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PIC16C61 Microcontroller Design using VHDL

Mr. Thanaporn Thongpuak
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1996

Abstract

Today we have new method to design large digital system. This new method saves a lot of time and
return the exact resuit. The new method is using VHDL (Verilog, VHDL)

There is another way to make digital circuit , except the ASIC circuit, is using FPGA (Field
Programmable Gate Array). Inside the FPGA there are standard devies such as logics, gates, flipflops, buffers
etc. We can f)rogram FPGA to define connections of devices to make a digital system that functions in the way
\é/e want. This thesis have details of design system, desription of digital system by VHDL, test function of

system, and making prototype chip.
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- psd1ae lnfils (Timing simulators)

- A15971294MINININYDII995 (Circuit simutators)

2.1.2.7.3 Msa3 1900 UUsSANTAIN (Performance verification)
a - . “ d e e
nsasdeulssAninmyssssuuiivinfiedmuafindluies las luduegiudunm

2.1.2.7.4 MIATI9qO VAN (Logic verification)

ATINABLIUNANDBAUUY 2 2997 nielaseafratumihiiauduiuifuneld

2.2 aninenssu FPGA XC4000 U84 Xilinx

a o a o .
2.2.1 Naa ldsunsuianauoisd (Field Programmable Gate Array (FPGA))
FPGA 1fuFnaila ASIC (ASIC Chip) ANUTWIMAIMUUUUYDUNATY amnsafuaaidu

3 ¥ v v
ﬂ'\iﬂ'\ﬂ'luhlﬂﬂ'lllﬂ'?'lllﬂﬂﬂﬂ'ﬁ ‘U?J\‘im‘]f
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4 v
o -

FPGA 19570t ndofvianuaysanisvil Custom VLSI #ail

- MIDDAUULNITNAR

- aanafiszdesindadiuaisengnain

4 < ra o 1 a - to 7 o °

Futhudse Tominonsnan 29955308 019LIN N AU UIREWAR T UARIATUYBINITHINU
YB2993

a u’; Y -~ 3 = o 1

falunseanuuLees lnsld FPGA Semuisosenuuiaznaaey 1dnislumauiios 2-3 Sum
: 3/ o 3 4 v 3 ] [ a1 @ o
T assdwiunsesnuuu Ingly Custom Gate Array Fedoa lHrauundin wudssudunsud lo
niadouudas

a 0 =1 ' o ] . a ] Y I )

INNNATIVINLAUIINITUI FPGA s lumseenuuvszsislunisdsgndas ldsutiusg

10 s zezanauisslunsfozaed ludn19es msfounainseenninduet uazannl NRE

(Nonrecurring Engineeering Cost) asluda

4
22.1.110auBLY (Gate Array)
s lfnaueisdadinrsnsanin lnumsisendensmdmaes wasinasien Widaofusu 1diaddun
M P 4 o & -
whuaideinsyutiuduasugaroveanseurumsedn
ot ] -] t n‘/’ & ¥ 'd
ANBITINANUMU YR ANAY SN 100000 107 wiBIRNINTU Favvgnldlse Tym
Uszaw 80-90% dmiuednsaliing uay 40-60% dmTugiasailnaj
a1 ' P 1 1 a W
inaueIsElA119910a97 (fixed cost) iazalF10ndaTud (product cost) N1s 1FaMunALBISfaz

dsendangadiod mauniswaagaunsuiilde ldnfineld

2.2.1.2 Had lusunsupniiamnausisd (Field Programmable Gate Array (FPGA))

aawfunaueis g 11U FPGA ua lideata 199 10nef (fixed cost) tazAuruindu
(Fabrication) iW31¢ FPGA Mnfiill Tnseafiafiiiounu s M lumamdaidnuas adrwq funmswiale

Fuas grunfilsunming el

a 4

2.2.2 anilaunssuvoe lUsunsumbamaes e (Programmable Gate Array Structure)

aadnwausisd (Logic Cell Array (LCA)) iflufisssAngvaauism Xilinx Taorilnonssunmolu
A inaueist Taona luudneluldnuusthuuaindussasinuien (Logic block) uazdousouday
Suwnaewiyndumesiauden (VO Interface Block)

MIFOUABTZMIN CLB uag 10B 1114 Tnon1uan1e (Channel) 12 19WIAKIUTEM 07 (row)

O ¢ ot 3 - a [ 4

uagAoduY (column) Imsvanuniieuny luIns IUsismaes

@1 LCA ﬂ:ﬁwm"lﬁ’fe’faﬂ%'qﬂnsnf%’uxﬂﬁaumiuniu (Program-driven Logic Device) wihfives

CLB uag 0B usiagé



msiseudeniolu (interconnection) 1zgnimua 3lunsudnfiusdulusunsy (Configuration

Program) 13t 1§ lumiauaaud EPROM malu LCA TdsunsuszgnInamdng LCA disdinmsiie v
o @ P ) 4 o o g a aa o

{(Power-up) Taon1eA1d9 (command) wﬂumuﬂuwaqmsmmmﬂuauunfua"lammu (System
Initialization)

JszAnSnnvee LCA fvualagasin, daulsynaumizuaaiui wazns Ilsunsunisieuas
A9

o o o 9 a o . s @
fmmswmfﬁymmumn111aai:uugnmnuﬂﬁauwaﬂmaﬂaﬂﬂaaﬂ (toggle flip-flop) TMIU

mstszgna 19 Taeia ezegiszaunas 173 e 122 vBmeniNaiNARIA (maximum toggle gate)

2221 aoufinAausuasinuden (Configuration Logic Block (CLBY)

slonanlu LCA Spimn3ndued CLB naw # CLB udnzalszneudan lusunsuundaney
lunuduas®n (Programmable Combination Logic Section) mmsn"h’fﬁ%ﬁmwmaﬁmuﬁuﬂqf{‘i‘}’waa
Bunn d1SSamesTusindruneu luni$u (Combination) W38 lagnsantniowiynuea CLB

ansovueasaon lumsuaednld Tavas wumeWauuAUWS (Feedback path)

2.22.2 Buwnipninnyien (InpuyOutput Block (I0B))

FuduAasofUI993 MUUBNT8s LCA riuneingUnsafduymas iy Tsunsu1d
(Programmable [nput/Output device (IOBs))

10B urazdaense Tsunsy1dedesass Tasas Wiudunnie wiynuuy 3 ao1us n3e
ﬁuvm/xmﬁvgmmuﬁmﬁﬁmqﬁ'k’ﬁﬂumminTﬂsunsnﬁuw‘wN’i’i}"ﬂvﬁixﬁuﬁmﬂpmﬁﬁuaa (TTL) uas¥d

1107 (CMOS Threshold) ¥94 10B usiavsiviaunaeyfiannsaliidutivivieidmiudurm nie iy

2.2.3 AUTNYULVBIFNATERA XC4000
o fulszAnsnmgaldenl&iaawd 70-, 100-125 wnzFsnd 'l
o fnolunssuntolufitendu B
- fi$wamnamoluiiman 2000 §1 9000 7
- uAmMuENs oL es3 Saaed uazBuymeinm
- 1A urlu-Le Wi fan-out) 4
- fifernelu 3 oue
-yhemfudygyafifiuea (TTL) wae Fued (CMOS)
- flopadiamesuontararesinelu
o Hudaduaininsgu
- 1¥wdearudy, Flu cmos, 1na Tulabvesmadnuu i

- JszAniamdouyiidunis 19 TTL SSyMIS
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- dunsnageuIn 1593ud? 100%
- aunsnidien Configuration mode it

- flgovivinas e lun1s W1 (XACT Development Software)

2.2.3.1 waziBuayaIFNAIENa XC4000
LCA aszna XC4000 szneyliduasesaeinfilisnmmuunivuaziiszdnamgs finaw
Sangu worauisalusunsu'ld
- J i L
aalasnssuiuuLes J‘U’r)dfﬂ% (User array architecture) INAYUNI9A Configuration program '71‘0;;
moluuazdudsensuiiannsaufudouie i ideesaudeenis 14 3 uuy fie 10B, Aray of CLB
o 4 ' v yqg Yy = 49 P : o v
tasnuuiidousenulunmaamudesmsvedlfaeinileidu naz mateuseawlugnimunaaiy
Tusunsuiegaiolumissaiius
b
molusn Lea Tusunsufiazgn Inaadhgmizsanuiridiunaien gluuuamaaumansa
¥
veams1#au Tsunsuazgnussyeylu EPROM 1ia ROM muuennsesmaguuvlastlaaar,
d = 'd
g5 nAan
malusniidudenfivaolums Inaa lusunsuuuyse ludAdetio Inidhszuy (Power-up) uag
v
LCA Aszqa XC4000 fiimmenuybifenauaruimanzay, amawin, awgunail, FRINILELELE

Wud

22.3.2 anasnssuusd LCA (Logic Cell Array Architecture)

Sunnasiwnuden (/0 Block) #ldsunsumemen e Sesdeuseuda CLB aﬁsanuamﬁa
Fousafiuunanafiu (Package Pin) i0ZyAYBA CLB swimiduases laf idaudeanisududgldes
Tusunsumsidendeniulusznieninensitiog

nsdaruaeinszninuiondnn nifsuaiioudaygiufng fidaseningunsallugiuuy
MSI/SSI package

wifivpiaeInuden (Block Logic Function) szgnaminlugduvuves Tusunsugndmnida
(Program Look-up table) ﬂﬂﬁimsﬁumﬁmyﬁ%’ 118 Taen1s 14 Program controlied multiplexer

msiseuseszniudeniuamisoadiadi i launs 14 Metal segment Fidoudei uay
HafFunisniaueed LCA szgasmualay Configuration Program FaazgnTnaad 1y Inemal
Configuration Memory Cell nﬂaﬁmsﬁwwé’wm (Power) W Lca n?aéwﬁﬂmﬂums 'c’hﬂ‘ldﬁ'lé‘d
(command) weneIntitus Lea falidyyunuauiimunsadendnyusns Tusunsudues 4

v
as -]
%’E)i:l’ﬂ ‘\JfNTﬂi’uﬂ?ﬂa‘mQﬂIHﬁﬂulﬁsllﬂﬂllUU'fJHﬂill H?a'umun"lﬁ'
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2.2.3.3 U8R 13N UHNAUT T (Configuration memory)

ar

waveamizeawimadnlu Lea gresnuuuiusdudlinuniede 1dge uaztlestudygo

Yt ' ] ° & Yar 14-] 0 nsav e Yy ¥
sunlAa anuinueuveamiltsauinielu Lea Faldsumseenuuuiiduediedil e ldudae
Wamaziande dufisudunis Tdsunsuluuudug udmizsanudimedne Wanudede 144, I
anuvuuge, Tuszdninmgs uazmuisonadeula

t Y a M o a v “ o= . aa )

nsmemdeyansuinfustuluds Lca 1A 2 ma Ao neFiSua (Serial) 2 35 uaz nendag

yo41uN (Byte-wde) 3 33 udnaasasuiiniusfuasinmoluszfansusnyavesdoyafiduini 1ésun
S o v o [l & ° 3

s tiuudyewriiag efnfu 3 lumibeasr1fedagadeadesssilinis Tusunsu Lea u

rfJu"lﬂ"lﬁ'"iuwawq anyuUzITUY Synchronus, Serial L Daisy chain A'ld

2.3.4 BUNWNABIVIWNUABA (/O Block (I0B

51 2.4 Buwnieniymuden

'
I Passive
Aalfeupl

BID 1773
-4

Owput ¥l \ &q
o]

1

7

J AipAop
Oue ° o
x e

Y.

g
g
A

VAR VRN

Clock Enatie

N ) | N

' o & @ w Y " oa Y - 4
10B uﬂa:mﬂzxﬂummmamsvf’;aumawmmmﬂﬂmuuannuamnmﬂu [OB %Qﬂi:ﬂﬂﬂﬁ’)ﬂ?

a < @ & o 4 1 < -
Jamesuag Direct Input Path mulu 10B Huditiives 3 anwzdilusunsulddesgnldlassfmned ne

Direct output signal
° . 4’ = v ° a ad b 4
YUIUNITNT Configuration uﬁ'lll'ﬁmﬁi]ﬂ1ﬂ [OB mﬂut'ﬁuuwaumﬂ‘lﬂ MIAIUAY Slew rate

s a 1 < a N aa o a a
w&smaium idusuRuaudea (High impedance) Tnoms pull up S3maes 14 Tasitngesmedunmisdl
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input clamping diode Lﬁalﬂumiﬂmﬁu electro-static uaxﬁqﬁaaiﬁﬁﬁaaﬁ'u latch-tip ﬁxﬁmm input cutrent
Auveduymivivesves 10B fin13%1 Threshold detection lﬁaﬁnzuﬂadﬁiynunmmﬂmuuaﬂn'au‘?inz
HiuRuunainudandasinasly

Global input buffer threshold ¥84 (0B gn TdsunsuIisuiAseiudaane: TTL uaz cMoS
/0 Storage element 92gniamsyninvinumsneuiinfusiu nieluvazfininddyno Active low
i dwmiumsidauduniedovesnndurmezded eminal time Y2603 100 ms uas Winsdeyly
298 (floating) M3tldseasslu CMOS level 1918 Wifinmsoeadiaduld Feo i difndy sy
(noise) Wurszuu

10B fifsermsa Tsunsulieafy high impedance pull-up register #1928 11ie User 10 1nla 'l
1fanldau

Sautinielu Lea veinansdatloaiu elecirostatic discharge M3 TU&BS LCA AYSHIR0RY
TpuATE i

#01 flip-flop delay 484 I0B azilAlszaiat 3 ns ArAladduq A ldms Idamimety Yoy
wiRneda InsialivszAniamd uazidunisandnn luiuiveu (metastable) Iosfign

Lmﬁ‘?‘mﬁﬂlﬂ?ﬁﬂm 108 fdnunziilu cMos compatible 4 ma source or sink iTu?ngtym high out
CMOS 138 TTL compatible 47 [OB Pin [] aNIOALANMIN I TULRNBLYINN 6

Configuration program bit euIofmuamshisuves (108 Wiy 18 luvag Snvaizau
oétimal output register, Signal inversion 8% 3 State, slew rate control RJ‘ENLE)WTWW

; Program controlled Memory Cell ﬂmﬂuﬁ'ﬂymzmaq ?‘fﬂﬁy §
® Logic inversion of output qﬂmuﬂﬂﬂu | Configuration bit ¥9llsing [OB
® Logic 3-State control ¥93tAas [OB Output Buffer QﬂﬁmuﬂIﬂU Configuration program bit °AIN
afludlladliatvines niaidonnisifournvas 3-State interconnection (TOB PIN_t) §110B

control signal i high, logicl 929119 disable butfer tazduilu low 12 enable buffer
®  Direct or register Output 1nan lauday (0B register 1%ﬁqq1mmauwﬁ1 trig

® ium Output transition speed

' v
®  high impedance pull-up register 1¥dmivtlestuns floating die T 1R 1 Fymiuriem

oF



2.2.3.5 asufnAusFuasinuien (Configuration Logic Block (CLB))

§“Ll 2.5 Configuration Logic Block

e T ST

(PN e

. — [ e

comtror
?
o —  tomc " °
runcmon (|} . °
L} runcrion

-
b
_H
>
e v | :
e
. — it opeos
CimTROL
£ = ioac B m .
or M
>
:

. " °
t m
£y —f
"
€L oem [

Hatpusur §ao v oton
u ™
W Cmrgunrie P [

4AYB3 CLB <7i¢iaaghfluuaxséfv:nﬂumﬁﬂszﬂ'e)wa"n‘Iumifr%'Naeﬁnvaaé‘h’f'ﬁum CLB 2%
ey ludnyuzveunainddousouday (0B

w8vI¥1L195 XACT Development system Snti it asnouindus fundaviins nanasluniae
anumelu odmuantsiauasmadeusenuluues CLB Tugiuvsne CLB usnedroziidu
vaamau"lmu%’uaaﬁn, Wduwaey 2 ¢ nasdarunrununiwlu (Intemal control section)

Sunndeyaveaifuasiiiegmelu cLB 18331910 Function F uas ¢ Fuflueninmuas
Combinatorial Logic section %39 Block Input, datain [di] flip-flop “;11\1 247

Tu CLB udnzdnzliviosdalnntasmiuduile enable uaz 1854 logic high wzfinnudify
iMion1 Clock inputs flip-flop N3 lu CLB vzgn3iam 1Ay active low input V15130 M303¥MT19n1T9H
aoufinfusdu uenviniinaunas el enable clock [ec] smfudeniin logic low 9AITATIZIANLD
Bhieculedygronninuazduymieya A¥uduandanu Combinatorial logic section $9419emnsnse
eneble Fyamnunu | uanifenninFeudemariild
' uanmnﬁﬁ%’é’ammsmﬁaﬂ Clock input (k) AaDAIU sense Mulu CLB 148038 M3 routing 7
fonguannsaidfu cLB udazdn

#7484 Combinatoiral logic section ¥84a03nuFenld 32 A0 1 look-up table lunsfine

implemnet 1 boolean function AauUsensniden1d9n 5 logic input uasWdUWasdnislu 2 a2z 1diden
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I

i a a P
table address input propagation delay 494 Combinatorial logic section tludaszainaeinendu uazlinig
o . 9 @ . . . = =y ’ S s de o o
'ﬂpqnu spike free 1YY signal input variable (e) lumsnzidensenitafeddu 2 AanFuniaauls 4 ¢
o /o ‘0 daw o
FwmFudeangu 2 Henvuniiaus 4 an

' 1
fo aa

5a Combinatorial logic option FG 350§ 19ieA%u 2 Redduiififunls 4 # usaziledau dauds A
Foaldfsmfuseniaiedsu 2 Haddu daunlsdaf 2 wiodaf 3 aunsadhududenes 15714 b, ¢, gx n¥e
qy Furlsaad 4 vedu D wde £ e 15 IRududezideon

5b Combinatorial logic option 3¥a¥1eiaridues 157 14RT 5§15 o, d, e Lazidonndn 2 §2910
b, ¢, qx, qy

5c Combinatorial logic option E 11880521919 2 Marfduiild 4 fauals Tﬂuﬁ:ﬁﬁﬂnﬁuww"fi“l‘i’ff'm
fie A, D uazdudses 15718910 b, ¢, gx, gy W18 2 ¢ option 3 ARz AR T AFUREDINTRLT 6
fa 714

¥
2.2.3.6 ABUNAAT FUV3 (Configuration) XC4000

aouAnAusfufionszurumslunis Tnan (oad) foyaluTiaunsy lufegungel Lea ioszy
H‘ﬁh'ﬁvaqm;ﬁmu‘iuuﬁaﬂmﬂu woznsieude

xc4000 Wdayaifiafumsauiindasutlszanu 350 Tinste CLB (Configufatable Logic Block)

uAaznzIzyanIME (state) YO MINAIUTIUAAN (static memory cell) Fimunuinlunisaiu

AuAT3HaAHU (function table bit), SunmvesTafimanizes (multiplexer input) W3 MsiFoudsiy
sEnmTudmaey
2.2.3.7 Inua (Mode)

3w lunszga XC4000 f:ﬁﬂauﬁnﬁaxs%'uinuﬂagi 6 Tnua Faustaz Tnunazgnfmualnosia
fiwm 3 10 (MO, M1, and M2 input) uazdnaszga XC4000 Tnmans Tnua 3 Tuua, mSinesalnua
(Peripheral mode) 2 Tvua uazd3 vacain Inua (Serial slave mode) 1 v

3

Tuszgndnneaeuiinfausdu Sunie wivminuRuszgminnldnsaszurumsaeuiin

ANTFUTIAT T

A1319 2.2 AITIUITAL mode 7199 11 XC4000

Mode M2 M1 MO Clock Data
Master Serial 0 0 0 output Bit-serial

¥

Slave Serial 1 1 1 input Bir-serial
Master parallel up 1 0 0 output Byte-Wide, 00000
M;aster Parallel down 1 1 0 output Byte-Wide, 3FFFF

Peripheral Synchronous canbe considered Slave Parallel

7
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g AT 2.2 (19)

Mode M2 M1 MO Clock Data
Peripheral Synchr. 0 1 1 input Byte-Wide
Peripheral Asynchr. 1 0 1 output Byte-Wide

5

3
Reserved 0 1 0 -
Reserved 0 0 1 -

Pkeripheral Synchronous canbe considered Slave Parallel

22.3.7.1 nmaes Inun (Master modes)
winaes Inualdosadiamesmolulumsadredyyin CCLK miadugunsaiaatw (potential
- Q’ o g t 9 é
slave devices) taz 1¥peaFiamesadraumansaias Iniladmivmitsaud PROM(s) Mousadafiv
Foyanvifumsaeuiniussu
4 \
wmaniwisuaa Inua(dii n3e ae) (Master Parallel (up or down) Mode) o5 19y 104 CCLK iaz
] (-3 o/ o é a »
ueAAT ar¥aInLIuALE PROM uasdesyluvivesdoyauuuvuiu (parallel data) F1azgnii ifoglugy
suuifursufimmnz oy
MIsIADNI19U 158 a3 (up and down) wraF1aupansaluA MM 0 M50 IFFFF iNefiszti 1U14
W'l Tns Wsiwmaeseeg fuld
e ot y LY v 9 - < a d
naweiFiTya Inuavzadvduygin CCLK uazazivdoyalunsasuniausfulugduuuidu
AUNTUIINMUIAIINTT PROM %83 Xilinx
22.3.7.21%05M058 1M A (Peripheral modes)
¥
iwesiwedalnuais 2 TuuaszSudeyaiiiuluvivands
¥ s o A A o g Vo ' & ™ Ve - a
anuznsou (ready)/M1davinaiu (busy) seliedifovinIidyg s deaisiuldtilszdninam
g
INTU
TuerdalnnlaInuminesadiame muluszadradyeu coLk e sudeyafidiu luliey
E ~
Tugduuvfimang o
|3

a as o o a ar o o
TudeTns e Tnuaiudyapuuininouenszidudmaugunissudeyadidulud

22373 Fisgaaa1n [Mua (Serial Slave Mode)

- v i W o a o dd 4 o
TuTnuaiiginsel Lea sxfudeyaifvidumsesuiiniusduiidueynsuluuiuvesdayg o

o

o v ¥ v Y a o Py < o a a s
CCLK uazﬂawmi"u110gamua’mzﬂwmammmaan"lﬂmu ua:’qﬂnim LCA na:qnmms%ﬂﬂihﬁ

(Synchronize) Tuanasda luvesdyyin cCLK
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2.3.8 31UV (Format

9/ a o J ¥ ° aa a fe

Joyalunmsasuinfiusfussiududae is, 0010, SwmATA1WE™ 24 G0 uag N UsIABTH
f] o 4 y ¥ a & d va 14_] 1 . 4 v v
Wy 1s vu1a 4 O FaezaudaedeyanisasudnfustuiuiTatiumsug 1y Tnsudazisussiududae
& : b - .:i L% 3y a a
1in 0 uazezduganwing 1msremeuderanatavuia 4 in
drdumsnsuiniusdu (Configuration sequence)
MsingusrieANuI1weIneuRnRUsFU (Configuration Momory Clear)

Il ¥ ¥

disfinsflouwdenudfugiinsel Lca afausmiuresmeluszvinisduilifvaladasaeou
o a4 2 o 4. - . -
Anfustu uazde v, mudusudeszduiihamlduaziasimdunsunisnageumsswuaznsifiou

. det o 4 v A o s o a4 a g

uBren Infiadenin 16 ms zgaisududn lussnnendfiaddneuiinfusfuasinezgnifiu iy
AU VRINTIATEINUIBA N IRBURANAUITU (Configuration Clear State)
n1s8uTtiBua latdu (Initialization)

Tuszvrdumsduliifoalawdu uaznisneuinfusdu Auvesyaiwes (user pins) HDC, LDC),
uaz INIT\ szardnanuzveus wiyndmiunsanovesszuy

1® WMy LCD\, INIT\#taz DONE szgniififluaniugdy (Low) uag HDC vggnvinIfifiuaatus
72 (High) Tunouiindu

v
Wu INIT\ szgnilaaapendeninnis dutiifua lad ddugaauda

2.2.3.9 aouflniasdu

ar 'V a a o .’f < w Y o @
THA 0010 9233y 10N 24 Indilanumiuiluduasadamsiuniuenfe s wiuvesdygy o
v v g v
winmlunisasunfustuidedldlunis Tnaadeyanouiinfus funanua

DOUT 92iny ern1ugge (High) medlesiuinfuduvsudsuninnissiionSegiunseitula

7.2.3.10 msl¥mumusavemuienus RAM 1u XC4000 (Using the XE€4000' RAM Capabilitvy

° ] 9 o o e a
gunsal LcA YiumTau19a151e look-up-table Favziimsiiumis1eiiil IuaindAnusn (Static
A < d” = 13 - Q’I '
RAM) Famaanusutivzgnioulusynhansneudniusdu (Configuration) lazszgnemulunis Tenls
' b4

(5% (Operation) atiuusu (RAM) nwludanisgnsan Bluniseenuuuvesdlddae

nifivedusn (RAM) Tu XC4000 Inimadoususiag 1u @ FIFOs, LIFOs, S3maas W s7u
¥ v
MusnwitnFuuediuruy Fviiiimaed

a1 [ - o < ] ‘e 1

w51 (RAM) 189 XC4000 TinmuiSagasilounu SRAM A7152g4 (<25 ns cycle) 3a lisuiludos
0. @ & & & ] ' .
ATUINNALAYUDINITIYONAD (Interconnection delay)

31 uanwennsd, foya uardyanuniunylu RAM ¥84 XC4000 nf3sufivuiufania
srAM 12 1d) sxdann 1ddueminmysausuiu XC4000 szuenfivaasa iws 1w lifiday1s Chip Enable

= 4o o S ,

contol YBuanA19d1lszn1nlsfadyn Write Enable Y8915V XC4000 iuszyihaufidaiue High

o <~ a
A7390AY SRAM Fangrinat luaaiue Low



y
ar

P \ . 4 v
UsUYBL XC4000 AD1F CLB Feaunsorh 1 lumsvamededui 1 fetuusy Ram)

¥ . 8 & 13 = lﬂ. b 4 v o <t ]
unln ty'e)1nn::gﬂmnmmﬂTﬂumu')uumaaﬂnmsﬂmh TR UTNINITHIINTN WY n‘i‘%'“luuﬂa:

HUWAWTT (RAM)

3N 23 A5 UTAITIUIUYDI RAM U3 FPGA 111%535@21 XC4000

Maximum Number of RAM Modules

19

RAM Equivalent Logic XC4003 XC4005 XC4010
Module
16 x 1 4-input Function 200 392 800

Generator (F or G)
32x1 Two 4-input Function 100 196 400
Generators and One
3-input Function

Generator (F+G+H)

2.2.3.10.1 MISASWNUDISEYDNITY (RAM)

‘E‘—-’—f Data in Data out .
° e RAM R
32X 8
¥ y
e AMEOL - Address Alel
WE

Data in Data out
RAM
16 X8
ARG Address
E
S WE

o ] 1 [~
11 2.6 eE1aMIAe RAM (T array

038328
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¥
LYY ' =3 1
usulu XC4000 v 16x1 uaz 32x1 Aeiudweanis 14 RAM foundn 16 words sztud1 RAM
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2.3.1.1.1 Level-Sensitive Latch

signal input_foo, output_foo, ena : bit;

* process (ena, input_foo)
begin
if (ena="*1") then
output_foo <= input_foo ;
end if ;

end process ;

&

ar [} e =35 ar B £ o ]
awAreddduil luswazgnissunanafaeiiiodyeie: ena 138 input_foo SmsitAsuutase uay
< Y1 - = vE A o ) ] o e
seituddyanes output_foo szitiudndeiiodygs ena iy 1 ez drdideou lvoghdygu ena

Aouihu 1 sdeyey ol output_foo Feazi/ounnias
Edge-Sensitive Flip-Flops

2.3.1.2 The Event Attribute
- - =y o J -1
MINInifa (triggle) WatWaodgnadalag VHDL Tauns assign signal Ty luanau wiean

Yo

a o & e 4 I ) o o '
adueBndy R IMn i Aumarati luaommsoiniingg assign Arlddy Az Itmsdsusives

o 4 W% &2 4 4
AYYIUTUBYNUDATYYIUNUL (VIVU, ¥109)

a y A U - L A 1 o ﬂ' 1
Tums TeesadyanutissarnyGundun Fevzdlu FALSE imueusnanidyeaufous
¥ a - ' Y 1 ¥ [
edge Srdfyanaududu Isira lnndfsusvesdupudanyautiviiiu TRUE anen Tuswer
i

o o o = a0 o g v o
Mvdvesmmunalfidyyn output_foo szgmiifeuniasfiniuassdygn ok idudsdl

signal input_foo, output_foo, clk : bit ;

process (clk)
begin

if (clk’event and clk="'1") then

output_foo <= input_foo ;

end if ;
end process ;
WAdvaey uar3Smmedausandiaiu4@ e Staement #9010 (19 GUARDED block)
b2 : block (clk’event and clk=*1")

begin



output_foo <= GUARDED input_foo ;

end block ;

2:3.1.3 e lasweiwa/31%a (Synchronus Sets And Resets)

‘' ’ »
aoumssifinisueumnem I fudyea output_foo 71614 if statement Tiisrauisaadiedaln

v ¥
niaTa i funduroey 1@ Taoiinns Assignment T FUdaaIas output_foo Feil
signal input_foo, output_foo, clk, reset : bit ;

process (clk)
begin
if (clk’event and clk=*‘1") then
if reset= 1’ then
output_foo <=0’ ;
else
output_foo <= input_foo ;
¢ end if ;
end if ;
end process ;

Qs <t g [ o w e . dyd
+ Tynadiauas input_foo luduiludealidrwiuues sensitivity list i1uif 18

30 ld GUARDED Block Turaiunseidnedi1dseds i
b3 : block (clk’event and clk=*1")
begin
output_foo <= GUARDED ‘0’ when reset = ‘1" else input_foo ;

end block ;

