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5.2 Data Memory
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The AT89LP2052/LP4052 contains 256 bytes of general SRAM data memory plus 128 bytes of
I/0 memory. The lower 128 bytes of data memory may be accessed through both direct and
indirect addressing. The upper 128 bytes of data memory and the 128 bytes of I/O memory
share the same address space (see Figure 5-2). The upper 128 bytes of data memory may only
be accessed using indirect addressing. The I/O memory can only be accessed through direct
addressing and contains the Special Function Registers (SFRs). The lowest 32 bytes of data
memory are grouped into 4 banks of 8 registers each. The RS0 and RS1 bits (PSW.3 and
PSW.4) select which register bank is in use. Instructions using register addressing will only
access the currently specified bank. The AT89LP2052/LP4052 does not support external data

memory.
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Figure 8-2.  Single-cycle ALU Operation (Example: INC RO)
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Figure 8-3. Two-Cycle ALU Operation (Example: ADD A, #data)
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Table 13-1. PCON — Power Control Register
PCON = 87H Reset Value = 000X 0000B
Not Bit Addressable
SMOD1 SMODO PWDEX POF GF1 GFoO PD IDL
Bit 7 6 5 4 3 2 1 0
Symbol Function
SMOD1 Double Baud Rate bit. Doubles the baud rate of the UART in Modes 1, 2, or 3.
SMODO Frame Error Select. When SMODO = 1, SCON.7 is SM0. When SMODO = 1, SCON.7 is FE. Note that FE will be set after
a frame error regardless of the state of SMODO.
PWDEX Power-down Exit Mode. When PWDEX = 1, wake up from Power-down is externally controlled. When PWDEX = 0, wake
up from Power-down is internally timed.
POF Power Off Flag. POF is set to “1” during power up (i.e. cold reset). It can be set or reset under software control and is not
affected by RST or BOD (i.e. warm resets).
GF1, GFO | General-purpose Flags
PD Power-down bit. Setting this bit activates power-down operation.
IDL Idle Mode bit. Setting this bit activates Idle mode operation

14. Interrupts

The AT89LP2052/LP4052 provides 6 interrupt sources: two external interrupts, two timer inter-
rupts, a serial port interrupt, and an analog comparator interrupt. These interrupts and the
system reset each have a separate program vector at the start of the program memory space.
Each interrupt source can be individually enabled or disabled by setting or clearing a bit in the
interrupt enable register IE. The IE register also contains a global disable bit, EA, which disables
all interrupts.

Each interrupt source can be individually programmed to one of four priority levels by setting or
clearing bits in the interrupt priority registers IP and IPH. An interrupt service routine in progress
can be interrupted by a higher priority interrupt, but not by another interrupt of the same or lower
priority. The highest priority interrupt cannot be interrupted by any other interrupt source. If two
requests of different priority levels are pending at the end of an instruction, the request of higher
priority level is serviced. If requests of the same priority level are pending at the end of an
instruction, an internal polling sequence determines which request is serviced. The polling
sequence is based on the vector address; an interrupt with a lower vector address has higher
priority than an interrupt with a higher vector address. Note that the polling sequence is only
used to resolve pending requests of the same priority level.

The External Interrupts INTO and INT1 can each be either level-activated or edge-activated,
depending on bits ITO and IT1 in Register TCON. The flags that actually generate these inter-
rupts are the IEO and IE1 bits in TCON. When the service routine is vectored to, hardware clears
the flag that generated an external interrupt only if the interrupt was edge-activated. If the inter-
rupt was level activated, then the external requesting source (rather than the on-chip hardware)
controls the request flag.

16 AT89LP2052/LP4052 meeeeee——
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If a request is active and conditions are met for it to be acknowledged, a hardware subroutine
call to the requested service routine will be the next instruction executed. The call itself takes
four cycles. Thus, a minimum of five complete clock cycles elapsed between activation of an
interrupt request and the beginning of execution of the first instruction of the service routine.
A longer response time results if the request is blocked by one of the previously listed condi-
tions. If an interrupt of equal or higher priority level is already in progress, the additional wait time
depends on the nature of the other interrupt's service routine. If the instruction in progress is not
in its final clock cycle, the additional wait time cannot be more than 3 cycles, since the longest
are only 4 cycles long. If the instruction in progress is RETI or an access to IE or IP, the addi-
tional wait time cannot be more than 7 cycles (a maximum of three more cycles to complete the
instruction in progress, plus a maximum of 4 cycles to complete the next instruction). Thus, in a
single-interrupt system, the response time is always more than 5 clock cycles and less than
13 clock cycles. See Figures 14-1 and 14-2.

