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Unit 1 Electronic Component

S 1oC o foodett

1.1 Resistor H[H

1) Fixed Resistor [EEF[H (Figure 1.1~1.5)

_:.__L_?L%_;g_

Resistor(symbol) Potentiometer Adjustable resistor ~ Trimming potentiometer ~ Thermistor

R (—BRS) R GG PR AR ke G

Figure 1.1 Common Circuit Symbols Of Resistors

Carbon film resistor ~ BREEHEFE (RT)

Metal film resistor EREBEM (R)
Synthetic film resistor & RRAEEE (WTH)

Types of resistors Wire-wound resistor ~ £R&2HfH (RX)
FALBH 2
Fuse resistor ST E B
Cement resistor 7K ¥ B BEL

NTC PTC resistor NTC. PTCHEHFH

Figure 1.2 Types of Resistors

=G || |11 11010

Carbon film resistor Metal film resistor Synthetic film resistor Cement resistor

BRI SRBEAEE ARE R KB LR

Figure 1.3 Common Various Types of Resistors
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——

(a) non-repair AAIEE

Wire-wound resistor NTC PTC resistor (b) repair A[ERE ’ l 2 g

LRI bt G Fuse resistor
s 7 H BEL Thermistor  FAEHELFE
Figure 1.3 Common Various Types of Resistors
LA 5 hE
Trademark Model Power
A} 7
© RJ 2W
33kQ+5%
Resistances and errors
PR R o ViR E
Figure 1.4 The Indication of Resistor
[ 1 I ]
COLOR 1st BAND 2nd BAND 3rd BAND MULTIPLIER TOLERANCE
BLACK 0 0 0 1
BROWN 1 1 1 10 +1%
RED 2 2 2 100 +2% G
ORANGE 3 3 3 1k
YELLOW 4 4 4 10k
GREEN 5 5 5 100k +0.5% D
BLUE 6 6 6 M +0.25% C
VIOLET 7 7 7 10M +0.10% B
GREY 8 8 8 +0.05% A
WHITE 9 9 9
GOLD 0.1 +5% J
SILVER 0.01 +10% K
PLAIN +20% M

Figure 1.5 Recognition of Color Ring of Resistor

- 003 -
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2) Adjustable Resistor A/ [E (Figure 1.6~1.7)

BER
B Welding sheet

A
Shell(can) #F5E

Resistor body Slide plane ¥3ZMH
Py ’

Figure 1.6  Structure of Potentiometer

Organic solid potentiometer ~ Carbon film resistor ~ Potentiometer with switch Push-pull type potentiometer

AL AL BRIR AL I RALLE HehrsRafrdt

Straight slide type potentiometer Multi-turn type trimming potentiometer

RN ivA % EA R AL

Figure 1.7 Common Various Types of Potentiometers

3) Line of Resistors (Direct Insertion Resistors) #{EE[E (Figure 1.8)

Qoo Anlelelel el
oo‘l\‘\o’m’ BEEBE 9| BERE

(a) Surface-mount technology (SMT) resistors and structures

Wl 1 e PR R FL

gaaaaas IS

(b) Line of resistors and its structure

BEEAHHE RS

Figure 1.8 The Line of Resistors and Structures

- 004 -



Unit 1 Electronic Component

1.2 Capacitor EH =&

1) Fixed Capacitor [E|ZEH % (Figure 1.9, Table 1.1)

(a) Mica capacitor (b) Polvester capacitor  (¢) Aluminium electrolytic capacitor

F ik BRARE GELER b

ﬁ | |
== ]

(d) Ceramic capacitor ~ (e) Paper capacitor (f) Tantalum electrolytic capacitor ~ (g) Circuit symbol

BARE MR HAEFRE RS

Figure 1.9 Common Various Types of Capacitors

Table 1.1 The Features of Capacitors & [l F8 & F 4 &5

Name &% Feature 4%m

Withstanding high voltage (Several tens to one thousand of volts) ~1
Metalized paper capacitor
CJ Large capacitance

Self-healing “= 77

Small volume
Polyester capacitor Large capacitance
CL Good wet-heat resistant

Small stray inductance

High precision

. ) Heat resistant
Mica capacitor

CYy

Corrosion resistant
Low loss

The defect is the low capacitance

Large capacitance
Small volume
Monolithic capacitor
Heat resistant
Good reliability

Low cost

- 005 -
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Continue
Name Z&#R Feature 4Fm
Small volume
Ceramic capacitor Stability
Corrosion resistant
High frequency Heat resistant
cC Low loss
Low frequency Good insulation

CT Used in low loss and high frequency circuit
The defects are low strength, fragile, and crackable
Large capacitance
Large deviation of capacitance

Aluminium electrolytic capacitor
Leakage of electricity
CD
High loss
Low cost
2) Adjustable Capacitor FJZrE % (Figure 1.10)
(a) Single section variable capacitor (b) Two-gang variable capacitor
BRI A UK AL HE A
(¢) Organic thin film tuning capacitor (d) Fine tuning capacitor (e) Fine tuning capacitor

FHERRA O BEAMORRE MR RA

Figure 1.10 Common Various Types of Adjustable Capacitors

1.3 Inductor FE3EEL

As Shown in Figure 1.11~1.12.

(a) Hollow coil (b) Core coil
ORI RS2

Figure 1.11 Common Various Types of Coil of Inductors

- 006 -



Unit 1 Electronic Component

(¢) Adjustable core coil (d) Color code (color ring) inductor (e) Iron core
TR LR B (B3 BR Bt

Figure 1.11 Common Various Types of Coil of Inductors

3]

(a) Symbol (b) Core (iron) coil inductor (¢) Adjustable inductor
— RS T () SHR BN

Figure 1.12  Common Circuit Symbols of Coil Inductors

1.4 Transformer ZF[fz%

As Shown in Figure 1.13~1.14.

220V ~
[R5/
=\

(a) Input/output transformer (b) Power transformer (¢) Ring-type transformer

N/ R A IR RS AT

(d) Air-core transformer (e) High frequency transformer (f) Mid-frequency transformer
EOLRER R RS HH AR %

Figure 1.13  Common Various Types of Transformer

L

(a) Transformer with center cap (b) Adjustable core coil (c¢) Same polarity (d) Shielding
i P BESFA R 42 35 R R

Figure 1.14 Common Circuit Symbols of Transformer

- 007 -
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1.5 Relay F#iZrEas

As Shown in Figure 1.15~1.16.

Armature

feek fith 55 Contacts

1)

Coil £ 4

Hinge spring
Core &kts

Supportingbar
Yoke W@&H X

| |
Terminal £%F& H‘/I Contacts

il R

Figure 1.15 Structure of Relay

Z -type ZE

L
(a) Circuit symbol (b) Contact type
HERFS il AR

Figure 1.16 Common Circuit Symbols of Relays

1.6 Diode >:S{k_iNE

As Shown in Figure 1.17~1.18.

—_— &

(a) Detector diode and regular diode (b) High-frequency rectifier diode (¢) Photo diode

RBAE iR R _RE P -y
ﬂ
(d) Voltage-regulator diode and switching diode (e) Variable capacitance diode (f) Light emitted diode
RE_RESIFR_BE BHEMRE RA—RE

Figure 1.17 Common Various Types of Diodes
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Unit 1 Electronic Component

%

(a) Detector diode (b) Rectifier diode (¢) Voltage regulator diode

i A 4 BB _RE RE—RE
(d) Laser diode (e) Light emitted diode (f) Photo diode
o=y RIE—HE P g

Figure 1.18 Some Common Diode

1.7 Transistor HSkEAE

As Shown in Figure 1.19~1.20.

e

(a) Small power transistor (b) Plastic small power transistor

N AR BN TR BIRE

(¢) Low-frequency high-power transistor (d) Mid-power transistor
SR Th R B HIhE A
(e) Domestic transistor () High-frequency low-power transistor
E 7=l R A AN IR RAEE
C C
- -
E E
(g) Symbol of NPN transistor (h) Symbol of PNP transistor
NPNE ST RS PNPE! B A E L BRFF 5

Figure 1.19 The Types of Bipolar Transistor and Circuit Symbol
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D
D D j

o
o
o— 1

S S S
(a) N-channel FET (b) P-channel FET (¢) P-channel enhanced FET
NYAIE R 30 B PYEL R GBI E PYRIE R RGBS

JD . .
¢« =% ¢ QJ%

S

(d)> N-channel enhanced FET (e> P-channel depletion-mode FET (f) N-channel depletion-mode FET
NHTIEHE R R BN PYGIERES B NMEFERBIG RN E

Figure 1.20 Circuit Symbols of Field Effect Transistor
. S — fohe
1.8 Thyristor F&IFEE

As Shown in Figure 1.21~1.22.

TA anode PFER X X TTZ T,
P N
P \V4
N c N ¢ N .
G o— N | p I N
gate P V4 K R T
MR
" oK l G T:

lK cathod AR

(a) Uni-directional thyristor (b) Bidirectional thyristor

R MU A

Figure 1.21  Structures of Thyristors and Circuit Symbols

K
G
A
A N K cljla
KAG T TG
(a) Uni-directional thyristor (b) Bidirectional thyristor
B G X6 &

Figure 1.22 Common Various Types of Thyristors

- 010 -
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1.9 Integrated Circuit &= FoL 1%

As Shown in Figure 1.23~1.25, Table 1.2.

X XXX XX

X X X
expressed as package type,used for the “letter”
RrHERR, HFEER

expressed as the range of temperature,used for the “letter”

R LEREERE, AyiRs

expressed as the categories of components,used for Arabic numerals and the “letter”
RRBHRFEF, ARRARERFRRR
expressed as the types of components,used for the “letter”

RSHRE, RFERR

L expressed as the domestic productions in China,used for the “letter C”

HEER, BFECRR

Figure 1.23 International Nomenclatures of IC

Table1.2 List of The Types of Integrated Circuits [Elfr52pl B2 B EL S ap Z HI & W

Part 3:
Part 1: Part 2: Part 4: Part 5:
Circuit and code
Country name Circuit type T Range of temperature Packaging type
S5 EiR ST REERE TUOC T | smEmsy: RESE | BRBS: HERR
FFKS
Letter | Country | Letter Circuit Letter | Temperature | Letter Package
Nonlinear circuit Plastic flat package
B B
C 0 70 Leadless ceramic chip
CMOS circuit
C C carrier
CMOS
Ceramic dual in-line
Audio and TV circuit
D D package
— Code or mixing of
ECL circuit
Made in E numbers and letters
ECL G -25 70
China - — Plastic leaded chip
Linear circuit
IC F E carrier
HTL circuit
H
HTL
J Interface circuit . Ceramic flat package
M Memory L =25 85
Pin grid array
Voltage stabilizer G
w
Black ceramic
TTL circuit
T E -40 85 H package
TTL

-011 -
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Continue
Part 3:
Part 1: Part 2: Part 4: Part 5:
Count Gircuit t Circuit and code R ” ; Packaqing ¢
ountry name ircuit type _ ange of temperature ackaging type
: E=MH: BBE - ‘
E—E: EfR EEs: BEEAR o SEMERS: RESEE BRES: HRER
FIFRS
Letter | Country | Letter Circuit Letter | Temperature | Letter Package
Black ceramic dual
Microprocessor L
u J in-line package
A/D conversion circuit Metal diamond-type
AD K
A/D Code or mixing of
Made in numbers and letters R -55 85 Plastic dual in-line
D/A conversion circuit
China DA P package
D/A
1C
Plastic single
Communication circuit o
SC S in-line package
Sensitive circuit M -55 125
SS
TO-8
T
Clock circuit
SwW
High-performance microprocessor i FH Fi fE RE T Ab FE 2%
Microprocessor Embedded microprocessor #R A\ RIEALE 5
AL
Microcontroller #5324 5%
Popular type OP & I BLE HIBK S
. . J-FET OP HHELEE B AR
Common IC Oper‘a#tlonal amplifier | 1 o offset voltage OP {IEEAIE BBk
HRERBEESH BHBRS Fast general-purpose OP i EIZHBA 2
Low power OP {RIiEEELEHBUREE
High-voltage High-power OP & EKIIRELZE AL
Audio Frequency Amplifier (A.F. Amplifier) ZFHUHARE
Switching Power Supply FF3<HLIER
Timing circuit BfZEHEE
Figure 1.24 Common IC
.
(a) TO-8&B5EE (b) Flatw ¥ (c) SIP (d) DIP (e) SOP

Figure 1.25 Common Various Types of Packages of ICs [C
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o © € B

(h) PLCC (i) BGA

() SOJ (g) QFP

Figure 1.25 Common Various Types of Packages of ICs 1C
1.10 Electroacoustic Device i E251F

1) Loudspeaker #7775 (Figure 1.26~1.30)

A Frame #4
Voice coil FH

) Magnet FEEk
" MVoice coil stand  FE L

Paper cone

(a) Outer magnet type #MREE (b) Inner magnet type HREE

Figure 1.26 Dynamic Loudspeaker Magnet Type

Reed HE

Voice coil ~£38]

Magnet BE%ER
Spider f&BI3H

Figure 1.27  Reed-type Loudspeaker

Figure 1.28  Crystal Loudspeaker

- 013 -
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BorBL
Figure 1.29  Excitation Type Loudspeaker Figure 1.30  Loudspeaker Circuit Symbol
2) Microphone {4725 (Figure 1.31)
Voice coil Metal sheet
Voiceggbrane El Piezoelectric ceramic % SRA
. b
./ Metal sheet
Magnet
i - SRA

(a) Moving coil microphone Bl A& 2% (b) Piezoelectric ceramic JEHFFEHR

(¢) Electret condenser microphone LEAR{ARB AR 2% (d) Microphone circuit symbol &5 2% K] B FF5

Figure 1.31 Common Various Types of Microphones and Circuit Symbols

1.11  Switch, Connector, and Fuse

TR, B SIERES

1) Switch 73+ (Figure 1.32)

(a) Toggle switch #HFFFR (b) Button switch #4@EFF%

Figure 1.32 Common Various Types of Switches

- 014 -



Unit 1 Electronic Component

(d) Slide switch ¥E#EhFFE

Figure 1.32 Common Various Types of Switches

2) Connector #iG+ (Figure 1.33)

(a) Circular connector [BIFGEEEM: (b) Dupont series pin header IR FEEH

mi_ :
O

(¢) Rectangular connector BT (d) Flexible flat cable J FikHELk

www. hilT16 com

Figure 1.33 Common Various Types of Connectors

3) Fuse I#lZ5 (Figure 1.34)

UL
(a) Glass tube fuse BIIRIAMTAE (b) Low voltage ceramic plug-in type fuse
BARPPRIC R W2

Figure 1.34 Common Various Types of Fuses

- 015 -
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1.12 Surface Mounted Component

(¢) Screw type fuse HBEHERIENTHS

Figure 1.34 Common Various Types of Fuses

As Shown in Table 1.3, Figure 1.35.

(d) High voltage fuse BN

RERFTTER

Table1.3 Classification of Surface Mounted Components 3% %225 T 25 14 45 28

Category
o

Rectangular type

B

EHER

Cylindrical type

Passive

component

Chip resistor

Thick film resistor
Thin film resistor

Thermistor

Carbon film resistor

Metal film resistor

Monolithic ceramic capacitor

Film capacitor

Ceramic capacitor

Patch-potentiometer

Potentiometer

Trimmer potentiometer

Chip capacitor Mica capacitor Solid  tantalum electrolytic
Trimmer capacitor capacitor
Electrolytic capacitor
Tantalum electrolytic capacitor
Chip potentiometer

Chip inductor

Wound inductor
Stacked inductor

Variable inductor

Wound inductor

Chip sensitive

component

Voltage dependent resistor (varistor)

Thermistor (thermal resistor)

Chip composite

component

Resistance network
Filter
Resonator

Ceramic capacitance network

- 016 -




Unit 1 Electronic Component
Continue
Category Rectangular type Cylindrical type
LS B B+
Plastic stabilizer Glass sealing stabilize
Rectifier Rectifier
Small package diode
Switch Switch
Zener diode Zener diode
Active Varactor diode Varactor diode
component Plastic PNP PNP

Small package transistor

NPN type transistor NPN
Plastic FET

Miniature integrated circuit

Flat package

Chip carrier

Bare chip

Package with guard ring

Flip-chip

(a) Chip capacitor M B2

(d) Chip diode W5 F — 4R

(b) Chip inductor i F HL/&

(e) Chip transistor i =4RE

Figure 1.35 Common Various Types of Chip Components

Exercise

2R3 R

(c) Chip resistor Ji F BB FH.

(f) Chip integrated circuit Wi 48 5% L%

1. To provide the query data describes the roles of resistors in the circuits.

2. To provide the query data describes the roles of capacitors in the circuits.

3. To provide the query data describes the roles of inductors in the circuits.

4. To provide the query data describes the features of diode unidirectional conductions.

5. To provide the query data describes the features of amplification of the transistors.

6. Summary of the main types of integrated circuit package.

-017 -
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Unit 2 Manufacturing Process of
Electronic Products

w2000 B L

2.1 Assembly Process #4250 T2

1. Manufacture Procedure of Assembly Process ##/| 2] T Ziii12
(Figure 2.1)

| Assembly process prepared 2t #E % |

| Manufacture procedures and circuits T 2 EI#E

| Tools TE3% |

| Welding circuitf§# |

| Component classification TG 28433
.

[Printed circuit board issemblyﬂmljiai;&na\ [ Cases and boards ass!mbliesmmmﬁﬁﬁa | | Wire harnesZ'%%ﬂiW’F |
| Preparation#f & | | Preparation#fE & | | Preparation?f & |
| Plug-}nﬁﬁi | Set uiﬁ% | | Proceisﬂ[]l |
| Welding ircuit@% | On boards é%mﬁ)\ | | Manufajture*ﬂfﬁ |
| COrrect?on{gIE }—|—: cOnnecuoiiﬁgﬁgéﬁ | |
| Assemily/aég ~—] Connecting cable B3 4 |
| Ad_iustmeniﬁﬂl.ﬁ]ﬁﬁ ] InstrumentsHRACEE |
| Aginggfﬁﬁ'ﬂﬁ |«—[Replacement of failed components 38 BeRBLHFE |
| Testfﬁ]*ﬁ‘iﬂﬂﬁ |
| Package!gﬁtﬂ T |

Figure 2.1 Manufacture Procedure of Assembly Process
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2. Sorting The Complete Machine ## 2 fiF (Figure 2.2)

Level 4 Case or housing

2 N <)

Level 3 Box or shell
EIRAE GEERZD

Level 2 Clapboard
vt HE s )

I
Level 1 Component @
ik ohs @ (]

Figure 2.2  Sorting The Complete Machine

i
Q0

3. Assembly Process Graphics 4/ 2£fif T 12 [E

1) Diagram of Circuit Block F2#%#Z[%| (Figure 2.3)

\t Input harmonic circuit
——1

LN Y

Mixed
TR

Mid-amplifier
i

Pre-power Power
Detector || " plifier — amplifier
253

Oscillator

FHLIRY

BB T i)ie
iy
B3l

il

Figure 2.3 Diagram of Super-heterodyne Radio

2) Schematic Circuit

%R TE & (Figure 2.4)

VT1 3DG201 VT2 3DG201 VT3 3DG201VT4 3DG201_VTS.VT6 9013H
R6
o x 100Q BL
R A%, .C Bx R4 | R7 R11
[‘]2001@ 0.3mAl 100uF] sl sokal] (RS =¥ Tl fg (k300
235 T GB |
1 [P & 3V 7
al | [d] A R8
A} i e
CAZEZE 3| G Dol
/ ' 100UF
/ R £ |< LED {7z
/ B ¢d3mmzl o
/ /|
/ c1l R10 /
;| oowrT [HI.SkQ / IOOQ[H DX 1.5mA ,
/ /
|

Figure 2.4 The Schematic Circuit of Super-heterodyne Radio
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3) PCB Lay Out E[fIF it 2<EL = (Figure 2.5)
HX108-25 AL

B
9018H B97~-146
9013H Bl144~202

Color ring
IR AREL
1 2 3 4 5 6

brown | red | orange | yellow | green | bluc
i a icA # 3 B

7 8 9 0 | #5% | +10%
purple | gray | whitc | black | golden | silver
#® x 2] # & R
Bl kE B
F {0 10° (k5%
BB 10 X103 X (1£5%)Q
BI10X(1+£5%)kQ
List of components7G#5 075 H 5 List of components£ i {£: 5.
Numbers Specifications Numbers Specifications e Specifications s
[acs KRR (oA L FRHAE N E it b
R1 100kQ Cl1 0.022pF 1 |Front frame R #E 1
Chip capacitor
R2 2kQ C12 T 0.022pF 2 |CoverJf i 1
R3 1000kQ C13 0.022uF 3 [Calibration boardJ& ZE 4 1
Potentiometer IR,
R4 20kQ w N 5Q 4 Ty disc gL 1
e uning disc 1fi it
RS 150k | cl Double X8t |CBM223P 5 |Blectric potential disc 1
HA7 A
Magnetic bar Magnetic bar bracket
R6 62kQ Bl . B,5mm* 13mm*55mm 6 | 1
i R SO
R7 Resistance | S1kQ Antenna coi 7 |Printing circuit boardEMIAR | 1
i Rk
Oscillating coil .. -
R8 1kQ B2 N Redl. 8 [Positive filmiEARAR 2
PR 2 e
R9 680kQ B3 Yellowi# 9 |Negative spring i3 2
R10 51kQ B4 i White 10 |75 1
Adjusting screw
R11 1kQ B5 Black# 11|
T RRET
Input Transformer | A\ 7% % #% v *
R12 220kQ B6 (Blue Green) (i 5 VikM2.5%4 1
Output 5 [ e
RI13 24kQ B7 Transformer | BZE‘,%E 12 [ ROEIRET
(Yellow Red) | (3% 4D
C2 0.022uF | VDI IN4148 M2.5%5 2
C3 0.01uF | VD2 Diode HZ4F  |IN4148 13 |WLts B saT
C5 0.22uF VD3 IN4148 M2.5%6 1
Chip capacitor Potentiometer screw
C6 . e 0.022uF VTI 9018H 14 N
A . HA {3, S8 04T
Cc7 0.022uF VT2 9018H MI1.7%4 1
Cc8 0.022uF | VT3 9018H 15 |IEHSL (9em) 1
c9 0.02uF | VT4 Tf;;sé" 9018H 16 [$HSL (10cm) 1
- Speaker wire
Cc4 4.7uF VT5 9014C 17 2
: - HERGA
Electrical
C10 . 4.7uF VTe 9013H
capacitor
Cl4 HLE HLZR 100pF | VT7 9013H
Cls 00aF | v | Speakeriii | 2180

Figure 2.5 PCB Lay Out
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4) Circuit Lay-out F2 #5245 [5] (Figure 2.6~2.7)

Al A2 A3 A4
122428 [ame| Jzasss|(12281s
12 415 4[% 15166% 8 91016147‘% 1112131718@

1[2[3]4]5

6[7]8]9

X1|1{2|3]|4|5]6|7|8(9

112013

Figure 2.6 Circuit Lay-out

111413
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| 6 ‘ 7 ‘ 8
Connecting pointl Connecting point2 Note(s)
Cable Wire number W 1 Y 2 Cable r_lumber(s) and Length/mm| %k
number(s) o5 specification (s) K fmm
22 = Partcode | Terminal code | Partcode | Terminal code | kSIS KA - A
T A dii ARG T A Jii AT
Installation line N
SN PR g
: X! ] Al : 4232, VARO.Smm? YE | 200 i
2 X1 2 Al 2 VARO.5mm”RD)| 200 wits
3 X1 3 Al 3 VARO.5mm” BU 200 ity
4 X1 4 Al 4 VARO.5mm” GN 200 Lity
5 X1 5 Al 5 VARO.5mm” BN 200
6 X1 6 A2 C VARO.5mm”BK 250 B
7 X1 7 A3 5 VARO.5mm” BN 300
8 X1 8 A3 1 VARO.5mm~ GY/ 300
9 X1 9 A3 2 VARO.5mm” WH 300
10 X1 10 A3 3 VARO.Smm”RD| 300 ]
11 X1 11 Ad 1 VARO.5mm” GN 220
12 X1 12 Ad 2 VARO.Smm™YE[ 720
13 X1 13 A4 3 VARO.5mm”RD 220 c
14 Al A3 5 VARO.5mm” BN 300
15 Al 6 A2 A VARO.5mm” WH 100
16 A2 B A3 4 VARO.5mm” GY 200
17 A2 C A4 4 VARO.5mm” BK 200
18 A3 6 A4 5 VARO.5mm~BU 150
Installation line
© M > A ° %452 VARO.Smm’ BU 20 b
Serial number(s) Code(s) Name(s) Number(s) Note(s)
i) o5 2k e il
Installation line
: SI2086-82 | 2445 VARO Smm2 YE 420 ||
2 $J2086-82 VARO.5mm2 RD 720
3 SJ2086-82 VARO.5mm2 BU 370
4 SJ2086-82 VARO0.5mm2 GN 420
5 $12086-82 VARO.5Smm2 BN 800 £
6 SJ2086-82 VARO.5mm2 BK 450
$J2086-82 VARO.5mm2 WH 400
8 SJ2086-82 VARO0.5mm2 GY 500 ||
F
XX HE
BTELE (R
#ixk gk
I 7 [ 3
Figure 2.7 Installation Line
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5) Making Wiring-drawing Z:#L[%] (Figure 2.8~2.9)
® ® -

Bending up 90 degree Bending down 90 degree Main branches in the branch
i _EA5 1 90° I 725 H190° FET AP

- .
DU

Vertical upward branch Vertical downward branch Simultaneous downward/upward branch

FE A BRI FEEA T AL WA L T TR L5

Lo k[

Twice bending transferring forward drawing plane Twice bending transferring next drawing plane

BT G _E—PAT 2 P BRI G N T — AT 2 K Pl

Figure 2.8 Wiring-drawing Symbol

B
9 BARE R
B 4 Technical requirement
up 40 5y
I k40 7 down 30 L E R I Smm
A \\ 5 R 30 Repair length of wire end Scm
; -
2 }
3 %f i % P B ww | M| g
4 N zE]
50 1 ASTVR1%0.14 730 L
()& 2 ASTVR1%0.14 694 2
7 3 ASTVRI*0.14 765 =]
8\% 4 ASTVRI1*0.14 530 ES
9& & 2 10ll's 110 61 3 s ASTVRI1%0.14 25 B
O Installation line
6 s ASTVR1%0.14 665 2]
7 ASTVRI*0.14 405 2]
4 8 ASTVR1%0.14 455 a
9 ASTVRI*0.14 455 a
10 ASTVRI*0.14 345 3
11 ASTVR1*0.14 356 i
12 |HeR Sm
Bound wire£ 4L Ratiot 51 1
Versionf
DrawinghI [
Audit 8 1% I

Figure 2.9 Making Wiring-drawing
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2.2 Common Tools for Electrical Production
BTFE=EFHIA

1. Hardware Tool FH & TEH (Figure 2.10~2.22)

1) Screw Driver 12%27]

Slotted screw driver —ZFUE#27] Phillips screw driver —+=iE%2 7]

Hand pressing plate automatic FERMREZN (BRLT]) Electric screw driver H3[B% T]

Figure 2.10 Categories of Screw Driver
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2) Needle-nose Plier Z:l5H

Figure 2.11 Needle-nose Plier

3) Diagonal Plier #}[15H

Figure 2.12 Diagonal Plier

4) Plier/Vice 42454

Figure 2.13  Plier/Vice

- 025 -



BFRAREIRIE

5) Tweezer 5

Figure 2.14 Tweezer

6) Scissor E!J]

%

Figure 2.15 Scissor

7) Wrench Set 7

Double Open End Wrench C-wrench
Conbination Wrench Socket Wrench

Figure 2.16 Wrench Set
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—

Double Spline Wrench Hex Wrench

Adjustable Wrench Torque Wrench
Figure 2.16 Wrench Set

8) File

Figure 2.17 File

9) Screwdriver with Molded Handle FciELiZ242 7]
' (
X“L

T
A

e
B

( ﬂ\
h_\

L\;H

Figure 2.18  Screwdriver with Molded Handle
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10) Driver fhizic T

Figure 2.19  Driver

11) Wire Stripper  F|£&5H

Figure 2.20 Wire Stripper

12) Crimping Pincher & &5

Figure 2.21 Crimping Pincher
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13) Hot Melt Glue Gun /&t

Figure 2.22 Hot Melt Glue Gun
2. Welding tool 23T E (Figure 2.23~2.29)
1) Electric Soldering Iron  E3&5%

External heating electric soldering iron #h#vaX B8k Internal heating electric soldering iron

PR IR

Figure 2.23  Electric Soldering Iron

Mica plate  Shel]

/A AR
Soldering head - T
LS .

Filament Hi[H 22

Figure 2.24  Structure of External Heating Electric Soldering Iron

Soldering head Pinchcock Connecting rod Handle

Sk HWER BT FH
B e ==/ h—

Figure 2.25 Structure of Internal Heating Electric Soldering Iron
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LOJ - — @& =—1T—2
Ll e — | o £ I—
L e —— & =1
B = 1T— 0 < F——
LT —— 0T

Figure 2.26 Common Solder Soldering Iron Tip

2) Temperature-controlled Soldering Iron |85 1% %

Figure 2.27 Temperature-controlled Soldering Iron

3) Automatic Tin Feeding Machine E %% 1%

Figure 2.28 Automatic Tin Feeding Machine
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4) Solder Sucker 5528

Figure 2.29  Solder Sucker

2. Hot Air Gun E2# X4 (Figure 2.30)

Figure 2.30 Hot Air Gun
3. Common Equipment =/ EHi%#% (Figure 2.31~2.37)

1) Automatic Wire Stripping Machine H #3241

Figure 2.31 Automatic Wire Stripping Machine
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2) Automatic Aircraft = zhHIEIHL

Figure 2.32  Automatic Aircraft

3) Tin immersion Equipment ;2515 &

Hand Baptist Tin Heater Tool Grinder Ultrasonic Tin Dipping Machine

Figure 2.33  Tin Immersion Equipment

4) Ultrasonic Cleaning Machine #2755 51

Figure 2.34 Ultrasonic Cleaning Machine
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5) Automatic Wave Soldering Machine 4 H #5f 1E /2524

Figure 2.35 Automatic Wave Soldering Machine

6) Reflow Soldering Machine  [a]3i /241

Figure 2.36  Reflow Soldering Machine

7) In-circuit test Equipment 723X

Circuit Board Test Equipment Fly Probe Test Equipment

Figure 2.37 In-circuit Test Equipment
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2.3 Production Process for Printed Circuit Board
Fabrication E[J&HIEEERHEIIET =

1. Typical Double-sided PCB Fabrication

AT 45 54E T Z (Figure 2.38)

2. Multilayer PCB Fabrication

Figure 2.38 Typical Double-sided PCB Fabrication

Film Unload Drilling Metallization Film past
manufacturing > material —>1 457 = L&REt > T
MR HHTH T
Graph Electroplating Remove film Surface coating Inspection
transfer > A% —=  and Etching > REGE —
R N e
Plate Unloqd Drilling Colpper Phqtographlc Exposure Developing
covered > material > 7L > sediment [—= film past > B > B8
R T VTSR TR RE
Re- Solder
electroplating alloy | .| Stripping | _| Etching
A4 v ERIHE hzl
mE &&

%Z PCB #li=E T2 (Figure 2.39~2.41)

- 034 -

Inner layer Inner layer dry Inner layer Automatic optical . .
. . . . Oxide coating
cutting — film > etching > inspection > ma
WEFF R P ETFIEM W EmZ B3t " _‘
Multilayer construction
Laminated panels
HERR/ A
Figure 2.39 Multilayer PCB Fabrication PCB
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Copper foil
1 HTE _—
Prepreg \ l
BE )y \

The inner layer
23 wE

Prepreg
EELS  — ‘T

Copper foil
4 HTE

Figure 2.40 4-layer PCB Fabrication and Lamination 4

Drilling Electroplating] Image Inspection Solder Letter SMOBC&
R[] wms [ transfer > s [ . mas‘lf > Print > HAL
/Etching VBERH Sk %%
/i
Contour FQC Final
process > B = inspection [ P%k%ge
ST it R RERE
Figure 2.41 The Outer Layer of PCB Process Flow Chart PCB

3. ENHIEE R FITHIETLZ (Figure 2.42~2.44)

1) Heat Transfer Process #AEEI T 2

Heat transfer

PEEED Stripping
JBERE

[ —

1 ]
t Film Drilling |
e _g-" HA L

Product

1=}

Cutting&R Rl
Copper Clad
Laminate

BHR

Figure 2.42 Heat Transfer Process
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2) Photosensitive Process 5T 2

Etching
DS 2t

Exposure

Product
R

Sensitized material

Figure 2.43 Photosensitive Process
3) Engraving Fabrication [fZl#H1{E T Z

=

Metallization

&R

Drilling
Hifl

Engraving
R

Bare board

B

Cutting
i

Cu-plate covered

BHIR

Figure 2.44  Engraving Fabrication

- 036 -



Unit 2 Manufacturing Process of Electronic Products

2.4 Welding Process E7/EET 2

1. Plug-in Welding Process if{/£#% 12 (Figure 2.45~2.48)

In-line solder joint Semi-bending joint | Poor wetting on pin Poor print dip slip
HEABER FHERER SIHRBA T BRI A
The correct profile of solder joint The profile of rosin joint

2 RUIERS R T R T

Figure 2.45 The Correct Solder and Rosin Joint

Soldering iron

’Q Kk
N N Tin 1545
Only pin (wrong) Only disc (wrong) Both pin and disc simul
R55| e (8 REESEm ) taneous contacted (right)
5351 AR RS )
The position of soldering iron tip welded The method of added tin
SRR AL B SRR N T ¥

Figure 2.46 The Method of Added Tin and The Position

S L2 %
= =

221

Prepare the tin and the
electric soldering iron

&

Heating the substrate Melting the tin

S

Remove electric

S Remove the tin
soldering iron <:|

Figure 2.47 5 Steps of Welding Process
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: . Heating the substrate and Remove electric soldering
Weld t
¢ ;;é;gga on :) melting the tin I:> iron and tin
InABRER AL IR R BE R GARR

Figure 2.48 3 Steps of Welding Process

2. Surface Mounting Technology (SMT) Welding Process SMT 2% T 2
(Figure 2.49~2.56)

1) Single-side mixed assemblies processes H ;R % T Z iz

Fix Put binder on
substrate  —>1 the B-side of PCB | | PastSMD | _| Curing | | Flip
i Eg.?ﬂ?ﬁ?b\i%Bg WSMD Rig B iR —‘
Insert THC in Wave
the A-side of PCB | _| sol de:ing | .| Clean | _| Inspection
e G [ W )
Figure 2.49  First-pasted Process
Fix Insert THC in the Put binder on Past SMD and
substrate  — A-side of PCBflip | | the B-side of PCB | _| curing
e AT BB REESMD
FWATHCEIK el RigE

!

