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1. Pin Configurations

1.1 40P6: 40-lead PDIP

N
T2/P1.0 |1 40 [1 VDD
T2EX/P1.1 ] 2 39 [ P0.0/ADO
SDA/P1.2 ] 3 38 [J P0.1/AD1
SCL/P1.3 [ 4 37 [J P0.2/AD2
SS/P1.4[]5 36 [J P0.3/AD3
MOSI/P1.5 ] 6 35 [ P0.4/AD4
MISO/P1.6 [] 7 34 [1 P0.5/AD5
SCK/P1.7[]8 33 [1 P0.6/AD6
RST/P4.2 ]9 32 [1 P0.7/AD7
RXD/P3.0 [] 10 31 [ P4.3
TXD/P3.1 ] 11 30 [J P4.4/ALE
INTO/P3.2 ] 12 29 [0 P4.5
INT1/P3.3[] 13 28 [ P2.7/AIN3/A15
To/P3.4 ] 14 27 [0 P2.6/AIN2/A14
T1/P3.5[] 15 26 [ P2.5/AIN1/A13
WR/P3.6 |16 25 [1 P2.4/AINO/A12
RD/P3.7 |17 24 [ P2.3/A11/CCD
XTAL2/P4.1 [] 18 23 [J P2.2/A10/CCC
XTAL1/P4.0 [] 19 22 [1 P2.1/A9/CCB
GND ] 20 21 [ P2.0/A8/CCA
1.2 44A: 44-lead TQFP (Top View)
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To enable write access to the nonvolatile data memory, the MWEN bit (MEMCON.4) must be set
to one. When MWEN =1 and DMEN = 1, MOVX @DPTR,A may be used to write to FDATA.
FDATA uses flash memory with a page-based programming model. Flash data memory differs
from traditional EEPROM data memory in the method of writing data. EEPROM generally can
update a single byte with any value. Flash memory splits programming into write and erase
operations. A Flash write can only program zeroes, i.e change ones into zeroes (1 =0 ). Any
ones in the write data are ignored. A Flash erase sets an entire page of data to ones so that all
bytes become FFH. Therefore after an erase, each byte in the page can be written only once
with any possible value. Bytes can not be overwritten once they are changed from the erased
state without possibility of corrupting the data. Therefore, if even a single byte needs updating;
then the contents of the page must first be saved, the entire page must be erased and the zero
bits in all bytes (old and new data combined) must be written. Avoiding unnecessary page
erases greatly improves the endurance of the memory.

The AT89LP3240/6440 includes 64 data pages of 128 bytes each. One or more bytes in a page
may be written at one time. The AT89LP3240/6440 includes a temporary page buffer of 64
bytes, or half of a page. Because the page buffer is 64 bytes long, the maximum number of
bytes written at one time is 64. Therefore, two write cycles are required to fill the entire 128-byte
page, one for the low half page (00H-3FH) and one for the high half page (40H-7FH) as shown
in Figure 3-4.

Figure 3-4. Page Programming Structure
00 3F
| Page Buffer |

-/ 1\ z

Data Memor Low Half Page High Half Page
g g g

00 3F 40 7F

The LDPG bit (MEMCON.5) allows multiple data bytes to be loaded to the temporary page buf-
fer. While LDPG = 1, MOVX @DPTR,A instructions will load data to the page buffer, but will not
start a write sequence. Note that a previously loaded byte must not be reloaded prior to the write
sequence. To write the half page into the memory, LDPG must first be cleared and then a
MOVX @DPTR,A with the final data byte is issued. The address of the final MOVX determines
which half page will be written. If a MOVX @DPTR,A instruction is issued while LDPG = 0 with-
out loading any previous bytes, only a single byte will be written. The page buffer is reset after
each write operation. Figures 3-5 and Figure 3-6 on page 16 show the difference between byte
writes and page writes.

The auto-erase bit AERS (MEMCON.6) can be set to one to perform a page erase automatically
at the beginning of any write sequence. The page erase will erase the entire page, i.e. both the
low and high half pages. However, the write operation paired with the auto-erase can only pro-
gram one of the half pages. A second write cycle without auto-erase is required to update the
other half page.

