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ABSTRACT

This project presents the design of Antenna Position Control System by using the
application of microcontroller. This system composes of four units; processing and control unit,
user interface unit, rotation unit, and PC interface unit. Processing and control unit uses
microcontroller MCS-51 to control this system. Rotation unit uses stepping motor to control the
accuracy of movement position. PC Interface Unit uses serial port communication to connect to

computer, which supported by Visual Basic program
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2.4 Msl¥nueadaluga (LCD Module)
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TEMIC

SNemre oundug e

TS80C31X2

8-bit CMOS Microcontroller 0-60 MHz

1. Description

TEMIC TS80C31X2 is high performance CMOS and
ROMiless versions of the 80C51 CMOS single chip 8-
bit microcontroller.

The TS80C31X2 retains all features of the TEMIC
TSC80C31 with 128 bytes of internal RAM, a 5-source,
4 priorty level interrupt system, an on-chip oscilator
and two timer/counters.

In addition, the TS80C31X2 has a dual data pointer, a
more versatile serial channel that facilitates
multiprocessor communication (EUART) and a X2 speed
improvement mechanism.

2. Features
e 80C31 Compatible

e 8031 pin and instruction compatible
e Four 8-bit I/O ports
e Two 16-bit timer/counters
e 128 bytes scratchpad RAM
@ High-Speed Architecture
e 40 MHz @ 5V, 30MHz @ 3V

e X2 Speed Improvement capability (6 clocks/
machine cycle)

30 MHz @ SV, 20 MHz @ 3V (Equivalent to
60 Miiz @ 5V, 40 MHz @ 3V)

Dual Data Pointer
Asynchronous port resct

The fully static design of the TS80C31X2 allows to
reduce system power consumption by bringing the clock
frequency down to any value, even DC, without loss of
data.

The TS80C31X2 has 2 software-sclectable modes of
reduced activity for further reduction in power
consumption. In the idle mode the CPU is frozen while
the timers, the serial port and the interrupt system are still
operating. In the power-down mode the RAM is saved
and all other functions are inoperative.

@ Interrupt Structurc with

e 5 Interrupt sources,

e 4 priority level interrupt system
e Full duplex Enhanced UART

e Framing error detection

e Automatic address recognition
@ Power Control modes

e Idle mode

e Power-down mode

e Power-off Flag
@ Once mode (On-chip Emulation)

Power supply: 4.5-5.5V, 2.7-5.5V

e Temperature ranges: Commercial (0 to 70°C) and
Industrial (40 to 85°C)

e Packages: PDIL40, PLCC44, VQFP44 1.4, PQFP F1
(13.9 footprint)
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3. Block Diagram

e a
2 &
A
11
(3¢ S
XTALL s
RAM
XTAL2 <@—] EUART 1288
ALE/PROG= i
PSEN <= . £ 1B-bus
-
EA o E
et |
ED (! Timer 0 INT l Parallel 10 Ports & Ext. Bus l
Timer 1 Ctrd
Wi << PortOlPor( ll'Por( ZlPonS
A

"%

(1): Alternate function of Port3

RESET
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4. SFR Mapping

The Special Fun

e (51 core registers: ACC, B, DPL, DPL, PSW, SP, AUXRI
1/O port registers: Po, P1, P2, P3
Timer registers: TCON, THo, THI, TMOD, TLO, TLIL

Serial 1/O port registers: SADDR, SADEN, SBUF, SCON

Power and clock control registers: PCON

Interrupt system registers: 1E, ip, 1PH

ction Registers (SFRs) of the TSROC31X2 fall into the following categorics:

Ffh

F7h

EFh

E7h

DFh

D7h

CFh

CTh

BFh

B7h

AFh

ATh

9Fh

97h

8Fh

87h

e Others: CKCON
Table 1. All SFRs with their address and their reset value
Bit Non Bit addressable
address-
able
3 119 2A 3/B 4/C s/ID 6/F 3
F8h
B
FOh 0000
E8h
ACC
Efh 0000 0000
D8h
PSW
DOh | 6900 0000
Csgh
COh
P SADEN
B8h | yxx0 0000 0000 0000
P3 PH
Bih 111t 1t XXX0 0000
IE SADDR
A8h | gxx0 0000 0000 0000
P2 AUXRI
BOk 1t 1t XXXXK XXX0
98h SCON SBUF
0000 0000 | XXXX XXXX
Pl
90k e 1
88h TCON TMOD TLO TLI THO THI CKCON
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 XXXX XXXO0
s it W
30h PO Sp DPL. DPH PCON
T 0000 0111 0000 0000 0000 0000 00X1 0000
08 119 VA 3B 4/C 5D 6/E 7E
rescrved
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5. Pin Configuration

—
PLO/T2 lj 1 40 [] vee
pi1/T2ex []2 39 ] P00/ A0 .
g o — a9
r12 []3 38 (] P01/ Al Zz 20292
P13 |4 37[] P02/ A2 Mo YUS = an
R R 5) o o e @
p|A4[5 36]1’043//’\3 S
P04/ A4 jasloslesfeslanlonlanlos Son Van s !
P15 6 3s{] ™ 6 S 4 3 2 1444342414
PO.5/ AS -
pL6 7 34 ] PLS ] 7 39 [] POA/ADA
ri7 [8 33 [] P06/ A6 PL6 ] 8 38 [ po.s/ADS
RST []9 2{] gxpf PLT ] 9 37 [] po.6/ADG
P3.0RxD [} 10 DL 3] RST [] 10 36 [ po.ADT
P3.1/TxD E 11 30 ] ALE/PROG P3.0/RxD [ 1 35 rJ-EA
P3.2/INTO [}12 29 {] PSEN NIC* .
[j12 CDIL40 il g PLCC44 34 [ nic
P3.3ANTI [} 13 28 [] P27/ ALS PLUTD O 13 13
P26/ Al4 o | ] ALE
p3.4r1o [}14 2 LA P3.2/INTO [] 14 32 []7sEN
P35l 15 26 ; P3.3/ANTIL ] 15 3 /
o= [ 3] p2ials
PR []16 25 [] P24/ AL2 p34mo 16 30
- P23/ All TN [ P2.6/A14
p37RD [17 2111 P3.S/TL 17 29 []p2.5/A13
xTAL2 [] 18 23 [] P22/ AIO
18 19 20 21 22 23 24 2526 27 28
)(TAL’[“) ZZ]PZJ/A() l_]L_lLalLJl_JL‘JL_Il_I(_Il_JL_l
2 « |10 ™ hen < & © — N
vss [} 20 21 [] P20/ A8 lglx-&‘; o — e
EEEE>Z23=55%
A H gedaS
el & - DR D W)
1 (). N
& aaQAQaaQ
= N B
t - 99g 83 =99
E CPENErRETTS . [
/44 4342 41 4039 3837 % 35 34
PLS [:]j 1 33 [T_]P0.4/AD4
pi6 [1]2 32{T1P0.5/ADS
P17 T3 3T ]PO.6/ADO
RST [J]4 30 [T1P0.7/AD7
P3.ORXD [I]5 29T JEA
Nnic T T e PQFP44 28 [T Inice
p3.1TxD [I]7 VQFP44 27T JALE
p3viINTO (I8 26 [T ]PSEN
P3VINTT []9 25 [T_Jp2.7:A1S
p34rTo [T]10 24T JP2.6/A14
P31 T 1 23 [T ]P2.57A13
12 13 18

vss [(Il=
Nic*[CI]2
P2.0/A8 [1]
p2.1/A9 (113
p2.2a10 I8

p2.yvall I
p2.4/A12 IR

P3.7/RD

-
xXTAL2 [T =

XTALI I} &

P3.6/WR

*NIC: No Intemnal Connection
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7. Electrical Characteristics

7.1 Absolute Maximum Ratings M

Ambiant Temperature Under Bias:

C = commercial 0°C to 70°C

I = industrial -40°C to 85°C

Storage Temperature -65°C to + 150°C
Voltage on Ve to Vgg 05Vto+7V
Voltage on Vpp to Vgg 05Vt +13V
Voltage on Any Pin to Vgg 0.5Vt Ve +05V
Power Dissipation 1 w2

NOTES

1. Stresses at or above those listed under ** Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not
implied. Expasure to ahsolute maximum rating conditions may affect device reliability.

