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Z8PE002
Z8Plus OTP Microcontroller ZiLOG

GENERAL DESCRIPTION (Continued)

Both the 8-bit and 16-bit on-chip timers, with several userPower connections follow conventional descriptions
selectable modes, administer real-time tasks such as coub&low:
ing/timing and I/O data communications.

Connection Circuit Device
Note: All signals with an overlinare active Low. For exam- Power Vee Vop
ple, BW, in which WORD is active Lonend BW, in  Ground GND Vss
which BYTE is active Low.
XTAL

[ i

Two 8-Bit Timers

e V2! >
or One 16-Bit .
PWM Timer | JL : '\4?;?,%8
ALU 7
One 16-Bit p1+—
Standard Timer [N\—
FLAGS
Interrupt % > OTP Program
Control N\ WDT Memory
Register TT
Pointer
One Analog |1 LN Program
Comparator [N— RAM 1 Counter
Register File |
AN
POR &
Veo
SNZ
Port A Port B

i

Figure 1. Functional Block Diagram
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ZiLOG

PIN DESCRIPTION

-
o
S
onooooonon

18 | PBO
0 XTAL1
0 XTAL2

18-Pin A Vss
DIP/SOIC H Vee

1 PAO
1 PA1
O PA2
10 | PA3

Figure 3. 18-Pin DIP/SOIC Pin Identification

Table 1. Standard Programming Mode

Pin # Symbol Function Direction
1-5 PB1-PB5 Port B, Pins 1,2,3,4,5 Input/Output
6-9 PA7-PA4 Port A, Pins 7,6,5,4 Input/Output
10-13 PA3-PAO Port A, Pins 3,2,1,0 Input/Output
14 Vee Power Supply
15 Vgs Ground
16 XTAL2 Crystal Oscillator Clock Output
17 XTAL1 Crystal Oscillator Clock Input
18 PBO Port B, Pin 0 Input/Output
4 PRELIMINARY DS008700-Z8X0799
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- -/
PGM ] 1 183 ADCLK
GND 1 XTAL1
GND 1 NC
GND . 1 GND
18-Pin
ADCLR
CLRVee S pipysoic P Voo
D7 o 1 DO
D6 O 1 D1
D5 O 1 D2
D4 9 10 B D3
Figure 4. 18-Pin DIP/SOIC Pin Identification
Table 2. EPROM Programming Mode
Pin # Symbol Function Direction
1 PGM Program Mode Input
2-4 GND Ground
5 ADCLR/Vpp Clear Clock/Program Voltage Input
6-9 D7-D4 Data 7,6,5,4 Input/Output
10-13 D3-D0 Data 3,2,1,0 Input/Output
14 Vbop Power Supply
15 GND Ground
16 NC No Connection
17 XTAL1 1-MHz Clock Input
18 ADCLK Address Clock Input

DS008700-Z8X0799
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ZiLOG

PIN DESCRIPTION (Continued)

PB1
PB2
PB3
PB4
PB5

NC
PA7
PAG6
PA5
PA4

ononoooononnon

20-Pin
SSOP

10 11

1 PBO
O XTAL1
O XTAL2
0 Vgs
H Vee
H NC
1 PAO
1 PA1
1 PA2

H PA3

Figure 5. 20-Pin SSOP Pin Identification

Table 3. Standard Programming Mode

Pin # Symbol Function Direction
1-5 PB1-PB5 Port B, Pins 1,2,3,4,56 Input/Output
6 NC No Connection

7-10 PA7-PA4 Port A, Pins 7,6,5,4 Input/Output
11-14 PA3-PAQ Port A, Pins 3,2,1,0 Input/Output
15 NC No Connection