Flip L so\z:;g | | Clean | _| Inspection
N 1 V]

Figure 2.50 Rear-pasted Process

2) Double-side mixed Assemblies Processes W E R T ZiiiE

Fix Put binder on
substrate  —1 the A-side of PCB | | Past SMD Baking
R RLBBLA T WesssMD [ | EEHT
o il
Insert
Reflow Solvent Clean_) THC

A WAV || jeiinc

Wave )
soldering | %i;’an L InSgi(;Jon
Vidlcyar: 3
Figure 2.51 Double-side Mixed Assemblies Processes(1) 1
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Fi Put binder on
Subs‘t’r‘ate the A-side of PCB Past SMD Baking
B3R L ERAR A THT % SMD RERT
TSR
Insert THC Put binder on Past SMD and
.| Reflow and flip the B-side of PCB curing
TR HEFETHC R R AR BT JE$ESMD
B RS HhEEFIE L
\_ Flip | | So‘l’ngiig L %f’;g Inspection
B B el R
Figure 2.52 Double-side Mixed Assemblies Processes(2) 2
3) Complete Surface Mount Process T4 3 %% 1 Z iz
Fix Past .
Put solder paste Baking
substrate ) SMD )
s R WHESMD RRBT
Reflow Solvent Clean Inspection
TR BERIEYE 1
Figure 2.53  One-side Complete Surface Mount Process
. Put solder paste on
sulfs lt?ate the A-side of PCB biIr)ll(liter Past SMD Baking
LA . Ri3ESMD REHT
Curing Reflow Clean Flip
HaSEFIEIL R Ak R
Put solder paste
and past SMD on | | Baking | | Reflow Clean Inspection
the B-side of PCB BERT BhE THk ioall]
FLEIRATRBURE BENMHESMD

Figure 2.54 Double-side Complete Surface Mount Process(1)
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Fix Put solder paste on Put
substrate the A-side of PCB binder Past SMD Baking
B e R RiESMD BRHT —W

A-side Put binder on
Curing Clean Flip the B-side of PCB
—= reflow |— > >

HEEEFIEML 3 Hk BR FL B& AR BTH
AHERSE BREEEH
Past SMD and B-side wave
curing soldering Clean Inspection
T SMD HHk g2l
HEEFIEML BIH B4 5
Figure 2.55 Double-side Complete Surface Mount Process(2) 2

4) SMT Welding Technique SMT }Z§EiHA

~ Double-wave soldering

WL WeSR

Spray wave soldering

Wave soldering { -

SMT soldering SR
SMT J2EHAR Reflow welding

N Bubble weldin
Bh7e £

S SRR

Figure 2.56 SMT Welding Technique SMT
3. Contact-type Technology %fill/2## A (Figure 2.57~2.61)

1) Crimping [%£##

Crimping finger

REWT Wire

FE

O = X X XX

Indenting-hole & 7EH[H]
(a) (b)

Figure 2.57 Crimping Pliers and Schematic of Crimping
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2) Winding %i##

Terminal with seamed edge

FRUERST

Insulation part of wire

FREZEIHS

Seamed edge

Bl

(b

Figure 2.58 Electric Type Winding Gun and Schematic of Winding

3) Puncture Welding Z i

The upper-block
L TEER
Plug

) TR
. he locking piece and plug-in
B e

Flat cable

)k

The lower block

TR
(a) (b

Figure 2.59 Puncture Welding

4) Threads 1247i%4

g =\ IIINTTINES

Slotted Cylinder Screw Cone End Locking Screw
Cross Recessed Countersuck Head Screw Hex Nut
Slotted Head Screw Spring Washer

& DR

Cross Recessed Countersuck Head Tapping Screw

Figure 2.60 Schematics of Some Fasteners in Common Usage
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2 Q Qs 1
2 4 1 5 3 i 5®®®3
X2X%%%%0%) 7®6@8 4@C®>®6
10 © ©2 2
(a) (b) (¢)

Figure 2.61 Sequence of Lock and Unlock of Screws

2.5 Electronic Measurement Process FEFifEii{ T =

1. Instruments in Common Usage M {%&5/Y5 (Figure 2.62~2.68)
1) Universal Meter /5 5=

PanclR &
Head#:k

Calibration

PURZEARIE — Resistors FFH#Y

Rotary switch
TEFTFR

Red and black input jacks B 5A plug-in 5A L
44/ BREMIL

2500V plug-in 2500V $&fL

Figure 2.62 Pointer-type Universal Meter

LED #7547 Measurement range (max. 1999) &K ER
Switch HLJEFFR
Volts DC B ¥ fLER
Resistors i FH$%
Volts. AC R HER
Panel F&
Amps. DC Ei#4

Amps. AC 4

Figure 2.63 Digital-type Universal Meter
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2) Milivolt Meter ={£3:

Figure 2.64 Milivolt Meter

3) Signal Generator {55 %422

¥ OWTISALL  RE WGNAL GEWERATOM S=ERIDEs -\'_"'

2 5

o 8 =

- - -

.1—""-""'

Low Frequency Signal Generator High Frequency Signal Generator

Figure 2.65 Signal Generator

=}

4) General Oscilloscope i ffl i 22

| SRLIES
[ i :c_#-":. E_'! .
5 T

$ o o= o o

| L —

Single-channel Oscilloscope Double-channel Oscilloscope Digital Oscilloscope

Figure 2.66 General Oscilloscope
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5) Distortion Meter

6) Frequency Meter

KERE

Figure 2.67 Distortion Meter

GESy

T
WS T

éi:-h%ﬁ!ghi <

* NEam W

MHe
-
e

ZWF

VAL miyade, WEL

15 EMERT

e o
.._i o

L1} Lt ]

Figure 2.68 Frequency Meter

2. Flow Chart of Electronic Adjustment F=-7ifi® T Z7i#2 (Figure 2.69~2.71)

1) General flow chart of electronic adjustment £ 7 i T 2 #— %1

Static test and Test and adjustment of Test and adjustment of Functional
Inspection adjustment wave and frequency feature of frequency comprehensive
SERE BETER BIG PR SRR HERRTRAR
R 5 PR 5 YR 5 A AT
Figure 2.69 Unit Or Component Adjustment Flow Chart
Inspection of Testing of Inspection of P Energy
. ower test -
machine —> structures —> power on —> MR —> consumption test
BHS R E SRR BEAE BHLTIFERR
Machine re-adjustment| Aging Technical test of Overall
and re-test I~ test < machine < adjustment
EHEARBIFEN A4 BHBARTRIIR BHGA
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Figure 2.70  Overall Machine Adjustment Flow Chart
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2) Adjusted Electronic Technology B2 ifFi A

General test

General test of circuits

R LB SR T vk

Visual EWE

Resistor HFH %

Voltage HLE#:

Ampere BLJiEE

Substitution test fA3SLHE

Oscillator 78K #%EE

Logical test

AR J7

Figure 2.71 General Test

Exercise

- Injecting signal Forward Jii 544
fESEAE

Zx3)

Reverse ¥ [ F3R¥E
Direct short
BRI

Separation 43k

 Segmentation | Feature I S8l

ant7o

Experience Z3 7%k

Point by point & Fi -8k

1. To provide the query data describes the important roles of manufacture procedures of the

assembly processes.

2. To provide the query data describes the notice rules of PCB lay out.

3. To provide the query data describes the roles of common tools for electrical productions.

4. To provide the query data describes the difference from the welding tools.

5. To provide the query data describes the features of the electronic measurement process.

- 045 -



PART 3

Inspection of Electronic

Products

EB 37 on i Bl




Unit 3

Inspection of Electronic
Products

@ 3o Mk

3.1 Inspection Requirements for Electronic Products

B BRI K

As Shown in Figure 3.1 and Table 3.1

Inspection requirements for
electronic products

BT iR IR BIR

Figure 3.1

y

Requirements of laws and regulations

(EREAER

Safety requirements

PR REER

According to People's Republic of China {Measures
for the Administration on Pollution Control of Electronic
Information Products )

R NRIERER (RTE B s Rkl g ML)

According to European Union  {Restriction of the use of
certain hazardous substances in electrical and electronic

equipment)
BRUMSEFEIAR (T BSBRATREERTELEEE
MRS

for product usage

Functional requirements for product usage

PR ThRE ERESR

Appearance requirements for product usage

P A SN IR

Inspection Requirements for Electronic Products

Table 3.1 Six Major Categories of Hazardous Substances Content Standard Table
ROHS RAXEEMREERER

Chemical test Test item Threshold level/ppm

MR 53 2 MR E MER (BREE, Bi: ppm)
ROHS Cd 100 =100

ROHS Pb 1000 =1000
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Continue
Chemical test Test item Threshold level/ppm
MR 5 3 MR E MER (FREE, #fL: ppm)
Hg 1000 1000
ROHS Cr(VID) 1000 1000
ROHS PBB 1000 1000
PBDE 1000 1000
Package Ref. 94/62/EC EU.  Package
94/62/EC
94/62/EC
Ref. 2006/66/EC  Battery
Battery
2006/66/EC 2006/66/EC
91/157/EEC

3.2 Defects of Electronic Products FEF = 5 B 5L

As Shown in Table 3.2 3.3 and Figure 3.2

Table 3.2 Defect Levels and Descriptions of The Electronic Products
FEEBERIEF R SR

List . Symbol "
. Defect level ERFEZFR e Defect description ERpaiiA
Fs s
Product design is not in conformity with IEC or ISO regulations. The
product is in a dangerous, so that it is harmful to people or the environment
1 Safe S
IEC ISO
Defects will lead to great dissatisfaction with the customer's products,
2 Critical A and the defect is easy to be found
The main function of the system failure, no collapse. But it will lead to
the subsequent operation or work can not continue to carry on. Defects are
3 Major B
not acceptable to the customers
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Continue
List . Symbol "
. Defect level HRFEEFR . Defect description ERFfIA
Fs =
The secondary function of the system fails, but the follow-up operation
or work can continue to be carried out. Defects are acceptable to the
4 Secondary C
customers
Not worth mentioning failure function, customers may become aware of
the failure, the failure does not affect the diagnosis and examination. Will
5 Minor D not cause customer dissatisfaction, the defect is not easy to be detected
Did not cause functional failure, is not a defect. Customer use process
recommendations to improve the problem. This problem may be related to
Enhancements
6 E the manufacturing, service, product cost and other factors

Table 3.3 Defect States and Descriptions of The Electronic Products

B mm YRR 7S S BRPR IR Sk

Defect state

ERBERIRZS

Defect description SRFEIRZSHIA

Root cause is unknown

Newly discovered defects or legacy defects of previous versions of the product. Causes of defects
have not yet been detected. For the current state, the team corresponds to the activities are: to find the

root cause of defects

Assigned

Has been judged a defect caused by reasons, defects were assigned to specific personnel to resolve,
but also specific solutions to planning or implementation process. For the current state, the team
corresponds to the activities are: planning solutions, implementation of solutions, component / unit

test

/

Resolved

The cause of the defect has been identified, the solution has been implemented and passed the
component / unit test. For the current state, the team corresponds to the activities are: system

validation or confirmation /

Verified

Causes of defects have been identified, the implementation of the solution has been verified by the
system and the confirmation. The status of the product can be submitted for design validation,
manufacturing process validation and service validation. For the current state, the team corresponds to

the activities are: confirm design, process of the production and service
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Continue
Defect state
Defect description HRFEIK7SHIA
BRPERTS
Solution has been confirmed by design, process , service. For the current state, the team corresponds
to the activities are: solution release to production, service, quality and other related departments
Validated
Solution has been officially released to the production, service, supply chain, quality, and other
related departments. The related work has been updated, for example, BOM of product, procurement
Closed contracts, etc
BOM
Defects caused by the root causes have been identified, There are no solutions or in abeyance, and
Postponed extension. The defect can be accepted
Inefficacy Repeated, unable to reproduce such invalid defects

Design (F=F) #&3F (RS

Causes of defects in
electronic products Manufacture (F=&) #liE (LB
LT S AR R I R R

Notification &1 (_ERIHRIE)

Figure 3.2  Causes of Defects in Electronic Products

3.3 Influencing Factors and Classification of Electronic
Products Inspection F2 /= aa#& 16 A 5200 (£ 2= 5 47 2€

As Shown in Figure 3.3 3.4

~ Man AR
Machine Hl2%

The main influencing factors of Material #4%}
. . . < .
electronic products inspection Method i

HFERRRNFERHER
Measurement J&

\ Environment 1%

Figure 3.3 The Main Influencing Factors of Electronic Products Inspection

- 050 -



Unit 3 Inspection of Electronic Products

Fully inspection 4K

Quantitiy (%) RHH (4 {Sample inspection iR
Exemption from inspection i
1QC SRR
IPQC TR

Process (%) LW (&) < FQC Bf%R
0QC HBRE
Resident QC #hFif&#] (3]~ QC)

Inspection EH
Position statement {

# BRARFE (4D

Classification of electronic products Self-inspection E#&

;;;;igﬁgﬁﬂgﬁgg Mutual inspection HAKE
Process TLFFHaL
Patrol £%_ ERYTS
Location (3%) K7 (4 { External resource SMiM%
Stock FEFFRYE

Customer ZAbRYHY

Acceptance inspection 32K
Machine B4l (K% {Production approval inspection <ERIRH

Routine inspection 47

Figure 3.4 Classification of Electronic Products Inspection

3.4 Contents of Electronic Products Inspection
B ~milEiAE

As Shown in Figure 3.5 3.7

Out of box AR EE

\

Packing inspection H3EHE
{ Product appearance inspection F=fh AR

Safety mark Z447iE
Wire HELJRLR
Safety ZERE Protection against electric shock

under normal circumstances

IEHRBU T Rp#e R
Contents of acceptance ) Insulation #&%%Ea4H

inspection ) Anti-electric strength i EIREE
WAL RIS A A Electrical performance test Inspection in accordance with provisions of

LAY product standards (or product technical conditions)
\ AR (B REAREAD) MERE
Switch,key,knob operation flexibility

FFR. B RAREREREE

Switch,key,knob operation reliability

FR. . AR R
Mechanical structure of the whole machine and
that of fastening of the parts

~ BeUHUREE U R B i R A

Mechanical property check
PR S

Figure 3.5 Contents of Acceptance Inspection
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Contents of acceptance inspection 3ZWRHE A &
Contents of production approval

inspection (routine inspection)
BRI (BIATIE) MIRA
Reliability test B SE{:A By

Figure 3.6 Contents of Production Approval Inspections

~ High temperature storage test = iR KL
Temperature cycling test 75 FETEER I I
Thermal shock test F PRI
Environment test BREALKE < Low pressure test [R5 ERL

Moisture resistance test i ¥R

Salt spray test 2 ZAI

\. Irradiation test 3% B K56

Steady life test FaASF AL
Life test A% < Transient life test/Intermittent [A] &R Ay e

Simulation life test #&3F Ar i g6

~ Constant acceleration test fE X 1 BRI
Mechanical impact test HLARh RS
Mechanical vibration test 3BT
Mechanical test HUARALE < Bonding strength test 24 50 E R

The chip adhesion strength test i 5 B K

External & connection test 541 3| 7 S<HIR L6

\ Particle impact noise detection TR G463

Figure 3.7 Reliability Test
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 Power terminal HJENG T TIRAEE

Terminal HAl¥ F TR E

Radiation & induction 385 T-IH R & TR E
Electrostatic and discharge & PRSI

Radio frequency S5 HREZIIIREE

Electromagnetic compatibility test

P Shock MGtk E

Electromagnetic interference X535 M F4E SHIILE
Magnetic REFHIRE
Power off or voltage momentary interruption HEJf H Fk B35 SRR 1] o

Harmonic current ¥ FEIR & 5

\. Spread of voltage or voltage fluctuation B & A ARER IS

Figure 3.7 Reliability Test

3.5 Inspection Processes of Electronic Products
BFmiQlt TZ

1. Inspection Flow Chart of Electronic Products 7= @615 H T 2772
(Figure 3.8~3.9)

Mark/notice Storage
FRIR NEE
Standard
oLz Accepted
@ N
Setting the test location inPsrpoe(i;icc:n Quality record
BISRE = Bl RS
Inspection Rejected
specification @ OGL
REHTE Rework Scrap
BB/ET B

Figure3.8 Inspection Processes of Electronic Products

Component test Ass?:;bLyc t;i)(r)(l)]cess Final quality control Integral test
TOA R R jpiﬁﬁgﬁ FRARR BARLE
Test by sampling Fully inspection Sample inspection
inspection method GES FHRE
PR TERR TTEERR

Figure 3.9 Inspection Processes and Required of Electronic Products
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2. Sample Inspection HFEIELE

1) Method of Sample Inspection

According to a batch in the sample test results,
they are determined whether to accept the batch called
"sampling inspection". Sample test results depend on
the sample N corresponding to the number of accepted
"Ac" and the number of rejected "Re". The number of
defects or defective products found in the sample is
called "r". If » is less than or equal to Ac, one can
receive the batch; if 7 is greater than or equal to Re, the
batch should be rejected.

2) GB—2828 Standard
GB — 2828

continuous batch sampling. The production process is

standard can also be wused for

consistent and stable for the premise. Production
process is in the effective and strict quality system
assurance. In order to control the quality of batches of
products due to the impact of some of the control
factors caused by changes. GB—2828 strictly according
to the degree of divided into three sampling schemes:
normal inspection, strict inspection, and relaxation test,
according to certain conditions can be mutual
conversion.

1 Sample code. GB—2828 standard A, C, B... R
said sample code. According to batch N and inspection
level specified. for example: N = 1000, inspection level

is I, from Table 3.4 can check sample code.

34

1) IR A

Table 3.4 Sample Size Code Table #7xE(LIExtIEsE

2828

1’7\/ /1('
Re
7 r<Ac
r=Re
2) GB—2828 frifE
GB—2828
GB—2828
] GB—
A B C
N
N 1000 I

Batch N HLE N Special inspection level 453367k 7 Usually test level i@ E 167K F
S-1 S-2 S-3 S-4 | Il I

2 8 A A A A A A B

9 15 A A A A A B C

16 25 A A B B B C D

26 50 A B B B B D E

51 90 B B C C C E F

91 150 B B C D D F G

151 280 B C D E F G H
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Continue

Special inspection level 4534587k

Usually test level @& #4387k

Batch N #t& N

(7]
N

S-2 S-3

S-4 |

281 500

H

J

501 1200

—

1201 3200

T | Q|

3201 10000

—

10001 35000

35001 150000

150001 500000

glo|lgo|la|la|la|la|®
m|E| |\ |00 |0 |a
T|la|la|m|"|™|m™m| T

500001

—
Z |2 ||~

Olm|z || |~&

T Z|2|C R

2 Usage of sampling scheme GB2828. It
has been clarified the batch (V) of productions,
AQL, and the strict degree of the inspection
level.

The first to N

inspection level to find the sampling scheme

step: according and
code.

The second step: according to the selection
of of of

corresponding sample inspection table.

strict  examination inspection
Check the normal inspection "sub sampling
see Table 3.5;

inspection of the "sub sampling scheme ",

scheme", Search a strict
see
Table 3.6; Relaxation inspection "sub sampling
scheme ", see Table 3.7.

The third step: according to the sampling
scheme code to the right in the table, in the
sample bar check the sample n, and then from
the code location, AQL, where the column of the
cross grid, read [4c, Re]. If the intersection is an
arrow not a number, then enter the fourth step.

The fourth step: along the direction of the
arrow, read the arrow point to the first [Ac, Re]
and the [A4c, Re] that of left to the correspond #.
If n is larger than batch N, it will be been

inspection all and cancelled 7 in the third step.

N AQL

AQL

[Ac Re]

[Ac Re]

n N

[Ac Re]
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9

3 Transfer principle. GB—2828 standard 3 GB—2828
is for the transfer between normal inspection,
strict inspection, and relaxation inspection,
the beginning is always normal inspection.

From normal to strict. In the normal

(98]
AN
(9]
o

inspection, if there are 2 batches of the 2
sequence from 2 to 5, those of be rejected by

the initial inspection, strict inspection should

be applied from the next batch. ( Not to be

submitted again) Note: Before they can be

submitted again, rejected batch must be

through  screening, rework and other

measures.

From strict to normal. In the strict
inspection, if 5 consecutive batches after 5
initial inspection is received, the next batch
will be to normal inspection.

From normal to relaxation. In the
normal inspection, if the following conditions
are all satisfied, the relaxation inspection
should be carried out from the next batch:

® 10 consecutive batches were received L J 10
in the normal inspection.

® (Conditions specified in the batch L J
number of the extracted sample unqualified
products (or rejected) total less than or equal 3-2
to Table 3-2 in the prescribed limit number.

® Production is stable. o

® Consider the expectation of relaxa L J
-tion inspection to save the cost.

It should be noted that the relaxation
inspection is not mandatory, if required, can
be returned to the normal respection.

From relaxation to normal. When
any of the following conditions are to be
relaxed, the next batch should be to normal:

® A batch of rejected. e
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® Production starts abnormal or stagnant. L J
® For other reasons which are considered L ]
necessary to return to the normal test.
Suspension. In strict inspection, when the
cumulative numbers do not reach 5 batches, the 5
inspection should be suspended according to the
standard until the suppliers take corrective

measures to restore the inspection.
Exercise % >] il

1. To provide the query data describes the specifications of inspection requirements for
electronic products.

2. To provide the query data describes the hazardous substances limits of electronic
products.

3. To provide the query data describes the roles of the influence factors of electronic
products inspection.

4. Please list the inspection standards for electronic products.
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Unit4 Structure and Basic Principles
of STC15W201S Series MCU

B4 958 STC15W201S iy PLEs i
SRR (AR

4.1 Structure and Basic Principles 45145 T {EJ712

4.1.1 Basic Structure EH A&z

The basic structure of STC15W201S series STC15W201S
MCU is shown in Figure 4.1. It comprises CPU, 4.1 STC15W201S
program memory (program flash), data memory CPU Flash
(scratch-pad RAM, auxiliary RAM, and specific RAM RAM
function registers), EEPROM (data flash), EEPROM
timer/counter, serial communication  port, Flash /

comparator, Watchdog, power monitor, specific
reset circuit, internal RC oscillator and some RC

other modules.



Unit4 Structure and Basic Principles of STC15W201S Series MCU

: RAM

@ (::I Program Memory
Stack (Flash) 1~7.5kb
Pointer t

ISP/IAP
o et (R

Timer/Counter 2 K> : Address
Generator
Enhanced : : ﬁ
ALU UARTI = Program Counter
Comparator E ’::>‘ PSW WDT Q)
[ Power-Down Wake-up
@ @ = Specail Timer
Internal hghly reliable Reset
(16 levels optional threshold > Control Port 13,5 =
voltage of reset) Unit Latch
Port 1,3,5
Internal high-precise R/C clock(%0.3%) Driver
+1% temperature drift(-40°C ~+85°C) @

+0.6% in normal temperature (-20°C ~+65°C) P1P3.PS

Figure 4.1 Basic structure of STC15W201S series MCU
STC15W201S

4.1.2 Pins and Functional Characteristics 5|5 thges 4

STC15W201S SOP16
There are 2 types of package in STC15W201S, DIP16 2 STC15W201S
SOP16 and DIP16, which are shown in Figure 4.2. 4.2
Pin descriptions of STCI5W201S series STC15W201S
MCU are shown in Table 4.1. 4.1
/
cMPO/TOPI 21 16 __]P1.1
PI3[_|2 15 [_]P1.O/RSTOUT_LOW
TOCLKO/P14[__|3 2_ 14 | 1P3.7/INT3/TxD_2
P15[ |4 g % 13 [__]P3.6/INT2/RxD 2
CMP-/MCLKO/RST/P5.4[_|5 %g 12 [_]P3.3/INTI
vee[ |6 > % 11[__IP3.2/NTO
CMP+/P55[ |7 10 [_]P3.1/TxD/T2
Gnd[_|8 9 [__1P3.0/RxD/INT4/T2CLKO
SOP16/DIP16

Figure 4.2 Pins of STC15W2018S series MCU
STC15W201S
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Table 4.1 Pin descriptions of STC15W201S series MCU
STC15W201S 2 5 #8535 LA ThEESFIE

Pin Number Name Description
P1.2 Common I/O port PORTI[2]
1 CMPO/TO/P1.2 TO External input of Timer/Counter 0
CMPO Output port of comparator
2 P1.3 Common I/O port PORT1[3]
P14 Common I/O port PORT1[4]
3 TOCLKO/P1.4
TOCLKO TO clock output
4 P15 Common I/O port PORTI1[5]
P54 Common I/O port PORTS5[4]
RST Reset pin
5 CMP-/MCLKO/RST/P5.4
MCLKO Master clock output
CMP- Comparator negative input
6 Vee The positive pole of power
P55 Common I/O port PORTS5[5]
7 CMP+/ P5.5
CMP+ Comparator positive input
8 GND The negative pole of power. Gound
P3.0 Common I/O port PORT3[0]
9 P3.0/RXD/ m /T2CLKO RXD Receive data port of UART
INT4 External interrupt 4
T2CLKO T2 clock output
P3.1 Common I/O port PORT3[0]
10 P3.1/TXD/T2 TXD Transit data port of UART
T2 External input of Timer/Counter 2
P3.2 Common I/O port PORT3[2]
11 P3.2/INTO
INTO External interrupt 0
P33 Common I/O port PORT3[3]
12 P3.3/INT1
INTI External interrupt 1
P3.6 Common I/O port PORT3[6]/INT1
13 P3.6/ INT2 /RXD_2 INT2 External interrupt 2
RXD 2 Receive data port of UART
P3.7 Common I/O port PORT3[7]
14 P3.7/ INT3 /TXD_2 INT3 External interrupt 3
TXD 2 Transit data port of UART
15 P1.0 Common I/O port PORT1[0]
16 Pl1.1 Common I/O port PORTI[1]
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4.1.3 Structure of CPU CPU %5#4

The CPU of MCU is composed of arithmetic
unit and controller, which is used for reading and
analyzing every instruction, and manipulating all
components specific computing or operations

according to instructions.

1. Arithmetic Unit

Arithmetic unit is composed of arithmetic
logic unit (ALU), accumulator (ACC), register B,
temporary register (TMP1, TMP2) and program
status word register (PSW). It accomplishes
arithmetic logical operation, bit variable process,
transmitting and so on.

ALU is so powerful that it can accomplish
arithmetic operations such as addition, subtraction,
multiplication and division, logical operations such
as AND, OR, NOT, XOR and circulation, and
besides, bit process which is not available in other
normal MCU.

Accumulator (ACC), also known as A, which
is used for providing operand to ALU and storing
ALU operating result, is the busiest register in
CPU. Most executions of instruction are carried out
by ACC.

Register B is the specialized register used for
multiplication and division, and storing the operator
and result, while it’s a scratch pad register for other
instructions.

Program status word register, PSW for short, is
used for storing the feature of ALU result and the
status of process, which are the requirement of
transforming program and serving program
differentiating and inquiry. The definition of PSW
is shown in Table 4.2.

CPU
1. BE:E
/
ALU ACC B
TMP1 TMP2
PSW
ALU 8
ACC A
ALU
CPU
B
PSW
ALU
PSW
4.2
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Table 4.2 PSW

Address
PSW

D7 D6 D5 D4 D3

Reset Value
D2 D1 DO

DOH CY AC FO RS1 RSO

ov F1 P 0000 0000

CY: Carry bit. When addition or subtraction
is carried out, if there is carry in or out in the
MSB (Most Significant Bit) in the result of
operation, CY will be set to ‘1°, otherwise cleared
to ‘0’. CY will be cleared after multiplication

AC: Auxiliary Carry Flag. When addition or
subtraction is executed, if there is carry in or out
from low order nibble to high order nibble, AC
will be set to “1°, otherwise cleared to 0’.

FO: User sign 0. Status sign defined by user.

RS1, RS0: Register bank select control bit.

OV: Overflow Flag. Indication of whether
there is overflow or not in operation. (OV)=1,
indicates there is overflow, while (OV) =0, no
overflow.

F1: User sign 1. Status sign defined by user.

P: Parity flag. (P) =0 when the number of
digit ‘1’ is even, otherwise (P) =0. Parity check
digit can be set according to P bit, that is, adopt
NOT-P when odd parity, while P when even
parity.

2. Control Unit

Control Unit, composed of Instruction
Register (IR), Instruction Decoder (ID), Timer and
Control Logic circuit, and Program Counter (PC),
is the command center of CPU.

Program Counter (PC) is a counter of 16 bits,
which doesn’t belong to specific registers, and it
always stores the program memory address of next
instruction to be taken. Besides, PC will increase

after one instruction is taken, preparing for the next
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instruction. Therefore, generally, CPU executes
program following the sequence of instructions.
However, it’s an exception when transition,
subprogram instruction calling or interruption
response is executed, in such situation that a new
address is given to PC automatically by instruction
or interruption response process. CPU will start to
execute program from the place where the PC
points.

Instruction Register (IR) is used for storing the
instruction under execution. An instruction is put into
IR from program memory before it’s executed.
Instruction includes opcode, which is delivered to ID
and form corresponding micromanipulation signal, and
operand, which is delivered to operand generator
circuit in order to form a real operand address.

Timing and control are the core component, of
MCU which controls instruction taken, instruction
execution, operand or operating result access and
so on, and delivers all kinds of micromanipulation
signals to coordinate the components, and
accomplishes the tasks appointed by instructions.

414 Clock FH5f

1. Selection of Clock

The clock of STC15W201S MCU is internal
clock, which can be set by online program
software STC-ISP. Its frequency ranges from 5
MHz to 35 MHz with #=1% temperature drift
(-40 +85 )and =0.6% (room temperature).

Firstly, launch STC-ISP online program
software, and then select the clock frequency of
STC15W201S series MCU in the option “Input
IRC frequency” shown in Figure 4.3. The MCU’s
clock will synchronize to the frequency chosen

after the program is downloaded.

PC 1
CPU
PC
PC CPU
IR
IR
ID

1. BispayiEF

STCI5W201S

STC-ISP
5 35MHz -40<= +85<
*=1%
=*0.6%
STC-ISP
IRC 7z
4.3
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Select system clock source (External fInte =

Input TRC frequency (B0
Using fast download mode

£. 000
|:| Fext time can program omnl 11,0532 & P3

Enable longer power—on—re ig Egg

EESET pi d as I/0 20. 000
. pin used as P0r22.1184

Enable Low-¥oltage reset |24 000

LVD detect lewe|3 82 ¥ ggggg

V| Inhibit EEFEOM tion 33.000 1t
101 operation 31776 ag

D Hardware enable WOT after power-on-reszet

Wateh-TazTimer prescal-

WOT =top count while MCU in 1dle mode

m

Figure 4.3  Selection of Clock

2. System Clock and Clock Frequency 2. R SEhOIiEERE
Division Register

The output of clock source is provided to
MCU CPU and inner port via a programmable CPU
clock frequency divider instead of connecting the
clock of MCU CPU and inner port directly. In CPU
order to differentiate each other, the clock source CPU

is denoted as fosc, CPU clock and inner clock are

denoted as fsys, where fsys fosc/N, and N is the fosc CPU
frequency division coefficient. STC15W201S Jsys  fsys
series MCU can work at lower clock frequency Josc/N N
using the clock frequency divider (CLK_DIV) CLK DIV
for clock division, thus lower the power at the STC15W201S
same time.
STC15W201S
The division of system clock is shown in 4.3
Table4.3.
Table 4.3 System Clock and Frequency Division Factor  Z %t if40 5 43§71 2 2
CLKS2 CLKS1 CLKSO Division factor (N) System clock of CPU
0 0 0 1 fosc
0 0 1 2 fosc/2
0 1 0 4 Sosc/4
0 1 1 8 Josc/8
1 0 0 16 Sosc/16
1 0 1 32 fosc/32
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Continue
CLKS2 CLKS1 CLKSO0 Division factor (N) System clock of CPU
1 1 0 64 Josc/64
1 1 1 128 Josc/128

3. Output and Control of Master Clock

3. ERTHhER DS E R EES]

STC15W201S series MCU output master clock P5.4
on pin P5.4. However it is MCKO S1 and MCKO _
SO in CLK DIV that determines whether it will CLK DIV MCKO _Sl1
output master clock or not, and what the division of MCKO S0 4.4

clock is. See Table 4.4 for details.

Table 4.4 Output of Master Clock =56 H I &E

MCKO_S1 | MCKO_S0

The control bit of master clock output by dividing the frequency

R L D RE RO S SR AL

0 0 Master clock do not output external clock
0 . Master clock output external clock, and the output clock frequency=MCLK/1

Master clock output external clock, and the output clock frequency is divided by 2 (=MCLK/2)
1 0

= 2

= /4

Master clock output external clock, and the output clock frequency is divided by 4 (=MCLK/4)

415 Reset Z{iI

CPU and other components of MCU will
start from a certain status after reset. Reset is
classified into two types, Warm Boot Rest and
Cold Boot Reset, whose differences are showed
in Table 4.5.

The bit B4 in PCON register is
Power-on/Power-off Reset Flag (POF). The POF

cc2»

will be set to after cold boot reset, while will
remain unchanged after hot boot reset. In practical
application, POF is used to judge whether the reset
is power-on reset (cold boot reset) or other reset,
such as RST-pin reset, Watchdog reset and
software reset. The POF bit should be cleared by
software after judgment. Users can do different
processes according to the status of POF in

initialization as shown in Figure 4.4.

CPU
4.5
PCON B4
POF

POF 1 POF
RST
POF

POF 1
4.4
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Table 4.5 Warm Boot Reset and Cold Boot Reset #\Z & E I #1)4 B & E (I BB 5

Reset type Reset source POF Result
BRI LES SR EBERE EZER
Cold boot reset namely
System will reset to ISP address 0000H and begin running ISP
Power-off/Power-on reset caused
Cold  boot monitor program, and system will turn to the user program area
by the power of system be off or
reset 1 automatically by soft reset when there is no legitimate ISP
on
command detected
ISP ISP
External RST Pin Reset
Invariant ISP
RST
Warm boot|  Watch Dog-Timer Reset Invariant SWBS=1: System till reset to ISP address 0000H and begin
reset running ISP monitor program
. SWBS=0: System till reset to AP address 0000H and begin
Soft Reset according to
register IAP_ CONTR Invariant running user application program

IAP_CONTR

SWBS 1 ISP

SWBS 0 0000H

Cold Boot
Power-on Reset
Clear POF/PCON.4
%R RALHEFPOF

¥

External Manual Reset
or WDT Reset
or Software Reset
or Others
SMEBFERNRAL,
REITARA,
AL
BRI E SR AL

i

Figure 4.4 The Flow Diagram of "The Reset Type Judgement by User Software"

cc

1. The Implementation of Reset

There are several types of reset mode in

STC15W201S series MCU: internal power-on

>3

1. SHAISEI

STC15W201S
MAX810

reset circuit reset (MAXS810 special circuit reset),

Watchdog-Timer reset and software reset.

- 070 -



Unit4 Structure and Basic Principles of STC15W201S Series MCU

(1) Internal Power-on Reset Circuit (MAX810
specific reset circuit)

All the logic circuits will be reset when the
Vce is lower than the threshold of power-off/
power-on reset detection voltage. The reset will be
terminated after a delay of 8192 clocks when the
Ve goes up to a voltage higher than threshold of
reset detection voltage.

The reset will be released a delay of 180ms
after the power-off/power-on reset’s termination,
when the MAX810 special reset circuit is enable in
ISP.

(2) External RST Pin Reset. External RST pin
reset accomplishes the MCU reset by applying an
active-high reset pulse to RST pin from external.
The P5.4/RST pin is set as /O port (default) at
factory. If user need to configure it as reset
function pin, one should enable the corresponding
option in STC-ISP Writer/Programmer (Shown as
Figure 4.3, remove the ““~/”” in option ““RESET
pin used as I/O port””). Asserting an active-high
signal and lasting at least 24 cycles plus 20us on
the RST pin will generate a reset. If the signal on
RST pin turns to active-low level, MCU will be
withdrew from reset process and start to run from
system ISP Monitor Program Section. MCU will
be soft reset to User Program Section and start to
run user program when legal ISP download
command flow is not detected.

The principle and circuit of reset are the same
as the traditional 8051 MCU, as shown in Figure
4.5.

+5V G +5V

o—] RST o L
Ry
STCI15
W201S

Figure 4.5 Reset circuit of MCU

1 MAXS810
/
Vee
8192
/
MAXS810 ISP
/
180ms
2 RST
RST RST
P5.4 RST
/O
STC-ISP
4.3 “c
/o 7’ ““\/7
RST
24 20us
RST
ISP
ISP
8051
4.5
C
1 RST
Ry
S STC15
R, | W2018
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(3) Watchdog Reset. The Watchdog circuit,
which is usually used to monitor CPU, is a
measure to improve the reliability of system. CPU
will be considered working in an abnormal state
and Watchdog circuit will reset CPU to force the
system to start to run from User Program Area
0000H (when SWBS=0) or System ISP Monitor
Area (when SWBS=1) when the CPU fails
accessing Watchdog as required in a specific time.
See section 4.1.7 for details.

(4) Software Reset. User may need to achieve
MCU system soft reset (one of warm boot reset) in
service sometimes. Due to the fact that hardware of
traditional 8051 MCU does not support this
feature, user has to use software to simulate it.
Nowadays, STC15W201S series MCU achieves
this function by using the ISP/IAP controlling
register IAP_ CONTR. User can control the 2 bits
(SWBS/SWRST) in register to achieve system
reset. The format of IAP_CONTR is showed in
Table 4.6.

Table 4.6

CPU

CPU
CPU
SWBS 0
ISP SWBS

4.1.7

8051

CPU

0000H
1

STCI5W201S

ISP/TAP

IAP CONTR

ISP CONTR

SWBS/SWRST

IAP_CONTR

IAP_CONTR

4.6

Address

B7

B6

BS

B4 B3 B2 Bl

BO

Reset Value

IAP_CONTR

C7H IAPEN SWBS SWRST | CMD_FAIL WT2 WT1 WTO 0000 x000

SWBS
SWBS 0
SWBS 1

SWBS: Software Boot selection Control Bit.
0: Boot from User Program Section;
1: Boot from ISP Monitor Program Section. ISP
SWRST
SWRST 0
1: Active, generate software system reset. 1
Run “IAP_CONTR=0x20;" to switch to
User Program Section and start to run program.
Run “IAP_CONTR=0x60;" to switch to ISP
Monitor Program Section and start to run program.

SWRST: Software Rest Control.

0: Inactive; SWRST

“<IAP_CONTR=

0x20;7~ ISP

““IAP_CONTR= 0x60;”~
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2. Reset State 2. BHRKE

Except the boot section of program, the value
of PC and the states of all specific function PC
registers are the same, where PC=0000H, SP=07H,
P1=P3=P5=FFH (see Table 4.7), both in cool boot 4.7
reset and warm boot reset. The operation will not PC=0000H SP=07H P1=P3=P5=FFH
affect the status of on-chip RAM. RAM

4.1.6 Power Management* FEj7ETE"

The normal working current of 5V STC15W201S
STCI5W201S series MCU is 2.7mA~7mA 2.7 TmA
when the Vec is 5V. In order to lower the STC15W201S

power consumption, STCI15W201S series
MCU can work in two low-power modes: idle
and power-down mode. The typical value of STC15W201S

working current is 1.8mA in idle mode and less 1.8mA STC15W201S
than 0.1pA in power-down mode. 0.1pA
1. Control of Idle Mode and Power- 1. ERERSEBERRIES
down Mode

Low-power mode is controlled by the
corresponding bit in Power Control (PCON) PCON PCON
register which is shown in Table 4.7. 4.7

Table 4.7 PCON

Address Reset Value
B7 B6 B5 B4 B3 B2 B1 BO
PCON
87H SMOD SMODO LVDF POF GF1 GFO0 PD IDL 0011 0000
(1) PD: Enable this bit to place the 1 PD PD PCON=0x02

STC15W201S series MCU into Stop Mode/

Power-down Mode (PCON=0x02). Only external

interrupts keep on working in such mode, because CpPU

the internal oscillator has stopped, and the CPU,

Timers, UARTSs and other function modules have

stopped running. The MCU can be waked up by CPU
the external interrupt, either positive edge or

negative edge, such pins as INTO, INT1, INT2, INTO INTI INT3 INT4
INT3 and INT4.

