], "R1", 16
VAL( breg(2], "R2", 16
VAL( breg{3], "R3", 16
VAL( breg(4], "R4", 16
xVAL( breg[5], "R3", 16
xVAL{ breg[6], "R&", 16
xVAL{ breg[7], "R7", 14
VAL breg[8], "R8", 14
xVAL{ breg(9], "R9", 14

wAL( bregf10], "R1d", 16"
sVAL( breg{29], "R29", 16 )
VAL( breg[30], "SP*, 16 )}

VAL{ rula, "rula®, 16 );
VAL( rua, "rua*, {6 I
VAL( rub, "rub®, 16 )3

VAL( ba, "ba", 16 )}
VAL{ bb, "bb", 16 };

VAL{ ula, "ula", 16

5
VAL{ bout, *bout", 14 )
VAL( bsis, "bsis", 16 )

VAL( breg[311, *PC*, 16 )3
}vmu et Nl

e RS e W e R e e

-

.
L)
.
]
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/% 4 +
/1 + +
/) :
I B pommm————t H
t  Risco | H
i frmmmm——a— + .
] 1
;: i Microprocessador RISC CMOS 32 bits E
/% f Autores: andre 5 Din1 biba, 6il E
/t a ng:e:ra [uiqz, i
;: ; ﬂarcnn, aulo, Soto, Suzim. ‘
/4 ¢
/¢ +
/t ¢ =
/] Risco [ r-pcoc ] :
/¢ +
/¥ + +
i: 1 PARTE DE CONTROLE E
Enid funcao_parte_controle()

/t+ + 4/

/%] FASE: | 7

1 + 4/

I8¢ ¢ 4/

/% | DECODIFICAC R )

I} + 1/

$define INT_ISR  Oxfe3cOc001

fdefine INTNOOP 0x000000001

if(sa-)pint.proxri_bsis) sn->pcon.proxri = sa->gn beisy
if(sa->pint.proxri_int_isr) sn-)pcon.proxri = INT_ISR;
if(sa->pint.proxri_int noop) sn-)p:nn proxri = INT_NOD ﬁ;
if(sa->pint.ri_proxri) sh=>pcon.ri = sa->pcon.proxri;

/% ¢ +
;: i extracao dos campos da palavra de instrucac i
/8 - t1 e t0 indicam o tipo de instrucao i/
/% - t1 indica se ha' acesso a memoria (ime e isr) 8/
sn->pcon. t1 = ( ( sa-)pcon.ri E BITAL )2V F )

/% - t0 indica se cod e’ codigo {ila e ime) ou teste (iza e isr) ¥/
sn->pcon. t0 = ( { sa-pcon.ri L BIT30 )2V :F )

sn-)pcon, cod = { sa-)pcon.ri & CANPOCOD ) > 253
sn->pcon, codbd = ( { sa~)pcon.cod & BIT4 )2V :F )

sn-)pcon, codh3 = ( ( sa->pcon.cod b BITS )2V :F);
sn->pcon.codb2 = ( ( sa-)pcon.cod & BIT2 )2V :F )y

sn->pcon, codbl = ( ( sa->pron.cod & BITL )?2V:F )

sn->pcon. codbd = { { sa->pcon.cod & BITO )2V :F);

/% - aps indica se a palavra de status sera ituallza 2 ao f1 da inst. 8/
sn-)pcon.aps = ( { sa->pcon.ri & 412V F )

/t - 11 e 10, junto com ss2, indicas o formato da instrucao t/

sn->pcon. fl = ({ sa-)pcan ri & BIT2Z3 )2V :F)
sn->pcon., 0 = ( ( sa->pcon.ri & BIT22 )2V F)

t/
1/
t/
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/t - endxxx e' o endereco de dst (registrador destino), 1/
/4 ft1 (req. fonte 1) e ft2 (reg. fonte 2). 1/
sn-ypcon.enddst = { sa-)pcon.ri & CAMPODST ) > 17
sn-)pcon.enddstbd = ( ( sa-)pcon.enddst & BITA )7V :iF );
sn->pcon.enddstbl = ( ( sa->pcon.enddst & BITI ) ?2V:iF )3
sn-ypcon.enddstb? = ( ( sa-)pcon.enddst & BIT2 ) 2V :F )3
sn-)pcon.enddstbl = ( { sa-)pcon.enddst & BITL ) 2V :F )3
sn-)pcon.enddstb0 = ( ( sa->pcon.enddst & BITO ) 7?7V :F )3
sn-)pcon.endftl = ( sa-dpcon.ri & CANPOFTL ) > 12
sn-)pcon.endftibd = ( ( sa-dpcon.endft! & BIT4 ) 2V :F )3
sn-)pcon.endftibd = ( ( sa-dpcon.endftl & BIT3 } ?2V:iF )}
sn-ypcon.endftib? = ( ( sa-)pcon.endft! & BIT2 ) 72V :F )3
sn->pcon.endftibl = ( ( sa-)pcon.endft! & BITL ) 2V :F )3
sp->pcon.endftib0 = ( ( sa-dpcon.endft! & BITO ) 2V :F )3
sn->pcon,5s2 = ( { sa-)pcon.ri E BITL )2V F )
sn-)pcon.endft2 = ( sa-dpcon.ri & CANPOFT2 ) » b3
sn->pcon.endft2bd = ( ( sa-)pcon.endft2 & BIT4 )2V :F )3
sn->pcon.endft2b3 = ( ( sa->pcon.endft2 & BITI ) 2V :F )3
sn->pcon.endft2b2 = ( ( sa-dpcon.endft2 & BIT2 )2V :F )
sn-pcon.endft2bl = ( ( sa-dpcon.endft2 & BITI ) ?V:F )3
sn->pcon.endft2b0 = ( ( sa->pcon.endft2 & BITO ) ?V:F );
/t+ + 4/
1 5 define os operandos e o destino destes E :f
/1 ;l!lplﬂ de mnemonico: a_ftl significa bus a recebera’ ftl IRY
sn->pcon.a_ftl = “sa-pcon.fl & “sa-)pcon.f0;
sn-ypcon.a_r0 = “sa-)pcon.fl & sa-dpcon.f0;
sn-rpcon.a_dst = sa-)pcon.fl}
sn-ypcon.b_ft2 = “sa-dpcon.fl & “sa-dpcon.f0 & “sa->pcon.ss?;
sn-ypcon.bk = “sa-)pcon.b_ft2;
sn->pcon.b_kp = “sa-)pcon.fl & “sa-dpcon.f0 & sa-)pcon.ss?;
sn-ypcon.b kgl = sa-)pcon. f0;
sn->pcon.b_kgh = sa-pcon.fl & “sa->pcon.f0;
/t e e sempre dst_b (destino recebe bus B) 1/
/3¢ + 4/
/t | definicao do ciclo de maguina i ¥
i+ + 4/
/% MAGUINA DE ESTADOS &/
if( {21 ) sp->pcon.] _prox_est = sa->pcon.s0;
if( 1{31 ) sn->pcon.] est_atual = sa-dpcon.l _prox_est;
sn->pcon.s0 = *{ sa-)pcon.] est_atual | “sa-dpcon.tl);
sn-)pcon.si = sa-dpcon.l_est_atual;
/1
(] - primeiro (prim.) e unico ciclo, norsal, p/ ila e isa

- 2, f3 e 1 do ciclo normal, nesta ordea
al - prim. ciclo de mem, p/ ime ou isr

- 12, 13 do cicle noraal (pris.}, e 1 do ciclo extra (segunde.)
a2 - seg. ciclo de mes, p/ ise ou isr

- f2 e 13 do ciclo extra (seg.), e fi do ciclo norsal (pria. de novo)
a0l = m0 or al

- f2 e 13 do prim. ciclo ou do ciclo unico: independe da instrucao
802 = a0 or a2

i - f1 do prim. ciclo ou do ciclo unico: independe da instrucac
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sp-rpcon.al = “( “sa-pcon.s0 | sa-lpcom.sl )j

sn->pcon.a0 = “( sa-lpeon.s0 | sa-dpcom.sl )}

sn-)pcon.e2 = “( sa->pcon.sO | “sa-)pcon.si )3

sn-ypcon.aldl = “sa-)pcon.sl}

sn-rpcon.al2 = *sa-)pcon.s0;

/3 + + 8/
/¥ | definicac do tipo de instrucao R ¥
/1 + + 4/

sn-rpeon.ila = “sa-pcon.tl & “sa-}pcon.t0; /¥ instrucac logico-aritmetica t/
sn-)pcon.isa = *sa-ipcon.tl & sa-dpcon.t0: /% ...de salto t/
sn-rpcon.ime = sa-rpcon.tl & “sa->pcon.t0; /¥ ,..de acesso a mea.(ld/st) &/
sn-pcon.isr = sa-rpcon.t! & sa->pcon.t0) /% ...de sub-rotina (call) t/

/1 + + 1/
;: : definicao do ciclo de maquina para cada instrucao H :i
sn-rpcon.ilal = sa->pcon.ila & sa-)pcon.al;
sn->pcon.isal = sa->pcon.isa & sa->pcon.al;
sp->pcon.imel = sa->pcon.ime & sa->pcon.als
sn->pcon.ime? = sa-rpcon.ime & sa->pcon.al;
sn-»pcon.isrl = sa->pcon.isr & sa-dpcon.nl}
sn-)pcon.isr2 = sa->pcon.isr & sa->pcon.al;
/% ¢ + 8/
/Y | geracac de comandos 7
ﬁ; . Bnemonico: sx->pcon.pc_bout significa reg. pc recebe bus bout 1 :ﬂ

sn-»pcon.dst_eh_r0 = *( sa-)pcon.enddstbd | sa-dpcon.enddsthd
¢ sa-pcon.enddstb? | sa-dpcon.enddstbl
{ sa-pcon.enddstb0 )y

sn->pcon.dst_eh_psw = “{ sa-dpcon.enddstbd | sa-)pcon.enddstbd
{ sa->pcon.enddstb? | sa-)pcon.enddstbl
¢ “sa-dpcon.enddstb0 };
sn->pcon.dst_eh pc =  sa-)pcon.enddstbd & sa-)pcon.enddstb3
& sa-)>pcon.enddsth? & sa-dpcon.enddsthbl
& sa-)pcon.enddsth0}

sn-pcon.ft2_eh_pc =  sa->pcon.endft2b4d & sa->pcon.endft2b3
& sa-)pcon.endft2b2 & sa-d>pcon.endft2bl
& sa->pcon.endft2b0;

sp-peon.ft2_ig_dst = *“(sa-)pcon.endft? * sa-)pcon.enddst)y

sn->pcon.usa_ud = sa-rpeon.ila & sa->pcon.codbd;

sn-ypeon.usa_ula = ( sa-dpron.ila & (“sa->pcon.codbd)
( sa->pcon.isa
% sa-)pcon. iae

sa3-)pcon.isr

———

]
]
]
]
]
0

sn->pcon. load sa-)pcon.ime & (“sa->pcon.codbd);

sn->pcon.store = sa-pcon.ise &  sa->pcon.codbd;
sn->pcon.altft? = sa->pcon.ime & sa-)pcon.codb2;

sn~>pcon.preinc = sa-pcon.ise
& sa-)pron.codb? & sa-)pcon.codbl & sa-dpcon.codb0;

sn-)pcon.posinc = sa->pcon.ise
& sa-pron.codb? & “sa-pcon.codb! & sa->pcon.codb0
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sn->pcon,posdec = sa-)pcon.ime
& sa-)pcon.codb? & “sa->pcon.codbl & “sa->pcon.codbl;

§define ADD 0x00
4define ADDI 0x01
§define SUBNC  0x04
d#define SUBRNC 0x08

if{sa->pcon.ila0 & sa->pcon.usa_ud)

1 sn->pcon, codud = sa-}gcan.cnd;
if(sa->pcon.ila0 & sa->pcon.usa_ula)

sn->pcon.codula = sa-)pcon.cod;

if(sa->pcon,isal)
if{sa->pcon,.isel)

if(sa->pcon.preinc)
else

sn->pcon.codula = ADD;

sn->pcon.codula = ADDLy

sn-)pcon.codula = ADD;

}
i%(sa—)pcnn.isrl} sn->pcon.codula = SUBNC:

éf{sa-)pcun.ine?l

sn->pcon.codula = ADDA;
sn->pcon.codula = ADDL;
sn-)pcon.codula = SUBRﬁC;

if(sa=-)pcon,preinc)
if{sa->pcon.posinc)
if(sa->pcon.posdec)
i#(sa-)pcon.ierl sn-)pcon.codula = ADD;

/tcondd/
sn-)pcon.cond_v = V;

/tintd/
sn->peon.int_ac = F;

Ik
if (f[3] & sa->pcon.ila0d & *sa->pcon.dst_eh_pc)
??->pcon.int_§c = sa-)po.int_ext;

/t + 4/
/] FASE: 2 R
It o+ 1

sn-)pcon.ba_ftl f2 =

(sa-pcon.ila0 &( sa->pcon.a_ft!
(sa-}pcon.isal & ( sa->pcon.a_ftl
(sa->pcon.imel & ( sa->pcon.a_fti
{sa-)pcon.isr2 & ( sa->pcon,a_ftl

— i
—— s
-

sn-rpcon.ba_r0 2 =

(sa-pcon.ila0 & ( sa->pcon.a_r0 I
(sa->pcon.isal & ( sa->pcon.a_r0 ) )
(sa->pcon.imel & ( sa->pcon.a_r0 Y I
(sa-pcon.ime? & ( sa->pcon.altft2 ) )
{sa-}pcon.isr2 & ( sa->pcon.a_r0 ) i
sn->pcon.ba_dst_f2 =

(sa->pcon.ilad &( sa-)pcon.a_dst b b
(sa-}pcon.isal & ( sa->pcon.a_dst ) i)
(sa-pcon.imel & ( sa->pcon.a_dst } b
(sa-)pcon.isri ‘
(sa->pcon,isr2 & ( sa-}pcon.a_dst R Y]

sn->pcon.bb_ft2_2 =

(sa-)pcon.i130 &7( sa-)pcon.b_ft2
(sa->pcon.isal & ( sa->pcon.b_ft2
(sa-)pcon.imel & { sa->pcon.b_ft2
{sa->pcon.isr? k ( sa->pcon.b_ft2

[T ———
——— e

sn->pcon.bb K _f2 =

(sa->pcon.ila0 & ( sa->pcon.b_k
{sa->pcon.isal & ( sa->pcon.b_k
(sa-ypcon.imel & ( sa->pcon.bk
(sa->pcon.isr2 & ( sa->pcon.b k

S —
T s
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sn->pcon.bb_ro_12 =

(sa->pcon.isrd H
sn-)pcon.rua_ba 12 =

(sa->pcon.w01” & ( sa->pcon.usa_ula ) N
(sa-)pcon.ime2 & ( sa-)pcon,altft2 R H
{sa->pcon.isr2 H

sn-)pcon.rula_codula_f2 = sa-)pcon.rua_ba_f2;

sn-)pcon.rub_bb_f2 =
(sa-)pcon.n0l & ( sa->pcon.usa_ula )
(sa=>pcon.isr2

—

sn-)pcon.rda_ba f2 =
(sa->pcon.a0f & { sa->pcon.usa_ud I H

sn-pcon.rdb bb f2 = sa-dpcon.rda_ba_f2;
sn->pcon.rud_codud_f2 = sa-)pcon.rda_ba_f2}

/tintd/
sn-Ypcon.rd_12 =
(sa->pcon.m0

bi
{sa-)pcon.al & ( “sa->pcon.int_ac Y
(sa->pcon.ime? & ( sa->pcon.load R H
sn=>pcon.wr_f2 =
(sa-)pcon.ime2 &k ( sa-)pcon.store ) )i
(sa->pcon.isr2 H
/tintt/

sn->pcon.bout_pc {2 = )

(sa=)pcon.a01 & T “sa-)pcon.int_ac

{sa-)pcon.ime? & ( sa->pcon.store & sa-)pcon.dst_eh_pc
(sa-)pcon.isr? & ( sa-pcon.int_ac

/tinty/

et e e
—— —
LT p———

sn-)pcon.peinc bout 12 =
{sa->pcon.a01 & { “sa-)pcon.int_ac [ H
/tinty/

sn-pcon.bout_inc_f2 =
(sa-)pcon.isr2 & ( “sa-)pcon.int_ac ) )3

sn->pcon.bout_bb f2 =
{sa-)pcon.ime2 & [ sa->pcon.store & (“sa-dpcon.dst_eh pc) ) )3

sn-)pcon.bb_dst_f2 =
(sa->pcon.ine2 &k ( sa->pcon.store &k (*sa->pcon.dst_eh_pc) ) )3

sn-)pcon.bsis_bout_f2 =

(sa-)pcon.ime2 & ( Sa-)pcon.store ) )
(sa->pcon.isr2 H
/% + +t

;': : LATCH DOS CONANDOS DA FASE 2 : :}f

It o RD e WR valea nas fases 2 e 3 et i/

/1 + t 4/

it ( 2] )

{ sn-)pcon.rd_12 1 = sa-)pcon.rd_f2;

} sn->pcon.wr_f2_1 = sa-)pcon.wr_f2;

/4 + t 8/

4 B FASE: 3 HE )

/1 + t 4/

/¥int8/

sn-Jpcon.proari_bsis_f3 =
(sa->pcon.a0l & ( “sa-)pcon.int_ac ) )j
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/tints/
sn->peon.proxri_int_isr {3 =
(sa-)pcon.a0 & T sa=)pcon.int_ac ) );

/tint#/
sn-ypcon.proxri_int_noop_f3 =
(sa->pcon.al & T sa=)pcon.int_ac ) )3

sn-rpcon.ri_proxri_f3 =
(sa-}pcon.a )i
{sa->pcon.isrl & ( “sa-)pcon.cond_v ) )3

sn->pcon.proxk_bsis 13 =
{sa->pcon.n0l H

sn->peon.K_proxk_f3 =
{sa->pcon. )
(sa->pcon.isrl & ( “sa-pcon.cond v ) )

sn->pcon.bb 1 {3 =

(sa-pcon.s0]

(sa-)pcon.ine2 & ( sa->pcon.load )
{sa->pcon.isr2

e
-

sn-)pcon.raea_bsis_f3 =
(sa->pcon.ise2 & ( sa-)pcon.load ) i3

sn-)pcon.bb_dst_f3 =
(sa->pcon.ine2 & ( sa->pcon.store & (“sa-)pcon.dst_eh pc) ) )3

sn-»pcon.bout_bb {3 =
{sa->pcon.ine2 & T sa->pcon.store &k (“sa->pcon.dst_eh pc) ) )3

sn->pcon.bsis_bout_f3 =
(sa->pcon.ime2 & ( sa-)pcon.store ) )
(sa=>pcon.isr2 }

/tintsy/

sn-pcon.bout_pc f3 =

(sa->pcon,ime2 & T sa-)gcm.stnre k sa->pcon.dst_eh_pc) )i
(sa-pcon.isr2 & ( sa-’pcon.int_ac ) I

ftints/
sn->pcon.bout_inc_f3 =
{sa->pcon.isr2 & (“sa-)pcon.int_ac ) )3

/¥intd/

sn->pcon.rd_f3 =

(sa-}pcon.al )i
(sa-)pcon.al & ( “sa-pcon.int_ac 38 1
(sa-»pcon.ime2 & ( sa-)pcon.load ) 13

sn->pcon.ur_f3 =
(sa-)pcon.ine2 &k ( sa->pcon.store )
(sa->pcon.isr2

——
— -
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4+ t 1/
/% | LATCH DOS COMANDOS DA FASE 3 V¥
/1 ¢ t1
%f( {21 )
sn-)pcon.proxri _bsis f3 1 = sa-)gcm.prn:ri_bsis_ﬁ;
sn->pcon.proxri_int_isr_f3 1 = sa->pcon.proxri_int isr_f3;
sn-pcon.proxri_int noop_f3 1 = sa- pcon.prnxn_inf_nonp_ﬁ;
sn->pcon.ri_proxri_f = Sa-ypeon.ri_proxri_f3;
sn->pcon,proxk_bsis 13,1 = sa-dpcon.proxk_bsis fi;
sn->pcon.K_proxk_13_l = sa-ypcon.K_proxk_f3;
sn-)pcon.bb_{_f371 = sa-)peon.bb_1_f3}
sn-)pcon.raea_bsis f3 1 = sa-)pcon.raea_bsis_f3;
sn->pcon.bb_dst 1371 = sa-)pcon.bb_dst fsi
sn->pcon.bout_bb {3 | = sa-)pcon.bout_bb_f \l
sn-)pcon.bsis bout f3 1 = sa-)pcon.bsis bout 13;
sn->pcon. bout_pc_{3_1 = ga-)pcon,bout pe_fT;
sn-)pcon.bout_inc_f3_1 = sa-)pcon.bout_inc_133
sn->peon.rd_f3 1 = sa~>pcon.rd_fJ;
) sn->pcon.wr_13_1 = sa-)pcon.wr_fl;
/¢ t 1/
I FASE: 1 HE ¥l
%+ t 4/

sn-)pcon.bout_bb f1 =

(sa->pcon.ila0 & T sa-)pcon.dst_eh_pc

(sa->pcon.isa0 & ( sa->pcon.dst_eh_pc & sa->pcon.cond_v

(sa-)pcon.imel

(sa-ypcon.ime? & ( sa-)pcon.dst_eh_pc & sa-dpcon.load & sa-dpeon.altft2
(sa->pcon.ime2 & ( sa-)pcon.dst_eh_pc & sa-)pcon.load & (*sa->pcon.altft2)
(sa->pcon.isrl & { sa->pcon.cond_v

{sa->pcon.isr2

sn->pcon.bout_inc_fi=
(sa-)pcon.ila0™k (™ “sa->pcon.dst_eh_pc
(sa->pcon.isal & ( “{sa->pcon.dst_eh_pc & sa-)pcon.cond_v)
(sa->pcon.ime2 & (sa—)gcon.sture
sa-pcon.altft2 & (“sa-)pcon.ft2_eh_pc)
{sa-)pcon.ime2 & (sa->pcon.store
(*sa-)pcon.altft2 )
(sa-)pcon.ime2 & (sa-)pcon.load
sa-rpeon.altft2 & (“sa-)pcon.dst_eh_pc) & (“sa->pcon.ft2 eh pc)
{sa->pcon.ime2 & (sa->pcon.load
(*sa-rpron.altft2 ) & (“sa->pcon.dst_eh pc)
{sa->pcon.isrl & ( “sa-pcon.cond_v

sn-)pcun.fc_buut__ﬂ =
(sa->pcon,ilal

(sa->pcon.isal

{sa-dpcon.isrl & ( sa->pcon.cond_v & sa->pcon.dst_eh_pc )
(sa-pcon.isr! & { “sa-)pcon.cond_v )
{sa->pcon.ime? & ( n-)g:on.stnre

sa->pcon.altft

(sa-)pcon.ime2 & ( sa->pcon.store

— e e e

(*sa->pcon.altft? ) ) i
(sa~>pcon.ime2 & ( sa->pcon.load
sa-ypcon.altft? & sa-dpcon.dst_eh _pc 1

{sa->pcon.ime? & ( sa->pcon.load

e

W o —

R ——

—

k (“sa->pcon.ft2_eh_pc) ))!

sa-ypcon.altft? & (“sa->pcon.dst_eh_pc) & (“sa-dpcon.ft2_eh pc) ) )!

