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Implementation of an Asynchronous Serial 1/0

INTRODUCTION

The PIC16C5X series from Microchip Technology Inc.,
are 8-bit, high-speed, EPROM-based microcontrollers.
This application note describes the implementation of an
Asynchronous serial 1/0 using Microchip’s PIC16C5X
series of high-speed 8-bit microcontrollers. These
EPROM based microcontrollers can operate at very
high speeds with a minimum of 200 ns cycle time @ 20
MHz input clock. Many microcontroller applications
require chip-to-chip serial data communications. Since
the PIC16C5X series have no on chip serial ports, serial
communication has to be performed in software. For
many cost-sensitive high volume applications, imple-
mentation of a serial I/O through software provides a
more cost effective solution than dedicated logic. This
application note provides code for PIC16C5X to simu-
late a serial port using two I/O Pins (one as input for
reception and the other as output for transmission).

IMPLEMENTATION

Two programs are provided in this application note. One
program simulates a full duplex RS-232 communication
and the other provides implementation of half duplex
communication. Using Half-Duplex, rates up to 19200
baud can be implemented using an 8 MHz input clock.
In case of Full-Duplex, the software can handle up to
9600 baud at 8 MHz and 19200 baud at 20 MHz, one or
two stop bits, eight or seven data bits, No Parity and can
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transmit or receive with either LSB first (normal mode) or
MSB first (CODEC like mode). It should be noted that
the higher the input clock the better the resolution. These
options should be set up during assembly time and not
during run time. The user simply has to change the
header file for the required communication options. The
software does not provide any handshaking protocols.
With minor modifications, the user may incorporate
software handshaking using XON/XOFF. To implement
hardware handshaking, an additional two digital I/O Pins
may be used as RTS (ready to send) and CTS (clear to
send) lines.

Figure 1 shows a flow chart for serial transmission and
Figure 2 shows a flow chart for reception. The flowcharts
show cases for transmission/reception with LSB first
and eight data bits. For reception, the data receive pin,
DR, is polled approximately every B/2 seconds (52 s in
case of 9600 baud) to detect the start bit, where B is the
time duration of one bit (B = 1/Baud). If a start bitis found,
then the first data bit is checked for after 1.25B seconds.
From then on, the other data bits are checked every B
seconds (104ps in case of 9600 baud).

In the case of transmission, first a start bit is sent by
setting the transmit data pin, DX to zero for B seconds,
and from then on the DX pin is set/cleared correspond-
ing to the data bit every B seconds. Assembly language
code corresponding to the following flowcharts is given
in Figures 3 and 4.
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FIGURE 1 - TRANSMISSION FLOW CHART FIGURE 2 - RECEPTION FLOW CHART
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FIGURE 3 - TRANSMIT ASSEMBLY CODE (CORRESPONDING TO FIGURE 1)

SRkkRR Rk Rk Transmitter

Xmtr  moviw 8 ; Assume XmtReg contains data to be Xmted
movwf XCount ; 8 data bits
bcf Port_A,DX ; Send Start Bit
X_next call  Delay ; Delay for B/2 Seconds
rrf XmtReg
btfsc STATUS,CARRY ; Test the bit to be transmitted
bsf Port_A,DX ; Bitis a one
btfss STATUS,CARRY
bcf Port_A,DX ; Bit is zero
decfsz Count ; If count = 0, then transmit a stop bit
goto  X_next ; transmit next bit

X_Stop call Delay
bsf Port_A,DX
X_Over goto  X_Over

; Send Stop Bit

FIGURE 4 - RECEIVE ASSEMBLY CODE (CORRESPONDING TO FIGURE 2)

L Fkokkkk koo ko

Recvr

Receiver ** xskikrkikikkikrkkk

btfsc Port_A,DR ; Test for Start Bit

goto  Rcvr ; Start Bit not found

moviw 8 ; Start Bit Detected

movwf RCount ; 8 Data Bits

clrf  RcvReg ; Receive Data Register
R_next call  Delay ; Delay for B/2 Seconds, B=Time duration of 1

Bit

bcf STATUS,CARRY ; Clear CARRY bit

rrf RcvReg ; to set if MSB first or LSB first

btfsc Port_A,DR ; Is the bit a zero or one ?

bsf RcvReg,MSB ; Bitis a one

call Delay

decfsz RCount

goto  R_next
R_Over goto R_Over ; Reception done

The software is organized such that the communication
software acts as a Real Time Operating System (RTOS)
which gives control to the User routine for a certain time
interval. After this predetermined time slot, the user must
give back the control to the Operating System. This is
true only in the case of full-duplex implementation.
Timing considerations are such that the user gets con-
trol for approximately half the time of the bit rate and the
rest of the half time is used up by the Operating System
(and software delays). Please refer to Table 1 for the
delay constants and the time the User gets at 8 MHz
input clock. Delay constants and the time that the User
gets at 20 MHz and 4 MHz input clock speeds are given
in the source code listing of the full duplex routine. At
frequencies other than 4, 8, or 20 MHz, the delay
constants and the time the user gets can be computed
from the equations given in Figure 6.