- 073 -



BFRAREIRIE

(2) IDL: Enable this bit to
STC15W201S MCU into Idle Mode
(PCON=0x01). Modules still are active in Idle
Mode except CPU. Any of external interrupts,

place

series

timer interrupts and low-voltage detection
interrupt can wake up MCU from Idle Mode.
(3) LVDF: Low-Voltage Detection Flag, and
Low-Voltage Detection Interruption Request Flag.
Once low voltage condition is detected (V¢
power is lower than LVD voltage), it is set to 1
automatically both in normal mode and idle mode.

It can be cleared by software.

If LVDF is

Power-down Mode, LVD circuit will stop working

disabled before accessing

in Power-down Mode in order to reduce power
consumption. If LVDF is enabled before accessing
Power-down Mode, LVD circuit will stay working
in Power-down Mode and it can wake up MCU by
LVD interruption when Ve is lower than LVD
voltage.

(4) GF1: General-purposed Flag 1, user
defined.

(5) GFO: General-purposed Flag 0, user
defined.

2. Idle Mode (IDLE)

1) The working state of MCU in Idle Mode

In Idle Mode, only CPU is inactive. But the
WDT whether works or not depends on the
control bit in IDLE WDT (WDT_CONTR.3).
WDT is active when IDLE WDT=1, while
inactive when IDLE_ WDT=0.

The registers, including RAM, Stack Pointer
(SP), Program Counter (PC), Program Status
Word (PSW), Accumulator (A) and all other
registers will maintain their data during Idle
Mode. The I/O ports hold the states they had at
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2 IDL IDL PCON=
0x01;
CPU

3 LVDF

Vee

1
Vee

1
MCU
4 GFI 1
5 GFO 0
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1 ZRBEXTREAHNITIERS
STC15W201S
CPU

IDLE WDT WDT CONTR.3
IDLE WDT 1
IDLE WDT 0

RAM
SP PC
PSW A
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the time Idle Mode was active. The peripherals
are still running in order to wake up the CPU

when an interruption occurs.

2) Wake up MCU from Idle Mode

Activation of any interruption will clear IDL
(PCON.0) by hardware to terminate the Idle
Mode. And following RETI, the next instruction
what is going to be executed will be the one
following the instruction which drives the device
into Idle Mode.

3. Power-down Mode

1) Working state in Power-down Mode

In Power-down mode, internal oscillator has
stopped, and the CPU, Timers, UARTSs and other
function modules have stopped running while the
external interrupts still work. If the low-voltage
detection interrupt is enabled, LVD circuit works
properly.

The /O ports and specific functional
registers hold the states they had at the time

Power-down Mode was triggered.

2) Wake up from Power-down Mode

The external interruption INTO, INTI,
INT2, INT3 or INT4 can wake up CPU. And

following RETI, the next instruction going to be

executed will be the one following the instruction
which has driven the device into Power-down
Mode first, and then the corresponding Interrupt
Service Routine (ISR). Thus, executing some
more NOP instructions after accessing Power-
down Mode is a recommendation.

If the Timer (TO, T2) interrupt is enabled
before accessing Power-down Mode, when there
is level change from high to low in the external
pins of Timer (TO, T2), MCU will be waked up
from Power-down Mode. After waked up by

I/O

2) BRHZREKXRMREE

IDL PCON.O

CPU

3. EEEN

1) #HEEX T TR
STC15W201S
CPU
A/D

I/O

2) HERNAAMREE
INTO

INTI INT2
CPU CPU

INT3 INT4

NOP

TO T2

TO T2
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interruption, MCU will propagate clock to CPU after
waiting 64 clock cycles. The next instruction going to CPU
be executed will be the one following the instruction
which has driven the device into Power-down Mode
when the CPU gained the clock, instead of the
corresponding timer interruption program.
If the UARTs (UART1, UART?) interrupt is
enabled before accessing Power-down Mode,
when there is level change from high to low in the
data receiver (RXD, RXD 2) of UART1, MCU
will be waked up from Power-down Mode. MCU
will propagate clock to CPU after waiting 64
clock cycles after waked up by interruption. The
next instruction going to be executed will be the
one following the instruction which has driven the CpPU
device into Power-down Mode when the CPU
gained the clock, instead of the corresponding
UART interruption program.

If the built-in Power-down wake-up specific

64
CPU

RXD RXD 2

64
CPU

timer is enabled in STC15W201S series MCU, STC15W201S

this timer starts counting once MCU accesses the

Power-down Mode.

4. Application of Built-in Power-down 4. HE[fEH ME[E S ET 2560 5

Wake-up Specific Timer

Besides the external interruption, the built-in
Power-down Wake-up Specific Timer is also used
to wake up CPU. This kind of timer is suitable for

periodic work scenario. CPU
STCI5W201S MCU is managed and STC15W201S
controlled by specific functional registers WKTCH WKTCH  WKTCL

and WKTCL, which are defined in Table 4.8.
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Table 4.8 WKTCH & WKTCL

Address

B7 B6 BS

B4

Reset Value

B3 B2 Bl BO

WKTCL | AAH 1111111B
WKTCH | ABH | WKTEN 01111111B
Built-in Power-down Wake-up Timer is a 15
timer of 15 bits, counting from 0. A 15 bits 0 WKTCH
register composed of low 7 bits of WKTCH 7 WKTCL 8 15

and 8 bits of WKTCL is used to set timer
value.
WKTEN: Built-in Power-down Wake-up WKTEN
Timer enable bit. 1: Enable; 0: Disable. WKTEN =1
WKTEN =0
Beside specific  functional  registers STC15W201S
WKTCL and WKTCH, two covert registers WKTCL  WKTCH

WKTCL  CNT and WKTCH CNT
designed to control Built-in Power-down
Wake-up Timer. WKTCL CNT and WKTCL
occupy the same address (AAH), and
WKTCH_CNT and WKTCH also occupy the
same address (ABH). WKTCL CNT and
WKTCH _CNT are invisible by user. In fact,
WKTCL _CNT and WKTCH_CNT are used as
counter, while WKTCH and WKTCL are used
as comparator. The data will be written into
WKTCH and WKTCL while data is read from
WKTCH CNT and WKTCL_ CNT when
accessing the registers WKTCH and WKTCL.

arce

Set WKTEN to enable Built-in Power-down
Wake-up Timer. Once MCU gets into Power- down
Mode, that timer [WKTCH_CNT, WKTCL CNT]
start to count from 7FFFH. When the counter reach
the value set by the registers {WKTCH [6:0],
WKTCL [7:0]}, system oscillator starts to work. The
clock will be propagated to CPU after 64 cycles, and
the next instruction going to be executed will be the

WKTCL CNT WKTCH_CNT

WKTCL_CNT
WKTCL AAH
WKTCH_CNT  WKTCH
ABH WKTCL CNT WKTCH _CNT

WKTCL CNT WKTCH_CNT
WKTCH  WKTCL
WKTCH
WKTCL
WKTCH  WKTCL
WKTCH  WKTCL
WKTCH_CNT
WKTCH

WKTCL_CNT
WKTCL

WKTEN
[WKTCH_CNT,
WKTCL CNT] 7FFFH

WKTCH[6:0] WKTCL[7:0]}

64
CPU CPU
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one following the instruction which puts the device
into Power-down Mode when the CPU gained the
clock. The wvalues of WKTCH CNT and
WKTCL CNT will maintain after wake-up from
Power-down Mode, thus, the time spent in
Power-down Mode can be obtained from reading
the registers WKTCH and  WKTCL
(WKTCH_CNT and WKTCL CNT actually).

The counting of the timing of Power-
down Wake-up Timer: the pulse period is
about 488ps, so the timing is:

The value in registers {WKTCH [6:0],
WKTCL [7:0]} plus 1 and then multiply by
488s.

The minimum timing of timer is about
488us.

The maximum timing of timer is about
488usx32768 = 15.99s.

WKTCH CNT WKTCL CNT

WKTCH
WKTCL WKTCH _CNT
WKTCL CNT
488ps
WKTCH[6:0] WKTCL[7 0]}
| 488us
488us

488us><32768 15.99s

=

4.1.7 Watchdog Timer* & JJERz5*

1. Watchdog Timer

There always are some Electro Magnetic
Interference (EMI) and program design
problems in such high reliability electronic
system as industrial control, automotive
electronics, aerospace and so on. The system
downtime will last long due to such problems.
In order to discover and detach from
downtime, a personal computer generally have
a reset button, which is used to restart
computer when the computer is down. In
automation control system, it’s not desirable
to reset manually because of the reliability
requirement. A certain circuit is always
designed into the system to monitor the
system, and reset the system when it is down.
Such circuit is called Watchdog or Watchdog
Timer. The Watchdog, whose basic role is to

- 078 -

1. BIFERER

CPU
CPU
CPU



Unit4 Structure and Basic Principles of STC15W201S Series MCU

monitor CPU and will consider if CPU is in an
abnormal state or not and reset CPU to force
the system to start to run the user program
from the beginning by rule, when CPU fails
accessing Watchdog as required in specific
time. In normal working state, MCU sends
pulses to Watchdog input pin via an I/O pin at
regular time (the timing is not fixed, but less
than the overflow time). The system will fail
to send pulse when system is down, and the
Watchdog will issue a reset signal after a
certain time and reset system.

2. Watchdog Timer

A Watchdog Timer (WDT) is designed in
STCI15W201S series MCU, which makes
system reliability design more convenient and
concise. Register WDT CONTR is used for
setting and controlling WDT, which is defined
in Table 4.9.

CPU

/O

2. B MERER

STC15W201S

WDT WDT_CONTR
WDT

4.9

Table 4.9 WDT_CONTR

Address
B7 B6 B5
WDT_CONTR

Reset Value
B4 B3 B2 BI BO

CIH

WDT_FLAG EN_WDT

PS2 | PS1 | PSO | 0x00 0000

CLR_WDT | IDLE_WDT

(1)WDT _FLAG: WDT overflow flag.
Set by hardware when overflow, cleared by
software.

(2)EN_WDT: WDT enable. 1, enable; 0,
disable.

(3)CLR_WDT: Clear WDT when this
register is set to “1”, WDT restart counting.
Hardware will clear this register after boot.

(4)IDLE_WDT: IDLE mode setting. “1”,
WDT will count in IDLE mode; “0”, WDT
will not count in IDLE mode.

1 WDT FLAG

2 EN WDT

ccp>»

3 CLR WDT

cep7>

““IDLE”~

ccy>»

4 IDLE WDT

wWDT  “* 77
WDT  =¢ 77

- 079 -




BFRAREIRIE

(5)PS2, PS1, PSO: WDT Prescaler factor
setting.
WDT overflow time= (12xprescaler

5 PS2 PS1 PSO WDT

WDT =(12x

factorx32768)/frequency. x32768)/

The relationship between WDT overflow

11.0592MHz 12MHz

time and prescaler factor setting when the 20MHz WDT

frequency is 11.0592MHz, 12MHz and 20MHz
is shown as Table 4.10.

4.10

Table 4.10 WDT Prescaler Factor and Overflow Time WDT HI7 43471 Z 21 5 i H B jE]

Prescaler Factor WDT (ms)
PS2 PS1 PSO ‘
ST ETES 11.0592MHz 12MHz 20MHz
0 0 0 2 71.1 65.5 39.3
0 0 1 4 1422 131.0 78.6
0 1 0 8 284.4 262.1 157.3
0 1 1 16 568.8 524.2 314.6
1 0 0 32 1137.7 1048.5 629.1
1 0 1 64 2275.5 2097.1 1250
1 1 0 128 4551.1 41943 2500
1 1 1 256 9.1022 8388.6 5000
. . \ +
4.2 Memory Organization 7Ffi#%544
STC15W201S series MCU has separate STCI5W201S
address space for Program Memory and Data
Memory, and there are four individual partition STC15W201S
memory banks inside: Program Memory 4
(Program Flash), On-chip Scratch-pad RAM, Flash
On-chip Expanded RAM and EEPROM (Data RAM RAM  EEPROM
Flash), as shown in Fiure 4.6. Flash 4.6
03FFH OFFFH
(13FFH)
FFH Higher Special Function
1KB 4KB 30H 128B Registers
7FH| Lower
(0400H) 128B
0000H 0000H 00H 0000H
Data Memory
Program Memory (EZPROM) On-chip Scratch-pad RAM On-chip Expand RAM

Figure 4.6 STC15W201S Memory Organization STCI5W201S
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1. Program Memory (Program Flash)

Program Memory is the memory which stores
such information as user program, data and table.
1KB flash memory is integrated in MCU, address
from 0000H~03FFH.

There are some specific units in Program
Memory, which should be taken into special
consideration.

(1) 0000H unit. After reset, the value of PC is
0000H, from which CPU begins

execution. Generally, an unconditional transfer

program

instruction is located in the 3 addresses beginning
with 0000H, which will allow CPU to execute the
program in the location user appoints.

(2) 0003H~00A3H, units use for the access
address of 22 interrupt service (Interrupt Vector
Address).

0003H: the access address for External

Interrupt 0.

000BH: the access address for Timer/Counter(
(TO).

0013H: the access address for External
Interrupt 1.

0023H: the access address for Serial Port
Interrupt.

0033H: the access address for LVD Interrupt.
0053H: the access address for External

Interrupt 2.

005BH: the access address for External
Interrupt 3.

0063H: the access address for Timer/Counter2
(T2).

005BH: the access address for External
Interrupt 4.

1. EEFEIESS (32 Flash)

STC15W201S
1KB Flash
0000H O3FFH

1 0000H

PC 0000H 0000H

0000H

CPU

2 0003H O00A3H
22

0003H 0

000BH / 0 TO

0013H 1

0023H

0033H LVD
0053H 2

005BH 3

0063H / 2 T2

0083H 4
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00ABH: the access address for Comparator
Interrupt.

The interrupt service locations are spaced at an
interval of 8 bytes. If an interrupt service routine is
short enough, it can reside entirely within that
8-byte interval. Longer service routines can use a
jump instruction to put in programing, which points
to the interrupt service program, to skip over

subsequent interrupt locations.

2. On-chip Scratch-pad RAM

There are lower 128 bytes and upper 128 bytes
of on-chip scratch-pad RAM data memory plus 128
bytes of Special Function Register (SFR) space
available in the scratch-pad RAM.

1) Lower 128 bytes

The lower 128 bytes of data memory may be
divided into Register Bank, Bit-Addressable Bank
and General Bank, according to the diversity of
RAM function, as shown in Figure4.7.

(1) Register Bank (00OH~1FH). The lowest 32
bytes of 8051 MCU internal RAM is divided into 4
banks with 8 registers each. When the program is
running, only one bank serves as the current active
register group which is named from RO to R7. The
RSO and RS1 bits in PSW register select which
register bank is in use. The relationship between
status of RS1 and RSO and current active register

group is shown in Table 4.11.
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2. FAEZEX RAM
RAM 128
128
SFR

1) X 128 =%

128 RAM
RAM 4.7
1 00H 1FH
8051 RAM
32 4
8
RO RI R7

PSW RS1 RSO
RS1 RSO
4.11
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Byte address B7 Bit address BO

7FH
Stack (Data Buffer)

30H
2FH | 7F 7E 7D 7C 7B 7A 79 78 | )
2EH| 77 | 76 | 75 74 | 73 72 71 70
2DH| 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68
2CH| 67 | 66 | 65 64 | 63 62 61 60
2BH | SF SE | 5D 5C 5B S5A 59 58
2AH| 57 56 55 54 53 52 51 50
20H| 4F | 4E | 4D | 4C | 4B | 4A | 49 | 48
28H | 47 46 45 44 43 42 41 40
27H | 3F 3E | 3D 3C | 3B 3A 39 38
26H | 37 36 35 34 33 32 31 30
25H| 2F | 2E [ 2D | 2C | 2B | 2A | 29 | 28
24H| 27 | 26 | 25 24 | 23 22 21 20
23H | _IF 1E 1D 1C 1B 1A 19 18
22H | 17 16 15 14 [ 13 12 11 10
2IH| OF | OE | OD | OC | OB | OA | 09 | 08
20H| 07 | 06 | 05 04 | 03 02 01 00 | J
IFH | R7 A

: : Working Register Bank 3
18H | RO
17H | R7

: : Working Register Bank 2
10H | RO
OFH | R7
st | Ro Working Register Bank 1
07H | R7

: : Working Register Bank 0
00H |_RO J

Figure 4.7 Lower 128 Bytes of Internal RAM 128

Byte-addessable

Bit-addressable
> (Byte-addressable)
address:20H~2FH

% Working Register
Banks 00H~1FH

Table 4.11 Address of Work Registers in 8051 MCU 8051 2 S #l 0 T1E & 788 bk 5=
Bank RS1 RSO RO R1 R2 R3 R4 R5 R6 R7
0 0 0 00H 01H 02H 03H 04H 05H 06H 07H
1 0 1 08H 09H 0AH 0BH 0CH 0DH OEH OFH
2 1 0 10H 11H 12H 13H 14H 15H 16H 17H
3 1 1 18H 19H 1AH 1BH 1CH IDH IEH IFH
The data will be shielded when the
current working register bank is switched to
other register bank, which can be used for
protection operation on site.
(2) Bit-addressable Memory. The next 16 2 20H 2FH
bytes (20H~2FH) of RAM is bit-addressable RAM 20H 2FH 16
memory space, which is 128 bits in total. That 8 128
space is both bit-addressable and byte-addressable.
The bit BO of 20H to bit B7 of 2FH are 20H BO 2FH B7
corresponding to the address from 00H to 7FH 00H 7FH
of the RAM. The bit address can also consist 20H
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of byte address plus bit number, for example,
the B5 in 20H could both be denoted by 05H
and 20H.5.

BS 05H
20H.5

NOTE: The representation byte address plus bit number is always used in programming.
FAR: WALE, — A F VIl 5 8T kR T

(3)General RAM (30H~7FH). The 80
bytes General RAM is a common use RAM
space, which is always used for data buffer,

such as display buffer, and stack as well.
2) The Upper 128 bytes

The addresses of upper 128 bytes are
80H~FFH, the same as SFR space. Different
access methods, the Upper 128 bytes can only
be accessed by indirect addressing while SFR
can only be accessed by direct addressing, are
used for separating these two different spaces.
Besides, the Upper 128 bytes can also be used

for stack.

3 ) Special Function Register (SFR)

(80H~FFH)

The addresses of SFR rang from 80H to
FFH, but there are only 37 significant
addresses. That means there are only 37 SFRs
in STC15W201S series MCU. The SFR is
related to certain hardware interface circuit,
which is either a reflection of a certain
hardware interface circuit or determination the
working state of a hardware circuit. The
management and control of inner I/O interface
circuit is accomplished by the operation and
management of SFRs. According to their store
characteristic, there are 2 types SFRs:
bit-addressable and not-bit-addressable SFRs.
The bit-addressable SFRs are those whose
address ends with OH or 8H. There is bit
address for the bit-addressable space which is
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byte address plus bit number. That bit address

mostly is denoted by its function symbol such

CY ACC

as CY, ACC and so on in PSW. The SFRs can
only be accessed by direct addressing. The

mapping of SFRs is shown in Table 4.12, as

well as the symbol, address and reset values.

4.12

PSW

NOTE: The address or bit address of SFRs are mostly denoted by the symbols of SFRs or
bit address in programing of Assembly Language and C.

FARR :

KIrfE IL%miES X CiE

=1

AT RE TR T G5B A RAZH AL,

Table 4.12 STC15W201S series MCU SFRs Byte Address and Bit Address

STC15W201S B HHFkINaE R Fas F it Sttt

RAZES, MBI T H B OF T Az

Symbol
SFR Reset Address Bit Address/Symbol
Value(B)
PO 87H 86H 85H 84H 83H 82H 81H 80H
PO 80H
1111 1111 P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 PO.1 P0.0
SP
Stack Pointer 81H Point to stack
0000 0111
Data Pointer DPL
82H
Low 0000 0000
Data Pointer DPH
83H
High 0000 0000
PCON
Power Control 87H SMOD SMODO0 LVDF POF GF1 GFO0 PD IDL
0011 0000
TCON 8FH 8EH 8DH 8CH 8BH 8AH 89H 88H
Timer Control 88H
XX00 0000 - - TFO TRO 1E1 IT1 1E0 1TO
TMOD
Timer Mode 89H - - - - GATE C/T M1 MO
XXXX 0000
TLO
Timer Low 0 8AH
0000 0000
THO
Timer High 0 8BH
0000 0000
Auxiliary AUXR _
8EH TOx12 - UART MOx6 T2R T2 C/T | T2x12 - S1ST2
Register 0X00 00X0
P1 97H 96H 95H 94H 93H 92H 91H 90H
Port 1 90H
XX11 1111 - - P1.5 P1.4 P13 P1.2 PL.1 P1.0
P1 Mode PIM1
91H - - PIM1.5 PIM1.4 PIM1.3 |PIM1.2 | PIMI.1 | PIMI1.0
Configuration 1 | XX00 0000
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Continue
Symbol
SFR Reset Address Bit Address/Symbol
Value(B)
P1 Mode P1IMO
92H - - P1IMO.5 P1IMO0.4 PIM0.3 |PIMO0.2 | PIMO.1 | P1MO0.0
Configuration 0 | XX00 0000
SCON 9FH 9EH 9DH 9CH 9BH 9AH 99H 98H
Serial Control 98H
0000 0000 SMO SM1 SM2 REN TB8 RBS8 TI RI
SBUF
Serial Buffer 99H
XXXX XXXX
IE AFH AEH ADH ACH ABH AAH A9H A8H
Interrupt Enable A8H
00X0 X000 EA ELVD - ES - EX1 ETO EX0
P3 B7H B6H BSH B4H B3H B2H BIH BOH
P3 BOH
XX 1111 P3.7 P3.6 - - P33 P3.2 P3.1 P3.0
P3 Mode P3M1
B1H P3M1.7 | P3M1.6 - - P3M1.3 |P3M1.2 | P3MI1.1 |P3M1.0
Configuration 1 | 00XX 0000
P3 Mode P3MO
B2H P3MO0.7 | P3MO0.6 - - P3M0.3 | P3MO0.2 | P3MO.1 | P3MO0.0
Configuration 0 | 00XX 0000
P BFH BEH BDH BCH BBH BAH B9H B8H
Interrupt Priority B8H
X0X0 X000 - PLVD - PS - PX1 PTO PX0
Watch DogTimer|[ WDT_CONTR
ClH - - EN_WDT | CLR WDT |IDLE WDT| PS2 PS1 PSO
Control XX00 0000
ISP/IAP Flash | IAP_DATA
C2H
Data Register 0000 0000
ISP/IAP Flash | IAP_ADDRH
C3H
address High 0000 0000
ISP/IAP Flash | IAP_ADDRL
C4H
address Low 0000 0000
ISP/IAP Flash | IAP_CMD
Command C5H - - - - - - MS1 MS0
XXXX XX00
Register
ISP/IAP Flash | IAP_TRIG
Command C6H
SAH/SAH
Trigger
ISP/IAP Control | IAP_CONTR
C7H IAPEN SWBS SWRST |CMD_FALL - WT2 WT1 WTO
Register 0000 X000
P5 CFH CEH CDH CCH CBH CAH C9H C8H
Port 5 C8H
XX00 XXXX - - P5.5 P5.4 - - - -
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Continue
Symbol
SFR Reset Address Bit Address/Symbol
Value(B)
P5 Mode P5M1
C9H - - P5M1.5 P5M1.4 - - - -
Configuration 1 | XX11 XXXX
P5 Mode P5SMO
CAH - - P5MO0.5 P5MO0.4 - - - -
Configuration 0 [ XX00 XXXX
Program Status PSW D7H D6H D5H D4H D3H D2H DIH DOH
DOH
Word 0000 0000 CY AC FO RS1 RSO oV F1 P
T2H
Timer 2 High
(RL_TH2) | D6H
8-bit Register
0000 0000
T2L
Timer 2 Low
(RL_TL2) | D7H
8-bit Register
0000 0000
E7TH E6H E5H E4H E3H E2H E1H EOH
ACC Accumulator | EOH
ACC.7 ACC.6 ACC.5 ACCA4 ACC3 ACC2 | ACC.1 | ACC.0
Comparator CMPCR1
Control Register E6H CMPEN CMPIF PIE NIE PIS NIS CMPOE | CMPRES
) 0000 0000
Comparator CMPCR2
INVCMPO| DISFLT LCDTY[5 0]
Control Register | 0000 1001 E7H
2 - - - - P43 P4.2 P4.1 P4.0
B F7H F6H F5H F4H F3H F2H FIH FOH
Register B FOH
0000 0000 B.7 B.6 B.S5 B4 B.3 B.2 B.1 B.0

COMMENT: The shaded SFRs are new from traditional 8051 MCU. A declaration of the SFR
address is required when it’s in use. For example, the CMPCR?2 is a new SFR, the declaration:

WA : A AR AL T A BN AL 8051 £ K AL al AT Gy, A4k AR &
TR BB AT B B, flde, CMPCR2 RATEOHIADRFTHES, FULT:

Cs51

sfr CMPCR2 = 0xe7;

The SFRs relevant to common management

are introduced here, and the other SFRs relevant to

interface circuit will be left for later in the

introduction of interface circuit.
(1) ACC, B, PSW: These 3 SFRs are relevant to
CPU, which had been introduced in the introduction
of CPU structure. Uses A for ACC in programing
except PUSH and POP.

1

POP

ACC B PSW

CPU

ACC A

9

J
CPU
PUSH
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(2) SP: Stack Pointer, which always points to the
top of stack. A stack is a storage area which follows
the principle “first In, last out and last in, first out”.
When pushing, the SP plus 1 and then the data will be
pushed into the unit SP pointing to. When popping,
the data will be popped to a specific memory from the
unit SP pointing to and then SP minus 1. On reset, the
SP is initialized to 07H causing the stack to begin at
location 08H, which is also the first register (RO) of
register bank 1. Thus, if more than one register bank
is to be used, the SP should be initialized to a location
in the data memory not being used for data storage.
The stack area is used for storing interrupt, breakpoint
address when calling the subroutine and field
parameter.

(3) DPTR (16 bits): Dual Data Pointer Register
(DPTR) consists of a high byte (DPH) and a low byte
(DPL). Its intended function is to hold a 16-bit
address, which is used for accessing the program
memory and data memory.

3. Data Flash Memory (EEPROM)

2 SP

SP 1
SP
SP
SP 1 8051
SP 07H
08H

RAM

3 DPTR 16
DPL  DPH
16 16

3. ¥iE Flash 774%2% (EEPROM)

The data flash memory in STC15W201S STC15W201S Flash
series MCU is 4KB, ranging from 0000H~ 4KB 0000H
OFFFH. The data flash, EEPROM, is used to  OFFFH Flash

store the parameters those are volatile and EEPROM

remains unchanged after Power-down.

The embedded EEPROM consists of 8
sections, 512 bytes each. It’s recommended that
the data modified at the same time should be
put into the same section, because the erasing
operation bases on section. Just filling the target
address and data into several SFR, and
triggering the built-in ISP automation, user can
easily erase, read and program the embedded
flash. Please refer to Section 3.4 for details.

STC15W201S series MCU is accessible
by MOVC instruction where the beginning
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section address is 0400H and the tail address of
ending section is 13FFH.

MOVC

EEPROM

0400H 13FFH

4.3 Parallel /O Ports F+171/0 O

1. Parallel /0 Ports and Working Modes 1.

1) 1/O Ports feature

STC15W201S series MCU owns 14 /O
ports (P1.0~P1.5, P3.0~P3.3, P3.6, P3.7, P54,
P5.5).

2) 1/O Ports modes

There are 4 modes in STC15W201S series
MCU: Quasi-bidirectional (traditional 8051
MCU I/0O mode), Push-pull Output, Input-only
(Hi-Z) and Open-drain Output. The drive of
each port can reach 20mA, but the working
current of the entire of MCU must not exceed
100mA. The mode of each port is controlled by
corresponding bits in registers PnM1 and PnMO
(n=1, 3, 5). For example, PIM1 and PIMO are
used for setting the mode of port P1, where
PIM1.0 and P1MO0.0 for P1.0, PIM1.5 and
P1MO0.5 for P1.5, and so on. All the ports should
be working at quasi-bidirectional mode after
reboot. The setting is shown in the Table 4.13.

HiT V0 O5TEER

1) 1/0 OIhge
STCI15W201S 14 1/O
P1.0 P15 P3.0 P33 P3.6 P3.7
P54 P55
2) 1/0 A TAEIELN
STCI5W201S I/O
4 8051
I/O
[/O
20mA
100mA
PnM1 PnMO n
1 35
PIM1  PIMO Pl
PIM1.0  PIMO0.0
P1.0 PIML1.5
PIMO.5 P1.5
4.13
STC15W201S

/O

Table 4.13 Setting of 1/0 Ports Working Modes

/0 OT{EfERANKE

Configuration
I/0 Ports Mode
PnM1[7:0] PnMO[7:0]

Quasi-bidirectional(traditional 8051 I/O port output); Sink current up to 20mA, pull-up

0 0 current is 150pA to 270pA
8051 1/0 20mA 150 230pA

Push-pull output: strong pull-up output ,current can be up to 20mA; resistors need to be

0 1 added to restrict current
20mA

1 0 Input only(high-impedance)
. | Open drain, internal pull-up resistor should disabled and external pull-up resistor is needed
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2. Structure of Parallel I1/O Ports

As mentioned above, there are 4 modes in
STC15W201S series MCU: Quasi-bidirectional
(traditional 8051 MCU I/O mode), Push-pull
Output, Input-only (Hi-Z) and Open-drain
Output. The modes of port P1, P3, P3 are
controlled by corresponding bits in registers
PnM1 and PnMO (n=1, 3, 5). Below mainly
introduces the structure and principle in different
mode of I/O ports.

1) Quasi-bidirectional Mode

The structure of I/O circuit in Quasi-
bidirectional Mode is shown in Figure 4.8.

2 Clock
Delay

2. HIT1/0 OMLEH

STC15W201S
I/0 4
8051 [/O
PnM1 PobMO n 1 3 5
Pl P3
P5

STC15W201S 1/0

1) ENE O T{EEK
I[/O

PORT
LATCH DATA
INPUT
DATA

Figure 4.8  Structure of I/O Circuit in Quasi-bidirectional Mode

I/O

A quasi-bidirectional port can be used as an
input or output port without the need to reconfigure
the port. This is possible because when the port
output logic high, and it is weakly driven, allowing
an external device to pull the pin low. When the pin
output low, it is driven strongly and able to sink a
large current.

Each port contains an 8-bit register, which are
SFR P1, P3 and P5. This structure can latch data
before new data output to the port. But, the input
data will be not latched. Thus the input data cannot
change until a read instruction is executed.

There are 3 pull-up Field Effect Transistor T1,
T2 and T3 in Quasi-bidirectional port to fit different
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requirements. T1 is referred to as the “strong”
pull-up, whose pull-up current can reach 20mA. T2
is referred to as the “very weak” pull-up, whose
pull-up current is 30pA normally. T3 is referred to as
the “weak” pull-up, whose pull-up current is around
150 ~270pA, 200pA typically. The sink current can
reach 20mA when the output is low-level.

T3 will be turned on when the port register for
the pin contains logic “1” and the pin itself is also
logic “1” level. T3 provides the primary source
current for a quasi-bidirectional pin that is
outputting “1”. If this pin is pulled low by the
external device, T3 will be turned off, and T2
remains on. In order to pull the pin low under these
conditions, the external device has to sink enough
current to pull the port pin below its input threshold
voltage.

T2 will be turned on whenever the port register
for the pin contains logic “1”. This very weak
pull-up sources a very small current that will pull the
pin high if it is left floating.

T1 is used to speed up low-to-high transitions
on a quasi-bidirectional port when the port register
changes from logic “0” to logic “1”. When this
occurs, T1 will be turned on for 2 CPU cycles,
pulling the port high quickly.

The

Schmitt-trigger input and an interference rejection

quasi-bidirectional port contains a
circuit.

When there is data on the input pin, T4 stay in
the cut-off state. If there once was “0” latched before
data input, T4 was turned on, and the pin was
clamped in low, which made high level cannot be
inputted. Thus, in order to read data from port pin,
the port register must be set to “1” first to make T4

cut-off.

COMMENT: Generally, parallel I/O works in quasi-bidirectional mode. Thus, it is

T1 “c 7
20mA T2 - 7
30pA T3 o
7 150 270 pA
200pA
20mA
cc)>>
““17” T3 T3
ccp7> ccp=>
T3
T2
““1”” T2
cegrr c<)2>
T1
cc(7> ccq7»
T1
T4
cc(y7>
T4
““17” T4

recommended that the beginner should study quasi-bidirectional mode first.
WRA: —AFALT, 4T VO o TAEAER Mo AKX, BHb@nsHR$

W K, FEKXFESERANBSE .,
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2) Push-pull Output Mode

2) #eRiah TAFARS

The structure of I/O circuit in Push-pull Output I/0
Mode is shown in Figure 4.9. 4.9
Vee
—‘4 T
LATZCI)-IRI;FATA ‘l>°— (PORT)
iTZ \PIN/
INPUT _@J
DATA
Figure 4.9  Structure of I/O Circuit in Push-pull Output Mode
I/0
The push-pull output has the same
pull-down structure and input circuit structure I/0
with quasi-bidirectional mode, but provides a
continuous strong pull-up when the port
register contains logic “1”. The output pull 1/0 “ 77
current can be 20mA when output high level, 20mA
while sink current 20mA when low level. 20mA
The port register must be set to “1” first
to make T2 cut-off when data is inputted via
pin. ““17” T2
3) Input-only (Hi-Z) Mode 3) XAtmA (SR TEER
The structure of I/O circuit in Input-only
Mode is shown in Figure 4.10. 1/0 4.10
<

Figure 4.10  Structure of I/O Circuit in Input-only Mode

The data can be read from port pin without

setting the port register “1” first in this mode.

4) Open-drain Output Mode

The structure of I/O circuit in Open-drain

Output Mode is shown in Figure 4.11.

The open-drain output mode has the same

pull-down structure as both push-pull output mode

and quasi-bidirectional mode, and the same input

circuit as quasi-bidirectional mode, without any load
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in output, that is, open drain. A port pin must have an
external pull-up in output application.

(borT
PORT Cr NPIN /
LATCH DATA !

INPUT <
DATA
Figure 4.11  Structure of I/O Circuit in Open-drain Output Mode
[/O

3. Parallel /0 Port Application Notes 3. HIT O OMERFESEM

1) Typical Triode Control Circuit 1) BB = R EE I B B
It is recommended that adopting MCU 1/O 1/0
port to control transistor to output if a high-power
device is driven because of the limited drive of the /O
/O port. If the /O is configured as “weak” 4.12
pull-up, an external pull-up resistor R1 (3.3~10kQ)
should be added. If no pull-up resistor R1, it is R1 33 10kQ
recommended to add a resistor R2 at least 15 kQ R1 R2
or configure I/O as “push-pull” mode, which is 15kQ
shown in Figure 4.12.

VCC VCC
RI
10kQ(3 3~ 10kQ) j‘u
Common /O port @ —
© o

15kQ(3.3~15kQ)

Figure 4.12  Typical Triode Control Circuit

2) Typical Diode Drive Circuit 2) AL S T HREIRTIE B
For weak pull-up 1/0, uses sink current
drive LED, which is shown in Figure 4.13(a). 413 a
For push-pull (strong pull-up) 1/O, uses source
current drive LED, which is shown in Figure 413 b
4.13(b).
7y 1kQ

10 X'—K—/\/\/\/—D Vee

(a)
2y 1kQ

(b)

Figure 4.13 Typical Diode Drive Circuit
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In actual use, it is better to use sink current
drive instead of source current drive, which can
improve the load capability and reliability. In
some special need, when the requirement of
power supply circuit is simple, it can use source
current.

There needs a current limiting resistor in key
matrix scanning circuit. Because there will occur
low level in 2 I/O ports and the keys shorted when
it is pressed, while the output pins of CMOS
circuit cannot be shorted. In key scanning circuit,
one port must be set high before reading another
one port. When the weak pull-up port changes
from 0 to 1, there will be a 2-cycle strong
push-pull output current outputting to the other
low level I/O port, which will damage 1/O port.
Thus, it’s recommended that two 300 limiting
resistors are required on both side of the key
scanning circuit, or make sure there will not be
low level on both side of key I/O ports at the same

time in software process.
3) How to Make I/O Port Low after Reset

The general 1/O port in STC15W201S series
MCU are weak pull-high output, while many
practical applications require I/O port remain low
level after power-on reset, otherwise the system
malfunction would be generated. Here are 2

solutions for this problem.