(sa->pcon.ime2 & { sa->pcon.load

(*sa->pcon,altft? ) ¥
{sa->pcon.isr )3
/tints/
sn-)pcon.bsis_bout 11 =
(sa->pcon.s0 & ( ¥sa-)pcon.int_ac )

{sa->pcon.al
(sa->pcon.a2

————
- -——
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sn->pcon.bout_pc f1 =
{sa->pcon.ise2 & T sa->pcon.store

sa-rpeon.altft? & sa->pcon.ft2_eh_pc ) i
ha-)gcan.in? & { sa->pcon.load

sa->pcon.altft? & sa-dpcon.ft2_eh_pc & (“sa-dpcon.dst_eh pc) ) )

/tintd/

sn-)pcon.ale_fl =

(sa-)pcon.a0 & { “sa-)pcon.int_ac )
{sa-pcon.al

(sa-)pcon.a2

——— —
W -

sn-)pcon.bb_raes_f1 =
(sa->pcon.ime2 & [ sa->pcon.load ) 1

sn-)pcon.bb_ud f1 =
(sa=>pcon.ila0 K { sa->pcon.usa_ud I H

sn-)pcon.bb_ula_f1 =

(sa-)pcon.ila0 & ( sa->pcon.usa_ula I h
(sa->pcon.isa0 & ( sa->pcon.cond v ) h
(sa-pcon.imel )i
(sa->pcon.isrl & { sa->pcon.cond_v ) )
(sa-}pcon.isr2 ¥

sn-)pcon.dst_bb_f1 =
(sa-)pcon.ilal &(

*sa-)pcon.dst eh pc & “sa-)pcon.dst_eh_r0 ) K
(sa->pcon.isald & T

“sa-)pcon.dst_eh pc & “sa->pcon.dst_eh r0 & sa-dpcon.cond v ) )|
(sa->pcon.ime2 &

“sa-)pcon.dst eh pc & “sa-dpcon.dst_eh r0 & sa-dpcon.load I
(sa->pcon.isrl & T

*sa-)pron.dst_eh pc & “sa-dpcon.dst_eh_r0 & sa-dpcon.cond v ) )j

sn-pcon.ft2 ba f1 =

(sa->pcon.imeZ k ( sa->pcon.store & sa-)pcon.altft2 Y i
(sa-pcon.ime2 & ( sa->pcon.load & sa-)pcon.altft2
& sa-dpcon.dst eh pc & (“sa-)pcon.ftZ_eh pc) ) u
(sa-}pcon.ime2 & T sa->pcon.load & sa-)pcon.altft?
& (“sa->pcon.dst_eh_pc) & sa-dpcon.ft2_eh_pc :

(sa-)pcon.ime2 & T sa-dpcon.load & sa->pcon.altft?
& (*sa-)pcon.dst_eh_pc) & (*sa->pcon.ft2_eh pc) & (“sa->pron.ft2 ig dst) ) );

sn->pcon.ba_ula_fl =

(sa-Ypcon.ime2 & ( sa-dpcon.store & sa-)pcon.altft2 b )
(sa->pcon.ime2 & ( sa->pcon.load & sa-)pcon.altft2
& sa-)pcon.dst_eh_pc & (“sa-dpcon.ft2_eh_pc)  H
(sa-pcon.ine2 & T sa-)rcnn.lnid & sa-}pcon.altft2
& (“sa->pcon.dst_eh pc) &  sa-dpcon.ftZ_eh pc ) K

(sa->pcon.ime2 & T sa->pcon.load & sa-)pcon.altft?
& (*sa->pcon.dst_eh_pc) & (“sa->pcon.ft2_eh_pc) & (“sa-dpcon.ft2_ig_dst) ) )3

sn->pcon.ur_fl =
(sa-pcon.imel & ( sa->pcon.store b
{sa->pcon.isrl & ( sa->pcon.cond v I 4

sn-)pcon.rd_f1 =
{sa-»pcon.imel & ( sa->pcon.load LI H
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/1 ¢ t 4/
/% | LATCH DOS COMANDOS DA FASE ! R ¥
1+ t i/
if { f[2])

{ sn->pcon.bout _bb_f1 1
sn-)pcon, bout_inc_fT 1
sn—)pcnn.ﬂc_bout_ﬁ T
sn-»pcon.bsis_bout T1_1
sn->pcon.bout pc_fI 1
sn->pcon.ale_T1_T
sn->pcon.bb_raea_f1_l
sn->pcon.bb_ud fT |
sn->pcon.bb uld 11 1
sn-pcon.dst_bb 1171
sn->pcon. ft2 ba 1171
sn->pcon.ba_ula _f1_l
sn->pcon.wr 1T

sa-)pcon.bout_bb_f1:
sa->pcon.bout_inc fi;
sa-)pcon.g:_bout_ﬂ%
sa-)pcon.bsis_bout f1;
sa-pcon. bout ﬂ:“f
sa-)pcon.ale_flj
sa-ypcon.bb_raes _fl;
sa-)pcon.bbud_f1;
sa-)pcon. bb ula_fi;
sa-)pcon.dst_bb_f1;
sa->pcon. ft2 ba 113
sa->pcon.ba_ula_fl}
sa->peon.wr_fl;

s

L L T T T T I T T L T 1}

sa-ypcon.rd_f1 | = sa-»pcon.rd_f13
sn->pcon.enddst ) = sa-)p:un.enﬂ'ds{;
sn-rpcon.endftl I = sa-)pcon.endftl;
} sn->pcon.endft2] = sa->pcon.endft?;
} /% fia de funcao_parte_controle 8/
It ¢

4/
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1+ +
/t+ +
] :
/1 it H
1t i Risco | i
t Aomcemrmes + H
o i
»;: :' Microprocessador RISC CMOS 32 bits .:
ni Autores: Andre’, Dani, Giba, 6il 5
{1 GME, Jorae, Junqueira (uigi, ;
;:.: Marcon, Paule, Soto, Suzim. :
/4 :
/4 ¢ +
/% + +
I Risco [ r-int.c ] :
/t 4 +
/8 + +
/%] INTERFACE ‘
/t+ +
void funcao_interface()
sn-)pint.ale = sa->pcon.ale_f1 | {8 H
sn-»pint.ba_dst = sa->pcon.ba_dst_f2 & 1{2];
sn-rpint.ba_ftl = sa-»pcon.ba_fti f2 & 1[2]3
sn->pint.ba_r0 = sa-)pcon.ba_rQ_T2 & f[2];
sn->pint.ba_ula = sa->pcon.ba_ula f1 1 & fl1]:
sn->pint.bb 1 = sa-)pcon.bb 1 13 1 & 1[3];
sn->pint.bbX = sa->pcon.bb k12 ¢ (213
sn-pint.bb_dst = {sa-)pcon.bb_dst_f2 k{21

(sa->pcon.bb_dst_f3 1 & 1[3])
sn->pint.bb_ft2 = sa-ypcon.bb_ft2_f2 & 1[2];
sn-rpint.bb_r0 = sa->pcon.bbr0_T2 & (2]
sp->pint.bb_raes = sa->pcon.bb_raea_f1_1 & 111
sn-rpint.bb_ud = sa->pcon.bb_ud_fT 1 k1[1]s
sn->pint.bb ula = sa->pcon.bb_ula_fT 1 & 1{1];
sn->pint.bout_bb =  (sa->pcon.bout _bb_f1 ] &[4

(sa->pcon. bout_bb_2 & 2]}

(sa->pcon.bout bb 31 & 1(31)3
sn-rpint.bout_pc =  (sa->pcon.bout_pc_f1 1 & 1)

’ + (sa-}gcnn.bnutﬁc:ﬂ" & 1(2])!

(sa->pcon, bout_pc_13_1 & 131N

sn~rpint.bout_inc =  (sa->pcon.bout_inc_f1_l & 1{11)]
(sa->pcon.Bout_inc_f2 & f12])!
(sa->pcon.bout_inc_13 1 k f[31)s

sn-)pint.bsis_bout = (sa->pcon.bsis_bout_fi I &1

(sa->pcon.bsis_bout 12 & 1(2])

(sa->pcon.bsis_bout _f3_1 & 1[31);
sn-pint.proxk_bsis = sa-)pcon.proxk_bsis f3 1 & f[3]3
sn->pint.K_proxk = sa->pcon.K_proxk_13°1 k 1[3];
sn-)pint.dst _bb = sa->pcon.dst_bb 71 T & 1[1];
sn-)pint.ft2 ba = sa->pcon. ft2ba f1_1 & 1[11;
sn->pint.pcinc_bout = sa-)pcon.pcinc_bout f2 & 1[2];
sn->pint.pc_bout = sa->pcon.pc_bout_f1_1 L1
sn->pint.proxri_bsis = sa-)pcon.proxri_bsis {3 1 k1

31
sn->pint.proxri_int_isr = sa->pcon.proxri_int _1sr f3 1 & 1[3]’;
sn->pint.proxri_int noop = sa-)pcon.proxri_int poop_f3_1 & f(3];

sn-rpint.rda_ba = sa~rpcon.rda_ba_f2 & f[2];
sn->pint.rdb bb = sa->pcon,rdb_bb_f2 & f[2];



sn-)pint.rd = {sa->pcon.rd_f1 1
(sa-rpcon.rd_f2_1
(sa->pcon.rd 1371

sn-rpint.ri_proxri = sa->pcon.ri_proxri_f3 1
sn->pint.rees bsis = sa-)pcon.raes bsis f3 |
sn-dpint.rua Ba = sa-)pcon.rua_ba_f2
sn-)pint.rubbb = sa-)pcon.rub bb f2
sn-)pint.rud_codud = sa->pcon.rud_codud f2
sn->pint.rula_codula = sa-Ypcon.rula_codula_f2

sn-rpint.ur = (sa->pcon.wr_f1 |
(sa=>pcon.wr 1271
} (sa->pcon.wr_f3_1

133
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¢ Risco |
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Microprocessador RISC CHOS 32 bits

hutores: Andre’, Dani, Giba, Bil,
GME, Jorge, Junqueira Luigi,
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-
e
b sttt

Risco [ r-po.c ]

PARTE OPERATIVA

/8 +

void funcac_po(void);

void funcao_tonstante(void);

void funcan_hanco_rgg1stradares(md};
void funcao_ula2(void);

void funcao_ulal{veid);

void funcao_pla ula{void};

void funcao_ulal(void);

\{foid funcao_parte_operativa()

}fnid funcao_po()

funcao_po();
funcao_constante();

funcao banco regis!radnrns( 3
funcao_ula2(T;

it
if

(sa->pint.bout _pc)
sn-rpo.bout = sa-)po.PC;
{sa->pint.pcinc_bout)
sn-)po.pcinc = sa-)po.bout;

sn-)po.inc = sa-ipo.pcinc + 1

if

if
if

if

if

if

if

{sa->pint.bb_1)
sn-}po.bb = V3 /% pre-carga adiantada t/

{sa-)pint.bout_bb)
sn-}gc.bout =" sa-)po.bb;
{sa-rpint.bout_inc)
en-ypo.bout = sa-)po.inc;

{sa-}pint.pc_bout)
sn-)po.PC = sa->po.bout;

{sa-)pint.bsis_bout)
sn-ypo.bsis = sa-)po.bouty

(sa->pint.raeas_bsis)
sn-)po.raes = sa-)po.bsisy

{sa->pint.bb_rmen)
sn-)po.bb = sa-lpo.raea;
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\{mid funcao_constante()

$define
fdefine

fdefine

#define
fdefine

}

it {sa-)pint.proxk_bsis)
sn->po.proxk = sa->po,bsis;

if (sa->pint.K_proxk)
en-rpo.K = sa->po.proxk;

CANPOKP 0x7§1L
CANPOKG Oxifffil

EXT_L_KP OnfffffcOOL
EXTTIXGLO  OxfF1£0000L
EXTTITKGHI  0x0000f L

sn-po.sinal_kp = ( (sa-)po.K & BITL0) 2V
sn->po.sinal kg = ( (sa->po.K & BIT1S) 2V

— —
M
——
e

if (sa-)pcon.b_kp)

if {sa-)po.sinal_kp)
sn-po.K_ext = (sa-dpo.K & CAMPOKP) | EXT_L KP;
else sn->po.K_ent = sa->po.K & CAMPOKP;

]
if tsa;)pcon.b_kql }

if {sa-’po.sinal_kg)
sn-2po.K_ext = (sa-)po.K & CAMPOKG) | EXT_{_K6LO;
else sn->po.K ext = sa->po.K & CAMPOKG;

]
it (sa->pcon.b_kgh)

if (sa-po.sinal ko)
sn-po.K_ext = ((sa->po.K & CAMPOKG)<<16) | EXT_1_KEHI;
else sn-)po.K_ext = ({sa->po.K & CANPOKG)((16);

if {sa->pint.bb K)
sn->po.bb = sa-)po.K_ext;

\{mid funcao_banco_registradores()

sn-2po.ROO = 0Ly

/% leitura - ciclo normal #/

it {sa->pint.ba_fti)

_ sn-}go,ba = sa-)po.breg[ sa->pcon.endftl | 1y

if (sa->pint.ba_r0) /% tambes para 2do ciclo de mes com altft2 8/
sn-}gotha = sa-2po,R0O03

it (sa-»pint.ba_dst}) /% tambem para iro ciclo de sub-rot 8/
sn-ypo.ba = sa-)po.bregl sa-)pcon.enddst | 13

/% leitura - ciclo normal ¢/
if {sa->pint.bb_{t2)
sn-po.bb = sa->po.breg{ sa->pcon.endft2_] 1;
/% bb_K esta’ na funcao_constante $/

if {sa->pint.bb_r0) /t leitura - para lro ciclo de sub-rot ¢/
sn-»po.bb = sa->po.R00;

if {sa->pint.bb_dst) /t no store &/
sn-3po.bb = sa->po.breg{ sa->pcon.enddst_| 1j

if (sa-rpint.ft2_ba) /¢ se altera ft2 ¢/
en->po.bregl sa-)pcon.endft2_1 1 = sa-)po.ba;
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/% escrita - ciclo norsal ¢/
if (sa->pint.dst_bb) /% escrita do resultado ¢/
sn->pa.breg[ sa-)pcon.enddst ! 1 = sa-}po.bb;

}

void funcap_pla_ula()

fdefine C4 ( { sa->po.rula &BIT4) 2 V : F )

$define C3 ( ( sa-dpo.rula &BIT3) ?2 V 1 F )

fdefine (2 ( ( sa-)po.rula &BIT2) 2 V : F )

fdefine C! ( ( sa->po.rula &BITL) 2 V & F )

§define CO ( ( sa->po.rula &BITO) ? V : F )

/1
Instrucao Codigo (.rula) Operacao
and 01111 ula = a & b
or 01110 ula = a | b
xor 01104 ula = a * b
; 01100 ula = 7
subrc 01011 ula = ™"a + b + “carry
subrcnot 01010 ula = ™a + b + carry
subr 01001 ula = "3 + b ¢ |
subrnc 01000 ula = " + b + 0
subc 00111 ula = a +* + “carry
subcnot 00110 ula = a +* + carry
sub 00101 ula = a +%* + |
subnc 00100 ula = a +% + 0
addcnot 00011 ula = a + b ¢+ “carry
addc 00010 ula = a + b + carry
add! 00001 ula = a +« b ¢ |

y add 00000 ula = a + b + 0
sn-)po. ! = "4 & (CI & C2);
Sn-po.arit = o4 & *(C3 & 02}
sn-ypo.and = sa-dpo.dog & CI & CO
sn-)ﬁa.or B sa—>¥§.13§ ¢ O & *coi
sn-ypo.xor = sa-)po.log & “C1 & CO;
sn-rpo.add = sa-)po.arity
sn—)g:.inv_g = sa-)ﬁg.arit’ k C3;
sn->po.inv_b = sa-)po.arit & C2;
sn-)po.com € = sa-)po.arit & Cl3

} sn-)po.inv_c = sa-)po.arit & CO;

¥oid funcao_ula0()
if Esa-)pn.sel_andl

sn-po.ula = sa-dpo.a & sa-)po.by
/1 sﬁ)po.:out nanpglteri t/ e
\ /t sn->po.overf nac altera &/
H
if %sa-)pu.sel_nrl
sn-po.ula = sa-)po.a | sa-)po.by

/t sp->po.cout nao altera #/
/% sn->po.overf nao altera &/
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if ésa-)pu.sel _xor)
sp-rpo.ula = sa-ipo.a * sa-ipo.by
/% sn->po.cout nao altera t/ ’
} /% sn->po.overf nao altera ¥/
H
it Esa-}pn.sei _add)
unsigned char veout,i,va,vb,vcing
unsigned long bit 1,
sn-rpo.ula = sa-dpo.a ¢
sa-)po.b +
( sa-)po.cin 2130 )3
ycout = sa-po.cing
bit_i = 1L}
for~ E i=03 (=313 i=i+l )
= ( (sa-dpo.a & bit i) 2V 3 F )3
= ( {sa=dpo.b & BitTi) 7V :F )i
vcln = { {vcautl 2V:F )
veout = (va & vb ) |
(va & vcin ) |
{(vb & vcin )3
. bit i = bit_i < {3
t veout = cout do bit i, t/
t vein = cout dn bit 30'= cin do bit 31 1/
sn->po.cout = (veout 7V i F )y
sn->po.overf = ( veout PVF) A (vein 2V F )3
h
sn-ypo.negat = ( ( sa-dpo.ula (O ) 2V F )3
} sn->po.zere = ( sa-’po.ula 7F:V ];
:oid funcao_ulal()
funcao_pla_ula()s
gn-po.a = ( sa-rpo.inv_a 7 “sa-)po.rua @ sa-)po.rua )3
sn-ypo.b = ( sa-dpo.inv b ? “sa-dpo.rub : sa-dpo.rub )}
sn-po.cin = ( sa=dpo.inv.c ?
( sa-)po.com c ? “sa-ipo.C : 1)
{ sa-)po.comc ? sa-dpo.c & 0)
sn’}pn.sel and = sa->po.and}
sn-}po.sel_or = sa-)po.or;
sn-)po.sel %or = Sa-)po.xor;
sn->po.sel add = sa->po.add;

funcao_ulal();

}
Eoid funcao_ula2()
if (sa->pint.rula_codula)
sn-po.rula = sa-)pcon.codula;
if (sa-rpint.rua_ba)
sp-)po.rua = sa-}po,.ba;
it {sa-2pint.rub_bb)
sn-}ro Jub = sa->po.bb;
funcao_ulal(
if (sa-)pint bb_ula)
sn-> = sa-ypo.ulag
it (sa- int ba_ula)
sn- }pu.ha = sa-rpo.ulag
}
/t+ t
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/1 1/
/1 i/
/t i/
/t L + i/
/t { Risco | t/
S - t/
/t 8/

Nicroprocessador RISC CMOS 32 bits

Autores: Andre’, Danij Biba, 6il
u

F e — - —————————
-
-

_—
-
B e A .- ————————

t GME, Jorge, nqueira fqigi, 1/
n Narcon, Paulo, Soto, Suzim. ¥/
/t /
/1 i/
/t t/
/t ¢ + 4/
/8 Risco [ r-mem.c ] i ¥
It + + 3
/1 + t 8/
/) MEMORIA S 1)
/t ¢ + 1/

/% funcao que converte caapos decimais da instr em um hexa de 32 bits 8/

long unsigned instr(char 8, char, char &, char 8, char, char, char, char);
long unsigned instr{tipo cod, apsw fora dst, fti, ft2, restni
char tipofl}, cod, apsnt?], fnrufl?], dst, fti, ft2, resto;

unsigned char ti0, aps,  f10,s82;
long unsigned valor;

t10=100;

if ('strcap(tipo,"ila")) t10=0;
if (!strcap{tipo,"isa®)) ti0=1;
if (!strcap(tipo,"ime")) t10=2;
if (!strcap(tipo,”isr®)) t10=3;

aps=100;
if (!'strcap(apsw,”n®)) aps=0;
if (!'strcap{apsw,"a")) aps=1;

110=100;

552=100}

if { !s‘rclp{fnrl,'dst*fti—ft?'! ) { f10=0; ss2=0; }3
if { !strccp{fnrl,'dst-ftl-kr'! } { 110=0; ss2={; };
if ( !strcep(form,"dst-rO-kgl®) ) { f10=1; es2=0; };
if ( !strcap(fors,"dst-dst-kgh®) ) { 110=2; ss2=0; };
if ( !stremp(fors,"dst-dst-kgl") )} { £10=3; ss2=0; };

if (t10>3) return(0)
if {cod?31) return(0)
if (apsi1) return(0)
if (11003 )  return(0)
if (dst¥31) return(0)
if (ft1031)  return(0)
if (ss2>1) return(0)
if (ft2>31)  return(0)
it (resto)63) return{0)

B v ——

valor=0L};
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n cnntagen das Earenteses... 1/

/1 4§ 4

valor = t{{{lan?lltIOI ) k3L ) <€ 30)
((({({long)(cod) ) &31L) (¢ 2§)
({{{{long)(aps) ) &Il } ¢ 24)
(((({long)(f10) ) &3L ) <C 22)
((({{long)(dst) ) &31L) <C 17)
((((long)(ftl) ) &31L) <C 12)
:{(l(lnng}{5521 ) &L ) 1)
(({(long)(ft2) ) &31IL) <€ 6 )
i{l(llang}{restnll l&ELl }

;eturn(valorl;

void funcao_semsoria()

if (sa-)pint.ale)
sn->aes, latch_end = sa-)>po.bsis:
it (sa->pint.rd & *sa-Jpint.ale)
sn->po.bsis = sa->mem.ran((unsigned int)sa->aes.latch endl;

if (sa->pint.wr & “sa->pint.ale)

sn-}aes.raa[ (unsigned int)sa->mea.latch_end] = sa-)po.bsiss
/1 + t 1/
1+ + 8/
/1 + t 1/
/% +-- ipicio do programa + 1/
/1

Este programs apenas executa J classes de instrucao: log-arit.,
sub-rotina e memoria,
En 2 ipicializa o SP (com 20), em 4 vai para 2 sub-rotina (es 50),
:;E' 32 retorna da sub-rot para o end do SP (20). Todos os nuaercs ea decimal.