2 This value is based on the maximum allowable die temperature and the thermal resistance of the package.

7.2 Power consumption measurement

Since the introduction of the first C51 devices, every manufacturer made operating Icc measurements under reset,
which made sense for the designs were the CPU was running under reset. In TEMIC new devices, the CPU is no
more active during reset, so the power consumption is very low but is not really representative of what will happen
in the customer system. That’s why, while keeping measurements under Reset, TEMIC presents a new way to
measure the operating lcc:

Using an intemnal test ROM, the following code is executed:
Label: SJMP Label (80 FE)

Ports 1, 2, 3 arc disconnected, Port 0 is tied to FFh, EA = Vee, RST = Vss, XTAL?2 is not connected and XTALI1
is driven by the clock.

This is much more representative of the real operating lcc.
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7.3 DC Parameters for Standard Voltage

Ta = 0°C to +70°C; Vgg =0 V; Ve =5V £ 10%; F = 0 to 40 MHz.
TA = -40°C to +85°C; Vgg =0 V; Vec =5V £ 10%; F = 0 to 40 MHiz.

Table 14. DC Parameters in Standard Voltage

Symbal Parameter Min Typ Max Unit Test Conditions
Vi Input Low Voltage 0.5 02Vee-01 | Vv
Viu Input High Voltage except XTALL, RST 0.2 Vee +09 Vee +0.5 v
Vi | nput High Voltage, XTALL, RST 0.7 Vee Ve +0.5 v
Vou Output Low Voltage, ports 1,2,3 @ 0.3 V| 1, = 100 pA™
045 Vo oL = 1.6 mA®
1.0 v | o
1o, = 3.5 mA®
Voui | Output Low Voltage, port 0 (¥ 0.3 Vo g =200 pA™
045 v -
1.0 v l()L =32 mA
lor = 7.0 mAY
Voz | Output Low Voltage, ALE, PSEN 03 V| 1g, = 100 pA®
0.45 \Y%
=1.6 mA®
10 v |lou=te
I, =3.5 mAY
Vou Output High Voltage, ports 1, 2523 Vee-03 v lop=-10pA
Vee- 07 V| lou=-30pA
Moy Vo gy =-60pA
Vee=SV£10%
Vot Output High Voltage, port O Vee-03 v Loy = -200 pA
Vee-07 vV |1gy=-32maA
Vee- LS Vol igy=-70mA
Vee=5V 2 10%
Vo Output High Voltage,ALE, PSEN Vee-03 \Y lop =-100 HA
Vee-07 V| lgy=-1.6mA
Vee- 15 Vol 1pg=-35mA
Vee=5V£10%
Rgst RST Pulldown Resistor 50 90 ® 200 kQ
" Logical 0 Input Current ports 1,2 and 3 -50 MA | Vin=045V
Iy Input Leakage Current +10 pA | 045V <Vin< V¢
Iy Logical | to 0 Transition Current, ports 1,2,3 -650 pA | Vin=20V
Cio Capacitance of VO Buffer 10 pF | Fc=1MHz
TAa=25°C
Ipp Power Down Current 20 50 MA |20V <Ve<SS v

