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QUESTION ONE (25 marks)

(@)

(b)

()

What is meant by 2K x 8 ROM? State the number of address lines required in this
ROM.

(3 marks)
Implement a static RAM of 6K X 8 using 2K X 8 RAM integrated circuits.
The available 2K X 8 RAM ICs have independent Data Inpﬁts, 3-state Data Qutputs,
Address, Enable and R/W lines. You need to show clearly the connection of these
lines in your design with necessary information,

- (7 marks)
(i) Briefly differentiate the types of programmable logic devices used for
combinational logic implementations.
(5 marks)

(ii} Using a single PLA, implement the following logic functions.

Afa,b,c) = X (0,2,57)
Bla,b,c) = ¥(1,3,4,7)
Your design must have a minimum number of product terms. Provide the
programming table and draw the connection map, Specify the minimum size of

the PLA required.

(10 marks)
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QUESTION TWO (25 marks)

(a)

(b)

(©

(d)

(€)

Describe briefly the Von-Neumann’s and Harvard architectures.

(4 marks)

Using a block diagram, show the hardware organization of a microprocessor based
system for the requirements given below and identifying the use of each block.

The requirements are, 20 digital /O lines, 3 external H/W interrupt lines, 5 analog
input lines, 5 analog output lines and serial communication facilities.

(6 marks)

State the use of SFRs and GPRs with respect to 16F84A device.

(4 marks)

Explain the evenis using your own words that will occur when executing the
instruction eihw 25" in 16F84A.

(§ marks)

Write the machine codes (op-codes) of 16F84A for the following instructions.
moviw .53
btfss port4,2

decf portB,w
(6 marks)
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QUESTION THREE (25 maris)

The PortB(7) of a 16F84A drives a LED by a push button switch (active low) connected to

PortA(0) .

~ When the push button switch is pressed, the LED should be ON for 1.5 seconds and then

OFF. Once the switch is pressed, it should be non-responsive for a period of 3 seconds

before it is responsive again. This process should continue repeatedly.

Assume that the 16F84A is used with a 40kHz, RC clock.

(a) Draw the complete hardware circuit for this application showing the pin numbets of
16F84A. State the functions of the external components connected. No need to

provide any component values.
(6 marks)

(b)  Draw a flow chart/s for this problem which can be a sufficient aid to write a program.

You may neglect the effects of the switch bounce.
(10 marks)

(c) Write the assembly code for the following sections of a program based on your flow
chart stating any assumptions and derivation of values used.
° Configuration of ports and other important registers.

(3 marks)

e Producing the delay of 1.5 seconds.
(6 marks)
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QUESTION FOUR (25 marks )

(a) You may assume 16F84A microcontroller for the following,

(i)  State the interrupt sources of this device.

(4 marks)

(i) When running a program, the value of INTCON is 32hat a certain instant. "
Explain what is shown by this value. Write the settings of the INTCON at
initialization.

(4 marks)

(iii) In a program, pre scaling is set to 32, Find the longest period of a regular

interrupt that can be possible to generate with a TOMHz crystal oscillator.

Show the initial settings needed in the relevant registers under this circumstances.
(7 marks)

(b) Following is to be used with a PIC 16F877 microcontroller using a 10MHz crystal

oscillator,

() If the Analog to Digital Converter (ADC) of the device is to be used, show the
settings of the relevant registers for the following.
¢ Three analog inputs with RE(0) as a digital output line.
e An external +ve voltage reference with - ve reference voltage equals
ZEero,
e Analog channel 0 is selected and the ADC is turned on but not started
o convert,

o The ADC output is left justified.

(6 marks)

(i) It is said that an ‘acquisition time’ should be observed in connection with a ADC,
State with your own words, the relevance of this and how it is usually used ina

program for 16F877,
(4 marks)
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QUESTION FIVE (25 marks)

(a)

(b)

SDI

SDO

A device with UART interface having a baud rate of 28KB/s is to be connected to a
16F877 microcontroller. The connection is full duplex and asynchronous. A crystal
oscillator of 16M Hz is used and 8 bit data transfer is assumed.