16 Vee Power Supply

17 Vss Ground

18 XTAL2 Crystal Oscillator Clock Output

19 XTAL1 Crystal Oscillator Clock Input

20 PBO Port B, Pin 0 Input/Output
6 PRELIMINARY DS008700-Z8X0799
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PGM 1 20 g ADCLK
GND O O XTAL1
GND O 1 NC
GND O 1 GND
ADCLRNpp O 20-Pin = Vbb
NC O SSOP O NC
D7 O (1 DO
D6 O O D1
D5 O O D2
D4 f 10 11pg@ D3
Figure 6. 20-Pin SSOP Pin Identification/EPROM Programming Mode
Table 4. EPROM Programming Mode
Pin # Symbol Function Direction
1 PGM Program Mode Input
2-4 GND Ground
5 ADCLR/Vpp Clear Clock/Program Voltage Input
6 NC No Connection
7-10 D7-D4 Data 7,6,5,4 Input/Output
11-14 D3-D0 Data 3,2,1,0 Input/Output
15 NC No Connection
16 Vpp Power Supply
17 GND Ground
18 NC No Connection
19 XTAL1 1-MHz Clock Input
20 ADCLK Address Clock Input

DS008700-Z8X0799
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ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units Note
Ambient Temperature under Bias -40 +105 C
Storage Temperature -65 +150 C
Voltage on any Pin with Respect to Vgg -0.6 +7 Vv 1
Voltage on Vpp Pin with Respect to Vgg -0.3 +7 \Y
Voltage on PB5 Pin with Respect to Vgg -0.6 Vpp+1 \ 2
Total Power Dissipation 880 mwW
Maximum Allowable Current out of Vgg 40 mA 3
Maximum Allowable Current into Vpp 40 mA 3
Maximum Allowable Current into an Input Pin -600 +600 pA 4
Maximum Allowable Current into an Open-Drain Pin -600 +600 pA 5
Maximum Allowable Output Current Sunk by Any I/O Pin 25 mA
Maximum Allowable Output Current Sourced by Any I/O Pin 25 mA
Maximum Allowable Output Current Sunk by Port A 40 mA 3
Maximum Allowable Output Current Sourced by Port A 40 mA 3
Maximum Allowable Output Current Sunk by Port B 40 mA 3
Maximum Allowable Output Current Sourced by Port B 40 mA 3
Notes:

1. Applies to all pins except the PB5 pin and where otherwise noted.

2. There is no input protection diode from pin to Vpp.

3. Peak Current. Do not exceed 256mA average current in either direction.

4. Excludes XTAL pins.

5. Device pin is not at an output Low state.

Stresses greater than those listed under Absolute Maximwan affect device reliability. Total power dissipation should
Ratings can cause permanent damage to the device. This rait exceed 880 mW for the package. Power dissipation is
ing is a stress rating only. Functional operation of the devicealculated as follows:

at any condition above those indicated in the operation
sections of these specifications is not implied. Exposure t
absolute maximum rating conditions for an extended period

otal Power Dissipation = Vpp X [Ipp — (sum of Igy)]
+ sum of [(VDD - VOH) X IOH]
+ sum of (Vg x Ig)
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STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test con-
ditions as noted. All voltages are referenced to Ground. Pc

itive current flows into the referenced pin (Figure 7).

From Output
Under Test

O PY

} 7= 150pF

Figure 7. Test Load Diagram

CAPACITANCE

Ta =25°, Vgec = GND =0V, f = 1.0 MHz, unmeasured pins

Parameter

Min Max
Input capacitance 0 12 pF
Output capacitance 0 12 pF
I/O capacitance 0 12 pF

returned to GND.

