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SERIAL COMMUNICATION COMPONENT DESIGN USING VHDL

Tippawan Aranwattananon
Sompit Aphiwatudomkun

Apinetr Unakul  (Advisor)

ABSTRACT

Today, Complexity of digital system has increased in a way that the system is composed of a
number of peripheral devices. These devices are usually connected via serial communication because it
requires less number of wires which results in an optimized design in terms of space required. In this project,
we designed and implemented the firm core of serial communication called Universal Asynchronous
Receiver/Transmitter (UART). The firm core is reusable component containing more structure, commonly a
gate-level netlist that is ready for placement and routing. This thesis illustrates steps in digital system design

and test at software level (by simulation) and hardware level (by FPGA).
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113197 2-3 lriuanmisnouiln
- ' ao o v o &
1INA1919% 2-3 wrag TviualanyazdiAn Aeil
maines g
s b Y o - A cd g
nanes Inuami 3 uuy wad wdyaianines (CCLK) diedugunsaifiduaay Tag
3 a c:’y 1 o o A o o
afunneeagammesnioly uennnidsaaueansauas lnmifedmsy PROM meueniiilugn
S Y =)
mytoyamsnauiln
1% o o 4 o o =
mamasIwummmmumuuuuwﬁmmsufuad (Master Parallel Up or Down) ﬂ&g‘]."ﬂ 2-4
Y v 9 3 7 Y <
EATNAYY M CCLK uag PROM ueaasd uaziuveyaduluduuuvinu Jeyasziluuuy
g Y Yy o w & A o 13
ounsuawlugduvumsudoyaves FPGA 109 d1uduraniviueFuiuainuennsa 00000 LA

J11993 170899251 AUAIAS o 3FEFE



L e A 5 S O TR A 5 O U N

31l 2-4 3993 lezunsuves FPGA lisnamesvinauyyymy
INTA0S IMUATDUOUNSHIZES 19 CCLK uassudoyaminouilniuuuuounsuain
PROM 1iin13Aguilnuyuoynsuauiu A1gui 2-5
NDTT

CCA R L R B al
PR BT et )

¥

BTy aar 4 | i"::*:. ]
! . -
X e ; - ]
£ EEAETS | (e XTADOTEX,
R T n | 3 |xemn b, s i
SE s SLAVE i
= AT i .- s 1 ¢ iy
= o ks T N

( ¢
31 2-5 2995 lnosunsuves FPGA luanmaes/aallnuauyvounsy

< A n o ] ad | = I
AUITIU94 CCLK asaiaen ladeedu 1 wnedia adluuiasgiu) mmmﬂu 8 13
av a & 4 A & 4 dqy & gy 4
NIFsa tasMsnouNnIzISUNANUDANALD mmmimmﬂaauﬂ11ua‘lﬁqwu"1ﬂiﬂmﬂaau1ugw
SUUSA
aaWlyiuag

13U 2-4 nazgUil 2-5 man liualeguuuideade eavilnuauuboynsy 9 FPGA 12

v Y 2 ) y 3 [ [ a
3’LHJE]i;l‘aﬂﬁﬂ@u1']ﬂ!LUU@Hﬂ?NLﬁ@ﬂI@UﬂH‘ﬁHﬂJfNa'i‘ging CCLK uazwadmniwaﬂmmam\lmmz
' 9 =1 ° a =) & v o
dadoyasanudinaziimsdalas luddnassivovunasvesdyanal cCLK fa'll



13

Y ! s @ e Yt = A e o Y A
QW]ENﬂTiﬁf)Qﬂﬂiﬂ!LLUUlJﬁﬂL'WﬁfTLaW(l“HiJﬂﬁﬂ@uWﬂLHNE’JUﬂuuu f‘T’]iﬂﬁiW]"lvlﬂIﬂfJﬁfﬂlJ
T v Y a & dr:y L4 o a Y v ) Y
ﬂ@ﬂl‘!ﬂ'lf.l‘lﬂ@u‘i’!ﬂ DIN HyUUUIU “INElUﬂ'imquJﬂimﬁﬁ]ﬂﬁlﬁ?ﬂWiﬂﬂZﬂBUTIﬂ“hJ‘WSEHJﬂL! 1@]
mwosiesalrua
- w o o Y T T2 ) 0l 6 a 5
LW@ﬁLW@SaIWNﬂWQ 2 LLU“U%S?S“UGUai;‘laLﬂu l’U@%Wﬂ‘Uﬁ (Bus) ﬁWﬁiULW@iLT\I@SaIT’TNﬂL!U
a it o ~ a s Yy o = a W do Y
U@Z"Iﬁ\ﬂﬂiuﬁuu (GNEIJT] 2-6) aaﬁ%mamaimﬂu%zﬁﬁdaaumpm CCLK ﬂ“INIﬂﬁ lumnumay‘a
v o o o Y o g v yy ' a o a
35 858] l’U@'] uazﬁiyﬂpm CCLK EN'@TW?J"ISQ“’U’UQIJﬂﬁmﬂ!ﬂuﬁmﬂ 19]9]'38 ﬁ'Ju!.Tif]iW\l'fﬁaIWiJﬂMUU‘lN
o ~

o c?/j o = v o a Y a
Taswmin (Aegdi 2-7) sudygraunnininnouenniluduvmldivdugia CCLK #

Falas ludiudeya

T xeanoes
AGTHIHRS- XCAROLN

NOuE SLANE
PEMIPHENAL

31 2-6 2995 laezunsnves FPGA TunoSilaialnuauuyes4alnsiia

HOTE:
W2 COn B aheiiod 1 Groend
el Lsec a5 il
S <7 hsd NG
Eil == b Yo" |
SR [2H] ; {7 R O]
CLole “CLK e Am—— | (w1 T
N,
CATA BUS —e—d g
' oot | DN Bout
v :“.C XC&000EX XCAHOEX
i SYNCHRO. SLAVE
T % KOUS
a1 PERIPHERAL
CONTROL j ¢ ALY 5
SISHALY | et [HIT DONE f—— vt T DIDNE o
eFund
=+
SASGAAN, s BROERAN ] PROSRAM

317l 2-7 2993 lnezunsuves FPGA TuwneSiesalvuauuudslasia



gi]gwu&uad%ya (Data Stream Format)
. @ = 3
sunyvesnszuadoya (Bitsteam) vzmiiousuluTvuamsaouiinnnlvua Tasdoya
' A 3y ) ' 3y s a ' 4
vyyeynsvzeiuinnndie v sazdeyauvuvunzswiuludiitnusnluusas lud
S a
11uiin Do
v a a vy a a Y Y v v
nIzuATaYAMIABUIINIZITNAILAATY 1s YA 8 Un awddelda 0010b LAIMILAIY

'
° a o

= a a a < a g a (3
VIHIUAATINUANVYI 24 UNUBSUNANLAN (Separator field) iy 1s vue 4 UN LFARDTNINUA

¥
= )

Yy a a 9y é ' o d? [
iziihveyamsaouilnasilugdlsudeya dsnnuewewnazsuuaz sz iieg
o 'd
nugUuuuveiglngel

) ] Sovglt A A e R 2 Y a dqu
wlsuveyauaasvsuazsudIednGuAY (Start bit) Fuilu 0 wazdugadioinildnsn
asuToHANAIAYLIA 4 TN
3y 4 9 a q Y I @ 1 a

wanewig: 1da 00106 lugamesveanseuadeyanisaouiln Iiludszyhansvina 24
P ci: I~ Y = o A |d @ a a p 9 3 Y
Inzauniuiuduaaitims tuanueneduuvessdynanimlumsaouilnidesld

Tuns Trandeyanmsaouilnianun

Cyclic Redundancy Check (CRC)
S ad a g ' ! 0 o 1
CRC HhuIsnmsasnaeuderanwainlumsaaeyaiildlumssu-detoyaves FPGA lag
nisdideyaziinindmiuasndeuseieyatoya taznssuioyanzanaeugatoyandy
= . o 2 o Y o R A ! Y
nffeuieuranuHNare AT (Cheeksum) 118 d1assnudstomsdegndos
Toyaudazilsuzdindmsvasaeudemoyatoyaduan 4 dn- dwlsudoyaida
ANvEavaIalazgnas a0y ldsendnns Tnaaves FPGA ud Insivanisaouiinozgniuduiay

FPGA %ﬁwwﬁ’mmm INIT\ amazmﬁ’wzjnwam (Wait state)



2.2 NQUHWUF UV UART
v & oy a4 o
2.2.1 AITNILVDIAUINEINY UART
g A A i i . Y a ¢

UART 1u¥080711910 Universal Asynchronous Receiver/Transmitter levaﬁmﬂqﬂmm /O
=q Yo VY a o a ¢ o Yy & =
Vlgl‘b'ﬁ‘ll-?f\i‘llE)iJVaE]lgﬂiNLLUU@Z‘lﬂﬂiﬂiUﬁlu53UUﬂ@MW'}m’f]illa$ﬁ'nﬂiﬂ1’ﬂﬂﬁI‘L]illﬂillllﬂ HIN

a o a a a o J o o [l 1 d a

UVIHNHAAANHaaRaanUNNgINY UART ¥a18518 Q3081915 U Qﬂﬂim I/O 8 UNLUUDUNITUUDI
UINA (Intel Corporation) Amilaliven Programmable Communication Interface (PCI) ¥4 PCI

[

dy‘:s [ 1 ) 3 a v a o =< c; Yo
fianuauisalumssv-dadoyalduundelasdanazezdelanda Suduisinduluuy
Universal Synchronous/Asynchronous Receiver/Transmitter (USART) uatiieenn 15 lanealunisda
oA a @ a v ' [ [ ;l d &8 o o 3
fodomIuuUTIlnsiatazesFlasualianuuana1any aaiugunsal PCI Jatinazgminnldly

msandodemsnuuezFe lnsiiaiissedluseinaz 19ginsal Vo od1dulunsdndedeaisuuy
a % = % 1l d! ' a a o 1 Y o o d’
Falasriauny BndAI10819MHe B UART 8 dnveewienlulaTsal (Motorola) §aniulude
Asynchronous Communication Interface Adapter (ACIA) “?d ACIA ﬁ_1%1umiﬁadaﬁammuuazc§q
¥
Tasamniy
= =1 [ 4 a o e A ) 3y
UART aglianyuzipeanvglnsaimeiolesadua Ao awisa lWsunsumsiinuld uay
musamvuaeaasavesdmmesneluld Tesdndnds UART ldsumsoonuuuindinsy
° a a 1 ad a
WouusnlulasTdsrasesvua 8 In uagdnsainsddanseinegldlulas Tsmaos

g 16 Tnnaz 32 dmiudiulnn) fniu Jegifufaimstsuse UART Tansaldann1duws

&
natgvu

2.2.2 Ms1¥euA® UART fugilnsaimeuan
< = o g 4 1.0\ a [ $ a
UART dlugdnsaimiunlfiyeuse lulasTusemans miso CPU) waziwedivlasa Faviu
s y v/ gl ~ I a a %
A Tilsianos (Processor side) vziiousafiylulns Tswaiwos lnsasenserugwdumeswla
' & o s a v a o ; i A "o Pl
neuwouaeny lulas lsiwaaes uaziudumosiiosa (Peripheral side) dziouAonuUgUnsal
AOUDN UAAINIFUN 2-8

TuTas TsawesiimsidongUnsal UART 1a1atld chip select pin (139 chip enable

Y ) = 1

] S o a a @ o & 4 '
pin) Y84 UART F3ifiomsdunda (enable) lilosiiadeyaiiues iuves UART marilifouse
[ @ ] a 4 4 o o
Aumedyaiausamsauod lulas swamwesindnd ldemes dsi 229 waglulas Tswa
J o A4 aa % <y L% Y . R~ "
O3 MMaenIImeeInely UART Ad0ans lalaaly register select pin Fudoumsfiume

(3 o AR
Fuauueams mingavmgaued lulns Tswawos 1wy A0 Wie Al



Connections from
a bit rate gencrator

Tx Clock Panity
generaoy gCYlﬂ."JCY

¥ A4

Transmit el Tx data
shift register

Clock signal
from microprocessor

SN Transmit
v data register

, Chip select Chip select
lines :r:d
s Register Read Write
select hines cvnm _J__‘/\
. logic
Read/Write

Interrupt | J Penipheral b—"“‘ Moderrll
request Y control logic : conto

lines
v

Data Status
{ Da=D: bus <L;——
Data buffers
biis e Receive
Sata register
Receive Rx data
+ supply
g= ¥l
Y
gnd Rx Clocx Panty
,—‘ generaine checker

Processor side Peripheral side

= = o P 9 ¢
7UN 2-8 mstvoumeudenmelived UART nuginsainiguan

Bit rate
generator
Vo
WP clock signal &
Read/Write
= B Tx data
Data bu§ % =
- o -
Register select = Lo o g e,
i UART Modem
: control
) lines
——— >
Address —
up decoder ke e
address
bus
R

Interrupt request

4
e
1o
3
Q.

