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EAB
EAB
LUT
EAB
LE
FPGA RAM EAB 8 8
4%x4
EAB FPGA RAM FPGA RAM
RAM FPGA RAM
RAM EAB
EAB RAM RAM RAM
RAM WE
WE EAB RAM WE
EAB RAM
RAM 2-9
256 X8 512x4 10242 2048 1
L 1 i
256 X8 512X4 1024 X2 2048X1
2-9 EAB
EAB RAM 256 X 8 RAM 256
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EAB EAB 512X4
LE 256X8 512X8
256X 16 -
EAB LE -
I e
WE
EAD —
256X8 512X 4
EAB EAB
EAB
2-10 EAB
EAB
ALTERA 2-1—~ 2-8
ALTERA
2—1 Classic
EP610 & EP6101 EP910 & EP9101 EP1810
600 900 1 800
300 450 900
16 24 48
1/O 22 38 64
tpp NS 10 12 20
foent MHz 100 76.9 50
2-2 MAX5000
EPMS5032 EPM5064 EPMS5128 EPMS5130 EPM5192
1 200 2 500 5 000 5 000 7 500
600 1 250 2 500 2 500 3 750
32 64 128 128 192
LAB 1 4 8 8 12
64 128 256 256 384
PIA PIA PIA PIA
1/0 24 36 60 68 84 72
tpp NS 15 25 25 25 25
tasu ns 4 4 4 4 4
tco ns 10 14 14 14 14
font MHz 76.9 50 50 50 50
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2—-3 MAX7000

EPM7032 EPM7064 EPM7096 | EPM7128E | EPM7160E | EPM7192E | EPM7256E
EPM7032V | EPM7064S | EPM7096S | EPM7128S | EPM7160S | EPM7192S | EPM7256S
EPM7032S EPM7128V
1 200 2 500 3 600 5 000 6 400 7 500 10 000
600 1250 1 800 2 500 3 200 3750 5 000
32 64 96 128 160 192 256
LAB 2 4 6 8 10 12 16
36 68 76 100 104 124 164
tpp ms 512 5 6 610 6 7.5 7.5
tsy s 410 4 5 57 5 6 6
tysy DS 2.5 — 2.5 2.5 2.53 2.5 3 3
teor ns 3.57 3.5 4 45 4 4.5 4.5
Senr 178.6 178.6 151.5 151.5 151.5 125 125
MH, 90.9 100
2—-4 MAX9000
EPM9320 EPM9400 EPM9480 EPM9560
12 000 16 000 20 000 24 000
6 000 8 000 10 000 12 000
484 580 676 772
320 400 480 560
LAB 20 25 30 35
1/0 168 159 175 216
top 1S 12 12 12 12
tpsy NS 4 4 4 4
trco 1S 5.5 5.5 5.5 5.5
text MHz 125 125 118 118
2—-5 FLEXS8000
EPF82282A | EPF8452A EPF8636A EPF8820A | EPFSUIS8A | Lppisooa
EPF8282AV
5 000 8 000 12 000 16 000 24 000 32 000
2 500 4 000 6 000 8 000 12 000 16 000
282 452 636 820 1188 1 500
LAB 26 42 63 84 126 162
LE 208 336 504 672 1 008 1 296
1/0
78 120 136 152 184 208
JTAG BST Yes No Yes Yes No Yes
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2—-6 FLEX8000

LES A-2 A-3 A—-4
16 16 125 95 83 MHz
16 / 16 125 95 83 MHz
16 24 270 232 185 MHz
24 24 87 67 58 MHz
16 4 4.2 4.9 6.3 ns
16 1 10 6.6 7.9 9.5 ns
2-7 FLEXI0K
1/0 LE RAM bits
EPF10K10 10 000 134 -3 -4 720 576 6 144
EPF10K10A 10 000 134 -1 -2 -3 720 576 6 144
EPF10K20 20 000 189 -3 -4 1 344 1 152 12 288
EPF10K30 30 000 246 -3 —4 1 968 1 728 12 288
EPF10K30A 30 000 189 -1 -2 -3 1 968 1 728 12 288
EPF10K30B 30 000 189 -1 -2 -3 1 968 1 728 12 288
EPF10K30 30 000 246 -3 -4 1 968 1 728 12 288
EPF10K30A 30 000 189 -1 -2 -3 1 968 1 728 12 288
EPF10K30B 30 000 189 -1 -2 -3 1 968 1 728 12 288
EPF10K40 40 000 189 -3 -4 2 576 2 304 16 384
EPF10K50 50 000 310 -3 -4 3 184 2 880 20 480
EPFI0K50V 50 000 274 -1 -2 -3 -4 3184 2 880 20 480
EPF10K50B 50 000 274 -1 -2 -3 3 184 2 880 20 480
EPF10K70 70 000 358 -2 -3 -4 4 096 3 744 18 432
EPFI0KI00 | 100 000 406 -3 -4 5 392 4 992 24 576
EPF10K100A 100 000 406 -1 -2 -3 5 392 4 992 24 576
EPF10K100B 100 000 406 -1 -2 -3 5 392 4 992 24 576
EPF10K130V 130 000 470 -2 -3 -4 7 120 6 656 32 768
EPF10K130B 130 000 470 -1 -2 -3 7 120 6 656 32 768
EPF10K180B 180 000 470 -1 -2 -3 10 534 9 728 32 768
EPF10K250A 250 000 470 -1 -2 -3 12 624 12 160 40 960
EPF10K250B 250 000 470 -1 -2 -3 12 624 12 160 40 960
2-7 FLEXIOKE
EPF10K30E EPF10KS0E EPF10K100E EPF10K130E EPF10K200E EPF10K250E
Logegray | 30000 50000 100 000 130 000 200 000 250 000
22 000~ 36 000~ 62 000~ 82 000~ 123 000~ 149 000~
119 000 199 000 257 000 342 000 513 000 474 000
LE 1 728 2 880 4 992 6 656 9 984 12 160
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EPF10K30E EPFI0K50E | EPF10KI00E | EPFI0KI130E | EPF10K200E | EPFI0K250E
EAB 6 10 12 16 24 20
RAM bits 24 576 40 960 49 152 65 656 98 304 81 920
144 TQFP | 144 TQFP | 208 PQFP | 240 PQFP | 240 RQFP | 240 RQFP
208 PQFP | 208 PQFP | 240 PQFP | 484 BGA 484  BGA 484  BGA
240 PQFP | 240 PQFP | 484 BGA 676  BGA 676  BGA 676  BGA
256 BGA 256 BGA
484  BGA
2—-8 FLEX10K
LEs EABs -3 —4 -5 1| MHz
16 16 0 104 97 67 MHz
16 16 0 104 97 67 MHz
16 1 @ 10 0 9.4 10.6 13.2 ns
4x4 © 0 1 105 86 66 MHz
8x8 @ 25 4 30 24 18 MHz
256 X 8 RAMY 0 1 105 86 66 MHz
-5 EPF10K50
@)
®
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MAX+ PLUS 1l

MAX+PLUS 1[I
MAX +PLUS [l
MAX +PLUS [l ALTERA FPGA MAX FLEX
MAX+PLUS [I
MAX+PLUS I 7.0
Windows 95

3.1 MAX+PLUS I

3.1.1 MAX+PLUS [

PC MAX+PLUS [l
1
) 486 PC
@DOS 5.0
@Microsoft Windows NT 3.5 Microsoft Windows 95 Windows 3.1
Win32s
@ 1996 1 MAX+PLUS II
®
OMAX +PLUS I 110MB 1.2GB
0] 3-1
3—-1
MAX 7000 32 MB 16 MB
MAX 9000 64 MB 32 MB
FLEX 8000 64 MB 32 MB
FLEX 10K 256 MB 128 MB
Windows
Windows 32MB
2
MAX+PLUS I Authorization Code

MAX+PLUS []



MAX+PLUS I
25
4
MAX + PLUS I
MAX+PLUS I
O MSDOS6.2 vsafe. com anti-virus software
@  Norton Utilities Disk Protect anti-virus software
5
FPGA 3-2
3-2
PC LP6 + MPU MAX
PC FLEX + LP6 + MPU + EPROM FLEX
PC BitBlaster FLEX MAX9000
1 LP6 LP6 PC 4
1111 o 280H
3-3
3-3 LP6 1/O
1/0 1234
270 0 0 0 0
260 1 0 0 0
250 0 1 0 0
240 1 1 0 0
230 0 0 1 0
220 1 0 1 0
210 0 1 1 0
200 1 1 1 0
2F0 0 0 0 1
2E0 1 0 0 1
2D0 0 1 0 1
200 1 1 0 1
2B0 0o 0 1 1
2A0 1 0 1 1
290 0 1 1 1
280 1 1 1 1
2 base unit adapters
LP6 3-1
MPU
3 FLEX 3-1 EPROM 3-2
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3-1

4 BitBlaster BitBlaster
BitBlaster
3—-4
3—-4 BitBlaster

BitBlaster

bps

123

9 600
14 400
19 200
38 400
57 600
76 800
115 200
230 400

[ R

(= =R =R

O OO O e = e

3-2 FLEX
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3-3
3.1.2 MAX+PLUS [l

MAX+PLUS []

3-4 FPGA MAX +
PLUS 1[I 3-4 3-5 MAX+PLUS [I

3-4 FPGA

MAX+PLUS 1
MAX+PLUS [I  Graphic Editor Text Editor =~ Waveform Editor
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wi A

MAX+PLUSIIf MAX+PLUSII
Qe I OGRS
MAX+PLUSII] |MAX+PLUSII
BILGRES RS GRS

MAX+PLUS II
TRz G a5 I

b Gt

MAX+PLUSII Zmfe8s I

# ik & B

MAX+PLUS IT
Gt

1 on

b

MAX+PLUS IT
 MAX+PLUSII |

MAX+PLUS I
FEF M

3-5 MAX+PLUS Il
MAX + PLUS [l

EDA
Xilinx
Verilog HDL

Symbol Editor

Floorplan Editor

©@ 0660000 v

[\

FPGA
Compiler

PLUS 1l

VHDL

ALTERA AHDL

OrCAD

VHDL

MAX +
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T ©

CNF
Simulator
4,
MAX+PLUS 1[I
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Timing Analyzer

Programmer

MAX+ PLUS []

MAX+PLUS [

MAX+PLUS Il  Help 3-6
<Shift> + <F1 >

@ ”

Windows

Windows



Search for Help on...

MaE+plus II Table of Contents

v

(eSS

L I S A A0 AT S R 25 B P 2
—1  » MAX+PLUS I #BhEHF

MiX+plus II Manager Help —21—>» FHXRJETRTTERERNEL, HEHS

A E O BRI AE (BT 3D

AHDL —’ .
VHDL » AHDL Fl VHDL 1§ F #5 B
Megafunctions /LPN

> EHRITTREARRTHHEDGER

01ld-Style Macreofunctions

Primitives

FPGA 244 R4S M B 5 B

Devices & Adapters

v

PR R R TR

Nessages >
Glossary > UIFBHBRF TR B H
READ. NE » README-
New Features in This Release — | BRI 5
Hov to Use MAX+plus II Help ——» WITEA] MAX+PLUS I #5B)
How to Use Help > ﬁlﬂﬂ%ﬁﬁﬁ'}ﬂb
About WAX+plus II.., ————» MAREE
3-6 MAX+PLUS [I

3.2 MAX+PLUS I

MAX+PLUS 1[I
Project
PLUS II
File Save File \ Save
3-7

my_decoder. tdf

3.2 my_decoder

gdf D my_not. wdf

FPGA

MAX +

Windows
my dff.
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TRZ S my _ top. gdf

______________________________________________________

inf4..1] UL g T
(oo - S gue i MURESHE
INPUT ; Ody " my _ not. wdf 581
de T <o booloocooitio Lol
INPUT | ;mmmmfmmmmmmmmom oo ofemees
— ;
ol Ve DI _ [
PRI\Q :OLAJIPUI T out
g
i1 L RS
T my _ dff. gdf Z£ B

___________________________________________________________________________________

B R 2 3o
my-decoder. tdf 5 Bl

3-7
my_top. gdf
01
MAX+PLUS [
D \ FPGA
MAX+PLUS 1[I
Windows 95 MAX+PLUS [l
3-8 MAX + plus 11
3-8
+ pluslI
Untitledl
my_dff. gdf
1.
MAX + plus II \ Graphic Editor
3-9
.gdf OK

40

FPGA

\ maxplus2

MAX+PLUS [I

d \ fpga\ all

3-8

MAX + plus 11

File \ New. ..

Graphic Editor file

3-10

1010



ERERTE
e
CRREE Eisi T EB#(Toolbar)
i w711 S —
W ¥ A
KRS

EINE s

A ELA

A SEN AT

- T.H#(tool palette)

REF (GEREITEMSPRE - TRN, B TR

3-8 MAX+plus II

~File Type

@ Graphic Editor file .gdf >

THLAIFRAE
1> Symbol Editor file

> Text Editor file
* Waveform Editor file scf :j

3-10 Untitled1

File \ Save Save As D \ FPGA my dff.
gdf

File \ Project \ Set Project to Current File
File \ Project \ Name. . .
“ " Loading my
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VTR g A o AR A

N TN
Aidlde/h OBOHEEAN D
T G 9

$1JF Rubberbanding Zhfit CERahaiftr, SaHERNLEE %))
4] Rubberbanding Thit CEBINEME, SREMHZENLEAEED

Symbol Name

dffe

3  input

Options
dffe

3—-10
_dff
d \ fpga \ my_dff
4.
1 Symbol \ Enter Symbol. . .
3—-11
dffe  OK
d \ max2work \ max2lib \ prim
input output  vcc
2 4
input
<Ctrl>
input
input
Delete
3
\ Show Guidelines Options \ Guideline Spacing
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clk dff in enable clr

dffe

PIN_NAME

dff out

3-12
“ PIN_NAME"

Fa2mE, MARS4S

Symbol Name: [E

Symbol Libraries:

R SEE N, DURAHT

d:\fpga
dAmaxplus2imax2lib\prim
d:Amaxplus2imax2libymf
d:Amaxplus2imaxZlib\mega_lpm
d:Amaxplus2imax2lib\edif

Directory is: d:\fpga

Symbol Files: Directories:

W SO H . R
H3%k, W4 Symbol Files #E
B FRA R A5 S04

— ME AR R

Drives
d:

FE5 SCHHE, FIH TR

3-11

File \ Project \ Project Save & Check

OK

my_dff

HEFE H R NIRRT
s
clk
dffe clk
3-14
my_
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Uskrplus 11 File Edll

z PIN_NAME  [__— (w’iz? e PIN_NAME

G PIN_NAME [

REBRIN I H B WA

(LEEE PN E
—— X ) B

E}'E}‘ET‘L]T ............ § ff_out ........

......... .-jf-f_.n ,,,,,,,,,,,,, Ei,é‘"?
> T L— iz

,,,,,,,,,,,, Co
ol o — :
enable [l - lewn

3-13 my_dff. gdf

dff. gdf dffe D

File \ Create Default Symbol File
my dff. gdf

d \ fpga\ my_dff. sym
“ ? OK

my_dff. gdf
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3-14

my_decoder. tdf

1.
1 3-9 Text Editor File
23
2.
Options \ Syntax Coloring
AHDL - -
- - code 1010
CONSTANT  code = B"1010”
— — SUBDESIGN
SUBDESIGN my_decoder
in 4..1 input
out output
- - out in 1010 1 0
BEGIN
out = in == code
END
3.
56 my_decoder my_
decode 5
3-15
3-15 Help on Message
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Frror: Line 5. ?E%E»(f:%’fpﬁ%%ﬁﬁ?;ﬁ@ﬁﬁ(f@?.?df‘i A
Subdesign name "y _decode” must be the same as the filename
Uy decoder”

_Help on Message

" Locate in Floorplan Editor

Locate my_decode
56 File \ Edit Symbol

3-16

IMEa. .13 M IMES. . 11 aut—X ouTr
H

3-16
my_decoder. tdf
my_not. wdf
1 3-9 Wave Editor File

. wdf .scf 23
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Options \ Show Grid Options \ Grid Size. . .
3-17

Interval:

0.0ns

H:zﬂﬂ Ons 400.0ns B00.0nz 500.0ns

D 25 R RIRER IR

SRIEEE I 0 18
YEIETEAT IR 1 15

45 1% 8 IR A i fH

YhE e B R e 2 {8
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S5 1 TR PP E

I EWARIEE (A0 % 15
o5 B R A 1R v
 ewsawEsRn |

3-17
2.
1 3-17
Node \ Insert Node 3—-18
3—-18 in 1/0O Input Pin
OK out 1/O Output Pin
3—19

2 3-19
3 56

my top. gdf
1.

1 3—-11

OK
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VO K& CRNH

Node Name:

. H A BT R ) Y
Default Value: 0 - !
“‘j {* Input Pin / Iy
ERERIAE ## Output Pin
{" Buried Node
P FHEE (ANEL
AHRE, AEEE
For Waveform Design File (#WDF) Only FIRUR AN
:.v..YNDdE Type -y o y suts LR RS O

- o rammmanan
— 1)
] 1

e Pin Input

> Registered

| & Combinatorial
| Machine

3-18

¥indow
, E

elp

Start:  |200.0ns - End: |B00.0ns Interval: 400.0ns

200.0ns 400.0ns B00.0ns 800.0ns

Type:  “alue;
1) IP

INPUT 1
COMB a

3-19

4 input  output
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3-20 my _not Flip

Horizontal 4

code 4..1 clock clear out

s PIN_NAME A

 Edit Ports/Paranet

ETE.

Find Nede in Flcmrplan

T ming Analveis

« Flipsa&elamedmbiec’cbr@i‘ea alcmg ...

3-20
3.
3 4 5 my dff  clk clr
clock clear my dff  dff in my not in my dff  dff out my_not
out out my dff dff out my decoder  out my dff  enable
my_decoder in 4..1 in
code 4..1
code 4..1
Line Style

3-21

4.

out my dff dff out
3-10
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MAX + plus 1T \ Compiler

s

&R

3-21
2.
Assign \ Device. . . 3-24
MAX7000  Devices AUTO
OK
3.

Processing \ Smart Recompile
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gt 5 b

Gas ¥ I

ey P F
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3-23
Processing \ Design Doctor
FPGA
cessing \ Design Doctor Settings EPLD Rules
MAX7000 EPLD

Assign \ Global Project Logic Synthesis 3-26

6. SNF
Processing \ Timing SNF Extractor

OK
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L TR 44

Top of Hierarchy: d:\fpga\my_top.gdf

Dewvice Family:

Devices:
AUTO

- [EPM7032LC44-6
EPM7032QC44-7 ;
EPM7032TC44-6 =i

O F

¥ Show Only Fastest Speed Grades
B
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Mytlvesrn i Ojssano ¥

[ ok | cance

3-25

3-27 START

my_top EPM7032LC44 -6

3-28 rpt report
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ST TR

Project Name is: d:\fpga\my_top.qdf

- Global Project Synthesis Style - Optimize . .
j AL A B A%
NORMAL x| 2 s
Jefine Synthesis Style. .  Area
- MAX Device Synthesis Optionsg - Automatic Glob HEWREERE
{” Multi-Level Synthesis ¥ Clock =
{” One-Hot State Machine Encoding W Clear
v P t
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! v Output Enabl
[~ Automatic Register Packing W Output Enable
. I VAl
[~ Automatic Open-Drain Pins
{” Automatic Implement in EAB
_ Conesl

MAX + plus 11 \ Hierarchy Display

7
@) .acf 3-29
@) Assign
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sitor Degign Doctor has given the project a clean bl of health based on the

- BEPLD Bules set
nfo: Selecting & device from 'MAXZ000" family for AUTO device 'my_top*

Chip i ton” successtully T inde AUTO dovice "EPMINELLOA

@ —smy_decoder :1
st ) ——my_dff:2 5
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i, FEANMS, WENS &,
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3-29
@
1.
MAX + plus II \ Floorplan editor 3-30
Layout \ Last Compilation Floorplan
2.
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3-30
@ Assign \ Back-Annotate Project Chips Logic Cells Pins
& Devices OK
it .acl

Layout \ Current Assignments Floorplan

®@ Options \ Show Moved Nodes in Gray
©) out 3-31
out @ 41 1/O out 41

@ out 39 3-31

® Layout \ Device View LAB

3.

Start . rpt out

39

Simulation Functional Timing
Linked
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3-31 out

6
1.
1 3-9 Wave Editor File
.scf
Options \ Show Grid Options \ Grid Size. . . 3
-17
2.