DS008700-Z8X0799
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Z8Plus OTP Microcontroller ZiLOG
DC ELECTRICAL CHARACTERISTICS
Table 5. DC Electrical Characteristics
Ta =0°C to +70°C
Standard Temperatures
1 Typical2
Sym Parameter Vee Min Max @ 25°C Units Conditions Notes
VeH Clock Input High 3.0V 0.7V¢cc Vec+0.3 1.3 V  Driven by External Clock
Voltage
55V  0.7V¢c Vec+0.3 25 V  Driven by External Clock
VoL Clock Input Low 3.0V Vgs-0.3 0.2Vc 0.7 V  Driven by External Clock
Voltage
5,5V  Vgg-0.3 0.2V¢ce 1.5 V  Driven by External Clock
Vi Input High Voltage 3.0V 0.7Vcc Vec+0.3 1.3 \%
5.5V 0'7VCC Vcc+0.3 2.5 Vv
V||_ Input Low Voltage 3.0V Vss—0.3 O'ZVCC 0.7 Vv
5.5V  Vgs-0.3 0.2V¢e 1.5 \
Vou Output High Voltage 3.0V Vc-0.4 3.1 V  lgy=-2.0mA
5.5V Vcc—0.4 4.8 Vv IOH =-2.0 mA
VoL1 Output Low Voltage 3.0V 0.6 0.2 V  lgL=+4.0mA
5.5V 0.4 0.1 V  lgL=+4.0mA
VoL2 Output Low Voltage 3.0V 1.2 0.5 V  lgL=+6mA
5.5V 1.2 0.5 V  lgL=+12mA
Vorrser Comparator Input 3.0V 25.0 10.0 mV
Offset Voltage 5.5V 25.0 100 mV
e Input Leakage 3.0V -1.0 2.0 0.064 MA V=0V, Ve
5.5V -1.0 2.0 0.064 HA VN =0V, Ve
loL Output Leakage 3.0V -1.0 2.0 0.114  pA V|y=0V, Ve
5.5V -1.0 2.0 0.114 [JA VIN =0V, VCC
Vicr Comparator Input 3.0V Vgs-0.3 Vee-1.0 \'% 3
Common Mode
55V  Vgs0.3 Vee-1.0 \Y 3
Voltage Range SS cc
Rpgs PB5 Pull-up Resistor 3.0V 100 200 kOhm 4
5.5V 100 200
Viv Vcc Low-Voltage 2.45 2.85 2.60 \'%
Protection
Notes:
1. The V¢ voltage specification of 3.0V guarantees 3.0V; the V¢ voltage specification of 5.5V guarantees 5.0V +0.5V.
2. Typical values are measured at V¢ = 3.3V and V¢ = 5.0V; Vgg = 0V = GND.
3. For the analog comparator input when the analog comparator is enabled.
4. No protection diode is provided from the pin to Vc¢. External protection is recommended.
5. All outputs are unloaded and all inputs are at the V¢ or Vgg level.
6. CL1=CL2 =22 pF.
7. Same as note 5, except inputs are at V.
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ZiLOG Z8Plus OTP Microcontroller
Table 5. DC Electrical Characteristics (Continued)
Ta =0°C to +70°C
Standard Temperatures
; Typical2
Sym Parameter Vee Min Max @ 25°C Units Conditions Notes
lcc Supply Current 3.0V 2.5 2.0 mA @ 10 MHz 5,6
5.5V 6.0 3.5 mA @ 10 MHz 5,6
lcer Standby Current 3.0V 2.0 1.0 mA HALT mode V,y =0V, 5,6
VCC @ 10 MHz
5.5V 4.0 25 mA HALT mode V|5 =0V, 5,6
VCC @ 10 MHz
lcea Standby Current 500 150 nA STOP mode V| =0V, 7
Vee
Notes:
1. The V¢ voltage specification of 3.0V guarantees 3.0V; the V¢ voltage specification of 5.5V guarantees 5.0V +0.5V.
2. Typical values are measured at V¢ = 3.3V and V¢ = 5.0V; Vgg = 0V = GND.
3. For the analog comparator input when the analog comparator is enabled.
4. No protection diode is provided from the pin to V. External protection is recommended.
5. All outputs are unloaded and all inputs are at the V¢ or Vgg level.
6. CL1=CL2 =22 pF.
7. Same as note 5, except inputs are at V.

DS008700-Z8X0799

PRELIMINARY

11



Z8PE002
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RESET (Continued)
Table 8. Control and Peripheral Registers* (Continued)

Bits
Register (HEX) Register Name 7 6 5 4 3 2 1 0 Comments
D4 Port B Input U U U U U U U U Currentsample of the input pin
following RESET.
D3 Port A Special 0 0 O O O O O O Deactivates all port special functions
Function after RESET.
D2 Port A 0 0O O O O 0 0 o0 Definesallbits asinputs in PortA after
Directional RESET.
Control
D1 Port A Output U U U U U U U U Outputregister not affected by RESET
DO Port A Input U U U U U U U U Currentsample of the input pin
following RESET.
CF Reserved
CE Reserved
CD T1VAL u U U U U u u u
CC TOVAL u U U U u u u u
CB T3VAL u U U U U u u u
CA T2VAL u U U U u u u u
C9 T3AR u U U U U U u u
C8 T2AR u U U U u u u u
c7 T1ARHI u U U U U U u u
Cé TOARHI u U U U u u u u
C5 T1ARLO u U U U U u u u
Ca TOARLO u U U U U U u u
C3 WDTHI T 1 1 1 1 1 1 1
C2 WDTLO T 1 1 1 1 1 1 1
C1 TCTLHI 1 1 1 1 1 0 0 0 WDTenabledinHALT mode, WDT

time-out at maximum value, STOP
mode disabled.