7171 2-9 msiFonromedy AU UART



ﬂ’mﬂﬂﬂﬂw aANAaN m..fwmnmmﬂm K 17

Jeyassdariiuszelulns Tswawesuas UART matiadeyauny 2 fiamiavuia 8

¥
a 1

< =] ' a LY [ a Ao 4 % U
InTagdoyamarfideiiuuugelasaawdyyiannimidylulaslussmees Famseiu-
=l 9 3 o ' = 3 Y] 1 v 9 9 o 1
Weudoyariu lulasTuswamesvzeu-Seoudoyany UART iutadoyalasldmedyaasiu-

= dy v o a [ st Y
Woudeya (read-write line) uBN9 Nl UART dalieodnyanadssvemssumessl arQy) fiiludn

TidywnuTulas Tswaaes hfwafidess-detoyagacolyl wiolddyananylulasTis

oo

A W0 @ vy =) = 4 o Y] c't 1 Y a [ u;;l
L“]fﬁl“h’ﬂ'i'ﬂ11!‘?]'33'iU-ﬁﬁ%@yﬁlWinNﬂﬂgﬁ?ﬂ@ﬂﬂim FHTUMIrounomuWeIWeTall UART

v 3

Tamedyaudidoya (Tx Data), modyanusudoya (Rx Data) uazmodyaaniuaugingal

o3t Ta AgUN 1-8

[ 4 1 o 3
UART $udeyaninlulas luswawesuuunnuiumadadoyauazdatoyasenuuy

U

2

PUNTUFIUN M d Yy MToya Tx uagsudeyanuuuaynsuiunamedyaiadoya Rx 1a

o U

£ o

vy Yo U Jd & .»_’: o dy S A
deoyauvuvinuliny lulas lswmassiumatadeya aoiuflenfuiiugiuues UART nie

J 23

"Parallel-to-serial converter 1€ Serial-to-parallel converter WU ﬁWﬁ§U%@§ﬁLLUU@HﬂiNﬁ%ﬁQ

a

¥ ' E2 J '
8NN Tx WU UART asladinfudy, finwsa vasindugeailuyadeyanouiszdlae

[ wva v a 1 ay o 3 1 a 1 ) d
galuld uagazdalnuiaioanatngadoyafisudinig Rx noufiesdsld luTlas sayesom

U

¥
G

U

a

vivngndndiulvgdnazasin UART nawsabendenuluay lasdinanodyaia
o a o o < Qy < :,) ay y
AtuAugUnsalmesinesa (Peripheral control) n3aaduUANMIMMEwFARGTWEY Natitie1¥s
S 1 I ' Ay,
dwinteyasznile UART uag Tuaunilu hledralididy
fmiueas s s-dedoyaiin azivuadloAIR vead YRR AEUING 181910
a q' 4 1 [ o v o a o a -
vINATaRRaNIBUBNITaNAeNUgUNIal lAeATs WININMALTASATIIN (Bit rate generator)
4 o o Aa w oy ¥
HI0INIIADATIUOA (Buad rate generator) N 1A
o o a4 va 'y 4 €49 v & -
M311Uved UART Amlounuginsaiowim wmiynoug fegldnainnu daiuvusi

u v W W o 1 g 1 o A gy
l‘lJIﬂiIﬂil“ﬁﬁl“ﬁ@iﬂﬂﬁﬂﬁ@ﬁﬁﬂﬂ UART E)Eulﬂi]Z lummiawmuaawau lﬂ

2.2.3 vaenlaozunsuneluvos UART
Py P I~ = S o T 9 A da
nngUh 1-8 Nuaasudennisluves UART Hiawesiinernunisasdoyaounsufiosod

s & 1 aa R 5 [
masxﬁaufﬁagaaaaaﬂ (Transmit shift register) LRSI VAL aim%’aya (Transmit data register) ase

s

[ o aa e A < " I " aa 4
maimﬂmﬂumssusﬁamauﬂmﬁamﬁmaﬂﬁau%uaiUmsﬁ (Receive shift register) HALIININDT

VoA (Receive data register) 1ag'lulas 1swaryas iz dadouandeamsdeoon 1Uis samesds

Y

g

3
= a o a [ =) a ] [ IR 1 o a J
oyaiiaz 1 Inuazsudoyaninidamessudoyaiiaz 1 Inauiu Gz lifadedomsiuIimaes

e

'
a

doudoyadioonnseiimaosidoutoyasuidilaonss ud UART sedideyafidesmsdeoenin
a aHa d v Y v Aa 4 A 9 1 va wa d’ aa o :'1 9 1
aaldnnsimnesdadoya i imnesiteudeyadioonlnedh luiAiies Tmaesidoutoyads

Fal I8, v a Ao Y aa A Y vy o 1q A o Y
DONUUIN ua‘:sumjua (1 un) ﬂiﬂl‘lﬂiﬂfnﬂﬁ]ﬁm?J'itaEJUEU@?;],aﬁJL‘U'ﬁ]gllﬂ&ﬂﬂf)g‘lhﬁﬂﬁm@iiﬂsua

va wva [ ' a 7 (R J = 1 :
yalavd@luiiGuazasdensegluidmaessudeyasunitlulasTsmwesvziS ondmudoya 4

34126



18

'
v o =

o o <A g o sy Wy 41y o ' Haa Y = q Yt
m’i‘mﬂuaﬂumzmwmﬂumiumﬂ@maya l’l 111@]@\13‘]&?(»3‘1]E]iJa‘ﬂUﬂﬂiJ“U@llvaiﬂfN f‘ﬂs“ﬂﬂl‘]ﬁﬂﬁ

U

v o [ (K] < [ 1 [} t;ld 1 “
w7 2 dnhudioiu lidwadumssurSemadedoyamuiifontt “double buffering”
d o FAN [l
IuTasTsmgeiannsoniugumsiinuues UART I&Taomsdegadoyaniugy
&£ o S| Ay < aa 4 . g 1
(Control word) mnaﬂymzmu"lums lﬂmu”luii]amaimmu (Control register) oy UART nou
zisumsAadedemsiu UART 1iu dednyadoyanivqumu nmsmasanmssu-dedeya,

¥ i E4
doninvesteyalumssu-duwdazdidnys, Jluuuvesnsa (nsdifiinsasivaoumsa),

£
= A o

[3 ' v b a dou (L (2 d A
TWINYIUNANEA uasiruaield UART dedyanudumes sy ludalulas 1swamesnse

'

l‘lld 3y ' A

aa 1 a [ < [l
liileiimaesdadoyaiienses smans sudoyaiiot

o o a J 3 = a 2 <) v o g '
MTVTVAABTADIUE (Status register) Tuua 8 Ui Miudrfivaniuznieluaieg vea
UART unazinvzuenaniug lugiasin dedrusy dnilivenanmuesmoduyanmnivauines
[ . aa 1 aa @ Vex < [l
iwloda, vonamuzvessiamasAsToyanioTimnesTudoyaitimsofueg uazanmuesdoya

' v
S v ' = a as a Jo 5
1’1§UL%1N1 U UANUAANGIANINNITATIVTOUNITA (parity error), AUHANAIADINNIS o185 U

=

* v
(overrun error) ‘H’?GLNSM‘{ljﬂyawﬂwmﬂ(ﬂaming error) naaULS o 1a) LATANUAANRIAINNITATID

] y M ¥ . . A .
apuvnsAiaTuioMIAvesdeyafisud i linsenuitaa 11y Smaasaiunuves UART uas

a 7o gl el WY LI | aa ) -
ANUAANEIANAMS Teres sufnAuie UART weneunudeyalmiaduiimaessudoyalasi

Jeo 1) 0 ' w- 1 aa o ' a a
Tulas Tsammoita lildeudeyaimiiedluiimaes sutoyavenly daunlsudeyaianarafia

&4 Yo o - & ) < o gy
Yuiile UART lasudnnuvesinduga higndesniuiidimma'll

B}

'
@

Taona 11 1uTas T siemasvsfnnodoa s i UART fsimand 4 69 ao 14

Aa d 1y

® SWADIAIVYA (Transmit data register): lulaslismaesannodoats laons
) Y aa 4 "
LYUUBYDAITINADT (Write-only)
oSa J Ja oA =) Y
® S3@A83INIUAYN (Control register): "l,aﬂmT.ﬂswmnmmﬂﬂaaamﬂﬂﬂmmaumaga
235 9atA0s (Write-only)
Ha ‘o Y . . y s .y '
® S9WMABIIVVYRYA (Receive data register): 1ulas lsiyarasannodons lnon1se1u
aa o
Joyannivames (Read-only)
aa J = Ia A& 1 Y
® S3mALIANIUY (Status register): Twiﬂiiﬂswawamﬂmaaamﬂmmammm&am
aa 4
911NI301ADT (Read-only)
a gy ] 4 1 o a 1 d' v Ada £d [ q’z’
Undud lulns Tdswaaesae luvinsfedodomsiusianasues UART Tasase §aiiu
a . o s vy 4 Ya s
UART 3451203nA7AN (control logic) uazifimasvesriadoya (data bus buffer) el umoesila

unu aagdi 18



224 Eﬂ!!UUmﬂﬂﬁgﬂ{l]@Haﬂ‘]ﬂiu UART
Y Y a a gy 3 a g a a ~1 . ’
zﬂ&lﬂu‘“aﬁ‘u@i&aﬂgﬂizﬂ@'ﬂﬂ?fﬁ]'ﬂ!ﬁﬂﬂu (start blt) ,U‘V]"Uf]lja & UN ,UNWITH (parlty bit)

a8 o [ 1 < o =
uaz Tnauan (stop biy) Mmssudafeyauvuyfagumand (full duplex) dag1ii 2-10

Parity bit}

d’ 3/ a e 2
3 2-10 sUnvyvesyavoyanvues Falasiaves UART

2.2.5MC6850 ACIA

%

I = o 3 o w
MC6850 Tugilnsel UART #ameddanuasnuuiluduunudmsumseenuuy UART

Y o

VIAUSHIAN 11 MC6850 usﬂuaﬂﬂsm Asynchronous Communication Interface Adapter (ACIA) CIN
du 1¢ vosuSEmTuTalsar Faawuemehinudeg Uil 2-11 /o
@ = 4 '
1. sudeyadunnaintadeyanvvvuivaeslulasTsramesiar 1 lud uazds
1 d a o A a e a
ounsu lisgunsaimeivanie lauuuuezd lasiaias 1 in

v J a o A = o I [
YvoyasunsuIIngUnsalmeiiianse luauuessa lasve  uazdewuu ludaia

o
e

JoyavedluIns Tsiwames

Microprocessor <:> UART

Terminal/Modem
o p ' &
3'1]7’} 2-11 MYouAoN1ININI1HY93 UART

4 ' ¥
MC6850 ACIA IWUNIHYA 24 Wy A9317 2-12 Tanyazae T
a I~ a o @ 1 u
1) W1 uag 12 Wunwudmsuanenseua W Vee 1ag Vss

V) W2 uag 6 Wuiudmsusu-dedoyasunsy

a < a s
A) W3 ez 4 Wunudvs udyaianimlunissu-detea



J)

?)

)

¥)

%)

)

20

I

- g A o o o o 4 !
fiu 5,23 waz 24 WuRud s uemedyaa v24rs232 Hudyyimnisioweriiorsd
‘131}0136 (Request to send), mimmaamamﬁﬂ‘wammm%ga (Data carrier detect) Mag
a Jdo y i o o
nsiAGes Aoz dadeya (Clear o send) ATNE1AY
a | a o [ a Jo 1q 9 a Jo
fiv 7 duiiudmiudyaamsieaedumessunldlumssumes sy lulas s
s g o y /A a a v 1y .~ e
wa3 waztludyanuven lulas TseyaesiiioyninmsTu-meveya laodyaimiiog
= o Ao a Jou a 3
DAz (low) v NIMIBLMBI U iNAYY
' Vv '
= < a ) Qs e a . a (= '
fiu 8, 9 uaz 10 iWuniudmTudyanamsidondw (chip select) FaiumaHIzITOUAD
o o g a A A a =
nudaueamsaveluins lUswawes TnsFnazgniaemiofiu CSO ag CS1 Tern1us
qauagiiy CS2 e
a g a o [ aa { =) o v & a 3 Y
fiu 11 uag 13 Wuiiudmduidensdmmesuagmse1ulon A1y Tagiuiaoadl
q ¥ ' v @ g = A = aa Sl J a 1
vz lFausuiudwaadluais e 24 medensvaaesi lwlas lUswawasizanae
& Y o =
q0e3028 A931/N 2-13
= df o gl = - &y - Ay
viu 14 @luiudms unaaaaiueduda (enable) FIADINANIULFINROALIBADINT

¥ o A

THnudyanamsaeniniazniseualisuioya

E4

= g a o o o a a o '
fiu 15 uaz 22 WuiiudwSvawdyandoys 8 Unuuugenan1y Iaud D0-DT

N a ' dy A 1 Qa Lol U 4
[pefiimartisgouneiuiudoyaved lulas I suraiyes

Vss R YIS 1t) By A5
RXD S\ Ok2 23 []OCD
BRXCLK O 3 22 1 0p
TXCLK [0 4 21 3D,
&5 05 20 [10:
TH#D, []56 “MC™ 19 [ 1Dy
Ba 7 g2 6850% 18 DY
CSo 18 17 P
CS, o 16 7 Dg
cs, 1o 15 1 D,
RS O n 14 00¢E
Vee [} 12 13 O RW

31 2-12 WHYOITW MC6850 ACIA



R/W | RS Action
1 0 Read from status register
1 1 Read from data register
0 0 Write to control register
0 1 Write to transmit data register
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2.2.5.1 53w1@03A LN (Control Register)
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Data pin DO D1 D2 D3
Control CRO CRI1 CR2 - CR3
register | counterdivide | Counter divide | Wordselect 1 | Word select 2

select 1 select 2

Data pin D4 D5 D6 D7
Control CR4 CRS5 CR6 CR7
register Word select 3 Transmit Transmit Receive

control 1 control 2 interrupt

{ a % a '3
M151971 2-5 UNd Y 140950 aIAesAIUAN

CR1 CRO Counter divide
0 0 =9
0 1 Sle6
1 0 + 64
1 1 Master reset
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CR4 CR3 CR2 Character Parity
0 0 0 7 bits: 2 stop bits Even
0 0 1 7 bits: 2 stop bits Odd
0 1 0 7 bits: 1 stop bit Even
0 1 1 7 bits: 1 stop bit Odd
1 0 0 8 bits: 2 stop bits
1 0 1 8 bits: 1 stop bit
1 1 0 8 bits: 1 stop bit Even
1 1 1 8 bits: 1 stop bit Odd

o 4 Aa d
13190 2-7 g?f!ﬂlﬂ‘ll@ya‘l/miﬂmﬂa5?7?1]@3J

CR6 CRS5
0 0 RTS low: transmit interrupt disabled
0 1 RTS low: transmit interrupt enabled
1 0 RTS high: transmit interrupt disabled
1 1 RTS high: transmits constant 0 on TxD:
transmit interrupt disabled

WI0A: Fyyal RTS A0 Ready to send
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Data pin DO D1 D2 D3
Status Receive data Transmit data Data carrier Clear to send
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23 ﬂqyﬁﬁugmmm VHDL
2.3.1 VHDL

The VHSIC Hardware Description Language Lﬂummmm;ﬂ;m m%’aﬁuwaﬁﬂan{‘luszﬁu
§1497 VHSIC 8911910 Very High Speed Integrated Circuit faofuiatulugralme a.d. 1970 fedy