Hode f Group: g

A bsble Nodes & Growps Helected Nodes & Sroups:

(B HBOEREIR B D

ERFIHE R
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3-32
1 Enter
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56



200.0ns"

S
AT eI

etatetatetetetetete®:

e
P

- EMEKIR

——— JEshE R AT ES W

R KB, R D AT R AT B B
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3-33
=
clear I clock I out O  code 4..1 1 OK 3-33
0 X
2
3 code 4..1 Name
Ungroup code 4..1 code4  codel
Enter Group. . .
OK
4 File \ End Time. .. 3-34
1.0ps 2.0ps OK
5 clock clock Over-
write \ Clock. . . 100.0ns 3-35 OK
Options \ Snap to Grid
6 clear 2 clear 1 0  100ns
0
7 code 4..1 code 4..1
Overwrite \ Count Value. . . 3-36
100.0ns Increment By 1 2 OK

57



Time:

Interval: 0.0ns To: 1.5us

Starting Yalue:

—h

Clock Period: |200.0ns Multiplied By
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THEOTIRTE

Radix is: Decimal
Starting Yalue:

{7
Count Type: * Binary Increment By:

i™ Gray Code U
Count Every: 100.0ns Multiplied By: I:l
3-36
3-37
3.
MAX + plus I \ Simulator 3-38
Start
3-39 OK
3-38 Open SCF 3-40 code

1010 10 out 0 1
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1]
3-41
MAX + plus II \ Timing Analyzer Start
3-42
clock out 4ns
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1.
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MAX7032
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Timing Knalyzer

Delay Matrix

Destination

out

3-42
2.
MAX+ PLUS II MAX+PLUS II \ Programmer
3—-43
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SR s
- Security B
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File \ Input /Output. . . 3-44 my_top.
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MAX+PLUS [I

FPGA

. inc

VHDL
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AHDL

MAX +

VHDL
VHDL
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64

sample. tdf
TITLE “all txt with ahdl” - =
CONSTANT code = B"1010" - =
SUBDESIGN sample

clk clr in 4..1 INPUT

out

VARIABLE
shifter  dffe
enable NODE - =
BEGIN
DEFAULTS
enable = GND
out = GND
END DEFAULTS - =
shifter. clk = clk

shifter. clrn = clr

shifter. prn = vcc - = DFFE

enable = in == code
shifter. ena = enable - =
shifter.d =  shifter.q

out = shifter.q - =

END

OUTPUT



ALTERA

4.1

ALTERA
AHDL AHDL ALTERA

AHDL

Multipul Array Matrix + Programmable

MAX+PLUS [I

Text Design File

TDF
AHDL
TDF

AHDL
AHDL TDF
AHDL

MAX+PLUS [l

AHDL
AHDL

.gdf

megafunction

ALTERA

Assignment & Configuration File
AHDL

Altera Hardware Description Language

MAX
ALTERA
Logic User SystemlI
group
TDF
. tdx

TDF

ASCII

TDF

macrofunction
. inc
MAX + PLUS [l
Assign
.acfl  TDF

FLEX

MAX + PLUS 1[I
AHDL

AHDL
df
MAX + PLUS []
. tdo
ALTERA

AHDL

AHDL

AHDL

ALTERA 300
LPM
TDF
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4-1 TDF MAX + PIUSII
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.adf . smf Xilinx . xnf
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AR e

MAX+PLUSII

FiER

To the compiler

Database Builder

Moudule
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4-1 MAX+PLUS I AHDL

4-1

. tdf—AHDL Text Design File

. vhd VHDL VHDL Design File VHDL  Very Hign Speed Integrated Cir-
cuit VHSIC Hardware Description Language

. gdf— Graphic Design File

.edf EDIF EDIF Input File EDIF  Electronic Design Interchange For-
mat )

.sch orCAD orCAD schematic File

. xnf Xilinx Netlist Format

. smf—— State Machine File

. wdf— Waveform Design File

. Ssym—— Symbol File

. cnf Compiler Netlist File

. hif Hierachy Interconnect File

AHDL . tdf ASCII MAX + PLUS
Il
TDF AHDL 4-2

TDF AHDL
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AHDL

&I Cine) BHHEE.
EX BHERERBIRLE
)

TDF A& H—NT

W BB ER ] JCfF. Xilink PR SCHERN
vhdl B SCHRER A K
R BROER IR R
TDFs 3
4-2 AHDL
1 Title Statement MAX + PLUS I
pt
2 Include Statement TDF
3 Constant Statement
4 Define Statement
5 Parameter Statement
6 Function Prototype Statement
7 Options Statement TDF

r— TDF UFA LB &4
. B 2. B
. A R HURRY
HHURAERE

%2R TDFs. GDFs.

WDFs. SMFs. EDIF input




©e 6600
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® 606006

Assert Statement

Subdesign Section AHDL TDF

Variable Section

Instance Declaration
Node Declaration
Register Declaration
State Machine Declaration
State Machine Alias Declaration
If Generate statement

Logic Section

Default Statement
Assert Statement
Boolean Statement

Case Statement

®For Generate Statement
®]If Then Statement

@
®

AHDL

“ AND”

TDF

EDIF
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Truth Table Statement

TDF
AHDL
< OR”
TDF
TDF
TDF GDF WDF
ORCAD AHDL XILINX
ASCII .inc
ALTERA

If Generate

AHDL
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LPM Maxplus2 \
max2lib \ mega-Imp \ maxplus2 \
max2inc

UNIX maxplus2
Graphic Text  Waveform
Creat Default Include File File

menu MAX + PLUS I
AHDL . tdf MAX +PLUS [I
ASCII
AHDL MAX + PLUS 1[I
MAX+PLUS II
OAHDL
@AHDL -
®)
@
®
1. AHDL
MAX+PLUS 1 AHDL AHDL
TDF AHDL
placeholder variables
MAX+PLUS I AHDL “ AHDL ?
AHDL \ max2work \ ahdl a subdirectory of the /use directory on a UNIX
workstation MAX+PLUS [I AHDL
2. AHDL -
. tdf MAX + PLUS 11 AHDL
- MAX + PLUS I
shift + F1 -
AHDL 1 -
3.
MAX+ PLUS 11 TDF
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Syntax Coloring
Color Palette

1/O LAB
EAB TDF

Pin / Location /| Chip Cligue Logic Option Timing
Reguirrement Connected Pins

MAX+PLUS [

MAX+PLUS 1[I AHDL Use LPM
lpm-add-sub  Ipm-compare

/

NNV V
I

5
MAX+PLUS []

MAX +
PLUS Il
TDF MAX+ PLUS I
MAX + PLUS [

AHDL
MAX+PLUS I AHDL TDF TDF
Project Save&Check Project
Save & Compile
AHDL . tdo
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Generate AHDL TDO File Processing Menu
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AHDL
) AHDL Code
Option Menu
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®) AHDL Case-Sensitive ALTERA
@
® AHDL
TDF
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@ MAX +PLUS 1[I TDF 255
®
AHDL
©)
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®)
MAX+PLUS [l “ Project Reliability Guidelines”
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@ RAM  ROM ALTERA
Megafunctions RAM ROM

® Device Assign Menu

3. MAX+PLUS [l

(@) Project Set Project to Current File
Project Name File Menu

@ MAX+PLUS [l built-in hierachy
traversal features Hierachy Down

File Menu Open  Retrieve File Menu

@

() MAX+ PLUS I HIFs TOK files maxplus2. idx files
maxplus2. in files

® Save As File Menu

MAX + PLUS I

©
Project Archive
4.2 AHDL

AHDL TDF Subde-
sign Section Logic Section
TDF
4-1 BNF Backus Naur Form BNF

4-1 BNF
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n n name char 1 8 “ 1 8

italics

courier font

courier font

4.2.1
. pt BNF
=TITLE
TITLE "Display Controller”
@ TITLE “
&) TDF
Display Controller
@®
TITLE " " "EPM5130” " Display Controller”
&) TDF
©) AHDL
4.2.2
BNF
PARAMETERS

PARAMETERS



FILENAME = "myfile. mif” __optional default value follwe ”="sign
WIDTH

AD WIDITH=8

NUMWORDS=2"AD_WIDTH

@ PARAMETER
@)
WIDTH

©) ALTERA
0]
®
© TDF
)
@)
®)
@ TDF
® AHDL
©®
@
PARAMETERS

FOO=BAR

BAR=FOO
@© TDF
® GDF Edit Ports/Parameter Sym-

bol Menu
®)
@ Global Project Parameter Assign Menu
. acf
® TDF GDF PA-
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4.2.3

. inc

include = INCLUDE

INCLUDE' const. inc”

) INCLUDE
@
©)
@
const. inc INCLUDE" const. inc”
TDF

Creat Default Include File File Menu

@
@) User Libriaries Option menu
©) \ maxplus2 \ max2lib \ mega-lpm

TDF
File menu
©)
@ MAX+PLUS I
® AHDL
@ TDF
ALTERA

@ .inc
)
©)

BNF

.inc

\ maxplu2 \ max2inc
Project Save&Check
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4.2.4

BNF
=CONSTANT =

CONSTANT  UPPER_LIMIT=130
CONSTANT BAR=1+2DIV3+LOG2 256
CONSTANT FOO=1

CONSTANT  FOO_PLUS ONE=POO+1

@ CONSTANT

@

®) TDF
UPPER_LIMIT 130

@

@

@

®)

@ TDF

® AHDL

®

@

CONSTANT FOO=BAR
CONSTANT BAR=FOO

4.2.5

BNF

DEFINE

DEFINE MAX a b =a>b a b
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SUBDESIGN

dataa MAX WIDTH 0 ..0 INPUT
datab MAX WIDTH 0 ..0 OUTPUT

BEGIN
datab =data a
END
MAX
@ DEFINE
)
©)
)
©)
@ TDF
®
MIN_ARRAY BOUND
DEFINE MIN ARRAY BOUND x =MAX 0 x +1

)
)
©)
@ TDF
® AHDL

4.2.6

MAX + PLUS [l

TDF

MAX
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BNEF

FUNCTION
WITH
RETURNS

FUNCTION
RETURNS
FUNCTION
RETURNS

1

FUNCTION Ipm add sub cin dataa LPM WIDTH-1..0

datab LPM WIDTH-1..0 add_sub

WITH LPM_WIDTH LPM_REPRESENTATION LPM_DIRECTION ADDER-
TYPE ONE_INPUT_CONSTANT

RETURNS result LPM WIDTH-1. .0 cout overflow

2

FUNCTION compare a 3..0 b 3..0

RETURNS less equal greater

@ FUNCTION Ipm_add_sub
Compare

&) cin  dataa LPM_
WIDTH-1.. 0  datab LPM_WIDTH-1.. 0 a3 a2 al a0 b3
b2 bl b0

® WIDTH

) RETURN

result LPM WIDTH-1.. 0 cout overflow less equal
greater
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®

©®
MACHINE
0)
® TDF
FUNCTION ss_def clock  reset count
RETURNS MACHINE ss out
JKFF
FUNCTION JKFF j k clk clrn  pm
RETURNS ¢
JKFF
FUNCTION JKFF k j ck clrn prn
RETURN q
.inc  MAX + PLUS [I Creat Default Include File File
menu
MAX +PLUS 1[I \ maxplus2 \ max2lib \
mega-lpm \ maxplus2 \ max2. inc
ALTERA
4.2.7
BITO MSB
LSB BNF
OPTIONS =OPTIONS BITO= ANY | LSB | MSB
OPTIONS BITO= MSB
MSB LSB ANY
@ OPTION BITO
@BITO MSB LSB ANY
®) TDF

TDF
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4.2.8

BNF
Assert =
ASSERT
REPORT *
SEVERITY <ERROR MARNING INFO>
HELP_ID <INIVALUE>
ASSERT WIDTH>0
REPORT “Width % must be a positive integer’ WIDTH
SEVERITY ERROR
HELP ID INIVALUE — —for internal Altera use only
) ASSERT
REPORT
@REPORT
% REPORT

<severity> Line <line number> File <filename> Assertion failed

©)
%

% WDITH
@ SEVERITY ERROR WARNING  INFO SEVERITY
ERROR
G®HELP_ID ALTERA
©)
@ AHDL
4.2.9
TDF BNF
SUBDESIGN
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BEGIN

INPUT =VCC | =GND

| OUTPUT

| BIDIR =VCC | =GND
|  MACHINE  INPUT

|  MACHINE  OUTPUT

SUBDESIGN  top

foo bar clkl clk2 INPUT = VCC
a0 al a2 a3 a4 OuTPUT
b7..0 BIDIR
@ SUBDESIGN TDF
top
@
©) foo INPUT
@
® INPUT OUTPUT BIDIR MACHINE INPUT  MACHINE OUT-
PUT foo bar clkl  clk2 a0 al a2 a3 a4
b7..0
©® TDF MACHINE IN-
PUT MACHINE OUTPUT MACHINE INPUT  MACHINE OUTPUT
TDF
@ GND
VCC VCC
INPUT OUTPUT  BIDIR
4.2.10

AHDL

BNEF
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VARIABLE

=NODE |
VARIABLE
abec NODE
temp halfadd
tsnode TRI STATE NODE

IF DEVICE FAMILY = ="FLEX8000” GENERATE
8Kadder flex adder
ELSE GENERATE
7Kadder  pterm_adder
fg NODE
END GENERATE

@®
©)
®)
@
®
If Generate
) VARIABLE
@
®)
NODE TRI_STATE_NODE
macrofunction  state machine declaration
macrofunction tsnode
Fit
Assignment & Configuration File — — . acf

82

Primitive megafunction

ab

Fit

c temp

it



4.2.11

< Primitive> <megafunction> <mac-

rofunction> megafunction  macrofunction

<instance name>> . < port name_>>
compare  adder TDF

VARIABLE
comp  compare

adder lpm_add_sub WITH LPM_WIDTH=8

comp  adder compare Ipm add sub
a3..0 b3..0 INPUT — —inputs to compare
less equal greater OUTPUT — —outputs of compare
a8 .1 b8&..1 INPUT  — —inputs of adder
sum 8..1 OUTPUT — —outputs of adder

comp  adder
comp. a comp. b comp. less comp.equal comp. greater

adder. data. a adder. datab adder. result

.q .out JKFF
JKFFE SRFF  SRFFE
4.2.12
AHDL NODE TRI STATE NODE
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Fit

SUBDESIGN node _ex

Fit it

.acf

a oe INPUT
b OUTPUT
c BIDIR
VARIABLE
b NODE
t TRI_STATE_NODE
BEGIN
b=a
out=b % therefore out=a %
t=TRI a oe
t=c % tis bus of c and tri_stated a %
END
@ NODE “ noe "
VCC
GND “ "
@ TRI_STATE NODE
©) TRI_STATE_NODE NODE
TRI_STATE_NODE
DTRI
@ INPUT
®) OUTPUT BIDIR
@ BIDIR
®
4.2.13
D T JK SR DFF DFFE TFF TFFE JKFF JKFFE SRFF
SRFFE LATCH
VARIABLE
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ff TFF
T ff instance
name . port name {f

ff.t

ff. clk

ff. clrn

ff. prn

ff.q

.q .out
JKFF JKFFE SRFF  SRFFE

DFF
FUNCTION DFF d clk clrn prn RETURNS ¢
TDF
VARIABLE
a b DFF
BEGIN
a=b
END
a=b a.d=b.q

4.2.14

BNF

=MACHINE
= OF BITS
=WITH STATES

VARIABLE
sS MACHINE
OF BITS gl q2 g3
WITH STATES
s1=B"000".
2=B"010"
s3=B"111"
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©® ® 0 00

ss ql g2

sl 2 83 ql g2

MACHINE

OF BITS

WITH STATES

B 000" s2 B 010" s3

q3
q3

al @2 g3

WITH STATES sl 2 83

B 1117

< number of states> < = 2 <number of state bits>

4.2

86

.15

BNF
MACHINE

FUNCTION ss_def clock reset count

RETURNS MACHINE ss out
VARIABLE
ss  MACHINE
BEGIN

ss=ss def sys clk reset hold
IF ss= =s0 THEN

ELSEIF ss= =sl THEN

END

MACHINE INPUT

sl



MACHINE SS

® ©

MACHINE INPUT  MACHINE
OUTPUT  TDF

®)
ss_out
@
MACHINE INPUT  MACHINE OUTPUT TDF
4.2.16
TDF TDF
@) Boolean Eguations
®@ Boolean Control Eguations
® Case Statement
@ Defaults Statement
®If Then

®If Generate
(DFor Generate

® Truth Table Statement
Assert Statement
BEGIN  END END
AHDL TDF
AHDL NODE
AHDL TDF
BNF
a = c¢ &-DB001101" +e6..1 £ pgrstyv

NOT

Boolean operator &

Comparator Priorities”
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@ B 001101”

@B 110011” c
©)
@

©@ e 006

ad="h2
a3=bl
a2="h2
al=bl

cout answer 7...0

88

B 110011"

e 6..1

pgqrsmtyv

count 7...0

= 0 count 7...0 + 0 delta 7..

delta 7..

.0

.0

VvCC

Cout



Boolean Control Equations

Clock Reset
able BNF
- clk=

© reset=

* ena=
ss.clk=rclk 1
ss. reset = a&b
ss.ena=clk 1 ena
@ State machine name + Port name

sS

)
@ Clock State machine name + CLK

@ Reset

name - reset
@ State machine name * ena

©

Case Statement

BNF
Case =
CASE IS
WHEN
WHEN =>
WHEN =>
END CASE

CASE { .q IS
WHEN H 00"= >
adder =0
s=a&b
WHEN H' 01"=>
count .d=count
WHEN

.qt1
M 02" M 03" M 04"=>

Clock En-

State machine
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£3..0 .d=addr 4..1
WHEN OTHERS = >
f .d=f .q
END CASE

©) CASE IS f .q
@ END CASE
®) WHEN WHEN
WHEN
@ WHEN =>
02" M 03 H 04" WHEN F1 00”
F 01" WHEN

® CASE

f .q F 017
Count .d=Count .q+1
® WHEN OTHERS

f .q F1 00" M 01" H 02" H 03" H 04"
f .d=f .q
@ WHEN OTHERS
® 2"
WHEN OTHERS n
©)
Defaults Statement
If Then Case
GND

BNF
Defaults =
DEFAULTS

END DEFAULTS

BEGIN
DEFAULTS
a=VCC
END DEFAULTS
I[F y&z THEN
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a=GND % a is active low%

END IF
END

DEFAULTS

vCC

®60 60

NODE
VCC

© ©e0o

TDF a
BEGIN
DEFAULTS
a=GND
bn=VCC
END DEFAULTS
IF ¢l THEN
a=al
bn=bln
END IF
I[F 2 THEN
a=a2
bn="b2n
END IF
END

a=cl&al#2&a2
bn= cl#bln & R2#b2n

reg .clm

SUBDESIGN sbcount

END DEFAULTS

BEGIN

GND bn

VCC

VCC
VCC

TDF

a=VCC
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d 5..1 INPUT

clk INPUT

clr INPUT

sys_reset INPUT

enable INPUT

load INPUT

q5..1 OUTPUT
VARIABLE

reg 5...1 DFF
BEGIN

DEFAULTS

reg .clrn=vce

END DEFAULTS

reg .clk=clk

g = reg

IF sys reset # clr THEN
reg .clm=GND
END IF
reg .prn= load&d & clr
reg .clmn=load & d

reg =reg + 0 enable
END
If Then
If Then
If Then BNF
If Then =
IF THEN
ELSIF THEN
ELSE THEN
END IF
If Then
IFa ==b THEN
c8..1 =H77"

addr 3..1 =1 3..1 .q
92



If Generate

f .d=addr +1

ELSIF g3 $ ¢4 THEN

f .d=addr
ELSE
d=VvCC
END IF
If Then
) IF  THEN

&)
®
@

® I[F  ELSIF

© MAX + PLUSII

THEN

If Then

IF a THEN

c=d

ELSIF b THEN
c=e

ELSE
c=1

END IF

If Then

Superset

If Generate
If Generate
BNF

ELSIF  THEN

If Then

THEN
ELSE
ELSE
d=VCC

ab]
I
I

o

IF THEN

Compiler
[F a THEN
c=d
END IF
IF  a &b THEN
c=e
END IF
IF a&
c=f1
END IF

If Generate

b THEN

If Generate

If Then

If Generate

IF DEVICE_FAMILY = ="FLEX8K” GENERATE

WHEN OTHERS

ELSE

g3 $ g4

If Then

93
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¢ =8kadder a b cin
ELSE GENERATE

¢ =otheradder a b cin
END GENERATE
If Generate

@ IF  GENERATE

@ ELSE GENERATE

®If Generate END GENERATE
@1 Generate

@O I Then If Then If Generate
superset
@I Generate For Generate

For Generate

For Generate For Generate
CONSTANT NUM_OF ADDERS=8
SUBDESIGN 4 gentst

a NUM_OF_ADDERS..1 b NUM_OF _ADDERS..1 <c¢in INPUT

¢ NUM_OF ADDERS..1 cout OUTPUT
VARIABLE

carryout  NUM_OF _ADDERS+1 ..1 NODE
BEGIN

carryout 1 =Cin
FOR IN 1 TO NUM_OF_ADDERS GENERATE
ci =ai $bi $carryout i % Full Adder%
carryout i+1 =a i &b i Hcarryout i & ai $bi
END GENERATE
cout = carryout NUM_OF_ADDERS+ 1
END
For Generate
) FOR  GENERATE
&) GENERATE
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® END GENERATE For Generate
FOR GENERATE
O For Generate

i

&) IN TO
1 NUM OF ADDERS

In Line logic Function Reference

megafunction  macrofunction

megufunction — macrofunction

BNF

BNF

Compare  Ipm add sub Compare
a3..0 b3.0 less equal  greater Ipm add sub
LPM_WIDTH-1..0 datab LPM_WIDTH—-1..0 cin  add_sub
LPM WIDTH-1..0 cout overflow