(D Draw a clear interconnection diagram between the devices. Clearly mark the

relevant pin numbers and pin names of 16F877 used.
(2 marks)

(i)  Show the settings of the registers TXSTA, SPBRG and RCSTA assuming

high speed selection, What is the percentage error in the baud rate?
(9 marks)

(i)  State briefly how the data is exchanged between the devices.

(4 marks)

A device having SPI is expected to communicate using a data rate of 150Kb /s with a

16F877 microcontroller, The microcontroller clock is 8M Hz.

(i) Draw an interconnection diagram marking the relevant pin names and pin
numbers of 16F877 and the device. You may use standard pin names for the
device. Mark only the pins used for the interconnection.

(2 marks)

(i) Show the settings of the SSPCON and SSPSTAT for the timing waveforims of
the device shown in Figure-QS5.

f
SCK f

Figure-Q5

(8 marks)




Unimplemented: Maintain as 0

RPO: Registar Bank Selsct bits {used for direct addressing)
01 = Bank 1 (B0h - FFly}

00 = Bank & (00h - TFh)

TO: Time-cut bit

1= After power-up, CLRWERT Instruction, or SLEEP instruction
0= AWDT time-out occutred

PD: Powar-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

PIC 16F84A File Address
- oon | Indirect addr.t | thdirect adar.)
PDIR, 50IC 0ih TMRO QPTION_REG
Ly 02h PCL PCL
RAZ ~—+-[]+1 / 18]~ RA1
RA3 =[] 2 17 [J-=— RAD 03h STATUS STATUS
RA4TOCK] =[] 3 B 16[]~—OSCHCLKIN 04h FSR FSR
MEIR—-[]4 €  15[0— OSCCLKOUT
ves Os @ a4l —von 05h PORTA TRISA
RBONNT =—=[] & 2 13 [ }+— RBT o6h PORTB TRISB
Rl =—=[]7 P 12{3=—RB6 o7h b oy
R:i “‘*“'E g ‘:] %"" RBi o8h EEDATA EECONA
R ! ke 09h EEADR EECON2!Y
DAR PCLATH PGLATH
0BIt INTCON INTCON
oCh
68
General Mapped
Puri)ose (accesses)
Re%siers in Bank 9
{SRAM)
4Fh
50h
STATUS REGISTER (ADDRESS 03h, 83h)
RIW-G R/W.O RiW-0 R-1 R-1 RAW.X RAW-x RW-x
RP | RP1 | RPO_| TO | PD z e C
bit 7 bit &

DC: Digit carry/Dorrow bit {ADDWE, ADDIM, SUBLW, SUBWF instructions) (for harrow, the polarity

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

C: Carryfharrow bit (RDDWF, ADDLW, SUBLW, SUBWE instructions) (for borrow, the polarity is

revarsed)

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 occurred

Note:

A subtraction is executed by adding the two's complement of the second operand.

For rotate (RRE, RLE) instructions, this bit is loaded with either the high or low order

bit of the source register.
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Flle Address

80h
81h
B2h
83h
Bdh
85h
BGh
B87h
88h
BIh
BAR
8Bh
ach

CFh
Don




PIC 16F84A

OPTION REGISTER [ADDRESS 81h)

RAWD  RW-1 RMW. RW-1 RW-E R R RMWA
["RBPU [ INTFDG | TOCS | T0SE | PSA | Ps2 P51 PSD
it 7 bit 0

RBPU: PORTS Pull-up Enable bit

1 = PORTE pulk-ups e disabled

0 = PORTS puli-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Sefect bit

1 = Interrupt on rising edge of RBOANT pin

0 = Interrupl on falling edge of RBYINT pin

T6CS: TMRO Clock Scurce Select bit

1 = Transition on RA4/TOCKI pin

6= Intemal instruction cycls clock (CLKOUT}

TOSE: TMRO Sourca Edge Select bil

1= [ncrement on high-to-low transition on RA4/TOCKI pin
o= Increment on lowto-high transition or RAYTOCK] pin
PSA: Prescaler Assigniment bit

1 = Prescater is assignad to the WDT

0 = Prescalar is assigned to the Timerd module
P52:P30: Prescaler Rate Select bits

