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AMIC AP160
8-BIT MICROCONTROLLER DATA SHEET
WITH 8KB OTP October 2001

GENERAL DESCRIPTION

The AP160 is a wide operating voltage, Low power consumption and high performance with AMIC high-density CMOS
technology. All instruction set of AP160 are fully compatible with the standard 8051. The AP160 contains 8K bytes OTP
EPROM, 256 bytes RAM, four 8-bit bi-directional and bit addressable I/O ports, three 16-bit timer/counter and eight interrupt
sources. To reduce power consumption, idle mode and power down mode are provided to implementation. For data
protection, program lock bits can be performed through programming LB1, LB2 and LB3. The AMIC AP160 is a useful and
powerful microcontroller in many control system application.

FEATURES

Compatible with MCS-51 Products
256 X 8 bit internal Data RAM.
8KB On-Chip OTP EPROM.
2.7V~5.5V Operating Range.

Fully Static Operation : OHz to 16 MHz *

0~33MHZ speed range at VCC=5V.

32 Programmable 1/O pins

Three 16-Bit Timers/Counters.

Programmable clock out.

Full-duplex UART

Eight interrupt so

2 level pri@f
e

3 security bits.

Low EMI (Inhibit ALE)

Wake-up from Power Down by an external interrupt.
Available in PLCC and QFP44 packages.
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PIN CONFIGURATIONS
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BLOCK DIAGRAM
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PIN DESCRIPTIONS

SYMBOL TYPE DESCRIPTIONS
VSS | Ground.
VCC | Supply voltage.

P0.0-P0.7 1/0 |Port 0 is an 8-bit open drain, bidirectional /0O port. When 1s are written to port 0 pins, the pins
can be used as high-impedance inputs. Port 0 can also be configured to be the multiplexed
low-order address/data bus during accesses to external program and data memory. In this
mode, PO has internal pullups. Port 0 also receives the code bytes during programming on-chip
OTP EPROM and outputs the code bytes during program verification. External pullups are
required during program verification.

P1.0-P1.7 /0 |Port 1 is an 8-bit bidirectional I/O port with internal pullups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the
internal pullups and can be used as inputs. As inputs, Port 1 pins that are externally being
pulled low will source current (1, ) because of the internal pullups. In addition, P1.0 and P1.1
can be configured to be the timer/counter 2 external count input (P1.0/T2) and the timer/counter
2 trigger input (P1.1/T2EX), respectively, as shown in the following:

T2 (P1.0): Timer/Counter 2 external count input/clockout (see Prog le Clock-Out)

T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction co

Port 1 also receives the low-order address by -chip OTP EPROM
and verification.

P2.0-P2.7 /0 |Port 2 is an 8-bit bidirectional 1/0 ort 2 output buffers can

they are pulled high by the

P3.0-P3.7 8-bit bidirectional 1/0 port with internal pullups. The Port 3 output buffers can
rce four TTL inputs.When 1s are written to Port 3 pins, they are pulled high by the
ernal pullups and can be used as inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (1, ) because of the pullups. Port 3 also serves the functions of
various special features of the AP160, as shown below:
RXD (P3.0): Serial input port
TXD (P3.1): Serial output port
INTO (P3.2): External interrupt
INT1 (P3.3): External interrupt
TO (P3.4): Timer 0 external input
T1 (P3.5): Timer 1 external input
WR (P3.6): External data memory write strobe
RD (P3.7): External data memory read strobe
Port 3 also receives some control signals for programming and verification.
RST | Reset input. A high on this pin for two machine cycles while the oscillator is running resets the
device.
Version 0.0 4 AMIC Technology, Inc.
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SYMBOL TYPE DESCRIPTIONS

ALE/PROG o/ |Address Latch Enable is an output pulse for latching the low byte of the address during
accesses to external memory. This pin is also the program pulse input (PROG) during

Programming on-chip OPT EPROM. In normal operation, ALE is emitted at a constant rate of
1/6 the oscillator frequency and may be used for external timing or clocking purposes. Note,
however, that one ALE pulse is skipped during each access to external data memory. If
desired, ALE operation can be disabled by setting bit O of SFR location 8EH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution
mode.

PSEN O |Program Store Enable is the read strobe to external program memory. When the AP160 is
executing code from external program memory, PSEN is activated twice each machine cycle,
except that two PSEN activations are skipped during each access to external data memory.