FUNCTION Compare a 3..0 b 3..0
RETURNS less equal greater
FUNCTION Ilpm add sub cin dataa LPM WIDTH 1..0
datab LPM_WIDTH_1..0 add_sub
WITH LPM_WIDTH LPM_REPRESENTATION
RETURNS result LPM WIDTH 1..0 Cout overflow
Compare  lpm add sub
clockwise counterclockwise = compare position target
sum =lpm add sub .datab =b .dataa =a
WITH LPM _WIDTH=8§
RETURNS . result

@D =

dataa

result
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© e

WITH
lpm_add_sub LPM_WIDTH
@
Less  greater
counterclockwise Ipm_add sub
®
position target compare
clockwise  counterclockwise
Compare
position target
Ipm_add_sub
datab b a =
port name
Truth Table Statement
BNF
TABLE =>
=>
=>
END TABLE
TABLE
a0 f4..1 .q => {4..1 .d control

96

8
Compare
clockwise
sum
compare
less  greater
compare a 3..0 b 3..0
Compare  equal
Ipm_add sub  dataa
AHDL



0 B’0000” => B’0001” 1
0 B’0100” => B0010” 0
1 B'0xxx" => B'0100" 0
X B’1111” => B0101” 1
END TABLE
) TABLE
@
.1 .q f4..1 .d control
©)
@
=>
®
"0000 “ f 4..1 B’0001”  control
©
X
@
® END TABLE
@
@
X
®
@
a0 4
0
TABLE
a0 f4..1.q => f4..1 .d control
0 B"0000” B’0001” 1
0 B’0100” B’0010” 0
1 B'0xxx” B’0100” 0
X B1111” B’0101” 1
END TABLE
X
AHDL

VCC  GND

{4..
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4.3 AHDL

AHDL tdf

4.3.1
AHDL
VCC
Reserved Keywords
AHDL
AND FUNCTION
ASSERT GENERATE
BEGIN GND
BIDIR HELP_ID
BITS IF
BURIER INCLUDE
CASE INPUT
CLIQUE IS
CONNECTED_PINS LOG2
CONSTANT MACHINE
DEFAULTS MOD
DEFINE NAND
DESIGN NODE
DEVICE NOR
DIV NOT
ELSE OF
ELSIF OPTIONS
END OR
FOR OTHERS
Reserved Identifiers
AHDL
CARRY JKFFE
CASCADE JKFF

CELL LATCH
98

OUTPUT
PARAMETERS
REPORT
RETURNS
SEGMENTS
SEVERITY
STATES
SUBDESIGN
TABLE
THEN
TITLE

TO

TRI_STATE_NODE

VARIABLE
VvCC
WHEN
WITH
XNOR
XOR

SRFFE
SRFF
TFFE

GND



DFFE LCELL TFF
DFF MCELL TRI
EXP MEMORY WIRE
FLOOR OPNDRN X
GLOBAL SOFT
AHDL
Logic Level X
4.3.2
4—1 AHDL
4—-1 AHDL
/
— AHDL
% AHDL
@ Sequential
&)
®)
@
®
G
@
®
4—1 AHDL
MSB LSB
AHDL
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= ) GND  VCC
&)
®
@
®
©
4—1 AHDL
=> @
@  case WHEN
4
>
> =
<
< =
& AND
& NAND
$ XOR
$ XNOR
# OR
# NOR
4.3.3
AHDL
1.
AHDL TDF
@®
©)
@
@
®
©
@
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2.
TDF
3.
Fit Fit
.acf
TDF
4-2
4-2
A—7Z Vv Vv Vv i Vv Vv
a—z Vv Vv Vv Vv Vv Vv
0—9 Vv Vv Vv 2 Vv Vv
Underscore Vv Vv Vv Vv Vv Vv
Slash |/ No No Vv Vv VvV Vv
Dash — No Vv No Vv No Vv
0-9
Vv No Vv Vv v
Digits only
Keyword No Vv No Vv No Vv
Identifier No Vv No Vv No Vv
32 32 32 32 32 32
Max characters
*
a [al "~ bar’ "table’ "1221°
foo node 55 "bowling4 $
"a_name with more then 32 characters’ "has a space’

4.3.4

256
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TDF
GND VCC

Group Notations

ad. .1l 32

al
ad

2.0 32

b6..0 3..2 b
name Y Z name Y 7 Y Z

abc

abcb5. .1
DFF reg reg. d clk clrn prn

b5..0
bS b4 b3 b2 bl b0
b

b Log2 256 ..1+2—-1
b 2°8..3 mod 1
b 2x%8..8div2

Fit it Fit

.acf

Group ranges & subranges

ad. .1 a4 a3 a2 al

d B"10". .B"00” d2 dl d0
102
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b2x2..2-1 b4 b3 b2 bl

q MAX..0 MAX
cMINab..0 MIN
C>s..
1
C3..1
C4..2
C4
C5
2 C4
C2 4
Options
BITO BITO
4.3.5 AHDL
AHDL
< 0 9 >
B<0O 1 X > X
O < 0 7 >" Q< 0o 7 >"
X<0 9A F >" H<0 9A F
AHDL
B 0110X1X10”
Q 4671223"
H 123ABCF”

AHDL
DOMAX +PLUS 1l

©) VCC GND

4.3.6
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SUBDESIGN  foo

ad4..2+1-3+8

CONSTANT  foo =
DEFINE MINab = a<b ab

4-3
4-3

1+2 DIV 3+ LOG2 256

AHDL

INPUT

+ +1 1
- -1 1
a 1
A al\2 1
MOD 4 2 2
DIV 4DIV2 2
* ax?2 2
LOG2 LOG2 4-3 2
+ 1+1 3
- 1-1 3
= = 5= =5 4
= = A= ="b 4
= 5 =4 4
> 5>4 4
>= 5>=4 4
< a<b+2 4
<= a<=b+2 4
& a&b s
AND a AND b
& 1 &0 s
NAND 1 NAND 0
$ 1$1 6
XOR 1 XOR 1
$ 1 $ 1 6
XNOR 1 XNOR 1
# a#b .
OR aOR b
7 a #b 7
NOR a NOR b
5<4 34 8
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CELL  FLOOR

FLOOR
LOG2 DIV
CELL FLOOR
CELL LOG2 255 =8
FLOOR LOG2 255 =7
@®
@ LOG2 LOG2 257
=9
4.3.7
Case  If Then
@ ab5..1 7 VCC
®@ out 15..0 = 16 dmux q 3..0
©) - C
@ dl $ d3
® foo & bar
4.3.8
4—4
4-4
tob 1
NOT NOT tob
& bread & butter
AND bread AND butter
& a3..1 &b 5.3
NAND 23..1 NANDb 5..3
# trick # treat
OR trick OR treat
# c8..5 f£d7..4
NOR c8..5 NORd 7..4
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foo $ bar

XOR foo XOR bar
$ x2  $ x4
XNOR x2 XNOR x4
NOT NOT
NOT
4.3.9 NOT
NOT
NOT
) GND  VCC
a a
@
ad. .1 ad a3 a2 al
®
9 B8 1001" B 0110”
4.3.10 AND NAND OR NOR XOR XNOR
) GND  VCC
a&b
@
abc # def
afd bfe c#f
©) GND  VCC
a&bid. .1 a&bd a&b3 a&b2 a&bl
@
3#8 3 8
B 0011 B 1000" B 10117
®

106

abec & 001

abc &1 1
a&0 b&0 c&l

B 001"



VCC 1

1
VCC
abc &l = 00c
abc &VCC= abec
4.3.11
4-5
4-5
+ +1
- —a4..1
+ Count 7..0 + delta 7..0
- rightmost_x — leftmost_x
+ - +
2
©)
@)
©)
@
MAX + PLUS 1[I
0
Count 7..0 delta 7..0 0
Count
Count answer 7..0 = 0 count 7..0 + 0 delta 7..0
4.3.12
4—-6
X
MAX + PLUS I
VCC GND
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addr 19..4 = =18 B800"
bl = b3

< arithmetic

fame < power

< = arithmetic

money < = power

> arithmetic love > money
> = arithmetic delta >=0
4.3.13
4-7
1
4-7
/
1 _
| « ow
2 +
) _
3 ==
3 =
3 <
3 <=
3 >
3 >=
4 &
4 & * !
5 $
5 $
6 # T
6 #
4.3.14
MAX+PLUSIl ALTERA
.gdf . TDF AHDL
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@O AHDL INPUT OUTPUT  BIDIR GDF IN-
PUT OUTPUT  BIRID
@ GDF AND NAND BAND BNAND OR NOR BOR BNOR XOR XNOR
NOT AHDL
® GDF VCC  GND AHDL VCC  GND
®GDF AHDL  Title
®GDF PARAM  CONSTANT AHDL

AHDL TDF

AHDL
CARRY =
CASCADE =
EXP =
GLOBAL = SCLK
LCELL = MCELL
OPNDRN =
SOFF =
TRI =
TRI ~ OPNDRN

CARRY
CARRY FUNCTION CARRY in

> RETURNS out

CARRY
CARRY FLEX 8000 FLEX 10K

CARRY

@® CARRY

® CARRY

CARRY

®) CARRY
CARRY

@CARRY OUTPUT OUTPUTC
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®CARRY INPUT INPUTC
© CARRY
CARRY CAR-
RY
CARRY
CARRY Carry Chain
Carry Chain
Carry Chain
CASCADE

CASCADE FUNCTION CASCADE in

— > RETURNS out
CASCADE “ n " ”

FLEX 8000 FLEX 10K CASCADE
CASCADE
@® CASCADE
@ 3 ” “ ” “ ” AND
BAND BNAND NOR “ " OR BOR BNOR NAND
®) CASCADE
@CASCADE XOR
®CASCADE OUTPUT OUTPUTC
“ ” “ ” De Morgan
CASCADE
Cascade Chain Cascade Chain
CASCADE
EXP
EXP FUNCTION EXP in
l: RETURNS out

EXP
110



MAX 5000 MAX 7000 MAX 9000 EXP
EXP NOT
EXP
EXP EXP
EXP ALTERA MAX + PLUS I
EXP 4-3
Exp
= +
4-3 EXP
LLABs EXP LAB
LAB EXP EXP
LCELL
EXP
GLOBAL
GLOBAL FUNCTION GLOBAL in
> RETURNS out
GLOBAL Clock Clear
Preset Output Enable I/O
4-8
4-8
Global Global Global Global Out —
Device Family
Clock Clear Preset put Enable
Classic Vv
MAX 5000 Vv VA NZ o
MAX 7000 VvV Vv Vv
FLEX 8000 Vv Vv Vv v
MAX 9000 Vv Vv Vv
FLEX 10K Vv Vv Vv Vv
* EPS 464
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@D Classic  MAX 5000 SCLK

GLOBAL
® CLOCK SCLK
SCLK
®) MAX 5000
LAB
GLOBAL GLOBAL
GLOBAL
TRI GLOBAL TRI
GLOBAL C
DFF
TRI L - D;%N i
GLO- R
BAL — L g
CLRN
array T
signals
GLOBAL LDFFé
Gurzl‘aii‘ D DRN Ql—
I i
port File f
MAX 5000 GL?E/:L
D > L// TRI
GLOBAL " EJ
GLOBAL
MAX 7000

GLOBAL
Global Project Logic Synthesis

(b)

4—4 a GLO-
BAL 4—-4 GLOBAL
4—-4 b GLOBAL a GLOBAL b GLOBAL
LCELL
LCELL FUNCTION LCELL in
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> RETURNS out

LCELL
(DOMCELL LCELL MAX + PLUS 1T
LCELL
@ LCELL
©) LCELL
WHRSAER WHEST

(a)

BT BRER)E

SOFT
(b)
4-5 LCELL SOFT
a LCELL b SOFT LCELL
LCELL  SOFT 4-5 a
SOFT
LCELL 4-5b SOFT
Design Doctor Setting Processing menu  Delay Chain
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LCELL EXP

4-6
LCELL
LCELL
MAX + - i LCELL
PLUSII
LCELL SOFT @
4-6
Fitter Settings
Processing menu LCELL
OPNDRN
OPNDRN FUNCTION OPNDRN in
[ RETURNS out
TRI OPNDRN OPNDRN
TRI
GND
OPNDRN
OPNDRN FLEX 10K
TRI
Global Project Logic Synthesis Assign menu Automatic Open-Drain
Pins FLEX 10K OPNDRN
@ TRI
@ TRI
OPNDRN
@® OPNDRN BIDIR  BIRDIRC
@ OPNDRN BIDIR  BIDIRC
SOFT
SOFT FUNCTION SOFT in
> RETURNS out
SOFT
SOFT
LCELL SOFT
4-17 SOFT 4 —
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7 a SOFT 417

b SOFT LCELL LCELL
SOFT
SOFT
4-8 MAX + PLUS I
SOFT LCELL
WA BEGAR
SOFT SOFT
[ ™,
SOFT
(a)

BREEATT BHREATE

4-7 SOFT
a SOFT b SOFT
TRI
TRI FUNCTION TRI in oe
TRI
RETURNS out
TRI
|| F“‘a [
| | =L j
VCC i
TRI \ee
TRI 4-8  SOFT
SOFT
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TRI

©) TRI BIDIR  BIDIRC TRI
BIDIR  BIDIRC
) TRI BIDIR  BIDIRC
BIDIR  BIDIRC
® VCC  TRI OUTPUT OUT-
PUTC BIDIR BIDIRC
4-9 4-10 TRI
OUTPUT
D T B% |: TRI OUTPUT
J L/f \_|:>OL_JTPE> L'/ OUTPUT
4—-9 TRI 4—-10 TRI
4-11 4-12 TRI
BIDIR
TRI — > T OUTPUT
1 e
BIDIR
_{ e feedback
4—11 TRI 4-12
TRI
4-9 MAX + PLUS 1l
ena
q ena q
4-9 MAX+PLUS [I
Primitive ADHL
LATCH FUNCTION LATCH d ena
RETURNS q
DFF FUNCTION DFF d clk clrn prn
RETURNS q
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Primitive

ADHL

DFFE FUNCTION DFFE d clk clrn prn ena
RETURNS q
JKFF FUNCTION JKFF j k clk clrn prn
RETURNS q
JKFFE FUNCTION JKFFE j k clk clmm prn ena
RETURNS q
SRFF FUNCTION SRFF s r clk clm prn
RETURNS q
SRFFE FUNCTION SRFFE s r clk clrn prn ena
RETURNS q
TFF FUNCTION TFF t clk clrn prn
RETURNS q
TFFE FUNCTION TFFE t clk clrn prn ena
RETURNS q
clk= clrm= djkrst= ena=
prn= q=
/
4—
10 AHDL
4-10 /
Destination
Source OUTPUT BIDIR TRI 1 GLOBAL LCELL EXP
INPUT Y N Y Y na na
OUTPUT 3 N N N N N N
BIDIR N N Y N na na
TRI Y Y N 4 na N 4 N 4
s5LOBAL 5 na N Y na na
LCELL Y N na na na
EXP na N na N na na
SOFT Y N na N na na
VCC Y N Y N na na
GND Y N Y N na na
Logic Y N Y N Y Y
Register Output Y N Y N na na
CARRY na na na na na na
CASCADE na na na na na na
OPNDRN Y Y N 4 na N 4 N 4
Y— N— na—
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4-10

/

Source

Destination

SOFT

Logic

INPUT 2

CARRY

CASCADE

OPNDRN

INPUT

na

Y

na

na

OUTPUT 3

N

na

na

BIDIR

na

na

na

TRI

N 4

Z
o

na

na

GLOBAL 5

na

=)
]

na

Y

na

LCELL

na

na

na

na

EXP

na

na

na

na

na

SOFT

na

na

na

na

na

VvCC

na

na

na

GND

na

na

Logic

Register Output

na

CARRY

na

na

na

na

CASCADE

na

na

na

na

na

OPNDRN

N 4

SO o e S (R B o B o B B o B

z

N 4

na

na

N 4

O TRI

OUTPUTC BIDIR

OPNDRN
GLOBAL

10K

3.0

INOUT

BIDIR

@

and BIDIRC /
INOUT
MAX + PLUS DOS
GLOBAL
MAX+ PLUS 1[I

TRI

MCELL

4-11

I

/

BIDIRC /
SCLK

_CELL

GLOBAL ©®  FLEX 8000

®@OUTPUT

Y

LCELL

ouUT
@ TRI

na @

FLEX
@

Source

Register

INPUT 1

CLK

PRN

CLRN

INPUT

OUTPUT 2

BIDIR 2

TRI

N3

GLOBAL 4

na

LCELL 5

EXP

SOFT

vCC

GND

Logic

Register Output

<= Z | Z ]|~

o e B B S B

ool e o e
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Register
Source
INPUT 1 CLK PRN CLRN
CARRY na na na na
CASCADE na na na na
OPNDRN N 3 N3 N3 N3
) ®@OUTPUT OUT OUTPUTC BIDIR INOUT
BIDIRC / ® TRI  OPNDRN BIDIR
INOUT BIDIRC / Y na @ MAX+PLUS DOS SCLK
GLOBAL GLOBAL ® 3.0 MAX+PLUS Il MCELL
LCELL LCELL
Y— N— na—
4.3.15 Megafunctions
MAX+PLUS 11
LPM ALTERA
MAX+PLUS 1T \ maxplus2 \ max2lib \ mega-lpm
.inc
UNIX maxplus2
MAX + PLUS Il MAX + PLUS
Il
4-12 MAX + PLUS I LPM2.0.1/2.1.0
LPM “lpm_.” MAX + PLUS 1[I
4-12 MAX+PLUS [I Megafunctions Part 1 of 2
Gates Ipm_and
Ipm_bustri
Ipm_clshift

Ipm_constant

Ipm_decode

Ipm_inv

Ipm_mux

Ipm_or

Ipm_xor
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4-12 MAX+PLUS [I Megafunctions Part 2 of 2

Ipm_abs
lpm_add_sub /
Arithmetic Ipm_decode
Components Ipm_counter
lpm_mult
lpm_dff D
Storage
Components lpm_latch
Ipm_ram_dg
Ipm_ram_io 1/0
Ipm_rom
Ipm_tff T
csdpram
csfifo
26502 6502
Other ntsc NTSC
Functions pll
4.3.16 old-style Macrofunctions
MAX+PLUS [I
MAX+PLUS 1 \ maxplus2 \ max2lib
\ maxplus2 \ max2inc In-
clude .inc UNIX maxplus2
MAX+PLUS 1[I MAX+ PLUS
Il
4-13 MAX + PLUS [I
MAX+PLUS Il
4—13 MAX+PLUSII
Adder 8fadd 8 — bit full adder

8fadde 8 — bit full adder

7480 Gated full adder

7482 2 — bit binary full adder

7483 4 — bit binary full adder with fast carry
74183 Dual carry-save full adder
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74283