2.3.1.4 9254 A5 U awa/31%a (Asynchronus sets and resets)

o o v ¥ - o o« P Y o = ] Y 4 o o 4 ) -4
Tuilusraeslderdalnsiation e IfdygyinSianisinadususiyn luviud Seannsovild
Y

ail

signal input_foo, output_foo, clk, reset : bit;

; process (clk, reset)
begin

if (reset = “1") then



output_foo <= ‘0’ ;
elseif (clk’event and clk = ‘1’) then
output_foo <= input_foo ;
end if ;

end process ;
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a ™ a Yy Y - . Y ' - &
?)3“114Tﬂiuﬁl“ﬁﬂllﬁzﬁ‘ﬁﬁﬁnﬂiﬂhfﬂ'){lﬂuulﬂ LURZTAIWITOU expression vlﬂil'lﬂﬂ'ﬂ ‘0’1159 ‘1”9

e 1830 Code fasie U
process (<clock>, <asynchronously_used_signals>)
begin
if (<boolean_expression>) then
<asynchronous signal_assignments>
elseif (<boolean_expression>) then
’ <asynchronous signal_assignments>
k elseif (<clock>‘event and <clock>=<constant>) then
<synchronous signal_assignment>
end if ;
end process ;

clause ¥®9 asynchronous elseif a5 0il 1Ana10 clauses

2.3.1.5 Clock Enable
o é -
{Jun1s enable Fyaaluadsioa deluntuma Tuladil enable pin 131

v ¥
fo1amsiBounyt VHDL iheadawaywastfifidaann enable Wudail

. signal input_foo, ou;put_fo_o, enable, clk : bit;

process (clk)
begin
if (clk’event and cik="1") then
if (enable=‘1") then
output_foo <= input_foo ;
end if ;
end if ;
end process ;
Clock enable arursaadae18Taule GUARDED block Wil

b4 : block (clk’event and clk=‘1’)
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begin
output_foo <= GUARDED input_foo when enable=*1"
else output_foo ;
end block ;

2.3.1.6 Wait Statements

WumsadsTames 1aeld wait until’ statement 1510170 1F ‘wait until’ statement ‘1814 To)steser
wazesadauns e 48 ‘wait until’ statement THHU statement ugnu Tulsiaser

Frethanisilieuniut VHDL ieadis edge triggerd flip-flop 731319y QY1 input_foo Uay
output_foo

signal input_foo, output_foo, cik : bit;

process
begin
wait until clk’event and ctk=‘1" ;
output_foo <= input_foo ;
E end process ;
(33 3 v 4” 1 & :: =
* yzdana T Iu T siwadd 1l sensitivity list e luniy1 VHDL viuTusigrarauisod sensitivety

X ™ ! gy ' 4 ING [ any ¥ Y
list ¥3® wait statement 1@Bg13 levdanTavingy szl ldndeuiu

2:3.1.7 §au1ls (Variables)
musaldfaudsadaidddasy Idswdvanufudayaa (signal) uviﬁmﬂsﬁvﬂzqnﬂssmﬁ"mu
Wsiora 3 e Winwsndfefauds g nammuﬂiﬁsNwmMaﬂﬂuuﬂanammuﬂsuunnh
ﬂaum'”an assign 1uT1Jsmﬁmammmmwm
. Fre1amsifeuniul VHDL ieada shif register Y41A 3 Snfudsd

signal input_foo, output_foo, clk : bit ;

process (clk)
variable a, b : bit ;
begin
if (clk’event and clk=‘1") then
output_foo <=b;
b=a;
= input_foo ;

end if ;
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end process ;

unsditheduiiiaus a uaz b fugn"i%’riauﬁwgn assign ffudautsesdarimmuesdauesen
a3 run afagaronaen s Faezddaly | mfa Swuisgn assign Anoufinegmirlu1d e d
295 RUANAIL 19

signal input_foo, output_foo, clk : bit ;

process (clk)
variable a, b : bit ;
begin
if (clk’event and clk="1") then
a = input_foo ;
bi=a;
output_foo<=b;
end if ;
end process ;
Frot1ednaduiifaus a uaz b gn assign feufonth ¥ i lidinsadai@unasy usie

[ a e o ' | @ ’ 3
(Wumsade singlewire unu uazaziindnasy 1 fafegsznds input_foo M output_foo tvimiu

2.3.1.8 1o 3 01U (Three-state Buffers)
Three-state buffer ifutivivied 2 frmsdsamsoadredronuy veDL 1ddw
Three-state buffer ﬁgn disabled 98¢ 11@0 e high impedance 39 VHDL 93 define high
impedance state ‘|3 tilu IEEE 1164 standard logic package fimsszy 2 aliwgd nssumiaufungnssy
484 high impedance state U499 Three-state buffer %aﬁn‘;n‘nm (port or internal signal) 494 standard logic type
A10130 assign AT 27 I8
#8619 17 VHDL iudedl
entity three-state is
port (  input_signal : in std_logic ;
ena : in std_logic ;
output_signal : out std_logic
);

end three-state ;

architecture <name_of_arch> of three-state is

begin



29

output_signal <= input_signal when ena = ‘1’ else ‘Z’ ;

end <name_of_arch>;

Tnounfudams assign dygamilig wieuiumhiiaunsaduns e (Synthesize) 18 msrza
MldiAansfandetuewosdoya udsdielsAnud assign 27 Tundazns assignment udans assign
wiouq fufimiloufiunish three-state buffers Ma1wq A ldTaReafy

entity three-state is

port (  input_signal_1, input_signal_2 :in std_logic ;
ena_l, ena_2 :in std_logic;
output_signal : out std_logic

)3

end three-state ;

architecture <arch_name> of three-state is

begin
output_signal <= input_signal_| whenena | = ‘1’ else ‘Z’;
output_signal <= input_signal_2 whenena 2 = ‘1’ else ‘Z’ ;

end <arch_name>;

as

15701300579 three-state buffer 1aold process statement 14 Qﬁy
driverl : process (ena_1, input_signal_1) begin
if (ena_1=*1") then
output_signal <= input_signal_1 ;
else
output_signal <=‘Z’ ;
end if ;

end process ;

driver2 : process (ena_2, input_signal_2) begin
if (ena_2=*1") then
output_signal <= input_signal_2 ;
else
output_signal <=‘Z’;
end if ;

end process ;
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2.3.1.9 Tiviesapafiemniy (Bidirectional Buffers)
Fredransadreailivefas e fuded
entity bidir_function is

' port ( bidir_port : inout std_logic ;

. ena: in std_logic ;
);

architecture <arch_name> of bidir_function is

signal internal_signal, internal_input : std_logic ;
begin

bidir_port <= internal_signal when ena = ‘1" else ‘Z” ;

internal_input <= bidir_port ;
-- use internal_input

-- generate internal_signal

end <arch_name> ;

2.3.1.10 9/l (Busses)
a ] { B o a a & - as o ' =
, Tuseindiniug uniuduns dygaidiuin Salusmudiveiusuine: lmnnn 148

td
@ at

n Faraiinfousisdvesindiil three-state drivers unsdilriavesdyaufidhummaniy
std_logic_vector
Fapaveans lTmiuded
entity three-state is
port( input_signal_1, input_signal 2 :in
std_logic_vector(0 to 7) ;
ena_l,ena_2:instd_logic;
output_signal : out std_logic_vector(0 to 7)
)i
end three-state ;
architecture <arch_name> of three-state is

begin



output_signal <= input_signal_[ whenena_| =1’
else “ZZZZ7Z777” ;
output_signal <= input_signal_2 when ena_2="1"
else “Z727277777”
end <arch_name> ;

»
fetresduiladhuaayss cight three-state buffers 2 1@

31
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A1TN 2.5 A1rsterAsi oy CLB A ldlumsde
7400 Equivalents Barrel Shifters Multiplexers
# of CLBs

‘138 5 brishft4 4 m2-le 1
‘139 2 brishft8 i3 mdé-le t
‘147 5 ms-le 3
‘148 6 4-Bit Counters mi6-te 5
+150 5 cd4ce 3 Registers
‘151 3 cd4cle 5 rddr 2
‘152 3 cdérle 6 rd8r 4
‘153 2 cbdce 3 rd16r 8
‘154 16 cbécle 6
‘157 2 cbére 5
‘158 2 Shift registers
‘160 5 sr8ce 4
‘161 6 8- and 16-Bit Counters srl6ce 8
‘162 y 8 cbBce 6
163 8 cb8re 10
<164 4 cclbee 10 RAMs
‘165s 9 cclébele 1l ram [6x14 2
‘166 5 cclécled 21
‘168 7 Explanatiom of
‘174 3 Identity Comparators counter nomenclature
‘194 S comp4 1 cb = binary counter
‘i195 3 comp8 2 cd= BCIS counter
280 WY 3 complé 5 - - . cc=cascadable binary
283 N 8 Magnitude Comparators co;mer
4298 2 compmé4 4 d = bidirectional
‘352 2 compm8 9 | = loadable
‘390 3 compmié 20 X = cascadable
‘518 3 Decoders e =clock enable
‘521 3 d2-4e 2 r = synchronus reset

d3-8e 4 ¢ = asynchronus clear

d4-16e 16

b4 [l .
wansabideyaluasilUsinanuiavesszuuiiefien FPGA fimunzanld
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2.4 N35038MINadau (Test Plan)
ﬂvc 3 a Lar ot ay
asnaaouiiluiegadszaandae Uil
' duge 4 a wa
® @339mBUN PIC16CS1 fi IdvhAniniinuauifgndes
® 314 Test Environment 8813410 tiag $hu11ddw

o & a da 4
e  wogaanIemindsAanaia (Bugs) AnntulumssenLu

Design Verification
RTL
l Simulation
environment
Gate Level
} Hardware
Hardware environment
Level System
T environment

11 2.7 Uuansnszuumsnaaeu
1131 2.7 szutiaveuvavesmsas ey 3 da 18dail
I.  Simulation Environment
2. Hardware Environment (Test Board)
3. System Environment

1.1 Simulation Environment

Test Sequence

Control

39 2.8 juuaasdusznouluns simulation
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71 2.8 104 Block Fidiay T Simulation Environment 108 RAM uaz PIC16C61 Aldilulas

v ) <& e & a ' o o
‘9z 0glu Test Board ¥4 Test Board Haziihu Hardware Fezetuivae T luiaden 4

1.2 Hardware Environment
1unITRTIIADU Hardware 1 PIC16C61 fiu RAM 3z¥lu FPGA Tavezdiinisiiou Tusunsy
{#i® run 1u PIC16C6! FiluTnseammd Eamsvaeuwamstiauesefud Tlsunsudeemsnde
Tsunsufilouiunitewsiiu lusunsuaaugy LED nawadalding Aady Aufigeens

Taseziinacauns Interrupt Tauiiafinig nterrupt uda9z IR gUuUUMT AevAy ¥B9 LED wasuuasly
1.3 System Environment

2. YBULYAYBINITNATDUY

e ar v y o y
asasavaeus 1 uauiiA (features) aaae lufidunug
2.1 Instruction Set

w

A oo v AT ! . Y
PIC16C61 F1anafnviilulnseauiiasd 33 frdf Fernnsoutia 1T 3 ngudad
¢

® Byte-oriented

® Bit-oriented

® [iteral and control

« 2.1.1 Addressing Mode

Addressing Mode 13 uuy fadl

® [mmediate ADDLW k
® Direct ADDWEF fd
® [ndirect

Tny Addressing Mode LU Indirect A1N13 avi11dlaols FSR register
2.1.2 Operations TugAMdar19

Operations ypefdereqmuisautiuiiungue 18 x9it
®  Arithmetic and logical

ADDWF, ADDLW, SUBWF, BCF, BSF

ANDWEF, ANDLW

CLRF, CLRWDT , CLRW

COMF

+DECF, INCF
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IORWF, XORWF
RLF, RRF
® Data Transfers
MOVF
MOVW
SWAPF
® Control
CALL
GOTO
RETFIE, RETLW, RETURN
DECFSZ, INCFSZ (branching)
BTFSC, BTFSS
2.1.3 JuuuveR 13 (Instuction Format)
annsoutephiusesyaside i 3 juiuudsd
® Byte-oriented <opcode><d><f(FILE#)>
d=0 Li‘ja destination 151 W
d=1 LfiE] destination (14 £
f=address Y94 File register Y110 7 UN
® Eit-oriented <opcode><b(BIT #)><f(FILE #)>
b = address 411 3 1N
f = register address YH1A 7 IN
® Literal and control <opcode><k>

k = immediate value Y118 8 1N

2.2 Ipstruction Pipelining
1 ' 4 L4
PIC16C61 vl Tng991uTiT Pipeline UL 2 stages 7B Fetch 11 Execution A917UA1T execute f1

&1 mdaeeld cycle
2.2.1 Pipeline hazards
¥
hazards 1u Pipeline 321 1iAnilayv1lun1s Pipelining Aatiu Test Program adoevirluniledn
+ 1 4
PIC16C61 v lulnseautienuisodan1s iy hazards IRed1gndes
2.2.2 Interrupts
y
° a . R 1 o @ o o 9 ] ]
M3 Interrupts M IFIARdayn1luns Pipeline 1dod10mn duiuis e ududosi iinileh
S ° 4" ° . . 9 ' 9 d' = - J

PIC16C61 $10031a 150911 Pipeline 1Apt1agndeiied interrupts (Hndiu

v
PIC16C61 Hunasfiuia Interrupt 4 Unasfail
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1. External interrupt RBO/INT pin
2. TMRO overflow interrupt
3. PORTB change interrupts (pin RB7:RB4)

4.  EEPROM write complete interrupt

2.3 Memory and registers
lu pIci6Cs61 3 2 memory blocks fio Program memory ita% Data memory Tae1s 191501 Data
memory "1ﬁ’ﬁ~ﬂu register file (SRAM), Special Function Register (SFRs), 11ag Data memory ﬁx‘flu RAM
23.1 }5rogam memory
PIC16C61 3 Program counter (PC) ¥U1@ 13 ﬁmﬁa'lﬁumn%’wﬁq Program memory ¥U1% 8K x
14
2.3.1. & Program counter module
8 {ind13 (PCL) 483 PC 9290 mapped as1u RAM fiaumals 02 (PCL register) LA AIIT0 1Aou
(write)/8 114 (read) 14 Taoasa dau 5 T (PCH) 184 PC v Wieusoitaae 18 Tneas s usausadai
1&Tavrv PCLATH
AaTuMIeifiszin1g Load PC Higeft
1. CPU execute ﬁ"lﬁ’lx‘l“?h% PCL L‘ﬂu destination “AﬁdﬁWé'dL‘ﬂd’lfrﬂz load PCH 911 5 IMa19989
PCLATH
2. firda CALL n§0 GOTO ifiofins exceute f1d4 CALL 138 GOTO 11 1ind1992Qn loaded
TnuA3397M opcode TUIET dau 2 Tnvufimae s load 110 T0di 3,4 990 PCLATH
2.3.1.2 Stack

A3

|

Stack Tu PIC16C61 fmawidn 8 11 Tneusinzdufiann 13 5 Tu pICI6Cs1 Taifidnds pUSH
iay POP
PC 9290 pushed 09 stack Lf;EJ CPU executes ﬁ‘lf?ﬂ CALL n30iims acknowledge interrupt dums
pop stack YusziRauiiofing execute A4 RETURN, RETFIE, {tag RETLW
. Tupic16ce1 "lil Status bit iife 180 Overflow/Underflow conditon
Stack 489 PIC16C61 3¢9 operated milou Circular Buffer Ao inTs pop stack 9 ﬂ%ﬂllf”l"lﬁwm

o - 1Y o -
PC 9ZIMUBUALADU pop ATIN 1

2.3.2 Data memory

Data memory %84 PIC16C61 utiaifiu 4 banks Aag bank 22l address 128 addresses 1uTﬂi~N'lufly
3214 bank 0 1102 bank 1 AauAR WIS 0Ch 89 2Fh TAdumieT 0Ch 39 2Fh Y84 bank 1 92QN mapped
U bank 0

Register file, SFRs, 11a¢ EEPROM Data memory 3¢90 mapped Tudsdmniiaves data memory



2.3.2.1 General purpose registers file

General purpose registers file Y register 36 #i2 Tao register ﬁ"ﬂﬂﬁ Access bank 1 az¥inIfifiantg
Access 1u bank 0 420
2.3.2.2 Special Function Registers

Special Function Registers %zgn"iﬁﬂu CPU uag Peripheral function 1ﬁaﬂ’n_lﬂll operation Y84

device

® Registers ﬁﬁuﬁuﬁ'ﬁu ALU
®  Status register
o i IRP, RP1, uag RPO 1T readable 11az writable
® wite {111 Z, DC, iia C 12gn disabled 1o registers Ma1fign1fithy
destination Mﬂdﬁ‘lf?ﬂ
® 3 To w8 PD T write 11i'l4
®  Arithmetic Status 993 ALU
® RESET status
®  Bank select 115U Data memory
®  PCL register
®  byte 119YDI PC (1IN 7 19 1% 0) 92 read tag write 14
® M5 map bank 0 11l bank 1 921/ location (REafY
® Registers ﬁﬁuﬁuﬁ iU Direct Ita¥ Indirect Addressing
® INDF register
®  Readable and writable register
®  Mapped lufafuinria 00h Tu bank 0 uaz bank 1
e 14 FSR T Indirect Addressing
® 387U INDF laudou (FSR = 0) 92 produce 00h
® msiisu INDF 1agdauaziiia no operation
® FSR register
® Readable and writable register
®  {i Indirect data memory address
® 00 map ldsduniufioaiulu bank 0 uag bank 1
® Registers ﬁﬁuﬁuﬁﬁ'ﬂ Data memory
® EEDATA register

® Readable and writable register
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d a 4 .
1N data ¥R 8 TNND read/write Data memory

® EEADR register

.

Readable and writable register

o o ' A
INUY Address UBIAWHUINTG Access Data memory

® EECONI register

Readable and writable register
AIUAY register MU Data memory
14 5 finde

a =
3 Onuulinudu <o’s

® EECONR2 register

Readable and writable register

A58 EECON2 92 1Al «0's

®  Configuration registers 113U Interrupt 7MWUBAUU PORTB, timer module, 11a% I/O ports

®  Option register

Readable and writable register

Worsadrneidiu prescaler Y TMRO 150 WDT
- Vo . & .
W95 IUTU external INT interrupt 50 i
W91581 TMRO

W15 13192%1 weak pull ups UU PORTB #3580 la)

®  Interrupt control register

® INTCON register

Readable and writable register
Enable bits M UNNUNAIUTIA interrupt (interrupt sources)

N map TG uiiufeaniuli bank 0 uaz bank 1

® TMRO register

®  J/O register

Readable and writable register

a2 1 -
LAUANIUDY timer/counter YUIA § UN

®  PORTA register

w1 5 In
operate RiT input Tnt RA4 (1inh 4) gn“l%'ﬁ]ué'uwwﬁm%’u counter TMRO
14 TRISA register lun1snauguiiamans lnaveadeya

1 L4
Readable/writable mode ¥UN1 TRISA register



39

; ® TRISA register
N ® Readable and writable register
e YA s5in
®  AUAUNANIYEI PORTA
® PORTB register
e yuAgin
e  Readable/writable mode 311 TRISB register
e v RB7 &4 RB4 489 PORTB arnsarn1fifin interrupt 14tile 1418 input
® ‘umz*?i opetate Tu input mode 1iM RBO 92 detect external interrupt
® TRISB register
e A gin

®  AUANTIANINYE PORTB

2.4 Data memory
Data memory U84 PIC16C61 11U readable a2 writable Tagezd Special function registers 4 A2

& i 4
FMFVBU (read) 1AL (VU (write) data memory A%l

¢ EECONI1

® EECON2
L 'EEDATA
¢ EEADR

2.4.1 Reading Data memory
115874 Data memory fdunougenelui
1. 138U Address ﬁe’fmmsdm"lﬂﬁ’q EEADR register
2. Setiim RD (EECON1<0>)
3. ®7U EEDATA register
2.4.2 Writing to Data memory
FuaeulunisiFou Data memory fiedt
I. 196w Address i EEADR

2. Disable interrupts

3. Weu (write) 55h 11U EECON2
4. 1quu (write) AAh 119 EECON2
5. Setiv WR (EECON1<1>)

6. 15uu (write) Yoyallds EEDATA

7. Enable interrupts
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2.5 Timer (TMRO) module

2.5.1 Timer mode

151111501300 Timer mode 14 1AY Clear 1 TOCS (OPTION<5>) ¥4 timer mode 19219 clock
Mol (Internal clock , F-osc/4) 114 input clock 112z 1489 TMRO register aAufy mode ﬁqmﬁanhu
PSA bit
2.5.1.1 18f] Prescaler (Set PSA bit)

TMRO register 9290 increment 111‘/}?!"] instruction cycle

2.5.1.2 19 Prescaler (Clear PSA bit)
Prescaler 3N assigned W11 TMRO module 1ngA1984 Prescaler (1:2,1:4,...,1:256) WAIWAUNIS

A (Incrementation) ¥89 TMRO register

2.5.2 Counter mode

(511 oiien Counter mode 18 Tt set % TOCS (OPTION<5>) 1 Counter mode 119214 clock
1INNUBA (RA4/TOCK ) Ty input clock 1AY active edge ¥4 external clock 930N selected 1AUNTT set T
TOSE (OPTION<4>)
2.5.2.1 11 Prescaler

TMRO register ﬂzgmﬁnm (increase) Y}N9) cycle a9 lnda9n active edge UDY external clock
2.5.2.2 19 Prescaler

1D Prescaler %:muaunmﬁ;ufh (Incrementation) Y84 TMRO register
2.5.2.3 Timer0 (TMRO) interrupt

a & 4 -
+  TMRO interrupt NAYULTD TMRO module timer/counter {IANTT overflow 910 FFh 11 0oh

2.6 /O Ports

PIC16C61 1l port 2 ports fi® PORTA e PORTB
2.6.1 PORTA and TRISA registers

® PORTA uag TRISA Juu1a 5 4n

®  N1387U PORTA register 987U Status 494 pins

®  M15136U PORTA register 9213uu 11189 Port latch
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® 71l TRISA register 93A7UAUTAANIIVDA data Y99 PORTA fio

‘1" iU MIBM (reading)
0" i msidou (writing)

® RA4 pin 99N multiplexed il TMRO clock input

2.6.2 PORTB and TRISB registers

¥

® PORTB Wag TRISB Juuia 8 4n

® n1397U PORTB register 9¥97U Status Y99 pins

®  M3WuU PORTB register s21ou'luda Port latch

®  #711u TRISB register 92AUAUNAANIIVDY data Y99 PORTB

® 4 pins U89 PORTB ﬁf}mﬁuﬂ'ﬁ Interrupt on change

3. Software Test

4,

3.1 Instruction Set Test (IST)

AT 2.6 MTNUTAINITNANDY instruction

‘ Test name Test scenario Test point
IST_;_\DDWF_l (H<=127 1.(w)=127
(w)<=0 2. no status bit affected
ADDWF £,0
IST_ADDWF_2 () <=127 L.() =127
(w) <= 0x0f 2.DC=1
ADDWF f,0 (3.C=?
IST_ ADDLW_1 (w)<=0 1. (w) =255
% ADDLW 255 2.Z, DC, C = u (u=unchanged)
' IST_ADDLW_2 (w)y<=0 1.(w)=2?
ADDLW 0 2.DC,C="?
3.Z=u
IST_ANDLW (w) <= 0xAA l.(w)=0
ANDLW 0x55 2.Z=
3.DC,C=u
IST_ANDWF (f) <= 0x55 I.(w)=0
(w) <=0xAA 2.Z=
ANDWEF £,0 .3.DC,C=u
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IST_BCF (f) <= OxFF 1. (f<b>) = ‘0’
forb=0tob=7 2.Z,DC,C=u
) BCF f,b
IST_BSF (f) <= 0x00 1. (f<b>)= ‘1’
forb=0tob=7 2.Z,DC,C=u
) BSF f)b
IST_BTFSC (f) <= OxFF Lif(f<b>)=1,
forb=0tob=7 PC = address FALSE
BTFSC f;b 2.if (f<b>) =0,

FALSE : false_routine

PC = address TRUE

TRUE : true_routine 3.Z,DC,C=u
BCF f,b
BTFSC f,b
FALSE : false_routine
TRUE : true_routine
ATTN 2.6 (79)
Test name Test scenario Test point

IST_BTFSS (f) <= 0x00 Lif(f<b>)=0,
forb=0tob=7 PC = address FALSE
BTFSS f)b 2.if(f<b>)=1,
FALSE : false_routine PC = address TRUE
TRUE : true_routine 3.Z,DC,C=u
BSF f,b
BTFSS )b
FALSE : false_routine
TRUE : true_routine

IST_CALL 1 PCLATH<4:3> <= ‘1" 1. PC = address THERE after

HERE : call THERE
TRUE : return_true_routine
THERE

call_true_routine

RETURN

execute CALL
2. PC = address TRUE after
execute RETURN
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IST_CALL_2 PCLATH<4:3><= ‘11" 1. PC = address THERE after
v HERE : call THERE execute CALL
TRUE : return_true_routine 2. PC = address TRUE after
THERE: execute RETURN
call_true_routine 3. (w) =k after return from
RETW k ; 0<k<255 subroutine
IST_CLRF (f) <= 0x5A 1. (f) = 0x00
CLRFf 2.Z=1
IST_CLRW (w) <= 0x5A 1. (w) = 0x00
CLRW 2.Z2="1
IST_COMF (f) <= 0x5A 1. (w) = 0xA5
COMF f,0
IST_DECF (f) <= OxFF 1. (W) =0xFE
DECF f,0
' IST_GOTO PCLATH<4:3> <=°11" 1. PC = true_routine
goto THERE
THERE : true routine
IST_INCF (f) <= OxFF 1. (f) = 0x00
INCF f,1 2.Z2=1
A13192.6 (719)
Test name Test scenario Test point
3.DC,C=u
IST_INCFSZ () <=0x00 1. () = 0x01
INCFSZ {1 2. PC = address TRUE
TRUE : true_routine
FALSE : false_routine
IST_IORW (w) <=0xSA 1. (w) = OxFF
[ORLW 0xAS 2.Z=u
IST_IORWF (W) <= 0xAS5 1. (w) = OXFF
f<=0x5A 2.Z=u
[ORLW f,0
IST_MOVLW MOVLW 0x5A 1. (w) = 0x5A
MOVLW 0xAS 2. (w)=0x AS
IST_MOVF () <=)xAA 1. (w) = 0xAA
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MOVF £,0 2.Z=u
IST_MOVWF MOVLW 0x20 I. RAM location 20h-2Fh =
MOVF FSR OxSA
MOVLW OxSA
NEXT:MOVF INDF
INCF FSR
BTFSS FSR,4
goto NEXT
CONTINUE :
IST_NOP NOP l.(w)=u
2.Z,DC,C=u
IST RLF (H<=*10101111" I.Loop C (w)
C<=* 1 1 ‘01011110’
for1to9 4 0 ‘11110101”
RLF £,0 90 ‘10101111°
IST_RRF (H<=<11110101" l.Loop C (w)
C<=0 1 1 -‘0lll1010°
forlto9 4 0 <lol0111r’
RRF £,0 9 0 ‘lli1o10r’
IST_SUBLW (W) <= 127 ; -129<(w)<128 1. (w)=-127
SUBLW 0x00 (0x00 -127) 2.C,DC=0
A3 2.6 (AD)
Test name Test scenario Test point
IST_SUBWF <=0 L.(=-127
(w) <= 127 2.C,DC,Z="?
() <= 0xAS5 1. (w) =0x5A1. 0xAA xor 0x55 =
SWAPF f,0 OxFF
SUBWEF {1 2. OxFF xor OxFF = 0x00
3. 0x00 xor 0x00 = 0x00
4.Z=1
IST_SWAPF (w) <= 0xAA 0:
XORLW 0x55 1. OxAA xor 0x55 = OxFF
(w) <=0xFF 2. OxFF xor OxFF = 0x00
XORLW OxFF 3. 0x00 xor 0x00 = 0x00
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F (w) <= 0x00 4.Z2=1
XORLW 0x00
3.2 Addressing Mode Test (AMT)
1379 2.7 UAINITNATDU addressing mode
Test name Description Test scenario Test point
AMT-1 Direct addressing teston | -RPO <=*0’ -RPO<="*1"
general purpose registers | (bank 0 selected) (bank 1 selected)
-write 5A to 36 registers | -verify the register value
with Ox5A
AMT-2 Direct addressing teston | -RP0Q <=0’ -RPO<="*1"
v PCLATH -Set PCLATH -PCLATH=*0001111"
[ AMT-3 Direct addressing test on | -RP0 <= ‘0’ -RPO <="1"
status register (bank 0 selected) -Status register =
. -Clear status register ‘000uuluu’
AMT-4 Indirect addressing test -IRP0 <=0’ -[RPO <= ‘]’

on general purpose

register

-Indirect access the
register with FSR and
vary FER value, write

0xAS5 to INDF

(bank 1 selected)
-Verify the register value

with 0xAS

3.3 Instruction Pipelining Test (IPT)

M1319 2.8 AT HNITNATDY [nstruction pipeline

Test name

Description

Test scenario

IPT-1

e

Branching test

Write a small program that use the
following instruction :

DECFSZ, INCFSZ

BTFSC, BTFSS

CALL, GOTO, RETLW,
RETURN




3.4 Interrupt Test (IT)

A1919 2.9 MTNMTINATOU interrupt
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Test name

Description

Test scenario

IT-1

TMRO overflow interrupt (Ffth ->
00h)

-enable TOIE(INTCON<5>)
-operate in Timer mode and use
internal clock to increment TMRO
register

-write a service routine to check

overflow interrupt

IT-2

PORTB change interrupt

-enable RBIE(INTCON<3>)
-make change on PORTB<7:4>
pin

-write a service routine for PORTB

change interrupt

3.5 Small application test with interrupt (STI)

AT 2.10 AT NNIINATDY small application with interrupt

Test name

Description

Test scenario

STI-1

Instruction interaction with

interrupt test

-write a program that controls

LEDs with interrupt

3.6 Program memory and program counter test (PMPC_1)

MIN 2.11 MINNMINATBY Program memory i program counter

Test name

Description

Test scenario

PMPC-1

program memory and program

counter test

-use goto instruction jump to each
address

-jump to address location 1024 and
execute the other instruction

(increment PC) until it roll over




3.7 Stack test (ST)

AN 2.12 AT WM INATDY Stack
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Test name

Description

Test scenario

ST-1

Stack boundary test

-execute 8 deep CALL instruction
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unii 3
N1399NIULIZULAIADAURIHUUUMINNUYDI PIC16C61
3.1 ifumuclum'mammu pPIc16C61 lulnsneuInsamos
®  Preliminary Design
- Development Plan MNwrulunseenuu
- Design Partition (ilamseonuvusemiudiug
- Design Specification &3 Spec m?}a'?;vxaammu (PIC16C61)

t 4 .
- Gate-count estimation  M1N15UsE N Insamsiiee 19 Gate g

®  Test Plan
- Test Strategy AMUWHUNITATAIVNOY
- Test Description 8311835015ATI908Y

- Test Board Design Y1599 Test Board

® RTL Block Coding

- 16U code N11 VHDL dmSuusay Block 71'14%015 Partition 19

®  Test Program Design
- 1oV code M1 VHDL ieAs2908UIARE Block 11as Subsystem
®  Subsystem Simulation

- M5 simulate tagAsIvAOUNN Block i 1dgndes

®  VHDL synthesis

- 11717 Synthesize VHDL code ¥81i#iag Block il logic gate schematic

®  Gate Level Simulation

- 1IN19 simulate LAYATIVADY schematic A synthesize ud

® Lab Test
- ARTIEA Gate delay 1ta¥ Static timing @211 FPGA mapping

- 11 FPGA u%9fiU Test Board (N8Yi1n15ATI000Y
|2
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Project Development Process

Preliminary Design

) %‘&?@w e T T B e
o EE B TRV o

kg b

Design Partition

S ke m ;}umwxm:ganu« =
; P 5 W o,
N BBk i w3 e e N S S ,y,(W» v g Fn, »wwwwﬂ%ﬁ&

Preliminary
Design
Report

Test Plan

Repott

— s

o

e I Test Board Design

<6}
R T R T R T Ty

2‘1] 3.1 Project Development process

Preliminary Design
®  Objective Specification TYYAyanuIeed lnsau
®  Design & Analysis AT 1A uazIUALNITRAULY

Voo [ (]
®  Design Partition wdsdulumsesnuuueentiiudiuqg
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Test Plan
®  Test Strategy TNUHUNTTATINADY
®  Test Description 23 UWITATINADY

® Test Board Design 2ONUVY taz a1 Test Board

Block Simulation Process

RTL Block Coding

=
X A s B ih

Test Bench Coding

Test Bench Program
Coding

!