EA/NVpp | External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memory locations starting at 0000H up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be internally latched on reset. EA should be strapped to
VCC for internal program executions. This pin also receives the 12-¥olt programming enable
voltage (VPP) during programming OTP EPROM.

XTAL1 [ Input to the inverting oscillator amplifier and input to the i erating circuit.

XTAL2 O |Output from the inverting oscillator amplifier.

o

Version 0.0 5 AMIC Technology, Inc.
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SPECIAL FUNCTION REGISTERS

A map of the on-chip memory area called the Special Function Register (SFR) space is shown in Table 1.
Table 1. AP160 SFR Map and Reset Values

OF8H OFFH

OFOH B OF7H
00000000

OE8H OEFH

OEOH | ACC OE7H
00000000

0D8H ODFH

ODOH | PSW OD7H
00000000

0C8H | T2CON T2MOD | RCAP2L TL2 2 OCFH
00000000 | XXXXXX00 | 00000000 | 00000000

0COH 0C7H

0B8H P OBFH
XX000000

OBOH P3 OB7H
11111

0A8H IE OAFH
0X000000

OAOH P2 0A7H
11111111

098H | SCON SBUF 09FH
00000000 | XXXXXXXX

090H P1 097H
11111111

088H | TCON TMOD TLO TL1 THO TH1 08FH
00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000

080H PO SP DPL DPH PCON | 087H
11111111 | 00000111 | 00000000 | 00000000 0XXX0000

Note that not all of the addresses are occupied. Unoccupied addresses may not be implemented on the chip. Read
accesses to these addresses will in general return random data, and write accesses will have an indeterminate effect. User
software should not write 1s to these unlisted locations, since they may be used in future AMIC products to invoke new
features. In that case the reset or inactive values of the new bits will always be 0.

Version 0.0 6 AMIC Technology, Inc.
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TIMER?2

Timer2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter. The type of operation is selected by
bit C/T2 in the SFR T2CON (shown in Table 2). Timer 2 has three operating modes: capture, auto-reload (up or down
counting), and baud rate generator. The modes are selected by bits in T2CON, as shown in Table 3.

Table 2. T2CON - Timer/Counter 2 Control Register
T2CON Address = 0C8H

Bit 7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2 CP/RL2
Reset Value = 00000000
Bit Addressable
Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when
either RCLK =1 or TCLK = 1.

EXF2 |Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector tg the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt_in up/down counter mode
(DCEN=1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 ové s, for its receive clock in
serial port Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be ock.

TCLK |Transmit clock enable. When set, causes the serial port to use Timer its transmit clock in
serial port Modes 1 and 3. TCLK = 0 causes Timer 1 ove ck

EXEN2 |Timer 2 external enable. When set, allows a capt It of"a negative transition on
T2EX if Timer 2 is not being used to clock the s er 2 to ignore events at T2EX

TR2 Start/Stop control for Timer 2. TR2 =

CIT2 Timer or counter select for Timer 23
triggeredO.

CP/RL2 |Capture/Reload sele
CP/RI2=0 cause
when EXE}

Time

RCLK+TCI CP/RL2 TR2 MODE
0 0 1 16-Bit Auto-Reload
0 1 1 16-Bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

Timer2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 register is incremented every machine
cycle. Since a machine cycle consists of 12 oscillator periods, the count rate is 1/12 of the oscillator frequency.In the
Counter function, the register is incremented in response to a 1-to-0 transition at its corresponding external input pin, T2.

In this function, the external input is samples show a high in one cycle and a low in the next cycle, the count is incremented.
The new count value appears in the register during S3P1 of the cycle following the one in which the transition was detected.
Since two machine cycles (24 oscillator periods) are required to recognize a 1-to-0 transition, the maximum count rate is
1/24 of the oscillator frequency. To ensure that a given level is sampled at least once before it changes, the level should be
held for at least one full machine cycle.

