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RTC Chip Design Using VHDL Language

Komsit Temdee! and Bunjong Piyatamrong?

King Mongkut's Institute of Technology Lardkrabang

Abstract

This paper presents a modem method in designing digital system using VHDL
(VHSIC Hardware Description Language). It is used to describe hardware for the purpose
of developing, modeling, smulation and testing in design process. In this paper, the VHDL
model of RTC Chip (Real Time Clock) is created for using with microprocessor and
microcontroller. The RTC Chip contains a rea time clock/calendar and 24 byte of static
RAM. It communicates with a microprocessor via a smple parale interface. The rea
time clock/caendar provides seconds, minuteshours, days, dates, months and years
information. The end of the month date is automatically adjusted for monthes with are less
than 31 days and it is automatically adjusted the end of the month, date for months which
have days less than 31 and also corrected for the leap yesr.

! Graduate Student, Department of Computer Engineering
2 Lecturer, Department of Computer Engineering
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RANGE REGISTER DEFINITION
REGISTER|FUNCTION| DATA
|cD) |7 | 6| 5(4 (312|110

0 [SECONDS| 00-59 | CH 10 SEC SEC

1 MINUTES | 00-59 10 MIN MIN
12HRS | 01-12 {121} 0 | AP| HR

2 24HRS | 00-23 (24 | 0 | 10} HR HOUR

3 DATE | 0131 | 0 { O | 10DATE DATE

4 MONTH | 0112 (0 | O | O |1OM MONTH

5 DAY | 0107 |0 |0 |0 |0 DAY

6 YEAR | 00-99 10 YEAR YEAR
WRITE
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Bit 0 &4 Bit 5 idagludn 01-31
. o v d g v 3 aa [ v -
5. Month Register ynwihiithudayaludupasliiu lduasadvaday
T Bit 0 ©ia Bit 4 fanagludn 01-12
. ° JJ Vv ] aa L4 v s o
6. Day Register nwihiihudayalusdvgasfiulduaasamoesiu fiazes
Foyanglugn 01-07 wis Jusiedluaudviuafiiues
. ° v da g [} aa Vv ' ol of 1 ]
7. Year Register Ynmhiihudayaluduzasiu ldudasdrnadl imag
lugn 00-99
. . < = . P . d
8. Write Protect Register (WP) #aazldouiies Bit Wen@Ae Bit 7 Fenau

eidsutayaacludia Register lofmuazdasivuald Bit iy o fAsunnas

117




315815-1 @95. Ul 19 avuf 2 Sumen 2539

v
-1

FaUnfudr waen Power on reset wd wadhiwualy Bit Hifluasdn 1 Aauilu
mstlasiunmsidisudayaadlUss Register 699

9. Control Write viwﬁwﬁmuquﬁ'numpmm'iahutﬁﬂu Register N9 Way
RAM lagazasadaudyannain WP Register Seiauihasiifyanondsy RAM
w30 Register 6197 (Aadu uddmn WP faadndlu 1 dyanandeudpyaneemue
Wwnzas Control Write fazlifiadutiu wanede azlifimsdeudayaruaslud
RTC Chip ldtas fdyanadsutayasnietuldide wp Seadnidlu o winfy
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Faiflanamdamhiimshauudesdumelud RTC Chip athdiuing
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iheefy wouile Seconds Register fuBuauINNN 59 Fufamihmsuiutays
Tughsiuesiifly 00 #nae waradndyaname wiaduananniin Ul Minutes
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1. MMSANEINININUYEN DS 1202 RTC Chip Tas3uan Block Diagram
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2. YAM3DBALUY Module Tudusa g 289 RTC Chip Tnstldsudiildda
vnfugunsaimeuen wuuaynsmnuuuuzunu wimnhanMsien Module 284
Register §N4 1] 20ANNNU UITMNUAMTUQN YD Register Waaze iafmIsodaw
Register TaWaaENeI8i Wazidanmsussengadme VEDL #iadn 4 Fomnzandu
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3. MMINAFTBY Source Code YaNM¥) VHDL 284 Register uAaen leams
Simulate SauamNBUABUAN 9 1id3UR 3 Tagaziimadandame yadandinila 1hian
Source Code 284M¥1 VHDL 3mms Compile (Hansadauanugnaasasgliuy
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Simulate File 1UYhmM3 Simulate 10814 ViewSim Faruapuusninanani Lisansoi
sulhihasdueneiliifu Schematic lddmumatdanilaesazih Source Code
289M¥ VHDL 6uUmM3s Compile Wz Synthesis 1ng/l% VHDLDES fazle Wirdist File