Figure 14-1. Minimum Interrupt Response Time
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Table 14-2. |IE — Interrupt Enable Register

IE = A8H Reset Value = 00X0 0000B
Bit Addressable
EA EC - ES ETH EX1 ETO EXO0
Bit 7 6 5 4 3 2 1 0
Symbol Function
EA Global enable/disable. All interrupts are disabled when EA = 0. When EA = 1, each interrupt source is enabled/disabled
by setting /clearing its own enable bit.
EC Comparator Interrupt Enable
ES Serial Port Interrupt Enable
ET1 Timer 1 Interrupt Enable
EX1 External Interrupt 1 Enable
ETO Timer O Interrupt Enable
EXO0 External Interrupt O Enable

Table 14-3. IP — Interrupt Priority Register

IP = B8H Reset Value = X0X0 0000B
Bit Addressable
- PC - PS PT1 PX1 PTO PX0
Bit 7 6 5 4 3 2 1 0
Symbol Function
PC Comparator Interrupt Priority Low
PS Serial Port Interrupt Priority Low
PT1 Timer 1 Interrupt Priority Low
PX1 External Interrupt 1 Priority Low
PTO Timer O Interrupt Priority Low
PX0 External Interrupt O Priority Low

ATMEL 1
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A second pull-up, called the “weak” pull-up, is turned on when the port register for the pin con-
tains a logic “1” and the pin itself is also at a logic “1” level. This pull-up provides the primary
source current for a quasi-bidirectional pin that is outputting a 1. If this pin is pulled low by an
external device, this weak pull-up turns off, and only the very weak pull-up remains on. In order
to pull the pin low under these conditions, the external device has to sink enough current to over-
power the weak pull-up and pull the port pin below its input threshold voltage.

The third pull-up is referred to as the “strong” pull-up. This pull-up is used to speed up low-to-
high transitions on a quasi-bidirectional port pin when the port register changes from a logic “0”
to a logic “1”. When this occurs, the strong pull-up turns on for one CPU clock, quickly pulling the
port pin high.

When in quasi-bidirectional mode the port pin will always output a “0” when corresponding bit in
the port register is also “0”. When the port register is “1” the pin may be used either as an input
or an output of “1”. The quasi-bidirectional port configuration is shown in Figure 15-1. The input
circuitry of P3.2 and P3.3 is not disabled during Power-down (see Figure 15-3).

Figure 15-1. Quasi-bidirectional Output
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15.2 Input-only Mode
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The input port configuration is shown in Figure 15-2. It is a Schmitt-triggered input for improved
input noise rejection.

Figure 15-2. Input Only
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Figure 15-3. Input Only for P3.2 and P3.3
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Table 15-4. Port Pin Alternate Functions

Port Configuration Bits Alternate

Pin PxMO.y PxM1.y Function Notes

P1.0 P1MO0.0 P1M1.0 AINO Input-only

P1.1 P1MO.1 P1M1.1 AIN1 Input-only

P1.4 P1MO0.4 P1M1.4 SS

P1.5 P1MO0.5 P1M1.5 MOSI Refer to Section 19.4 “SPI Pin
P1.6 P1M0.6 PIM1.6 MISO Configuration” on page 48
P1.7 P1MO0.7 P1M1.7 SCK

P3.0 P3MO0.0 P3M1.0 RXD

P3.1 P3MO.1 P3M1.1 TXD

P3.2 P3MO0.2 P3M1.2 INTO

P3.3 P3MO0.3 P3M1.3 INT1

P3.4 P3MO.4 P3M1.4 To Refer to Section 16.6 “Timer/Counter Pin
P3.5 P3MO0.5 P3M1.5 T4 Configuration” on page 30
P3.6 Not configurable CMPOUT Pin is tied to comparator output

16. Enhanced Timer/Counters

16.1

24

Mode O

The AT89LP2052/LP4052 has two 16-bit Timer/Counter registers: Timer 0 and Timer 1. As a
Timer, the register is incremented every clock cycle. Thus, the register counts clock cycles.
Since a clock cycle consists of one oscillator period, the count rate is equal to the oscillator
frequency.