[ 4

¥
a o 3 o a g ' = T |
A.f. 1980 VHSIC Program i1l uduuyusiliinan iz luivy Seniudinizn VHDL

2.3.2 VHDL M¥131A53 1%
o . w a 4 s ayd ~‘va'¢=¢:sz’~a A
MIEHTUIT V8815 ANN NU101A VHSIC Program Hiummnlviiifaduluil 1981 H%e
[ 0 I ¥
71 VHSIC Hardware Description Language ﬁ?@‘ﬂi}%ﬂﬁuiu%ﬂ VHDL #4711 VHDL Lﬂﬂ%umﬂffﬁq
UszaaAndn 2 10 fie Yousn: WnoonuuudeIn1snuMeNITaesueIThidudeuitineenuuy
: a 1[ Yy v o £ ] A g 1 o bl Yo 9
WOENIZOTUI LA Vorred: UnoanuuuABIMIIMEIAtluasgiulull 1986 VHDL lasumsaa
1 = o P =3 ) A o
o411 IEEE Standard waglimsysuilyinlasmnlasvunaieu [EEE 1076 Standard Tutdousunau

3/ 1987
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Tunisiilys i 9ad ansAaana
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1319187 VHDL Wuiasesdadmsurasaiialuea
aa o o o 4

(model) VDITLVUATNOANFUFY 1AUDINIUINNITVOIMIOD NN UNBYAI1IY (Top-Down

Design) YLAUNIAINATINONTUITIOTLVVATIADA IUSZAUDUAS (top-level) Tugiuaauniniy

AntlanFumsiiauedadany (abstract) UdnTou Tiaauas$1a0iMsinuiions 1960 UAINGN

EY & o o P} a N, o/ s | p— q Y < '

A0 FIHAWINNATUNMIATAD DA UHIANNAABENTUE 92gnuiia (partition) 1HiTludu
o} p Ol -

go0 AunguUolanFumM IO tazmReInuaINgen Aadiusianiv 3zgniianans

= 1 mi‘ 4 1 tdl

111974 (simulation) @S’Ji]’c’fEJUﬂ’ngﬂé{EN (test and verification) xﬂuwuu‘lﬂﬁam wnN luaah

> 2 er :
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awsaivzih lWulssudsudugnsalasusniedsneang o1y lulasldswmaes, RAM,
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ROM. PLD i8¢ FPGA 1@ 1agr11 THAD U845 T3R5 12 W39 (circuit synthesis)

2.3.3 1A 5398319909, VEDL

3 3 1 1 o 1 dal
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v 1 '
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(Specification of requirements) m3eonuuyluseauniAnsiiau (Functional Design) Taudams

CERREEATIRER (Physical Implementation) ﬁdgﬂﬁ 3

Specification

Functional Design Behavioral Simulation
Register Transfre Level RTL Simulation
Design i Validation
i Logic Simulation
Logic Design ] Verification

Fault Simulation

Y
Circuit Design

:

Physical Design Design Rule Checking

:

Description for Manufacture

Timing Simulation
Circuit Analysis
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33 MsadeszuUAIneamEUIUUMSMOIHYee UART lagl¥mun VHDL
3.3.1 Specification
o luduveimsiiauezd18an MC6850 ACIA U84 Motorola tiaz ludiumsdumes
wergdresemsdumesvladululasaoulnsames MCSs!
®  Asynchronous Communication Protocol
- Full Duplex 8 bit data transfer
- Start bit and stop bit generation and detection
- Odd/Even or no Parity generation and detection

- Receive Overrun, framing error and parity error detection

332 mseenuuuvdenlavsunsives UART
vdenlnezunsuves UART hameddnieanuuuiaaslusii 3-5 nasiisivaziBoads

ueraalugilit 3-6 uazuaassivaziBonveIiulua1s1an 3-1

Reset | !
CS * ‘ ™

UART

RX

31N 3-5 BunosiWaves UART (UART Interfuce Block)



Signal

Signal Direction

Description

UART Interface Si

gnals For MPU

RESET Input Chip reset . This input forces UART to be in
predefined state ; all flags are reset.
CS Input Chip select. Indicate UART to work. Active high.
RS Input Register select. Select the internal register for read or
write.
RD/WR Input Indicates read /write operation to UART ;
0: write,1: read
D0-D7 In/Out Bidirectional data bus carries data to be written to
internal registers; also data from registers during read
|
! Cyele.
INT | Output Interrupt to uP. Active low.
Clock Input
CLK Input Master clock input.

Serial Input/Qutput Lines

TX |

Output

Serial data output from transmit shift register.

RX |

Input

Senal data input to receive shift register.

{ o o = ¢ i 7 {
ﬂ?iNﬁ 3-1 Wﬂﬂiﬁﬂlaﬂﬂuif;'ﬁ/!?)7717;\!77‘1183?795‘1]63 UART ﬁaammu
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CLK
es .
RD/WR e ' 4
— * selectand ‘ \
i"! Read/Write | TraDnsmlt __> Transmit Shift l Tx
Reset control ata ] : -
__> Register —ﬁ; . Register ’
|
— |
| |
Control Register
/ Data
,  bus
{__D0-D7 Ly e
buffer < Status Register >
A A
| =P
By S N A
%c;:e I Receive Shift Rx
: | Register
Register ,

3171 3-6 vdenlnozunsunieluves UART #lgoenuyy
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1 J
33.3 S1BEAVDIAAZADN I WIHUA

3 =) a
3.3.3.1  dueNanILANMSIEeNEWIaz 811/ (Chip select and Read/Write control)

o Y oA q 1 A A aa 4 g a g [ ~ =
wmmmaaniumamumawauiﬂmmimaiu UART uuaan"lﬂazgmsumgﬂw 3-7 uagy

J v o 12 =
HINFUMININUAINIT1IN 3-2

CcS Ctr
2 Chip ’
RD/WR | selectand | Treg

Read/Write |
RS | Rreg
control | >

gljﬁ 3-7 vden lnezunsuvaaivu Chip select and read/write control

RS R/W Direction of data

0 0 From uP to control register

0 1 From status .register to uP

1 0 From uP to transmit data register
1 1 , From receive data register to uP

13197 3-2 WA U519 YeIT TN RS AU RD/WR

3.3.3.2 53mAv3AIUAY (Control Register)

aa (::ijo EY = o 1 Y o ] T Wy [ <
syames i lunsdiuaneg linmssu-dedoyauuule Awwdenlaozunsulu

317 3-8 Tasuaaz Indiwihfinshauneaaslugdi 3-9

I~
|2
(=
a
Ctr
— : Mreset
Reset | Control Register ———»
—>

|

Ctr2

Ctr1

d’ o Aa d
Uil 3-8 udenlaezunsuvessammosnIugy
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® Counter divide and Master reset (U 14ag Un 0): Lﬁuﬁwﬁ“l%'ﬁmuﬂa I

Y
a =g ¥ @ 1y o (I ' a g @ ~
wimilslumssu-dadeya Tasmsmvuan luuaas indudsnisiei 3-3

N 1 N 0 Function

0 0 Divide by 16
0 1 Divide by 32
1 0 Divide by 64
1 1 Master reset

M31971 3-3 MU UATYY I IITMEINIY UART

Word select bit (I 3 ttagin 2): Mdniuagdivnvesdoyailslumssu-da
¥ E4
1dun aawerdn, Swavinduga, levuinmsa
a a o ° a Jo
Transmit control bit (In6): Hudnfilddmuanisdwmesslulns
A 3 1

d aa Lo 240§ g & 1 Yt
asuInsaaesiiiosdameosdetoyadng Tavasiianiu 0 o luouninalil

U

a o = 1 i = q vy a o’

m3aumesTluaziianiiy 1 leauna NN dumessi
Receive interrupt bit (I07); Wuindlddimuamsdumessyluins
A aa Jou g < I, 1Y A 1 Yt
asulnsaaesiiosdamessudoyady lasveiianty o e lupunalii

a 7 i DT Y A Yt = Jo
mswmessduazlianily 1iloauaalnlinsdumossi



Counter divide / Master reset bits :
00 : divide by 16
01 : divide by 32
10 : divide by 64
11 : master reset

—» Word select bits :
00 : 8 data bits, no parity, 2 stop bits
01 : 8 data bits, no parity, 1 stop bit
10 : 8 data bits, even parity, 1 stop bit
11 : 8 data bits, odd parity, 1 stop bit

» Extend word select bits

» Transmitter Control bits :
0 : Disable transmitter interrupts
1: Eable transmitter interrupts

» Receiver interrupt :
0: Disable receiver interrupts
1: Eable receiver interrupts

~ ° U a aa -l
7UM 3-9 marhanluumazinvessiamo snaugw
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a S
3.3.3.3 S3mA0sa0I1i (Status Register)
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_Ctr2 Status Register
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%amasa:*Jmujauazi)zuﬂuﬂu b DJ?JSi]ﬁm@i’dﬂ‘ll?Ji,luﬁ“r’l'lﬂ'l'iﬁﬂﬂiulﬂilﬁ%ﬁ

7 & > 1 Y
1ND51a01TDYATIDONIA)
o il D 4 a & a1 g & v
® FE : Uniaziiauiiu 0" iesiranio power-on tazdzianiu 1° Weosude

= o >

1 t4 .
inigluuyliigndes Fuiasnisiuauinduga lias s

&
)
%
=

Aviua ilusTamesaiugu
N Qg A~ =1 a1 g A
e OV :unmaziauiu 0’ 1T I¥ANTe power-on HAZALUANTY ‘1° 118 UART
v Y 3 "y ] o U < ~a Jo Y -y a a
Fuvoyalinwwnadvsi ldnulusiaeessudoya Tuvnsidoyadnlus
a o 3 Q’: o | U U 1t
vanesTuloyariudalulagn cpU e1meen 1y
et = o ) A A a1 A Y
® PE: Uniuazlaniu ‘0’ 1WoIwAnIe power-on azazianlu 1’ Weasude

¥

[ k% = a agly 9y Ao 1 Y asa J
yay iUlﬂHiJWiJZlJLLU‘IJ‘UEJQUT]Wﬁﬂ liJQﬂG\EN@HJ‘VIﬂ']‘Huﬂ lﬂumm@aimu

a = &g | A a A a1 g &
® JRQ: Unuazianlu ‘0’ 1T WA o power-on tazdelanly ‘1 1 UART

1 a

o a s =& o a Jo 1YY A a
MIM3ouMoisyd CPU Faazansaiimsaumessy1ddar in 7 wise in 6
q 3 B P~ 3,' a qy:: a Ao ' A Aa 4
lu Control register Ta 1ty <1’ ns12Me 2 Infidluiniidmuainiessames

% =t a = A A aa Y 1 a
VUBYA U (1N RDRF faniu 1°) nioieiimnesditoyaing (Un TDRE

Hadu 1 3 ldiimssumessuvsoly
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5 4 3 2 1 0

0

PE

ov | FE | x | x TDRE'[RDRF

\—W——/ L»Recieve data register full

0 : uP read data ; power on
1 : register full

L » Transmit data register empty
0 : register full ; power on
1 : register empty

—» Extend bits

» Framing error
0 : data properly framed ; master reset
1 stop bit(s) missing

» Overrun error
0.5 no overrun ; uP has read the receive
data register ; master reset
1: overrun error

»- Parity error
0 no parity error ; master reset
1 parity error

» [nterrupt request

0 : uP reads receive data register ; uP
writes to transmit data register ;
master reset

1: RDRF: 1: TDRE : 1

q’ I3 U a ga J
3’1]71 3-11 f)757)7\77“?7—!!!(5)@31/7)‘!/@\75%6!6195@'971!5
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a 13
3.3.3.4 ?ﬂmﬂasda%’aga (Transmit Data Register)

o ) a 1 YUt s A 9 [l d': aa P 3 1

51_151]@13@ 8 Unan MPU Liaxﬁﬂclﬂﬁ%ﬁlﬂ@ilaﬂuﬂl@yaﬁi@@ﬂlm@iﬂﬁ'm@ﬁla@um@gaﬁﬂﬂ@ﬂ
Ja oy o d A aa s & v ' o Y Y aa s Y '
uﬁwaga%wutﬁm Ha&?\laii]ﬁm@ﬂa'ﬁ)u‘ll@%lﬁﬁ@@@ﬂ?ﬂillsUE)iallavlﬂllaﬂiﬂﬁtﬂﬂﬁﬁﬂmﬂyaﬂgﬁ'lﬂ

9 2 a aa ¢ v d a g o ~
uazmﬂanﬁym TDRE maLﬂu@uwmms%amaiamuﬂmﬂu H uuaﬂﬂ‘lﬂammmmgﬂw 3-12

Clk =7

| TDRF
Reset e

| Transmit Data
Mreset '

Register TDRE
] N

{ a 3
3Un 3-12 vdenTnesunsuvessamaasasvoya

a ¢ &
3.3.3.5 S3mA0siaeudeyaden (Transmit Shift Register)

° = o [ a aa a1
fmhidetoyasunsueonliment Tx Tagihmssudoya 8 On n3dmaesdetoya

Y o o g bedd, NIANd | DR 12— Yy &4 yyg aa s
uanhuwadlunlsy foriudnGudu, dnwsauasindugadh awsdnuiszy13u5Tawes

1 < aa
mufuuazdsfoyasenliunuonniudien)usmy counter divide bit WiETmassaiuay 3

'
/=1

< o
vhen laozunsudeguii 3-13

Clk
— Tx
Reset —p
—— > Transmit Shift
Mreset 5
SRS Register Fin
Tdrf —
—_>

d’ I3 Ha 12 4’ 4 I
gi]ﬂ 3-13 Uaan'fﬂa:zemwwmiammmmauwayamaan
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a dou
3.3.3.6 gi]mﬂé)ii‘uﬁlill@ya (Receive Data Register)

a s & Y o Y 1y Y oy a aa Jw oy o1y Y ' a
ﬂﬁ&ﬁ@?Lﬁ@uéuallaﬁUL‘U1ﬁ\35UE]3Jall']CLWclu‘UmSﬂmagalﬂhluiﬂﬁtﬁaﬁiu E)iJvafN lll lﬂgﬂﬂ']uﬂglﬂﬂ