(1) One of the methods is taking the function
of logic reverse.

(2) For there are weak pull-up mode and
strong push-pull mode in STC15W201S series
MCU, a pull-down resistor (1k€Q/2kQ/3kQ) can
be added to I/O port, so that when power-on reset,
although a weak internal pull-up to make MCU
output high, but because of the limit capacity of
the internal pull-up, it cannot pull-high the pad, so
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this I/O port is low level after power-on reset. If I/O

this I/O port needs to be driven high, the MCU

can be set as the push-pull output mode, while the I/0 I/0
push-pull mode the drive current can be up to /0
20mA, which can drive this 1/O port high. In 20mA

normal use, this port uses a series connection of

470 current limiting resistor and then connects the 470Q2

pull-down resistor to GND, which is shown in 4.14

Figure 4.14.

More than 470Q

1/0 E —

(172/3)kQ

Figure 4.14 The Drive Circuit Making I/O Port Output Low Level After Power-on Reset
I/O

Summary RE/NZE

This chapter takes the typical STC15 series MCU——STC15W201S for example to
introduce enhanced 8051 MCU: enhanced CPU, memory and I/O port, emphasis on the internal
memory and parallel I/O port. The internal memory consists of Program Flash, Data Flash and
Scratch-Pad RAM. Program Flash stores program code and parameter. Scratch-Pad RAM is used
for storing the parameter that is programmable and there will not be damage when Power-down.
There are lower 128 bytes and upper 128 bytes of internal scratch-pad RAM data memory plus
128 bytes of Special Function Register (SFR) space available. The lower 128 bytes of data
memory may be divided into Register Bank, Bit-Addressable Bank and General Bank. The upper
128 bytes is common data memory. SFRs have special functions and are always in connection
with the internal interface circuit.

STC15W201S series MCU owns 14 1/O ports (P1.1~P1.5, P3.0~P3.3). According to the
configurations, these ports P1, P3, PS5 can work in the following 4 modes: Quasi-bidirectional,
Push-pull Output, Input-only (Hi-Z) and Open-drain Output. The drive of each port can reach
20mA, but the working current of the entire of MCU must not exceed 100mA.

The master clock of STC15W201S series MCU has two clock sources: internal high precise
R/C clock and external clock. The speed of system clock can be regulated dynamically by the
configuration of clock division register. STC15W201S series MCU output master clock on pin
P5.4. However it is MCKO_S1 and MCKO S0 in CLK DIV that determine whether output
master clock or not, or what the division of clock is.
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An internal specific reset circuit is integrated in STC15W201S series MCU, working
properly without external reset circuit. There are 4 reset modes in STC15W201S series MCU:
On-chip power-on/power-off reset, external RST pin reset, Watchdog Timer reset and software
reset.

Exercise %4 >0

1. Completions

1) Microcomputer comprises , , /O interface and connecting bus.

2) Access and connecting to the CPU of microcomputer are accomplished by address bus,
data bus, control bus and peripheral circuit, where, address bus is used for

b

the data size of address bus confines ; data bus is used for

b

the data size of data bus confines ; control bus is used for
3) I/O interface is used for

4) According to the storage property, the memory of microcomputer can be divided into

and data storage.
5) 16 bits CPU means that bus is 16 bits in width.
6) If the address bus is 16 bits in width, the maximum addressable capacity of CPU
is

7) The instructions executing of the microcomputer follows the storage order of instructions.

The instructions executing comprises accessing, and executing.

8) Microcomputer system comprises microcomputer and

9) The data bus of STC15W201S MCU is in width.

10) The address bus of STC15W201S MCU is in width.

11) The drive capability of STC15W201S MCU I/O interface is .

12) Program Counter (PC) in STC15W201S MCU is used for , and its
performance characteristic is .

13) PSW in STC15W201S MCU stands for , where, CY for , AC
for , OV for , P for

2. Choice Questions

1) That the data bus is 8 bits wide means the data exchange capability is
A 1bit B 4 bits C 16 bits D 8bits
2) That the address bus is 8 bits wide means the maximum addressable capacity of CPU

is .

A 8 space B 16 space C 256 space D 64K space
3) The program storage of microcomputer is comprised by
A ROM B RAM
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4) The data storage of microcomputer is comprised by

A ROM B RAM
5) After the adder execution of 25H and 86H, the result in ACC is
A ABH B 11H C OBH D A7H
6) After the adder execution of AOH and 65H, the value of CY and AC in PSW is
A Oandl B landO C 0OandO D Tlandl
7) After the adder execution of 58H and 38H, the value of OV and P in PSW is
A Oandl B landO C 0OandO D Tlandl

3. True or False

1) Keyboard is a fundamental component of microcomputer. ( )

2) I/O interface is the core part of microcomputer. ( )

3) I/O interface is the connecting bridge between CPU and /O devices. ( )

4) CPU accesses memory and I/O devices by addressing. ( )

5) MCU is an important branch of microcomputer. ( )

6) 8 bits MCU and 32 bits ARM, they are both embedded microcomputer. ( )

7) The data loss will occur in RAM when it’s power off. ( )

8) The data loss will not occur in ROM when it’s power off. ( )

9) The Program Counter (PC) in CPU is the Special Function Register (SFR). ( )

10) The PSW in CPU is the Special Function Register (SFR). ( )

11) The Program Counter (PC) in CPU is an 8-bit adder. ( )

12) The maximum load capacity of STC15W201S MCU equal to the number of I/O times
the load capacity of I/O. ( )

13) Power On Flag (POF) will be set to 1 after cold reset, and it will be set to 0 after warm
reset. ( )

14) In power on reset process, CPU will execute programs from ISP, while from user
program in other reset process. ( )

15) Apart from power port and ground port, other ports can be used as I/O port. ( )

4. Question and Answer

1) Please make a brief description of the fundamental structure of STC15W201S MCU.

2) Please make a brief description of the memory structure of STC15W201S MCU.

3) Please make a brief description of the working mode of STC15W201S MCU I/O port
and their settings.

4) How to set up clocks in STC15W201S MCU.

5) How many reset modes are there in STC15W201S MCU? And how are they achieved?
How is the status when STC15W201S MCU is under resetting?
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Unit5 Memory Application Program
in STC15W201S Series MCU

W5y STC15W201S Yy BiAE%
S INAE T

As introduced in last chapter, there are STC15W201S
individual memory partitions in STC15W201S series
MCU: Program Memory (Program Flash), On-chip

Scratch-pad RAM and EEPROM (Data Flash). The Flash RAM  EEPROM
features of each memory partition and C51 Flash

application program will be introduced in this C51
chapter.

5.1 C51 Foundation C51 it

5.1.1 Extended Key Words in Keil C51 Compiler
Keil C51 4miEssi RAYKRHEF

There are 32 key words in ANSI C standard ANSI C
definition, and 21 more key words extended in Keil 32 Keil C51
C51 compiler, whose roles are shown in Table 5.1. 21 5.1

Table 5.1 Extended Key Words in Keil C51 Compiler
Keil C51 4mikaR4 RRAVKEF

Key Word Type Description
bi Bit scalar declaration Define a function of bit scalar or bit type

1t

bi Searchable bit Define a bit-searchable address variable
sbit

. Special function register Define a SFR address (8 bits)
sfr

8

" Special function register Define a SFR address (16 bits)

sfrl6
16
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Continue
Key Word Type Description
dat Memory type declaration Internal direct addressing memory of 8051 MCU
ata
8051
bdat Memory type declaration Internal bit addressing memory of 8051 MCU
ata
8051
4 Memory type declaration Internal indirect addressing memory
1data
8051
J Memory type declaration Internal paging addressing memory
pdata
Memory type declaration External data memory
xdata
Memory type declaration Program memory
code
. Interruption function declaration Define an interruption function
interrupt
Reentrant functions declaration Define a reentrant function
reetrant
. Register array declaration Define register array in 8051 MCU
using
. Variables which are not specified storage area are stored in data
Variable storage mode .
small section
data
. Variables which are not specified storage area are stored in xdata
Variable storage mode i
large section
xdata
. Variables which are not specified storage area are stored in pdata
Variable storage mode i
compact section
pdata
. Address declaration Define the absolute address of variables
7a g
p Memory type declaration Accessing to extend RAM
ar
RAM
i Function external declaration C functions which call PL/M-51 should be declared by alicn first
alicn
PL/M-51 alicn
sk Support RTX51 Designate a task as a real-time task
as
- RTXS51
L Support RTX51 Priority of task
priority
RTXS51
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5.1.2 Memory Distribution of 8051 Series MCU
8051 &% A F {7t DL

The memory distribution of 8051 series
MCU is implemented by the storage class of
variable, and specific address is not required here.

1. Storage Classes of Variable

The definition format of variable in C51 is
shown as below:

[Storage Classes] Data Type [Memory Type]
Variable

1) Storage Classes of C51 Variable

There are four storage classes: auto, extern,
static, register. Auto is the default type, which is
used generally.

2) Data Types of C51 Variable

8051

1. TENFHRE

Cs1
[ ] [
]
1) C51 ZEER MR
4
auto extern static
register auto

2) C51 TEMHIEART

For Keil C51 compiler, short type is the Keil C51 short
same as int type, and double type is the same as int double float
float type. The data types supported by Keil C51 52 Keil C51
compiler are shown in Table 5.2.

Table 5.2 Data Types Supported by Keil C51 Compiler
Keil C51 4mi¥ 2 FFRYBIEARY
Data Type Length Range

unsigned char 1 byte 0 255
signed char 1 byte 128 127
unsigned int 2 bytes 0 65535
signed int 2 bytes 32768 32767
unsigned long 4 bytes 0 4294967295
signed long 4 bytes 2147483648 2147483647
float 4 bytes 21.175494E-38  ==3.402823E+38
* 1 3byte Address of object
bit 1 bit Oorl

3) Memory Types of C51 Variable 3) C51 TEMFMRAR

The hardware structure of 8051 series MCU Keil C51 8051

is supported fully by Keil C51 Compiler. The
compiler can access each part of the hardware
system and decide in which type of memory the
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variable exactly reside, which can locate the Keil C51
variable exactly. The memory types supported by 5.3
Keil C51 compiler are shown in Table 5.3.

Table 5.3 Register Types Supported by Keil C51 Compiler
Keil C51 #miX 38 X FrY TFfif 2R A2

Register Type Description

Direct access memory, the fastest access speed

data

bd Bit addressing data registers, bits and bytes accessing mixed is available

ata

. Indirect access memory

idata
Accessing paged external data memory

pdata
Accessing all external data memory

xdata
Accessing program memory

code

NOTE: No extended RAM or Off-chip extended RAM function exists in STC15W201S series
MCU.
FRIRR: STCI5W201S ¥ A MY & RAM 4= 1 5k RAM & & 2 ft .

E.g:
1 auto int data X;
2 char code y=0x22 ;
In line 1, the storage class, data type and 1 X
memory type of variable x are auto, int and data auto
respectively. int data
In line 2, only data type and memory type are 2 y

given to variable y, without storage class. When in
practical use, the selection of “storage class” and

cc >3

“memory type” is optional, and the default option

of storage class is auto. If the memory type auto

selection is omitted, the storage section will be Keil C51
determined by the default memory type which is SMALL COMPACT
set by the SMALL, COMPACT or LARGE LARGE

compilation mode of Keil C51 compiler. C

Initialization is allowed to go along with the

\S]

definition of variable in C language, as line 2.
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2. Compilation Mode of Keil C51 Comp 2. Keil C51 miFsSRmIFIERS

iler and Default Memory Type AIAFRfERR KR
1) SMALL 1) SMALL
Variable is defined in the Data Memory of 8051
8051 MCU, directly addressable, with a fastest data

access speed. Besides, all objects, including stack,
must be resided in internal data memory.

2) COMPACT 2) COMPACT
Variable is defined in the External Data pdata
Memory (pdata) with up to 256 bytes of external 256
data. Access to variable is implemented by register MOVX @Ri
indirect-addressing (MOVX @Ri). In this kind of
compilation mode, the high 8bit of the variable 8 P2

address is determined by port P2. Hence, the
parameter in the startup code (STARTUP.AS1): STARTUP.A51
PDATASTART and PDATALEN should be PDATASTART PDATALEN  L5I
regulated properly at the same time. The address of
port P2 should be located by control instrument PDATA P2
PDATA while connecting with L51, which ensures P2 8
the right 8bit address the port P2 requires.

3) LARGE 3) LARGE

Variable is defined in the External Data
Memory (xdata) and accessed by Data Pointer xdata DPTR
(DPTR). This kind of accessing mode is not so
efficient, especially for the variable with two or 2
more bytes, and affects the length of code much.
That the symmetry operation of data pointer is not

available is another inconvenience.

5.1.3 Operation and Control of Internal Interface in 8051

MCU 8051 5B HFHAENE O RIHRIESEH

As mentioned before, there are one-to-one 8051
correspondences between all the interfaces and the
SFRs. The operations to internal interfaces of 8051 8051
MCU are the ones to the corresponding SFRs or
specific bits in SFRs. Therefore, an accurate
address must be provided, and the address
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definition of SFR wvariable must be defined
correctly.

1. Definition of SFR Variable

There are 21 SFRs in 8051 series MCU
(NOTE: Compatible 8051 MCU or enhanced 8051
MCU owns more SFRs). The SFRs are resided in
the in-chip RAM from 80H to FFH. In order to
access these SFRs or specific bits in SFRs directly,
C51 compiler expend the keywords sfr, sfri6 and
sbit, which can be used to define the “address” of
those SFRs or specific bits in SFRs directly in C

program.

1) The definition of 8bit address SFR

Definition format:

1. HHRMETFRTENENX

8051 21
8051
8051

RAM 80H FFH

C51
sfr sfrl6 sbit
C

1) 8 R INRE T TR HIE X

sfr SFR name = address constant; sfr

E.g.

sfr P0=0x80; /* The address of port PO SFR is 80H PO
80H */

NOTE There is different signification between the definition of SFR and normal variable.

In the definition of SFR, the assignment is necessary, which is used to define the SFR

corresponding address of memory. While in the definition of normal variable, the assignment

which is used to assign a value to the memory unit, is optional.

AR : HHRAIRFTFAZNELE LA T ERLFPHRMA, LEXRF—H0. &
HHRARFHEZNEFT, BALZLMAN, ATEXMNRARTAEI LGN AR
d (BB Afgdat); MASEETZHE LT, BARTEW, LT 4HETKMA.

E.g.

int i=0x22 ;

This statement, that x is an integer variable
and the assignment provides a value 22H to x,
is equal to the two statements below:

inti;

1=0x22;

2) The definition of 16bit address SFR

In the latest enhanced 8051 MCU, SFRs is
combined into 16 bits. Using keyword sfi'/6 is
an efficient way to access this kind of 16bit

2) 16 (AR FaREEMNENX
8051
16
16
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SFR in definition. For example, the definition sfr16
of counter/timer T2 in MCU is as below: / T2

sfrl6 T2 0xCC /* Define T2 whose address are T2L CCH T2H CDH

T2 T2L CCH T2H CDH */
Where the T2 is the name of SFR, the T2
lower byte address is given after the equal sign
and the high byte address is the lower byte 1
address plus 1. This kind of SFR definition is 16

only used in those 16bit SFRs whose addresses
are consecutive, and the lower byte address
must be given in the definition.
3) The definition of bit variable in SFR 3) FARMIREF PR PUEENEN
In 8051 MCU programing, some bits of
SFR are accessed so frequently that Keil C51 8051
programmer provides a keyword sbit, which is Keil C51
used to define the bit-addressing variable in sbit sbit
SFR. There are three types of definitions as

(98]

below:
(1)sbit bit variable = bit address. This kind 1 sbit
of definition supply bit variable with an
absolute address which ranges from 80H to 80H FFH
FFH.
E.g.
sbit OV=0xd2; /* Define bit variable OV (over-flow flag), its bit address is D7H
oV D2H */
sbit CY=0xd7; /* Define bit variable CY (carry flag), its bit address is D7H
CY D7H */

(2)sbit bit variable = SFR name " bit position. 2 sbit
Used in the definition of the bit variable of defined
SFR. The bit position ranges from 0 to 7.

0 7
E.g.
sbit OV =PSW ~ 2;  /* Define bit variable OV (over-flow flag), it’s the 2nd bit of PSW
(0)Y PSW 2 *
sbit CY =PSW ~7;  /* Define bit variable CY (carry flag), it’s the 7th bit of PSW
CY PSW 7 *
(3)sbit bit variable name = byte address” bit 3 sbit
position. The kind of definition bases on the
address of SFR. Its address ranges from 80H to 80H
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FFH, and its bit position ranges from 0 to 7. FFH 0 7

E.g.

sbit OV = 0xd0 " 2; /* Define bit variable OV (over-flow flag), indicating the
address of SFR PSW is DOH, and OV is the 2nd bit in the unit of DOH ov

PSW DOH OV DOH 2 ¥

sbit CY = 0xd0 " 7; /* Define bit variable CY (carry flag), indicating the address

of SFR PSW is DOH, and CY is the 7th bit in the unit of DOH CY
PSW DOH CY DOH 7 *

NOTE In practical use sbit is usually used for connecting the function of parallel
OUTPUT/INPUT pins and external interface.

YRR : FIMER T, S2F AR sbit FATH N/drd 5B 5 53R B AL IR R 2 — AL,

E.g.

sbit OE= 0x80 0;

or

sbit OE=P0 0;

Where OE is a variable defined according to OE
the function of MCU pin (strobe) and OE is the bit OE
0 in port PO that all the operations to OE are to PO 0 OE
P0.0 actually. P0.0

4) The definition of bit variable in bit 4) (LFHEX (20H~2FH) 3
addressable locations (20H~2FH) ERENX

The bit object that locates in the internal 8051
memory addressable bdata of 8051 MCU is called bdata
“Addressable Object”. Keil C51 programmer will — “~ 77 Keil C51
put the abject into internal address area of 8051 8051
MCU in programing.

(1)Bit addressable variable definition. 1

E.g.

int bdata my_y = 0x20; /* The memory type of variable my y is defined as bdata. This
variable will be put into bit addressable area in memory distribution, and given a value of 20H

my_y bdata 20H*/

(2)Bit addressable bit variable definition. 2

The keyword shit can define a certain bit of sbit
bit addressable object.

E.g.

sbit my ybitO=my y O0; /* Define the bit 0 of variable my_y as variable my_ybit0

my_y 0 my_ybit0 */

sbit my ybitlS=my y 15; /* Define the bit 15 of variable my y as variable

my_ybitl5 my y 15 my_ybitl5 */
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The maximum of the bit position after the
operator depends on the data type of corresponding

base address. That is 0~7 for char, 0~15 for int and char 0 7 int 0
0~31 for long. 15 long 0 31

2. Header file REG51.H 2. 3k REG51.H

The definitions of SFRs and bit variables in Keil C51 8051
SFRs of 8051 series MCU are included in the
header file REG51.H in Keil C51 compiler. The REG51.H
symbols of valid SFRs and bit variables in SFR
can be used directly when the header file is REGS51.H 8051

included in program.

NOTE New SFRs in enhanced 8051 MUC must be defined with sfir and sbit.
FERRR: xF TI832 2 8051 £ A, #EHAARET HBHE Z R sfr F= sbit 2 Lo

REGS51.H program detail:
/*
REG51.H

Header file for generic 80C51 and 80C31 microcontroller.

Copyright (c) 1988-2002 Keil Elektronik GmbH and Keil Software, Inc.
All rights reserved.

*/

#ifndef REGS51 H
#define  REG51 H

[* mmmmmeeee Definition of SFR-------------- =)
sfr PO = (0x80;
sfr P1 = 0x90;
sfr P2 = 0xAO0;
sfr P3 = 0xBO0;
sfr PSW = 0xDO0;
sfr ACC = 0xEO;
sfr B = 0xFO0;
sfr SP =0x81;
sfr DPL = 0x82;
sfr DPH = 0x83;
sfr PCON = (0x87;
sfr TCON = 0x88;
sfr TMOD = (0x89;
sfr TLO = 0x8A;
sfr TL1 = 0x8B;
sfr THO = 0x8C;
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sfr TH1 = 0x8D;

sfr IE = 0xAS;

sfr IP = 0xB8;

sfr SCON = 0x98;

sfr SBUF = 0x99;

[* emmmmeeee Definition of bit variables in SFRS -------------- =)
e PSW Y
sbit CY = 0xD7;

sbit AC = 0xD6;

sbit FO = 0xDS5;

sbit RS1 = 0xD4;

sbit RSO = 0xD3;

sbit OV = 0xD2;

sbit P = 0xDO0;

e TCON &
sbit TF1 = 0x8F;

sbit TR1 = 0x8E;

sbit TFO = 0x8D;

sbit TRO = 0x8C;

sbit IE1 = 0x8B;

sbit IT1 = 0x8A;

sbit IEQ = 0x89;

sbit ITO = 0x88;

e IE =)
sbit EA = OxAF;

sbit ES = 0xAC;

sbit ET1 = 0xAB;

sbit EX1 = 0xAA;

sbit ETO = 0xA9;

sbit EX0 = 0xAS8;

= 1P &
sbit PS = 0xBC;

sbit PT1 = 0xBB;

sbit PX1 = 0xBA;

sbit PTO = 0xB9;

sbit PX0 = 0xBS;

= P3 &
sbit RD = (0xB7;

sbit WR = 0xB6;

sbit T1 = 0xB5;

sbit TO = 0xB4;
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sbit INT1 = 0xB3;
sbit INTO = 0xB2;
sbit TXD = 0xB1;
sbit RXD = 0xBO0;
e SCON Y
sbit SMO = 0x9F;
sbit SM1 = 0x9E;
sbit SM2 = 0x9D;
sbit REN = 0x9C,;
sbit TB8 = 0x9B;
sbit RB8 = 0x9A;
sbit TI = 0x99;
sbit RI = 0x98;
#endif

5.1.4 C51 Interrupt Function C51 Fl#eR%g

Compiling interrupt service function C51 C
directly in C program is supported by C51
compiler. In order to compiling interrupt service
function, an expend keyword interrupt is added Csl
to the definition of function by C51 compiler. interrupt
The keyword interrupt is an option in function interrupt
definition. A function will become an interrupt
service function with this keyword.

1. Definition of Interrupt Service 1. PETARSZREHE N
Function

The form of interrupt service function
definition is just as below:
Function Type Function Name (Formal Parameter)  interrupt » [using m]

Where the n after keyword interrupt is the interrupt
1

(98]

interruption number, which ranges from 0 to 31. n 0
The compiler will generate interrupt vector at 8n 3

8n+3, whose n and interrupt vector depend on n

different MUC chip. The keyword using is using
optional, and it’s used for register bank selection. m
The m indicates the corresponding register bank m 0 3
number. The value of m is 0~3, which corresponds 8051 0 3

register bank 0~3 in 8051 MCU.
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2. Interrupt Request Source 2. iR
The interrupt sources and vector addresses of 8051
8051 MCU are shown in Table 5.4. 54

Table 5.4 Interrupt Sources and Vector Addresses of 8051 MCU
8051 B H LB RS PimE 5%

Interrupt Source  FREfIE Interrupt Number = EfiS Interrupt Vector =i E ik

External Interruption 0 0 0 0003H

Timer/Counter Interruption 0 TO 1 000BH

External Interruption 1 1 0013H

Timer/Counter Interruption 1 T1 001BH

EN S S

Serial Port Interruption 0023H

3. Rules of Interrupt Service Function 3. ETARSS R B AR S HL N
Programing

(1) It’s unable to pass parameter in interrupt 1
function. A compile error occurs when there is any
parameter definition in interrupt function.

(2) There is no return in interrupt function. An
error result will occur when a return is defined in

[\

interrupt function. Thus, it’s the best way that defines
the interrupt function as void type with the purpose of void
indicating no return is required.
(3) Calling interrupt function directly is not 3
allowed in any case, or a compile error will occur.
Because 8051 MCU instruction RETI, which 8051
implements the return of interrupt function, influences RETI RETI
the hardware interrupt system of 8051 MCU. 8051
(4) The state of floating point register must 4
be preserved if floating point arithmetic is
executed in interrupt function, while the
preservation is not required when there is no other
program executing floating point arithmetic.
(5) The function called by interrupt function 5
must use the same register bank with interrupt
function. User must ensure the same register bank
according to the requirement, or some unexpected
error will occur. Compiler will choose one register
bank as the absolute register bank to access, when using
the using option is not used in function definition.
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5.2 Program Memory 7#z[51FliEzs

Program memory is used for storing user
programs, and has MCU to run under the rule and
flow designated by user program to implement the
task. Besides, program memory stores some
constants and tables (such as m, digital word and
so on) which can be used in the running of user
program. Such constants are downloaded to the

o

0CH

program memory like programs by ISP. The ISP
content in data memory is read-only when the
program is running. The constants and tables can
be accessed only by such instructions as “MOVC
A, @A+DPTR” or “MOVC A, @A+PC”. If C ““MOVC A @A+DPTR””
language programing is adopted, the storing type  ““MOVCA (@A+PC™”
of the data storing in program memory should be C
defined as “CODE”. Take the display control of 6
LED light for example to explain the application ““CODE"” 6 LED
program of program memory.
E.g. 151
Given that port P1 drives these six LEDs, P1 6 LED
active low. Export the six groups’ data “1EH, Pl ““1EH
0CH, 00H, 21H, 33H, 3FH” in order circularly. 00H 21H 33H 3FH”76
Solution: First of all, put all the six groups’ i : 6
data into program memory, and then adopt data
array and define the data as “CODE” storage type. ““CODE””
This gives the following code in C51: Cs51
#include <REG51.H>
#define uchar unsigned char
#define uint unsigned int
uchar code date[ | = {0x1e,0x0¢,0x00,0x21,0x33,0x3f};
// Define display data
s Delay Subroutine( ) <Y
void delay(uint k) // Define delay subroutine

{
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uint 1, j;

for(i = 0; i<k; i++)

{
for(j=0; j<1210; j++)
G}

}

I Main Function(

*/

N

void main(void)

{

uchar i;
while(1) /* Loop =Y
{
for(i = 0; i<6; i++) /* Output data in order &
{
P1 =date[i]; /* Fetch the data in program memory
*/
delay(50); /* Set the interval of display. Subject to the frequency of
crystal oscillator
&

5.3 Scratch-pad RAM E.78 RAM

There are lower 128 bytes (00H~7FH) and STC15W201S
upper 128 bytes (80H~FFH) RAM data memory RAM 128 RAM 00H
plus 128 bytes of Special Function Register (SFR) 7FH 128 RAM 80H FFH
(80H~7FH) space available in the scratch-pad 128 80H
RAM of STC15W201S MCU. FFH

1. The Lower 128 Bytes (00H~7FH) 1. {128 =% (00H~7FH)

The lower 128 bytes of data memory, which 128
is considered as the data space “Nearest to CPU”, “e CPU
is the basic data memory in MCU. The lower 128 7 128

bytes of data memory may be accessed through
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both direct and indirect addressing. The lowest 32
bytes of data (0OH~1FH) of data memory are
grouped into register banks. The next 16 bytes
(20H~2FH) form a block of bit-addressable
memory space.

E.g.

Define variable x, adopting different addressing
form, using the lower 128 bytes to store data, and
value with 100.

Solution: In C51 programing, the data type of
variable should be defined as “data” when
accessing the low 128 byte with direct addressing;
while as “idata” when with register indirect
addressing. So:

unsigned char data x=100;

unsigned char idata x=100;

2. The Upper 128 Bytes (80H~FFH)
and SFR (80H~FFH)

The upper 126 bytes and SFR have the
same address and address conflict occurs here.
In practical use, the upper 128 bytes of data
memory may only be accessed using indirect

address while the SFR can only be accessed

through  direct addressing, which can
distinguish both.
E.g.

Write data 20H into 80H unit in upper 128
bytes and SFR (p0) separately.

Solution: When using upper 128 bytes
RAM to store data, the data type of variable
should be defined as “idata”, while using the

register name directly to access SFR. So:

unsigned char idata x=0x20 at  0x80 ;

P0=0x20;

-12 -
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5.4 EEPROM (Data Flash)

Internal EEPROM, which could be repeatedly
erased more than 100 thousand times, can be used
as DATA Flash by In-application Program(IAP)
technology. When the program resides in ISP
program section, user can impose byte read, byte
write and page erase upon user program section
and data flash section. When the program resides
in user program section, user can only impose byte
read, byte write and page erase upon data flash
section. The embedded EEPROM consists of
several pages. Each page contains 512 bytes.

1. Capacity and Address of Internal
EEPROM

STC15W201S MCU has integrated a capacity
of 4KB of internal EEPROM which is separated
from program space with address ranging from
0000H to OFFFH. There are 8 pages in EEPROM,
512 bytes each. The address of the first page is
0000H~01FFH, second page 0200H~03FFH and
SO on.

It’s not only using IAP to erase pages but also
MOVC instruction, but the head of address is
0400H which is the next address of where program
memory ends instead of 0000H.

2. SFRs Related to ISP/IAP

STC15W201S MCU is managed and
controlled by a set of SFRs. These SFRs related to

ISP/IAP are shown in Table 5.5.

EEPROM (#IENTE)

STC15W201S
EEPROM
[AP
ISP

EEPROM
512

1. A& EEPROM ik /NSiht

STCI15W201S
EEPROM

4KB

0000H

OFFFH 8
512
0000H O1FFH
0200H O3FFH

EEPROM [AP
MOVC
EEPROM 0000H

0400H

2. 5 ISP/IAP ThEEH XA RR
by =y e

STC15W201S

ISP/TAP
5.5
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Table 5.5 SFRs related to ISP/IAP

5 ISP/IAP ThEe B KA IR F 7a5

Address D7 D6 D5 D4 D3 D2 DI DO | Reset Value
IAP_DATA C2H 1111 1111
IAP_ADDRH | C3H 0000 0000
IAP_ADDRL | C4H 0000 0000
IAP_CMD C5H MS1 MSO | xxxx xx00
IAP_TRIG C6H XXXX XXXX
IAP_CONTR | C7H | IAPEN | SWBS | SWRST | CMD_FAIL WT2 | WTL | WTO | 0000 x000

(1) IAP_DATA: ISP/IAP Flash Data 1 TAP_DATA ISP/IAP Flash
Register.

It is the buffer register storing the data ISP/IAP

going to be written into Flash or read out from
Flash in ISP/IAP.

(2) IAP_ADDRH, IAP ADDRL: ISP/
IAP Flash Address Register.

IAP_ADDRH is used for storing the high
8bit of the operation address, while
IAP_ADDRL storing the low 8 bit.

(3) IAP_CMD: ISP/IAP Flash Command
Register.

It’s used for setting the operation
instruction of ISP/IAP, which will not take
effect until a trigger occurs in this register.

MS1/MSO =0/0: Standby, no ISP/IAP
operation.

MS1/MSO =0/1: Data Flash/EEPROM
read.

MS1/MSO =1/0: Data Flash/EEPROM

program.

MSI1/MSO =1/1: Data Flash/EEPROM
page erase.

(4) IAP_TRIG: ISP/IAP Flash Command
Trigger Register.

IAP_TRIG is the command port for
triggering ISP/IAP activity and protected SFRs
access. If IAP TRIG is filled with sequential
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[IAP_ ADDRL
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0x5AH, 0xASH and if IAPEN = 1, ISP/IAP

activity or protected SFRs access will
triggered.
(5) IAP_CONTR: ISP/IAP Control Register.
IAPEN: ISP/IAP operation enable.
1: Enable ISP/IAP opeiation function.
0: Global disable all ISP/IAP opeiation

function.

SWBS SWRST: Software boot selection
control bit.

CMD_FAIL: Command fail indication for
ISP/ IAP operation.

WT2, WT1, WTO: The setting of flash
operation hold time for ISP/IAP operation.
More details relate to Table 5.6.

0x5AH
SFR

5 TAP _CONTR
IAPEN

IAPEN 1
IAPEN 0

ISP/TAP
ISP/TAP

SWBS SWRST

CMD_FAIL ISP/IAP

WT2 WTI
CPU
5.6

WTO

Table 5.6 Setting of Operation Hold Time for ISP/IAP Operation
ISP/IAP #{£ CPU E&8TE|HII& E

0xASH ISP/IAP

ISP/IAP

ISP/TAP

ISP/TAP

CPU Waiting Time (system clock)
WT2 WT1 WTO Program Section Erase
(5548 Read (21ms) System clock fsys

1 1 1 55 2 21012 fsys 1MHz
1 1 0 110 2 42024 IMHz fsys 2MHz
1 0 1 165 2 63036 2MHz fsys 3MHz
1 0 0 330 2 126072 3MHz fsys 6MHz
0 1 1 660 2 252144 6MHz fsys 12MHz
0 1 0 1100 2 420240 12MHz  fsys 20MHz
0 0 1 1320 2 504288 20MHz  fsys 24MHz
0 0 0 1760 2 672384 24MHz  fsys 30MHz

3. ISP/IAP Program and Application 3. ISP/IAP gi25 R

1) Address Definition of ISP/IAP SFR 1) ISP/IAP 437 IhaE S fF s btk =5 AR

sfr
sfr
sfr
sfr
sfr
sfr

IAP_DATA = 0xc2;
IAP_ADDRH = 0xc3;
IAP_ADDRL = 0xc4;
[AP CMD = 0xc3;
[IAP TRIG = 0xc6;
[AP CONTR = 0xc7;

//IAP data register [AP

//TAP high address register IAP
//IAP low address register 1AP
//IAP command register IAP
//1AP trigger register IAP
//IAP control register IAP
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2) The Definitions of Instruction, Hold 2) EX ISP/IAP w34 ZE#5ATE X IAP
Time and Address of IAP Operation gLy kil
#define CMD_IDLE 0 // Defeat mode
#define CMD_READ 1 // Read instruction
#define CMD PROGRAM 2 // Program instruction
#define CMD_ERASE 3 // Erase instruction
#define ENABLE IAP 0x82 /* Enable TAP and set hold time
IAP &/
#define I1AP_ADDRESS 0x0000 /*Define the address of IAP operation
IAP Y
3) Byte Read 3) FHix
BYTE dat; // BYTE 8
IAP_CONTR = ENABLE IAP; /* Enable IAP and set hold time
IAP &
IAP_CMD = CMD_READ; /* Set the number of bytes read command 0x01
0x01*/
IAP_ADDRL = addr; /* Set the address for IAP read, the address is 16bit
IAP address IAP addr

16 IAP &

IAP_ADDRH = addr>>8;

IAP_TRIG = 0x5A; /* Fill IAP_TRIG with sequential 0x5a,
Oxa5 to trigger IAP IAP_TRIG
0x5a, 0xa5s IAP 5

IAP_TRIG=0xAS5;

_nop_(); /* Waiting */
dat=IAP_DATA; /* Return data 5
4) Byte Program 4) Frimiz

NOTE Ensure the program unit is empty, that is FFH, or a page erase must be carried out

before byte program.
AR FVHREN, LAKERBEELARAT, BPH FFH; &N AT B X #ERF.