Version 0.0 7 AMIC Technology, Inc
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Capture Mode

In the capture mode, two options are selected by bit EXEN2 in T2CON. If EXEN2=0, Timer 2 is a 16-bit timer or counter
which upon overflow sets bit TF2 in T2CON. This bit can then be used to generate an interrupt. If EXEN2=1, Timer 2
performs the same operation, but a 1-to-0 transition at external input T2EX also causes the current value in TH2 and TL2 to
be captured into RCAP2H and RCAP2L, respectively. In addition, the transition at T2EX causes bit EXF2 in T2CON to be
set. The EXF2 bit, like TF2, can generate an interrupt. The capture mode is illustrated in Figure 1.

osc p 12 Tcﬁzo

No oo »  TH2 TL2 » T2 |
T — |CONTROL OVERFLOW
T2 PIN
TRANSITION CAPTURE RCAP2H | RCAP2L
DETECTOR TIMER 2
INTERRUPT
T2EXPIN [ — _\_ oo
| CONTRO
EXEN2
1gure 1 Ca
owR, Count
r down configured in its 16-bit auto-reload mode. This feature is invoked by

he SFR T2MOD (see Table 3). Upon reset, the DCEN bit is set to 0 so that
is set, Timer 2 can count up or down, depending on the value of the T2EX pin.

o o »  TH2 TL2
| conTROL OVERELOW
_ TR2
CiT2=1
L] RELOAD
. TIMER 2
RCAP2H | RCAP2L INTERRUPT
TRANSITION
DETECTOR
T2EXPIN [_—» _\_ o 0
| conTrOL
EXEN2

Figure 2. Timer 2 Auto Reload Mode (DCEN=0)

Version 0.0 8 AMIC Technology, Inc.
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In this mode, two options are selected by bit EXEN2 in T2CON. If EXEN2=0, Timer2 counts up to OFFFFH and then sets
the TF2 bit upon overflow. The overflow also causes the timer registers to be reloaded with the 16-bit value in RCAP2H and
RCAP2L. The values in Timer in Capture Mode RCAP2H and RCAP2L are preset by software.

If EXEN2=1, a 16-bit reload can be triggered either by an overflow or by a 1-to-0 transition at external input T2EX. This
transition also sets the EXF2 bit. Both the TF2 and EXF2 bits can generate an interrupt if enabled. Setting the DCEN bit
enables Timer2 to count up or down, as shown in Figure 3. In the mode, the T2EX pin controls the direction of the count. A
logic 1 at T2EX makes Timer 2 count up. The timer will overflow at OFFFFH and set the TF2 bit. The overflow also causes
the 16-bit value in RCAP2H and RCAP2L to be reloaded into the timer registers, TH2 and TL2, respectively. A logic 0 at
T2EX makes Timer 2 count down. The timer underflows when TH2 and TI2 equal the values stored in RCAP2H and
RACP2L. The underflow sets the TF2 bit and causes OFFFFH to be reloaded into the timer registers. The EXF2 bit toggles
whenever Timer 2 overflows or underflows and can be used as a 17" bit of resolution. In this operating mode, EXF2 does
not flag an interrupt.

Table 3. T2MOD (Timer 2 Mode Control Register)
T2Mod Address = 0C9H Reset Value = XXXX XX00B

Not bit addressable
Bit 7 6 5 4
Symbol - - - -

T20E DCEN

Symbol

- Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timg e Co Vi»counter.

oW TOGGLE
OFFH
\ - — p| EXF2
OVERFLOW
0osC
oo > TH2 TL2 > > TF2
| conTROL ’
TR2
TIMER 2
INTERRUPT
A
RCAP2H | RCAP2L COUNT
DIRECTION
(UP COUNTING RELOAD VALUE) 1=up
0=DOWN

L]

T2EX PIN

Figure 3. Timer 2 Auto Reload Mode (DCEN=1)

Version 0.0 9 AMIC Technology, Inc.
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting TCLK and/or RCLK in T2CON (Table 2). Note that the baud rates
for transmit and receive can be different if Timer 2 is used for the receiver or transmitter and Timer 1 is used for the other
function. Setting RCLK and/or TCLK puts Timer 2 into its baud rate generator mode, as shown in Figure 4. The baud rate
generator mode is similar to the auto-reload mode, in that a rollover in Th2 causes the Timer 2 registers to be reloaded with
the 16-bit value in registers RCAP2H and RCAP2L, which are preset by software. The baud rates in modes 1 and 3 are
determined by Timer 2's overflow rate according to the following equation.

Timer 20verflow Rate
16

Mode 1 and 3 Baud Rates =

The Timer can be configured for either timer or counter operation. In most applications, it is configured for timer operation
(CP/T2=0). The Timer operation is different for Timer 2 when it is used as a baud rate generator. Normally, as a timer, it
increments every machine cycle (at 1/12 the oscillator frequency). As a baud rate generator, however, it increments every
state time (at 1/2 the oscillator frequency). The baud rate formula is given below.