ATMEL 1



Table 3-4.
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Figure 3-8 shows a hardware configuration for accessing 256-byte blocks of external RAM using
an 8-bit paged address. Port 0 serves as a multiplexed address/data bus to the RAM. The ALE
strobe is used to latch the address byte into an external register so that Port O can be freed for
data input/output. The Port 2 I/O lines (or other ports) can provide control lines to page the mem-
ory; however, this operation is not handled automatically by hardware. The software application
must change the Port 2 register when appropriate to access different pages. The MOVX @Ri
instructions use Paged Address mode.

Figure 3-8. External Memory 8-bit Paged Address Mode

AT89LP EXTERNAL
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MEMORY
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ALE /I
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e /O PAGE WE O
r WR \,/\:> A WE OE

AUXR — Auxiliary Control Register

Bit

AUXR = 8EH Reset Value = xxx0 0000B
Not Bit Addressable

- - - XSTK WS1 WS0 EXRAM ALES

7 6 5 4 3 2 1 0

Symbol

Function

XSTK

Extended Stack Enable. When XSTK = 0 the stack resides in IDATA and is limited to 256 bytes. Set XSTK = 1 to place
the stack in EDATA for up to 4K bytes of extended stack space. All PUSH, POP, CALL and RET instructions will incur a
one or two cycle penalty when accessing the extended stack.

WSJ[1-0]

Wait State Select. Determines the number of wait states inserted into external memory accesses.
WSH WS0 Wait States ~ RD / WR Strobe Width

0 0 0 1 X teye

0 1 1 2 X toye

1 0 2 3 X teye

1 1 3 4 X toyg

EXRAM

External RAM Enable. When EXRAM = 0, MOVX instructions can access the internally mapped portions of the address
space. Accesses to addresses above internally mapped memory will access external memory. Set EXRAM = 1 to
bypass the internal memory and map the entire address space to external memory.

ALES

ALE Idle State. When ALES = 0 the idle polarity of ALE is high (active). When ALES = 1 the idle polarity of ALE is low
(inactive). The ALE strobe pulse is always active high. ALES must be zero in order to use P4.4 as a general I/O.

18

Note that prior to using the external memory interface, Port 2, WR (P3.6), RD (P3.7) and ALE
(P4.4) must be configured as outputs. See Section 10.1 “Port Configuration” on page 45. Port 0
is configured automatically to push-pull output mode when outputting address or data and is

AT89LP3240/6440 me——
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5.3 Instruction Set Extensions
Table 5-8 lists the additions to the 8051 instruction set that are supported by the
AT89LP3240/6440. For more information on the instruction set see Section 22. “Instruction Set
Summary” on page 143. For detailed descriptions of the extended instructions see Section 22.1
“Instruction Set Extensions” on page 147.

Table 5-8. AT89LP3240/6440 Extended Instructions
Opcode Mnemonic Description Bytes Cycles

A5 00 BREAK Software breakpoint 2 2

A5 03 ASR M Arithmetic shift right of M register 2 2

A5 23 LSLM Logical shift left of M register 2 2

A5 73 JMP @A+PC Indirect jump relative to PC 2 3

A5 90 MOV /DPTR, #data16 Mqve 16-bit constant to alternate data 4 4
pointer

A5 93 MOVC A, @A+/DPTR Move code Iocatlc_m to ACC relative to > 4
alternate data pointer

A5 A3 INC /DPTR Increment alternate data pointer 2 3

A5 A4 MAC AB Multiply and accumulate 2 9

A5 B6 CINE A, @RO, rel Qompare ACC to indirect RAM and 3 4
jump if not equal

A5 B7 CJNE A, @R1, rel _Comp_are ACC to indirect RAM and 3 4
jump if not equal

A5 EO MOVX A, @/DPTR Move external to AQC; 16-bit address 2 3/5
in alternate data pointer

A5 E4 CLR M Clear M register 2 2

A5 FO MOVX @/DPTR, A Move ACC to external; 16-bit address 5 3/5
in alternate data pointer

* The /DPTR instructions provide support for the dual data pointer features described above
(See Section 5.2).

e The ASR M, LSL M, CLR M and MAC AB instructions are part of the Multiply-Accumulate
Unit (See Section 5.1).