;

iy i
% ?;g ;g: ;’f Ar“ 1’&“&
A s bR S P e e : -
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g‘ﬂ 3.2 Block Simulation process
RTL Block Coding

® Interface Specification xumme’fmmﬁ U38 Spec ¥8N7 Interface
®  Architectural Modelling Jinsed uazeeniuuusaz Block Tusei Architectural
® VHDL Coding WU Code NTH1 VHDL

Test Bench Coding
® Test Condition Modelling peMUUDTOIMIS lunMIaTdeuludnyneang

®  Test Bench Program Coding (3t Code #6711 VHDL e 14 lunisasisaau

Subsystem Simulation Process

Integration of each partition block

(PIC core in VHDL)

Test Condition Modelling

Test Program Coding

Subsystem Simulation

Subsystem Validation & Verification

Functionality Complete
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31 3.3 Subsystem Simulation process

Integration of each partition block 1B code VHDL ¥8auAaz Block N1570AU

Test Condition Modelling $1aveaarumsalnieg iiensandeoy

Test Program Coding (WU code N1H1 VHDL Lﬁﬂmwﬁaunn block “7;13111'15’111
Munda

Subsystem Simulation ﬁ%’mszuuﬁmmi‘fumxﬁam Test Program U1A33908U

Subsystem Validation & Verification NATDYI Test Program wamlus :uuﬁmaa"lé’gne’fm
. o 1 o :
Functional Complete 1 Test Program N141U "lﬁ'qm’fmﬁamm IVUADYU

Subsystem Simulation Process

Synthesization &

Gate-level Simulation Process

1 VHDL Code Synthesization

A 4

Gate-level Simulation

Schematic

Validation & Verification

h 4

Schematic Optimization

Functionality Complete
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§ﬂ 3.4 Synthesization & Gate-level Simulation process

VHDL Code Synthesization 11 code 7Y VHDL 11 Synthesize Wiilu  Gate-level
Gate-level Simulation 11 Gate-level ﬁ'l?’]}m simulate 115911914

Schematic Validation & Verification NATBUNITNINIUYDY Schematic T19ndanTe i)
Schematic Optimization M11M17 Optimize schematic ﬁgﬂﬂﬂﬁaml’g’s

Functional Complete &1 Schematic mﬂugns’fmﬁainﬁ?%fumau Systhesization

& Gate-level Simulation Process
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Lab Test Process

e e SNOP—
o T T
—

Test Board Program Coding

SEY Y O e

NP
el Subsystem Simulaton &
el ¥ g
;;;;:4 : %
%??% ;Z:f; Validation
;:,% N %‘1 %
R N
i ¥
M .
L i VHDL code verification
sl
3 — e RSP B, S R R
M Ty ik g 3 o

iy

RN )

FPGA mapping

3

h
T, oy MG T, AR R anow Tl ol e oS RN st V5 R g B 53
!

éi% " Test Board Making

T

2

S, DT AR B

D e s

I

§1J 3.5 Lab test process
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®  Test Board Program Coding 108U Code AMFU Test Board

®  System Simulation & Validation NATBUMININIUVOITEUY

®  VHDL Code Verifiacation ' ASIVTBY code NY1 VHDL

® FPGA mapping Map code fuiun1m1 VHDL a4 FPGA

®  Test Pattern Simulation & Validation NATBY FPGA ﬁ‘lﬁ‘ﬁ‘lmi mapping uén

®  Static Timing Analysis a1 Static timing

®  Test Board Making 319 Test Board

®  Plug in mapped FPGA to Test Board {Foure FPGA AU Test Board tiloVimsnadey
®  Test with Real System NATUNUTZUUNIS

3.2 M3ad 195z UUATARA (digital) ENUUUNIRIILYES PIC16C61 Tauld VEDL
'iTyuwau“lumsaammmzuuﬁyﬂzmﬁauﬁ'umiaammuszwﬁ'a"lﬂ #a18nan PBudatuund 2
withudfgfisaiuiie
L & adhessun T udﬁ%’mzwﬁﬁnﬁﬁn1umﬁauﬁuszumriﬂﬁmﬂﬁqﬂ
2. fhunseenuuuifeadiedwduuuy Tauld Froa dutudodifalunisiemives FPGa Aede
$rfavesinii ¥ lumsesnuuudan fidriafensesnuuuTasld FPGa ndaldszuuiininds
whiduhaiuly1den ﬁquuﬁaﬁuhmm:mmqm’w’m"lumiﬁwmﬂﬂu'lﬂu’fu'?imwm%’wm
sTUU
tloannluainyn (Data book) ¥eq PICI6Cs1 Taiii Tnseardravesin InsaziBon ussisrwazidun
Mo edn Feesinnldlunisdng Ansevaeheien s lunsesnuuy
ndsnnfiesnuuuszuuedouda sxiuuui e fionsiem Iaeld VEDL feniuazaan
lunseu uawﬁ’qmnﬁuﬁmﬁuﬂaumsaammuuﬁaﬂ"lm uA29zAnrafwMsBeu code VHDL Laz

4
mmﬂﬁaumsv‘huuuawﬁaﬂﬁ'u

v
3.2.1 YUABUMIOBAULTTZUY

1. misxuswaztﬁumaaiwu (System Specification)

MNMITAATIHATTRITUYB PICI6CEL nuimIieevesEInuneseiidussuveuiaen

t 4
o

(analog) MTeszUUBURENMANATABA B9 liannsoeenuuuTnld FPGA 14 &
®  Sleeping function
duszusendandanuuedn A Ifevaslasdamsswdyguuiin
(clock) Bon (d29znFLN MRS TBUIMET T (interrupt) T8 watchdog timer overflow
Faoziiwar 1A 19hda steep 118
® Internal pull-up

a A o ¢ a e
Lflumimanm: Pull-up nszuﬁﬂwasmuwwmmvm
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®  Schmittrigger input

{2993 schmittrigger AMIUTUMDT TN UazdyananRnIBUYNIINNILUEN
wenunfifalidnufiownmausaves FPGA amuny fail
® Power on reset

e nlu FPGA ffuneunts start up B3 UuagudI uazdl Global setireset line firle

Tugavidrnlas (Flip-flop) nelunnda

®  1/O Port initial value Y893 de1iA0s

u FPGA filnssafrmesaduymie niynvosiaies Fsbangunefivzrinmdouuuy
n1sIUYeIHBI ABUYNAB IHNYB PIC16CE! 1]
® RAM

PIC16C61 §i33etnefIWE (register files) 11470 8 Tnvta 36 6 diesmiuTSameiuq
udairidealdmauvasysmaumn usilu Fra Wi ¥WaYWasy 1% 14uintn udlu FrGA
12l RAM W90 Sni1 RaM NS S ame S IndunuieanySinams ldvaasy
waziite Il Sniieonuuufivinalngiifuniiez 14 Froa fifig 18T sdamsihanuadaueen

& o 9 o & '
fin watchdog Felinav I 19de cLRwDT i1

2. MIAATIEH, UadIu HaTeeNIULTEUY (System analysis, partitioning, and design)
1N AATHAITHIIUYBS PICI6CET Tuns execute Sidausas S 18N LI Instruction cycle
. i d
sutvenniu 4 e Tnowdazidadinnsvinadsi
1. e 1 (Q1) : Instruction Fetch (IF)
o 3/ P
- N
fetch ATT9910 program memory M8 instruction register
- NIIRBNULIY
iisen program memory 493 PIC16C61 a;ﬂu%mmzﬁ access time $1
4 ° n . ¥ a W ora 4” P P 1
3WINWAMITANING fetch instruction 1aM81u 1 laifa ua luflidefiunwefieeld
program memory a3l FPGA Tadeald program memory WBneuonyi ¥ access time
#d1nd Wi nnso fetch instruction 18metu 1 lAadeonuutmidagys
PR
4 A o o o . . ¥ -
Tagiisisuiausidausn IR (Instruction register) nz'lﬂmgmu FINADAITI no
operation (NOP) uAifiidfafluieatasa 0 13gneufiviasves Q4 asunlusmdefiass IR

4 Yo o A -
ﬂwz"lﬂmmmmﬂmia 09539

sl W
- E]]JﬂimﬂlﬂU’J‘UEN
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1. register MAR 19 lun1sdrauemnsalasTnansinin pc #i Q1 fidTiaaisy
. »
AUfi® 011199970 program memory 483 PIC16C61 1A 1k A1l MAR 34
Hyue 10 On
. od ] a "
2. register MBR 191nue content Tu program memory Tasfivuramady
instruction word fig 14 4n
3. register IR Hfy instruction 192 execute JVUIA 14 1N
4. register PC i usupaInTervesfdaiidoants fetch Tagezdinisiiiue
L4 ) v
N9 109983 Q1 Asduriefies Iifaanuazaindald pc dhissaney
’ v ¥
wua 10 Indalfivuanseay 1 14
2. ta# 2 : Instruction Decoder (ID)
o 9 P
- i
v o @ o (0 9 oy @ 1 & 9 P
oeasvaideiinuegiu R Wiludyguniuguaieg uazidendoyad
Ao91911n13 execute Taonsiiiadinand (multiplex) A139mABSA19q Hipaninlu
FPGA "lifl tristate buffer JuIMn
- N1399NLLIL
° ' Yt o y O Y o < o
myfmuadne Midyguniugues lsthaiussdeshimsdnyinisdem
vestwatwazidua udnhnsuadwesnitludutosq udSeenuuudiudess ma
: o 1} a A 3 : L% ) : 1
T gasiaimadaunsaiu sz haiuineslimsudlouuuesass sundee
] v »
Iduyuhieuysal ndmiulesznsudyanunugu (control signal) Havua
=,
- pUnsalfiRedes
- Decoder unit
- Multiplexer unit
3. 1Wa 3 ; Instruction execution (IE)
- i
Py . 4 :
execute AT9%99I0 390319989 PIC16C61 115 execute AdadauIngas
nsevirlaoniu ALU
- N1300ALYI)
) b d {Ql’ .
nnnifivearail Jymilumsesnuuufie ALU selifladdues Istha e
o o w 9 P 9/ 9 ' o (Y] n‘: a 9/ 9 M o /:
seefufds Iduindiga vaz1daon lddusriiqe dnfudeidesvfeins iz unouns
U ¥ . )
execute Y0UsiazAA0ENasBun udMvssrihfituneulafildfedduves ALU 18
s Ay
- pUnseifingadeg

ALU 19 operation GHRL R Logic 1102 Arithmetic
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4. 1Weré 4 : Write Back (WB)
o 3 o
- i
[Founadnwifi 18910013 execute ndu lildeTvamesarone
- PI308ALUY
Tddya1ua2uau (Control signal) Arugumsdoudeya (data) aslusSanes
Weannitmmeinndinsdioudoyansyf 1Reguda
- punselfild
] o vy A 14 ¢ @ o LY
(HBAINTYYIUAILAVILUIIN decoder BguA e liflginsalndndmiy
¥
ladi
nshnuverasmideligduuumsinmimilioudude Tumad 1,2 uag 4 uAnT execute

AU W TAT1EY NS execute UAazmda TasRsanaudiu 118 Tuns 19 ALU Whindn ams 19 3.1

e-

A191 3.1 TWAUBUAYDIRITIANG

f‘hé’ 3 Sourcel Source 2 Execute Flags Write Back
ADDLW AL W ADD C,D,Z to W
SUBLW #L w SUB C,D,Z to W
IORLW #L w OR z to W
XORLW L w XOR -3 to W
MOVLW #L - TRA - to W
'RETLW #L - TRA - to W stack>PC
"RETURN - - - - stack>PC
"RETFIE ¢ - - -
‘CALL - : - - PC>stack
‘GOTO - - - - #Jump>PC
BCF RF Not(decoder AND - . to RF
- bit output)
BSF RF decoder bit OR - to RF
output
"BTFSC RF decoder bit AND - -
output
‘BTFSS | RF decoder bit AND - -
coutput
NOP - - - - -
ADDWR RF W ADD C,D,Z if d=0 >W else >RF
INCF RF - INC v4 if =0 >W else >RF
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ﬁTg q Sourcel Source 2 Execute Flags Write Back

"INCFSZ RF - INC - if d=0 >W else >RF
SUBWF RF w SUB C,D,Z if d=0 >W else >RF
DECF RF - DEC z if d=0 >W else >RF
"DECFSZ RF - DEC - if d=0 >W else >RF

CLRF 0 - TRA z to RF

CLRW 0 - TRA z to W
ANDWF F w AND z if d=0 >W else >RF

MOVWF 0 W OR - to RF
MOVF RF - TRA z if d=0 >W else >RF
IORWF RF w OR/XOR z if d=0 >W else >RF
XORWF RF w OR/XOR y4 if d=0 >W else >RF
COMF - RF z if d=0 >W else >RF
RLF - RF SHL C if d=0 >W else >RF
RRF - RF SHR C if d=0 >W else >RF
SWAPF SWAPRF 0 OR - if d=0 >W else >RF

UG A

1. " iusdsfienefinari 1y pC nfGous i liddadalufisons exeoute g inaadiug
&1 NOP TAu control unit S3eatuneufisnnianisfusdanard &1 pc wioulneird
U521 return 1Aun RETLW, RETURM, RETFIE Tun13 return #8431 top of stack 11/1d1u pC
uag clear A1lu MBR tifovindidade lalazgn Tnanunifs MBR few ttas Code veafinda NOP fie
0 favudle IR Tnaamiaan MBR itevmdade Ty 18e s NOP Tl

2. fdarlszinm shift \8un BTFSC, BTFSS, WCFSZ, DECFSZ Ylaums clear i1 MBR fiulerfi 4
IWUIAGINY return

3. fida GOTO v Tnsmstiuennsafideanis a8 pC Loz Clear sinlu MBR

4. M3 CALL MuAunsde GOTO Taensuszitlasusi pc Wi pe 1uifiulu STACK fiou

¥
-1

NPT NUAALI ALU Aoaiiflandusail

1. ADD : Destination = Sourcel+Source2
2. SUB : Destination = Sourcel-Source2
3. INC : Destination = Sourcel+1
4. DEC : Destination = Sourcel-1

5. AND : Destination = Sourcel and Source2



6. IOR
7. XOR
8. CPL
9. TRA
10. SHL
11. SHR

Destination
Destination
Destination
Destination
Destination

Destination
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Sourcel V Source2
Sourcel xor Source2
not Sourcel

Sourcel
Sourcel(6-0) & 0’
‘0’ & Sourcel(7-1)

uazflosnnuaazsrdelinansunan (flag) afu Sedeseenuuuliaunsadenfisuouuran

o a 4 o ' o & o
AAYUIINNITYIINTUYBI ALU 29U status register 138 1 18 Taaynaeil ALU vimszadraudan ¢, D,

Z g uazinisanMzsuunanlanaun stats register 1INATFATN execute (1118198 1dav09 ALU)

Yoymidnyfenisifvunadniaa status register 194 CLRF STATUS 92 laivi1 1A 1994 status

. ] ) o Ao qy P a o p o o v
register (11 0 (W89 A9l 1¥ zero flag=1 Futudni 2 ves status register dariuluniseanuuudos

[s = ! Hyy
ATBUAGUNIULMATUUAWY

]

o c’; dy ° Ve g/ = P v : adda ¥
Haamnmuﬂauu‘nﬂw11‘uau‘mwuawamzaammmzunum '1umsaammmzuuumﬁwuunh

-, 4 o w v '
ﬁa ’J% top-down "]Nﬁ'luﬂ‘]ﬂfyﬂ]ﬂ"ﬂ'ﬁaaﬂuuuuuﬂ top-down ﬁﬂﬂﬁlm\ﬁzvvﬂﬂﬂl‘f]uiz‘uvﬂﬂﬂ“] (System

.. 4 ¥ a 2 v o '
Partition) F9Ap3AUAT1EY Iaseadielassay iWunsvileiuves PICI6CST Aou

PIC 16C61 Microcontriler

Overview Design

Controt
Unit

3 .....Ps!fga.g.ﬂ!.....‘

[ Arithemetic
&

Logic

eI

bk

Program
Memory

Externat

31 3.6 Datapath 484 PIC16C61
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awdi Idna 1 B luneuduudai hiannseld program memory 11 FPGA ‘I Sedadanuiioenan
MINITUINDU
PINMTART AR Isauiszuuesndiuuiendiey 1A
1. Arithemetic & Logic Block
figUnsaindndie 1. ALU
2. W register
3. FSR register
4. Status register
2. Register File Block
figtnselndndie RAM Y110 36x8
3. Program Counter Block
igins nfﬂﬁ’ﬂﬁ’iﬁy 1. PCL register 4as PCLATH register
2. Stack UUIR 13x8

4. Input/Output Block

L

o

figinseindndail 1. TRISA register
2. TIRSB register
3. OPTION register
4. INTCON register
5. Timer register
5. Control Block
ﬁqﬂﬂi nfﬁﬁ’ﬂﬁaff L. Instruction Decoder Unit
2. Register Multiplexer Unit
3. Control Unit State Machine
4. Clock Generator Unit
Fuilesaihr s uFoniiitrdrotudans 188 PICIscs! Fatretu I Block diagram Y0935 UY

o ﬂv
Taosautiudadi
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PIC16C84 Architecture Overview

EEPROM 31# Program Counter }-:* i
Program
Memory RAM
8-Leve! Stack File
x4 (13 bits) Registers
36x8
Addr Mux
Instruction Reg. '] V4 \
U H RTCC
[ FsR ¥ —
STATUS Reg. =) &
l |
Instruction P°1‘:'V:1::‘p
Decode & = | S 110 Port:
Control Oscillator O S
Start-Up Timer 7\ ALU
Power-On R:g:g;:
Timing Reset ;
Generation W::chdog : Z
o W Reg.
g g PorB
forh TIMERC; Re:
oscITIRoUT Q.
OSCI/CLKIN MCTR vDO,vSS

U 3.7 uiten laszunsuves PICI6CS!

A L 3 ° & < [} 3 v =3 a’: o ::v
LWEJ114~1'IU¢'I9ﬂ'I?‘Iﬂﬂ’J'IlJt‘U)J1ﬂ wmwuﬂaumsaammmmazuaaﬂaamﬂu 6 VUABUAIU

1. ¥ nldsunsuiiaTuan (Programming model)

Programming m

t d a ° o % {
odel vouAazuden Id9InmsIinsernisiauvesdidanieg fina

y  d 4 ) " P 4 d4d »
apvaony Tasussludns@oulusunsudundn Tnedefifoidostunis@oulusunsy

witudulseneuluTusunsuie lnaa

B‘EU'IUﬂ'ﬁﬁ'N'm‘UEN‘Uﬁﬂﬂ

o o d. @ ' A Q' - Q'
wihnwesnuuylddesimsihemdfidanuneu FuusudnsanenTusunsuilTueaa

u‘: < a 2 ] ° ] : v =t o U 9/
mnuuawmmswnanm"l'JJ'Jﬂumiwmut‘nuuumwmsmamua Uqlﬂ‘U'N

3. uaRTy I (signal) A1eq NRoades

¥ L4
Toyey 1o IR finaofiens Data ag Control signal Tavesild

3.1 Input data

3.2 Input signal

3.3 Output data

3.4 Ouput Signal

¥
YO IUAN9 A9l
3/ a o d
Joyanldlumsinuvesuden
deye10uA?UANIIN Control block filFAaununITN
371UV84 Block
¥ s = v ¢ o
Yoyafuilunadwivesnisiinm
deyafiaanduly) Control block iNelaRITOIMLE

15971974
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msftmuade wazeBuemhiivesdygafidaussififanrundulefinsesiulu
fusonuuy Fe1iTundnlums@ou source code 1AL test bench
werasgunseifidhudauszneunely

iiesninduing liamnseefuemsiaewdendroTswmfios  Tolsi
wfio uhinl8Renfiey synthesis sonuufuae9314 910uLRLY top-down 219wy 1y
uﬁamfummmﬁuﬁamﬁnq ﬁa;je‘imﬂﬂ?}n FulSeumiloudlszneudes nolu 3
Aeuaalivaou iauﬁauanwﬁwﬁmsﬁmu'uawhmfuq A
fmuanaINsiiureuden

douﬁ‘nﬁ'nﬁiﬁﬂﬁ'sz‘u*ufhu1nnjv‘huu”l¢’1'ﬁaﬁ'n;ty‘1mu1ﬁn1 waziiosninszunfildi
nssenuuuiiuszuuuudaTante dufunsfmuanisiendisan s dumis Clock
9 Jafludaddnivi Wdmszneunolussuuimuarinandludaoiu 18 Sedeaiinay
Wulamsemvesginsaldannsetindane lnsmmie delay time uaaqﬂniaﬁfuq fptn
1w msade ripple adder 1u FPGA 1 1 el delay time Us23104 15 ns ﬁmfmﬁaﬂ%’w adder 8
iin Hadniasgnieandsnindeyagnaiaudng adder 1821521 12 ns 3o access time 194
RAM T FPGA fif1tl52aat 10 ns ﬁafuﬂxﬁiﬂagaﬁaanmn rRAM 1§ dndannusansa
fnsiouluudredietion 10 ns s
afrevdenlaozunsy (Block diagram)

wisenshudunoud 1-s udreziifeyafivane lumsesnuuuuiensitazidun Tay
SRS 2 dsemsdingfe

1. m3'Inavesdeyarudusieg nudiazeen

4
2. mydadyanunrugu hlfidaudieg fuduagesn

4 o q’: n’: - t o ar :ly
WaUIYN 6 'uuﬂeumaﬁmumsaenuummazuaaﬂﬂz"lﬁ'ﬂw

Arithmetic & Logic Block

115 programming model

Arithmetic & Logic
Block

21] 3.8 Programming model U84 arithmetic & logic block



a ° o
1.2 35U9NITNNUYBIVABA
- Arithmetic & Logic operation

'ﬁ'lvlfsl' 11 functions A®

ADD : Destination = Source1+Source2
SUB : Destination = Sourcel-Source2
INC : Destination = Sourcel+1

DEC : Destination = Sourcel-1

AND Destination = Sourcel and Source2
IOR : Destination = Sourcel V Source2
XOR Destination = Sourcel xor Source2
CPL p Destination = not Sourcel

TRA : Destination = Sourcel

SHL : Destination = Sourcel(6-0) & ‘0’
SHR ’ Destination = ‘0 & Source1(7-l)

- Updating status register
ilesnindrdedanlnyTnane flag Saimunliifings updare nATa
Tay
1. &niluadie flag laliTeou flag analy
2. 81lufinade flag lalidoudufvasly
- Writing value to register
fins e output data 489 ALU M3 Samesnnda dedesmniiou

o d o . . =
YRR IeNADT vi11A8 control signal (write) 1 Q4

Le

1.3 uaasdyayiufinades

- Input data :
Data_in ALU Joyafivzidh ALU vunm 8 Hin
IR _operand_in_ALU : 1 operand ¥84 IR 'ﬁ‘ﬂzl‘a”l ALU 119 8 U0
IR_b_in_ALU
- Input signal
osc Yyauooadianes
clk, clk1-4 : Yoyananninifl 140nnsuua ose (i 4 dau
reset Ty uSian
command : ﬁ‘lﬁwu’lﬂ 16 Un

Sel_first_operand_ALU : den operand ALY Ay ALU

Sel_second_operand_ALU : don operand fanees
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Execute_ ALU : Uszuana ALU
Check STATUS ALU:  AS9@BUTOMZU9Y ALU
Write_to_W_ALU : Woudeyaas W register

Write_to_STATUS_ALU : 13sudeyaad STATUS register

Write_to_FSR_ALU : Woudyaas FSR

- Output data
Data_out ALU foyafiesnoin ALU vum 8 Gn
FSR out ALU : Yoyav0 FSR Y11A 8 Tn
STATUS_out_ALU: doy0uea STATUS register ¥1117 8 4
ALU_Zero_flag : A1YB zero flag

1.4 gunsalmolu
- register 8 N Taoiilu working(W), FSR, 1ag STATUS register
-ALU Taudaumdnvesudeniiafrnnimaessneyluimduasdn
- Decoder 3 to 8 19 1u nou vhs1dsfidants fudin

1.5 nafila

0SC1 P )

Sel_second_operand_ALU (
\
\
\

Sél_first_operand_ALU
Execute_ALU
Check_STATUS_ALU

Control Signal

|
\>X LU outhut valid rom

ALU output
Decoder

>

STATUS
\ \ ANGTATUS updated

Yz

w
Register updated
STATUS X egister up

FSR

Write_to_W_ALU

Write_to_STATUS_ALU \ /

Write_to_FSR_ALU

ALU Timing diagram

2‘1] 3.9 ALU Timing diagram



2.

1.6 Block diagram

Arithmetic & Logic Block

IR_b_in_ALU

Sel_second_operand_ALU

2
Sel_first_operand ALY 2. _
Execute ALY, _ 5. 1

Check_STATUS_ALU.... 3. . _|.

Write_to_W_ALU. . ...

cLK_Q4

Wite_to_STATUS_ALU . ..

Write_to_FSR_ALU

Register Files Block

2.1 Programming mode!

Data_in_ALU IR_operand_in_ALU

ALU_Zero_flag

A\ 4
Data_out ALU  FSR_out ALU  STATUS_out_ALU

31 3.10 Block diagram Y83 ALU

Register files

Register File Block

gﬂ 3.11 Programming model Y89 Register files

66
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2.2 MINU
' ' e 4
- 9IUATBIT SN DS
Taudan register NLUBAIATAAGINUNTNNOBANIA data output Y84 RAM
a v st I'd
- UsuAIaGS ImAes
WoUAIN data input a4 lfeamsaves RAM fidaun

- Direct/Indirect addressing

! (] . .o
I Multiplexer RonueansaNAeensdutu direct 130 indirect address

2.3 Ay Iuaee

- Input data
Data_in_RF : foyafivzidt RE vita 8 v
Direct_adr_in_RF : i1 direct address U110 6 TN
Indirect_adr_in_RF : 11 indirect address YU1A 6 1N
- Input signal
osc Yy uesadiamed
clk, clk1-4 : Ty IRenmsu ose 1 4 dau
reset SEILTRLIEIET)
command : ﬁﬁ'wmﬂ 13 Un
Addr_mode RF Addressing mode Y84 RF
Write_to_RF [Woudoyani RF
- Output data
Data_out_RF foyadieanain RF vu1n 8 n
2.4 gunsainiolu
-RAM32x8  (fUSiemned 32 dwmiausn
-RAM 16x8 ifuSSoned 4 funmdmdsiimde

1 4
Hioa9n1u FPGA a$19 RAM 130 RAM w118 16x1 tay 32x1 1dminiu
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2.5 lnafdia

0SC1 J P

Addr_mode_RF

’\_’/

Address \> Address valid /

rom
Data out \>>< Data out valid afted address changed Dgcoder

Data_out_RF \ % Data oui Latched

Write_to_RF — N A 4 Write

A
Data_in_RF >< Data in valid

Register File Timing diagram

31 3.12 Tmifialaezunsuues Register File Block
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2.6 Block diagram
Register File Block
8
g i Dat: t
Data_in_RF | = Data in ata ou :

Dlrectiadr_ln_RF d Alg] RAM A

RS- ) @)

s x L s Af4:0 32X8 A6} |

2 Address i

s_,Q |
Indicect_sdr_in_RF : Data_out_RF

‘ WE :

Adr_mode_RF :

I\ . |

> 8 |

Al6] :

Write_to_RF = ! |

fita_to RF . s . Data in Data out !