FIGURE 5 - FULL DUPLEX BLOCK DIAGRAM
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FIGURE 6 - EQUATIONS FOR DELAY
CONSTANTS

Baud_Cycles = Clkout/Baud ;
User_time = Baud_Cycles* (float) 0.5 ;
K0 = (1.25*Baud_Cycles - 2.0*User_time - 89)/3.0
{
K0=0.0;
User_time = 0.50* (1.25*Baud_Cycles - 89.0) ;
}
K1 = (1.25*Baud_Cycles-18 - User_time - 59.0 - 3.K0)/3.0 ;
K2 = (Baud_Cycles - User_time - 41.0 - 3.K0)/3.0 ;
K3 = (Baud_Cycles - User_time - 61.0 - 3.K0)/3.0 ;
K4 = (Baud_Cycles - User_time - 55.0 - 3.K0)/3.0 ;
K5 = (Baud_Cycles - User_time - 55.0 - 3.K0)/3.0 +1.0 ;
K6=10.0;
K7 = (1.25*Baud_Cycles - User_time - 39.0 - 3.K0)/3.0;

JIF (K0 < 0)

TABLE 1 - DELAY CONSTANTS AT 8 MH z

INPUT CLOCK
Constant | 19200 | 9600 | 4800 | 2400 | 1200
K0 - 0 5 39 109
K1 - 39 80 150 288
K2 - 27 51 86 155
K3 - 21 44 80 148
K4 - 23 46 82 150
K5 - 24 47 83 151
K6 - 0 0 0 0
K7 - 45 86 156 295
User Cycles - 86 208 416 832

TABLE 2 - DELAY CONSTANTS AT 20 MH z

INPUT CLOCK

Constant | 19200 | 9600 | 4800 | 2400 | 1200
K0 0 13 57 143 317
K1 49 98 184 358 705
K2 34 60 103 191 364
K3 27 53 96 184 357
K4 29 55 98 186 359
K5 30 56 99 187 360

K6 0 0 0 0 0
K7 56 104 190 365 712
User Cycles | 118 260 521 1042 | 2083

For example, if the baud rate selected is 9600 bps (@ 8
MHz) , then the total time frame for one bit is approxi-
mately 104 ps. Out of this 104 ps, 61 ps is used by the
Operating System and the other 4 ps is available to the
User. Itis the User’s responsibility to return control to the
Operating System exactly after the time specified in
Table 1. For very accurate timing (with resolution up to
one clock cycle) the User may set up the RTCC timer
with the Prescaler option for calculating the real time.
With RTCC set to increment on internal CLKOUT

(500 ns @ 8 MHz CLKIN) and the prescaler assigned to
it, very accurate and long timing delay loops may be
assigned. This method of attaining accurate delay loops
isnotused inthe RS232 code (RTOS), sothatthe RTCC
is available to the User for other important functions. If
the RTCC is not used for other functions, the User may
modify the code to replace the software delay loops, by
counting the RTCC. For an example of using this method
of counting exact timing delays, refer to the “User”
routine in Full-Duplex code (Appendix B).

The software uses minimal processor resources. Only
six data RAM locations (File Registers) are used. The
RTOS uses one level of stack, but it is freed once the
control is given back to the user. The watchdog timer
and RTCC are not used. The user should clear the
watchdog timer at regular intervals, if the WDT is en-
abled.

The usage of the program is described below. The user
should branch to location "Op_Sys" exactly after the
time specified in Table 1 or as computed from Equations
in Figure 6. Whereas, the transmission is totally under
User control, the Reception is under the control of the
Operating System. As long as the user does not set the
X_flag, no transmission occurs. On the other hand the
Operating System is constantly looking for a start bitand
the user should not modify either R_done flag or RcvReg.

TRANSMISSION

Transmit Data is output on DX pin (Bit 0 of Port_A). Inthe
user routine, the user should load the data to be trans-
mitted in the XmtReg and Set the X_flag (bsf
FlagRX,X_flag). This flag gets cleared after the trans-
mission. The user should check this flag (X_flag) to see
if transmission is in progress. Modifying XmtReg when
X_flagis setwill cause erroneous data to be transmitted.