* The JMP @A+PC instruction supports localized jump tables without using a data pointer.

* The CUNE A, @R,;, rel instructions allow compares of array values with non-constant values.

* The BREAK instruction is used by the On-Chip Debug system. See Section 24. on page 155.

3706C-MICRO-2/11



Table 9-3. IE2 — Interrupt Enable 2 Register
IE = B4H Reset Value = xxxx x000B
Not Bit Addressable
- - - ETWI EADC ESPI ECC EGP
Bit 7 6 5 4 3 2 1 0
Symbol Function
ETWI Two-Wire Interface Interrupt Enable
EADC ADC Interrupt Enable
ESPI Serial Peripheral Interface Interrupt Enable
ECC Compare/Capture Array Interrupt Enable
EGP General-purpose Interrupt Enable
Table 9-4. IP — Interrupt Priority Register
IP = B8H Reset Value = 0000 0000B
Bit Addressable
IPOD PC PT2 PS PT1 PX1 PTO PXO0
Bit 7 6 5 4 3 2 1 0
Symbol Function
IPOD Interrupt Priority O Disable. Set IPOD to 1 to disable all interrupts with priority level zero. Clear to 0 to enable all interrupts
with priority level zero when EA = 1.
PC Comparator Interrupt Priority Low
PT2 Timer 2 Interrupt Priority Low
PS Serial Port Interrupt Priority Low
PTA Timer 1 Interrupt Priority Low
PX1 External Interrupt 1 Priority Low
PTO Timer 0O Interrupt Priority Low
PX0 External Interrupt O Priority Low
Table 9-5. IP2 — Interrupt Priority 2 Register
IP =B5H Reset Value = Oxxx x000B
No Bit Addressable
IP2D - - PTWI PADC PSP PCC PGP
Bit 7 6 5 4 3 2 1 0
Symbol Function
IP2D Interrupt Priority 2 Disable. Set IP2D to 1 to disable all interrupts with priority level two. Clear to 0 to enable all interrupts
with priority level two when EA = 1.
PTWI Two-wire Interface Interrupt Priority Low
PADC ADC Interrupt Priority Low

3706C-MICRO-2/11

ATMEL i



ATMEL

Symbol Function

PSP Serial Peripheral Interface Interrupt Priority Low

PCC Compare/Capture Array Interrupt Priority Low

PGP General-purpose Interrupt O Priority Low

Table 9-6. IPH — Interrupt Priority High Register
IPH = B7H Reset Value = 0000 0000B
Not Bit Addressable
IP1D PCH PT2H PSH PT1H PX1H PTOH PX0H

Bit 7 6 5 4 3 2 1 0

Symbol Function

IP1D Interrupt Priority 1 Disable. Set IP1D to 1 to disable all interrupts with priority level one. Clear to 0 to enable all interrupts

with priority level one when EA = 1.

PCH Comparator Interrupt Priority High

PT2H Timer 2 Interrupt Priority High

PSH Serial Port Interrupt Priority High

PT1H Timer 1 Interrupt Priority High

PX1H External Interrupt 1 Priority High

PTOH Timer 0 Interrupt Priority High

PXOH External Interrupt O Priority High

Table 9-7. IP2H — Interrupt Priority 2 High Register
IPH = B6H Reset Value = Oxxx x000B
Not Bit Addressable
IP3D - - PTWH PADH PSPH PCCH PGPH

Bit 7 6 5 4 3 2 1 0

Symbol Function

IP3D Interrupt Priority 3 Disable. Set IP3D to 1 to disable all interrupts with priority level three. Clear to 0 to enable all

interrupts with priority level three when EA = 1.