U U
4

d v o IS o 9 \ I a
M3 1819935U (overrun) uasvziadaygios OV 11y -1 Tasdyyin Rarf uag OV g lhusuy

vy a aa s 4 Y vy g Yy o < Y o
ERSRIIYG| 8 mwmﬁmmasmaumagasmmmmu buazmmaaumunm Rdrf nJu ‘17 uagos
)
U

aa 4 = g [ ~
WNUBITVITADITDIUE UUa@ﬂhlﬂ@é’LmiiJﬂJZﬂ‘ﬂ 3-14

3: )
Clk — -
TR iy Rdrf
Reset —P
—— B "Receive DalA
Mreset &
L Register ov
Rreg B
ﬁ>
\
|3
[e]
o

o

{ a Jou
U 3-14 vdenlnozunsuvesssamessutoya

3.3.3.7 Receive Shift Register

[ = @ . Qaa J
Fudayaounsuan Rx Taoldanus11uns Summ counter divide bit luSTamasniuau
; ¥ '
a ad =~ o aa i q v 9 1
ué’m33i]ﬁamwmmagauazwwwsmmsmnmmﬁuﬂ“ﬁﬂlusﬂama{muan (cin) W01y udadq
a g a [ 1 a a Y a J
Yoya s inlisimaosSudeyauazdamamsnsnaouglinutoya (FE) Tnmnsa (°E) 1655mno0s

- v o
TaOIUE WUADN 1ﬂ05l!ﬂ51}ﬂ\3§1ﬂ7’] 3-15

£
O
Clk
Reset R
ese Receive Shift X
— ; ——
Mreset Register
*»
Vi <
JERHERE
‘\7

'

= I3 Aa ] 4 L L4
g?jﬂ 3-15 U@E]ﬂ?ﬂ@&’!!ﬂ53J‘UE)~75¢D€T!W@ﬂﬁf’)u‘uayﬁiﬂﬂﬂ
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3.4 MIFAATIZYIIDT (Synthesis)
o < = = 4 ' o "
m'immiwﬁamﬂﬂumiu]a&mssuumaammumﬁwgluanymz Register Transfer Level
| = ° o . o
(RTL) description SIY gate-level netlist Amunsorh lUimsman (Mapping) NU FPGA 18 Taelu
Tasanufi 1¥aoWA195 Leonardo Spectrum ¥ a5 1213405 Taeldunsudail
A o a o o o
e ionlvla vhdl Rozshimsdansies
e denaUnsainezldlunsui) Taelulassauilld FPGA : XC4013e PQ160 04 Xilinx

9317 3-16

Exemplar Logic - Leonardo Spectrum Level

d’ 4 [ d
31J#1 3-16 319 Leonardo Spectrum Tumsdaunsizrasns
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Yo & & v (2 " Yy A
e 19i1d4 Run Flow seWfasazihnmsasivaeylvla vhdl 1iiiguuuugndesiianinge
S| y Y M g =
92 Map 11U gate level netlist 1an3o'li mswnsdouldsunsuaisn VEDL luing
[ Y o ny gy a o vt Y a
anvauzaz limnsoun 14 dufedansied hiduzugadeanunasinnuianain
v S , » .
(error message) VuuIuAANINGE s udadealudlusunsuliegludnuusiiannsa
dunsien Ia

4 o 7 o = : o
o eiimsduanisiiueg ldnadegUii 3-17 Gascneudiodeyaves UART fi'ldoen

=] Y o < o ' 1
!L‘IJ‘]JZJ']'J-W?Jf‘IﬁGL‘D’VISWEJ'Iﬂ‘J (resource) 114 FPGA L]JN%'IH'JHWHVLHS

: : e S—
“Info, setting outputs in top level view 'rtl' to fast.
~Using wire table: 4013e-3
-- 5tart timing optimization for design .work.uart.rtl

Jo critical paths to optimize at this level

e i o ol o ol ol i el o e s i ot ol e il e e i i e e e o ol i i o e e i ol o o o o o ok

Cell: uart Micus Brl Library: work

o e il i e ol i i ol il ol el e e i i el e ol e e i i o o o o o o e

Nuwber of ports : 16
HMuwber of nets : 1417
o MNumber of instances 876
o Number of references to this view : a

otal accumulated area @

NMamber of FG Function Generators : 460
Humber of H Function Generators : 59
- Number of Packed CLEs : 163
. Number of CLE Flip Flops : 137
NMunber of STARTUP : 1
Mumber of IEUF : 11

HNuwmber of QBUF : il
HNumber of QBUFT : 8
Number of IOE Input Flip Flops : 2
Number of I0OE Output Flip Flops : 1
Number of CYV4 : 68

S R N N A AR e NS R A AR AT AAL T RTINS
“Device Utilization for 4013ePQle0
e R e e e e LT

Resource Used  Avail Utilization

16 129 12.40%
- FG Function Generators 460 1152 39.93%
H Function Generators 59 576 10.24%

CLE Flip Flaps 187 1536 12.17%

{ (% é
31l 3-17 wamsdun 31242995909 UART
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odansizirimnda fdaldaoranas@ouviiomwnoennly 3 juuuu fe

WA vhd , W saf waz E xnf Tae'ld vhd nasIvé sdf a=ain U1 udunou
N3 Simulation for Place & Route Lﬁamnaauhmam”lﬁ'gﬂs?fmmn specification
udrsahIna xnf Vlﬂi“ff’tﬂuauwﬁmmuﬂﬁ Place & Route 18 Xilinx Foundation

Series A431/7 3-18

fxempf.iriagf - Lenalo ectrum evl

LA [P Output Fites £

{ ¢
gl/ﬁ 3-18 77\’5!877)1{!7)97)‘7 Leonardo Spectrum



48

3.5 013 Place & Route
g v o % Lo .= i i P = s o
°lu7_ﬂﬂq1uu1wa%lmm Xilinx Foundation Series IN®N13 Place & Route FI¥OWALIS DL

E4 '
MM TuasuAIgl 3-19

Fo_r H é!p‘;_ pres

UM 3-19 TunoUN 1INV Xilinx Foundation Series

Taoludunouinids (Timing) 918 timsimvhd L8z timsim.sdf Gaaz1i1015 0
ABUMI N Gate Leval Functional Simulation iazlutunoumsasuilnazlalna bit azialy1e
lunisTdsunsuszuufisieeniuuaslu FPGA Failranis Place & Route HaReAIgN 3-20

[ o Y 9 4 J 4

1a391n1N15 Place & Route 13792 1A IWas1891imsuuiluas Place & Route 1170594
UART #18eanuun Biivmaniila uas nmﬂwswmmmm Tu FPGA 081915714 Tﬂaﬂasﬂlaq
UART #l&oonuuvlulasannfiioas FrGA udh fumeiisa fuduan cLB i 351 CLB

uamummmﬂuﬁmuummvﬁﬁu 5398 1A
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Rilinx Mapping Report File for Design “Uart"
Copyright (c> 1995-1997 Xilinx, Inc. All rights reserved.

Design Information

Command Line : map —p xc4B13e-3-pql6@ —o map.ncd -r —pr b ../xc4080e.ngd
Uart .pcf

Target Device x4813e
Target Package pgl6i
Target Speed -3

xc4000e —— M1.4.12
Mon Apr 12 17:53:32 1999

Mapper Uersion
Mapped Date

Design Summary

Number of errors: 5]
Number of warnings: 4
Number of CLBs: 351 out of 576 682
CLB Flip Flops: 194
4 input LUTs: 598 (128 used as route—-throughs)

3 input LUTs: 68
Number of bonded IOBs: 16 out of 129 12«
I0B Flops: 5}

I0B Latches: 5}
Number of global buffers: 1 out of 8 12
Number of primary CLKs: 1 out of 4 257
Number of RPM macros: 4

Total equivalent gate count for design: 5398
Additional JTAG gate count for IOBs: 768

311 3-20 IWéas1e9rumants Place & Route Y03 Xilinx
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3.6 UHINWMSINATDY (Test Strategy)
' v
lumsnagevszuvzdesmmsnasvaeyIdszuuiioonuuuimiiuiam 1§gndes
' | [l 4 1 o o
a1y specification lasuiamsnaaovsenilu 2 dau 1dun manaaoulasnisiiaoamsiauag

q (-] I'd 4 3y
msnaaovluszavasaus laeld FPGA

e msnaaeulan1ssianinIsiieu

y v & o Y o o o
1‘Hfﬂ§ﬁ§N Test Bench mummwu1m1un15ﬂau i} 'Iil-!llﬁZﬂJU?]iJﬂ'lﬁ’lN”lu‘U@\‘l

00

UART #ldeenuumnlisinissu-de doya fagufi 3-21

Reset
Clk
Cs
RS

RD/WR

Y

vy

> UART
DO-D7 nldanmseanuuu

Test Bench

.

X
RX
INT

gl/‘ﬁ 3-21 ﬂ'liﬂﬂﬁé)lliﬂ&l??;jhst Bench

lagazrimisns nasulugumnifvesszudado i
- ansafudadeyaounsuldgndeemy Specification
TagnagouszuulunnTuuamssinay fe
- 8 bits, Non parity , 2 stop bits
- 8 bits, Non parity , 1 stop bit
- 8bits, Even parity , 1 stop bit
- 8bits, Odd parity , 1 stop bit

'
@

o . o [ [ ) a 4
- ausahauduiusivdideniugu i Tmaeiaiungu ldgndes
: & o o v
- aunsoiimssumes sluaziiinu ldgndsan1unisniuauves Test Bench
- TumsSu-dedoyaeunsy Indyanaluiiamesaniuzdesannsouananiugld

0619NADY



g Y =) @ o [ = dy
Test Bench 719 lumsastvaeuiiunudinmsihraudigii 3-22 1

Generate Clock
Signal

Initial Signal Value
and Reset

Write Control
Register

Read Status
Register

| Register

(
Yes | Wrtie To Transmit
B> :
L Data Register
Yes ' Read Receive Data

Wait for
Interrupt

FUA 3-22 WA SN0 Test Bench
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® mnaaoulusEAUIIAIIT (FPGA Prototype) Aa31/fi 3-23

: : Tx Tx
UART Coreiin || MAX ———>
FPGA Rx Rx PC

Board B i - s

310 3-23 szuviilinaaeunosvod UART

g o : < <y

TuneumsnaaoulusyAuaTauIsz 14 FPGA FagnTdsunsuilu UART fi1doonuun 13
wireiuveialulasnouinsames 89Cs1 ludiuves MPU interface 199 UART oz luduveq
M3 A0MIT0UNTHIZABAUNDIATOT1TOUNTHYDINDUTIUADS. PC Tasmisasiedeunugndea

4 Y 2 ' v iy e 1 .
woamsdemsezlglisunsy PCPLUS titogaivestoyndiluTnsnenInsamesdanlngru

oy = a 7 1 g Y s 3

UART lu FPGA tazgeioyanneuiinnesdalitluTnsneuTnsamessin LED vuvesalylas

o
aouInsaaas

3.7 THABUMINATOU (Test Plan)

dy Y [l g I~ [ A
luTassmuildstuasumsnagoudu 2 d1une

3.7.2 ﬂ1§ﬂﬂaa‘ﬂiﬂﬂﬂ1i‘ﬁ1aaﬁﬂ]iﬁ"lxﬂu
& 5 o & P q v 2 i b
fuumauiumsmamm‘imdmﬁmmmman“lwa'lﬂa VHDL Iﬂﬂl“ﬁ‘lﬂ@‘l’\lﬂlnﬁ ModelSim
< a 0 o ° 5 '
L!é)'lﬂﬂg!ﬁllﬁ33%ﬁ0ﬂﬂ151’”\ﬂu‘uaxﬁg’ﬂﬂ Iﬂﬂ(l‘lsf}ﬂWE‘UWﬁ@\?ﬂTﬁﬂNTUUH“]ﬁ@W&LD{ ModelSim (¥U

= Y = Q’J’ o/ d’l
120U TagTTunouaail
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1. wmsaeulnd1vd vHDL wesszuuildeonuun’d Taomsl¥s1ds Veom nsoisen

il
=

Tdony gl 3-24

LY

. vcom
- vcom D:/ProjecfUART{RTL}uart.vhd
# — Loading package standard
# — Loading package std_logic_1164
. # — Compiling entity ch_select
# — Compiling architecture cselect of ch_select
# — Compiling entity ct_reg
- # — Compiling architecture control of ct_reg
 # — Compiling entity st_reg
. # — Compiling architecture status of st_reg
# — Compiling entity tr_data
IVSIM>|

31l 3-24 msnealuaIwé vipr asld ModelSim

4 et < ° o o
2. tioramsasdvaenId VHDL Tag ModelSim Tiififlayi fagyiimssiaoimissam

= Yo o YN Qdy P [ =
Iﬂﬂﬂ'l‘iﬁﬂﬂi‘b’ﬂ?ﬁ\i Vsim Ua1aonoUAA (Entity) Y095 UUNTIDONLVY ﬂﬂzﬂ“ﬂ 3-25

. wvsim

vsim uart rtl
- # Loading C:\MODELSIM_EVAL{std.standard

# Loading C:\MODELSIM_EVAL fieee.std_logic_1164(body)
- # Loading CA\MODELSIM_EVAL fwork.uart(rtl)
# Loading C:A\MODELSIM_EVALjwork.ch_select(cselect]
# Loading C:\MODELSIM_EVALjwork.ct_reg(control)
# Loading CAMODELSIM_EVAL fwork.st_reg(status)
# Loading C:\MODELSIM_EVALfwork.tr_data(tdata)
# Loading C:\MODELSIM_EVAL jwork.tr_shift{transmit]
# Loading C:\MODELSIM _EVALpwork.r_data(rdata)
SiM>|

{EE

o : ! yo w3
Ui 3-25 msgraeamsmadaglymas Vsim
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o v