B |

CLK_Q4 RAM :

''''' : / 16 X8 |

| Al3:0 Address :

: l

i I

H AND :

! o -1 'WE [

|

!

!

§1J 3.13 Block diagram %84 Register files
3. Program Counter Block

3.1 Programming model

Program Counter & Stack
Block

g'Ll 3.14 Programming model 493 Program counter & stack block



3.2 M3

- (oudoyans PCL, PCLATH register

- Woudeyans PC register
wisdeyadiu
1. uBAIAFTITN IR operand FuTl input data vam 1111
2. ULBALATAAIN top of stack

- POP Stack

' o > Y

17911 top of stack 1ALl PC Taoiitunsusail
1. aAA1 Stack pointer
2. 10U top of stack AU PC

3.3 Ay Ineng

- Input data
Data_in_PC : foyafizidh pc vuin 8 dn
IR_jmp_in PC  : 104 IR Ait41 PC vraa 11 9in
- Input signal
osc oo ueeadianes
clk, clk1-4: Yoauninif 180 nn s ose diu 4 dau
reset Foyansian
command : frdavun 28 fin
Sel_part PC : ({AendIUYeI PC
Increase_PC . rﬁnﬂ'ﬂu PC ﬂ‘}’u
Write_to_PC : (Wous1a9 PC

Write_to_PCLATH_PC:  (lgudeyaas PCLATH

Sel SADR PC  : (@onupAATE PC
Update_SP_PC update stack pointer
- Output data
PCLATH_out_PC : {oyaues PCLATH 1110 8 Tnfideesnin
PC_out_PC : foyafiesnin PC vuan 13 1n

3.4 gulnsaimelu
- PCL, PCLATH register ¥410 8 1In
- Stack pointer register Y119 3 10
- PC register ¥11@ 13 Tn Taedl 8 Snaruilu pcL

- RAM 36x13 114 Stack
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3.5 Inafida
} Q1 } Q2 } Q3 t Q4——
0SCH1 /]
A
Sel_part_PC [ \AX

Writa_to_PC ¥

PC(PCL) X

PC(PCL) Modification Timing Diagram

0OSC1

Wiite_to_PCLATCH R | B

PCLATCH (X

PCLATCH Modification Timing Diagram

F Q1 t Q2— Q33— Q4—
0sCH J } ) (
/ SP AX [ SP+1 \
\ \
Sel_SADR_PC
Address (SADR) e - \__ Address valid
\ \
Wirite_to_STACK_PC \ \ \x

Sel_part_PC I\ ' ¥ write |

\_ i

CALL/GOTO operation Timing Diagram

U 3.15 Tmifialnezinsuyea Program counter & Stack Block
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PCK PC +1 X Jump Address



0scH J‘_‘ N )

/ SP/ A SP +1 \

Sel_SADR_PC / /( \ \

Address (SP) 4 Address valid

Top Of STACK \ X&ta valid after addresg changed

Sel_part_PC L\ X A\ |
Write_to_PC \ :/ =

PC U >X PC + 1 X 108

Return operation Timing Diagram

31 3.15 (si0)
3.6 Block diagram

Program Counter Block

o5 &
NI
S
&7 0
" [ ]
L ]
2 Bpeiaton Data
[«3 2 3 .
1 2 Data i
|- a1 o ta in out
. 2. RAM
Write_to_PCLATCH_P : 21 16 X 13
-
c R—— Address
Sel_part_PC i
Write_to_PC !
WE

increase_PC

Write_to_STACK_PC

Update_SP_PC
Sel_SADR_PC

* raset v v
PCLATCH_out_PC PC_out_PC

71 3.16 Block diagram 483 PC & Stack Block



4.

Input/Output Block

4.1 Programming model

.

boa

Inout / Output
Block

3 13.17 Programming model 481 1/0 block

4.2 M3
a 9 oo o
- IVUHURYARIIINADT
- Counter/Timer
115 increase 193 TIMERO register 112 mode fi®
1. Counter mode
2. Timer mode
- . )
LIAZUNT increase 2 LIUU AD
1. 19 prescaler
2. 1y prescaler
4.3 dyguann

- Input data

]
=t

Data_in_IO : doyaid /o vurn 8 Gn
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- Input signal
Write_to_TMRO_IO :
Write_to_OPTION_IO :
Write_to_INTCON_IO :  1Jsudeyaas INTCON
Write_to_TRISA_IO  : 1judoynas TRISA
Write_to_TRISB_IO  : (Tvudeyany TRISB
Clr_GIE_IO
Set_GIE_IO
TOCK1
SET_RBIF:
INTO

- Outpur data
TMRO_out_IO : #1TMRO
OPTION_out_IO : 11493 OPTION register Y110 8 UN
INTCON_out_IO : 11989 INTCON register 41410 £ 10
TRISA_out_IO : 789 TRISA register YH1A 5 in
TRISB_out_I0 : f1984 TRISB register Y110 8 1N

4.4 ginsainolu

- TRISA, TRISB, INTCON, OPTION register Y410 8 10

- prescaler unit 1¥9An13A75 increase AU 14 prescaler

- Synchronized clock unit i1 I @Ryg I8t counter 11MBUBAETIMIZAY clock nulu

4.5 lniids

! Q1 f Q2 { Q3 f Q4

0SC1 J—‘ A

N

(Register)

Write_to_(Register) (
‘X

Input/ouput (Register) Modification Timing Diagram

7U3.18 ‘Iniffialavzunsuves VO block
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4.6 Block diagram
Input/Output Block
o
o/
&
O QY o .
CLK_Q3 I
‘__———_—'-""—_—'-"'_—_—____—___—""'"'___—’_I | 8
oserio_____ N
]
1
Y v
] Sync
=
Write lo_TMROIO .
TOCKI_IO
8

Set TOIF|
Set_INT_IO > 4
Set_RBIF_IO
Write_to_INTCON_IO
Cir_GIE_IO
Set_GIE_IO
8 [] s 8 8
A 4 Y \ 4 A 4 \4
(o] o © i\ (¢]
°®'> °&> N & N ad 3‘>
4
S Cind S O O
& & & N

7U3.19 Block diagram 484 /O block
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5. Control Block
v 1 k) ¥
5.1 xﬁ'm111nv’imﬁ’mmuqnmsv‘imwaquﬁaﬂﬁuq mﬁu%’a"lun programming model

5.2 MINIU
- a¥adryaIunIuAY control signal FmTuuAaziIF
-afea phase clock Taold clock generator

5.3 "lﬂﬁﬁa (Clock generator + Control unit State machine)

IR <3 MBR
INT <= GIE

Write pc/ MBR <= Zero WR_PC_CU <=°{*
not (Skip + Wita pc) / MBR <s M[MAR]

Skip * not(Whrita pc) / MBR <= Zero

IR <= Instr(Call #004h)
GIE <= Zero

gﬂ 3.20 State machine 483 Control unit
5.4 ginsalntolu

-53mne7 MAR, MBR, IR

- Control unit

- Decoder unit

— Address multiplexer

-- Clock generator

5.5 Block diagram

21.] 3.21 Block Diagram 494 Control unit
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b4
3.3 1159919 Test Bench
testbench 19msa9mpuagadeslunsamvesszuufiadalas VHDL
H <1 J ﬂ'l -
15 Test VHDL code Niloudiulauya il 2 3578
° . - Y J
1. MM7 Simulate code NATNYU
PO . s & o ° . . 4 Y
ITUABINNIT force input signal NNATINAIININTG simulation 91UV tool autywﬂw
4 o o @ . o o . i
a§ 2 macro file BN UTIWs WA 191uns Simulate il runsafiugiuuuves input 7
¥ k)
#19) 1 131U macro file 18 uaz 1w ool ayanaliviINg test pattern file 1o 14
v ar o
Usznounis simulate 18 umfmidu tool 1A Ma
" ] ) 4 1
5 19799 tool T IUMT simulate TdoiTufiodssnfiafiy tool 1uq fiu'ly Wedeins
& Y A P J o at 3 [
test A4 tool D 819ABaNA lu maitfiB o910 LAae tool Hnflanuuaneiafuy
o ) i L4
2. M1M19 simulate VHDL code AUouTUIAD test Tagmne
4 o w @ v & i g
A971%n ool TinilouiufeAsaiy VHDL code 18 §1iu test program fiadadinszuen
- P 4 o
sxuufiad iy component nilalu program taznilfives Tsunsudie msdlou test
pattern 11§13 component 1111115 test 11A1AT 9BV output AvanuI AR IFUTAAIT vz
-~ )
n3e i

-4 Vi aaa q’ I_aad a Yo Y
%zmu"lﬂ'mﬁ“n 2 HHIMWISaUNItN | Llﬁ:‘;ﬂﬂlﬂ‘l{ﬂﬂlﬂﬂﬂ’ﬂﬂ')ﬂ

3.3.1 3UUUVUBA test program Tauwa'lal

1. Entity

v
=t

Test program lif utlufeall 1O port Fathy entity Seflanuazedl -
entity testbench is
end;
2. Architecture
2.1 Declarative region
2.1.1 component "V’i?’faams test 17U
component adderN
generic(N : integer);
port(a :instd_logic_vector(N downto 1);
b :instd_logic_vector(N downto 1);
cin :instd_logic;
sum : out std_logic_vector(N downto 1);
cout : out std_logic);
end component;

constant N : integer == 8§;
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2.1.2 Input/Output signal MNEIE

[ . ] -y Yo Sy ) o
(W signal AN99 navams 19y component IAYNITNATDU AINUTU

¥y
component Tu2.1.1 98 signal At

signala :std_logic_vector(N downto 1);
signal b :std_logic_vector(N downto 1);
signal cin : std_logic;

signal sum : std_logic_vector(N downto 1);

signal cout : std_logic;

2.1.3 Data structure of test pattern

1% type a’faiulmm“u record 494 VHDL 1¥ns1fiv signal A9 test

;4
pattern 11131 component Tudie 2.1.1 9214 record Aafl

type test_record _t is record
a: std_logic vector(N downto 1);
b: std_logic_vector(N downto 1);
cin : std_logic;
sum : std_logic_vector(N downto 1);
cout : std_logic;

end record;

2.1.4 Test pattern

1 1an13 14 initial value 184 signal dreepdunes U record My

E 4
recard Ut 2.1.3 9314 test pattern ¢ail

type test_array_t is array(positive range <>} of test_record_t;

constant test_patterns : test_array_t:= (

)

(a =>"00000000", b => "00000001", cin =>'0', sum => "00000001", cout => ‘0",
{a =>"00000001", b => "00000001", cin => 0", sum => "00000010", cout =>'0'),
(a =>"00000001", b => "00000001", cin =>'1', sum => "00000011", cout =>"'0"),
(a =>"00001010", b => "00000011", cin =>'0', sum => "00001101", cout =>'0'),
(a =>"00000011", b => "00001010", cin =>'0’, sum => "00001101", cout =>'0"),
{a =>"00000101", b => "00000001", cin =>'1', sum => "00001000", cout =>‘0'),
(a =>"00000011", b => "11111100", cin =>'0, sum => "11111111", cout =>'0"),
(a=>"00000011", b => "11111100", cin => ‘1!, sum => "00000000", cout => '1"),
(a=>"01010101", b => "01010101", cin =>'0', sum => "10101010", cout =>'0"),
(a =>"00000000", b =>"00000000", cin => '0', sum => "00000000", cout =>'0")

. , H <
2.1.5 Function A0 lunsueaang 15U function 11/aeu std_logic_vector 11U

string INOUEAIAT AIA DL

-- convert a std_logic value to a character

type stdlogic_to_char_t is array(std_logic) of character;

constant to_char : stdlogic_to_char_t = (



U =>"U,
X' =X,
'0'=>"0,
=1,
Z =7,
W =W,
L=>"L,
'H'=>H,

[ 5

-- convert a std_logic_vector to a string
function to_string(inp : std_logic_vector)

return string

is
alias vec : std_logic_vector(1 to inp'length) is inp;
variable result : string(vec'range);
begin
for i in vec'range loop
result(i) := to_char(vec(i));
end loop;
return result;
end;

2.2 Architecturre contents
2.2.1 Instantiate componet ﬁiff
uut: adderN generic map(N)
port map(a => a,
b=>b,
cin => cin,
sum => sum,

cout => cout);
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2.2.2 Testing process
1199910 test pattern 1111815 644 record Fan13ioUA1IN Test
pattern 1alda component Mlaoly for loop éa‘lu for loop 'ﬁy Lf]a{]aufhué": a9
3INIDIU output 9BNUIVIN component ué”:ﬁmmsﬂsmﬂamm output pattern
finasitiu mssenuaaugndesvesradng ¥14%u Function assert voq
VHDL A4679871
-- provide stimulus and check the result
test: process
variable vector : test_record_t;
variable found_error : boolean := false;
begin
for i in test_patterns'range loop

vector = test_patterns(i);

-- apply the stimuls
a <= vector.g;
b <= vector.b;

cin <= vector.cin;

-~ wait for the outputs to settle

wait for 100 ns;

-= check the results
if (sum /= vector.sum) then
assert false
report "Sum is " & to_string(sum)
& . Expected " & to_string(vector.sum);
found_error := true;
end if}
if (cout /= vector.cout) then
assert false
report "Cout is " & to_char(cout) & ". "
& "Expected value is " & to_char(vector.cout);

found_error := true;



end if;

end loop;

assert not found_error
report "There were ERRORS in the test.”
severity note;

assert found_error
report "Test completed with no errors.”

severity note;

wait;

end process;
end;

4 [ < o o o
dias e mnsans wnanas un1s@uu test bench UAIMNAT test pattern M1F83 ALU 18d4
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ATTN 3.2

#1319 3.2 test pattern U893 ALU Block

MOV W, 7FH ADD W, 01H
Input Dat: 4
Data_in_ALU “01111111” “00000001”
IR_operand_in_ALU “111111117 “11111111”
IR_b_in_ALU “011” “011”
Input Signal
Sel_first_operand ALU fDin fDin
Sel_second_operand_ALU sW sW
Execute_ ALU ALU_TRA ALU_ADD
Check_STATUS_ALU ALL_FG ALL_FG
Write’_to__W_ALU ‘1 ‘1’
Write_to_STATUS_ALU ‘0’ ‘0’
Write_to_FSR_ALU ‘0’ ‘0
Qutput Data
Data_out ALU “otl111111” 10000000
FSR _out ALU “yuuuuuuyr “yuuuuuyuuy”
STATUS_out_ALU “00011000” *00011010”
ALU_Zero_flag ‘0’ ‘0




AT 3.2 (7D)

82

ADD W, 80H AND W, FFh
Inpu ] a
Data_in_ALU 10000000 “11111111»
IR _operand_in_ALU “11111111” “l1i11rin”
IR_b_in_ALU “or1” “o11”
Input Signal
Sel_first_operand_ALU fDin fDin
Sel_second_operand_ALU sW sW
Execute ALU ALU_ADD ALU_AND
Check_STATUS_ALU ALL_FG ZERO_FG
Write_to_W_ALU ‘v ‘r
Write_to_STATUS_ALU ‘0’ ‘0’
Write_to_FSR_ALU ‘0’ ‘0’
Output Data
Data_out_ALU
FSR_out ALU 00000000 “00000000”
STATUS_out_ALU “yuuuuuuyr “Uuyuuuuu”
ALU_Zero_flag “0ooriior: “00011101”

o ‘e

AT 3.2 (#10)

IOR W, FFh XOR W, 00h
Input Data
Data_in_ALU “r1innne *00000000”
IR _operand_in_ALU “l1I11L11e” “11111111”
IR_b_in_ALU “011” “0l11”
Input Signal
Sel_first_operand_ALU fDin fDin
Sel_second_operand_ALU sW sW
Execute_ ALU ALU_IOR ALU_XOR
Check_STATUS_ALU ZERO_FG ZERO_FG
Write_to_ W_ALU ‘1 ‘1
Write_to_STATUS_ALU ‘0’ ‘0’




A15193.2 (AD)

83

IOR W, FFh XOR W, 00h

Write_to_FSR_ALU 0’ ‘0’
Qutput Data
Data_out_ALU “11111111” “11111111”
FSR_out_ALU “yuuuyuuuy” “yuuuuuyyr
STATUS out_ALU “00011100” “00011100”
ALU_Zero_flag ‘0’ ‘0’
A1774 3.2 (D)

. INCF MOV FSR, W
lnpu;rData
Data_in_ALU “11111111” “rrinnnre
IR _operand_in_ALU “111111117 “11111111”
IR_b_in_ALU “l1” “011”
Input Signal
Sel_first_operand_ALU fDin fZero
Sel_sécond_operand_ALU sW sW
Execute_ ALU ALU_INC ALU_IOR
Check_STATUS_ALU ZERO_FG ZERO_FG
Write_to_W_ALU ‘0’ ‘0’
Write_to_STATUS_ALU ‘1 ‘0’
Write_to_FSR_ALU ‘0’ ‘v
Qutput Data
Data_out_ALU “00000000” “11111111”
FSR_out_ ALU “yuuuuuuur “11111111”
STATUS_out_ALU “00011001” “00011000”
ALU_Zero_flag ‘1 ‘0




151 3.2 (7D)
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DECF SUB (F-W) > W

Input Data
Data_in_ALU “riretene “tirrrntre
IR _operand_in_ALU “111i1111” “I11titnn”
IR_b_in_ALU “011” “011”
Input Signal
Sel_first_operand_ ALU fDin fDin
Sel_second_operand_ALU sW sW
Execute_ALU ALU_DEC ALU_SUB
Check_STATUS_ALU ZERO_FG ALL_FG
Write to W_ALU ‘r 1
Write_to_STATUS_ALU ‘0’ ‘0’
Write_to_FSR_ALU ‘0’ ‘0’
Qutput Data
Data_out_ ALU “11111110” “00000001”
FSR_out_ ALU “1i11inner “rrrennr
STATUS_out_ALU “00011000” “00011110”
ALU_Zero_ﬂz;g ‘0’ ‘0’
M31933 test pattern 489 PC

MOV PCLATH, 1Fh MOV PCL, 01h
Input Data
Data_in_PC “00011111” “00000001"”
IR_jmp_in_PC *00100000000” “00100000000”
Input Signal
Sel_part PC peDin peDin
Increase_PC ‘0 0’
Write_to PC ‘0’ ‘v
Write_to PCLATH_PC ‘1’ ‘0’
Sel_SADR_PC ‘0’ ‘0’
Update_SP_PC spHOLD spHOLD
Wite_to_STACK_PC ‘0’ ‘0’




13N 3.3 (A1)
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MOV PCLATH, 1Fh MOV PCL, 01h
Qutput Data
PCLATH out_PC “00011111” “ooo11111”
PC_out_PC “0000000000000” “1111100000001”

M1579 3.3 (A1)

GOTO 100h(PCLATHI[4:3]=[11])

CALL 400h(PCLATH{4:3]=[11])

Input Data
Data_in_PC 00000001 “00000001™
IR_jmp_in_PC *00100000000” “10000000000”
Input Signal
Sel_part PC pelR pcIR
Increase_PC ‘0’ ‘0’
Write_to_PC P ‘1
Write_to_PCLATH_PC ‘0’ ‘0’
Sel_ SADR_PC ‘0’ ‘1’
Update SP_PC spHOLD spINC
Wite_to STACK_PC ‘0’ ‘1
Qutput Data
PCLATH_out_PC “00011111” “00011111”
PC_out PC “1100100000000” “1110000000000”
CALL 700h(PCLATH{4:3]=[11] RETURN 700h
[nput Data
Data_in_PC “00000001™ 00000001
IR_jmp_in_PC 11100000000 “11100000000”
Input Signal
Sel_part_PC pelR pcTOS
Increase_PC ‘0’ ‘0’
Write_to_PC ‘1 ‘r
Write_to_PCLATH_PC ‘0’ ‘0’
Sel_SADR_PC ‘r ‘0’
Update_SP_PC spINC spDEC

Wite_to_ STACK_PC




A5 3.3 (A9)
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CALL 700h(PCLATH([4:3]=[11] RETURN 700h
Outpgit Data
PCLATH_out_PC “00011111” “00011111”
PC_out_PC “1111100000000” “1110000000000
A3 3.3 (7B)
RETURN 400h

Input Data
Data_in_PC “00000001™
IR_jmp_in_PC “11100000000”
Input Signal
‘Sel_part_PC pcTOS
Increase_PC ‘0’
Write_to_PC ‘r
Write_to_PCLATH_PC ‘0’
Sel_SADR_PC ‘0’
Update_SP_PC spDEC
Wite_to STACK_PC ‘0’
Qutput Data
PCLATH_out PC “00011111”
PC _out PC “1100100000000”
#1919 3.4 test pattern Y93 RF

RD 30h RD I34h
Input Data
Data_in RF “00001111” “00001111”
Direct_adr_in_RF “110000” “110000”
Inderect_adr_in_RF “111000” “111000”
Input Signal
Addr_mode_RF ‘0 v
Write_to_RF ‘0’ ‘0’
Qutput Data
Data out RF “00000000” 00000000~




M3 3.4 (79)
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WR 30h, #0Fh RD 30h
nput Data
Data_jn_RF “00001111" “0000000”
Direct_adr_in_RF “110000” *“110000”
Inderect_adr_in_RF “111000” “111000”
Input Signal
Addr_mode RF ‘0’ ‘0’
Write_to_RF ‘r ‘0’
Outpyt Data
Data_out_RF “00000000” “00001111”
M15193.4 (D)
WR [34h, #F0h RD I34H

Input Data
Data_in_RF “11110000” *00000000”
Direct_adr_in_RF “110000” “110000”
Inderect_adr_in_RF “111000” “111000”

ut Signa
Addr:mode_RF @ Y
Write_to_RF 4’ ‘0’

tpuit Data
Data_out_RF “00000000” “11110000”

{1015114 test pattern udafiamnaidion VHDL code ¥e1 test bench Hauysal &

entity testbench is
end;

— testbench for 8-bit adder

library [EEE;

use IEEE.std_logic_1164.all;
architecture adder8 of testbench is
component adderN
generic(N : integer);

port(a :instd_logic_vector(N downto 1);
b :instd_logic_vector(N downto 1);

cin : in std_logic;

sum : out std_logic_vector(N downto 1);

cout: out std_logic);

end component;




constant N : integer := 8;

signala :std_logic_vector(N downto 1);
signal b :std_logic_vector(N downto 1);
signal cin : std_logic;

signal sum : std_logic_vector(N downto 1);
signal cout : std_logic;

type test_record_t is record
" a: std_logic_vector(N downto 1);

b: std_logic_vector(N downto 1);
cin: std_logic;
sum : std_logic_vector(N downto 1);
cout: std_logic;

end record;

type test_array_t is array(positive range <>) of test_record_t;

constant test_patterns : test_array_t:= (
(a =>"00000000", b => "00000001", cin =>'0', sum => "00000001", cout =>'0"),
(a =>"00000001", b => "00000001", cin => "0, sum => "00000010", cout =>'0"),
{a =>"00000001", b => "00000001", cin =>'1', sum => "00000011", cout =>'0"),
(a =>"00001010", b => "00000011", cin =>"0', sum => "00001101", cout => '0"),
{a=>"00000011", b => "00001010", cin =>'0', sum => "00001101", cout => '0"),
(a =>"00000101", b => "00000001", cin =>'1', sum => "00001000", cout =>'0"),
{a=>"00000011", b =>"11111100", cin =>'0", sum =>"11111111", cout => '0"),
(a =>"00000011", b => "11111100", cin =>'1', sum => "00000000", cout =>'1'),
(a =>"01010101", b => "01010101", cin => '0", sum => "10101010", cout =>'0"),
(a => "00000000", b => "00000000", cin =>'0, sum => "00000000", cout => ')

)i

~— convert a std_logic value to a character
type stdlogic_to_char_t is array(std_logic) of character;
constant to_char : stdlogic_to_char_t := (

U => .Ull

IXI = IXI,

0 => |0|’

= '1I/

17 => IZ',

W => le,

L => 'L',

M => 'H',

DS |_|);

-

- convert a std_logic_vector to a string
@nction to_string(inp : std_logic_vector)
return string
is

alias vec : std_logic_vector(1 to inp'length) is inp;

variable result : string(vec'range);
begin

for i in vec'range loop

result(i) := to_char(vec(i));
end loop;
return result;
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end;

begin®
- instantiate the component
uut: adderN generic map(N)
port map(a => a,

b=>b,
cin => cin,
sum => sum,
cout => cout);

— provide stimulus and check the result
test: process
variable vector : test_record_t;
variable found_error : boolean := false;
begin
foriin test_patterns'range loop
vector := test_patterns(i);

-- apply the stimuls
a <= vector.a;

b <= vector.b;

cin <= vector.cin;

-- wait for the outputs to settle
wait for 100 ns;

— check the results
if (sum /= vector.sum) then
assert false
report "Sum is * & to_string(sum)
& . Expected " & to_string(vector.sum);
found_error := true;
end if;
if (cout /= vector.cout) then
assert false
report "Cout is " & to_char(cout) & ". *
& "Expected value is " & to_char(vector.cout);
found_error := true;
end if;
end loop;

assert not found_error
report "There were ERRORS in the test."
severity note;

assert found_error
report "Test completed with no errors."
severity note;

wait;

end process;
end;

s
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UNN 4
Wan1InNaaad
4.1. Functional Simulation

' v
na391n9 18iT0u Code 1AZ¥1MT Simulate 143 HANIINAABIVD Block A199 1]

4.1.1.  Arithemetic & Logic Block

gﬂﬁ 4.2 Waveform Y94 Register Files Block
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4.1.3.  Program Counter Block

SURUNEPR

qﬂﬁ 4.3 Waveform ¥®3 Program Counter Block

4.1.4.  Full Chip
(1099 1N@NU B YD Test Bench ABMsviagaumsiausazidalnonssviwssiade
u33¥iR U Check HadWTugIR eI Flag i drgnfasilfimdadaly Siades i
Uena Error Inedariansa Run program 1udaussiingasiu1des Ou 1 FFh oon'lada Port Hanes daiia

3zoen 1183 Port 1A

' v
& "W

! a o o ' o { o 5 2
wiesnavn Tdsunsulidnunizms Test ad oAy uansefuis deves Chip iiniudeve
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PIC16C6X

FIGURE 3-1: PIC16C61 BLOCK DIAGRAM

RAQ

RA1

RA2

RA3

X ra4mock

13 Data Bus 8, PORTA
EPROM <—~*—] Program Counter @ 7
Program
Memory RAM L]
8 Level Stack File "
1Kx 14 (13-bit) Registers
36x8
Program 14
Bus 1 PORTB
I Instruction reg
“ DirectAddr 7
7 e
8
7
Power-up
V4 Timer

Instruction Oscillator

Decode & —=>1 | Start-up Timer ALU
Contro! Basre o

Reset 8
Timing Watchdo
XK= Generation <= Timer .
OSC1/CLKIN
0SC2/CLKOUT é %
Timer0
MCLR VoD, Vss
Note 1: Higher order bits are from the STATUS register.

<] RBOANT

j?_(>|2| RB7:RB1
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PIC16C6X

TABLE 3-1: PIC16C61 PINOUT DESCRIPTION

Pin Name ::; ?,?r:#c Pin Type E_!rt;f;eer Description

OSC1/CLKIN 16 16 1 ST/CMOSM | Oscillator crystal input/external clock source input.

OSC2/CLKOUT 15 15 (e} — Oscillator crystal output. Connects to crystal or resonator in crystal
oscillator mode. In RC mode, the pin outputs CLKOUT which has
1/4 the frequency of OSC1, and denotes the instruction cycle rate.

MCLR/NVpeP 4 4 P ST Master clear reset input or programming voltage input. This pin is an
active low reset to the device.
PORTA is a bi-directional 1/O port.

RAOD 17 17 le] TTL

RA1 18 18 1o TTL

RA2 1 1 fle} TTL

RA3 2 2 110 TTL

RA4/TOCKI 3 3 1e] ST RA4 can also be the clock input to the TimerQ timer/counter.

Output is open drain type.
' PORTB is a bi-directional /O port. PORTB can be software pro-

grammed for internal weak pull-up on all inputs.

RBO/INT 6 6 110 TTUST RBO can also be the external interrupt pin.

RB1 7 7 /10 TTL

RB2 8 8 o TTL

RB3 9 9 fe} TTL

RB4 10 10 110 TTL Interrupt on change pin.

RBS—— 11 11 110 TTL Interrupt on change pin.

RB6 12 12 e} TTLST® Interrupt on change pin. Serial programming clock.

RB7 13 13 110 TTUSTY Interrupt on change pin. Serial programming data.

Vss 5 5 P — Ground reference for logic and /O pins.

Voo 14 14 P — Positive supply for logic and 1/0 pins.

Legend: |=input O = output /0 = input/output P = power

— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
2: This buffer is a Schmitt Trigger input when configured as the external interrupt.
3. This buffer is a Schmitt Trigger input when used in serial programming mode.

DS30234D-page 14
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PIC16C6X

3.1 Clocking Scheme/Iinstruction Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3, and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the' instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clock and instruction execution flow is
shown in Figure 3-5.