RECEPTION

Data is received on pin DR (Bit 1 of Port_A). The User
should constantly check the “R_done” flag to see if
reception is over. If the reception is in progress, R_flag
is set. If the reception is over, “R_done” flag is set to 1.
The “R_done” flag gets reset to zero when a next start bit
is detected. The user should constantly check the R_done
flag, and if SET, then the received word is in Register
“RcvReg”. Thisregister gets cleared when a new start bit
is detected. It is recommended that the receive register
RcvReg be copied to another register after the R_done
flag is set. The R_done flag also gets cleared when the
next start bit is detected.

The user may modify the code to implement an N deep
buffer (limited to the number of Data RAM locations
available) for receive. Also, if receiving at high speeds,
and if the N deep buffer is full, an XOFF signal (HEX 13)
may be transmitted. When ready to receive more data,
an XON signal (HEX 11) should be transmitted.

SUMMARY

PIC16C5X family of microcontrollers allow users to
implement half or full duplex RS-232 communication.
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APPENDIX A: ASSEMBLY LANGUAGE FOR HALF DUPLEX
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ASSEMBLY LANGUAGE LISTING FOR FULL DUPLEX

APPENDIX B

SHq 153} Beyy AdyAWX 1oy sialsiBal o)1
ele@ A2y @ BIeq JWX p|oy 01 sialsibal aji4 Z
9 = (pasn sialsiBal a|1}) suoiedo| Alowaw ereq [0l

'suoied0| Z€T = (dunnol Jasn % urew, ul
uonezieniul 3daoxa ) pasn suoneso Alows| weiboid [elol
: Alows welbold

'paloa1ap S Hg UEIS MaU B uaym
pales|d s18b Jaisibal siy * Haynoy, 1a1sibay ul si
plom paniadal 8y} uayl ‘1 3S I pue ‘Bey auop™ o ayr
328Y2 AjjueISuod pinoys Jasn ay ‘oS ‘pajdalap sl g
1/e]S 1Xau B uaym 019z 0} 18sal s1ab Beyy ,auop o, ayl
*T 0118s S| Beyy ,auop Y, ‘19A0 sI uondasal ayi §|
T 0118s S| Beyy ‘ssasboid ui
S| uondadal ay} §| “1aA0 sI uondadal JI 83s 0}
Beyy ,ouop o, 8yl %98Yd AueISuod pinoys Jesn ayL
"(vMod Jo ¥a Ng ) ¥@ uid uo pandal s eleq

: uondadey

‘uoissiwsuel) ay) Jaye
paJes|d s1ab Bey syl “( Bey x‘xubeld ysq ) Bey x
a1 18S pue Bayiwx ays ul papiwsuen aq o3 erep
BY1 peo| PINoYs 1asn ay} ‘aunnol 1asn ayl uj
‘(v Mod Jo Xa 1g) uid X@ uo ndino si ereq nwisuel L
L uoissiwsuel |

'sn zg Apoexa nun ‘dooj Aejep

B Ul lem pInoys Jasn ay} uay} ‘pasn sI Sh gg uey ssa) 4|
‘wasAs Bunelado ayi 01 [043u02 ayy dn aAIb 01 sey aunnol
18SN 3yl dwi SIY} Jayy ‘swi Jo Junowe siy} dn asn Apoexa
0] sey aupnois Jasn ay | “( suonenba wouly 1o ) 3|gel 8y} ul
$9[9AD 1asn ay1 Ag pauyoads se awn [ejo} e s1ab Jasn ayL

(zun 0z 9T @)pneg 00Z6T 0} 00ZT WOl pasaL ()
(zyw 8 @ )pned 0096 01 00ZT Wol parsal (2)
xa1dna |In4 (1)

o Sjuswwod

.7S09TOId Buisn uopesuNWWwo)d zezsy, J1LIL

- 2¥00
 T¥00
1 0v00

© 5000
* 7000
- €000

2000
- T000

1X31 304dN0S 3INIT

¥G09TOId Buisn u

3d0D 193rdo 2001

oledIUNWWOD Z2E2SYy

T 39vd £1:8:6 ¥66T-72-9 \SILON-dW\:D eudlv 20°00'T0 WSVdIN

DS00510C-page 11

© 1994 Microchip Technology Inc.