Co TCTLLO 0 0O O O O O O0 0 Allstandardtimers are disabled.

Note: *The SMR and WDT flags are set to indicate the source of the RESET.

Table 9. Flag Register Bit D1, DO

D1 DO Reset Source
0 0 Vgo/POR

0 1 SMR Recovery
1 0 WDT Reset

1 1 Reserved
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IREQ SOFTWARE INTERRUPT GENERATION

IREQ can be used to generate software interrupts by spec-  same cycle as an interrupt source tries to SEEm bit,
ifying IREQ as the destination of any instruction referencing the new interrupt is lost.

the Z8Plus Standard Register File. These software inte
rupts §WI) are controlled in the same manner as hardwa
generated requests. In other words]h&SK controls the

;
ﬁlesting of Vectored Interrupts

enabling of eaclSWI. Nesting vectored interrupts allows higher priority requests
To generate 8WI, the request bit ifREQ is set by the fol- to interrupt a lower priority request. To initiate vectored in-
lowing statement: terrupt nesting, perform the following steps during the in-

terrupt service routine:
e PUSH the oldIMASK on the stack

* LoadIMASK with a new mask to disable lower prior-
ity interrupts

OR IREQ,#NUMBER

The immediate data variablUMBER, has al in the bit
position corresponding to the required leved'dil. For ex-
ample, arBWI must be issued when 8&EQ5 occurs. Bit ] )
5 of NUMBER must have a value af * Execute attl instruction

OR IREQ, #001000008 * Proceed with interrupt processing
. . _ * Execute @l instruction after processing is complete
If the interrupt system is globally enabldBEQS5 is en- _ o _
abled, and there are no higher priority requests pending, Restore théMASK to its original value byOPing the
control is transferred to the service routine pointed to by the Prévious mask from the stack
IREQ5 vector. ¢ ExecuteRET

Depending on the application, some simplification of the
Note: Software may modify thiREQ register at any time. Care above procedure may be possible.
should be taken when using any instruction that modifies
theIREQ register while interrupt sources are active. ThReRESET Conditions
software writeback always takes precedence over t
hardware. If a software writeback takes place on th

helMASK andIREQ registers initialize to0Oh onRESET.

PROGRAMMABLE OPTIONS

EPROM Protect. When selecting th®ISABLE EPROM  This option bit only affects the user’s ability to read the code
PROTECT/ENABLE TESTMODE option, the user can read and has no effect on the operation of the part in an appli-
the software code in the program memory. ZiLOG's intereation. ZiLOG tests the EPROM memory before customer
nal factory test mode, or any of the standard test mode metelivery whether or not thENABLE EPROM PRO-
ods, are useful for reading or verifying the code in the miTECT/DISABLE TESTMODE option is selected; ZiLOG
crocontroller when using an EPROM programmer. If theprovides a standard warranty for the part.
user should select tHENABLE EPROM PROTECT/DIS- :

o . System Clock Source. When selecting thBC OSCILLA-
ABLE TESTMODE option, itis not possible to read the cod R ENABLE option, the oscillator circuit on the micro-

using a tester, programmer, or any other standard methoc introller is configured to work with an external RC circuit.

Qts ae:] riisrlrj,lé’ ;‘Itlt_e(r)fulsstourrr::rplc(fetlﬁléerﬁ the EPROM MEMONphen selecting the Crystal/Other Clock Source option, the
y Y- oscillator circuit is configured to work with an external
crystal, ceramic resonator, or LC oscillator.
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WATCH-DOG TIMER

The Watch-Dog TimerWDT) is a retriggerable one-shot The WDT instruction should be executed often enough to
16-bit timer that resets the devi€é reaches its terminal provide some margin of time to allow tiDT registers to
count. ThelDT is driven by theXTAL2 clock pin. To pro- approachn. Because th&/DT time-out periods are rela-
vide the longer time-out periods required in applicationgiively long, awDT RESET occurs in the unlikely event that
the watch-dog timer is only updated every 64th clock cyclaheWDT times out on exactly the same cycle thaMHzT
When operating in thRUN or HALT modes, VDT time-  instruction is executed.