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3, and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)” in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-5¢ CLOCK/INSTRUCTION CYCLE
Q1| Q2 | Q3 | Q41 Q1 | Q2| Q3 | Q41 Qf | Q2 | Q3 | Q4 1
O ay ¥ i~  aW = o N gytiTaaV. o Y@e—-F ¥a v~} il
aly—\ A @ —— !
Q2 -8 _~"3C 1 | / \ 1| Internal
N [ !} Phase
Q3 - / \ i 5 \VI\ i /_——\_____‘ Clock
Q4 l\ 1 ] |
P
(Program co‘untecr:) & " L R { 2
0OSC2/CLKOUT
(RC mode) |
Fetch INST (PC)
Execute INST (PC-1) Fetch INST (PC+1)
i Execute INST (PC) Fetch INST (PC+2)
Execute INST (PC+1)
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
Tey0 Teyl Tey2 Tcy3 Tcy4 Teyb
1. MOVLW 55h | Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB_1 Fetch 3 Execute 3
4. BSF PORTA, BIT3 (Forced NOP) Fetch4 |* , Fliish:™
5. Instruction @ address SUB_1 Fetch SUB_1{| Execute SUB_1
All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

DS30234D-page 18
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PIC16C6X

"IGURE 4-4: PIC16C66/67 PROGRAM
MEMORY MAP AND STACK

[ PC<12:0> |

CALL, RETURN 13,
RETFIE, RETLW

Stack Level 1

L]
Stack Level 8

A Reset Vector 0000h
Peripheral Interrupt Vector | 0004h
0005h
On-chip Program
> Memory (Page 0) &=
g S 07FFh
2 - 0800h
50 On-~chip Program
@ Memory (Page 1)
- ..-..---fy. ________ OFFFh
1000h
On-chip Program
Memory (Page 2)
................. 17FFh
180Ch
On-chip Program
Memory (Page 3)
X 1FFFh

.2 Data Memory Organization

\pplicable Devices

1/62]62A]R62]63]R63[64]64A]R64]65]65AR65]66]67
he data memory is partitioned into multiple banks
hich contain the General Purpose Registers and the

pecial Function Registers. Bits RP1 and RPO are the
ank select bits.

P1:RPO (STATUS<6:5>)
=00 — Bank0
=01 - Bank1
=10 — Bank2
=11 — Bank3

ach bank extends up to 7Fh (128 bytes). The lower
cations of each Bank are reserved for the Special
unction Registers. Above the Special Function Regis-
rs are General Purpose Registers, implemented as
atic RAM. All implemented banks contain special
Inction registers. Some “high use” special function
gisters from one bank may be mirrored in another
ank for code reduction and quicker access.

2.1  GENERAL PURPOSE REGISTERS

hese registers are accessed either directly or indi-
ctly through the File Select Register (FSR)
ection 4.5).

For the PIC16C61, general purpose register locations
8Ch-AFh of Bank 1 are not physically implemented.
These locations are mapped into 0Ch-2Fh of Bank 0.

FIGURE 4-5: PIC16C61 REGISTER FILE

MAP
File Address File Address
00h INDF(1 INDF( 80h
01h TMRO OPTION 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
R T
o8h | - * . “:: \ i: , 5% | 88h
o RS
0oh |« = . 2T T sl | 8on
oA | PCLATH PCLATH 8Ah
oBh|  INTCON INTCON 8Bh
0Ch 8Ch
General Mappe
HEER ) SN
2Fh AFh
n [ . | Boh
=SB S
’ !: i éﬁjfi;%%m“étg fg;:%}} ’ %{A «r: @wi
TR e ot e Y e
& . PR R o a s
Bank 0 Bank 1

Unimplemented data memory location; read as '0'.
Note 1: Not a physical register.
2. These locations are unimplemented in
Bank 1. Any access to these locations will
access the corresponding Bank 0 register.

-
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PIC1

6C6X

4.0 MEMORY ORGANIZATION

Applicable Devices
61l62l62A]R62]63]R63[64[64AIR64]65]65A]RE5]66]67

4.1 Program Memory Organization

The PIC16C6X family has a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The amount of program memory available to
each device is lisjed below:

Device Program Address Range
Memory
PIC16C8B1 1K x 14 0000h-03FFh
PIC16C62 . 2Kx 14 0000h-07FFh
PIC16C62A 2Kx 14 0000h-07FFh
PIC16CR62 2K x 14 0000h-07FFh
PIC16C63 4K x 14 0000h-0FFFh
PIC16CR63 4K x 14 0000h-0FFFh
PIC16C64 2K x 14 0000h-07FFh
PIC16C64A 2K x 14 0000h-07FFh
PIC16CR64 2K x 14 0000h-07FFh
PiC16C65 4K x 14 0000h-0FFFh
PIC16C65A 4K x 14 0000h-0FFFh
PIC16CR65 4K x 14 0000h-0FFFh
PIC16C66 8K x 14 0000h-1FFFh
PIC16C67 8Kx 14 0000h-1FFFh

For those devices with less than 8K program memory,
accessing a location above the physically implemented
address will cause a wraparound.

The reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 4-1: PIC16C61 PROGRAM
MEMORY MAP AND STACK
B PC<12:0> ]
CALL, RETURN 13,
RETFIE, RETLW 7
Stack Level 1
.
Stack Level 8
Reset Vector 0000h
E‘ Peripheral Interrupt Vector | 0004h
Egq 0005h
sSa
oty On-chip Program
3 Memory —
03FFh
0400h
. & . S| 1FFFh

FIGURE 4-2: PIC16C62/62A/R62/64/64A/
R64 PROGRAM MEMORY
MAP AND STACK
[ PC<12:0> ]
CALL, RETURN 13,
RETFIE, RETLW
Stack Level 1
Stack I:evel 8
Reset Vector 0000h
E‘ Peripheral Interrupt Vector | 0004h
Eg 0005h
12}
?,% On-chip Program
3 Memory =
07FFh
N I 0800h
‘ . x 9 1¢Frn
FIGURE 4-3: PIC16C63/R63/65/65A/R65
PROGRAM MEMORY MAP
AND STACK
L PC<12:0> |
CALL, RETURN L? 13,
RETFIE, RETLW

User Memory
Space

Stack Level 1

L]
Stack Level 8

Reset Veector

Peripheral Interrupt Vector

On-chip Program
Memory (Page 0)

On-chip Program
Memory (Page 1)

0000h

0004h
0005h

07FFh
0800h

OFFFh

“| 1000h

1FFFh
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PIC16C6X

422  SPECIAL FUNCTION REGISTERS:

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM.

The special function registers can be classified into two

sets (core and peripheral). The registers associated

ture.

with the “core” functions are described in this section
and those related to the operation of the peripheral fea-
tures are described in the section of that peripheral fea-

TABLE 4-1: SPECIAL FUNCTION REGISTERS FOR THE PIC16C61
Address |Name Bit7 Bit6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit0 Va:,“g;"’ Zﬁlthgr;
resets
Bank 0
ool INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 {0000 0000
01h TMRO TimerQ module’s register XXXX XXXX | uuuu uuuu
02h{M PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h(1 STATUS IRP4) l rRpP1(4) I RPO J T0 [ PD I Z [ DC l o] 0001 1xxx | 000q quuu
04h(  |FSR Indirect data memory address pointer KXXX XXXX | Uuuu uuuu
0sh PORIA |, " |y e | PORTA Data Latch when written: PORTA pins when read | ~~—x xxxx | ~—-u uume
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
I T P e N
| i e e A S T S s
AL I SN B a2 VI N S lannin NS B | T
st b e u* { — | \hite Buffer for the upper 5 bits of the Program Counter --=0 0000 | --~0 0000
0Bh("  |INTCON o] et TOIE INTE { RBIE [ ToIF l INTF | RBIF | 0-00 000x |0-00 000u
Bank 1 :
8oh(M INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
8th___|OPTION | RBPU | INTEDG | Tocs | TosE | Ppsa | ps2 | pst [ pso [1111 1111]1111 1100
82n()  [PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
a3nl"  |STATUS, IRP4) [ RP1(4) I RPO I T0 l PD l Z [ DC [ c 0001 1xxx | 000q quuu
84h( FSR Indirect data memory address pointer KXXX XXXX [ uuuu uuuu
8sh  [TRISA |, S+ = X UAZ TTRORTA Data Direction Register ---1 1111 | -—-1 1111
86h TRISB PORTB Data Direction Control Register 1111 1111}1111 1111
R e SROTE Tl e
3 T*S @rﬁmp@égfented“f “ ,:’f ’ ape B . YT : ‘ 5 :ff" ,y:af‘: - :f }:i T BB
a wfﬁ—“}; j; %:—i:'w : “'“‘—J" ”; Write Buffer for the upper § bits of the Program Counter --=0 0000 { ---0 0000
GIE Vi&?;l‘}‘»m TOIE INTE I RBIE I TOIF I INTF l RBIF 0-00 000x | 0-00 000u

Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented locations read as '0".
Shaded locations are unimplemented and read as ‘0’

Note 1: These registers can be addressed from either bank.
2: The upper byte of the Program Counter (PC) is not directly accessible. PCLATH is a holding register for the PC whose con-
tents are transferred to the upper byte of the program counter. (PC<12:8>)

3:  Other (non power-up) resets include external reset through MCLR and the Watchdog Timer Reset.

4: The IRP and RP1 bits are reserved on the PIC16C61, always maintain these bits clear.

© 1997 Microchip Technology Inc.
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PIC16C6X

422  SPECIAL FUNCTION REGISTERS: The special function registers can be classified into two
sets (core and peripheral). The registers associated
with the “core” functions are described in this section
and those related to the operation of the peripheral fea-
tures are described in the section of that peripheral fea-
ture.

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM.

TABLE 4-1: SPECIAL FUNCTION REGISTERS FOR THE PIC16C61

. . . Vaiue on: Value on
Address | Name Bit7 Bit 6 Bits Bit4 Bit3 Bit2 Bit 1 Bit0 POR :;l;;::(e;l;
Bank 0
ooht" INDF . Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 {0000 0000
01h TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
ozn(®  |PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h(M STATUS IRP(4) 1 RP14 j RPO l TO [ PD I Z J DC [ Cc 0001 lxxx | 000g quuu
o4h(®  |FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
05h PORTA L l— L = W»:' ‘ ﬁ, TPORTA Data Latch when written: PORTA pins when read ~=~X XXXX|=-=--u uuuu
06h PORTB Data Latch when written: PORTB pms when read XXXX XXXX | uuuu uuuu
o7h i Ern}mplemenéed" 21-~) i “:‘ y, 4 ¢ -~ i\ - y —
gBh s Ummplemented’ ‘{A PR :‘n ”?'M vrm” T Z Nk ”*‘é; S ¢ N :ﬂ n _“’ N B t_;“ ,z.:
o9t P e D R I e I =
0AR{W2! |PCLATH | s 1: ‘-—’“ w =" |wite Bufter for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
oBh(  [INTCON GE | & TOlE INTE | RBiE | ToF | INTF | RBIF |o0-00 0oox|0-00 000u
Bank 1
goh( INDF , Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
gth_ |opmioN | RBPU | inTenG | Tocs [ Tose [ esa [ psz | est | Ppso |11 1111|1111 11
82hi1 PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
san  [staTus | ireld l RP1(4 | RPO T o | o ] z [ bc I ¢ [0001 1xxx|000q quuu
84h{" FSR Indirect data memory address pointer KXXX XXXX [ uuuu uuuu
8sh  [TRISA  |~as P =" | g -1 1111 [ ---1 1111
PORTB Data Direction Control Reglster 1111 1111 (1111 1111
;Ummplemenied ¢ . ” s Q 2 :.,: )
B dpigdemetede T T e s e S RRE 2

1 }@“'mp'eme"te‘i “ J N;V WMM,, ,.w_ f‘n” & e t; , %e“ *’; %‘w T:"}”‘Ww ’? i -

:: T b e . =] Write Buffer for the upper § bits of the Program Counter ---0 0000 | ---0 0000

ssh(®  |INTCON GIE s o TOE INTE | RBIE I TOIF , INTF L RBIF | 0-00 000x | 0-00 000u

Legend: x= unknown u = unchanged, q = value depends on condition, - = unimplemented locations read as '0'.
Shaded locations are unimplemented and read as ‘0’
Note 1: These registers can be addressed from either bank.
2: The upper byte of the Program Counter (PC) is not directly accessible. PCLATH is a holding register for the PC whose con-
tents are transferred to the upper byte of the program counter. (PC<12:8>)
3:  Other (non power-up) resets include external reset through MCLR and the Watchdog Timer Reset.
4: The IRP and RP1 bits are reserved on the PIC16C61, always maintain these bits clear.
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4.2.2.1 STATUS REGISTER

Applicable Devices

61l62[62AIR62]63]R63]64]64A]R64]65]65A]RE5]65]67
The STATUS register, shown in Figure 4-9, contains the
arithmetic status of the ALU, the RESET status and the

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any status bits, see the
“Instruction Set Summary”

bank select bits for data memory.

The STATUS register can be the destination for any ¢
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects \
the Z, DC or C bits, then the write to these three bits is -
disabled. These bits are set or cleared according to the

-y v

NGteit:. Eorthigseidbvicesthatido not uSeibits IRP
", and/RPUHSTATUSS7:6>) .mbintaithise,

& */bitscledr tolensure 'upwardicémpdtibility
With-fiitergpeoducts.,

v
“Notes2z The/G,dnd. Dcibitsropsrateras-a/boron

50 e A

o

device logic. Furthermore, the TO and PD bits are not *éng%‘alglt§5$orgogg&’§it‘£r‘_g;}sgjgfe&ti‘\?jéljrimigg*
writable. Therefore, the result of an instruction with the T ;;;v;tj‘a}:c_,;tf“éb;: %‘éejg ”’gﬁ“ef}ié%Bwnﬁi&%;ép@ﬂ&:‘swa?
STATUS register as destination may be different than g ?instﬁfctidné‘ifon.ex“’amgleéf % wa
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

FIGURE 4-9: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

RO RAEQ R-1 R-1 RMEX RMEx

RMEX
DSARNC o
bit0

W)
L _IRP
bit7

[ Rt T RPO | T | P | 2

R = Readable bit

W = Writable bit

- n=Value at POR reset
X = unknown

bit 7: IRP: Reglster Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)

0 =Bank 0, 1 (00h - FFh)

RP1:RPO: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)

10 = Bank 2 (100h - 17Fh)

01 = Bank 1 (80h - FFh)

00 = Bank 0 (00h - 7Fh)

Each bank is 128 bytes.

TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = AWDT time-out occurred

PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

Z: Zero bit

1 =The result of an arithmetic or logic operation is zero

0 =The result of an arithmetic or logic operation is not zero

DC: Digit carry/borrow bit (for ADDWE, ADDLW, SUBLW, and SUBWF instructions) (For borrow

1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 6-5:

bit 4:

bit 3:

bit 2:

bit 1:

bit 0:
1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result
Note: a subtraction is executed by adding the two's complement of the second operand.

C: Carry/borrow bit (for ADDWE, ADDLW, SUBLW, and SUBWF instructions)( For borrow the polarity is reversed).

For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order bit of the source register.

the polarity is reversed).

© 1997 Microchip Technology Inc.
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4222 OPTION REGISTER

Applicable Devices "Note:
61l62/62A|R62]63[R63]64]64A]RE4]65[65A[RE5]66]67

n ER

Td achlevewa%‘l . prescaler assugnmenﬁfoa
'FMRO*regLster:,aSSIgn*the«prescalerato‘the

The OPTION reglster is a readable and writable regis- WatchdogiTimer: . —
ter which contaifs various control bits to confi igure the
TMROMDT prescaler, the external INT interrupt,
TMRO, and the weak pull-ups on PORTB.
FIGURE 4-10: OPTION REGISTER (ADDRESS 81 h, 181h)
R RMEH1 R R RMA1 R/M-1 R/WH1 RMA1
[ RBPU_[INTEDG [ TOCS | TOoSE | PsA Ps2_ | Pst | Pso | [R =Readable bit
bit7 bito W = Wiritable bit
U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset

bit 7: RBPU: PORTB Pull-up Enable bit

1= PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
bit 6: INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin

bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (GLKOUT)

bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
= Increment on low-to-high transition on RA4/TOCKI pin

bit 3: PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0: PS2:PS0: Prescaler Rate Select bits
BitValue TMRO Rate WDT Rate

000 1:2 1:1
001 i1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

DS30234D-pagé 36
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4223 INTCON REGISTER

Applicable Devices
61l62l62AR62[63[R63]64]64AIRE4]65]65A]RE5]66]67

The INTCON Register is a readable and writable regis-

B

sNOtets Interiuptlag:bifSigetsétiwhen‘arsifitsrrupt

n wy egn a Cal B ad ey
.~ r Hitstcorresporidih

5 im

f ébhaitjonfé&u&}eﬁg:a‘dléssgafgheisfa?ekéf
ndingenablesbitiorithe globak

o

_enablé:bit: GIE(INTEONE7Sr

ter which contains the various enable and flag bits for
the TMRO register overflow, RB port change and exter-
nal RBO/INT pin interrupts.

FIGURE 4-11: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh 18Bh)

RMEO RO RML0 RMA0 RMLO RO RO RMEX

TOIF = Readable bit

= Writable bit

= Unimplemented bit,
read as ‘0’

-n =Value at POR reset

X = unknown

[ GE [ PEE | ToE | INTE | RBIE |
bit7

RBIF |
bito

| INTE

R
W
U

bit7:  GIES" Global Interrupt Enable bit
1 = Enables all un-masked interrupts

0 = Disables all interrupts

PEIE:® Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO overflow interrupt
0 = Disables the TMRO overflow interrupt

INTE: RBO/INT External Interrupt Enabie bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TOIF: TMRO Overflow Interrupt Flag bit

1 =TMRO register overflowed (must be cleared in software)

0 = TMRO register did not overflow

INTF: RBO/INT External Interrupt Flag bit

1 =The RBO/INT external interrupt occurred {must be cleared in software)
0 = The RBOU/INT externai interrupt did not occur

RBIF: RB Port Change Interrupt Flag bit

1= Atleast one of the RB7:RB4 pins changed state (see Section 5.2 to clear the interrupt)
0 = None of the RB7:RB4 pins have changed state

bit 6:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit O:

Note 1: Forthe PIC16C61/62/64/65, if an interrupt occurs while the GIE bit is being cleared, the GIE bit may unintentionally
be re-enabled by the RETFIE instruction in the user's Interrupt Service Routine. Refer to Section 13.5 for a detailed
description.

2: The PEIE bit (bit6) is unimplemented on the PIC16C61, read as '0".

PR i 7 5 o P2 i WA e o T e i S % g & N ]
"’ rwnterruptit:.ondltloni{m':“cur,surega‘zﬁrdless,’;ot?;,th"é‘,sta;ge{w siﬁcorre,spongmggena,b!er;bnﬁocgtﬁe;x»«
I - S L% PN ML R
should,:ensure',:the%appropnate,mtermptgﬂag‘;blts;arei’dea&pnogtomw
S Sl * pREAE ,,::'af o v »gc;fw:.:m Ex w0

;. Fo

Byt

% 5 s T Ny % W e i a8
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4224 PIE1REGISTER Notez sBit PEIE:(NFCONS6>).mustibe-set to:
Applicable Devices , » - énablewanyspefipheratintertupt:
61l62/62A|R6263]R63]64]64A[RE4[65]65A]RES5]66]67
This register contains the individual enable bits for the
peripheral interrupts.

FIGURE 4-12: PIE1 REGISTER FOR PIC16C62/62A/R62 (ADDRESS 8Ch)

RW-0  RWO U0 U0 RMO  RMWO  RWO RWO
L = —=s ] — . — <[ sspiE | ccPilE [ TMR2IE | TMRIIE | [R = Readable bit
bit7 bito (W =Writable bit
U = Unimplemented bit,
read as '0’

- n = Value at POR reset

bit 7-6: Reserved: Always maintain these bits clear.
bit 5-4: Unimplemented: Read as '0'

bit 3: SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2: CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt
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43 PCL and PCLATH

Applicable Devices
61]62[62AIR62I§3[R63|64Is45[R64lsslssAIRsslséE7
The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any reset, the upper bits of the PC
will be cleared. Figure 4-24 shows the two situations for
the loading of the PC. The upper example in the figure
shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during aCALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 4-24: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
L 1 J Instruction with
PC ECL as
Jestination

E PCLATH<4:0> 8

ls 1 1

PCLATH
PCH PCL

12 11 16 8 7 0
pc | | soto. cawL
2 E PCLATH<4:3> ﬁ 11

Letadal | [T

PCLATH

Opcode <10:0>

4.3.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWE PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 word block). Refer to the
application note “/Implementing a Table Read” (AN556).

432 STACK

The PIC16CXX family has an 8 deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or a POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

. Noter1i Therezarezznovstatus*blts“to:mdxcaterstack‘
- overﬂows,pmstack und“erﬂowscogdmons
Nogefz ;Lgi‘ere:fiare nm lnStl"UCﬂOnS“i,‘%

5 %

£

RE;TURN“ RE;TEW«, and RE’I;ME“ lnstruc*-;
tlons, omtheavectormgw tor an: mterrupt
addu;essii, T

s

4.4 Program Memory Paging

Applicable Devices

61l62/62A|R62]63]R63164]64A[RE4]65]65A]RE5]66]67
PIC16C6X devices are capable of addressing a contin-
uous 8K word block of program memory. The CALL and
GOTO instructions provide only 11 bits of address to
allow branching within any 2K program memory page.
When doing a CALL or GOTO instruction the upper two
bits of the address are provided by PCLATH<4:3>,
When doing a CALL or GOTQ instruction, the user must
ensure that the page select bits are programmed so
that the desired program memory page is addressed. If
a return from a CALL instruction (or interrupt) is exe-
cuted, the entire 13-bit PC is pushed onto the stack.
Therefore, manipulation of the PCLATH<4:3> bits are
not required for the return instructions (which POPs the
address from the stack).

"iNote®  PICA GCGX%devmes&w:th 4K ormless.«of*pro-
. gram, memory lgnore ,apaglng" bl}i_

’*PCLA'EH<4> TFhe ude.of, PGLARH<4>" asga
\ general&pu;pose':ead/wnteébm|s“‘ not“rec-
* ommendedssmcef thls may“*affectgupwazd

compat:bxutwthhyfuturesproductsw e 3

DS30234D-page 48

© 1997 Microchip Technology Inc.



PIC16C6X

Example 4-1 shows the calling of a subroutine in 4.5 Indirect Addressing, INDF and FSR
page 1 of the program memory. This example assumes Registers

that the PCLATH is saved and restored by the interrupt

. . e s Applicable Devices
service routine (if interrupts are used). Bp

61]62[62A[R62]63|R63]64]64A]RE4]65]65AIRE5]66]67

EXAMPLE 4-1: CALL OF A SUBROUTINEIN T e dsrer 15 nol 2 physical register. Address-
PAGE 1 FROM PAGE 0 ing the INDF register will cause indirect addressing.

ORG 0x500 Indirect addressing is possible by using the INDF reg-

BSF PCLATH,3 ;Select page 1 (800h-FFFh) ister. Any instruction using the INDF register actually

BCF PCLATH,4 ;0Only on >4K devices accesses the register pointed to by the File Select Reg-

CALL  SUBL_P1  ;Call subroutine in ister, FSR. Reading the INDF register itself indirectly

: ! ;page 1 (800h-FFFh) (FSR ='0") will produce 00h. Writing to the INDF regis-

ter indirectly results in a no-operation (aithough status

ORG 0x 96 0 bits may be affected). An effective 9-bit address is

. btained by concatenating the 8-bit FSR register and
SUB1_P1: i scalled subroutine ~ . s
-, ;page 1 (800h-FFFh) the IRP bit (STATUS<7>), as shown in Figure 4-25.
: _ A simple program to clear RAM location 20h-2Fh using
RETURN ireturn to Call subroutine indirect addressing is shown in Example 4-2.

;in page 0 (000h-7FFh)
EXAMPLE 4-2: INDIRECT ADDRESSING

movlw 0x20 ;initialize pointer
movwf FSR ; to RAM
NEXT clrf INDF ;clear INDF register

incf FSR,F ;inc pointer
btfss FSR, 4 ;all done?

goto NEXT ;NO, clear next
CONTINUE
;YES, continue
FIGURE 4-25: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR 0
HENEEERNERE 1 CCTTTTT]
- iy J . -9 A v J
bank select location selectl bank select location select
— b > 00 01 10 11 </

00h 80h 100h 180h

Data
Memory

7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

For memory map detail see Figure 4-5, Figure 4-6, Figure 4-7, and Figure 4-8,
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5.0 1/0 PORTS

Applicable Devices
61l62]62A[R62/63[R63[64]64A[R64[65]65A]RE5[66]67
Some pins for these I/0 ports are multiplexed with an
alternate function(s) for the peripheral features on the
device. In geneyal, when a peripheral is enabled, that
pin may not be used as a general purpose I/O pin.

5.1 PORTA and TRISA Register

Applicable Devices
61]62]62A[R62]63]R63]64]64AIR64]65]65A]RE5]66]67
All devices have a 6-bit wide PORTA, except for the
PIC16C61 which has a 5-bit wide PORTA.

Pin RA4/TOCKI is a Schmitt Trigger input and an open
drain output. All other RA port pins have TTL input lev-
els and full CMOS output drivers. All pins have data
direction bits (TRIS registers) which can configure
these pins as output or input.

Setting a bit in the TRISA register puts the correspond-
ing output driver in a hi-impedance mode. Clearing a bit
in the TRISA register puts the contents of the output
latch on the selected pin.

Reading PORTA register reads the status of the pins
whereas writing to it will write to the port latch. All write
operations aré read-modify-write operations. There-
fore, a write to a port implies that the port pins are read,
this value is médified, and then written to the port data
latch.

Pin RA4 is multiplexed with Timer0 module clock input
to become the RA4/TOCK! pin.

EXAMPLE 5+1:  INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATU§, RP1 ; PIC16C66/67 only
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW OxCF ; Value used to
; initialize data
; direction
MOVWE TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
i TRISA<7:6> are always
; read as '0'.

FIGURE 5-1: BLOCK DIAGRAM OF THE
RA3:RA0 PINS AND THE RAS
PIN

Data
bus

WR Voo
Pgi_gt CK—\_G —D_‘ P
Data Latch ‘]7 V—&
D Q N /O pint!
Vss

WR
TRIS, cK L Q

TRIS Latch

TIL
input
buffer

EN
RD PORT {>& '

Note 1: /O pins have protection diodes to Voo and
Vss.
2: The PIC16C61 does not have an RAS pin.

FIGURE 5-2: BLOCK DIAGRAM OF THE
RA4/TOCKI PIN

Data

bus D Q
PORT ’—@
P
Data Latch
+— D Q Vss
WR
IRIS | ckla $ Schmitt
Trigger S7
input

TRIS Latch buffer
q

RD TRIS

!
RD PORT £{>c = —I

__ TMRO clock input

Note 1: /O pin has protection diodes to Vss only.
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TABLE 5-1: ‘ PORTA FUNCTIONS

Name Bit# Buffer Ty pe Function
RAO bit0 TTL Input/output
RA1 bit1 TTL Input/output
RA2 | bit2 TTL Input/output
RA3 bit3 TTL Input/output
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0.
Output is open drain type.
RA5/SS (1 bit5 TTL Input/output or slave select input for synchronous serial port.

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1. The PIC16C61 does not have PORTA<5> or TRISA<5>, read as ‘0",

TABLE 5-2: REGISTERS/BITS ASSOCIATED WITH PORTA

; Value on: Value on all

Address |Name | Bit7 | Bité Bit§ Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other resets

BOR
05h PORTA | RA5() RA4 RA3 RA2 RA1 RAO | --xx XXxx | --uu uuuu
85h TRISA 4 PORTA Data Direction Registert) --11 1111 | --11 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.
Note 1: PORTA<5> and TRISA<5> are not implemented on the PIC16C61, read as ‘0"
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5.2 PORTB and TRISB Register

Applicable Devices
61l62l62A]R62]63]R63]64]64AIRG4[65]65A]RE5]66]67
PORTB is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a bit
in the TRISB register puts the corresponding output
driver in a hi-impedance mode. Clearing a bit in the
TRISB register, puts the contents of the output latch on
the selected pin(s).

EXAMPLE 5-2: INITIALIZING PORTB

BCF STATUS, RPO ;
CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW OxCF , ; Value used to
; initialize data
; direction
; Set RB<3:0> as inputs
; RB<S5:4> as outputs
; RB<7:6> as inputs

MOVWE TRISBv

Each of the PORTB pins has a weak internal pufi-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION<7>). The
weak pull-up is automaticaily turned off when the port
pin is configured as an output. The pull-ups are aiso
disabled on a Power-on Reset.

Four of PORTB's pins, RB7:RB4, have an interrupt on
change featur(e. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt
on change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR'ed together to generate the RB port change
interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition, and
allow flag bit RBIF to be cleared.

This interrupt on mismatch feature, together with soft-
ware configurable pull-ups on these four pins allow
easy interface to a keypad and make it possible for
wake-up on key-depression. Refer to the Embedded
Control Handbook, Application Note, “/mplementing
Wake-up on Key Stroke” (AN552).

‘Néte:: Fba,E’lC1606ﬂ6276’4/65* ifa’ehiange;orithe,
'/, llOzplmshould@munwhen aread ogerauon
% A st belnggexeguted?Qstan oﬁthes@%cyclgz;
& themnterrupt?ﬂag bitRBIFMmay:riotgékset:

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

FIGURE 5-3: BLOCK DIAGRAM OF THE
RB7:RB4 PINS FOR
PIC16C61/62/64/65

VDo
RBPU2) E’—weak
-—:13’—‘ P pull-up
Data Latch
Data bus ————-—D a D .__@
110
WR Port CKYL pint"
TRIS Latch
8] Q
WR TRIS TTL
CK_\_ \
LAV
¢ > Buffer
RD TRIS Latch
Pl Q D
RD Port EN
Set RBIF A

EN 4
RD Port

Note 1:1/0 pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TR!S bit(s)
and clear the bit (OPTION<7>).