Modesland 3 _ Oscillator Frequency
Baud Rate 32" [65536- (RCAP2H,RCAP2L

Timer 2 as a baud rate generator is shown in Figure 4. This fi i i T2CON. Note that a
rollover in TH2 does not ser TF2 and will not generate an i . a 1-to-0 transition in T2EX
will set EXF2 but will not cause a reload from (RCAP2H, . n timer 2 is in use as a baud rate
generator, T2EX can be used as an extra ext imer 2 is running (TR2=1) as a timer in the
baud rate generator mode. TH2 or TL2 s i to. Under there conditions, the Timer is
incremented every state time, and th i e accurate. The RCAP2 registers may be read but
should not be written to, beca i cause write and/or reload errors. The timer should be
turned off (clear TR2) before @ccessin

TIMER 1 OVERFLOW

NOTE:OSC FREQ. IS DIVIDED BY 2, NOT 12 2
B oy
OSsC L2 TC/TZZO L SMOD1
No oot TH2 TL2
) -, Yyt RCLK  RX
| conTROL 16 CLOcK
] S e n e S TCLK  Tx
CLOCK
T2 PIN RCAP2H | RCAP2L 16 |
TRANSITION
DETECTOR
TIMER 2
T2EX PIN [ |—— _\_ oo M EXF2 [——p |\ oo o
| conTrOL

EXEN2

Figure 4. Timer 2 in Baud Rate Generator Mode

Version 0.0 10 AMIC Technology, Inc.
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 5. This pin, besides being a regular
1/0 pin, has two alternate functions. It can be programmed to input the external clock for Timer/Counter 2 or to output a 50%
duty cycle clock ranging from 61 HZ to 4MHZ at a 16MHZ operating frequency. To configure the Timer/Counter 2 as a clock
generator, bit C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1) must be set. Bit Tr2 (T2CON.2) starts and stops
the timer. The clock-out frequency depends on the oscillator frequency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency
4" [65535- (RCAP2H,RCAP2L)]

Clock - Out Frequency =

In the clock-out mode, Timer 2 roll-overs will not generate an interrupt. This behavior is similar to when Timer 2 is used as a
baud-rate generator. It is possible to use Timer 2 as a baud-rate generator and a clock generator simultaneously. Note,
however, that the baud-rate and clock-out frequencies cannot be determined independently from one another since they
both use RCAP2H and RCAP2L.

P TL2 TH2
0sc M .2 Lo @BITS) | 8BITS)
;
RCAP2L | RCAP2H
28I
P10 2 S
(T2) : o
T20E (T2MOD.1)
P1.1 TIMER 2
(T2EX) oo > EXF2 > INTERRUPT

|
EXEN2

Figure 5. Timer 2 in Clock-Out Mode

Version 0.0 11 AMIC Technology, Inc.
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INTERRUPTS

The AP160 has a total of six interrupt vectors: two external interrupts (INTO and INT1), three timer interrupts (Timers 0, 1,
and 2), and the serial port interrupt. These interrupts are all shown in Figure 6. Each of these interrupt sources can be
individually enabled or disabled by setting or clearing a bit in Special Function Register IE. IE also contains a global disable
bit, EA, which disables all interrupts at once. Note that Table 4 shows that bit position IE.6 is unimplemented. User software
should not write 1s to the bit position, since they may be used in future AMIC products. Timer 2 interrupt is generated by the
logical OR of bits TF2 and EXF2 in register T2CON. Neither of these flags is cleared by hardware when the service routine
is vectored to. In fact, the service routine may have to determine whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software. The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in
which the timers overflow. The values are then polled by the circuitry in the next cycle. However, the Timer 2 flag, TF2, is set

at S2P2 and is polled in the same cycle in which the timer overflows.

Table 4: Interrupt Enable (IE) Register
(MSB)

(LSB)

EA | -- | ET2 | ES | ET1

| ETO | EXO0 |

Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function
EA IE.7 Disables all interrupts. If EA = 0, no interrupti EA=1, each interrupt
source is individually enabled or disahled I ble hit.
-- IE.6 Reserved.
ET2 IE.5 Timer 2 interrupt enable hj
ES IE.4 Serial Port interrupt
ET1 IE.3 Timer 1 interrupi
EX1 IE.2 External interfiph1
ETO IE.1 i
EX0 IE.O
User software should i itSy because they may be used in future AMIC products