out reset is functionally equivalent to an interrupt vectoring‘f .
the PC tc0020H, and setting thevDT flag to1. Coming ESET clears both thevDT andSMR flags. AWDT time

—_— . t sets thaVDT fl nd theSTOP instruction sets th
out of RESET, theWDT is fully enabled with its time-out out sets thav ag, and theSTOP instruction sets the

- . . SMR flag. This function enables software to determine
value setat minimum, unless otherwise programmed during, ... - “4vDT time-out or a return frorSTOP mode oc-
the first instruction. Subsequent executions ofAHET in-

struction reinitialize the watch-dog timer registerai{and curred. Reading th&/DT andSMR flags does not reset the
C3h) to their initial values as defined by bils, D5, and flag to0; therefore, the user must clear the flag via software.

D4 of theTCTLHI register. Th&/DT cannot be disabled ex-
cept on the first cycle aft®ESET and when the device en- Note: Failure to clear th&éMR flag can result in unexpected
tersSTOP mode. behavior.

0C1 TCTLHI

D7 D6 D5 D4 D3 D2 D1 DO

Reserved (must be 0)

0 = STOP mode enabled
1 =STOP mode disabled*

D6 D5 D4 WDT TIMEOUT VALUE

0 Disabled
1 65,5636 TpC*
0 131,072 TpC
1 262,144 TpC
0 524,288 TpC
1 1,048,576 TpC
0 2,097,152 TpC
1 8,388,608 TpC

_ L O 000
N Y = P ¥ o)

(XTAL clocks to time-out)

1=WDT enabled in HALT mode*
*Designates the default value after RESET. 0 =WDT disabled in HALT mode

Figure 11. TCTLHI Register for Control of WDT
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tal/ceramic resonator manufacturer. Thyg can be in-
creased to decrease the amount of drive from the oscillator
Vss output to the crystal. It can also be used as an adjustment
to avoid clipping of the oscillator signal to reduce noise. The
XTAL1 XTAL2 Rg can be used to improve the start-up of the crystal/ceramic
resonator. The Z8Plus oscillator already locates an internal
é Rp shunt resistor in parallel to the crystal/ceramic resonator.

Z8Plus

Re

W
T ] 1
T c, T c, —[>o— XTAL1

Figure 16. Crystal/Ceramic Resonator Oscillator Z8Plus v
ss
N/C M XTAL2
XTAL1 Figure 18. External Clock

J L | Z8Plus

Figure 16, Figure 17, and Figure 18 recommend that the

Vss load capacitor ground trace connect directly to\tge

(GND) pin of the Z8Plus. This requirement assures that no

system noise is injected into the Z8Plus clock. This trace

C == should not be shared with any other components except at
T theVgg pin of the Z8Plus.

XTAL2

Fi 17. LC Clock
'gure C Cloc Note: A parallel-resonant crystal or resonator manufacturer

specifies a load capacitor value that is a series combination

In most cases, thep is 0 Ohms an@ is infinite. These of C; andC,, including all parasitics (PCB and holder).

specifications are determined and specified by the crys-

DS008700-Z8X0799 PRELIMINARY 27
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LC OSCILLATOR

The Z8Plus oscillator can use an inductor capacitor oscil- 1/Cr = 1/C;+1/Cy
lator (LC) network to generate 2TAL clock (Figure 17). If C, = G
The frequency stays stable owgy and temperature. The 1/Cy = 2/C4
oscillation frequency is determined by the equation: Ci = 2Ct
1
Frequency = o1 LCy) 12 A sample calculation of capacitan€¢ andC, for 5.83-

MHz frequency and inductance value of 27 pH is displayed

whereL is the total inductance including parasitics, @ad as follows:
is the total series capacitance including parasitics. 1
5.83 (1076) =

Simple series capacitance is calculated using the equation
at the top of the next column.

21[27 (10) 11 /2

Cr=27.6 pF

Thus,C, =55.2 pF an®€, = 55.2 pF.

