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ABSTRACT

This thesis present the designing process and the microprocessor model which its
architecture inside is the 8 bits microprocessor which can perform 16 instructions. It can refer to
the memory positions for 4 modes of work that are the reference of Direct Addressing position,
the reference of Indirect Addressing position, the reference of memory by using register
instructions and the reference of memory by using Immediate Constant. In the designing process;
i’s used Top-down design and it used VHDL language to write the program, it used Xilinx
Foundation program for modeling the program of the Xilinx company. It was detected and

synthesized on the FPGA instrument no. XC4010E to check its working process.
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tr@ninmmsihanwazdSinannumuutuseuna (Gate) g aunsozdmuailaisu
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niliian1seenniadudiaanudue1ss (NRE : Nonrecurring Engineering Cost) 24 11/878
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AND
H1
F4—| l
LOGIC DI
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Fi—| [)
K(CLOCK) 2
31 2.8 flvasesmeluves CLB ved FPGA aszga XC4000
2)IOB

t a 1T @ ' Ja o {
fludiufadefuisesnisuenves LCA adrnandauvesginsaidunaserdyad
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Yo a)// v @ o
aunsaldsunsuliiinnsseAuduanaifivea (TTL) uavdueamsalaa (CMOS Trade

o

Hold) 84 10B uanzdaiifallasdl (Flip-flop) annsalfiflusivilesdmsudunarerdwa

Slew Passive
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N Control Pull-Down
iz} i
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[DO B L
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i / —|CE Output L
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Clock L L Flip-Flop
4 <
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M Input
N Flip-Flop Buffer __l
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Clock
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311 2.9 A¥2995999 T0B 18l FPGA aszna XC4000

a 4 G
3) aUMB IR UIUA (Interconnect)

- ’ Y o .{:3 (5 1% v
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vegmeluddrsiunsezaiuguninfendessniganesgameluflmioununaeusd
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U 2.10 FumensiFendesznine 10B Uag CLB 483 FPGA A32a XC4000

2.3.2 m3lilsunsa FPGA aszna XC4000
fio nszuIums luns Tnaadeyalulisunsu 'l Lca diedmuantailunissiay
hudazuonmolunasnindeude ¥ FPGA aszga XC4000 edoslifeyatinoadesdy
m3sllsunsualszana 300dade CLB Tnsudaziinvzuenisaniuzvesniioniusiauadn
(Static) ﬁﬂmﬂuﬁﬁ‘lumm’mﬂuminﬂa A4 (Function Table Bit) tnssa@indnd (Multiplex)
SunansenisWeudeszumsuFanes (Transister)
1) Trinansldsunsu
FPGA Tuuaszqa xC4000 HlnuanisTusunsa 6 Tiue Fusios Tnunazgnimua

nniaInua 1dun 9a Mo, M1 uaz M2 Taedi Tvuanis Tasunsusasad 2.1

15191 2.1 gluvvves Tnwadeg lunis Tsunsuerliivioaszna XC4000

Mode M2 M1 Mo Clock Data
Master Serial 0 0 0 Output Bit-serial
Slave Serial 1 1 1 Input Bit-serial
Master parallel up 1 0 0 Output | Byte-Wide, 00000
Master parallel down 1 1 0 Output | Byte-Wide, 3FFFF
Peripheral Synch. 0 1 1 Input Byte-Wide
Peripheral Asynch. 1 0 1 Output Byte-Wide
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M5199 2.2 waziBeavesgnsainielu FPGA Aszna XC4000

Device Max |Max RAM| Typical Gate Total [ Number Max
Logic
Gate Bits Range CLB | Logic of Decode Max
(No [(No Logic)| (Logicand | Matrix | Blocks Flip-Flop | Input per | user /O
RAM) RAM)* side
XC4003E | 3,000 3,200 2,000-5,000 | 10X10} 100 360 30 80

XC4005E/L | 5,000 6,272 3,000-9,000 [14X14| 196 616 42 112

XC4006E | 6,000 8,192 4,000-12,000 | 16X16 | 256 768 48 128

XC4008E | 8,000 | 10,368 6,000-15,000 | 18X18| 324 936 54 144

XC4010E/L | 10,000 | 12,800 7,000-20,000 | 20X20 | 400 1,120 60 160

XC4013E/L | 13,000 | 18,432 | 10,000-30,000 | 24X24 | 576 1,536 72 192

XC4020E | 20,000 | 25,088 | 13,000-40,000 |28X28| 784 2,016 84 224

XC4025E | 25,000 32,768 15,000-45,000 | 32X32 | 1,024 2,560 96 256

XC4028EX/ | 28,000 | 32,768 | 18,000-50,000 |32X32 | 1,024 | 2,560 96 256
XL

XC4036EX/ | 36,000 41,472 22,000-65,000 | 36X36 | 1,296 3,168 108 288
XL

XCA4044EX/ | 44,000 | 51,200 | 27,000-80,000 | 40X40 | 1,600 3,840 120 320
XL

XC4052XL | 52,000 | 61,952 |33,000-100,000 | 44X44 | 1,936 4,576 132 352

XC4062XL | 62,000 73,728 |40,000-130,000 | 48X48 | 2,304 5376 144 384

Larger Devices Available in the First Half of 1997

*Max value of Typical Gate Range include 20-30% of CLBs used as RAM

1.1) Inaawan (Master Modes)

9
TumsiuTnuaiids Lca szgnivandeyalnssadiouuy (Configuration

Data) Minvganuimeusndu Iaesalwid § Inuauana1eiu 8 Tnua Taefildg9na1

n91ui181H CCLK : Configuration Clock deausadugunanmideyadwuiiessiiy
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yunmlumnihdeyaidunmeInuandnuuuoynsy (Serial Master Mode) uazFudeyn
Insudmiendygiumandyais DIN : Daw In nnuvdsieduanadlasia
(Synchronous) 1% Xilinx Serial Configuration PROM, Parallel Master Low And Master High
Mode lagazfudayauvuvuiuminda Do-D7 Tasdaiuiuueansa (Address) fifmua
Tas Lea fegifit 2.11 dunsuansdedanisifenseuInaananuuuvinm (Master Parallel
Mode) TagiSududiaamsa 0000 luddeya (Data Byte) QNS WUVVUIU AY
dQya® RCLK : Read Clock uazdudh lamslunuveynsy Tasewadaanauniindildiu

Tasaua (Configuration Clock)

—HIGH 4
or TO DIN OF OPTIONAL
ZK Low N/C DAISY-CHANED FPGAS
1 [T™M0 M1 M2 , &
= TO CCLK OF OPTIONAL
DOUT CCLK|—)—DAISY-CHAINEDGPGAS I NY
Al17}-... MO M1 M2
A16}-.
évcc A15| EPROM L MDIN  DOUT—
a7 Al4l-, (8KX8) 3| CCLK
Nt A13|. (OR LARGER) XCA000E/EX
A12 A12 USER CONTROL OF HIGHER SLAVE
A1l A1l ORDER PROM ADDRESS BITS | PROGRAM
A10 A10 CAN BE USED TO SELECT
LA Seem 4 ETWEEN ALTERNATIV —8
—H PROGRAMAS ) O O Tone Ve o DONE  TNTT—)
— D7 A8 A8
D6 A7 MA7 D7|—
D5 A6 A6 D6 |
- pa A5 MAS D5 ||
- 1D3 A4 Mag D4 |
L {D2 A3 A3 D3 ||
D1 A2 A2 D2|—
Do Al A1 D1
A0 yA0 DO|—
DONE OE
[ E
4 -
PROGRAM DATABUS © 78

7UN 2.11 Avasesmsifeude FPGA Tulnuandnuuuvunuy

1.2) we3tWe3al#ua (Peripheral Modes)

9
TnuatiezSudoyadiuludeintia aarugnion Ready), fdssie1u Busy) 9g

= v A ° Y o v ' o 9 t = a A &'
Hegmei lvdyauan dFeasiuldediaiivsedninmnniu

a

9/
Tuezdalnstia (Asynchronous) TwuatiussaFatame; (Oscilator) maluse

Yy

aswdganu cCLK iesudeyafifluludlvegluguuvitnnzan uasludelnsiianua

k4
o [

a o o 9 4' 4
vudygnauitn1 (Clock) moueneziiiudanaugunissudeyaisiulug
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o v g 9 1 g A A 9 g . QI L] o
uaz‘ﬂaw1ﬂimjaqu‘amuma%ﬁwauaﬂ,wmmwaﬂllﬂmmmz LCA ﬂﬁ]sgﬂmmma A9 UL

Rl

(Syncronize) Tuvasia lluesdannn coLK

N/C N/

T
R K
] ey |
i Car| i |
MO M1 M2 — MO M1 M2
OPTIONAL
oLk DAISY-CHAINED P{CCLK
—  Mpo-7 pouT FPGAs DO-7 pOUTI—
C4000E/EX
vee S\)'(NCHRONIOGS XCA000E/EX
T PERIPHERAL SLAVE
247K
< RDY/BUSY S
| «— INIT DONE— — INIT DONE|
s L ]
PROGRAM
ProGRAM LT PROGRAM [ l

31 2.12 f{92995A15145 03160 FPGA Tulnuasewuuaunsy

9/
2.3.3 misldnnuasnsausansily FPGA aszoa XC4000
o ) Y " 2 A1 gy a
LCA aulagldm1semsduin (Look-up table) szshnisimuaiseianfilfauadn
] & * -~ J
1353 (Static RAM) d99zgaiieu lusendneaniinis Ta/sunsu Tasswuuasuy LCA uazazgneu
+ 3 W 949 ¥q 9y
Turaemsduiiua1u (Operation) ﬁaﬁumumaluﬁﬁmsgﬂmn lqlumsaammmm@%’ma
nihiivensulu FPGA aszga XC4000 Hutinadousulaeiag Ta iU First In First

aa Jd o a o {7
Out : FIFO Uag Last In First Out : LIFO Sﬂﬁm@ﬂﬂa LB NHAAY U (Application) 11 luinsed

AAppIAL

&

19 ?%amaiﬁam 3 (Shift Register) U3NUBI FPGA f33)a XC4000 fimamnsagauaiiou

SRAM 'ﬁa”lsji‘hsﬂu@mmmamammwmmimama (Interconnection Delay)

A19191 2.3 iauvesusunely FPG GA a3ga XC4000

RAM Moduie Equivalent Logic XC4603 | XC4005 | XC4010
16x1 4 —Input Function Generator (F or G) 200 392 300
32x1 Two — 4 — Input Function Generators and 100 196 400

One — 3 — Input Function Generator
(F+G+H)




o
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2.4 7M1 VHDL
A g9 o a 4 A =)
suandszinuil a.q.1981 lasnsznsanarlnuanigemSnivienled (Dob:
Department of Defense) rflumy1ﬁﬂ‘"ﬁmu%uiﬂgmuiui‘"mﬁ%’ﬁaa (Digital System) (Al
Auautiafiamsavzihle Idienuuas uinsosneufiamed Tao lidesdimsurlandonldouulas

an ﬁ"liJ'liﬂﬁ'l'lﬂ‘l‘lﬁ‘ﬁulﬂﬂﬁ'li'l]izﬂﬂﬂiﬂﬂﬂﬁ'lﬂ mﬂuwnﬁaﬁ1aaemsﬁmumamwi

2.4.1 1a5985199791 VHDL
Insead19n 111 VHDL fuﬂzﬂsznauﬁwdmﬁnq ﬁﬁ]ﬁ’ﬂujuamﬂuﬁugm‘lumiﬁﬂu
suvusruudTasafidify 4 miaede wizsnseenuuy Entity, MH38015000UUL
a@n1ilaonssn (Architecture Design Unit), Wiiagnsesnuuuniinifia (Package Design Unif)
MBI AULLANYUZN16UBN (Configuration Desien Unit) i 10azBsadeas lui
1) HU3I8N1599AUUY Entity
M08 1389AULL (Design Unif) daudi 19dmsufadonuszninelanniousnsy
3Uuuy (Model) fifoudu dauidenss “Entity Design Unit’ ‘lud’suf:‘l%’ﬁmuWQﬂ%
(Connection Point) ¥8931luuy fmuaiamenis navesduaia (Mode) uazilsznnvess
(Type of Value) ‘wmmsﬂmﬂuﬂ'lﬁﬂnﬁmmmmmﬂmm (Port) mawauaﬂﬁamuﬂﬂﬁaw

alaiy 51111 2.13 yaaslfifiuTnssad9ed199109 veanaen 1500 Entity

ENTITY Component Name IS
Input and Output Ports
Physical and Other Parameters

END [Component Name] ;

U 2.13 Taseadreedredioveamizenses nuyy Entty

&£
muu%“muﬁumﬂmm ENTITY uay IS 'iuﬁ'J'NﬂWNﬁﬁNlﬂuﬁ’Juﬂ”m31]‘15'8]"11?]\33‘1]
llﬂﬂﬂﬁﬂﬂﬂ‘li%”ﬁlﬂu (Component ' Name) ’cT"l‘Hi‘]Jﬂ15?1\‘1‘15@1111%“’?]6\1!,‘1#]11!1‘1'9‘!121ﬂglﬂﬂ!"l’liﬂ\
ﬂ"liﬁ\i‘b’ﬂﬂl'f]\'iﬂ'l‘ﬂ'l ‘Hﬁ\‘]‘ﬂ"lﬂuu%wﬂ'mﬂ?ﬂﬁ?ﬂﬂi‘ﬁﬂ]ﬁﬂﬂﬂf@ﬁ‘ﬂ“ﬁﬂ ?)’E')ﬂ"’UE‘N‘UEJNﬁ (Input Hag

Output) Smm‘wnmmai (Parameter) auq muummm’aum (Entity Header) uamﬁmmﬁq

fio Wuﬂﬂﬂlﬂﬁﬂ'ﬁf’)ﬂﬂuﬂ‘ﬂ Entity ﬁﬂﬂﬂﬂ?’lwﬂ')ﬂmi@ﬁﬁﬂlﬂ@wﬂ'lﬂ ¢

43191
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2) vanseenuuvaananssa
Lﬂudauﬁ“l%'zfﬁﬂumsmﬂﬁmum‘mﬁnssuﬁuaagﬂu‘uu SMTUYNNDIVBINITTIADY
v ¥y ¥ v
MsThaunganssuee Mussnsludiuiivuegiudeyaiiiudi-senasevomnis aasasu

W31ABSA1 (Ports and Generics) Aifmualumiiasniseenuuy Entity 310 2.14 uaaeldd

(=1 1 3 [
!ﬁujﬂi\iﬁgﬁ\iﬂﬂ'lﬂﬁ']ﬂ‘] YBIHUIINTIDNULUAD 1] ReNT U

ARCHITECTURE Identifier OF Component Name IS
[Declaration]

BEGIN
Specification of the Functionality of the
Component in Terms of its input lines and as
Influenced by Physical and other parameters

END [Identifier] ;

31 2.14 Tassadwededisvsanizemsesauuuanilaens sy

| b v
fuvsIntIgmssenuuuaailesnssuiiy Sududiedl ARCHITECTURE uas
mufaeFeloduilng (dentifier) Asfidosdmuansligud Aefinanldisiug
amilaonssusiulfusseontiaonsesnuuy Entity 1A% (OF <Entity Design Unit> IS) @audi
8§5ynIN ARCHITECTURE (iag BEGIN filudaualseniafmua (Architecture Declarative
:4' = 2 4’{ & % a ‘dy 9 o v ] d‘
Area) Niiluifigsdauifiedon (Option) luvSnaiiamnsalfi@oulszmamuuasiaieg fsy
k4
1l l¥amelumirenisesnuuuaaiilasnssuiiuld wu Uszian (Type) 9119¢] A2081915U Ua
. 2 5 o . Y { é U 1] U
(Bit), Tananaes (Bit Vector), dayaa (Signal), §3A39 (Constant), FedauTalsunsudea'l@un
Hai¥u (Function) uaz Tws@iwes (Procedure) uazainsal (Component) daufilddmsy
v o J ' 9 a 9 o a o

ussewaFuiussznindeyai lnadh uazvaeenvesgiliny (Faanadismualusa

v 9 4 v
A9 Port) 1uegnUITolunTnaileoNsznI 198131 Begin AU End ¥0aMUI8M15 000U

9/ v 3 1 vy v
anilaenssutazuennmiugamdyndidsiegmeluninaieugedmdunuutsviy

9
Y v

(Concurrent Statement) V11U ‘ﬂuaﬂmi@anmmﬁmﬂﬁﬂﬂsmﬁ’mﬁﬂﬁwﬁ’aﬂﬁﬁ‘fe END lag

9 o g [
Fa&aud1¥e END azdevasloidudluba a Mudludau

U
o
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3) HHIENITBRAUVVUTINIFA
. ' = d < v P
Yoyaa19 aaeaulisunsudon (Subprogram) mﬂuﬂsziwuﬁamsmﬂugﬂgmu
Aaa o [y, ' A e A gl d s 9] ) v .
vssergszuuavaea aunsanu Bludiufisenit “<usinga 18 uazveyamatiangaih
' i ‘ d o A v o @
1118 Taenten 1500 A0LY Entity #3891011130n150 0 UUULTNRAD YY) AYYAATI USE

Statement

-- package declaration
PACKAGE pack_funct IS
FUNCTION mean (a, b, ¢ : REAL) RETURN REAL ;

END pack funct ;
-- package body
PACKAGE BODY pack_funct IS

FUNCTION mean (a, b, c : REAL) RETURN REAL IS

BEGIN

RETURN (a +b+c¢)/3.0;
END mean ;

END pack_funct;

P o ' = o
qi,‘lh’l 2.15 239919 T ULH NN

4) IENSRNUUVEN MU 18U
£ aa it ] = 1 5 9
gﬂzmmmwmiz‘umfnﬁaa'lmmzyfluaz%%zm«mamm@mmu Entity J@Ifo9
Y v v
NBA UMY ua luvaeNUIgnI5enLLY Entity WilsM138819923v118m508 ALY
anilasnssundluniiosesldnaroniae
Y vy
aarudunan 19121 1uﬂ1sﬁmmmiﬁNmifuﬂ:ﬁmu'aﬂmiaamm'u
4 v
antlagnssuniae lnulisiaes smevvessiowiiae dosuenltinsessianenisiingiu
4
9y uazlugiuuvvesnin1 VHDL Humsusnuied muans 198y mausn
’ ' . ' g
(Configuration) Uszneuniisnsesnuw Entity nuvugn1sesnuuantilagnssundeenis

ddaeiugili 2.16 saasngaainsd@oudnyus mouen
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CONFIGURATION identifier OF entity name IS
configuration_declarative_part

END ;

31 2.16 Tassa$revesdnnazneen

°

ﬁauﬁﬂ:mgﬂuw (Model) lraeamshannzdesiimslszneuntienseen
suaeilasnssufidesmsghdmizenseenuu Entity 1§6A0Y (Configuration) 3521111
VHDL daulngidlidmuanisilsznoumizenisesnmuvaorilasnssy nsessiansnis
Mauzihmitemseenuvuamilasnssumisogatieiidiuns sz ll195a0en1s