/% tipo, cod,apsw, fors, dst,ftl,ft2,resto ¢/
sn->aea.ranl 0]=01;

sn-aen.ran[ 1]=11;

sn->aem.ram[ 2]=instr( “ila®, 0, "n", “dst-fti-kp", 30, 0, 0, 20);
sn-raen.raal 3]=31;

sn->aem.ras{ 4]=instr( ‘isr", 0, "n", "dst-fti-kp", 30, 0, 0, 50);
sn-ypen.ran[ 5]=31;

sn->aen.ran{ 6]=61}

sn->aea.ran(18]=181;
sn- }lEI.ral[19]-191-
sn->aes.ran{20] -201;
sn-raem.ran{21]1=211;
sn->aea.raa2! '22!
sn-raen.ran[23] -231;
sn-raes,ran{23]=241;

sn-raen.ran[49]=491;

sn->aea.raa[30]=301;

sn->aea.ram{31]=511;

sn-)ses.ran(32]=instr( *ine* s 9, "n*, "dst-fti-ft2", 31, 0, 30, 0}
sn->aea,rar[33]=331;

sn-mea,ras[54]=341;

sn->aem,raa[33 -551,

/¢ +-- f{is do programa t 4/
1+ t 1/
/8 + t 8/
1t ¢ + 4/
1

It 4 + 8/
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ANEXO A—2

Descricdao algoritmica
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#idefine verd 1
#idefine falso 0

A% ookkocokkokkcookioo ook ook X/
/% FASE 1 - E %/

se la

entao ( se dst=pc
entac bout := bb
senao bout = incy

pc = bout
i
se gl
entao ( se ( (dst-pc) e cond)
entao ut := bb
SENAD bout = incs
pc = bout

)s

se me
entao ( se ( (dst=pc) e load)
entao ( bout == 5
bout == inc

)
senao ( se ( altera_ftZ e (ft2=pc) )
entao bout ¥= pc
senao ( bout 2= incs
pc &= bout

)i

se &r
entao ( se cond
entao bout == bb
senao bout = i
i pc &= bout

bsis 2= bouty

ncs

VAR 3332343833343 33¢33¢33¢4333¢33¢338 3¢9 ¥4
/% FASE 1 - D (decodificacao) X/

decodifica();

Z% ko ook oo OOk ok oKk R %/
/% FASE 1 - Em (escrita end. dado mem.) X/

58 me
entao ( bb 1= sai _ulas
bout := bb;
bsig 1= buuta
se altera_ft2
entao ( ba = r03
rua = ba:
ula 2= op_ula
)3
s sI

entao ( calcula_op_ulas
b := sai_ulas
bout := bb3
bsis := bout;
J det z= bb
"
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Z% kKooK kcookokok Kok oRIRKKOR K Rk :ﬁ

/% FASE 1 - W (escrita do resultado)

se la

entao ( se usa _ula
entao bb = sai_ula
senao bb = sai_udjy
se (dst™=pc)
entao dst = bb

se sl
entao ( se cond
entao ( bb = sai_ulajg
se (dst“=pc)
) entao dst = bb
)

s me
entao ( se load
entao ( bb = rmemy
se (dst™=pc)
entao dst 3= bb

)3

se (sr e cond)
entaoc bb 1= sai_ulaj

Z% ook okRk kR KoKk KoKk k §§

/% FASE 2 - Ia (leitura da instrucao)

bout == pcg
pcinc #= bouts

/% koookokckoRookokok o R KooKkIoRIoOKKK X/

/% FASE 2 -~ R (leitura dos operandos)

ba #= ftly
bb 1= fbf
ae usa_ula

entao { rua == baj
rub == bbsj
) ula = op_ula
senao ( rda 1= baj
rdb == bbj
ud = op_ud

)i

Z% RRRRRORKORK ROk Ok KRR IOR KKk oKk Kok kok Kok kK kKoK
/% FASE 2 - Ma (acesso dado memoria)

ae ne
entao ( se store
entao ( bb 1= dsty
bout 1= bby
bsis = bout

s
se altera_fi2
entao ba = verd
b

X/

X/
X/



se

144

sF
entao ( bout := g
beig i= out:
ba 1= ftly
bb 2= fby
rua := bas
rub := bbs
ula = op_ula

/X
/%

in

I

ook ook koo oKk KKk %/
FASE 3 - Ib (leitura da instrucao) X/

s= heig

imed := bsisy

/%
/¥

bb

/%
/X

g&e

AoRoRRRORIOKOK SRR ORI SOROK Kok okookkok K/
FASE 3 - 0 (operacao) X/

1= yerds

sokok koK KoKk ok ok ok soloiokiookiok ook ok kok &/
FASE 3 - Mb (acesso dado memoria) X/
me

entaoc ( se store

ge

entao ( bb == dsts:
bout &= bB;

)
senao ( rmem := beiss /% load %/
bh 1= verd

se altera _ft2

entao ( ba = sai2 _ula:
se ( ft2=pc )
entao pc = ba
senao ft2 == ba

)l
dec_brea t= end_dst

entao ( bout := pcs

bsis == bout;

bb 1= verdsy
y dec_breqg = end_dsty
g
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ANMEXO A—3

Descricao Spice dos blocos



* % % % %

CIRCUITO:
TECNOLOGIA:

ula2.txt

cmosl2.tec

144

TIPO CMOS

Modelos dos transistores worst

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2El16 VTO=0.81
+U0=510 UEXP=0,22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4

+RSH=62 NFS=0 JS=20 CJ=150U0 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGSO0=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88

+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

*

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

W 3 % % ok 3% o % % ¥ % ¥ ¥ % 3 % % % ¥ ¥ % % % F F ¥ F ¥ ¥ ¥ ¥ ¥ F % ¥ 3 % F F F H ¥ F ¥ ¥ F* ¥ ¥ ¥ * ¥

No i

0 = gnd

1 = vdd2

6 = vddl

9 = a0l

10 = b0

11 = bl

12 = al

13 = bi0

14 = axorbl

15 = coutnegl
16 = aorbOneg
17 = aandblneg
18 = a+b+c0
20 = laritneg
21 = lxornegl
22 = sOneg
23 = zout
24 = bil

25 = aandb0
26 = aorb0

27 = cin0

28 = lornegl
29 = aorblneg
30 = landnegl
31 = aandbOneg
32 = cinneg0
34 = laritnegl
35 = axorbOneg
36 = sl
37 = ailneg
38 = ailneg
39 = biOneg

40 = bilneg

41 = aandbl

42 = aorbl

43 = cinl
44 = lor
45 = lorneg
46 = land

47 = landneg
48 = axorb0

49 = cinnegl
50 = axorblneg
51 = a+b+cl

52 = larit

53 = lxor

SUBCIRCUITO CORRESPONDENTE A CELULA wula2.txt

Transistores tipo NMOS: 54
Transistores tipo PMOS: 54
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* No 54 = lxorneg

* No 55 = s0

* No 56 = zinnands0
* No 57 = zin

* No 58 = slneg

VB 39 0 dc 0

VA 37 0 dc 4.5

VC 32 0 PULSE(4.5 0 19n 1n 1n 19n 40n)
VDD 6 0 DC 4.5

vDD2 1 0 DC 4.5

VZ 57 0 dc O

val 38 0 dc 0
vbl 40 0 dc 4.5
VT 52 0 DC 4.5
VX 53 0 DC O
VO 44 0 DC 0
VD 46 0 DC O

cs0 55 0 200f
csl 36 0 200f
cc 15 0 300f
cz 23 0 200f

MN1
MP2
MN3
MP4
MN5
MP6
MP7
MN8
MP9
MN10
MN11
MP12
MN13
MP14
MN15
MP16
MP17
MN18
MP19
MN20
MP21
MN22
MP23
MN24
MP25

MN26

MP27
MN28
MN29
MP30
MN31
MP32
MN33
MP34
MN35
MP36
MN37
MP38
MN39
MP40
MP41

58 23 0 NMOS L=1.20 W=3.0U AD=33P AS=10P PD=28U PS=13U

57 6 1 PMOS L=1.2U0 W=7.5U AD=83P AS=44P PD=37U PS=47U

57 0 0 NMOS L=1.2U0 W=3.0U AD=19P AS=21P PD=19U PS=20U

58 1 1 PMOS L=1.2U0 W=7.5U0 AD=42P AS=53P PD=27U PS=29U

56 0 0 NMOS L=1.2U0 W=3,0U AD=33P AS=70P PD=28U PS=66U

55 1 1 PMOS L=1.2U W=7.5U0 AD=60P AS=83P PD=31U PS=37U

56 1 1 PMOS L=1.2U0 W=7.5U AD=42P AS=53P PD=27U PS=29U

55 0 0 NMOS L=1.2U0 W=3.0U AD=19P AS=70P PD=19U PS=66U

22 6 1 PMOS L=1.20 W=37.5U0 AD=179P AS=715P PD=84U PS=113U
22 0 0 NMOS L=1.20 W=15.0U0 AD=89P AS=341P PD=43U PS=75U0
58 0 0 NMOS L=1.2U0 W=15.0U AD=71P AS=341P PD=39U PS=75U
58 1 1 PMOS L=1.20 W=37.5U0 AD=231P AS=269P PD=87U PS=89U
53 658 0 NMOS L=1.20 W=6,0U AD=27P AS=29P PD=21U PS=24U

21 50 1 PMOS L=1.2U W=15.0U0 AD=67P AS=89P PD=38U PS=43U
53 35 0 NMOS L=1.2U W=6.0U AD=21P AS=52P PD=19U PS=32U

54 22 1 PMOS L=1.2U0 W=15.0U0 AD=71P AS=89P PD=39U PS=43U
53 i & 1 PMOS L=1.20 W=15.0U0 AD=85P AS=107P PD=42U PS=44U
53 0 0 NMOS L=1.2U0 W=6.0U AD=30P AS=136P PD=25U PS=57U0
53 6 1 PMOS L=1,20 W=15.00 AD=71P AS=278P PD=39U PS=68U
53 0 0 NMOS L=1.2U W=6.0U AD=28P AS=136P PD=21U PS=57U
20 22 1 PMOS L=1.2U0 W=15.0U0 AD=71P AS=89P PD=39U PS=43U
52 33 0 NMOS L=1.2U0 W=6.0U AD=21P AS=52P PD=19U PS=32U

34 19 1 PMOS L=1.2U W=15.0U0 AD=67P AS=89P PD=38U PS=430
52 58 0 NMOS L=1.20 W=6.0U AD=27P AS=29P PD=21U PS=24U

52 1 1 PMOS L=1.20 W=15.0U AD=85P AS=107P PD=42U PS=44U
52 0 0 NMOS L=1.20 W=6.0U AD=28P AS=136P PD=21U PS=57U
52 6 1 PMOS L=1.20 W=15.0U0 AD=71P AS=278P PD=39U PS=68U
52 0 0 NMOS L=1.20 W=6.0U0 AD=30P AS=136P PD=25U PS=570
18 0 0 NMOS L=1.2U0 W=6.0U0 AD=30P AS=136P PD=25U PS=57U
18 6 1 PMOS L=1.20 W=15.0U0 AD=71P AS=278P PD=39U PS=68U
53; 0 0 NMOS L=1.2U0 W=6.0U AD=28P AS=136P PD=21U PS=57U
51 1 1 PMOS L=1.20 W=15.0U AD=85P AS=107P PD=42U PS=440U
48 32 0 NMOS L=1.2U0 W=9.0U AD=32P AS=82P PD=25U PS=38U

35 32 1 PMOS L=1.2U0 W=22.5U AD=107P AS=143P PD=54U PS=58U
14 51 0 NMOS L=1.2U W=9.0U AD=41P AS=48P PD=27U PS=30U

50 51 1 PMOS L=1.2U0 W=22.5U AD=107P AS=143P PD=54U PS=58U
32 48 0 NMOS L=1.20 W=9.0U AD=32P AS=B2P PD=25U PS=380

32 35 1 PMOS L=1.20 W=22.5U0 AD=107P AS=143P PD=54U PS=58U
49 51 0 NMOS L=1.20 W=9,0U AD=41P AS=48P PD=27U PS=30U

49 51 1 PMOS L=1.2U0 W=22.5U AD=107P AS=143P PD=54U PS=580
14 1 1 PMOS L=1.20 W=30.0U AD=179P AS=215P PD=720 PS=74U



MN42
MP43
MN44
MN45
MP46
MN47
MP48
MP49
MP50
MN51
MN52
MP53
MN54
MN55
MP56
MP57
MNS58
MN59
MP60
MN61
MP62
MN63
MP64
MP65
MN66
MNG67
MP68
MP69
MN70
MN71
MP72
MP73
MN74
MP75
MN76
MP77
MN78
MN79
MP80
MP81
MP82
MN83
MN84
MP85
MP86
MN87
MN88
MPB89
MP90
MN91
MN92
MP93
MP94
MN95
MN96
MP97
MN98
MN99
MP100
MP101
MN102
MN103
MP104
MP105
MN106
MP107

[y -

[\ S -3

HOHHOOKHHOOHOOHHOOHRHOOHHOORHHOOHOHOHHOOHKHOORHFOHOHFOORHOOHDODORKFEFORFROORCO

NMOS
PMOS
NMOS
NMOS
PMOS
NMOS
PMOS
PMOS
PMOS
NMOS
NMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
NMOS
PMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
PMOS
NMOS
PMOS
NMOS
NMOS
PMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
PMOS

e B8 ol ol o ) ol ol el el el
nnnn

| ol -nd
[}

X0
N e i e e e e
R TR T A I D 0 T T - T

!
]

L=1.
L=1.
L=1.
L=1.

=1,
L=1.
I=1.
I=1.
L=1.

L=1.
L=1.
L=1.

=],
L=1.
L=1.

=],

L=1.
L=1.
L=1.
L=1.

=1.
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W=12.0U0 AD=57P AS=273P PD=33U PS=69U
W=30.00 AD=143P AS=566P PD=69U PS=080U
W=12.0U AD=70P AS=273P PD=37U PS=69U
W=6.0U AD=27P AS=30P PD=21U PS=25U0
W=15.0U AD=67P AS=89P PD=38U PS=43U
W=6.0U AD=28P AS=23P PD=21U PS=22U
W=15.0U AD=71P AS=89P PD=39U PS=43U
W=15.00 AD=85P AS=107P PD=42U PS=440
W=15.0U AD=71P AS=278P PD=39U PS=68U
W=6.0U AD=30P AS=136P PD=25U PS=57U
W=6.0U AD=28P AS=136P PD=21U PS=57U
W=15.00 AD=67P AS=89P PD=38U PS=43U
W=6.0U AD=27P AS=30P PD=21U PS=25U
W=6.0U AD=28P AS=23P PD=21U PS=22U
W=15.0U0 AD=71P AS=89P PD=39U PS=43U
W=15.0U0 AD=85P AS=107P PD=42U PS=44U
W=6.0U AD=28P AS=136P PD=21U PS=57U
W=6.0U AD=30P AS=136P PD=25U PS=57U
W=15.0U0 AD=71P AS=278P PD=39U PS=68U
W=4,5U AD=21P AS=19P PD=18U PS=19U
W=11.3U AD=53P AS=67P PD=32U PS=35U
W=4.5U AD=20P AS=25P PD=18U PS=22U
W=11.3U AD=53P AS=67P PD=32U0 PS=350
W=11.3U AD=53P AS=67P PD=32U PS=35U
W=4.,5U0 AD=21P AS=19P PD=18U PS=190
W=4,5U0 AD=20P AS=25P PD=18U PS=22U
W=11.3U0 AD=50P AS=67P PD=31U PS=350
W=30.0U AD=143P AS=566P PD=69U PS=98U
W=12.0U0 AD=70P AS=273P PD=37U PS=69U
W=12.0U AD=57P AS=273P PD=33U PS=69U
W=30.0U AD=179P AS=215P PD=72U PS=74U
W=22.5U AD=107P AS=427P PD=54U PS=83U
W=9.0U AD=50P AS=205P PD=31U PS=63U
W=22.5U AD=137P AS=161P PD=57U PS=590U
W=9.0U AD=43P AS=205P PD=27U PS=63U
W=22.50 AD=107P AS=427P PD=54U PS=83U
W=9.0U AD=50P AS=205P PD=31U PS=63U0
W=9.0U AD=43P AS=205P PD=27U PS=63U
W=22.50 AD=137P AS=161P PD=57U0 PS=590
W=15.00 AD=71P AS=278P PD=39U PS=68U
W=15.0U AD=85P AS=107P PD=42U PS=440U
W=6.0U AD=122P AS=44P PD=52U PS=29U
W=6.0U AD=122P AS=44P PD=52U0 PS=290
W=15.0U0 AD=71P AS=278P PD=39U PS=68U
W=15.00 AD=85P AS=107P PD=420 PS=44U
W=6.0U AD=122P AS=105P PD=52U PS=81U
W=6.00 AD=122P AS=105P PD=52U PS=81U
W=15.00 AD=275P AS=125P PD=67U PS=47U
W=15.00 AD=278P AS=125P PD=67U PS=470
W=6.0U0 AD=28P AS=136P PD=21U PS=570
W=6.0U0 AD=30P AS=136P PD=25U PS=57U
W=18.0U AD=275P AS=272P PD=67U PS=75U
W=15.0U0 AD=247P AS=278P PD=74U PS=67U
W=6.0U AD=30P AS=136P PD=25U PS=57U
W=6.0U AD=28P AS=136P PD=21U PS=57U
W=22.5U AD=107P AS=143P PD=54U PS=580U
W=9.00 AD=32P AS=82P PD=25U PS=38U
W=9.0U AD=41P AS=48P PD=27U PS=30U
W=22.5U0 AD=107P AS=143P PD=54U PS=58U
W=22.5U AD=107P AS=143P PD=54U PS=58U
W=9.0U AD=32P AS=82P PD=25U PS=38U
W=9.0U AD=41P AS=48P PD=27U PS=30U
W=22.5U0 AD=107P AS=143P PD=54U PS=58U
W=22.5U AD=137P AS=161P PD=57U PS=59U
W=9.0U AD=43P AS=205P PD=27U PS=63U
W=22.5U AD=107P AS=427P PD=54U PS=83U
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MN108 13 39 0 0 NMOS L=1.2U W=9.0U AD=50P AS=205P PD=31U PS=63U

.tran 1n 80n
.opt temp=125
.END
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CIRCUITO: ipc.txt
TECNOLOGIA: cmosl2.tec TIPO CMOS

Modelos dos transistores worst

* * % ¥ %

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U0 CJ=150U0 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGS0O=270P

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1,23
+00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U0 VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

* Kk

* SUBCIRCUITO CORRESPONDENTE A CELULA ipc.txt
*

* Transistores tipo NMOS: 22
* Transistores tipo PMOS: 22
* No 0 = gnd

* No 1 = vdd2

* No 12 = al

* No 13 = ail

* No 14 = bl

* No 15 = b0

* No 16 = a0

* No 17 = ail

* No 1B = cout

* No 19 = wvddl

* No 20 = s0

* No 22 = ncout

* No 23 = sl

* No 26 = cin

* No 27 = il

* No 28 = i0

*

No 29 = ncin

vDD2 1 0 DC 4.5
VvDD1 19 0 DC 4.5

Vnc 29 0 pulse(4.5 0 5n 1n 1n 20n 50n)
Vci 26 0 pulse(0 4.5 5n 1n 1n 20n 50n)
va0 28 0 dc 4.5
val 27 0 dc 4.5
Cs0 20 0 200f
Csl 23 0 200f
Cco 18 0 220f
0 150f

Cnc 22

MN1 10 34 23

NMOS L=1.2U0 W=12.0U AD=568P AS=39P PD=118U PS=31U
MP2 23 34 1 PMOS L=1.20 W=30.0U AD=152P AS=107P PD=70U PS=67U
MN3 9 33 20 NMOS L=1.2U0 W=12.0U AD=467P AS=214P PD=101U PS=61U
MN4 8 32 10 NMOS L=1.20 W=12.0U AD=467P AS=568P PD=101U PS=118U

MP5 20 31 19
MP6 20 33 19
MP7 23 30 1
MP8 23 32 1
MN9 9 31 0
MN10 8 30 0
MN11 7 29 33
MP12 33 28 19
MP13 33 29 18
MN14 7 28 0
MN15 6 29 32

PMOS L=1.2U W=30.0U AD=188P AS=107P PD=72U PS=67U
PMOS L=1.2U W=30.0U AD=188P AS=102P PD=72U PS=67U
PMOS L=1.2U W=30.0U AD=188P AS=129P PD=72U PS=69U
PMOS L=1.2U0 W=30.0U0 AD=188P AS=107P PD=72U PS=67U
NMOS L=1.20 W=12.0U AD=467P AS=293P PD=101U PS=116U
NMOS L=1.20 W=12.0U AD=467P AS=293P PD=101U PS=116U
NMOS L=1.2U0 W=9.0U AD=234P AS=71P PD=70U PS=35U
PMOS L=1.2U W=22.5U AD=141P AS=80P PD=57U PS=52U
PMOS L=1.2U0 W=22.5U0 AD=141P AS=78P PD=57U PS=52U
NMOS L=1.20 W=9.0U AD=234P AS=96P PD=70U PS=450
NMOS L=1.20 W=9.0U AD=283P AS=66P PD=80U PS=33U

oo MHFOCOCOHHKHFHOOHO



MP16 32 29
MP17 32 27
MN18 5 26
MN19 6 27
MP20 31 25
MP21 31 26
MN22 5/ 25
MN23 4 27
MP24 34 25
MP25 34 27
MN26 4 25
MN27 25 28
MP28 25 28
MP29 18 22
MN30 18 22
MP31 30 28
MN32 30 28
MN33 2 26
MP34 30 26
MP35 30 24
MN36 2 24
MP37 22 26
MN38 11 26
MN39 21 28
MP40 22 28
MP41 19 27
MN42 21 27
MN43 24 27
MP44 24 27

.tran 1n 50n
.opt temp=125
.END

HOOHHOOHOHKHOOHOHKHOOFRFROORHOORH

PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS

L=1.
L=1,
=1.