Rev. B - Aug. 24, 1999
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Symbol Parameter Min Typ Max Unit Test Conditions
lee Power Supply Current Maximum values, X1 1 + 0.4 Freq
under | mode: 7! (MHz) Ve =55 vl
@12MHz 5.8
RESET @lMEE 38 | ik
@16MHz 7.4
tee Power Supply Current Maximum values, X1 340.6Freq
o A7) (MHz) _ %
operating | mode: @imiizto2 | ™A | Vee=ssv®
(@16MHz 12.6
lec Power Supply Current Maximum values, X1 0.25+0.3Freq
idle mode: 7  (MHz) mA | Vee=55 VP
@12MHz 3.9
@16MHz 5.1

7.4 DC Paramecters for Low Voltage

TA = 0°C to +70°C; Vgg = 0 V; Ve =27 Vto 55 V % 10%; F = 0 to 30 MHz.
Ta = -40°C to +85°C; Vgg =0 V; Ve = 2.7V to 5.5 V + 10%; F = 0 to 30 Mliz.

Table 15. DC Parameters for Low Voltage

Symbol Parameter Min Max Unit Test Conditions
4 P
Vg Input Low Voltage 0.5 02Vee-01 | Vv
Viig Input High Voltage except XTALL, RST 02 Ve +09 Ve +0.5 v
Vi Input High Voltage, XTAL1, RST 0.7 Ve Vee + 05 A"
Vo Output Low Voltage, ports 1,2,3© 0.45 Vo1, =08 mA®
VoL Output Low Voltage, port 0, ALE, PSEN ) 0.45 Vo g =16 mA®
Vou | Output High Voltage, ports 1,2, 3 0.9 Ve V| lgy=-10pA
Vour | Output High Voltage, port 0, ALE, PSEN 09 Vee V| lou=-40 pa
'T8 Logical 0 Input Current ports 1, 2 and 3 -50 HA | Vin=045V
%) Input Leakage Current *10 HA | 045V <Vin< Ve
Iy Logical 1 to 0 Transition Current, ports 1, 2,3 -650 HA | Vin=2.0V
Rgsy | RST Pulldown Resistor 50 90 ) 200 kQ
CIlO Capacitance of VO Buffer 10 pF | Fc=1MHz
Ta =25°C
Ipp Power Down Current 200 50 BA | Vee=20V105S v
10 30 Vee=20 Vo33 v
Iee Power Supply Current Maximum values, X1 1 +0.2 Freq
under mode: {7 (MHz) Vee=33 vih
@12MHz3.4 | mA *
RESET
@16MHz 4.2
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Symbeol Paramcter Min Typ Max Unit Test Conditions
Iee Power Supply Current Maximum values, X1 1403 Freq
operating | mode: 0 ~ (MHz) Vee =33V
@12MHz 4.6 | mA
@!16MHz 5.8
le¢ Power Supply Current Maximum values, X1 0.15 Freq
idic | mode: ™ M2 102 | mA | v.=33V?
@12MHz 2 )
@16MH7 2.6
NOTES

1. g under reset is measured with all output pins disconnected; XTALI driven with Tepcpn Teper =3 ns (see Figure 13.). Vi = Vs + 05V
Vi = Vee - 0.5V, XTAL2 N.C.; EA = RST = Port 0 = Vcc Icc would be slightly higher if a crystal oscillator used..
2. ldle Ig¢ is measured with all output pins disconnected; XTALI driven with Tepcy Tener =508 Vil = Ve 4 0.5V, Vi =Vee- 0.5V; XTAL2
N.C: Port 0 = Vg EA = RST = Vg (see Figure 11.).
3. Power Down I is measured with all output pins disconnected; EA = Vsg PORT 0 = Ve XTAL2 NC.; RST = Vg (sce Figure 12.).
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimpased on the VoS of ALE and Poris 1 and 3. The noisc is
due to external bus capacitance discharging into the Port O and Port 2 pins when these pins make 1 to 0 transitions during bus operation. In the worst
cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed 0.45V with maxi Ve peak 0.6V. A Schmitt Trigger use is nol necessary.
5. Typicals are based on a Jimited number of samples and are not guaranteed. The values listed are at room temperature and 5V.
6. Under steady state (non-transient) conditioas, Iy must be externally limited as follows:

Maximum 1y per port pin: 10 mA-"

Maximum Iy, per 8-bit port:

Port 0: 26 mA

Ports 1. 2 and 3: 15 mA

Maximum total 1y, for all output pins: 71 mA
If 1), exceeds the test condition, V,y, may exceed the related specification. Pins are not guaranteed to sink current greaterthan the listed test conditions.
7. For other values. please contact your sales office.
8. Operating I is measured with all output pins disconnected; XTALI driven with Ty oy Tener, =3 s (see Figure 13.), V= Vs + 0.5 V.
Vi = Vee - 0.5V XTAL2 N. C.:FA=Port 0= Ve RST =Vss. The internal ROM runs the code 80 FE (label: SIMP label). Icc would be slightly:
higher if a crystal oscillator is wsed. Measurements are made with OTP products when possible, which is the worst case.

Ve
lee i
Vee \L(_C
P
Vee
[___ RST EA
(NC) XTAL2
CLOCK XTALI
SIGNAL
|

All other pins are disconnected.

Figure 9. I¢c Test Condition, under reset
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we ot oon e 2T

Ve
lee,
Vee Ve
Reset = Vss afler a high pulse PO}
during at least 24 clock cycles
N RST EA
(NC) XTAL2
CLOCK XTALI
SIGNAL
Vs

Figure 10. Operating Ioc Test Condition

All other pins are disconnected

Vee
l(‘(l ‘
Vee Vo
Reset = Vss after a high pulse PO g
during at least 24 clock cycles
A TR P
(NCy——{ XTAL2
CLOCK » XTALI
SIGNAL
Vss

Figure 11. Icc Test Condition, Idle Mode

Reset = Vss after a high pulse
during at least 24 clock cycles

=

(NCy—]

g

XTAL2
XTALL

Vss

All other pins are disconnected.

Figure 12. I Test Condition,

V0.5V

All other pins are disconnected.
Power-Down Mode

0.7V¢c
0.45\L 0.2V 0.1
Teucr Teren

Teren = Tener =508
Figure 13. Clock

30

Signal Waveform for Icc Tests in Active and Idle Modes
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7.5 AC Paramecters

7.5.1 Explanation of the AC Symbols

Each timing symbol has 5 characters. The first character is always a “T” (stands for time). The other characters,
depending on their positions, stand for the name of a signal or the logical status of that signal. The following is
a list of all the characters and what they stand for.

Example:T Ay = Time for Address Valid to ALE Low.

T pr. = Time for ALE Low to PSEN Low.

TA = 0 to +70°C (commercial temperature range); Vgs = 0V; Voe =5 V £ 10%; -M and -V ranges.
TA = -40°C to +85°C (industrial temperature range); Vss = 0 V; Vee =5 V + 10%; -M and -V ranges.
TA = 0 to +70°C (commercial temperature range); Vgg = 0V;27V<Vee< 55V, -L range.

TA = -40°C to +85°C (industrial temperature range); Vgg =0 V; 27V < Vee < 5.5 V; -L range.

Table 16. gives the maximum applicable load capacitance for Port 0, Port 1, 2 and 3, and ALE and PSEN signals.
Timings will be guaranteed if these capacitances are respected. Higher capacitance values can be used, but timings
will then be degraded.

‘Fable 16. Load Capacitance versus speed range, in pF

™ v T
Port 0 100 50 100
Port1,2,3 80 50 80
ALE / PSEN 100 30 100

Table 18., Table 21. and Table 24. give the description of each AC symbols.
Table 19., Table 22. and Table 25. give for cach range the AC parameter.