RB7:RB6 in serial programming mode
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FIGURE 54: BLOCK DIAGRAM OF THE FIGURE 5-5: BLOCK DIAGRAM OF THE
RB7:RB4 PINS FOR RB3:RB0 PINS
PIC16C62A/63/R63/64A/65A! " Voo
R65/66/67 RBPU! K

VoD —D—‘ f gjﬁu‘)
EBBU? 5 weak Data bus Data Latch N &
: —D_'l pull-up D Q
Data Latch WR Port 1’0
Data bus _Daa_a_Qc_ »__& L CK™_ pin(!)
WR Port Vo
lgmgxégq WRTRIS K input
WR TRIS TTL
K Input 37 3\7
uffer 1 ST
‘ i Buffer RD TRIS
Q D
RD TRIS Latch
RD Port EN Q1 RBO/INT P
Set RBIF X |
‘@G‘I—G gc?fmitt Trigger RD Port
utrer
From other ;— Q D
RB7:RB4 pins RD Port
EN Q3 Note 1: /O pins have diode protection to VDD and VsS.
RB7:RB6 in serial programming mode # 'I;Jngndag:_\:/heeak uIl-ub;:ts .(S%t_‘g’h&‘?g);c){priate TRIS Dits)
Note 1: /O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the bit (OPTION<7>).
TABLE 5-3: PORTB FUNCTIONS
Name Bit#. | Buffer Type | Function
RBO/INT bit0 TTLST Input/output pin or external interrupt input. internal software programmable
weak pull-up.
RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.
RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.
RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.
RB6 bité TTUSTZ Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming clock.
RB7 bit7 TTUST Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 54: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: Value on all
Address | Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 POR,

BOR other resets
06h, 106h PORTB RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO | xxxx xxxx |uuuu uuuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 11114 1111 1111
81h, 181h | OPTION | RBPU | INTEBG| Toos: | Tose] p$as [psz | Pst [*psoriiin 1in1) 1111 11m

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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5.6 1{e) I'i"roqramminq Considerations

Applicable Devices
61l62]624]R62l63|R63|64]64AIR64[65]65A[RE5]6667

5.6.1 BI-DIRECTIONAL I/O PORTS

Any instruction which writes, operates internally as a
read followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute, the bit operation and write the result back
to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bits and PORTB is written to the output latches. If
another bit of PORTB is used as a bi-directional /O pin
(e.g., bit0) and it is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and fewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the input mode, no problem occurs. However, if
bit0 is switched into output mode later on, the content
of the data latch may now be unknown.

Reading the port register, reads the values of the port
pins. Writing to the port register writes the vaiue to the
port latch. When using read-modify-write instructions
(ex.BCF, BSF, etc.) on aport, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-4 shows the effect of two sequential
read-modify-write instructions on an /O port.

FIGURE 5-10: SUCCESSIVE I/O OPERATION

EXAMPLE 54: READ-MODIFY-WRITE
INSTRUCTIONS ON AN

/O PORT
;Initial PORT settings: PORTB<7:4> Inputs
; PORTB<3:0> Outputs

; PORTB<7:6> have external pull-ups and are
;not connected to other circuitry

; PORT latch PORT pins
Olpp pppp  1lpp PpPPP
10pp pppp  1llpp ppPPP

BCF PORTB, 7 ;
BCF PORTB, 6 ;
BSEF STATUS, RPO
BCF TRISB, 7 i
BCEF TRISB, 6 ;

10pp pppp  1llpp ppPP
10pp pppp  10pp pppp
;Note that the user may have expected the
;pin values to be 00pp pppp. The 2nd BCF
;caused RB7 to be latched as the pin value

; (high).

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (*wired-or”, “wired-and™).
The resulting high output currents may damage the
chip.

5.6.2 ~ SUCCESSIVE OPERATIONS ON I/O PORTS

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 5-10). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same /O port. The sequence of instructions should be
such to allow the pin voitage to stabilize (load depen-
dent) before the next instruction which causes that file
to be read into the CPU is executed. Otherwise, the
previous state of that pin may be read into the CPU
rather than the new state. When in doubt, it is better to
separate these instructions with a NOP or another
instruction not accessing this /0 port.

. Q1] Q2] Q3] Q4; Q1| Q2] Q3| Q4; Q1: Q2| Q3| Q4! Q1| Q2| Q3] Q4!  Note:

PC x PC X PC+1 )L T PC+2 X PC+3 ') This example shows a write to PORTB
Insfterltlgrt\lgg « MOVWF PORTB ‘MOVF PORTBW + . . . followed by a read from PORTB.
! write to ! + NOP ' NOP ' N hat:
: PORTB : : : : ote that:
RB7:RBO | . — ; - data setup time = (0.25Tcy - TPD)
' : : X TPon i . . where Tcv = instruction cycle
. , , ‘samged heres : TpD = propagation delay
Instruction ' — = TPO— ' NOP «  Therefore, at higher clock frequencies,
executed | X Vo X . awrite followed by a read may be prob-
. : MOVWF PORTB | MOVF PORTBW' ' et 4 yoep
' write to ' l ematic.
- PORTB ; :
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6.0 OVERVIEW OF TIMER
MODULES

Applicable Devices

61[62]62A[R62]63]R63]64]64A[RE4]65]65A]RE5]66]67

Al PIC16C6X devices have three timer modules except
for the PIC16C61, which has one timer module. Each
module can generate an interrupt to indicate that an
event has occurred (i.e., timer overflow). Each of these
modules are detailed in the following sections. The
timer modules are:

+ Timer0 module (Section 7.0)
+ Timer1 modyle (Section 8.0)
+ Timer2 module (Section 9.0)

6.1 TimerQ Overview

Applicable Devices
b1]62]62A[R62[63]R63[64]64A[RE4]65]65A]RE5]66]67
The TimerQ module is a simple 8-bit overflow counter.
The clock source can be either the internal system
clock (Fosc/4) or an external clock. When the clock
source is an eternal clock, the Timer0 module can be
selected to increment on either the rising or falling
edge.

The Timer0 module also has a programmable pres-
caler option. This prescaler can be assigned to either
the Timer0 module or the Watchdog Timer. Bit PSA
(OPTION<3>) assigns the prescaler, and bits PS2:PS0
(OPTION<2:0>) determine the prescaler value. TMRO
can increment at the following rates: 1:1 when the pres-
caler is assigned to Watchdog Timer, 1:2, 1:4, 1:8,
1:16, 1:32, 1:64, 1:128,; and 1:256.

Synchronization of the external clock occurs after the
prescaler. When the prescaler is used, the external
clock frequency may be higher then the device's fre-
quency. The maximum frequency is 50 MHz, given the
high and low time requirements of the clock.

6.2 Timér1 Overview

Applicable Devices
6162/62A[R62]63]R63]64[64A]RE4]65[65A]RE5]66]67

Timer1 is a 16-bit timer/counter. The clock source can
be either the internal system clock (Fosc/4), an external
clock, or an external crystal. Timer1 can operate as
either a timer or a counter. When operating as a
counter (external clock source), the counter can either
operate synchronized to the device or asynchronously
to the device. Asynchronous operation allows Timer1 to
operate during sleep, which is useful for applications
that require a real-time clock as well as the power sav-
ings of SLEER mode.

Tlmer1 also has a prescaler option which allows TMR1
to increment at the following rates: 1:1, 1:2, 1:4, and
1:8. TMR1 can be used in conjunction with the Capture/
Compare/PWM module. When used with a CCP mod-
ule, Timer1 is the time-base for 16-bit capture or 16-bit
compare and must be synchronized to the device.

6.3 Timer2 Overview

Applicable Devices
61|62/62A|R62]63|R63l64]64A]RE4[65]65A]RE5]66]67

Timer2 is an 8-bit timer with a programmable prescaler
and a programmable postscaler, as well as an 8-bit
Period Register (PR2). Timer2 can be used with the
CCP module (in PWM mode) as well as the Baud Rate
Generator for the Synchronous Serial Port (SSP). The
prescaler option allows Timer2 to increment at the fol-
lowing rates: 1:1, 1:4, and 1:16,

The postscaler allows TMR2 register to match the
period register (PR2) a programmable number of times
before generating an interrupt. The postscaler can be
programmed from 1:1 to 1:16 (inclusive).

6.4 CCP QOverview

Applicable Devices
61l62]624]R62]63]R63]64]64A[RE4]65][65A]RE5]66]67

The CCP module(s) can operate in one of three modes:
16-bit capture, 16-bit compare, or up to 10-bit Pulse
Width Modulation (PWM).

Capture mode captures the 16-bit value of TMR1 into
the CCPRxH:CCPRXxL register pair. The capture event
can be programmed for either the falling edge, rising
edge, fourth rising edge, or sixteenth rising edge of the
CCPx pin.

Compare mode compares the TMR1H:TMR1L register
pair to the CCPRxH:CCPRXL register pair. When a
match occurs, an interrupt can be generated and the
output pin CCPx can be forced to a given state (High or
Low) and Timer1 can be reset. This depends on control
bits CCPxM3:CCPxMO.

PWM mode compares the TMR2 register to a 10-bit
duty cycle register (CCPRxH:CCPRxL<5:4>) as well as
to an 8-bit period register (PR2). When the TMR2 reg-
ister = Duty Cycle register, the CCPx pin will be forced
low. When TMR2 = PR2, TMR2 is cleared to 00h, an
interrupt can be generated, and the CCPx pin (if an out-
put) will be forced high.

© 1997 Microchip Technology Inc.
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7.0 TIMERO MODULE

Applicable Devices
61l62]62A|R62][63]R63[64]64A]RE4]65]65A]RE5]66]67

The Timer0 module has the following features:
+ 8-bit timer/counter register, TMRO
- Read and write capability
- Interrupt on overflow from FFh to 00h
»+ 8-bit software programmable prescaler
+ Internal or external clock select
- Edge select for external clock

Figure 7-1 is a simplified block diagram of the Timer0
module.

Timer mode is selected by clearing bit TOCS
(OPTION<5>). In timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
TMRO register is written, the increment is inhibited for
the following two instruction cycles (Figure 7-2 and
Figure 7-3). The user can work around this by writing
an adjusted value to the TMRO register.

Counter mode is selected by setting bit TOCS. In this
mode, Timer0 will increment either on every rising or
falling edge of pin RA4/TOCKI. The incrementing edge
is determined by the source edge select bit TOSE

(OPTION<4>). Clearing bit TOSE selects the rising
edge. Restrictions on the external clock input are dis-
cussed in detail in Section 7.2.

The prescaler is mutually exclusively shared between
the TimerQ module and the Watchdog Timer. The pres-
caler assignment is controlled in software by control bit
PSA (OPTION<3>). Clearing bit PSA will assign the
prescaler to the Timer0 module. The prescaler is not
readable or writable. When the prescaler is assigned to
the Timer0 module, prescale values of 1:2, 1:4, ...,
1:256 are selectable. Section 7.3 details the operation
of the prescaler.

7.1 TMRO Interrupt

Applicable Devices

61l62]62A[R62[63]R63]64[64A]R64]65]65A]RE5]66]67

The TMRO interrupt is generated when the register
(TMRO) overflows from FFh to 00h. This overflow sets
interrupt flag bit TOIF (INTCON<2>). The interrupt can
be masked by clearing enable bit TOIE (INTCON<5>).
Flag bit TOIF must be cleared in software by the TImer0
interrupt service routine before re-enabling this inter-
rupt. The TMRO interrupt cannot wake the processor
from SLEEP since the timer is shut off during SLEEP,
Figure 7-4 displays the TimerQ interrupt timing.

FIGURE 7-1: TIMERO BLOCK DIAGRAM
Data bus
RA4/TOCKI  Foscrd 0
pin . PSout 8
L 4 1
Sync with
D— 1 Internal TMRO reg
Programmable 0 ks PSout
Prescaler
TOSE (2 cycle delay)
3
Set bit TOIF
P82, PS1, PSO PSA on overflow
TOCS
Note 1: Bits, TOCS, TOSE, PSA, and PS2, PS1, PS0 are (OPTION<5:0).

2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram).

FIGURE 7-2: TIMERO TIMING: INTERNAL CLOCK/NO PRESCALER
PC :Q1|ozloslo4iQ1|oz|03|o4§o1loz|oa|o4;o1]oz|03104:o1|02|03|o4:o1|02|oslo4:01|02|03|o4;m]oz]oalm;
(Program ' s ' ' ' ' ' ' '
Counter) CPCT Y PC XTPCRT YT PCel Y PCH3 X PCWA §__PCE5 (PG )
t Ll & L] L} Ll 1
Instruction : MOVWEF TMRO ! MOVF TMROW ! MOVF TMRO.W ' MOVF TMRO,W *MOVF TMROW ' MOVF TMROW :
Z : 2 ! ! . . . .
TMRO ] PR (2 N (BN (-2 D G (N PR D G ) (¢SS ) (2 D, PR+ S
T 1} . 1} L} . € Ll ]
nsvucton : A 4 4 4 ;4 4 :
Executed ' ' WiteTMRO | ReadTMRO | ReadTMRO ' ReadTMRO ' ReadTMRO ' Resd TMRO '
axecuted reads NTO reads NTO reads NTO reads NTO+1  reads NTO +2
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FIGURE 7-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2

PC ;a1jaz|a3|4; a1]az|a3|a4;a1|az2|a3]a4 ;a1a2|a3]a4;a1|a2|{@3]a4 a1|az|a3]as Q1| Q2| Q3] Q4 Q1| 02| Q3] Q4,
(Program ' ' ' ' ' ' l ' .
Counter) ( PCA X PC X PCH X PC¥7 X PCrs X PCxa ¥ PC¥5___(__PC¥e )
Instuction * MOVWF TMRO ' MOVF TMROW * MOVF TMRO,W ! MOVF TMROW 'MOVF TMRO,W ' MOVF TMROW ! X
FSICh 1] ' 1 ’ 1 L] L} 1l Ll ]

1 ] v ] 1 1] L} 13 1
TMRO LT0 ) T, X X W10, ) SRR G O
Instruction : : : : : : : : :
Execute . . ' WriteTMRO , ReadTMRO , ReadTMRO , Read TMRO , ReadTMRO | Read TMRO

executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 7-4: TMRO INTERRUPT TIMING

osctt y . . ) '

Timer0 - FEh o

FFh X

TOIF bit '
(INTCON<2>) :

T N O

GIE bit .
(INTCON<7>)

PC +1 PC +1 X 0004h X 0005h

Inst (PC+1) Inst (0004h)

fetched

Instruction { Inst (PC)

Inst (PC-1) Inst (PC) Dummy cycle Dummy cycle

PC ( PC
executed :

Instruction {

R
R L S

Note 1: Interrupt flag bit TOIF is sampled here (every Q1).
2: Interrupt latency = 4Tcy where Tey = instruction cycle time.
3: CLKOUT is available only in RC oscillator mode.
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7.2 Using Timer0 with External Clock

Applicable. Devices
61l62]62AIR62[63[R63]64]64AIRE4]65]65AIRE5]66[67
When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

7.2.1 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCK! with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks (Figure 7-5).
Therefore, it is necessary for TOCKI to be high for at
least 2Tosc (and a small RC delay of 20 ns) and low for
at least 2Tosc (and a small RC delay of 20 ns). Refer to
the electrical specification of the desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type pres-
caler so that the prescaler output is symmetrical. For
the external clock to meet the sampling requirement,
the ripple-counter must be taken into account. There-
fore, it is necessary for TOCKI to have a period of at
least 4Tosc (and a small RC delay of 40 ns) divided by
the prescaler value. The only requirement on TOCKI
high and low time is that they do not violate the mini-
mum puise width requirement of 10 ns. Refer to param-
eters 40, 41 and 42 in the electrical specification of the
desired device.

722  TIMERO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the Timer0 mod-
ule is actually incremented. Figure 7-5 shows the delay
from the external clock edge to the timer incrementing.

FIGURE 7-5: TIMERO TIMING WITH EXTERNAL CLOCK

Q11 Q2! Q31 Q4 {Q1] Q2! Q3|1 Q4 | Q1! Q2] Q31 Q4 | Q1l Q2] Q3! Q4 I

N Small pulse
External Clock Input or - 2 ; :
Prescaler output &’ AR [k & BX [\ misses sampling

(1)

External Clock/Prescaler i
Output after sampling | |

Increment Timer0 (Q4) l

Timer0 X TO+1 )& T0+2

Note 1: Delay from clock input change to Timer0 increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = +4Tosc max.
2: External clock if no prescaler selected, prescaler output otherwise.
3: THe arrows indicate the points in time where sampling occurs.

&
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7.3 Prescaler The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

Applicable Devices

61]62]62A[R62]63]R63]64]64AIR64165]65ARE5]66]67 When assigned to the Timer0 module, all instructions
An 8-bit counter is available as a prescaler for the writing to the TMRO register (e.g. CLRF TMRO,
Timer0 module or as a postscaler for the Watchdog MOVWE TMRO, BSF TMRO,bitx) will clear the pres-
Timer (WDT), respectively (Figure 7-8). For simplicity, caler cou_nt. Whgn asglgned to the Watchdog .Tlmer, a
this counter is being referred to as “prescaler” through- CLRWDT instruction will clear the Wa_tchdog Timer and
out this data sheet. Note that the prescaler may be thg prescaler count. The prescaler is not readable or
used by either the Timer0 module or the Watchdog writable.
Time_r, but not both. Thus, a presca[er assignment for - ~ ;Noté:. Wntmgitoar"&TMRO“ whenzthempnescalemss
the TimerQ modyle means ghat there is no prescaler for assngned‘fto Tlmer(}w;n‘c[ear theaprescarer
the Watchdog Timer, and vice-versa. £ count&ﬁbutf«wﬂl notschangefithejprescalér
o ,asagnment L = .

FIGURE 7-6: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (¥Fosc/4) Data Bus
Y 8
RA4/TOCKI M
pin X U f- SYNC
1 0 > 2 TMRO reg
X Cycles
TOSE T ?
TOCS .
PSA Set flag bit TOIF
on Overflow
0 i >
M —- 8-bit Prescaler
U
Watchdog 1 X a v
Timer
T 8-to - 1MUX rt—— PS2:PS0O
T PSA
1
WDT Enable bit 0 J
MUX e—PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION<5:0>).
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7.3.1

SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program

execution.

" Toavoid arkunintefided:device:RESET; the
“« TlIOWit g;mstructrwsequencef(showm in
. ;ExampleJ‘i) must be; execufei*when
&cha'qgmgf thegprescaler’%ass:gnment from
'[Z:merﬂ tO»th%VVBTZThIS’prCGUtIOﬂ fust
.be followed:éven:it.tHe:WDT is disabled:

EXAMPLE 7-1:

Lines 2 and 3'do NOT have to
be included if the final desired
prescale valué is other than 1:1.

If 1:1 is final desired value, then

a temporary prescale value is

set in lines 2 and 3 and the final 6!

prescale value will be setin lines
10 and 11.

1) BSF
2) MOVLW
3) MOVWF
4) BCF
5) CLRF
BSF
7) MOVLW
8) MOVWF
9) CLRWDT
10) MOVLW
11) MOVWE
12) BCF

STATUS, RPO
b'xx0x0xxx'
OPTION_REG
STATUS, RPO
TMRO

STATUS, RP1
b'xxxxlxxx'

OPTION_REG

b'xxxxlxxx'
OPTION REG
STATUS, RPO

To change prescaler from the WDT to the Timer0 mod-
ule, use the sequence shown in Example 7-2.

EXAMPLE 7-2:

CHANGING PRESCALER (TIMERO—WDT)

;Bank 1

;Select clock source and prescale value of
;other than 1:1

;Bank 0O

;Clear TMRO and prescaler

;Bank 1

;Select WDT, do not change prescale value

;

;Clears WDT and prescaler

;Select new prescale value and WDT

;

;Bank O

CHANGING PRESCALER (WDT—-TIMERO)

CLRWDT ;Clear WDT and prescaler
BSF STATUS, RPO ;Bank 1
MOVLW b'xxxx0xxx' ;Select TMRO, new prescale value and clock source
MOVWE OPTION_REG
BCF STATUS, RPO ;Bank 0
TABLE 7-1: REGISTERS ASSOCIATED WITH TIMERO
K 4 Value on: Value on all
Address | Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR,
L other resets
BOR
01h, 101h | TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh,8Bh, |INTCON| GIE [iPEiE™] ToEE | INTE. [ RBIE | TOIF | INFF[SRBIF | 0000 000x | 0000 000u
108,188 « i . N
81h, 181h O?DTION QEE*PU* “IN‘EEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
85h TRISA | = 4" "= " | hoRTA Data Direction Registert? --11 1111} --11 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by Timer0.
Note 1: TRISA<5> and bit PEIE are not implemented on the PIC16C81, read as '0".
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13.0 SPECIAL FEATURES OF THE
CPU

Applicable Devices
61]62]62A[R62[63]R63]64]64A[RE4]65][65A]RE5[66]67

What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of real-
time applications. The PIC16CXX family has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external compo-
nents, provide power saving operating modes and offer
code protection. These are:

+ Oscillator selection
* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- OscillatorFStart-up Timer (OST)
- Brown-out Reset (BOR)
* Interrupts
+ Watchdog Timer (WDT)
* SLEEP mode
+ Code protection
* ID locations*
* In-circuit serial programming
The PIC16CXX has a Watchdog Timer which can be

shut off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two

timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in RESET until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which pro-
vides a fixed delay of 72 ms (nominal) on power-up
only, designed to keep the part in reset while the power
supply stabilizes. With these two timers on-chip, most
applications need no external reset circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake from SLEEP
through external reset, Watchdog Timer Wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC osciltator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

13.1 Configuration Bits

Applicable Devices
61l62/62A[R62]63[R63]64]64A]RE4]65]65A]RE5]66]67

The configuration bits can be programmed (read as '0")
or left unprogrammed (read as '1") to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-
ming.

FIGURE 13-1: CONFIGURATION WORD FOR PIC16C61

i 1.- E1N = pe > = P
R P | T .- § Co o (- iy
v ke N = s

o e BT cpo [PWRTE[WOTE [Fosci[Fosco] [Register: CONFIG

bit13
bit 13-5: Unimplemented: Read as '1’

bit 4: CPO: Code protection bit
1 = Code protection off

bit 3: PWRTE: Power-up Timer Enable bit
1 = Power-up Timer enabled
0 = Power-up Timer disabled

bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled

bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

0 = All memory is code protected, but 00h - 3Fh is writable

bitoa | Address 2007h

© 1997 Microchip Technology Inc.
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13.2 Oscillator Confiqurations

Applicable Devices
6162]62a[R62]63]R63]64]64AIRE4]65]65A]RE5]66]67

1321 OSCILLATOR TYPES

The PIC16CXX can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

+ LP Low Power Crystal
« XT Crystal/Resonator
+ HS High Speed Crystal/Resonator
* RC Resistor/Capacitor

13.22 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In LP, XT, or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 13-4). The
PIC18CXX oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out, of the crystal manufacturers specifica-
tions. When in LP, XT, or HS modes, the device can
have an external clock source to drive the 0SC1/CLKIN
pin (Figure 13-5).

FIGURE 134: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS,XTORLP OSC
CONFIGURATION)

0SC1

To internal
Cl1 2) ogic

{3 XTAL , ’ SLEEP
SR PIC16CXX
osce| "t

RS (22>0] internal
c2 Note1 ogic

See Table 13-1, Table 13-3, Table 13-2 and Table 13-4 for
recommended values of C1 and C2.

Note 1. A series resistor may be required for AT strip
cut crystals.
2. For the PIC16C61 the buffer is on the OSC2
pin, all other devices have the buffer on the
OSC1 pin.

FIGURE 13-5: EXTERNAL CLOCK INPUT
OPERATION (HS,XTORLP
OSC CONFIGURATION)

Clock from ‘>0—> 0sct
ext. system PIC16CXX

Open «—— OSC2
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TABLE 13-1: CERAMIC RESONATORS
PIC16C61
Ranges Tested:
Mode Freq 0SCH1 0sc2

XT 1455 kHz 47 - 100 pF |47 - 100 pF
2.0 MHz 15-68 pF |15-68 pF
4.0 MHz 15-68 pF |15-68 pF

HS 8.0 MHz 15-68 pF |15-68 pF
16.0 MHz 10-47 pF |10-47 pF

These values are for design guidance only. See
notes at bottom of page.

Resonators Used:

455 kHz [ Panasonic EFO-A455K04B |+ 0.3%
2.0 MHz |Murata Erie CSA2.00MG |+0.5%
4.0 MHz | Murata Erie CSA4.00MG [+£0.5%
8.0 MHz | Murata Erie CSA8.00MT |+ 0.5%
16.0 MHz | Murata Erie CSA16.00MX |+ 0.5%

All resonators used did not have built-in capacitors.

TABLE 13-3: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
FOR PIC16C61
Mode Freq 0OSC1 0SC2
LP 32 kHz 33-68 pF 33-68 pF
200 kHz 16-47 pF 15-47 pF
XT 100 kHz 47 - 100 pF | 47-100 pF
500 kHz 20 - 68 pF 20 - 68 pF
1 MHz 15- 68 pF 156 - 68 pF
2 MHz 15 - 47 pF 16 - 47 pF
4 MHz 15- 33 pF 15- 33 pF
HS 8 MHz 15- 47 pF 15 - 47 pF
20 MHz 15 - 47 pF 156 - 47 pF
These values are for design guidance only. See
notes at bottom of page.

TABLE 13;2: CERAMIC RESONATORS
PIC16C62/62A/R62/63/R63/64/
64A/R64/65/65A/R65/66/67

Ranges Tested:

Mode | Freq 0sc1 0SsC2

XT "455kHz |68 - 100 pF |68- 100 pF

2.0MHz  |15-68pF  |15-68pF
40MHz |15-68pF  |15-68pF

HS 80MHz |10-68pF  |10-68 pF

16.0MHz [10-22pF  |10-22pF

Thesde values are for design guidance only. See
notes at bottom of page.

Resonators Used:

TABLE 13-4: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
FOR PIC16C62/62A/R62/63/
R63/64/64A/R64/65/65A/R65/
66/67
OscType Crystal Cap. Range R(::;p'e
yp Freq c1 ng
LP 32 kHz 33 pF 33 pF
200 kHz 16 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 16 pF 16 pF
HS 4 MHz 15 pF 16 pF
8 MHz 15-33 pF 16-33 pF
20 MHz 15-33 pF 16-33 pF

These values are for design guidance only. See
notes at bottom of page.

Crystals Used

455 kHz | Panasonic EFO-A455K04B [+ 0.3%
2.0 MHz | Murata Erie CSA2.00MG +0.5%
4.0 MHz [Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murata Erie CSA8.00MT +0.5%
16.0 MHz | Murata Erie CSA16.00MX |+ 0.5%

All resonators used did not have built-in capacitors.

32kHz |Epson C-001R32.768K-A | £ 20 PPM
200 kHz | STD XTL 200.000KHz + 20 PPM
1MHz |ECS ECS-10-13-1 + 50 PPM
4 MHz |ECS ECS-40-20-1 + 50 PPM
8 MHz [EPSON CA-301 8.000M-C | £ 30 PPM
20 MHz |EPSON CA-301 20.000M-C | £ 30 PPM

Av'\-

e

Note1:f~3épommendedx§VaRIesfoﬁ & randiC2¢are identicalito’ the? ranges»:tqsted AT able’13-1 ‘and. Tablée 43-2;
2. Hrghen capacxtanceﬂncreaseszthegstabllltyaoﬁ‘o%cﬂlatonsbut?also|ncreases==~the start-up* time..
3:‘ “Since’edch. resor}gtor/cryst'akhaszlt&own charactenstncs the; useu»should consult the resonator/crystar man-
o ufa@:ttlretzfor;approprla’tggvéz“lueS‘of*external components

4z Rs*mayfbearequntq¢1ngl-¥8’mode asiwelLastT mode-ta-avoid. overdrlvnng@crystals with. lovwdnve*level specrx'
“fication... -,

»,

fo 0
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13.2.3 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built. Prepack-
aged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator will
provide good performance with TTL gates. Two types
of crystal oscillator circuits can be used; one with series
resonance, or'one with parallel resonance.

Figure 13-6 shows implementation of a parallel reso-
nant oscillator. circuit. The circuit is designed to use the
fundamental frequency of the crystal. The 74AS04
inverter performs the 180-degree phase shift that a par-
allel oscillator requires. The 4.7 kQ resistor provides
the negative feedback for stability. The 10 kQ potenti-
ometer biases the 74AS04 in the linear region. This
could be used for external oscillator designs.

FIGURE 13-6: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

+5V

To Other
-g Devices
S 10k —
4.7k 74AS04 PIC16CXX
WA
T4AS04 9 CLKIN

-b—%—a
, ok
XTAL

10}
10k
L YHeade

20pF L 20pF

Figure 13-7 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
quency of the crystal. The inverter performs a 180-
degree phase shift in a series resonant oscillator cir-
cuit. The 330 kQ resistors provide the negative feed-
back to bias the inverters in their linear region.

FIGURE 13-7: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

To Other
330 kQ 330 kQ Devices
74AS04 74AS04 74AS04 T PIC16CXX

- ¢ {>¢ {>o L CLkiN
Q.1 uF
XTAL
|
1]

13.24 RC OSCILLATOR

For timing insensitive applications the RC device option
offers additional cost savings. The RC oscillator fre-
quency is a function of the supply voltage, the resistor
(Rext) and capacitor (Cext) values, and the operating
temperature. In addition to this, the oscillator frequency
will vary from unit to unit due to normal process param-
eter variation. Furthermore, the difference in lead frame
capacitance between package types will also affect the
oscillation frequency, especially for low Cext values.
The user also needs to take into account variation due
to tolerance of external R and C components used.
Figure 13-8 shows how the RC combination is con-
nected to the PIC16CXX. For Rext values below
2.2 kQ, the oscillator operation may become unstable
or stop completely. For very high Rext values (e.g.
1 MQ), the oscillator becomes sensitive to noise,
humidity and leakage. Thus, we recommend keeping
Rext between 3 kQ and 100 kQ.

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

See characterization data for desired device for RC fre-
quency variation from part to part due to normal pro-
cess variation. The variation is larger for larger R (since
leakage current variation will affect RC frequency more
for large R) and for smaller C (since variation of input
capacitance will affect RC frequency more).

See characterization data for desired device for varia-
tion of oscillator frequency due to VoD for given Rext/
Cext values as well as frequency variation due to oper-
ating temperature for given R, C, and Voo values.

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test pur-
poses or to synchronize other logic (see Figure 3-5 for
waveform).

FIGURE 13-8: RC OSCILLATOR MODE

Voo

Rext
0SC1 Internal

_L o clock
CextI j;‘ PIC16CXX
Vss = -

-.— 0SC2/CLKOUT
Fosc/4

© 1997 Microchip Technology inc.

