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OUTPUT = A16 p8_top@190
OUTBUT = A15 p8 top@191
OUTPUT__ 7 Al14 p8_top@192
OUTPUT__ ™ A13 p8_top@193
OUTPUT 5 A12 p8_top@195
OUTPUT__ 7 A1l p8_top@196
OUTPUT__ 7 A10 p8_top@197
OUTPUT__— A9 p8_top@198
OUTPUT 7 A8 p8_top@199
OUTPUT__ 7 A7 p8_top@200
OUTPUT 5 Ag p8_top@202
QUTPUT__ = A5 p8_top@203
INPUT e — ADDR[15..0] WIRE A[16..1] QUIRUT 5 A4 p8_top@204
NE?_'[OP@183 CLK | CLK ADDR[15..0] > OUTPUT
INPUT D[7..0] =1 > A3 p8_top@205
/RESET | RESET DATALZ..0O] QUTPUT [ ap 5 top@206
p8_top@150 LEFT | INPUT LeeT cLoc OUTPUT __— CLOCK p8_top@157 P — + noz07
p8_top@10 SC DATA | INPUT SC_DATA oD OUTPUT ™ ODD p8_top@186 ODD W'K OUTPUT pe_top
p8_top@11 SC CLK | INPUT sc_cLk =t QUTBUT % /RD p8_top@187 L L A0 p8_top@208
p8_top@12 SC RESET [ INPUT SC_RESET W H OUTPUT __— /WR p8_top@189
p8_top@13 /sC_sC | INPUT Ssc_sc RIGHT OUTPUT __— RIGHT p8_top@149
p8_top@16 STEP_CLK | INPUT STEP_CLK
BDR 5 p7 p8_top@169
BDIR___ % D6 p8_top@170
BDR ™ D5 p8_top@172
BDR 5 D4 p8_top@173
BDIR___— D3 p8_top@174
BDR ™ D2 p8_top@175
BDR > D1 p8_top@176
BDIR___ 5 DO p8_top@177

e | OUTPUT % JEPROM_CS  p8_top@148
7>c OUTPUT _—— /RAM_CS p8_top@147
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CLK
RESET

SC_DATA
SC_CLK
SC_RESET
/SC_SC
STEP_CLK

INPUT

control

INPUT

INPUT

T[15.0] |

T16

| T1 68 NCH

M[15.0] |

INPUT

INPUT

INPUT

INPUT

HCLOC
CcLoc
CL=..01
PHASE(J
PHASE
SLOTO

IL15..01

HCLOCK
CLOCK

ALY

ALUA

TFUN
CcLi< TFULUNAT
RESET CARR

TL15..0] MsEL

ML15..0] NPUSH

SC_DATA aDg

sSC_CLK = CH
SC_RESET PLOAO

SSC_sSC PSE L

STEP_CLK RCH
RPUSH

RS E L

RO

TSELO

TSELT

ZERTG

ALOAD

D_OHE]