4 — bit full adder with fast carry

74285 4 = bit adder/subtractor with Clear
Arithmetic 74181 Arithmetic logic unit
Logic Unit 74182 Look-ahead carry generator
74301 Arithmetic logic unit/function generator
74382 Arithmetic logic unit/function generator
Application ntsc NTSC video control signal generator
Specific pll Rising — and falling-edge detector
Buffer Btri Active-low tri-state buffer
74240 Octal inverting tri-state buffer
74240b | Octal inverting tri-state buffer with 2 section
74241 Octal tri-state buffer
74241b | Octal tri-state buffer with 2 section
74244 Octal tri-state buffer
74244b | Octal tri-state buffer with 2 section
74365 Hex tri-state buffer
74366 Hex inverting tri-state buffer
74367 Hex tri-state buffer
74368 Hex inverting tri-state buffer
74465 Octal tri-state buffer
74466 Octal inverting tri-state buffer
74467 Octal tri-state buffer
74468 Octal inverting tri-state buffer
74540 Octal inverting tri-state buffer
74541 Octal tri-state buffer
Comparator 8mcomp | 8 — bit magnitude comparator
8mcompb | 8 — bit magnitude comparator
b 4 — bit magnitude comparator
7485 8 — bit identity comparator
74518 8 — bit identity comparator
74518b | 8 — bit magnitude/identity comparator
74684 8 — bit magnitude/identity comparator
74686 8 — bit identity comparator
74688
Converter 74184 BCD-to-binary converter
74185 Binary-to-BCD converter
Counter gray4 Gray code counter
unicnt Universal 4 — bit up/down counter left/right shift register with asynch. set&load
clear &cascade
16cudslr | 16 — bit binary up/down counter left/right shift register with asynch. set
16cudsrb | 16 — bit binary up/down counter left/right shift register with asynch. clear &asynch. set
4count 4 — bit binary up/down counter with synchronous load LDN  asynch. clear &asynch.
load SETN
8count 8 — bit binary up/down counter with synchronous load LDN  asynch. clear &asynch.
load SETN
7468 Dual decade counter
7469 Dual binary counter
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7492 Decade or binary counter with clear&set-to—9
7493 4 — bit binary counter
74143 4 — bit counter/latch 7 — segment driver
74160 4 — bit decade counter with synch. load & asynch. clear
74161 4 — bit binary up counter with synch. load & asynch. clear
74162 4 — bit decade up counter with synch. load & asynch. clear
74163 4 — bit binary up counter with synch. load & asynch. clear
74168 Synch. 4 — bit decade up/down counter
74169 Synch. 4 — bit binary up/down counter
74176 Presettable decade counter
74177 Presettable binary counter
74190 4 — bit decade up/down counter with asych. load
74191 4 — bit binary up/down counter with asych. load
74192 4 — bit decade up/down counter with asych. clear
74193 4 — bit binary up/down counter with asych. clear
74196 Presettable decade counter
94197 Presettable binary counter
94290 Decade counter with Clear
74292 Programmable frequency divider/digital timer
74293 Binary counter with Clear
74294 Programmable frequency divider/digital timer
74390 Dual decade counter
74393 Dual 4 — bit counter with asych. clear
94490 Dual 4 — bit decade counter
74568 Decade up/down counter with asych. load & Clear & asych. clear
74569 Binary up/down counter with asych. load & Clear & asych. clear
74590 8 — bit binary counter with tri-state output registers
74582 8 — bit binary counter with input register
74668 Synch. decade up/down counter
74669 Synch. 4 — bit binary up/down counter
74690 Synch. decade counter with output registers multiplexed tri-state outputs & asych. Clear
74691 Synch. binary counter with output registers multiplexed tri-state outputs & asych. Clear
84693 Synch. binary counter with output registers multiplexed tri-state outputs & synch. Clear
74696 Sysch. decade up/down counter with output registers multiplexedtri- state outputs &
asych. Clear
74697 Sysch. binary up/down counter with output registers multiplexedtri-state outputs &
asych. Clear
74698 Sysch. decade up/down counter with output registers multiplexedtri- state outputs &
synch. Clear
74699 Sysch. binary up/down counter with output registers multiplexedtri-state outputs &
synch. Clear
16cudslr 16mux | 4 — bit binary-to— 16 — line decoder
16nmux | 4 — bit binary-to— 16 — line decoder
7442 1 — line-to— 10 — line BCD-to-decimal decoder
7443 Excess — 3 — to-decimal decoder
7444 Excess — 3 — Gray-to-decimal decoder
7445 BCD-to-decimal decoder
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7446 BCD-to— 7 — segment decoder
7447 BCD-to — 7 — segment decoder
7448 BCD-to — 7 — segment decoder
7449 BCD-to— 7 — segment decoder
74137 3 — line-to — 8 — line decoder with address latches
74138 2 — line-to — 8 — line decoder
74139 Dual 2 — line-to — 4 — line decoder
74145 BCD-to-decimal decoder
74154 4 — line-to — 16 — line decoder
74155 Dual 2 — line-to — 4 — line decoder/demultiplexer
74156 Dual 2 — line-to — 4 — line decoder/demultiplexer
74246 BCD-to— 7 — segment decoder
74247 BCD-to — 7 — segment decoder
74248 BCD-to — 7 — segment decoder
74445 BCD-to-decimal decoder
Digital Filter 74297 Digital phase-locked loop filter
EDAC 74630 16 — bit parallel error detection & correction circuit
74636 8 — bit parallel error detection & correction circuit
Encoder 74147 10 — line-to — 4 — line BCD encoder
74148 8 — line-to — 3 — line octal encoder
8 — line-to — 3 — line priority encoder with tri-state outputs
Frequency Divider freqdiv Frequency divider
7456 Frequency divider
7457 Frequency divider
Latch explatch | Latch implemented with expanders
inpltch Inputs latch
nandltch | /SR NAND latch with expanders
lorrltch | SR NOR latch with expanders
7475 4 — bit bistable latch
7477 4 — bit bistable latch
74116 Dual 4 — bit latch with Clear
74259 8 — bit 2 — stage pipelined latch
74279 Quad/SR latch
74373 Octal transparent D-type latch with tri-state outputs
74373b | Octal transparent D-type latch with tri-state outputs
74375 4 — bit bistable latch
74549 8 — bit 2 — stage pipelined latch
74604 Octal 2 — input multiplexed latch with tri-state outputs
74841 10 — bit D-type latch with tri-state outputs
74841b | 10— bit D-type latch with tri-state outputs
74842 10 — bit D-type latch with tri-state outputs
74842b | 10— bit D-type inverting latch with tri-state outputs
74843 9 — bit bus interface D-type latch with tri-state outputs
74844 9 — bit bus interface D-type inverting latch with tri-state outputs
74845 8 — bit bus interface D-type latch with tri-state outputs
74846 8 — bit bus interface D-type inverting latch with tri-state outputs
74990 8 — bit transparent read-back latch
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Multiplier mult2 2 — bit sign magnitude multipiler
mult24 | 2 — bit-by — 4 — bit parallel binary multiplier
mult4 4 — bit parallel binary multiplier
multdb | 4 — bit parallel binary multiplier
tmult4 4 — bit-by — 4 — bit parallel binary multiplier
7497 Synch. 6 — bit rate multiplier
74261 2 — bit parallel binary multiplier
74284 4 — bit-by — 4 — bit parallel binary multiplier upper 4 bits of result
74285 4 — bit-by — 4 — bit parallel binary multiplier lower 4 bits of result
Multiplexer 21mux 2 — line-to — 1 — line multiplexer
8lmux | 8- lineto— 1 — line multiplexer
161mux | 16 —line-to— 1 — line multiplexer
2X8mux | 2 line-to— 1 — line multiplexer for 8 — bit buses
74151 8 — line-to — 1 — line multiplexer
74151b | 8 —line-to— 1 — line multiplexer
74153 Dual 4 — line-to — 1 — line multiplexer
74157 Quad 2 — line-to — 1 — line multiplexer
74158 Quad 2 — lineto— 1 — line multiplexer with Inverting outputs
74251 8 — line-to — 1 — line data selector with tri-state outputs
74253 Dual 4 — line-to — 1 — line data selector with tri-state outputs
74257 Quad 2 — line-to — 1 — line multiplexer with tri-state outputs
74258 Quad 2 — lineto— 1 — line multiplexer with inverting tri-state outputs
74298 Quad 2 — input multiplexer with storage
74352 Dual 4 — line-to— 1 — line data selector/multiplexer with inverting outputs
74353 Dual 4 — line-to— 1 — line data selector/multiplexer with tri-state inverting outputs
74354 8 — line-to— 1 — line data selector/multiplexer/register with tri-state outputs
74356 8 — line-to— 1 — line data selector/multiplexer/register with tri-state outputs
74398 Quad 2 — input multiplexer with storage
74399 Quad 2 — input multiplexer with storage
Parity Generator/ 74180 9 — bit odd/even parity generate/checker
Checker 74180b | 9 — bit odd/even parity generate/checker
74280 9 — bit odd/even parity generate/checker
74280b | 9 — bit odd/even parity generate/checker
Rate Multiplier 74167 Synch. decade rate multiplier
Register enadff Enable D-type flipflop
expdff D-type flipflop Implememted with expander or with DFF primitive for FLEX 8000
projects
7470 AND-gated JK flipflop with Preset & Clear
7471 JK flipflop with Preset
7472 AND-gated JK flipflop with Preset & Clear
7473 Dual JK flipflop with Clear
7474 Dual D-type {flipflop with asynch. Preset & asynch. Clear
7476 Dual JK flipflop with asynch. Preset & asynch. Clear
7478 Dual JK flipflop with asynch. Preset common Clear & common Clock
74107 Dual JK flipflop with Clear
74109 Dual JK flipflop with Preset & Clear
74112 Dual JK negative-edge-triggered flipflop with Preset & Clear
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74113 Dual JK negative-edge-triggered flipflop with Preset
74114 Dual JK negative-edge-triggered flipflop with Preset common Clear & common Clock
74171 Quad D-type flipflop with Clear
74172 Multi-port register file with tri-state outputs
74173 4 — bit D-type register
74174 Hex D flipflop with common Clear
74174b | Hex D-type flipflop with common Clear
74175 Quad D-type {lipflop with common Clock & Clear
74273 Octal D-type flipflop with asynch. Clear
74273b | Octal D-type flipflop with asynch. Clear
74276 Quad JK flipflop register with common Preset & Clear
74374 Octal D-type flipflop with tri-state outputs & Output Enable
74374b | Octal D-type flipflop with tri-state outputs & Output Enable
74376 Quad JK flipflop with common Clock & common Clear
74377 Octal D-type flipflop with Enable
74377b | Octal D-type {flipflop with Enable
74378 Hex D-type flipflop with Enable
74379 Quad D-type flipflop with Enable
74396 Octal storage register
74548 8 — bit 2 — stage pipelined register with tri-state outputs
74670 4 — bit by 4 — bit register file with tri-state outputs
74821 10 — bit bus interface flipflop with tri-state outputs
74821b | 10— bit D-type flipflop with tri-state outputs
74822 10 — bit bus interface flipflop with tri-state inverting outputs
74822b 10 — bit D-type inverting flipflop with tri-state inverting outputs
74823 9 — bit bus interface flipflop with tri-state outputs
74823b | 9 — bit D-type flipflop with tri-state outputs
74824 9 — bit bus interface flipflop with tri-state inverting outputs
74824b | 9 — bit D-type inverting flipflop with tri-state inverting outputs
74825 8 — bit bus interface flipflop with tri-state outputs
74825b | Octal D-type flipflop with tri-state outputs
74826 9 — bit bus interface flipflop with tri-state inverting outputs
74826b | Octal D-type inverting flipflop with tri-state inverting outputs
Shift Register barrelst | 8 — bit barrel shifter
barrelstb | 8 — bit barrel shifter
7491 Serial-in serial-out shift register
7494 4 — bit shift register with asynch. Preset & asynch. Clear
7495 4 — bit parallel-access shift register
7496 5 — bit shift register
7499 4 — bit shift register with/JK serial inputs & parallel outputs
74164 Serial-in parallel-out shift register
74164b | Serial-in parallel-out shift register
74165 Parallel load 8 — bit shift register
74165b | Parallel load 8 — bit shift register
74166 8 — bit shift register with Clock inhibit
74178 4 — bit shift register
74179 4 — bit shift register with Clear
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74194 4 — bit bidirectional shift register with parallel load
74195 4 — bit parallel-access shift register
74198 8 — bit bidirectional shift register
74199 8 — bit parallel-access shift register
74295 4 — bit right-shift left-shift register with tri-state outputs
74299 8 — bit universal shift/storge register
74350 4 — bit shift register with tri-state outputs
74395 4 — bit cascadable shift register with tri-state outputs
74589 8 — bit shift register with input latches & tri-state outputs
74594 8 — bit shift register with output latches
74595 8 — bit shift register with output latches & tri-state outputs
74597 8 — bit shift register with input register
74671 4 — bit universal shift register/latch with direct-overriding Clear & tri-state outputs
74672 4 — bit universal shift register/latch with synch. Clear & tri-state outputs
74673 16 — bit shift register
74674 16 — bit shift register

Storage Register 7498 4 — bit data selector/storage register
74298 4 — bit cascadable prioirty register

SSI Fnction cbhuf Complementtary buffer
inhb Inhibit gate
7400 NAND2 gate
7402 NOR2 gate
7404 NOT gate
7408 AND2 gate
7410 NAND2 gate
7411 AND3 gate
7420 NAND4 gate
7421 AND4 gate
7423 Dual 4 — input NOR gate with strobe
7425 Dual 4 — input NOR gate with strobe
7427 NOR3 gate
7428 Quad 2 — input positive NOR buffer
7430 NANDS gate
7432 OR2 gate
7437 Quad 2 — input positive NAND buffer
7440 Dual 4 — input positive NAND buffer
7450 Dual 2 — wide 2 — input AND-OR-INVERT gate
7451 Dual AND-OR-INVERT gate
7452 AND-OR gate
7453 Expandable 4 — wide AND-OR-INVERT gate
7454 4 — wide AND-OR-INVERT gate
7455 2 —wide 4 —input AND-OR-INVERT gate
7464 4—2-3-2 input AND-OR-INVERT gate
7486 XOR gate
74133 13 — input NAND gate
74134 12 — input NAND gate with tri state output
74135 Quad XOR/XNOR gates

126




74260 Dual 5 — input positive NOR gates
74386 Quadruple XOR gate

True/ Complement 7487 4 — bit true [complement I/O element
1/O Element 74265 Quad complementary output elements

<port name> <port type> = <default port value

INPUT MACHINE INPUT
OUTPUT MACHINE  OUTPUT
BIDIR
TDF

INPUT BIDIR VCC GND TDF
SUBDESIGN top

foo bar clkl clk2 ¢ 4..0 INPUT = VCC

% VCC is default port value %

a0 al a2 a3 a4 OUTPUT
b 7..0 BIDIR

MACHINE INPUT
MACHIN OUTPUT TDFs

TDF
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D reg

VARLABLE
reg DFF

BEGIN
reg.clk = clock
reg.d = data_input

output = reg.q

END
< instance name > . < port name > = < node name >
<instance name> < port name >

TDF
< port name >
.gdf

21mux

FUNCTION 2Imux s a b

RETURNS y
BEGIN

output = 2lmux .s=select .b=dataB .a=dataA
END

output select dataA  dataB 21mux ysa b
. <port name> = < node name>

21mux

macrofunction
BEGIN
output = 2IMUX Select dataA dataB
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END

ALTERA

4-14

JK ]

JK K

SR

SR

.clk

. ena

.prn

.clm

. reset

.oe

TRI

CARRY CASCADE EXP TRI OPNDRN SOFT GLOBAL  LCELL

.out

CARRY CASCADE EXP TRI OPNDRN SOFT GLOBAL  LCELL

4.3

Ports/Parameters

GDF

.18

LPM

LPM
GDF Edit
AHDL TDF

TDF

Edit Ports/Parameters
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.acf

@ TDF GDF PARAM

GDF
PARAM TDF
AHDL
GDF
GDF
Edit Ports/parameters
MAX+PLUS 1 Global Project Parameters
Global Project Parameters ACF

@®
Golbal Project Logic Synthesis
Global Project
Parameters
@) ALTERA DEVICE FAMILY

FLEX 10K FLEX 8000 MAX 9000 MAX
7000E MAX 7000 MAX 5000 CLASSIC  EP330/EP320

) ALTERA LATENCY
@ Show Parameters
Show All GDF
1 Edit Ports/Parameters
Enter Parameters Show Parameters  Show All GDF

Show Parameters Show All
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4.4 AHDL
AHDL MAX +
PLUSII \ max2work \ ahdl UNIX Jusr
4.4.1
AHDL MAX + PLUS I
AHDL . tdf
AHDL
AHDL
tdf 370
SUBDESIGN decodel
address 15..0 INPUT
chip_enable OUTPUT
BEGIN
chip_enable = address 15..0 == H'0370"
END
15 0 H0370
4-13 decodel . tdf . gdf
AHDL
UPPER_LIMIT 130
AHDL CONSTANT DEFINE
decodel . tdf 10_ADDRESS

H 0370”
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ADDRESS0) [———
ADDRESS] [———(4
ADDRESS2 [_———4
ADDRESS3 [_—y
ADDRESS4 [ _—]
ADDRESSS [———
ADDRESS6 [_»—

P — :D—D ABLE
ADDRESSS [——— | CHIP_EN

ADDRESS9 [———
ADDRESS10 [——o——4
ADDRESS11 [_—Y
ADDRESS12 [_———4
ADDRESS13 [_—A
ADDRESS14 [_—(1
ADDRESS1S [__——CH

4—13 decodel . gdf
CONSTANT I0_ADDRESS = H"0370"
SUBDESIGN decode2

al15..0 INPUT

ce OUTPUT
BEGIN

ce = a 15..0 == 10 _ADDRESS
END

foo foo_plus_one

CONSTANT foo=1+2DIV3+ LOG2 256
CONSTANT foo plus_one=foo+ 1
CEILING_ADD MAX
DEFINE MAX a b = a>b ab
DEFINE CEILING ADD a b =MAX a b +1

stremp. tdf FAMILY Assert
FLEXS8000
PARAMETERS

DEVICE_FAMILY % DEVICE FAMILY is a predefined Altera parameter %
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CONSTANT FAMILY = "FLEX8000”
SUBDESIGN stremp

a INPUT
b OUTPUT

BEGIN

I[F DEVICE FAMILY == FAMILY GENERATE

ASSERT

REPORT “Detected compilation for FLEX8000 family”

SEVERITY INFO
=a
ELSE GENERATE
ASSERT
REPORT “Detected compilation for % family”
DEVICE_FAMILY
SEVERITY ERROR
b=a
END GENERATE
END
minport. tdf MAX

PARAMETERS WIDTH
DEFINEMAX ab = a>b a b
SUBDESIGN minport

dataA MAX WIDTH 0 ..0  INPUT
dataB MAX WIDTH 0 ..0  OUTPUT

BEGIN
dataB = dataA
END
AHDL
AHDL ALTERA AHDL
AHDL AHDL

AHDL
AHDL TDF

MAX+ PLUS [
TDF
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AHDL MAX + PLUS 1]
@ tdf
@ AHDL AHDL 4-14

Template Section:

Overall Stucture
Assert Statement
Boolean Equation

Case Statement

Constant Statement

Defaultz Statement

Define Statement

For Generate Statement

Function Prototype Statement [non-parameterize
Function Prototype Statement [parametenized]

If Generate Statement

If Then Statement

In-Line Reference [non-parametenzed)

In-Line Reference [parametenzed]

In-Line Reference [named port association]
Include Statement

Instance Declaration [non-parameterized)
Instance Declaration [parameterized)

Logic Section

Machine Aliaz Declaration
Maoda Naclarakime

4-14 AHDL
®  Template Section
@  OK
@ MAX+ PLUS [l “ AHDL Template
Section” @ AHDL ASCII ahdl. tpl
\ maxplus2 UNIX Jusr

DEFAULTS

_node_name = _ constant_value
END DEFAULTS

AHDL

MAX+PLUS 1[I AHDL
“ Overall Structure”
4. AHDL
MAX +PLUS 11 AHDL AHDL
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AHDL \ max2work \ ahdl UNIX
Jusr MAX+PLUS II

MAX+PLUS [l AHDL

4.4.2

TDF

AHDL

boolel . tdf
SUBDESIGN boolel

a0 al b INPUT
outl out2 OUTPUT

BEGIN
outl = al & a0
out2 = outl # b
END
outl al a0 ©or out2 outl b “

4-15 boolel . tdf
GDF

A0 + OUT1
" —

[ OUT2

4—-15 boolel. gdf

boole2. tdf boolel . tdf

SUBDESIGN boole2
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a0 al b INPUT

out ouTPUT
VARIABLE

a_equals 2 NODE
BEGIN

a equals 2 = al & a0

out = a equals 2 # b

END
a_equals 2 al& a0
@ “ ” 3 ”
VvCC GND
@ TRI STATE NODE
®) TRI STATE NODE NODE
4-16 boole2. tdf . gdf
A0 A: EQUALS: 2
Al
B [ — ouT
4—16 boole2. gdf
3.
256
VCC GND 1 0
Option MSB LSB
ad. .1
b5..4 3.2 b

OPTIONS BITO = MSB
CONSTANT MAX_ WIDTH = 1+2+3-3-1
SUBDESIGN groupl

al..2
d1..2

use_exp_in 1+2-2.. MAX WIDTH
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dual range 5..4 3..2

BEGIN

d =a + B0

use_exp_out = use_exp_in

dual_range = VCC
END

Option
00 d

@

d2..0 =q8..6
d2 a8 dl g7 dO
d1..0 1..0 =q 10..7

di_1 ql0 dl 0 g9 do_1

@
d2..0 =n
d2 d1 do n
®) VCC  GND
d2..0 =VCC
d2 d1 do VCC
@ 1
d2..0 =1
® do  vCC
®

a4..1 =b2..1

ad=b2 a3=bl a2=hb2 al=bl

DIf Then
@Case

If Then

1.1If Then
priority. tdf

OUTPUT

MSB al a a

use_exp_in use_exp_out

q7

LSB VCC GND

B 001"

If Then Case

If Generate
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VCC
SUBDESIGN priority

low middle high INPUT
highest level 1..0 OuUTPUT
BEGIN
IF high THEN
highest level = 3
ELSIF middle THEN
highest level = 2
ELSIF low THEN
highest level =1
ELSE
highest level =0
END IF
END
higt middle  Low
IF  ELSE
hignest_level 3
vCC If Then
ELSIF

high middle low IF  ELSE
VCC ELSE

HIGH [

VvCC
high VCC
priority. tdf
4-17 gdf

MIDDLE [

HIGHEST _ LEVELI1

S

HIGHEST _ LEVEL2

4—17 priority. gdf

2. Case
decoder. tdf

“ one-hot”

SUBDESIGN decoder

code 1..0 INPUT
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IF



out 3..0 OUTPUT
BEGIN
CASE code IS
WHEN 0 = > out = B’0001”
WHEN 1 => out = B’0010”
WHEN 2 => out = B'0100”
WHEN 3 => out = B"1000"
END CASE
END
code 1..0 0123 £ =2
Code 1 outl B 0010”
when 4-18 gdf
oo S
"j:)—: ouTlL
<Y o
I e =l
4—18 decoder. gdf
3.If Then Case
If Then Case
If Then Case
If Then Case
CASEa IS
IFa == 0THEN WHEN 0 = >
y=c&d y=c&d
ELSIFa == 1THEN WHEN 1 =>
y=e&f y=e&f
ELSIFa == 2 THEN WHEN 2 = >
y=g&h y=g&h
ELSIFa == 3 THEN WHEN 3 = >
y =1 y =1
ELSE WHEN OTHERS = >
y = GND y = GND
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END IF END CASE