L=1.
L=1.
L=1.

L=1.
L=1.

L=1,
L=1.
L=1,.
L=1.
L=1.
L=1,
L=1.
L=1,

=1.
L=1.
L=1.
L=1.
L=1.
L=1.
L=1,
L=1.
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W=22.5U AD=141P AS=80P PD=57U PS=52U
W=22.50 AD=141P AS=99P PD=57U PS=540
W=9.0U AD=267P AS=71P PD=77U PS=35U
W=9.0U0 AD=283P AS=361P PD=80U PS=120U0
W=22,5U0 AD=141P AS=80P PD=57U PS=52U ,
W=22.5U AD=141P AS=78P PD=57U PS=520U
W=9.0U AD=267P AS=96P PD=77U PS=45U
W=9.0U AD=283P AS=66P PD=80U PS=33U
W=22.5U0 AD=141P AS=99P PD=57U PS=54U
W=22.5U AD=141P AS=80P PD=57U PS=52U0
W=9.0U AD=283P AS=216P PD=80U PS=88U
W=6.0U AD=187P AS=46P PD=77U PS=27U
W=15.0U0 AD=53P AS=48P PD=37U PS=37U
W=30.0U AD=107P AS=102P PD=67U PS=67U
W=12.0U AD=383P AS=93P PD=89U PS=39U
W=22.5U AD=116P AS=80P PD=55U PS=52U
W=9.0U AD=41P AS=156P PD=27U PS=52U
W=9.0U AD=251P AS=156P PD=73U PS=520
W=22.5U0 AD=141P AS=80P PD=57U PS=52U
W=22.5U0 AD=141P AS=99P PD=57U PS=54U
W=9.,0U AD=251P AS=41P PD=73U PS=27U
W=22,5U AD=80P AS=78P PD=52U PS=52U
W=9.00 AD=308P AS=26P PD=86U PS=250
W=9.0U AD=426P AS=308P PD=112U PS=86U
W=22.50 AD=141P AS=78P PD=57U PS=52U
W=22.50 AD=80P AS=141P PD=52U PS=57U
W=9.0U AD=426P AS=26P PD=1120 PS=25U
W=6.0U AD=21P AS=192P PD=19U PS=79U
W=15.00 AD=71P AS=53P PD=40U PS=37U
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CIRCUITO: mux.cel
TECNOLOGIA: cmosl2.tec TIPO CMOS

Modelos dos transistores worst

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VT0=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U CJ=150U CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGS0O=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+U0=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

* &k

*

No
No
No
No
No
No
No
No
No
No
No
No
No
No

* F ¥ ¥ ¥ ¥ ¥ ¥ ¥ X F F ¥ * ¥ * *

vddl
va0
vbO
vi0
vla
vlb
vli

cO 9

MN1
MP2
MP3
MN4
MN5
ME6
MP7
MN8
MN9
MP10
MP11
MN12
MN13
MP14
MP15
MN16
MN17
MP18
MP19
MN20
MN21

LooeE =Oo

10
12
14
15
16
17
18

21 =

10
8 0p
10 0
6 0d
18 0
21 0
17 0

0 30

9
10
15
16
20
20

4
19

9

8
15
14

7

7

4
13

9

6
15
12

5

SUBCIRCUITO CORRESPONDENTE A CELULA mux.cel

Transistores tipo NMOS: 12
Transistores tipo PMOS: 12

= gnd

= vddl

= vdd2

= iQ

= a0

= s0

= b0

= il

= al

= sl

= bl

= 1i

= la
1b

dc 4.5

ulse(0 4.5 12n 1n 1n 13n 40n)

dc 0

c 0

pulse(4.5 0 10n 1n 1n 3n 15n)

dec 0

dc 0

0f
21 10 0 NMOS L=1.2U W=7.5U AD=35P AS=44P PD=24U PS=28U
20 9 1 PMOS L=1.2U W=18.3U AD=105P AS=110P PD=48U PS=49U
19 16 1 PMOS L=1.20 W=18.3U AD=87P AS=110P PD=46U PS=49U
21 15 0 NMOS L=1.2U W=7.5U AD=43P AS=44P PD=26U PS=28U
21 0 0 NMOS L=1.2U W=7.5U AD=44P AS=90P PD=28U PS=39U
21 1 1 PMOS L=1.2U0 W=18.3U AD=87P AS=134P PD=46U PS=52U
21 19 1 PMOS L=1.20 W=18.3U AD=131P AS=110P PD=50U PS=490
21 0 0 NMOS L=1.2U W=7.5U AD=35P AS=90P PD=24U PS=390
18 8 0 NMOS L=1.2U W=7.5U AD=35P AS=44P PD=24U PS=28U
7 9 1 PMOS L=1.2U0 W=18.3U AD=105P AS=110P PD=48U PS=49U
13 14 1 PMOS L=1.2U0 W=18.3U AD=87P AS=110P PD=46U PS=49U
18 15 0 NMOS L=1.2U W=7.5U AD=43P AS=44P PD=26U PS=28U
18 0 0 NMOS L=1.2U W=7.5U AD=44P AS=90P PD=28U PS=39U
18 1 1 PMOS L=1.2U W=18.3U AD=87P AS=134P PD=46U PS=52U
18 13 1 PMOS L=1.2U W=18.3U AD=131P AS=110P PD=50U PS=49U
18 0 0 NMOS L=1.2U W=7.5U AD=35P AS=90P PD=24U PS=39U
17 6 0 NMOS L=1.2U0 W=7.5U AD=35P AS=44P PD=24U PS=28U
8 9 1 PMOS L=1.2U0 W=18.3U AD=105P AS=110P PD=48U PS=49U
11 12 1 PMOS L=1.2U W=18.3U AD=87P AS=110P PD=46U PS=49U
17 15 0 NMOS L=1.2U0 W=7.5U AD=43P AS=44P PD=26U PS=28U
17 0 0 NMOS L=1.2U W=7.5U AD=44P AS=90P PD=28U PS=39U



MP22 5 17
MP23 4 17
MN24 11, 29

.tran 1n 40n
.opt temp=125
.END

1
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1 PMOS L=1.2U W=18.3U AD=87P AS=134P PD=46U PS=52U
1 PMOS L=1.2U W=18.3U AD=131P AS=110P PD=50U PS=490
0 NMOS L=1.2U W=7.5U AD=35P AS=90P PD=24U PS=39U
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CIRCUITO: mux.cel
TECNOLOGIA: cmosl2.tec TIPO CMOS

*
*
»
* Modelos dos transistores worst

*

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2El6 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U CJ=150U CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGS0=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5El6 VTQ0=-1,23
+00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.,78V

+CGDO=270P CGS0=270P
* ok

* SUBCIRCUITO CORRESPONDENTE A CELULA mux.cel
*

* Transistores tipo NMOS: 12
* Transistores tipo PMOS: 12
* No 0 = gnd

* No 1 = vddl

* No 4 = vdd2

* No 6 = i0

* No 8 = al

* No 9 = s0

* No 10 = b0

* No 12 = il

* No 14 = al

* No 15 = sl

* No 16 = bl

* No 17 = 1i

* No 18 = 1la

* No 21 = 1b

vddl 1 0 dc 4.5

va0 8 0 pulse(0 4.5 12n 1n 1n 13n 40n)
vb0 10 0 dc 0O

vi0 6 0 dc O

vla 18 0 pulse(4.5 0 10n 1n 1n 3n 15n)
vlb 21 0 dc O

vli 17 0 dc 0

c0 9 0 300f

MN1 9 21 10
MP2 10 20 9
MP3 15 19 16
MN4 16 21 15
MNS 20 21 0
MP6& 20 21 1

NMOS L=1.2U0 W=7.5U AD=35P AS=44P PD=24U PS=28U
PMOS L=1.2U W=18.3U AD=105P AS=110P PD=48U PS=49U
PMOS L=1.2U W=18.3U AD=87P AS=110P PD=46U PS=49U
NMOS L=1.2U0 W=7.5U AD=43P AS=44P PD=26U PS=28U
NMOS L=1.2U0 W=7.5U AD=44P AS=90P PD=28U PS=39U
PMOS L=1.2U0 W=18.3U AD=87P AS=134P PD=46U PS=520

MB7 , 4 21 19 PMOS L=1.2U0 W=18.3U AD=131P AS=110P PD=50U PS=49U
MN8 19 21 0 NMOS L=1.2U0 W=7.5U AD=35P AS=90P PD=24U PS=39U
MN9 9 18 8 NMOS L=1.20 W=7.5U AD=35P AS=44P PD=240U PS=28U

MP10 8 1 9
MP11 15 13 14
MN12 14 18 15
MN13 7 18 0
MP14 7 18 1
MP15 4 18 13
MN16 13 18 0
MN17 9 17 6
MP18 6 5 9
MP19 15 ALk )2
MN20 12 17 15
MN21 5 17 0
MP22 5 A7 1

PMOS L=1.20 W=18.3U AD=105P AS=110P PD=48U PS=49U
PMOS L=1.20 W=18.3U AD=87P AS=110P PD=46U PS=49U
NMOS L=1.2U W=7.5U AD=43P AS=44P PD=26U PS=28U
NMOS L=1.20 W=7.5U AD=44P AS=90P PD=28U PS=39U0
PMOS L=1.20 W=18.3U AD=87P AS=134P PD=46U PS=52U
PMOS L=1.20 W=18.3U AD=131P AS=110P PD=50U PS=49U
NMOS L=1.20 W=7.5U AD=35P AS=90P PD=24U PS=39U
NMOS L=1.20 W=7.5U AD=35P AS=44P PD=24U PS=28U
PMOS L=1.2U W=18.3U AD=105P AS=110P PD=48U PS=49U
PMOS L=1.2U W=18.3U AD=87P AS=110P PD=46U PS=49U
NMOS L=1.20 W=7.5U AD=43P AS=44P PD=26U PS=28U
NMOS L=1.20 W=7.5U AD=44P AS=90P PD=28U PS=39U
PMOS L=1.2U W=18.3U AD=87P AS=134P PD=46U PS=52U

HOOFRHOOHHOOHHOOHHOORKHO



MP23 4 17 11
MN24 11 17 0

.tran 1n 40n
.opt temp=125
.END
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1 PMOS L=1.2U W=18,3U AD=131P AS=110P PD=50U PS=49U
0 NMOS L=1.2U0 W=7.5U AD=35P AS=90P PD=24U PS=39U
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CIRCUITO: muxipc.cel
TECNOLOGIA: cmosl2.tec TIPO CMOS

162

Modelos dos transistores worst

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4

+RSH=62 NFS=0 JS=2U0 CJ=150U0 CJSW=720P MJ=0.53 MJSW=0,53 PB=0.68V
+CGDO=270P CGS0=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88

+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

x %

No
No
No
No
No
No
No
No
No
No
No

O F F o * F ¥ X ¥ F ¥ F X X

vddl 3
vdd2 1
vail 6
vlia 13
vlb 14

ca 2 0
cb 7 0

MP1
MP2
MP3
MP4
MN5
MN6
MN7
MN8
MN9
MN10
MN11T
MN12
MP13
MP14
MP15
MP16

0 = gnd

1 = vdd2

2 = a0

3 = vddl

4 = bl

5 = al

6 = ail

7 = b0

8 = ail

13 = 1la
14 = 1b

0 dc 4.5

0 dc 4.5

0 pulse(0 4.5 12n 1n 1n

0 pulse(4.5 0 10n 1n 1n

0 dc O

.8p

.8p

12 14 3 1 PMOS L=1

11 13 3 1 PMOS L=1
6 12 7 1 PMOS L=1
6 11 2 1 PMOS L=1
7 14 6 0 NMOS L=1
2 13 6 0 NMOS I=1

12 14 0 0 NMOS L=1.

11 13 0 0 NMOS L=1

10 14 0 0 NMOS L=1.
9 13 0 0 NMOS L=1
8 14 4 0 NMOS L=1
8 13 5 0 NMOS L=1.
4 10 8 1 PMOS L=1.
5 9 8 1 PMOS L=1.

10 14 1 1 PMOS L=1.
9 13 1 1 PMOS L=1

Transistores tipo NMOS: 8
Transistores tipo PMOS: 8

.tran 1n 40n
.opt temp=125

.END

SUBCIRCUITO CORRESPONDENTE A CELULA muxipc.cel

13n 40n)
3n 15n)

.2U W=18.3U AD=87P AS=134P PD=46U PS=520
.2U W=18.3U AD=87P AS=134P PD=46U PS=520
.20 W=18.30 AD=105P AS=110P PD=48U PS=49U
.2U W=18.3U AD=105P AS=110P PD=48U PS=49U
.20 W=7.5U AD=35P AS=44P PD=24U PS=28U
.2U W=7.5U AD=35P AS=44P PD=24U PS=28U

2U W=7.5U AD=44P AS=90P PD=28U PS=39U

.2U W=7.5U0 AD=44P AS=90P PD=28U PS=39U

20 W=7.5U AD=35P AS=90P PD=24U PS=39U

.20 W=7,5U0 AD=35P AS=90P PD=24U PS=39U
.20 W=7.,5U AD=43P AS=44P PD=26U PS=28U

20 W=7.5U AD=43P AS=44P PD=26U PS=28U

20 W=18.3U AD=87P AS=110P PD=46U PS=49U

2U W=18.3U AD=87P AS=110P PD=46U PS=49U

20 W=18.30 AD=110P AS=131P PD=49U PS=50U0

.2U W=18.3U AD=110P AS=131P PD=49U PS=50U
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CIRCUITO: muxipc.cel
TECNOLOGIA: cmosl2.tec TIPO CMOS

Modelos dos transistores worst

* % * * * ¥

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO0=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U CJ=150U CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGS0=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+U0=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=4T7K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

* &

SUBCIRCUITO CORRESPONDENTE A CELULA muxipc.cel

*

*

* Transistores tipo NMOS: 8

* Transistores tipo PMOS: 8

* No 0 = gnd

* No 1 = vdd2

* No 2 = a0

* No 3 = vddl

* No 4 = bl

* No 5 = al

* No 6 = ail

* No 7 = b0

* No 8 = ail

* No 13 = la

* No 14 = 1b

vddl 3 0 dc 4.5

vdd2 1 0 dc 4.5

vai0 6 0 pulse(0 4.5 12n 1n 1n 13n 40n)

vla 13 0 pulse(4.5 0 10n 1n 1n 3n 15n)

vlib 14 0 dc O

ca 2 0 .8p

cb 7 0 .8p

MP1 12 14 3 1 PMOS L=1.2U W=18.3U AD=87P AS=134P PD=46U PS=52U
MP2 11 13 3 1 PMOS L=1.2U0 W=18.3U AD=87P AS=134P PD=46U PS=52U
MP3 6 12 7 1 PMOS L=1.2U W=18.3U AD=105P AS=110P PD=48U PS=49U
MP4 6 11 2 1 PMOS L=1.20 W=18.3U AD=105P AS=110P PD=48U PS=49U
MN5 7 14 6 0 NMOS L=1.2U W=7.5U AD=35P AS=44P PD=24U PS=28U
MN6 2 13 6 0 NMOS L=1.2U W=7.5U AD=35P AS=44P PD=24U PS=28U
MN7 12 14 0 0 NMOS L=1.2U W=7.5U AD=44P AS=90P PD=28U PS=39U
MN8 11 13 0 0 NMOS L=1.2U W=7.5U AD=44P AS=90P PD=28U PS=39U
MN9 10 14 0 0 NMOS L=1.20 W=7.5U AD=35P AS=90P PD=24U PS=39U
MN10 9 13 0 0 NMOS L=1.2U W=7.5U AD=35P AS=90P PD=24U PS=39U
MN11 8 14 4 0 NMOS L=1.2U W=7.5U AD=43P AS=44P PD=26U PS=28U
MN12 8 13 5 0 NMOS L=1.2U W=7.5U AD=43P AS=44P PD=26U PS=28U
MP13 4 10 8 1 PMOS L=1.2U W=18.3U AD=87P AS=110P PD=46U PS=49U
MP14 5 9 8 1 PMOS L=1.20 W=18.30 AD=87P AS=110P PD=46U PS=49U
MP15 10 14 1 1 PMOS L=1.2U W=18.3U AD=110P AS=131P PD=49U PS=50U
MP16 g9 13 1 1 PMOS L=1.2U0 W=18.3U AD=110P AS=131P PD=49U PS=50U

.tran 1n 40n
.opt temp=125
.END
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CIRCUITO: Rau.cel
TECNOLOGIA:

cmosl2.tec

165

TIPO CMOS

Modelos dos transistores worst

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO=0.81
+00=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4

+RSH=62 NFS=0 JS=2U CJ=150U0 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGSO0=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0,03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+U0=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88

+RSH=85 NFS=0 JS=10U0 CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

* Kk

*

*

*

*

* No 0
* No 1
* No 2
* No 3
* No 5
* No 6
* No 7
* No 9
* No 11
* No 13
vddl 5 0

cO 6 0 300f
MN1 )
MP2 7
MP3 7
MP4 6
MNS 6
MP7 16
MP8 17
MN10 16
MN11 17
MP12 17
MP13 4
MN14 4
MN15 15
MP16 15
MP17: 17
MN18 14
MN19 16
MP20 10
MP21 3
MN22 10
MN23 9
MP24 14
MP25 8
MN26 8
MN27 12
MP28 12

=

|| A A Y |

Transistores tipo NMOS:

dc 4.5
val 3 0 pulse(0 4.5 12n 1n
vl 13 0 pulse(4.5 0 10n 1n

.tran 1n 40n
.opt temp=125

.END

NMOS
PMOS
PMOS
PMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS

HOoOOoOWUMHEFOoOOoOHFWULWOWLKEFEO

HOOHHOOHFHOORKHOOHHOCOHKFEFOKRKHKEO

12

Transistores tipo PMOS: 14

SUBCIRCUITO CORRESPONDENTE A CELULA Rau.cel

1n 13n 40n)
1n 3n 15n)

=1

L=1

L=1

L=1
L=1
L=1

L=1

L=1

524
L=1.
.20
L=1.

=1.
.20
=1,
.20
.20
.20
.20
L=1.
L=1.
.20
.20
.20
.20
L=1.
.20
.20

=1.
L=1.
L=1.
L=1.
.20
.20

20

20

20

20
20

20
20
20
20

W=12.0U AD=57P AS=129P PD=33U PS=45U
W=14.6U AD=122P AS=105P PD=45U PS=43U
W=14.6U AD=122P AS=88P PD=45U PS=42U
W=29.2U0 AD=274P AS=158P PD=95U PS=81U
W=12.0U AD=70P AS=129P PD=37U PS=45U
W=14.6U AD=137P AS=79P PD=66U PS=51U
W=7.3U0 AD=61P AS=44P PD=31U PS=27U
W=6.0U AD=30P AS=64P PD=25U PS=33U
W=6.0U AD=28P AS=64P PD=21U PS=33U0
W=7.3U0 AD=61P AS=52P PD=31U PS=28U
W=18.3U0 AD=87P AS=110P PD=46U PS=49U
W=7.5U0 AD=44P AS=80P PD=28U PS=36U
W=7.5U AD=35P AS=80P PD=24U PS=36U
W=18.30 AD=110P AS=131P PD=49U PS=500
W=18.3U AD=87P AS=110P PD=46U PS=49U
W=7.50 AD=43P AS=44P PD=26U PS=28U
W=7.50 AD=35P AS=44P PD=24U PS=28U
W=18.3U AD=105P AS=110P PD=48U PS=49U
W=18.3U0 AD=105P AS=110P PD=48U PS=49U
W=T7.5U AD=35P AS=44P PD=24U PS=28U
W=7.5U0 AD=43P AS=44P PD=26U PS=28U
W=18.30 AD=87P AS=110P PD=46U PS=49U
W=18.3U AD=87P AS=110P PD=46U PS=490
W=7.50 AD=44P AS=80P PD=28U PS=36U
W=7.5U AD=35P AS=80P PD=24U PS=36U
W=18.3U AD=110P AS=131P PD=49U PS=50U
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*

* CIRCUITO: RAC.cel

* TECNOLOGIA: cmosl2.tec TIPO CMOS
*

* Modelos dos transistores worst

*

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=20 CJ=150U0 CJSW=720P MJ=0.53 MJISW=0.53 PB=0.68V
+CGDO=270P CGSO=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGSO=270P