IAP_CONTR = ENABLE IAP; /* Enable IAP and set hold time

IAP &
IAP_CMD = CMD_PROGRAM; /* Set the program command 0x02
0x02*/
IAP_ADDRL =addr; /* Set the address for IAP read, the address is
16bit IAP address IAP

addr 16 IAP <Y
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IAP_ADDRH = addr>>8;
IAP_DATA = dat;

IAP_TRIG = 0x5a;

IAP_TRIG = 0xa5;

_nop_();
5) Page Erase

IAP_CONTR = ENABLE IAP;
IAP CMD = CMD_ERASE;
IAP_ADDRL = addr;
IAP_ADDRH = addr>>8;

IAP_TRIG = 0x5a;

IAP TRIG = 0xa5;
_nop_();

/*Set the program data; dat is the data going
to be written dat
*/

/* Fill IAP_TRIG with sequential 0x5a,

Oxa5 to trigger IAP IAP_TRIG
0x5a Oxa5 IAP &
/* Waiting Y

5) REX1ErR
/* Enable IAP and set hold time

3 IAP &
/* Set the page erase 0x03
0x03*/

/* Set the address for IAP page erase command

IAP */

/* Fill IAP_TRIG with sequential 0x5a,

0Oxa5 to trigger IAP IAP_TRIG
0x5a 0OxaS IAP Y
/* Waiting 5

NOTE: Any address in the page is allowed in page erase operation.
e B RERE, MR X AEEHRIE T,

E.g. 5l EEPROM
EEPROM test. Connecting six LED lights with port 6 LED
P1, active low. After program running, light up the LED
controlled by P1.0, and then execute the pages erase P1.0 LED
instruction. Light up the LED controlled by P1.1 if the
erase operation succeeded. Then, data write operation P1.1 LED
starts from 0000H. Light up the LED controlled by P1.2 EEPROM  0000H
after data write, and then data verification is carried out. P1.2
The verification succeeds when the LED controlled by LED
P1.3 is lighted up. Or, the verification fails when the P1.3
LED controlled by P1.5 is lighted up. LED
Here gives the solution: P1.5 LED

This is a simple test, in the purpose of how to carry
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out such ISP/IAP operations as page erase, byte program fi#:
and byte read. Given that the frequency of oscillator is EEPROM
18.432MHz.
ISP/IAP
18.432MHz
#include <reg52.h>
#include <intrins.h>
I Definition of SFR: &
sfr  IAP_DATA = 0xc2; //IAP data register IAP
sfr  IAP ADDRH = 0xc3; //IAP high address register I1AP
Sfr IAP_ADDRL = 0xc4; //IAP low address register TAP
sfr  IAP CMD = 0xc5; //IAP command register IAP
sfr  IAP TRIG = 0xc6; //1AP trigger register IAP
sfr  IAP_CONTR = 0xc7; //IAP control register IAP
I Macro definition 5
typedf unsigned char BYTE // BYTE unsigned char
typedf unsigned int WORD // WORD unsigned int
1 Define IAP operation mode word and test address &
#define CMD_IDLE 0 // Defeat mode
#define CMD_READ 1 // Read instruction
#define CMD_PROGRAM 2 // Program instruction
#define CMD_ERASE 3 // Erase instruction
#define ENABLE IAP  0x82 /* Enable IAP and set hold time IAP
&
#define IAP_ADDRESS 0x0000 /* Define the address of IAP operation IAP
&
I Delay Subroutine 5
void Delay(BYTE n)
{
WORD x;
while( n--)
{
x=0;
while(++x);
}
}
s Disable IAP function <Y
void Iapldle()
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{
IAP_CONTR = 0; // Disable IAP function IAP
IAP_ CMD = 0; // Clear command register
IAP _TRIG =0; // Clear trigger register
IAP_ADDRH = 0x80; /* Set the address to non-IAP area
IAP &
IAP_ADDRL =0;
}
s Read EEPROM byte subroutine =
BYTE IapReadByte(WORD addr) /* Formal parameter consist of high and low
address =Y
{
BYTE dat;
IAP_CONTR = ENABLE IAP; /* Enable IAP and set hold time
IAP X
IAP_CMD = CMD_READ; /* Set the number of bytes read command 0x01
0x01*/
IAP_ADDRL = addr; /* Set the address for IAP read
IAP ¥
IAP_ADDRH = addr>>8;
IAP_TRIG = 0x5a; /* Fill IAP_TRIG with sequential 0x5a, 0xa5 to trigger IAP
IAP_TRIG 0x5a Oxa5 IAP Y
IAP_TRIG=0xa5;
_nop_(); // Waiting
da t=1AP DATA; // Return data
Tapldle( ) // Disable IAP IAP
Return dat;
H
I Write EEPROM byte subroutine &
void lapProgramByte(WORD addr, BYTE dat)
/* Erase the page where byte data locates Y
{
IAP_CONTR = ENABLE IAP; /* Enable AP and set hold time
IAP &
IAP_CMD = CMD_PROGRAM; /* Send program command 0x02
0x02*/
IAP_ADDRL =addr; /* Set the address for IAP program
IAP S

- 119 -



BFRARERE

IAP_ ADDRH= addr>>8;

IAP_DATA = dat; //Set the program data
IAP_TRIG = 0x5a; /* Fill IAP_TRIG with sequential 0x5a, Oxa5 to trigger [AP
IAP_TRIG 0x5a Oxa5 IAP &
IAP_TRIG = Oxa5;
_nop (); // Waiting
lapldle( )
}
s Section Erase-------------------- &
void IapEraseSector(WORD addr)
{
IAP_CONTR = ENABLE IAP; /* Enable AP and set hold time
IAP &
IAP_CMD = CMD_ERASE,; /* Send page erase command 0x03
0x03*/
IAP_ADDRL = addr; /* Set the address of IAP page erase operation
IAP =Y
IAP_ADDRH = addr>>8;
IAP_TRIG = 0x5a;  /* Fill IAP_TRIG with sequential 0x5a, 0xa5 to trigger
IAP IAP_TRIG 0x5a Oxa5 IAP &
IAP_TRIG = 0xa5;
_nop_(); // Waiting
lapldle( )
}
1 Main &
void main()
{
WORD i;
P1=0xfe; /* Light LED controlled by P1.0 when program
1S running P1.0 LED */
Delay(10);
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P1=0xfc; /* Page erase success and then light up the LED controlled by
PI.1 P1.1 LED
Delay(10);
for(i=0, i<512, i++)
{
lapProgramByte(IAP_ ADDRESS+i, (BYTE)i);
h
P1=0x1f8; /* Program finish and then light up the LED controlled by P1.2
P1.2 LED */
Delay(10);
for(i=0, <512, i++)
{
if(lapReadByte(IAP_ ADDRESS+i)!=(BYTE)i)
Goto Error; /* Verification fails; turn to error handling
&
h
P1=0xf0; /* Program verification succeeds and then light up the LED
controlled by P1.3 P1.3
LED */
while(1);
Error: /* Light up the LED controlled by P1.5 when page erase or
program verification fails
P1.5 LED */
P1&=0xdf;
while(1);
}
4. Notice about the Usage of EEPROM 4. EEPROM EHIEEIN
(1)The requirement of voltage in ISP/IAP : [SP/IA?
operation: Once the V. of MCU is lower than the Vee
low-voltage checking threshold, disable the [SPIIAP
ISP/IAP operation, which disable the normal EEPROM
operations of EEPROM as well. MCU will not ISP/IAP
response to any ISP/IAP instruction. In fact, the ISP/IAP
operation of accessing ISP/IAP register has been
carried out, but the erase, program and read
instructions to EEPROM are invalid because the ISP/IAP EEPROM

ISP/IAP operation is disabled in the case of lower /
work voltage than reliable threshold voltage.
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Due to the slow power up of power supply,
the program may start running already while the
power supply doesn’t reach the minimum reliable
threshold voltage, which lead to a failure in the
corresponding EEPROM instruction, so that it’s
recommended to choose a high threshold voltage
of reset. If a wider range working voltage is
required and low threshold voltage of reset is
chosen, it’s recommended to check the low voltage
flag LVDF before operating the EEPROM. That
means the power supply was lower than the
reliable threshold voltage when the flag is “17,
which will be cleared by software. If this flag turns
to “0” after several nops, the working voltage is
higher than the threshold, and ISP/IAP operations
can be executed. Clear it again when the flag is
still “1”. Don’t execute any ISP/IAP operation
until the working voltage is higher than the
threshold. The LVDF resides in power manage
register PCON, whose format is shown as Table
5.7.

Table 5.7 PCON

EEPROM
EEPROM

EEPROM
LVDF

ccy=>

<e()>
ISP/IAP EEPROM

ccy=>

ISP/IAP EEPROM
LVDF
PCON

PCON 5.7

Address
D7 D6 D5 D4
PCON

D3

Reset Value
D2 D1 DO

87H SMOD SMODO LVDF POF

GF1

GFO PD IDL 00110000B

(2) The data modified at the same operation
should be put into the same page, otherwise put
into different pages, so that the data needn’t to be
read out and protected in operation. The less bytes
used in each page, the more convenient it is. It’s a
real EEPROM when only one byte is stored in one
page. The Data Flash of STC MCU is much faster
than external EEPROM, where reading a byte
costs 2 clock, programing one byte costs 55 ps,

and erasing one costs 21ms.
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Summary ZRE/NEZE

There are three individual memory partitions in STC15W201S series MCU: Program
Memory (Program Flash), On-chip Scratch-pad RAM and EEPROM (Data Flash).

Program memory stores not only program used to conduct the MCU running, but also some
constants and tables, such as digital word and so on. The designation of storing type in program
memory is used to define data in C. The table-lookup instruction is used to fetch data in assembly
language while array reference in C.

The scratch-pad RAM consists of lower 128 bytes, upper 128 bytes and SFR, where the
addresses of both upper 128 bytes and SFR are overlapping, which could be distinguished by
addressing. The upper 128 bytes of data memory may only be accessed using indirect address
while the SFR can only be accessed through direct addressing. The lower 128 bytes of data
memory may be accessed through both direct and indirect addressing. The lowest 32 bytes of
data (OOH~1FH) of data memory are grouped into register banks. The next 16 bytes (20H~2FH)
form a block of bit-addressable memory space.

Internal EEPROM, which could be repeatedly erased more than 100 thousand times, can be
used as Data Flash by In-application Program(IAP) technology. Byte read, byte write and page

erase can be operated on Data Flash.
Exercise % =]l

1. Completions

1) The main characteristic of STC15W201S MCU memory structure liesin _ and data
memory are addressing separately.

2) The program memory stores_______, constant data and data.

3) The address space pointed by PC in STC15W201S CPU is .

4) The executing of user program of STC15W201S begins with unit.

5) The memory addresses 0003H~00BBH for program storing stand for the
address in STC15W201S.
6) There 3 separate memory spaces in STC15W201S inner memory in physics, they

are , and Stretch RAM; and it can also divided into 4 separate memory spaces

according to application: , , Scratch-pad RAM and .
7) The inner basic RAM of STC15W201S is divided into 3 sections: lower 128 bytes,
and . According to the application of RAM, the lower 128 byte section can be

divided into

, and general purpose RAM section.
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8) The address space of working registers is , and the address space for bit
addressing is

9) The address space of higher 128 bytes section is the same as SFR. It will access 128 byte
section when adopting addressing method; while it will access SFR when
adopting  addressing method.

10)In SFR, it can be bit addressable when the address can be divisible by . The
corresponding addressable bit owns a bit address, which is byte address plus . But it will
be indicated by in practical program, such as the CY and AC in PSW.

11)The EEPROM in PSW series MCU, which is not real EEPROM, is simulated by .
For STC15 series MCU, both user program section and EEPROM section are addressing,
which are Program Flash and Data Flash; For IAP15 series MCU, user program section and
EEPROM section are addressing, and the idle user program section can be used as
EEPROM.

12)The Scratch-pad RAM in STCI15W201S MCU is divided into inner extension RAM
and  extension RAM, but they cannot be actived simultaneously. When the EXTRAM
is _, off-chip extension RAM is selected; when MCU is resetting, and EXTRAM is_ |

is selected.

13)The size of program memory in STC15W201S MCU is_ | and its address range
is .

14)The size of Scratch-pad RAM in STC15W201S MCU is_ , and its address range
is

2. Choice Questions

1) Group working registers will be adopted by CPU when RS1RS0=01.
A 0 B 1 Cc 2 D 3

2) When CPU needs to adopt 2 groups of working registers, RSIRSO should be set

to .
A 00 B 01 C 10 D 11
3) When RS1RS0=11, the address of RO in RAM is
A OO0H B 08H C 10H D 18H

4) To define an x variable, 8-bit unsigned, be allocated to program memory section and
assigned to 100  The correct statement is .
A unsigned char code x=100; B unsigned char data x=100;
C unsigned char xdata x =100; D unsigned char code x; x= 100;
5) To define a 16-bit unsigned y variable, be allocated to bit-addressing section, the correct
statementis
A unsigned inty B unsigned int data y
C unsigned int xdata y D unsigned int bdata y
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6) When IAP_ CMD=01H, the functional operation of ISP/IAP is
A No ISP/IAP operation; B Read the Data Flash;
C Program the Data Flash; D Erase the Data Flash;

3. True or False

1) STC15W201S MCU retains the extended off-chip program memory and off-chip data
memory. ( )

2) The SFR whose byte-address can be divisible by 4 is bit-addressable. ( )

3) EEPROM in STC15W201S MCU is addressing together with user program section, and
the idle user program section can be used as EEPROM by IAP. ( )

4) On-chip extension RAM and off-chip extension RAM can be active simultaneously.
«C )

5) EEPROM in STC15W201S MCU is real EEPROM, which can be erased in byte and
read/write in byte. ( )

6) EEPROM in STC15W201S MCU is erased in section. ( )

7) The trigger code of EEPROM operation in STC15W201S MCU is first A5SH and then
SAH. ( )

4. Question and Answer

1) The address of higher 128 byte is conflict with the SFRs, how to distinguish between
them?

2) How to describe the bit address of SFR in application when SFRs are bit-addressable?

3) While on-chip extension RAM and off-chip extension RAM can be active
simultaneously, how to choose in application?

4) Is there any special implication in the 0000H address storing in program?

5) Is there any special implication in the 000023 address?

6) Please make a description of the working flow of the EEPROM read operation in
STC15W201S MCU.

7) Please make a description of the working flow of the EEPROM erase operation in
STC15W201S MCU.

8) What is the difference between global variable and local variable? How to define global
variable and local variable?

9) What should be noted in program calling when main function and subfunction are in the
same program file? What’s that when they are in different files?

10)Make interpretations of x/y and x%y. Make a brief description of how to split units digit,
tens digit and hundreds digit.
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Unit6 Timer/Counter in
STC15W201S MCU

6 Poc STC15W201S i)y
LTS I/ T B3y

Timer and counter are always used for timing
(or delay) control and external events counting in
MCU application system. There are several types
of timing as below.

1) Software timing

When CPU is running a program circularly,
it’s able to achieve software timing by instructions
selection and the number of cycle arrangement.
The software timing will occupy CPU fully, add
overhead and decrease the CPU’s efficiency. Thus,
software timing should not last long and it’s
suitable for the program in which the CPU is less
busy.

2) Hardware timing

The hardware timing, whose timing function
is implemented by hardware circuit (such as 555
time-base circuit) and doesn’t occupy CPU time,
needs to change the circuit parameter to regulate
timing, which is not so convenient in use and
increase the cost of hardware.

3) Programmable timer timing

The value and range of programmable timer
timing are easily set and modified by software.
There are two 16 bit timer/counter (TO and T2) in
STC15W201S MCU, which can be used for timing
control or frequency divider and event recorder

1) =Rt
CPU

CPU CPU
CPU
CPU

2) EHER

555
CPU

3) FI4mIZERS 2R ERT

STC15W201S 2 16
/ TO T2
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conveniently through the counting and control on

the system clock or the input signal for outside.
The key circuit of timer or counter is a

counter, shown in Figure 6.1. There are two 6.1 1

sources for the counter pulse: one is the external

pulse source TO (P1.2); the other one is the system TO P1.2

clock. One of the two sources is accepted for

counting, plus 1 for one pulse. The counter will

return to O after an arrival of new pulse when the 1 1
counter is full already. The overflow flag TFO will

be set to “1” at the same time and an interrupt TFO 1
request is sent to CPU. CPU

NOTE: The overflow flag TF2 of T2 is implicit and invisible. An interrupt request will be
sent to CPU directly.

E: T2 8tidE B AREAE (TF2) RI&EH, AT L. Lit#Edin Add CPU R
il

Timing: When the source of pulse is system
clock (equal interval pulse sequence), the timing
time, because the counting pulse is time reference, is
the number of pulse times pulse period (system clock 12
or 12 times the clock).

Counting: When the source of pulse is the
external input pulse (from pins TO or T2) which is TO T2
unequal interval pulse sequence, the counter is for
external events counting. The counter will be plus 1 TO
when there is a negative transition in corresponding T2
external input port TO or T2. The ratio of external 1
input signal won’t be limited but that every signal
should be sampled before the level changes.

System o
clock Frequency division ‘l
C/r=0 ~ Address TFx
C/T=1 T i (»=0.2) | Interrupt
Tx |
(x=0.2) Control

Figure 6.1 Block Diagram of STC15W201S MCU Counter Circuit
STC15W201S
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6.1

6.1.1

The working mode and control are
managed by SFR TMOD, TCON and
AUXR.

TMOD: Set the working mode and
function of Timer/Counter 0.

TCON: Start or stop Timer/Counter 0,
including overflow flag of Timer/Counter 0.

AUXR: Set the division factor of
timing/counting pulse.

1. Working Mode Register TMOD

Timer/Counter 0 EBJ/iT%725 TO

Control of Timer/Counter 0 ERf/iH%22 TO f93z5

STC15W201S / TO
TMOD TCON  AUXR

TMOD / TO
TCON / TO

/ TO
AUXR

1. TE7AF S TMOD

TMOD is the working mode register, TMOD
whose format is shown in Table 6.1. 6.1
Table 6.1 TMOD
Address | B7 B6 BS B4 B3 B2 Bl B0 Reset Value
TMOD 89H GATE C/T M1 MO xxxx 0000

«— Timer/Counter 0 _,

(1) MO and M1: Mode selection bit.Shown
as Table 6.2.

1 M1 MO

6.2

Table 6.2 M1 & MO

M1 MO Mode THEAR Description IhA&EiiFR
16-bit auto-reload Timer/Counter
0 0 Mode 0
16 /
16-bit Timer/Counter
0 1 Mode 1
16 /
8-bit auto-reload Timer/Counter
1 0 Mode 2
8 /
Divided into 2 8-bit Timer/Counter
1 1 Mode 3
2 8 /
(2)C /T : Function selection bit. 2 C/T
0: Timing mode; C/T=0
1: Counting mode. C/T=1
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(3)GATE: Gating bit. 3 GATE
0: Start timing/counting once the control bit GATE=0 TRO
TRO is set to 1. 1 / GATE=1
1: Start timing/counting when the software TRO 1
control bit TRO and INTO (P3.2) is high level INTO P3.2
simultaneously, that is, external interrupt INTO / INTO
takes part in the start and stop of timer/counter. /

TMOD is not bit-addressable and set working TMOD
mode only by byte instruction. The lower 4 bit of 4
TMOD is defined as TO while the upper 4 bit is 4 TO
invalid. All bits in TMOD are set to 0 after reset. T™MOD 0

NOTE: In traditional 8051 MCU, the upper 4 bit of TMOD is used for setting working
mode of Timer/Counter 1.

E: AAER 8051 F A AL, TMOD 8% 443 f T4 2 i/ 8 T1 89 T4 KXo

For instance, if the Timer 0 needs to be set to TO 0
Mode 0, timing working mode has nothing to do

with the external interrupt input, then, (M1)=0, M1=0
(MO0)=0, (C/ T) =0 and (GATE)=0, thus the lower MO=0 C/T=0 GATE=0
4 bit should be 0000 and upper 4 bit 0000. Above 4 0000 4 0000
all, the instruction should be “TMOD= 0x00;”. ““TMOD=0x00;~"
2. Control Register TCON 2. 1=HIF 7% TCON
TCON is used for controlling the start and TCON /
stop of timer/counter, and recording the overflow
flag and external interrupts. The format of TCON TCON
is shown in Table 6.3. 6.3
Table 6.3 TCON
Address Reset Value
TCON B7 B6 BS B4 B3 B2 Bl BO
88H - - TFO TRO IE1 IT1 IEO ITO xx00 0000
(1) TFO: Overflow flag of Timer/Counter 0. 1 TFO / 0
TFO is set automatically by hardware when there is TO
an overflow in Timer/Counter 0. When the TFO
interrupt is enabled, an interrupt request is sent to CPU TO

CPU. TFO will be cleared by hardware after the
interrupt was responded. Inquiry to TFO can be TFO
used for determining the time of overflow. Clear TFO

the TFO by software after inquiry.
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(2) TRO: Control bit of Timer/Counter O.
Setting 1 or 0 by software is used for starting or
stopping Timer/Counter 0. When (GATE) =0, start
Timer/Counter 0 by setting 1 to TRO; when
(GATE) =1, start Timer/Counter 0 by setting 1 to
TRO and the input of INTO (P3.2) is high level at
the same time.

The lower 4 bit is used for controlling the
external interrupt, nothing to do with timer/counter,
which will be introduced in next unit. All bits in
TCON will be cleared after reset.

The byte address of TCON is 88H and is byte
addressable. TFO clearance, and start or stop of
timer/ counter can be executed by bit manipulation

instruction.
3. Auxiliary Register(AUXR)

The T0x12 of AUXR is used for setting the
frequency division factor of timing/counting pulse.
The format of AUXR is shown in Table 6.4.

Table 6.4 A

2 TRO /
1
TO GATE=0 T
TO GATE=1
INTO(P3.2)
TO

TCON 4

TCON

RO 1
TRO 1

TCON

88H

3. #ENFFE AUXR

AUXR

6.4

UXR

TO0x12

Address
B7 B6 B5 B4

AUXR

B3 B2 Bl BO

Reset Value

8EH TOx12 - UART_MOx6 | T2R

T2 C/T T2x12 | EXTRAM | SIST2

0x000000

TOx12: Used for setting the division factor of
Timer/Counter 0 timing/counting pulse.

0: The pulse period is 12 times the system
clock period, that is 1/12 frequency dividing,
which is just the same as traditional 8051 MCU.

1: The pulse period is equal to the system

clock period. That is no division here.
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6.1.2 Working Mode of Timer/Counter O

ERTATHEE TO M ITER X

Timer/Counter 0 can be configured into four
modes, Mode 0, Mode 1, Mode 2 and Mode3, by
setting M1 (TMOD.1) and MO (TMOD.0) in
TMOD. Timer/Counter 0 can work in any one of
the four modes. Where, Mode 1 and Mode 2 both
can be attained by Mode 0, while Mode 3 is rarely
used in practical application. Thus, only Mode 0
of Timer/ Counter 0 is introduced here.

Timer/Counter 0 works in Mode 0 when the
M1 and MO in TMOD are both “0”.

In Mode 0, the

configured in a 16-bit auto-reload timer/counter,

Timer/Counter 0 is

which is show as Figure 6.2. There are two hidden
registers RL_ THO and RL_TLO in Timer/Counter
0, which are used for storing the 16-bit reload
value. When the counter formed by THO and TLO
is overflow, the value of RL_THO and RL TLO
will be written into THO and TLO automatically.
RL_THO shares the same address with THO, so
does RL TLO and TLO. When (TRO=0), the
content written into THO and TLO will be written
into RL_TLO and RL_THO too. When (TR0)=1,
the content written into THO and TLO actually will
not be written into THO and TLO, but into
RL TLO and RL THO. Thus, TO will not be

affected in such way.

If(Cc/ T) =0, Timer/Counter 0 would be set

for Timer operation, and the multiplexer will

connect to the output of division clock.
Timer/Counter 0 will count the timing counting
pulse. Which kind of clock to be used is
determined by TOx12. When (T0x12) = 0, adopts
the clock after 12 times division (compatible with

traditional 8051 MCU); When (T0x12) = 1,

T™MOD M1l MO

/ TO 4
0 1 2
3 / TO 4
1 2 0
3
/ TO
0
TMOD Ml MO 0
/ TO 0
0 TO 16
/
6.2 TO
RL THO RL TLO 16
THO TLO
16 RL THO
RL TLO THO TLO
RL THO  THO
RL TLO  TLO
TRO 0 THO TLO
RL_THO
RL TLO TRO 1
THO TLO
RL THO RL TLO
THO TLO
TO
C/T=0
/ TO
TOx12
TOx12 0
12 8051
TOxI2 1
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adopts the system clock directly without division.

If(C/ T) =1, Timer/Counter 0 would be set C/T=1 / TO
for Counter operation. Timer/Counter 0 will count TO
the pulse input from pin TO.
GATE function: In general, GATE should be GATE
set to “0” so that Timer/Counter 0 works under the GATE 0 TO
control of TRO (1: start; 0: stop). Set GATE to “1” TRO TRO
only when the start of counting is controlled by ] TRO 0
external input INTO. According to Figure 6.2, if INTO
(GATE)=1, Timer/Counter 0 starts to count only GATE 6.2
when TRO is 1 and the input from INTO pin is GATE 1 TRO 1 INTO
high, which can facilitate pulse width / TO
measurement. GATE
AUXR.7/T0x12=0 = —
Sy
Toggle
IR
Figure 6.2 Timer/Counter Mode 0
0
Timing time = (M —Initial value of timer) x Clock cycle x 1207712
M=2'%=65536
E.g. Implement timing using TO Mode O, i TO 0
output a square wave with a clock period of 10ms in P1.0 10ms
pin P1.0.
Here gives the solution: ¥ TO 0
Using the TO Mode 0, thus, (TMOD) = 00H. TMOD=00H
Because the clock period of square wave is 10ms
10ms, the timing time of TO should be Sms. Reverse TO Sms Sms
the P1.0 every 5ms, which can attain such kind of P1.0
square wave output in pin P1.0. The system adopts a P1.0 10ms
12MHz oscillator, the division factor is 12 and the 12MHz
period of pulse clock is 1us. Thus, the initial value 12 lps Tl

of T1 is:
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X = M — Counting value = 65536 — 5000 = EC78H
That is: (THO) = ECH; (TL0) = 78H. THO=ECH TL0=78H
The reference C51 code is shown as below: C51
#include<reg51.h>
#define uchar unsigned char
#define uint unsigned int
sbit P10=P1/0;
void TO_init()

{
TMOD=0x00;
THO=0xec; /1 (65536-5000)/256
TLO0=0x78; /1 (65536-5000)%256
TRO=1; // Start TO TO
H
void main()
{
TO_init();
while(1)
{
if(TFO==1)
{
TF0=0;
P10=!P10;
H
}
}

6.2 Timer/Counter2 ERTEE T2

6.2.1 Structure of T2 ERTEE T2 B IZZEH

The structure of Timer/Counter 2 in STC15W201S
STC15W201S MCU is shown as Figure 6.3. T2 6.3 T2
Such structure is almost the same as TO in TO T2
general, but the working mode of T2 is fixed at 16

16-bit initial value auto-reloadable mode.

There are two hidden registers RL_TH2 T2 RL TH2
and RL TL2 in Timer/Counter 2, which are RL TL2 16 /
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used for storing the 16-bit reload value. When TH2 TL2 16
the counter formed by TH2 and TL2 is RL _TH2
overflow, the value of RL TH2 and RL TL2 RL_TL2 TH2 TL2
will be written into TH2 and TL2 automatically. RL_TH2 TH2
RL TH?2 shares the same address with TH2, so RL TL2 TL2 TR2
does RL TL2 and TL2. When (TR2)=0, the 0 TH2 TL2
content written into TH2 and TL2 will be RL TH2 RL TL2
written into RL_TL2 and RL TH2 too. When TR2 1 TH2 TL2
(TR2)=1, the content written into TH2 and TL2 RL TH2 RL _TL2
actually will not be written into TH2 and TL2, TH2 TL2
but into RL_TL2 and RL_TH2. Thus, T2 will T2
not be affected in such way. T2
T2 is not only used for timer and counter
but also Baud Rate Generator (BRG) for serial
port and programmable clock source.
AUXR 2/T2x12=0 — 12 Interra
Siys A
AUXR 2/T2x124 - Toggle
T2 Pin/P3 1 T\O%/f;;?@_(g b8 i) 3/0 E T
Control !

TR2

T2CLKO

RL_TL2 |RL_TH2
(8Dits) | (8Dits)

Figure 6.3 Functional Block Diagram of Timer T2

T2

6.2.2 Control Register for Timer/Counter 2
ERATEES T2 BRI S Fe5

The status registers of internal Timer/
Counter 2 in STC15W201S MCU are T2H and
T2L. The control and manage of T2 is
undertaken by SFRs AUXR, INT CLKO
(AUXR?2) and IE2. The SFRs related to T2 are
shown in Table 6.5.
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Table 6.5 SFRs related to T2

Address B7 | B6 | BS | B4 | B3 | B2 | Bl | B0 | ResetValue
T2H D6H T2 high 8-bit 0000.0000
T2L D7H T2 low 8-bit 0000.0000
AUXR 8EH TOx12 UART MOx6 | T2R | T2 C/T | T2xl12 S1ST2 0x00.00x0
INT_CLKO| 8FH EX4 EX3 EX2 T2CLKO TOCLKO | x000.x0x0
1E2 AFH ET2 000K, X0XX
(1) T2R: Timer 2 run control bit. 1 T2R / T2
0: Not run Timer 2. 0 T2
1: Run Timer 2. 1 T2
(2) T2_C/T : Counter or timer selector. 2 T2 C/T
0: As Timer (namely count on the internal 0 / T2
system clock or the clock 1/12 frequency 12
dividing).
1: As Counter (namely count on the 1 / T2
external pulse input from P3.1). P3.1
(3) T2x12: Timer 2 clock source bit. 3 T2x12
0: The clock source of Timer 2 is the 0 12
system clock 1/12 frequency dividing.
1: The clock source of Timer 2 is system 1
clock.
(4) T2CLKO: The output control bit of 4 T2CLKO / T2
Timer/Counter 2.
0: P3.0 is not configured for Timer 2 0 P3.0 /
programmable clock output port. T2
1: P3.0 is configured for Timer 2 1 P3.0 / T2
programmable clock output port.
(5) ET2: Timer 2 interrupt enable bit. 5 ET2 / T2
0: Timer 2 interrupt would be disabled. 0 / T2
1: Timer 2 interrupt would be enabled. 1 / T2
6.3 Application Notes for Timer in Practice
E B8 =AY N A 25451
The timer/counter of STC15W201S MCU STC15W201S /
is programmable. Thus, it should be initialized /

by software before timing or counting.
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The flow of application program is shown
as below:

(1) Assign a value to TMOD to set
working mode of TO.

(2) Assign a value to AUXR to set timing
pulse division factor (default 1/12 frequency
dividing, the same as traditional 8051).

(3) Calculate the initial values, and write
them into THO, TLO or TH2, TL2.

(4) In interrupt mode, assign a value to IE
or IE2, enable the interrupt, and manipulate IP
if necessary to determine the priority of all
interruption.

(5) Set TRO or TR2, start TO or T2 timing
or counting.

(6) Detect the overflow flag of timer/
counter; when the timer is timeout, arrange
tasks in schedule.

6.3.1

8051

TLO

T2

1 TMOD
2 AUXR
3

TH2 TL2
4
5 TRO
6 /

ERAT#EE (TO/T2) BIERTRFA

E.g. Light up LEDs circularly. Firstly, light
them up from left to right, and then from right to
left with an interval of 1 second. Setting the
interval by timer/counter of MCU is required.

Here gives the solution:

The hardware circuit, using port Pl to
output drive, active low, is simple, as shown in
Figure 6.4.

System adopts a 12MHz oscillator, and the
factor of frequency dividing is 12, that is, the
period of clock is 1us. By using Timer TO Mode
0, it can archieve 65.536ms, which is far from 1s.
Therefore, an approach using timing plus
accumulation is required to make TO implement
50ms timing. 1s is obtained after twenty times’

accumulations.
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STC15W201S vV

A} X

P1.0 Q} bt
A\

P1.1 K —
AN

P1.2 Kt —
A\

P13 K —
A\

P1.4 Kl =
AN

P1.5 K3 —

Figure 6.4 LED Display Circuit

The reference C51 program is shown as Csl time.c
below:
#include <REG51.H> // Include standard 51 head file 51
#include <intrins.h> /* Include subroutines of rotate left and rotate right
&
#define uchar unsigned char
#define uint unsigned int
uchar LED = Oxfe;
s Timing Subroutines Using T0------------------ Y
void DELAY (void) /* Delay Function 1s Is*/
{
uint i=0; /* Define 50ms accumulation variable
50ms ¥
TMOD = 0x00; // TO working mode 0 TO 0
THO = 0x3c; /1 (65536-50000)/256
TLO = 0xb0; // (65536-50000)%256
TRO =1; // Start Timer TO TO
while(i<20) /* Timeout after twenty times’ accumulations
20 ¥
{
while(TF0==0); // Check the overflow flag of TO TO
TFO0 = 0; // Clear the overflow flag of TO TO
i++; /* Got 1s after twenty times’ accumulations
50ms 1*/
H
TRO = 0; // Stop timer TO TO
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}
I Rotate Left Subroutine------------------ &7
void Left Shift(void)
{
P1=LED;
DELAY(); // Delay 1s
LED = crol (LED,1); // Rotate left for 1bit
}
I Rotate Right Subroutine ------------------ &
void Right Shift(void)
{
P1=LED;
LED = cror (LED,1); // Rotate right for 1bit
DELAY(); // Delay 1s
}
I Main Function------------------ &
void main(void)
{
uchar j;
while(1)
{
for(j=0;j<5;i++)
{
Left Shift ();
}
for(j=0;j<5;i++)
{
Right_Shift ();
}
}
}
6.3.2 Counting Application of Timer/Counter (T0/T2)
ERATEEE (TO/T2) B9H#N A
E.g. Flip the status of LED under the control 1 5
of MCU by five signal pulses input continuously. LED
Implemented by timer/counter of MCU is required. /
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Here gives the solution:

The hardware circuit using T2 is shown as

Figure 6.5.
o 5V LED
R g
— >
R2 10kQ

L

K
STC15W2018

Figure 6.5 Counter Control in Signal Light

Adopting the counting mode of TO Mode 0, T0 0
assign an initial value of FFFBH. Check the FFFBH
overflow flag after five input pulses and then TFO
control the P1.0 LED. P1.0 LED

The reference C51 program is shown as Cs51 count.c
below:

#include<stc15w201s.h> / Keil stc15w201s.h
sbit led =P170;
void TO_init (void)
{
THO = Oxff; // Overflow after five pulses 5
TLO = 0xfb;
TRO=1; // Start T2 counting T2
}
void main(void)
{
TO_init();
while(1)
{
while(TF0==0);  /* Check overflow flag. Wait until overflow
Y
TFO0 = 0;
led = ~led; /* Clear the flag after overflow. Reverse led
led &
h
}

6.5
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6.4 Programmable Clock Output &] 42 AT 4hih H ThEe

6.4.1 Programmable Clock ] 47204

In most of occasions, clock provided to
peripheral is required in application system. It can
reduce not only the cost of system but also the
space of PCB when a programmable clock is PCB
provided by MCU. The clock can be shut down
when clock is not required, which can reduce the

power consumption and the electromagnetic

radiation from clock as well. Two programmable STCI5W201S TOCL
clock output pins TOCLKO (P1.4) and T2CLKO KO Pl.4 T2CLKO P3.0 2
(P3.0) are added in STC15W201S, where the clock TOCLKO
frequency output from TOCLKO is controlled by / TO

the Timer/Counter 0 which should work in Mode 0 T0 0 2

or Mode 2 (data auto-reload mode), and the clock T2CLKO
frequency output from T2CLKO is controlled by / T2

the Timer/Counter 2.

1. Control of Programmable Clock Output 1. AJ4RFERTEhia A= Hl

The output of two programmable clocks is 2 INT CLKO
controlled by SFR INT CLKO, whose definition INT CLKO
is shown in Table 6.6. 6.6

Table 6.6 INT_CLKO

Address | B7 B6 B5 B4 B3 B2 Bl BO Reset Value
INT_CLKO
8FH | - EX4 EX3 EX2 - T2CLKO - TOCLKO | x000.x0x0

1) TOCLKO: Control Bit for Timer/Counter 0 1) TOCLKO: ERI/H#125 TO Fse
Clock Output iy EHIAL

0: P1.4 (TOCLKO) is not configured as 0 P1.4 (TOCLKO)
Timer/Counter 0 clock output port. / TO

1: P1.4 (TOCLKO) is configured as Timer/ 1 P1.4 (TOCLKO) /
Counter 0 clock output port. TO

2) T2CLKO: Control Bit for Timer/Counter 2 2) T2CLKO: ERT/3i+#18E T2 sk
Clock Output iy EHIAL

0: P3.0 (T2CLKO) is not configured as 0 P3.0 (T2CLKO)
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Timer/Counter 2 clock output port. / T2
1: P3.0 (T2CLKO) is configured as Timer/ I P3.0 (T2CLKO) /
Counter 2 clock output port. T2
2. Calculation of Programmable 2. WYRIERTERA LSRR R

Clock’s Frequency

The frequency of programmable clock is the
divided-by-2 frequency of timer/counter’s

overflow rate.