2-181



Implementation of an Asynchronous Serial 1/0

0 nbs gS79€00
' €00
0 nbd  M¥EOD
T nba awes ££00
1 2€00
. nba zvdT£00
9 nba Tvd0£00
S nbs 0vd 6200
¥ nbs Ol 8200
¥ nbe 1NO L2200
€ nbs  ad9z00
€ nba NMOQ d 5200
¢ nba  Z¥z00
ngosmzsigdqozug:  z nbs ug Z €200
T nba 2azzoo
T nba AYYVOA T2Z00
0 nbd 20200
gd4j00ugsinghied: 0 nba A¥YVO 6T00
sig '93Y SNLVLS ! 18100
1 LT00
19100
' GT00
L nba D7uod ¥T00
nba g Mod £T00
G nba v Hod 2100
1 TT00
¥ nba  ¥S40T00
‘Boy snivissibeded: € nba SNLVLS 6000
¢ nba  2d 8000
T nba 2214 /000
19000
H4d4. nba /S01d S000
H4d4€ nba 9501d ¥000
H44T nba §50Id €000
SI0J08A 1S3y BuYda . H44T  nba $5D1d 2000

‘
srxerconeroars JOPBIH XGO9TOId svxsxrsxrrsxrrssrrexrrxsr 1000

syuswubIssy uod O/l ¢

©

«H'O340ld, 3dNTONI ¥S00
NO=1 '¥G09T=d 1S €500
- 2S00

pPesNiIoN : 1dm - TS00
pPesnioN :DJI1¥ - 0S00

16700

‘aupnos Jesn ! 8y00

8y} 0} suinyas weibolid 8y se UooS Sse Pasly i SIy) INg “dunnol ' /100
2£2SH/WalsAs Buresado ay) Ul pasn si 3oeIs Jo [9A8] U0 AlUO ¢ 9700
IYPeIS ! SP00

‘ ¥¥00

ped yorelos % Junod Ae|ap loy siaisibal 8|4 € L £Y00

© 1994 Microchip Technology Inc.

DS00510C-page 12

2-182



Implementation of an Asynchronous Serial 1/0

PaAIBdaY 90 01 Sl JO# 10} JSJUNOY : T S3Y WNody L£00
paniwisuelL s)g Jo# 40} JSJUNoD ! T S3d UN0dX 9€00
paniwsuel) aq 01 ereq T S3d Bayiwx s€00

pani@dal eleq - T S3Y HdYAdY €00

£ €200

wbuo AWWNg ¢ HEO 9HO 200

1800

ssrrrrrsssrrs SIUBWUBISSY NV BIBQA sxsssssvrrrsssssrrrrs. 0E00
£ 6200

(vuodjoTug)udanpay: T nba  ¥d8z00
(vuodjoong)udnwsuerl ! o nbs  Xa.zoo

$ 9200
paJtea|d sl uqg siyl »muw_QEoo uoissiwy Uusypn : mmc\x nba mCOU\X G200
L3S s1uq siys ‘a19|dwiod uondaday Usym : T nba auop Y ¥200

' €200
(sugdois 1/ 1oy )R ug doiswx : 9 nbs u9°S 2200

S nba Bey v 1200
xdbedjoeuga: v nba gsxug 0z00
xdbei4jozug: € nba Bey s 6100
xdbei4j0tug’ z nba Bey d 8100
xdbei4j00n9: 0 nba Bey X LT00
9100
SBWUBISSY 119 1S9 9AI999Y % Nwisuel ] { GT00
¥T00
ugdols zusyi T=2as 4! 1 €100
ugdoistueyo=casy: 0 nbe zgsS2I00
{1100
L @sjo g sl (uondeday ) sugerepjo# (T==1aN o) #: T nba NGN Y 0TOO
L @s|2 g s (uoissiwsuel] ) suqerep o # (T==NAN X)#: T nba NGN X 6000
(&1 03a00 ) 181y GS 18281 UsYL (0==3A0W ¥ ) J! 8000
Is1y 957 8A08) UaYL (T==3A0W d)H: T nba 3IAOW d 2000
(&1 03@00 ) 151 GSIN Nwisuen uayL (0==3AOW X ) J! : 9000
Isay 957 ywsuen usyl (T==3dOW X)J: T nba IAOW X S000
' ¥000
: €000
Sialaweled uonedunwwo) Zezsy £ 2000
: T000
H'2€ZSY, 3AaNTONI §500
7500
S00
)
' €v00

0 nbs  ONZv00

0 nba 3STV4 TY00

T nba S3A 0100

T nbs 3NdL 600
8200

L nba dSI .00

TO00 9000
TO00 Y000
TO00 6000
TO00 8000

0000

T0O00
T0O00

T0O00

T000

0000
0000
TO00
T0O00

2000

DS00510C-page 13

© 1994 Microchip Technology Inc.