PTWH Two-Wire Interface Interrupt Priority High

PADH ADC Interrupt Priority High

PSPH Serial Peripheral Interface Interrupt Priority High

PCCH Compare/Capture Array Interrupt Priority High

PGPH General-purpose Interrupt O Priority High

3706C-MICRO-2/11
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Table 11-4.  TCONB — Timer/Counter Control Register B
TCONB =91H Reset Value = 0010 0100B
Not Bit Addressable
PWM1EN PWMOEN PSC12 PSC11 PSC10 PSCO02 PSCO01 PSCO00
Bit 7 6 5 4 3 2 1 0
Symbol Function
PWM1EN | Configures Timer 1 for Pulse Width Modulation output on T1 (P3.5).
PWMOEN | Configures Timer 0 for Pulse Width Modulation output on TO (P3.4).
Eggﬁ Prescaler for Timer 1 Mode 0. The number of active bits in TL1 equals PSC1 + 1. After reset PSC1 = 100B which
PSC10 enables 5 bits of TL1 for compatibility with the 13-bit Mode 0 in AT89S2051.
PSC02 . . _ .
PSCO1 Prescaler for Timer 0 Mode 0. The number of active bits in TLO equals PSCO + 1. After reset PSCO = 100B which
PSCO0 enables 5 bits of TLO for compatibility with the 13-bit Mode 0 in AT89C52.

11.5 Pulse Width Modulation

On the AT89LP3240/6440, Timer 0 and Timer 1 may be independently configured as 8-bit
asymmetrical (edge-aligned) pulse width modulators (PWM) by setting the PWMOEN or
PWM1EN bits in TCONB, respectively. In PWM Mode the generated waveform is output on the
timer's input pin, TO or T1. Therefore, C/Tx must be set to “0” when in PWM mode and the TO
(P3.4) and T1 (P3.5) must be configured in an output mode. The Timer Overflow Flags and
Interrupts will continue to function while in PWM Mode and Timer 1 may still generate the baud
rate for the UART. The timer GATE function also works in PWM mode, allowing the output to be
halted by an external input. Each PWM channel has four modes selected by the mode bits in
TMOD.

An example waveform for Timer 0 in PWM Mode 0 is shown in Figure 11-5. THO acts as an 8-bit
counter while RHO stores the 8-bit compare value. When THO is 00H the PWM output is
set high. When the THO count reaches the value stored in RHO the PWM output is set low.
Therefore, the pulse width is proportional to the value in RHO. To prevent glitches, writes to
RHO only take effect on the FFH to 00H overflow of THO. Setting RHO to 00H will keep the PWM
output low.

Figure 11-5. 8-bit Asymmetrical Pulse Width Modulation

et S I b
(P3.4)T0_ | | | I_
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12. Enhanced Timer 2
The AT89LP3240/6440 includes a 16-bit Timer/Counter 2 with the following features:

* 16-bit timer/counter with one 16-bit reload/capture register

¢ One external reload/capture input

¢ Up/Down counting mode with external direction control

* UART baud rate generation

¢ Qutput-pin toggle on timer overflow

¢ Dual slope symmetric operating modes
Timer 2 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. 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 and T2MOD, as shown in Table 12-3. Timer 2 also serves as the time base for
the Compare/Capture Array (See Section 13. “Compare/Capture Array” on page 69).

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the register is incre-
mented every clock cycle. Since a clock cycle consists of one oscillator period, the count rate is
equal to the oscillator frequency. The timer rate can be prescaled by a value between 1 and 16
using the Timer Prescaler (see Table 6-2 on page 33).

In the Counter function, the register is incremented in response to a 1-t0-0 transition at its corre-
sponding external input pin, T2. In this function, 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 incre-
mented. The new count value appears in the register during the cycle following the one in which
the transition was detected. Since two clock cycles are required to recognize a 1-to-0 transition,
the maximum count rate is 1/2 of the oscillator frequency. To ensure that a given level is sam-
pled at least once before it changes, the level should be held for at least one full clock cycle.