VHDL Description Synthesis
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Symbok

I -~ Library

I+ Log File

ViewSynthesis

VHDL Analyzer (VHDLDES)

VUV —

Wirlist

I

Simulation File VSM ViewGen

Simulation File l j

Schematic Symbol

ViewSim ViewSim

Sim. Output 2 Sim. Output 2
P & .
3UN 8 usaNaUADUUBINS Simulate
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1. WAINM3 Simulate ¥INNNMTAA Power on reset ﬁw'lng'dﬁ 5 ¥M
M3 Reset TasmsTiian RST 289 RTC Chip ffaadn 1 Yszana 1 us ludnnmiites
Register 89 flagmeluda RTC Chip ssmmsimuasmmeluzasdaiues &

J e 1 1 ) ar - W oar l‘,‘
uaealluguil 6 Fahmseuddayaceq wdnmMsiia Power on reset lddsiiae

DATA
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317 5 uaad Timing diagram a1l Power on reset

- Seconds Register 7l Address #uvinid 00 @i 0 1l

- Minutes Register 7l Address suwiid 01 fldilu 01l

- Hrs Register il Address _shumiid 02 e 0 #2Taud (e msuaed
HALUU 24 H2139)

- Date Register il Address s 03 e 01 wiafuf 1

- Month Register il Address siuniid 04 el 01 v3d dauunsial

- Day Register 7l Address duwiid 05 ifaniflu 02 w3a Sudund]

- Year Register | Address shumiid 06 ilehiihi 96 w3n Tl 1996
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1 . . a w o &
2. WAM3 Simulate MINVAUPEY Minutes Register Flaglndudamsiviy
L 1 & o a v '
Y84 Seconds Register asiutuluznizuaumndusasdygnonniimildnnmeusn ud
L) s . o d v & va o d aw 4 ar o P
dM3U Register M1du 1 udule Adailialidyanamann Register o ladmnil ningy
- ar ] [ . w " - y o - o
6 8NAIBEN 17U Minutes Register wnuBulanaailaidyananninudlu iz CLK
g a - J » J ar -
UATU 60 §n M INdyaNUNaRaBuUIN Seconds Register iatuduanannitm
2 a L J J = 4: e =l n'-'
i Minutes Register inmsiviunnandniiiagaa 00 fu 01 wiadlu 1 niiuies

Viewtmré 51 — RUN

DATA

0 Su 10u

717 6 uaaa Timing diagram mafuiueas Minutes Register

- ' o - = P
3. WAM3 Simulate M5WBU WATMIBE RTC Chip Fenngui 7 Guan
ol L ar o Hv J L ] e 8
Msilisudayaaluds Seconds Register 108yNM3T Address UM 00 WMy
v a - o o v o Y o a
i WR 1llusadn 0 lunaziduanuiion Address #a9aei wazan RD daeiiaadn

» -
oy T ol s TR B e L — e L
ADDR 2 00
— _— — —_— — — —_— — — — — —
lew oA A
RsT '
g
RD i
WR | t |
DATA ‘?’ zz X P [X 2z Y I3[ Y zz
CS
0 Su 10u 15u 20u 25
Time (Seconds)

3N 7 UaA Timing diagram vasmsiEsuLRzMIBUTEYA
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du 1 wdrhmsdsudaya 37 Sndiaald dadsudeyawiaGeusen Alvn WR
flueedn 1 wilaudungil 8 fnm 13 us Wumssudaysiihmsdsuluud
29n31N RTC Chip ol RD faodndlu o Tusazanwr feadniu 1 ues
Fyanodeumiszes Address aaf ‘z’hﬁagaﬁlﬁaanmﬁa 39 Jnd ilasnniFyano
wnitmesumiuldthulusessniaud

4. uaPldanms Synthesis Fvluunanuilzasndiatamams Synthesis
lAWIr Day Register whﬁv'u“i‘i\fluzhu'uaq Source Code ﬁussmaﬁqwqanssuﬂm
Day Register louaalilumanuin waslduansdiufidrdysasdrinnnuazasms
Synthesis @aduRudadidnmzIndanisldmvuamadanding Aauns
Synthesis tipazlilagnsaursiimnzanmuanudaems luduiiassdio Gate Usage
Summary (uduiluaasfeneanden uasinnurasgunssinn Library Aldiianan
Synthesis wazlauans Schematic 299 Day Register 1{ﬁlﬁ§ﬂﬁ 8

----- Module Name . DAY
----- Library Name : x4000
_____ Operating Voltage : 5.000000
----- Operating Temp . 25

