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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Obsolete

Core Processor 8051

Core Size 8-Bit

Speed 18MHz

Connectivity I²C, SPI, UART/USART

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 26

Program Memory Size 4KB (4K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 256 x 8

Voltage - Supply (Vcc/Vdd) 2.4V ~ 5.5V

Data Converters -

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 28-TSSOP (0.173", 4.40mm Width)

Supplier Device Package 28-TSSOP

Purchase URL https://www.e-xfl.com/product-detail/nxp-semiconductors/p89lpc980fdh-529

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/p89lpc980fdh-529-4449352
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


NXP Semiconductors P89LPC980/982/983/985
8-bit microcontroller with accelerated two-clock 80C51 core
7. Functional description

Remark: Please refer to the P89LPC980/982/983/985 User manual for a more detailed 
functional description.

7.1 Special function registers
Remark: SFR accesses are restricted in the following ways:

• User must not attempt to access any SFR locations not defined.
• Accesses to any defined SFR locations must be strictly for the functions for the SFRs.
• SFR bits labeled ‘-’, ‘0’ or ‘1’ can only be written and read as follows:

– ‘-’ Unless otherwise specified, must be written with ‘0’, but can return any value 
when read (even if it was written with ‘0’). It is a reserved bit and may be used in 
future derivatives.

– ‘0’ must be written with ‘0’, and will return a ‘0’ when read.
– ‘1’ must be written with ‘1’, and will return a ‘1’ when read.
P89LPC980_982_983_985 © NXP B.V. 2010. All rights reserved.
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Table 4. Special function registers - P89LPC980/982
* indicates SFRs that are bit addressable. 

Name Description SFR 
addr.

Bit functions and addresses Reset value
MSB LSB Hex Binary

E1 E0
00 0000 0000

- DPS 00 0000 00x0

F1 F0
00 0000 0000

00 0000 0000

00 0000 0000

BRGS BRGEN 00[1] xxxx xx00

CO1 CMF1 00[2] xx00 0000

CO2 CMF2 00[2] xx00 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000
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Bit address E7 E6 E5 E4 E3 E2
ACC* Accumulator E0H

AUXR1 Auxiliary function 
register

A2H CLKLP EBRR ENT1 ENT0 SRST 0

Bit address F7 F6 F5 F4 F3 F2
B* B register F0H

BRGR0[1] Baud rate 
generator 0 rate 
low

BEH

BRGR1[1] Baud rate 
generator 0 rate 
high

BFH

BRGCON Baud rate 
generator 0 
control

BDH - - - - - - S

CMP1 Comparator 1 
control register

ACH - - CE1 CP1 CN1 OE1

CMP2 Comparator 2 
control register

ADH - - CE2 CP2 CN2 OE2

DIVM CPU clock 
divide-by-M 
control

95H

DPTR Data pointer 
(2 bytes)

DPH Data pointer high 83H

DPL Data pointer low 82H

FMADRH Program flash 
address high

E7H

FMADRL Program flash 
address low

E6H
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00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

_SF R_EX [3]

RTC RTCEN 60[2][4] 011x xx00

00[4] 0000 0000

00[4] 0000 0000

00 0000 0000

00 0000 0000

xx xxxx xxxx

99 98
TI RI 00 0000 0000

OE STINT 00 0000 0000

07 0000 0111

Table 4. Special function registers - P89LPC980/982 …continued
* indicates SFRs that are bit addressable. 

Name Description SFR 
addr.

Bit functions and addresses Reset value
MSB LSB Hex Binary
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PWMD4L PWM Free Cycle 
Register 4 Low 
Byte

ABH

RCAP2H Capture Register 
2 High Byte

FCH

RCAP2L Capture Register 
2 Low Byte

FBH

RCAP3H Capture Register 
3 High Byte

ECH

RCAP3L Capture Register 
3 Low Byte

EBH

RCAP4H Capture Register 
4 High Byte

CAH

RCAP4L Capture Register 
4 Low Byte

C9H

RSTSRC Reset source 
register

DFH - BOIF BORF POF R_KB R_WD R

RTCCON RTC control D1H RTCF RTCS1 RTCS0 - - - E

RTCH RTC register high D2H

RTCL RTC register low D3H

SADDR Serial port 
address register

A9H

SADEN Serial port 
address enable

B9H

SBUF Serial Port data 
buffer register

99H

Bit address 9F 9E 9D 9C 9B 9A
SCON* Serial port control 98H SM0/FE SM1 SM2 REN TB8 RB8