TIMERS

Two 8-bittimers, timer OT0) and timer 1T1) are available Width Modulator (PWM) timer. Two additional 8-bit tim-
to function as a pair of independent 8-bit standard timergrs {2 andT3) are provided, but they can only operate as
They may also be cascaded to function as a 16-bit Pulsere 16-bit standard timer.

0SC/8

Enable TCTLLO (D5)

Y

. — > |RQ5 (T23)
16-bit Down Counter

L

T3VAL T3AR T2AR T2VAL

| |

Internal Data Bus

Figure 19. 16-Bit Standard Timer
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TIMERS (Continued)

0Co TCTLLO

D7 D6 D5 D4 D3 D2 D1 DO

TIMER STATUS
D2 D1 DO TO T TO1

Disabled Disabled
1 Enabled Disabled
0 Disabled Enabled
1 Enabled Enabled
0 Enabled*
1 Enabled* Disabled
0 Disabled Enabled*
1 Enabled* Enabled*

—as0O0-=00

NoOTE: (*) indicates auto-reload is active.

Reserved (must be 0)

1 =T23 16-Bit Timer Enabled with Auto-Reload Active
0=T2 and T3 Timers Disabled

Reserved (must be 0)

Note: Timer T01 is a 16-bit PWM Timer formed by cascading 8-bit timers
T1(MSB) and TO (LSB). T23 is a standard 16-bit timer formed
by cascading 8-bit timers T3 (MSB) and T2 (LSB).

Figure 22. TCTLLO Register

A pair of READ/WRITE registers is utilized for each 8-bit
timer. One register is defined to contain the auto-initializaNote: Unpredictable behavior can occur if the value updates at
tion value for the timer. The second register contains the the same time that the timer reaches

current value for the timer. When a timer is enabled, the tin

er decrements the value in its count register and continu€gnilarly, if user software changes the initialization value

decrementing until it reach@s An interrupt is generated, rgqister while the timer is active, the next time that the timer
and the contents of the auto-initialization register are Ojpaches. the timer initializes to the changed value.
tionally copied into the count value register. If auto-initial-

izationis not enabled, the timer stops counting when the ve
ue reaches. Control logic clears the appropriate contro|Note: Unpredic_table_ behavior can oceur if thg i_nitialization
register bit to disable the timer. This operation is referred value register is changed while the timer is in the process
to as aingle-shatlf auto-initialization is enabled, the timer of being initialized.

counts from the initialization value. Software must not at

tempt to use timer registers for any other function. The initialization value is determined by the exact timing
of theWRITE operation. In all cases, the Z8Plus assigns a

User software is allowei write to anWVRITE register at . o
any time; however, care should be taken if timer registel@gthe ?ngﬁ”gg\?vgifovfj\r:v:rﬁzlryaf:;n;% Zr:ea(\:rc%r:frgﬁre i
are updated while the timer is enabled. If software chang |sster bit for.a timer th’at is configured for single-shot o eE
the countvalue while the timerisin operation, the timercona-ltion the clearing of the contr%l bit overridges a softv?are
tinues counting from the updated value. ! : :

g P WRITE. A READ of either register can be conducted at any

time, with no effect on the functionality of the timer.
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If a timer pair is defined to operate as a single 16-bit entityzation value is composed of the concatenatiomMaRLO
the entire 16-bit value must reagtbefore an interrupt is andTOARLO. The second auto-initialization value is com-
generated. In this case, a single interrupt is generated, apolsed of the concatenationTofARHI andTOARHI. When
the interrupt corresponds to the even 8-bit timer. T01 times out, it alternately initializes its count value using
the Low auto-init pair, followed by the High auto-init pair.
Example: TimersT2 andT3 are cascaded to form a single 16- This functionality corresponds to a PWM. That is, THe
bit timer. The interrupt for the combined timer is interrupt defines the end of the High section of the wave-
defined to be generated by timi2 rather thaf3.  form, and thg0 interrupt marks the end of the Low portion
When a timer pair is specified to act as a single 16gf the PWM waveform.
bit timer, the even timer registers in the pair (timer
TO or T2) is defined to hold the timer's least The PWM begins counting with whatever data is held in the
significant byte. In contrast, the odd timer in the paircount registers. After this value expires, the first reload de-
holds the timer's most significant byte. pends on the state of tRB1 pin if Tgy mode is selected.

Otherwise, the Low value is applied first.