TF1

>
400£ DC
INT1 El b—p
1

>

i — ) >
R1 g
>

Yz S— '
EXF2

Figure 6. Interrupt Sources

Version 0.0 12
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DATA MEMORY

The AP160 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a parallel address space to the Special
Function Registers. That means the upper 128 bytes have the same addresses as the SFR space but are physically
separate from SFR space. When an instruction accesses an internal location above address 7FH, the address mode used
in the instruction specifies whether the CPU accesses the upper 128 bytes of RAM or the SFR space. Instructions that use
direct addressing access SFR space. For example, the following direct addressing instruction accesses the SFR at location
OAOH (which is P2).
MOV 0AOH, #data
Instructions that use indirect addressing access the upper 128 bytes of RAM. For example, the following indirect addressing
instruction, where RO contains 0AOH, accesses the data byte at address 0AOH, rather than P2 (whose address is 0AQOH).
MOV @RO, #data
Note that stack operations are examples of indirect addressing, so the upper 128 bytes of data RAM are avail-able as stack
space.

POWER MANAGEMENT
IDLE MODE

In idle mode, the CPU puts itself to sleep while aII the on- -chip peripherals remain active

invoked by software.
mode. The idle mode
can be terminated by any enabled interrupt or by a hardware reset. Note that w| inated by a hardware
reset, the device normally resumes program execution from where it left offy up

reset algorlthm takes control. On- Chlp hardware inhibits access t

POWER DOWN MODE

In the power down mode, the osci

change the on- ated before V CC is restored to its normal operating level and must
i to restart and stabilize.

Status of uring Idle and Power Down Modes
Mode am Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data
RESET

A reset is accomplished by holding the RST pin high for at least two machine cycles (24 oscillator periods), while the
oscillator is running. To insure a good power-up reset, the RST pin must be high long enough to allow the oscillator time to
start up (normally a few milliseconds) plus two machine cycles.

REDUCED EMI

All port pins of the AP160 have slew rate controlled outputs. This is to limit noise generated by quickly switching output
signals. The slew rate is factory set to approximately 10 ns rise and fall times.

AUXR Address = 8EH

Bit 7 6 5 4 3 2 1 0

- - - - - - AO

NOTE: The AO bit (AUXR.0) in the AUXR register when set disables the ALE output.

Version 0.0 13 AMIC Technology, Inc
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EPROM PROGRAMMING MODE

The setup for programming and verification on-chip OPT EPROM of AP160 is shown in Figure 7 and Figure 8,
independently. The address of the EPROM location to be programmed is applied to ports 1 and 2. The code byte to be
programmed into that location and read verified data are applied to port 0. The programming, verifying, Write Lock bits and
read signature byte mode are selectable by the pins of RST, PSEN, ALE/PROG, P2.6, P2.7, P3.6 and P3.7, as shown in
table 8. The programming and verification waveform is shown in Figure 9. VCC must be rising to VCC1 during
programming.

vcel vcel
AO-A7 A0-A7
500K t - o PGM 00001 t i vee PGM DATA
0000H/1FFFH - 0000H/1FFFH -
o | P20-P24 PO [&—— Jx1a H | P2o-P24 PO —— (10K PULLUPS)
—» P2.6 —» P26
—» P27 l«—— PROG —» P27 <
SEE ALE SEE AL
TABLE 8. 36 TABLE 8. P36
VIH

—»| P3.7

XTAL2 EA [¢——— VIH/VPP

RST j¢—— VH

XTALL

GND PSEN 1

Figure 8. Verifying the EPROM MEMORY.

Figure 7. Progra

EPROM PRAQGRAMMING AND VERIFICATION CHARACTERISTICS

Symbol Parameter Min. Max. Unit Test Conditions
VPP Programming Voltage 115 12.5 vV
VCC1 Programming Supply Voltage 6.0 6.5 V

lep VPP Current During Program 1.0 mA ALE/PROG =V,
tas Address Valid to Program Low 2 us
tos Input Valid to Program Low 2 us
typs VPP Setup Time 2 us
tyes VCC Setup Time 2 us
tow Program Pulse Width 95 105 us
toy Data Hold Time 2 us
tug EA/VPP Recovery Time 2 us
toy Data Valid from P2.7 100 ns
tor Chip Enable to Output Float Delay 130 ns
tan Address Hold Time 0 ns

Version 0.0 14 AMIC Technology, Inc.
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PRGRAMMING AND VERIFY MODE AC WAVEFORMS