If Then Case
DIf Then IF  ELSE
Case WHEN
@) ELSIF MAX + PLUSII
ELSIF IF/ELSIF
If Then a b
If Then
IF a THEN IF a THEN
c=d c=d
END IF
ELSIF b THEN IF a & b THEN
c=e c= e
END IF
ELSE IF a& b THEN
c=f c =
END IF END IF
AHDL
lpm_compare  lpm_decode 7segment. tdf
0~F
% —a— %
% f| |b %
% —g— %
% el | %
% —d— %
% %
%0123456789AbCdEF %
% %

SUBDESIGN 7segment

i3..0 INPUT
abcdefg OuTPUT
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BEGIN

TABLE
i3..0 =>a b cdefg
H0” =>1111110
H1” =>0110000
H"2" =>11011°01
H'3" =>1111001
H'4” =>0110011
H'5” =>1011011
H'6" =>1011111
H"7" =>1110000
H’8” =>1111111
H'9” =>1111011
H'A” =>1110111
H'B” =>0011111
H'C’ =>1001110
H'D’ =>0111101
H'E" =>1001111
H'F’ =>10001T11

END TABLE

END
i3..0 16
GDF decode3. tdf 16
SUBDESIGN decode3
addr 15..0 ml/io INPUT

rom ram print sp 2..1 OUTPUT

BEGIN
TABLE

m/io addr 15..0

1

S O O =

BOOXXXXXXXXXXXXXX" =>1
B TO0XXXXXXXXXXXXX" =>0
B"0000001010101110” =>0
B0000001011011110” =>0
B’0000001101110000” =>0

= > rom ram

0

oS O O =

4-19
print sp
0 B"00”
0 B’00”
1 B"00”
0 B'01”
0 B"10”
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13 12 11 10

i

4-19 7segment. gdf

A
END TABLE
END
“ Xn X
addr 15..0 00 16,384
00 “ Xn
“ Xu

AHDL

decoded . tdf

INCLUDE “lpm_decode. inc”

SUBDESIGN decode4

address 15..0 INPUT
chip_enable OouTPUT
BEGIN

chip_enable = Ipm_decode .data
142

lpm_decode

= address

@

TABLE

decodel . tdf

rom



WITH LPM_WIDTH=16 LPM DECODES=2"10
RETURNS .eq H0370"

END
AHDL
GND
AHDL  Defaults If Then Case
AHDL
GND defaults VCC
defaultl . tdf 5
SUBDESIGN defaultl
13..0 INPUT
ascii_code 7..0 oOuTPUT
BEGIN
DEFAULTS
ascii_code = B’00111111" % ASCII question mark ” ” %
END DEFAULTS
TABLE
13..0 = > ascii_code
B1000” = > B01100001" % "a" %
B’0100” = > B’01100010" % “b" %
B0010” => B01100011" % "¢" %
B’0001” => B’01100100" % “d" %
END TABLE
END
B 00111111” ascii_code 5..0 VCC

ascii_code 7..6 GND
AHDL

SUBDESIGN default2

a b c INPUT
143



select_a select b select ¢ INPUT
wire or wire and ouTprPUT

BEGIN
DEFAULTS
wire_or = GND
wire and = VCC
END DEFAULTS

IF select a THEN
wire or = a
wire and = a

END IF

IF select b THEN
wire or = b
wire and = b

END IF

IF select ¢ THEN
wire or = ¢

wire and = ¢

END IF

END

wire_or select_a select b select ¢

wire_or GND
“or select a  select b VCC

wire_and wire_or

VCC “ ”

GND
daisy. tdf

SUBDESIGN daisy

[local_request INPUT
[local_grant oOuTPUT
144

abec
VvCC wire_or

wire_or

4-20

a b

default2. tdf

VCC
gdf

VCC



SELECT_A [
A — D_
SELECTJ; g D E [ WIRE_OR
SELECT_C [ j
c [ |
;ﬁ“ S WIRE_AND
4—-20 default2. gdf
[request_in INPUT % from lower priority %
[request_out OUTPUT % to higher priority %
[grant_in INPUT % from higher priority %
[grant_out OUTPUT % to lower priority %
BEGIN
DEFAULTS
[local_grant = VCC % active-low output
[request_out = VCC % signals should default
[grant_out = VCC % to VCC
END DEFAULTS

IF /request in = = GND # [local request = = GND THEN
[request_out = GND
END IF

IF /grant in = = GND THEN
IF /local_request = = GND THEN
[local_grant = GND
ELSIF /request in = = GND THEN
/grant_out = GND
END IF
END IF

END
ALTERA

145



If Then
Then

VCC 4-21

REQUEST _ OUT

/GRANT _ INT

LOCAL _REQUEST [

—

daisy. tdf gdf

4-21 daisy. gdf
MAX+ PLUSII ALTERA /
BIDIR TRI
SUBDESIGN bus_reg2
ck INPUT
oe INPUT
io BIDIR
VARIABLE
dff out NODE
BEGIN
dff out = DFF o clk
io = TRI dff out oe
END
bus_reg?2. tdf
13 TRI”
? clrn prn 4-22
TDF
TDF FUNCTION
bidirl . tdf 4-22

FUNCTION bus_reg?2
146

clk oe RETURNS io

GND

Defaults

REQUSET _ IN

/GRANT _OUT

4@9—: LOCAL _ GRANT

“ TRI”

D
bus_reg?2. tdf

RETURN

If



OE [

PRN

A

CLK [

CLRN

4—-22 bus reg2. gdf

SUBDESIGN bidirl

clk oe INPUT
io 3..0 BIDIR

BEGIN
io0 = bus_reg2 clk oe
iol = bus reg2 clk oe
io2 = bus_reg2 clk oe
io3 = bus reg2 clk oe

END
TRI OUTPUT BIDIR
TRI STATE NODE
tri_bus. tdf tnode
TRI_ STATE _NODE NODE
wire_and  wire_or
NODE

NODE
SUBDESIGN tri_bus

in3..1 oe3..1 INPUT
outl ouTPUT

VARIABLE
tmode TRI_STATE_NODE
BEGIN
tnode = TRI inl oel
tnode = TRI in2 oe2

A4 1o

TRI  BIDIR  OUTPUT

NODE
TRI_STATE _
TRI_STATE NODE
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tnode = TRI in3 oe3

outl = tnode

END
4.4.3
LPM
AHDL AHDL LPM
TDF
< > < >
bur reg.tdf bur reg.tdf
load d q
SUBDESIGN bur reg
clk load d 7..0 INPUT
q7..0 OUTPUT
VARIABLE
ff 7..0 DFFE
BEGIN
ff .clk = clk
ff .ena = load
ff .d=
q =1 .q
END
D DFFE
bur reg. tdf cdk ff 7..0 load
d7..0 ff 7..0
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T JK SR
T TFF ff 7..0 DFFE ff 7..0 TFF
ff .d ff .t JK JKFFE
ff 7..0 JKFFE ff ff .k
ALTERA
DFFE TFFE  SRFFE
lpm_reg. tdf lpm_reg. tdf
lpm_dff
INCLUDE “lpm_dff. inc”
SUBDESIGN Ipm_reg
clk load d 7..0 INPUT
q7..0 OUTPUT
BEGIN
q = lpm dff .clock=clk .enable=load .data =d
WITH LPM WIDTH=8
RETURNS .q
END
4-23 GDF bur reg. tdf lpm_reg. tdf
&
D PN ——
[ lena
CLRN
&
DI b NG — al
“tona
CLRN
8]
&
1A pRNg — )
CLK | —
LOAD [ Eé\IL%N

4-23 lpm_reg. gdf

bur_reg. tdf
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reg out. tdf bur reg. tdf
reg out. tdf

SUBDESIGN reg out

clk load d 7..0 INPUT
q7..0 OUTPUT
VARIABLE
q7..0 DFFE
BEGIN
q .ck = clk
q .ena = load
q =d
END
d
GLOBAL
Automatic Global Clock
D
q
TDF
I/O Cell Register
Synthesis Automatic I/O Cell Register
D DFF DFFE If Then
ahdlent. tdf 16
SUBDESIGN ahdlent
clk load ena clr d 15..0 INPUT
q 15..0 OUTPUT
VARIABLE
count 15..0 DFF
BEGIN
count .clk = clk

150

% outputs also declared as output %

< > clk”
Global Project Logic Synthesis
reg out. tdf

Global Project Logic
I/O

lpm_counter



count .clrn =  clr

IF load THEN
count .d =d
ELSIF ena THEN
count .d = count .q *+ 1
ELSE
count .d = count .q
END IF
q = count
END
16 D count)  countlS If Then
load VCC d
lpm_cnt. tdf lpm_counter ahdlent. tdf
INCLUDE “lpm_counter. inc”
SUBDESIGN Ipm_cnt
clk load ena clr d 15..0 INPUT
q 15..0 OuUTPUT

VARIABLE
my cntr lpm counter WITH LPM WIDTH=16

BEGIN
my_cntr.clock = clk
my cntr.aload = load

my_cntr.cnt_en = ena

my cntr.aclr = clr

my cntr.data = d

q = my cntr.q

END
4-24 GDF lpm cnt.tdf  ahdlent. tdf
4.4.4
AHDL AHDL
MAX + PLUSII
T D TFF DFF

® e
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©Oe O

LOAD

ENA
&
_»FRNQ — Qo
> Ji)D_ CLRN]
—
L? &
FRY, —al
DI —— 1
’:,)) o CLRN
— 7
? . ]
L ] [ ]
0* .
&
% ) > ‘b_TPRNQ Qs
’:> CLRN
—
CLK —
CLR [—
4—-24  count. gdf
AHDL TDF
Case
TDF
AHDL
simple. tdf D

SUBDESIGN simple

152

clk reset d INPUT

q

OUTPUT



VARIABLE
ss MACHINE WITH STATES s0 sl
BEGIN
ss.clk = clk
ss. reset = reset
CASE ss IS
WHEN s0 = >
q = GND
IF d THEN
ss = sl
END IF
WHEN sl = >
q = VCC
I[F  d THEN
ss = <0
END IF
END CASE
END
simple. tdf SS s0
sl

Case simple. tdf
Case When
If Then Case Case WHEN
simple. tdf q GND s0
sl q VCC 4-25 GDF

VvCC

CLK

RESET [ [0 T

4-25 simple. gdf

simplel . tdf clk
reset reset ena
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SS. ena— ena

SUBDESIGN simple

clk reset ena d INPUT

q ouTPUT
VARIABLE

ss MACHINE WITH STATES s0 sl
BEGIN

ss.clk = clk

ss. reset = reset
$s.ena = ena
CASE ss IS
WHEN s0 = >
q = GND
IF d THEN
ss = sl
END IF
WHEN sl = >
q = VCC
IF  d THEN
ss = <0
END IF
END CASE
END

MAX+PLUS [

Global Project Logic Synthesis One_hot State Machine Encoding
One_hot MAX+PLUS 1[I FLEX8000 FLEXI10K
One_hot One_hot State Machine Encoding
One_hot
stepper. tdf
SUBDESIGN stepper

clk reset INPUT
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CCW CW INPUT
phase 3..0 OUTPUT

VARIABLE
ss MACHINE OF BITS phase 3..0
WITH STATES

s0 = B’0001”
sl = B"0010”
s2 = B'0100”
s3 = B"1000”
BEGIN
ss.clk = clk
ss. reset = reset
TABLE
ss cew cw = SS
s0 1 x => 3
s0 X 1 = sl
sl 1 x = s0
sl X 1 = s2
s2 1 x = sl
s2 X 1 => 3
s3 1 x => &2
s3 X 1 = s0
END TABLE
END
phase 3..0 hase 3..0
ss ccw  cw 1 AHDL
WITH STATE
4-26 Moore Moore
4-26
Moore

SUBDESIGN moorel

clk INPUT
reset INPUT
y INPUT
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4—-26 Moore

z ouTPUT
VARIABLE
% current  current %
%  state output %

ss MACHINE OF BITS z

WITH STATES s0 = 0
sl = 1
s2 =
s3 = 0
BEGIN
ss.clk = clk
ss. reset = reset
TABLE
% current current next %
% state input state %
ss y =>  ss
s0 0 => <0
s0 1 => g2
sl 0 => <0
sl 1 => §2
s2 0 => g2
s2 1 => 3
s3 0 => §3
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s3 1 => sl

END TABLE
END
SS z  MAX+PLUS [l
4—-27
GDF
v &
 — D DPRNQ —z
ENA
CLRN
‘ &
PRNG
1 ENA
CLRN
L
CLK [—»
RESET '~ — [0

4—-27 moorel . gdf

SUBDESIGN moore2

clk INPUT

reset INPUT

y INPUT

z ouTPUT
VARIABLE

ss MACHINE WITH STATES s0 sl s2 s3
zd NODE
BEGIN
ss.clk = clk
ss. reset = reset

z = DFF zd clk VCC VCC

moore2 . tdf
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TABLE

% current current next next %
% state input state output %
sS y => ss zd
s0 0 => <0 0
s0 1 =>  §2 1
sl 0 => <0 0
sl 1 =>  §2 1
s2 0 => <2 1
s2 1 => 3 0
s3 0 => 3 0
s3 1 => sl 1
END TABLE
END
AHDL
4-28 Merly Merly

4-28 Merly
Merly Merly. tdf

SUBDESIGN mealy
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clk INPUT
reset INPUT
y INPUT
z OUTPUT
VARIABLE
ss MACHINE WITH STATES
BEGIN
ss.clk = clk
ss. reset = reset
TABLE
% current current current
% state input output
ss y => z
s0 0 => 0
s0 1 => 1
sl 0 => 1
sl 1 => 0
s2 0 => 0
s2 1 => 1
s3 0 => 0
s3 1 => 1
END TABLE
END
4-29 Merly. tdf
MAX+PLUS [I

Global Project Logic Synthesis
One_hot
FLEX8000 FLEXIOK

chine Encoding

ERS

s0

sl s2 s3

%

state %

next

ss
s0
sl
sl
s2
s2
s3
s3
s0

GDF

TDF

one_hot

ALTERA

Case

One_ hot State Machine Encoding
MAX +PLUS I
One_hot One_hot State Ma-
One_hot

Case WHEN OTH-
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Y C——o A
PRN
fgjgb i

ENA

CLRN

1 &
Y
| ENA

CLRN

CLK
RESET — [0

4-29 Merly. gdf
WHEN
WHEN OTHERS
N 2N

2 recover. tdf

SUBDESIGN recover

clk INPUT
go INPUT
ok OUTPUT

VARIABLE
sequence MACHINE

OF BITS q 2..0

WITH STATES
idle
one
two
three
four
illegall
illegal2
illegal3

BEGIN
160



sequence. clk = clk
CASE sequence IS
WHEN idle = >
IF go THEN

sequence = one
END IF

WHEN one = >
sequence = two

WHEN two = >
sequence = three

WHEN three = >
sequence = four

WHEN OTHERS = >

sequence = idle
END CASE
ok = sequence = = four
END
@2 gl q0 2} 5 3
8
4.4.5
AHDL TDF
ALTERA megafunction macrofunction
ALTERA
MAX+PLUS [l megafunction
MAX + PLUS I Megafunction ~ macrofunc-
tion \ maxplus2 \ max2lib AHDL
UNIX [usr
AHDL
@®
® TDF
Megafunction  macrofunction
MAX + PLUS I Include .inc MAX + PLUS I megafunction
macrofunction \ maxplus2 \ max2lib \ mega_lpm  \ maxplus2 \
max2inc Include Include TDF
MAX+PLUS [l megafunction  macrofunction macrol. tdf
16 macrofunction
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INCLUDE “4count”
INCLUDE “16dmux”
SUBDESIGN macrol

clk INPUT
out 15..0  OUTPUT

VARIABLE
counter 4count
decoder 16dmux
BEGIN
counter. clk = clk
counter.dnup = GND
decoder. d ¢ b a = counter. qd qc gb qa
out 15..0 = decoder.q 15..0

END
Include macrofunction
counter 4count decoder
< >. < >
macro2. tdf macrol . tdf
q3..0

INCLUDE “4count”
INCLUDE “16dmux”
SUBDESIGN macro2

clk INPUT
out 15..0 oOuTPUT

VARIABLE
q3..0 NODE
BEGIN
q3..0 = 4count clk GND

% equivalent in-line ref. with named port association
% q3..0 = 4count .clk=clk .dnup=GND

% equivalent in-line ref. with named port association

4count

% and RETURNS clause specifying which outputs are used

% q 3..0 = dcount .clk=clk .dnup=GND
% RETURNS qd qc gb qa

16mux

16mux



out 15..0 = 16dmux . d ¢ b a =q3..0
% equivalent in-line ref. with positional port association %
% out 15..0 = 16dmux q 3..0 %
END
macrofunction Include 4count.inc  16mux. inc
FUNCTION 4count clk clrn setn ldn cin dnup d ¢ b a
RETURNS qd qc gb ga cout
FUNCTION 16mux d ¢ b a
RETURNS q 15..0
4count  16mux
4count 16mux
macrofunction
4count “or
RETURN RETURN
subset macro?. tdf
4count RETURN cout q3..0
“©or cout
macrofunction 4—-30 macrol.
tdf  macro2.tdf  GDF
ALTERA
MAX+PLUS [l LPM megafunction
RAM
macrofunction MAX + PLUS 1T
megafunction  macrofunction \ maxplus2 \ maxlib
AHDL
ALTERA
) WITH WITH
WITH
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16dmux

Q15— OUTIS

Q4 — [ OUTI4
Q3 ——[— OUTI13

4count Q2 —————— OUTI2

—{ LDN Qlf—— [~ OUTII
— A Q0 f————[—— OUTI0

— B QA A Q———{——+ OUTY

— C QB B Qr———1—— OUT8

— D QC C Q7 ——+—[ > 0OUT7

— CIN Qb D Q66— OUT6
%77 DNUP COUT |— QB —f— OUTS
GND — SETN Ul—— [ OUT4
—] CLRN QB f—f— OUT3

CLK [————CLK Qt— [ 0OUT2
COUNTER Ql— [ OUTI1

QO ———{— OUTO

16 BIT DEMUX

4—-30 macro. gdf

@
macrofunction
MAX + PLUS [l Include
\ maxplus2 \ max2lib \ mega_lpm  \ maxplus2 \ max2inc
MAX +PLUS [l megafunction  macrofunction Include
Include TDF MAX + PLUS [l megafunction = macrofunc-
tion lpm_addl. tdf lpm_add_sub megafunction
8
INCLUDE “lpm_add_sub. inc”
SUBDESIGN Ipm_add1
a8..1 b8 .1 INPUT
c8..1 OUTPUT
carry_out OuUTPUT
BEGIN
% Megafunction instance with positional port association %
- = ¢ carry_out = lpm_add_sub GND a b GND

- = WITH LPM_WIDTH=S8
- = LPM_REPRESENTATION = "unsigned”
% Equivalent instance with named port association %

- = ¢ carry_out = lpm_add_sub .dataa =a .datab =b
- = .cin=GND .add sub=GND



tion

ings

- - WITH LPM_WIDTH=8
- - LPM_REPRESENTATION = "unsigned”
END
Include lpm_add_sub. inc Ipm_add_sub
FUNCTION lpm _add sub cin dataa LPM WIDTH—-1..0 datab LPM WIDTH—1..
0 add_sub
WITH LPM WIDTH LPM_REPRESENTATION LPM_DIRECTION ADDER-
TYPE ONE_INPUT_IS_ CONSTANT
RETURNS result LPM WIDTH-1..0 cout overflow

LPM WIDTH Ipm_addl. tdf Ipm_add_sub
LPM WIDTH LPM REPRESENTATION lpm_addl. tdf
lpm_add1. tdf 8

INCLUDE “lpm_add_sub. inc”
SUBDESIGN Ipm_add2

a8..1 b8..1 INPUT

c 8..1 OuTPUT
carry_out ouTrPUT
VARIABLE

8bitadder lpm add sub WITH LPM WIDTH=8
LPM_ REPRESENTATION = "unsigned”
BEGIN
8bitadder. cin = GND
8bitadder. dataa = a
8bitadder. datab = b
8bitadder. add_sub = GND

c = 8bitadder. result

carry out = 8bitadder. cout
END

megafunction  macrofunction
AHDL TDF megafunction  macrofunc-
TDF
AHDL
@
) Opt-
User Libraries
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® Include

Include

D Creat Default Include File File
TDF Include Include

tion  macrofunction

®@ Creat Default Symbol File

TDF

GDF

ALTERA

MACHINE

File
Default Include File

MACHINE INPUT

CHINE OUTPUT ss_out
SUBDESIGN ss def

Include

TDF megafunc-

TDF

MACHINE INPUT  MACHINE OUTPUT

Project Save & Check

Include

SS

clk reset count INPUT
ss_out MACHINE OUTPUT
VARIABLE
ss MACHINE WITH STATES sl s2 s3 s4
BEGIN
ss_out = ss
CASE ss IS
WHEN s1=>
IF count THEN ss = s2 ELSE ss = sl
WHEN s2=>
IF count THEN ss = s3 ELSE ss = s2
WHEN s3=>
IF count THEN ss = s4 ELSE ss = s3
WHEN s4=>
IF count THEN ss = s5 ELSE ss = 4
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ss_def. tdf

s5

END IF

END IF

END IF

END IF

Creat

MA-



WHEN s5=>
IF count THEN ss = sl ELSE ss = s5 END IF
END CASE
ss. clk reset = clk reset
END
ss_use. tdf MACHINE INPUT ss_in