In parallel with the posting of the interrupt request, the inAfter the auto-initialization is completed, decrementing oc-
terrupting timer’s count value is initialized by copying thecurs for the number of counts defined byR&M_LO reg-
contents of the auto-initialization value register to the couristers. When decrementing again reachéiseT0 interrupt
value register. is asserted; and auto-init using #PM/M_HI registers oc-
curs. Decrementing occurs for the number of counts defined
Note: Any time that a timer pair is defined to act as a single 16t-)y f[hePWM_HI rgglsters until reaching. From thfare, the_
bit timer, the auto-reload function is performed automat-' | interruptiRQ2 is asserted, and the cycle begins again.
ically. The internal timers can be used to trigger external events

by toggling thePB1 output when generating an interrupt.
All 16-bit timers continue counting while their interrupt re- This functionality can only be achieved in conjunction with

quests are active and operate independently of each othé}€ Port unit defining the appropriate pin as an output signal
with the timer output special function enabled. In this mode,

If interrupts are disabled for a long period of time, it is posghe port output is toggled when the timer count reaches

sible for the timer to decrementaagain before its initial 5§ continues toggling each time that the timer times out.
interrupt is responded to. This condition is termed a degen-

erate case, and hardware is not required to detect it. Tout Mode

When the timer control register is'written, all timers t'hat al'fhe PortB special function regis@FBSFR (0D7H, Figure
enabled by th&RITE begin counting from the value in the 53y js ysed in conjunction with the Port B directional control
count register. In this case, an aL_Jto-lnltlallzatlon is not PelegistelPTBDIR (0D6; Figure 24) to configurs1 forToyt
formed. All timers canreceive an internal clocksourcempu(gloeratiOn fofT0. In order forToyr to function,PB1 must
only. Each enabled timer is updated everyXIAL clock 1o defined as an output line by settRERDIR bit 1 to 1.
cycle. Configured in this wayPB1 is capable of being a clock
If To andT1 are defined to work independently, then eactputput forT0, toggling thePB1 output pin on eacto time-
works as an 8-bit timer with a single auto-initialization reg-Out.

ister (TOARLO for T0, andT1ARLO for T1). Each timer as- ot end-of-count, the interrupt request linR@0), clocks a
serts its predefined interrupt when it times out, Opt'ona”¥ogglefIip-rop. The output of this flip-flop drives thgyyr
performing the auto-initialization function.Tb andT1are  |ie PB1. In all cases. whelo reaches its end-of-count
cascaded to form a single 16-bit timer, then the single 1§ iqggles to its opposite state (Figure 25). If, for exam-
bit timer is capable of performing as a Pulse-Width Mody e 19 is in Continuous Counting Mod&gr exhibits a
ulator (PWM). This timer is referred toa81to distinguish - 5q_nercent duty cycle output. If the timer pair is selected
it as having special functionality that is not available whera-l-m) as a PWM, the duty cycle depends on the High and
T0 andT1 act independently. Low reload values. At the end of each High ti@] tog-
WhenTo1 is enabled, it can use a pair of 16-bit auto-ini-gles Low. At the end of each Low tineB1 toggles HI.
tialization registers. In this mode, one 16-bit auto-initial-
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TIMERS (Continued)

0D7 PTBSFR

D7 D6 | D5 D4 D3 | D2 D1 | DO

—— 1=Enable Bit 0 as SMR input
0 = No special functionality

1 =Enable Bit 1 as TO output
0 = No special functionality

1 =Enable Bit 2 as IRQ2 input
0 = No special functionality

D4 D3 Comparator Interrupts

0 0 Disabled Disabled
0 1 Enabled Disabled
1
1

0 Disabled Enabled
1 Enabled Enabled

BIT 3: Comparator reference input
BIT 4: Comparator signal input/IRQ0/IRQ2

Reserved (must be 0)

Figure 23. PortB Special Function Register

0D6 PTBDIR

D7 D6 D5 D4 | D3 D2 D1 DO

1 = Bit n set as output
0 = Bit n set as input

Reserved (must be 0)

Figure 24. Port B Directional Control Register

IRQO — 3 2 —— ! PB1 }—p
(TO End-of-Count) ' Tout

Figure 25. Timer TO Output Through Toyt
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PORT A REGISTER DIAGRAMS