3. hmstfleusdyanadunnuesszuy udal4Mds Run qranisinuvesszuuiage

o

Auitvuaiuseld Tasmsilouaromaziloulasasalasldfids Force WSoou

4 &y ' q Yo
Iﬂﬂlﬂill VHDL ‘Uuu“W@V]’]QWHLWIHCLNﬂ’li{]E]HﬂﬂﬁﬂUizU‘U
S kY o o o :»I o o o '
lﬂﬂﬂgﬁ@\‘]‘ﬂ'lfﬂﬁiﬂﬁ@\iﬂﬁVINTH‘UENﬁ&UUVNWN?I 45291 IﬂUiuﬂﬁﬁ]’lﬁ@ﬂﬂ?ﬁ‘ﬂ%ﬂuiulm
o g A v & A o o Al el A % 2
a$3gﬂU%2‘,L’IJUL‘WNﬂ'ﬂllQﬂﬂﬂQ‘U@\ﬁZUUlﬂﬂ‘UULWT]g’ﬂZLWM:ﬂi]%U@]'N N NITNAYUITINNFITALLIT

v
1taae TaglisigazBeavoamssiassmsiiauluunas seauaai

3.7.2.1 Behavioral Simulation

o 7 = o . o o o v v
UWM],V\ITCI VHDL fiuguLluy behavior iﬂ‘Vﬂﬂ'l‘Si]'la@ﬂﬂ'lﬁ’]'lﬂuiﬂﬂtl‘b' Testbench 91WANIT

° o

@ ] Y g o Y Y o o o ' 1
ﬂWﬁfonTV]WQTUUQQNQﬂQGQﬂﬂaUQﬂLLﬂ{lmT.l]iLLﬂﬁUtlaiunﬂiﬂa@Qﬂ"liVl'N"lu@‘DlWiJ IUNIIHAUBI

[ °

YNN8 UVIZYNARDIAIN  specification azHavosFyanulunssiasens

v
o v A ) I~ . | o ) o 9
Wanluseaviivggmi 1 19iy specification vosdayanar veanisiraesmainuresszuylu

seAuAe q 1

34/2.2 RTL Simulation

° e oo ° o o 9 ¥ Y °
NTLl'V‘lﬁ VHDL #3guiiy RTL ¥13101591899015%11914 1ag 19 Test Bench 91HaN1591004
o o [l Y S w 9) 7 o ) o 1 1 o
msvhaudelugndesinduldud Ty lsunsudniwndraesnisiinug vl sunhmavesdoyana

VAMINIIIUVBITZVVIZYNABIAIY specification

3.725% Simulation For Place and Route

o [ L4 9 y v 4
HAIINMITUAI12Y A 1Y Leonardo Spectrum 9 19Wan w1 VHDL tae IWaunena sdf
b o S Sl A 7 ° o a
guiu lvadiadi 1d1nvendnIs Leonardo Spectrum 1131284591311 10814 Test Bench 16y Tag

o ° q o dy ° a0 A Jd 9
mydaeanmsmauluseaudl 58‘1J‘1J%31’]'1\71UIﬂﬂuﬂWﬂLﬁﬂmmﬂﬂﬂ’Jﬂ

3.7.24 Gate Level Funtional Simulation

[ r's 4
8491015 Place & Route 10814 Xilinx Foundation Series 9214 1W&n111 VHDL uaz 14
¢ g Jd o — . . o o g
weana sdf Fuiulwadadnldninyewduls Xilinx Foundation Series M1§1a89msiaulagld
v
a ° o v A o S 4 .
Test Bench a1 Tagmssraoamashanluszduil sz laiifiadnnng, 310 setup time,

hold time 1azAA@E95 9999 FPGA 7114111015 Place & Route
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(v < J
373 manaaeuluszaussauls (FPGA Prototype)
[ ) d L4 B 2 5 o o
waanlFyewdAnas Xilink Foundation Series #11M15 Place & Route saziiimsnasouly
ns// : : | == 1 4 4 o
YuAdU Gate Level Functional Simulation 1147 Ni3enaI1 Hardware Debugger Yuuuenins

Tsunsw UART #i 1deonuuuasuu FPGA Tagld lud bit #ildvindunounisnouiin Asgilii 3-26

: :}0 ,uart.bitj
Y DEVICES

- -4 4013EPQIR0
8 WAVEFORMS
€Y MACROS

3% 3-26 nsTsunsy UART asuy FPGA XC4013EPQ160

[ < J
3.7.3.1 uunaaey UART c0re1‘l~!§$ﬂiﬁlﬁﬂlﬂi

msnadevluszAufide niimsmaom (set up) aznagaUMININUYBdgLnsalliaz UasA
g liuniladnihon ldgndesnouiuimmeaeunssves UART fegalfi 3-27

szuvildnageulszneudae

d 4

e yosalulasnouInsaass MCS51

Mmsnageu lasmseuldsunsunanina LED uaznaadl MAX232 lagnsieu
Tdsunsuliy MCS51 Aodsdeyaounsy UART AUABNWIADS 19 H1W MZX232

® 195a FPGA

TuTasenuiild FPGA wed Xilinx 1835 XC4013EPQ160 lumsnaasuussa FPGA

° ) a g ° <
Usznoudemsnaasumsiinunielu FPGA Tasms@eulysunsy VHDL 19 FPGA il
Counter 1AgSUAYYIWUIWNIIN Function Generator Ud NuniULAZIAAINABONNIY LED LAz
1 a L4 [} -4 4 =

MsnageudIudumesaved FPGA fu vesalulasaoulnsaaes Taoms@ouldsunsy
Counter U1 MCS51 a2 1¥aaa191nU05A MCS51 1189U95a FPGA Iiiwuaasnan LED Uu

1959 FPGA



® Function Generator 19 wdyimuniin 1vny FPGA Tavlumsnadey
UART 22 1¥anuddyaisiunini 153.6 KHz

o power Supply 199 I 1¥ i uvesa lulnsnouTnsamesuazuesa FPGA

{ f ¢ % ?
Uil 3-27 szvuiilinaaeunosves UART lusgavansauas
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unh 4

Han1inadausIsuu

4.1 wamsnaaoulagnITNaINITMNY

3 o ' { 0 S| o
Nafﬂ'iﬂi']i]a'@‘UIﬂEJﬂ13‘UTﬁENﬂ’li“l’nﬂu&lu!!@Iazﬁf!}"lﬁﬂ”li‘ﬂ'l\ﬂu‘llﬂﬂigUULﬂUﬂQﬂWiN 4-1

Chip select and

read/write control

IS UFYRIN cs,rs 1A rw udminsidenmse@ensdmaas luss

eansaIuaw

P = 1 2 o E% 8L 9/ 1 o v v Aa
Wiegniveudt 8 aniildaiuauldudinsodsdyananmisainau lis e

oA ) v
wmosoulagndea
aa o = QLT TR~ ¢ d’ =1 = A 1 [ aa o B
SUHADIADIUE | RDRF : UAUDU 0° 1031rA1is0 power-on H3BCPU 81UA19INT deNanssUT0
a4 o Yy o 3
yauazaziaudy 1 iwesuiintoyaninsy 1 sy
=W I~ d' = & = .ﬁ' =} 1 1=a EdR]
TDRE : #A11)1 ‘0’ 1519@130 power-on %50 1o CPU Woualds iawosds
3 — P = A s /) o 1 1 v aa P 3
yeyauazIsla iy 1 WeIdamesaayainisan 1S Impaiineuds
1 Y
YO DINIAT
e NN - X A A o G A £ oo ¥
FE : Uaudu ‘07 ihesiuanio power-on tazlaniu ‘12 owlsudoyansumn
nfiguuy higndes
a0 g 2N A 21 | ]S A a
OV: BANTlu 0’ BT WANTD power-on LAZILIANTY ‘12 118tAA overrun error
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Copyright (c) 1995-1997 Xilinx, Inc. All rights reserved.
Design Information :
Target Device : x4013e
Target Package : pql60
Target Speed :-3
Mapper Version : xc4000e -- M1.4.12
Mapped Date : Tue Mar 23 10:09:54 1999
Design Summary :
Number of CLBs : 351 out of 576 60%
CLB Flip Flops: 190
4 input LUTs : 590 (128 used as route-throughs)
3input LUTs @ 60
Number of bonded IOBs: 16 out of 129 12%
IOB Flops ()
I0B Latchgsf 10
Number of global buffers: 1outof 8 12%
Number of primary CLKs: 1 outof 4 235%
Number of RPM macros : <t
Total equivalent gate count for design: 3398

Additional JTAG gate count for IOBs: 768
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MC6850

ASYNCHRONOUS COMMUNICATIONS INTERFACE
ADAPTER (ACIA)

The MC8850 Asynchronous Communications Interface Adapter pro-
vides the data formatting and control to interface serial asynchronous
data communications information to bus organized systems such as the
M C6800 Microprocessing Unit.

The bus interface of the MC6850 includes select, enable, read/write,
interrupt and bus interface logic to allow data transfer over an 8-bit
bidirectional data bus. The parallel data of the bus system is serially
transmitted and received by the asynchronous data interface, with pro-
per formatting and error checking. The functional configuration of the
ACIA is programmed via the data bus during system initialization. A
programmable Control Register provides variable word lengths, clock
division ratios, transmit control, receive control, and interrupt control.
For peripheral or modem operation, three control lines are provided.
These lines allow the ACIA to interface directly with the MC6860L
0-600 bps digital modem.
® 8- and S-Bit Transmission
Optional Even and Odd Parity
Parity, Overrun and Framing Error Checking
Programmable Control Register
Optional + 1, =16, and =64 Clock Modes
Up to 1.0 Mbps Transmission
False Start Bit Deletion
Peripheral/Modem Control Functions
Double Buffered

One- or Two-Stop Bit Operation

MOS

(N-CHANNEL, SILICON-GATE)

ASYNCHRONOUS
COMMUNICATIONS INTERFACE
ADAPTER

S SUFFIX
CERDIP PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 709

L SUFFIX
CERAMIC PACKAGE
CASE 716

MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER
BLOCK DIAGRAM

Data
Data Bus €—3 Bus | —3 Transmitter |— 3 |ransmit
Buffers Data
Receive
> Receive bct——
iver Data
— <
Address S5l "
Coanral election
and
and c i
Interrupt eatrol Peripheral/
<———-1 f'€<—— 3 Modem
her onazid Control

PIN ASSIGNMENT

Vss @ o/ 24[1CTS
Rx Data[]2 23[1DCD
RxCLK [ 3 22{1 00
Tx CLk [J4 211 D1

RTS Qs - 201 D2
TxDatz [ 6 19103

irRQ Q7 18 [1D4

csoQs 17005

csz Qs 16 [106

csiwo 15107

RS Q1 1411 E

vVeeli2 1BAR/W

©OMOTOROLA INC., 1985 DS9493R4



MAXIMUM RATINGS

Characteristics .ol Value Unit This device contains circuitry to protect the
Supply Voltage S i, -0310 +70]| Vv inputs against damage due to high static
Input Voltage i -03t0 +70] v voltages or electric fields; however, it is ad-
Opeating T empe sture Rangs b g TraeTn v:sgd that_ norma! precautions bg taken to
MCB850, MCBBA50, MCE8350 Y 9. t6.70 oC avou_j application of any voltage hlg.her than
MCB850C, MCB8A50C —40 1o +85 maximum rated voltages to this high-
d — impedance circuit. Reliability of operation is
Storage Temperature Range Tsig —5510 +180 | °C enhanced if unused inputs are tied 1o an ap-
propriate logic voltage level (e.q., either Vss
THERMAL CHARACTERISTICS or Vee).
Characteristic Symbol Value Unit
Thermal Resistance
Plastic : 120
Ceramic b1 60 Ly
Cerdip 65

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Pped a) (1
Where:
Ta=Ambient Temperature, °C
6JA=Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Iccx Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT<PINT and can be neglected. PpPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PpoRT is neglected) is:

Pp=K=+ (T +273°C) (2)
Solving equations (1) and (2) for K gives:
K=PD°(TA+273°C)-.—6JA0PD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at

equilibrium) for a known TA. Using this value of K, the values of Pp and TJ can be obtained by solving equations (1) and (2)
iteratively for any value of TA.

DC ELECTRICAL CHARACTERISTICS (Vce=5.0 Vdec +5%, Vs =0, TA=TL to TH unless otherwise noted )

Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH Vss+2.0 — Vce \
Input Low Voltage ViL Vss-0.3 ~ Vss+0.8 \
Input Leakage Current R/W, CSO, CS1, C&Erﬂe i o 10 25 "
(Vin=0105.25 V) RS.RxD, RxC, CTS, DCD in -
Hi-Z (Off State) Input Current D0-D7
‘(%/i(n=0.4ato 2.4DV)I . s 5 20 & Ay
OutputHigh Voltage
(I oad = — 205 A, Enable Pulse Width < 25 us) DO-D7 | VoH Vss+24 | — - \%
(ILoad = — 100 uA, Enable Pulse Width < 25 ps) Tx Data, RTS Vss+24 | - -
Output Low Voltage (lLoad=1.6 mA, Enable Pulse Width< 25 ps) VoL - - Vss+0.4 \
Output Leakage Current (Off State) (VoH=2.4V) ‘ RQ | IL0H - 1.0 10 A
Internal Power Dissipation (Mzasured at Ta=0°C) PINT - 300 525+% mwW
Internal Input Capacitance
Vin=0,TA=25°C, f=1.0 MHz) ! DO Cin - 10 12.5 pF
E. TxCLK, Rx CLK, R/W, RS, Rx Data, CS0, CS1, CS2, CTS, DCD - 7.0 7.5
Output Capacitance RTS, Tx Data c - - 10 £
(Vin=0,TA =25, f= 1.0 MHa) RQ | ~out = 2 5.0 2

* For temperatures less than TA=0°C, PiNT maximum will increase.