191U
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UNN 3

HARLLEIRISINT

3.1 aNHUSNITRANLL

. ,
3.1.1 MIvniUUNANUYUDY (Bottom-Up Design)
luednsudsiligiiumseenuunluszuudsaenzdiudnuusidond “nsesnuuy
Ed v
NANVUUU (Bottom-up Design) fAadoenuuuisuduimuaiitony udlensnnis
a s 5 ' Yy A v A yy 9
nenguijuiseeniiluiledsumsiiudng ufududunisesaun e ldassaudidesnts
k4 ' v
vniuszdeamginsalinasgiudeg wu 1c74Lsxx fudu derunsesuileiduns
hamaq fildnanseenuuud hisunsameynsainsesiu 'l vxdeusufinisesnu

v
U T o o o 91
niedaulanslmiluduneugaiofionissaesnisinan Tnenaaosonisosdunwy

3.1.2 M1590NUUVINUUAIAN (Top-Down Design)

nmsesnuuuluiade 3.1.1 ﬁu‘lumiﬁﬁmsﬁwmmamwﬂn’mmm%’af‘imuﬂﬁm
‘ﬁmﬁ’ﬂ@ﬂLL‘lJ‘]JLm”‘]JS“’ﬂ@ﬂ?ﬁ%i%ﬂiﬂﬁﬁﬂﬂ‘?ﬁ vz mmwuﬂauﬂswmummmmaﬂafnﬂ
uaz1¥aannn muums@ammmma‘lﬁuﬁmnnaammmmuﬂ%ma"lﬂmﬂumﬂﬂiﬂﬂ
dawl Tﬂﬂaﬁmmﬂuiﬂumummammﬂmmmm‘sﬂzmnﬁuq suilufimelwdass
fogq IfinsazBoavesszuy U fas iy cm“lmmaﬂuﬂ@ummsamammﬂmmm 14
annziaden@uld m‘lﬁ"luﬂamffmihmnmﬁf'imu%‘vaﬂ"lﬂmnj”ﬂaﬂ YONRIAL Laziile
mﬂﬁuawﬂwami’funmmmuﬁ"’lm"lmmw wmfu1ﬂuumm'lﬂaqaﬂnsmmmﬂﬁwﬂwmam
¥092995913nA5S mseenuu ludnyaiziisendt “NISBBALYLIINUUALEN (Top-Down

Design)

3.2 35Msesnuuy

nniaded 3.1 WUTINTEE NI LATE 11T InnuazalnuazsIganiimsg
BONUVLINA TN MIzauSIaemIINUTenIssfissnuve Ll Wiy
IRaiaquszasdiidesnisuds vl hlahnsesefdunemislassdisuden1sssnms
eRnuULINUUasalumsad e midetsziaananar Tasvhmsesnuuuiees e

ﬂszmawanmwmﬂ 8 'ﬁﬁg{ﬂﬂﬂﬁﬂ VHDL
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3.2.1 A4MISTINNIHUB 90
Qs o v a (% d’ é o |
NQﬂ?i‘i’n\ﬂuﬂl@\‘lﬂuﬁﬂ‘ﬂiZlJ’JﬁNaﬂﬁ']xﬁllﬂﬂ 8 UR uﬁmm‘lugﬂw 3.1 B398z YA

v

MIMNUVe999THUIglszInananas lutaazdrIuansnefuie ldaeil

PC<=0
v<
ABR <= PC
DBR <= mem(ABR)
PC <= PC+1
IR <= DBR
5 Decode Z l
Data Tranfer Arihmetic Logical Program Control
MVr,s ANDX r
g ﬁg;(( : R PN
MV r,(nn) e 4 XORX r 1 e
MV (nn),r ; NORX A
MV (YZ) SBXr SIX r CALL nn
: (N o CAcc nn
MV x,(y2) e SRX r RET
IP x,(n) CPX T RIX r
OP (n),x RRX r
I Al [ I

31 3.1 mavhauvenesvilelszulananan
2 o & dqua & o
TumsesnuuuiSuninmsesnuuumdeilfie 16 fde Tasutsesndly 4 Tnuandn
o [] ° a J
Tumsiraulveq Aeluuanislendis (Transfer), TvuanisiivIsnadaman;s

(Arithmetic), THNAMIAIUIUNNATING (Logic) tazInuamsarvanldsunsy (Program

e

& m ORGP G W (:s\’rgqq
i \ueuuuC} FIFIN

a
BB s PPy i 7N
18U 8 D8 eTI1a FIaTl

b
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~ S v
1314940 3.1 I’Vmﬂfﬂi laude

el

Mnemonic Yoyanwal Opcode Byte HIEILHE)
PK-2KI Z-80 MNIL | 76543210 | HEX. r/s Reg.
MVr,s LD rs r- % s loortollg 36 1 00 X
MVrn ILDrn r €<—n 00000111 07 2 01 Y
——nr—> 10 Z
MV r,(nn) LD r,(un) r $<— (m) [0001rrll 3 11 nif AA =00(nn)
——n—» if AA=01
ST 7> (YZ) if AA=10
MV (nn),r LD (nn),r (mm) €<— R 000111rr 3
e
S R
MV (Y2),X |LD@HL)A |(YZ)¢— X | 00101100 2¢ 1
MV X, (n) IDA,MHL) | X € (Y2) | 00100011 23 1
IP X,(n) IN A,(n) X¢— () 00001111 13 2
—n—
00011111 1c 2
OP (n), OUT (n),A €< X —n—>
15197 3.2 Tnua AU
Mnemonic dayanyal Opcode Byte HINELHA)
PK-2K7 Z-80 NNy | 76543210 | HEX. r/s Reg.
ADXn ADD 1 X ¢ Xm | 061110011 73 2 00 X
T e ¢ 01
ADXr ADD 1 X4 X+ | 010100rr 1 10 z
SBX n SUB n Xo¢- "Xt [ olrrodii 77 2 11 1
“—nr—>
SBXr SUB r X ¢ Xr | 010101rr 1
ICr INCr r ¢ rt+l 010000rr 1
DCr DCr T ¢ 1l 010001rr 1
CPXr CPr X ¢ Xt | 010110rr 1
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15197 3.3 T LU

Mnemonic Yayanyal Opcode Byte | ¥aive)
PK-2KI | Z - 80 N19n 3T 7(6|5|4(3|2(1|0|HEX r/s | Reg
ANDXr [ANDr X & —X4p 1.0 0. 0.0 r &0 1 00
ORXr |ORr X <—Xvr 1 0001 r 1O 1 01
XORXr |XORr X 6—X+r B0 0w v 0 1 10
NOTX |CPLr Xigiosioaily g § N By g 1 11 n

0

SLXr [SLAr |lcy 7 of¢—=0 |1 0 100 roO 1

SRXr [SRAT | 0 ey][[1 0101 rro0
y

RLXr RLr HCyH 7@"10110rr0 1

RRXr [RRr

M13519% 3.4 Tnuamsaavugu Tilsuns

YY) d
Mnemonic aeyanyns Opcode Byte LRGN 1]
PK-2KI| Z-80 AINIZM 716|5(4|3(2|1{0 |HEX
JPN nn [JP mn PC ¢— m 2\l @1 X1z @D | G
< N ) ccc  Condition
7 N i 000 '6:
N 7
JPcc nn |JP cc,nn f’u'wﬁau"lﬂccnﬂuﬁﬂﬁ’ Dol 100G 60 0 3 001 NC
PC¢<— mn < - 010 7
< N > 011 NZ
CALL nn |CALL nn PE&— m Tl s0s a0 1510721 | Do 3 |100 0Odd
——N—> 101  Even
N : 110 -
CAcc mn|CALL  |fidouTeafussel®|1 1 0 ¢ ¢ ¢ o 1 3 | 111 Uncondition
cc,nn
PC<— mn X4 N —>
i A
X SR i
RET REL PCH<— (SP) 1 10 e 0] DE 5 2
PCL «——(SP+1)
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¥
3.3 m‘iaammuwumﬂizmawanm@
d'dy a ,Q' 3 1ad 9) ] =) c’

1uwuﬂ:aﬁu1mmmzmaﬁaammuiﬂimsNI@ﬂsamum‘lmguaziwamﬂ@.mﬂbu
danlsznevdesveslnseadivvesil sxilsznenludan 2 daundniidiade daulszanana
do3a (Data Processing Unit) UAZEIUAIUAY (Control Uni) Inefmunadevesniiieszaia

9/

WANA19VUIA 8 1A Yoe 1ATINYITI1 PK-2KT

Data Bus 8 bit

2 N

Control Bus ’

NS

v Jemp DBR cfo
Data
1 IR Temp \ r J 4
Reg.
Control , 2 v
PG

Address
Unit
Generation System
Logic bus

-

Address /J x| X1 7% = Control
Buffer \’___l

Decode

IN IN

Out /\%

v

Address Bus 16 Bit

311 3.2 amilaenssar PK-2K7
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' .
3.3.1 m3venuuuaIuilszaiana U9y (Data processing Unit)
9 ' ° A o =a o 1 v Aa I~
vralsgneu lArontasiununendiamaasiazassny, Svmaesa1es, Taaman
é 3 -7 T T o 1 1 1
HaziNA (Gate) FIlumsesnuuUUIzAeweniueenuULiavaIudes uaziidIutoeaIee
Y v o ;’,' = Aad 0 [ ' ' Y v o

wlseasundlsnuyslunieniyl VEDL wuSendsnmsihdiulsenevdesinaedidigny
3 b4
fimesaudill (Port Map) 38msiinlSsuaiiounsihgilnsalinderdhdaeiulasrimdanais

A @ 2 a > Y 1 ﬁ [
niemedyg I aunseAnyIseazdoa lUsunsunavua ldludiuvesmanuan 2995iiluds

=
31913.3
DBR out DBRin
o
: Y
s_dbr sil n_?l 13 DBR DBR
D T L out el in
signal 1
& ;
b signal 2
— 7 ra Fd
L e N A Y A RNE
"f'/ =y, ) f
o VYV ¥ YVY V VYV
O— o—] O—
5_2%)_ mux s_yO0 mux s_x0 mux
?“ s_x1H
Sy ; reg_enal
signal 6 _sugnalS =1y ? ?reg_enao
signal_?\ () :‘:J { “signal 4
ignal 14 b € B T ] de
s:gn\( ! :‘. signal 8{ [ I Signal 7 ! o
]L vV VYV — A4 RN A Y v v
elle regz regy reg x
l signal 11, TS ral o
Ny signal 10 signal 3
— N\
s_funcO o—]
¥ s_funclo_J mux
y
IR
signal 12,
Ko
\ 4 Y Y
s3
s2
@ ALU s1
sO
cin
Control
Unit
zero T
] -

51 3.3 daurlszuaanadeya
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1) MILBAUUUHUIEM HIUMIAIN M anSIasATINS
whgAnnuneadameaasiazassng (ALU) sslumseenuuvozutadiy 3 g
ABMIBRALULNEMUINNNAGAMARS (AU), MR IIUNIATSNE (LU) tasHuay
idoudumis (Shifter) lageenuuiiazaauuditnidauaeg msuiu daglii 3.4 shlid

E4
Lﬂﬂlﬂu‘ﬁu?ElﬁT’u’Jilﬁ’l1Qﬂmﬁﬁ1ﬁ¢]im$¢liiﬂ$ﬁuiﬂ

ALU

c_in c_in c_out
ain { lau
D
bin } bu signal
Sl sl
s 0 sO
—|
au
LU gb g a1 Posisg fgon
bu signal /
sl
s0
|l eaaitn] e gi ssg
Shift &
<1 Rotate signal
si0
5 3
s 2

if s_3,5_2 = 11 then gon = ssg
if s_3,5_2 = 00 then gon = asg
if s_3,5_2 = 01 then gon = Isg
if s_3,s_2 = 10 then gon = ssg
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¥ ° a J
1.1) MILANUDUHUIBAIWINNIANATIANS
MM INNIANAMIAT (AU) 8031910 Arithmetic Unit Tagvingildi 3.4
' ] o a ' ] o a 4
ugrasImisA U NadamaasidudiulseneuvesnilsA IaNNAdamanuas

=} Y A a J
AIINT M‘Hu'ﬁ/l‘ljixiﬁlﬁWﬂ'ﬂNﬂmﬂﬁ1ﬁﬂi

ci

FA
SO i cou

wn
=

wn
o

8 bit
select| |

il

31 3.5 Tassasrameluves AU

1.2) MI0BNUUUHUILFIHIUNATING
WUWBAUUUN1ATING (LU) 8831910 Logic Unit Sudruilszneuvssniag

o a o 1 o o?/,
PIHIUNNAUAAITATUASATING Iﬂﬂ‘ﬂu?ﬂﬂ"Iu’Jﬂﬁ’]Niél'i5ﬂ:uu%%ﬂ’izﬂ?ﬁNﬁ‘l’lN@%uﬁSiﬂZ
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13U BUA (AND), 885 (OR), Tia (NOT) taziBnngaHees (Exclusive OR : XOR) Tagwiiag

e

AMUIUNATIAZESNTUNIIA 11511 AND gate, OR gate, NOT gate, XOR gate 3NADAU LAz

o ad o os §
1% vesiiadman iden o1dna ezl 1 3.6

au {
AND
= {
-1
OR
} o
~
+—]
+—T11
XOR
NOT
- Y]
sO

37 3.6 Tnseadrsves LU

2) ﬂ]iﬁl'ﬂﬂtmﬂﬁﬁﬂﬂﬂﬁ!aﬂ TGRTINATN] (Shifter)

' A o ' : o Y a4 g A ) Y A
HUIINITAOUAWN UL (Shifter) mﬁmmaaummgamamgu%ga"lﬂmwwﬁm

(] :: a J id 1 a
¥ ludiuvesmseenuuuiiuezldnm VHDL ussmenginssuveusdnadiidesuna

Ll

=& = o 9 [
FIwnseany1 JUsunsunanua 18 luduvesnianuan

sl =

sO —
ai(7)— — ao(7)
ai(6)— — ao(6)
ai(5) —| — ao(5)
ai(4)—{ Shift & Rotate [— ao(4)
ai(3)— — ao(3)
ai(2)—| — ao(2)
ai(1)— — ao(1)
ai(0)— — ao(0)

3511 3.7 Tassad19ue Shifter
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2.1) N139ONUVV I INAAINEGD

Y
n1seenuuuiy 190181 VHDL u3se18mg@nssuvesa99sa1nisasnyn

¥y
Tsunsuianualdluaruvesmanuan

sl sO
TR
DO o——
D1 o——
D2 g —0 Dout
D3 o—

y v a g
31 3.8 Tassadrsuesasesiiafmin

2.2) MIBOAUVUINATIVAINBS (Register)
dmiriImaesanyuzmshaumilousy D-Flip Flop ugdzlivtdayaa
WM (Clock) 1Az Enable iiuduunaas mseenuuuez1$n1m VEDL usssewngdnssy

9
893995 Ao lUsunsuianua 18 ludiuvesninaan

enable

clock Dout

D-Hip Flop —0O

!

Din

31 3.9 Tassadrevessaimes

3) M30RAUVVAIUAIUAN (Control Unit)
UszneudisTilsunsuamiines (°C : Program Counter), WaANan, Instruction

Register (IR), inc_gen, ABR, DBR, HB, LB i¥aussfiufagilii 3.10



£
|
| ABR
i
A
afl
» mux (— o
PC |« mux
en_pc afl
DBR
sum
8to16 | A BGREI B
J A
At |
il Ll
A
en_fl oo T
IR
\
l—NR—D
decode t =0 WR
C 0 ——
control word 2 hEQ
—0 JORQ
< —o RST

3111 3.10 Tassadvesdauniuny
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&)

NeazpeavesaIulszneusie ludauniuny
3.1) 8uam%’n%’n%‘%‘ama§ (IR : Instruction Register)
& Aa 4 a o Y dAa 4
Wusvmaesvuia 8 da 195U Opcode 91nA1A1WIWOSSVeADS (DBR : Data
Buffer Register) Haza l1dadaa0as17ad1d9 (Instruction Decoder) (fiafiaznvasia (Decode)
Flu A1n3uqu (Control Word) sz lilnaugududsvesanilasnssa
d d
3.2) lsunsamisimes (PC : Program Counter)
aa 4 a v '3 o A .§' 3’ q”
WusTmaesuuia 16 G milulisunsumnieeseziuyunssaznilsluyn
IR LIRTRITOY
% da d A
3.3) usala sauilassvanes (ABR : Address Buffer Register)
Aa J a i
dusTaaesvina 8 da
a Jd J
3.4) BUASHIUNIDUIUBLSINGS (Increment Generator)
' k4 ] v
Hugunsaifiadvunuitenddaymmsiui 1 Tsunsunlines Tifisuna
fires i 1dnanesw vwsndawdiu 0 anea nazviiiaesniiu 1 asea 1 lufleuliiuaces
T v 3 4 ¥ . 9/
WITUINUVVIAY (Full Adder) ritoaz ld¥nismiua1wuassas 1 aaea nseenuuuiiy 19
3/
A1¥1 VHDL Usse1engAnssuue92995 anansadnyn ldsunsuianua ldluaduvesmanian
3.5) S9ames HL
Aa g 1 a
dusvamess vua 16 0a
3.6) 8 to 16 Summation
4 = 2 o 9 1 1 Aa 4 aa J 1 P
dugilnselulandaniisda 195auasznissmass H uazismans L Aoud
9
waeldds Tsunsmanimes msesnuuwsiulénin VHDL usseengfnssuvesases
& v
aansag llsunsuiavua ldhmanuan
3.7) MaeAsHaAMAd (Instruction Decoder)
1% neastia Bunavin Suaasniuiiames sonun mieluniuauatnsaidie
9 k4 1
m3esnuuuL 190181 VHDL UssiengAnssauvesiees sunsoans Tdsunsusianua 160
MARUIN
d
3.8) MIVNUVVUBAIA TV UIUBLIIND I (Address Generator)
¢ 4 A 994 1Yo A
usamsmRUuBsaees nuuuvuuuie ldmum Ivnuldsunsumanimes 9
[ t % ] < a o
ihudannlssneunilsvesdiuniugu Tasezalszneudasinsumnuuuduving 16 9a uazds
aa =S o o o/ 1 9o ] [
NOUATIUAIIUNBISIADS (Increment Generator) Eudtlousldfuseesuan uazelilss

o e o B oy ¢ o
Wsaamaning ldsunsuaniiaes
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dbr
T S b R e o ST T T RS |
| |
| 1
| : :
" inc-gen| | ) ;
: 0 | Mux21_1 l
sl e bi i ':
| | ’
l
I — en_hl
l
l Yn Xn :
ll Y—L bnY YenD"y yen :
' coi HB LB [
| ALU ‘ l
| G sg8 A oot A ax !
[ dit l
" " S l
| M T Sum 8 to ,
' sql l16 :
,’ (16 do l
| y dl1+ :
|
|
’, , MUX21_16 3 S0
,' do :
[ g2 !
, ]
' Din 716 enable i e
|
| e i 7
' }
I RST rst
| A, QK |
| Dout L |

31 3.11 nemmsa LIRS

3.9) mmdnyazMEUeNVeIHIEAILAN
[ 1 4
mwanymzmauenmaaﬁmﬂmuanﬂszﬂen‘lﬂ%}’ammmﬂ:iﬁmmuaimas,
Q/ gy 4 a v o aa % o A
usaasatiiessvaaes (ABR), PUARTNIUIVAAGY, FIUAIUAATRYY Y (Control Signal)
Iﬂﬂdauﬂanqnﬁ'ﬂgﬂgmﬂzﬁmﬁﬁ‘ﬁaaﬂiﬁ'ﬁﬁﬁwmthmmaﬁuam?n%’u?%mmfmzflum

AAUAN (Control Word) uazﬁflﬂmuqndauﬂszﬂamhaq vesmielszuaananas (CPU)
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int_db

it et e e i Y P (o e et bt sl 1

: % SE

[ IR |

! !

