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Physics 335, Circuits II: Digital Electronics
Spring Quarter 2013
Mid-Term Examination

Name

1 120

2 125

3 135

4 120
TOTAL /100

Please check that you have a total of 11 printed pages, including this page.

Exam notes: This exam is closed-book. No laptops, tablet computers or
smartphones. You may use a calculator. On the following few pages, there’s a
summary of PIC instructions, a memory map of the PIC hardware registers, and
a description of the PIC status register. You can use scratch paper, but the
scratch paper won’t be graded.



14-Bit Core Instruction Set
14-Bit Core Literal and Control Operations

Hex Mnemonic Description Function

3Ekk |ADDLW k |Addiiteraltio W K+ W W
38kk |ANDLW k |AND literal and W KAND.W - W
2kkk |CALL k |Call subroutine PC+1—- TOS,k— PC
0064 |CLRWDT T |Clear waichdog timer 0 WDT

(and Prescaler)
2Kk |GOTO k |Golo address (ks nine bits) |k — PC(9 bits)
38kk [IORLW k |Incl. OR IReral and W KORW- W
30kk (MOVLW k |Move Liieralto W k=W
0062 [OPTION Load OPTION register W — OPTION Register
0009 |RETFIE Return from Interupt TOS -5 PC,1 - GIE
34kk |RETLW k |Return with lteral in W k—+W, TOS s PC
0008 |RETURN Return from subroutine TOS s PC
0063 |SLEEP Go into Standby Mode 0 — WDT, stop oscillator
3Ckk |SUBLW k |Subtract W from iiteral k-W-oaW
006f |TRIS f Tristate port f W — 1/O control reg f
3Akk |XORLW k |Exclusive OR iteralandW |k XOR.W W
14-Bit Core Byte Oriented File Register Operations

Hex Mnemeonic Description Function
o7 |ADDWF fd |AddWandf W+lod
osff |ANDWF fd |ANDWandf W AND.f—d
o018t |CLRF f Clear 1 01
0100 |CLRW Clear W 0->W
ooff |COMF fd |Complement! NOT.ft=d
03t |DECF td |Decrementf f-1-d
0Bff |DECFSZ fd |Decrementf, skip if zero f-1—>dsikpfo
OAff |INCF fd |increment f f+1-d

OFft |INCFSZ fd |Incrementf, skip if zero f+1-od skipifo
04fft | IOAWF fd |inclusive ORW and{ W.OR.f-d
osft |MOVF fd [Movef f—d
oosf |MOVWF f Move Wio f Wt
0000 |NOP No operation
oDft |RLF f.d |Rotate left register f
ocff |RRF fd |Rotate right f register

" s PRI ) g

o2ff |SUBWF fd |Subtract Wfromf f-W=d
OEff |[SWAPF fd |Swap halvesf 1(0:3) & H(4:7) > d
0&ft | XORWF f,d |Exclusive OR W and f W XOR.f>d

ibft |BCF b |Bitclearf 0 - 1)

1bft |BSF tb |Bitsett 1-31(b)

1bff |BTFSC fb |Bit test, skip if clear skip f f(b) =0

1bf |BTFSS b |Bh lest, skip if set skip #f(b) =1




PIC16F84A

22  Data Memory Organization

The data memory is partitioned into two areas. The first
is the Special Funclion Registers (SFR) area, while the
second is the General Purpose Registers (GPR) area.
The SFAs control the operation of the device.

Portions of data memory are banked. This is for both
the SFR area and the GPR area. Tha GPR area is
banked 1o allow greater than 116 bytes of general
purpose RAM. The banked areas of the SFR are for the
registers that contral the peripheral functions. Banking
requires the usa of control bits for bank selection.
These control bits are located in the STATUS Register.
Figure 2.2 shows the data memery map organization.

Instructions MOVWF and MOVF can move values from
the W register o any location in the register file (“F7),
and vice-versa.

The entire data memory can be accessed either
directly using the absolute address of each register file
or indirectly through the File Select Register (FSR)
(Section 2.5). Indirect addressing uses the present
value of tha RPQO bit for access into the banked areas of
data memory.