SSTAT Serial port 
extended status 
register

BAH DBMOD INTLO CIDIS DBISEL FE BR

SP Stack pointer 81H
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PR1 SPR0 04 0000 0100

- - 00 00xx xxxx

00 0000 0000

- T0M2 00 xxx0 xxx0

89 88
IE0 IT0 00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

0M1 T0M0 00 0000 0000

/NT2 CP/NRL2 00 0000 0000

00 0000 0000

00 0000 0000

/NT3 CP/NRL3 00 0000 0000

00 0000 0000

00 0000 0000

/NT4 CP/NRL4 00 0000 0000

00 0000 0000

Table 4. Special function registers - P89LPC980/982 …continued
* indicates SFRs that are bit addressable. 

Name Description SFR 
addr.

Bit functions and addresses Reset value
MSB LSB Hex Binary
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SPCTL SPI control 
register

E2H SSIG SPEN DORD MSTR CPOL CPHA S

SPSTAT SPI status 
register

E1H SPIF WCOL - - - -

SPDAT SPI data register E3H

TAMOD Timer 0 and 1 
auxiliary mode

8FH - - - T1M2 - -

Bit address 8F 8E 8D 8C 8B 8A
TCON* Timer 0 and 1 

control
88H TF1 TR1 TF0 TR0 IE1 IT1

TH0 Timer 0 high 8CH

TH1 Timer 1 high 8DH

TL0 Timer 0 low 8AH

TL1 Timer 1 low 8BH

TMOD Timer 0 and 1 
mode

89H T1GATE T1C/T T1M1 T1M0 T0GATE T0C/T T

T2CON Timer/Counter 2 
Control

FFH PSEL2 ENT2 TIEN2 PWM2 EXEN2 TR2 C

TH2 Timer/Counter 2 
High Byte

FEH

TL2 Timer/Counter 2 
Low Byte

FDH

T3CON Timer/Counter 3 
Control

EFH PSEL3 ENT3 TIEN3 PWM3 EXEN3 TR3 C

TH3 Timer/Counter 3 
High Byte

EEH

TL3 Timer/Counter 3 
Low Byte

EDH

T4CON Timer/Counter 2 
Control

CDH PSEL4 ENT4 TIEN4 PWM4 EXEN4 TR4 C

TH4 Timer/Counter 4 
High Byte

CCH
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npredictable.

urce flags are cleared except POF and BOF; 

e initialization of the TRIM register.

chdog reset and is logic 0 after power-on reset. 

00 0000 0000

00 0000 0000

T4 CP/NRL4 00 0000 0000

00 0000 0000

00 0000 0000

2 EXF2 00 0000 0000

M.1 TRIM.0 [4][5]

TOF WDCLK [4][6]

FF 1111 1111

Table 6. Special function registers - P89LPC983/985 …continued
* indicates SFRs that are bit addressable. 

Name Description SFR 
addr.

Bit functions and addresses Reset value
MSB LSB Hex Binary
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[1] BRGR1 and BRGR0 must only be written if BRGEN in BRGCON SFR is logic 0. If any are written while BRGEN = 1, the result is u

[2] All ports are in input only (high-impedance) state after power-up.

[3] The RSTSRC register reflects the cause of the P89LPC980/982/983/985 reset except BOIF bit. Upon a power-up reset, all reset so
the power-on reset value is x011 0000.

[4] The only reset sources that affect these SFRs are power-on reset and watchdog reset.

[5] On power-on reset and watchdog reset, the TRIM SFR is initialized with a factory preprogrammed value. Other resets will not caus

[6] After reset, the value is 1110 01x1, i.e., PRE2 to PRE0 are all logic 1, WDRUN = 1 and WDCLK = 1. WDTOF bit is logic 1 after wat
Other resets will not affect WDTOF.

TH3 Timer/Counter 3 
High Byte

EEH

TL3 Timer/Counter 3 
Low Byte

EDH

T4CON Timer/Counter 2 
Control

CDH PSEL4 ENT4 TIEN4 PWM4 EXEN4 TR4 C/N

TH4 Timer/Counter 4 
High Byte

CCH

TL4 Timer/Counter 4 
Low Byte

CBH

TINTF Timer/Counters 
2/3/4 Overflow 
and External 
Flags

CEH - - TF4 EXF4 TF3 EXF3 TF

TRIM Internal 
oscillator trim 
register

96H RCCLK ENCLK TRIM.5 TRIM.4 TRIM.3 TRIM.2 TRI

WDCON Watchdog 
control register

A7H PRE2 PRE1 PRE0 - - WDRUN WD

WDL Watchdog load C1H

WFEED1 Watchdog 
feed 1

C2H

WFEED2 Watchdog 
feed 2

C3H
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8-bit microcontroller with accelerated two-clock 80C51 core
 