Sit Valus TMWMRO Rate WODT Rate

000 1:2 [:1
001 1:4 P:2
010 1:8 (]
011 1:16 1:8
100 132 1116
101 1:64 1:32
110 10128 t ;64
111 1256 t:128

INTCON REGISTER (ADDRESS 0Bh, 8Bh)

RIW-0  RW-D RWD  RW-Q RW-0  RWO  RW-D  RW-=x
GIE EEE | TOE | INTE | RBIE | TOF | INTF | RBIF
bit 7 bit0

GIE: Giobal Interrupt Enable bit

1 = Enables all unmasked interrupis

0 = Disables afl interrupls

EEIE: EE Write Complete Interrupt Enable bit

1 = Enables ihe EE Write Complete interrupts

0 = Disables the EE Writs Complete interrupt

TOIE; TMRO Overflow [nterrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRQinlerru;Jt

INTE: RBU/INT External interrupt Enable bit ' )

1 = Enables the RBUINT external interrupt '
0 = Disables the RBIINT externai interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port changs iaterrupt

0 = Disables the RB port change interrupt

TOIF: TMRO Qverflow Interrupt Flag bit

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

0 = TMRO register did not overflow

INTF: RBOANT External interrupt Fiag bit

1 = The RBOANT extarnal interrupt aceurred (must be cleared in software)

0 = The RBOANT external inferrupt did not occur

RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed slate (must be cleared in software)
0 = Nona of the RB7:RB4 pins have changed stale

Data Page 2 of 11



16F84A and 16877
Mnemonic, 14-Bit Opeode Status
Operands Description Cycles st o | Affected Notes
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWIF I Add W aad ! 1 po 0111 drfc £fff| CDCZ 1,2
ANDWF f.d AND W with { 1 00 0101 dEff FEfT z 1,2
CLRF f Clear { 1 00 Qo9 1fff fEfE Z
CLRW - Clear W 1 00 0001 OMx X z
COMF f.d Complement 1 00 1001 QIfr fref z 1,2
DECF f,d Decrement | 1 Q0 0011 &Eff fref z (4
DECFSZ f.d Decrement [, SKIp if0 1(2) 00 1011 arer fEEf 12,3
INCF f.d Increment £ 1 G0 1010 Qfff ffff Z 1.2
INCFSZ 1,.d Incrament [, Skip 110 1{2) 00 1111 afff £Iff 1,2,3
IQRWF f,d inclusive QR W with 1 4 00  0L00 dprf fEEf F4 1,2
MOVF f,d Move { 1 00 1000 ALEE LERf z 1,2
MOVWF I Move Wlof k] DO 0000 1EEfE FLLE
NOP - No Operation 1 0¢ 0000 Oxx0 €000
RLF fd Rotale Lett { through CGarry 1 Q0 1102 dEff EXEE C 1,2
RRF f,d Rotate Right { through Garry 1 090 1100 afff fLff o] 1.2
SUBWF f.d Subtract W from { 1 00 0010 dfff ffif| CDCGZ 1,2
BWAPF 1,d Swap nibbles in{ 1 00 1110 Qrff EEEL 1,2
XORWF f,d Exclusive OR Wwilh T 1 00 6110 AfEf rIrff Z i,2
BIT-ORIENTED FiLE REGISTER OPERATIONS
BCF tb Bit Clear f 1 01 00bb DLIff f£Iff 1,2
BSF Lo 8il setf 1 01 Oibb DbIff fLEf 1,2
BTFSG b 8it Testf, Skip If Clear 1{2} 0% 10bb bIrr EffE A
BTFSS 1] Bit Fest 1, Skip | Set 1{2) 01 11bb bEfff f£LEf 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add fiteral and W 1 i1 111x kkkk kkkk | COCZ
ANDLW K AND literal with W 1 11 1091 kkkk Kkkk Z
CALL X Call subroullne 2 10 Okkk kkkk Kkkk|
CLRWDT - Clear Watchdog Timer 1 60 0000 0110 01o0| TO,PD
GOTO H Go to address 2 10  1xkk Xkkk KkKk
1ORLW k Inclusive OR fiteral with W 1 11 1000 xkkk Kkkkk z !
MOVLW H Move literai to W 4 11 00xx kkkk kkkk
RETFIE - Retum from Intercupt 2 o3 0000 Q000 1001
RETLW K Return with literal in W 2 11 0ixx kkkk Xkkkk
RETURN - Relurn from Subroutine 2 o6 0000 Q000 1000|
SLEEP - Go tnto standby mode 1 Q0 0000 01l 0011 | TOPD
SUBLW K Subtract W from literal 1 11 110% kkkk kkkk|[ CDCZ
XORIW 3 Exclusive OR lileral with W 1 11 1010 kKkk Xkkkk Z