Data memory s paritioned into two banks which
contain the general purpose registers and the special
function registers. Bank 0 is selected by clearing the
APO bit (STATUS<5>). Setting the RPQ bit selects Bank
1. Each Bank extends up to 7Fh (128 bytes). The first
twelve iocations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
eral Purpose Registers, implementad as static FAM.

221 GENERAL PURPOSE REGISTER
FILE

Each General Purpose Register (GPR) is 8-bits wide
and is accessed either directly or indirectly through the
FSA (Section 2.5).

The GPR addresses in Bank 1 are mapped to
addresses in Bank 0. As an examgple, addressing loca-
tion OCh or BCh will access the same GPR.

FIGURE 2-2: REGISTER FILE MAP -
PIC16FB4A
File Address a8 Address
0oh | indirect addr(® | Indirect addr (1} | Boh
oth TMRO OPTION_REG | #1h
02h PCL PCL 82h
03nh STATUS STATUS 83h
04h ESA FSRA 84n
ash PORTA TRISA 85h
06h PORTE TRISB 88h
08h EEDATA EECON1 88h
0%h EEADR EECON2( 89n
GAh PCLATH PCLATH 8An
08h INTCON INTCON 88h
och 8Ch
68
General
Refen | RewwD
inBank 0
{

[ Unimplemented data memary location, read as 0",
Note 1: Not s physical register.




PIC16F84A

231 STATUS REGISTER

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bit for

data memory.

As with any register, the STATUS register can be the
destination for any instruction. f the STATUS register is
the destination for an instruction that affects the Z, DC
or C bits, then the wrile to these three bits is disabled.
These biis are sel or cieared according fo device logic.
Furthermare, the TO and PD bits are not writable.
Therefore, the result of an instruction with the STATUS
register as destination may be different than 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).

Only the BCF, BSPF,

SWAPF and MOVWE instruchions

should be used 1o alter the STATUS register (Tabie 7-2),
because these instructions do not affect any status b

REGISTER 2-1:

bit 7-6
bit5

bit3

bit2

STATUS REGISTER (ADDRESS 03h, 83h)

RWO  AWO  RWD A-1 R RW-x  RMW-=x  RMW-x
wp | mRr1 | AP0 | TO | ®D DC c
bit 7 bit 0

Unimplemented: Maintain as ‘0"

RPQ: Register Bank Select bits (used for direct addressing}
01 = Bank 1 (BOh - FFh)

00 = Bank O (00h - 7Fh)

TO: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT 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: Digt carry/borrow bit {ADDWF, ADDLW, SUBLW, SUBWF instructions] (for borrow, the polarity

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

C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity is
reversed)

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 |s executed by adding the two's complement of the second operand.
For rotale (RRF, RLF) instructions, this bit is loaded with either the high or low order

bit of the source register.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Vaiue at POR 1" = Bt is sel ‘0" = Bit is cleared X = BA is unknown




1. (20 points total) Simple PIC 16F84A programming (I).

Find the value of w-register after execution of the following snippets of code.
Assume the 16f84a.inc definitions are loaded. Express your answer as a
hexadecimal number in the box.

(5 points)
movlw H’06’ - ;move literal to w
addlw H’'1E’ ;literal addition to w

w (hex) = H ’2'—} '

(5 points)
movlw H’06’ ;move literal to w
iorlw H’'1E’ ;literal inclusive or with w

whey=H ' | E'

(5 points)
- movlw H’'06’ ;move literal to w
andlw H'1E’ ;literal and with w

w (hex) = H 106/

(5 points)
movlw H’QOE’ ;ymove literal to w
movwf H'QOE’ ;move w

xorwf H'0E’,w ;exclusive or

whe=H 00




2. (25 points total) Simple PIC 16F84A programming. (II)

(5 points) In the box below, write a sequence of no more than three instructions
that do the same thing as the instruction shown (but don’t use c1rf):
clrf H'OF’

MoviWw H'oo'
mMmovuwf H 'oF'