RIGHT

t_register

N (DATA) STACK

| TFUNO o N K=
T[15..0 [ . 'I(')FUNl . :gII;OCK T
ALUL | o cLock | T T T [Tae T[15.0] ST N0l
TCE L CLOCK L N
RESET . NPUSH e
Q16 N
bus_mMmux_4_1
N|15..0 LEFT
A[15..0] ot
— BL15..01
R[15..0 R (RETURN) STACK
M[15..0 | crreeed el stack32
TSE.l._O ' DL1S..07 R MUX HCLOCK L
TST so T MUX BUSMUX RCE .
— 1 =" PJ15..0] dataal] RESET . U R[15..0
result[] B
T[15..0] datab]| 1 CLOCK CEK"]
sel RPUSH .
LEFT | INPUT RSEL
LPM COUNTER
%, sload
T[15..0] A REGISTER A5 O
datal] qn—A115-0]
CLOCK '
LPM COUNTER ACE “clk en
P MUX PLOAD ' sload _
BUSMUX S MA MUX
P[15..11],1[10..0] dataal] P REGISTER P[15..0] BUSMUX
result[] datal] ol o dataal]
R[15..0] datab[]| 1 CLOCK  } RESET result] MA[15..0] "'f€
sel F)C:E— C|k_en datab[] 1
sel
PSEL
§ MSEL ADDRJ15..0]
RESET D MUX D OE A
BUSMUX IOUTPUT % ADDR[15..0]
T[15..8] dataal] '\I
® | vesul] Mp[7.0] ™® DATA[7..0] gioiR DATA(7..0]
T[7..0] datab[]| ; '
sel
WIRE M[15..8]
1> CLOCK |
QUTPUT__™ CLOCK
LPM FF
OUTPUT : OoDD
QUIPUT ™ /RD
D LATCH OUTPUT ¢ > IWR
DATAJ7..0] data]
CH:E(IS(SEK il M[7..0 OUTPUT —— RIGHT
enable
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CLK [[—INeur LPM EE
RESET [ —INEUT OUTPUT __— HCLOCK
| REGISTER
OUTPUT :
T[15.0) C>—MRUT— —M[15.0] | dataf crock
Tie [ >R o —15.01
enable
M[15..0] [_o—MPUT—
[15.11] ==
LPM COUNTER 110 6 ‘CL..Dj
I[5..1] P L C[4..0] OUTPUT a0
PHASEO 'SE Cel s — ci.0
PHASE1 -
al PHASE[1..0] OUTPUT % PHASEOD
CLOCK QUTRUT 5 pPHASE1
PHASEQ  BANDZ
combo_instruction_decode RESET OR2 i sclr PHASE1 SLOTO OUTPUT > SLOTO
] GO _Z} - 4 OUTRUT 5 |[15..0]
G1
Zi? G2 {Transfer: JIMP,RET,JZJINC,CALL} RESET_PHASE
G3
S - Fo_ ™€, A
G5
G7
i — R amr
G9 WIRE
Cl[4..0] . ) 7 G10 LK 21mux DFF SFEN NaT F3 T> QUTPUT
crf4a..0 ~CH A ODO—
%j:—o]— TL15..01 DLOAD% STEP CLK B v F4 WIK ouTPUT ——
HCLOCK | m=E 613 /SC_SC < CLOCK L~
] HCLOCK RCH CLRN WIRE
CLOCK G14 MULTIPLEXER FS T> OUTBUT
SLOTO G15
—_— ] SLOTO RSELﬁ F6 WIR OUTPUT :
o WIRE HCLOCK L
- Gl7 l/ F? WIR
TSELDJ l/ QOUTPUT :
TSEL J LPM FF F8 WIR OUTPUT
G20 > ——>
Y G21
R =T Fo M€ A
G23 T0
o_OE———————— + datal WIRE
e RESET_PHASE CLOCK ! o RIGHT F10 T> UTRUL
RIGHT_SO enable Fl1 WIR OUTPUT
RESET sl L I
F12 WIB OUTPUT l:>
LPM SHIFTREG F13 W"ﬁ oUTPUT ——
I/
F14 WIR OUTPUT :
SC_DATA | R Shftin - iftout | BUSMUX -
ql CONTROL][23..0] dataal] F15 W'ﬁ oUTPUT  ——
result]] FO,F1,F2,F3,F4,F5,F6,F7 F8,F9,F10,F11,F12 F13,F14,F15,F16,F17,F18,F19,F20,F21,F22,F23 L
SC CLK | INPUT - databl] 1sel F16 W'ITE oureur_——
Fl? WIB OUTPUT :>
SC_RESET | B L F18 W'B outeLT
F19 WIB OUTPUT l:>
G0,G1,G2,G3,G4,G5,G6,G7,G8,G9,G10,G11,G12,G13,G14,G15,G16,G17,G18,G19,G20,G21,G22,G23 WIRE
F20 [& OUTPUT l:>
F21 WIB OUTPUT :>
/sC_sC | NEUT F22 W'ITE oureuT_——
F23 WIB OUTPUT :>
STEP CLK [—WNeuT

OUTPUT l:>

ACE

ALUO

ALU1

TFUNO

TFUN1

CARRY

MSEL

NCE

NPUSH

ODD

PCE

PLOAD

PSEL

RCE

RPUSH

RSEL

/RD

TCE

TSELO

TSEL1

ZERO

ALOAD

RIGHT
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C[4 O] :> INPUT
LPM DECODE
C[1..0 | datal]
CDJ[3..0
eqll [3..0]
LPM DECODE
Cl[4..2 | datal]
eq] CODJ7..0]
T[15..0] DM—|T|[1 5..0] ZERC**
T16 : INPUT
T16 WIRE ' CARRY
l/
{STP,ST} COD3 WRE ' D OE
l/
stA copez2s V& ALOAD
I/
pusH copezs W& RSEL
l/
RET CODE1 WIRE © psEL
l/
sHR cobe18 "&_  RIGHT SO
l/
{LDPLIT,LD} COD2 OR2

decode

col=s..01

CODL7..0]

CODEJ30..0]

cobeEl[30..0]