: 8/ Do :

| gt !

| [dbr _ en pc it iy By, f
e : e < &0l ysig(17) jorg ! iorg

92 3br | address || - :

b R g e . e e TS L oLyl —control signal o> ™
[ 16 : afl  psig(18) wr Il p W
|
: r<st el
: A dor dek A NGk :
. NN e e

Yetrl data

311 3.12 nmwdnuazmouenve iRy

3.10) mwanyamauenveIntglssulananale
MWAnNyUzNIgUBNVeIHUIelszulananay Useneudlsaesdaulseney
voA v < ' g Tl = o
Inef fle MUI8AIUAY (Control Unit) uazauilszulanatieyn (Data Unit) Fe518azidentiy

Ianan Budadhedu

DataBusin | E&RTn ___________ 1
_1_—’l |
Data Bus-out l DBR out Data Unit :
| > |
| int_dbr fc 2
l
| sgl sg4 sg2 sg3 I
l
l
int_dbr | ctrl data cflag zflag l
Address l L fi
Bus <—I va . Reset
15 ior RQ
l Control Unit mer RQ
l wr WR
cl_ck g id | gD
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3.4 MIaieNLINAgeL

Jeusiildmaneumiselszinaranasuing 8 i tugnsad FPGA HliTu1dein
msa1a1f Tnaa (Download) TWlsunsurumisaenai Tnaauaiia (Download Cable) Tarasas
il$lumsmaremsyiavesnielszinananaving 8 da Ahmsesauuutlszney
dae2903199 fafi
3.4.1 NIMANAAINAUY LED 11734 8 @4

91317 3.14 Ae299594 LED vina 8 @2s Taold 1C wes 74373 shwihiduases

' X
X R10kx 8 P %
DO Q0 ——MW———M 55—
¥ D1 Ql —AAN ”/7_
LAY DD Q2 ——W———H/%—
N D3 Q3 AN H—/'—7'—
N D4 Q4 AAN HV—
. gz 74373 @5 S
Q6 ANV —t A
\— D7 Q7 A =WV B

e—iﬁ
QR

3111 3.14 239 5uaAIHATY LED §113U 8 A39

3.4.2 19953190 (Reset)

g 3.15 fluasesswahmihinsiramshnuvesses

=

4 “
311 3.15 2995519
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d
3.43 1993019A1A03 (Decoder)
10310 3.16 udaslsesaldmmesdwmntanynanust Kmhilunsaadesy

gilnsaliazmizeanuiimeuen

A15 G YO
Al4 B ) ! © v
Al3 A Y2 p————
o
Ve 74138 y4 pb——
Tkt Gl oL S
IREQ G2A Yl T
‘ G2B 2y Y Sy aemeng
]
MREQ

: ¢
U1 3.16 1995 TARADS

3.4.4 29INUIWANNTIIDUUAZUTH
10317 3.17 IC medudhediunieanudwiiasueduded wiefiGendt seu IC
v ' o L a) s ~ Y A Aa ' o v A S 9
meaiumizsnawiwies nmazdonld wSefifendr usu shmhiilunsfodeya

niemden 15 luldunsuiede lvimitessanananalsyiiny

Data Bus
N\ \
Address Bus
A \
— AC DO — AQ po
= 1AL DI ] =] Al D1
— A2 D2 [ — A2 D2 [
— A3 p3 — A3 D3
L o — S pe —
— A5 D5 — A5 D5 —
— A5 D6 .:' —— A5 D6 —
—1 A7 D7 — A7 D7 [—
1 A8 —— A8
I — A9
— A10 — A10
L1 a11 28C64 a1t 62C64
—— A12 —1 A2
] cs1
Y7— o CE Y4 cs2
RD——— OE Lo OE
WE— We

31N 3.17 2995 MU AT T RULAZUT
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N1IINAadIASHANTITINNAB

¥ o
4.1 hiann
[
' | Sa unius14% ~ a1 Taade e
HUHIPLITTNIMND AU & Ua [unuisrlaninismannisesnuyylaglsniyn
3
Y v

VHDL eenuu luudazdrundningdazdaudesioonuuinnugaiiu lusaesmsiay dle
I&nagndesnwitesnuuy 3wz lsandu dussdilsznevvualugl Taolumanin
VHDL fen3nssauilimedauisl (port Map) FeulSouaiounndon Tesmodesunauns
IANAsEnIaulsznoudesateg daeiy i Tusunsa i Funs1ziiTald
Tasunsy Xilinx Foundation Series2.1 Wuddunsizilfifaduresszdunariolfamisa
a1l Inanasuuginyal FPGA a3 40108

lunsagdaudesiin Ideenumunin g 1dyananes Strter Kit fiflaunsal FPGA 1wes

XC4005E NAca1n213gnAos

PROG = RESET  SPARE
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31 42 msiFeudoaioa i Inaa

° o A ¢

4.2 Nﬁﬁ'ﬁ"ﬂ'lﬁﬂ\iﬂri‘ﬂ]ﬂ1uiﬂi!!ﬂ'iﬂliﬂﬂ!ﬂﬂ'i
gl 43 wiuld9% Enable, CLK, DIN7 fhudums ozl DOUTT Wiuerdyn o
il Lméi’*vgﬂmﬂ?’;auuﬂaa"lﬂwiﬁuﬁmgﬁ fdetile Enable Sl 1 waz CLK wldouain o

? 3 @ 1 Aaa o o s:!w o P d?
‘1‘1’ 1IMUU HUHUYAINNIT TR TAIUIT NN IUNUVDUV VU

10ns f Jons  |aons riﬂns Ons S0ns I
IHI!HH HII!HH HH'HH

; .0 llll'ﬂllltl“l“ll lthHl ll!llll”

BIDIN?7 . (hex)#¥8
BIDOUT? . (hex ) ¥

31 4.3 wansdrmesmsihoulilbunsiiiames
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4.3 wanisoasamsnuldsupsuafnan

r 9
luitiezdu 4to 1 Tadmdn szl ufen aosvife MS1,MS0

' l.i)gicimulalm - Xilinx Fuunation ¥ 1i'{pau'nd‘j‘» a

DIO7 . (hex)#8|@
DI17 . (hex)#8|@
I27 . (hex)#8|@
BIDI37 . (hex)#8 @
7. .(hex)#8

! o o @ a o
§‘ljﬁ 4.4 #oN13 mammsmmu‘lﬂmnsu 4 to 1 HaANan

4.4 panssraeamsinnulysunsu ALU
mnzﬂv‘; 45 23l s 3,5 2,5 1,5 0,Cin @uddmuanmsiau AIN7BIN7 Whiduns

GON7,Cout Hu 1016w

4 a < : o o
§1|ﬁ 4.5 DUNALDTIDIANAVDI ALU NOUNDBINITNINIU
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4.5 nanmsnasamsnanuldsunsu ALU Tnua AU
vinglit 4.6 szudasiled$u A van B, A ou B, w1 (Increment) A, G9AIUAT

(Transfer) A #1UR19Y

317 4.6 mamsiraesnisvihau Tusunsy ALU Tuue AU

4.6 Hanmsiasan1smnuldsunsu ALU Inia LU

X o < o o
1NN 4.7 sruaasilendu A ueud B, A 93 B, A Bnaziens B, Tioa A atud ey

1 lBleak B,ﬂ
{ 400ns

37 4.7 wamsraeenisviheulysunsy ALU Tnua LU
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4.7 namssnaan1sinullsunsn ALU Tviua Shift & Rotate

110317 4.8 szuaasilendi SL A, SR A, RL A, RR A A11§10Y

51l 4.8 wams $raeemsiieuTysunsu ALU Tnin Shift & Rotate

o o = ¢ 4
4.8 Nﬁﬂ]i@]ﬁﬂﬂﬂ]iﬂ]ﬂ1ui‘ljiuﬂ'iuﬂuﬂ%!uuﬂ!ﬂulﬂ@!‘ﬂﬁai
Fugunsaifisuiiadinduin dsznouds 2 e lifduma nngilii 49 sriuld

: y .2 & r & 3
fiednadlu bi wag ci $a Bi wldauiu 0 aaeanatuas Ci sz lauilu 1 aneanan

a L ogu, Simulator - thnx Foundatlon I 2 1i {poundl] < [Wavelns

51>
0
400ns
r s e Sﬁns Oﬁns l i
venthnnd el m’mt il

& ‘lere’al::

31 4.9 wams $rassnishan TUsunsuduas NI DS
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4.9 #an1591@a09M1IMNUIYsUAIY 8 to 16 Summation

910 1398519 Control Unit Tuum# 3 S9enaes BB uaz LB iusiames vua 8 Oa ud

PC 1l S3amed vina 16 Tia S9deall SUM 8 to 16 u3uisaiaes HB fv LB 5lu16 iia

BIDI07 . (hex)#8 |6 [BI
B[DI17. (hex)#8 8
BIDO1S . (hex)#1

31 4.10 wams$raesnisiieu T1)sunss 8 to 16 Summation

4.10 wanmsdaesmsinnuldsunsumibeilszanananan (CPU)

S fo0ns f)qnw (P0G L pE0n t!son; 3
o = ! aml.mnm!.a.. siesdiins ;‘ﬁ“‘il.mﬁ..#‘h desschissadsnsedessalsosedins
Lt o
b by N D R g e TR TG
BIRESET: 0 i = e

.. (hex)#18§ og02
....... (hex)#8/@ [40

...... (hex)¥g a2
ATA_UNIT_SIGO27.. (hex)#8

ATA UNIT_S5IG107. . (hex)#g|
ATA_UNIT_SIG117.. (hex)#g|

31 4.11 mams $raeamsviau Talsunsu CPU Ads Increment X
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ATABTS OUT?. (hex)#

[BIDATA_UNIT_SIGO37. (N
IBIDATA_UNIT_SIG1D7. (h
BIDATA_UNIT_SIG117. (h

(BICTRL_UNIT_SIG033. (h
LICTRL_UNIT_SIGO4.. ..
BISIG0411. .. (hex)#12

| ! »

310 4.13 wams Srmesmsihan Tsunsy cPU MdI MOV rn



...(hex)¥#16
(hex)#8 |@
! : ....(hen)¥8
ATA_UNIT_SIG037. (hex)#g|
ATA_URIT_SIG107. (hex)#
ATA_URIT_SIG117. (hex)#

4 e 5
BIADDRESSBUS1S . . . (hex)#16 000 AR

BIDATABUS_OUT?7. ... (hex)#8 | |44
TA_UNIT_SIG037. (hex)#8 |44
TA_UNIT_SIG107.(hex)#8 |08
TA_UNIT_SIG117. (hex)#6| |00 || - -

1

51U 4.15 wansSraosmsyhen Tusunsy cPU fels SUB XY
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unagy Py nuamasnlusazienn

5.1 agil

Tumsfnyuazesnuuylnssadisvesulas lilswmzesvuia- 8 da Taserdendn
A5BBALULIINLUAIEN (Top-down Design) Fausunnmseenuuulussduunuianisia
(Block Diagram) 142 Juga (Module) @199 wesszuunzinas lillussazidsavewaas Tuga
fnmﬁyuﬁmﬂ'azinaamu‘?amiaﬁmmﬂus:uuﬁauysﬂf Tagldnmn VHDL Tumsdiou
UITHYNYANT TUUBITSUVUUAAL TN, 11’ﬂﬂmﬂmﬁ"lﬁ"!ﬂi‘hammsﬁmu‘lus:ﬁuﬂaﬁ’%u,
udahmsdunsizd uazmssiaesmavhaulusedma Lﬁamnaﬂummgﬂé’mzﬁmﬁu
MITUATIZHIaING Placement & Routing 8991/n7a FPGA 141151153 Xilinx Foundation

J 9/
(HBATIABUAINYNABIBNASS

5.2 Tayvwazunamand ly

4
Yo

| @ Y LOITR(7 (gl &
Tumstahlassnuil sunseagddamimatussnieh lassnuil 14asil
¥ . v 9
1. meluszuinezdeslimdesnaadeiunizonnuiiniouen (External Memory) 119
s 1 9/ o/ o [] & a TiiEo 9 t v g I =3 9
Asutaze 1 Medvath liaunsafiszaadenu 1 Tagimiiadeya (Data Bus) Mosyaiden1d
(8 ) tflpaningdarh liaunsofesAnyinmsidoau Insaan (Tri-State) 18
wwamaud v Tasnsaduiiadeya 2 g (16 1§1) Tasgausnihmidiuduerdyanas
= o Y A o, W oy o, v 9 £ g ]
gaaeimmihndudune datu mlddesdiswauvesiadeyauniu udfamsalfauld
TndRgeiu lnsaan
9/ { ' ) i ) ' a
2. Tassasumgludiuvesmidsdszuranadoyn (Data Processing Unit) Miaunsaf
=< v
wanmnsldaulnsman

[ o gL o Y a v 9
A 14 e liifannududeou

o Yo a g &4 A o
uamaud v ezdeslfiadmandiilosanilesaind
uaneusalFauldlndifessu lnsman
o .8 =1 9 [ a v v &R o Y a
3. ideanee Imsldanudyaisuin (Clock) lumsdszulanaasiudaildina
anuganInlumssenuuurgaILnY
uwamad v dewisszanvesdiidiendly 4 Tnuade Tnuamsloudie, Tnuua

MsmUIMeAlamanas, Tvuansiiuaunuassazuazlvuansnauaulilsunsy
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4. FIMIVINULVIGING (Add With Carry) fairdealFimizsasugusinisaaunu
7991 Cin lagasq
g o = o v A a ' é’
5. Tdsunsuanilimes exdlimsSuannyszulana 2 wuufe snmaiumTueway

[ 1 ° (] 1 4
masuranenueamsansueniiliaugeinlunseenuuudauveslsunsuanined

IS

Yooy oA, o ¢ dda 9
wuamadly afedandiiinsdsziamamsinuvesTdsunsunnlines i
A 1 aad 4 A @y
lumsiiuaiiduudiaz 1 wSeSusweamsmnnnmouen
[l Py ] = v g <KX Y 9 < ° 9
6. MuMvBIMIsMILgUiinNdudewng Fededldnalumsfnumeaunlsyin iy
a va 17.:9) - 2R Q) ° o Q) 4 z
malianuad Wdesvedwusthnngiitssauniseivaionss
7. dievhmsanailnaalusunsuasuueilngel Fra uda hirunsowmagenuu
vesaduuu g ifesningunsel FPGa dietlaaundst vienengunsaluds Tusunsudt
il Tnaaezgamie
A L o 9 & S v 4 o 7 o %
uwamaud ly uginsaifivhmbhiadeunesadeonudunesavesuesa Starter Kit
reldaansnihellnsel FPGA fifumsani Tnaaudaunldaul
8. dutlesunanilapnden 7 msfmuanlifuednsel laseduiivhu o wu

4 o v o [ a | < o v
v uiledmuauda lasedudumnisvesadad (Switch) flugu Sevhlfitiude 14auiies

¥4
5.3 HHINMINNT TN
; Hu v SO o gy £ yy a

1. mielszaaananaied ldimseenuuy esadiusnousdelfinndulduse

oS auiiald Tasnsldinaluladmsesnuuuinmi wie 1dgtnsaififinamannsogs
v }4 [

2. MmaTulagdrunsarniTnanlusunsuasgiasel FPGA figeiu ifieazaanly
m3a131i Inaalisunsunaaew

3. msesnuuuanselFldsunsudunianuaunsasuaeituldsunsuvesusen

A e | [ ,d' A [} 9/ g v

Indednsogeand euAa I avesnulslsyutananae Ingeiuld

4. midszaananasi lAhinsesnuuy amsariumsiausiuuuy Pipe Line

A gy 9
nSouuvVUIAL 18
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nganssnvesidelunguloudhe (Transfer)

° < o 1 a J
fida MV 1, s  fudrdams Teuthedeyasznine smaes
( Start >

y

r €<— s

End

3Uf a1 Asuvesdide MV r, s

Aa J

o 3 o w o
AT MV 1, n - Sudrdams Teuthedeyafidlusad liiuliiames

U

Start

y

ABR <«— PC

4

DBR €< mem(ABR)

o6 I1DBR

h 4

PC <— PC+l

End

511 a.2 Asuvesdda My, n

o & S o ° a ¢ a a d
s MV (Y2), X : flusidemsiideyalustames x hhfulusiaass v uay z rile

° Y A3 aa
NIUU "I‘V]L‘U‘Lli ﬁlﬁﬂi"uu']ﬂ 16 1@



ABR €=Y7Z

DBR €<—r

N

mem(ABR) €<— DBR

End

d‘ % ° o'/
31 A3 Asuvesdids MV (YZ), X

o o o o e { o ' < a
T MV X, (Y2) : @usdsmsideyand s vz WifiulusTamees x

< Start >

(

ABRS— ¥Z

DBR <— mem(ABR)

.- €< "DBR

End

319 A4 Asuesfmds MV X, (Y2)

v
[

° 3 o o A Y v < Aa e
M9 IP X, (n) : Huiden Teudredoyasinnieusniufin lussmaes X



ABR <«— PC

y

DBR e mem(ABR)

ABR <—DBR

DBR <— Dv(ABR)

X <— DBR

31U A5 AUV IiIde IP X, ()

N 4 o SN A o
M9 OP (n), X : iWumiden loudredeyaluismass x lidineuen

Q Start )

311 f.6 AsTUUBAIT OP (1), X



DBR <—mem(ABR)

Dv(ABR) €<— DBR

|

PC <— PC+l1

( End >

31 f.6 (@19) AsTIUVB AT OP (n), X

a i ' ° A J 5 3
7‘1q@1ﬂ5§“m@@ﬂ1a\31uﬂqmﬂ?iﬂﬂlugm‘f’n\‘iﬂmﬁﬁ']ﬁﬂi (Arithmetic)

o o I o <& o 1 Aa o 9 J a
AN ADX n : lﬂuﬂ']ﬂ'\‘i(luﬂWS?’nu’Jﬂiﬂ15ﬂ3ﬂﬂ11u5‘ﬂﬁ!ﬁﬂ5 X 9IUAIFNN n

( Start )

4

ABR «—PC

310 .7 Asueed1de ADX n
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DBR «— mem(ABR)

{ <—X+ABR

y

PO\\&+/ PLH]

( End >

317 a.7 @lo) fsauvsedids ADX n
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= Title : PK-2KI
-- Sturcture Arilithmetic & logic Module
- > 16 bit paraliel adder

-- Developer : Criminal

library IEEE;
use IEEE.std_logic 1164.all;
entity addl16 is -
port (
xn: in STD_LOGIC_VECTOR (15 downto 0);
yn: in STD_LOGIC_VECTOR (15 downto 0);
gn:out STD_LOGIC VECTOR (15 downto 0);

coi: out STD LOGIC;
ci: in STD_LOGIC
5
end add16;
architecture add16_arch of add16 is
component add1
port (
coi: out STD_LOGIC;
xi: in STD LOGIC;
yi:in STD_LOGIC;
gi: out STD_LOGIC;
ci: in STD_LOGIC
);

end component;
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signal cr:STD_LOGIC_VECTOR (14 downto 0);

begin

-~ <<enter your statements here>>

al5:addl port map (coi,xn(15),yn(15),gn(15),cr(14));
al4:addl port map (cr(14),xn(14),yn(14),gn(14),cr( 13));
al3:addl port map (cr(13),xn(l3),yn(13),g11(l3),01(12));
al2:addl port map (cr(12),xn(12),yn(12),en(12),cr(11));
all:addl port map (er(11),xn(11),yn(11),gn(11),cr(10));
al0:add1 port map (cr(10),xn(10),yn(10),gn(10).cr(9));
a9:add1 port map (cr(9),xn(9),yn(9),gn(9),cr(8));
a8:add1 port map (cr(8),xn(8),yn(8),gn(8),cr(7));
a7:add1 port map (cr(7),xn(7),yn(7),gn(7),cr(6));
a6:addl port map (cr(6),xn(6),yn(6),gn(6),cr(5));
a5:addl port map (cr(5),xn(5),yn(5),gn(5),cr(4));
a4:addl port map (cr(4),xn(4),yn(4),gn(4),cr(3));
a3:addl port map (cr(3),xn(3),yn(3),en(3),cr(2));
a2:add1 port map (cr(2),xn(2),yn(2),gn(2),cr(1));
al:addl port map (cr(1),xn(1),yn(1),gn(1),cr(0));
a0:add1 port map (cr(0),xn(0),yn(0),gn(0),ci);

end add16_arch;