( THERE @pe ArornATVE (vAY S
OF ()0 (& TH (S J

(10 points) In the box below, write a sequence of no more than three instructions
that do the same thing as the instruction shown (but don’t use rrf):
rrf H'OF'E

oPls... | CANT FeodDE . OUT Hon~n To
Do Tars Wf TusT -3 (NSTRUCTron,
Euvenont RECEIUVE] lo Pero T3 Forl T/

(APLOCOSE, )4

(10 points) Recall in class the tris instruction is depreciated; tris should be
replaced by other instructions. Assume the instructions shown are executing
while memory bank 0 is active. In the box below, write a sequence of no more
than five instructions that do the same thing as the instructions shown (but don’t

use tris).
movlw H’00’
tris H'06’

Bsf 5TaTus, RPS
Cepr TRISE.
BCE Status, Reg

(TP'CYZE A_QT_CH ALTERNATWVE Wwn- § o~

—=

Dein £ s)




3. (35 points total) Counters. The circuit below consists of a counter and a D-
latch. The counter is similar to a 4-bit binary counter (with outputs QO through
Q3) you used in lab, but there’s an extra synchronous input “D/U ™ which
selects whether the counting is upwards or downwards. If counting upwards, the
terminal count is decimal 15. If counting downwards, the terminal count is 0.
RCO is the same “ripple carry-out” output you used in lab.

COUNTER
"1 D
RCO | QR ——‘—l
IN —> o
o 61 9243
; Q2
@I

Qo

LS

A. (2 points) What does the “wedge” at the counter input signify (10 words or
less)?

The wedge signifies ... Tise DeyiCE ¢TaTe <HAHONEO
IN A  RisifVg Crock €QET,

B. (5 points) What does it mean to say D/ U is a “synchronous input” (10 words
or less)?

A synchronous input means ... Ty £ FFEcT JF THE
ivpPyT CCa/R AT A Cloek TRANSITro/V,

(NG Yoo R AN OL My sT  (Nuoke THE CColk.

2
——

C. (5 points) The D-latch is configured to perform what function (10 words or
less)?

The D-latch is configured asa ... [J/N/10€-Ry-2 CruNTep,




(Problem 3 continued)

D. (10 points) Assume the input “IN” is a square-wave clock. Complete the
timing diagram below. Notice the initial logic levels are specified.

D/ 4

E. (4 points) What do “LSB” and “MSB” mean (10 words or less each)?

LSB means ... LEAST SI6N[FIcANT Ber

MSBmeans .. M 0CT Scem £ 1cANT BT




(Problem 3 continued)

F. (4 points) In the timing diagram above, what does the up-arrow on IN signify
(10 words or less)?

The up-arrow signifies ... THE RIs/N¢ <toCk EQ €
CHa6E THE Dedice LTATE,

G. (5 points) Suppose the counter outputs are then applied to the input of a 4-bit
DAC. (The counter MSB is the DAC MSB, etc.) What is the approximate
waveform shape at the DAC output (10 words or less)?

The DAC output waveform looks like a ... Apv A PP 20X t42-m0N TO|
o TRANGSLE wAaJe




4. (20 points total) Digital circuits: short answers.

A. (4 points) Assume the logic gate below is TTL and input A is floating (left
disconnected). What's the value of Q?

+Sv

]
e, o

J vit wh « ANSswan OF
Q= /oW (020/ IR F), %ﬁ’—@ P n2eiAc KLY IT,

B. (4 points) Two open-collector logic gates are wired as shown. What’s the

value of Q?
"'f’-v % {kn
L
B
L

= |ow (or oY o0 mpit )

C. (4 points) Fill in the truth table (positive logic)

00 | B
0 1. -0 |
10 O Sl i ,:D—Q




D. (4 points) Fill in the truth table, assuming A, B = 1, 1 is followed by 1, 0 then
0, 1 etc. (positive logic)

AB XY ¥

-4, D X
10 O | [
01 |0

10 O |

03

E. (4 points) D-latch: Fill in the timing diagram for Q with CLK and D as

shown. Notice that Q starts low. Assume un-shown inputs don’t inhibit clocking
the chip.

D &——4D
(ips—a gy

CLK

s o 1 3

— — — —

S e e  eeeeah | e sm—