@ MOTOROLA Semiconductor Products Inc.
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SERIAL DATA TIMING CHARACTERISTICS

Characteristic Symbol MCSBSO M_CSSASO MCGSBSO Unit
Min | Max | Min | Max | Min | Max
Data Clock Pulse Width, Low +16, +64 Modes PWeL 600 | — |45 | - 280 - he
(See Figure 1) +1Mode 90| — |65 | - 500 -
Data ClO.Ck Pulse Width, High + 16, +64 Modes PWCH 600 | - 4?0 - 280 - i
(See Figure 2) +1Mode 900 | — [ 630 | - 500 | -
Data Clock Frequency + 16, +64 Modes fe - 0.8 - 1.0 — 1.5 | MHz
+ 1 Mode — [ 500 | — | 750 | — |1000| kHz
Data Clock-to-Data Delay for Transmitter (See Figure 3) TDD - 600 | — | 540 — | 480 | ns
Receive Data Setup Time (See Figure 4) +1Mode | trps | 250 | - 100 | - 30 = ns
Receive Data Hold Time (See Figure 5) +1Mode | trpH | 250 | — 100 | - 30 - ns
Interrupt Request Release Time (See Figure 6) YR - 142 - 0.9 - 0.7 us
Request-to-Send Delay Time (See Figure 6) tRTS - 560 | — | 480 - 400 | ns
Input Rise and Fall Times (or 10% of the pulse width if smaller) i, tf — 1.0 — 05 — | 0.25 1 pgs

FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE
i& o8
Tx Cik
s |
Rx Clk

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY

Tx Clk
THON 55—

Tx Data

FIGURE 5 — RECEIVE DATA HOLD TIME

(+1 Mode)

Rx Clk

TRDH

Rx Data

FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE

Tx Clk
or
Rx Clk

FIGURE 4 — RECEIVE DATA SETUP TIME
(=1 Mode)

Rx Data

G

TRDS

Rx Clock

FIGURE 6 — REQUEST-TO-SEND DELAY AND
INTERRUPT-REQUEST RELEASE TIMES

Enable \
—>

[€<—trTS

[€E——— g —————

b o

Note: Timing measurements are referenced 1o and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.

3
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BUS T'MING CHARACTERISTICS (See Notes 1 and 2 and Figure 7)

r\:g::t;r Characteristic Symbol Mh::]ceghsdgx mgsg’:nsfx mgsszsgx Unit
Cycle Time teye 1.0 10 |067] 10 | 05 10 us
2 Pulse Width, E Low PWEgL | 430 | 9500 | 280 [9500 | 210 | 9500| ns
3 Pulse Width, E High PWEgl | 450 | 9500 | 280 [9500 | 220 | 9500 ns
4 Clock Rise and Fall Time tr, i - 25 - 25 — 20 ns
9 Address Hold Time tAH 10 s 10 - 10 = ns
13 Address Setup Time Before E tAS 80 — 60 - 40 o ns
14 Chip Select Setup Time Before E tcs 80 - 60 - 40 - ns
15 Chip Select Hold Time tcH 10 - 10 - 10 - ns
18 Read Data Hold Time IDHR 20 | B0 =20 80% | 20 500 ns
21 Write Data Hold Time IDHW 10 - 10 - 10 - ns
30 Output Data Delay Time DDR - .29 | - 180 | — 180 | ns
31 Input Data Setup Time tosw | 185 | — 80 = 60 — ns
The data bus output buffers are no longer sourcing or sinking current by tpHRmax (High Impedance).
FIGURE 7 — BUS TIMING CHARACTERISTICS
< No L
vl ) >
SR / N
< (G)— >
—> <%(:> (:}+—-(— 4 —3-]

’W. Address \XAYZ—;
Nonureds | KOQOQOOK A
13T

IR |

s / i
— Kt ¥
~>
Read Data b MPU Read Data Non-Muxed
Non-Muxed 4
<> <21>
Write Data =~ “’L MPU Write Data Non-Muxed
Muxed 4

1. Voltage levels shown are V=04V, V4224V, unless otherwise specified.
2. Measurement points shown are 0.8V and 2.0V, unless otherwise specified.

— ©&— | —~®
: -
2
3

FIGURE 8 — BUS TIMING TEST LOADS

Load A
(DO-D7, RTS, Tx Data)
S50V
RL=25kQ
Teit Boing MMDG 150
or Equiv
€ R
T MMD 7000
or Equiv

= 130 pF for DO D7
=30 0pF for RTS and Tx Data

_— @ MOTOROLA Semiconductor Products Inc.
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Load B
(IRQ Only)
S0V
3kQ
Test Point
IN’O pF

R =11.7 k2 for DO-D7
=24 k2 for RTS and Tx Data




FIGURE 9 — EXPANDED BLOCK DIAGRAM

Transmit Clock 4

Enable 14 —1

Clock

Gen

Parity
Gen

Read/Write 13 —»  chip
Chip Select0 8 —3»4{ Select Transmit Transmit
Chip Select 1 10 —3» and Data > Shift 6 Transm:t Data
Chip Select 2 9 ——| Read/Write Register Register
Register Select 11 —3{ Control T
Transmit
Y Control O——T—— 24 Clear-to-Send
D0 22 <> .
Status S W
D121 <€ C Register
D2 20 €3> ln:zr;"cm O—> 7 Interrupt Request
D3 19 «€—>»{ Data \ CP
D4 18 B:fs 23 Data Carrier Detect
<>~ Buffers
D5 17 <€
D6 1€ <€ : D71 P 5 Request-to-Send
D7 15 €3> Control
Register é
Y Receive Parity
Control e Check
+ \
VCC =P 12 Receive Receive
\V; =P, 1 Data i Shift < 2 Receive Data
SS= ' Register Register

Receive Clock 3

0

Clock

DEVICE OPERATION

Atthe bus interface, the ACIA appears as two addressable
memory locations. Internally, there are four registers: two
read-only and two write-only registers. The read-only
registers are Status and Receive Data: the write-only
registers are Control and Transmit Data. The serial interface
consists of serial input and outpu: lines with independent
clocks, and three peripheral/modem control lines.

MASTER RESET

The master reset (CRO, CR1) must be set immediately after
power-up to insure the reset condition and prepare for pro-
gramming the ACIA functional configuration when the com-
munications channel is required. During the first master
reset, the TRQ and RTS outputs are held at level 1. On all
other master resets, the RTS output can be programmed
high or low with the IRQ output he!d high. Control bits CR5
and CR6 should also be programmed to define the state of
RTS whenever master reset is utilized. After master resetting
the ACIA, the programmable Control Register can be set for

@ MOTOROLA Semiconductor Products Inc.
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[ Sync !
Gen Logic
>

a number of options such as variable clock divider ratios,
variable word length, one or two stop bits, and parity (even,
odd, or none).

TRANSMIT

A typical transmitting sequence consists of reading the
ACIA Status Register either as a result of an interrupt or in
the ACIA’s turn in a polling sequence. A character may be
written into the Transmit Data Register if the status read
operation has indicated that the Transmit Data Register is
empty. This character is transferred to a Shift Register where
it is serialized and transmitted from the Transmit Data output
preceded by a start bit and followed by one or two stop bits.
Internal parity (odd or even) can be optionally added to the
character and will occur between the last datz bit and the
first stop bit. After the first character is written in the Data
Register, the Status Register can be read again to check for a
Transmit Data Register Empty condition and current
peripheral status. If the register is empty, another character
can be loaded for transmission even through the first
character is in the process of being transmitted (because of




double buffering). The second character will be automatical-
ly ransferred into the Shift Register when the first character
transmission is completed. This sequence continues until all
the characters have been transmitted.

RECEIVE

Data is received from a peripheral by means of the Receive
Data input. A divide-by-one clock ratio is provided for an ex-
ternally synchronized clock (to its data) while the divide-
by-16 and 64 ratios are provided for internal synchronization.
Bit synchronization in the divide-by-16 and 64 modes is in-
itiated by the detection of 8 or 32 low samples on the receive
line in the divide-by-16 and 64 modes respectively. False start
bit deletion capability insures that a full half bit of a start bit
has been received before the internal clock is synchronized
to the bit time. As & character is being received, parity (odd
or even) will be checked and the error indication will be
available in the Status Register along with framing error,
overrun error, and Receive Data Register full. In a typical
receiving sequence, the Status Register is read to determine
if a character has been received from a peripheral. If the
Receiver Data Register is full, the character is placed on the
8-bit ACIA bus when a Read Data command is received from
the MPU. When parity has been selected for a 7-bit word (7
bits plus parity), the receiver strips the parity bit (D7=0) so
that data alone is transferred to the MPU. This feature
reduces MPU programming. The Status Register can con-
tinue to be read tc determine when another character is
available in the Receive Data Reaqister. The receiver is also
double buffered so that a character can be read from the
data register as another character is being received in the
shift register. The abcve sequesnce continues until all
characters have been received.

INPUT/OUTPUT FUNCTIONS

ACIA INTERFACE SIGNALS FOR MPU

The ACIA interiaces to the M6800 MPU with an 8-bit
bidirectional data bus, three chip select lines, a register select
line, an interrupt request line, read/write line, and enable
line. These signals permit the MPU to have complete control
over the ACIA.

ACIA Bidirectional Data (D0-D7) — The bidirectional data
lines (DO-D7) allow for data transfer between the ACIA and
the MPU. The data bus output drivers are three-state devices
that remain in the high-impedance (off) state except when
the MPU performs an ACIA read operation.

ACIA Enable (E) — The Enable signal, E, is a high-
impedance TTL-compatible input that enables the bus in-
put/output data buffers and clocks data to and from the
ACIA. This signal will normally be a derivative of the MC6800
¢2 Clock or MC6803 E clock.

Read/Write (R/W) — The Read/Write line is a high-
impedance input that is TTL compatible and is used to con-
trol the direction of data flow through the ACIA's input/out-
put data bus interface. When Read/Write is high (MPU Read
cycle), ACIA output drivers are turned on and a selected
register is read. When it is low, the ACIA output drivers are
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turned off and the MPU writes into a selected register.
Therefore, the Read/Write signal is used to select read-only
or write-only registers within the ACIA.

Chip Select (CSO, CS1, CS2) — These three high-
impedance TTL-compatible input lines are used to address
the ACIA. The ACIA is selected when CSO and CS1 are high
and CS2is low. Transfers of data to and from the ACIA are
then performed under the control of the Enable Signal,
Read/Write, and Register Select.

Register Select (RS) — The Register Select line is a high-
impedance input thatis TTL compatible. A high.level is used
to select the Transmit/Receive Datz Registers and a low
level the Control/Status Registers. The Read/Write signal
line is used in conjunction with Register Select to select the
read-only or write-only register in each register pair.

Interrupt Request (IRQ) — Interrupt Request is a TTL-
compatible, open-drain (no internal pullup), active low out-
put thatis used to interrupt the MPU. The IRQ output re-
mains low as long as the cause of the interrupt is present and
the appropriate interrupt enable within the ACIA is set. The
TRQ status bit, when high, indicates the IRQ output is in the
active state.

Interrupts result from conditions in both the transmitter
and receiver sections of the ACIA. The transmitter section
causes an interrupt when the Transmitter Interrupt Enabled
condition is selected (CR5¢CR6), and the Transmit Data
Register Empty (TDRE) status bit is high. The TDRE status
bit indicates the current status of the Trznsmitter Data
Register except when inhibited by Clear-to-Send (CTS) be-
ing high or the ACIA being maintained in the Reset condi-
tion. The interrupt is cleared by writing data into the
Transmit Data Register. The interrupt is masked by disabling
tne_Transmitter Interrupt via CR5 or CR8 or by the loss of
CTS which inhibits the TDRE status bit. The Receiver sec-
ticn causes an interrupt when the Receiver Interrupt Enable -
is set and the Receive Dzta Register Full (RDRF) status bit is
high, an Overrun has occurred, or Data Carrier Detect (DCD)
has gone high. An interrupt resulting from the RDRF status
bit can be cleared by reading data or resetting the ACIA. In-
terrupts caused by Overrun or loss of DCD are cleared by
reading the status register after the error condition has oc-
curred and then reading the Receive Data Reqister or reset-
ting the ACIA. The receiver interrupt is masked by resetting
the Receiver Interrupt Enable.

CLOCK INPUTS

Separate high-impedance TTL-compatible inputs are pro-
vided for clocking of transmitted and received data. Clock
frequencies of 1, 16, or 64 times the data rate may be
selected.

Transmit Clock (Tx CLK) — The Transmit Clock input is
used for the clocking of transmitted data. The transmitter in-
itiates data on the negative transition of the clock.

Receive Clock (Rx CLK) — The Receive Clock input is
used for synchronization of received data. (In the = 1 mode,
the clock and data must be synchronized externally.) The
receiver samples the data on the positive transition of the
clock.




SERIAL INPUT/OUTPUT LINES

Receive Data (Rx Data) — The Receive Data line is a high-
impedance TTL-compatible input through which data is
received in a serial format. Synchronization with a clock for
detection of datais accomplished internally when clock rates
of 16 or 64 times the bit rate are used.

Transmit Data (Tx Data) — The Transmit Data output line
transfers serial data to @ modem or other peripheral.

PERIPHERAL/MODEM CONTROL

The ACIA includes several functions that permit limited
control of a peripheral or modem. The functions included are
Clear-to-Send, Request-to-Send and Data Carrier Detect.

Clear-to-Send (CTS) — This high-impedance TTL-
compatible input provides automatic control of the transmit-
ting end of a communications link via the modem Clear-to-,
Send active low output by inhibiting the Transmit Data
Register Empty (TDRE) status bit.

Request-to-Send (RTS) — The Request-to-Send output
enables the MPU to control 2 peripheral or modem via the
data bus. The RTS output corresponds to the state of the
Control Register bits CRS5 and CR6. When CR6=0 or both
CR5and CR6=1, the RTS output is low (the active state).
This output can also be used for Data Terminal Ready (DTR).

Data Carrier Detect (DCD) — This high-impedance TTL-
compatible input provides automatic control, such as in the
receiving end of a communications link by means of a

“modem Data Carrier Detect output. The DCD input inhibits
andinitializes the receiver section of the ACIA when high. A
low-to-high transition of the Data Carrier Detect initiates an
interrupt to the MPU 10 indicate the occurrence of a loss of
carrier when the Receive Interrupt Enable bit is set. The
Rx CLK must be running for proper DCD operation.

ACIA REGISTERS

The expanded block diagram for the ACIA indicates the in-
ternal registers on the chip that are used for the status, con-
trol, receiving, and transmitting of data. The content of each
of the registers is summarized in Table 1.

TRANSMIT DATA REGISTER (TDR)

Data is written in the Transmit Data Register during the
negative transition of the enable (E) when the ACIA has been
addressed with RS high and R/W low. Writing data into the
register causes the Transmit Data Register Empty bit in the
Status Register to go low. Data can then be transmitted. If
the transmitter is idling and no character is being transmit-
ted, then the transfer will take place within 1-bit time of the
trailing edge of the Write command. If a character is being
transmitted, the new data character will commence as soon
as the previous character is complete. The transfer of data
causes the Transmit Data Register Empty (TDRE) bit to in-
dicate empty.