1) TO Output Clock 1) TO %yt A5
Frequency of TO output clock (TOCLKO) = T0 TOCLKO
TO overflow rate /2. 172 TO
If TO works in Mode 0 timing, TO 0
[RL THO, RL TLO]=x,
(T0x12)=0:

TOCLKO frequency = (fsys/12)/(65536 — x) /2
=fsys/[24%(65536 — x )]
(TOx12)=1:
TOCLKO frequency = fsys/(65536 — x )/2
=fsys/[2x (65536 — x ) ]
If TO works in Mode 0 counting, TO 0
[RL_THO, RL_TLO]=x,

TOCLKO frequency = (TO_PIN CLK)/(65536 —x )/2
= (T0_PIN_CLK)/[2x (65536 —x ) ]

NOTE TO0 PIN CLK is the frequency of pulse on input pin TO (P1.2) which is used for

Timer/Counter 0.
7E: TO_PIN_CLK # B/ 4 & TO 694+ 34 A\ 51 TO (P1.2) AR 6930 %,

2) T2 Output Clock 2) T2 &y ETed

Frequency of T2 output clock (T2CLKO) = T2 T2CLKO
T2 overflow rate 2. 172 T2

The calculation related refers to TO. T0

NOTE T2 PIN CLK is the frequency of pulse on input pin T2 (P3.1) which is used for

Timer/Counter 2.
7E: T2_PIN_CLK A & B/ 8 & T2 69+t 3 A\ 51l T2 (P3.1) S ABRAT 6990 %,

6.4.2 Application Instance for Programmable Clock

R 4RAE AT $hAY R A 25451

E.g. Output 115.2kHz, 51.2kHz clock from 151 P3.0 P14
P3.0, P1.4 respectively. 115.2kHz  51.2kHz
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Here gives the solution: i - 12MHz
Let the clock frequency be 12MHz, TO TO 0
works in Mode 0 timing, and no frequency
division. Timing pulse frequency for timers is TOx12
equal to system clock frequency, that is (TOx12) T2x12 1
= (T2x12) = 1. Calculate the initial value of
timers according to the calculation of
programmable clock output above:
T2H =FFH T2L =CCH
THO =FFH TLO =8BH
The reference C51 program is shown as C51
below:
#include<reg51.h>
sfr  INT_CLKO = 0x8F; /*Generate head file “stc15w201s.h”directly by STC-ISP online

program software STC-ISP
STC15W201S stc15w201s.h*/
sfr  AUXR =0x8E;  /* Change “reg51.h” to “stc15w201s.h”, and needn’t any definition
for new SFR “reg51.h” “stc15w201s.h”
Y

sftr  T2H = 0XD6;
sfr  T2L = 0Xd7;
main()
{

TMOD = 0x00;

AUXR = (AUXR|0x80); /* TO works in no frequency division mode

TO Y
AUXR = (AUXR|0x04) ; /* T2 works in no frequency division mode
T2 Y
T2H = 0xFF; /* Assign initial values to T2, TO
T2 TO &

T2L = 0xCC;

THO = OxFF;

TLO = 0x8B;

INT CLKO (WAKE CLKO|0x05);  /*Enable T0, T2 output clock

TO T2 Y

TRO=1; //Start TO TO

AUXR = (AUXR|0x10) ; // Start T2 T2

while(1); // Infinite loop
}
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Summary ZRE/NEZE

There are two universal programmable timer/counter TO and T2 in STC15W201S. The core
circuit of TO or T2 is 16-bit accumulator, corresponding to the 16-bit register [THO, TLO] and
register [T2H, T2L] in SFR. C/T in TMOD is used for setting the timing mode or counting
mode of the Timer/Counter 0. The difference between timing mode and counting mode lies in the
counting pulse. The counting pulse for timer is internal system clock or its divided-by-12 clock,
while the counting pulse for counter comes from input pulse from external counting pin. There
are four working modes for TO, no matter it is working as timer or counter, which is determined
by M1 and MO. That is

MI1/M0=0/0: Mode 0. A 16bit initial value reloadable timer/counter;
MI1/M0=0/1: Mode 1. A 16bit initial timer/counter;

MI1/M0=1/0: Mode 2. An 8bit initial value auto-reloadable timer/counter;
MI/MO=1/1: Mode 3. TO is divided into two separate 8bit timer/counter.

From the perspective of function, Mode 0 contains all the functions of Mode 1 and Mode 2.
Mode 3 is rarely used in practice, thus, Mode 0 is mostly used.

The start and stop of Timer/Counter O is controlled by the GATE in TMOD and TRO of
TCON. When GATE is “0”, the start and stop of Timer/Counter O is controlled by TRO only,
while when GATE is “17, the start and stop of Timer/Counter 0 is controlled by TRO and an
input from INTI together.

Timer/Counter 0 can provide a programmable clock, whose frequency is the divided-by-2
frequency of timer/counter’s overflow rate.

The circuit structure and management of Timer/Counter 2 in STC15W201S MCU are the
same as TO in general, but the working mode of T2 is fixed at 16-bit initial value auto-reloadable
mode.

Two programmable clock output pins TOCLKO (P1.4) and T2CLKO (P3.0) are added in
STC15W201S, where the clock frequency output from TOCLKO is controlled by the
Timer/Counter 0, and the clock frequency output from T2CLKO is controlled by the
Timer/Counter 2. T2 is not only used for timer and counter but also Baud Rate Generator (BRG)
for serial port and programmable clock source.

In general, there are Watchdog Timer and Power-down Wake-up Special Timer in

STC15W201S. These timers will be introduced in corresponding chapters.
Exercise %>l

1. Completions

1) There are 16-bit timer/counter.
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2) The external pulse count input pin of TO timer/counter is , and programmable
clock output pin is
3) The external pulse count input pin of T2 timer/counter is , and programmable

clock output pin is .

4) The core circuit of timer/counter of STC15W201S MCU is . When TO is
working at timer mode, the pulse count of counting circuit is ; when TO is working at
counter mode, the pulse count of counting circuit is

5) The overflow flag of TO timer/counter is , and its control bit of start-stop
is

6) The overflow flag of T2 timer/counter is , and its control bit of start-stop
is .

7) There are working mode in TO, while in T2, and the working mode
options are and

2. Choice Questions

1) TO is working at MODE and status.
A 2, timing B 1, timing
C 1, counting D 0, timing
2) The pulse count of TO is when TMOD= 00H and TOx12=1.

A System clock
B System clock after 12-frequency-division
C Signal from P3.4 pin
D Signal from P3.5 pin
3) TO will be active when TMOD=08H and .
A TRO=1
B TRI=I1
C TRO=1 and INTO pin(P3.2) is active high
D TRO=1 and INT1 pin(P3.3) is active high
4) The values of THO, TLO, RL THO, RL TLO will be  after the execution of
“THO=0x3c;TLO= 0xb0;” when THO=01H, TL0O=22H, TRO=1.
A 3CH, BOH, 3CH, BOH
B 01H, 22H, 3CH, BOH
C 3CH, BOH, unchanged, unchanged
D 01H, 22H, unchanged, unchanged
5) The values of THO, TLO, RL_THO, RL TLO will be_  after the execution of
“THO=0x3c;TLO= 0xb0; ” when THO=01H, TL0=22H, TR0=0.
A 3CH, BOH, 3CH, BOH
B 01H, 22H, 3CH, BOH
C 3CH, BOH, unchanged, unchanged
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D 01H, 22H, unchanged, unchanged

3. True or False

1) The core circuit of STC15W201S MCU timer/counter is counting circuit. ( )

2) The pulse count is system clock when the timer/counter in STC15W201S MCU is
working at timing mode. ( )

3) The interrupt request flag of STC15W201S MCU timer/counter TO is TFO. ( )

4) The overflow flag and the interrupt request flag of STC15W201S MCU timer/counter
are different. ( )

5) The overflow flag of STC15W201S MCU timer/counter T2 is implicit. ( )

6) The start-stop of STC15W201S MCU timer/counter TO is controlled by TRO only.
«C )

7) The STC15W201S MCU timer/counter T2 is fixed to a 16-bit initial value reloadable
timer/counter. ( )

4. Question and Answer

1) What are the differences and similarities between timing and counting mode in
STC15W201S MCU timer/counter?

2) What’s the control principle of the start-stop of STC15W201S MCU timer/counter?

3) What’s the computing formula when the TO is working at Mode 0?

4) What should the initial value of TO be when TMOD=00H, TOx12=1 and TO timing
10ms?

5) What’s the difference of the assignment between THO and TL when TRO=1 and TR0=0?
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W7o STC15W201S bl

v Wi &R 5t

Interrupt which was issued in the 1950s, is an
important technology in computer. It is concerned
with both hardware and software. With the help of
interrupt, tasks in computer became more flexible
and more efficient. The physical base for the
management schedule of modern computer
operating system is the plentiful interrupt functions
and perfect interrupt system. Conflict occurs when
CPU faces multi-tasking, while interrupt is a
resource sharing technology essentially. The
appearance of interrupt technology improves the
development and application of computer greatly.
Therefore, the competence of interrupt function is
the key indicator which measures whether the

computer is faultless or not.

20 50

CPU

7.1 Overview of Interrupt System it Z G i 14

7.1.1 Some Concepts of Interrupt System =i 2% 19L&

1. Interrupt

In systems programming, an interrupt is a signal to
the processor emitted by hardware indicating an external

1.
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or internal event that needs immediate attention. An
interrupt alerts the processor to a high-priority condition
requiring the interruption of the current code the
processor is executing (the current thread). The CPU CPU
responds by suspending its current activities, saving its 7.1
state, and executing an interrupt handling also known as
an Interrupt Service Routine (ISR) to deal with the event. 7.1 Db
This interruption is temporary, and after the interrupt
handling finishes, the CPU resumes execution of the
previous thread. The flow of interrupt response is shown
in Figure7.1(a), where the multi-interrupt is shown in
Figure 7.1(b).
A full interrupt process consists of 4 steps: interrupt
request, interrupt response, interrupt service and return
from interrupt (RETI).
Take the following case for example: when a
manager is handling files, a phone comes (interrupt
request), he has to mark the current state (breakpoint
address, address for return as well), pause the current
work to answer the call (interrupt response), handle the
request from call (interrupt service), and then, calm
down (return to the previous state), and go on handling
the files (interrupt return).

:
<
&0 i & it SO %
EH | o £ &
=M & =H R
< =3
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8 i
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g E | & g 528 &
s iod & =)
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(a) (b)

Figure 7.1 Diagram of Interrupt Response Process

- 147 -



BFRAREIRIE

2. Interrupt Source

The source causes interruption of CPU. The
handling request sent to CPU from interrupt
source is called Interrupt Request.

3. Interrupt Priority

If there are some interrupt requests at the
same time, there occurs a problem that to which
interrupt the CPU should response first. Thus,
priority for interrupt is established. The high
priority interrupt gets response preferentially.

4. Interrupt Nesting

A high priority interrupt could break the low
priority interrupt service routine. The CPU
suspends the current low priority interrupt
response activities to deal with high priority
interrupt. After the interrupt handling finishes,
the CPU resumes execution of the previous low
priority interrupt ISR. That is interrupt nesting,
which is shown in Figure 7.1 (b).

7.1.2  Superiority of Interrupt Technology — H#fi#5 AR I EE

(1)Solve the contradiction between fast
CPU and slow peripheral; make the CPU and
peripheral work in parallel.

Because many peripherals work slowly in
application system, interrupt is used to
coordinate the work between fast CPU and slow
peripherals.

(2)Handle a number of random parameters
and information in control system.

Real-time control can be archieved by
interrupt. The analysis and calculation task
issued randomly by controlled object is required
to be handled in time in real-time control. In
automatic control system, the request of any
controlled object is able to be sent to CPU in any

- 148 -

2. HhERiR

CPU
CPU

3. HEMLESR (B

CPU
CPU
4, hERE
CPU
71 b

1 CPU
CPU

CPU

CPU



Unit 7 Interrupt System of STC15W201S

time, and CPU should make a response rapidly
and handle in time.

(3)Have the ability to handle failure and
improve the reliability.

Such factors as the external disturb and the
design deficiency in hardware or software,
hardware problem, calculating error and software
failure would occur in practice. Computer can
detect the errors in time and fix them
automatically due to interrupt technology.

(4)Human-Computer Interaction.

Interrupt can be issued to MCU by key
-board to interfere MCU in real time.

7.1.3 Problems Need to be Solved in Interrupt System

R R Gt R E AR AY B

The implementation of interrupt technology
relies on a perfect interrupt system. The
problems need to be solved in interrupt system is
such as below.

(1) A register is needed to record the
interrupt request from interrupt source. That is
interrupt request flag.

(2) The interrupt request signal can be
masked. Mask and unmask to interrupt request
signal can be managed flexibly.

(3) When an interrupt request comes, CPU
can response rapidly by suspending the current
task and turn to Interrupt Service Routine (ISR).
CPU can return to previous task after ISR
finishes.

(4) If there are some interrupt requests at
the same time, interrupt priority is managed to
ensure that priority interrupt is able to receive
response preferentially.

(5) A high priority interrupt could break the
low priority ISR. The CPU suspends the current
low priority interrupt response activities to deal

[\

CPU

CPU
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with high priority interrupt. After the interrupt

handling finishes, the CPU resumes execution of

the previous low priority interrupt ISR. That is

interrupt nesting.

7.2

A full interrupt process consists of 4 steps:
interrupt request, interrupt response, interrupt
service and return from interrupt (RETI). The
interrupt system of STC15W201S is introduced
below according to the interrupt process.

7.2.1 Interrupt Request

As is shown in Figure 7.2, there are ten
interrupt request sources and two priority levels
in STC15W201S MCU, which can implement
two-level nested interrupt service. The interrupt
enabling registers IE, IE2, INT CLKO and
CMPCRI1 residing in internal SFRs are used for
controlling CPU whether to response interrupt
request or not. The interrupt priority register IP is
used for arranging priorities of all interrupt
sources. The response order of interrupts in the

same priority level is determined by the internal
query logic.

1. Interrupt Request Source

There are ten interrupt sources in
STC15W2018S, they are:

(1) External interrupt 0 (INTO): Input from
pin P3.2. ITO is used for setting the triggering
method of interrupt request. When ITO is “17,
INTO is triggered Negative Edge; when ITO is
“0”, INTO is triggered both Negative Edge and

Positive Edge. Set IEO flag and send request to
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CPU once the input signal is valid. IEO CPU
Interrupt Enable | | Interrupt Priority Lowest Priority
Control Registers | | Control Registers Level Interrupt
Meas interrupt can Hich .
L. ghest Priority
ge_nerate OnmsINg, 1v INT CLKO.IE2 [P1P2 Level Interrupt
falling, or both edges. =
TCON.O0/TO=0 X0 PX0 0 /‘
INTO —o— IE(H—o—"o o—g 1 .
TCON.OATO=I high
ETO PTO 0
Timer0/TFO L o dio o 1
TCON.z/m:o EXI PX1 0
INTI —o— [EIH—"— o g 1
TCON 2/IT1=1
RI _OES_C/ P% 0 Interrupt
UARTUST o ——] — 1
T ° oo Polling
Sequence
LVDF ELVD PLVD 0
—t O O\C I
_ . EX, 2 y Non interrupt priority control bit,
INT2 EX3 ° Interrupt priority level is fixed to 0
pt y Non interrupt priority control bit,
INT3 . °© Interrupt priority level is fixed to 0
ET, 2 v Non interrupt priority control bit,
T2 EX4 °© Interrupt priority level is fixed to 0
W . > Ao Non interrupt Pnom) c.onlrol bit,
Interrupt priority level is fixed to 0
PIE= — low
Non interrupt priority control bit,
Comparator—O’ CMPIE I o Interrupt priority level is fixed to 0
NIE=1 At EA:Global Enable
Figure 7.2 Interrupt Structure of STC15W210S
STC15W201S
(2) External interrupt 1 (INT1): Input from 2 1 INTI
pin P3.3. IT1 is used for setting the triggering P3.3 IT1
method of interrupt request. When IT1 is “17, IT1T “*<1°~
INT1 is triggered by Negative Edge; when IT1 is 1 IT1
“0”, INTI is triggered both by Negative Edge €07~
and Positive Edge. Set IE1 flag and send request 1
to CPU once the input signal is valid. IE] CPU
(3) Timer/Counter 0 overflow interrupt: 3 / TO
When the Timer/Counter 0 is overflow, the / TO
Timer/Counter 0 overflow interrupt request flag TO TFO
TFO is set and an interrupt request is sent to CPU. CPU
(4) Serial port interrupt: RI is set after a 4
serial line frame is received or TI is set after a RI

-151 -



BFRAREIRIE

serial line frame is transmitted, and an interrupt
request is sent to CPU.

(5) On-chip Low Voltage Detection (LVD)
interrupt: LVDF is set when low voltage is
detected. There is process of voltage rising in
power-on reset, and LVDF is set when low
voltage is detected in this stage, and an interrupt
request is sent to CPU. After power-on reset,
LVDF will be “1”. It should be cleared first and
detected again several system clocks later.

(6) External interrupt 2 (INT2): Negative

Edge active. An interrupt request is sent to CPU
once the input signal is valid. The priority is
fixed in low priority.

(7) External interrupt 3 (IN_T3): Negative
Edge active. An interrupt request is sent to CPU
once the input signal is valid. The priority is
fixed in low priority.

(8) Timer 2 (T2) interrupt: When the T2 is
overflow, an interrupt request is sent to CPU. The
priority is fixed in low priority.

(9) External interrupt 4 (W): Negative
Edge active. An interrupt request is sent to CPU
once the input signal is valid. The priority is
fixed in low priority.

(10) Comparator interrupt: When the
comparison result is from low to high and PIE is
set to “1”, or, when the comparison result is from
high to low and comparator interrupt flag is set to
“1”, an interrupt request is sent to CPU. The

priority is fixed in low priority.
2. Interrupt Request Flag

The interrupt request flags of all the ten
interrupts are stored in registers TCON, SCON,
PCON and CMPCRI1, which can be seen in Table
7.1. Where the interrupt request flags of external
interrupt 2 (ﬁ), external interrupt 3 (INT3)
and external interrupt 4 (ﬁ), which are hidden
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and invisible to user, will be cleared when the

corresponding interrupt is served or EXn = 0 (n =
2, 3, 4). The interrupt request flag of T2 is hidden
and invisible as well. When the interrupt of T2 is
served or (ET2) = 0, this flag will be cleared

automatically.

EXn=0 n=2 3 4

T2

ET2=0

Table 7.1 Interrupt Request Flags of The Ten Interrupt Sources in STC15W201S MCU
STC15W201S # 5 #H1A 10 AN BTRE A P BTHE R AR GL

Address B7 B6 B5 B4 B3 B2 Bl BO Reset Value

TCON 88H - - TFO TRO 1E1 IT1 1E0 1TO 0000 0000
SCON 98H SMO/FE SM1 SM2 REN | TBS RB8 TI RI 0000 0000
PCON 87H SMOD SMODO | LVDF | POF | GFl GFO0 PD IDL 0011 0000
CMPCR1 E6H CMPEN CMPIF PIE NIE PIS NIS CMPOE CMPRE 0000 1001

1) Interrupt Request Flag in TCON

1) TCON FHFaEhay P EiE

RER&

TCON is the Timer/Counter 0 and 1 control TCON TO  TI
register, and lock the overflow interrupt request flag TO TI
of TO and T1 and the interrupt request of INTO and 0
INT1. The control bit related to interrupt is shown in 1
Table 7.2. 7.2

Table 7.2 TCON
Address B7 B6 B5S B4 B3 B2 Bl BO Reset Value
TCON
88H - - TFO TRO IEI ITI IE0 ITO 0000 0000

()TFO: TO overflow flag. Set by 1 TFO TO
hardware on TO overflow and send interrupt TO 1
request to CPU. This flag can be cleared by TFO CPU
software but is automatically by hardware CPU
when the corresponding interrupt service
routine has been processed.

(2)IE1: External interrupt 1 request flag. 2 1El 1
Set by hardware when the input signal from INT1 P3.3
pin INT1 meets the requirement of trigger. IE1

This flag is automatically cleared when the
corresponding interrupt service routine has

been processed.
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(3)IT1: External interrupt 1 type select
bit.

0: INT1 is both rising and falling edges
triggered. Set IE1 when rising or falling
signal is detected in INT1 input by CPU. This
flag is automatically cleared when the
corresponding interrupt service routine has

been processed.

1: INT1 is falling edge triggered only.
Set IE1 when falling signal is detected in
INT1 input by CPU. This flag is
automatically cleared when the corresponding

interrupt service routine has been processed.

(4)IEO: External interrupt 0 request flag.
The operation is the same as IE1.
(5)ITO: External interrupt 0 type select
bit. The operation is the same as IT1.
2) Interrupt Request Flag in SCON
The lower two bits, TI and RI, are used for

latching the tramsmit interrupt request flag and

3 IT1 1
ITI=0
CPU
IE1
ITl=1
1 INTI
4 IEO 0
IE1
5 ITO 0
IT1

INTI

1 INTI

CPU

IE1

2) SCON FF=FhayhEnEKIRE

SCON 2 RI TI

receive interrupt request flag respectively, which 7.3
are shown in Table 7.3.
Table 7.3 SCON
Address B7 B6 BS B4 B3 B2 Bl BO Reset Value
SCON
98H SMOFE | SMI | SM2 | REN TBS RB8 TI RI 0000 0000
(1)TL: Transmit interrupt request flag. Start 1 TI
transmitting when a byte of data has been written into CPU
transmit buffer SBUF. Set by hardware once a serial SBUF
line frame is sent. This flag will not be cleared when TI
the corresponding interrupt service routine has been CPU
processed and must be cleared by software. TI
(2)RI: Receive interrupt request flag. Set by 2 RI

hardware once a serial line frame is sent when the

serial port is enabling receiving. This flag will not be
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cleared when the corresponding interrupt service RI CpPU
routine has been processed and must be cleared by RI
software.
3) Interrupt Request Flag in PCON 3) PCON H&F&H B EIE
RIRE

NOTE PCON is power control register, where bit B5 is the interrupt request of LVD

interrupt source, which is shown in Table 7.4.

E: PCON R 9 Ri=41F A%, L+ B542H LVD FHR& PHriF£inE, Lk 74,

LVDF: On-chip Low-voltage Detection Flag. LVDF
Once the low voltage condition is detected, set
LVDF. This flag must be cleared by software LVDF=1 LVDF

Table 7.4 PCON

Address Reset Value
B7 B6 B5 B4 B3 B2 Bl BO
PCON
87H SMOD | SMODO | LVDE | POF | GFl GF0 PD | IDL 001100008
4) Interrupt request flag in CMPCR1 4) CMPCR1 R EiEKIrE
CMPIF: Comparator Interrupt Flag. If the CMPIF
comparing result has changed from low to high and PIE

PIE has been set to“1” simultaneously, or, if the 1

comparing result has changed from high to low and NIE 1
NIE has been set to “17”, set CMPIF. This flag will 1 CPU
not be cleared when the corresponding interrupt CMPIF
service routine has been processed and must be 7.5

cleared by software, which is shown in Table 7.5.

Table 7.5 CMPCR1

Address Reset Value
B7 B6 B5 B4 B3 B2 B1 BO
CMPCRI1
E6H CMPEN CMPIF PIE NIE PIS NIS CMPOE CMPRE 0000 1001
3. Interrupt Enable Control 3. FEF RIS

There are two kinds of interrupts in
computer interrupt system: one is unmaskable
interrupt, the other is maskable interrupt. CPU

must response to the unmaskable interrupt and
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unmaskable interrupt can’t be disabled by

software. While the maskable interrupt can be

disabled and enabled by software, which is

called interrupt mask and interrupt open. The ten

interrupt sources

in STC15W201S are all

maskable. There are four specific registers IE,
IE2, INT CLKO and CMPCRI1

controlling the open or mask of all interrupt

source. The detail can be seen in Table 7.6.

used for

CPU
10
IE 1IE2
CPU
7.6

4

STC15W201S

INT CLKO CMPCRI

Table 7.6 Interrupt Enable Control Bits = i i1 iz
Addr B7 B6 BS B4 B3 B2 Bl BO Reset Value
IE ASH EA ELVD | - ES EX1 ETO EX0 00x0 0000
IE2 AFH ET2 Xxxx X000
INT_CLKO| 8FH EX4 | EX3 | EX2 T2CLKO TOCLKO X000 0000
CMPCR1 | E6H | CMPEN | CMPIF | PIE | NIE | PIS NIS CMPOE | CMPRE 0000 1001
(1) EA: Control bit for all interrupt. 1 EA
0: Disable all interrupt; EA=0 EA=1
1: Each interrupt source would be individually CPU
enabled or disabled by setting or clearing its enable
bit.
(2) ELVD: Low voltage detection interrupt 2 ELVD
enable bit. LVD ELVD=0
0: Low voltage detection interrupt would be LVD ELVD= 1 LVD
disabled;
1: Low voltage detection interrupt would be
enabled.
(3) ES: Serial Port interrupt enable bit. 3 ES
0: Interrupt would be disabled; ES=0 ES=1
1: Interrupt would be enabled.
(4) EX1: External interrupt 1 enable bit. 4 EXI I
1: Interrupt would be enabled; EX1=1 1
0: Interrupt would be disabled. EX1=0 1
(5) ETO: Timer 0 interrupt enable bit. 5 ETO TO
1: Interrupt would be enabled; ETO= 1 TO ET0=0
0: Interrupt would be disabled. TO
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(6) EXO0: External interrupt 0 enable bit. 6 EXO0 0
1: Interrupt would be enabled; EX0=1 0
0: Interrupt would be disabled. EX0=0 0
(7) ET2: Timer 2 interrupt enable bit. 7 ET2 T2
1: Interrupt would be enabled; ET2=1 T2 ET2=0
0: Interrupt would be disabled. T2
(8) EX4: External interrupt 4 enable bit. 8 EX4 4
1: Interrupt would be enabled; EX4=1 4
0: Interrupt would be disabled. EX4=0 4
(9) EX3: External interrupt 3 enable bit. 9 EX3 3
1: Interrupt would be enabled; EX3=1 3
0: Interrupt would be disabled. EX3=0 3
(10) EX2: External interrupt 2 enable bit. 10 EX2 2
1: Interrupt would be enabled; EX2=1
0: Interrupt would be disabled. 2 EX2=0 2
(11) PIE, NIE: If the comparing result has
changed from low to high and PIE has been set to 11 PIE NIE PIE
“I”’simultaneously, enable the comparator Interrupt. 1
If the comparing result has changed from high to NIE 1
low and NIE has been set to “l1”, enable the
comparator Interrupt.
4. Interrupt Priority Control 4. hEESCRYIES
In STC15W201S MCU, all interrupts can be STC15W201S
individually programmed to two levels priority 2 3 T2
interrupt that can form interrupt nesting, except 4
External interrupt 2, External interrupt 3, Timer
interrupt 2, External interrupt 4 and Serial Port 2
interrupt, which are fixed at low priority. SFR IP is IP
an interrupt priority control register used for setting
interrupt priority which is shown in Table 7.7. 7.7
Table 7.7 Interrupt Priority Control Register Rl ScizH 5 755
» Address B7 B6 BS B4 B3 B2 Bl BO Reset Value
BSH - PLVD - PS PX1 PTO PX0 0000 0000
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(1)PXO0: External interrupt O priority
control bit.
0: Interrupt is assigned low priority;
1: Interrupt is assigned high priority.
(2) PTO: Timer/Counter O interrupt
priority control bit.

0: Interrupt is assigned low priority;

1: Interrupt is assigned high priority.

(3) PXI1: External interrupt 1 priority
control bit.

0: Interrupt is assigned low priority;

1: Interrupt is assigned high priority.

(4) PS: Serial Port interrupt priority
control bit.

0: Interrupt is assigned low priority;

1: Interrupt is assigned high priority.

(5) PLVD: Low voltage detection
interrupt priority control bit.

0: Interrupt is assigned low priority;

1: Interrupt is assigned high priority.

All the interrupt resources are set to
low priority by clearing the priority
control bits to “0” after reset.

If interrupt requests of the same
priority level come simultaneously, an
internal polling sequence determines
which request could get response first
through internal hardware query logic.

The polling sequence is shown as below.
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Interrupt sources Priority of interrupt in the same level
External interrupt 0 0 Highest

Timer 0 interrupt TO

External interrupt 1 1

Serial Port interrupt
LVD interrupt LVD
External interrupt 2

External interrupt 3 3

Timer 2 interrupt T2

External interrupt 4 4 v
Comparator interrupt Lowest

7.2.2 Interrupt Response, Interrupt Service and Return From
Interrupt BT . PETARSS S P EfIRE]

The interrupt is that CPU responses to interrupt CPU
request, including breakpoint protection and jumping
to vector address for ISR. CPU can’t response
interrupt at always, except that when response CPU
condition is fulfilled.

1. Timing of Interrupt Response 1. oG R B8] 5] RR

When the interrupt is enabled, CPU should
response to the interrupt request except the cases CPU
below which will block the interrupt response and
CPU response time in some degree.

CPU

(1)An interrupt of equal or higher priority 1 CPU
level is already in progress.

(2)The instruction in progress is RETI (return 2 RETI
from interrupt) or accessing registers related to
interrupt such as IE or IP. IE IP

W

(3)The current instruction is not finished yet.
Any of these conditions above will abolish the
interrupt query. CPU doesn’t response to interrupt CPU
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and go on querying in next instruction cycle. CPU
will take response to interrupt in the next cycle CPU
when the condition is fulfilled.
In the last cycle of every instruction, CPU
samples every interrupt and set corresponding CPU
interrupt flag: CPU will poll all flags in the last CPU
cycle of the next instruction cycle according to the
priority polling sequence, if one of the flag is 1
active, the corresponding interrupt will be served
in the next instruction cycle according to the

priority.
2. Interrupt Response Process 2. ThEfia SR

The interrupt response process consists of
breakpoint protection and jumping to the vector
address for ISR.
The corresponding priority state register will CPU
be set to “1” when CPU responses to interrupt and 1
an instruction Long Subroutine Call (LCALL) is LCALL
generated by hardware which will first push the
breakpoint address into stack, and then deliver the
vector address of ISR to Program Counter (PC), PC
which turns the process to ISR.

The vector addresses for all interrupt sources STCI15W201S
of STC15W201S are preseted by hardware, as
shown in Table 7.8. 7.8

Table 7.8 Vector Addresses for All Interrupt Sources (Interrupt Vector)
ZHPETE R EE AN Ot (=)

Interrupt Source  FRETIE Vector Address (Interrupt Vector) #fEIZit | Interrupt Number H#fS
External Interrupt O 0 0003H 0
Timer O Interrupt TO 000BH 1
External Interrupt 1 1 0013H 2
Serial Port Interrupt 0023H 4
LVD Interrupt 0033H 6
External Interrupt 2 2 0053H 10
External Interrupt 3 3 005BH 11
Timer 2 Interrupt T2 0063H 12
External Interrupt 4 4 0083H 16
Comparator Interrupt 00ABH 21
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An unconditional transfer instruction always
will be arranged to vector address in practice to
make program jump to the start address of ISR
arranged by user.

E.g.

ORG 000BH TO interrupt entrance  TO

LIMP TO ISR Jump to TO ISR TO
Interrupt number is used for distinguishing all C

interrupt sources in C program. Thus, in interrupt
function, interrupt number and interrupt source is
one-to-one mapping, which can’t be confused.

E.g.

void INTO ISR wvoid interrupt O {} /*Interrupt function of External Interrupt 0
0 i/

void Timer0 ISR void interrupt 1 {} I TO 5

void INTI ISR void interrupt?2 {} /*Interrupt function of External Interrupt 1
1 &

void UART ISR void interrupt4 {} /*Interrupt function of Serial Port Interrupt

i/
void LVD ISR void interrupt 6 {} /*Interrupt function of LVD Interrupt
LVD &

void INT2 ISR wvoid interrupt 10 {} /*Interrupt function of External Interrupt 2
2 &

void INT3 ISR void interruptll {} /*Interrupt function of External Interrupt 3
3 &

void Timer2 ISR void interrupt 12 {} /*Interrupt function of T2 T2

i/

void INT4 ISR void interrupt 16 {} /*Interrupt function of External Interrupt 4
4 &

void CMP ISR void interrupt 21 {} /*Interrupt function of External Interrupt 0

Y

NOTE: Interrupt function name is user defined, while interrupt number is fixed.

A PHRKERERA P AGEXG, BEPEIR T 5B M,

3. Withdraw Interrupt 3. PEMERIREREBREIRE

CPU enters ISR once response to interrupt CPU

request. CPU should withdraw interrupt request
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before RETI, or it will retrigger interrupt again
and error occurs. There are different ways for
withdrawing interrupts.

1) Timer Interrupt Withdrawing

Timer/Counter 0 overflow interrupt flag
TFO will be cleared by hardware after CPU’s
response. No further operation needs.

However the interrupt request flag of
Timer/Counter 2 is hidden, and invisible. These
interrupt request flags will be cleared
automatically after ISR.

2)Serial Port Interrupt Withdrawing

For Serial Port Interrupt, the interrupt
request flag TI or RI won’t be cleared by
hardware after CPU’s response. They must be
cleared by software in ISR after distinguishing
that the interrupt was caused by TI or RI.

3)External Interrupt 0~4 Withdrawing

The triggering ways of External Interrupt 0
and 1 can be configured by ITx (x=0, 1), with
edge triggering. Interrupt flag IEO or IE1 will be
cleared by hardware after CPU’s response. No
further operation needed.

The interrupt request flags of external
interrupt 2, 3 and 4 are hidden and invisible.
These interrupt request flags will be cleared
automatically after ISR.

4)LVD Interrupt Withdrawing

The interrupt flag of LVD Interrupt which
won’t be cleared automatically after response
needs to be cleared by software.

5)Comparator Interrupt Withdrawing

The interrupt flag of Comparator Interrupt
which won’t be cleared automatically after

response needs to be cleared by software.
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4. Interrupt Service and Return From

Interrupt

Interrupt service and return from interrupt
are implemented through executing Interrupt
Service Routine (ISR). The ISR, which proceeds
from vector address until RETI instruction is
encountered, consists of Interrupt Context
Saving, Interrupt Service, Interrupt Context
Recovery and Return from Interrupt.

Interrupt Context Saving: Accumulator A,
program status word registers PSW and other
registers are used in both main program and ISR.
However, the context stored in those registers
will be destroyed when the registers are used in
ISR, which will cause error after recovery from
ISR. Thus, the context in the registers that needs
saving will be pushed into stack before executing
ISR, which is called Interrupt Context Saving.

Interrupt Service: Kernel of ISR. Interrupt
source and request work here.

Interrupt Context Recovery: After ISR, the
context that had been pushed in stack at Interrupt
Context Saving stage is popped from stack in

reverse order.

Return from Interrupt: CPU returns to the
original location (breakpoint) in the main
program after ISR. Return from Interrupt is
executed by RETI instruction, which will pop
the breakpoint address from stack into Program
Counter (PC) , besides, inform interrupt system
that interrupt service is accomplished and clear
the priority status register simultaneously. Pay
special attention to that RETI instruction can’t
be replaced by RET instruction.

In C51 programing, Interrupt Context Saving,
Interrupt Context Recovery and Interrupt Context
Recovery is not needed in interrupt function but the
context of Interrupt Service.

4. thiffkss S P ETEE]

““RETI””
A
PSW CPU
RETI
PC
““RET?” ““RETI””
C51

- 163 -



BFRAREIRIE

7.2.3 Applications of Interrupt =75 F 24431

E.g. Timing using Timer/Counter 0 Mode 0, 151
output a square wave with a cycle of 10ms,
implement by interrupt. 10ms
Solution: The detection of overflow flag of T2

TO changes to interrupt from query.
The reference C51 program is shown below: C51
#include<reg51.h>
#define uchar unsigned char
#define uint unsigned int
sbit P10=P170;

[ TO Initial Function--------- &

void TO_init()

{
TMOD=0x00;
THO=0xec; /1 (65536-5000)/256
TLO=0x78; /1 (65536-5000)%256
ETO=1; // Enable TO interrupt
EA=1; // Enable CPU interrupt CPU
TRO=1; // Start TO TO

}

A TO Initial Function --------- &

void main()

{
TO_init();
while(1)
}
R TO Interrupt Function--------- &

void Timer0 ISR void interrupt 1

P10=!P10; /[ 5Sms P1.0

E.g. Input single pulse from External 1l
Interrupt 0 (INTO), light LEDs (Low level drive) in
P1 port bit-by-bit every negative pulse.
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Solution: Use INTO and adopt negative edge fi# : 0
trigger way; Set the initial value of LED’s drive to LED
FEH because of low level drive. LED

The reference C51 program (int0.c) is shown FEH
below: C51 int0.c

#include <REG51.H> // include 8051 register head file 8051
unsigned char 1= 0xfe;

[ External Interrupt 0 Function------------------- &

void int0_isr( ) interrupt O

{
Pl=1i;
1<<=1;
if(i==0x80) 1= Oxfe; /* After 6 times’ shifting, “i” changes to “80”, needs
reassignment 6 i 80 &
}
I Main Function &
void main(void)
{
ITO=1; //Set negative edge trigger
EX0=1; // Enable INTO 0
EA=1;
while(1); /!
}

Summary ZRE/NEZS

The concept of interrupt, which was issued in the 1950s, is an important technology in
computer. It is concerned with both hardware and software. In the help of interrupt, the task in
computer became more flexible and more efficient. The physical base for the management
schedule of modern computer operating system is the plentiful interrupt functions and perfect
interrupt system. Conflict occurs when CPU face multitasking, while interrupt is a resource
sharing technology essentially. The appearance of interrupt technology improves the
development and application of computer greatly. Therefore, the competence of interrupt function
is the key indicator which measures whether the computer is faultless or not.

A full interrupt process consists of 4 steps: interrupt request, interrupt response, interrupt
service and return from interrupt (RETI).

There are ten interrupt request sources and two priority levels in STC15W201S MCU,
which can implement two-level nested interrupt service. The interrupt enabling registers IE, IE2,
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INT CLKO and CMPCRI1 residing in internal SFRs are used for controlling CPU whether to
response interrupt request or not. The interrupt priority register IP is used for arranging priorities
of all interrupt sources. The response order of interrupts in the same priority level is determined

by the internal query logic.
Exercise % >] il

1. Completions

1) The service mode from CPU to I/O including , and DMA.

2) An interruption process includes interrupt request, and RETL.

3) In interruption mode, CPU and I/O device are working

4) According to the response of CPU, interrupt request is divided into and
All the interrupts in STC15W201S belong to .

5) When requires TO interrupt, besides ETO setto 1,  should be set to 1.

6) The interrupt priority of STC15W201S is divided into levels. When the interrupt
are at the same priority level, the first 5 interrupt are , TO interrupt, , and
serial port interrupt from high to low.