7.10 CCLK wake-up delay
The P89LPC980/982/983/985 has an internal wake-up timer that delays the clock until it 
stabilizes depending on the clock source used. If the clock source is any of the three 
crystal selections (low, medium and high frequencies) the delay is 1024 OSCCLK cycles 
plus 60 �Ps to 100 �Ps. If the clock source is the internal RC oscillator, the delay is 200 �Ps to 
300 �Ps. If the clock source is watchdog oscillator or external clock, the delay is 
32 OSCCLK cycles.

7.11 CCLK modification: DIVM register
The OSCCLK frequency can be divided down up to 510 times by configuring a dividing 
register, DIVM, to generate CCLK. This feature makes it possible to temporarily run the 
CPU at a lower rate, reducing power consumption. By dividing the clock, the CPU can 
retain the ability to respond to events that would not exit Idle mode by executing its normal 
program at a lower rate. This can also allow bypassing the oscillator start-up time in cases 
where Power-down mode would otherwise be used. The value of DIVM may be changed 
by the program at any time without interrupting code execution.

7.12 Low power select
The P89LPC980/982/983/985 is designed to run at 18 MHz (CCLK) maximum. However, 
if CCLK is 8 MHz or slower, the CLKLP SFR bit (AUXR1.7) can be set to logic 1 to lower 
the power consumption further. On any reset, CLKLP is logic 0 allowing highest 
performance access. This bit can then be set in software if CCLK is running at 8 MHz or 
slower.

(1) ±10 % at 400 kHz.

Fig 9. Block diagram of oscillator control

÷2
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NXP Semiconductors P89LPC980/982/983/985
8-bit microcontroller with accelerated two-clock 80C51 core
7.16 I/O ports
The P89LPC980/982/983/985 has four I/O ports: Port 0, Port 1, Port 2 and Port 3. Ports 0, 
1, and 2 are 8-bit ports, and Port 3 is a 2-bit port. The exact number of I/O pins available 
depends upon the clock and reset options chosen, as shown in Table 9.
 

7.16.1 Port configurations
All but three I/O port pins on the P89LPC980/982/983/985 may be configured by software 
to one of four types on a bit-by-bit basis. These are: quasi-bidirectional (standard 80C51 
port outputs), push-pull, open drain, and input-only. Two configuration registers for each 
port select the output type for each port pin.

1. P1.5 (RST) can only be an input and cannot be configured.
2. P1.2 (SCL/T0) and P1.3 (SDA/INT0) may only be configured to be either input-only or 

open-drain.

7.16.1.1 Quasi-bidirectional output configuration
Quasi-bidirectional output type can be used as both an input and output without the need 
to reconfigure the port. This is possible because when the port outputs a logic HIGH, it is 
weakly driven, allowing an external device to pull the pin LOW. When the pin is driven 
LOW, it is driven strongly and able to sink a fairly large current. These features are 
somewhat similar to an open-drain output except that there are three pull-up transistors in 
the quasi-bidirectional output that serve different purposes.

A quasi-bidirectional port pin has a Schmitt trigger input that also has a glitch suppression 
circuit.

7.16.1.2 Open-drain output configuration
The open-drain output configuration turns off all pull-ups and only drives the pull-down 
transistor of the port driver when the port latch contains a logic 0. To be used as a logic 
output, a port configured in this manner must have an external pull-up, typically a resistor 
tied to VDD.

An open-drain port pin has a Schmitt trigger input that also has a glitch suppression 
circuit.

Table 9. Number of I/O pins available
Clock source Reset option Number of I/O 

pins (28-pin 
package)

On-chip oscillator or watchdog 
oscillator

No external reset (except during 
power-up)

26

External RST pin supported 25

External clock input No external reset (except during 
power-up)

25

External RST pin supported 24

Low/medium/high speed 
oscillator (external crystal or 
resonator)

No external reset (except during 
power-up)

24

External RST pin supported 23
P89LPC980_982_983_985 © NXP B.V. 2010. All rights reserved.
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NXP Semiconductors P89LPC980/982/983/985
8-bit microcontroller with accelerated two-clock 80C51 core
7.19 Timers/counters 0 and 1
The P89LPC980/982/983/985 has two general purpose counter/timers which are upward 
compatible with the standard 80C51 Timer 0 and Timer 1. Both can be configured to 
operate either as timers or event counters. An option to automatically toggle the T0 or T1 
pins upon timer overflow has been added.