* %

* SUBCIRCUITO CORRESPONDENTE A CELULA RAC.cel
*

* Transistores tipo NMOS: 14
* Transistores tipo PMOS: 15
* No 0 = gnd

* No 1 = vddl

* No 2 = bil

* No 3 = b0

* No 4 = bi0

* No 6 = ail

* No 8 = bl

* No 9 = a0

* No 10 = al

* No 11 = ail

* No 14 = vdd2

* No 17 = cg

* No 21 =1

vddl 1 0 dc 4.5

val 6 0 pulse(0 4.5 39n 1n 1n 39n 80n)
veg 17 0 pulse(0 4.5 5n 1n 1n 10n 40n)
vl 21 0 pulse(0 4.5 17n 1n 1n 21n 40n)
c0 9 0 .8p

r2 7 1 10meg
r3 9 1 10meg

r4 12 1 10meg

r5 13 1 10meg

ré 15 1 10meg

r8 19 1 10meg

r9 18 1 10meg

rl0 19 1 10meg

MP1 ' 10 22 13 1 PMOS L=1.20 W=21.9U AD=157P AS=141P PD=58U PS=56U
MN2 13 21 10 0 NMOS L=1.2U W=9.0U AD=43P AS=108P PD=27U PS=42U
MN3 9 21 15 0 NMOS L=1.2U W=9.0U AD=43P AS=108P PD=27U PS=42U
MP4 15 20 9 1 PMOS L=1.2U0 W=21.9U AD=157P AS=141P PD=58U PS=56U
MP5 14 21 22 1 PMOS L=1.2U0 W=21.9U0 AD=157P AS=141P PD=58U PS=56U
MN6 22 21 0 0 NMOS L=1.2U0 W=9.0U AD=43P AS=108P PD=27U PS=42U
MN7 20 21 0 0 NMOS L=1.20 W=9.0U AD=50P AS=108P PD=31U PS=42U
MP8 20 21 1 1 PMOS L=1.2U0 W=21,9U AD=105P AS=170P PD=53U PS=59U
MP9 15 7 1 1 PMOS L=1.2U0 W=14.6U AD=137P AS=70P PD=47U PS=38U
MP10 13 19 14 1 PMOS L=1.2U0 W=29.2U0 AD=245P AS=193P PD=91U PS=85U
MP11 15 7 1 1 PMOS L=1.2U0 W=14.6U AD=137P AS=107P PD=47U PS=44U
MN12 L5 7 0 0 NMOS L=1.2U0 W=12.0U AD=70P AS=145P PD=37U PS=48U
MN13 13 19 0 0 NMOS L=1.20 W=12.0U AD=57P AS=145P PD=33U PS=48U
MP15 14 12 19 1 PMOS L=1.2U0 W=18.3U AD=131P AS=110P PD=50U PS=49U
MN16 19 12 0 0 NMOS L=1.20 W=7.5U AD=35P AS=90P PD=24U PS=390
MN17 7 18 0 0 NMOS L=1.20 W=7.5U0 AD=44P AS=90P PD=28U PS=39U



MP18
MP19
MN20
MN21
MP22
MP23
MN24
MN25
MP26
MP27
MN28
MN29
MP30

7
13
12
15
18
12
11
18

6
14

5
16
16

18
17

5
16
17

5
17
17
16
17
17
17
17

.TRAN 1N 80N
.OPT TEMP=125

.END

12
13
18
15
11
12

HooOWw

HOOHHOOKFKHOOK

PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS
PMOS
NMOS
NMOS
PMOS

.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
.20
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W=18,3U0 AD=87P AS=134P PD=46U PS=52U
W=18.3U0 AD=87P AS=110P PD=46U PS=49U
W=7.50 AD=43P AS=44P PD=26U PS=28U
W=7.5U AD=35P AS=44P PD=24U PS=28U
W=18.30 AD=105P AS=110P PD=48U PS=49U
W=18.30 AD=87P AS=110P PD=46U PS=49U
W=7.5U0 AD=43P AS=44P PD=26U PS=280
W=7.5U AD=35P AS=44P PD=24U PS=28U
W=18.3U0 AD=105P AS=110P PD=48U PS=49U
W=18.3U0 AD=131P AS=110P PD=50U PS=49U
W=7.5U AD=35P AS=90P PD=24U PS=39U
W=7.50 AD=44P AS=90P PD=28U PS=39U
W=18.3U AD=87P AS=134P PD=46U PS=520
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CIRCUITO: tpass.cel

* Modelos dos transistores

.MODEL NMOS NMOS LEVEL=2 LD=0.06U T0X=275E-10 NSUB=2El6 VT0=0.81
+00=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U0 VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U0 CJ=150U0 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGS0=270P

.MODEL PMOS PMOS LEVEL=2 LD=0.03U0 TOX=275E-10 NSUB=5E16 VTO=-1.23
+U00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGSO=270P

* Transistores tipo NMOS: 2
* Transistores tipo PMOS: 0
* No 7 = out2

* No 8 = in2

* No 9 = in

* No 10 = out

* No 12 = com

.SUBCKT fonte 30 32 vdd

M1 31 30 vdd vdd PMOS L=1.2U0 W=7.5U0
M2 0 30 31 0 NMOS L=1.20 wW=3,0U
M3 32 31 vdd vdd PMOS L=1.2U0 W=15U

M4 0 31 32 0 NMOS L=1.20 W=6.00
.ENDS fonte

.SUBCKT fonte2 30 32 wvdd

M1 31 30 vdd vdd PMOS L=1.2U W=15U0
M2 0 30 31 0 NMOS L=1.2U W=6U
M3 32 31 vdd vdd PMOS L=1.2U0 W=38U
M4 0 31 32 0 NMOS L=1.2U W=15U0
.ENDS fonte2

.SUBCKT carga 40 wvdd

* carga de 0.8pF *

M1 41 40 vdd vdd PMOS L=1.20 W=230U
M2 41 40 O 0 NMOS L=1.2U0 W=230U
Cl 41 0 1PF

.ENDS carga

vdd 1 0 dc 4.5
vem 2 0 pulse(0 4.5 12ns 1ns 1lns 7ns 25ns)
vpc 3 0 pulse(4.5 0 2ns 1lns 1lns 4ns 25ns)

X1 2 12 1 fonte

X2 3 5 1 fonte

X3 7 1 carga

X4 10 1 carga

R8 8:0 10

R9 9 0 10

R1 10 0 5MEG

R2 7 0 5MEG

R3 12 0 5MEG

MN1 9 12 10 0 NMOS L=1.20 W=12.0U
MN2 8 12 7 0 NMOS L=1.20 W=12.0U0

MP1 1 5 7 1 PMOS L=1.2U0 W=500
MP2Z 1 5 10 1 PMOS L=1.2U W=500

.tran 1lns 55ns
.opt temp=125
.END
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muxin.cir

* Modelos dos transistores

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2El16 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U CJ=150U0 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGD0O=270P CGSO=270P

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+U0=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGSO=270P

* No 0 = gnd
* No 1 = vdd
* No 5 = bl

* No 6 = out2
* No 7 = b0

* No 8 = lig
* No 9 = out
* No 11 = mb

* No 12 = nmb
* No 13 = mlig
* No 14 = nmlig

.SUBCKT fonte 30 32 wvdd

M1 31 30 vdd vdd PMOS L=1.2U W=7.5U0
M2 0 30 31 0 NMOS L=1.20 W=3U
M3 32 31 vdd vdd PMOS L=1.2U W=15U
M4 0 31 32 0 NMOS L=1.2U0 W=6U
.ENDS fonte

.SUBCKT fonte2 30 32 vdd

M1 31 30 vdd vdd PMOS L=1.20 W=250
M2 0 30 31 0 NMOS L=1.2U W=10U
M3 32 31 vdd vdd PMOS L=1.20 W=60U
M4 0 31 32 0 NMOS L=1.2U W=25U
.ENDS fonte2

.SUBCKT carga 40 wvdd

* carga de 0.5pF *

M1 41 40 vdd vdd PMOS L=1.20 W=145U
M2 41 40 0 0 NMOS L=1.2U0 W=145U
Cl 41 0 0.5PF

.ENDS carga

vdd 1 0 dc 4.5

vin 2 0 pulse(0 4.5 10ns 1ns 1lns 8ns 30ns)
veni3 0 pulse(0 4.5 1ns 1ns 1lns 26ns 30ns)
vcp 4 0 pulse(4.5 0 1ns 1lns 1lns 26ns 30ns)
X1 2 7 1 fonte2

X2 3 11 1 fonte2

X3 4 12 1 fonte2

X4 9 1 carga

Rl 7 0 5MEG

R2 9 0 5MEG

R3 12 0 5MEG

R4 11 0 S5MEG

R5 14 1 100

R6 13 0 100

R7 8 0 100

R8 10 0 100

* BITL *



MP1 8 14
MN4 8 13
MP6 T 12
MN8 7T 11
MN10 9 10
* BIT2 *

*MP 2 8 14
*MN3 8 13
*MP5 5 12
*MN7 5 11
*MN9 6 10

.tran 1lns 50ns
.opt temp=125

.END

O W W WO WD
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1 PMOS L=1.2U W=30U
0 NMOS L=1.20 W=120
1 PMOS L=1.20 W=30U0
0 NMOS L=1.20 W=12U
0 NMOS L=1.20 W=15U

PMOS L=1.2U W=30U
NMOS L=1.20 W=12U
PMOS L=1.20 W=30U
NMOS L=1.20 W=12U
NMOS L=1.2U W=150

OO O



latchd.cel

* modelo

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=20 CJ=1500 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V

worst

+CGDO=270P CGSO=270P

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5El6 VTO=-1.23
+U00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U0 VMAX=47K NEFF=(0.88
+RSH=85 NFS=0 JS=10U0 CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V

+CGDO=270P CGSO=270P

No
No
No
No
No
No

¥ ¥ ¥ ¥ ¥ ¥ ¥ * X

b Wi

.SUBCKT fonte 30

gnd
vdd2
in2
in
vdd
out?2
out

Il

wenon

M1 31 30 vdd vdd

M2 0 30

31

M3 32 31 vdd vdd

M4 0 31
Cl0 32 0
.ENDS fon

.SUBCKT carga 40
* Equivale a uma capacitancia de aprox.

32
0.1pf
te

Transistores tipo NMOS: 8
Transistores tipo PMOS: 8
No 0 =

32 vdd

PMOS
NMOS
PMOS
NMOS

vdd

L=1.2U W=6U
L=1.2U W=3U
L=1.20 W=60
L=1.20 W=3U0
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M1 41 40 vdd vdd PMOS L=1.20 W=290U
0 0 NMOS L=1.20 W=290U0

M2 41 40
Cl 41 0 1
.ENDS car

vddl 4 0
vdd2 1 0
vinl 30 0
vin2 31 0

X1 30 31
%232 1

Routl 5 0
Rout2 6 0
X3 6 1 ca
* BIT 1 *
MP1
MP2

MP3

MP4

MN5

MN6
MN7
MN8

* BIT 2
MN9
MN10
MN11
MN12
MP13
MP14
MP15

[
WU @WWLME *J &0 dJ8so00d

=

[

=

PF
ga
dc 4.5
dc 4.5
pulse(0 4.5
pulse (0 4.5
fonte
fonte
4MEG
4MEG
rga
3 4 1
1 4 1
7 4 1
14 4 1
3 0 0
7 0 0
7 0 0
14 0 0
2 0 0
8 0 0
8 0 0
13 0 0
2 1 1
8 1 1
8 0 S 1

5ns 1lns 1lns
5ns 1lns 1lns

PMOS L=1.20
PMOS L=1.20
PMOS L=1.20
PMOS L=1.20
NMOS L=1.2U0
NMOS L=1.2U0

NMOS L=1.20
NMOS L=1.2U
NMOS L=1.2U
NMOS L=1.20
NMOS L=1.20
NMOS L=1.2U
PMOS L=1.2U
PMOS L=1.20
PMOS L=1.20

12ns
12ns

W=15

W=37.
W=19.

W=10
W=6.
W=15
W=8
W=4

W=6
W=9
W=6.
W=6
W=12
W=18
W=12

1PF *

24ns)
24ns)

.0U
ou
5U
.0u
0U

.00

.00U0
.200

.0U
.00

0U

.0U

.0U
.0U
.0U
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MP16 8 13 1 1 PMOS L=1.2U0 W=12.0U0

.tran 1lns 48ns
.opt temp=125

.END
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latche.cel

*modelo worst

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2El6 VTO=0.81
+U00=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0,4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U0 CJ=1500 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGD0O=270P CGS0=270P

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E16 VTO=-1.23
+00=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGSO=270P

* Transistores tipo NMOS: 8

* Transistores tipo PMOS: 8

* No 0 = gnd

* No 1 = vdd2

* No 2 = in2

* No 4 = in

* No 6 = vdd

* No 7 = out2

* No 8 = out

MP1 6 14 8 1 PMOS L=1.2U0 W=3.0U AD=11P AS=20P PD=13U PS=19U
MP2 6 4 14 1 PMOS L=1.2U0 W=3.0U AD=18P AS=24P PD=18U PS=22U
MP3 6 5 14 1 PMOS L=1.2U0 W=3.0U AD=11P AS=20P PD=13U PS=19U
MP4 6 14 5 1 PMOS L=1.20 W=3.0U AD=11P AS=20P PD=13U PS=19U0
MN5 8 14 0 0 NMOS L=1.2U0 W=3.0U AD=20P AS=11P PD=19U PS=13U0
MN6 14 4 0 0 NMOS L=1.2U0 W=3.0U AD=24P AS=18P PD=22U PS=18U
MN7 14 5 0 0 NMOS L=1.2U W=3.0U AD=20P AS=11P PD=19U PS=13U
MN8 5 14 0 0 NMOS L=1.2U W=3.0U AD=20P AS=11P PD=19U PS=13U
MN9 s 0 0 NMOS L=1.2U W=3.0U AD=20P AS=11P PD=19U PS=13U
MN10 13 2 0 0 NMOS L=1.2U W=3.0U AD=24P AS=18P PD=22U PS=18U
MN11 13 3 0 0 NMOS L=1.2U W=3.0U AD=20P AS=11P PD=19U PS=13U
MN12 3 13 0 0 NMOS L=1.2U W=3.0U AD=20P AS=11P PD=19U PS=13U
MP13 7 13 1 1 PMOS L=1.20 W=3.0U AD=20P AS=11P PD=19U PS=13U
MP14 13 2 1 1 PMOS L=1.2U0 W=3.0U AD=24P AS=18P PD=22U PS=18U
MP15 13 3 1 1 PMOS L=1.2U0 W=3.0U AD=20P AS=11P PD=19U PS=13U
MP16 3 13 1 1 PMOS L=1.2U0 W=3.0U AD=20P AS=11P PD=19U PS=13U

.END
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* Barramentos Independentes de Leitura e Escrita

*

.MODEL NMOS NMOS LEVEL=2 LD=0.06U TOX=275E-10 NSUB=2E16 VTO=0.81
+U0=510 UEXP=0.22 UCRIT=24.3K DELTA=0.4 XJ=0.4U VMAX=54K NEFF=4
+RSH=62 NFS=0 JS=2U CJ=1500 CJSW=720P MJ=0.53 MJSW=0.53 PB=0.68V
+CGDO=270P CGSO=270P

*

.MODEL PMOS PMOS LEVEL=2 LD=0.03U TOX=275E-10 NSUB=5E1l6 VTO=-1.23
+U0=210 UEXP=0.33 UCRIT=51K DELTA=0.4 XJ=0.5U VMAX=47K NEFF=0.88
+RSH=85 NFS=0 JS=10U CJ=560U CJSW=672P MJ=0.46 MJSW=0.46 PB=0.78V
+CGDO=270P CGS0=270P

*

* FONTES PARA ESCRITA

M1 1241 PMOS L=1.20 W=18U AD=60p AS=60p PD=42.6u PS=42.6u
M2 4 3 0 0 NMOS I=1.20 W=12U AD=40p AS=40p PD=30.6u PS=30.6u

* ESCREVE

M3 4 10 7 0 NMOS L=1.2U0 W=3U AD=10p AS=10p PD=12.6u PS=12.6u

* LE

M40 8 0 81 0 NMOS L=1.20 W=4.5U AD=15p AS=15p PD=15.6u PS=15.6u
M4 8 11 5 0 NMOS L=1.20 W=4.5U AD=15p AS=15p PD=15.6u PS=15.6u

* PRE-CARGA PARA LEITURA

M5 1 6 5 1 PMOS L=1.2U0 W=18U AD=60p AS=60p PD=42.6u PS=42.6u
M6 5 0 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u

* "PLIP-FLOP"

M7 1 7 8 1 PMOS L=1.2U0 W=3U AD=10p AS=10p PD=12.6u PS=12.6u

M8 8 7 0 0 NMOS L=1.2U0 W=16.5U AD=55p AS=55p PD=39.6u PS=39,6u

M3 1 8 7 1 PMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u

M10 7 8 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u

M11 1 111 112 1 PMOS L=1.20 W=4.5U AD=15P AS=15P PD=15.6U0 PS=15.6U
M12 112 111 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u
M13 1 112 113 1 PMOS L=1.2U0 W=4.5U AD=15P AS=15P PD=15.6U PS=15.6U
M14 113 112 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u
M15 1 113 11 1 PMOS L=1.2U W=4.5U AD=15P AS=15P PD=15.6U PS=15.6U0
M16 11 113 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u
M110 1 101 102 1 PMOS L=1.20 W=4.50 AD=15P AS=15P PD=15.6U PS=15.6U
M120 102 101 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u
M130 1 102 103 1 PMOS L=1.20 W=4.50 AD=15P AS=15P PD=15.6U PS=15.6U
M140 103 102 0 0 NMOS L=1.20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u
M150: 1 103 10 1 PMOS L=1.20 W=4.5U AD=15P AS=15P PD=15.6U PS=15.6U
M160 10 103 0 0 NMOS L=1,20 W=3U AD=10p AS=10p PD=12.6u PS=12.6u

*

Cbesc 4 0 460F
Cble 5 0 515F

Cselesc 10 0 80F
Csel le 11 0 80F
R7 7 0 S5MEG

*

VDD 1 0 DC 4.5

Vescl 2 0 pulse (4.5 0 5n 1n 1n 25n 120n)
VescO 3 0 pulse (0 4.5 45n 1n 1n 25n 120n)
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vSesc 101 0 pulse (4.5 0 11n 1n 1n 19n 50n)
Vpre 6 0 pulse (4.5 0 32n 1n 1n 6n 50n)

VSle 111 0 pulse (4.5 0 40n 1n 1n 18n 60n)

*

*

.TRAN .2N 100N

.OPT temp=125

.PRINT TRAN V(4) V(5) V(7) V(8)
.END
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ANEXO A—49

Layout de blocos e test—chip
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ANMEXO A—5S

HDC do test—chip
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/% pinos.cfg: ¥/

PADS

RAC_C
RACD
RBCC
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/% ipcaa.dat: 8/

000 fff 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
000 000 11 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
000 000 f1f 000 000 000 000 000 000 000 fff fff 000 000 000 000 000 000 000 000 000 000 000 000 000 000
000 000 000 000 000 000 000 000 000 fff 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
000 000 000 000 000 000 000 000 000 000 fff 000 000 fff 000 000 000 000 000 000 000 000 000 000 000 000
f£f 000 000 000 000 f£f 000 000 000 000 000 000 000 000 ff 000 000 000 000 000 000 000 000 000 000 000
ff 000 000 000 000 000 fff 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
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/% risco.ent: ¢/

PADS

RAC_C
RACD
RBC_C
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/% risco.h: ¥/
$ifndef RISCOH
$define RISCO H

4define SUN2(Ci,A0,A1,80,51,Co) { Co=Ci & A0 & A1350=(*Ci & AO);(Ci & “A0)3)
: S1=(Ci & AL)! (AL & “A0)}(Ci & “AL & ﬁ@l \

$define ULAL(A,B,CIN,ART ,LXOR,LAND,LOR,S,COUT)

if (ART) S=(*CIN * *(A * B);
if (LIOR) 5=(A* B);
if (LAND) §=*(A ! nl
if (LOR) S=*(A & B i
} if (“CIN) COUT=*(A | B); else COUT="( & B);

e o i o

long unsigned bintohex{ char 1)}

long unsigned bintohex(S)
fhar iR H

lnng unslgned %=03
fnrtx'o' 1(=BITs~1y i++) if(8[i]) » = n | (1i);
return x;

fendif
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/% ipc.hdc: 8/

A} i/
/1 PROJETO RISCO - INCREMENTADOR D0 PC t/
i: Declaracao dos Nodos do Sistema Digital !I
§define BITs 16

Eypedef struct

char S{BITs],A[BITs],C{BITs+1],X[BITs];

} circuito}
finclude "globais.h”
finclude "risco.h"
/t ¢/
/¢ Declaracao dos nodos que serac alterados no decorrer da simulacas &/
/% NODO{char &, <long, unsigned, int, char}, int);

/1 NODO("Idetificacan", variavel a_ser_alterada, radical); 1/
f: radical: 16 para representacao hexa ou 10 para representacao es decisal :i
goid Altera_nodos()

}RDBB ("Ci", sa-)CL0], 16);

/% 4
/1 Parasetros de Simulacao L ¥}
/t t/
void Parametros()

n_fases=l;

}ATRRSG=0;

/4 L
/1 Iniciacao das variaveis 1/
/t t/
void Iniciacao()

int k3

for(k=0 ;k(=BITs; k++) sa-)A[k)=false;

}sa-)C[O] = false;

/4 t/
1t Descricao do Sistema Digital 1/
/t t/

void Descrican{)

int i
for (1=0 ;i¢=BITs-2 3i=i+2)

{
}BUH?(SG“)C[iI,53-)#{1],sa*}ﬂ[i+ll,sn-}5[iI,sn-}S{i+II,sn-}C[i+2]};
for (i=0 ;i(=BITs~{ jit+ )

if( f[11) sn-2X[i]=sa-28[i];
}if{*f[l]l sn->A[1]=sa-2X[i];

8/
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/3

/3 Exibicao grafica das variaveis
t JANELA(1nt, long, char 8);
1 VALOR(int, long, char 1, inil;