Table 12-1. Timer 2 Operating Modes

RCLK + TCLK | CP/RL2 | DCEN T20E TR2 MODE
0 0 0 0 1 16-bit Auto-reload
0 0 1 0 1 16-bit Auto-reload Up-Down
0 1 X 0 1 16-bit Capture
1 X X X 1 Baud Rate Generator
X X X 1 1 Frequency Generator
X X X 0 (Off)

The following definitions for Timer 2 are used in the subsequent paragraphs:

Table 12-2. Timer 2 Definitions

Symbol Definition
MIN 0000H
MAX FFFFH

BOTTOM 16-bit value of {RCAP2H,RCAP2L} (standard modes)
TOP 16-bit value of {RCAP2H,RCAP2L} (enhanced modes)

3706C-MICRO-2/11



Table 13-6. Summary of Multi-Phasic Modes
Behavior
PHS,, | Mode PHSD =0 PHSD =1
000 Off Normal Operation (all channels active at all times)
001 1:2 A—-B —-A-B B —-A —-B —A
010 1:3 A —B —C »A =B —C C —B A -C —B —A
011 1:4 A—-B —-C -D—-A-B-C-D D —-C —B —-A -D —C —-B —A
A —B —A —B B —A —B —A
100 24 C-b-C-D D—-C —-D —C
Figure 13-12. Multi-Phasic PWM Output Stage
| PHS=001B |  PHS=010B |  PHS=011B |  PHS=100B
| X —JccA | X ccA | > |ccA | > |>ccA |
| 1 » EN | 1 » EN | EN | 1 » EN :
18 TF e '8 B '8 '8 B |
| & = (O ~0ces | & & (> ~0ces | & X ces | & e | +[Jccs |
| 0 » EN | 0 > EN | EN | 0 » EN |
|
| | | I
| X_t+dcce | > f>dccc | X f>dccc | >X_}ccc |
| EN : 0 EN : EN : 1 » EN :
| 2 3
| X J+Occep | > f+Occep | X fOcep | & i S }+Jcep |
| 1 EN 1 EN EN 0 EN |
[ | [ | | |
|l — S S S .|
Figure 13-13. Three-Phase Mode with Channel B Disabled
| PHS = 010B, CCB disabled |
| CCA [ ] [ ] [ ] |
: CCB___ ... N . O . L :
| CCC [ [ [ |
| PHSD [ |

-
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bit and prepares to receive the data bytes that follows. The slaves that are not addressed set
their SM2 bits and ignore the data bytes. See “Automatic Address Recognition” on page 97.

The SM2 bit can be used to check the validity of the stop bit in Mode 1. In a Mode 1 reception, if
SM2 = 1, the receive interrupt is not activated unless a valid stop bit is received.

Table 16-1. SCON - Serial Port Control Register
SCON Address = 98H Reset Value = 0000 0000B
Bit Addressable
SMO/FE SM1 SM2 REN TB8 RB8 T1 RI
Bit 7 6 5 4 3 2 1 0
(SMODO = 0/1)"
Symbol Function
Framing error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid
FE frames and must be cleared by software. The SMODO bit must be set to enable access to the FE bit. FE will be set
regardless of the state of SMODO.
SMO Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO0)
Serial Port Mode Bit 1
SMO SM1 Mode Description Baud Rate®
0 0 0 shift register fosc/2 or fos/4 or Timer 1
SM1
0 1 1 8-bit UART variable (Timer 1 or Timer 2)
1 0 2 9-bit UART fose/32 O f,, /16
1 1 3 9-bit UART variable (Timer 1 or Timer 2)
Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will not be set unless the received
9th data bit (RB8) is 1, indicating an address, and the received byte is a Given or Broadcast Address. In Mode 1, if SM2 =
SM2 1 then Rl will not be activated unless a valid stop bit was received, and the received byte is a Given or Broadcast Address.
In Mode 0, SM2 determines the idle state of the shift clock such that the clock is the inverse of SM2, i.e. when SM2 =0
the clock idles high and when SM2 = 1 the clock idles low.
REN Enables serial reception. Set by software to enable reception. Clear by software to disable reception.
TB8 The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. In Mode 0, setting TB8
enables Timer 1 as the shift clock generator.
RBS In Modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received. In Mode
0, RB8 is not used.
TI Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the
other modes, in any serial transmission. Must be cleared by software.
Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in the
RI . . .
other modes, in any serial reception (except see SM2). Must be cleared by software.
Notes: 1. SMODO is located at PCON.6.