As a Counter, the register is incremented in response to a 1-to-0 transition at its corresponding
input pin, TO or T1. The external input is sampled every clock cycle. When the 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 the cycle following the one in which the transition was detected.
Since 2 clock cycles are required to recognize a 1-t0-0 transition, the maximum count rate is 1/2
of the oscillator frequency. There are no restrictions on the duty cycle of the input signal, but it
should be held for at least one full clock cycle to ensure that a given level is sampled at least
once before it changes.

Furthermore, the Timer or Counter functions for Timer 0 and Timer 1 have four operating modes:
variable width timer/counter, 16 bit auto-reload timer/counter, 8 bit auto-reload timer/counter,
and split timer/counter. The control bits C/T in the Special Function Register TMOD select the
Timer or Counter function. The bit pairs (M1, MO) in TMOD select the operating modes.

Both Timers in Mode 0 are 8-bit Counters with a variable prescaler. The prescaler may vary from
1 to 8 bits depending on the PSC bits in TCONB, giving the timer a range of 9 to 16 bits.
By default the timer is configured as a 13-bit timer compatible to Mode 0 in the standard 8051.
Figure 16-1 shows the Mode 0 operation as it applies to Timer 1 in 13-bit mode. As the count
rolls over from all “1”s to all “0”s, it sets the Timer interrupt flag TF1. The counted input is
enabled to the Timer when TR1 = 1 and either GATE = 0 or INT1 = 1. Setting GATE = 1 allows
the Timer to be controlled by external input INTT, to facilitate pulse width measurements. TR1 is

AT89LP2052/LP4052 m——
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Figure 16-6. Timer/Counter 1 PWM Mode 0
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Figure 16-7. Timer/Counter 1 PWM Mode 1
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Timer/Counter Pin Configuration

In order to use the counter input function or pulse width modulation output feature of Timer O or
Timer 1, the Timer pins TO (P3.4) and T1 (P3.5) must be configured appropriately. See Section
15.7 “Port Alternate Functions” on page 23. For the external counter input function, TO or T1
should be configured as input-only, or as bidirectional with P3.4 or P3.5 set to “1”. The counter
function may also be triggered by an internal event if TO or T1 is configured in a bidirectional or
output mode and the port bit is toggled accordingly. To enable a PWM output on TO or T1, the
pin must be configured in a bidirectional or output mode with P3.4 or P3.5 set to “1”. Setting the
PWMOEN or PWM1En bits in TCONB will not automatically configure the pins as outputs. The
PWM outputs will use a full CMOS push-pull driver if they are in the quasi-bidirectional or output
configurations.

17. External Interrupts

30

The INTO and INT1 external interrupt sources can be programmed to be level-activated or tran-
sition-activated by setting or clearing bit IT1 or ITO in Register TCON. If ITx = 0, external
interrupt x is triggered by a detected low at the INTx pin. If ITx = 1, external interrupt x is nega-
tive edge-triggered. In this mode if successive samples of the INTx pin show a high in one cycle

AT89LP2052/LP4052 m——
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Figure 18-1. Serial Port Mode 0
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Figure 18-2. Serial Port Mode 1

TIMER 1 INTERNAL BUS
OVERFLOW —
4 1
WRITE
+2 TO—4
SMOD1 SBUF oS0
S'\ﬂoom =1 = |cL TXD
{ ZERO DETECTOR
/M
»| START SHIFT DATA
TX CONTROL
< +16 RX CLOCK - SEND
SERIAL
PORT
INTERRUPT
+16
SAMPLE oy _l
1-T0-0 RXCLOCK Rl Ié%ﬁEF) >
»| TRANSITION—P| START
DETECTOR RXCONTROL  guyet
1FFH
BIT t
DETECTOR J
A INPUT SHIFT REG.
(9 BITS)
RXD t SHIFT
LOAD
SBUF
SBUF
READ
SBUF
INTERNAL BUS
X
__CLOCKN N N N N I N N N N N N
NWRITE TO SBUF
SEND g
DATA | %’
SHIFT N I I I I I I I I T
T START BIT |
RX +16 RESET
__[1.CLocK v N N I N N I I N N N
W RXD —————\sTARTBIT/ B0 _X_DBi_X_ D2 _X_D5_X_ D4 X _D5_X_D6 X _D7 ) STOPBIT
g BIT DETECTOR SAMPLE TIMES[|[IIL___ UM nn M M nnn nnn nnn
L SHIFT I I I N I I I I I I
Rl

ATMEL s

3547J-MICRO-10/09



AT89LP2052/LP4052

Figure 18-3. Serial Port Mode 2
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In a more complex system the following could be used to select slaves 1 and 2 while excluding
slave O:

Slave 0 SADDR = 1100 0000
SADEN = 1111 1001
Given = 1100 0XX0

Slave 1 SADDR = 1110 0000
SADEN = 1111 1010
Given = 1110 0X0X

Slave 2 SADDR = 1110 0000
SADEN = 1111 1100
Given =1110 00XX

In the above example the differentiation among the 3 slaves is in the lower 3 address bits. Slave
0 requires that bit 0 = 0 and it can be uniquely addressed by 1110 0110. Slave 1 requires that bit
1 =0 and it can be uniquely addressed by 1110 and 0101. Slave 2 requires that bit 2 = 0 and its
unique address is 1110 0011. To select Slaves 0 and 1 and exclude Slave 2, use address 1110
0100, since it is necessary to make bit 2 = 1 to exclude slave 2.

The Broadcast Address for each slave is created by taking the logic OR of SADDR and SADEN.
Zeros in this result are treated as don’t cares. In most cases, interpreting the don’t cares as
ones, the broadcast address will be FF hexadecimal.

Upon reset SADDR (SFR address 0A9H) and SADEN (SFR address 0B9H) are loaded with
“0”s. This produces a given address of all “don’t cares” as well as a Broadcast address of all
“don’t cares”. This effectively disables the Automatic Addressing mode and allows the microcon-
troller to use standard 80C51-type UART drivers which do not make use of this feature.

19. Serial Peripheral Interface

42

The serial peripheral interface (SPI) allows high-speed synchronous data transfer between the
AT89LP2052/LP4052 and peripheral devices or between multiple AT89LP2052/LP4052
devices. The AT89LP2052/LP4052 SPI features include the following:

e Full-duplex, 3-wire Synchronous Data Transfer

¢ Master or Slave Operation

* Maximum Bit Frequency = /4

* LSB First or MSB First Data Transfer

e Four Programmable Bit Rates in Master Mode

¢ End of Transmission Interrupt Flag

* Write Collision Flag Protection

* Double-buffered Receive

¢ Double-buffered Transmit (Enhanced Mode Only)

¢ Wake up from Idle Mode (Slave Mode Only)

AT89LP2052/LP4052 m——
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SPSR — SPI Status Register

SPSR Address = AAH
Not Bit Addressable

Reset Value = 000X X000B

SPIF WCOL LDEN - - - DISSO ENH

Bit

7 6 5 4 3 2 1 0

Symbol

Function

SPIF

SP interrupt flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and
ES = 1. The SPIF bit is cleared by reading the SPI status register followed by reading/writing the SPI data register.

WCOL

When ENH = 0: Write collision flag. The WCOL bit is set if the SPI data register is written during a data transfer. During
data transfer, the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit
(and the SPIF bit) are cleared by reading the SPI status register followed by reading/writing the SPI data register.
When ENH = 1: WCOL works in Enhanced mode as Tx Buffer Full. Writing during WCOL = 1 in enhanced mode will
overwrite the waiting data already present in the Tx Buffer. In this mode, WCOL is no longer reset by the SPIF reset but
is reset when the write buffer has been unloaded into the serial shift register.

LDEN

Load enable for the Tx buffer in enhanced SPI mode.

When ENH is set, it is safe to load the Tx Buffer while LDEN = 1 and WCOL = 0. LDEN is high during bits 0 - 3 and is low
during bits 4 - 7 of the SPI serial byte transmission time frame.

DISSO

Disable slave output bit.

When set, this bit causes the MISO pin to be tri-stated so more than one slave device can share the same interface with
a single master. Normally, the first byte in a transmission could be the slave address and only the selected slave should
clear its DISSO bit.

ENH

Enhanced SPI mode select bit. When ENH = 0, SPI is in normal mode, i.e. without write double buffering.

When ENH = 1, SPI is in enhanced mode with write double buffering. The Tx buffer shares the same address with the
SPDR register.

Table 19-3.

SPDR - SPI Data Register

SPDR Address = 86H
Not Bit Addressable

Reset Value = 00H (after cold reset)
unchanged (after warm reset)

SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO

Bit

7 6 5 4 3 2 1 0

46
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Figure 19-3. SPI Shift Register Diagram
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19.3 Serial Clock Generator

The CPHA (Clock PHAse), CPOL (Clock POLarity), and SPR (Serial Peripheral clock Rate =
baud rate) bits in SPCR control the shape and rate of SCK. The two SPR bits provide four possi-
ble clock rates when the SPI is in master mode. In slave mode, the SPI will operate at the rate of
the incoming SCK as long as it does not exceed the maximum bit rate. There are also four pos-
sible combinations of SCK phase and polarity with respect to the serial data. CPHA and CPOL
determine which format is used for transmission. The SPI data transfer formats are shown in
Figures 19-4 and and 19-5. To prevent glitches on SCK from disrupting the interface, CPHA,
CPOL, and SPR should be set up before the interface is enabled, and the master device should
be enabled before the slave device(s).