Table 20., Table 23. and Table 26. give the frequency derating formula of the AC parameter. To calculate each
AC symbols, take the x value corresponding to the speed grade you need (-M, -V or -L) and replace this value
in the formula. Values of the frequency must be limited to the corresponding speed grade:

Table 17. Max frequency for derating formula regarding the speed grade

M X1 mode | M X2mode | -V Xlmode | -V X2mode | -L XImode -L X2 mode
Freq (MHz) 40 20 40 30 30 20
T (ns) 25 50 25 333 333 50
Example: _
Ty v in X2 mode for a -V part at 20 MHz (T = 1/20%¢ = 50 ns):
x= 25 (Table 20.)
T- 50ns
Ty v= 2T - x =2 x 50 - 25 = 75ns
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7.5.2 External Program Mcmory Characteristics

Table 18. Symbol Description

Symhol Parameter

T Osciliator clock period

Ty ALE pulse width

Tavit, Address Valid to ALE

TLLAX Address Hold After ALE

TLuv ALE to Valid Instruction In

ToipL ALE to PSEN

TeLen PSEN Pulse Width

Teriv PSEN to Valid Instruction In

Tpxix Input Instruction Hold After PSEN

Texiz, Input Instruction FloatAfter PSEN

Tpxav PSEN to Address Valid

Taviv Address to Valid Instruction In

TpLaz PSEN Low to Address Float

Table 19. AC Parameters for Fix Clock

Speed -M -V -V -L -L Units -
40 MHz X2 mode standard mode X2 mode standard mode
30 MHz 40 MHz 20 MHz 30 MHz
60 MHz equiv. 40 MHz equiv.
Symbol Min Max Min Max Min Max Min Max Min Max
T 25 33 25 50 33 ns
Tue 40 25 42 35 52 ns
TaviL 10 4 12 S 13 ns
TLLax 10 4 12 S 13 ns
Teuwv 70 45 78 65 98 ns
TLifL, 15 9 17 10 18 ns
ooy 55 35 60 S0 75 ns
Toiv 35 25 50 30 55 ns
Texix 0 0 0 0 0 ns
Tpxiz 18 12 20 10 18 ns
Taviv 85 53 95 80 122 ns
oAz 10 10 10 10 10 ns
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Table 20. AC Paramcters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M -V -L Units
Clock
T, Min 2T-x T-x 10 8 15 ns
Thvii. Min T-x 05T-x 15 13 20 ns
T Min T-x 05T-x 15 13 20 ns
Tinv Max 4T-x 2T-x 30 22 35 ns
TripL Min T-x 05T-x 10 8 15 ns
TpLeu Min 3T-x 1L.5T-x 20 15 25 ns
Tpuav Max 3T-x 15T-x 40 25 45 ns
Texix Min X X 0 0 0 ns
Texiz Max T-x 05T-x 7 S 15 ns
Taviv Max 5T-x 25T-x 40 30 45 ns
TpLaz Max X x 10 10 10 ns

7.5.3 External Program Memory Read Cycle

< 2Terc P
e T — TLov—>

ALE ) N\ Treee / \

PORT 0 INSTR IN

INSTR IN

Taviv ———’F

PORT 2 ADDRESS

OR SFR-P2 ADDRESS A8-A15

ADDRESS A8-Al5

Figurc 14. External Program Memory Read Cycle
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7.5.4 External Data Memory Characteristics

‘T'abic 21. Symbol Description

B Symbheol Paramecter
Trerit RD Pulse Width
Twiwit WR Pulse Width

T TRLDV RD to Valid Data in
TriDX Data Hold After RD
Trupz Data Float After RD
Tiipv ALE to Valid Data in
Tavov Address to Valid Data In
Tiiwe ALE to WR or RD
Tavwi, Address to WR or RD
Tovwx Data Valid to WR Transition
TQuwH Data sct-up to WR High
Twhox Data Hold After WR
TRrLAZ RD Low to Address Float
TwiLn RD or WR High to ALE high

34
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Table 22. AC Parameters for a Fix Clock

Speed -M -V -V -L -L Units
40 MHz X2 mode standard modc X2 mode standard modc
30 MHz 40 MHz 20 MHz 30 MHz
60 MHz equiv. 40 MHz equiv.