3U% A.23 Tulsunsa 16bit-add

Title : PK-2KI
Sturcture : Arilithmetic & logic Module
> 8 bit parallel adder

Developer : Criminal

library IEEE;
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use IEEE.std_logic_1164.all;
entity add8 is
port (
xn: in STD_LOGIC_VECTOR (7 downto 0);
yn: in STD_LOGIC_VECTOR (7 downto 0);
gn: out STD_LOGIC_VECTOR (7 downto 0);
coi: out STD LOGIC;
ci: in STD_LOGIC
);
end addg;

architecture add8 arch of add8 is

component add1
port (
coi: out STD LOGIC,;

xi: in STD LOGIC;
yi: in STD _LOGIC;
gi: out STD _LOGIC;
ci: in STD_LOGIC
)

end component;

signal cr:STD_LOGIC _VECTOR (6 downto 0);

begin
-- <<enter your statements here>>
al:addl port map (coi,xn(7),yn(7),gn(7),cr(6));
a2:add1 port map (cr(6),xn(6),yn(6),gn(6),cr(5));
a3:add1 port map (cr(5),xn(5),yn(5),gn(5),cr(4));
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a4:addl port map (cr(4),xn(4),yn(4),gn(4),cr(3));

a5:addl port map (cr(3),xn(3),yn(3),gn(3),cr(2));

a6:addl port map (cr(2),xn(2),yn(2),gn(2),cr(1));

a7:add1 port map (cr(1),xn(1),yn(1),gn(1),cr(0));

a8:add! port map (cr(0),xn(0),yn(0),gn(0),ci);
end add8_arch;

31 n.24 Talsunsa 8bit add

= Title : PK-2KI
= Sturcture  : Arilithmetic & logic Module
oo > 8Bit selector

- Developer : Criminal

library IEEE;
use IEEE.std logic 1164.all;
entity bitsel8 is
port (
su0: in STD_LOGIC;
sul:in STD LOGIC;
bui: in STD_LOGIC_vector(7 downto 0);
yui: out STD_LOGIC_vector(7 downto 0)
)
end BitSel§;
architecture BitSel8 arch of BitSelS is

component Bitsel
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port (
si0: in STD LOGIC;
sil: in STD LOGIC;
b: in STD_LOGIC;
y:out STD_LOGIC
);
end component;
--signal cn:STD_LOGIC_VECTOR (7 downto 0);
begin
-- <<enter your statements here>>
bl:BitSel port map (su0,sul,bui(7),yui(7));
b2:BitSel port map (su0,sul,bui(6),yui(6));
b3:BitSel port map (su0,sul,bui(5),yui(5));
b4:BitSel port map (su0,sul,bui(4),yui(4));
b5:BitSel port map (su0,sul,bui(3),yui(3));
b6:BitSel port map (su0,sul,bui(2),yui(2)):
b7:BitSel port map (su0,sul,bui(1),yui(1));
b8:BitSel port map (su0,sul,bui(0),yui(0));

end BitSel8 arch;

319 7.25 Talsunsas Sbitsel

- Title : PK-2KI
o Sturcture : Arilithmetic & logic Module
£ > Full adder

-- Developer : Criminal




library IEEE;
use IEEE.std_logic 1164.all;
entity addl is
port (
coi: out STD LOGIC;
xi-in' STD  LOGIC:
yiz in STD_LOGIC;
gi: out STD_LOGIC;
ci: in STD_LOGIC
15
end addl;
architecture add1 arch of addl is
begin
-- <<enter your statements here>>
gi <= (ci1 xor (xi xor yi));
coi <= (ci and (xi xor yi)) or (xi and yi);

end addl_arch;

39 n.26 Tulsunsu addl

library IEEE;

use IEEE.std_logic 1164.all;
library SYNOPSYS;

use SYNOPSYS.attributes.all;
entity addrgen is

port
clck: in STD _LOGIC;




dbr: in STD_LOGIC_VECTOR(7 DOWNTO 0);
en_hl: in STD_LOGIC;
af0: in STD_LOGIC;
afl: in STD_LOGIC;
en_pc: in STD_LOGIC;
rst: in STD_LOGIC;
abr: out STD_LOGIC_VECTOR(15 DOWNTO 0)
)
end addrgen;
architecture addrgen_arch of addrgen is
component notl
port (
inl: in STD LOGIC;
outl: out STD_LOGIC
);
end component;
component reg
port (
CLK: in STD_LOGIC;
ENABLE: in STD LOGIC;
DIN: in STD_LOGIC_vector(7 downto 0);
DOUT: out STD_LOGIC_vector(7 downto 0)
5
end component;
component add16
port (
xn: in STD_LOGIC_VECTOR (15 downto 0):
yn: in STD_LOGIC_VECTOR (15 downto 0);
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gn: out STD_LOGIC_VECTOR (15 downto 0);
cot: out STD LOGIC;
ci: in STD 1OGIC
)
end component;
component mux21 16
port(
di2: in STD_LOGIC_vector(15 downto 0);
dil: in STD_LOGIC_vector(15 downto 0);
ms: in STD LOGIC;
do: out STD_LOGIC_vector(15 downto 0)
);
end component;
component pc
port (
CLK:in STD _LOGIC;
ENABLE: in STD_LOGIC;
DIN: in STD_LOGIC_vector(15 downto 0);
RST: in STD_LOGIC;
DOUT: out STD_LOGIC_vector(15 downto 0)
end component;
component inc_gen
port (
bi: out STD_LOGIC vector(15 downto 0);
ci: out STD _LOGIC
J;

end component;
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component sum8tol6
port (
dil: in STD_LOGIC_VECTOR( 7 DOWNTO 0 );
di0: in STD_LOGIC_VECTOR( 7 DOWNTO 0 )
do: out STD_LOGIC_VECTOR( 15 DOWNTO 0 )
I
end component;
signal sig01:STD_LOGIC_vector(15 downto 0);
signal sig02:STD_LOGIC_vector(15 downto 0);
signal sig03:STD_LOGIC_vector(15 downto 0);
signal sigO4:STD_LOGIC_vect0r(7 downto 0);
signal sig05:STD_LOGIC vector(7 downto 0);
signal sig06:STD LOGIC;
signal sig07:STD_LOGIC_vector(15 downto 0);
signal sig08:STD LOGIC;
signal sig09:STD_LOGIC vector(15 downto 0);
begin
-- <<enter your statements here>>
HB:reg port map (clck,en_hLdbr,sig04);
LB:reg port map (clek,sig06,dbr,sig05);
Sum:sum8to16 port map (sig04,sig05,sig03);
af O:mux21_16 port map (sig01,sig03,a10,sig02);
af_l:mux21_16 port map (s1g09,sig03,af1,abr);
proge:pc port map (clck,en_pc,sig02,rst,sig09):
add:add16 port map (sig09,sig07,sig01,0pen,sig08);
Inc:inc_gen  port map (sig07,sig08);
not_1:notl port map (en_hl,sig06);

end addrgen_arch;
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e Title : PK-2KI
T Structure  : Arithmetic & logic Module
7 > Arithmetic & Logic unit

--  Developer : Criminal

library IEEE;

use IEEE.std_logic 1164.all;
library SYNOPSYS;

use SYNOPSY S.attributes.all;

entity alu is
port (
¢ in: nSFDSOSC;
s 0:in STD_LOGIC;
s 1:in STD LOGIC;
s 2: i std_logic;
s 3:imn STD LOGIC;
ain: in STD_LOGIC_vector(7 downto 0);
bin: in STD_LOGIC_vector(7 downto 0);
gon: out STD_LOGIC_vector(7 downto 0);
¢_out: out STD_LOGIC
);
end alu;
architecture alu_arch of alu is
component au
port
cin: in STD_LOGIC;
s0: in STD_LOGIC;
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sl:in STD_LOGIC;
au: in STD_LOGIC_vector(7 downto 0);
bu: in STD_LOGIC_vector(7 downto 0);
gu: out STD_LOGIC_vector(7 downto 0);
cout: out STD_LOGIC
)
end component;
component lu
port (
s0: in STD_LOGIC;
sl: in STD_LOGIC;
au: in STD_LOGIC_vector(7 downto 0);
bu: in STD _LOGIC_vector(7 downto 0);
gl: out STD_LOGIC_vector(7 downto 0)
3
end component;
component shif
port (
si0: in STD_LOGIC;
sil: in STD LOGIC;
xi:in STD_LOGIC_vector(7 downto 0);
gi: out STD_LOGIC vector(7 downto 0)
)%
end component;
component muxalu
port (
di3: in STD_LOGIC_vector(7 downto 0);
di2: in STD_LOGIC vector(7 downto 0);
dil: in STD_LOGIC vector(7 downto 0);
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s 3:inSTD_LOGIC;
s 2:in STD_LOGIC;
do: out STD_LOGIC vector(7 downto 0)
);
end component;
signal asg:STD LOGIC VECTOR (7 downto 0);
signal Isg:STD_LOGIC_VECTOR (7 downto 0);
signal ssg:STD LOGIC VECTOR (7 downto 0);
begin
-- <<enter youf statements here>>
aluazau  port map (c_in,s 0,s 1,ain,bin,asg,c_out);
alul:lu  port map (s_0,s 1,ain,bin,lsg);
alus:shif port map (s 0,s_1,ain,ssg);
muxs:muxalu port map (ssg,lsg,asg,s 3,s 2,gon);

end alu_arch;

51 n.28 Tilsunsw alu

e Title : PK-2KI
. Sturcture Arilithmetic & logic Module
== > Arithmetic unit

- Developer : Criminal

library IEEE;

use IEEE.std_logic 1164.all;
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entity au is
port (
cin: in STD_LOGIC;
s0: in STD LOGIC;
sl: in STD LOGIC;
au: in STD _LOGIC vector(7 downto 0);
bu: in STD_LOGIC vector(7 downto 0);
gu: out STD LOGIC vector(7 downto 0);
cout: out STD_LOGIC
%
end au;
architecture au_arch of au is
component add®
port (

ci: in STD_LOGIC;

xn: in STD_LOGIC _VECTOR (7 downto 0);
yn:in STD LOGIC_VECTOR (7 downto 0);

an: out STD LOGIC_VECTOR (7 downto 0);

coi: out STD LOGIC
)5

end component;

su0: in STD_LOGIC;

sul: in STD LOGIC;

bui: in STD_LOGIC_vector(7 downto 0);
yui: out STD_LOGIC_vector(7 downto 0)
);

end component;
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signal xg:STD_LOGIC_VECTOR (7 downto 0);
signal yg:STD_LOGIC_VECTOR (7 downto 0);
-~ gg:STD_LOGIC_VECTOR (7 downto 0);
begin
- <<enter your statements here>>
adder8bit:add8 port map (cin,au,yg,gu,cout);

bitsel8na:bitsel8 port map (s0,s1,bu,yg);

end au_arch;

319 .29 Talsunsy au
. Title : PK-2KI
= Structure : Arithmetic & logic Module

-- > Bit selector

- Developer : Criminal

library 1EEE;

use IEEE.std_logic 1164.all;

entity BitSel is

port (
si0: in STD_LOGIC:
sil: in STD_LOGIC;
--a:in STD_LOGIC;
b:in STD_LOGIC;
- x:out STD_LOGIC;
y:out STD_LOGIC );

end BitSel;
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architecture BitSel arch of BitSel is
begin
-- <<enter your statements here>>
X <=a;
y <= ((b and si0) or ((not b) and sil));
end BitSel arch;

31 A.30 Tusuns s bitsel

library IEEE;
use IEEE.std logic 1164.all;
library SYNOPSY'S;
use SYNOPSYS.attributes.all;
entity controlunit is
port (
clck: in STD_LOGIC;
int_dbr: in STD_LOGIC_VECTOR(7 DOWNTO 0);
cflag: in STD_LOGIC;
zflag: in STD_LOGIC;
rst: in STD_LOGIC;
iorg: out STD_LOGIC;
merq: out STD LOGIC;
wr: out STD LOGIC;
rd: out STD_LOGIC;
abr: out STD_LOGIC_VECTOR(15 DOWNTO 0);
ctrldata: out STD_LOGIC_VECTOR(11 DOWNTO 0)
);

end controlunit;




architecture controlunit_arch of controlunit is

component ctrlsignal

port (

clek: in STD_LOGIC;
count: in STD_LOGIC vector(3 downio 0);

ir: in STD_LOGIC_VECTOR (7 downto 0);

fc: in STD LOGIC;

fz: in STD_LOGIC;

rst:

clr:

in STD_LOGIC;

out STD LOGIC;

word: out STD LOGIC _VECTOR (21 downto 0)

)

end component;

component addrgen

port (

%

clek: in STD_LOGIC;

dbr:in STD_LOGIC_VECTOR(7 DOWNTO 0);
en_hl: in STD LOGIC;

af0: in STD_LOGIC;

afl: in STD_LOGIC;

en_pe: in STD_LOGIC;

st in STD_LOGIC;

abr:out STD_LOGIC_VECTOR(15 DOWNTO 0)

end component;

component reg

port (

CLK: in STD_LOGIC;
ENABLE: in STD_LOGIC;

DIN: in STD_LOGIC vector(7 downto 0);
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DOUT: out STD_LOGIC_vector(7 downto 0)
¥
end component;
component reg_16
port (
CLK: in STD LOGIC;
ENABLE: in STD _LOGIC;
DIN: in STD_LOGIC_vector(15 downto 0);
DOUT: out STD_LOGIC_vector(15 downto 0)
)
end component;
component count 16 is
port (
clk: in STD_LOGIC;
clear: in STD_LOGIC;
count: out STD_LOGIC VECTOR(3 downto 0)
)

end component;

signal sig01:STD_LOGIC_ vector(7 downto 0);
signal sig02:STD_LOGIC_vector(15 downto 0);
signal sig03:STD_LOGIC_vector(3 downto 0);

signal sig04:STD_LOGIC;
signal wsig:STD_LOGIC_vector(21 downto 0);

begin
-- <<enter your statements here>>
ctrlsig:ctrlsignal port map(clck,sig03,sig01,cflag,zflag rst,sigl4, wsig);

count:count 16 port map(clck,sig04,sig03);
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ireg:reg port map(clck,wsig(10),int_dbr.sig01):
agen:addrgen port map(clck,int_dbr,wsig(1 7),wsig(18),wsig(19),wsig(16),rst,sig02);

abuffireg 16 port map(clck,wsig(20),sig02,abr);

ctridata(0) <= wsig(4);
ctridata(l) <= wsig(5);
ctrldata(2) <= wsig(6);
ctridata(3) <= wsig(7);
ctrldata(4) <= wsig(8);
ctrldata(5) <= wsig(9);
ctrldata(6) <= wsig(11);
ctridata(7) <= wsig(12);
ctrldata(8) <= wsig(13);
ctrldata(9) <= wsig(14);
ctrldata(10) <= wsig(15);
ctrldata(11) <= wsig(21);
iorg <= wsig(3);

merq <= wsig(2);

wr  <=wsig(l);

rd <= wsig(0);

end controlunit_arch;

Tilsunsu cru

library IEEE;

use IEEE.std_logic 1164.all;
library SYNOPSYS;

use SYNOPSY S.attributes.all;

entity cpu is




port (

i

Clock: in STD LOGIC;

Reset: in STD LOGIC;

IORQ : out STD_LOGIC;

MERQ : out STD_LOGIC;

WR :outSTD LOGIC;

RD :outSTD LOGIC;

DataBus_in : in STD_LOGIC_VECTOR(7 DOWNTO ();
DataBus_out: out STD_LOGIC_VECTOR(7 DOWNTO 0);

AddressBus : out STD_LOGIC_VECTOR(15 DOWNTO 0)

end cpu;

architecture cpu_arch of cpu is

component controlunit

port

I

(

clek: in STD LOGIC;

int_dbr: in STD_LOGIC VECTOR(7 DOWNTO 0);
cflag: in STD LOGIC;

zflag: in STD LOGIC;

rst: in STD _LOGIC;

iorg: out STD_LOGIC;

merq: out STD LOGIC;

wr: out STD_LOGIC;

rd: out STD_LOGIC;

abr: out STD_LOGIC_VECTOR(15 DOWNTO 0);
ctrldata: out STD_LOGIC_VECTOR(11 DOWNTO 0)

end component;




86

component Dataunit
port (
clck: in STD_LOGIC;
dbr_in: in STD_LOGIC_VECTOR (7 downto 0);
reg_enl: in STD LOGIC;
reg_en0: in STD LOGIC;
reg_sell: in STD LOGIC;
reg_sel0: in STD LOGIC;
s_funcl: in STD _LOGIC;
s_funcO: in STD_LOGIC;
s dbr: in STD LOGIC;
s_alu3: in STD LOGIC;
s_alu2: in STD_LOGIC;
s_alul: in STD LOGIC;
s_alu0: in STD LOGIC;
Cin: in STD_LOGIC;
fc: out STD_LOGIC;
fz: out STD_LOGIC;
dbr_out: out STD_LOGIC_VECTOR (7 downto 0);
dbr_int: out STD_LOGIC VECTOR (7 downto 0)
)
end component;
signal sig01:STD_LOGIC_vector(7 downto 0);
signal sig02:STD_LOGIC;
signal sig03:STD_LOGIC;
signal sig04:STD_LOGIC_vector(11 downto 0);
begin

-- <<enter your statements here>>




87

Data_Unit:Dataunit port map(Clock,DataBus_in,sigO4(3),sig04(2),sig04(5),sig04
(4),s1g04(1 ),51204(0),sig04(11 ),sig04(1 0),51204(9),s1204(8),sig04( 7),51g04(6),s1202,5ig03,
DataBus_out,sig01);

Ctrl_Unit:controlunit port map

(Clock,sig()1,sig02,sig03,Reset,IORQ,MERQ,WR,RD,AddressBus,sig04);

L end cpu_arch;

q‘a:ﬂﬁ A.31 1dsunsy controlunit

library IEEE;
use [EEE.std_logic 1164.all:
library SYNOPSYS;

use SYNOPSYS. attributes.ali;

entity ctrlsignal is
port
clek: in STD _LOGIC;
count: in STD_LOGIC_vector(3 downto 0);
Ir; in STD_LOGIC_VECTOR (7 downto 0);
fc: in STD LOGIC;
fz: in STD_LOGIC;
styin ST LOGIC:
clr: out STD_LOGIC;
word: out STD_LOGIC_VECTOR (21 downto 0)
);
end ctrlsignal;

architecture ctrlsignal_arch of ctrlsignal is
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signal code : STD_LOGIC_VECTOR(1 downto 0);
begin
-~ <<enter your statements here>>

process (clck,count,ir,fc,fz,rst,code)

begin

cir <='0;

if rst="0' then
clr<="'1"%

word <= "00100000000000110011 1 "~

end if;

if clck="1" then

- - FETCH - -

if count="0001" then  -- [ABR <--PC] --
word <= "011000000000001 1001010";

elsif count = "0010" then -- [ DBR <-- Mem(ABR) , PC <-- PC+] ]--
word <= "1011010000000011001 010";

elsif count = "0011" then -- [ IR <-- DBR ]--
word <= "001000000001001100111 194

25 EXCUTE =

else
code(1) <= ir(7);
code(0) <= ir(6);
case code is

when "00" => -- [ Data Transfer 1-

code(1) <= ir(5);
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PC <--PC+1]--