In the ‘Timer’ function, the register is incremented every machine cycle.

In the ‘Counter’ function, the register is incremented in response to a 1-to-0 transition at its 
corresponding count input pin, T0 or T1. In this function, the count input is sampled once 
during every machine cycle.

Timer 0 and Timer 1 have five operating modes (Modes 0, 1, 2, 3 and 6). Modes 0, 1, 2 
and 6 are the same for both Timers/Counters. Mode 3 is different.

7.19.1 Mode 0
Putting either Timer into Mode 0 makes it look like an 8048 Timer, which is an 8-bit 
Counter with a divide-by-32 prescaler. In this mode, the Timer register is configured as a 
13-bit register. Mode 0 operation is the same for Timer 0 and Timer 1.

7.19.2 Mode 1
Mode 1 is the same as Mode 0, except that all 16 bits of the timer register are used. 

7.19.3 Mode 2
Mode 2 configures the Timer register as an 8-bit Counter with automatic reload. Mode 2 
operation is the same for Timer 0 and Timer 1.

7.19.3.1 Mode 3
When Timer 1 is in Mode 3 it is stopped. Timer 0 in Mode 3 forms two separate 8-bit 
counters and is provided for applications that require an extra 8-bit timer. When Timer 1 is 
in Mode 3 it can still be used by the serial port as a baud rate generator.

7.19.3.2 Mode 6
In this mode, the corresponding timer can be changed to a PWM with a full period of 
256 timer clocks.

7.19.4 Timer overflow toggle output
Timers 0 and 1 can be configured to automatically toggle a port output whenever a timer 
overflow occurs. The same device pins that are used for the T0 and T1 count inputs are 
also used for the timer toggle outputs. The port outputs will be a logic 1 prior to the first 
timer overflow when this mode is turned on.

7.20 Timers/counters 2, 3 and 4
The P89LPC980/982/983/985 has three external 16-bit timer/counters. All can be 
configured to operate either as timers or event counters. An option to automatically toggle 
pin Tx (x = 2, 3 or 4) upon timer overflow has been added.

In the ‘Timer’ function, the register is incremented every PCLK.
P89LPC980_982_983_985 © NXP B.V. 2010. All rights reserved.
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automatic address recognition, selectable double buffering and several interrupt options. 
The UART can be operated in four modes: shift register, 8-bit UART, 9-bit UART, and CPU 
clock/32 or CPU clock/16.

7.22.1 Mode 0
Serial data enters and exits through RXD. TXD outputs the shift clock. 8 bits are 
transmitted or received, LSB first. The baud rate is fixed at 1⁄16 of the CPU clock 
frequency.

7.22.2 Mode 1
10 bits are transmitted (through TXD) or received (through RXD): a start bit (logic 0), 
8 data bits (LSB first), and a stop bit (logic 1). When data is received, the stop bit is stored 
in RB8 in special function register SCON. The baud rate is variable and is determined by 
the Timer 1 overflow rate or the baud rate generator (described in Section 7.22.5 “Baud 
rate generator and selection”).

7.22.3 Mode 2
11 bits are transmitted (through TXD) or received (through RXD): start bit (logic 0), 8 data 
bits (LSB first), a programmable 9th data bit, and a stop bit (logic 1). When data is 
transmitted, the 9th data bit (TB8 in SCON) can be assigned the value of logic 0 or logic 1. 
Or, for example, the parity bit (P, in the PSW) could be moved into TB8. When data is 
received, the 9th data bit goes into RB8 in special function register SCON, while the stop 
bit is not saved. The baud rate is programmable to either 1⁄16 or 1⁄32 of the CPU clock 
frequency, as determined by the SMOD1 bit in PCON. 

7.22.4 Mode 3
11 bits are transmitted (through TXD) or received (through RXD): a start bit (logic 0), 8 
data bits (LSB first), a programmable 9th data bit, and a stop bit (logic 1). In fact, Mode 3 is 
the same as Mode 2 in all respects except baud rate. The baud rate in Mode 3 is variable 
and is determined by the Timer 1 overflow rate or the baud rate generator (described in 
Section 7.22.5 “Baud rate generator and selection”).

7.22.5 Baud rate generator and selection
The P89LPC980/982/983/985 enhanced UART has an independent baud rate generator. 
The baud rate is determined by a baud-rate preprogrammed into the BRGR1 and BRGR0 
SFRs which together form a 16-bit baud rate divisor value that works in a similar manner 
as Timer 1 but is much more accurate. If the baud rate generator is used, Timer 1 can be 
used for other timing functions.