7) The interrupt request signal input pin of external interrupt O is . The interrupt
request signal input pin of external interrupt 1 is . The trigger modes of external interrupt 0
and external interrupt 1 are and . The trigger mode of external interrupt 0 is
when IT0=1.

8) The keyword of interrupt function definition is

9) The interrupt vector and number of external interrupt O are and
separately.

10) The interrupt vector and number of external interrupt 1 are and
separately.

11) The interrupt vector and number of TO are and separately.

12) The interrupt vector and number of T2 are and separately.

13) The interrupt vector and number of TO are and separately.

14) The interrupt vector and number of serial port interrupt are and
separately.

15) The timer/counter of STC15W201S is working at mode and initial value is set
to  extends the external interrupt source, and the counting input pin of the timer/counter is

the external interrupt request signal input pin.
2. Choice Questions

1) After the execution of “EA=1;EX0=1;EX1=1;ES=1;”, which one below is correct?
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External interrupt 0, external interrupt 1 and serial port interrupt are enable
External interrupt 0, TO and serial port interrupt are enable

O = >

External interrupt 0, T2 and serial port interrupt are enable
D TO, T2 and serial port interrupt are enable
2) After the execution of “PS=1;PT0=1;", according to the interrupt priority level, which
one below is correct?
A External interrupt 0 — TO — External interrupt 1— serial port interrupt
B External interrupt 0 — External interrupt 1 — TO — serial port interrupt
C TO— serial port interrupt — External interrupt 0 — External interrupt 1
D TO— serial port interrupt — External interrupt 1 — External interrupt 0
3) After the execution of “PS=1;PT1=0;”, which one below is correct?
A External interrupt 1 can discontinue  the processing of external interrupt 0
B External interrupt O can discontinue  the processing of external interrupt 1
C External interrupt 1 can discontinue  the processing of serial port interrupt
D Serial port interrupt 1 can discontinue the processing of external interrupt 1
4) To enable TO interrupt and set high level, which processing below is correct?
A ET0=1;EA=1;PTO0=1,
B ET0=1;IT0=1;PT0=1;
C ET0=1;EA=1;IT0=1;
D IT0=1;EA=1;PTO=1;
5) When ITO=1, the trigger mode of external interrupt 0 is
A Active high
B Active low
C Negative Edge
D Both positive edge and negative Edge
6) When IT1=1, the trigger mode of external interrupt 1 is
A Active high
B Active low
C Negative Edge
D Both positive edge and negative Edge

3. True or False

1) Once there is interrupt request from interrupt source, the CPU must respond to the
interrupt request, in STC15W201S. ( )

2) When a certain interrupt request enable bit is 1 and CPU interrupt enable bit (EA) is 1,
CPU will respond to its interrupt request. ( )

3) When a certain interrupt source is interrupt enable, CPU will respond once there is an
interrupt request from such source. ( )

4) The first step CPU response to interrupt request is to save the breakpoint address, and
then turn to the interrupt vector corresponding to the interrupt source and executes automatically.

«C )
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5) The IRQ of external interrupt 0 is 1. ( )
6) The IRQ of T2 interrupt is 3. ( )
7) External interrupt O can discontinue the processing of serial port interrupt when they are

in the same interrupt priority level. ( )
8) High level interrupt can discontinue the processing of low level interrupt. ( )
9) Parameters can be transported in interrupt function. ( )
10) Interrupt function can return data of any type. ( )
11) Using is keyword in interrupt function definition. ( )
12) Main function can call interrupt function actively. ( )

4. Question and Answer

1) What are the factors that can influence the response time of CPU to interrupt request?

2) What’s the advantage of interrupt service over query service?

3) What kind of function should be included in an interrupt system?

4) What’s the breakpoint address?

5) Are there interrupt priority level in STC15W201S MCU? According to natural priority,
what’re the first 5 interrupt from high to low?
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STC15W201S

B8 Mt STC15W201S "ML
R T g

8.1 Serial Port =417

STC15W201S MCU has integrated a
programmable full duplex serial port data
communication port with full function of
Universal Asynchronous Receiver/Transmitter
(UART). The serial port consists of two data
buffer, a shift register, a serial controller and a
baud rate generator. The data buffer is made up of
two individual transmit buffer and receive buffer,
and it can transmit and receive data simultaneously.
Since the data receive buffer is write-only and the
data transmit buffer is read-only, these two buffers
can share the same address code, which is 99H.
These two data buffers are named Serial
Communication Control Register SBUF (Table
8.1). The operand of write operation to SBUF,
such as x=SBUF, is the data receive buffer of
serial port. While, the operand of read operation
to SBUF, such as SBUF=x, is the data transmit
buffer of serial port.

The default pins of transmit and receive are
TxD/P3.1 and RxD/P3.0, which can switch to

STCISW201S 1
UART
99H
99H
SBUF 8.1
SBUF x=SBUF;
SBUF SBUF
=x;
STCI5SW201S
TxD/P3.1
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P3.7 and P3.6 by setting the S1_SO control bit in

AUXRI(P_SW1).

8.1.1

RxD/P3.0
S1_S0

The SFRs related to serial port are serial port

control register, Timer/Counter 2 registers related

Control Register of Serial Port  &17 %% 5 17

AUXR(P_SW1)
TxD RxD
P3.7 P3.6

o
z7<
AA

to baud rate setting and registers related to /
interrupt control, as shown in Table 8.1. T2
8.1
Table 8.1 SFRs related to Serial Port 1
S58RNBTO 1 BXNFERIEST T
Address B7 B6 B5 B4 B3 B2 Bl BO Reset Value
SCON 98H | SMO/FE | SMI SM2 REN TBS RBS TI RI 0000 0000
SBUF 99H Serial Port Data Buffer XXXX XXXX
PCON 87H SMOD | SMODO | LVDF POF GF1 GF0 PD IDL 0011 0000
AUXR 8EH TOx12 - UART MOx6| T2R |T2_C/T | T2xI2 SIST2 | 0x00 00x0
T2L D7H Lower 8 bits of T2 0000 0000
T2H D6 Upper 8 bits of T2 0000 0000
IE A8H EA ELVD ES EX1 ETO EX0 00x0 x000
P BSH PLVD PS PX1 PTO PX0 x0x0 X000
P_SWI
A2H S1_S0 X0XX XXXX
(AUXRI)

1. Serial Port Control Register SCON

SCON is used for setting the mode, receiving
method and state flag of serial port. SCON is
bit-addressable and its byte address is 98H. All bits
in SCON should be “0” after reset, which is shown
in Table 8.2.

Table 8.2 SCON

1. BITO#EHIFERE SCON

SCON

8.2

98H

SCON

Address

B7

B6

BS

B4

B3

B2

Bl

BO

Reset Value

98H

SMO/FE

SM1

SM2

TB8

TI

RI

0000 0000
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The definitions of all bits are as below:

SMO/PE, SM1: SMO/PE  SM1
When the PCON in register SMODO is PCON SMODO
“1”, SMO/PE is used for frame error detecting. It l SMO/PE
will be set through UART receiver while an invalid
stop bit is detected. Cleared by software only. UART
When the PCON in register SMODO is “0”, PCON SMODO 0
SMO/PE is used for setting the serial port working SMO/PE ~ SM1
mode in company with SM1, as shown in Table 8.3
8.3 (fsys is the frequency of system clock). Jsys
Table 8.3 Configuration of Serial Port Mode
BRITORNIREL
SMO0 SM1 Mode Function Baud Rate
0 0 Mode 0 8-bit synchronous shift register fsys/12 or fsys/2
0 1 Mode 1 10-bit UART Adjustable, 1/4(T2’s overflow rate)
1 0 Mode 2 11-bit UART Ssvs/64 or fiys/32
1 1 Mode 3 11-bit UART Adjustable, 1/4(T2’s overflow rate)

SM2: Control bit of multiprocessor
communication, applied in Mode 2 and Mode 3. If
(SM2)=1, RI will not be set unless the 9th bit of
received data bit RB8 is “17; if (SM2)=1 and
RB8=1, set RI flag. In the receiving mode of Mode
2 and Mode 3, RI will be set normally regardless
of the value of RBS.

REN: Control bit of serial reception
enabling. Cleared or set by software.
0: disable reception;
1: enable reception.
TB8: The 9th bit of transmit data. In
Mode 2 and Mode 3, it’s cleared or set by
software, and can be used as parity check digit and
flag which can distinguish address frame and data
frame in  multiprocessor = communication.
Generally, TBS is “1” when there is address frame,
and TB8 is “0” when there is data frame.
RB8: The 9th bit of receive data in Mode
2 and Mode 3. It can be used as parity check digit

SM2
2 3 SM2=1
9 RB8 0
RI SM2=1 RB8=1
RI 2
3 9
RB8 0 1 RI
REN
REN=1
REN=0
TBS8 9
2 3
TBS8
1 ™B8 0
RB8 2 3
9
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and flag which can distinguish address frame and
data frame.

TI: Transmit interrupt flag. Set by
hardware when 8-bit of data has been transmitted
in Mode 0. While in other modes, set by hardware
at the beginning of the STOP bit. This bit indicates
that a frame is transmitted. It can be responded by
query or interrupt and must be cleared manually by
software in the corresponding Query Service
Routine or ISR.

RI: Receive

hardware when 8-bit of data has been received in

interrupt flag. Set by

Mode 0. While in other modes, set by hardware at
the arrival of the STOP bit. This bit indicates that a
frame is received. It can be responded by query or
interrupt and must be cleared manually by
software in the corresponding Query Service
Routine or ISR.

2. Power and Baud Rate Control

TI
0 8
TI
TI

RI
0 8
RI

TI

RI

2. BEREBREETESR

Register PCON PCON
PCON is a specific register used for power PCON
control. It is non bit-addressable, and its byte
address is 87H. Its reset value is 30H. The SMOD 87H 30H
and SMODO bit in PCON are related to serial port SMOD SMODO
control. The format of PCON is shown in Table 8.4
8.4.
Table 8.4 PCON
Address B7 B6 B5 B4 B3 B2 Bl BO Reset Value
PCON
87H SMOD | SMODO | LVDF | POF | GFl1 GF0 PD IDL 0011 0000
SMOD: Double baud rate control bit. In SMOD SMOD
Mode 1, Mode 2 and Mode 3, the baud rate of 12 3
serial communication is related to SMOD. SMOD
0: Disable double baud rate of the UART; SMOD=0
1: Enable double baud rate of the UART. SMOD=1
5
SMODO: Frame Error (FE) detection control SMODO
SMODO 1 SCON

bit.
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0: SMO/FE in SCON is SMO function, setting SMO/FE FE
the serial port working mode in the company of ~ SMODO 0 SCON
SM1; 1: SMO/FE in SCON is FE detection ~ SMO/FE SMO SM1
function.

3. Auxiliary Register AUXR 3. HWEIFFSE AUXR

The format of AUXR is shown as Table 8.5, AUXR
where UART _MOx6, T2x12, T2R, T2 C/T and 8.5 UART MOx6 T2x12
S1ST2 are related to baud rate of the serial port. T2R T2_C/T SIST2

Table 8.5 AUXR

Address | B7 B6 BS B4 B3 B2 Bl BO Reset Value
AUXR
8EH | TOx12 | - | UART_MOx6 | T2R | T2 C/T | T2x12 | - | SIST2 | 0x0000xl

UART MOx6: Baud rate select bit of UART UART_MO0x6 0
in Mode 0. UART MOx6 0

0: The baud rate of UART is fsys/12, the 0 8051
same as traditional 8051. 12

1: The baud rate of UART is fsys/2, six Jsys/12 UART_MOx6 1
times the speed of traditional 8051. 0 8051

6
2 Ssvs/2

T2x12, T2R, T2 C/T: These bits are used T2x12. T2R - T2_C/T /
for setting and startup of Timer/Counter 2, when T2 - T2x12
Timer/Counter 2 serves as baud-rate generator. T2R T2 C/T / T2

8.1.2 Working Mode of Serial Port /718 T{E7 5

The serial communication of STC15W201S STCISW201S
MCU can work in four different modes which are 4 SMOD0=0
configured by setting SMO and SM1 in SFR SCON SMO  SM1

SCON (when SMODO = 0).
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1. Mode 0 1. RO
In Mode 0, the UART is used as shift register, 0
whose baud-rate is fsys/12 (UART _MOx6 = 0) or fsys/12
fsys /2 (UART _MOx6 = 1). Serial data enters and UART MOx6 0 Jsys/2
exits through RxD (P3.0).TxD(P3.1) outputs the UART MOx6 1
synchronous shift clock. This mode is usually used RxD P3.0
in extended 1/O port. TxD(P3.1)
/0
1) Transmit 1) %X
When TI=0, after the data is written into TI=0
SBUF, 8-bit data will be transmitted with the SBUF 8
Least-significant Bit (LSB) first by serial port at Jfsys/12 fsys/2 RxD
the baud-rate fsys/12 or fsys/2 on RxD. Set the
interrupt flag TI and send an interrupt request to TI CPU
CPU after transmission finished. Cleared TI by
software before transmit again. The timing TI 0 8.1
sequence of transmission in Mode 0 is shown in
Figure 8.1.
Write To SBUF [
RxD(DataOut) \_DO___ X DI X D2 X D3 X D4 X D5 X D6 X D7 __/
TxD(ShiftClock) | [ [ [ L[ L[ [T 1] [ 1 [ L
I —
Figure 8.1 Transmission Timing Sequence of Mode 0

0

In the transmitting of Mode 0, serial parallel
output shift register, such as 74L.S164, CD4094 and
other chips of this kind, can be attached to serial
port, which is used for extending parallel output

port. The logic circuit is shown in Figure 8.2.

74LS164 CD409%4

8.2

Data Out A 1

B 2
Shift Clock 8
CLK

TxD

74LS164

3
!
L D

STC15W201S

Figure 8.2 Extending I/O Output of Mode 0
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2) Receive

When RI=0, set REN, and then input data with
the Least-significant Bit (LSB) first at the baud-rate
fsys/12 or fsys/2 on RxD. Set the interrupt flag RI
and send an interrupt request to CPU after the 8-bit
data reception finish. Clear RI by software before
transmitting it again. The timing sequence of

reception in Mode 0 is shown in Figure 8.3.

2)

Ssys/2

RI

ELS
RI=0

RI

RxD

REN

CPU

Jsvs/12

8.3

REN=I
RI |

r DO mDl D2 D3

D4

D5

rD6

D7

RxD(Data In) LI 1 LI LI

TxD(Shift Clock) | I | [ 1 f [ I

Figure 8.3 Reception Timing Sequence of Mode 0

0

In the receiving of Mode 0, serial parallel output
shift register, such as 74LS165 and other chips of this
kind, can be attached to serial port, which is used for
extending parallel input port. The logic circuit is

shown in Figure 8.4.

o

74LS165

Q

TxD JL CLK S/L

80C51 7418165

PlOof—

L

Figure 8.4 Extending I/O Input of Mode 0

0 I/0

TBS8 and RBS8 in SCON are unavailable in
Mode 0. It should be noted that TT or RI will be
set by hardware automatically after every 8 bits
of data is transmitted or received and must be
cleared by software manually after CPU’s

response.

RB8

RI

TI

RI

SCON

8
1 CPU

8.4

TB8

TI
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NOTE SM2 must be set to 0 in Mode 0.
E: TR0, SM2 A 0,

2. Mode 1 2. A1
When working in Mode 1, the serial port is 1
some kind of variable baud-rate 10-bit UART 10
with a data frame including 1 start bit (0), 8 bit UART 1 0
data and 1 bit stop bit (1). The frame format is 1 1
shown in Figure 8.5. 8.5
Character Character
frame n-1 Character frame » frame n+1

..|D7| 1 | 0 |Dg|{Dy|Dz|D3|{D4|Ds|Dg|D7| 1| 0|Dg|Dy]...

Start . Stop
bit 8-bit data bit
Figure 8.5 Format of 10-bit Frame
10

1) Transmit 1) &%
When TI=0, serial port start transmission TI=0
once the data has been written into SBUF. With SBUF
the synchronization of transmitting shift clock, TxD
the TxD sends the start bit first, and then 8-bit 8
data, finally stop bit. Interrupt flag TT will be set 10
when the all 10-bit data is sent. The transmitting T 1 1
timing sequence of Mode 1 is shown in Figure 8.6 1
8.6. The baud-rate of transmitting depends on the T2

overflow rate of Timer 2.

[] Write To SBUF

TxD / Do X DI X D2 X D3 X D4 X D5 X D6 X D7 Y Stop Bit
TI Start Bit |

Figure 8.6 Transmission Timing Sequence of Mode 1

1

2) Receive 2) B
When RI=0, set REN to start reception of RI 0 REN
serial port. When a negative transition of input RxD

level on the pin RxD is detected, RxD is sampled
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at a rate of 16 times the established baud rate by 16 RxD
receiver, where the 7", 8" and 9™ pulse are the 16 7 8 9
sampling points. The start bit is valid when the

sampled values that were seen in low level at

least 2 times of sample. Receive the rest bits of

this frame in the same way. The 8-bit data is put

into SBUF in receiving process. Set RI once 8 SBUF
receives a stop bit, and sends an interrupt request RI CPU
to CPU. The timing sequence of reception in 1 8.7

Mode 1 is shown in Figure 8.7.

Start Bit
RD o0 XX 1 XX 02 3 3 X 04 3K 05 X 06 3 07 > s10p i

Bit Detector

Sample Clock MU nnn Mnn nnn nmn il il M M
RI

Figure 8.7 Reception Timing Sequence of Mode 1
1

3. Mode 2 3. A2
In Mode 2, serial port works in a kind of 2
11-bit UART. The data frame includes a start bit 11 UART 1

(0), 8 data bits, a programmable bit (such as 0 8 1
parity checking) and a stop bit (1). The frame 1 1

format is shown in Figure 8.8. 8.8
Character Character
frame n-1 Character frame n frame n+1

.. [071] 1 | 0 |Dy| Dy |D,|Ds|Ds|Ds|Dg[D7[0/1] 1| 0[Dg|Dy]...
Start Stop

bit 8-bit data bit

Programable
bit

Figure 8.8 Format of 11-bit Frame
11

1) Transmit 1) &k
TBS8 (programmable bit) is configured by

software according to communication protocol TB8 TI 0
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before transmission. When TI=0, once the data
going to be transmitted is put into SBUF by
instruction, start the transmission of transmitter.
With the synchronization of transmitting shift
clock, TxD sends the start bit first, and then 8-bit
data and TBS, finally stop bit. Interrupt flag TI
will be set and interrupt request will be sent to
CPU when the all 11-bit data is sent. TI must be
cleared by ISR or query routine before the next
frame’s transmission. The transmitting timing

sequence of Mode 2 is shown in Figure 8.9.

[1 Write To SBUF

SBUF

TxD
8 TB8
11
TI CPU
TI

TxD / D0 X DI X D2 X D3 X D4 X D5 X D6 X D7 X TBS Y

Stop Bit

TI Start Bit

—

Figure 8.9 Transmission Timing Sequence of Mode 2

2

2) Receive

When RI=0, set REN to start reception of
serial port. When a negative transition of input
level on the pin RxD is detected, RxD is sampled
at a rate of 16 times the established baud rate by
receiver, where the 7", 8™ and 9" pulse are the
sampling points. The start bit is valid when the
sampled value that was seen in low level at least 2
times of sample. Receive the rest bits of this
frame in the same way. In receiving process, 8-bit
data will be put into SBUF, the 9™ bit will enter
RB8. Set RI and sent interrupt request to CPU,
SM2=0 or SM2=1 and RBS8=1

the arrival of stop bit;

when
simultaneously at
otherwise, will not set RI and data loss. The
timing sequence of reception in Mode 2 is shown

in Figure 8.10.
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RxD

16 RxD
16 7 8 9

SBUF 9 RBS
SM2 0 SM2 1

RB8 1 RI CPU

RI
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4. Mode 3

In Mode 3, serial port works in a kind of
11-bit UART, the same way as Mode 2. The
difference between Mode 3 and Mode 2 lies in the
configuration of baud-rate, where the baud-rate of
Mode 2 is fsys/64 (SMOD=0) or fsys/32
(SMOD=1), while the baud-rate of Mode 3
depends on the overflow rate of T2 and the bit
SMOD of SFR PCON in the same way as Mode 1.

0

4. AR 3
3 2
11 UART 2 3

2 fsys/64  SMOD
fsys/32 SMOD 1 3
1
T2 SMOD

RxD Start

Bit Detector | Bit / D0 X DI X D2 X D3 X D4 X D5 X D6 X D7 X RB8Y StopBit

Sample Times

RI

—

Figure 8.10 Reception Timing Sequence of Mode 2

2

The transmission and reception process of
Mode 3 are the same as Mode 2 except the rate
of transmission and reception. In the receiving
process, only when both SM2=0 or SM2=1 and
the received RB8=1, set RI and ask CPU for an
interrupt to receive data; otherwise, will not set
RI and data loss. Thus, Mode 2 and Mode 3

often apply to multiprocessor communication.

RBS

[\

\S}
W

SM2 0 SM2 1
1 RI CPU
RI

8.1.3 Baud Rate of Serial Port =217 B 4%

In serial communication, a certain
convention of data transfer rate (baud rate)
should be followed between transmitter and
receiver to carry out normal communication.
There are four modes for MCU communication,
where baud-rate of Mode 0 and Mode 2 are
fixed, baud-rate of Mode 1 and Mode 3 are

variable and depend on the overflow rate of T2.

1) Mode 0 and Mode 2

Mode 0, baud-rate is fsys/12 (when

T2

1) AR OFAR 2
0 , fovs/12
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UART MOx6=0) or fsys/2 (when UART UART MOx6 0 fovs2 UART
MOx6=1). MOx6 1
Mode 2, the baud-rate depends on the 2 PCON
value of bit SMOD in PCON. If SMOD=0, SMOD SMOD=0
baud-rate is fsys/64, if SMOD=1, baud-rate is fsys/64 SMOD=1
fsys/32. Jsys/32
That is:
2SMOD
Baud-rate = 6—4 Savs
2) Mode 1 and Mode 3 2) AR 1F#AR 3
The baud-rate of Mode 1 and Mode 3 1 3
are determined by T2 overflow rate. T2

Baud-rate = (T2 overflow rate)/4

The T2 overflow rate is the reciprocal of T2 T2
the T2 timing and determined by the counting T2
rate and preset value of T2. The counting rate AUXR
is concerned with bit T2 _C/T and bit T2x12 T2 C/T T2x12
of register AUXR. If T2 C/T =0, the T2 C/T =0 feys/12
counting rate is fsys/12 (T2x12=0) or fsys T2x12 0 fsys T2x12 1
(T2x12=1); if T2_C/T =1, the counting rate is T2 C/T=I

clock frequency from outside.

Tools such as software delay calculator and STC-ISP V6.58
baud-rate calculator are included in STC-ISP
on-line programming software (V6.58). Enter
the baud-rate the serial port needs and MCU

clock frequency (such as 11.0592MHz) and set 11.0592MHz
the MCU device cycle mode as 1T, and then IT

after the parameter configuration finished, click “c C 77
“Generate C program code” button, the STC-ISP C
STC-ISP on-line programming software will 8.11

generate C program function automatically,
whose replication can be used directly, shown as

Figure 8.11.

- 180 -



Unit 8 Serial Port Communication of STC15W201S

Rk 11. 0592 [~ |mz UARTIER 8501 ]
R0 [v] VARTEUBIE |SRIEUE [+]
R o R e o EER) ]

=] oo SERIBATER 1T (FOSC) [v]

woid VartInit (void) J/9B00bps@11. 0S92MH:
1

SCON = 0x50; /il EE, A TR

AEE |= 004, ff\ﬁw%%Zij’ﬂFosc, BliT

T2L = DxzED; HEEERE

T2H = 0xFE; fEEERTNE : 3
ANR |= 0x01; £ 8 DL dE e m R 2 AN A e e A
AR = 0xi0: //BehERT 52

[ Emcrod | [ssaenttid | [ gl |

Parameter Configuration and Baud-rate Generation Subroutine of Baud-rate Calculator (C Program)
C

Figure 8.11

8.1.4 Applications of Serial Port Application =217 [ F =445

1. Program and Application of Mode 0

Mode 0 of serial port is a kind of synchronous
shift register. Parallel I/O port can be extended in
Mode 0. For example, in keyboard and display
interface, serial in and parallel out shift register
(such as 74LS164) is used for extension, which can
extend an 8-bit parallel output port each, and it can
be used for connecting a LED display as static
display or 8 row lines in keyboard.

E.g. Apply two pieces of 74HC595 to extend a
16-bit parallel port, and connect to sixteen pieces of
LEDs. The circuit is shown as Figure 8.12. Take
advantage of its serial in parallel out function, light
up the LEDs from left to right and circulate (16-bit
pipeline LED).

Here gives the solution: 74HCS595 is an 8-bit
serial in parallel out shift register nearly the same
as 74L.S164. The drive current of 74LS164 (25mA)
is less than 74HCS595 (35mA). The main advantage
of 74HCS595 is data storing register, which will
maintain the data in output port in the process of

shifting. It’s very useful in the slow serial scene,

1. AR 0 HmiIZAMN A

0
0
74LS164
8
LED
8
1 2 74HC595
16 16
8.12
16
fi#: 74HC595 74LS164
8
74LS164
(25mA) 74HC595 (35mA)
74HC595

/O
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where there won’t be flicker in LED. Besides,
74HC595 has a function of cascade, which can 74HC595

extend more output port.

+5V
Ry Rg Ry Ris
1k 1k 1k 1k
£ D, V7 Dy \\ Do A Dy
LED LED LED LED
w "
— o —|—
RN P
O — NN TN OS DS U O — N TNO DS Us
SOOI ONAHCS95 OO 74HCS95
S 8 S &
AR trh Ee
—| ™ olen —[<| ™ O fen) ﬁ
RxD/P3.0 =
TxD/P3.1
P1.0 Vee

Figure 8.12 Output port extension in serial port Mode 0
0

Q0~Q7 are the parallel outputs ports, that is, Q0 Q7
the data outputs ports of storing register. DS is a DS
serial data input port, Q7' is a serial output port Q7
used for connecting the serial data input port DS of
the cascade chip. ST_CP is the clock input of the DS ST CP
storing register (lock at low level), SH_CP is the SH CP
clock input of shift register (shift at positive edge),
OE is the enable of tri-state output, MR is the OE
reset of the chip (active low, reset shift register at MR
low level).

The reference C program is shown as below: C

#include<reg51.h>

sbit ST CP=P170;

unsigned char table1[8]={0xfe,0xfd,0xfb,0xt7,0xef,0xdf,0xbf,0x 7} ;

unsigned char table2[8]={0x7f,0xbf,0xdf,0xef,0x{7,0xfb,0xfd,0xfe} ;

void delayms(int ms)

{

int 1,j;
for(i=ms;i>0;i--)
for(j=110;j>0;j--);
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void main()

{
unsigned char i;
SCON=0x00;
while(1)
{
for(i=0;i<8;i++)
{
SBUF=tablel[i];
while(!TI);
TI=0;
SBUF=table2[i];
while(!TI);
TI=0;
ST CP=1; // Input lock pulse
delayms(200);
ST CP=0;
delayms(200);
H
}
}

2. Dual-processor Communication

The dual-processor communication is used for
information exchange between MCUs. There are two
methods for dual-processor asynchronous communication
program: query and interrupt. But in most applications,
interrupt is used for receiving data in receiver in
dual-processor communication in order to improve the
CPU’s efficiency, while query is used for transmitting
in transmitter.

The two MCUs in dual-processor communication
can connect each other directly, which is shown in
Figure 8.13. The TxD, RxD and GND of MCU A
connect to the RxD, TxD and GND of MCU B
respectively. But, the distance of communication

couldn’t be more than 5m because the communication

2. WHBIE

CPU

8.13
A TxD B RxD
A RxD B TxD A
GND B GND
TTL
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adopts the TTL level transmission. Actually, RS-232C Sm
standard level is used for point to point communication
connection in practice, shown as Figure 8.14, where RS-232C
MAZ232 is a level conversion chip. RS-232C standard 8.14 MA232
level is the PC serial communication standard which RS-232C
will be discussed in detail in next section. PC

RxD TxD

TxD RxD

STC15W201S STC15W201S

L

Figure 8.13  Dual-processor Asynchronous Communication Interface Circuit

!—___________—l !—_____________7
1 1

‘ TXD —= Ty Tiour i i Rin Riour RxD |
| MAX232A 1 | MAX232A !

RxD <=—Ryour Ron Trour Ton TxD

‘ GND ‘ ‘ GND |
I 1 1
—_— ] e =]

Figure 8.14 Point to Point Communication Interface Circuit

E.g. A program for communication between MCU 1 A B
A and MCU B with requirements as follow: P3.6 and
P3.7 of MCU A connect to switch K1 and K2 A P3.6 P3.7 K1

respectively; input high level when switch is off, input K2

low level when switch is on; K1 and K2 are used for K1 K2
inputting control command and control the output of

the MCU B’s P1 port through serial communication. B Pl

P1.5~P1.0 of MCU B connect a LED individually, low B P1.5 PI1.0 1 LED
level drive; all LEDs are off at initiation; the LEDs are

controlled by PI’s output according to the switch LED

signals of K1 and K2 after serial reception. The control Kl K2 P1
relationship is shown in Table 8.6. LED
8.6
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Table 8.6 Communication Control Relationship between MCU A and MCU B
A. BHlBEIEHIXRSE

MCU A MCU B

K2(P3.7) K1(P3.6) LEDS LEDO P15 P10

1 1 LEDS LED3 LEDlon LED4 LED2 LEDO off

1 0 LEDS LED3 LEDIoff LED4 LED2 LEDOon

0 1 LEDS LED4 LED3on LED2 LEDI LEDO off

0 0 All the six LEDs are on

Solution: Let the frequency of oscillator is . 11.0592MHz
11.0592MHz, baud-rate of data transmission is 2400
2400.

1) Transmitting program of MCU A (send.c) 1) AHl%iER R (send.c)
#include <reg52.h>

#define uchar unsigned char
#define uint unsigned int

[ ommmmmm e Delay Subroutine ------------- &7
void delay(uchar 1)
{
uchar x,y,z; /* Delay function, delay about 1ms when i=1
i 1 Ims*/
for(z = i; z>0; z--)
for(y = 11; y>0; y--)
for(x = 195; x>0; x--);
§
[F e 2400bps@11.0592MHz Serial Port Initialization Function ------------- o
void UartInit(void) //2400bps@11.0592MHz
{
SCON = 0x40; /* Mode 1, 8-bit data, variable baud-rate
1 8 Y
AUXR |= 0x04; /* The clock of Time 2 is fosc, that is 1T
2 fosc 1T*/
T2L = 0x80; // Set timing initiation
T2H = 0xFB; // Set timing initiation
AUXR |=0x01; /* Choose T2 as baud-rate generator for serial port 1
1 2 &
AUXR |= 0x10; // Enable T2 2
}
[ mmmmm - Transmitting Subroutine ------------- &7
void Send Byte() /* A function for serial port sending a byte of data
&
{
uchar x;
P3|=0xc0;
x =P3;
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SBUF =x; // Enable serial port transmitting
while(TI==0);
TI=0;
}
[ ommmmmmm e Main Function------------- &
void main(void)
{
Uartlnit();
while(1)
{
Send Byte(); /* Read switch state, send to MCU B in series
B ¥
delay(); /l
}
}
2) Receiving program of MCU B (receive.c)
#include <reg51.h>
#include <intrins.h>
#define uchar unsigned char
#define uint unsigned int
uchar x;
A 2400bps@11.0592MHz Serial Port Initialization Function ------------ =
void UartInit(void) //2400bps@11.0592MHz
{
SCON = 0x40; /* Mode 1, 8-bit data, variable baud-rate
1 8 A
AUXR |= 0x04; /* The clock of Time 2 is fsys thatis 1/T
2 Ssvs 1/T*/
T2L = 0x80; // Set timing initiation
T2H = 0xFB; // Set timing initiation
AUXR |= 0x01; /* Choose T2 as baud-rate generator for serial port 1
1 2 &
AUXR |= 0x10; // Enable T2 2
ES=1; // Enable serial port interrupt
EA=I; // Enable the total interrupt
REN=1; // Enable receiving
}
[Kemmmmmemeeem Main Function------------- &

void main(void)

{

UartInit();
RI=0;
while(1)

{

// Call serial port initialization function

1f(x&0xc0==0x00)

{

P1=0x00;
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}
1f(x&0xc0==0x40)
P1=0x07;
h
1f(x&0xc0==0x80)
P1=0x2a;
}
1f(x&0xc0==0xc0)
{
P1=0x15;
}
}
}
[ mmmmmm e Interrupt Reception Function of Serial Port------------- &/
void Uart_int(void) interrupt 4
{
RI=0;
x=SBUF;
}
3. Multiprocessor Communication 3. ZUBEBIE
Mode 2 and Mode 3 of STC15W201S MCU serial STC15W201S
port are applied in a specific field, multiprocessor 2 3

communication, which is a kind of master-slave
multiprocessor communication that consists of one
master processor and several slave processors. The data
from master processor can be sent to all the slave
processors or specified slave processor and all the data
from slave processor can be received by master processor
only. Communication between slave processors can’t be
carried out. The schematic diagram of multiprocessor 8.15

communication is shown in Figure 8.15.

TxD
STC

MCU p«D
Master

TxD RxD TxD RxD TxD RxD

STC MCU Slave 1| [STC MCU Slave 2|  |STC MCU Slave n

Figure 8.15 Schematic Diagram of Multiprocessor Communication
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1) Implementation 1) ZHLBERISSIR

The implementation relies on the appropriate
configuration of master and slave, the state of SM2 SM2
and the 9™ bit data (TB8 or RBS) in the data of 9 TB8 RBS8

transmission or reception. When the serial port 2

w

reception works in Mode 2 or Mode 3, there are two
situations:

(1) If SM2=1, enable multiprocessor com 1 SM2=1
-munication. Set RI and send interrupt request to 9
CPU when 9" bit data (RBS) of reception is “17; RB8 1 RI
otherwise, doesn’t set RI and send no interrupt CPU 9
request to CPU, the data will be lost, that is no data 0 RI

can be accepted.

(2) If SM2=0, Set RI no matter the 9" bit data 2 SM2=0
is “0” or “17, that is reception begins. 9 1 0

2) Define the address number of all the 2) PmIZAIE LR S MHLE X it
slave processors before programming tme
256 slaves are supported in system, which 256
address from OOH to FFH. When the master 00H FFH
processor wants to transmit a block of data to one of
slaves, it first sends out an address byte which
identified the target slave. The process of
multiprocessor communication is summarized as
below:
(1) An address frame is sent by master, 1
connecting to appropriate slave. Set the TB8 of TBS8

master at “1”, indicating the data is address frame.
For instance:
SCON=0xCS; /* Set serial port working in Mode 3, TB8=1, send address data
3 TB8 =1 Y
(2) Set SM2 of each slave to “1”, preparing for 2 SM2=1

receiving a frame of address. For instance:

SCON=0xFO0; /* Set serial port working in Mode 3, SM2=1,REN=1, enable receiving
3 SM2 =1 REN =l Y
(3) An address byte will interrupt all the slaves, 3
so that each slave should examine the received byte
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and check whether it matches the address of its own.
If it matches, the slave will clear its SM2 bit and SM2
prepare to receive the data byte that will be coming.
The other slaves leave their SM2s set and ignore the

data received until the next address frame comes. SM2 1
(4) Master sends control instruction and data to 4
addressed slave. The TB8 of master should be set to TB8
“0”, indicating sending data or control instruction. 0
The slave, which is not addressed, would issue SM2=1

interrupt because SM2=1 and RB8=0, and ignores RB8&=0
the data from master. While the addressed slave
receives the data from master properly. SM2 0

8.2 Communication between STC15W201S MCU and PC
STC15W201S £ /#l.5 PC H9&15

8.2.1 Serial Communication Interface between MCU and
RS-232 of PC B E#15 PC #y RS-232 ST O%

In MCU application system, asynchronous serial
communication is used in the communication with
upper computer. In the design of communication
interface, standard interface should be selected as
required, and such matter as transmission medium and
level conversion should be taken into consideration.
MCU and peripheral, measuring instrument can be
linked organically to form a measure and control
system. For example, RS-232 is used for level PC
conversion when MCU communicates with PC. RS-232
There mainly are three groups of asynchronous serial

communication interface: RS-232 interface; RS-449, RS-232 RS-449 RS-422
RS-422 and RS-485 interface; 20mA current loop. RS-485 20mA
1. RS-232C Interface 1. RS-232C #0O
RS-232C is such a kind of asynchronous serial RS-232C
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communication bus standard that it is one of earliest

used and most widely used. It’s released in 1962 and EIA 1962
revised in 1969 by Electronic Industries Association 1969
(EIA), where RS represents Recommended Standard, RS Recommended
232 is the identification number and C stands for the Standard 232
last revise. C

RS-232C is wusually used for defining the RS-232C
electrical performance between Data Terminal
Equipment (DTE) and Data Circuit-terminating DTE
Equipment (DCE) in computer system. It is adopted DCE 51
often in the communication between 51 MCU and PC
PC.