PROGRAM VERIFY
ADDRESS vH
(P1.0~-P1.7 >< VALID ><
P2.0~P2.4) Vi
tas
Hi-Z
DATA —< DATA IN \ DATAOUT |}
(PORT 0) / /
tov
[—»-tDFP
tbs tDH
- » VPP - >
ﬁ/ ____________________________________ \ LOGIC 1
EAVPP LOGIC O
"""""" L e
vCC
ALE/PROG
tAH
ALE/PROG ] P2.7 P3.6 P3.7
H N 12V L H H
H H L L
L N 12V H H
Write Lock
Bit -2 H L N 12V H H L L
Bit -3 H N 12V H L H
Read Signature Byte H H H L L L

Note: The signature bytes are read by the same procedure as a normal verification of locations 30H, 31H and 32H. The
values returns are as follows:

(30H) = 37H indicates manufactured by AMIC.

(31H) = 6EH indicates embedded OTP device.

(32H) = 7FH indicates JEDEC continuation code.

Version 0.0 15 AMIC Technology, Inc.
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PROGRAM MEMORY LOCK BITS

The AP160 has three lock bits that can be left unprogrammed(U) or can be programmed (P) to obtain the additional
features listed in the following table.

Program Lock Bits

LB1 LB2 LB3 Protection Type
1 U U U |No program lock features
2 P U U |MOVC instructions executed from external program memory are disabled from fetching

code bytes from internal memory, EA is sampled and latched on reset, and further
programming of the OPT EPROM is disabled.

3 P P U |Same as mode 2, but verify is also disabled.

4 P P P Same as mode 3, bur external execution is also disabled.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier.
on-chip oscillator, as shown in the logic symbol. To drive the device from an
while XTAL2 is left unconnected. There are no requirements on the dut
input to the internal clock circuitry is through a divide-by-two flip-f 0

specified in the data sheet must be observed. $

Version 0.0 16 AMIC Technology, Inc.
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ABSOLUTE MAXIMUM RATINGS

Parameter Rating Unit
Operating temperature under bias -55 to +125 °C
Storage temperature range -65 to +150 °C
Voltage on EA/V PP pinto V SS 0to +12.5 Vv
Voltage on any other pinto V SS -0.1t0 +7.0 Vv
Maximum Operating Voltage 6.0 Vv
Maximum | OL per 1/O pin 15.0 mA

NOTICE: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. This

This is a stress rating only and functional operation of the device at these or any other conditions beyond those

indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

DC CHARACTERICSTICS

The values shown in this table are valid for T A = -40°C to 85°C and V cc = 2.7V to 5.5V, unless @therwise noted.

Symbol Parameter Condition ax Units
vV, Input Low Voltage (Except EA) CC-0.1 \%
V.. Input Low Voltage (EA) 0. C-0.3 \%
V,, Input High Voltage w m L[N, VCGx05 Vv
Vi Input High Voltage CC+0.5 \
Vo Output Low Voltage 0.45 \

(Ports 1,2,3)
Vo Output Low Voltage 0.45 \
(Port 0, ALE, PSEN
VOH V
0.75VvCC \Y
0.9VvcCcC \Y
Vo on =-800UA, VCC=5V+10% 2.4 \
I o =-300UA 0.75VCC Y,
lon =-80UA 0.9vccC Y,
Iy Logical’0 Input Current V,, =0.45V -50 uA
(Ports 1,2,3)
[ Logical 1 to O Transition Current V,, =2V, VCC=5V+10% -650 uA
(Ports 1,2,3)
I Input Leakage Current 0.45< V,, <VCC +10 uA
(Port 0, EA)
RRST Reset Pulldown Resistor 50 300 KW
Co Pin Capacitance Test Freq. =1 MHZ, 10 PF
T, =25°C
Power Supply Current Active Mode, 12 MHZ 25 mA
lec Idle Mode, 12MHZ 6.5 mA
Power Down Mode VCC =5.5V 100 uA
VCC =3V 40 uA

Notes: 1. Under steady state (non-transient) conditions, |, must be externally limited as follows:

Maximum |, per port pin: 10mA

Maximum |, per 8-biit port: Port 0: 26mA, Ports 1,2,3: 15mA

Maximum total |, for all output pins

:71mA

If 1, exceeds the test condition, V, may exceed the related specification. Pins are not guaranteed to sink currenr
greater than the listed test condition.

2. Minimum VCC for Power Down is 2V.

Version 0.0
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AC CHARACTERISTICS

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for

all other outputs = 80 pF.