2-183



Implementation of an Asynchronous Serial 1/0

: G800

9§T 98 S — — M : 800
0 0 0 - - M : €800
€8 v ve — — ] 12800
28 9 €& — — 12 1 1800
08 w 1¢ — — e 1 0800
98 s Lo — — 2 16.00
0ST 08 68 — — ™ :8.00
6€ S 0 - - (] - 1200
9200

00¢T 00¥C 008y 0096

(zZuN ¥ @) ‘5200
00261 sjuelsuod 200

€200

12.00

1 T200

Ze8 9Ty 80z 98 —  s8pAD lesn 1 0L00
16900

«G6¢ 9GT 98 12— M : 8900
0 0 0 o — M * /900

16T €8 Ly ve — ] 9900
0ST ¢8 9v € — 12 G900
8yl 08 v Tc — e 1900
GST 98 1S le — (2 : €900
«88¢  0ST 08 6 — ™ 12900
60T 6 S 0o — [] * 1900

- 0900

(zun8 @) ' 6500

00¢T 00¥¢ 008y 0096 0026T SJUeISUOD 8500

' 2500

19500

' G500

' %500

€802 2FOT T2S 092 8TT S8PADJIesn ‘€500
12500

«CTL +G9€ 06T ¥OT 9G M 'TS00
0 0 o0 0 o0 9%  '0S00

£09¢ /8T 66 95 O0F SM 1600
x6GE 98T 86 GS 62 M 18¥00
«/GE ¥8T 96 €5 /1T €M '/¥00
«¥9€ T6T €0T 09 € 2 19v00
xG0L «8S€ V8T 86 6V ™  1S¥00
1€ €T LS €T 0 oM ' v¥00

' €00

00¢T 00¥Z 0087 0096

(zyN 0z @) *2r00
00Z6T  SWBISUOD  T#00

19151621 ploy Beyy 1s8) 9A1909Y 79 Nwisuel]
Juelsuod Aejaq Joj J23UN0D !

: 0v00
T S3d xybed 6£00
T S3d wdAld 8€00

© 1994 Microchip Technology Inc.

DS00510C-page 14

2-184



Implementation of an Asynchronous Serial 1/0

gsxna‘xdbeld sspq 0800
ssaifold ul uondsosy oy Bejy1es : Bey y'xybeld  isq 6,00
Bey) auop anIedaY 19say ¢ auop y'xybeld  Joq 8100
SN Z/70T 104 Aejap : Alleys 0106 1,00
1g Wels e 1oy %o8yd - da'v Hod 9spg MIs™d 9200
1G/00
T 1esn  ojob 7,00
Z opal 0106 €00
S919AD 09z = =Aelpa: BwesWDAIQ zsosp g opal .00
WwoAla maow zAelad TL00
1000
J9sn oj0b 6900
T opas 0106 8900
awes‘uDAIg zspap T opal 2900
woAla ymrow TAeja@ 9900
1 G900
0 mpal 7900
opas 0306 €900
awes‘uDA|Q zspoap  opal z900
9+M€ = Aeaq [eoL woAla  jmaow T900
T+0M Mmirow Aejed 0900

‘

0 940 LS00

sy nNdO3 M ¥0T0

00 Nnd3 9 €0T0

¥Z© NO3  SM 2010

€ nO3  ¥MT0T0

12 NO3  €X00T0

1z nO3 Y6600

6 NO3  TX8600

00 ndO3  0M 1600
1 9600
ZYA 8 = NIMTO @ pned 0096 10} sluelsuoD Aejp@18S ' G600
' ¥600
"pasn aq Aew zOT YuM JaYlo 8y} | €600
pue GGz yum auo ‘sdooj Aejap g 0S 'Z0T+5SZ = LGE ‘dldwexa 104 ! 2600

'sdoo| a1ow 1o g ol uaxoig ag pjnoys dooj Aejap ay ‘sdooj Aejap ul  T600
SjueIsu0d asay) Juawsa|dwi 0] 'GGg< dle, 4, PadJeW SULISuod Ayl 0600
1 6800

8800

/800

9l 802z 98 — — S8PAD I18SN | 9800

ds.o 1100
avso 0100
dcv0 4000
/TVv0 3000
G290 dooo

£9v0 D000
V0Vv0 9000
03¢0 V000
0200 6000

asvo 8000
90v0 L000
03¢0 9000
0200 S000

0080 000
¢0Vv0 €000
0320 ¢000
0200 T000
T020 0000

DS00510C-page 15

© 1994 Microchip Technology Inc.