DS30234D-page 127



PIC16C6X

13.3 Reset

Applicable Devices
61]62l62A|R62]63]R63]64]64A]R64]65[65ARE5]66]67
The PIC16CXX differentiates between various kinds of
reset:

+ Power-on Reset (POR)

+ MCLR reset during normal operation
+ MCLR resét during SLEEP

+ WDT Reset (normal operation)

* Brown-out Reset (BOR) - Not on PIC16C61/62/
64/65

Some registers are not affected in any reset condition,
their status i unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset
state” on Power-on Reset (POR), on MCLR or WDT
Reset, on MCLR reset during SLEEP, and on Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation.

The TO and PD bits are set or cleared differently in dif-
ferent reset situations as indicated in Table 13-7,
Table 13-8, and Table 13-9. These bits are used in soft-
ware to determine the nature of the reset. See
Table 13-12 for a full description of reset states of all
registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 13-9.

On the PIC16C62A/R62/63/R63/64A/RE4/65A/R65/
66/67, the MCLR reset path has a noise filter to detect
and ignore small pulses. See parameter #34 for pulse
width specifications.

It should be noted that a WDT Reset does not drive the
MCLR pin low.

FIGURE 13-9: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External Reset
> ese
MCLRVPP pin
C E
WDT
Module WDT
Time-out
.| VoDrise
detect Power-on Reset
VDD pi
pin @
Brown-out
Reset
BODEN' S
OST/PWRT >
osT
! Chip Reset
10-bit Ripple counter '—D :}— R Qb
0OsC1/ ~ l
CLKIN
pin (1) PWRT
On-chi
RC ospc »—P 10-bit Ripple counterJ—
Enable PWRT
)
Enable OST

Note 1. This is a separate oscillator from the RC oscillator of the CLKIN pin.

2. Brown-out Reset is NOT implemented on the PIC16C61/62/64/65.
3. See Table 13-5 and Table 13-6 for time-out situations.
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13.4 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST) and Brown-out Reset
(BOR)

Applicable Devices

61l62]62A[R62]63|R6364164A|RE4]65]65AIR65]66]67

13.4.1 POWER-ON RESET (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR/VPP pin
directly (or through a resistor) to Vop. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VbD is
required. See Electrical Specifications for details.

When the dévice starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met. Brown-out Reset may be used to meet the startup
conditions.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting”

13.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only, from POR. The Power-up
Timer operates on an internal RC oscillator. The chip is
kept in reset as long as PWRT is active. The PWRT's
time delay alléws VDD to rise to an acceptable level. A
configuration bit is provided to enable/disable the
PWRT.

FIGURE 13-10: BROWN-OUT SITUATIONS

The power-up time delay wili vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

13.4.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures the crystal oscillator
or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

13.44 BROWN-OUT RESET (BOR)

Applicable Devices
6162/62A|R62]63]R63]64]64AIRE4]65[65A]RE5]66]67
A configuration bit, BODEN, can disable (if clear/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VoD falls below 4.0V (parameter D005 in
Electrical Specification section) for greater than param-
eter #34 (see Electrical Specification section), the
brown-out situation will reset the chip. A reset may not
occur if VDD falls below 4.0V for less than parameter
#34. The chip will remain in Brown-out Reset until VOD
rises above BVDD. The Power-up Timer will now be
invoked and will keep the chip in RESET an additional
72 ms. If VDD drops below BVDD while the Power-up
Timer is running, the chip will go back into a Brown-out
Reset and the Power-up Timer will be initialized. Once
VDD rises above BVDD, the Power-up Timer will exe-
cute a 72 ms time delay. The Power-up Timer should
always be enabled when Brown-out Reset is enabled.
Figure 13-10 shows typical brown-out situations.

Voo
_____________ v________________- BVDD Max.
—————————————— | FTTTTT T T T T T ST T ST T BVoo Min.
Internal r—L——n——ﬂ
Reset ms

Voo
° -_..__.._______W _____________ BVob Max.
—————————————— - TTTTTT T T T T T T T BVoo Min.

Reset

Internal f <72ms °

Voo T - — e e e e m e m o - 5/_ _____________ BVoD Max.
"""""""""""" ITTTTTT T T T T T T T BVoD Min,

Internal ]

Reset
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TABLE 13-12: INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register | , Applicable Devices Power-on Reset |MCLR Reset during: |Wake-up via
Brown-out |- normal operation |interrupt or ,
Reset —~ SLEEP WDT Wake-up
WDT Reset |
w 61|62 [62A |[R62 {63 [R63 |64 |64A |R64 |65 |65A |R65 (6667 xxxx xxxx uuuu uuur uuuu uuun l
INDF 61[62|62A |R62|63{R63|64|{64A|{R64{65(65A |R65{66|67 N/A N/A N/A
TMRO 61]62({62A|R62|63{R63{64|64A1R64|65|65A[R65|66|67| xxxx XXXX uuuu uuuu uuuy uuuy
PCL 61]162162A|R62|63|R63|64|64A | R64 (65| 65A |R65 (66167 0000h 0000h pc + 1@
STATUS  |61]62|62A|R62|63|R63(64|64A|R64|65|65A|R65(66(67| 0001 Lxxx 000q quuu® suug quuu®
FSR 61(62|62A |R62|63|R63|64|64A|R64|65|65A|RE5|66|67| xxxx XXXX uuuu uuuu uuuu uuuu
PORTA 61 62|62/ R62{63[R63 |64 [64AFRE4|65 |65A| RE5(66(67 ---x xxxx ---u uuuu ---u uuuu '
Gufl 62|62A|R62|63|R63|64|64A|R64{65|65A | R65{66|67| --xx xxxx --uu uuuu --uu uuuu
PORTB 61{62]|62A}R62 |63 |R63 {64 |64A|R64|65|65A[R65|66167| xxxx XXXX uuuu uuuu uuuu wuul
PORTC &} 62]62A|R62|63|R63164 | 64A|R64 [65{65A|R65 (66167 xxxx XxXxXX uuuu uuuuw uuuu uuuu
PORTD 6&1;62 ﬁjZ‘A 3'6‘2,’61 RG& 64[64A|R64 (65| 65A R65|66{67| xxxx xxxx uuuu uuuu uuuu uuuu
PORTE |61|62]624 |R62]63|R63|64|64A R64 |65]65A |RE5[66]67] ~--- —xxx --=~ -uuu ---- -uuu
PCLATH ([61]|62]62A|R62|63|R63[64|64A1R64]65|65A|R65(66(67| ---0 0000 ---0 0000 ---u uuuu
INTCON [61]62{62A|R62(63|R63 |64 |64A|RE4|65]|65AR65(66]67] 0000 000x 0000 000u auuy wuua®
PIR1 61162|62A|R62|63 R63|64|64A |R64 65/ 65A| RE5 6667 00—~ 0000 00-- 0000 wu-- waug®
6;'2 '§25é}jﬁ*ééi§i§'2. 63|R63 B4 64A Rgf} 65|65A|R65(66(67| 0000 0000 0000 0000 wuuu wuuu®
PIR2 67|62/624 [R6263|R63 64| 64| R64 (65|65 | R65(66/67|  ---- --= R R 0 | cmem - u@
TMR1L 61162|62AR62|63|R63 |64 |64A|R64|65|65A|R65 (66|67 xxxx xxxx uuuy uuuyw uuuyu uuuy
TMR1H 6(62|62A|R62|63|R63[64|64A[R64(65|65A|R65(66[67| xxxx xxxx uuuu uuug uuuu uuul
T1CON ,,6,,:& 62|62A|R62|63|R63{64|64A|R64|65|65AR65(66|67| --00 0000 -=-uu uuuu --uu uuuu
TMRZ B]|62|62A|R62|63{R63|64|64A | R64|65|65A|R65(66|67! 0000 0000 0000 0000 uuuu uuuyu l
T2CON _|6%[62|62A | R62|63|R63|64|64A|R64|6565A |R65(66[67| ~000 0000 -000 0000 -uuu uuuy |
SSPBUF  |6}(62|62A|R62|63|R63|64|64A|R64165|65AIRE5[66(67] xxxx xxxx uuuau uuuu uuuu unuu
SSPCON 6@ 62|62A|R62|63{R63 |64 |64A|R64 |65|65A|R65(66]67| 0000 0000 0000 0000 uuuu uguu
CCPR1L §‘§ 62{62A|R62|63|R63 |64 |64A | R64 (65| 65A|R65|66(67| xxxx Xxxx uuuu uuuu uuuu uuuu
CCPR1H §“§ 62[62A|R62[63|R63 |64 |64A|R64(65|65A|R65|66(67| xxxx XXxXxX uuuu uuuu uuuu uuur
CCP1CON 62 62|62A|R62 |63 | R63|64|64A |R64|65|65A[R65(66|67] ~--00 0000 --00 0000 --uu uuuu
RCSTA  |6§|62{62A|R62|63|R63(64|64ATRE4 |65|65A [R65(66(67| 0000 -00x 0000 -00x uuuu -uuw
TXREG  |6%62[62A"|R62(63|R63 |64164A |R64(65|65A|R65(66(67] 0000 0000 0000 0000 uuuu uuuw
RCREG [6#[62/62A R62|63|R63 [64]64A| RE4{65|65A |R6566{67| 0000 0000 0000 0000 uuuu uuuy
CCPR2L 6% QZF‘EZQFR“GZ 63|R63 |64 é%m: »R§"4“ 65|65A|R65|66|67] xxxx xxxx uuuu uuuu uuuu wuun
CCPR2H |6%[62|62A R62|63{R63 |64 |64A| R6465|65A |R65(66(67| xxxx xxxx uuuu uuuu uuuy uuuu
CCP2CON |64162 [62AR62|63 | R63 | 64| 644164 (65| 65A |R65|66|67| 0000 0000 0000 0000 uuuy wuu |
OPTION [61(|62|62A|R62|63|R63|64|64A|R64165/65A|R65(66(|67] 1111 1111 1111 1111 uuuu uuuu
IRISA %@@WRSZ 63|R63,64184A|R64 65| 6541 RE5166/67) ---1 1111 ---1 1111 ~--u uuuu
6%[62|62A|R62(63|R63[64|64A|R64|65|65A|R65(66(67| --11 1111 --11 1111 --uu uuuu
TRISB 6162]|62A|R62|63|R63(64|64A | R64|65|65A|R65(|66(|67 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bitread as'0’, q=value depends on condition.

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the global enable bit, GIE is set, the PC is loaded with the interrupt vector (0004h)

after execution of PC + 1.
3: See Table 13-10 and Table 13-11 for reset value for specific conditions.
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TABLE 13-12: INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont’d)

Register Applicable Devices Power-on Reset |MCLR Reset during: (Wake-up via

Brown-out |- normal operation |interruptor
Reset - SLEEP WDT Wake-up

WDT Reset
TRISC  |6%|62|62A|R62[63|R63|64|64A[R64[65[65A|R65]66[67] 1111 1111 1111 1111 uuuu uuuw
TRISD  |67|62}62A |R62/63|R63|64|64A|R64|[65]65A[R65[66]67] 1111 1111 1111 1111 uuuu uuuy
TRISE  |61]6262A |R62163 R63|64|64AR64 [65]65A|R65[66]67] 0000 -111 0000 -111 uuuu -uuy
PIE1 61]62|62A |R62{63 5:5;‘ 64|64A |R64|65/65A4R65|66167,] 00-- 0000 00-- 0000 uu-~ uuuu
6162|624 | R62{63|R63 (64| 64A |R64|65(65A|R65(66[67| 0000 0000 0000 0000 uuuu uuuy
PIE2 %‘GL‘?@% 624 R62 |63 |R63 641644 R64 65| 65A |R65(66(67| ~--m --- L 0 | —mms - u
PCON 61|62 62A|R62|63|R63 64|64A|R64 |65 65A|R65/66/67| ---- -- ou | --em - L R e uu
6162 62| R62(63 | R63| 64 (644 Re4|65|65A|Res [66]67] ---- --0- -—-- --u- ——-- --u-
PR2 61]62|62A |R62|63|R63 |64 |64A |R64|65(|65A [R65(66{67{ 1111 1111 1111 1111 1111 1111
SSPADD |6%|62|62A |R62|63|R63 64 |64A|R64 |65|65A|R65[66(67] 0000 0000 0000 0000 uuuu uuuy
SSPSTAT [64,|62|62A|R62|63|R63|64|64A|R64(65[65A|R65(66(|67| ~-00 0000 --00 0000 --uu uuuu
TXSTA  |61162|62A|R62|63|R63 |64 64AR64|65(65A[R65|66(67| 0000 -010 0000 -010 uguu ~uuy
SPBRG  |61/62[62/|R62|63|R63 64| 64A{R64|65]65A [R65(66[67| 0000 0000 0000 0000 uuuu uuuy
Legend: u =unchanged, x = unknown, -= unimplemented bit read as'0’, q = value depends on condition.

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: Wnen the wake-up is due to an interrupt and the global enable bit, GIE is set, the PC is loaded with the interrupt vector (0004h)
after execution of PC + 1.
3. See Table 13-10 and Table 13-11 for reset value for specific conditions.
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FIGURE 13-11: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbp): CASE 1

VDD ————/

MCLR

INTERNAL POR [

TPWRT

IME-OU

INTERNAL RESET l

FIGURE 13+12: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbb): CASE 2

Voo ____/ { !
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INTERNAL POR | ¢
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PWRT TIME-OUT
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FIGURE 13-13: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VD)
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FIGURE 13-14: EXTERNAL POWER-ON
RESET CIRCUIT (FOR SLOW
Vbb POWER-UP)

FIGURE 13-15: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1

Voo

D R
R1
MCLR

C PIC16CXX

L

Note 1: External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40kQ is recommended to make sure
that voltage drop across R does not violate
the devices electrical specifications.

3: R13x100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge
(ESD) or Electrostatic Overstress (EQS).

Voo ’ DD
33k

16k | MCLR

A 40k | pic16CXX

Note 1: This circuit will activate reset when Vbp
goes below (Vz + 0.7V) where Vz = Zener
voltage.

2: Internal brown-out detection on the
PIC16C62A/R62/63/R63/64A/R64/65A/
R65/66/67 should be disabled when using
this circuit.

3: Resistors should be adjusted for the
characteristics of the transistors.

FIGURE 13-16: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 2

VDo > Voo
R1
Q1
MCLR
R2
40k | pic1sCxx

Note 1. This brown-out circuit is less expensive,
albeit less accurate. Transistor Q1 turns
off when Voo is below a certain level such

that:
R1
¢ e =07V
VoD TR

2: Internal brown-out detection on the
PIC16C62A/R62/63/R63/64A/R64/65A/
R65/66/67 should be disabled when using
this circuit.

3: Resistors should be adjusted for the
characteristics of the transistors.

© 1997 Microchip Technology Inc.
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13.5 |Interrupts

Applicable Devices
61]62]62AIR62]63]R63]64]64A[RE4]65]65AIRE5]66]67
The PIC16C6X family has up to 11 sources of interrupt.
The interrupt control register INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Noter ~Iﬁd‘V!duaIx|nterrupt flagsbits. arerseticegard-
Ne
legs of thestatus. Ofitheit: correspon&mg,
mask‘ blﬁonzglobakenablexblt GIE. ”

Global interrupt enable bit, GIE (INTCON<7>) enables
(if set) all un-masked interrupts or disables (if cleared)
all interrupts. When bit GIE is enabled, and an interrupt
flag bit and mask bit are set, the interrupt will vector
immediately. |Individual interrupts can be disabled
through their corresponding enable bits in the INTCON
register. GIE is cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine as well as sets the GIE bit, which
re-enable interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRQ overflow interrupt flag bits are contained
in the INTCON register.

The peripheral interrupt flag bits are contained in spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2 and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, bit GIE is cleared to
disable any further interrupts, the return address is
pushed onto the stack and the PC is loaded with
0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the RBO/INT pin
or RB port change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt eventoccurs ~ (Figure 13-
19). The latency is the same for one or two cycle
instructions. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in sbftware before re-enabling interrupts to

avoid infinite interrupt requests. Individual interrupt flag
bits are set regardless of the status of their correspond-
ing mask bit or the GIE bit.

Note.» AF‘orthe?PI&606,1/6216?4/65*lf?an~|ntérrupf
oecurs&whﬂeﬁthegGlobar lnterrupt—*E”naBle

% . ,blt», GlE’lszbemg&cleared,p blt§GlE; may:i umn«

: tenﬂqﬁnaﬂ? be*%*re-enabled by, the- u,ser’s
» lnterrupt S*ervncewRoutlne;‘ﬁ(tﬁe‘ RB&\EIE
mstractlon) 'Eheleuents»that WOurmmuse

. thlsit,o occurfare;w

%
i

o

q. Arunstructlon c!earsmhetGIQbmwh:le
jan‘zmterrupt*lssacknowledged 3

2 The;pr’dgranvbranches*tcrthee[nterrupt
P *veetomapdzexecutes?the*lnte:rupt*Sec"
“ vtce%Routrr;e, »

“&»

i’ 3 The#lnte[;rupt Serwcew’Routme&‘com—
pletesanrwthe’%executlen of: the&RmﬁT—
sEEE3 alnstruetlorr\JThlsé causes. the!GIE
5 bltzto‘*Q,e’fset (en@blesélnterrupts),w ang
“lhe* program;returns toztheunstructm,n,
@aﬁ‘er*the*one swhieh- was:;meant‘to;,dls-

~ B abfélnterrupts : . "

~ 4, Perform‘”the followmg’ﬁto» ensure:that
mterrupts are globally digabled: ~ «

Y

" LOOP™BCE™ {NTCON:’,‘;GI!E“ : ,Dlaabl& Globall ~ -

;
7,

Fs,

w
Loy

Uy i Inten«rupt bit %
. Bsrsscnnfréog?fg;@; ;Global: Interfupt:
LU TELS) nDLsabled’«’ -
‘50TO% LOQE:  ® NGy “trys again~#
& \ ,,Yes, continue & %

I - ,wn.th progrmffqm

& ¥ hd
% A o R \i
i gl L R T B M&? §

DS30234D-pade 136

© 1997 Microchip Technology inc.



PIC16C6X

FIGURE 13-17: INTERRUPT LOGIC FOR PIC16C61

TOIF
TOIE

INTF
INTE

RBIF
RBIE

GIE

Wake-up
™ (If in SLEEP mode)

Interrupt to CPU

FIGURE 13-18: INTERRUPT LOGIC FOR PIC16C6X

PSPIF "
PSPIE
RCIF TOIF Wake-up (If in SLEEP mode)
RCIE TOlE D—L F
TXIE INTF AN :
TXIE QIRE D =4 Interrupt to CPU
SSPIF :D_r
SSPIE
CCP1IF :D__I—_
CCP1IE GIE
TMR2iF
TMR2IE
TMR1IF
TMR1IE d
CCP2IF
CCP2IE
The following table shows which devices have which interrupts.

Device | TOIF | INTF | RBIF | PSPIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | CCP2IF
PIC16C62 Yes | Yes | Yes - - - Yes Yes Yes Yes -
PIC16C62A | Yes | Yes | Yes - - - Yes Yes Yes Yes -
PIC16CR62| Yes | Yes | Yes - - - Yes Yes Yes Yes -
PIC16C63 | Yes | Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes
PIC16CR63 | Yes { Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes
PIC16C64 | Yes | Yes | Yes Yes - - Yes Yes Yes Yes -
PIC16C64A | Yes | Yes | Yes Yes - - Yes Yes Yes Yes -
PIC16C64 | Yes | Yes | Yes | Yes - - Yes Yes Yes Yes -
PIC16C65 | Yes | Yes | Yes | Yes Yes | Yes | Yes Yes Yes Yes Yes
PIC16C65A | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes
PIC16CR65 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes
PJC1 6C66 Yes | Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes
PIC16C67 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes

© 1997 Microchip Technology Inc.
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13.5.1 INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered:
either rising if edge select bit INTEDG (OPTION<6>) is
set, or falling, if bit INTEDG is clear. When a valid edge
appears on the RBO/NT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). The INTF bit
must be cleared in software in the interrupt service rou-
tine before re-enabling this interrupt. The INT interrupt
can wake the processor from SLEEP, if enable bit INTE
was set prior to going into SLEEP. The status of global
enable bit GIE decides whether or not the processor
branches to the interrupt vector following wake-up. See
Section 13.8 for details on SLEEP mode.

FIGURE 13-19: INT PIN INTERRUPT TIMING

13.5.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>) (Section 7.0).

13.5.3 PORTB INTERRUPT ON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>)
(Section 5.2).

*Note> ‘Forithe‘P|C16C51162164765“ ifa-chahge:on
g3 thez»l/@ pin. should* occud’when’“the*reacﬁ
T operahon lﬁbe:ngaecutedé?art oftheQ2
Lo g cycle).‘thenqﬂag*blt‘RBlF ‘mayinot.get. st

+ Q1] Q2] Q3| @4: Q11 Q2] Q3| Q4. Q1] Q2] Q3| Q4. Q1] Q2| Q3| Q4. Q1] Q2| Q3| Q4.

Note 1: INTF flag is sampled here (every Q1).

osct MY/ [RULT - -
CLKOUT(3) \_____/a—\__—/——\__/—\_/—_\__f_“
INT pin ; — : ; : .
IO X g : : : :
INTFflag '~ “/®).  Interrupt Latency (2) . .
(INTCON<1>) ! : '® : . ; : :
GEbE - | : : ; I : :
(INTCON<7>) . . VA&
NSTRUCTION FLOW ! y n . .
PC < BC X Pl X PG+ X 004X OO0ER
l t ct' n 1] [ 1 L 1 1
fothed { ' Inst(PC) ' lnst(PC+) ! 2 ' Inst(0004h) Inst (0005h)
g')'(setg:l‘;gg” { . Inst(PC-1) ! Inst (PC) . DummyCycle ! DummyCycle ' Inst (0004h)

2: Interrupt latency = 3Tcy for synchronous interrupt and 3-4Tcy for asynchronous interrupt.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

3: CLKOUT is available only in RC oscillator mode:
4: For minimum width spec of INT pulse, refer to AC specs.
5. INTF can to be set anytime during the Q4-Q1 cycles.

E
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13.6 Contg:xt Saving During Interrupts

Applicable Devices
61|62l62A|R62]63|R63l64]64A[RE4]65]65A]RE5]66]67

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt i.e., W register and STATUS
register. This will have to be implemented in software.

Example 13-1 stores and restores the STATUS and W
registers. Example 13-2 stores and restores the
STATUS, W, and PCLATH registers (Devices with
paged program memory). For all PIC16C6X devices
with greater than 1K of program memory (all devices
except PIC16C61), the register, W_TEMP, must be

defined in all banks and must be defined at the same
offset from the bank base address (i.e., if W_TEMP is
defined at 0x20 in bank 0, it must also be defined at
0xAOQ in bank 1, 0x120 in bank 2, and 0x1AQ in bank 3).

The examples:

a) Stores the Wregister

b) Stores the STATUS register in bank 0

c) Stores PCLATH

d) Executes ISR code

e) Restores PCLATH

f) Restores STATUS register (and bank select bit)
g) Restores Wregister

EXAMPLE 13-1: SAVING STATUS AND W REGISTERS IN RAM (PIC16C61)

MOVWFE W_TEMP
SWAPF STATUS, W
MOVWF STATUS_TEMP
H (ISR);

SWAPFE STATUS_TEMP,W

;Copy W to TEMP register, could be bank one or zero
;Swap status to be saved into W
;Save status to bank zero STATUS_TEMP register

/Swap STATUS TEMP register into W

; (sets bank to original state)

MOVWF STATUS
SWAPF W_TEMP, F
SWAPF ., W_TEMP, W

;Move W into STATUS register
;Swap W_TEMP
iSwap W_TEMP into W

EXAMPLE 1!3-2: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

(ALL OTHER PIC16C6X DEVICES)

MOVWFE W_TEMP

;Copy W to TEMP register, could be bank one or zero

SWAPF STATUS, W ;Swap status to be saved into W

CLRF STATUS ibank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF STATUS_TEMP iSave status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWF PCLATH_TEMP ;Save PCLATH into W

CLRF PCLATH :Page zero, regardless of current page

BCF STATUS, IRP ;Return to Bank 0

MOVF FSR, W ;Copy FSR to W

MOVWFE FSR_TEMP iCopy FSR from W to FSR_TEMP

: (ISR)

MOVF PCLATH _TEMP, W ;Restore PCLATH

MOVWF PCLATH
SWAPF STATUS_TEMP, W

;Move W into PCLATH
:Swap STATUS_TEMP register into W

; {sets bank to original state)

MOVWF STATUS
SWAPF W_TEMP, F
SWAPE" W_TEMP, W

iMove W into STATUS register
:Swap W_TEMP
;Swap W_TEMP into W

© 1997 Microchip Technology Inc.
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13.7 Watchdogq Timer (WDT)

Applicable Devices
61]62]62AIR62/63|R63]64]64A]RE4]65]65A]RE5]66]67

The Watchdog Timer is a free running on-chip RC oscil-
lator which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the OSC1/CLKIN pin. That means that the WDT will
run, even if the clock on the OSC1/CLKIN and OSC2/
CLKOUT pins of the device has been stopped, for
example, by execution of a SLEEP instruction. During
normal operation, a WODT time-out generates a device
reset. If the device is in SLEEP mode, a WDT time-out
causes the devijce to wake-up and continue with normal
operation (WDT Wake-up). The WDT can be perma-
nently disabled by clearing configuration bit WDTE
(Section 13.1),,

13.7.1  WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be

assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler, if assigned to the WDT, and prevent
it from timing out and generating a device RESET con-
dition.

The TO bit in the STATUS register will be cleared upon
a WDT time-out.

13.7.2 WDT PROGRAMMING CONSIDERATIONS

it should also be taken in account that under worst case
conditions (VoD = Min., Temperature Max., max.
WDT prescaler) it may take several seconds before a
WDT time-out occurs.

A’No,te&:f Whenta CISRWDT mstructlon is execute‘d
andatﬁexprescale:: is. as51gnedwto the:WDT
the<prescaler“count will, bes cleared’* butthe

— prescaler*assngnment*‘ls%rf’ot’changed*

FIGURE 13-20: WATCHDOG TIMER BLOCK DIAGRAM

(see Figure 7-6)

=

From TMRO Clock Source

Watchdog M
Timer 11 X
WDT O
Enable bit

Postscaler

A8

-t—— PS2:PS0

——» To TMRO (Figure 7-6)

Oy 1
MUX -+—— PSA
WOT
Time-out
Note: Bits TOCS, TOSE, PSA, PS2:PS0 are (OPTION<5:0>).

FIGURE 13-21: SUMMARY OF WATCHDOG TIMER REGISTERS
Address |Name Bit7 Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit0
2007h Config. bits 7 (1) "f;B“‘ob“EN(J) aCP1 ’ CPO”’* E)V\/R‘FE(“) WDTE “‘ﬁEOS&@ﬁz F@SCO"
81h,181h |OPTION +RBPU ;| INTEDG I&gg&sm ) wggwaf” PSA PS2 | Pst PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1:

See Figure 13-1, Figure 13-2, and Figure 13-3 for details of these bits for the specific device.
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13.8 Power-down Mode (SLEEP)

Applicable Devices
61l62/62A]R62[63]R63l64]64A]RE4]65]65A]RE5]66]67
Power-down rhode is entered by executing a SLEEP
instruction.

3
If enabled, the Watchdog Timer will be cleared but
keeps running, status bit PD (STATUS<3>) is cleared,
status bit TO (STATUS<4>) is set, and the oscillator
driver is turned off. The /O ports maintain the status
they had before the SLEEP instruction was executed
(driving high, low, or hi-impedance).

For lowest current consumption in this mode, place all
1/0 pins at either VDD, or VsS, ensure no external cir-
cuitry is drawing current from the /O pin, and disable
external clocks. Pull all 1/O pins, that are hi-impedance
inputs, high or low externally to avoid switching cur-
rents caused by floating inputs. The TOCKI input should
also be at VbD or Vss for lowest current consumption.
The contribution from on-chip pull-ups on PORTB
should be considered.

The MCLR/VPP pin must be at a logic high level
(VIHMC).

13.8.1 WAKE-UP FROM SLEEP

The device can wake from SLEEP through one of the

following events:

1. External reset input on MCLR/VPP pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from RBO/INT pin, RB port change, or
some peripheral interrupts.

External MCLR Reset will cause a device reset. All
other events are considered a continuation of program
execution and cause a “wake-up”. The TO and PD bits
in the STATUS register'can be used to determine the
cause of device reset. The PD bit, which is set on
power-up is cleared when SLEEP is invoked. The TO bit
is cleared if WDT time-out occurred (and caused wake-
up).

The following peripheral interrupts can wake the device

- from SILEEP:

1. TMR1 intérrupt. Timer1 must be operating as an
asynchronous counter.

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SPI/EC).
CCP capture mode interrupt.

Paralle! Slave Port read or write.

USART TX or RX (synchronous slave mode).

O ;e

Other peripherals can not generate interrupts since
during SLEEP, no on-chip Q clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

13.8.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

+ If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOPR. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

+ If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

© 1987 Microchip Technology Inc.
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FIGURE 13-22: WAKE-UP FROM SLEEP THROUGH INTERRUPT

;atlazl aalo4; a1l azl a3l a4 a1l .

, a1l a2l @3l a4, a1l a2l a3 la4; a1l a2l Q3 la4; atlaz| Q3| a4,

0sC1 WWJ‘LF\—.WW'WWUWU—L

Note 1: XT, HS or LP oscillator mode assumed.

If GIE ='0', execution will continue in-line.