SUBDESIGN ss_use

ss_in  MACHINE INPUT
out ouTPUT

BEGIN
out = ss.in==3s2 OR ssin ==
END
topl . tdf ss_def  ss_use ss_def  ss_
use MACHINE

FUNCTION ss_def clk reset count RETURNS MACHINE ss out
FUNCTION ss_ use MACHINE ss in RETURNS out

SUBDESIGN topl

sys_clk /reset hold INPUT
sync_out OUTPUT
VARIABLE
ss_ ref MACHINE % Machine Alias Declaration %

BEGIN
ss ref = ss def sys clk [reset hold

sync_out = Ss_use ssfref

END
4-31 topl. wdf GDF
SS_DEF SS_REF _SS_USE
SYS (LK >—————J (1K SS_OUT > SYNC_OUT
/RESET ———— >0——— RESET
HOLD ———— »0——— COUNT

4-31 topl.tdf
top2. tdf topl.
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tdf
FUNCTION ss_def clk reset count RETURNS MACHINE ss out
FUNCTION ss_use MACHINE ss_ in RETURNS out

SUBDESIGN top2

sys clk [reset hold INPUT
sync_out OUTPUT
VARIABLE
Sm_Mmacro ss_def
sync ss_use
BEGIN
sm_macro. clk reset count = sys clk [reset hold

Sync. ss_in = sm_macro. ss_out

sync_out = sync.out

END
4.4.6 LCELL SOFT
NODE LCELL SOFT NODE
LCELL SOFT
NODE
NODE
SOFT NODE
LCELL SOFT SOFT
LCELL LCELL
LCELL
LCELL SOFT LCELL SOFT
MAX+ PLUS [T SOFT LCELL
“ Assigning a Logic Option” TDF
NODE SOFT nodevar
odd_parity NODE d0$dl$... $d8 softbuf
LCELL SOFT
TDF with NODE Variables TDF with SOFT Primitives
SUBDESIGN nodevar SUBDESIGN softbuf
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VARIABLE
odd_parity NODE
BEGIN
odd_parity = d0 $ dl $ d2
$d3 % dd $ dS

VARIABLE
odd_parity NODE
BEGIN
odd_parity = SOFT d0 $ dl $ d2
$ SOFT d3 $ d4 $ d5

$do $ d7 $ d8 $ SOFT d6 $ d7 $ d8
END END
4.4.7 RAM ROM
MAX+PLUS 1[I AHDL LPM megafunctions RAM
ROM MAX +PLUS 1[I
RAM ROM
ALTERA ALTERA
RAM ROM
megafunctions MAX+PLUS [] RAM ROM
1 Ipm ram dq
2 lpm_ram io I/O
3 lpm_rom
4 csdpram
5 csfifo
LPM /
RAM
4.4.8
AHDL
. Tpt boole3. tdf boolel . tdf

32
SUBDESIGN boole3

a0 al b INPUT

outl out2 OUTPUT
BEGIN

outl = al tiger & a0

out2 =

outl panther # b
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boole3. rpt  boolel . rpt

— — boole3. rpt equations
— — Node name is ‘outl” from file “boole3. tdf” line 7 column 2
— — Equation name is ‘outl” location is LC3 Al type is output
outl = tiger(
— — Node name is "tiger0" from file “boole3. tdf” line 7 column 18
— — Equation name is "tiger0” location is LC2_Al type is buried
tiger0 = LCELL _EQO002

"EQ002 = a0 & al
— — boolel . rpt equations
— — Node name is ‘outl” from file “boolel . tdf” line 7 column 2
— — Equation name is ‘outl” location is LC3 Al type is output
outl = LC2 Al
— — Node name is ~ 33" from file “boolel . tdf” line 7 column 12
— — Equation name is ~LC2_Al" type is buried
LC2_Al = LCELL _EQO001

_EQ001 = a0 & al

boole3. rpt tigerQ
boolel . tdf ID 33

tigerQ
ID

4.4.9

FOR GENERATE

CONSTANT NUM_OF ADDERS = 8
SUBDESIGN iter add

a NUM_OF_ADDERS..1 b NUM_OF_ADDERS..1 cin INPUT
¢ NUM_OF_ADDERS..1 cout OUTPUT
VARIABLE

sum NUM_OF _ADDERS..1 carryout NUM_OF ADDERS+1 ..1 NODE
BEGIN
carryout 1 = cin
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FOR i IN 1 TO NUM_OF_ADDERS GENERATE
sumi =ai $ bi $ carryout i % Full Adder %
carryout i+1 = ai &bi # carryouti & ai $ bi
END GENERATE
cout = carryout NUM_OF ADDERS+ 1

¢ = sum
END
iter_add. tdf FOR GENERATE
NUM_OF ADDERS carryout
For Generate If Generate
4.4.10

If Generate

If Generate

condlogl . tdf If Generate
output_b

PARAMETERS DEVICE _FAMILY
SUBDESIGN condlogl

input_a INPUT

output b  OUTPUT
BEGIN

IF DEVICE _FAMILY = = "FLEX8K" GENERATE

output_b = input_a
ELSE GENERATE
output_ b = LCELL input_a

END GENERATE

END
MAX+PLUS [] DEVICE_FAMILY
USED DEVICE_FAMILY
Device Assign USED Optional
USED FALSE
LPM TDF If Generate \ max-
plus2 \ maxlib \ mega_lpm UNIX [usr
4 .4.11 Assert
Assert
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Assert

Assert assertion
Assert assertion
assertion
assertion Assert If Then
“If a=VCC Then c=d" assertion a
condlog2.tdf  condlogl. tdf Assert

If Generate
PARAMETERS DEVICE FAMILY
SUBDESIGN condlog?

input_.a INPUT
output_ b  OUTPUT

BEGIN
IF DEVICE FAMILY = = "FLEX8000" GENERATE
output_b = input_a
— — Assertion is always activated if there is no condition
ASSERT
REPORT “Compiling for FLEX8000 family”
SEVERITY INFO
ELSE GENERATE
output_b = LCELL input_a
— — Assertion is activated if current family is not FLEX10K
— — or FLEX 8000. Severity defaults to ERROR
ASSERT DEVICE_FAMILY = = "FLEX10K"
REPORT “Compiling for % family” DEVICE FAMILY
END GENERATE
END
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MAX+PLUS []

FPGA ALTERA FPGA
FPGA
5.1
3 —
24 FPGA
FPGA
FPGA
5.1.1 FPGA
FPGA IC 5-1
IC
FPGA 70%
5-1 ASIC CPLD/FPGA IC
IC CPLD/FPGA
FPGA
PCB
CAE CAE
FPGA
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5.1.2 FPGA

FPGA

SECESECHS

5.1.3

FPGA

5.1.4 FPGA

@
@
FPGA
FPGA

FPGA
OR

5-1
FPGA 5-2
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TFF | YL pry YCC TR |
" DPRNQ DPRNQ PRNQ )
enable e | D —| = oul
dk: —T> —I—[>o—> LD°—>
CLRN CLRN CLRN
| T T
5-1
TFF |
enable —= DPRN -
clk —= >
CLRN
T
TFF
D47
—>
CLRN
T
TFF),
PRN
— out
CLRN
T
5-2
FPGA
FPGA
FPGA
5.1.5 FPGA
FPGA

Asynchronous Inputs

FPGA 5-3 5-4
D flipflop
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QA1 a
a_en = EN QB T~ ab
QQGP——T~ «a
QF—+1 = o

ck = L
Synchronous
Counter
5-3
DFF |
PRN QA—mmmmmm1L= @
a_en [= D Q EN QB —

QQpf——— T[> «qc
QF——f >«

CLRN P
T Synchronous
Counter

ck = +
5-4
5-5
DFF | DFF |
vce 1 AF—T—= @
—I_—DPRNQ DPR\IQ *—EN QB > ab
a_en Cr—mm—— — QBT «
Qf——1— od
CLRN CLRN P
Por | | St
ck —
5-5
FPGA
ALTERA  FPGA
1. Gated Clocks
©)
@ 113 ” 113 ”
5 _ 6 “ ” 5 _ 7 113 ”
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—
er > E;D Q ouT

add) O————
v CLRN
add1 Dﬂh—j

dlo..n) B X BE X &%

'4' ZSLN ZH"

nwr
: ty i
-+ Isu P -
add[0. .3] O X mE WA
5.6«
0 aa
0 : 2% IFF |
= PRN
R ﬁD Q——our
add0
addl NOT CLTRN
add2

add3 —>— NOT.

al0...n] B CHE__ XEE

.~ e,
nwr S

-l -y
add[0. .3] A X B X %7
5-7*" "
nwr nwe nwr nwe
FPGA
“ ” 5.8 “ "

Multi-Level Clocks

5-10
Ripple Clocks
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o = 4 &
M piaE S DFFE |
dn = L PRN
NOT D Q—T—o0uT

oW >
add0 CoO—g ENA
sl O | L
add2 NOT |
add3 CO———>—

d[0..n] & X T 4 B3
nwr |——|7
- g
add[0..3] & % RE &
5-8

DFF 1
PRN
D Q— —our
A
CLRN
I
.
AV BRI
5-9
FPGA
5-1 5-2
Multi-Clock Network
FPGA
5-12
FPGA
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0 oO——
. 44
: 2
dn >—
N DFFE |
PH PR ——> OUT
PRN D Q
D Q DIV2 |
CLRN
CLRN T
T
CLK =
SEL =
5-10
! |
reg_a PRN reg b PRN
data_a >—D Q D Q = ouT
ok g C>—m
CLRN CLRN
T T
data_ b —
cdk_b =
data _a EE3 EEd
ok a — | :
-— tsu—»k t>
ck_b
Mgl e
data_b EZS Q( RisE < %
5-11
reg_a reg ¢
d - d reg_ b &,
data_a = p™% b a PRN
ck_a Co——m- — ]>) Q——0uUT
o CLRN CLRN
T i T
data_ b =
ck b —
5-12
GA Lsy ty
FPGA

179



-13

180

Delay Chains
MAX+ PLUS 1 LCELL EXP

race
EXP 5—-14
EXP EXP EXP EXP EXP
[ [ [ [ [ —1 = pulse
trigger [
5-13 EXP
VCC OFF | OFF } OFF J
PRN PRN PRN
) D Q D Q D Q ¥ = pulse
trigger [
CLRN J7 CLRN ’7 CLRN
hfreqclk = rll‘ . ]‘. T NOT
5-14
Master Reset
ALTERA EPLDs FLEX8000
Static Hazards
FPGA
5-9 5-10
Race Conditions
5—-15 5—-16
vee
T reg_a |
DPRNQ . puse
trigger [ [
CLRN NOT
L o)
5-15



VCC DFF J DEF | DFF J

PRN PRN PRN
D Q D Q D Q — = pulse
trigger [— |
CLRN J7 CLRN ’7 CLRN
hifreqelk [ ]I 1 NOT
5-16
Preset & Clear Configurations
5-17~
DFF* JI
PRN
data [—= D Q = out
k= >
CLRN
clear —x i
5-17
DFF | DFF J
PRN PRN
data [—= D Q D Q > out
ok = b
CLRN CLRN
i NOT T
| 1
|
5—-18
DFF '!I
PRN
date [ D Q= out
ck [—= >
e CLRN
adl [
a2 [
ad3 = NOT
mwr I e
5-19

5-22
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DEF: |
e []))RI\Q] T out
ck —
N CLRN

load —— 4

5.2

ALTERA

MAX7000

1s

FELEX10K

fre base

fre base

INCLUDE “lpm_counter”

PARAMETERS

base num =10 L
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" e
%Cm%ﬁ%sj:‘ L e
=
Clock  —mmmmmm—m - ———-
5-22
FLEX
MAX7000
1s
fre_count
1s
fre_example s_23
100 ms 1s 0
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aple

—I=1— lpm_coun ter :count i&& — i
dF
. . :fre_count: 2.0 (Zl— lpm_counter tcoun ks i ®
rat #il acf i
1pm_gounter fooun b ®
Ld#
. —1lpm_counter :counkd
| F——1lpm_vounler scounl3
——1pm counter:counkt2
F——1pm counter:counktl
——hrd_T=rgidreondern
—brcd_sej!decoderh
td+
bcd_Teesg!decoderd ...
tis
‘bcd_Tzcgidocoderid :;;3
tdr
‘bed_Te2cgidocoderd )
tdr
bod_Tsegidecoderl o)
tde
5-23
CONSTANT
width = ceil log2 base_num - =
— —  base num = 10 width = 4
SUBDESIGN fre_base - -
base clk INPUT
reset INPUT = GND
base ouTprPUT
VARIABLE
count Ipm_counter WITH  Ipm_modulus = base num
lpm_width = width
lpm_direction = “up”
start 2. .1 DFF
flip DFFE
clr NODE
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trigger NODE
BEGIN
count. clock = GLOBAL base clk

count. sclr = clr

start .clk = base clk
startl.d = reset
start2.d = startl.q

clr = startl.q & start2.q -

trigger = count.q = = base_num—1 -

flip. ena = trigger -
flip.clrn = clr

flip.d = flip.q

base= flip.q

END
base _clk  reset
100 % Ipm_counter
reset D
clr
flip base
2. fre count
fre count
_count ATERLA
bed_7seg 4 BCD
fre count
1 bed_7seg
bed 7seg
“ o « 1

SUBDESIGN bcd_7seg
in4..1

gfedcba
184

BCD

1s

base
base 2s
reset

start 2..1 reset

lpm_count  bed 7seg

bed 7seg

INPUT
OUTPUT

base_clk

4.3

lpm



BEGIN
TABLE

g fedcba

=>
=>
=>
=>

in 4..1

- ——-—0IH
— - — — —4FH
- - ---12H
— - — — —06H
— - — - —4CH
——— - -24H
— - — - —60H
- ——-—0IH
— - — — —00H
-~ —— - —0CH
- —— - —30H
- —— - —30H
- —— - —30H
- —— - —30H
— - — - —30H
- —— - —30H

000O0O0O0T1

1001111
0010010
0000T1T1OQO0

1 001

>
>
=>
=>
=>

100

0100100

1100000
000T1TT1TT1T1

0000O0OO0OO
0001T1QO0T1
0110000
0110000
01 1000O00O0
0110000
0110000
0110000

>

>
=>
=>
=>
=>
=>
=>

10
11

12
13
14
15

END TABLE
END

fre_count

INCLUDE “lpm_counter”
INCLUDE “bed_7se

Q. inc

PARAMETERS

=3

precise

SUBDESIGN fre count

INPUT

check clk

INPUT

base

OUTPUT

1701

out precise.
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overflow

4..1

bin precise. . 1

OUTPUT
OUTPUT

VARIABLE
count precise. . 1 Ipm_counter WITH  Ipm_modulus = 10
lpm width = 4
lpm_direction = “up’
decoder precise. . 1 bed 7seg
delay precise. .2 DFF
enab 2..1 DFF
flip precise..1 7..1 DFFE
clr NODE
delay n precise. . 1 NODE
BEGIN
count .clock= GLOBAL check clk
count .sclr = clr
count 1 .cnt_en = base
delay .clk = check clk
delay .clrn =  clr
delay n 1 = count 1 .eq9
FOR i IN 2 TO precise GENERATE -
delay n i = delay n i—1 & count i—1 .eq9
delay i .d = delay_n i
count i .cnt_ en = delay i .q
END GENERATE
overflow = count precise .eql0 -
enab .clk = check clk
enab 1 .d = base
enab 2 .d = enab 1 .q
clr = enab 1 .q & enab 2 .q -
decoder .in 4..1 = count .q -- BCD
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flip .ena = clr

flip .clk = check_clk

FOR i IN 1 TO precise GENERATE

bin i = count i .q -
flipi 1 .d = decoder i .a -
flipi 2 .d = decoder i .b
flipi 3 .d = decoder i .c
flipi 4 .d = decoder i .d
flipi 5 .d = decoder i .e
flipi 6 .d = decoder i .f
flipi 7 .d = decoder i .g
END GENERATE
out = flip .q -
END
fre count base  check clk out
precise. .1 7..1 overflow  bin precise..1 4..1 base
check_clk out precise..1 7..1
overflow bin precise. . 1
4..1 base
Ipm_counter count precise. . 1
Ipm_counter 0 9 lpm_
counter D delay D enab 2..1 base
lpm_
counter
3. fre_example . gdf
fre example .
gdf 5-24
BASE CLK  CHCK_CLK
MAX7000
EPM7032LC44—-6  EPM7096QC100 —7 BASE CLK CHCK_CLK
5-25 64ps 015625
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{re _ base

INPUT
3 BASE _ CLK D— base _ clock
vCC

4 RESET D—_l reset
BASE
fre _ count
6 OUTPUT
out[ precise. . 1][7..1] _—GOW[G..1][7..1]
base 7 OUTPUT
overflow ] OVERFLOW
INPUT
5 CHCK CLK [ > |cheek clk 8 OUTPUT
vee bin[ precise. . 1[4. .1] L < ]BIN6..1][4..1]
COUNT
5-24 fre_example. gdf

OYERFLOW
OUT[ 7..1]
OUT[2IF..1]
OUT[EIF..1]
]
]
]

OUT[4][7 .1
OUT[S][7 .1

OUTB][7 .1
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15625 5-26 1.001ms RESET
000999 000599 000999

E0s
;

7.hs

oest_ow | o AN TR
w CHECK G K | N

» DVORC_CWY | 0

s OLT[1)[7.1] |HOD oo ¥ i[=

» OLT[2][7..1] |HOO o A 0c

5 DLT[3)[7.1] | HOO 00 oo 24 b o
» OLT[4][7.1] | HOO 00 H 01

5 OLT[S][7..1] | HOO ili] 4 a1

» OLT[E|[7..1] |HOD oo 0

5-26 1.001ms
1~1MHz
MAX
.3
5-27
H, s x, t
H, s A/D
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AD
O o [ S0 EOR K] P A P L)
5-27
H = vy n D/A H,
D/A
h n IIR
FIR FIR
FELEX10K
5-28
x(n) -1 é—l él
m0) Y h(Q) YR(Q) YHN-2)Y A(N-1)
y(n)
5-28 FIR
FIR
N-1
y n Eh m x n—m
m=0
FELEX10K
yv=x1 hl + 22 h2 + 23 h3 + x4 hi4
x h
Al =01 h2 =11 A3 =10 h 4 =11
z1 =11 22 =00 =3 =10 =4 =01
BB h () —P 01 1 10 1
®Hx(a) —» 1 0 10 o
hENGE p(ny—p Ol 00 00 1l - 10
FEERE Pay—p+ O 0 10 00 =011
0l 00 100 Ol =010
5-29
5-29 5-2
Pl n x n h n
0 h n 0 1 P1
“ 100" “ 0117 h n h n T n
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xn 1001 P1 h1l + h 4 1010

P1 h1l +h3 ALTERA FLEX LUT
h n 0000 1111 16 4
3 5-30
2 12 1% 1*? 5 47 A
(] @ @] (@) / TR s
16 447 LUT ‘ ‘ 16 4fr LUT ‘
4
4 ﬂ"@ ) r1 6
P2 ® 4 R + y(n)

VA 1 ArsE

5-30
5—30
LUT LUT x n
LUT
LUT = n
FELEX10K filter }74,{ filter con : cont ‘
FIR —P(ﬁlter_shiﬂ : shift_reg ‘
T n b{sﬁlcrm :p_s T ‘
4’( filter coef: sub rom ‘
4’(accumula r : shift_add
Hierarchy Display 5-31 Sl |
5-32 5—-31 FIR
1. filter shift
A/D
PARAMETERS
tap = 3
x wid = 12

SUBDESIGN filter_shift
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> —% shift_reg ‘

(T H)

\_. shift_add

» result
5-32 FIR
clk
clr

xin x wid. .1
s en

y_I{f tap..1 x wid..1

VARIABLE
shifter ff tap..1 x wid..1

BEGIN
shifter ff .clrn = clr
shifter ff .clk = clk
shifter ff .ena = s_en

shifter ff 1 .d = xin
FOR i IN 2 TO tap GENERATE
shifter ff 1 .d = shifter ff i—1

END GENERATE
FOR i1 IN 1 TO tap GENERATE
y ff i = shifter ff i .q
END GENERATE
END
2./
/
/ /
/
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PARAMETERS

width = 12 -

SUBDESIGN p_s

parallel in width. .1 INPUT -
serial out OUTPUT -
clk INPUT

clr INPUT = VCC

load_n INPUT = GND
VARIABLE

reg width. .1 DFF

BEGIN -

reg .clk = clk
reg .clrn = clr
IF load n THEN -
FOR j in 1 TO width GENERATE
reg j .d = parallel_in j
END GENERATE
ELSE
FOR j in 1 TO width—1 GENERATE --
regj .d=regjt+1 .q
END GENERATE
reg width .d = GND