_____ Process : TYPICAL
_____ Logic Type : SMALL
----- area/speed Factor : 1.000000
_____ Package : DEFAULT

ok 3% e ok ok 3 3k A ok Sk 3k 3k ok 3k 3k 3k ok ok 3k 3k 3k ok ok ok 3k 3k ok 3k 3k 3k sk ok ok ok 3k e ok ok ke ok ke sk sk ok ok sk ok ok sk %k

Gate Usage Summary

3k 2k e e 3k 2k ok ke Ak 3k 3K e ok dk 3k 3k ok ke ok ok 3k sk ke ok Sk 3k ok ke ke 3k 3k 3k 3k ok sk ok Sk ok ke ok 3K ok ok ok ok ok ok Kk ok ok

Cedll Count Areal/Cell Cedll Count Area/Cell
MX4000:FD 8 0.00 MX4000:FDR 6 0.00
MX40000:FDS 2 0.00 MX4000:LDRD 4 3.00
X4000:AND2 10 0.25 X4000:INV 13 0.00
X4000:NAND2 12 0.25 X4000:NOR3 4 0.50
X4000:NOR4 1 0.75 X4000:0R2 23 0.25
X4000:0R3 1 0.50 X4000:0R4 1 0.75
Tota Cells : 85 Total Area : 27.25
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b ) 8 i 1 1

gﬂﬁ 8 Schematic 484 Day Register mﬁmnmi Synthesis
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MEMY) VHDL fasnuuutienusdisu Source Code UTSENEMSINNIUYDIENSOUIS
wanNufhmMs Compile UAWNMS Simulate @hle Timing muiapImvsals
drdalilduamuiidasmsimiunsudaiingnmnudisness  Fandennlauan
RoemMIudINe) Source Code MIAlUMMMS Synthesis (Ralle Schematic ud
¥ms Simulate 8nA% WalSsufisufunans Simulate 290 Source Code 1y
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library synth;
use synth.stdsynth.all;
entity Day is
port (signa CLK, RD, WR, RST :in vlbit;
signal ADDR :in vibit_1d (4 downto 0);
signa En_out: out vlhit;
signal DIN :in vlbit_1d (7 downto 0);
signal DOUT : out vibit_1d (7 downto 0));
end Day;
architecture behavioral of Day is
signal statel, Datavibit Id (7 downto 0);
signal state2, nextstatel, nextstate :vlbit_1d (3 downto 0);
signd flagl, resetflagl , resetflag2, clkdffc, clkdlatche, datainflagl , datainflag2, resetdffc1,
resetdffc2 : vibit; constant day_table:vlbit_2d (O to 7,7 downto O):=(

127




™ v o o
Nsahs4 des. T 19 aUuR 2 Sunew 2539

B”0001_0010",
B”0010_0011",
B”0011_0100",
B”0100_0101",
B”0101_0110",
B”0110_0111",
B”0111_0001",
B”1XXX_0001");

begin
flagl< ="1";
clkdlatchc< = ‘1" when ((ADDR = B “00101") and (RD = ‘1') and (WR = ‘0’))
else‘0;
dlatchc_v (DIN, RST, clkdlatchc, statel);
clkdffc< = ‘0’ when ((ADDR = B “00101") and (RD = ‘1) and (WR = ‘0))

else ‘1
dffc( flagl, resetdffcl, clkdffc, datainflagl);
resetdffcl1< = ‘1" when ((RST = ‘1’) or (resetflagl = ‘1)) else ‘0’;
dffc (flagl, resetdffc2, clkdffc, datainflag2);
resetdffc2< = ‘1" when ((RST='1") or (resetflag = ‘1’)) else ‘0’;
Data< =B “0000" & statel (3 downto 0) when ((datainflagl = ‘1’) or (datainflag2
='1")) else B “0000” & state?;
En_out< = ‘1’ when ((ADDR = B” 00101”) and (RD = ‘0') and (WR = ‘1')) dse ‘0';
dff v (Data, En-out, DOUT);
pla_table (statel (3 downto 0), nextstatel, day-table);
pla_table (state2, nextstate?, day-table);
process
begin
wait until ((prising(CLK)) or (RST="1"));
if (RST="1") then
state2< = B “0010";
resetflagl< = ‘0’;

resetflag2< = ‘1’;
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else
if (datainflagl = * 1') then
state2< = nextstatel;
resetflagl< ="'1’;
resetflag2< = ‘0’;
elsif (datainflag2 ='1") then
state2< = nextstatel;
resetflagl< =‘0’;
resetflag2< = ‘1’;
else
state2< = nextstate?;
resetflagl< = ‘0’;
resetflag2< = *1’;
end if;
end if;
end process,

end behaviord
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