The UART can use either Timer 1 or the baud rate generator output (see Figure 11). Note 
that Timer T1 is further divided by 2 if the SMOD1 bit (PCON.7) is cleared. The 
independent baud rate generators use OSCCLK.
 

Fig 11. Baud rate sources for UART (Modes 1, 3)

baud rate modes 1 and 3

SBRGS = 1

SBRGS = 0

SMOD1 = 0

SMOD1 = 1
timer 1 overflow

(PCLK-based)

baud rate generator
(CCLK-based) 002aaa897

÷2
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Fig 13. I2C-bus serial interface block diagram
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7.28 Additional features

7.28.1 Software reset
The SRST bit in AUXR1 gives software the opportunity to reset the processor completely, 
as if an external reset or watchdog reset had occurred. Care should be taken when writing 
to AUXR1 to avoid accidental software resets.

7.28.2 Dual data pointers
The dual Data Pointers (DPTR) provides two different Data Pointers to specify the 
address used with certain instructions. The DPS bit in the AUXR1 register selects one of 
the two Data Pointers. Bit 2 of AUXR1 is permanently wired as a logic 0 so that the DPS 
bit may be toggled (thereby switching Data Pointers) simply by incrementing the AUXR1 
register, without the possibility of inadvertently altering other bits in the register.

7.29 Flash program memory

7.29.1 General description
The P89LPC980/982/983/985 flash memory provides in-circuit electrical erasure and 
programming. The flash can be erased, read, and written as bytes. The Sector and Page 
Erase functions can erase any flash sector (1 kB) or page (64 bytes). The Chip Erase 
operation will erase the entire program memory. ICP using standard commercial 
programmers is available. In addition, IAP and byte-erase allows code memory to be used 
for non-volatile data storage. On-chip erase and write timing generation contribute to a 
user-friendly programming interface. The P89LPC980/982/983/985 flash reliably stores 
memory contents even after 100000 erase and program cycles. The cell is designed to 

(1) Watchdog reset can also be caused by an invalid feed sequence, or by writing to WDCON not immediately followed by a feed 
sequence.

Fig 19. Watchdog timer in Watchdog mode (WDTE = 1)

PRE2 PRE1 PRE0 - - WDRUN WDTOF WDCLKWDCON (A7H)
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7.29.6 ICP 
ICP is performed without removing the microcontroller from the system. The ICP facility 
consists of internal hardware resources to facilitate remote programming of the 
P89LPC980/982/983/985 through a two-wire serial interface. The NXP ICP facility has 
made in-circuit programming in an embedded application - using commercially available 
programmers - possible with a minimum of additional expense in components and circuit 
board area. The ICP function uses five pins. Only a small connector needs to be available 
to interface your application to a commercial programmer in order to use this feature. 
Additional details may be found in the P89LPC980/982/983/985 User manual.

7.29.7 IAP
IAP is performed in the application under the control of the microcontroller’s firmware. The 
IAP facility consists of internal hardware resources to facilitate programming and erasing. 
The NXP IAP has made in-application programming in an embedded application possible 
without additional components. Two methods are available to accomplish IAP. A set of 
predefined IAP functions are provided in a Boot ROM and can be called through a 
common interface, PGM_MTP. Several IAP calls are available for use by an application 
program to permit selective erasing and programming of flash sectors, pages, security 
bits, configuration bytes, and device ID. These functions are selected by setting up the 
microcontroller’s registers before making a call to PGM_MTP at FF03H. The Boot ROM 
occupies the program memory space at the top of the address space from FF00H to 
FEFFH, thereby not conflicting with the user program memory space.

In addition, IAP operations can be accomplished through the use of four SFRs consisting 
of a control/status register, a data register, and two address registers. Additional details 
may be found in the P89LPC980/982/983/985 User manual.

7.29.8 ISP
ISP is performed without removing the microcontroller from the system. The ISP facility 
consists of a series of internal hardware resources coupled with internal firmware to 
facilitate remote programming of the P89LPC980/982/983/985 through the serial port. 
This firmware is provided by NXP and embedded within each P89LPC980/982/983/985 
device. The NXP ISP facility has made in-system programming in an embedded 
application possible with a minimum of additional expense in components and circuit 
board area. The ISP function uses five pins (VDD, VSS, TXD, RXD, and RST). Only a small 
connector needs to be available to interface your application to an external circuit in order 
to use this feature.