Note 1: When an VO register Is modified as a function of liself ( .9, Move porTB, 1), the value used will be that value present
on the pins themselves. For example, if the dala tatch Is 1 for 4 pin configured as input and s driven fow by an external

device, the data wilt De writlen back with a '0". |
20 11 s Inslruction is executed on the TMRD regisier (and, where applicable, ¢ = 1), the prescaler will be cteared If |

assigned fo the Timerd Module,
3: HProgram Counler {PG) Is modifled or a conditional lest is tnue, he instruction requires two cycles. The second cycle is
execuled as a HOR.
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PIC 16¥877

Pin Diagram
FRIP
" WCiRAER ——e [ U 40 [[) 4—+= RBTIPGD
RADIAND ~—w-{"] 2 29 [[] ~— RBGIPGC
RATAMNY «—=[13 33 { ] w— RBS
RAHAN2VREF- wa—w- [} 4 37 {] ~—= RB4
RASIANINREF+ =[] 5 36 {] w—e= REB3IFECH
RA4TOCK] w—=[] 6 35 I =+—e RB2
RASIANASSS ~—- [ 7 « ¥ R31
REWRDIANG ~—[] 8 T~ 33 ] - RBOANT
RE1AVRIANG ~— [ 8 9 a~—von
REZCRANT ~—w[]10 b= 31[]-—vss
(L p——y T E 30 [] =—s ROTIPSPY
Ves [ 12 © 29 []=~— ROGPSPG
OSCHCLKIN ——~[] 13 2‘3 28 []~— RD5/PSP5
OSCACLKOUT w— [ 14 = 97 [ e RD4PSPY
RCOMIOSOMACK! —— ] 15 A. 26 [[] ~—+ ROTIRXIDT
RGUTIOSHCCP2 —w—w [ 46 25 [7] v—i= RCBTXICK
RCZCCPT e[| 17 24 [] ~—u RCH/SDO
RCHNGCKISCL «—=[] 18 23 []~—+ RCA/SDISDA
ROOIPSPD we—=[] 19 22 [ =——~ RD3PSP3I
RDAPEP e [ 20 21 ] +—» RDUPSP2
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PIC 16F877
SSPSTAT: SYNG SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

. RW-0 RIW-D R-0 R-0 R-0 R-0 R-0 R-0
[ smp | ckE | oA | P | s | rRW | ua | ®F
bit 7 ‘ bit 0

SMP: Sampie bit
5P| Master mode:
= Input data sampled at end of data output time
= Input data sampled at middie of data output tine
SPI Skave mode;
SMP must be cleared when SP1 is used In slave mode
In 12C Master or Stave mode;
1 = Slew rate conirol disabled for standard speed mode (100 kHz and 1 MHz)
0 = Stew rate conirol enabled for high speed mode (490 kHz)
CKE: SP! Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4)
SPI_mode:
ForCKP =0
1 = Data transmitted on rising edge of SCK
¢ = Data fransmitied on faliing edge of SCK
For GKP =1
1 = Data fransmitted on falling edge of SCK
¢ = Data transinitted on sising edge of SCK
In 12C Master or Slave mode;
1 = Input levels conform to SMBuUS spec
= Input levels conform 1o 2C specs

D/A: Data/Address bit (PG mode only)
= Indicates {hat the last byte received or fransmitled was dafa
0 = Indicates hat the last byte received or fransmitled was address

P: STOP bit

{C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
= Indicates that a STOP bit has been detected last (this bit Is "0’ on RESET)