IR JANELA(numero_da_janela, valor_a_ser exibido, "Idetificacac");
/% VALOR{nusero_do_valor, valor_a_ser exibido, *Idetificacac®, radical);

zuid Exibicao()

int k3
char {2{5];
JANELA (0

sa-)C[0]
for (k=0

;1E=n115-1 1kt )
sprintf(ty,"sid" k)
}.15 i, s

ipiv }i

NELA (k¢

JANELA (k¢1 , sa-)CIBITs]
JANELA (k+2 |
}anun {0

!n
¥
I

)
. sa->81k] e Wl

. iegt
1] , 'fil"
, bintohex{sa->§), *§" , 10
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/% polb,hdc: ¥/
;: ARt ietiea e sttt i ittt istesissssesestisseisatitttittititt :;

i/

i/
4/

;: PROJETO RISCO - PARTE OPERATIVA 4
Rt titttssittittateitttititettesisyetetssteistiitttittiiisieeitimy]
/1

;: Declaracao dos Nodos do Sistemsa Digital

#define BITs 16
%ypeﬂef struct

1/

t/

/t Barramentos do Sistesa

char S(BITs] , /¢ barrasento externo ( conectado aos PADs ) ¢/
A(BITs] , /% barramento A interno i/
B{BITs] , /t barramento B internc 1/
SPC[BITs] , /% barramento de saida do PC ¥
EPC{BITs] , /% barramento de entrada do PC 4/
SIPC[BITs], /% barramento de saida do incrementador do PC  #/
EIPC[BITs]; /t barramento de entrada do incrementador do PC &/

char EAU[BITs] , /% barramento de entrada A da ULA 1/
EBU[BITs] , /% barramento de entrada B da ULA 1/
SULA[BITs], /¢ barrasento de saida da ULA t/
BU[BITs] 1 /¢ barramento de saida do registrador da ULA ¢/

"t 8inais de Controle do Sistema

char RAC c, /% carga no registrador A (- § i/
RAC d /% descarga no registrador A (- § 4/
RBC ¢, /% carga no registrador B (- § 8/
RBC d, /% descarga no registrador B (- § t/
RAS ¢, /t carga no registrador 5 (- A t/
RAS d, /% descarga no registrador § (- A 8/
RBS ¢ /t carga no registrader 5 (- B 1/
RBS d, /t des:ar?a no registrador 5 (- B t/
PRDE; /% controle dos pads bidirecionais 1/

char Ripci, /% carga no registrador de entrada do IPC L/
PCout, /% carga no registrador PC L ¥}
M, /% coloca barrasento A na entrada do PC t/
Mb, /t coloca barramento B na entrada do PC 1/
Ml pc, /t coloca saida do IPC na entrada do PC 4/
N2a, /t coloca saida do PC no barrasento A i/
K2'b ; /% coloca saida do PC no barrasento B £/

char RAD c, /% carga no barrasento de entrada A da ULA 4/
RBU ¢, /% carga no barramento de entrada B da ULA t/
Cin , /t sinal de carry de entrada da ULA 8/
ART /t habilita opera*ao ARIT da ULA L/
iR , /% habilita opera“ac XOR da ULA 8/
AND /% habilita opera“ao AND da ULA t/
R /¢ habilita opera*ac OR da ULA i/
ovF /% sinal de overflow da ULA ( Carry out ) v/
IERD , /% sinal de zero da ULA 1/
Rula , /t carga no registrador de saida da ULA L/
M3a, /% coloca resultado da ULA no barramento A t/
N3 ; /% coloca resultado da ULA no barrasento B t/

} circuito;

$include "globais.h’

#include “risco.h”

void COMUNIC(void);

void IPC{void);
void ULA(void);
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/1

/¢ Declaracac dos nodos que serac alterados no decorrer da simulacao

i/
¢/
¢/

/%

void Altera_nodos()

;h:r tx(5];

int k

NODO (* PADS * ,sa-)PADS
NODO (" RAC c* ,sa-)RAC c
NODO (" RAC d" ,sa-)RACd
NODO (" RBC c" ,sa->RBCc
NODO (* RBC d" ,sa->RBC d
NODO (" RAS_c" ,sa-)RASTC
NODO (" RAS d" ,sa-)RASTd
NODO (* RBS c* ,sa-)RBS ¢
NODO (" RBS d" ,sa-)RBSd
NODO (* Ripci® ,sa-)Ripci
NODO (" PCout" ,sa-)PCout
NODD (" M1 a* ,sa-)Ml a
NODD (* ML1B* ,sa-)M1Db
NODO (" M1 c" ,sa-)Mipc
NODO (" M2 3" ,sa-)M2a
NODO (* M27h* ,sa-)M2b
NODO (" RAU " ,sa-YRAD ¢
NODO (" RBU c" ,sa-)RBUC
NODO (* Cin" ,sa->Cin
NODO ("  ART" ,sa=-)ART
NODO ("  XOR" ,sa-DXOR
NODD (*  AND" ,sa->AND
NODO (*  OR" ,sa-»OR
NODO (* Rula" ,sa-)Rula
NODO (* M3 3" ,sa-)M3 a

NODO ("

N3h" 5a-)M3b

for k=0{;'t<=BiTs-l ket )
sprintf(tx, *Sid"
} 00 { tx |

i

sa->§

void Altera_nodos_batch()

NODO B (sa->PADS
NODOB (sa-3RAC_c
NODOB (sa-)RACTd
NODO R (sa->RBC_c
NODOR {sa-}RBC d
NODOR (sa->RAS ¢
NODO B (sa-RASd
NODO'B (sa-)RBS ¢
NODO R (sa->RBS
NODO'B (sa-)Ripci
NODG B (sa-YPCout
NODO B (sa-)M! a
NODOB (sa-3ML b
NODOB (sa-)N1pc
NODOB (sa-)M2a
NODO'R (sa-)N2"b
NODOB (sa->RA0 ¢
NODOTB (sa-)RBUTc
NODOR (sa-)Cin

NODO'B (sa-)ART

NODO'R {sa->XOR

NODO B (sa-)AND

NODO B (sa-)OR

NODO™B {sa->Rula
NODOE (sa-3N3 a
}umm:n {sa-3 b

MOV A W AW W A W R W Wl W W Y um Ve W W Am N A e e N 4w R

[,
o

]
]
L
L]
]
!
L]
]
L
]
]
,’ 16);
y
§
]
s
s
]
]
4
1
L
¥
s
L]

k)3
fk1, 16);
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/3 H§
/1 Parametros de Simulacao 1/
/It 1/
goid Parasetros()

n_fases=1}

}amss=o;
/% t
It Iniciacao das variaveis 1/
/1 i/
goid Iniciacao()

int k3

sa-}cfn = false;
for (k=0 jk(=BITs jk++)

{
}sa->S[t1 =0

}
/t L
;: Descricao do Sistema Digital :;

znid CONUNICH)
static char THPI[BITs],TNP2[BITs];

int k,j;
/¥ =====m==----== inirializa*ao dos barramentos do sistesa ---------------§/
for lj=? 13¢BITs jj¢+)
sn-2Ali1 =40
sa-)B[j] =403
sn-28IPCLi] = 0 3
sn-YEPCLj] =0 3
\ sn->SULALj] = 0 3
i ot :alunlca;an entre barrasento externo e barrasentos internos -----t/

if {(sa-)RAC_c | sa->RBC_c)&“sa->PADS)

for (k=0 $k<=BITs-1 jk¢+ ) TMPL[k] = sa-)S[k] ;

if (sa-)RAS_c) for (k=0 3k(=BITs-1 'l++ ) TNP2[k] = sa-2A[Kk] i
if {sa-)RBSc) for (k=0 ;k( BITs-1 'k++ ) TMP2{k] = sa-)B[k] i
if (sa-)RACTd) for (k=0 3k(=BITs-1 |k++ ) sn->ALk] = THPL[k] ;
L)

if (sa-RBCd) for (k=0 JRCBITe-1 1k++ | sn-3BLK] = TNPLCK]
if ((sa-)RAB d ! ; sa-)RBS d)& sa- mb
} for (k=0 jk(=BITs-1 ,k++ ) sn-)SK] = THP2(K] 3

void IPC{)

st:tic char CP[BITs+1];

in

if {sa-iﬁxpcx! for (k=0 3k<=BITe-1 3k++ ) sn->EIPCLK] = sa-)SPC[k];
CP[0)=true;

for (§=0 31¢=BITs-2 3j=j+2 )

BUHZ(CP[i1isa-)ElPC[JI,Si-}ElPB{J*Il,sn-}SIPC{]],

sn->8IPCLi+11,CP342]);
if {sa-)M1_a ) for (k=0 3k<(=BITs-1 jk¢+ ) sn-DEPC[K] = sa-}A[k]
if (sa-)N1"b ) for (k=0 'k<=BITs-1 't++ ) sn->EPCLk] = sa-)B[k]
if (sa-)Ml pc) for (k=0 ;k('BITs- 'k++ ) sn=>EPCLk] = sa-)8IPCLk];
if {sa-}PCaut} for {k=0 ;k('S!Ts-l 'k++ } sn->SPCLk] = sa-)EPC(K]
if (sa-)N2_a ) for (k=0 3k{=BITs-{ 't++ l sn-)Alk] = sa-)8PCLK] :
3 = ga-»SPCLk]

}11 (sa-)N2_b ) for (k=0 jk(=BITs-1 ;t++ sn->B{k]
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Enid ULA()

gt:t::_char CULBITs+1],1{BITs¢l];

n 13

if (sa-3RAU_c) for (k=0 jk(=BITs-1 jke+ ) sn-DEAULK] =*sa-)ALK] ;
if (5a-YRBUTC) for (k=0 jk<=BITs-1 jk++ ) sn-YEBU[K] =sa-3B(k]
CUL0] = sa-3Cin;

for (j=0 ii(BlTs jitt )

ULAL (sa-EAUL 11, 5a-YEBUL§],CULS ), 5a-YART, sa->XOR,
sa-)AND, sa-Y0R, sn->SULAC; 1, UL +10)}

}
1[0] = false:
for (j=t Ej<ﬁxrs 1i2342 )

I[j1 = NOR2 (sa->SULALj-11, I[i-11);
I[j+1] = NAND2(*sa->SULAL{] , I[i] );

}
sn->1ERD = I[BITs]
sn-20VF = CU[BITs];
if (sa->Rula ) for {k=0 3k<=BITs-1 sk++ ) sn-DBULK] = sa-)SULALK];
if (sa-)M3_a ) for (k=0 jk(=BITs-1 jk¢+ ) sn-DA[k] = sa-)BU[k]
}if (sa-)M3b ) for (k=0 jk<=BITs-1 jke+ ) sn-2B(k] = sa-BU[K]

Eaid Descricao()
COMUNIC( )3

IPC();
}ULﬁ{ii

1 L9
/1 Exibicao grafica das variaveis 8/

Eoid Exibicao()

int k;
char {xiﬁli
for (k=0 jk{=RITs-1 jkt+)

{
sgrintf( tx, "Sid" , k)j
}J NELA (k , sa-Stk1

JANELA (BITs , sa-)OVF , *Of* )
JANELA (BITs#! , sa-)IERO , “Ir" )
VALOR ( 0 , bintohex(sa-)A) "R Y, 10);
VALOR ( ! , bintohex{sa-}B) "B ", 10);
VALOR ( 2 , bintohex(sa->8) + '8 ", 10);
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/% risco.hdc: 8/

SRR R R R R R R R R R R R R R,
/1 T0 RISCO /

PROJE - PARTE OPERATIVA !

R R R R R R S R R R R S R R RNV,
Ik 1/
a;: Declaracao dos Nodos do Sistesa Digital :i
#define BITs 16

{typedef struct

/% Barramentos do Sistema 8/
char S{BITs],A[BITs],B{BITs],SPCIBITs],EPC{BITs] ,SIPCBITs],EIPC[BITS];

char EAUCBITs],EBU[BITs],SULALBITs], BURITS];

Ik Sinais de Controle do Sistema 1/
/% Barramento de saida X  Barramentos internos &/

char RAC_c,RAC_d,RBC_c,RBC d,RAS _c,RAS d,RBS c,RBS_d,PADS;

/t Incrés. do PC Barranenfos infernos™ ¢/

char Ripci,PCout, Ml a,M1 b,Mi_pc,M2_a,M2 b;

/t Unid. Log. e Arit., ~ & “Barradentos internos &/

char RAU_c,RBU_c,Cin,ART,XOR,AND,OR, OVF ,ZERO,Rula,N3_a,N3_b;

} circuito;

$include "globais.h®
#include "risco.h”
/t t/
/¢ Declaracao dos nodos que serac alterados no decorrer da sisulacao 8/
/t NODO(char ¢, <long, unsigned, int, char}, int) 1/
1 NODO("1detificacao", variavel a ser_allerada, radical); §/

ﬁ radicals 16 para representacac hexa ou I0 para representacao es decisal

void Altera_nodos()

char tx[5]3

int k3

NODO (* PADS * ,sa-)PADS  , 16);

NODO (* RAC_c* ,sa->RAC.c , 16)3
NODO (" RACT0* ,sa-)RAC O , 16);

NODO (" RBCc" ,sa-)RBC ¢ 18);
NODO (" RBC d" ,sa-)RBC 4 16)
NODO (" RAS c" ,sa-)RAS ¢ 18)

NODO (" RAS_d* ,sa->RAS d
NODO (" RBS ¢ ,sa-)RBS ¢
NODO (* RBS d" ,sa-)RBSd
NODO (" Ripci" ,sa-)Ripci
NODO (" PCout" ,sa->PCout
NODO (" M1 a" ,sa-)Ml a
NODO (" M1b" ,sa-)MLDb
NODO (" MiTc" ,sa-)MiTpe
NODO (" M2_a" ,sa-)M27a
NODD (* M2Tb* ,sa-)M2b
NODO (" RAU c* ,sa->RAD ¢
NODO (* RBU c* ,sa->RBU_c
NODO (" Cin" ,sa-)Cin
NODO ("  ART" ,sa->ART
NODO ("  XOR" ,sa-)>XOR
NODO ("  AND" ,sa-YAND
NODO ("  OR" ,sa->OR
NODO (" Rula" ,sa-)Rula
NODO {* N3 2" ,s3-)M3a
NODD (* M3Tb* ,sa-)M3b
for ( k=0 3 k¢=BiTs-1 ; ke+ )

{
sprintf(tx, *S1d* , k)3
}uﬁu : ’

A G A e

o~ O~ o~ O O~ O O~ O~ O~ O~ O~ O O~ O
S e e S e i . P et S g S St S et S . et st St

RO cm W R W A W A R Am MR W A W W M A W e e e
A A R e R e R e e

l-—t—.--a—-n-ht.-!-.-b-p—l-y—b—._-n—y-n—.-n—
o~ O~ o~ O~ O O~

0 (tx, sa-)sk], 16);

t/
1/
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?1 tera_nodos_batch{)
NODO_B (sa-)PADS

16);
NODOB (sa-)RAC c , 16}
NODO'B (sa-)RACd , 16);
NODOR (sa-)RBCc , 16)3
NODO™B (sa-)RBCd , 18);
NODOB (sa-)RASc , 14)3
NODOB (sa-)RASd , 14)3
NODOB (sa-)RBS Tt , 16);
NODOB (sa-)RBSd , 1&);
NODOB (sa-)Ripci , 16);
NODOTB (sa-)PCout , 14);
NODOB (sa-)Ml a , 16);
NODOTB (sa=)NLB , 1&);
NODOB (sa-)Nlpc , 16);
NODOB (sa-)N2Ta , 14);
NODOB (sa-)M2d  , 16);
NODOB (sa-)RA0 c , 1&);
NODOB (sa-)RBUT , 18);
NDDO B (sa-)Cin s 18)3
NODOR (sa-)ART s 16}
NODOB (sa-)XOR . 18}
NODO'R (sa-)AND . 16}
NODD B (sa-)OR s 16);
NODOB (sa->Rula , 16);
NODOB (sa-)M3 a , 16);
}uumja (sa->M3d  , 16)3
1 :
){; Parasetros de Simulacao ,”
void Parametros() ’
n _fases=1;
}nrkasn=o;
/t H
;: Iniciacao das variaveis !I
void Iniciacao() )
int k3
Arguivo_batch("SIMUL.DAT");
sa-)Cin = false
for (k=0 3k¢=BITs jke+)
}5:-)S{k1 =03

}
/t t
}!: Descricao do Sistema Digital y
void Descricao() )
st:tic‘char THPA[BITS], THP2{BITe],CP[BITe+1],CU{BITe+1],2[BITs+i];
int k,j;

-------------- inicializa®ao dos barrasentos do sistema -------------=-1/

/t
for (j=0 ;j(BIT? jite)

]
}sn-)SULﬁ{J]

sn-2A[j]
sn->B[j]
en-»SIPCL
sn->EPCj]

SDSoooD
e A e
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I coaun;ca ao entre barrasento externo e barramentos internos ----- 1/
if {(sa-)RAC _c | sa-)RBC_c)&“sa-)PADS)
for (k=0 jk(=BITs-1 ;k¢+ ) TNPL[K] = sa-)S[k]
if (sa-)RAS_c)
for (k=0 jk¢=BITs-{ jkt+ )  TMP2[k] = sa->A[k] ;
if (sa-}RBS )
for (k=0 $k(=BITs-1 sk¢+ ) TMP2[k] = sa-)B[k]
if (sa-)RAC_d)
for (k=0 sk¢=BITs-1 jk¢+ )} sn-XA[k] = TMPL[k] ;
if (sa-)RBC d!
r (k=0 3k¢=BITs-1 k¢t ) sn->B[K] = TMPL[K] ;
if ({sa-)RAS_d : sa-)ﬁss d)& sa-)PADS)
for (k=0 jk<=BITe-{ jk¢+ ) en-)8[k] = THP2[K]
operacao de incremento do contador de 3 ofralas { PG ) ====== t/
if (sa-)Ripci) for (k=0 3k<=BITs-1 jke+ ) sn=DEIPCIK] = sa->SPC[k];
CP[O])=true;
for (j=0 3]¢=BITs=2 3j=j¢2 )
SUM2(CPLj] sa-)Ech[ sa->EIPCLj+1],sn-25IPCLi],
sn->8IPCLi#11,CPL1421);
if (sa-)Ml 3 )
for (k=0 3k{=BITs-1 3k++ ) sn-EPCLK] = sa-)A[k]
if (sa-)N1_b )
for (k=0 3k<¢=BITs-1 1k++ ) sn-2EPCLK] = sa-2B[k]
if (sa-}M_pc)
for (k=0 jk<=BITs-1 jk¢+ } sn-DEPCLk] = sa->SIPC(K];
if (sa-)PCout)
for (k=0 3k¢=BITe-1 jke+ ) en->8PCLk] = sa-YEPC[K] ;
if (sa-)M2_a )
for (k=0 3k<=BITs-1 jk++ ) sn-2A[k] = sa-)SPC[k] ;
if {sa-)M2_b )
for (k=0 jk<=BITs-{ jk++ ) sn-)B[k] = sa-28PC(k] ;
/§====memm——----- gppracac da unidade logica e aritsetica --------e-=--eey/
if (sa=)RAU_c)
for (k=0 jk¢=BITs-1 jk¢+ ) en-DEAULK] ="sa->A[k] i
if (sa-)RBU_c)
for (k=0 3jk¢=BITs-1 jk¢+ ) sn-2EBULK] =“sa-B[k] ;

CU[0] = sa->Ciny
for (j=0 'J<BIT5 jite )

ULRI{sa-)ERﬂ[jlgia-)EBU[j]tCU[J]EB? YART ;sa->X0R,
J

: sa->AND,sa->0R,sn-)SULAL ] +1]1,

1{0] = false;
for (j=1 33<BITs 3j=j42 )

I[31 = NOR2 (sa->SULALi-11, I[j-11);
I[]+1] = NAND2(“sa->SULALi] , Z[i] )}

¥
sn-)>1ERD = I[BITs] ;
sp->0VF = CU[RITs];
if (sa-)Rula )

if (sa-)M3_a )

for (k=0 3k<=BITs-1 skt ) sn-2A[k]
if (sa-)M3 b )

for (k=0 jk<=BITs-1 ;k++ ) sn->B[k]

——

for (k=0 jk<=BITs-1 jk+ ) sn-BULK] = sa->SULALK]

= sa-)BULk]
= sa-)BULk]
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/1

/1 Exibicao grafica das variaveis
/1 JANELA(int, long, char 1):
/ VALOR(int, long, char 3, int);

/1 JANELA{nuserc_da_janela, valor_;_;er,pxlhida, "Idetificacan");
/t VALOR{numero_do_valor, valor_a_ser_exibido, "Idetificacac®, radical)s

Enid Exibicao()
int k;
char ta[3]:
fortkzo 3h<=BITs-1 jk++)
sgrintf{ tx, "S4d" , k)3
}J NELA (k , sa-)S[i] y tr )
JANELR (BITs , sa-2O0WF , *0f* )3
JANELA (BITs¢l , sa-)IERD , “Ir" )3
VALOR ( 0 , bintohex{sa->A) , "A" 10;;
}

VALOR ( 1 , bintohex(sa-)B) , '8': 10
VALOR ( 2 , bintohex(sa-»8) , 8", 10
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/% ula.hdc: 4/

I/t t
f: PROJETO RISCO - UNIDADE LOGICA E ARITMETICA !I
It . - 4/
ﬁ: Declaracao dos Nodos do Sistesa Digital :ﬁ