Symbeol Min Max Min Max Min Max Min Max Min Max

T 130 85 135 125 175 ns
Twiwn 130 85 135 125 175 ns
Trrov 100 60 102 95 137 ns
TRHDX 0 0 0 0 0 ns
Tasios 30 18 35 25 42 ns
TLLBv 160 9 165 155 222 ns
Thviv 165 100 175 160 235 ns
T 50 100 30 70 55 95 45 105 70 130 ns
TaAvwL 75 47 80 70 103 ns
Tovwx 10 7 15 5 13 ns
Tovwi 160 107 165 155 213 ns
Twitox 15 9 17 10 18 ns
TrLAZ 0 0 Q 0 0 ns
TwiLi 10 40 7 27 1s 35 5 45 13 53 ns

Rev. B - Aug. 24, 1999

35



TS80C31X2 TEMIC

Table 23. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M % -LL Units
Clock

- Tkl i Min 6T-x 3T -x 20 15 25 ns
Twiwit Min 6T-x 3T-x 20 15 25 ns
Trrov Max ST-x 25T-x 25 23 30 ns
TrunX Min X X 0 0 0 ns
Trupz Max 2T-x T-x 20 15 25 ns
TLioy Max 8T-x 4T x 40 35 45 ns
Tavpv Max 9T-x 45T-x 60 50 65 ns
T Lwe Min 3T-x 1.5T-x 25 20 30 ns
Tiowl Max 3T+x LST+x 25 20 30 ns
Tavwi, Min 4T-x 2T-x 25 20 30 ns
Tovwx Min T-x 05T-x 15 10 20 ns
Tovwn Min 7T-x 850 - x 15 10 20 ns
Twuox Min T-x 05T-x 10 8 15 ns
TriAZ Max X X 0 0 0 ns
TwHLH Min T-x 0.5T-x 15, 10 20 ns
T Wil Max Ttx 05Tt x 15 10 20 ns

7.5.5 External Data Memory Write Cycle

i TwhLir
ALE f
PSEN
e t— T pwe Twiwh

Je——
WR \\ /
k- Tovw X i L
K—T| LAX [ e rOVWH . rW”QX
PORT 0 AO-A7 DATA OUT
Trvw—=——M
PORT 2 ADDRESS ADDRESS A8-A15 OR SFR P2 )

OR SFR-P2

Figure 15. External Data Memory Write Cycle
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7.5.6 External Data Memory Read Cycle

. Twipir®
ALE __J——Wf——————‘ 1 LLDv———————"

PSEN . J .
te— Tp Lwi: Trire—
l¢—— TrLDV —
N 1
; Tavov -
1= TiLaxP Trunx®t 1€
PORT 0 :>_< AO-A7 < DATA IN >
b I < TriAz
o — N B '
PORT2 ~ ADDRESS ADDRESS A8-A15 OR SFR P2 >

Figurc 16. External Data Mcmory Read Cycle

7.5.7 Serial Port Timing - Shift Register Mode
Table 24. Symbol Description

Symlrol Parameter
TxixL Serial port clock cycle time
Tqvix Output data set-up to clock rising edge
Txuox Output data hold after clock rising edge
Txupx Input data hold after clock rising edge
Txnpv Clock rising edge to input data valid
Table 25. AC Parameters for a Fix Clock
Speed -M -V -V -L -L Units
40 MHz X2 mode standard mode X2 mode standard mode
30 MHz 40 MHz 20 MHz 30 MHz
60 MHz equiv. 40 MHz equiv.
Symbol Min Max Min Max Min Max Min Max Min Max
TxixL 300 200 300 300 400 ns
Tovix 200 117 200 200 283 ns
TXHOX 30 13 30 30 47 ns
Treing 0 0 0 0 0 ns
Ttiny 117 34 117 117 200 ns
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‘Table 26. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M -V -L Units
Clock

TxixL Min 12T 6T ns

Tovix Min 10T-x ST-x 50 50 50 ns

; T Min 2T-x T-x 20 20 20 ns

Txupx Min X X 0 0 0 ns

Txunv Max 10T-x 5T-x 133 133 133 ns

7.5.8 Shift Register Timing Waveforms

NI, NN\ I/ ZZ R\ .