END IF
serial_out = reg 1 .q
END
2 s_term
/ / s_term
INCLUDE "p_s”
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PARAMETERS

in width = 12 -

term_wid = 3 -

SUBDESIGN s _term

clk INPUT

clr INPUT = VCC
data_in term wid..1 in width..1 INPUT

load INPUT = GND
rom_ad term wid. .1 ouTPUT
VARIABLE

regs term wid. . 1 p.s WITH width = in width
BEGIN

regs .clk = clk

regs .clr = clr

regs .load n = load

FOR i IN 1 TO term_wid GENERATE
regs i .parallel_in = data_in i
END GENERATE

rom_ad = regs .serial out

END
3. filter_coef
ROM
INCLUDE “Ipm_rom”

PARAMETERS
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addr wid = 3
coef wid =16

ini_file = “coef. mif”

SUBDESIGN filter_coef

clk INPUT
rom_addr addr wid. .1 INPUT
dataout coef wid. .1 OUTPUT
VARIABLE
rom] lpm_rom

WITH LPM_WIDTH = coef_wid
LPM_WIDTHAD = addr_wid
LPM FILE = ini file
LPM_OUTDATA= "REGISTERED"
BEGIN
roml . inclock = clk

roml . outclock = clk

roml.address = rom addr
dataout = roml.q
END
LPM_ROM coef. mif ASCII
.mif MIF Memory Initialization File RAM ROM
RAM ROM MIF
ROM MIF MIF

16 15
h1 = 0.125 1000H
h 2 = 0.5 2000H
h3 = —0.125 A0O00OH
MIF coef . mif
WIDTH = 16 -
DEPTH =8 -

ADDRESS RADIX = HEX -
DATA_RADIX = HEX -
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CONTENT BEGIN

WIDTH DEPTH

0 0000
1 1000
2 2000
3 3000
4 A000
5 0000
6 1000
7 2000
END
MIF coef. mif
BIN OCT
MIF
4.
3 0011
0011
X 1101
0011
+ 0000
+ 0011
- 0011
11110111
1
0 0
-3 1101 3 0011
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HEX

CONTENT BEGIN  END
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1101
X 0011
1101

11101 -

+ 1101 -
110111

1110111 -

+ 0000 -
1110111

11110111 -

— 0000 -
11110111

INCLUDE “lpm_add_sub”

PARAMETERS
x width =16 -
x_pre = 15 -
y width = 12 -
y pre = 10 -
out_int = 3 --
out_pre = 15 --

pipeline = "YES’

CONSTANT dff num = x_width-x_pre + y width-y_pre + out_pre
CONSTANT out_width = out_int + out_pre

SUBDESIGN accumulator

clk INPUT
clr INPUT = VCC
datain x_width. .1 INPUT
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add_sub INPUT = VCC -

f en INPUT = GND -
a_load INPUT = GND -
dataout out_width. .1 OuUTPUT
VARIABLE
adder Ipm add sub WITH Ipm width = x width+1

lpm_representation = "UNSIGNED”

accum dff num. .1 DFF

IF pipeline = = "YES" GENERATE

flip out width. .1 DFFE

END GENERATE

adder dataa x width+1..1 NODE

adder datab x width+1..1 NODE

adder result x width+1..1 NODE
BEGIN

accum .clk = clk

accum .clm = clr

CASE a load IS
WHEN VCC = >
accum dff num = datain x_width
accum dff num—1..dff numx width = datain
I[F dff numx width—1 > 0 GENERATE
accum dff num-x width—1..1 = GND
END GENERATE
WHEN GND = >
accum dff num. . dff num—x _width .d = adder_result
accum dff num-x width—1..1 .d = accum dff num-x_width. .2

END CASE

adder. add_sub = add_sub

adder datab = datain x width datain
adder dataa x width+1 = accum dff num
adder dataa x_width..1 = accum dff num. .dff num—xwidth+1
adder. dataa = adder dataa
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adder. datab = adder_datab

adder result = adder. result
IF pipeline = = "YES" GENERATE

flip .ck = clk
flip .clrmm = clr
flip .ena = f en

flip .d = accum out_width..1 .q

dataout =flip .q
ELSE GENERATE
dataout = accum out width..1 .q

END GENERATE

END
28 3 15
18
5. filter con
A/D AD END
PARAMETERS
x width = 12 - add sub  flip_en

CONSTANT dff_num = x_width + 6

SUBDESIGN filter con

clk INPUT

clr INPUT = VCC
ad_end INPUT —-A/D
shifter_en OuTPUT -
ps_load OUTPUT -
add_load OuUTPUT -
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add_sub OuUTPUT -

flip_en OUTPUT --
VARIABLE

shift dff num. .1 DFFE

base NODE
BEGIN

shift .clk = clk

shift .clrn = clr

shift 1 .d = ad_end
shift 2 .d = shift 1 .q
base = shift 1 .q & shift 2 .q

shifteren = base —- A/D

shift 3 .d = base
FOR i IN 4 TO dff num GENERATE
shift i .d = shift i—1 .q
END GENERATE
ps_load = shift 3 .q
add load = shift 6 .q

add_sub =  shift 6+x width—1 .q

flip_ en = shift 6 +x width .q
END --

6. filter
x n 12 10
16 15 18
) A .
CORCORLD
5-33 FIR

INCLUDE “filter_con”
INCLUDE filter_shift”
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INCLUDE “p_s”
INCLUDE “s_term”
INCLUDE “accumulator”
INCLUDE “filter coef”

PARAMETERS

tap = 3

x wid = 12 -X 12

x_pre = 10 —X 10

coef wid = 16 - 16

coef pre = 15 - 15

z wid = 18 - Z 18

z_pre = coel_pre - Z 15 2 1

pipeline = "YES’

SUBDESIGN filter

g clk INPUT

clr INPUT = VCC

ad_end INPUT = VCC -A/D
xin x_wid. .1 INPUT -

z z wid. . 1 OuUTPUT --
VARIABLE

cont filter con WITH x width =x_ wid

shift_reg filter shift WITH tap = tap

x wid =x_wid

psc s term WITH in width =x wid
term_wid = tap
rom_coef filter coef WITH addr wid = tap
coef wid = coef wid
ini_file = “coef. mif”
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shift_add accumulator WITH x width = coef wid — —

x pre = coef pre — — — —

y width =x wild - — —

y_pre = x_pre — — — — —

pipeline = "YES”

out int = z wid — z pre

out_pre = z pre — — — —

clk  node

BEGIN

clk = global g clk
cont.clk = clk
cont.clr = clr

cont.ad end = ad end

shift_reg.clk = clk
shift reg.clr = clr
shift_reg. xin = xin

shift reg.s en = cont. shifter en

p_s_c.clk = clk
psc.clr = clr
p_s c.load = cont. ps_load

p_s c.data in = shift reg.y ff

rom_coef. clk = clk

rom_coef. rom_addr = p_s_c.rom ad

shift_add.clk = clk

shift_add.clr = clr

shift add.a load = cont. add_load
shift_add. add sub = cont.add _sub
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shift add.f en = cont.flip en
shift_add. datain

z = shift_add. dataout

END

filter_shift

Y_FF[TAP..1][X_WID..1]

XIN[12.. 1] | XIN[X_WID..1]

CLK
CLK
S_EN

rom coef. dataout

s_term

DATA_IN[TAP..1][X_WID..1]

LOAD
CLK

CIR ROM_ADD[TERM_WILD..1]

]

filter_coef

CLK DATAOUT[COEF_WILD..1]

ROM_ADDR[ADDR_WILD..1]

filter_con
SHIFTER_EN
OR - CLR PS_LOAD)
GLOBA B
CLK — cL
L FLIP_EN
ADEN — KD EN 0 i6a
D D pADD_SU
B

ROM RAM

5.4

FLEX10K

accumulator
DATA_IN[TAP..1][X_WID..1]
CLR
CLK DATAOUT  fummm— DATAOUT[18..1]
F_EN [(OUT_INT+OUT_PRE)..1]
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PARAMETERS

SN SR
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ni_

Filter coef

file RAM

# | ram address

LPM_RAM_DQ

ram_data_out

# ram_we

1l 3k R SO B R

ram_data_in

5—47 Filter_coef

blind_equalizer. tdf
filter. tdf
filter shift. tdf
p_s. tdf
s term. tdf
filter _coef. tdf
accumulator. tdf
filter_add. tdf
filter con. tdf
err. tdf
err_decision. tdf
err_bk _rom
err mult. tdf
err_con. tdf
adjust. tdf
adjust_mult. tdf

adjust_con. tdf

AHDL

addr wid

. tdf
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x fi1[]

x_main][ ]
errf ]

x_f1[]

adjust_mult

—

—

clr

clk

xin[ [ ]

fzn[] data[ ]
psl

acc_1

add_sub

flip_en

and_x

select[ ]

adjust_mult

—

clr

clk

xin[ ][]

fzn[] dataf J
) s_1

acc_1

add_sub

flip_en.

and_x

select] |

—

adjust_mult

/

adjust_con

psl
acc_1
add_sub
main_p_s

IE

main_acc

main_add_sub

flip_en

and_x
select x[ ]

clr

clk

xin[ ][]

fzn[] datal ]
) s_1

acc 1

add_sub

flip_en

and x

select[ ]

- ) ram_data[ ][ ]

ram_w_r

&L Jram w_r

main_w_r

< 31 main_w_r

address|[ ]

&< ¥ address[ |
<} sel_add

sel_add

T
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17

blind equalizer. tdf

INCLUDE “filter. inc”

INCLUDE “err. in¢”

INCLUDE “adjust. inc”

PARAMETERS

tap = 7

term =

pulse = 2

x wid = 12
x_pre = 10
main_coef wid =17
coef wid = 16
coef pre = 15

z wid = 18

z pre = coef pre
err wid = 17
err pre = 15
fzn wid =9

17 15
16 15

18 15

17 15

CONSTANT an wid = LOG2 pulse + 1

SUBDESIGN blind_equalizer

clk

clr

ad_end

xin x_wid. .1

out an wid. .1

INPUT

INPUT = VCC
INPUT = GND
INPUT
OuUTPUT



VARIABLE
part_i filter WITH tap = tap
term = term
pulse = pulse
x wid = x_wid
X_pre = Xx_pre
main_coef wid = main_coef wid
coef wid = coef wid
coef pre = coef pre
z wid = z_wid
z_pre = z_pre
part ii err WITH pulse = pulse
zn_wid = z_wid
zn_pre = z_pre
err wid = err wid
err_pre = err_pre
f zn wid = { zn wid
part iii  adjust WITH  coef wid = coef wid
coef pre = coef pre
tap = tap
term = term
x wid = x_wid
X_pre = X_pre
pulse = pulse
f zn wid = { zn_wid

g_clk NODE

BEGIN
g clk = global clk

part i.clk = g clk
part_i.clr = clr

part_i.ad _end = ad_end

part_i. xin = xin
part_i.a = part_ii.a
part_i. data = part_iii. ram_data

part_i.ram_w_r = part_iii. ram_w_r

part_i.main_w_r = part_iii. main_w_r
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part_i. address = part_iii. address

part i.select = part iii. select

part ii.clk = g clk

part_ii.clr = clr

part ii.z end = part i.filter end
fz = part_i.z

part_ii.z = part_i.z

part iii.clk = g clk
part_iii.clr = clr
part_iii.f end = part_ii.f end

part iii.f clr = part ii.f clr

part_iii. err = part_ii.f_zn
part iii.x ff = part i.x ff
part_iii. X_main = part_i.x_main
part_iii. x_bf = part_i.x bf
out = part_ii.a
END

filter. tdf

INCLUDE “filter con”
INCLUDE filter_shift”
INCLUDE p s
INCLUDE “s_term”
INCLUDE “accumulator”
INCLUDE filter add”
INCLUDE “filter coef”

PARAMETERS

tap = 7
term = 3
pulse = 2

x wid = 12



x_pre = 10 e 12 10

main_coef wid =17 17

coef wid = 16 17 16
coef_pre = 15

z wid = 18 z 18 15

z_pre = coef pre

CONSTANT ram num = ceil tap div term RAM 3
CONSTANT ff num = ram num—1 div?2 RAM
CONSTANT bf num = ff num RAM
CONSTANT an wid = LOG2 pulse + 1

CONSTANT x_num = floor tap | 2 sub_taps term

adjust 7 term
SUBDESIGN filter

clk INPUT
clr INPUT = VCC
ad_end INPUT = VCC A/D
xin x_wid. .1 INPUT
a an_wid. .1 INPUT = GND err_
decision
z 7z wid. . 1 ouTpPUT
filter _end OuTPUT
err
adjust_mult
x ff x num..1 x wid..1 OUTPUT
x_main x_wid. .1 OuUTPUT
x bf x num..1 an wid..1 OUTPUT

data ram_num..1 coef wid. .1 INPUT ram
adjust_mult
ff_taps bf _taps
main_tap
adjust_con
filter _coef
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ram w_r INPUT RAM

main w_r INPUT main_ram
main_ram
ram_w_r

1 address

select
address term. .1 INPUT RAM
select INPUT address s_term. ram

~ad

VARIABLE

cont filter con WITH x width = x wid

an wid = an_wid

shift reg filter shift WITH tap = tap
x wid = x_wid
a wid = an wid

term = term

p_s ff ff num. .1 s_term WITH in width = x_wid

term_wid = term

p_s bf bf num. .1 s term WITH in width = an_wid

term_wid = term

- RAM 0

sub_ram ff ff num. .1 filter coef WITH addr wid = term
coef wid = coef wid
ini_file = "zero. mif”

sub_ram_bf bf num. .1 filter_coef WITH addr wid = term
coef wid = coef wid

ini_file = "zero. mif”

RAM 1 1.4
main_ram filter coef WITH addr wid = 1
coef wid = main coef wid

ini_file = "VCC. mif”
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main p s s term WITH in width = x wid

term_wid = 1

RAM
shift add ff num. .1 accumulator WITH x_width = coef wid
x_pre = coef_pre
y width = x wid
y_pre = x_pre 1
out_int = z wid
out_pre = z_pre
pipeline = "YES’

RAM

acc_bf bf num. .1 accumulator WITH x width = coef wid
x_pre = coef pre
y_width = an_wid
y pre = 0
out_int = z wid — z pre
out_pre = z_pre
pipeline = "YES’

RAM

main_tap acc accumulator WITH x width = main coef wid
x_pre = coef_pre

y width = x wid

y_pre = X_pre

out_int = z wid — z pre

out_pre = z pre

pipeline = "YES’

total filter add WITH tap = tap
term = term
width = z_wid
pipeline = "YES’
filter z z wid..1 NODE

BEGIN
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cont. clk = clk

shift reg.clk = clk
psff .ck = ck
p.s bf .ck = clk
shift add .clk = clk
main_tap_acc.clk = clk
acc bf .clk = clk
sub_ ram ff .clk = clk
sub_ ram bf .clk = clk
main ram.clk = clk

main p s.clk = clk

total. clk = clk

cont.clr = clr

shift reg.clr = clr
ps ff  .clr = clr
psbf .cr = clr
shift add .clr = clr

main_tap acc.clr = clr

acc bf .clr = clr
sub ram ff .clr = clr
sub_ram bf .clr = clr

main ram.clr = clr
main p s.clr = clr

total. clr = clr

filter_con
cont.ad end = ad_end
shift reg
shift_reg. xin = xin
shift reg.a = a

shift_reg.s en = cont. shifter en

S_term
p.s ff .load = cont.ps load
FOR i IN 1 TO ff_num GENERATE
FOR j IN 1 TO term GENERATE
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p.s ff i .data in j = shift reg.y ff 1 — 1 * term + ]
END GENERATE
END GENERATE
S term
p.s bf .load = cont.ps load
FOR i IN 1 TO bf_num GENERATE
FOR j IN 1 TO term GENERATE

p.s bf i .data in j = shift reg.y bf 1 — 1 * term + j
END GENERATE
END GENERATE
main_p s.data in 1 = shift reg.y main

main_p_s. load = cont. ps_load

RAM
FOR i IN 1 TO ff num GENERATE
sub_ram ff i .data = data i
END GENERATE
sub ram ff .ram wr = ram w r
sub_ ram ff .w_addr = address
sub_ ram ff  .select = select
FOR i IN 1 TO ff_num GENERATE
sub_ram ff i .ram_addr = p.s ff i .ram ad
END GENERATE

RAM
FOR i IN 1 TO bf_num GENERATE
sub_ram bf i .data = data i + bf num
END GENERATE
sub ram bf .ram w r = ram w_r
sub_ram bf .w_addr = address
sub_ram bf .select = select
FOR i IN 1 TO bf_num GENERATE
sub_ram bf i .ram_addr = ps bf i .ram ad
END GENERATE

RAM
RAM ram_addr  select w_addr 1
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main_ram.data 17 = data ram num 16
main_ram.data 16..1 = data ram num
main_ram.ram w_r = main w_r

main_ram. ram_addr = main_p_s.ram_ad

main ram. select = select

RAM  RAM

RAM
shift add .a load = cont. add load
shift add .add sub = cont. add sub
shift add .f en = cont.flip en
FOR i IN 1 TO ff_num GENERATE
shift add 1 .datain = sub_ram ff i .ram_out

END GENERATE

RAM
main_tap acc.add sub = cont.add sub
main_tap_acc.{_en = cont. flip_en
main_tap acc.a load = cont. add load

main_tap acc. datain = main_ram. ram_out

RAM
acc_ bf .add sub = cont.bf add sub
acc. bf .f en = cont.bf flip_en
acc_ bf .a load = cont.add load
FOR i IN 1 TO bf_num GENERATE
acc_bf 1 .datain = sub_ram bf i .ram out

END GENERATE

total. last_en = cont. adds_en

accumulator
FOR i IN 1 TO ff_num GENERATE
total. xin 1 = shift add i .dataout
END GENERATE



total. xin ff num + 1 = main_tap _acc. dataout

accumulator

FOR i IN 1 TO bf_num GENERATE
total. xin 1 + ff num + 1 = acc_bf 1 .dataout
END GENERATE
x ff = shift reg.y ff
X_main = shift_reg.y main
x_bf = shift reg.y bf

Z filter_end
filter z = total. add out
z = filter z

filter end = cont. adds en

END
filter_shift
PARAMETERS
tap = 7
x wid = 12
a wid = 2
term = 3

CONSTANT ff tap = ceil tap div2
CONSTANT  bf_tap = floor tap div 2
CONSTANT main tap = ceil tap div 2

SUBDESIGN filter_shift

clk INPUT
clr INPUT = VCC
xin x_wid. . 1 INPUT
a a_wid. .1 INPUT = GND
s_en INPUT = GND
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yff fftap—1..1 xwid..1 OUTPUT

y main x wid. .1 ouTrPUT

y bf bf tap..1 a wid. .1 OUTPUT

VARIABLE

shifter ff ff tap..1 x wid..1 DFFE
shifter bf bf tap..1 a wid..1 DFFE
BEGIN

shifter ff .clrn = clr

shifter ff .clk = clk

shifter ff .ena = s_en

shifter ff 1 .d = xin

FOR i IN 2 TO ff tap GENERATE
shifter ff 1 .d = shifter ff Ii — 1 .q
END GENERATE

shifter bf .clrn = clr
shifter bf .clk = clk
shifter bf .ena = s_en

shifter bf 1 .d=a

FOR i IN 2 TO bf_tap GENERATE
shifter bf 1 .d = shifter bf 1 — 1 .q
END GENERATE

y_main = shifter_ff main_tap .q
FORiIN 1 TO ff tap — 1 GENERATE
y ff i = shifter_ff i .q

END GENERATE

FOR i IN 1 TO bf_tap GENERATE

y_bf i = shifter_bf i .q
END GENERATE
END



p_s. tdf
PARAMETERS

width = 12

SUBDESIGN p_s

parallel in width. .1 INPUT

serial_out OUTPUT

clk INPUT

clr INPUT = VCC
load_n INPUT = GND
VARIABLE

reg width. .1 DFF

BEGIN

reg .clk = ck

reg .clm = clr

IF load_n THEN

FOR j in 1 TO width GENERATE
reg j .d = parallel_in j

END GENERATE

ELSE

FOR j in 1 TO width — 1 GENERATE
regj .d=regj+ 1 .q

END GENERATE

reg width .d = GND

END IF

serial_out = reg 1 .q

END

s_term. tdf
INCLUDE "p s
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PARAMETERS

in_width = 12

term_wid = 3

SUBDESIGN s term

clk INPUT

clr INPUT = VCC
data_in term_wid..1 in width..1 INPUT

load INPUT = GND
ram_ad term wid. .1 oOuTPUT
VARIABLE

regs term wid. .1 p s WITH width = in width

BEGIN
regs .clk = clk
regs .clr = clr
regs .load n = load
FOR i IN 1 TO term_wid GENERATE
regs i .parallel in = data_in i
END GENERATE
ram_ad = regs .serial out
END
6 B filter coef. tdf

INCLUDE “lpm_add_sub”
INCLUDE “lpm_ram_dq"
INCLUDE “busmux”