$define BlTs 4
Eypedef struct

char S[BITs],C{BITs+1],UART,UXOR,UAND,UOR;
char A[BITs],B(B1Ts], ZERD, OVERFLON;
} tircuito;
$include "globais.h”
#include "risco.h"
/t t/
/¥ Declaracac dos nodos que serap alterades no decorrer da sisulacas &/
1 NODO(char %, (long, unsi?ned, int, char), int); t/
1 NODO("Idetificacao”, variave a_;er_plterada radical 1/
f: radical: 16 para representacac hexa ou 10 para represen{acao en decimal :ﬂ
tniﬂ Altera_nodos()
char tx[3];
int ki
NODO l'Ci' , sa-)C[0], 16);
NODO ("ART", sa-)UART, 1&);
NODO ("XOR", sa->UXOR, 16)3
NODD ("AND", sa-YUAND, 18);
NODO (“OR ", sa->UOR , 14);
for{k=0 ;?<=81T5-1 shet )
5Brintf{tx, “aid" , k)3
}n 00 ( tx , sa->afk], 16);
for{k=0 ;¥<=BlTs-l thee )
sprintf{tx, "bAd" , k);
}nﬁnu (tx , sa-8ikl, 16);
1
/% t/
/1 Parametros de Simulacao 1/
/8 4/
void Parametros()
n fases=1;
}amnaa:a-,
/t t/
5: Iniciacao das variaveis !!

goid Iniciacao{)
}sa—)C[G] = falses



209

Ik 1/
i: Descricap do Sistesa Digital :;
Eoid Descricao()
char I[BITs¢l];
int i3
for {1=0{;i<=BlTs-! jitt)
ULAL{sa-2A[1],5a-2B[1],5a-2C[i],5a-2UART ,sa->UX0R, 52~ 2UAND
,5a-)U0R ,en-)8(11,8n-3CLi+1]);
1{0]=0;
for {i=1 ;i{BITs 3i=i+2)
1[i1 = NOR2 (sa->8[i-11,I[i-11);
}I{i+1] = NAND2(“sa-)8[i] ,I[i] )3
}sn-}IERU=I[BIT5];
/1 1/
1 Exibicao ?rafica das variaveis L 3}
/t JANELA{int, long, char ) t/
1 VALOR(int, long, char ¢ inil; 1/
/% JANELA(numero_da_janela, valor_j_ger'gxfbidc, “ldetificacan"); t/
}‘: VALOR(nusero_do_valor, valer_a_ser_exibido, "ldetificacae”, radical); !f

raid Exibicao{)

int k;

char Ex[ﬁ];

JANELA { 0, sa=>C[0] , “Ci* )3
for(k=0 ;k(=BITs-1 jkt¢)

{
5grintf[ tx, "sid" , k);
JANELA (k+1', sa-d8k) , tx )

}
JANELA (BITs+! , sa->C[BITs], "Of"
JANELA (BITs+2 , sa-)IEROD , “Ir"
VALOR ( 2 , bintohex(sa->8) , "8", 10
VALOR ( ¢ , bintchex{sa->A) , "A", 10
}UnLﬂR { 1, bintohex{sa->B} , "B", 10

L2



/4 risco.inp: ¢/
RAC_C
/

210
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/% risco.out: ¥/



/% risco_l.pas: ¢/

program config}
uses CRT; o

ype
stri2=string[12
str0b=string( &

var
pinos:array [1..50] of strib;
datas:array [1..50] of str0&;
nosei,noseo,nonepistri2;
niinteger;

]o
1

function nua_datainose:stri2):integer;
var
arg:text;
iiinteger;
distriog
begin {nus_data}
assign(arg,nome) s
rese {arq?;
i1=0;
repeat
readin(arq,d};
ir=itly
until eof(arql;
nua_datai=ij
close{aral'
end; {num_ aia}
procedure read_conf{naseistri2);
var
arg: text;
irinteger;
datais rOA;
begin {read_conf}
assi?n{arT,nale!;
reset{arg);
ir=ly
repeat
readln{arg,data);
pinos[i]:=data;
11=i41}
until eof!arql;
if {i-1)On then halt;
close(arg);
end; {read_conf}

213
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procedure read_data(nasel nameZ:stri2);
var
arql arg2:text:
igje 1nt er;
dataistrié;
begin Eraaﬂ data}
xl‘ L]
ass;gn{arql nasel)
ass1¥n{ar 2,nane?}
reset(arql)
rewrite(arg 51'
for J =1 tn 5 do datas[j]:="00"y

.
]
'
]

readln(irgl Jdata)}
for ji=1 to n do

gin
dlf data=pinos[j] then datas[j]:="ff";
end;

if data='/" then
begin
for j:=! to n do

begin
nrn}eln(arqz (datas[il);
i=1y

fnr j"l to n do datas[j]:="00"}

until enflarql},
close{arql);
close(arq2);

end; {read ﬂila}

begin

clrscry

gotoxy (15,10);

write(' arquivo de entrada =');
readin(nosei)s

gotoxy (13, i2};

ur:tnr arquivo de saida =');
readln(nosec);

gotoxy (13,14}

write(' arquivo de pinos =');
readin(nonep);

ni=nua datatnnlep!;

clrscry
goto:zizs 12)4
write con 1?urandn |
read_conf(noaep

read data(nanei,noleo),
delay(200

clrscr;
gotoxzi?ﬁ 12)3
write gravando ...'};
delay{2000);

end.



wabevrjuow ap wabenbury ep oeSedrygroadssy

?—Y OX3IANVY

SiZ



216

ESPECIFICAGAD DO MONTADOR PARA O RISCO

CDNSIDERACGES:f%;LIHINQRES
v.: -

<linha de instrucdo> ::= =
{rétulo> <campo de instrugiao> <comentdrio> <return>

<rétulo> ::=
<vazio> |
<esp ou vaz> <nome do rétulo> :

<nome do rdtulo> ::= <{identificador>

{comentdrio> ::=
<vazio> |
<esp ou vaz> j; <texto do comentédrio>

<{texto do comentdrio> ::=
<vazio> |
<texto do comentdrio> <caracter>

/X

Possibilidades para o campo de instrucdo:
: \ / :
i  mnemdnico N Ra, Rb, Rc ‘
¢ mneménico.aps \ / Ra, Rb num |
¢ mnemonico.cond / N\ Ra, &Ra, num |
i mnemdnico.cond.aps / \ Ra, &D, num |
! \ Ra, &RDH, num |
‘ / \ b
X/
<campo de instrucdo> ::=
vazio> |

<esp ou vaz> <instrucao>
<{instrucdo> ::=

<mnem aritlog e mem> <aps> <campo> |

<mnem mem e altera fb> o <aps> <campo restrito> |

<mnem jmp e sr> <condigao> <aps> <campo>
<mnem aritlog e mem> ::=

ADD | ADDC |

add | addc |

SUB | SUBC | SUBR . SUBRC |

sub | subc | subr | subrc |

AND | OR | XOR |

and | or | xor .

RLL | RLLC | RLA | RLAC |

rll | rllc | rla | rlac |

RRL | RRLC | RRA | RRAC |

rrl | rrlc | rra | rrac |

SLL | SLLC | SLA | SLAC |

sll | sllc | sla | slac |

SRL | SRLC | SRA | SRAC |

srl | srlc | sra | srac |

LD | ST |

1d | st
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<mnem mem e altera fb> ::=

a
LDPRI | LDPOI | LDPOD
ldpri | ldpoi | ldpod |
STPRI | STPOI ; STPOD ;
stpri | stpoi | stpod
<mnem jmp e sr> =
JMP . SR |
imp . Sr
<condicao> ::=
{vazio> |
T § N8 % L8 L 05 | JZ8 1 .8E ) .87 ! .EQ@ !
otr | ons | .CS ; .08 | .28 | .0 i .Qt ! .eq !
LFL L NN ¢ LNC 3 UNO § WNZ LT ¢ LLE ¢ .NE |
T } .an ) Jnc ) .n0 Y oWnz ) Gkt 4 2le ! .ne
{aps> ::=
<vazio> |
-APS |
.aps

{campo> ::=
<campo restrito> |
<espago> <reg> <separa> <reg> <{separa> <num> <esp ou vaz>
<espago> <reg> <separa> <fb <{separa> <num> <esp ou vaz>

<campo restrito> ::=
<espaco> <reg> <separa> <reg> <{separa> <req> <esp ou vaz>

{separa> ::=

<espaco> |

<esp ou vaz> , <esp ou vaz>
<fb> ::=

&0 | &RO |

&d | &RD |

&rdh | &RDH

{req> ::= <identificador de registrador> <nGmero decimal>
{identificador de registrador> ::= r | R

<npum> ::=
<nGmero com base> |
<sinal> <nGmero com base>
<{sinal> z2:= + | -
<{nGmero com base> ::=
<nGmero hexadecimal> <base hexadecimal> |
<namero decimal> <base decimal> |

<nGmero octal> <base octal> |
<nGmero bindrio> <base bindria>

<base hexadecimal> ::= h | H
<base decimal> :1:=d | D | <vazio>
<base octal> ::= 0 | O

<base bindria> ::=b | B

{caracter> ::= )
<letra ou algarismo> |
fbra§c9>ui

/

"

N~
)
=™

-

-
o

- =—an W

E Al

e X 1

3
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{identificador> ::=
<letra> |
{identificador> <letra ou algarismo>

{letra ou algarismo> ::= <{letra> | <algarismo decimal>
{letra>

20 ZTD

oocoom i
.
.
~oom
e
o o
czex
e
i
i« pesem
B i

<nGmero hexadecimal> ::=
<algarismo hexadecimal> |
<namero hexadecimal> <algarismo hexadecimal>

<ntmero decimal> ::=

<algarismo decimal> |

<namero decimal> <algarismo decimal>
<namero octal> ::=

<algarismo octal> |

<nGamero octal> <algarismo octal>
<nGmero bindrio> ::=

<algarismo binario> |

<nGmero bindrio> <algarismo bindrio>
<algarismo hexadecimal> :

<algarismo decimal> |

AIBICID I IEIF lalbicidie T
<algarismo decimal> ::= <algarismo octal> | 8 | ¢
<algarismo octal> ::= <algarismo bindrio> | 2 | 3 | 4
<algarismo bindrio> ::= 0 | 1
<esp ou vaz> ::= <espago> | <vazio>
<espago> ::= <branco> | <espago> <branco>
<branco> ::= ascii 32d /K === 777 X/

{return> ::= ascii 13d /% <--- 777 %/

N3NNI
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ANMEXO A7

Cddigos de maguina
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S S C S S S =SS S S S SCS S S S CSCS oSS S oSS S S CSSESSCSSSS=SSSSSESS=SSSSS=S=Z=s=SsS========

ESPECIFICAGAD DOS CODIGOS DE MAGUINA PARA O RISCO

Versao 1.0
—+—+ 34+ +++-+ 4+ +++—+++—+ -+ 34+ -+ =4+ -+ -4+ -t -+ 4t 4 1+ 3+
1. Possibilidades para o campo de instrucdo:
Mneménico Operandos

. mneménico Rdst, Rftl, Rft2Z |

¢ mneménico.aps \ Rdst, Rftl, num |

¢ mnemdnico.cond / Rdst, &R0, num |

. mneménico.cond.aps Rdst, &RD, num |

: \ Rdst, &RDH, num |

2. Campos da palavra de instrucao de méqu;na.

Bits:
Campos: +--

4omammcmean 4

nIoUD>

$rracnsavand

o N ——

Fo§

31 30 29..25 24 23 22 21..17 16..12 11 10..06 05..00

o -t m————— $m————— +
' 5 Y IETE A eammey
i FIE B ecimns el +
H 2 1 Kp ‘
$————— s e +
. Kg .
—————— e it 3

——+4++—++ -+ 3 4+ + -+ttt ++ 13-t 43+ + 131+t +++ 14+ttt +1- 4+ +34 t+1-1-+++ -3t 1+
3. Bits 31 a 25: Os campos T1, TO, C4, C3, C2,
pelo mneménico da instrucdoc de montagem.

3.1 Instrucdes aritmético-ldgicas

SRAC

\ H
\ Bits | 31 30 29 2B 27 26 25
\ Campo | T1 TO C4 C3 C2 C1 CO

Mnem.\ :
AND A < g 1 1 % 1
OR it 0 0 9 1 1 1 9
XOR E 0 0 0 1+ 1 0 1
ADD A T | 0O 0 0 0 O
ADDC L 1 0O 0 0 1 0
SUB T T 0 0 1 0 1
SUBC Qg B g 0 1 1 1
SUBR o D 0O 1 0 0 1
SUBRC E 0 0 0 1 0 1 1
RLL E o M ¢ 1 0 0 0 0
RLLC Yo 0 1 0 0 0 1
RLA t 9 0 1 0 0 1 0
RLAC VT ¢ /¢ | 1 0 0 1 1
RRL I @ 0 1 0 1 0 O
RRLC v 0 0 i 0 1 0 1
RRA I T 1 ¢ X %1 0
RRAC i 0 0 1 0 1 1 1
SLL @ 0 i1 &+ @ 0 0
SLLC v 9 0 : 1 5 O 1
SLA v 0 0 ¥ 1 9 42 0
SLAC V0 0 1 1 0 3 31
SRL Y 9 9 1 1 1 0 0O
SRLC L ] 1 1 1 0 1
SRA L I 1 1. 4 % @
i © 9 1 1 1 1 %

Cl e CO s3o determinados
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3.2 Instrucdes de acesso & memdria

\ .
\ Bits | 31 30 29 2B 27 26 25
\ Campo | T1 T0 C4 C3 C2 C1 CO
Mnem.\ ‘
LD ¢ 29 0 x 0 x
LDPRI v 1 0 0 x 1 1 1
LDPOI . 1 0 O » 1 0 1
LDPOD E 1 0 0 x 1 0 0
ST | 1 1 x 0 x «x
STPRI 10 1 x 1 1 1
STPOI v 10 1 » 1 0 1
STPOD E 1 0 1 » 1 0 0

3.3 Instrucdes de salto e de sub-rotina

\ H
\ Bits 31 30 29 28 27 26 25
\ Campo | T1 TO C4 C3 C2 C1 CO
Mnem.\ ‘
JMP ¢ 01 = = o= =
SR E 1 1 - e e
(sem .cond) ; S 1 1 1 31 1
.TR g = = 1 1+ 1 1 1
.NS ] 1 0 0 0 1
.C8 : = - 1 0 0 1 9
.08 g = = 1 0 1 0 O
«Z5 I 1 1 O 9 0O
.GE g = o= 1 0 0 1 1
.67 g o e 1 01 1 90
-EQ } Ll 1 1 1 0 0
.FL ¥ = = 0O 0 0 0 0
NN L 0O 0 0 0 1
.NC . = = 0O 0 0 1 0O
.NO T 0O 0 1 0 9
.NZ . T O 1 0 0 O
LT £ = O 0 0 1 1
.LE g s o O 0 1 1 90
-NE E = 0 1 1 0 0

H+ ++++ ¢+ + + ++ 4+ -+ 41— -3 1+ 3+ -+ 34+ 35 3
4, Bit 24: Se existe a extensdo .aps no mneménico, entdo o campo APS
e setado (=1).

4+ ++++ 1+t 4+ 4+ -+ ¢+ 3+ -+ -+ -+ 4+ 3+ 5+t
5. Especificacdao do formato e operandos da palavra de instrucdo de
mdquina, através da instrucdo de montagem.

s S S S S S S S S S S S S S e S S A N S S S S D S S S S NS N S S S S S S S A S S

Mnem Rdst, Rftl, Rft2 DST/FT1/FT2 0 0 0 DST <-- FT1 op FT2
Mnem Rdst, Rftl, num DST/FT1/Kp 0 0 DST <-- FT1 op Kpe
Mnem Rdst, &R0, num DST/Kg 0 1 x DST <-- RO op Kgl
Mnem Rdst, &RDH, num DST/Kg 1 0 x DST <-- DST op Kgh
Mnem Rdst, &RD, num DST/Kg I 1 x DST <-- DST op Kgl
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3+ + 3+ + 3+ + 4+ + -+ 4+ +++ ¢+ 13+ -+t 3+ -+ + 4433 4t -ttt t 313

6. Bits de 23 a 0: Pelos operandos da instrucdo de montagem sio
determinados os campos F1, FO, S52, DST, FT1, FT2, Kp e Kg da palavra de
instrucdo de mdquina.

Operandos: Rdst, Rftl, Rft2

23 2221 20 19 18 17 16 15 14 13 12 11 10 28 7 6 5 4 3
0 0 <~=- Rdst ——=> == RFt] ===> 0 <~ RT12 > x x X

Operandos: Rdst, Rftl, num

2322212019 1817 161514 131211 10987 6543210
0 0 <--- Rdst —--> <--- Rftl -==> 1 <=---—--- num -------- >

Operandos: Rdst, &R0, num
23 22212019 1817 16 1514 13 12 11 10987 6543210
¥ 1 Se== Q08 =) Armmmmmmeme—— Ml ——momesmresseosen- >

Operandos: Rdst, &RDH, num
23 2221 20 19 18 17 16 15 14 13 12 11 1098 7 6 543 210
1 0 <-——RAELt m==) e m e ——— BUR e ssomesm e e oo >

Operandos: Rdst, &RD, num
23 2221 2019 18 17 16 15 14 13 12 11 10987 6 543 210
1 1 ¢-=— Rdst > {-~=—r—m——mm—r—- UM —————reeec—e————— >
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ANEXO A—8

Manual do Montador
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MONTADOR PARA O PROCESSADOR RISCO

1. CARACTERISTICAS DO PROCESSADOR

O Risco ¢ um microprocessador CMOS de 32 bits com arquitetura tipo RISC (Reduced
Instruction Set Computer). Instrugdes, dados e enderegos sdo palavras de 32 bits. O espago méaximo de
enderegamento € constituido de 4 Giga palavras (16 Gbytes) e ndo existe enderegamento a byte ou a

meia-palavra (2 bytes).

O processador possui 32 registradores de 32 bits, alguns deles com significado especial:

ROO - Contém sempre o valor 0.
RO1 - Contém a palavra de estado do processador (PSW).
R31 - Contém o valor atual do contador de programa (PC).

Todas as instrugdes possuem o seguinte formato:

11 5 11 5 17
{T1[To| Cc4a.co|APS| F1 [ Fo | DST | FNT
T1-TO Definem o tipo de instrugdo:

00 - Aritmético-logica
10 - Acesso & memoria
01 - Salto

11 - Sub-rotina

C4.C0 Definem os opcodes numéricos das instrugdes aritmético-logicas e de acesso a
memoria, ou a condigdo de teste nas instrugdes de salto e de sub-rotina.

APS Flag para atualizar ou néo a palavra de estado apds a operagido, se APS=1, entdo
os bits N (negativo), O (overflow), Z (zero) e C (carry) da PSW serdo
atualizados de acordo com o resultado da operagio.

F1-FO Definem qual o formato dos operandos fontes (FNT).

DST Contém o nimero do registrador destino.

! FNT Contém a especificagdo dos operandos fontes, conforme os valores de F1 e FO.
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O Risco utiliza sempre trés enderegos para os operandos. Usualmente as instrugdes possuem um
operando destino e dois operandos fontes. Existem também instru¢des com um destino, um fonte € uma’
constante de 11 bits; ou com um destino, um fonte igual ao destino e uma constante de 17 bits. Estes
trés formatos possiveis de operandos sdo mostrados abaixo:

31 30 2925 24 23 22 21.17 16.12 11 10..06  05..00

T1 | To| c4.co |APS| F1 | Fo | DST FT1 [SS2| FT2 | ...
T1 [ To [ c4.c0 | APS| F1 | FO | DST FT1 | SS2 Kp
T1 | T0 | C4.C0 | APS | F1 | Fo | DST Kg

Os bits F1 e FO indicam o tipo do formato dos operandos que a palavra de instrugdo possui,
como mostrado a seguir: .

F1 | FO | SS2 [ Operandos fonte
0|0 0 FT1 e FT2
0[O 1 FT1 e Kp
0 1 X ROO0 e Kgl
1 | 0] x DST e Kgh
1 1 X DST e Kgl
Onde:
FTI1 Contém o nimero do registrador do primeiro operando fonte.
FT2 Contém o numero do registrador do segundo operando fonte.
SS2 Bit utilizado para definir o formato dos bits de 0 a 10.
Kp Constante de 11 bits, estende sinal.
Kgl Constante de 17 bits, estende sinal.
Kgh Constante de 17 bits, ocupa a parte mais significativa e estende o sinal para os

bits menos significativos.

Havendo alguma constante na palavra de instrugdo, ela é carregada em um registrador interno
temporario para ser utilizada como o segundo operando fonte. As diferentes constantes assumem
determinados formatos dentro desse registrador.

A constante Kp tem o bit mais significativo estendido, permitindo valores entre -1024 e 1023. A
constante Kg possui dois formatos diferentes. Ela pode ter o bit mais significativo estendido, Kgl,
permitindo valores entre -65536 e 65535. No segundo modo, a constante é carregada nos 16 bits mais
significativos do registrador temporario e seu 17° bit ¢ estendido nos 16 bits menos significativos do
registrador, Kgh.
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2. ESPECIFICACAO DO MONTADOR
2.1 0 MONTADOR

O montador para o microprocessador Risco ¢ um tipico montador de duas passagens, que possui
um processador de macros embutido. Os mnemomicos e codigos de maquina das instrugdes do
processador estdo em um arquivo (instr.tab); quando o montador é executado esses dados sdo lidos e
colocados na memoria para serem utilizados na geragao do codigo de maquina.

Existe uma linguagem simbolica propria do montador para que os programas sejam escritos mais
facilmente. A especificagdo dessa linguagem é feita no proximo capitulo.

O codigo gerado ¢é escrito em dois arquivos. Um arquivo contém apenas o codigo binério e o
outro contém a posigao relativa na memoria, o codigo hexadecimal e uma copia do programa fonte.

2.2 O PROCESSADOR DE MACROS

O montador possui um processador de macros que esta embutido na sua primeira passagem. Se
existir alguma macro, sua definigdio é guardada na memoria para que posteriormente, na segunda
passagem, seja feita sua expansdo.

O processador de macros, de uma passagem, permite apenas que macros sejam chamadas apos
terem sidos definidas. Ndo s3o permitidas defini¢des internas a outras macros, mas podem ser feitas
chamadas internas desde que a macro chamada ja tenha sido definida.

A definigdo de uma macro ¢ feita utilizando as diretivas MACRO e MACROFIM. O corpo de
uma macro pode ser constituido por quaisquer tipos de comando, diretivas ou instrugdes.