2. f,sc = oscillator frequency. The baud rate depends on SMOD1 (PCON.7).
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16.5 More About Modes 2 and 3

Eleven bits are transmitted (through TXD), or received (through RXD): a start bit (0), 8 data bits
(LSB first), a programmable 9th data bit, and a stop bit (1). On transmit, the 9th data bit (TB8)
can be assigned the value of “0” or “1”. On receive, the 9th data bit goes into RB8 in SCON. The
baud rate is programmable to either 1/16 or 1/32 of the oscillator frequency in Mode 2. Mode 3
may have a variable baud rate generated from either Timer 1 or Timer 2, depending on the state
of RCLK and TCLK.

Figures 16-5 and 16-6 show a functional diagram of the serial port in Modes 2 and 3. The
receive portion is exactly the same as in Mode 1. The transmit portion differs from Mode 1 only
in the 9th bit of the transmit shift register.

Transmission is initiated by any instruction that uses SBUF as a destination register. The “write
to SBUF” signal also loads TB8 into the 9th bit position of the transmit shift register and flags the
TX Control unit that a transmission is requested. Transmission commences at S1P1 of the
machine cycle following the next rollover in the divide-by-16 counter. Thus, the bit times are syn-
chronized to the divide-by-16 counter, not to the “write to SBUF” signal.

The transmission begins when SEND is activated, which puts the start bit at TXD. One bit time
later, DATA is activated, which enables the output bit of the transmit shift register to TXD. The
first shift pulse occurs one bit time after that. The first shift clocks a “1” (the stop bit) into the 9th
bit position of the shift register. Thereafter, only “0”s are clocked in. Thus, as data bits shift out to
the right, “0”s are clocked in from the left. When TB8 is at the output position of the shift register,
then the stop bit is just to the left of TB8, and all positions to the left of that contain “0”s. This con-
dition flags the TX Control unit to do one last shift, then deactivate SEND and set TI. This occurs
at the 11th divide-by-16 rollover after “write to SBUF.”

Reception is initiated by a 1-to-0 transition detected at RXD. For this purpose, RXD is sampled
at a rate of 16 times the established baud rate. When a transition is detected, the divide-by-16
counter is immediately reset, and 1FFH is written to the input shift register.

At the 7th, 8th and 9th counter states of each bit time, the bit detector samples the value of RXD.
The value accepted is the value that was seen in at least 2 of the 3 samples. If the value
accepted during the first bit time is not 0, the receive circuits are reset and the unit continues
looking for another 1-to-0 transition. If the start bit proves valid, it is shifted into the input shift
register, and reception of the rest of the frame proceeds.

As data bits come in from the right, “1”s shift out to the left. When the start bit arrives at the left-
most position in the shift register (which in Modes 2 and 3 is a 9-bit register), it flags the RX Con-
trol block to do one last shift, load SBUF and RB8, and set RI. The signal to load SBUF and RB8
and to set Rl is generated if, and only if, the following conditions are met at the time the final shift
pulse is generated:

Rl =0, and
Either SM2 = 0 or the received 9th data bit = 1

If either of these conditions is not met, the received frame is irretrievably lost, and Rl is not set. If
both conditions are met, the received 9th data bit goes into RB8, and the first 8 data bits go into
SBUF. One bit time later, whether the above conditions were met or not, the unit continues look-
ing for a 1-to-0 transition at the RXD input.

Note that the value of the received stop bit is irrelevant to SBUF, RB8, or RI.
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Figure 17-2. SPI Master-Slave Interconnection
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When the SPI is configured as a Master (MSTR in SPCR is set), the operation of the SS pin
depends on the setting of the Slave Select Ignore bit, SSIG. If SSIG = 1, the SS pin is a general
purpose output pin which does not affect the SPI system. Typically, the pin will be driving the SS
pin of an SPI Slave. If SSIG = 0, SS must be held high to ensure Master SPI operation. If the SS
pin is driven low by peripheral circuitry when the SPI is configured as a Master with SSIG = 0,
the SPI system interprets this as another master selecting the SPI as a slave and starting to
send data to it. To avoid bus contention, the SPI system takes the following actions:

1. The MSTR bit in SPCR is cleared and the SPI system becomes a Slave. As a result of
the SPI becoming a Slave, the MOSI and SCK pins become inputs.
2. The MODF Flag in SPSR is set, and if the SPI interrupt is enabled, the interrupt routine
will be executed.
Thus, when interrupt-driven SPI transmission is used in Master mode, and there exists a possi-
bility that SS may be driven low, the interrupt should always check that the MSTR bit is still set. If
the MSTR bit has been cleared by a slave select, it must be set by the user to re-enable SPI
Master mode.