RECEIVE DATA REGISTER (RDR)

Data is automatically transferred to the empty Receive
Data Register (RDR) from the receiver deserializer (a shift
register) upon receiving a complete character. This event
causes the Receive Data Register Full bit (RDRF) in the
status buffer to go high (fulll. Data may then be read
through the bus by addressing the ACIA and selecting the
Receive Data Register with RS and R/W high when the
ACIA is enabled. The non-destructive read cycle causes the
RDRF bit to be cleared to empty although the data is re-
tained in the RDR. The status is maintained by RDRF as to
whether or not the data is current. When the Receive Data
Register is full, the automatic transfer of data from the
Receiver Shift Register to the Data Register is inhibited and
the RDR contents remain valid with its current status stored
in the Status Register.

TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS

[ Buffer Address
Datar - RS e R/W RS e R/W RS o RTW RS e R/W
Bus Transmit Receive
Line Data Data Control Status
Number Register Register Register Register
(Write Only) (Read Only) (Write Only) (Read Only)
0 Data Bit 0° Data Bit O Counter Divide Receive Data Register
Select 1 (CRO) Full (RDRF)
1 Data Bit 1 Data Bit1 Counter Divide Transmit Data Register
Select 2.(CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect
(CR2) (DCD)
3 Data Bit 3 Data Bit 3 Word Select 2 Clear-to-Send
(CR3) (CTS)
4 Data Bit 4 Data Bit 4 Word Select 3 Framing Error
(CR4) (FE)
5 Data Bit 5 Data Bit 5 Transmit Control 1 Receiver Overrun
(CRS) (OVRN)
6 Data Bit 6 Data Bit 6 Transmit Control 2 Parity Error (PE)
(CR6)
7 Data Bit 7-+* Data Bit 7°° Receive Interrupt Interrupt Request
Enable (CR7) (TRQ)

* Leacing bit = LSB = Bit 0
* Data tit will be zero in 7-bit plus parity modes.

*** Data bitis "don’t care”” in 7-bit plus parity modes.
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CONTROL REGISTER

The ACIA Control Register consists of eight bits of write-
only buffer that are selected when RS and R/W are low. This
register controls the function of the receiver, transmitter, in-
terrupt enables, and the Request-to-Send peri-
pheral/modem control output.

Counter Divide Select Bits (CRO and CR1) — The Counter
Divide Select Bits (CRO and CR1) determine the divide ratios
utilized in both the transmitter and receiver sections of the
ACIA. Additionally, these bits are used to provide a master
reset for the ACIA which clears the Status Register (except
for external conditions on CTS and DCD) and initializes both
the receiver and transmitter. Master reset does not affect
other Control Register bits. Note that after power-on or a
power fail/restart, these bits must be set high to reset the
ACIA. Afterresetting, the clock divide ratio may be selected.
These counter select bits provide for the following clock
divide ratios:

CR1 CRO Function
0 0 4 +1
0 1 sl B
1 0 =64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4) — The Word
Select bits are used to select word length, parity, and the
number of stop bits. The encoding format is as follows:

CR4| CR3 | CR2 Function f

0 0 0 7 Bits+ Even Parity+ 2 Stop Bits

6] 0 1 7 Bits+ Odd Parity +2 Stop Bits

0 1 0 7 Bits+ Even Parity + 1 Stop Bit

0 1 1 7 Bits+ Odd Parity + 1 Stop Bit

1 0 0 8 Bits+ 2 Stop Bits

1 0 1 8 Bits+ 1 Stop Bit

1 1 0 8 Bits + Even parity + 1 Stop Bit

1 1 1 8 Bits+ Odd Parity + 1 Stop Bit

Word length, Parity Select, and Stop Bit changes are not
buffered and therefore become effective immediately.

Transmitter Control Bits (CR5 and CR6) — Two Transmii-
ter Control bits provide for the control of the interrupt from
the Transmit Data Register Empty condition, the Request-to-
Send (RTS) output, and the transmission of a Break level
(space). The following encoding format is used:

CR6| CR5 Function
0 0 RTS =low, Transmitting Interrupt Disabled.
0 1 RTS =low, Transmitting Interrupt Enabled.
1 0 RTS = high, Transmitting Interrupt Disabled.
1 1 RTS =low, Transmits a Break level on the
Transmit Data Output. Transmitting Inter-
rupt Disabled.

Receive Interrupt Enable Bit (CR7) — The following inter-
rupts will be enabled by a high level in bit position 7 of the
Control Register (CR7): Receive Data Register Full, Overrun,
or alow-to-high transition on the Data Carrier Detect (DCD)
signal line.

@ MOTOROL A Semiconductor Products Inc.

STATUS REGISTER

Information on the status of the ACIA is available to the
MPU by reading the ACIA Status Register. This read-only
register is selected when RS is low and R/W is high. Infor-
mation stored in this register indicates the status of the
Transmit Data Register, the Receive Data Register and error
logic, and the peripheral/modem status inputs of the ACIA.

Receive Data Register Full (RDRF), Bit 0 — Receive Data
Register Full indicates that received data has been trans-
ferred to the Receive Data Register. RDRF is cleared after an
MPU read of the Receive Data Register or by a master reset.
The cleared or empty state indicates that the contents of the
Receive Data Register are not current. Data Carrier Detec:
being high also causes RDRF to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1 — The
Transmit Data Register Empty bit being set high indicates
that the Transmit Data Register contents have been trans-
ferred and that new data may be entered. The low state in-
dicates that the register is full and that transmission of a new
character has not begun since the last write data command.

Data Carrier Detect (DCD), Bit 2 — The Data Carrier
Detect bit will be high when the DCD input from a modem
has gone high toindicate that a carrier is not present. This bit
going high causes an Interrupt Request to be generated
when the Receive Interrupt Enable is set. It remains high
after the DCD input is returned low until cleared by firs:
reading the Status Register and then the Data Register or
until a master reset occurs. If the DCD input remains high
after read status and read data or master reset has occurred,
the interrupt is cleared, the DCD status bit remains high and
will follow the DCD input.

Clear-to-Send (CTS), Bit 3 — The Clear-to-Send bit in-
dicates the state of the Clear-to-Send input from a modem.
A low CTS indicates that there is a Clear-to-Send from the
modem. In the high state, the Transmit Data Register Empty
bit is inhibited and the Clear-to-Send status bit will be high.
Master reset does not affect the Clear-to-Send status bit.

Framing Error (FE), Bit 4 — Framing error indicates that
the received character is improperly framed by a start and &
stop bit and is detected by the absence of the first stop bit.
This error indicates a synchronization error, faulty transmis-
sion, or a break condition. The framing error flag is set or
reset during the receive data transfer time. Therefore, this er-
ror indicator is present throughout the time that the
associated character is available.

Receiver Overrun (OVRN), Bit 5 — Overrun is an error flag
that indicates that one or more characters in the data stream
were lost. That is, a character or a number of characters
were received but not read from the Receive Data Register
(RDR) prior to subsequent characters being received. The
overrun condition begins at the midpoint of the last bit of the
second character received in succession without a read of
the RDR having occurred. The Overrun does not occur in the
Status Register until the valid character prior to Overrun has




been read. The RDRF bit remains set until the Overrun is
reset. Character synchronization is maintained during the
Overrun condition. The Overrun indication is reset after the
reading of data from the Receive Data Register or by a
Master Reset.

Parity Error (PE), Bit 6 — The parity error flag indicates
that the number of highs (ones) in the character does not
agree with the preselected odd or even parity. Odd parity is
defined to be when the total number of ones is odd. The
parity error indication will be present as long as the data

characterisin the RDR. If no parity is selected, then both the
transmitter parity generator output and the receiver partiy
check results are inhibited.

Interrupt Request (IRQ), Bit 7 — The IRQ bit indicates the
state of the TRQ output. Any interrupt concition with its ap-
plicable enable will be indicated in this status bit. Anytime
the IRQ output is low the TRQ bit will be high to indicate the
interrupt or service request status. IRQ is cleared by a read
operation to the Receive Data Register or & write operation
to the Transmit Data Register.

ORDERING INFORMATION

Package Type Frequency (MHz) Temperature Order Number
Ceramic 1.0 0°C to 70°C MCB850L
L Suffix 1.0 —40°C 1t0.85°C MCE850CL
19 0°C to 70°C MCBE8A50L
156 —40°C 10 85°C MCB8A50CL
2.0 0°C to 70°C MC68850C
Cerdip 1.0 0°C.to:70°C MC8850S
S Suffix 1.0 —40°C to 85°C MCB850CS
{3 0.°Chtd 7106C MCB8A50S
NG —40°C to 85°C MCB8A50CS
2.0 O°C 1o f70SE MCB8850S
Plastic 1.0 0°C 10 70°C MCE850P
P Suffix 1.0 —40°C to0 85°C MC8850CP
1w 0¢C to,70°C MCE8A50P
=5 —40°C t0 85°C MCB8A50CP
2D 0:Ct0/70°C MCB8850P

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.
JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan.

ASIA-PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate,

Tai Po, N.T,, Hong Kong.
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Pin Locations for XC4013E/XL Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.
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I/0(A13) | P139 P155| P171 | P200 D2 | D5 | P233 | A3 | 125 Mo Po | P11 | P11 P15 | A4 | F5 | P15 | a3 | a2
/0 s : - E F4 | A3 | P234 | D5 | 128 /0 P10 [P12 | P12 | P16 | A5 | E1 | P16 | G2 | 185
110 o : : : E4 | C4 | P235| C4 | 131 /O, TMS | P11 | P13 | P13 _| P17 | B7 | F4 | P17 | G1 | 188
1/0 P140 P156 | P172 | P201 B1 B3 P236 B3 134 o P12 | P14 P14 | P18 A6 E3 P18 H3 191
10 P141 'P157 | P173 | P202  E3 | F6 | P237 | B2 | 137 vee : - - | - Jveccr]vee [ pig [ veer | -
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XC4000E and XC4000X Series Field Programmable Gate