A chamada de uma macro ¢ feita através do nome dado durante sua defini¢do, incluindo os
parametros desejados, caso existirem. A sintaxe para definicdo e chamada de macros sera apresentada
mais adiante.

2.3 COMO UTILIZAR O MONTADOR

O montador Risco ¢ utilizado através do comando de linha: risco [-n] <arquivo[.ext]>. A opgéo
-n refere-se a geragdo automatica de NOP apos cada instrugdo de JMP. A geragdo de NOP é opcional.
O nome do arquivo a ser montado deve ter a extensdo .EXT, sendo esta opcional para execugdo do
programa. Todas as saidas do montador, codigos e mensagens de erros sdo geradas em arquivos.

2.4 ARQUIVOS GERADOS

Sdo gerados 3 arquivos com as saidas do montador. O <arquivo.bin>, que contém o cddigo
binario do programa; o <arquivo.doc>, que contém informagdo de alocagdo de meméria e o codigo em
hexadecimal; o <arquivo.err>, que contém informagdo de erros que possam ocorrer durante a montagem
do programa. Erros de sintaxe sdo detectados pelo analisador léxico (LEX) e enviados para o arquivo
de erros, abortando o programa. Quando houver algum erro o usuario sera avisado para que o arquivo
de erros seja verificado, quando o numero de erros for elevado o programa sera abortado e uma
mensagem sera enviada para a tela.
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3. DESCRICAO DA LINGUAGEM SIMBOLICA

A linguagem simbolica possui alguns elementos basicos, como roétulos, registradores, constantes
e comentarios. A forma como cada um é representado na linguagem esta descrita abaixo.

Tudo que vier depois de um ';' sera considerado pelo montador como sendo um comentario.
<comentario> : "' <texto do comentario>

Os rotulos podem aparecer no inicio da linha, sozinhos, ou obrigatoriamente antes de algumas
diretivas, ou ainda , opcionalmente antes de instrugdes.

<rotulo> ¢ <identificador>""

Representam-se registradores através da letra 'R' ou 'r' mais um nimero, ou com um
identificador. Este identificador deve ter sido previamente definido utilizando a diretiva DEFINE, caso
contrario OCorrera um erro.

<reg> 2
'r' <nlimero decimal> |
‘R' <niimero decimal> |
<identificador>

Constantes de diferentes bases sdo permitidas, como hexadecimal, decimal, octal e binaria.

<num-> ;
<nimero com base> |
<sinal> <nimero com base>

<sinal> : s

<nimero com base> :
<numero hexadecimal> <base hexadecimal> |
<numero decimal> <base decimal> |
<numero octal> <base octal> |
<nimero binario> <base binaria>

<base hexadecimal> : h|'H
<base decimal> : 'd' | 'D' | <vazio>
<base octal> : 'o'|'O

<base binaria> : b'|'B'
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3.1 DIRETIVAS

A linguagem simbolica do montador dispde de nove diretivas que podem ser utilizadas em
qualquer parte e varias vezes dentro do programa. As suas fungdes sdo as seguintes: reservar area de

memoria, definir identificadores como registradores, inicializar constantes, alterar o contador de
programa e definir macros.

O formato de cada uma varia, algumas possuem rétulo e outras ndo, o tipo € o nimero de
pardmetros também sdo diferentes. A seguir, ¢ especificado o formato e a fungio de cada diretiva.

1- Define registrador

DEFINE <identificador> Rxx

Define que o identificador representa o registrador Rxx.

2- Reserva area ndo inicializada

<rétulo> ALOCA <num>

Aloca <num> palavras para serem utilizadas como variaveis. O <rotulo> representa o enderego
da primeira palavra na area alocada. A area ndo ¢ inicializada e <num> deve ser uma constante de 32
bits sem sinal.

3- Reserva area e inicializa com um unico valor

<rotulo> INICIA <num> "' <num_ident>

Aloca <num> palavras para serem utilizadas como variaveis. O <rétulo> representa o enderego
da primeira palavra na area alocada. A area ¢ inicializada com o valor de <num_ident>, que deve ser
uma constante de 32 bits ou um identificador que esteja associado a uma constante.
4- Reserva area e inicializa com valores diferentes

<rétulo> TABELA <num_ident>",' <num_ident>",' ... "' <num_ident>

. Aloca palavras para serem utilizadas como variaveis. O nimero de palavras depende do nimero

de parametros especificados. O <rotulo> representa o enderego da primeira palavra na area alocada. A

area ¢ inicializada com os diferentes valores de <num_ident>, na ordem em que eles aparecem, podendo
ser uma constante de 32 bits ou um identificador que esteja associado a uma constante.



5- Altera contador de programa
ORIGEM <num>

O contador de programa (PC) recebe o valor de <num>. As instru¢des que seguem serdo
posicionadas a partir do novo enderego. O <num> deve ser uma constante de 32 bits sem sinal. Esta
diretiva pode ser utilizada varias vezes durante um mesmo médulo, mas o novo valor para o contador de
posigio deve ser maior ou igual ao valor atual.

6- Define sinbnimo

<rotulo> EQU <num>

Associa a <rotulo> o valor de <num>. O valor de <num> deve ser uma constante de 32 bits.

7- Inicia defini¢do de uma macro
<i6tulo> MACRO <paridmetros>

Inicia a definicdo da macro <rétulo>. O corpo da macro é formado pelas linhas seguintes até a
diretiva MACROFIM. Os parametros sdo opcionais, mas, quando existir mais de um, sdo separados por
virgulas. Esses parametros de defini¢do s@o apenas identificadores.

8- Termina defini¢g@o de uma macro

MACROFIM

Indica o término do corpo da macro que estava sendo definida. Deve ser precedido no programa
por uma diretiva MACRO.

9- Chamada de uma macro

<identificador> <parametros>

iNa realidade, ndo existe nenhuma diretiva especial para isso, apenas utiliza-se um identificador
que representa 0 nome da macro, seguido de seus parimetros de expansdo caso a macro possua
pardmetros. Se possuir mais de um parametro, eles devem ser separados por virgulas. Os pardmetros
de expansdo podem ser identificadores, registradores, ou ainda, constantes.

Essa sintaxe para chamada de macros é a mesma para chamadas internas, dentro da definigdo de
uma outra macro.
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3.2 INSTRUCOES

O conjunto de instrugdes do Risco é formado por quatro tipos: aritmético-logica, salto, acesso a
memoria (carga/armazenamento) e sub-rotina. S@o implementadas 25 instrugdes aritmético-logica, 8 de
acesso @ memoria, 1 de salto e 1 de sub-rotina com 16 condi¢des cada uma, totalizando 35 instrugdes.

O formato basico das instrugdes na linguagem simbolica do montador € o seguinte:

<linha de instrug@o> : <rotulo> <campo da instrugdo> |
<campo da instrugdo>

<campo da instrugdo> : <instrugdo> | <vazio>
Existem outros formatos que s@o especificos para determinados tipos de instruges:

<instrugdo>: <mnemonicos aritlog ¢ mem> <aps> <operando> |
<mnemonicos mem> <aps> <operando restrito> |
<mnemanicos jmp e sr> <condigdo> <aps> <operando>

Instrugdes aritmético-logicas e algumas de acesso a memoria (LD|ST), que aceitam o mesmo
tipo de operandos:

<mnemonicos aritlog e mem> :
ADD | ADDC |
add | addc |
SUB | SUBC | SUBR | SUBRC
sub | subc | subr | subrc |
AND | OR | XOR |
and | or | xor |
RLL |RLLC | RLA |RLAC |
rll | rllc | rla | rlac |
RRL | RRLC | RRA | RRAC |
rrl | rrlc | rra | rrac |
SLL | SLLC | SLA | SLAC |
sll | slic | sla | slac |
SRL | SRLC | SRA | SRAC |
srl | srlc | sra | srac |
LD |ST|
Id | st

Existe também o mnemdmico NOP, que ndo possui operandos e tem fungdo equivalente a de
uma instrugdo ADD RO, RO, RO.
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Instrugdes de acesso a memoria.

<mnemonico mem> :
LDPRI | LDPOI | LDPOD |
Idpri | Idpoi | ldpod |
STPRI | STPOI | STPOD |
stpri | stpoi | stpod

Instrugdes de salto e de sub-rotina.

<mnem~onico jmp e sr>
JMP | SR |
jmp | st

Instrugdes de salto e sub-rotina podem ser condicionais ou incondicionais. No caso do salto
condicional, existem as seguintes condigdes aceitas pela linguagem:

<mnemonico de condigdo> :
TR|.NS|.CS|.OS|.ZS| .GE|.GT | .EQ|
tr| ns|.cs|.os|.zs|.ge|.gt|.eq|
JFL| NN|.NC|.NO| NZ|.LT| .LE | .NE|
fl|.nn| .nc|.no|.nz|.lt|.le|.ne|
<vazio>

Toda instrugdo de maquina possui o bit APS. Por default, todas as instrugdes sdo geradas pelo
montador com o bit APS desligado. Para que esse bit seja ligado, é necessario adicionar o sufixo
".APS" ou ".aps" a cada instrugdo desejada.

<mnemonico de aps> :
.APS |
.aps |
<vazio>

Existem trés combinagdes basicas de operandos, todas possuem um operando destino e dois

fontes. A maioria das instrugdes de acesso a memoria aceitam apenas a combinagdo <operando
restrito>, exceto (LD|ST).

<operando> :
" <operando restrito> |
<reg>',' <reg>',' <exp> |
<reg>',' <fb>"' <exp>

<operando restrito> :
<reg>')' <reg> e <reg>
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O campo fb serve para indicar o tipo do primeiro operando fonte. Este operando pode ser o
registrador 00 (&R0) ou o proprio operando destino (&RD ou &RDH). No tltimo caso, o campo fb-
também informa qual o tipo da constante no segundo operando fonte. Pode ser uma constante de 17 bits
(&RD), estendendo o sinal, indicando que é uma constante Kgl, ou uma constante de 17 bits (&RDH),
ocupando a parte mais significativa, que ¢ uma Kgh.

<fb>:
&r0 | &RO |
&rd | &RD |
&rdh | &RDH

O terceiro operando de uma instrugdo pode ser um registrador, uma constante, um identificador
ou, ainda, uma expressdo. Sao permitidas expressdes de soma, subtragdo, multiplicacdo e divisdo; os
operandos ndo podem ser registradores ou identificadores de registradores.

<exp~ :
<oper> <operador> <exp> |
<oper>
<oper> .
<identificador> |
<num>

<operador>: L
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4.1 INSTRUCOES ARITMETICO-LOGICAS

O Risco implementa apenas 25 instrugdes aritmético-logicas das 32 possiveis definidas no campo

C4..CO.

Tabela de instrugdes aritmético-logicas.

MNEMONICO CODIGO (C4..C0) OPERACAO COMENTARIO

ADD 00000 dst « ft1 + fi2 adigdo

ADDC 00010 dst « fil+fi2+ C adigdo c/ carry
SUB 00101 dst « fil - fi2 subtragdo

SUBC 00111 dst « fil -i2-C subtragéo c/ carry

SUBR 01001 dst « fi2 - ftl subtragdo reversa

SUBRC 01011 dst « fi2-fil -C subtragdo reversa c/ carry
AND 01111 dst <« ftl and fi2 E légico
OR 01110 dst ¢ ftl or fi2 OU légico

XOR 01101 dst « fil xor fi2 OU exclusivo logico
RLL 10000 dst « fil rot fi2 bits rot. logica esq.

RLLC 10001 dst « ft1 /C rot fi2 bits | rot. logica esq. ¢/ carry
RLA 10010 dst « fi1 rot fi2 bits rot. aritmética esq.

RLAC 10011 dst «— ft1 /C rot ft2 bits | rot. aritmética esq. ¢/ carry
RRL 10100 dst « fil rot 2 bits rot. logica dir.

RRLC 10101 dst < ftl /C rot fi2 bits | rot. logica dir. ¢/ carry
RRA 10110 dst <« ftl rot ft2 bits rot. aritmética dir,

RRAC 10111 dst « fil /C rot fi2 bits | rot. aritmética dir. ¢/ carry
SLL 11000 dst « ftl desl fi2 bits desl. logico esq.

SLLC 11001 dst « ft1 /C desl fie2 bits | desl. logico esq. ¢/ carry
SLA 11010 dst < fil desl A2 bits desl. aritmético esq.

SLAC 11011 dst « fil /C desl fi2 bits | desl. aritmético esq. ¢/ carry
SRL 11100 dst < ftl desl fi2 bits desl. l6gico dir.

SRLC 11101 dst « ft1 /C desl ft2 bits | desl. logico dir. ¢/ carry
SRA 11110 dst « fil desl ft2 bits desl. aritmético dir.

SRAC 11111 dst « ft1 /C desl fi2 bits | desl. aritmético dir. ¢/ carry

dir.: direita; esq.: esquerda.

dst, ft], fi2: operandos da palavra de instrugdo;
rot.: rotagdo; desl.: deslocamento;
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4.2 INSTRUCOES DE ACESSO A MEMORIA
Sdo implementadas as operagdes de carga e armazenamento de registrador na memoéria, com a
opgdo de fazer pré-incremento, pos-incremento e pos-decremento do segundo operando fonte, quando

esse € um registrador. O enderego E € obtido através da soma dos dois operandos fontes.

Tabela de instrugdes de acesso a memoria.

MNEMOMICO CODIGO (C4..C0) OPERACAO COMENTARIOS
LD 0X0XX dst « M[ft] + 2] carga
LDPRI 0X101 fi2 fi2+1; carga ¢/ pré-inc.
dst « M[ft1 + fi2]
LDPOI 0X100 dst « M[ft1 + fi2]; carga ¢/ pés-inc.
fi2 « fi2+1
LDPOD 0X0XX dst « M[ft1 + f2]; carga ¢/ pos-dec.
fi2 « fi2-1
ST 0X111 MIft] + ft2] « dst armazenamento
STPRI 0X111 2 fi2+1; armaz. ¢/ pré-inc.
M[ft]1 + fi2] « dst
STPOI 0X101 M[ft] +fi2] « dst; armaz. ¢/ pos-inc.
fi2 « f12+1
STPOD 0X100 M[fl] + A2] « dst; armaz. ¢/ pos-dec.
fi2 « f12-1

dst, ft1.fi2: operandos da palavra de instrugdo;
M[ ]: conteudo da meméria; ftl + fi2: enderego de memoéria E;
inc.: incremento; dec.: decremento.
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4.3 INSTRUCOES DE SALTO

As instrugdes de salto sdo implementadas como uma soma condicional. Para se obter o salto
deve ser especificado dst = PC (= R31) na palavra de instrugdo. COND é o resultado do teste
(especificado no campo C4..C0) sobre a PSW (=R01) e o enderego E é obtido da mesma maneira como

nas instrugdes de acesso a memoria. Sdo utilizadas 16 condigdes de testes visando diminuir opera¢des
intermediarias para a obtengdo do mesmo teste.

Quando ndo existir condigéo de salto, o codigo assumido sera o da tabela abaixo.

Tabela de instrug@o de salto.
MNEMONICO CODIGO (C4..C0) OPERACAO COMENTARIO
IMP 11111 se COND = 1 salto
entdo dts « ftl + fi2

COND: resultado do teste;

dst, ft1, fi2: operandos da palavra de instrugéo;
ftl + fi2 = E: enderego de salto E.

4.4 INSTRUCOES DE SUB-ROTINA

O registrador dst pode ser qualquer um dos 32 registradores escolhido pelo montador para ser o
SP. A condigio COND e o enderego E s@o obtidos como nas instugdes de salto. O retorno da sub-

rotina é realizado como uma instrugdo de carga de registrador, PC, da meméria com pés-incremento
(LDPOI).

LDPOI: ( PC « M[R00 + SP];
SP« SP+1:)

Quando ndo houver condigdo para a sub-rotina, o codigo assumido sera o da tabela abaixo.

Tabela de instrugdo de sub-rotina.

MNEMONICO CODIGO (C4..C0) OPERACAO COMENTARIO
SR 11111 se COND =1 sub-rotina
entdo dst « dst - 1;
M[dst] « PC;
PC « fil + fi2

COND: resultado do teste;

dst, ft1, t2: operandos da palavra de instrugéo;
ftl +fi2 = E: enderego de salto E;

M ]: conteudo da memoria;

dst = Rxx: enderego de pilha;

PC =R31: contador de programa.
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4.5 CONDICOES DE SALTO E DE SUB-ROTINA

Existem 16 opgdes de condigdes para salto ou sub-rotina. Quando for especificada a condigﬁo, ’
serdo assumidos os seguintes codigos da tabela abaixo.

Tabela para condigdes de salto e sub-rotina.

MNEMONICO CODIGO (C4..C0) COMENTARIO
.TR 11111 soma sempre (true)
NS 10001 soma se flag Ng ligada (negative is set)
.CS 10010 soma se flag Cy ligada (carry is set)
.08 10100 soma se flag Ov ligada (overflow is set)
ZS 11000 soma se flag Zr ligada (zero is set)
.GE 10011 soma se maior ou igual
.GT 10110 soma se maior
EQ 11100 soma se igual
FL 00000 soma nunca (false)
NN 00001 soma se flag Ng desligada (negative is not set)
NC 00010 soma se flag Cy desligada (carry is not set)
.NO 00100 soma se flag Ov desligada (overflow is not set)
NZ 01000 soma se flag Zr desligada (zero is not set)
LT 00011 sOoma se menor
LE 00110 soma se menor ou igual
NE 01100 soma se diferente




5. EXEMPLOS
5.1 EXEMPLO 1

5.1.1 PROGRAMA FONTE

; Inicio do programa

DEFINE SP R28
DEFINE pc R31

ORIGEM 0

start:
Id rl,r0,r0
increm;
add rl,rl,1
sub.apsr0,r1,100
jmp.It r31,r0,increm

add  r0,r0,r0
espera:

jmp  r31,r0,espera

add r0,r0,r0

; Fim do Programa
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; equivale a um nop

; equivale a um nop

5.1.2 SAIDA DO PROGRAMA MONTADO

2
3
4
5
6
7
8
9
00000000 80020000 10
11
00000001 00021801 12
00000002 0B001864 13
00000003 463E0801 14
00000004 00000000 15
16
00000005 7E3E0805 17
00000006 00000000 18
19
20

; Inicio do programa

DEFINE SP R28
DEFINE pc R31

ORIGEM 0

start:
Id rl,r0,r0
increm:
add rl,rl,1
sub.apsr0,r1,100
jmp.lt r31,r0,increm

add r0,r0,r0 ; equivale a um nop
espera:

jmp  r31,r0,espera

add r0,r0,r0 , equivale a um nop

; Fim do Programa
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5.2 EXEMPLO 2

5.2.1 PROGAMA FONTE

; Inicio do programa

DEFINE SP R28
CHAR: EQU 10
ORIGEM 0

tab:  INICIA 4, CHAR

add  r10,r0,tab , carrega endereco memoria valor 1
add rll,r0tab+1 ; carrega endereco memoria valor 2
add rl2,r0tab+2 ; carrega endereco memoria valor 3
add rl13,r0,tab+3 ; carrega endereco memoria valor 4
Id r20,r10,r0 , carrega valor da mem para registrador
Id r21,r11,r0 , carrega valor da mem para registrador
Id r22,r12,r0 , carrega valor da mem para registrador
Id r23,r13,r0 ; carrega valor da mem para registrador
add  r24,r20,r21 2\
add r25,22,r23 ;> soma valores
add 26,2425 3/
add 27,04 A
sra 126,126,127  ;/ calcula media dos valores
add rl14,r0,tabRAM ; carrega endereco mem resultado
st r26,r14,r0 , carrega resultado na memoria

aqui: jmp r31,r0,aqui | tranca processador
nop

tabRAM: ALOCA 1 ;fim do programa

L]

. Fim do Programa




5.2.2 SAIDA DO PROGRAMA MONTADO

00000004
00000005
00000006
00000007

00000008

registrador
00000009

registrador
0000000A
registrador
00000008
registrador

0000000C
0000000D
0000000E

0000000F
00000010

00000011
resultado

00000012

00000013
00000014

00140800
00160801
00180802
001A0803
8028A000
802AB000
802CC000
802ED000
00314540
003365C0
00358640

00360804
3C35A6C0

001C0815

8E34E000

TE3E0813
00000000

00 1 O W o b =

— o — — )
N R WN— O

—
oo

19

20

21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41

3
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; Inicio do programa

DEFINE SP R28

CHAR:

ORIGEM 0

EQU 10

tab:  INICIA 4, CHAR

add r10,r0,tab ; carrega endereco memoria valor 1
add rll,r0tab+]1 ; carrega endereco memoria valor 2
add rl2,r0,tab+2 ; carrega endereco memoria valor 3
add rl13,r0,tab+3 ; carrega endereco memoria valor 4
Id r20,r10,r0 ; carrega valor da mem para
Id r21,r11,r0 ; carrega valor da mem para
Id r22,r12,r0 ; carrega valor da mem para
Id r23,r13,10 ; carrega valor da mem para
add r24,20,,21 )\
add r25,r22,23 ;> soma valores
add 26,2425
add 127,04 A\
sra r26,r26,r27  ;/ calcula media dos valores
add rl4,r0,tabRAM ; carrega endereco mem
st r26,r14,r0 ; carrega resultado na memoria
aqui: jmp r3lr0,aqui ;tranca processador
nop
tabRAM: ALOCA 1 ;fim do programa

; Fim do Programa
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ANEXO A—92

Resul tado de simulagdes HDC



D0
2 0
2
e 0
rula 0
ha 2
ra .2
hb
rh 12
ula 4
pe.dst’d
bhout 15
peine 19
inc 6
pe 13
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proxri:4
i 4
CONTA 10
proxk |4
K_ext 13
rwen .0
RO 0
RL 0
R2 !

R3 0
R4 0
20
rula !0
ra 0
r 0

E 3 3=

§1
ale

Nr
ba_dst
ba_ftl
ba_rD
bh_fta
bb _K
bb_dst
bh r0
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ANEXO A—10

Fotos do test—chip
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