17.1 Master Operation

An SPI master device initiates all data transfers on the SPI bus. The AT89LP3240/6440 is con-
figured for master operation by setting MSTR = 1 in SPCR. Writing to the SPI data register
(SPDR) while in master mode loads the transmit buffer. If the SPI shift register is empty, the byte
in the transmit buffer is moved to the shift register; the transmit buffer empty flag, TXE, is set;
and a transmission begins. The transfer may start after an initial delay, while the clock generator
waits for the next full bit slot of the specified baud rate. The master shifts the data out serially on
the MOSI line while providing the serial shift clock on SCK. When the transfer finishes, the SPIF
flag is set to “1” and an interrupt request is generated, if enabled. The data received from the
addressed SPI slave device is also transferred from the shift register to the receive buffer.
Therefore, the SPIF bit flags both the transmit-complete and receive-data-ready conditions. The
received data is accessed by reading SPDR.

While the TXE flag is set, the transmit buffer is empty. TXE can be cleared by software or by
writing to SPDR. Writing to SPDR will clear TXE and load the transmit buffer. The user may load
the buffer while the shift register is busy, i.e. before the current transfer completes. When the
current transfer completes, the queued byte in the transmit buffer is moved to the shift register
and the next transfer commences. TXE will generate an interrupt if the SPI interrupt is enabled
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18.1.5 Combining Address and Data Packets Into a Transmission

A transmission basically consists of a START condition, a SLA+R/W, one or more data packets
and a STOP condition. An empty message, consisting of a START followed by a STOP condi-
tion, is illegal. Note that the wired-ANDing of the SCL line can be used to implement
handshaking between the Master and the Slave. The Slave can extend the SCL low period by
pulling the SCL line low. This is useful if the clock speed set up by the Master is too fast for the
Slave, or the Slave needs extra time for processing between the data transmissions. The Slave
extending the SCL low period will not affect the SCL high period, which is determined by the
Master. As a consequence, the Slave can reduce the TWI data transfer speed by prolonging the
SCL duty cycle.

Figure 18-6 shows a typical data transmission. Note that several data bytes can be transmitted
between the SLA+R/W and the STOP condition, depending on the software protocol imple-
mented by the application software.

Figure 18-6. Typical Data Transmission

Addr MSB AddrLSB  R/W ACK Data MSB DataLSB ACK

SLA+R/W Data Byte STOP

18.2 Multi-master Bus Systems, Arbitration and Synchronization

108

The TWI protocol allows bus systems with several masters. Special concerns have been taken
in order to ensure that transmissions will proceed as normal, even if two or more masters initiate
a transmission at the same time. Two problems arise in multi-master systems:

¢ An algorithm must be implemented allowing only one of the masters to complete the
transmission. All other masters should cease transmission when they discover that they have
lost the selection process. This selection process is called arbitration. When a contending
master discovers that it has lost the arbitration process, it should immediately switch to Slave
mode to check whether it is being addressed by the winning master. The fact that multiple
masters have started transmission at the same time should not be detectable to the slaves
(i.e., the data being transferred on the bus must not be corrupted).

* Different masters may use different SCL frequencies. A scheme must be devised to
synchronize the serial clocks from all masters, in order to let the transmission proceed in a
lockstep fashion. This will facilitate the arbitration process.