RS-232C serial interface bus applies to such RS-232C
scenes as communication distance is less than 15m 15
and data rate is less than 20kB/s. 20kB/s

1) Standard formation of RS-232C message 1) RS-232C R IRE

RS-232C adopts serial formation, as shown in RS-232C
Figure 8.16. Here are the regulations: the beginning 8.16
of message is start bit, the last is stop bit; the message
itself can be 5, 6, 7 or 8 bits plus one parity bit. If 56 7 8
there is no information between two messages, fulfill
“1”, indicating void. ““17”

| |
Logic™l".- —}_|0/1|0/1|I\g/els|sg/gle|g/1|0/1|l\;/sf|; | ‘|_|MesTage|n+l|
Logic“0” +12V | St
Stan bit (lgaéta7b§t) \— %’taor?t}l? 1cthec:k bit
Figure 8.16 Formation of RS-232C Message
RS-232C

2) Level converter of RS-232C 2) RS-232C B FiLizs

RS-232C provides electrical standard of its own. RS-232C
Its level is not +5V or GND, but negative logic, TTL
because it’s developed before TTL circuit. That is: +5V

Logic “0”: +5V  +15V. €077 +5V  +15V

Logic “1”: -5V -15V. ““177 -5V -15V

Thus, RS-232C can’t connect to TTL level RS-232C TTL

directly, unless level conversion is carried out in use,
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or it will burn TTL circuit, which must be taken into TTL
consideration.

Currently, common level conversion circuit is
MAX232 or STC232. The logic structure is shown as MAX232  STC232 MAX232

Figure 8.17. 8.17

TIIN 11 > 14 T10OUT

TTL/CMOS RS-232

INPUT T2IN 10 > 7  T20UT ( oUTPUT
R1OUT 12 13 RI1IN
<
TTL/CMOS RS-232
OUTPUT {RzOUT ° < 8 R2IN } INPUT

Figure 8.17 Pins of MAX232

MAX232
3) Regulation of RS-232C Bus 3) RS-232C R&ME
There 25 lines in RS-232C standard bus, with a RS-232C 25
connector of 25 pins. The definitions of all the 25 pins 25
are shown in Table 8.7. 8.7

Table 8.7 RS-232C Standard Bus
RS-232C trfE R

Pin Definition Pin Definition
1 Protect GND (PG) 14 Secondary Transmitted Data (STxD)
2 Transmit Data (TxD) 15 Transmit Clock TxC
3 Received Data RxD 16 Secondary Received Data (SRxD)
4 Request to Send RTS 17 Received Clock RxC
5 Clear to Send CTS 18 Undefined
6 Data Set Ready DSR 19 Secondary Request To Send (SRTS)
7 Signal Ground SG 20 Data Terminal Ready DTR
8 Data Carrier Detection DCD 21 Signal Detection (SD)
9 Receiving Line Detection 22 Ring Indicator(RI)
10 Line Detection 23 Data Rate Selection
11 Undefined 24 Transmit Clock TxC
12 Secondary Carrier Detect (SDCD) 25 Undefined
13 Secondary Clear To Send (SCTS)

The mechanical characteristic of connector
Because the mechanical characteristic of connector RS-232C
isn’t defined in RS-232C, thus, many different kinds
of connector came out, with different pin definitions.
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Here are two kinds of connector.

DB-25: The shape and signal cable
distribution are shown in Figure 8.18 (a), and the
pins’ functions are the same as Table 8.4.

/

13
o 125
:f oo |24
10| o © 23
9| o o122 gp
pep-Sio © B DTR
SG-4—-o °T DIR
DSR-&f o © |19
CTSi—O o |18 RxD
RTS-H—o © |17
RxD-21—o © |16
TxD-2fo © |15
PE—]:-/" 14

DB-25
(a)

N| W] & |w

DCD

DB-25 DB-25
8.18(a)
8.4
2RI
3 CTS
RTS
6 DSR

DB-9

(b

Figure 8.18 Pins of DB-9 Connector and DB-25 Connector

DB-9 DB-25

DB-9: DB-9 connector provides 9 signals
for asynchronous communication only, as shown in
Figure 8.18 (b). The pins distribution of DB-9
connector is different from DB-25. Therefore,
specific cable must be used in the connection to the
DCE with DB-25 connector.

When the communication rate is less than
20kB/s, the maximum physical distance for
RS-232 is 15m (50 feet).

2. RS-232C Interface Interact with
STC15W201S Communication Interface

Asynchronous communication adapter, of

which asynchronous communication can be
archived in the use, is often equipped in PC
system. The core component of adapter is
programmable Intel 8250 chip, which provides PC
the ability to communicate with other computers or
standard RS-232C
STC15W201S MCU equips with full duplex serial

port itself, with which drive circuit and isolation

devices with interface.

circuit accompany can form a simple and feasible
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interface. The communications
between PC and MCU are divided into dual

-processor and multiprocessor communication.

communication

The simplest hardware connection between PC
PC and MCU is Zero Modulation Tri-lane
Economical, which occupies the least lanes for full
duplex communication. Only three pins of the 9
9-pin serial port are used: GND of the 5™ pin, RxD S GND
of the 2™ pin and TxD of the 3" pin, as shown in 2 RxD 3 TxD
Figure 8.19, which also is the program download 8.19 STCISW2018
circuit of STC15W201S MCU.
0.1yF 16 Oél“F
PC F—Hcr v ﬁ H
3 ApF
Cl- -
A 0.1uF V. 6 |+_
19 S| s 10uF
ot 4 G
NN €2+ 12RxD
B 2 B ) 13| oy RIOUT B
1 Tiout 11 TxD
o_% RxD TIIN !
DB9

Figure 8.19 Tri-lane Connection Circuit for the Serial Communication between PC and MCU

PC

8.2.2 Communication Interface of USB between MCU and PC
8 EHL5 PC # USB S4B IsiEnigit

Nowadays, the typical serial communication
is USB. RS-232C
equipment any more. Thus, for serial communica
-tion between modern PC and 51 MCU, CH340G
is used for converting USB to UART, which is
adopting USB bus simulating UART communica
-tion. The circuit of USB bus to UART conversion

is shown in Figure 8.20.

interface i1s not standard

NOTE

PC
USB
RS-232C
PC 51
CH340G

USB UART USB

UART USB
UART 8.20

In practice use, install the driver for USB converting to UART first, and then check

the serial port number of which is USB converting to after the driver’s installation. Such port

number could be used for communication the same way as RS-232 serial port.
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E: AR, 2R USBH#EOWIEHFR, “ERADELEPCH AL EREYEA
USB #£%0tgd o5, UEHTURALSE 2 53 RS-232 B oty —Hehkkirdo
127,

B

v C1 2
= 0.1pF 0.1uF
A . 19 | vee
J_is v
- CH340G
USB —l_ 8 GND NOS A
1 —
2 D- 7
UD-
3 D+ 6| up+
1 2 X1 RxD [3— P31y
0 0 TxXD —— P30
| = L

22pF
12MHz 22pF

Figure 8.20 Circuit of USB Converting to Serial Port (TTL)
USB TTL

8.2.3 Program Design of Serial Communication between

MCU and PC 25115 PC EiTEENRERIZIT

Communication program design is divided into
computer (upper machine) program design and MCU
(lower machine) program design.

In order to implement serial port communication PC
between MCU and PC, corresponding serial port PC
communication program should be developed in such
high level programming languages as VC and VB. In vC
the actual development of debugging the serial port VB
communication of MCU end, we can use the serial port
debug program embedded in STC series MCU STC
download program or other serial port debugging
software (such as CommTone) to emulate the serial
port communication program of PC end. That is the PC
widely used method in actual project development,
especially for a team.

Serial port debug program, without any
programming, can achieve serial communication of RS-232C
RS-232C, which can make serial port debugging more
transparent and more convenient and improve work
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efficiency. It can set variable communication rates, parity

check and communication port online without restart

program. It supports transmitting data in hexadecimal

(HEX) and ASCII code format and the timing of data (HEX) ASCII
for transmitting and interval can be set. It can display

the data received automatically in HEX or ASCII

format. It’s such an essential tool for engineering and HEX  ASCII

technical personnel monitoring and debugging serial

port program.

Set serial port and communicate with PC in the

use of serial port according

the function

requirements of different projects in MCU program PC

design.

E.g. Transmit the input from keyboard to MCU, 51 PC
loopback the same data to PC after receiving the data

and then display in the monitor. Program a MCU PC

communication application of which PC makes use to PC

transmit and receive data and display.

Solution: The both sides of communication agree: i :
baud rate is 2400; information format is 8-bit digit, 2400 8
with one stop bit and no parity check bit. Let the 1
system frequency of crystal oscillator is 11.0592MHz. 11.0592MHz
C51 reference program (pc_uart.c) is shown as Cs1 pc_uart.c
below:

#include <reg51.h>

unsigned char temp;

[*ommmeee 2400bps@11.0592MHz Serial Port Initialization Function--------- &
void UartInit(void) //2400bps@11.0592MHz
{
SCON = 0x40; /* Mode 1, 8-bit digit data, variable baud-rate
1 8 &
AUXR |= 0x04; /* The clock of T2 is fysc, that 1/T
2 S 1/T*/
T2L = 0x80; // Set initial value of timer
T2H = 0xFB; // Set initial value of timer
AUXR |= 0x01; /* Serial Port 1 select the T2 as baud-rate generator
1 2 &
AUXR |= 0x10; // Start T2 2
ES=1; // Enable serial port interrupt
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EA=1; // Enable the global interrupt
REN=1; // Start receiving

}

R Serial Interrupt Service Subroutine------------------ Y

{

RI=0; /I Clear serial receiving flag
temp = SBUF; // Receiving
SBUF = temp; // Send the data received
While(TI==0); // Waiting for the end of transmission
TI=0; // Clear TI TI

}

R Main Function------------------ &/

void main(void)
{
Uart_int();
while(1);

// Calling the serial initialization function

8.3 Relay Broadcast Mode of Serial Port
RITOMPLET BEAR

The relay broadcast mode is that the
output of TxD pin can reflect the input
level state of RxD pin in real time.

The
STC15W201S MCU
configured by setting B4 bit of the SFR
CLK DIV. The format of CLK DIV is
shown in Table 8.8.

relay broadcast mode of

serial port is

TxD
RxD
STC15W201S
CLK DIV
B4 CLK DIV

8.8

Table 8.8 CLK_DIV

Address
B7 B6
CLK DIV

BS

B4 B3 B2 B1 BO

Reset Value

97H MCKO_S1 MCKO_S0

Tx_Rx CLKS2 | CLKS1 | CLKSO

0000 x000
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Tx_Rx: The setting bit of relay broadcast mode. Tx_Rx
0: serial port works on normal mode; Tx Rx=0
1: serial port works on relay broadcast mode. Tx_Rx=1 1

8.4 Switch of Hardware Pins of Serial Port
FRITOME G 5| IRy

The hardware pin switch within the P SWI1
transmission and reception of different serial ports is ~ (AUXRI) S1_SO0
implemented by configuring the S1_SO bit in the
SFR P SW1 (AUXRI). The format of P_SWI1 P SWI(AUXR1)
(AUXR1) is shown in Table 8.9. 8.9
Table 8.9 P_SW1(AUXR1)

Address Reset Value
P_SWI D7 D6 D5 D4 D3 D2 DI DO
(AUXRD A2H - S1_SO0 - - - - - - X0XX XXXX

The hardware pin switch of serial port
transmission and reception is controlled by S1 SO0, S1_S0
as shown in Table 8.10. 8.10

Table 8.10 Hardware Pin Switch of Serial Port
BITORE S| %

Serial Port
S1_S0
TxD RxD
0 P3.1 P3.0
1 P3.7 TxD 2 P3.6 RxD 2

Summary AKRE/NZE

Serial communication is often used in the information exchange of the Distributed Control
and Multiprocessor System and modern Measuring and Controlling System, such as the ISP
online programming of STC series MCU. There are two kinds of serial communication,
asynchronous and synchronous. Asynchronous communication is transmitting by character, using
the start bit to synchronization between transmitting and receiving in each character’s

transmission. Synchronous communication is transmitting by data block, sending a synchronous
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pulse for data synchronization in transmission to ensure the full synchronization between
transmitting and receiving, which requires the same clock both in transmitter and receiver. The
synchronous communication can improve the transmission rate (up to S6KB/s or higher), but
more complicate.

According to the direction of data flow at a time, there are three transfer modes in serial
communication: Simplex, Half-duplex and Full-duplex.

STC15W201S MCU is equipped with a programmable serial port.

There exist four working modes in serial port: synchronous shift register input/output mode,
8-bit asynchronous communication mode and two 9-bit communication modes with different
baud rate. The baud rates of Mode 0 and Mode 2 are fixed, while are variable in Mode 1 and
Mode 3, which is determined by the overflow rate of T2. Mode 0 is used for expending I/O port,
Mode 1 for implementing 8-bit UART, Mode 2 and Mode 3 for implementing 9-bit UART.

The hardware transmitting and receiving pins of serial port are P3.1 and P3.0 by default,
while they can be switched to P3.7 and P3.6 by software.

By using serial communication, dual-processor communication or multiprocessor commu
-nication can be achieved not only between or among MCUSs, but also between or among MCUs
and PCs.

STCI15W201S is equipped with relay broadcast function, where the output of TxD pin can
reflect the input level state of RxD pin in real time. A line shift register is formed in the serial port
and it can improve the time consumption of received and sending mode by using serial port.

RS-232C is a communication interface that widely used with less line and variable data rate,
but a mere dozens of meter’s signal transmission distance. RS-422A and RS-485 communication
interface use the differential circuit transmission, which has a better transmission rate and
distance.

In the design practice of Industrial Control System (especially the Multi-point Filed
Industrial Control System), a distributed control system that consists of MCUs and PCs is an

important future developing direction.
Exercise % =]l

1. Completions

1) The communication modes of microcomputer are including  and serial
communication.

2) Serial communication, according to the direction of data transporting, can be divided
into3 modes,  , half-duplexand .

3) Serial communication, according to the type of synchronous clock, can be divided into 2
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modes, , and synchronous serial communication.

4) Asynchronous serial communication transports in character frame. Every character

frame include , data bit and
5) The start bit is and stop bit is in asynchronous serial communication.
6) The serial communication port in STC15W201S consists of 2 , 1 shift register, 1

serial port control register and 1
7) The data buffer for serial port of STC15W201S MCU is . Actually one address is

mapping to 2 registers. When writing the data buffer, sending start construction at the same time,

the address is mapping to  data register; When reading the data buffer, the address is
mappingto  data register.

8) There are 4 working modes for serial port of STC15W201S MCU, Mode 0 is_ |
Modelis ~~ ,Mode2is ~ andMode3is .

9) The control bit if multiprocessor communication of STC15W201S MCU serial port
is .

10) The baud rate of STC15W201S MCU serial port Mode 0is_ , of Model and Mode
3is ~~ andofMode2is .

11) There are 2 interrupt request flags in STC15W201S MCU serial port interrupt. Sending

interrupt request flag is , and receiving interrupt request flag is
2. Choice Questions

1) After the execution of “SM0=0 SMI1=1;”, STC15W201S MCU serial port is working

at .
A Mode 0 B Model C Mode?2 D Mode3
2) SMO and SMI should be set to be and to make STC15W201S MCU
serial port work at Mode 2.
A 0,0 B 0,1 Cc 1,0 D 1,1

3) When serial reception is enabled in STC15W201S MCU serial port, it will not set serial

reception interrupt request RI when serial reception is over if

A SM2=1,RB8&=1 B SM2=0, RB8=1
C SM2=1, RB8=0 D SM2=0, RB8=0
4) When STC15W201S MCU serial port is working at Mode 2 or Mode 3,  should
be set to 1 before serial transmitting if the 9th bit of transmit data is 1.
A RBS B TBS
C TI D RI
5) When STC15W201S MCU serial port is working at Mode 2 or Mode 3, TBS should
be  iftransmit data is parity checked.
A Setl B Set0
C Set=P D Set=p
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6) How many bits are there in a character frame when STC15W201S MCU serial port is
working at Mode 17 ( )
A 8 B 9 Cc 10 D 11

3. True or False

1) The clocks of sending and receiving must be synchronous in synchronous serial
communication. ( )

2) In asynchronous serial communication, sending and receiving could have their own
synchronous clock, but the speed of their communication should be consistent. ( )

3) When STC15W201S MCU serial port is working at Mode 0 or Mode 2, the value of
S1ST2 will not influence the baud rate. ( )

4) When STC15W201S MCU serial port is working at Mode 0, control bit SMOD in
PCON will influence the baud rate. ( )

5) When STC15W201S MCU serial port is working at Mode 1, control bit SMOD in
PCON will influence the baud rate. ( )

6) When STC15W201S MCU serial port is working at Mode 1 or Mode 3, T1 will be
selected as a baud rate generator when S1ST2=1. ( )

7) When STC15W201S MCU serial port is working at Mode 1 or Mode 3, when SM2=1
and the 9th bit of transmit data is 1, serial receiving interrupt flag RI will not be set 1. ( )

8) The enabling bit for STC15W201S MCU serial port serial receiving is REN. ( )

9) There are also 4 working modes for STC15W201S MCU serial port 2, port 3 and port 4.
«C )

10) There are 4 working modes for STC15W201S MCU serial port 1, but only 2 modes for
port 2, port 3 and port 4. ( )

11) In the application of STC15W201S MCU, both serial transmitting and receiving pin for
serial port are fixed. ( )

12) Via program, the output signal from serial transmitting pin of STC15W201S MCU

serial port can reflect the input signal from serial receiving pin on real time. ( )

4. Question and Answer

1) What are the 2 kinds of working mode in microcomputer data communication? And
what about their features?

2) What is the data format of the character frame in asynchronous serial communication?

3) What is the baud rate? How to get STC15W201S MCU serial port baud rate application
from in-system program tool STC-ISP?

4) What are the 4 kinds of working mode in STC15W201S MCU serial port? What’re their
setting and features?

5) Please make a brief description of the similarities and differences between serial port
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working Mode 2 and Mode 3.

6) What are the 2 kinds of working mode in STC15W201S MCU serial port 2, port 3 and
port4? What’re their setting and features?

7) Please make a brief description of implementation of multiprocessor communication of
STC15W201S MCU.

8) Please make a brief description of implementation of broadcast relay of STC15W201S
MCU.
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MCU

BOMIL STC15W201S Pl i 8s

Comparator is built in STC15W series STCI15W STC15W408
MCU, such as STCI15W408AD series, AD STC15W201S STC15W408
STC15W201S series, STC15W408S series, S STC15W1K16S STC15W4K
STC15W1K16S series and STC15W4K3254 3254
series.

9.1 Internal Structure and Control of Comparator

EE AR R A BR AR 1 S 4

1. Internal Structure of Comparator 1. bR BIRIERLEH
The internal structure of STC15W201S STC15W201S
comparator consists of Operational Amplifier 9.1
Comparator, Filter and Interrupt flag production
(including interrupt enable control), as shown in 3
Figure 9.1.
CMPOE
Gnd! s ToPl2
PIS
+
ggésl Level-change
NIS ‘ B - Controller CMPRES
(Delay 0~bbbbbb clocks)
BGV _

DISFLT 5 To INT

IV=0x00AB

Figure 9.1 Internal Structure of STC15W201S Comparator STCI5W201S
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1) Operational amplifier comparator

Whether the in-phase signal and reversed
-phase signal are connecting to internal signal or
external signal can be selected through Compare
Control Register 1 (CMPCR1). The output of
Operational Amplifier Comparator becomes a
stable comparator output after filter.

2) Filter (or de-jitter)

The jump transition won’t be accepted
immediately, but after a certain delay.

3) Interrupt flag formation

The selection of interrupt types, the
formation of interrupt and interrupt flag enabling

are configured in CMPCRI1.
2. Control Register of Comparator
The comparator of STCI5W201S is

controlled and managed by CMPCRI1 and
CMPCR2.

1) SR LB B

CMPCRI1

2) R (SFREEE) BE

3) FRETARR T AR R

CMPCRI
2. HERSRHIEH H R
STC15W201S
CMPCRI1 1
CMPCRI 2

1) Compare Control Register 1 (CMPCR1) 1) bbiERiEHEF8% 1(CMPCRY)
The definition of CMPCR1 is shown in Table 9.1. CMPCRI1 9.1
Table 9.1 CMPCR1
CMPCRI Address B7 B6 B5 B4 B3 B2 Bl BO Reset Value
E6H CMPEN | CMPIF | PIE NIE PIS | NIS | CMPOE | CMPRES 0000 0000
(1) CMPEN: Enable bit of Comparator. 1 CMPEN
0: Disable comparator, comparator power CMPEN=0
down.
1: Enable comparator. CMPEN=1
(2) CMPIF: Comparator Interrupt Flag. 2 CMPIF
When CMPEN = 1: CMPEN 1
If the comparing result has changed
from low to high and PIE has been set to 1, a PIE 1
built-in register bit PIF would be set to 1. PIF 1
If the comparing result has changed
from high to low and NIE has been set to ““177 NIE 1
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a built-in register bit NIF would be set to ““17~,
When CPU reads the value of CMPIF, it

gets the result of (PIF || NIF); When CPU writes
““07”” into CMPIF, PIF and NIF will be cleared.

(3) PIE: Pos-edge interrupt enabling bit.

0: disable the comparator interrupt responding
to the comparing result changed from low to high.
1: enable the comparator interrupt responding
to the comparing result changed from low to high;
set CMPIF and sent interrupt request to CPU.
(4) NIE: Neg-edge interrupt enabling bit.

0: disable the comparator interrupt responding
to the comparing result changed from high to low.

1: enable the comparator interrupt responding
to the comparing result changed from high to low;
set CMPIF and sent interrupt request to CPU.

(5) PIS: Bit to choose the positive pole input
of comparator.

0: choose external pin P5.5 as the positive pole
input of comparator.

1: choose Gnd! as the positive pole input of
comparator.

NOTE Gnd! is internal ground here.

7E: Gnd! RAAHNH,

(6) NIS: Bit to choose the negative pole of
comparator.

0: choose internal BandGap Voltage (BGV) as
the negative pole input of comparator.

1: choose the external pin P5.4 as the negative

pole input of comparator.

1

CPU CMPIF
PIF  NIF CPU CMPIF
PIF NIF
3 PIE
PIE =0
PIE =1
CMPIF CPU
4 NIE
NIE =0
NIE =1
CMPIF CPU
5 PIS
PIS =0 P5.5
PIS =1 Gnd!
6 NIS
NIS =0 BandGap
BGV
NIS =1 P5.4

NOTE The internal BandGap Voltage (BGV) is measured by channel 9 of ADC; There is

no A/D transfer module in STC15W201S MCU; “1” is unavailable in NIS.
7E: AM3F BandGap £ /& BGV &i#id ADC % 9 i@ M 4y, STCISW201S % A ML

A/D #3#4E 3, NIS E 1 #7 LKo
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(7)CMPOE: Comparing result output 7 CMPOE
enabling bit.
0: Disable the comparing result outputting CMPOE =0
of comparator.
1: Enable the comparing result of comparator CMPOE =1
outputting to P1.2. P1.2
(8)CMPRES: Flag bit of comparator 8 CMPRES
result. (Comparator Result)
0: the level of CMP+ is lower than CMP- CMPRES =0 CMP+
(or the reference voltage of internal BandGap). CMP- BandGap
1: the level of CMP+ is higher than CMP- CMPRES =1 CMP+
(or the reference voltage of internal BandGap). CMP- BandGap

NOTE The bit CMPRES is read-only, so it doesn’t make sense to be written by software. And
the value read from CMPRES is the result after “filter” control, not the direct output of Operational

Amplifier Comparator.
7E: CMPRES & —ANRikfs, $AFICHATE NG RAALNTE L. LI AFAT 2]
MERRGZY “HR” BHRBEWNER, mEEREALEERG AR L LR,

2)Comparator Control Register 2 2) LERFITFHIFFRR 2
The definition of CMPCR2 is shown in CMPCR2 9.2
Table 9.2.

Table 9.2 CMPCR2

Address B7 B6 B5 | B4 ‘ B3 ‘ B2 ‘ Bl ‘ BO Reset Value
CMPCR2
E7H INVCMPO DISFLT LCDTY[5:0] 0000 1001
(1) INVCMPO: Inverse control bit of 1 INVCMPO
comparator output.
0: Normal output the comparing result of INVCMPO = 0
comparator on P1.2.
1: Inverse and then output the comparing INVCMPO =1
result of comparator on P1.2. P1.2

NOTE The output of comparator is the result after “filter” control, not the direct output of

Operational Amplifier Comparator.
A R EmEAET LR BERENLER, mAFEREAR LR IR B2
Sh o
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(2) DISFLT: Disable the 0.1ps filter
output by comparator.

0: Enable the 0.1ps Filter output by
comparator.

1: Disable the 0.1us Filter output by
comparator.

(3) LCDTY|[5:0]: Set the duty of
Level-change control filter in the output
terminal of comparator.

If the comparing result has changed
from low to high, only when the high state
has lasted at least LCDTY[5:0] cycles would
the comparing result of comparator be
affirmed to have changed from low to high,
otherwise CPU would consider that there is
no change happening and the output of
comparator maintains in low level.

If the comparing result has changed
from high to low, only when the low state has
lasted at least LCDTY][5:0] cycles would the
comparing result of comparator be affirmed
to have changed from high to low, otherwise
CPU would consider that there is no change
happen and the

output of comparator

maintains in high level.

9.2 Applications of Comparator

1. Example for Comparator Interrupt Mode

E.g. P1.0, P1.1 and P1.2 are connected to LEDO, 51
LED1 and LED2 individually; LED is low level drive;
LED2 is controlled by the output of comparator LED

2  DISFLT
0.1ps
DISFLT=0 0.1ps
Filter
DISFLT= 1 0.1pus
Filter
3 LCDTY]|5:0]

LCDTY][5:0]

LCDTY][5:0]

LCDTY[5:0]

LCDTY][5:0]

EEARE I F

1. HEERTRET S A2 F 44

directly. When there is a positive edge of interrupt

request, light up LEDO; when there is a negative edge

P1.0 Pl1.1 Pl1.2
LEDO LEDI LED2 3
LED2
LEDO

of interrupt request, light up LED1. P1.3 is connected

to a switch. When the switch is off, output high level

LED1 PI1.3 1

and comparator works in positive edge interrupt

request mode, with in-phase output; when the switch is
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on, output low level and comparator works in negative

edge interrupt request mode, with reversed-phase

output. Interrupt mode program is required.

#include "reg51.h"
#include "intrins.h"
sfr CMPCR1 = 0xE6;
#define CMPEN 0x80
#define CMPIF 0x40
#define PIE 0x20
#define NIE 0x10
#define PIS 0x08
#define NIS 0x04
#define CMPOE 0x02

#define CMPRES 0x01

sfr CMPCR2 = 0xE7;
#define INVCMPO 0x80

#define DISFLT 0x40

#define LCDTY 0x3F

sbit LEDO = P1/0;

sbit LED1 = P1/1;

sbit LED2 = P1/2;

sbit K = P1/3;

// Compare Control Register 1 1
//CMPCR1.7 : Enable bit of comparator
//[CMPCRI1.7 :

//CMPCR1.6 : Interrupt flag of comparator
//CMPCR1.6 :

/*CMPCR1.5 : Enable bit of comparator positive edge
interrupt /CMPCR1.5 : &
/*CMPCR1.4 : Enable bit of comparator negative edge
interrupt /CMPCR1.4 : Y
/*CMPCR1.3 : Bit to choose the positive pole of

comparator /CMPCR1.3 : &
/*CMPCR1.2 : Bit to choose the negative pole of
comparator /CMPCR1.2 : &

//ICMPCRI1.1 : Control bit of outputting comparing result
//ICMPCRI1.1 :
//ICMPCRI1.0 : Flag bit of comparator result
//CMPCR1.0 :
/I Compare Control Register 2 2
/*CMPCR2.7 : Control bit for inversing comparator
output /CMPCR2.7 : &
/*CMPCR2.6 : Disable the 0.1us Filter output by
comparator /CMPCR2.6 :
&
/*CMPCR2.[5:0] : The timing control of interval jitter of
comparator output /CMPCR2.[5:0] :
=
// LED for positive edge interrupt request
/I
// LED for negative edge interrupt request
/Il
// LED for direct output of comparator
/Il

// Switch of interrupt request mode
/l
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void cmp_isr() interrupt 21 using 1

}

CMPCRI1 &= ~CMPIF;

if(K==1)
{
LEDO0=0;
LEDO=1;
}
Else
{
LED1=0;
LEDI1=1;
}

void main()

{

CMPCRI = 0;
CMPCR2 = 0;
CMPCRI1 &= ~PIS;

CMPCRI &= ~NIS;

CMPCR1 |= CMPOE;
CMPCR?2 &= ~DISFLT;
CMPCR2 &=~LCDTY;
CMPCRI |= PIE;
CMPCRI1 |= CMPEN;
EA = 1;

while (1)
{
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// Vector entrance of comparator interrupt
/l

// Clear the finish flag

// Light up LED for positive edge interrupt request

/I
//

// Light up LED for negative edge interrupt request
/

//

// Initialize CMPCR1

// Initialize CMPCR2 2

/* Choose external pin P5.5 (CMP+) as the positive pole

input source of comparator P55 CMP+

A

/* Choose internal BandGap voltage BGV as the negative

pole input source of comparator BandGap
BGV Y

// Enable the result output of comparator

/!

// Enable the 0.1us Filter output by comparator

// ( ) 0.1us

/* Output the result of comparator directly without

de-jitter &

// Enable the positive edge interrupt of comparator
/!

// Enable comparator
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if(K==1)
{
CMPCR2 &= ~INVCMPO; /*Normal output the comparing result of comparator
on P1.2 P1.2%/
CMPCRI |= PIE; // Enable the positive edge interrupt of comparator
/
CMPCR1&=~ NIE; // Disable the negative edge interrupt of comparator
//
}
else
{
CMPCR2 |= INVCMPO; /* Reverse the result of comparator and then output
to P1.2 P1.2*/
CMPCRI |= NIE; // Enable the negative edge interrupt of comparator
//
CMPCR1&=~ PIE; // Disable the positive edge interrupt of comparator
//
}
H
}
2. Example for Comparator Interrupt 2. EEBEEINHNEFZEH
Query Mode
E.g. P1.0, P1.1 and P1.2 are connected to LEDO, 5 P10 PI.1 P12
LEDI1 and LED2 individually; LED is low level drive; LEDO LEDI LED2 3
LED2 is controlled by the output of comparator LED LED2

directly. When there is a positive edge of interrupt

request, light up LEDO; when there is a negative edge LEDO
of interrupt request, light up LEDI1. P1.3 is connected

to a switch. When the switch is off, output high level LED1 P13 1

and comparator works in positive edge interrupt

request mode, with in-phase output; when the switch is

on, output low level and comparator works in negative

edge interrupt request mode, with reversed-phase

output. Query mode program is required.

#include "reg51.h"
#include "intrins.h"
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sfr CMPCR1 = 0xE6;
#define CMPEN 0x80

#define CMPIF 0x40

#define PIE 0x20

#define NIE 0x10

#define PIS 0x08

#define NIS 0x04

#define CMPOE 0x02

#define CMPRES 0x01

sfr CMPCR2 = 0xE7;
#define INVCMPO 0x80

#define DISFLT 0x40

#define LCDTY 0x3F

sbit LEDO = P1/0;
sbit LED1 = P1/1;
sbit LED2 = P1/2;
sbit K = P113;
void main()

{
CMPCRI = 0;

CMPCR2 = 0;
CMPCRI1 &= ~PIS;
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// Compare Control Register 1 1
//ICMPCR1.7 : Enable bit of comparator

// CMPCRI1.7 :

//CMPCRI1.6 : Interrupt flag of comparator

// CMPCR1.6 :

/*CMPCR1.5 : Enable bit of comparator positive edge
interrupt // CMPCRL.S : <
/*CMPCR1.4 : Enable bit of comparator negative edge
Interrupt // CMPCR1.4 : &/
/*CMPCR1.3 : Bit to choose the positive pole of
comparator / CMPCRI1.3 : &/
/*CMPCR1.2 : Bit to choose the negative pole of
comparator / CMPCR1.2 : &/

//ICMPCRI1.1 : Control bit of outputting comparing result
//ICMPCRI1.1 :
//ICMPCRI1.0 : Flag bit of comparator result
//ICMPCR1.0 :
//Compare Control Register 2 2
/*CMPCR2.7 : Control bit for inversing comparator
output /CMPCR2.7 : &
//ICMPCR2.6 : Disable the 0.1ps Filter output by comparator
//ICMPCR2.6 0.1ps
/*CMPCR2.[5:0] : The timing control of interval jitter of

comparator output /CMPCR2.[5:0] :

&

// LED for positive edge interrupt request
/1
// LED for negative edge interrupt request
/1
// LED for direct output of comparator
/1
/I Switch of interrupt request mode
/1

// Initialize CMPCR1

// Initialize CMPCR2 2

/* Choose external pin P5.5 (CMP+) as the positive pole
input source of comparator P5.5 CMP+

*/
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CMPCRI &= ~NIS;

CMPCRI &= ~CMPOE;

CMPCR2 &= ~DISFLT;

CMPCR2 &= ~LCDTY;
CMPCRI1 |- CMPEN;
while (1)
{

if(K==1)

{

/* Choose internal BandGap voltage BGV as the negative

pole input source of comparator BandGap
BGV Y

// Disable the result output of comparator

/!

// Enable the 0.1us Filter output by comparator

// ( ) 0.1us
/* Output the result of comparator directly without
de-jitter */

// Enable comparator

CMPCR2 &= ~INVCMPO; /* Normal output the comparing result of comparator

CMPCRI |= PIE;

CMPCR1&=~ NIE;

on P1.2 P1.2%
// Enable the positive edge interrupt of comparator
/I
// Disable the negative edge interrupt of comparator
/I

CMPCR2 |= INVCMPO; /* Reverse the result of comparator and then output

}
else
{
CMPCRI |= NIE;
CMPCR1&=~ PIE;
}

if(CMPCR1 & CMPIF)
{
CMPCR1 &= ~CMPIF;
if(K==1)
{
LED0=0;

LEDI=1;

}
Else

to P1.2 P1.2%
// Enable the negative edge interrupt of comparator
//
// Disable the positive edge interrupt of comparator
//

// Clear the finish flag

// Light up LED for positive edge interrupt request
//
/
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{
LED1=0; // Light up LED for negative edge interrupt request
/
LEDO=1; 7
}

Summary ZRE/NEE

A comparator is built in STC15W201S MCU. Internal signal and external signal can be
configured as the in-phase or reversed-phase input source of the comparator. Comparator is
equipped with de-jitter (filter) function. The output of comparator is not used for output signal
or interrupt request signal directly, but de-jitter through a method of delay with adjustable
delay time. The result of comparator can not only output in-phase or reversed-phase, but also
detect the result state of comparator. There are two forms, positive edge interrupt and negative
edge interrupt, for comparator interrupt.

Comparator of STC15W201S MCU replaces the functions of general comparator, such
as temperature, humidity, pressure and other control comparator, and it is more reliable and

powerful. Moreover, the comparator can simulate A/D transfer function.
Exercise % =]l

1. Completions

1) The comparator of STC15W201S MCU consists of , and .

2) There are and of 2 kinds of signal source in STC15W201S MCU
comparator in-phase input (positive pole), which is selected by control bit  in comparator
control register CMPCRI1.

3) There are and of 2 kinds of signal source in STC15W201S MCU
comparator inverse input (negative pole), which is selected by control bit  in comparator
control register CMPCRI1.

4) The interrupt request flag of STC15W201S MCU comparator is____, interrupt
vector address is , interrupt number is , and interrupt priority is
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2. Choice Questions

1) That signal sources of in-phase and inverse input of STC15W201S MCU comparator
are respectively whenCMPCR1=84H.
A Select analog input channel, P5.4 B Select analog input channel, BGV
C P55,P54 D P55, BGV
2) The interrupt request flag of STC15W201S MCU comparator will be set to 1 and send
interrupt request to CPU when , if CMPCR1=90H.
A Output signal of comparator goes to high from low.
B Output signal of comparator goes to low from high.
C Output signal of comparator goes to low from high, or high from low.
3) The acknowledging time of comparator is system clocks after reset.
A 6 B 9 C 16 D 30
4) If CMPOE in CMPCRI is 1, the compare result will be sent to .
A P1.0 B PIl.1 C P12 D P13

3. True or False

1) There is a 0.1ps filter in STC15W201S MCU comparator, which is uncontrollable.
«C )

2) Interrupt request flag of comparator will be set to 1 and interrupt request will be sent to
CPU when output signal of STC15W201S MCU comparator goes to low from high. ( )

3) The result of STC15W201S MCU comparator is outputted via P1.2. ( )

4) The CMPRES in STC15W201S MCU comparator CMPCRI1 is a compare result flag
and read only. It won’t make any sense when it’s written by software. ( )

4. Question and Answer

1) How is the interrupt request flag of comparator generated?

2) How to inverse the result of comparator and through which pin will it be outputted?

3) What is the meaning of the control bit LCDTY[5:0] in comparator CMPCR2?

4) What is the meaning of the input signal source BGV of STC15W201S MCU
comparator inverse input (negative pole)?
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