2-185



Implementation of an Asynchronous Serial 1/0

JAON X dI 8210
JUNOJX  ymAow 1270
dlan3 9210
L maow G210
35713 %270
8 Mmjaow €270
WON X 4l [4410]
uguelISpuss ! Xd'v Mod  Joq s X TZT0

auoq uondadsey '6TTO0

IIPYs  ol0b LTT0
auop d‘xdbeld  Jsq 9110
Bey s'xybeld  Jsq STTO
Bey d'xydbeld  joq ¥TT0
IIeYs  olob €TT0
|aWeS N3y zsjosp ZTT0
d41aN3 TTT0
gs7'6adnoy  4sq 0TTO

35713 60TO
dlan3 80T0
T-aSN‘BadAdy  Jsq L0T0
3573 90T0
Alquessy [euonpuod :  gSIN‘BaYA0Y  Jsq S0TO
WONTY I ¥0T0

Jaow d 4 €070
ya‘'y uod asiq 2010
d1aN3 1070
awes'faynoy Y 0010
3513 6600
1SI 9ST40ISIy SN N 18S 011 awes'Baynoy 8600
3JaoW d 4l 1600
AYYVO'SNLYLS 00 Xau™d 9600
1 G600
IIBYs  0j0b 7600
Bey~y'xybeld  Jsq €600
IIeYs  o10b 2600
asxug'xdbeld sspg AllRUS T600

¥/¥0T+v0T 10} Keop ! llous  ojob 6800
unody  ymaow 8800
41aN3 1800

sHgeyep /: L MjAOW 9800
3513 G800
sngereqs: 8 MAow ¥800
N g 4l €800
BoyndY Jo siq e Jes|d Baynoy  HIP 2800

IS Ul pajoalap Ng Wess Joy st Bel v 1 Bey v xybeld  ysq 1800

V200 L200

8000 9200

S0v0 G200

8.V0 200
deso €200
a9s0 ¢c00
avv0 1200
8.Vv0 0200
9320 4700

8350 3100

G290 dT00

8¢€0 OT00
€070 9100
8.V0 V100
avso 6100
8.V0 8100
as.o LT00

8.V0 9100
9200 ST00

8020 7100

8900 €100
avso ¢100

© 1994 Microchip Technology Inc.

DS00510C-page 16

2-186



Implementation of an Asynchronous Serial 1/0

Suq eyep /L : L mjow 9.10
35713 S.T0

sugeeqs: 8 mpow %270
WON' T 4l €70

woAla  ymaow 2LT0

¥/70T+v0T SI 10 IST 10} Aejop ! T+TY MiAow 170
Kejpa  1red 0.70

0X Td 69T0

18910

Thejag 0106 1910

T+ Mmpow 9910

Kejp@  |1ed 5910

Bey s'xybelId g %910

Jasn 0106 €910

Belys‘xdbeld sspg  0X 0d 2910
11910

dois™xX 0306 8STO

Hg-s'xybeld  jogq LST0

Xd'v Hod Jsq ¢ 9S X 9510

' GST0

dois™X o106 ¥ST0

ugdoispuss:  Xa'v Wod 4sq €GT0

WwnooxX  jmaow [4100]

6 Mmiaow 1ST0

180 uoissiwsuen — 0 = Beywx ¢ Bey x'xdbeld  Jog T 9S X 0STO

eleg X 0106 8v10
m_‘cmw;c:oux J1o9p LYT0
Xa'v uod Joq 910
AHYVD'SNLYLS Sspq SYT0
Xa'v Hod Jsq ¥¥10
AYYVO'SNLYLS 9spq £v10
dIaN3 [44)
awes'Baux 4 10
1S4} §S7 40 1S4l SIN )1 19S 0} 3573 ovT0
ZQEmmm(_m:o_:UcoOW mEmm,mmﬁzEX i 6ETO
3JAOW X dI 8E€TO0
AHYVO'SNLVYLS o0 Ixau X LETO
1 9€T0
as X 006 SETO
dlaN3 YETO

41an3 €€T0
awes'Bayux i ZET0
3s713 €10

WONTX I 0€TO0

3573 6210

8020 ¢¥00

0¢00 T¥00
8200 0¥00
0060 4€00

S0V0 3E00
3220 Adgoo
0060 O€00
asyo 9€00
asvo veoo
d9.0 6€00

09Vv0 8€00
dov0 LEOO
G0S0 9€00

09Vv0 SE00
G050 ¥€00
V200 €€00
6000 ¢€00
aovo 1€00

¢SV0 0€00
V300 4200
S0v0 3200
€0.0 dcoo
G050 D200
€090 8200

62¢€0 V200

€0¥0 6200

0SVv0 8200

DS00510C-page 17

© 1994 Microchip Technology Inc.