7.29.9 Power-on reset code execution
The P89LPC980/982/983/985 contains two special flash elements: the Boot Vector and 
the Boot Status bit. Following reset, the P89LPC980/982/983/985 examines the contents 
of the Boot Status bit. If the Boot Status bit is set to zero, power-up execution starts at 
location 0000H, which is the normal start address of the user’s application code. When 
the Boot Status bit is set to a value other than zero, the contents of the Boot Vector are 
used as the high byte of the execution address and the low byte is set to 00H.

Table 11 shows the factory default Boot Vector setting for these devices. A 
factory-provided bootloader is pre-programmed into the address space indicated and 
uses the indicated bootloader entry point to perform ISP functions. This code can be 
erased by the user. 
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Remark: Users who wish to use this loader should take precautions to avoid erasing the 
1 kB sector that contains this bootloader. Instead, the page erase function can be used to 
erase the first eight 64-byte pages located in this sector. 

A custom bootloader can be written with the Boot Vector set to the custom bootloader, if 
desired.
 

7.29.10 Hardware activation of the bootloader
The bootloader can also be executed by forcing the device into ISP mode during a 
power-on sequence (see the P89LPC980/982/983/985 User manual for specific 
information). This has the same effect as having a non-zero status byte. This allows an 
application to be built that will normally execute user code but can be manually forced into 
ISP operation. If the factory default setting for the boot is changed, it will no longer point to 
the factory pre-programmed ISP bootloader code. After programming the flash, the status 
byte should be programmed to zero in order to allow execution of the user’s application 
code beginning at address 0000H.

7.30 User configuration bytes
Some user-configurable features of the P89LPC980/982/983/985 must be defined at 
power-up and therefore cannot be set by the program after start of execution. These 
features are configured through the use of the flash byte UCFG1 and UCFG2. Please see 
the P89LPC980/982/983/985 User Manual for additional details.

7.31 User sector security bytes
There are four/eight User Sector Security Bytes on the P89LPC980/982/983/985. Each 
byte corresponds to one sector. Please see the P89LPC980/982/983/985 User manual for 
additional details.

8. ADC (P89LPC983/985)

8.1 General description
The P89LPC985 has a 10-bit, 8-channel multiplexed successive approximation 
analog-to-digital converter modules. The P89LPC983 has a 10-bit, 4-channel multiplexed 
successive approximation analog-to-digital converter modules. A block diagram of the 
ADC is shown in Figure 20 “ADC block diagram”. 

Table 11. Default boot vector values and ISP entry points
Device Default 

boot vector
Default 
bootloader 
entry point

Default bootloader 
code range

1 kB sector 
range

P89LPC980 0FH 0F00H 0E00H to 0FFFH 0C00H to 0FFFH

P89LPC982 1FH 1F00H 1E00H to 1FFFH 1C00H to 1FFFH

P89LPC983 0FH 0F00H 0E00H to 0FFFH 0C00H to 0FFFH

P89LPC985 1FH 1F00H 1E00H to 1FFFH 1C00H to 1FFFH
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8.4.4 Auto scan, continuous conversion mode
Any combination of the eight input channels can be selected for conversion. A conversion 
of each selected input will be performed and the result placed in the result register pair 
which corresponds to the selected input channel. The user may select whether an 
interrupt, if enabled, will be generated after either the first four conversions have occurred 
or all selected channels have been converted. If the user selects to generate an interrupt 
after the four input channels have been converted, a second interrupt will be generated 
after the remaining input channels have been converted. After all selected channels have 
been converted, the process will repeat starting with the first selected channel. Additional 
conversion results will again cycle through the eight result register pairs, overwriting the 
previous results. Continuous conversions continue until terminated by the user. 

8.4.5 Dual channel, continuous conversion mode
This is a variation of the auto scan continuous conversion mode where conversion occurs 
on two user-selectable inputs. The result of the conversion of the first channel is placed in 
the result register pair, AD0DAT0R and AD0DAT0L. The result of the conversion of the 
second channel is placed in result register pair, AD0DAT1R and AD0DAT1L. The first 
channel is again converted and its result stored in AD0DAT2R and AD0DAT2L. The 
second channel is again converted and its result placed in AD0DAT3R and AD0DAT3L. 
An interrupt is generated, if enabled, after every set of four or eight conversions (user 
selectable).

8.4.6 Single step mode
This special mode allows ‘single-stepping’ in an auto scan conversion mode. Any 
combination of the eight input channels can be selected for conversion. After each 
channel is converted, an interrupt is generated, if enabled, and the A/D waits for the next 
start condition. May be used with any of the start modes.