CLKOUT(4) .\ / \ / 3 Tosr@) | /s N A\ / \ / X
INT pln ' ' ' ' ' \ ' X ,
T 1 O T ' 0 1 t

. 1 ' i
zmTT":C‘gr?k») /s ' , Interrupt Latency , \ X
' ! ' . ' ' (Note2) ) )
GIE bit : : ; — : ; X : :
(INTCON<7>) | ! Processorin | ‘ ' \ : : :
‘ . " TSLEER X X . . .
) 1 v ) L} 1 +
INSTRUCTION FLOW : : : : - - - .
e X PC X__PCx+1 X PC+2 X PCy2 W PCrz X o0oan ¥ Goosh .
fotchad " {! INsPC) = SLEEP | nstPC+1) ! ' InstPC+2) ' Inst(0004h) ' Inst(QOOSh) '
fatched ' ' ' . f ' ' '
coomed s mswpc-1) . sieEp . ' InsPC+1) 1 Dummycycle . Dummycycle +  insyo004h)

2: TOST = 1024TOSC (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ='1' assumed. In this case after wake-up, the processor jumps to the interrupt routine.

4: CLKOUT is not available in these osc modes, but shown here for timing reference.

13.9 Program Verification/Code Protection
Applicable Devices
61l62[62A[R62l63]R63]64|64A]RE4[65]65A]RE5]66]67

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note.x Mlcroch|p€ ddes:not reg:ommend codespro-

" ?e&nggwundowe@deV|cés .
13.10 ID Locations

Applicable Devices
61]62]62A[R62]63|R63]64]64A[R64]65[65A]RE5]66]67
Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

For ROM devices, these values are submitted along
with the ROM code.

13.11 _In-Circuit Serial Programming

Applicable Devices

61}62/62A[R62[63]R63]64164A[RE4]65[65AIR65]66]67
The PIC16CXX microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom firm-
ware to be programmed.

The device is placed into a program/verify mode by
holding pins RB6 and RB7 low while raising the MCLR
(VPP) pin from VIL to VIHH (see programming specifica-
tion). RB6 becomes the programming clock and RB7
becomes the programming data. Both RB6 and RB7
are Schmitt Trigger inputs in this mode.

After reset, to place the device in program/verify mode,
the program counter (PC) is at location 00h. A 6-bit
command is then supplied to the device. Depending on
the command, 14-bits of program data are then sup-
plied to or from the device, depending if the command
was a load or a read. For complete details of serial pro-
gramming, please refer to the PIC16C6X/7X Program-
ming Specifications (Literature #D530228).

FIGURE 13-23: TYPICAL IN-CIRCUIT SERIAL

PROGRAMMING
CONNECTION
: To Normal
External ! Connections
Connector PIC16CXX
Signals X
5V ¢ Voo
U Vss
vep 5 MCLR/VPP
CLK - RBE6
Data /O —— RB7
. Voo
' To Normal
, Connections
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14.0 INSTRUCTION SET SUMMARY

Each PIC16CXX instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16CXX instruction
set summary in Table 14-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 14-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the resuit of
the operation is to be placed. If 'd’ is zero, the result is
placed in the Wregister. If 'd' is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, k' represents an
eight or eleven bit constant or literal value.

TABLE 14-1: OPCODE FIELD
DESCRIPTIONS
Field Description

f |Register file address (0x00 to 0x7F)
Working register (accumulator)

Bit address within an 8-bit file register
Literal field, constant data or label

Don't care location (=0 or 1)

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

d |Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd = 1
label |Label name

TOS |Top of Stack

pC |Program Counter
PCLATH | Program Counter High Latch

GIE |Global Interrupt Enable bit

WDT |Watchdog Timer/Counter

TO |Time-out bit

PD |Power-down bit

dest |Destination either the W register or the specified
register file location

X|=xlol=s

[ 1 |Options
() |Contents
—» |Assigned to

<> |Register bit field
€ [Inthe set of
italics |User defined term (font is courier)

The instruction set is highly orthogonal and is grouped
into three basic categories:

+ Byte-oriented operations
+ Bit-oriented operations
+ Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 us. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 ps.

Table 14-2 lists the instructions recognized by the
MPASM assembler.

Figure 14-1 shows the general formats that the instruc-
tions can have.

N"bte?y Tog mamtam upward, compatlblhtyr wuth

7§ r“futuce*PlC:U:?E:X)(;pcoducts d@ﬂot usggthe*
b\ A ,OP'IZLQN:;EQCFTRIS’lnStrUCtlonS,

All examples use the following format to represent a
hexadecimal number:
Oxhh

where h signifies a hexadecimal digit.

FIGURE 14-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
| opcobE [d ] f (FILE #) |
d =0 for destination W

d = 1 for destination f
f = 7-bit file register address

5 )

Bit-oriented file register operations
13 10 9 7 6

0
[ OPCODE  [b(BIT#]| f(FILE#) —|

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE ] k (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

© 1997 Microchip Technology Inc.

DS30234D-page 143



PIC16C6X

TABLE 14-2: PIC16CXX INSTRUCTION SET
Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d |AddWandf 1 00 0111 dfff ffff|C,DCZ 1,2
ANDWF f,d | ANDWwith f 1 00 0101 dfff ffff|Z 1,2
CLRF t 1| Clearf 1 |00 0001 1fff ffff|Z 2
CLRW - Clearw 1 00 0001 Oxxx xxxx|Z
COMF f,d | Complementf 1 00 1001 dfff ffff|Z 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff|(Z 1,2
DECFSZ f,d | Decrement f, SkipifO 1(2) | 00 1011 dfff ffff 1,2,3
INCF f,d | Incrementf 1 00 1010 dfff ffff|Z 1,2
INCFSZ f,d | Increment f, Skip if 0 1(2) |00 1111 dfff £f£f 1,23
IORWF f,d | Inclusive OR Wwith f 1 00 0100 dfff ffff{Z 1,2
MOVF f,d | Movef 1 00 1000 dfff ffff|Z 12
MOVWF f Move Wto f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff|C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff|C 1,2
SUBWF f,d | Subtract Wfrom f 1 00 0010 dfff ffff|CDCZ 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff ffff|Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b | BitClearf 1 01 00bb bfff ffff .
BSF f,b | BitSetf 1 01 O0lbb bfff ffff 1,2
BTFSC f,b | Bit Test f, Skip if Clear 1(2) |01 10bb Dbfff ffff
BTFSS f,b | Bit Test f, Skip if Set 1(2) |01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add fiteral and W 1 11 111x kkkk kkkk| C,DCZ
ANDLW k AND literal with W 1 11 1001 kkkk kkkk| Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100, TOFPD
GOTO k Go to address 2 10 lkkk kkkk kkkk
IORLW K Inclusive OR literal with W 1 11 1000 kkkk kkkk| Z
MOovLwW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01xx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011 TOPD
SuBLW k Subtract W from literal 1 11 110x kkkk kkkk| CDCZ
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk| Z
Note 1: When an l/O register is modified as a function of itself { e.g., MOVF PORTB, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an external
device, the data will be written back with a '0",
2: Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned
to the TimerQ Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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141 Instruction Descriptions

ADDLW Add Literal and W
Syntax: [label] ADDLW k
Operands: 0<k<255
Operation: W+k—->W
Status Affected: C,DC,Z
Encoding: IEREEIEES j
Description: The contents of the W register are
added to the eight bit literal 'k’ and the
result is placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
literal 'k’ | data w
Example: ADDLW  0x15
Before Instruction
W = 0x10
After Instruction
W = 0x25
ADDWF AddW and f
Syntax: [label] ADDWF fd
Operands: O0<sf<127
d e [0,1]
Operation: W) + (f) = (destination)
Status Affected: C,DC, Z
Encoding: l 00 | 0111 | dfff | eeee ]
Description: Add the contents of the W register with
register 'f. If 'd' is O the result is stored
in the Wregister. If 'd' is 1 the result is
stored back in register 'f.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Witeto
register data | destination |,
'’
Example ADDWF FSR, O

Before Instruction

W = 0x17

FSR= 0xC2
After Instruction

W = 0xD9

FSR= (0xC2

ANDLW AND Literal withW
Syntax: [label] ANDLW k
Operands: 0<k<255
Operation: (W) .AND. (k) » (W)
Status Affected: Z
Encoding: | 1 | 1001 | kkxk [ ok |
Description: The contents of W register are
AND'ed with the eight bit literal 'k'. The
result is placed in the W register.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
literal "k" data w
Example ANDLW  OXSF
Before Instruction
W = 0xA3
After Instruction
W = 0x03
ANDWF ANDW with f
Syntax: label] ANDWF fd
Operands: 0<f<127
de [0,1]
Operation: (W) .AND. (f) — (destination)
Status Affected: Z
Encoding: | oo | 0101 | dfff | eeex [
Description: AND the W register with register 'f. If 'd'
is 0 the result is stored in the W regis-
ter. If 'd' is 1 the result is stored back in
register 'f.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register data destination

Example

11

ANDWF FSR, 1
Before Instruction

W = 0x17
FSR= 0xC2
After Instruction
W= 0x17
FSR=  0x02
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BCF Bit Clear f BTFSC Bit Test, Skip if Clear
Syntax: [label] BCF fb Syntax: [label} BTFSC fb
Operands: 0<f<127 Operands: 0<sf<127
0<bs7 0<b<7
Operation: 0 - (f<b>) Operation: skip if (f<b>) =0
Status Affected:  None Status Affected:  None
Encoding: | o1 [oom | beee [ eees ] Encoding: | o0 | 1omp | beeg | eees |
Description: Bit 'b' in register 'f is cleared. Description: If bit 'b' in register 'f is '1' then the next
Words: 1 instruction is executed.
rds: If bit 'b', in register 'f, is '0* then the next
Cycles: 1 instruction is discarded, and a NOP is
N executed instead, making this a 2Tcy
Q Cycle Activity: Q1 Q2 Q3 Q4 instruction.
Decode Read Process Write ‘
register | data | register'f Words: 1
i Cycles: 1(2)
Example BCF FLAG REG, 7 Q Cycle Activity: Q1 Q2 Q3 Q4
4 Decode Read Process No-
Before instruction register'f | data | Operation
FLAG_REG = 0xC7
After Instruction If Skip:  (2nd Cycle)
FLAG_REG = 0x47 Q1 Q2 Q3 Q4
No- No- No- No-
Operation | Operation | Operation | Operation
Example HERE BTFSC FLAG,1
FALSE GOTO  PROCESS_CODE
TRUE .
Before Instruction
PC = address HERE
After Instruction
. if FLAG<1> = 0,
BSF Bit Set f PC = address TRUE
Syntax: [label] BSF  fb if FLAG<1>=1,
PC = address FALSE
Operands: 0<f<127
0<bxg7
Operation: 1 — (f<b>)
Status Affected:  None
Encoding: | o | obp | beee [ ffffj
Description: Bit'b' in register 'f is set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Wite
register data register ‘'f
7
Example BSF FLAG_REG, 7

Before Instruction
FLAG_REG = 0x0A
After Instruction
FLAG_REG = 0x8A
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [/label] BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
0<b<7 Operation: (PC)+ 1 TOS,
Operation: skip if (f<b>) =1 k — PC<10:0>,
Status Affected:  None (PCLATH<4:3>) —» PC<12:11>
Encoding: [ 01 I 11bb | bEff I fEEf I Status Affected: None
Description: If bit ‘b’ in register ¥ isa '0' then the next Encoding: [ 10 L Okkk l kkkk I kkkk 1
instruction is executed. T ; ;
If bit 'b' is '1", then the next instruction is Description: ff:aé'ﬁ‘il??;f,?ﬁég Icl;?xtt'or ?rt\grgtgggr‘?’iz
%zf:;gedmgﬂﬁla NOP is executed eleven bit immediate address is loaded
' g this a 2Tcy instruction. into PC bits <10:0>. The upper bits of
Words: 1 the PC are loaded from PCLATH. CALL
is a two cycle instruction.
Cycles: 1(2) Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Gycles: 2
Decode Read Process No- s
register'f | data | Operation Q Cycle Activity: Q1 Q2 Q3 Q4
) 1st Cycle | Decode | Read | Process | Witeto
If Skip:  (2nd Cycle) y iteral ¥, | data | PG
Q1 Q2 Q3 Q4 f:ssr:aig
No- No- No- No-
1 ; 2nd Cycle No- No- No- No-
Operation | Operation | Operation { Operation 2 ¥E Operation | Operation | Operation | Operation
Example HERE BTFSC FLAG,1
FALSE GOTO  PROCESS_CODE Qe 1 AT | THERE
TRUE . Before Instruction

Before Instruction
| PC =
After Instruction
if FLAG<1> =0,
PC= address FALSE
if FLAG<1> = 1,
PC = address TRUE

address HERE

PC = Address HERE
After Instruction

PC = Address THERE

TOS = Address HERE+1
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CLRF Clear f
Syntax: [label] CLRF f
Operands: 0<f<127
Operation; 00h — (f)
152
Status Affected: Z
Encoding: KL | 0001 | reee [ eeee |
Description: The contents of register 'f are cleared
and the Z bit is set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write
register data register 'f
'
Example CLRF FLAG_REG
Before Instruction
FLAG_REG = Ox5A
Atter Instruction
FLAG_REG = 0x00
Z = 1

CLRW Clearw
Syntax: [label] CLRW
Operands: None
Operation: 00h - (W)
1-2Z
Status Affected: 2Z
Encoding: | oo | o001 | oxxx | xxxx—l
Description: Wregister is cleared. Zero bit (Z) is
set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode No- Process | Write to
Operation data w
Example CLRW
Before Instruction
W = 0x5A
After Instruction
W = 0x00
Z = 1
CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
Operands: None
Operation: 00h - WDT
0 — WDT prescaler,
1-TO
1->PD
Status Affected:  TO, PD
Encoding: [ 00 l 0000 | 0110 | 0100 |
Description: CLRWDT instruction resets the Watch-
dog Timer. It also resets the prescaler
of the WDT. Status bits TO and PD are
set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode No- Process Clear
Operation| data WOT
Counter
Example CLRWDT
Before instruction
WDT counter = 27
After Instruction
*WDT counter = 0x00
WDT prescaler= 0
= 1
PD = 1
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Decrement f, Skip if 0

COMF Complement f DECFSZ
Syntax: [ /abel] COMF f,d Syntax:
Operands: 0<fg127 Operands:
de [0,1]
Operation: () — (destination) Operation:
Status Affected: Z
Encoding: [ 00 | 1001 ] dfff | £EEE ] Status Affected:
Description: The contents of register 'f are comple- Encoding:
mented. If 'd’ is O the result is stored in R
W.If 'd" is 1 the result is stored back in Description:
register 'f.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read | Process | Writeto Words:
register data destination
'’ Cycles:
Q Cycle Activity:
Example COMF REGL, 0
Before Instruction
REG1 =  0x13 ;
If Skip:
After Instruction P
REG1 = 0x13
w = OxEC
DECF Decrement f
Syntax: [label] DECFfd Example
Operands: 0<f<127
de [0,1]
Operation: (f) - 1 > (destination)
Status Affected: Z
Encoding: | oo [oo11 Jaree | eeee ]
Description: Decrement register 'f'. If 'd' is O the
result is stored in the Wregister. If 'd" is
1 the result is stored back In register 'f,
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Wtite to
register data  |destination
'
Example DECF CNT, 1
Before Instruction
CNT = 0x01
Z = 0
After Instruction
CNT = 0x00
z = 1

[label] DECFSZ fd

0=f<g127
de [0,1]

() - 1 - (destination);
skip if result = 0

None
| 00 |1011 ]dfff Iffffj

The contents of register 'f' are decre-
mented. If 'd’ is 0 the result is placed in the
Wregister. If 'd' is 1 the result is placed
back in register 'f.

If the resuit is 1, the next instruction, is
executed. If the result is 0, then a NOP is
executed instead making it a 2Tc¢y instruc-
tion.

1
1(2)
Q1 Q2 Q3 Q4
Decode Read Process | Writeto
register 'f data destination
(2nd Cycle)

Q1 Q2 Q3 Q4
No- No- No- No-
Operation | Operation | Operation | Operation
HERE DECFS2 CNT, 1

GOTO LOOP
CONTINUE -«

Before Instruction

PC =  address HERE
After Instruction

CNT = CNT-1

ifCNT= 0,

PC =  address CONTINUE

fCNT =« O,

PC =  address HERE+1
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GOTO Unconditional Branch INCF Increment f
Syntax: [/abel] GOTO k Syntax: [label] INCF fd
Operands: 0<k<2047 Operands: 0<f<127
Operation: k — PC<10:0> de [01]
PCLATH<4:3> — PC<12:11> Operation: (f) + 1 — (destination)
Status Affected:  None Status Affected: Z
Encoding: | 10 | 1kkk | kkkk | kkkk | Encoding: | o0 |1010 |aeee [ eeee |
Description: GOTO is an unconditional branch. The Description: The contents of register 'f are incre-
eleven bit immediate value is loaded mented. If 'd" is O the result is placed in
gg :;g gg‘z;} ?r‘g;{ Eg‘i}"{?ﬂe&tz’gfff the Wregister. If 'd' is 1 the result is
GOTO is a two cycle instruction. placed back in register 'f.
Words: 1 Words: 1
Cycles: 2 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle | Decode | Read | Process | Writeto Decode | Read | Process | Witeto
literal 'k’ data PC register data destination
'’
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example INCF CNT, 1
Example GOTO THERE Before Instruction
After Instruction gNT - ngF
S € i R (H After Instruction
CNT = 0x00
z = 1
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INCFSZ Increment f, Skip if 0 IORLW Inclusive OR Literal with W
Syntax: [/abel] INCFSZ fd Syntax: [/abel] IORLW k
Operands: 0<f<127 Operands: 0<k<255
de [0.1] Operation: (W) .OR. k = (W)
Operation: (f) + 1 — (destination), Status Affected:  Z
skip if result =0 )
P Encoding: 11 1000 | kkkk kkkk
Status Affected:  None g
. ' Description: The contents of the W register is
Encoding: [ 00 ] 1111 | dfff | fift OR'ed with the eight bit literal 'k’ The
Description: The contents of register ‘f are incre- result is placed in the W register.
mented. If 'd’ is O the result is placed in .
tl}e Wdregiézer. If'd'is 1 1t,he result is Words: 1
placed back in register 'f'. .
If the rtegulltfitsht the lrgextoinstﬁxgt‘_j,op is Cycles: 1
executed. If the result is 0, a is N
executed instead making it a 2Tcy Q Cycle Activity: Q1 Q2 Q3 Q4
instruction. Decode .Read Process | Write to
Words: 1 literal 'K’ data w
Cycles: 1(2) .
» xample IORLW  0x35
Q Cycle Activity: Q1 Q2 Q3 Q4 Before Instruction
Decode Read Process Write to =
register'f | data | destination After Ins t\rll\j cti;n Ox9A
If Skip:  (2nd Cycle) W = OxBF
Q1 Q2 Q3 Q4 =%\’
No- No- No- No-
Operation | Operation | Operation | Operation
Example HERE INCFS2Z CNT, 1
GOTO LOOP
CONTINUE °

Before Instruction
PC =
After Instruction

address HERE

CNT = CNT+1

if CNT= 0,

PC =  address CONTINUE
if CNT= 0,

PC =  address HERE +1
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IORWF Inclusive ORW with f MOVLW Move Literal to W
Syntax: [/abel] 1ORWF fd Syntax: [label] MOVLW k
Operands: 0<f<127 Operands: 0<ks255
de (0,1
o i w) [OR] (f) - (destination) Operation: k— W)
eration: .OR. (f) = (destination
P Status Affected:  None
Status Affected: Z )
. Encoding: | 11 | ooxx | kkkk | kkkk |
Encoding: | oo [owoo |aree | erer | o 1 : :
- - - " - Description: The eight bit literal 'k’ is loaded into W
Description: Inclusive OR the W register with regis- register. The don't cares will assemble
ter'f. If 'd' is O the result is placed in the as O's
W register. If 'd" is 1 the result is placed :
back in register 'f. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity: Q1 Q2 Q3 Q4
Q Cycle Activity: Q1 Q2 Q3 Q4 Decode | Read | Process | Witeto
Decode Read Process | Write to literal k data w
register data destination
4 Example MOVLW  0x5A
After Instruction
Example IORWF RESULT, 0 W = Ox5A
Before instruction
RESULT = 0x13
w = 0x91
After Instruction
RESULT = 0x13
w = 0x93
Z = 1
MOVF Move f MOVWF Move W to f
Syntax: {lfabel] MOVF fd Syntax: [fabel] MOVWF f
Operands: 0sf<127 Operands: 0<sf<127
de [0.1] Operation: W =6
Operation: (f) = (destination) Status Affected:  None
Status Affected:  Z Encoding: | 00 |ooo0 |1£ee | eree |
Encoding: l 00 I 1000 [ LN I L5 l Description: Move data from W register to register
Description: The contents of register f is moved to a 'f.
destination dependant upon the status Words: 1
of d. If d = 0, destination is W register. If .
d = 1, the destination is file register f Cycles: 1
itself. d = 1 is useful to test a file regis- Q Cycle Activity: Q1 Q2 Q3 Q4

ter since status flag Z is affected.

Decode Read Process Write
Words: 1 register data |register'f
'
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Example MOVWF  OPTION REG
Decode Read Process | Write to .
register | data |destination Before Instruction
'? OPTION =  OxFF
w =  Ox4F
After Instruction
Example MOVF FSR, O OFTION =  Oxd4F
After Instruction w =  Ox4F
W = value in FSR register
Z =1
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NOP No Operation

Syntax: [label] NOP

Operands: None

Operation: No operation

Status Affected: None

Encoding: | 00 [ 0000 [ 0xx0 | 0000 T

Description: No operation.

Words: 1

Cycles: 1

Q Cycle Activity: Q1 Q2 Q3 Q4
Decode No- No- No-

Operation | Operation | Operation
Example NoP
}Eeamom ‘ mLoad?Optloaneglste,r i

E’abe/ ]W‘*"GP’T[@N T — ,
Nona g . ’
Ws—»@ﬁ;g @Nﬁ% £ W

007, " [9000° #0i10 “Joowo
‘The:contentsiot tie: Wreglster aré”
Ioaded m‘the@PT[ONrr glster sThisw,
gnstrumomls"supponed‘fo‘bcodé‘cot;n—
,patxb’lgty“w:th*P!mGCSX"eroducts‘ % ¥
~Since;ORT lO’Nfisfa»reﬁdableMntablezw
« regi&ter»the user»can dlrectly;address%’

,;To*mamtaxmupward’compé'tlbllltya #
Mth§future§PlC'16CXX»pcoducts dos.
knot.use this'instructions

» R Ity EErn £l 13

RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1 - GIE
Status Affected:  None
Encoding: | 00 | 0000 | 0000 | 1001j
Description: Return from Interrupt. Stack is POPed
and Top of Stack (TOS) is loaded in the
PC. Interrupts are enabled by setting
Global Interrupt Enable bit, GIE
(INTCON<7>). This is a two cycle
instruction.
Words: 1
Cycles: 2
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle | Decode No- Setthe | Pop from
Operation| GIE bit | the Stack
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example RETFIE
After Interrupt
PC = TOS
GE= 1
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RETLW Return with Literal in W RETURN Return from Subroutine
Syntax: [label] RETLW Kk Syntax: [label] RETURN
Operands: 0<k<255 Operands: None
Operation: k = (W); Operation: TOS —» PC
TOS—PC Status Affected:  None
Status Affected:  None Encoding: | 00 ‘ 0000 l 0000 I 1000 ]
Encoding: I 1 I Olxx l kikk | ek | Description: Return from subroutine. The stack is
Description: The W register is loaded with the eight POPed and the top of the stack (TOS)
bit literal 'k'. The program counter is is loaded into the program counter. This
loaded from the top of the stack (the is a two cycle instruction.
return address). This is a two cycle Words: 1
instruction. el ) )
Words: 1 w23 .
vity:
Cycles: 2 Q Cycle Actvclty Q1 Q2 Q3 Q4
L. 1st cle | Decode No- No- Pop from
Q Cycle Activity: Q1 Q2 Q3 Q4 y Operation | Operation | the Stack
1st Cycle | Decode | Read No- |WhitetoW, 2nd Cycle No- No- No- No-
literal 'k' | Operation | Pop from Operation | Operation | Operation | Operation
the Stack
2nd Cycle No- No- No- No-
y Operation | Operation | Operation | Operation Example REZYRN
After Interrupt
Example CALL TABLE ;W contains table PC = TOS
;offset value
* ;W now has table value
TABLE ADDWF PC ;W = offset
RETLW k1l ;Begin table
RETIW k2 ;

RETLW kn ; End of table
Before Instruction

W = 0x07
After Instruction
W = value of k8

DS30234D-page 154 © 1997 Microchip Technology inc.



PIC16C6X

RLF . Rotate Left f through Carry RRF Rotate Right f through Carry
Syntax: [label] RLF fd Syntax: [/abel] RRF fd
Operands: 0<fg127 Operands: 0<f<127
de (0,1] de [0,1]
Operation: See description below Operation: See description below
Status Affected: C Status Affected: C
Encoding: | oo | 1101 | aees 2 Encoding: | oo | 1100 | agee | eeee |
Description: The contents of register 'f are rotated Description: The contents of register 'f are rotated
one bit to the left through the Carry one bit to the right through the Carry
Flag. If 'd' is O the result is placed in the Flag. If ‘d' is O the result is placed in the
W register. If 'd" is 1 the result is stored W register. If 'd" is 1 the result is placed
back in register 'f. back in register 'f.
Words: 1 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Writeto Decode Read Process | Wite to
regi:ster data destination register data | destination
k '
Example RLF REG1,0 Example RRF REG1, 0
Before Instruction Before Instruction
REG1 = 1110 0110 REG1 = 1110 0110
c 0 (o} = 0
After Instruction After Instruction
REG1 = 1110 0110 REG1 = 1110 0110
w = 1100 1100 w = 0111 0011
Cc = 1 c = 0
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SLEEP SUBLW Subtract W from Literal
Syntax: [label] SLEEP Syntax: [/abel}  SUBLW k
Operands: None Operands: 0<k<255
Operation: 00h — WDT, Operation: k-(W) - W)
0- %)T prescaler, Status Affected: C, DC,Z
1-T0, .
0 PD Encoding: | 11 [ 110x | kkkk | kkkk |
. 55 Description: The W register is subtracted (2's comple-
Status Affected: TO, PD ment method) from the eight bit literal 'k'.
Encoding: L 00 1 0000 I 0110 l 0011 The result is placed in the W register.
Description: The power-down status bit, PD is Words: 1
cleared. Time-out status bit, TO is .
set. Watchdog Timer and its pres- Cydles: 1
caler are cleared. Q Cycle Activity: Q1 Qz2 Q3 Q4
The processor is put into SLEEP Decode Read Process | Wiite to W
mode with the oscillator stopped. See literal 'K’ data
Section 13.8 for more details.
Words: 1 Example 1: SUBLW  0x02
Cycles: 1 Before Instruction
Q Cycle Activity: Q1 Q2 Q3 Q4 W = 1
Decode No- No- Goto c = 7
Operation | Operation | Sleep zZ = ?
After Instruction
Example; SLEEP W = 1
C = 1;resultis positive
Z =0
Example 2: Before Instruction
w = 2
c = 2
zZz = 7?7
After Instruction
w = 0
C = 1; resultis zero
zZ = A1
Example 3: Before Instruction
w = 3
c = 7
z = ?
After Instruction
W = OxFF
C = 0;resultis negative
Z = 0
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SUBWF SubtractW from f
Syntax: [label] SUBWF f{fd
Operands: 0<f<127
d e [0,1]
Operation: f - V) — (destination)
Status Affected: C, DC, Z
Encoding: | oo | ooio | afes | £e5£ |
Description: Subtract (2's complement method) W reg-
ister from register 'f. If 'd’ is O the result is
stored in the W register. If 'd' is 1 the
result is stored back in register 'f.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Witeto
register 't data destination
Example 1: SUBWF  REGI, 1
Before Instruction
REG1 =" a8
w = 2
C = ?
Zz = ?
After Instruction
REG1 = 1
W = 2
C = 1; result is positive
z = 0
Example 2: Before Instruction
REG1 = 2
w = 2
C = 7
Z = ?
After Instruction
REG1 = 0
w = 2
Cc = 1;resultis zero
z = 1
Example 3: Before Instruction
REG1 = 1
w = 2
o] = 7
Z = 7
After Instruction
REG1 = OxFF
w = 2
C = 0; resultis negative
Z = 0

SWAPF Swap Nibbles in f
Syntax: [label] SWAPF f.d
Operands: 0<fs127
de [0,1]
Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)
Status Affected:  None
Encoding: | oo |1110 [affs | £££5 |
Description: The upper and lower nibbles of register
'f are exchanged. If 'd’ is O the result is
placed in Wregister. if 'd' is 1 the result
is placed in register 'f.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Writeto
register 'f data |destination
Example SWAPF REG, 0
Before Instruction
REG1 = OxA5
After Instruction
REG1 = OxAS
w = Ox5A
LIRSS . ;’”‘ Load‘;IRlS;R”égié"’teh N
~<S,yntax“ : [I‘abgﬂ; A IL}[SQ e
C}erandS' < :
f@peratlon, N (\IV)&-—){ER‘IZS??Eglsf Sefi

(atu§Affécted'
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XORLW Exclusive OR Literal with W XORWF Exclusive ORW with f
Syntax: [fabel] XORLW k Syntax: labell XORWF fd
Operands: 0<k <255 Operands: 0<f<127
de [0,1
Operation: W) XOR. k—->W) o i [XO]R ()  (destinat
eration: . . (f) — (destination
Status Affected: z P W ( )
. Status Affected: Z
Encoding: | 11 [ 1010 | kkkk | kkkk |
o _ Encoding: | oo Joiwo Jaree [reeer |
Description: The contents of the Wregister are
XOR'ed with the eight bit literal 'k'. Description: Exclusive OR the contents of the W
The result is placed in the W regis- register with register 'f.lf'd" is O the
ter. result is stored in the Wregister. If 'd' is
Words: 1 o 1 the result is stored back in register 'f.
Cycles: 1 c rl s .
cles:
Q Cycle Activity: Q1 Q2 Q3 Q4 y N
Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read Process | Write to

literal 'k’ data w Decode Read Process | Write to
register data destination
'
Example: XORLW OxAF
Before Instruction Example XORWF REG 1
W = 0xB5 Before Instruction
After instruction REG =  QOxAF
W = OxiA w = 0xBS
After Instruction
REG =  O0x1A
w = 0OxB5
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