PC=%-PCH | —

PC <--PC+1]--

code(0) <= ir(4);

case code 1s

when "00" => -- [ Immediate ] --
if count = "0100" then --[ ABR <--PC | --
word <= "0110000000000011001010";
elsif count = "0101" then -- [ DBR <-- Mem(ABR) ,

word <="1011010000000011001010";
elsif count = "0110" then -- [ r <-- DBR | --

word <= "0010000000001111001111";

word(7) <= ir(3);

word(6) <= ir(2);

gl e

end if;

when "01" => -- [ Direct | --
if count = "0100" then -- [ ABR <-- PC | --
word <= "0110000000000011001010";

elsif count = "0101" then -- [ DBR <-- Mem(ABR) ,

word <= "1011010000000011001010";
elsif count="0110" then-- | LB <-- DBR | --
word <= "0010000000001111001111";
elsif count = "0111" then -- [ ABR <--PC ] --
word <= "0110000000000011001010";
elsif count = "1000" then -- [ DBR <-- Mem(ABR) ,

word <= "1011010000000011001010";
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HB.LB] --

Regz] --

elsif count = "1001" then -- [ HB <-- DBR , ABR <-1

word <= "0110100000001111001010";

elsif count = "1010" then -- [ DBR <-- Mem(ABR) |

word <= "1010000000000011001010";
elsif count="1011" then -- [ r <-- DBR ] --
word <= "0010000000001111001111";

word(7) <= ir(3);
word(6) <= ir(2);
clr<="1"

end if;

when "10" => -- [ Indirect | --

when "11" => -- [ Register | --
code(1) <= ir(3);
code(0) <= ir(2);

case code is
when "00" =>-- [ To Reg x] --
word(7) <=1r(3);
word(6) <=ir(2);

if ir(1) ='0"and ir(0) ='1' then -- [ From

word(9) <='0;
word(8) <=0
elsif ir(1) ="1" and ir(0) = '0' then -- [ From

word(9) <='0";
word(8) <="'1";
end if;
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when "01" =>--[ ToRegy | --

Regx | --

Regz | --

Regx | --

Regy] -

word(7) <= 1ir(3);
word(6) <= ir(2);
if ir(1)='0' and ir(0) ='0' then -- [ From

word(9) <="'0";
word(8) <="'0";
elsif ir(1) ='1'and ir(0) ='0' then -- [ From

word(9) <="0';
word(8) <="1";

end if;

when "10" =>--[To Regz ] --

word(7) <=ir(3);
word(6) <=1ir(2);
if ir(1)='0"'and ir(0) ='0' then -- [ From

word(9) <=0
word(8) <="'0";

elsif ir(1) ='0" and ir(0) ="'1' then -- [ From

word(9) <=0
word{(8) <="'1";

end if;

when others =>NULL;

end case;

when others => NULL;
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when "O1" => -- [ Arithmetic ]--
code(1) <=ir(5);
code(0) <= ir(4);
case code 1s
when "00" => - [ Inc, Dec ] --
code(1) <= ir(3);
code(0) <= ir(2);
if code = "00" then --[ Inc | -
word <= "0010000000101011001111";
elsif code ="01" then-- [ Dec | -
word <= "0010000011001011001111";

end if;

word(7) <= ir(1);
word(6) <= ir(0);
clr<="1%
when "01" => - [ ADXr,SBXr,CPXr] -
code(1) <=1r(3);
code(0) <= ir(2);
if code ="00" then --[ ADXr] -
word <= "0010000001001000001111";
word(5) <=ir(1);
word(4) <=1r(0);
elsif code = "01" then-- [ SBX r] --
word <= "0010000010101000001111";
word(5) <=ir(1);
word(4) <=ir(0);
~ elsif code ="10" then - [ CPXr] --
qud <="0010000010101111001111";

word(5) <=1ir(1);




word(4) <= ir(0);
end if;

clr<="'1";

when "11" =>-- [ ADX n, SBX nj--

if count = "0100" then -- [ ABR <-- PC ]--
word <= "011000000000001 1001010";

elsif count ="0101" then -- [ DBR <-- Mem(ABR) ,

PC <-- P@F1”-

word <="1011010000000011001010";

elsif count = "0110" then
code(1) <= ir(3);

code(0) <= ir(2);

if code = "00" then -- [ ADX n ]--

word <= "001000000100100010111 | g
elsif code = "01" then -- [ SBX n 1--

word <= "001000001010100010111 1
end if:
clr<='1";

end if;

when others => NULL;
end case;
when "10" =>-- [ Logic | --
case ir(5) is
when '0' => -- [ Logic ] --
code(1) <= ir(4);

code(0) <= ir(3);




94

case code 1s

when "00" =>-- [ AND | --

word <= "0010000100001000001111";
when "01" =>--[OR ] --

word <= "0010000101001000001111";
when "10" =>--[XOR ] --

word <= "(0010000110001000001111";
when "11"=>-- [NOT ] --

word <= "0010000111001000001111";

when others => NULL; A

end case;

code(1) <= ir(2);

code(0) <= ir(1);

case code is

when "00" => -- [ Reg x| --
word(5) <="1";
word(4) <="";

when "01" => -- [ Reg y] --
word(5) <='0";
word(4) <='0";

when "10" =>--[Reg z] --
word(5) <="0';
word(4) <="1";

when others=>NULL;

end case;

when '1' => -- [ Shift, Rotate | -




\°
n

code(1) <= ir(4);
code(0) <= ir(3);
case code is
when "00" => -- [ Shift Left ]--
word <= "0010001000001000001111";
when "01" => -- [ Shifi Right ]--
word <="0010001001001000001111";
when "10" => -- [ Rotate Left |--
\Vofd <="0010001010001000001111";
when "11" => -- [ Rotate Right ] --
word <="0010001011001000001111 i

when others =>NULL;

end case;

when others => NULL:

end case:
clr<="1";

when "11"=>-- [ Program Control | --
code(1) <= ir(5);
code(0) <= ir(4);

when others => NULL;

end case;

end if;
end if;
end process;

end ctrlsignal arch;

310 7.32 Ta/sun 53 clsignal
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library IEEE;

use IEEE.std_logic 1164.all;

library SYNOPSYS;
use SYNOPSY S.attributes.all;

entity Dataunit is
port (
clck: in STD_LOGIC;
dbr_in: in STD_LOGIC_VECTOR (7 downto 0);
reg_enl: in STD LOGIC;
reg_en0: in STD LOGIC;
reg_sell:in STD LOGIC;
reg_sel0: in STD_LOGIC;
s_funcl: in STD LOGIC;
s_func0: in STD_LOGIC;
s_dbr: in STD LOGIC;
s_alu3:in STD LOGIC;
s_alu2:in STD_LOGIC;
s_alul:in STD LOGIC;
s alu0: in STD_LOGIC:
Cin: in STD_LOGIC;
fc: out STD_LOGIC;
fz: out STD LOGIC;
dbr_out: out STD_LOGIC_VECTOR (7 downto 0);
dbr_int: out STD_LOGIC_VECTOR (7 downto 0)
%

end Dataunit;
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architecture Dataunit_arch of Dataunit is
component nor8
port (
inl: in STD_LOGIC_VECTOR (7 downto 0);
outl: out STD_LOGIC

& ¥

/5

end component;

component notl
port (
ml:in STD_LOGIC;
outl: out STD LOGIC
15

end component;

component demux23

port (
msl:in STD_LOGIC;
ms0: in STD_LOGIC;
do0: out STD_LOGIC;
dol: out STD_LOGIC;
do2: out STD_LOGIC

)

end component;

component mux31
port (
di3: in STD_LOGIC vector(7 downto 0);
di2: in STD_LOGIC vector(7 downto 0);
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dil: in STD_LOGIC_vector(7 downto 0);

msl: in STD LOGIC;

ms0: in STD_LOGIC;

do: out STD_LOGIC_vector(7 downto 0)
)5

end component;

component mux41
port (
di3: in STD_LOGIC_vector(7 downto 0);
di2: in STD_LOGIC vector(7 downto 0);
dil: in STD_LOGIC vector(7 downto 0);
di0: in STD_LOGIC _vector(7 downto 0);
msl: in STD LOGIC;
ms0: in STD_LOGIC;
do: out STD _LOGIC_vector(7 downto 0)
%

end component;

component reg
port (
LK: in STD LOGIC;
ENABLE: in STD LOGIC;
DIN: in STD_LOGIC_vector(7 downto 0);
DOUT: out STD_LOGIC _vector(7 downto 0)
%

end component;

component alu
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port (
¢ in: in STD LOGIC;
s 0:in STD_LOGIC;
s 1:1n STD_LOGIC;
s 2:1in std_logic;
s 3:in STD_LOGIC;
ain: in STD_LOGIC_vector(7 downto 0);
bin: in STD_LOGIC_vector(7 downto 0);
gon: out STD_LOGIC vector(7 downto 0);
c_out: out STD LOGIC
);

end component;

signal sig01:STD_LOGIC_vector(7 downto 0);
signal sig02:STD_LOGIC_vector(7 downto 0);
signal sig03:STD_LOGIC_vector(7 downto 0);
signal sig04:STD_LOGIC_vector(7 downto 0);
signal sig05:STD _LOGIC_vector(7 downto 0);
signal sig06:STD_LOGIC_vector(7 downto 0);
signal sig07:STD LOGIC;

signal sig08:STD LOGIC;

signal sig09:STD LOGIC;

signal sigl0:STD_LOGIC_vector(7 downto 0);
signal sigl1:STD_LOGIC_vector(7 downto 0);
signal sigl2:STD_LOGIC_vector(7 downto 0);

signal sigl3:STD LOGIC;

begin

<<enter your statements here>>
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regen:demux23 port map (reg_enl,reg_e110,sig07,sig08,sig09);

regx:reg port map (clck,sig07,sig04,sig03):
regy:reg port map (clck,sig08,sig05,sigl0):;
regz:reg port map (clck,sig09,sig06,sig11);

muxx:mux41 port map (sig01,sig02,sig10,sig1 l,reg sell,reg sel0,sig04);
muxy:mux41 port map (sig01,sig02,sig03,sig1 lreg_sell,reg_sel0,sig05);
muxz:mux4l port map (sigOl,sigOZ,sigO3,sig10,reg_sell,reg_selO,sigOG);
soper:mux31 port map (sig01,sigl 1,sigl 0,s_funcl,s_func0,sig12);

dbrin:reg port map (clck,s_dbr,dbr_in,sig01);

dbrout:reg port map (clck,sigl3,sig03,dbr_out);

alu l:alu port map (Cin,s_aluO,s_alul,s_a1u2,s_alu3,sig03,sig12,sig02,fc)_;
not_1:notl port map (s_dbr,sigl3);

nor 8:nor8 port map (sig02,{z);

dbr_int <=sig01;

end Dataunit_arch;

qﬁlllﬁ .33 I‘ﬂmﬂm dataunit

library IEEE;

use IEEE.std_logic 1164.all;

entity demux23 is

port (

msl: in STD_LOGIC;
ms0: in STD_LOGIC;
do0: out STD_LOGIC;
dol: out STD_LOGIC;
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do2: out STD LOGIC
);
end demux23;

architecture demux23_arch of demux23 is
begin
-- <<enter your statements here>>
process (msl,ms0)
begin
if ms1='0" and ms0="0" then
do2 <='0";
dol <='0;
do0 <="'1;

elsif ms1='0"' and msO='1" then

do2 <='0';
dol <="1";
do0 <='0";

elsif msl='1"and ms0='0' then
do2 <="'1%
dol <='0';
do0 <="'01

else
do2 <='0;
dol <=0
do0 <='0}

end if;

end process;

end demux23_arch;

3111 .34 Tusun50 demux23




library IEEE;
use IEEE.std logic 1164.all;

entity inc_ct is

port (
biz out STD LOGIC;
ci: out STD_LOGIC
)
end inc_ct;

architecture inc_ct_arch of inc_ctis
begin
-- <<enter your statements here>>
bi<='0}
ci<='l"

end inc_ct _arch;

307 A.35 Talsunsi ine_count

library IEEE;
use IEEE.std logic 1164.all;
entity inc_gen is
port (
bi: out STD_LOGIC_vector(15 downto 0);
ci: out STD_LOGIC
);
end inc_gen;
architecture inc_gen_arch of inc_gen is

begin
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-- <<enter your statements here>>
bi <= "0000000000000000":
ci<='l";

end inc_gen arch;

311 .36 T1/sun53 inc_gen

library IEEE;
use IEEE.std_logic 1164.all;
entity d_ffis
port (
CLK: in'STD \LOGIC:
DIN: in STD_LOGIC;
CLR: in STD-LOGIC:

DOUT: out STD_LOGIC

end d_fi;

311 737 1151033 inverse

-- Title : PK-2KI
== Structure Arithmetic & logic Module
= > Logic unit

--  Developer : Criminal
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library IEEE;
use IEEE.std_logic_1164.all;
entity lu is
port (sO: in STD LOGIC;
sl:in STD LOGIC;
au: in STD_LOGIC_vector(7 downto 0);
bu: in STD_LOGIC_vector(7 downto 0);
gl: out STD_LOGIC vector(7 downto 0) );
end lu;
architecture Iu_arch of lu is
component lulbit
port (sil: in STD_LOGIC;
si0: in STD_LOGIC;
ai: in STD _LOGIC;
bi: in STD LOGIC;
gi: out STD LOGIC );
end component;
begin
-- <<enter your statements here>>
lul:lulbit port map (s1,s0,au(7),bu(7),gl(7));
lu2:lulbit port map (s1,s0,au(6),bu(6),gl(6));
lu3:lulbit port map (s1,s0,au(5),bu(5),gl(5));
lud:lulbit port map (s1,s0,au(4),bu(4),gl(4));
lu5:lulbit port map (s1,50,au(3),bu(3),gl(3));
lu6:lulbit port map (s1,s0,au(2),bu(2),gl(2));
lu7:lulbit port map (s1,s0,au(1),bu(1),gl(1));
lu8:lulbit port map (s1,s0,au(0),bu(0),g1(0));

end Iu_arch;

31N A.38 Tadsunsu lu




- Title : PK-2KI
= Sturcture : Arilithmetic & logic Module
== > Logic 1 bit

- Developer : Criminal

library IEEE;
use [EEE.std_logic 1164.all;
entity lulbit is
port (
sil: in STD LOGIC;
si0: in STD _LOGIC;
ai: in STD_LOGIC;
bi: in STD LOGIC;
gi: out STD_LOGIC
);
end lulbit;
architecture lulbit_arch of lulbit is
begin
-- <<enter your statements here>>
process (sil,si0,ai,bi)
begin
if si1="0" and si0="0" then
g1 <= ai and bi;
elsif si1="0" and si0="1" then
gi <= ai or bj;
elsif sil="1" and si0="0" then

gi <= ai xor bi;
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else
g1 <= not ai;
end if;

end process;

end lulbit_arch;

7Y% .39 Tilsunsw uibic

library 1EEE;
use IEEE.std_logic 1164.all;
entity mux21 is
port (
di2: in STD_LOGIC_vector(7 downto 0);
dil:in STD_LOGIC vector(7 downto 0);
ms: in STD LOGIC;
do: out STD_LOGIC_vector(7 downto 0)
)

end mux21;

3UM 7.40 Talsunsu muxl

library IEEE;
use IEEE.std_logic 1164.all;
entity mux21_16 is
port (
di2: in STD_LOGIC_vector(15 downto 0);
dil: in STD_LOGIC_vector(15 downto 0);
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ms: in STD_LOGIC;

do: out STD_LOGIC vector(15 downto 0)
);

end mux21 16;

31U .41 Tsunsy mux21_16

library IEEE;
use IEEE.std_logic_1164.all;
entity mux31 is
port (
di3: in STD_LOGIC_vector(7 downto 0);
di2: in STD _LOGIC_vector(7 downto 0);
dil: in STD LOGIC_vector(7 downto 0);
msl:in STD LOGIC;
ms0: in STD_LOGIC;
do: out STD_LOGIC_vector(7 downto 0)
)i
end mux31;
architecture mux31 arch of mux31 is
begin
-- <<enter your statements here>>
process (msl,ms0,di3,di2,dil )
begin
If ms1='0" and ms0="0" then
do <=dil;
elsif ms1='0"' and msO='1" then
do <= di2;
elsif ms1='1"' and ms0='0" then
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do <= di3;

else

do <="00000000";
end if;

end process;

end mux31_arch;

317 n.42 Talsunsy mux3i

library IEEE;

use IEEE.std_logic_1164.all;

entity mux41 is
port (
di3: in STD_LOGIC vector(7 downto 0);
di2: in STD LOGIC vector(7 downtQ 0);
dil: in STD LOGIC vector(7 downto 0);
di0: in STD_LOGIC_vector(7 downto 0);
msl: in STD LOGIC;
ms0: in STD_LOGIC;
do: out STD_LOGIC vector(7 downto 0)
15
end mux41;
architecture mux41 arch of mux41 is
begin

-- <<enter your statements here>>
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process (ms1,ms0,di3,di2,dil,di0 )
begin
if ms1='0' and ms0='0' then

do <=di0;

elsif msI='0' and msO='1" then

do <=dil;

elsif ms1="1' and ms0='0" then

do <=di2;

else

do <= di3;

end if;
end process;

end mux41_arch;

31 £1.43 Tesunsu mux4l

library IEEE;

use IEEE.std_logic 1164.all;

entity muxalu is

port (

)

di3: in STD_LOGIC_vector(7 downto 0);
di2: in STD_LOGIC_vector(7 downto 0);
dil: in STD_LOGIC_vector(7 downto 0);
s 3:m STD LOGIC;
s 2:in STD LOGIC:

do: out STD_LOGIC _vector(7 downto 0)

end muxalu;
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architecture muxalu_arch of muxalu is
begin
-- <<enter your statements here>>
process (s_3,s 2,di3,di2,dil )
begin
ifs_3='0'and s 2='0' then
do <=dil;
elsif s 3='0'and s 2='1" then
do <=di2;
elsif s 3='1'and s 2='0" then
~do <=di3;
else
do <= "00000000";
end if;
end process;

end muxalu_arch;

3U7 a.44 Talsunsy muxal

library IEEE;
use IEEE.std_logic 1164.all;
entity nor8 is
port (
inl: in STD_LOGIC VECTOR (7 downto 0);
outl: out STD LOGIC
%
end norg;
architecture nor8_arch of nor8 is

begin
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-- <<enter your statements here>>
process(inl)
begin
if inl ="00000000" then
outl <="1";
else outl <="'0";
end if;
end process;

end nor8_arch;

37 n.45 Talsun s nors

library IEEE;
use IEEE.std_logic 1164.all;
entity notl is
port (

ml:in STD LOGIC;

outl: out STD _LOGIC );
end notl;
architecture notl_arch of notl is
begin

-- <<enter your statements here>>
process(inl)
begin
outl <= not(inl);

end process;

end notl_arch;
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library IEEE;
use IEEE.std_logic 1164.all;
entity pc is
port (
CLK: in STD_LOGIC;
ENABLE: in STD LOGIC;
DIN: in STD_LOGIC_vector(15 downto 0);
RST: in STD_LOGIC;
DOUT: out STD_LOGIC_vector(15 downto 0)
);
end pc;
architecture pc_arch of pc is
begin
-- <<enter your statements here>>
process (CLK,RST)
begin
if (RST ="'0") then
DOUT <= "0000000000000000";
else
if (CLK'event and CLK='1") then
if (ENABLE='1") then
DOUT <= DIN;
end if;
end if;
end if;
end process;

end pc_arch;