8.5 Conversion start modes

8.5.1 Timer triggered start
An A/D conversion is started by the overflow of Timer 0. Once a conversion has started, 
additional Timer 0 triggers are ignored until the conversion has completed. The Timer 
triggered start mode is available in all ADC operating modes.

8.5.2 Start immediately
Programming this mode immediately starts a conversion. This start mode is available in all 
ADC operating modes.

8.5.3 Edge triggered
An A/D conversion is started by rising or falling edge of P1.4. Once a conversion has 
started, additional edge triggers are ignored until the conversion has completed. The edge 
triggered start mode is available in all ADC operating modes.
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IDD(tpd) total Power-down 
mode supply current

VDD = 2.4 V [3] - 1 5 �PA

VDD = 3.3 V [3] - 1 5 �PA

VDD = 5.5 V [3] - 1 5 �PA

(dV/dt)r rise rate of VDD; to ensure power-on reset signal 5 - 5000 V/S

VPOR power-on reset 
voltage

- - 0.5 V

VDDR data retention supply 
voltage

1.5 - - V

Vth(HL) HIGH-LOW threshold 
voltage

except SCL, SDA 0.22VDD 0.4VDD - V

VIL LOW-level input 
voltage

SCL, SDA only ��0.5 - 0.4VDD V

Vth(LH) LOW-HIGH threshold 
voltage

except SCL, SDA - 0.6VDD 0.7VDD V

VIH HIGH-level input 
voltage

SCL, SDA only 0.55VDD - 5.5 V

Vhys hysteresis voltage port 1 - 0.2VDD - V

VOL LOW-level output 
voltage

IOL = 20 mA; VDD = 2.4 V to 5.5 V 
all ports, all modes except high-Z

[4] - 0.6 1.0 V

IOL = 3.2 mA; VDD = 2.4 V to 5.5 V 
all ports, all modes except high-Z

[4] - 0.2 0.3 V

VOH HIGH-level output 
voltage 

IOH = ��20 �PA; VDD = 2.4 V to 5.5 V; 
all ports, quasi-bidirectional mode

VDD �� 0.3 VDD �� 0.2 - V

IOH = ��3.2 mA; VDD = 2.4 V to 5.5 V; 
all ports, push-pull mode

VDD �� 0.7 VDD �� 0.4 - V

IOH = ��10 mA; VDD = 2.4 V to 5.5 V; all 
ports, push-pull mode

- VDD �� 0.5 - V

Vxtal crystal voltage on XTAL1, XTAL2 pins when 
XTAL1/XTAL2 is used as crystal 
input/output; with respect to VSS

��0.5 - +4.0 V

on XTAL1, XTAL2 pins when 
XTAL1/XTAL2 is used as GPIO; with 
respect to VSS

��0.5 - +5.5 V

Vn voltage on any other 
pin 

with respect to VSS [5] ��0.5 - +5.5 V

Ciss input capacitance [6] - - 15 pF

IIL LOW-level input 
current

VI = 0.4 V [7] - - ��80 �PA

ILI input leakage current VI = VIL, VIH, or Vth(HL) [8] - - �r1 �PA

ITHL HIGH-LOW transition 
current

all ports; VI = 1.5 V at VDD = 5.5 V [9] ��30 - ��450 �PA

RRST_N(int) internal pull-up 
resistance on pin 
RST

pin RST 30 - 120 k�:

BOD interrupt

Table 13. Static characteristics …continued
VDD = 2.4 V to 5.5 V unless otherwise specified.
Tamb = ��40 �qC to +85 �qC for industrial applications, unless otherwise specified.

Symbol Parameter Conditions Min Typ[1] Max Unit
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[1] Parameters are valid over operating temperature range unless otherwise specified.

[2] Parts are tested to 2 MHz, but are guaranteed to operate down to 0 Hz.