{POP,LDA,DUP} COD6

{JMP,RET,JZ,JNC} CODO

NOR4

CALL CODE4

{COM,SHL,SHR,ADDC} COD4

NOP CODE30

{NCE=LDP,LIT,LD,STP,ST,XOR,AND,ADD,POP,LDA,DUP,PUSH,STA,DROP}

{NCE=(C3 & ICODE30) + COD5}

HCLOCK [ —INPUT
CLOCK [—INRUT
sLoTo [CO—INRUT

) > NPUSH

NCE

LDP CODE9

OR3

LD CODE11

{STP,ST} COD3

NN

MSEL

{LPD,LIT,LD}
LDA

{LPD,LIT,LD}
POP

{Memory: LDP,LIT,LD,STP,ST; Register: POP,LDA,DUP,PUSH,STA,NOP,DROP}
SHR

CALL CODE4 ©R2

RPUSH
PUSH CODEZ28

RET cODE1  °**

CALL CODE4
POP CODE?24
PUSH CODEZ28

RCE

AND CODE21

SHL
SHR

COoD2

OR2

CODE25

) > TSELO

CoD2

OR2

CODE24

) > TSEL1

C3

OR2

CODE18

) > TFUNO

CODE17

OR2

CODE18

) > TFUN1

OR2

ADDC CODE19 °

ADD CODEZ23

XOR CODE20

R2

j > ALU1

{JMP,RET,JZ,JNC} CODO

OR2

ALUO

LDP CODE9
OR3
STP CODE13 N ACE
STA CODE29
NOR5S

CALL CODE4

DUP CODEZ26

IN T

NOP CODE30

INZ=

ADDC CODE19

I

NO{T>O TCE

N4 OUT

10 NO{T>C
SLOTO
OR3
LIT CODE10 RN PCE
OR5S
JMP CODEOQ —
RET CODE1 o
JZ CODE2 AND2
IN3
ZERO Dr PLOAD
IN 4 OUT
JNC CODE3 AND2 NS
T16 NT>O —
CALL CODE4

{IMP RET JZ,INC}

HCLOCK

OR2

CODO0

CALL CODE4 ) >

CLOCK

OUTPUT —
OUTPUT :
OUTPUT —
OUTPUT :

OUTPUT :

ACE

ALUO

ALU1

TFUNO

TFUN1

OUTPUT__ I CARRY

OUTPUT :
OUTPUT :

OUTPUT :

MSEL

NCE

NPUSH

OUTPUT l:> oDD

OUTPUT :
OUTPUT :
OUTPUT :

OUTPUT :

PCE

PLOAD

PSEL

RCE

RPUSH

RSEL

OUTPUT l:> IRD

QUIRUT_—{ TCE

QUIPUT 5 TSELO

QUTBUT % TSEL1

OUTPUT : /WR

OUTRUT 7 7ERO

OUTRUT 5 ALOAD

OUTPUT :

OUTPUT

D_OE

> RESET_PHASE

QUIBUT 7 RIGHT_SO

NT>C OoDD

BNAND2

{Memory Write: STP,ST} _ COD3

HCLOCK

o

0 ): /WR
(>

BNAND2
e

{Memory Read: LDP,LIT,LD} COD2

U /RD
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CD[3.0] [ —NPUT

COD[7..0] [ —INPUT AND2
CODO — CODED QUTPUT__ = CODE[30..0]
CDO )
AND2
D
%gzg——: ~ CODE1
cor )
AND2
D
fﬁiﬁL——f_“\ CODE?
cpo2 | )
AND2
CODO
W' \ CODE3
e | ) WIRE CODE27
AND2
CcoD1
===\ CODE4
CDO ) WIRE CODE22
AND2
COD2
(:Dl _f__\\ CCNDEQ WIRE CCH)E16
cor |
AND2 WIRE
cOD2 CODE15
CDZ—' \ CODE10
— ;__// WIRE
oy A CODE14
o3 ™ CODE11
ceb3 | ) WIRE CODE12
AND2
COD3
L= DE1
DL | \ CODE13 WIRE CODES
AND2
COD4
o1 | ) CODE7 s CODE?
cor )
AND2 WIRE
COD4 CODE6
CDZ—' \ CODE1S8
———————___;__// WIRE
oy A CODE5
e IR CODE19
CD3 )
AND2
COD5
Eiir———f‘“\ CODE20 o
AND2
D
CODS ~ —— CODE21
CD1 )
AND2
D
CODS ~ —— CODE23
CD3 )
AND2
D
COD6 ~ —— CODE24
CDO )
AND2
COD6
CDl—' \ CODE25
AND2
COD6
CDZ—' \ CODE26
AND2
CcoD7
W' \ CODEZ28
AND2
CoD7
CDl—' \ CODE29
AND2
CcoD7
oo 1 N CODE30
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INPUT

T[15..0]

115

ORS8

114

T13

112

111

T10

.

19

18

17

ORS8

16

15

T4

T3

NOR2

ZERO

OUTPUT

.

