2HEEZ 7| X (#514112)

#3. ZAZE 31X 7| X

LLLLLLLLLLLLLLLL




| 2=
2 F0f, FA| 7] =

/

FE

Edl
=

ZE|A|A

e
|

4

=

CIXE =2l g

2
o

senu@hallym.ac.kr

@
or s
il

-

/m,ﬁ
S



Typical digital signal

» TTL (transistor-transistor logic) logic-level range

Logic “1” “High”: voltage +2 ~+5V
Logic “0” “Low”: voltage 0 ~ 0.8V

» Positive logic(& =2l)
HIGH=1 (+5V)
LOW=0 (0V)

» Negative logic(5 =cl)
HIGH=0 (+5V)
LOW=1 (0V)



Logic Gates & Bitwise operator in C language

» AND: x=AB or A*B (&)
& operator in C language.
Ex.a =a & 0x0f (before a=0x35, after a=0x05)

» OR: x=A+B(|)

Ex. a=a| 0xfO (before a=0x05, after a=0x{5)
» XOR: x=A®B (")

Ex. a= a” Oxff (before a=0xa5, after a=0x5a)
» NOT: x=A' (~)

Ex. a = ~a (before a=0x0f, after a=0xf0)

4 S T



2ot = 2| (Combinatorial logic)

» Combinatorial logicO| 2t?
ot =2|(combinational logic): H|O|EQ| =xgto = O|F0{ &
°|22 ZHO| YHL = H2tE[X| = 2=
Ol /C| 2T, 7}/ 2 A 7], B4
Y =F(X), where X/Y=2}/= = 0| & &t
== M =2|(sequential logic): 22| & =&

r gt 27 B

=M el 7=

Helg Hd (XL 7|=0 2H)

E=HAO| ZtEFSH (T T, McClusky)

= | Alo| X & 7} - bubble, NAND, NOR

2E =2l A

28| T -H2r A5 7EA

A L o

a2

o2l

LYM UNIVERSITY



Digital Multiplex (Mux)

» 02 ZHe| OrL2 1 S 2 C|X|E 28 ¢=2 = S otLIE
)k—|EHO|.'—7|'—O"'|.'—7CI- |

» 2-to-1 Mux 1
Iy Lo,
If sel=0, then out=I, 10 ot ~__out
If sel=1, then out=I, L1 Lo
sel se]é
} 4 _tO - 1 M ux http://en.wikipedia.org/wiki/File:Multiplexer2.png
S1:50=00 2A D C B A
| | | |
2 1

$1:50=01->B \3

U/és@
S1
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[Ot

| 2 (Sequential Logic)

rL r@ TH

A . A}

%

System
Input
Variables

l,

—>

2| + KA R (0 2 2))
(1) -> 2 (0)
ALER 15 (S) + 01 7| B4 (E)

State
Variables

Combinational

Logic

1Oy

n .
—

Sx

. :
Memory

System
Output
Variables

Excitation
Variables




Clock signals

» HE=Z2 LIXE AAE2 “SI| =Xt AlAE! (synchronous
o]

sequential systems)” s
= AA80| = 22 &l S (master clock signal) 0l (2} S&at

= Ol Dl
» CHOH CF=2 0t 20| =2 & Ll (square wave; 50% duty cycle)

risinge\dge rising edge

S1[OA

Time



» Ex. JK flip-flop
J=1,K=0 = Set Q=1, /Q=0
J=0, K=1 - Reset Q=0
J=1, K-1 = Toggle

clock

FO[ & CFO|O{ 1l (Timing diagram)
» EfO|™ CtO 0115.'—_*.' QIS =HO| Hatol A2 70| BHAE
AMZEo| S & =2 2 JtE 2 B X|ShA] LIEFHH T2 .

J

K

Q

Q

http://en.wikipedia.org/wiki/File:]JK_timing_diagram.svg

T =1toggle

K L oo
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MSP430 Architecture

Figure 1-1. MSP430 Architecture

u [/0 devices
- —Memory .{
| | Clock peacik| | Flash . . _ |
RAM Feripharal—Peripheral — Peripheral

I System |y epcle|  FOM pheral—|Feripheral —1Fenp :

| imcm A ANV AW P PN PN |

I |

CPU |

. mpeaspac N NG NG |

| | RIsc cPU E I

|| 16-Bit S |

| | |

| < = MDB 16-Bit us { MDE &-Bit > |

| | ' |
JTAG |
NS NN R | NS NS ¥ I

| ACLK —p || | | |

: SMCLK —®™ \watchdog [ |Peripheral Peripheral[ | Paripheral[—|Paripheral I

| |

L —

[1] 1-3 page
11 Zomnera
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Central Processing Unit (CPU)

» CPU

Computerl| 7| s = St @A T2 12O HEAHN

S TAdS= A

CPU= BRHS| 0d 7|s= wd0ot7| /ol 288t =M= R
F

CPUQ| 7| 2H 0l S&2 Z2|& I &2 2| (program memory)0
7| & & 0] = machine code(H & 0f; Instruction) =
(fetch) o} A4S} 10 (decode) & & (execute) o= 253
G
CPULHE =2 8

ALU, B X|AH, HO2| 2, L{F HE FX[(HA)

12
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Registers

4

= 2 A K| A (4 8 2
AE.l)'— AtS OFo| M HE HA
of= IFX| (8b1t 16bit, 32bit-
register2 HPIGIH O =2 X
&ot= 0|52 27| = LELH)
CPU I-H—I—O'” AA—'— CPU E&I-CED X'”
Ot s 2its MY
=i},
MSP430 CPU