319 .47 Tdsunsu pe




library IEEE;
use IEEE.std_logic 1164.all;
entity reg is
port (
CLK:in STD LOGIC;
ENABLE: in STD LOGIC;
DIN: in STD_LOGIC_vector(7 downto 0);
DOUT: out STD_LOGIC_vector(7 downto 0)
)
end reg;
architecture reg_arch of reg is
begin
-- <<enter your statements here>>
process (CLK)
begin
if (CLK'event and CLK="1") then
if (ENABLE='1") then
DOUT <= DIN;
end if;
end if;
end process;

end reg_arch;

311 .48 Talsun5u reg

library IEEE;
use IEEE.std_logic_1164.all;
entity reg_16 is

port
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CLK:in STD_LOGIC;
ENABLE: in STD LOGIC;
DIN: in STD_LOGIC_vector(15 downto 0);
DOUT: out STD_LOGIC_vector(15 downto 0)
);
endreg 16;

3UN .49 Tals5un5 regl6

library IEEE;

use IEEE.std logic 1164.all;

entity reg4 is

port (
CLK: in STD_LOGIC;
CLR: in STD LOGIC;
DIN: in STD_LOGIC _vector(3 downto 0);
DOUT: out STD_LOGIC _vector(3 downto 0)
);

end reg4;

— Title : PK-2KI
o Sturcture Arilithmetic & logic Module
== > Shipter & Rotate

== Developer : Criminal




library IEEE;
use IEEE.std_logic 1164.all;
entity shif'is
port (
sili in STD LOGIC;
s10: in STD_LOGIC;
xi: in STD_LOGIC_vector(7 downto 0);
gi: out STD_LOGIC_vector(7 downto 0)
);
end shif;
architecture shif arch of shif is
begin
-- <<enter your statements here>>
process (sil,si0,xi)
begin
if sil='0" and si0="0" then -- shif left
gi(7) <=xi(6);
gi(6) <=xi(5);
gi(5) <=xi(4);
gi(4) <= xi(3);
gi(3) <=xi(2);
gi(2) <= xi(1);
gi(1) <=xi(0);
gi(0) <=0
elsif sil="0" and si0='1l" then -- shif right
gi(0) <=xi(1);
gi(1) <=xi(2);
gi(2) <= xi(3);
gi(3) <= xi(4);

gi(4) <=xi(5);




116

gi(5) <= xi(6);
gi(6) <= xi(7);
gi(7) <=0
elsif sil="1" and si0="0" then -- rotate left
gi(7) <=xi(6);
gi(6) <=xi(5);
gi(5) <=xi(4);
gi(4) <=xi(3);
gi(3) <=xi(2);
gi(2) <= xi(1);
gi(1) <= xi(0);
gi(0) <=xi(7);
else -- rotate right
gi(0) <= xi(1);
gi(1) <= xi(2);
gi(2) <=xi(3);
gi(3) <= xi(4);
gi(4) <= xi(5);
gi(5) <= xi(6);
gi(6) <= xi(7);
gi(7) <=xi(0);
end if;
end process;

end shif arch;

307 a.51 Talsunsy shif

library IEEE;
use IEEE.std logic 1164.all;

entity sum8tol6 is
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port (dil: in STD_LOGIC_VECTOR( 7 DOWNTO 0 ):
di0: in STD_LOGIC_VECTOR( 7 DOWNTO 0 ):
do: out STD_LOGIC_VECTOR( 15 DOWNTO 0 )
);

end sum8tol6;

architecture sum8to16_arch of sum8to16 is

begin

-- <<enter your statements here>>
process (dil,di0)

begin
do(0) <= di0(0);
do(1) <=di0(1);
do(2) <= di0(2);
do(3) <=di0(3);
do(4) <= di0(4);
do(5) <=di0(5);
do(6) <= di0(6);
do(7) <= di0(7);
do(8) <=dil(0);
do(9) <=dil(1);
do(10)<=dil(2);
do(11)<=di1(3);
do(12)<=dil(4);
do(13)<=dil(5);
do(14)<=di1(6);
do(15)<=dil(7);

end process;

end sum8to16_arch;

311 .52 Talsunsu sumstols
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library IEEE;

use IEEE.std_logic 1164.all;

library SYNOPSYS;
use SYNOPSYS.attributes.all;

entity cpu is
port (
Clock: in STD LOGIC;
Reset: in STD_LOGIC;
IORQ : out STD_LOGIC;
MERQ : out STD_LOGIC;
WR :out STD LOGIC;
RD :outSTD LOGIC;
DataBus_in:in STD_LOGIC_VECTOR(7 DOWNTO 0);
DataBus_out: out STD_LOGIC_VECTOR(7 DOWNTO 0);
AddressBus : out STD_LOGIC_VECTOR(15 DOWNTO 0)
%

end cpu;

architecture cpu_arch of cpu is

component controlunit
port (
clek: in STD LOGIC;
int dbr: in STD_LOGIC VECTOR(7 DOWNTO 0);
cflag: in STD_LOGIC;
zflag: in STD _LOGIC;
rst: in STD LOGIC;
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iorg: out STD_LOGIC;

merq: out STD LOGIC;

wr: out STD LOGIC;

rd: out STD_LOGIC;

abr: out STD_LOGIC_VECTOR(15 DOWNTO 0);

ctrldata: out STD_LOGIC_VECTOR(11 DOWNTO 0)
);

end component;

component Dataunit
port (
clek: in STD_LOGIC;
dbr_in: in STD_LOGIC_VECTOR (7 downto 0);
reg_enl: in STD LOGIC;
reg_en0: in STD LOGIC;
reg_sell: in STD LOGIC;
reg_sel0: in STD_LOGIC;
s_funcl: in STD_LOGIC;
s_func0: in STD_LOGIC;
s_dbr: in STD LOGICs
s_alu3:in STD LOGIC;
s alu2:in STD LOGIC;
s alul:in STD LOGIC;
s alu0: in STD LOGIC;
Cin: in STD LOGIC;
fc: out STD _LOGIC;
fz: out STD_LOGIC;
dbr_out: out STD_LOGIC_VECTOR (7 downto 0);
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dbr_int: out STD_LOGIC_VECTOR (7 downto 0)
i)

end component;

signal sig01:STD_LOGIC_vector(7 downto 0);
signal sig02:STD_LOGIC;

signal sig03:STD_LOGIC;

signal sig04:STD_LOGIC_vector(11 downto 0);

begin

-- <<enter your statements here>>

Data_Unit:Dataunit port map(Clock,DataBus_in,sig04(3),sig04(2),sig04(5),sig04
(4),sig04(1),51g04(0),s1g04(11),sig04(1 0),s1g04(9),5i204(8),s1g04(7),5ig04(6),5i202,5ig03,DataBus
_out,sig01);

Ctrl_Unit:controiunit port

map(Clock,sig01 ,81g02,sig03,Reset, IORQ,MERQ,WR,RD,AddressBus, sig04);

end cpu_arch;

31U .53 Tulsunsu cpu
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& XILINX

XC4000 Series
Field Programmable Gate Arrays

July 30, 1996 (Version 1.03)

Product Specification

XC4800-Series Features

Note: XC4000-Series devices described in this data sheet
include the XC4000E, XC4000EX, XC4000L, and
XC4000XL. This information does not apply to the older

- Xilinx families: XC4000, XC4000A, XC4000D or XC4000H.
For information on these devices, see the Xilinx WEBLINX
at http:/imwww.xilinx.com.

* Third Generation Field-Programmable Gate Arrays
- Select-RAM™ memory: on-chip ultra-fast RAM with
- synchronous write option
- dual-port RAM option
- .Fully PCI compliant (speed grades -3 and faster)
- Abundant flip-fiops
- Flexible function generators
- Dedicated high-speed carry logic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- 8 global low-skew clock or signal distribution
networks
 System Performance to 66 MHz
* Flexible Array Architecture
» Systems-Oriented Features
- IEEE 1149.1-compatible boundary scan logic
support
- Individually programmable output slew rate
- Programmable input pull-up or pull-down resistors
- 12-mA sink current per XC4000E output (4 mA per
XC4000L output)
* Configured by Loading Binary File
- Unlimited reprogrammability
* Readback Capability
* Backward Compatible with XC4000 Devices
* XACTstep Development System runs on '386/'486/
Pentium-type PC, Sun-4, and Hewlett-Packard 700
series
- Interfaces to popular design environments
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization
- RAM/ROM.compiler

Low-Voliage Versions Avaiiabie
» Low-Voltage Devices Function at 3.0 - 3.6 Volts
» XC4000L: Low-Voltage Versions of XC4000E devices

= XCA4000XL: Low-Voltage Versions of XC4000EX
devices

Additional XC4000EX/XL Features

* Highest Capacity — Over 130,000 Usable Gates

» Additional Routing Over XC4000E
- almost twice the routing capacity for high-density

designs

* Buffered Interconnect for Maximum Speed

* New Latch Capability in Configurable Logic Blocks

* Improved VersaRing™ I/O Interconnect for Better Fixed
Pinout Flexibility

* Flexible New High-Speed Clock Network
- 8 additional Early Buffers for shorter clock delays
- 4 additional FastCLK™ buffers for fastest clock input
- Virtually unlimited number of clock signals

* Optional Multiplexer or 2-input Function Generator on
Device Outputs

* High-Speed Parallel Express™ Configuration Mode

¢ Improved I/O Setup and Clock-to-Output with FastCLK
and Global Early Buffers :

* 4 Additional Address Bits in Master Parallel
Configuration Mode

introduction
XC4000-Series high-performance, high-capacity Field Pro-
grammable Gate Arrays (FPGAs) provide the benefits of
custom CMOS VLS|, while avoiding the initial cost, long
development cycle, and inherent risk of a conventional
masked gate amay.

The result of eleven years of FPGA design experience and
feedback from thousands of customers, these FPGAs com-
bine architectural versatility, on-chip Select-RAM memory
with edge-triggered and dual-port modes, increased speed,
abundant routing resources, and new, sophisticated soft-
ware to achieve fully automated implementation of com-
plex, high-density, high-performance designs.

The XC4000 Series currently has 19 members, as shown

H T=Li_ 4
N iaome i,
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Table 1: XC4000-Series Field Programmable Gate Arrays

Max.
Max Logic | Max. RAM Typical Total | Number | Decode
- Gates Bits Gate Range CLB Logic of Inputs Max.
Device (No RAM) |(No Logic)|(Logic and RAM)*| Matrix | Blocks |Flip-Flops| perside | User /O
XC4003E 3,000 3,200 2,000 - 5,000 10x 10 100 360 30 80
XCA4005E/L 5,000 6,272 3,000 - 9,000 14x 14 196 616 42 112
XC4006E 6,000 8,192 4,000 - 12,000 16 x 16 256 768 48 128
XC4008E . 8,000 10,368 6,000 - 15,000 18x 18 324 936 54 144
XC4010EL 10,000 12,800 . | 7,000 - 20,000 20x20 400 1,120 60 160
XC4013E/L 13,000 18,432 10,000-30,000 | 24 x24 576 1,536 72 192
XC4020E 20,000 25,088 13,000-40,000 | 28x28 784 2,016 84 224
XC4025E 25,000 32,768 | 15,000-45,000 | 32x32 1,024 2,560 96 256
XCA028EX/XL | 28,000 32,768 | 18,000-50,000 | 32x32 1,024 2,560 96 256
XC4036EX/XL | 36,000 41,472 | 22,000-65,000 | 36x36 |' 1,296 3,168 108 288
XCA044EX/XL | 44,000 51,200 | 27,000-80,000 | 40x40 | 1,600 3,840 120 320
XC4052XL 52,000 61,952 | 33,000- 100,000 | 44 x44 1,936 4,576 132 352
XC4062XL 62,000 73,728 | 40,000-130,000 | 48x48 | 2,304 5,376 144 384
Larger Devices Available in the First Half of 1997

= Max values of Typical Gate Range include 20-30% of CLBs used as RAM.

Note: Throughout the functional descriptions in this docu-
ment, references to the XC4000E device family include the
XC4000L, and references to the XC4000EX device family \
include the XC4000XL, unless explicitly stated otherwise.
References to the XC4000 Series include the XC4000E,
XC4000EX, XC4000L, and XC4000XL families. All func-
tionality in low-voltage families is the same as in the corre-
sponding 5-Volt family, except where numerical references
are made to timing, power, or current-sinking capability.

Description

XC4000-Series devices are implemented with a regular,
flexible, programmable architecture of Configurable Logic
Blocks (CLBs), interconnected by a powerful hierarchy of
versatile routing resources, and surrounded by a perimeter
of programmable Input/Output Blocks (IOBs). They have
generous routing resources to accommodate the most
complex interconnect patterns.

The devices are customized by loading configuration data
into internal memory cells. The FPGA can either actively
read its configuration data from an extemal serial or byte-
parallel PROM (master modes), or the configuration data

can be written into the FPGA from an external device
(slave, peripheral and Express modes).

XCA4000-Series FPGAs are supported by powerful and
sophisticated software, covering every aspect of design
from schematic or behavioral entry, floorplanning, simula-
tion, automatic block placement and routing of intercon-
nects, to the creation, downloading, and readback of the
configuration bit stream. -

Because Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware must be adapted to different user applications.
FPGAs are ideal for shortening design and development
cycles, and also offer a cost-effective solution for produc-
tion rates well beyond 5,000 systems per month. For iowest
high-volume unit cost, a design can first be implemented in
the XC4000E or XC4000EX, then migrated to one of Xilinx’
compatible HardWire mask-programmed devices.

Tahia ? shows density and performance for a few common
circuit functions that can be implemented in XC4000-Series
devices.



124

Table 2: Density and Performance for Several Common Circuit Functions in XC4000E!

Design Class : Function CLBs Used | XC4000E-3 XC4000E-2 | Units
| 256 x 8 Single Port (read/modify/write) 72 63 80 | MHz
32 x 16 bit FIFO ’
hiskent simultaneous readAwrite 48 63 80 ! MHz
MUXed read/write 32 63 80 ! MHz
9 bit Shift Register (with enable) 5 170 200 | MHz
16 bit Pre-Scaled Counter 8 142 170 i MHz
16 bit Loadable Counter 8 65 76 I MHz
16 bit Accumulator 9 65 76 I MHz
8 bit, 16 tap FIR Filter sample rate o
Logic parallel 400 55 65 | MHz
serial : 68 8.1 10 | MHz
8 x 8 Parallel Multiplier ! i
single stage, register to register 73 37 30 ) ns
16 bit Address Decoder (internal decode) 3 4.7 39 | ns
9 bit Parity Checker 1 43 27 | nsj

Note:

Taking Advantage of Reconfiguration

FPGA devices can be reconfigured to change logic function
while resident in the system. This capability gives the sys-
tem designer a new degree of freedom not available with
any other type of logic.

Hardware can be changed as easily as software. Design
updates or modifications are easy, and can be made to
products already in the field. An FPGA can even be recon-

1. Most functions are faster in XC4000EX due to faster carry logic, direct connects, and other additional interconnect.

figured dynamically to perform different functions at differ-
ent times.

Reconfigurable logic can be used to implement system
self-diagnostics, create systems capable of being reconfig-
ured for different environments or operations, or implement
multi-purpose hardware for a given application. As an
added benefit, using reconfigurable FPGA devices simpli-
fies hardware design and debugging and shortens product
time-fo-market.
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XCA000E and XC4000EX Families
Compared fo the XC4000

For readers already familiar with the XC4000 family of Xil-
inx Field Programmable Gate Arrays, the major new fea-
tures in the XC4000-Series devices are listed in this
‘section. The biggest advantages of XC4000E and
XC4000EX devices are significantly increased system
speed, greater capacity, and new architectural features,
particularly Select-RAM memory. The XC4000EX devices
also offer many new routing features, including spedial
high-speed clock buffers that can be used to capture input
data with minimal delay. :

Any XCA000E device is pinout- and bitstream-compatible
with the comesponding XC4000 device. An existing
XC4000 bitstream can be used to program an XC4000E
device. However, since the XC4000E includes many new
features, an XC400GE bitstream cannot be loaded into an
XC4000 device.

Most XC4000EX devices have no corresponding XC4000
devices, because of the larger CLB arrays. The XC4028EX
has the same array size as the XC4025 and XC4025E, but
is not bitstream-compatible. ~ However, the XC4025,
XCA4025E, and XC4028EX are all pinout-compatible.

Improvements in XC4000E and XC4000EX

Increased System Speed

Delays in FPGA-based designs are layout dependent.
There is a rule of thumb designers can consider—the sys-
tem clock rate should not exceed one third to one half of the
specified toggle rate. Critical portions of a design, such as
shift registers and simple counters, can run faster—approx-
imately two thirds of the specified toggle rate.

XC4000E and XC4000EX devices can run at synchronous
system clock rates of up to 66 MHz, and internal perfor-
mance canexceed 150 MHz. This increase in performance
over the previous families stems from improvements in both
device processing and system architecture.  XC4000-
Series devices use a sub-micron triple-layer metal process.
In addition, many architectural improvements have been
made, as described below.

PCI Compliance

XCA000-Series -3 and faster speed grades are fully PCI
compliant. XC4000E and XC4000EX devices can be used
to implement a one-chip PCI solution.

Camry Logic

The speed of the carry logic chain has increased dramati-
cally. Some parameters, such as the delay on the carry
chain through a single CLB (Tsyr), have improved by as
much as 50% from XC4000 values. See “Fast Camry Logic”
on paye 21 for more information.

Select-RAM Memory: Edge-Triggered, Synchronous
RAM Modes

The RAM in any CLB can be configured for synchronous,
edge-triggered, write operation. The read operation is not
affected by this change to an edge-triggered write.

Dual-Port RAM

A separate option converts the 16x2 RAMin any CLB into a
16x1 dual-port RAM with simultaneous Read/Write.

The function generators in each CLB can be configured as
either level-sensitive (asynchronous) single-port RAM,
edge-triggered (synchronous) single-port RAM, edge-trig-
gered (synchronous) dual-port RAM, or as combinatorial
logic.

Configurable RAM Content

The RAM content can now be loaded at configuration time,
so that the RAM starts up with user-defined data.

H Function Generator

In XC4000-Series devices, the H function generator is
more versatile than in the XC4000. Its inputs can come not
only from the F and G function generators but also from up
to three of the four control input lines. The H function gen-
erator can thus be totally or partially independent of the
other two function generators, increasing the maximum
capacity of the device.

10B Clock Enable

The two flip-flops in each 10B have a common clock enable
input, which through configuration can be activated individ-
ually for the input or output flip-flop or both. This dlock
enable operates exactly like the EC pin on the XC4000
CLB. This new feature makes the IOBs more versatile, and
avoids the need for clock gating.

Output Drivers

The output pull-up structure defaults to a TTL-like totem-
pole. This driver is an n-channel pull-up transistor, pulling
to a voltage one transistor threshold below Vg, just like the
XCA4000 outputs. Alternatively, XC4000-Series devices can
be globally configured with CMOS outputs, with pchannel
pull-up transistors pulling to Vce. Also, the configurable pull-
up resistor in the XC4000 Series is a p-channel transistor
that pulls to Ve, whereas in the XC4000 it is an n-channel
transistor that pulls to a voltage one transistor threshold
below Vcc.

Input Thresholds

The input thresholds can be globally configured for either
TTL (1.2'V threshold) or CMOS (2.5 V threshold), just like
XC2000 and XC3000 inputs. The two global adjustments of
input threshold and output level are independent of each
other.
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Global Signal Access to Logic

There is additional access from global clocks to the F and G
function generator inputs.

Configuration Pin Pull-Up Resistors

During configuration, the three mode pins, MO, M1, and
M2, have weak pull-up resistors. For the most popular con-
figuration mode, Slave Serial, the mode pins can thus be
left unconnected.

The three mode inputs can be individually configured with
or without weak pull-up or pull-down resistors after configu-
ration.

The PROGRAM input pin has a permanent weak pull-up.