PARAMETERS

addr wid =3
coef wid = 16
ini_file = “coef. mif”
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SUBDESIGN filter_coef

clk INPUT
clr INPUT = VCC
ram w_r INPUT = VCC B
con
ram_addr addr wid..1 INPUT = GND p_s
w_addr addr wid. .1 INPUT = GND
con
data coef wid. .1 INPUT = GND B
mult

select

INPUT = GND

con

ram_out coef wid. .1 OUTPUT
addre addr wid. .1 OuUTPUT
VARIABLE

1 main_ram busmux

IF addr wid > 1 GENERATE
addr mux
END GENERATE

myram Ipm ram dq WITH

adder

busmux WITH WIDTH = addr wid

LPM _WIDTH = coel_wid
LPM_WIDTHAD = addr_wid
LPM_NUMWORDS = 2-addr_wid
LPM_FILE = ini_file

LPM_OUTDATA = "UNREGISTERED"

lpm_add sub WITH LPM WIDTH = coef wid

LPM_DIRECTION = "SUB’
LPM _PIPELINE = 1

res coef wid. .1 NODE
address addr wid. . 1 NODE
BEGIN

addr mux

IF addr_wid > 1 GENERATE

addr mux. dataa

= ram_addr

adjust

adjust_

adjust

adjust_
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addr_mux. datab = w_addr
addr mux. sel = select

address = addr_mux. result

ELSE GENERATE

address = select # ram_addr

END GENERATE

addre = address

myram.we = ram_w_r
myram. inclock = clk
myram. address = address

res = myram.q

CLK
adder. clock = clk
adder.aclr =  cIr
adder. datab = data
adder. dataa = myram.q
myram.data = adder. result

ram_out = res

END

accumulator. tdf
INCLUDE “Ipm_add_sub”
PARAMETERS

x width =16
x_pre = 15
y_width = 12

y pre = 10
out_int = 3
out_pre = 15
pipeline = "YES’

CONSTANT dff num = x width — x pre + y width — y pre

1

+ out_pre



CONSTANT out_width = out_int + out_pre

SUBDESIGN accumulator

clk INPUT
clr INPUT = VCC
datain x_width. .1 INPUT
add_sub INPUT = VCC
f en INPUT = GND
a_load INPUT = GND

dataout out width. .1 OUTPUT

VARIABLE
adder lpm_add sub WITH Ilpm width = x width + 1
lpm_representation = "UNSIGNED”

accum dff num. .1 DFF

IF pipeline = = "YES" GENERATE
flip out_width..1 DFFE
END GENERATE

adder dataa x width + 1..1 NODE
adder datab x width + 1..1 NODE
adder _result x width + 1..1 NODE

BEGIN
accum .clk = clk
accum .clrn = clr

CASE a load IS

WHEN VCC = >

accum dff num = datain x_width

accum dff num — 1..dff num — x width = datain
IF dff num — x width — 1 > 0 GENERATE

accum dff num — x width — 1..1 = GND
END GENERATE

WHEN GND = >

accum dff num. .dff num — x width .d = adder result

accum dff num — x width — 1..1 .d = accum dff num — x width..2
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END CASE

adder. add_sub = add_sub

adder_datab = datain x width datain

adder _dataa x width + 1 = accum dff num

adder dataa x width..1 = accum dff num. .dff num — x width + 1
adder. dataa = adder dataa

adder. datab = adder_datab

adder result = adder result

IF pipeline = = "YES" GENERATE

flip .ck = clk
flip .clrn = clr

flip .ena = f en
flip .d = accum out_width..1 .q dff num out_width
dataout =flip .q
ELSE GENERATE
dataout = accum out width..1 .q
END GENERATE
END
8 B filter_add. tdf

SUBDESIGN filter add

clk INPUT

clr INPUT = VCC

last_en INPUT = GND

xin input_num. .1 width..1 INPUT

add_out width. .1 ouTPUT

VARIABLE

addtree adder num. .1 lpm add sub WITH Ipm width = width
lpm_representation = “signed”
lpm_direction = “add”

IF pipeline = = "YES” GENERATE

flip width..1 ~ DFFE
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END GENERATE

BEGIN

IF pipeline = = "YES” GENERATE
flip .ck = clk

flip .clrn = clr

flip .ena = last en

END GENERATE

addtree 1 .dataa = xin 1

addtree 1 .datab = xin 2

FOR i IN 2 TO adder num GENERATE
addtree i1 .dataa = addtree i — 1 .result
addtree 1 .datab =xini+ 1

END GENERATE

IF pipeline = = "YES” GENERATE
flip .d = addtree adder num . result
add_out =flip .q

ELSE GENERATE

add_out = addtree adder num . result
END GENERATE

END

filter_con

PARAMETERS

x _width = 12 add_sub
an wid = 2

CONSTANT dff num = x width + 6

SUBDESIGN filter_con

clk INPUT

clr INPUT = VCC
ad_end INPUT A/D
shifter_en OUTPUT
ps_load OuTPUT

flip_en
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add_load OuUTPUT
add sub OUTPUT

flip en OuTPUT
adds_en OuUTPUT z
bf add sub OUTPUT RAM
bf flip_en OUTPUT RAMa
VARIABLE
shift dff num..1 DFF
base NODE
BEGIN
shift .clk = clk
shift .clrn = clr
A/D

shift 1 .d = ad_end
shift 2 .d = shift 1 .q
base = shift 1 .q & shift 2 .q

shifter en = base

shift 3 .d = base

FOR i IN 4 TO dff num GENERATE —
shift i .d = shifti — 1 .q
END GENERATE

ps_load = shift 3 .q
RAM
add_load = shift 5 .q
add sub = shift 5 + x width — 1 .q
flip_en = shift 5 + x_width .q
adds en = shift 6 + x width .q

bf add sub = shift 5 + an wid — 1 .q
bf flip en = shift 5 + an wid .q
END
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err. tdf

INCLUDE “p_s”
INCLUDE “s_term”
INCLUDE “accumulator”
INCLUDE “err bk rom”
INCLUDE “err mult”
INCLUDE “err_decision”
INCLUDE “err_con”

PARAMETERS

pulse = 2

zn_wid = 18

zn_pre = 15 18
err wid = 17

err_ pre = 15 17
fzn wid =9

CONSTANT an wid = LOG2 pulse + 1

SUBDESIGN err

clk INPUT
clr INPUT = VCC
z_end INPUT = GND
z zn_wid. . 1 INPUT
fznfzn wid..1 OUTPUT

err
a an_wid. .1 ouTPUT
f end OUTPUT
f_clr OuUTPUT
VARIABLE

cont err con WITH err wid = err wid

decision err decision WITH pulse = pulse

15

15

18
b * kl % err + b ¥ k2 % err *
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z wid = zn_wid
7z pre = zn pre
err wid = err_wid
err_pre = err_pre
mult err mult WITH err wid = err wid
err_pre = err_pre

ferr f zn wid..1 NODE

BEGIN

decision. z =z

cont.clk = clk
cont.clr = clr

cont.z_ end = z_end

mult. clk = clk

mult. clr = clr

mult.p_s loadl = cont.p_s loadl
mult. p s load2 = cont.p s load2
mult. acc_loadl = cont. acc_loadl
mult. acc load2 = cont. acc load2
mult. add_subl = cont. add_subl

mult. add sub2 = cont.add sub2

mult. flip en = cont.flip_en

mult. err = decision. err

f clr = cont.f clr

f end = cont.flip_en

a = decision. a
f err = mult.f zn
f zn = { err
END
11 B err_decision. tdf
PARAMETERS
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pulse = 2

z wid = 18
z pre = 15
err wid = 17

err_ pre = 15

CONSTANT an wid = LOG2 pulse + 1 2
CONSTANT z int = z wid — z pre
CONSTANT err_int = err wid — err_pre

SUBDESIGN err_decision

z z wid. . 1 INPUT
err err wid. .1 oOuTrPUT
a an wid. .1 OUTPUT
VARIABLE

decision err int. .1 NODE

zn_int z int..1 NODE

z float z pre..1 NODE

BEGIN

zn_int =zzwid..zpre + 1 zn TABLE
z_float =zzpre..1 zn

TABLE

zn_int = decision

0 = 3

1 = 0

2 => 1

3 => 2

4 = 1

5 = 2

6 = 3

7 => 0

END TABLE
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err err wid. .err pre + 1 = decision 2..1

err err_pre..1 = z float z pre..z pre — err_pre + 1
a2 = znint z wid — z pre

al = VCC

END

N err bk rom. tdf
PARAMETERS

bkl = 14 — —01 0100
bk2 = 4 - —00 0100

rom_data of b* kl and b * k2
0.0006 =0.000 0000 0001 0100
0.00012=0.000 0000 0000 0100

b*kl bx*k2 ROM
rom
0 -—->0 — — 000000
b * k2 - —2>0.00012 — — 000100
b * ki - —>0.0006 — —010100
b* kl+k2 - —>0.00072 — - 011000
CONSTANT bk wid = 6 5

SUBDESIGN err bk rom

data in 2..1 INPUT
rom_out bk wid. .1 OuUTPUT
BEGIN

rom out 1 = gnd

rom out 2 = gnd

romout 3 = datain 1 $ data in 2
rom out 4 = data in 1 & data_in 2



rom out 5 = data_in 2

rom out 6 = gnd

END

13 _ err_mult. tdf
INCLUDE “p_s”
INCLUDE s term”
INCLUDE “accumulator”
INCLUDE “err_bk_rom”

PARAMETERS
err_decision

err wid = 17

err pre = 15 err_decision

CONSTANT err pow wid = 18

CONSTANT err_pow_pre = 15

CONSTANT shift_bits = 10 10
CONSTANT bk_wid = 6 5

CONSTANT bk pre = 5

CONSTANT zn wid = bk wid + err pow wid — err pow pre
CONSTANT zn _pre = bk pre

SUBDESIGN err mult

clk INPUT

clr INPUT = VCC

p s loadl p s load2 INPUT = GND

acc_loadl acc_load2 INPUT = GND

add_subl add sub2 INPUT = VCC

flip_en INPUT = GND

err err wid. .1 INPUT err_ decision
f zn zn wid. . 1 OUTPUT

VARIABLE

p_sl s term WITH in width = err wid

term wid = 1
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accumull  accumulator WITH x width = err wid
X _pre = err pre
y width = err wid
y_pre = err pre
out_int = err pow_wid — err_pow_pre
out_pre = err_pow_pre

pipeline = "NO”

accumul2  accumulator WITH x width = bk_wid
x_pre = bk_pre
y width = err pow_ wid
y_pre = err_pow_pre
out_int = zn wid — zn_pre
out_pre = bk pre
pipeline = "YES’

bk rom err bk rom WITH bkl 14
bk2 = 4
p.s2 s term WITH in width = err pow wid

term_wid = 2
accul_in err_wid..1 NODE
BEGIN
p_sl.clk = clk

psl.clr = clr
P sl.load = p_s loadl

p_sl.data in = err
accul in = p_sl.ram_ad & err
accumull. datain = accul _in

accumull. clk = clk
accumull . clr = clr

accumull. a_load = acc_loadl
accumull . add_sub = add_subl
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p s2.clk = clk

p.s2.clr = clr

p s2.load = p_ s load2

p_s2.data_in 1 = accumull . dataout

p s2.data in 2 err pow wid = err err wid

p_s2.data_in 2 err pow wid — 1..1 = err
bk rom

bk rom. data_in = p_s2.ram ad

accumul2. datain = bk rom.rom_ out

accumul2. clk = clk
accumul2. clr = clr

accumul2. a_load = acc_load2
accumul2. add_sub = add_sub2
accumul2.f en = flip_en

f zn = accumul2. dataout

END

14 B err con. tdf

PARAMETERS

err wid = 17 17

CONSTANT dff num = 2 * err wid + 4

SUBDESIGN err con

clk INPUT
clr INPUT = VCC
z_end INPUT = GND

p_s_loadl OUTPUT
p_s load2 OuTPUT
acc_loadl OUTPUT
acc_load2 OuUTPUT
add_subl OUTPUT
add_sub2 OUTPUT

15
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flip_en OUTPUT
f clr OUTPUT

VARIABLE
shift dff num. .1 DFF

BEGIN
shift  .clk = clk
shift .clm = clr
z_end
shift 1 .d = z end
FOR i IN 2 TO dff num GENERATE
shift i .d = shift i — 1 .q
END GENERATE
p_s_loadl = shift 1 .q
acc loadl = shift 2 .q
add subl =  shift err wid + 1 .q

p_s_load2 = shift err wid + 2 .q

acc_load2 = shift err wid + 3 .q

add sub2 = shift 2 * err wid + 1 + 1 .q
felr = add sub2

flip_en = shift dff num .q

END

15 adjust. tdf

INCLUDE "adjust_con”
INCLUDE “adjust_mult”

PARAMETERS

coef wid = 16

coef pre = 15

tap = 7

term = 3

x wid = 12

x pre = 10
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pulse = 2
fzn wid =9

an

CONSTANT coun = ceil log2 term
CONSTANT number = 2°coun

CONSTANT ram num = ceil tap div term
CONSTANT ff num = ram num — 1 div2

CONSTANT bf num = ff num
CONSTANT an wid = LOG2 pulse

CONSTANT x num = floor

SUBDESIGN adjust

f clr

f end

clr

clk

x ff x num. .1

X main x wid. .1
x_bf x num. .1

err f zn wid. .1

ram_data ram_num. . 1

ram w_r
main_w_r
address term. .1

select

VARIABLE

control

mult ff ff num. .1

tap |

x wid. . 1

an_wid. . 1

coef wid. .1

RAM

+ 1
2

INPUT

INPUT

INPUT = VCC

INPUT

INPUT

INPUT

INPUT

INPUT

OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT

RAM

RAM

adjust con WITH err wid = coef wid

term = term

adjust mult WITH x wid = x wid

X_pre = x_pre

term = term

coef wid = coef wid

coef pre = coef pre

RAM

err

sub_ram

err

err

filter
filter
filter

err
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f zn wid = { zn wid
mult bf bf num. .1 adjust mult WITH x wid = x wid
X_pre = Xx_pre
term = term
coef wid = coef wid
coef_pre = coef_pre
f zn wid = { zn_wid
mult main  adjust mult WITH x wid = x wid
X_pre = x_pre
term = 1
coef wid = coef wid
coef pre = coef pre

f zn wid = f zn_wid

xff x num..1 x wid..1 NODE
xmain x_wid. .1 NODE
xbf x num..1 an wid..1 NODE

BEGIN

xff = x ff
Xmain = X main
xbf = x_bf

_ adjust_con
control. clk = clk

control. clr = clr

control.f end = { end

control.f clr = { clr

RAM
mult ff .clk = clk
mult ff .clr = clr
mult ff . select = control. select_x

mult ff .p_s 1= control.p s |

mult ff .acc | = control. acc_
mult ff .add_sub = control. add_sub
mult ff .and x = control.and x

mult ff . f zn = err

FOR i IN 1 TO ff_ num GENERATE



mult ff 1 .xin =xff I ¥ term.. 1 — 1

END GENERATE

RAM
mult bf .ck = clk
mult bf .clr = clr

mult bf . select = control. select x

mult bf .p s 1 = control.p s |

mult bf .acc | = control.acc_ 1
mult bf .add _sub = control. add_sub
mult bf .and x = control.and x
mult bf . f zn = err

FOR i IN 1 TO bf_num GENERATE

mult bf 1 .xin x wid..x wid — an wid + 1

mult bf 1 .xin x wid — an wid..1 = GND
END GENERATE

RAM
mult main. clk = clk
mult_main.clr = clr
mult main.p s 1 = control. main p s
mult_main. acc_1 = control. main_acc
mult main. add sub = control. main add sub
mult main. flip en = control. flip_en
mult main.f zn = err

mult_main. xin = xmain

ram_data ram_num = mult main. data
FOR i IN 1 TO bf_num GENERATE
ram_data i + bf num = mult bf 1 .data
ram_data 1 = mult ff 1 .data

END GENERATE

ram w r = control.ram w r

main_ w_r = control. main w_r

address = control. address

select = control. sel addr

END

* term + 1

= xbf i * term ..

%

term + 1

10

0

i—1
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_ adjut_mult. tdf
INCLUDE "LPM_MUX"
INCLUDE “s_term”
INCLUDE “accumulator”

PARAMETERS

x wid = 12
x pre = 10
term = 3

coef wid = 16
coef pre = 15

fzn wid =9 err 9

CONSTANT err wid = coef wid fzn9
CONSTANT err pre = coef pre

CONSTANT ¢ = ceil log2 term

CONSTANT coun = ¢>1 ¢ 1
CONSTANT number = 2°coun

SUBDESIGN adjust mult

clk INPUT
clr INPUT = VCC
xin term..1 x wid..1 INPUT
select coun. .1 INPUT = GND Xin

h2 h3
psl INPUT = GND RAM
acc | INPUT RAM
add_sub INPUT RAM
flip_en INPUT = GND RAM
and_x INPUT = GND and_x
fzn { zn wid. .1 INPUT
data coef wid. .1 OUTPUT

filter

16

err

hl

ram



VARIABLE
p.tos s term WITH in width = err wid
term_wid = 1
accumul accumulator WITH x width = x wid
X_pre = x_pre
y_width = err wid
y_pre = err_pre
out_int = coef_wid — coef_pre
out_pre = coef pre
pipeline = “Yes”
sub_ram 3 hl h2 h3 main_ram
Ipm_mux
IF term > 1 GENERATE
mux2 Ipm_mux WITH Ipm_width = x_wid
lpm size = number
Ipm_widths = coun

END GENERATE

BEGIN

[F term > 1 GENERATE

mux2.sel = select

mux2. data 0 = GND

mux2. data number — 1..1 = xin

accumul. datain = mux?2. result & p_to s.ram ad
ELSE GENERATE RAM
accumul. datain = xin & p_to_s.ram ad

END GENERATE

S_term
p to s.clk = clk
p_to s.clr = clr
p to s.load = p s |
f zn
p_to_s.data in fzn wid..1 = { zn
p_to_s.data_in err wid. .f zn widt1l =fznfzm wid {2z
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accumul. clk = clk
accumul. clr = clr
accumul. a_load = acc_|

accumul. add_sub = add sub

IF term > 1 GENERATE
accumul.f en = p s 1
ELSE GENERATE RAM

accumul. f_en = flip_en

END GENERATE

[F term > 1 GENERATE

data = accumul. dataout & and_x
ELSE GENERATE RAM

data = accumul. dataout

END GENERATE

END

INCLUDE “LPM_COUNTER”
INCLUDE "MUX"

PARAMETERS
err wid = 16

term = 3

CONSTANT coun = ceil log2 term
CONSTANT number = 2°coun
CONSTANT dff num = err wid + 1
CONSTANT addr wid = term

SUBDESIGN adjust_con

f clr INPUT
f end INPUT



clr INPUT = VCC

clk INPUT
p_s | OUTPUT
acc_| ouTPUT
add_sub OUTPUT
RAM
main_p_s OuTprPUT
main_acc ouTPUT
main_add_sub ouTPUT
flip_en ouTPUT
RAM
select x coun. .1 OUTPUT
and_x OuUTPUT AND CHANG
_RAM
RAM
ram w_r OUTPUT RAM
main w_r ouTprPUT RAM
address addr wid. . 1 ouTrPUT 0o 7
sel_addr OUTPUT RAM
1 0
hl h2 h3 1
0
VARIABLE
shifters dff num. .1 DFFE RAM
main_shift dff num + 2..1 DFF RAM

countl Ipm counter WITH Ipm width = coun + 1
lpm_direction = “up”
count2 Ipm counter WITH Ipm width = number

Ipm_direction = "up”

muxl mux WITH WIDTH = number
WIDTHS = coun
ff DFFE
countl en NODE
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write_ sub  NODE
write main NODE

BEGIN

p_s
shifters .clk = clk
shifters .clrm = clr & f clr
main_shift .clk = clk
main_shift .clrmm = clr & f clr

shifters .ena = countl en

shifters 1 .d = f end # add sub
FOR i IN 2 TO dff_ num GENERATE
shifters i .d = shifters i — 1 .q
END GENERATE

p_s_1 = shifters 1 .q

acc | = shifters 2 .q

add sub =  shifters dff num .q

main_shift 1 .d = { end

FOR i IN 2 TO dff num + 2 GENERATE
main_shift i .d = main shift i — 1 .q
END GENERATE

main_p_s = main_shift 1 .q

main_acc = main_shift 2 .q
main_add_sub =  main_shift dff num .q
write_ main = main_shift dff num + 2 .q
main w_r = write main

flip_ en = main_shift dff num + 1 .q

countl. clock = clk
countl.aclr = clr & f clr
countl.cnt en = p s |

select x = countl.q 1..0

countl en = countl.q == b"101"

countl.clk en = countl en



count2.clock = clk

count2.aclr = p s 1

ff.clk = clk

ff.elln = clr &  foclr
ff.ena = add_sub
ff.d = VCC
count2.clk_en = ff.q

sel_addr = ff.q & countl_en

FOR i IN 1 TO term GENERATE

address i = count2.q i

END GENERATE

muxl.sel = select_x

muxl.datal = GND

muxl.data2 = count2.q 3
muxl.data3 = count2.q 2
muxl.data) = count2.q 1

write sub = count2.q 0 & countl en
ram w r = write sub

and_x = muxl. result

END
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