Register ODOH

PTAIN

Port A Bit n current input value
(only updated for pins in input mode)

Figure 28. Port A Input Value Register

Port A Bit n currentoutput value

Figure 29. Port A Output Value Register

1 = Bit n set as an output
0 = Bit n set as an input

Figure 30. Port A Directional Control Register

D7 D6 D5 D4 D3 D2 D1 DO
Register OD1H PTAOUT

D7 D6 D5 D4 D3 D2 D1 DO
Register 0D2H PTADIR

D7 D6 D5 D4 D3 D2 D1 DO
Register 0OD3H PTASFR

D7 D6 D5 D4 D3 D2 D1 DO

1 = Bit n in open-drain mode
0 = Bit n in push-pull mode

Figure 31. Port A Special Function Register
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PORT B
Port B Description

Port B is a 6-bit (bidirectional), CMOS-compatible I/0 port. Special functionality is invoked via the Port B special func-
These six I/0 lines can be configured under software contrtibn register. Port B, bit 5, is an open-drain-only pin when
to be an input or output. Each bit is configuredin output mode. There is no high-side driver on the output
independently from the other bits. That is, one bit may bstage, nor is there any high-side protection device, because
set toINPUT while another bit is set tOUTPUT. PB5 acts as th&pp pin for EPROM programming mode.

In addition to standard input/output capability, five pins ofT E?hl::erir:]shggled;Ivna:gsgglace an external protection diode
Port B provide special functionality as indicated in Table 150 pin. 9 '

Table 15. Port B Special Functions

Port Input Special Output Special
Pin Function Function
PBO Stop Mode Recovery None
Input
PB1 None TO Output
PB2 IRQ3 None
PB3  Comparator None

Reference Input

PB4  Comparator Signal None
Input/IRQ1/IRQ4

Register 0D7H PTBSFR

D7 D6 D5 D4 D3 D2 D1 DO

1 = Enable PB0 as SMR Input
L——— 0 = No Special Functionality

1 = Enable PB1 as TO Output
0 = No Special Functionality

1 = Enable PB2 as IRQ3 Input
0 = No Special Functionality

1 = Analog Comparator on PB3 and PB4
0 = Digital Inputs on PB3 and PB4

PB4 Interrupts Enabled
PB4 Interrupts Disabled

1
0

Reserved (must be 0)

Figure 32. Port B Special Function Register
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PACKAGE INFORMATION

, . sympoL | MILLIMETER INCH
oo 1 e O o B v O v B o B o B | MIN MAX MIN MAX
H Al 051 | o081 | 020 | .032
q El A2 325 | 343 128 135
— | B 038 | 053 | 015 021
10 ] B 114 165 | 045 065
E c 623 | 038 | .009 015
0 D 2235 |2337 | 880 920
E 762 | 813 300 320
c El 622 | 648 | 245 | 55
2.54 TYP 100 TYP
oA eh 787 | 889 | 310 350
L 318 | 38t 125 150
ot 152 | 165 | .0s0 065
s 089 | 165 | 035 065
— B! T
! CONTROLLING DIMENSITNS : INCH
U L
Al
—~ s E B
Figure 45. 18-Pin DIP Package Diagram
D
¢ MILLIMETER INCH
9 ] 1 7F SMB0L TN MAX MIN MAX
H H H H F«i H H H H e T LA | 240 | 265 | 0094 | 0.104
L — t f Al 0.10 030 | 0.004 | 0.012
A2 2.24 2.44 | 0088 | 0.096
B 0.36 046 | 0014 | 0018
( ¢ ¢ 023 0.30 | 0.009 | 0.012
D | 1140 | 1175 | 0449 | 0.463
£ 7.40 7.60 0291 | 0.299
B 1,27 TYP 0.050 TYP
; P H 10.00 1065 | 0394 | 0.419
H H H H H H H H H h 0.30 050 | 0012 | 0.020
10 18 L 060 | 100 | 0.024 | 0039
a1 0.97 107 | 0038 | 0.042
- ‘ rQi
[ - L
A2 ¥ A L
Ll i S SRR
A1 .J L JL
SEATING PLANE 0-8 \.L

DETAIL A

Figure 46. 18-Pin SOIC Package Diagram
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