Soft Start-up

Like the XC3000A, XC4000-Series devices have “Soft
Start-up” When the configuration process is finished and
the device starts up, the first activation of the outputs is
automatically slew-rate limited. This feature avoids poten-
tial ground bounce when all outputs are turned on simulta-
neously. Immediately after start-up, the slew rate of the
individual outputs is, as in the XC4000 family, determined
by the individual configuration option.

XC4000 and XC4000A Compatibility

Existing XC4000 bitstreams can be used to configure an
XCA000E device. XC4000A bitstreams must be recom-
piled for use with the XC4000E due to improved routing
resources, although the devices are pin-for-pin compatible.

Additional Improvements in XC4000EX
Only

Increased Routing

New interconnect in the XC4000EX includes twenty-two
additional vertical lines in each column of CLBs and twelve
new horizontal lines in each row of CLBs. The twelve
“Quad Lines”in each CLB row and column include optional
repowering buffers for maximum speed. Additional high-
performance routing near the I0Bs enhances pin flexibility.

Faster Input and Output

A fast, dedicated early clock sourced by global clock buffers
is available for the IOBs. To ensure synchronization with
the regular global clocks, a Fast Capture latch driven by the
early clock is available. The input data can be initially
loaded into the Fast Capture latch with the early dock, then
transferred to the input flip-flop or latch with the low-skew
global clock. A programmable delay on the input can be
used 1o avoid hold-time requirements. See "iG& inpui Sia-
nials" on pags 24 for more information.

Latch Capability in CLBs

Storage elements in the XC4000EX CLB can be configured
as either flip-flops or latches. This capability makes the
FPGA highly synthesis-compatible. -

0B Output MUX From Output Clock

A muiltiplexer in the IOB allows the output clock to select
either the output data or the IOB clock enable as the output
to the pad. Thus, two different data signals can share a sin-
gle output pad, effectively doubling the number of device
outputs without requiring a larger, more expensive pack-
age. This multiplexer can also be configured as an AND-
gate fo implement a very fast pinto-pin path. See “iCD
Quinut Signals” on page 27 for more information.

Express Configuration Mode

A new slave configuration mode accepts paralle! data input.
Data is processed in parallel, rather than serialized inter-
nally. Therefore, the data rate is eight times that of the six
conventional configuration modes.

Additional Address Bits

Larger devices require more bits of configuration data. A
daisy chain of several large XC4000EX devices may
require a PROM that cannot be addressed by the eighteen
address bits supported in the XC4000E. The XC4000EX
family therefore extends the addressing in Master Parallel
configuration mode to 22 bits.
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Detailed Functional Description
XC4000-Series devices achieve high speed through
advanced semiconductor technology and improved archi-
tecture. The XC4000E and XC4000EX support system
clock rates of up te 66 MHz and internal performance in
excess of 150 MHz. Compared to older Xilinx FPGA fami-
lies, XC4000-Series devices are more powerful. They offer
on-chip edge-triggered and dual-port RAM, clock enables
on /O flip-flops, and wide-input decoders. They are more
versatile in many applications, especially those involving
RAM. Design cycles are fasier due to a combination of
increased routing resources and more sophisticated soft-
ware.

Basic Building Blocks

Xilinx user-programmable gate arrays include two major
configurable elements: configurable logic blocks (CLBs)
and input/output blocks (I0Bs).

* CLBs provide the functional elements for constructing
the user’s logic.

* 10Bs provide the interface between the package pins
and internal signal lines.

Three other types of circuits are also available:

3-State buffers (TBUFs) driving horizontal longlines are
associated with each CLB.

Wide edge decoders are available around the periphery
of each device.

¢ An on-chip oscillator is provided.

Programmable interconnect resources provide routing
paths to connect the inputs and outputs of these config-
urable elements to the appropriate networks.

The functionality of each circuit block is customized during
configuration by programming internal static memory cells.
The values stored in these memory cells determine the
logic functions and interconnections implemented in the
FPGA.

Each of these available circuits is described in this section.

Configurable Logic Blocks (CLBs)

Configurable Logic Blocks implement most of the logic in
an FPGA. The principal CLB elements are shown in
Figurz 1. The number of CLBs needed to implement
selected soft macros is shown in Tabic 3.

wo 4-input function generators (F and G) offer unrestricted
versatility. Most combinatorial logic functions need four or
fewerinputs. However, a third function generator (H) is pro-
vided. The H function generator has three inputs. Either

1. When three separate functions are generated, one of the function outputs must be ca

unregistered function generator outputs are avallable from the CLB.

zero, one, or both of these inputs can be the outputs of F
and G; the other input(s) are from outside the CLB. The
CLB can, therefore, implement certain functions of up to
nine variables, like parity check or expandable-identity
comparison of two sets of four inputs.

Each CLB contains two storage elements that can be used
to store the function generator outputs. However, the stor-
age elements and function generators can also be used
independently. These storage elements can be configured
as flip-flops in both XC4000E and XC4000EX devices; in
the XC4000EX they can optionally be configured as
latches. DIN can be used as a direct input to either of the
two storage elements. H1 can drive the other through the H
function generator. Function generator outputs can also
drive two outputs independent of the storage element out-
puts. This versatility increases logic capacity and simplifies
routing.

Thirteen CLB inputs and four CLB outputs provide access
to the function generators and storage elements. These
inputs and outputs connect to the programmabile intercon-
nect resources outside the block.

Function Generators

Four independent inputs are provided to each of two func-
tion generators (F1 - F4 and G1 - G4). These function gen-
erators, with outputs labeled F' and G, are each capable of
implementing any arbitrarily defined Boolean function of
four inputs. The function generators are implemented as
memory look-up tables. The propagation delay is therefore
independent of the function implemented.

A third function generator, labeled H’, can implement any
Boolean function of its three inputs. Two of these inputs
can optionally be the F and G' functional generator out-
puts. Altematively, one or both of these inputs can come
from outside the CLB (H2, HO). The third input must come
from outside the block (H1).

Signals from the function generators can exit the CLB on
two outputs. For H' can be connected to the X output. G’
or H' can be connected to the Y output.

A CLB can be used to implement any of the following func-
tions:

any function of up to four variables, plus any second
function of up to four unrelated variables, plus any third
function of up to three unrelated variables!

any single function of five variables

any function of four variables together with some
functions of six variables

some functions of up to nine variables.

ptured in a flip-fiop internal to the CLB. Only two
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Table 22; XC4000E Program Data

Device XC4003E |XC4005E/L XC4006E | XC4008E [XC4010E/L XC4013E/L| XC4020E | XC4025E
Mayx Logic Gates 3,000 5,000 6,000 8.000 10,000 13,000 20,000 25,000
CLBs 100 | 196 256 324 400 576 784 1,024
(Rowaol.) (10x 10) (14 x 14) (16 x 16) (18 x 18) (20 x 20) (24 x 24) (28 x 28) (32x32)
IOBs 80 112 128 144 160 192 224 256
Flip-Flops 360 616 768 936 1,120 1,636 2,016 2,560
Horizontal 20 28 32 36 40 48 56 64
Longlines ‘
TBUFs per 12 16 18 20 22 26 30 34
Longline :
Bits per Frame 126 166 186 206 226 266 306 346
Frames 428 572 644 716 788 932 1,076 1,220
Program Data 53,936 94,960 119,792 147,504 178,096 247,920 329,264 422,128
PROM Size 53,984 95,008 119,840 147,552 178,144 247,968 329,312 422,176
(bits) : :
Notes: 1. Bits per Frame = (10 x number of rows) + 7 for the top + 13 for the bottom + 1 + 1 start bit + 4 error check bits

Number of Frames = (36 x number of columns) + 26 for the left edge + 41 for the right edge + 1
Program Data = (Bits per Frame x Number of Frames) + 8 postamble bits :

- PROM Size = Program Data + 40

2. The user can add more “one” bits as leading dummy bits in the header, or, if CRC = off, as trailing dummy bits at the end of
any frame, following the four error check bits. However, the Length Count value must be adjusted for all such extra “one”™
bits, even for extra leading ones at the beginning of the header.

The MakeBits software creates the configuration bitstream.
In Express mode, only non-CRC error checking is sup-
ported. In all other modes, MakeBits allows a selection of
CRC or non-CRC eror checking. The non-CRC error
checking tests for a designated end-of-frame field for each
frame. For CRC error checking, MakeBits calculates a run-
ning CRC and inserts a unique four-bit partial check at the
end of each frame. The 11-bit CRC check of the last frame
of an FPGA includes the last seven data bits.

Detection of an error results in the suspension of data load-
ing and the pulling down of the INIT pin. In Master modes,
CCLK and address signals continue to operate externally.
The user must detect INIT and initialize a new configuration
by pulsing the PROGRAM pin Low or cycling Vec.

Cyclic Redundancy Check (CRC) for
Configuration and Readback

The Cyclic Redundancy Check is a method of error detec-
tion in data transmission applications. Generally, the trans-
mitting system performs a calculation on the serial
bitstream. The result of this calculation is tagged onto the
data stream as additional check bits. The receiving sysiein

performs an identical calculation on the bitstream and com-
pares the result with the received checksum.

Each data frame of the configuration bitstream has four
error bits at the end, as shown in Tabic 24. If a frame data
error is detected during the loading of the FPGA, the con-
figuration process with a potentially corrupted bitstream is
terminated. The FPGA pulls the INIT pin Low and goes into
a Wait state.

During Readback, 11 bits of the 16-bit checksum are added
to the end of the Readback data stream. The checksum is
computed using the CRC-16 CCITT polynomial, as shown
in Figure 47. The checksum consists of the 11 most signif-
icant bits of the 16-bit code. A change in the checksum
indicates a change in the Readback bitstream. A compari-
son fo a previous checksum is meaningful only if the read-
back data is independent of the current device state. CLB
outputs should not be included (Read Capture MakeBits
option not used), and if RAM is present, the RAM content
must be unchanged.

Statistically, one error out of 2048 might go undetected.
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Configuration Timing

The seven configuration modes are discussed in detail in
this section. Timing specifications are included.

Master Serial Mode

In Master Serial mode, the CCLK output of the lead FPGA
drives a Xilinx Serial PROM that feeds the FPGA DIN input.
Each rising edge of the CCLK output increments the Serial
PROM internal address counter. The next data bit is puton
the SPROM data output, connected to the FPGA DIN pin.
The lead FPGA accepts this data on the subsequent rising
CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin.
There is an internal pipeline delay of 1.5 CCLK periods,
which means that DOUT changes on the falling CCLK
adge, and ine next FPGA in the daisy chain accepts data
on the subsequent rising CCLK edge.

NOTE:

In MakeBits, the user can specify Fast ConfigRate, which,
starting several bits into the first frame, increases the CCLK
frequency by a factor of eight. The value increases from
between 0.5 and 1.25 MHz, to a value between 4 and 10
MHz. (For low-voltage devices, the frequency can be up to
10% lower.) Be sure that the serial PROM and slaves are
fast enough to support this data rate. XC2000, XC3000/A,
and XC3100A devices do not support the Fast ConfigRate
option.

The SPROM CE input can be driven from either LDC or
DONE. Using IDC avoids potential contention on the DIN
pin,- if-this-pin-is-configured-as-user</0; but TDC is then
restricted to be a permanently High user output after con-
figuration. Using DONE can also avoid contention on DIN,
provided the early DONE option is invoked.

Master Serial mode is selected by a <000> on the mode
pins (M2, M1, M0). .

NOTE:
M2, M1, MO can be shorted

M2, M1, MO can be shorted
ta Ground If not used as VO 1o VCC if not used as VO
Vee
— Ne
47k 47KQ = gt 47k > a7Ra a7ka
4.7k
M0 M1 MO M1 MO MY ool
2 NC — m2
pout > o pouT > on pouT f—
XC4000E/EX Veo ilva : &L
MASTER XC1700D 45V XC4000E/EX, XC3100A
SERIAL 47k __T XC5200 SLAVE
cot [T vee SLAVE
om [ DATA
PROGRAM ioc =3 ceo f— PROGRAM —> Resr
DONE T e . RESET/OE DONE T | oF ~T -
(Low Raset Option Usad)
PROGRAM X6608

Figure 53: Master Serial Mode Circuit Diagram
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CCLK
(Output)
r @ Texos
@ Tosck
Serial Data In n * n+1 \ X n+2 X
Bseinout e X n-1 >~ B
: X3223
Description Symbol Min Max Units
SO DIN hold 2 Texos 0 ns

Notes: 1. At power-up, Vce must rise from 2.0 V to Vee min in less than 25 ms,

Low until Vcc is valid.
2.- Master Serial mode timing is based on testing in slave mode.

Figure 54: Master Serial Mode Programming Switching Characteristics

otherwise delay configuration by pulling PROGRAM
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Slave Serial Mode

In Slave Serial mode, an external signal drives the CCLK
input of the FPGA. The serial configuration bitstream must
be available at the DIN input of the lead FPGA a short setup
time before each rising CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin.
There is an internal delay of 0.5 CCLK periods, which

NOTE:

means that DOUT changes on the falling CCLK edge, and
the next FPGA in the daisy chain accepts data on the sub-
sequent rising CCLK edge.

Slave Serial mode is selected by a <111> on the mode pins
(M2, M1, M0). Slave Serial is the default mode if the mode
pins are left unconnected, as they have weak pull-up resis-
tors during configuration.

NOTE:
M2, M1, MO can be shorted M2, M1, MO can be shorted
to Ground if not used as VO =il Jies to Ve if not used as VO
47KQQ 47Ka = ,_NL
a7Ka ]
MO M1 MO M1
u2 NC — M2
pout > ow pout ow pouT [—
XC4000E/EX Vee ey cox
MASTER XC1700D 5V XC4000E/EX, XC3100A
SERIAL 4260 XC5200 SLAVE
co K vep SLAVE
ow DATA
PROGRAM [ ce CE0[—— —3>| PROGRAM —>> RESET
DONE NT [€—> | RESETIOE —{ bone INT [€—> oF T >
(Low Raset Option Used)
PROGRAM asoe

Figure 55: Slave Serial Mode Circuit Diagram
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DIN Bitn Bitn+1
MToce @Teco e——— @ TecL
/ 5D
CCLK } N
®Teen > ®Teco
(oDuglLJnT) Bitn-1 Bitn
X5379
Description Symbol Min Max “Units
DIN setup 1 Tpoee 20 ns
DIN hold 2 Teco 0 ns
DIN to DOUT 3 Téd, 30 ns
e High time 4 Tecn 45 ns
Low time 5 TeaL 45 ns
Frequency Fee 10 MHz

Note:  Configuration must be delayed until the TNIT pins of all daisy-chained FPGAs are High.
Figure 56: Slave Serial Mode Programming Switching Characteristics
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Master Paraliei Modes

In the two Master Parallel modes, the lead FPGA directly
addresses an industry-standard byte-wide EPROM, and
accepts eight data bits just before incrementing or decre-
menting the address outputs.

The eight data bits are serialized in the lead FPGA, which
then presents the preamble data—and all data that over-
flows the lead device—on its DOUT pin. There is an inter-
nal delay of 1.5 CCLK periods, after the rising CCLK edge
that accepts a byte of data (and also changes the EPROM
address) until the falling CCLK edge that makes the LSB
(DO) of this byte appear at DOUT._This means. that DOUT
changes on the falling CCLK edge, and the next FPGA in
the daisy chain accepts data on the subsequent rising
CCLK edge.

The PROM address pins can be incremented or decre-
mented, depending on the mode pin settings. This option
allows the FPGA to share the PROM with a wide variety of
microprocessors and microcontrollers. Some processors
must boot from the bottom of memory (all zeros) while oth-
ers must boot from the top. The FPGA is flexible and can
load its configuration biisiream from either end of the mem-
ory.

Master Parallel Up mode is selected by a <100> on the
mode pins (M2, M1, M0). The EPROM addresses start at
00000 and increment.

Master Parallel Down mode is selected by a <110> on the
mode pins. The EPROM addresses start at 3FFFF and
decrement.

HIGH TO DIN OF OPTIONAL
or DAISY-CHAINED FPGAS
ATKQ o NC
L2 we
MO M1 M2 TO CCLK OF OPTIONAL —_——
: DAISY-CHAINED FPGAS
- o i R
NOTE:MO can ba shorted
ta Ground if not used AMT— MO M1 M2
as 0.
A6 — —>1 DIN pout f————
AST— EPROM
(8K x 8) COLK
4.7KQ AU— (ORLARGER)
USER CONTROL OF HIGHER
INT AB[— ORDER PROM ADDRESS BITS XCADOOE/EX
e g CAN BE USED TO SELECT BETWEEN SLAVE
ALTERNATIVE CONFIGURATIONS
>t A11 PROGRAM
A1 A 31 PROGRAM
A10 >1 A10
PROGRAM A9 g — DoNE NT >
e L4 A8 >| A8
|/~ 0s A7 A7 07 [\
05 AS >1 A8 D6 ™\
|04 A5 >1A5 LN
103 M M D4 [\
Ve D2 A3 A3 03 N
Lo I A2 D2\
L, —{Do Al > Al b1\
A0 AS Do N
DONE oE
—3 CE
DATABUS _ 28
- 7
PROGRAM

Figure 57: Master Parallel Mode Circuit Diagram

X6897
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m X Address for Byte n Address for Bytan + 1

—
D0-D7 A Vi VAV - ;
MW Byte )
k @TDRC <—®TR(>D

RCIK \’ V \,

(output) / £4—
i 7 CCLKs CCLK

CCLK ' :
(output)
(output) : >< g % 9

Byten-1 X6078
Description Symbol Min Max Units
Delay to Address valid 1 Trac 0 200 ns
RCLK Data setup time 2 Tbre 60 ns
Data hold time 3 Trep 0 ns

Notes: 1. At power-up, Vec must rise from 2.0 V to Vee min In less than 25 ms, otherwise delay configuration by pulling PROGRAM
Low until Vee Is valid.
2. The first Data byte is loaded and CCLK starts at the end of the first RCLK active cycle (rising edge).

This timing diagram shows that the EPROM requirements are extremely relaxed. EPROM access time can be longer than
500 ns. EPROM data output has no hold-time requirements.