0 = STOP bit was not detecled last

S: START bit

{i2C mode only. This bit i5 cleared when the MSSP modute s disabled, SSPEN Is cleared.)
1 = Indicates that a START hit has been detected Jasi {this bit is 0 on RESET)

0 = START bit was noi detected Jast

RAW: Read/write bit Information {12C made only)

This bit holds e RAW bit information following the fast address mateh. This bit is only valid trom ihe
address match fo the next START bit, STOP bit or not ACK bit. |
In 12C Slave mode: |
1= Read .
0 = Write

in #C Masler mode:

1 = Transmit Is In progress

0 = Transmif Is not In progress

Logical OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate If the MSSP is in IDLE mode.

UA: Update Address {10-bit 1*C mode only)
1 = Indicates that the user needs fo update the address in the SSPADD register
0 = Address does not need o be updated

BF: Buiter Full Status bit

Receive (SE and 1°C modes):

1 = Receive complete, SSPBUF is Tull

0 = Receive not complete, S5PBUF is emply

Transmit (12C mode only):

1 = Data transmit in progress {does not include the ACK and STGOP bits), SSPBUF Is full
o = Dafa fransmif complate (does not include the ACK and STOP bits), SSPBUF is empty
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PIC 16F877

SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RIW-0 RAN-0 RAV-0 R/W-D RIW-0 RIW-0 RAW-0 RAW-D
[ wecoL | sspov | sspen [ ckp | sspma | sspm2 | ssem1 | sspmo
bit 7 - bit 0

WEOL: Write Collision Detect bit

Master mode;

1= A write to SSPBUF was attempted white the 12C conditions were not valid

0 = No collision

Slave mode:

1= SSPBUF register Is written wiiile stiil transmitting the previous word (must be cleared In
software) :

0 = No collision

SSPOV: Recelve Qverflow Indicalor bit

in 5P mode:

1= A new byte is recelved while SSPBUF holds previous data. Datain SSPSRis lost o overflow. in Slave
made, the user must read the SSPBUF, even if only iransmitting dala, to avoid overflows. In Master
mode, the overflow bit Is not set, since each operation Is initlated by wiiting to the SSPBUF register.
(Must be cleared in software.)

¢ = No overflow

in 12C mode:

1= Abyle is recelved while the SSPBUF is holding the previous byle. SSPOV Is a "don’t care” In Transmit
mode. (Must be cleared In soiftware.)

0 = No overflow

SSPEN: Synchronous Serial Port Enable bit

In SPI mode,

When enabied, these pins must be properiy configured as input or ouiput

1 = Epables seial port and configures SCK, SDG, $DI, and 58 as the source of the serial port pins

¢ = Disables serial port and configures these pins as KO port pins

In 12C mode,

When enabled, these pins must be properly configured as input or oudput

1 = Enables the serial port and configures the SDA and SCL pins as the source of the sertal port pins

0 = Disables serial port and canfigures these pins as /O port pins

CKP: Clock Polarity Select bit

In 8Pl mode:

1 = dle state for clock is a high level

0 = ldle siate for clock is a Jow level

In 12C Slave mode:

SCK release conirol

1 = Epable clock

o = Holds clock low {clock stretch). (Used to ensure data sefup lime.)
in [2C Master mode:

Unused in this mode

SSPM3ISSPMO: Synchranous Serial Port Mode Select bits

o060 = SPI Master mode, clock = Fosc/4

0001 = SPI Master mode, clock = Foscli6

0610 = SPI Master mode, clock = Fosc/64

5011 = SPI Master mode, clock = TMR2 oulput’2

0100 = SP| Slave mode, clock = SCK pin. S8 pin conlrof enabled.

0191 = SP| Slave mode, clock = SCK pin. 55 pin control disabled. 58 can be used as O pin.