The wired-ANDing of the bus lines is used to solve both these problems. The serial clocks from
all masters will be wired-ANDed, yielding a combined clock with a high period equal to the one
from the master with the shortest high period. The low period of the combined clock is equal to
the low period of the master with the longest low period. Note that all masters listen to the SCL
line, effectively starting to count their SCL high and low Time-out periods when the combined
SCL line goes high or low, respectively.
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Figure 18-15. Combining Several TWI Modes to Access a Serial EEPROM

Master Transmitter Master Receiver
/—/\ /—/\
S SLA+W A ADDRESS A | Rs SLA+R A DATA X B
S = START Rs = REPEATED START P =STOP
Transmitted from master to slave Transmitted from slave to master

19. Dual Analog Comparators
The AT89LP3240/6440 provides two analog comparators. The analog comparators have the fol-
lowing features:
¢ Internal 3-level Voltage Reference (1.2V, 1.3V, 1.4V)
* Four Shared Analog Input Channels
— Configure as Multiple Input Window Comparator
¢ Selectable Interrupt Conditions
— High- or Low-level
— Rising- or Falling-edge
— Output Toggle
¢ Hardware Debouncing Modes

Figure 19-1. Dual Comparator Block Diagram
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A block diagram of the dual analog comparators with relevant connections is shown in Figure
19-1. Input options allow the comparators to function in a number of different configurations as
shown in Figure 19-4. Comparator operation is such that the output is a logic “1” when the posi-
tive input is greater than the negative input. Otherwise the output is a zero. Setting the CENA
(ACSRA.3) and CENB (ACSRB.3) bits enable Comparator A and B respectively. The user must
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26.4.3 Quasi-Bidirectional Input

Figure 26-7. Quasi-bidirectional Input Transition Current at 3.3V
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26.4.4 Quasi-Bidirectional Output
Figure 26-8. Quasi-Bidirectional Output I-V Source Characteristic at 3V
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3. Parameter t | applies only when ALES = 1.

AT89LP3240/6440

4. The strobe pulse width may be lengthened by 1, 2 or 3 additional t; ¢ using wait states.
5. Parameter ty,y 4 applies only when ALES = 0, or when two MOVX instructions occur in succession.

Figure 26-15. External Data Memory Read Cycle

e tLHLL —>
ALE <
tLov «— twHLH
< twL ——f«— tRLRH —>
rD N V
RD S 7
tRLAZ tRLDV tRHDZ
tavLL tLax tRHDX
PORT 0O AO - A7 DATA IN
— tavwL ——
«——tavpy —— twHAX
PORT 2 P2 A8 - A15 FROM DPH OR P2.0 - P2.7 P2

Figure 26-16. External Data Memory Write Cycle

] tLHLL —>
ALE <

— towe ——f«— twiwH —f«— twHLH

WR l< 74
tavwx twHax
tAvLL tLLAX
PORT 0 A0 - A7 DATA OUT
tQuwH —>
— tavwL —— twHAX
PORT 2 P2 A8 - A15 FROM DPH OR P2.0 - P2.7 P2

26.8 Serial Peripheral Interface Timing
The values shown in these tables are valid for T, = -40°C to 85°C and Vp = 2.4 to 3.6V, unless otherwise noted.

Table 26-5. SPI Master Characteristics
Symbol Parameter Min Max Units
toLeL Oscillator Period 41.6 ns
tsck Serial Clock Cycle Time 4ol ns
tshsL Clock High Time tsck/2 - 25 ns
tsisH Clock Low Time tsck/2 - 25 ns
tsg Rise Time 25 ns
tse Fall Time 25 ns
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26.11 Dual Analog Comparator Characteristics
The values shown in this table are valid for T, = -40°C to 85°C and Vpp = 2.4 to 3.6V, unless otherwise noted.

Table 26-8. Dual Analog Comparator Characteristics

Symbol Parameter Condition Min Max Units
Veum Common Mode Input Voltage GND Vb \
Vos Input Offset Voltage Vpp = 3.6V 20 mV
VAREE Analog Reference Voltage 1.23 1.36 \

V AREF Reference Delta Voltage 90 120 mV
tomp Comparator Propagation Delay Ving = Vin- =20mV; Vpp = 2.4V 200 ns
tAREF Reference Settling Time 3 ps

Figure 26-23. Analog Reference Voltage Typical Characteristics
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28. Packaging Information

28.1 44A-TQFP
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COMMON DIMENSIONS
(Unit of Measure = mm)

3706C-MICRO-2/11

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable Et 9.90 10.00 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 — 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. ¢ 0.09 - 020
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
o TITLE DRAWING NO. |REV.
ATMEL éﬁ‘r’ Josrghgrg F;aSrmay 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, A4A 5
© ’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
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