2-187



Implementation of an Asynchronous Serial 1/0

Alags o106 ¥220

Bey v'xybeld ospq €220
do}s™X 2220
‘1220

T 1asn  ojob 0220

Kejp@  I1ed 6120

gsxna‘xdbeld Jog 04V 8120
‘1120

Zhejsg 0106 9120

T+PM  mpow ST20

Kejpa  red ¥120

Bey v'xdbeld g Adas €120
2120

zhepg 0106 1120

T+EM  Mjow 0T20

Kejpg  |led 6020

ogv  oi06 8020

gsxug‘xdbeld ospq 1020

Alaas olob 9020

Bey v'xdbeld ospg ered X G020
' ¥020

'leg X 006 91940 €020

¥99kd 0106  gS™X 2020

1020
10020
d1aN3 66T0

T as x ob 8610
3513 1670
T as X 006 9610
ug-s'xybeld ysq G6TO
Z as x 0106 7610
ug~s'xybeld ospg €610

zas 4l 2610
Xau X 0106 T6TO0
¥4~ Z'SNLVLS sspq 0610
pajwx S)q erep ||V J1 }08yd 0} Bwes‘unodxX  Jaow 68T0
ws™X 0106 8810
¥g Z'SNLVLS 9spq 1810
MIUN0DX  jmans 9810
6 Mpow TX 0d S8TO
TX 0Y Se swes ! TX T ¥8T0
' €810
TAejeg 0106 2810
T+2)  miaow 1810
T opal 0106 0810
¥QTZ'SNLVLS 9shq 6.10
MUN0oY  JMIOX 8.T0
d41aN3 1170

6SV0 1900
av9oo 0900

/9Vv0 4500
0060 3500
asv0o asoo

60v0 OS00
8TD0 9S00
0060 V500
avv0o 6500

60Vv0 8500
9120 LS00
0060 9500
Aasvo $s00
as9o ¥S00
6SV0 €500
dv9oo ¢s00

¢SVv0 TS00
TSV0 0500

TEVO 4¥00

6¢Vv0 300
€v.,0 ar00
VZc0 Or00
S¢v0 av00
€90 V700
V800 6%00
6000 8700

S0V0 L1700
OTO0 91700
90Vv0 S700
€790 ¥v00
98710 €v00

© 1994 Microchip Technology Inc.

DS00510C-page 18

2-188



Implementation of an Asynchronous Serial 1/0

Bey y'xybeld sspg sAs do 2220
'T.20
alaH youeuq pjnoys .N\m = 9w} Jayje aunnol Jasn ayl 10,20
waisAs Bunesado £ 6920
8920
11920
19920
0X 1Y o106 5920
X T4 o0l0b %920
Bey x'xybeld ospg X 4RUD €920
0X 0y oy ase) ! 0X 04 o106 2920
IX 04 0106 1920
Bey Xx'xybeld ospg 0920
X eyD  oj0b 6520
Bey d'xdbeld 9spg  |18YS 8520
1520
19520
' 6520
19sn 0106 g oUAs 520
T oUuAs €520
12520
Thejag 0106 1620
T+OM  MmjAow 0520
Bey s'xybeld  Jogq € oUAs 6120

' 8¥20
Jasn olob 120
unooy maow 9¥20
d1aN3 S¥720
S1q eyep /L : / MJAOW 20
3573 €120
sugeeqs: 8 miaow Zre0
WwaN'd 4l 20
By 40 sHq | Jes|D ! Baynoy o 020

ssalboid ul uondaoay Jo) ey 19s  gsxug'xybeld  jsq 6€20
Beyy'xybeld  jq 8€20
Bely suop aAl929y 19say ¢ auop y'xdbeld  Joq /€20
aunnol Jasn 01ob - 1g uels oN ¢ Z ouks 0106 9€20
1g Wels e 1oy %o8yd - ¥a‘'v uod ospq G€E20
€ ouAks 0106 ¥€20
Bey s'xybeld ospg £€20
ssalboud ul Apease uondadey T ouAs o010b 2€20
Bey y'xybeld 9spg T 18SN TEZO
1 0€20
Zhelp@ 0106 6220
T+GX mjpow 8¢20
Kejpg  |ed 1220
ogy 0306 9220
gsxng‘xdbeld ospq Geeo

av.0 0800

4€v0 4200
8v0 3200
ao90 azoo
6EV0 0200
8¥7v0 9,00
ao090 v.00
a.v0 6,00
av90 8200

asvo 2200

G0V0 9200
T0D0 5200
asyo v2.00

asvo €200
9200 2200

8000 T.00

8900 0200
dss0 4900
avv0 3900
dci0 a900
£/¥0 0900
G290 9900
¥.v0 V900
a990 6900
£/¥0 8900
av90 2900

60v0 9900
6TO0 §900
0060 900
Adsvo €900
ds90 2900

DS00510C-page 19

© 1994 Microchip Technology Inc.