Figure 58: Master Parallel Mode Programming Switching Characteristics



135

Table 24: Pin Functions During Configuration

CONFIGURATION MODE <M2:M1:M0>

SYNCH. ASYNCH. MASTER
SLAVE PERIPH- PERIPH- MASTER Ll HSER
SERIAL

i <0:1:0> OPERATION

()

©)

LOW) . = : ; .0 remm., ()]

HDC (HIGH) HDC (HIGH) | HDC (HIGH) HDC(H!GH) HDC(H!GH) HDC(H!GH) HDC (HIGH) /10

LDC (LOW) | IDC(LOW) | LDC (LOW) IDC(LOW) | IDC(OW) | LDC(LOW) | LDC(LOW) 110

INIT NIT NIT INIT NIT INIT INIT /0
DONE DONE DONE DONE DONE DONE DONE
‘PROGRAM (I} (1}:}-PROGRAM (1} |'PROGRAM (I}-} PROGRAM {1k PROGRAM
CLK: 1 CCLK(O) CCLK ()

RDY/BUSY (O) /0

110

110

110

110

110

110

110

110

110

/0

SGCK4-GCK5-1/0

TDI-I/O

28

TCK-I/10

TMS-I/0

TDO-(0)

110

PGCK4-GCK&6-1/10

110

[l{e}

/0

A3 E]

110

(=]

110

zz

/0

110

1]

/0

I’0

> (>(>
NEEEE

110

110

/0

SGCK1-GCK7-1/10

PGCK1-GCK8-l/0

110

/0

/o

/0

/10

ALL OTHERS

* XC4000EX only

Notes 1. A shaded table cell represents a 50 kQ - 100 kQ

2. (1) represents an input; (O) represents an output.
3. INIT Is an open-drain output during configuration.

puil-up before and during configuration.
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PQ/

PQ/

XC4010E/L|( PC | PQ | TQ | PG Ha | BG |Bndry XC4010EA|| PC | PQ | TQ | PG Ha | BG [Bndry
Pad Name!| 84 | 160 | 176 191 208 225 | Scan Pad Name|(| 84 | 160 | 176 | 191 208 225 | Scan
o) - | - [Pe1[HI7[P73| M7 | 202 /O (CS0) |[P60 | P95 [P103| V12 |P123| J12 | 406
/0 - | P56|P62|H18 | P74| R7 | 205 o) - | - [P104] T11 [P124[ J13 | 4090
/0 - | P57 | P63 |18 [P75| L7 | 298 /0 - | - [P105| U011 [P125] J14 | 412
o) P40 | P58 | P64 | J17 | P76 | N8 | 301 o) - | P96 [P106] Vi1 [P126] Ji5 | 415
I/O(INIT) [[P41|P59| P65 J16 | P77 | P8 | 304 70 - | Pa7|P107 V10 [P127] J11 | 418
vcc P42 P60 [ P66 | J15 |[P78| R8 | - /0 (D4) [[P61] Pes [P108| U10 |P128] H13 | 421
GND P43| P61 | P67 K15 |P79| M8 | - 170 P62 | P99 |P109| T10 |P129] H14 | 424
170 P44 [ P62 | P68 K16 | P80 | L8 | 307 VCC P63 [P100[P110[ R10|P130] Hi5 | -
170 P45| P63 | P69 K17 | P81 | P9 | 310 GND P64 [P101|P111] RO |P131|GND*| -
110 - |P64[P70[Ki8 | P82| R9 | 313 I/0 (D3) |[P65|P102[P112] T9 |P132| Hi2 | 427
1710 - |P65[P71[L18 [P83| N9 | 316 I/0 (RS)  ||P66 [P103[P113| U9 |P133| H11 | 430
110 - | - [Pr2[Li7 P84 | Mo | 319 o) - |P104|P114] Vo |P134| G14 | 433
) - | - |Pr3[L16 [P85| L9 | 322 170 - |P105|P115] V8 |P135| G15 | 436
1710 P46 | P66 | P74 |M18 | P86 | N10 | 325 /0 - | - |P116] U8 [P136] G13 | 439
e P47 [ P67 | P75 [M17 | P87 | KO | 328 1710 - | - |P117] T8 [P137| Gi2 | 442
170 - | P68 P76 [N18 | P88 | R11 | 331 I/0 (D2) ||P67|P106]P118| V7 |P138| G11 | 445
o - - |P6a| P77 P18 | P89 | P11 | 334 e P68 [P107[P119] U7 |P139] Fi5 | 448
GND - | P70 | P78 M16| P90 |[GND*| - 70 - |P108|P120] V6 |P140| F14 | 451
1710 - | - - [N17[Po1[Ri2 | 337 70 - |P109[P121] U6 |P141| F13 | 454
1710 - | - | - [Ri8|Po2| Li0 | 340 GND - |P110]P122] T7 |P142|GND*| -
1710 - |P71|P79|T18 [ P93 | P12 | 343 110 - [ - | - V5 |P143[ E13 | 457
170 - [P72] P80 | P17 P94 | Mi1| 346 170 - | - | - [ va|Pi44| Di5 | 460
170 P48 [ P73 | P81 |N16 | P95 | R13 | 349 o) - [P111|P123[ U5 |P145| F11 | 463
70 P49 [ P74 | P82 T17 | P96 | N12 | 352 /0 - |P112|P124| T6 |P146| D14 | 266
70 - |P75|P83|R17 | P97 | P13 | 355 /0 (D1) [|P69[P113[P125| V3 |P147| E12 | 469
70 - | P76 P84 P16 | P98 | K10 | 358 I/O (RCIK, |[P70 [P114[P126| V2 |P148| Ci5 | 472
70 P50 | P77 | P85 | U18 | P99 | R14 | 381 RDY/
/0, SGCK3||P51 | P78 | P86 | T16 |P100| N13 | 364 5237) 5 Y I
GND P52 | P79 | P87 | R16 [P101|GND*| - - |P115|P127 149) D13 | 475
DONE P53 | P80 | P88 | U17 |P103| P14 T 110 - |P116|/P128| T5 [P150| C14 478
VvCC P54 [ P81 | P89 | R15 |P106| R15 g E/DOO A P71 |P117|P129| U3 [P151| F10 481
io o e 73 ot T4 [P o] 103807z v T v
/0, PGCK3|| P57 | P84 | P92 [ U16 |P110| N14 | 370 (CCLléT) 573 [P PTai Vi TPiss G5 T—
I'jg - E:g ::gi‘ Eg :::; ;11; :;2 VCC P74 [P120[P132] R4 |P154] Bi4 | -
O,TDO _ [[P75 |P121[P133| U2 [P159| A15 | 0
/0 (D6) |[P58 | P87 P95 | VA7 |P113] J10 | 379 i P76 [P122/P134| Ra |Pigo| D13 —
e - | P88 P36 | Vi6 IPTTNLLC T SRS 170 P77 [P123|P135] T3 |Pi61| A1d | 2
/o - | P89 | P97 T13 [P115] M15 | 385 (A0S
o - | P90 | P98 | U4 [P116] L13 | 388 /0, PGCK4|| P78 |P124|P136] U1 |P162| B3 | 5
110 - - - | V15 [P117| L14 | 391 (A1)
o 2o s VRIS KIT | 304 e - |P125|P137] P3 [P163| E11 | 8
GND - | P91/ P99 T12 |P119]GND*[ - 1o - |P126]P138] R2 |P164] C12 | 11
Vo - | P92 |P100] U13 [P120] K13 | 397 /o P79 [P127|P139] T2 |P165| A13 | 14
/o - | P93 |P101] VI3 [P121| Ki4 | 400 (CS1,A2)
VO (DS) ||Ps9| P94 [P102| U2 [P122[ Ki5 | 403 /O (A3) || P80 [P128]P140] N3 [P166| B12 | 17
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xcaot0en]| pe | pa | Ta | Pa PQ/ BG |Bndry Additional No Connect (N.C.) Connections on PQ/
Pad Name|| 84 | 160 | 176 | 191 | HQ | 25 | Scan My i D
, PQ/HQ208 BG225
o _ - [P129|R141] P2 [P167| A12 | 20 = B 3
o) - |P130|P142[ T1 [P168| C11 | 23 53 B10
7e) - | - [ - [Rt[P169]| B11 | 26 = A
1o - | - | - [N2[P170| E10| 29 b5 6
GND - [P131|P143[ M3 [P171|GND*| - 553 cio
7o) - |P132|P144[ P1 [P172| A11 | 32 P D11
o - [P133[P145] N1 |P173| D10 | 35 T =
IO (A4)  |[P81|P134|P146| M2 |P174| A10 | 38 108 3
IO (A5) |[P82 [P135[P147| M1 |P175] D9 | 41 5105 E1d
) - | - [P148[ L3 [P176] C9 | 44 5107 E15
Te) - |P136|P149| L2 |P177| B9 | 47 P =
1o - |P137|P150] L1 [P178] A9 | 50 D15 =
o - |P138|P151| K1 |P179] E9 | 53 T =
"[VO(A6)  ||P83|P139|P152| K2 |P180| C8 | 56 ] =
IO (A7) ||P84 [P140|P153| K3 |P181| B8 | 59 508 =0
GND P1 |P141|P154| K4 |P182] A8 | - S5 &10
42196 J5
* Pads labelled GND* are internally bonded to a Ground K1
plane within the BG225 package. They have no direct con- K4
nection to any package pin. é K12
2
Additional Ground (GND) Connections on BG225 LL165
Package
M10
GND M14
F8 N7
G7 N1
c8 N15
G9 P5
H6 P7
H7 P10
H8 R10
HO
H10 3/12/96
J7
J8
J9
K8

2/28/96

Note: The package pins in this table are bonded to an
internal Ground plane within the BG225 package. They
should all be extemnally connected to Ground.
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Package-Specific Pinout Tables
PC84 Package Pinouts [ pin [[xca003e XCtonoE | XC4006E | xC4008E e
Pin |[XC4003E )’fg:gggf XC4006E | XC4008E ;g:g}gﬂ P45]| 10 Vo ) vo vo
P46|| 1O /0 0 /o 10
P1 || GND GND GND GND GND il = o o S
P2 |[ vce vce vce vce vce Bl o = o == o
P3 | VO (A8) | 1O (AB) | 10 (AB) | o (AB) | o (AG) o == = = o
P4 || VO (A9) | 10 (A9) [ 10 (AS) | 0 (AS) | /0 Ag) T 0 = = e
PS5 || U0 (A10) | O (A10) | 1O (AT0) | 10 (a10) [ O (A10) Bl o - = = T
PG || VO (A1) [ O (ATT) | O (ATH) | W0 (AT1) | WO (ATH) s6ck3 | sacks | saeks | saoks | seoks
P7 || U0 (A12) [ 0 (A12) | 110 (A12) | U0 (A12) | 0 (AT2) P52|| oND | GND GND GND GND
P8 |]110 (A13) | O (AT3) | 10 (AT3) | 10 (A13) | 110 (A13) P53|| DONE | DONE | DONE | DONE | DONE
P9 || U0 (A14) | O (A14) | O (A14) | U0 (A14) | o (AT4) psa|| Vo Voo Voo Voo VGG
P10|[ 1o, 0, 10, o, | o, PRG
: SGCK1 | SGCK1 | SGCK1 | SGCK1 | saoki e f,{'ﬁ &?,i:,. g,%?,;, SE& 5,?,%,,
A | @15 | &5 | @15 | @5 Pss]l vo(O7) [ W0 (D7) | W0 (07) | 1o (07) | o o)
Lﬂ1 vce vce vce vce vCe s e — o o
P12|] GND GND GND GND GND PGCK3 | PGCK3 | PGCK3 | PGCK3 | PGCKs
P13 /0, /0, 110, /0, /0, 5 D6 0 0 (D6 /0 (D6
PGCK1 | PGCK1 | PGCK1 | PGCK1 | PGCK1 553 V"g 205; ng :gg ::o Egg :;o zos; I;O zo 5;
(A16) (A16) | (A16) | (at) | (at6)
P14)] 10 (A17) [ 10 (A17) | 10 (A17) | o A17) | o (A1) PE0J1 10 (CS) | /0 (CS0) | 10 (CS0) | 110 (CS0) | 10 (G50
P15|| 1O, TDI | 1O, TDI | 10, TDI | 10, 701 | 110, 70| PO1|| VO(D4) | 10 (D4) | O (D4) | WO () | Wb (D4)
P16|| O, TCK | 110, TCK | U0, TCK | 10, TCK | /0, TaK P62l uo vo I 1o vo
P17]] V0, TMS [ /O, TMS | 110, TMS | /0, TMS | /0, TMS P63|| vec vee (%) VA vee
P18|| 1o /0 o 1o o |. |Pe4j| GND GND GND gND SO
576l o 5 = 7 o Pe5|| 10 (D3) | 10(D3) | o (03) | /0 (D3) | 10 (03)
Soiiee e = v A 5 PGS YORS) | WO(RS) | WO (RS) | Vo (RS) | o (kD)
Bl ong =5 55 % E P67|| ¥0(D2) | WO(D2) | U0 (D2) | W0 (02) | o (D2)
P22|| vce VCe vee vce vce Pes)l o vo o ¥o vo
T o . T T P69| VO(01) | ¥OD1) | YO (DY) | U0 (DY) | o o)
P24|[ o o 0 o o P70 uogs%x, "oéRDCF- Voé‘;ﬁ/ﬁ' "OF({RD%R "OéRD‘ilm'
P25 1o o 10 1o o BUSY) | BUSY) | BUSY) | BUSY) | Busw)
P26 1o 10} le] 1o 1o} P71 0 o) o) 70 156}
P27 10 o 0o 1o 110 (DO, DIN) | (DO, DIN) | (DO, DIN) | (Do, DIN) | (D0, DiN)
P28|| 10 /o 110 10 o P72|| 1o, 10, 10, /0, )
P23 0, U0, 70, T o, SGCK4 | SGCK4 | SGCK4 | SGCK4 | SGCka
SCGK2 | SCGK2 | SCGK2 | SCGK2 | sceke @AuT) | (Doum | (poum | (pouT) | (pour
P30]| oM7) O (M1) O (M1) O (M1) O (M1) P73|| CCLk CCLK CCLK CCLK CCLK
P31|| GND GND GND GND - | GND P74|) vcc vee vee vec vee
P32 1(MO) 1(M0) 1(M0) 1(MO) 1 (M0) P75(| O, TDO O, TbO O, TDO O, TDO 0, TDO
P33l Voo Ve Voo oG NG P76|| GND GND GND GND GND
- (P77l w0 0 o o 1)
ig’; ' .‘,“f’ ! 1%'2) ! I%:") ' %?) : 1%,2) : (A0, WS) | (AQ,WS) | (A0, W5) (A0, WS) | (A0, W)
PGCK2 | PGCK2 | PGCK2 | PGCK2 | PGCK2 EL8 4=, vo, vo, vo, P(I;/gk :
P36 ||I/0 (HDC) | WO (HDC) | /0 (HDC) | /0 (HDC)| 0 (HBG) Pgﬁ')“ £ gﬁ;“‘ Pfﬁ')“ P(G,S')“ A1)
P37 0 (IDC) | 40 (LDC) | 0 (LDS) | o (BC) | 1o ([T5c) Sl o e 7o e B
E e /0 110 /o /o (CS1,A2) | (CS1,A2) | (CS1,A2) | (CS1. A2) | (CS1, A2)
P3g|[ 1o ) /o /o /o P8O0J| WO (A3) | O (A3) | U0 (A3) | 110 (A3) | 10 (A3)
Pa0|[ 1o /o o /o ) P81|| WO (M) | VO (a4) | U0 (Ad) | 10 (A4) | /0 (Ad)
P411 /O (NIT) [ VO (INIT) | O (INIT) | 70 (NIT) | /0 Tt Pe2]| 10 (A5 | U0 (A5) | 1O (A5) | 10 (A5) | o (AB)
Paz|[ vce vce vCce vce vCcC P83|| VO (A5) | O (A6) | VO (A6) | 10 (AB) | o (AB)
P43]] GND GND GND GND GND P84|| VO(AT) | 1O A7) | vOo (A7) | VO (A7) | 11O (AT)
Paa|[ 10 o 0 10 ) P




Pt
W
\©

Ordering information

Example: . XC4013E-3HQ240C

Device Type ——— ’ .
Temperature Range
Speed Grade g C = Commercial (T; = 0 to +85°C)
-6 I =Industrial (T, = -40 to +100°C)
-5 M = Military (T¢ = -55 to+125°C)
4
':23 Number of Pins
Package Type
PC = Plastic Lead Chip Carrier BG = Ball Grid Amray
PQ = Plastic Quad Flat Pack PG = Ceramic Pin Grid Array
VQ = Very Thin Quad Flat Pack  HQ = High Heat Dissipation Quad Flat Pack
TQ = Thin Quad Flat Pack MQ = Metal Quad Flat Pack

CB = Top Brazed Ceramic Quad Flat Pack

X6750
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User /O Per Packane
Maximum available user /O for each device/package combination is shown in Tania 77 - Tahia 30,

Pinout tables for XC4000-Series devices follow. Pinout data is offered in two forms, as device-specific and package-specific
tables. Device-specific tables include all packages for each XC4000-Series device. They follow the pad locations around
the die, and include boundary scan register locations. Package-specific tables include all XC4000-Series devices available
in a given package. These tables are especially useful in determining which pads should be avoided, in case of a future
transition to a different device in the same package.

All pinouts defined at the time of publication are included in these tables. Additional information may be available. Call your
local sales office or see the Xilinx WEBLINX at http:/imww.xilinx.com for the latest information.

Table 28: Maximum User I/O for XC4000E Device/Package Combinations

':,‘:;“;f ’;‘“‘c"::eg)" XCAQ03E | XC4005E | XC4006E | XC4008E | XC4010E | XC4013E | XCA020E | XC4025E

Maximum User [/O 80 112 128 144 160 192 224 256
84 PLCC (PC) 61 61 61 "6
100 PQFP (PQ) 77 77 : 3 A

VQFP (VQ) 77

120 PGA (PG) 80

144 TQFP (TQ) |}: '

156 PGA (PG)

160 PQFP (PQ)

164 CBFP (CB)

191 PGA (PG)

196 CBFP (CB)

208 PQFP (PQ)

HQFP (HQ)

223 PGA (PG)

225 BGA (BG)

228 CBFP (CB)

240 PQFP (PQ)

HQFP (HQ)

299 PGA (PG)

304 |HQFP (HQ) :

Note: This table includes standard user-programmable I/O. It also includes the TDI, TCK, and TMS pins, which can function as

user-programmable I/O if not used for boundary scan. In addition to the 1/0 listed in this table, the M0 and M2 pins can be

used as inputs only; the M1 and TDO pins can be used as outputs only. Al of these pins must be called out using special
library symbols. The XACT software does not use them by default. (See Tutic 18 ur puge 47.)
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PLCC Packages — PC20, PC28, PC44, PC68, PC84

T0P VIEW BOTTOM VIEW
]
. 056/.042 = D1 1
PIN 1 LD. o K —
N B |
AnaonoSMGtnannna
048, 042—] pe F [
/. E :]) A ~
[
q h i
q h ]
: b P
F—t—— B i+
= : na/ea -
s n
g 1)
q p
Mo b ]
E]_ B 3 L
TooTTtoTdro T oo oo — L
== Al L 0116/.0077
A N L LEAD FINISH: Solder Plate
= =
032/.026
Y, INCHES
3
060 MIN, © | MIN.| MAX] MIN. [MAX. | MIN.| MAX. | MIN.| MAX] MIN.| MAX.
A | 1651180 | 365 | .80 | 165 | 180 | 165 .200 |.165 | .200
- A [.090.120 | 095 | 110 | 090 .120 | .090 | 130 | 050 | .130
—C- 020 MIN. D/E [.385]|.395| 485 | 455 | 85| 695 | .985 |.995 |1185 | 1.195
625 MINA J L f D./E,| .350 | .356 | 450 [.456 | 650 | .656 | .950 | .958 | 1150 | 1158
0217013 D./E.| 290] 330 | .30 | 430 | 590] 630 |.890 |.930 |L0%0 1130
SEATING PLANE }$| 007 ®] FG6Q. n-E@] D./E,| 200 REF.| .300 REF. | .500 REF. | .800 REF. | 1000 REF.
€ | .050 BSC | 050 BSC | .050 BSC | .050 BSC | 050 BSC
N 20 28 44 68 84
DETAIL *A”
NOTES:

1. ALL DIMENSIONS AND TOLERANCES CONFORM TO
ANSI Y14.5M-1982.

2. DIMENSIONS “D1° AND “E1“ DO NOT INCLUDE MOLD FLASH OR
PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT
EXCEED .010 PER SIDE.

3. 'N* IS NUMBER OF TERMINALS.
4. CONFORM TO JEDEC MO-047

S. TOP DOF PACKAGE MAY BE SMALLER THAN
BOTTOM BY .010°.

20, 28, 44, 68 and 84—PIN PLCC (PC20 THRU PC84)
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Wayne Wolt. Modern VLSI Design Systems on silicon. USA : Protice Hall PTR. 1998

Barry Wilkinson and Rafic Makki. Digital System Design. UK : Prentice Hall. 1992

Roert Boylestad and Louis Nashelsky. Electronic Devices and Circuit Theory. USA : Pretice
Hall. 1996
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