0110 = I°C Slave mode, 7-bit address

0111 = 12C Slave mode, 10-bil address

1000 = 12C Master mode, clock = Fosc { {4 * (S5PADD+1})

1011 = I’C Fimware Confroliad Master mode {slave Idie}

1110 = 12C Fimaware Controlled Master mode, 7-bit address with START and STOP bit interrupts enabled
1111 = 12C Firware Controfled Master mode, 10-bit address with START and STOP bit interrupts enabied

1001, 4010, 1100, 1101 =Reserved
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PIC 16¥877

PIC16F877/876 REGISTER FILE MAP

File File File File
Address Address Address Address
indirect acdr.t} | oo Indirect addr!)| aoh indirectadar® | 100h | Indirect adde”? | 180h
TMRO 0Th OPTION _REG | 81h TMRO 101h OPTION REG| 81h
PCL 02h PGL 82h PGL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA a5h ‘ 185h
PORTB 06k TRISE ag6h PORTB 106h 186h
PORTG arh TRISC 87h 107h 187h
PORTDM | 08h TRISDY | 8Bh 108h 188h
porTEM | 09h TRISE! | &5h 108h 1890
PCLATH OAR PCLATH 8Ah PCLATH 10Ah FCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 1aBh INTGON 188Bh
PIR1 ach " PIEY ach EEDATA | 10Ch EECON1 1BCh
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 180N
TMRIL OEh PCON 8Eh .| EEDATH [ 10Eh 18Eh
TiMR1H OFf 8Fh EEADRH | 1OFh |5 ; 18Fh
T1CON 10h 90h 110h 190h
TMRZ 41h SSPCON2 | 91h 41 191k
T2CON 12h PR2 92h 112h 192n
SSPBUF 13h SSPADD 93n . 1130 193h
SSPGON 14h 94h 1i4n 194h
CCPR1L 15h 95h 115k 195h
CCPR1IH 16h 96h 116h 196h
‘CCPICON | 17h a7h General 17N General | 4o7h
- Purpose , Purpose
RCSTA 18h TXSTA g8h Regis[er 118h Register 198h
THREG 19h SPBRG 95h 18 Bytes 119h . 16 Byles 199h
RCREG 1ARh 9Ah 11AN 1940
CCPR2L 18I 9Bh T1Bh 198h
CCPR2H | 1Ch | ach 11Ch 19Gh
CCP2CON | 1Dh e 4 oon 11Dh 19Dh
ADRESH | 1Eh ADRESL 9ER . 11ER 19ER
Abcong | TFh ADCON1 9Fh 11Fh 19Fh
20h AN 1200 1AOH
General General General General
Purpose Pumose Purpose Pumpose
Register Register Register Register
96 Byles 80 Byles - 80 Bytes 16Fh 80 Bytes 1EFh
accesses | Ton accesses | 1700 accesses | 1FON
70h-7TFh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 - Bank 3
Unimplementied data memory locations, read as ‘0"
* Not & physical register.
Note 1: These registers are not implemented on the PIC16F876.
2: These registers are reserved, maintain these regisiers clear.
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PIC 161877

ADCONO REGISTER (ADDRESS: 1Fh)

RW-0  RWO  RWO  RWOD  RWO  RWO
ADCSt | ADCSO | CHS2 | CHSt | CHSO | GO/DONE
bit 7

ADGCS1:ADCS0: AID Conversion Clock Select bits

00 = Fosc/2

01 = FOSC/B

10 = FOSC32

11 = FRc (clock derived from the internal A/D module RC oscillator}

CHS52:CHSO0: Analog Channel Select bits
ooo = channel 0, (RAO/AND)

001 = channel 1, (RAT/ANT)

010 = channel 2, {RAZ/ANZ)

011 = channel 3, (RAJ/AN3S)

100 = channel 4, (RAD/AN4)

101 = channel 5, (REUM’\I\JS)m

110 = channel 6, (RE1/ANG)!

111 = channel 7, (REQJ‘AN?)“)

GO/DONE: A/D Conversion Status bit

[FADON =1:
1 = A/D conversion in progress (setting this bit starts the A/D conversion)
o = MD conversion not in progress (this bit is autormatically cleared by hardware when the A/D

conversion is complete)
Unimplemented: Read as '0
ADON: A/D On bit

1 = A/D converter macdlule is operating
o = A/D converter module is shut-off and consumes no operating current
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PIC 16F877

ADCON1T REGISTER (ADDRESS 9Fh)

U0 U-0 RW-0 U RMWD  RMW-0 RMW-0 RWO
ADFM | PCFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0

ADFM: A/D Result Format Select bit

1 = Right justified. 5 Most Significant bits of ADRESH are read as ‘0.
0 = Left justified. 6 Least Significant bits of ADRESL are read as 0.
Unimplemented: Read as '¢"

PCFG3:PCEGO: AID Port Configuration Control bits:

perGa; | ANTUH | ANGTH{ ANBM | ANG | ANS | ANZ | ANT | ANO | e | CHAN

PCOFGO | REZ | RE1 | RE0 | RA5 | RA3 | RAZ | RAT | RAD Refst?