- Tx.x1¥]

i RZINR: N = \Y )

. > T nox
TQVxH —’t b\
0

QUTPUT DATA

WRITE to SBUF Txnpv —

INPUT DATA

CLEAR RI

Figure 17. Shift Register Timing Waveforms
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7.5.9 External Clock Drive Characteristics (XTAL1)
Table 27. AC Parameters

Symbol Parameter Min Max Units
TeLeL Oscillator Period 25 ns
Teuex High Time s ns
Terex Low Time 5 ns
TeLcu Rise Time 5 ns
TeucL Fall Time 5 ns

Tenex/Tenex Cyclic ratio in X2 mode 40 60 %

7.5.10 External Clock Drive Wavcforms

Ve 0.5 Ve-
cc? _7L 0.7V
045V 02Vcc0.1'V

TencL

Figure 18. External Clock Drive Waveforms

7.5.11 AC Testing Input/Output Waveforms

Vec0.5V
cc0.5 )<50.2Vcc+0-9
INPUT/OUTPUT > <
Ro 0.2Vc0.1

Figure 19. AC Testing Input/Output Waveforms

AC inputs during testing are driven at Vcc - 0.5 for a logic “1” and 0.45V for a logic “0”. Timing measurement
are made at Vy;; min for a logic “I” and V, max for a logic “0”.

7.5.12 Float Waveforms

FLOAT
VOH—O'l \4 VLOAD VLOAD+O'1 \%
Vo +0.1V Vioap0-1V

Figure 20. Float Waveforms
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For timing purposcs a port pin is no longer floating when a 100 mV change from load voltage occurs and begins
to float when a 100 mV change from the loaded Vou/Vor level oceurs. Lo /loy = = 20mA.

7.5.13 Clock Waveforms
valid in normal clock mode. In X2 mode XTAL2 signal must be changed to XTAL2 divided by two.

|NTERNAL | STATE4 | STATES STATE6 , STATEl , STATE2 | STATE3 | STATE4 = STATES
CLOCK Pl l p2 | Pl | p2 | Pl | p2 | PI l p2 | Pl I p2 | Pl |Pz Pl l P2 | PI l P2
XTAL2

e 1 1 B

THESE SIGNALS ARE NOT ACTIVATED DURING THE

EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION

PSEN

DATA PCL OUT

PCL OUT DATAI l PCL OUT l

SAMPLED SAMPLED ' SAMPLED
FLOAT L——-—— FLOAT L.——— FLOAT __-J

P2 (EXT) [ INDICATES ADDRESS TRANSITIONS ] [

READ CYCLE
RD l

J PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)

PO [DPLORRLOUT | 79 f V |

I.< FLOAT >
P2 l INDICATES DPI1 OR P2 SFR TO PCH TRANSITION |
WRITE CYCLE
WR ] [ PCLOUT (EVEN IF PROGRAM
MEMORY IS INTERNAL)
PO e, == 3l
[ oPL OR Rt OUT l 3 »
L DATA OUT PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)
P2 ] INDICATES DPH OR P2 SFR TO PCH TRANSITION
PORT OPERATION
OLD DATA ‘ NEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO m m
MOV DEST PORT (P1, P2. P3) P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED
(INCLUDES INTO, INTL. TO, Tl)Jj:l m_
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED
TXD (MODE 0) l

Figure 21. Clock Waveforms

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to output and component. Typically though (TAo=25°C fully loaded)
RD and WR propagation delays are approximately 50ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications. -
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