2-189



Implementation of an Asynchronous Serial 1/0

«Z» 10U S| PIOM PBAIBIBSY ! 1o Ouom 10418 02E0
wxies 0106 610
WG Z'SNLVLS 2spq 81€0
M'BayAdY  jmiox /TE0
WZ» MAOW 9T€0
MUD43 GTEO
' ¥TED
do o106 €T€0
uoissiwx ajqeus : Bey x‘xdbeld  Jsq Z1€0
Bayiwx jmaow TTE€0
HIy Mmpow 0T€0
do o106 60€0
Bely X'xdbeld ospg IWXISS 80€0
1you3 0106 L0€0
auop d‘xybeld ospq 90€0
2014 row S0€0
lasn Y mjaow  uesn 00
1 €0€0
98-9'+8¢T° Nba 1asn™y 20€0
1 TOEO
0014 Jo 2 ug Buiuiwexe Aq (0 0L 98-82T woi4 ) 31942 98 03dn ' 0OEOD
1UN0J 0} B18Y PASN St JBWN DD LY "S3I9AD 300D 98 SIUI ‘0096 IV * 6620
‘(' swuelsuod Joy suoirenb3 Ag 40 ) 9|ge L SueISUOD auyl Ul | 8620
cm>_m se aw 1ssn = >=u®xm aun dn asn pInoys aunnol Jssn ayL 11620

sinpnnnsrrnnns OUINOY 1SN snnmermsssrmnsnrrns 9620
' 6620
' ¥620
' €620
shksTdo o106 2620
90| [eUIBIUI UO JUSWaIOUI DD 1Y 18S NOILdO 1620
¥ = 18|edsald ! H4AT mjaow 0620
41aN3 6820
Beyl ug dois wix 19D | ug S'xHbeld  Joq 8820
3573 1820
(sna dois z)beyy uq dois Jwix 19s ¢ 1q-S'xdbeld  4sq 9820
zas A 5820
'suq Bey |Iv eal0 ! xdbeld  pp 820
g Mels puas uayl ‘6 ==Junodx J| : JUN0JX  JMAOW £820

_ 6 minow 28¢0
Xa'v Hod 4sq 18¢0

(¥a)ndur s Ty Hod ® £ 0820
(Xa)indino se o'y Hod 18S : VvV uod su 620
indino sy Wodjooug: H30 MAow  urew 820

11120
19120
16120

xau Y 0106 ¥.20
ws y ojob €120

g6Vv0 9600
T6V0 V600
€190 6600
88T0 8600
VS0 2600

D6Y0 9600
doso S600
6200 7600
T¥O0 €600
06V0 ¢600
a090 1600
L6V0 0600
dc90 4800
T200 3800
0€20 d8oo

0€00

08v0 0800
2000 9800
4720 V800

asv0 6800

d900 8800
200 2800
6000 9800
G0S0 S800

G000 800
3020 €800

dTv0 ¢800
Aaovo 1800

© 1994 Microchip Technology Inc.

DS00510C-page 20

2-190



Implementation of an Asynchronous Serial 1/0

0 :sBuurep
0 : sloug

‘pasnun sxo0|q Alowaw JBLYI0 |1y

X 10010
1 08TO

+ 0200
“XXXXXXXXXXXXXKXXK XXXXXXXXXXXXXXXX 0800

XXXXXXXXXXXXXXXX XXXXXXKXXXXXXXKXKXK XXXXXXXKXXXXXXXK XXXXXXXXXXXXXXXX 0700
XXXXXXXXXXXXXXXK XXXXXXKXXXXXXXXKXK XXXXXXXKXXXXXXXK XXXXXXXXXXXXXXXX 0000

(pasnun = -, ‘pasn = .X,) dVIN IOVSN AHOWIN
€€€0
2€€0
an3 T€E0
0€€0
urew o106 62€0 €8v0 44T0
¥S0ld 940 82€0
'12€0
' 9z€0
er40)
‘82T 0} ! sAsTdo 0106 MO0 +72€0 08V0 3600
pajuaWwaIoul sey DO 1Y UYL 18S 4l do o106 €2€0 06Y0 a600
239001y 104188 ! gSW'001d sspg  do 2zeo T3/0 D600
1 T2E0

DS00510C-page 21

© 1994 Microchip Technology Inc.

2-191



Implementation of an Asynchronous Serial 1/0

NOTES:
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