16702 HE of| X[ AH 7H:

RO~R15

Size: 16bit

Program Counter

Stack Pointer

Status Register

Constant Generator

neral-Purpose

Reqgister

neral-Purpose

Reqgister

neral-Purpose

Reqgister

neral-Purpose

Register

neral-Purpose

Register

neral-Purpose

Register

neral-Purpose

Register

o %] o o o o o o
1] 1] 1] 1] 1] 1] @ @

neral-Purpose

Register

neral-Purpose

Register

neral-Purpose

Register

neral-Purpoge

Register

[ ol &
Q @ o 1]

neral-Purpose

Reqgister

PC/RO
SP/R1
SRICGT1/R2
CG2/R3

R4

A5

A6

A7

A8

A9

R10

A1

Ri2

R13

R14

A1 [2] 10 page

13
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Memory

» CPU7} =2&15H7| S| M BFEA| K 22|71 & 2 F Why?
» Program memory
ProgramO|2t?

Definition: A set of instructions, & 28 | =0| 2™ =M E & A &
ol m2

ru

A Ol ClO L=
= A=EP 7|5=.
o
| -

HIEEICHIH’SEI(H N'\'.Zii E.:*.' =AU = CPUZF 51O =

S3k
ROM A}£

» Data memory
T2 0| MMSIHAM AFRSIE B 22| 2 YHO| 48 Z D}
s= NMgot=4 ArE
RAM A2

14

3
§
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HIOH M 22| SE: RAM

» Volatile(Z| 2f ) memory

Nl SES wXlor| ?lof TEH(EE) 2ast K22

Static RAM
1bit 7| Y= ol 2 7He| B =M X7t 2R > H[Y
Cache memory, MCU internal data memory etc.
Dynamic RAM
A HEG ot AXE AESIEZ | M7t 79 7ts
HAHO| A= L A ZE LI O] refreshS ol 50 OF &
H 22| 250 refreshE {otEHE 3|2 EQ
PCO| 77| AKX
Upcoming
T-RAM (Tyristro RAM) :
Z-RAM (Zero capacitor RAM):
TTRAM (Twin Transistor RAM):

15 \‘%qum senu@hallym.ac.kr


http://en.wikipedia.org/wiki/T-RAM
http://en.wikipedia.org/wiki/T-RAM
http://en.wikipedia.org/wiki/T-RAM
http://en.wikipedia.org/wiki/Z-RAM
http://en.wikipedia.org/wiki/Z-RAM
http://en.wikipedia.org/wiki/Z-RAM
http://en.wikipedia.org/wiki/Twin_Transistor_RAM

HIOE HEZ 2| Z2: ROM

» Non-volatile (H| 2| 2fA) memory
ROM
Mask ROM

ROM XM Z=AlO| Z2a FEE 0| &S0 LH & 2| = DFA[A M=
K71, 7] =7t
PROM(Programmable ROM)
OTP(One Time Programmable)
EPROM (Erasable PROM)
M7|Mo 2 M7 HSHA(UV light AFR)2 2 X| &
EEPROM (Electrically EPROM)
=X MOLHLF 2R MO 0|8 K|,
Byte CH| = X| 2.
Flash 2 CF K| = G} H|4¢

16 \\Af—f/ﬂE etz senu@hallym.ac.kr
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A+EH 22| &S5: ROM

» Non-volatile (H| 2| 2fA) memory

Z=7| A|Clj:Paper tape, punched cards

Storage devices
Magnetic devices: hard discs, floppy discs
Optical discs: CDROM, DVD, Blueray

Flash memory ( )
EEPROMO| 3} =2
MZ=EHoF M E5tY THEE 7t
Block CHE| 2 X| =2
Write endurance : erase/rewrite &%= 9l = X|L{| 4=, 10K~1M
T+od gdhAIQ| 2} NOR, NAND flash2 ++ &

17 \‘%qum senu@hallym.ac.kr


http://en.wikipedia.org/wiki/Flash_memory

22| ZX 7h'E

r 22| ZX]

olgq 1.

2 = 1: Address . INPUT
ZFH|O|E & &SI Q= HE Address
AO| S NN

A3

0OFOF address lineO| 2 &= 4bitO|
otH, 0= 16719 BFA =X A2

olgq 7. ' '

21 =1 2: control line AT Do
Chip enable, Output Enable, NN —
Write Enable(RAM2| 4%) AQ

SRRERERTE

Q! /==: Data

CH 7l 8bit

MNZ&SHZ| @2t Ho|HE YH St
7| 9|of 22 X &=l HIO|HE
XE:—L

E=lel)

18 {Z"JE etz senu@hallym.ac.kr
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Ol : 32K bytes SRAM chip

» CS18LV02565
32K bytes SRAM
Address inputs: A14~A0 (15bit)
Data : 8bit
Control inputs: /CE, /WE, /OE

B TRUTH TABLE

Mode ICE IWE IOE DQO0~7 Vecc Current
Standby H X X High Z lcese, lecssi
Qutput Disabled L H H High Z lee
Read L H L Dout lee
Write L L X Din lee

514
Ald

EEEBEDE S
L]

D0 —
DOl —
D2 ——
GND ——

WO =) Oy s ) B

28
27
26
25
24
23
28L SOP 22
28L POIF 21
20
19
18
17
16
15

Wi
— 1 WE
— AL3
—
——1 &0
—— &l1
—— OF
— AlD
— CE
— D7
— DO§
—— D05
— L
—— DS

Copied from Datasheet
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