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS

Symbol Parameter 12MHZ Oscillator Variable Oscillator Units
Min Max Min Max
Uty o Oscillator Frequency 0 16 MHZ
o ALE Pulse Width 127 2ty -40 ns
tave Address Valid to ALE Low 43 toc 40 ns
tiax Address Hold After ALE Low 48 tae -35 ns
ty ALE Low to Valid Instruction In 233 4t -100 ns
tim ALE Low to PSEN Low 43 toq -40 ns
o PSEN Pulse Width 205 ns
tow PSEN Low to Valid Instruction In 3the -105 ns
toxix Input Instruction Hold After PSEN 0 ns
toxiz Input Instruction Float After PSEN ca =25 ns
toxay PSEN to Address Valid ns
taviv Address to Valid Instruction In 5ty -105 ns
toas 10 ns
Lairn 6t -100 ns
Lo 6t -100 ns
triov 5t.q -165 ns
tanox 0 ns
t oz 2ty -70 ns
tiov 8ty -150 ns
tavoy Adéress to Valid Data In 585 9ty -165 ns
o ALE Low to RD or WR Low 200 300 3ty -50 3ty +50 ns
ava Address to RD or WR Low 203 4t -130 ns
tovwx Data Valid to WR Transition 33 tae -50 ns
tovwn Data Valid to WR High 433 7 tqo -150 ns
turox Data Hold After WR 33 tae -50 ns
taaz RD low to Address Float 0 0 ns
[ RD or WR High to ALE High 43 123 o -40 toq +40 ns
Version 0.0 18 AMIC Technology, Inc.
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External Program Memory Read Cycle

tLHLL———— ]
\
ALE I \ /

|« triPH
la— tAVLL — polea v

g (LLPL ]
\<—tpuv—>

PSENJ \ <« tPXAV— ]

—»| [w-tPLAZ -« PXIZ
| ILLAX 3]

tPXIX

<
\

PORT 0 }( AO-A7 < INSTR IN >> AO-A7
Y.

l¢——  tAVIV—

iy

PORT 2 >< A8-Al15 A8-Al5

External Data Memory Read Cycle

~

ALE

_/

[e——tLLAX——» \ /

[e—tAvVLL—» [4—tRLDV—»| tRHDZ

tRLAZ 9 tRHDX [+
PORT 0 >—<AO-A7 FROM RI OR DPL ><><>‘;< DATA IN > AO0-A7 FROM PCL >—< INSTR IN

e tAVWL——————>

[ tAVDV———— >

PORT 2 X P2.0-P2.7 OR A8-A15 FORM DPH X A8-A15 FROM PCH
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EXTERNAL CLOCK DRIVE WAVEFORMS

[ (CHCX———————— ¥

[—{CHCX tcLCH— [— tCHCL—» -—

Z 0.7 vCC L A

VCC-0.5V

0.2 VCC-0.1vV K 7 K
0.45V

[ tCLCX———— ™

A

tcLeL

EXTERNAL CLOCK DRIVE

Symbol Parameter Min Units
Uty Oscillator Frequency MHZ
tac Clock Period ns
terex High Time ns
toex Low Time ns
tocn Rise gime ns
tene Il tigae ns
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SERIAL PORT TIMING: SHIFT REGISTER MODE TEST CONDITIONS

The values in this table are valid for VCC = 2.7V to 5.5V and Load Capacitance = 80pF

Symbol Parameter 12MHZ Osc Variable Oscillator Units
Min Max Min Max
e Serial Port Clock Cycle Time 1.0 12t ns
toxy | Output Data Setup to Clock Rising Edge 700 10ty -133 ns
tyox  |Output Data Hold After Clock Rising Edge 50 2tqq -117 ns
twox | INput Data Hold After Clock Rising Edge 0 0 ns
tyrov Clock Rising Edge to Input Data Valid 700 10ty -133 ns

SHIFT REGISTER MODE TIMING WAVEFORMS

INSTRUCTION | o | —1 | —2 l— 23—l p— S | — @ | —y 8
ALE
| tXLXL |
CLOCK
N o e N e ‘\!
1 tQVXH_" IN'tXHQX :
WRITE TO SBUF 2 at '
SR XX ‘ s X _ 7/
OUTPUT DATA . DXHDV 1 b ke txrDx T
SETTI
L CLEARRI | @-@- -@-@-@-@

¥ \ i
INPUT DATA
SETRI
A P\

AC TESTING INPUT/OUTPUT WAVEFORMS

v

0.2 VCC + 0.9v
TEST POINTS

0.2 vCC - 0.1V
0.45v

Note: 1. AC Inputs during testing are driven at V cc - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are
made at V 1H min. for a logic 1 and V 1L max. for a logic 0.