T2

11

T0

) 0

t > ZERO
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OUTPUT

OUTPUT

> Q[15..0]

0 INPUT
31 INPUT
bus_ _Mux_4 7
ALU[15..0] | INPUT AL1S..0]

14.01.L Tmux[15..0] | NPUT BL15..0] 150 DFFE SI;N 150
Q[14..0], I e o mo[15..0] 5 Q[15..0]
015,0[15..1] e o

vammn EL W
S1 . ®
CE | INPUT
L
N
GND
U xS
S1
—1 =1
S0 | - DFFE 8)
Cl | INPUT >CO = mo16 D PRNQ Q16
Q16 CLK
— 1 =ZC 1
Q15 | CE [cna
CLRN
LEFT | INPUT e (T
CLR

> Q16
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A[15..0]

B[15..0]

C[15..0]

D[15..0]

SO

S1

BUSMUX

} result(]

Y[15..0]

OUTPUT

»

BUSMUX
input _A[15..0] dataal\
0 result(] dataa[]
nput  B[15..0] datab[]| 1
sel datab] |
vd
BUSMUX
nput  CJ15..0] dataal\
0
result[]
INPUT D[15..0] databl 1
sel
nput SO
weut - S1
S1SO0 Y
O O

R, Rk O
, O Pk
O O W »

sel

> Y[15..0]



MAX+plus 11 9.3 File: ALU.GDF Date: 02/27/2000 20:26:04 Page: 1

T[15..0] [o>—NRUT—
N[15..0] [—NRUT
A :> INPUT
B |:> INPUT
_O_LEPJLD Q[l5..0]
OUIRUT 7 Q16
alu_pit alu_pit alu_pit alu_pit alu_pit alu_bit alu_pbit alu_pit
TO T1 T2 T3 T4 T5 T6 T7
I DO Do I DO I DO — DO — DO — DO — DO
NO | D1 QO Nl [ ] Ql N2 [ ] CJE N3 | D1 CJE '\14—'[}’\ CJﬂ I\l5— [ ] CJE '\IG—'D’\ (:Jg I\l?— [ ] CJ
<l <l <l < <l < <l < <l < | < <l <
< A A A A A A A A
GND A A A A —1 A —_— A —_— A e PN
B B B B B B B B
=] = =] =] —_—1 = —_— = I = I =
alu_bit alu_bit alu_bit alu_bit alu_bit alu_bit alu_bit alu_bit
T8 T9 T10 T11 T12 T13 T14 T15
Do Do —1 DO —1 Do — DO — DO —1 DO — DO
N8 o Q8 N9 o Q9 N10 o Q10 N11 L i Q11 N12 L Q12 N13 o Q13 N14 [ i Q14 N15 o i Q15
i < i < i < i < i < =] < i < i oches
A A A A A A A A
N A N N —1 A —_— A —_— A A
B B B B B B B B
=] = =] =] I = —_— = —_— = =
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DO
D1

Cl

o

U <L T

=

SO

Z2CO

=~

zCz

z2C 5

OUTPUT

OUTPUT

| INPUT 3}:::::>
: INPUT / YOR
> INPUT /}:::::>
AND?2
‘ *
-
AND2 ORS3
B e RN
- )
AND?2
)
-
> INPUT
| INPUT

| > CO

L > Q
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Sl =
SO S@
BO
co |
DO > C 5
Sl U <A
SO -
B[4..0] | INPUT H Q1
Cl4.0] | INPUT B1 R
D[4..0] | NPT C1l
Dl > C 5
Sl U xS
SO ;
B2
C2 > C
D2 == OUTPUT Q[4..0]
VCC
H Sl U <A
SO ;
v BB 2> C
GND C3 o
D3 > C 35
U <A
so | INPUT S1 —
s1 | INPUT SO .
B4
ca |
D4 > C 35
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AN D 4

SEaw

AN D <

= 1 | I[N U T
SO' INFPUT
2C©| IN P UT
> | IN = UT
2C2| [N LT
2@3' INFUT

SEas

S1 SO Y

R, B O

R, O B

CO
C1l
C2
C3

OUTPUT,
L > o
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HCLK

CE

CLR

D[15..0]

CLK

PUSH

INPUT
B -
| LPM_COUNTER
NQT XOR DFF (‘3
j>O \ SAN AND2
JL/ D \
> -
updown
CLRN
v al
INPUT clk_en
E
INPUT
LPM RAM D
INPUT data][]
address]
INPUT inclock qfl
INPUT we

OUTPUT

> Q[15..0]
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A B
B I
S L

INPUT

2T MUX

AND2

v

OR2

D OUTPUT _— vy

BAND2

NQT
INPUT

INPUT

l
w

TIT L=

NacroFumactiom

C ONMPEANY

AL T ERA CORFPORATIOMN

DODES=STSGNE R

ApDlications Enmngimneaerimg

SIZE —PLD NUMBER RE\
L)1 O 1 )
DATE SHEET OF
1221 o > — 1 99 9 i i
TURBO SECURITY
CO N (OF