¢ooo A A A A A A A A VoD Vss 8/0

0001 A A A A VREF+ A A A RA3 | Vss i

0010 D D D A A A A A VoD Vss 516

0011 p [ p | D A | VReF+ | A A A | RA3 | vss | 4n

01006 D D D D A 3} A A VD Vss 3/0 ,
0101 | D D D D |vrer+ | D A A | RA3 | vss | 21 '
011x D D D D D D D (R} Von Vss G0

1000 A A A A | veer+ | VREr-| A A RA3 | RAZ 612

1001 D D A A A A A A vob | Vss 6/0

1010 D D A A | VReF+ | A A A | RA3 | vss 511

1011 D D A A | VREF+ | VREF- | A A RA3 | RA2 412

1100 ‘D D n} A VREF+ | VREF- A A RA3 RA2 3/2

1101 ) D ¥ D | Vrer+ |VREF-| A | A RA3 | RA2 212

1110 o D B3 D D D D A Vo Vss 10

1111 n D D D | Vrep+ | VREF-| D A | RA3 | RAZ 12

A = Analog input D = Digital VO

Note 1: These channels are not available on PIC18F873/876 devices.
2: This column indicates the number of analog channels available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:
R = Readable hit W = Writable bil U = Unimplemented bit, read as '0'
-n = Value at POR "]’ = Bitis sel '0' =Bitis cleared  x = Bilis unknown
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PIC 16K877

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM

F Dala Bus
TXF Jo———]  TXREGReghler |
TXIE TS
Y 15671
! ¢ ["PinBuff v
(@] o [o] ] TR
S, I SR Redisler | L. ... .. :
Interrupt 1SR Rey RCEITXICK pin
T. Baud Rate CLK

..............

—
[ SPENl

+ [
] ]
1 1
' )
] 1
Ll

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM

| ¥64BawdRate CLK : | OERR[ | FERR!
! ' l CREN}
Fosc SPBRG S e SN A RO
; : i 57 RSR Register {81 )
'™ Baud Rale Generator +15 71 eoe |1]0]|START ;
RETRXDT b e T T e '

Pln Buffer D
M+ and Conlrol |3 R:e*é%vefy

SPEN RX8D| RCREG Reglster
. FIFO
A8
Interrupt " Dala Bus
TXSTA: | cqre | Tx9 | TXEN | SYNC! - | BRGH | TRMT | TX9D

RCSTA: | SPEN [ RX9 | SREN { CREN | ADDEN | FERR | OERR | RXPD

Fasc _.__Fosc

BRy = 16(x+1) . BR, = 64(X+1)
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SPI Mode Waveform (Master Mode)

el —

5CK
CKP =0
KE=0) —

SCK
(CKF’

L] L L
Gkt = 0 I HI
G JIMI N
g UL
it7. ,)( it ,>< bits l)( bitd }X mr3;>< bit2 ,)( 'bi‘t1:><' bitq'”
;30?(% o :){W)( ith '>( bitd '>< mtai}( hit2 >< DT >< mtci ¢
sol LS LYY >_L< >.L< N >1_< >_L<:> |

(EMP =) | 57 | | b7 [ I |G |

o ORI S SO S S SR S WL

(SMP =0) ] | 1 ] 1 I ] ;

4 clock
modes

pighs
e
|

1
| [ ]
in
=

500
{CKE=D)

bit7

snl
{(BMP=1)

I b
Input : '? ? ? f ‘i‘ T T ‘#

Sample
{BMP=1)
SEPIF

Next Q4 cycle

SSPSR 10
S8PBUF after Q2.
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