FLOAT WAVEFORMS

ViLoaD + 0.1V
v TIMING REFERENCE
LOAD POINTS
VioaDp - 0.1V

Note: 1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin
begins to float when a 100 mV change from the loaded Von /VoL level occurs.

VoL - 0.1V

Version 0.0 21 AMIC Technology, Inc.
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ORDERING INFORMATION

Part Package Operation
Number Type Temperature Range
AP160L PLCC -40°C ~ +85°C
AP160F QFP -40°C ~ +85°C

NOTE : AMIC Technology, Inc. reserves the right to make changes without prior notice.
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Package Information

PLCC 44L Outline Dimension unit: inches/mm
!
——
« b - 7 7Y
6 1 44 40 1
!_H_H_H_H_H;!_H_H_H_H_\ ‘A ]:E
70 39 1
. & =L g
0
o 5 ]:[ 5 g
0 ] —1 "8
O D ow) £ ! °
O -
. o 1
O | 1
0 u 1
170 129
I T
oo —— v
18 28 —

‘ 0008

™y / \ N p v
€l \\'H

4
< —x
0.050 REF "022/0.016

[ Seating Plane

1026 Q] oou
Dimensions in inches Dimensions in mm
Symbol ] ]

Min Nom Max Min Nom Max
A - - 0.185 - - 4.70
D 0.648 | 0.653 | 0.658 | 16.46 | 16.59 | 16.71
E 0.648 | 0.653 | 0.658 | 16.46 | 16.59 | 16.71
Hp 0.680 | 0.690 | 0.700 | 17.27 | 17.53 | 17.78
He 0.680 | 0.690 | 0.700 | 17.27 | 17.53 | 17.78
L 0.090 | 0.100 | 0.110 2.29 2.54 2.79
q 0° - 10° 0° - 10°

Notes:

1. Dimensions D and E do not include resin fins.

2. Dimensions Gp & Ge are for PC Board surface mount pad pitch
design reference only.
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Package Information

QFP 44L Outline Dimensions unit: inches/mm
See Detail A
P D1 » ‘
44 34 Ll
HHAHRAAHARAA 4 )
S

A

AR

N
w

EHHHHHHHHHZHZQ[

(]

Dimensions in mm

Min Nom Max
A 0.106 - - 2.7
ﬂ 1010 0.012 0.014 0.25 0.30 0.35
A 0.0748 | 0.0787 | 0.0866 1.9 2.0 2.2
b 0.012 TYP 0.3TYP
D 0.5118 | 0.5196 | 0.5274 | 13.00 13.20 13.40
D1 0.3897 | 0.3937 | 0.3977 9.9 10.00 10.10
E 0.5118 | 0.5196 | 0.5275 [ 13.00 13.20 13.40
E1 0.3897 | 0.3937 | 0.3977 9.9 10.00 10.10
L 0.0287 | 0.0346 | 0.0366 0.73 0.88 0.93
le] 0.0315TYP 0.80 TYP
C 0.0021 | 0.0060 | 0.0099 0.1 0.15 0.2
q 0° - 7° 0° - 7°
Notes:

1. Dimensions D1 and E1 do not include mold protrusion.
2. Dimension b does not include dambar protrusion.
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Corporation Headquarters
6F, No. 5, Li-Shin Road VI,

Hsin Chu, HSIP,

Taiwan, R.O.C.

Tel : 886-3-567-9966

Fax : 886-3-567-9977

Web : www.amic.com.tw

ASIA Pacific

AMIC Technology, Inc.

17F-8, No. 77, Shin Tai Wu Road,
Shi Chi, Taipei,

Taiwan, R.O.C.

Tel : 886-2-2698-1131

Fax : 886-2-2698-1030

Europe *
AMIC Technology (EUROPE) B.V.
Crown Point Building, De Paal 1-6,1335
P.O Box 50053,1305 AB,
Almere, The Netherlands
Tel. +31-36-5359666
Fax. +31-36-540 8

N

US and Canada

AMIC Techhel®gy lhc S ¥
2518 Missiom\College Blvd., Suite 102

Santa Clara, @A 95054, U.S.A.
Tel. +408-988-8818
Fax. +408-988-8817

Copyright © 2001 AMIC Technology, Inc.
Specification subject to change without notice. All rights reserved.
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