XNy

!
xc;;)?saE HT | PQ | KT |PaMQ PG | BG fP%’H BG [Bndry jxc;?:se HT | Pa | HT PaHQ| PG | BG P%’H BG |Bndry
{Pad Name | 14411 | 160 [17611| 208 223t i 225?’ 240 | 2561t | Scan | Pad Name | 14411 | 160 | 17611 208 | 223t | 225t 240 | 2561t | Scan
1/0 - - - - D7 | F2 | P20 | H2 194 1110 P57 | P63 | P69 P81 | K17 | P9 | P93 | U11 | 370
110 - - - - D8 | F1 | P21 H1 197 /0 P58 | P64 | P70 - P82 | Ki8 | R9 | P94 | Y12 | 373
110 - P15 | P19 C8 | G4 | P23 J2 200 1110 P59 | P65 | P71 P83 | L18 | N9 | P95 | Wi2 | 376
110 - - P16 | P20 A7 | G3 | P24 J1 203 o) - - P72 P84 | L17 [ M9 | P96 | Vvi2 | 379
1/0 P13 | P15 | P17 | P21 B8 | G2 | P25 K2 | 206 ) - - P73 P85 | L16 | L9 | P97 | u12 | 382
110 P14 | P16 | P18 | P22 | A8 | G1 | P26 K3 209 ) - - - - L15 | R10 | P99 | V13 | 385
110 P15 | P17 | P19 | P23 B9 | G5 | P27 K1 212 | 1/0 - - - - M15 | P10 | P100 | Y14 | 388
/0 P16 | P18 | P20 | P24 .~ C9 | H3 | P28 L1 215 | vee - - - - vcec* [ vee: | p1o1 | vee: -
|GND P17 | P19 | P21 P25 GND"/GND*| P29 | GND* | - | /0 P60 | P66 | P74 P86 | M18 | N10 | P102 | Y15 | 391
Ivce P18 | P20 | P22 | P26 VCC'iVCC'| P30 | VCC* ] /0 P61 | P67 | P75 P87 | M17 | K9 | P103 | V14 | 394
/0 P19 [ P21 [ P23 | .iP27: G100 [ He “1=P31 L2 218 1/0 P62 | P68 | P76 P88 | N18 | R11 | P104 | W15 | 397
/0 P20 | P22 | P24 | P28 B10 | H5 | P32 L3 221 1/0 P63 | P69 | P77 P89 | P18 | P11 | P105 | Y16 | 400
/0 P21.1"P23" | P25 | P29 A9 | 2 ["Pa3 L4 224 ‘GND P64 | P70 | P78 P90 |GND*|GND*| P106 | GND" -
/0 P22 | P24 | P26 | P30  A10 | J1 | Pas | M1 227 /0 - - - N15 | M10 | P107 | V15 | 403
10 - -1 P27 P31 A1 | U3 | P35 | M2 | 230 1/0 - - - - P15 | N11 | P108 | W16 | 406
/0 TN P28 | P32 C11 | J4 | P36 | M3 | 233 110 - - P91 | N17 | R12 | P109 | Y17 | 409
110 S Ja D11 | Js .| P38 [ Ni 236 | 110 - - - P92 | R18 | L10 | P110 | Vie | 412
{1/0 T - D12 | K1 | P39 N2__|=239"] 1/0 - P71 | P79 P93 | T18 | P12 | P111 | W17 | 415
lvce - o - .__Vcc | vee: [ 4P40_JsveC” - 1/0 - P72 | P80 P94 | P17 | M11 [ P112 | Yi8 | 418
[0 P23 | P25 | P29 | P33 B11 | K2 P41 P1 242 | 1/0 P65 | P73 | P81 P95 | N16 | R13 | P113 | U16 | 421
110 P24 | P26 | P30 | P34 A12 K3 P4z |_ P2 245 | 110 P66 | P74 | P82 P96 | T17 | N12 | P114 | V17 | 424
110 P25 | P27 | P31 P35 B12 [.J6 | P43.] R1 248 | 110 P67 | P75 | P83 P97 | R17 | P13 | P115 | W18 | 427
1/0 P26 | P28 | P32 | P36 M3 L1 P44 | Pawl 261N 110 P68 | P76 | P84 P98 | P16 | K10 | P116 | Y19 | 430
GND P27 [ P29 [ P33 | P37 GND' GND° P45 | GND* | - 1/0 P69 | P77 | P85 P99 | U18 | R14 | P117 | vi8 | 433
1110 Al - D13 | BT F46 | N 254 /0. P70 | P78 | P86 P100 | T16 | N13 | P118 | W19 | 436
{110 - - - D14 | K4 | P47 R3 257 | SGCKa3 1.
1/0 - i z P38 B131 L3 | P48.{ (T2, ). 260 /| (GCK4 t1
1/0 = % R P39 Ald M1 P49 U1 263 | 'GND P71 P79 P87 P101 |GND*|GND*| P119 | GND* -
1/0 = P30 P34 P40 A15 K5 | P50 13 266 |DONE P72 | P80 P88 P103 U17 | P14 | P120 Y20 -
1/0 T P31 P35 P41 c13 M2 ‘ P51 U2 269 'VCC P73 | P81 P89 P106 |VCC®|vCC*| P121 | vCC* -
1/0 P28 | P32 | P36 | P42 B14 | L4 | P52 | Vi | 272 PRO- P74 | P82 | P90 P108 | V18 | M12 [ P122 | Vi9 | -
110 P29 | P33 | P37 | P43 A16 ] N1 P53 | T4 | 278 GRAM
) P30 | P34 | P38 | P4 BI5 | M3 | P54 U3 | 278 '1/0 (D7) P75 | P83 | P91 P109 | T15 | P15 | P123 | U19 | 439
0 P31 | Pas | P39 || Pas 14| N2\ PS5 | V2 | 281 | /0. P76 | P84 | P92 P110 | U16 | N14 | P124 | U18 | 442
/0 P32 | P36 | P40 | P46 A17 | K& | P56 | Wi 284 | gg%i:
‘ls/%CKz " P33 | P [ PR Il Bip W R VT ) pe% o) P77 | P85 | P93 Pi11 | Ti4 | L11 | P25 | T17 | 445
|GCK2 1t | | | /0 P78 | P86 | P94  P112 | U15 | MI3 | P126 | V20 | 448
(o M1) P34 | P38 | P42 | P48 C15 | N3 | P58 | W2 | 2980 | 1fe) ' s 2 - [R14 | N15 | P127 | U20 | 451
[GND P35 | P39 | P43 | P49 GND"IGND' P59 | GND- | - | | /O = (_iaws : ) =L'3F P4 | P128 | T18 | 454
T (M0) P36 | P40 | Paa | P50 A8 P2 | Peo i 293 1/0 (D6) P79 | P87 | P95 " P113 | V17/ | J10 | P129 | T19 | 457
VCC P37 | P41 | P45 | P55 VCC- VCC- Pal VoG X 110 P80 | P88 | P96 P114 | V16 | L12 | P130 | T20 | 460
1(M2) P38 | P42 | P46 | P56 ~ Ci6 | M4 P2 | W3 | 294 V) | PORGUPS7  Plage] TIP JM15 | P131 | R18 | 463
0. P39 | P43 | P47 | P57 B17 Rz Poa Yo 295 110 P90 | P98 Pi16 | U4 | L13 | P132 | R19 | 466
PGCK2 1, i 110 - - - P117 | V15 | L14 [ P133 | R20 | 469
GCK3 11 i 1/0 P E - P118 | V14 | K11 [ P134 | P18 | 472
/0 (HDC) | P40 | P44 | P48 P58y NE16U| R3 | P44 298 GND P81 | P91 | P99  P119 |GND'|GND"| P135 | GND* -
1/0 P41 | P45 | P49 | P53 C17 | L5. P65 | V4 | 301 /0 z 3 f Ri2 | L15 | P136 | P20 | 475
1110 P42 | P46 | PSO | P60 D17 | N4 | P66 us 304 110 s P s F R11 | K12 | P137 | N18 | 478
110 P43 | P47 P51 P61 B18 | R3 P67 Y3 307 110 P82 | P92 | P100 P120 | U13 | K13 | P138 N19 481
[/O(CDCT) | P44 | P48 | P52 | P62 E17 | P4 . P68 Y4 310 110 P83 | P93 | P101  P121 | V13 | K14 | P139 | N20 | 484
[1/0 - | Pag | P53 P63  F16 | K7 P69 V5 313 vece - > F 5 VCC™ | vCC* | P140 | vCC* =
H& - | P50 P54 P64 ci18 | M5 P70 W5 316 1/0 (D5) P84 | P94 | P102 P122 | U12 | K15 | P141 M17 487
/0 o, [T 2 P65 D18 | R4 P71 Y5 319 1/0 (CS0) P85#1"P95 | P103 P123 | V12 | Ji2 | P142 | Mm18 490
1/0 S P66 F17 N5 P72 V6 322 110 - - P104 P124 | T11 J13 | P144 M20 493
110 R g E15 | P5 P73 | wse 325 1/0 - - P105 ° P125 | U11 | J14 | P145 L19 496
110 e e e A Fi5 | L6 P74 Y6 328 110 P86 | P96 | P106 P126 | Vi1 | J15 | P146 L18 499
GND P45 | P51 | P55 | P67 GND"|GND'! P75 | GND* = 110 P87 | P97 | P107 P127 | V10 | Ji1 | P147 | L20 | 502
1/0 P46 | P52 P56 P68 E18 | R5 P76 W7 331 1/0 (D4) P88 | P98 | P108 P128 | U10 | H13 | P148 K20 505
1/0 P47 | P53 | P57 P69 F18 | M6 | P77 Y7 334 1/0 P89 | P99 | P109 P129 | T10 | H14 | P149 | K19 508
1/0 P48 | P54 P58 P70 G17 = N6 P78 V8 337 VCC P90 | P100| P110  P130 |vCC*|vCcCc*| P150 | vcer -
110 P49 | P55 | P59 | P71 G18 | P6 P79 | W8 | 340 GND P91 |P101| P111  P131 |GND*|GND*| P151 | GND~ -
vCC . 2 g - vCcC'lvcc | Peo | vCer z 1/0 (D3) P92 |P102| P112 P132 | T9 | H12 [ P152 | K18 | 511
1/0 s P60 P72 H16 | R6 P81 Y8 343 1/0 (RS) P93 |P103| P113 P133 U9 H11 | P153 K17 514
1/0 Pl P61 P78 Hi7 | M7 P82 | U9 | 346 110 P94 |P104| P114  P134 | V9 | G14 | P154 | J20 | 517
1/0 ST Z = G15 | N7 | Psa ) 349 1/0 P95 |P105| P115 P135 | V8 | G15 | P155 | J19 | 520
|10 ST 3 3 Hi5 | P7 P85 | W10 | 352 1/0 - - P116 P136 | U8 | G13 | P156 | J18 523
(110 P50 | P56 | P62 P74 H18 | R7 P86 | V10 | 355 110 - - | P17 1 P137 | T8 | G12| P157 | U17 | 526
110 P51 P57 P63 P75 J18 L7 P87 Y10 358 1/0 (D2) P96 | P106| P118 P138 V7 G11 | P159 H19 529
1/0 P52 | P58 P64 P76 J17 | N8 P88 Y11 361 110 P97 |P107| P119 P139 u7 F15 | P160 H18 532
VO(NIT) | P53 [ P59 | P65 | P77 Ji6 | P8 | P89 | Wil | 364 vcc : - ) - VCC® | VCC* | P161 | vCC* )
VCC P54 | P60 P66 P78 vcCc-|vcc: P90 | vcer = 110 P98 |P108| P120  P140 V6 F14 | P162 | G19 535
GND P55 | P61 P67 P79 GND*|GND* ! P91 | GND* s 110 P39 |P109| P121  P141 ue F13 | P163 F20 538
110 PS6 | P62 | P68 | P8O K16 | L8 P92 | Vi1 | 367 48] . = - R8 | G10 | P164 | G18 | 541
6-124
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T XILNX

XC4000E and XC4000X Series Field Programmable Gate

Xl0E | wr | o wr |pamal pc | e [P¥M] s [enay| Additional XC4013E/XL Package Pins
Pad Name | 1441t| 160 1761t 208 | 223t 225t | .. | 256tt | Scan | PQ/HG208
110 - . - - R7 | E15 | P165 | F19 544 | Not Connected Pins
GND P100 | P110 P122 | P142 |GND*|GND*| P166 | GND* - P1 P3 P51 P52 P53 P54
110 : : : : R6 | E14 | P167 | F18 | 547 P102 P104 P105 P107 P155 P156
1o : : : o[RS [F120) RIGA | 1991550 P157 P158 P206 | P207 P208 -
110 - - - P143 | v5 | E13 | P169 | D20 | 553 5597
110 - - - P144 | va4 | D15 | P170 | E18 | 556
110 - [P111 P123 | P145 | U5 | F11 | P171 | D19 | 559
1/0 - [P112 _P124 | P146 | T6 | D14 | P172 | C20 | 562
10 (D1) P101 | P113 P125 | P147 | v3 | E12 | P173 | E17 | 565 PG223
I/0 (RCLK, | P102 [ P114 P126 | P148 | V2 | C15 | P174 | D18 | 568 | VCC Pins
RDY/BUS {52203 D10 D6 | J4 J15 R4
1) " R10 Ri5 e 3 :
110 P103 | P115 P127 | P149 | U4 | D13 | P175 | C19 | 571 1 GND Pins
110 P104 | P116 P128 | P150 | T5 | C14 | P176 | B20 | 574 T :
G712 D4 lTDe D15 G3
g?N()Do, P105 | P117 P129 | P151 | U3 | F10 | P177 | C18 | 577 SRR T s vE VB e
0, P106 | P118 P130 | P152 | T4 | B15 | P78 | B19 | 580 Lo R9 | R16 /e el 2 : :
SGCK4 1, | 5/5/97
GCK®6 1t
(DOUT)
CCLK P107 [P119 P131 | P153 | V1 | C13 | P179 | A20 -
VCe P108 | P120_ P132 | P154 | VCC-|VCC® | P180 | VCC™ | - BG225
0,TDO__ | P10g9 [P121 P133 | P159 | U2 | A15 | Pi81 | A19 | 0 ‘ VCC Pins
GND P110 [ P122  P134 | P160 |GND*|GND*| P182 | GND* | - B2 B14 D8 H1 H15
1/0 (A0, P111 |P123 P135 | P161 | T3 | A14 | P183 | B18 2 R1 R8 R15 = 5
WS) | GND Pins
110, P112 | P124 P136 | P162 | U1 | B13 | P184 | B17 5 : Al A8 D12 F8 G7
PECKA Y Aol \\ \E8 G9 H2 H6 H7
8&;‘7 1 R N H9 H10 77 B |
110 P113 | P125_P137 | P163 | P3 | E11 | Pi85 | Ci7 | 8 | L 49 Ke v : g |
110 P114 |P126_P138 | P164 | R2 | C12 | P86 | D16 | 11 | 5/5/97
X%‘CSL P115 | P12z P139 JIP1ER) | &4 ABYETTY 1A o » The BG225 package pins in this‘table are bonded to an internal
10 (A3) P116 | P128 P40 | P166 | N3 | Bi2 | Pies | A7 | 17 | Ground plane on the XC4013E die. They must all be externally con-
0 z s - | P4 | Fo | PiBa| ci6 | 20 nected to Ground.
110 - z B . N4 [ D11 [ P190 | B16 | 23
1/0 P117 |P129 P141 | P167 | P2 | A12 | P191 | Al6 | 26 PQ/HQ240
1/0 - |P130 P142 ] P168 | T1 | Ci1 [ P192 | C15 | 29 [ GND Pins
1/0 - - P169 | R1 | B11 [ P193| B15 | 32 RRXE2ED || ~P374 P83t | P98t P143t P158%
110 - - - P170 N2 | E10 | P194 | A15 35 | P204t | P219%t % ! 5 g S
GND P118 | P131  P143 | P171 [GND*|GND'| P196 | GND* | - | Not Connected Pins
110 P119 [P132 P144 [ P172 | P1 | A11 | P197 | B14 | 38 | P19 L 1 i .ﬁ 1 [ 5 [ >
110 P120 [P133 P145 | P173 | N1 | D10 | P198 | A14 | 41 6/9/97
1/0 R : 3 M4 | C10 [P199 | C13 | 44 |
110 =ty - 3 L4 | B10 | P200 | B13 47 1 Pins marked with this symbol are used for Ground connections on
VCC Tl 4 - |veer [vee | peo1 | vee: T some revisions of the device. These pins may not physically con-
1/0 (A4) P121 | P134 P146 | P174 | M2 | A10 | P202 | Ci12 | 50 | nect to anything on the current device revision. However, they
VO(A5) | P122 [P135 P147 | P175 | M1 [ D9 | P203 | Bi2 | 53 | should be externally connected to Ground, if possible.
110 - - P148 | P176 [ L3 | C9 | P205| A12 | 56
1/0 - |P136 P149 | P177 [ L2 | B9 [ P206] B11 | 59 | BG256
:{(\021) % P123 £P137 P150 | P178 | L1 | A9 | P207 | Ci11 | 62 - M D7VCC PinsDH 122 i ]
:/}(\320) - P124 | P138 P151 | P179 | K1 | E9 | P208 | A11 | 65 ‘ EoE - = = = T
/0(A6) | P125 [P139 P152 | P180 | K2 | C8 | Pe0g | A10 | 68 | . K4 L1z P4 P17 P19 R2
VO(A7) | P126 |P140 P153 | P181 | K3 | B8 | P210 | B10 | 71 | ‘ R4 R17 us u7 u10 u14
GND P127 | P141  P154 | P182 [GND*|GND*| P211 | GND* | - | |- # U5 V7 W20 | - - -
6/9/97 ‘ GND Pins
* Pads labelled GND" or VCC* are internally bonded to Ground or [ A1 B7 D47 208 D13 D17
VCC planes within the package. They have no direct connection to G20 H4 H17 | N3 N4 N17
any specific package pin. 1 U4 us Ui3 u17 W14 -
t=E only, 11 = XL only i Not Connected Pins
(oA A8 c8 D12 H20 J3
Ja T M4 M19 V9 w9 W13
Yi3: - - - - -
6/4/97
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