ATMEL i
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Table 22-3. Detailed Logical Instruction Summary

Clock Cycles
Logical Instruction Bytes 8051 LP2052 Hex Code
CLR A 1 12 1 E4
CPLA 1 12 1 F4
ANL A, Rn 1 12 1 58-5F
ANL A, direct 2 12 2 55
ANL A, @Ri 1 12 2 56-57
ANL A, #data 2 12 2 54
ANL direct, A 2 12 2 52
ANL direct, #data 3 24 3 53
ORL A, Rn 1 12 1 48-4F
ORL A, direct 2 12 2 45
ORL A, @Ri 1 12 2 46-47
ORL A, #data 2 12 2 44
ORL direct, A 2 12 2 42
ORL direct, #data 3 24 3 43
XRL A, Rn 1 12 1 68-6F
XRL A, direct 2 12 2 65
XRL A, @Ri 1 12 2 66-67
XRL A, #data 2 12 2 64
XRL direct, A 2 12 2 62
XRL direct, #data 3 24 3 63
RL A 1 12 1 23
RLC A 1 12 1 33
RR A 1 12 1 03
RRC A 1 12 1 13
SWAP A 1 12 1 C4
54 AT89LP2052/LP4052 m——
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23. Programming the Flash Memory

3547J-MICRO-10/09

The AT89LP2052/LP4052 offers 2/4K bytes of In-System Programmable (ISP) non-volatile
Flash code memory. In addition, the device contains a 32-byte User Signature Row and a
32-byte read-only Atmel Signature Row. The memory organization is shown in Table 23-1. The
Memory is divided into pages of 32 bytes each. A single read or write command may only
access a single page in the memory.

Table 23-1. Memory Organization

Device # Code Size Page Size # Pages Address Range
AT89LP2052 2K bytes 32 bytes 64 0000H - 07FFH
AT89LP4052 4K bytes 32 bytes 128 0000H - OFFFH

The AT89LP2052/LP4052 provides two flexible interfaces for programming the Flash memory: a
parallel interface which uses 10 pins; and a serial interface which uses the 4 SPI pins. The par-
allel and serial programming algorithms are identical. Both interfaces support the same
command format where each command is issued to the device one byte at a time. Commands
consist of a preamble byte for noise immunity, an opcode byte, two address bytes, and from 1 to
32 data bytes. Figure 23-1 shows a simplified flow chart of a command sequence.

Figure 23-1. Command Sequence Flow Chart
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Figure 24-4. SPI Slave Timing (CPHA = 1)
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24.4 External Clock Drive

Figure 24-5. External Clock Drive Waveform
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Table 24-3. External Clock Drive Parameters

Vce = 2.4V to 5.5V
Symbol Parameter Min Max Units
1teLoL Oscillator Frequency 0 20 MHz
terel Clock Period 50 ns
toHex High Time 12 ns
tolex Low Time 12 ns
toLcH Rise Time 5 ns
toheL Fall Time 5 ns
s2  AT89LP2052/LP4052 me——
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26. Packaging Information

26.1 20P3 - PDIP

PIN
101 A ririnr 111

(] =

| EEEEEEERERE [ |

/ \ COMMON DIMENSIONS
\ / (Unit of Measure = mm)
C ~a
~- SYMBOL| MIN NOM MAX | NOTE
—a eC
‘H eB 4>‘ A - - 5.334
Al 0.381 - -
24.892 - 26.924 | Note 2
E 7.620 - 8.255
E1 6.096 - 7.112 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-001, Variation AD. B1 1.270 — 1.551
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 2.921 - 3.810
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.203 B 0.356
eB - - 10.922
eC 0.000 - 1.524
[ 2.540 TYP
1/23/04
TITLE DRAWING NO. |REV.
AIMEL 232° Orohard Panciay | 20p, 20-lead (0.300'/7.62 mm Wide) Plastic Dual 0P3 5
© SanJose, CA 95131 | |niing Package (PDIP)

86 AT89LP2052/LP4052 meeeeee——
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