tSPILEAD SPI enable lead time see Figure 26, 27

slave 250 - 250 - ns

tSPILAG SPI enable lag time see Figure 26, 27

slave 250 - 250 - ns

tSPICLKH SPICLK HIGH time see Figure 24, 25, 26, 27

slave 3⁄CCLK - 167 - ns

master 2⁄CCLK - 111 - ns

tSPICLKL SPICLK LOW time see Figure 24, 25, 26, 27

slave 3⁄CCLK - 167 - ns

master 2⁄CCLK - 111 - ns

tSPIDSU SPI data set-up time see Figure 24, 25, 26, 27

master or slave 100 - 100 - ns

tSPIDH SPI data hold time see Figure 24, 25, 26, 27

master or slave 100 - 100 - ns

tSPIA SPI access time see Figure 26, 27

slave 0 80 0 80 ns

tSPIDIS SPI disable time see Figure 26, 27

slave 0 160 - 160 ns

tSPIDV SPI enable to output 
data valid time

see Figure 24, 25, 26, 27

slave - 160 - 160 ns

master - 111 - 111 ns

tSPIOH SPI output data hold 
time

see Figure 24, 25, 26, 27 0 - 0 - ns

tSPIR SPI rise time see Figure 24, 25, 26, 27

SPI outputs (SPICLK, 
MOSI, MISO)

- 100 - 100 ns

SPI inputs (SPICLK, 
MOSI, MISO, SS)

- 2000 - 2000 ns

tSPIF SPI fall time see Figure 24, 25, 26, 27

SPI outputs (SPICLK, 
MOSI, MISO)

- 100 - 100 ns

SPI inputs (SPICLK, 
MOSI, MISO, SS)

- 2000 - 2000 ns

Table 15. Dynamic characteristics (18 MHz) …continued
VDD = 3.6 V to 5.5 V unless otherwise specified.
Tamb = ��40 �qC to +85 �qC for industrial applications, unless otherwise specified.[1][2]

Symbol Parameter Conditions Variable clock fosc = 18 MHz Unit
Min Max Min Max
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Fig 30. Package outline SOT261-2 (PLCC28)
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16. Legal information

16.1 Data sheet status
 

[1] Please consult the most recently issued document before initiating or completing a design. 

[2] The term ‘short data sheet’ is explained in section “Definitions”. 

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status 
information is available on the Internet at URL http://www.nxp.com. 

16.2 Definitions
Draft — The document is a draft version only. The content is still under 
internal review and subject to formal approval, which may result in 
modifications or additions. NXP Semiconductors does not give any 
representations or warranties as to the accuracy or completeness of 
information included herein and shall have no liability for the consequences of 
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet 
with the same product type number(s) and title. A short data sheet is intended 
for quick reference only and should not be relied upon to contain detailed and 
full information. For detailed and full information see the relevant full data 
sheet, which is available on request via the local NXP Semiconductors sales 
office. In case of any inconsistency or conflict with the short data sheet, the 
full data sheet shall prevail.

Product specification — The information and data provided in a Product 
data sheet shall define the specification of the product as agreed between 
NXP Semiconductors and its customer, unless NXP Semiconductors and 
customer have explicitly agreed otherwise in writing. In no event however, 
shall an agreement be valid in which the NXP Semiconductors product is 
deemed to offer functions and qualities beyond those described in the 
Product data sheet.

16.3 Disclaimers
Limited warranty and liability — Information in this document is believed to 
be accurate and reliable. However, NXP Semiconductors does not give any 
representations or warranties, expressed or implied, as to the accuracy or 
completeness of such information and shall have no liability for the 
consequences of use of such information. 

In no event shall NXP Semiconductors be liable for any indirect, incidental, 
punitive, special or consequential damages (including - without limitation - lost 
profits, lost savings, business interruption, costs related to the removal or 
replacement of any products or rework charges) whether or not such 
damages are based on tort (including negligence), warranty, breach of 
contract or any other legal theory. 

Notwithstanding any damages that customer might incur for any reason 
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards 
customer for the products described herein shall be limited in accordance 
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make 
changes to information published in this document, including without 
limitation specifications and product descriptions, at any time and without 
notice. This document supersedes and replaces all information supplied prior 
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed, 
authorized or warranted to be suitable for use in life support, life-critical or 
safety-critical systems or equipment, nor in applications where failure or 

malfunction of an NXP Semiconductors product can reasonably be expected 
to result in personal injury, death or severe property or environmental 
damage. NXP Semiconductors accepts no liability for inclusion and/or use of 
NXP Semiconductors products in such equipment or applications and 
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these 
products are for illustrative purposes only. NXP Semiconductors makes no 
representation or warranty that such applications will be suitable for the 
specified use without further testing or modification. 

Customers are responsible for the design and operation of their applications 
and products using NXP Semiconductors products, and NXP Semiconductors 
accepts no liability for any assistance with applications or customer product 
design. It is customer’s sole responsibility to determine whether the NXP 
Semiconductors product is suitable and fit for the customer’s applications and 
products planned, as well as for the planned application and use of 
customer’s third party customer(s). Customers should provide appropriate 
design and operating safeguards to minimize the risks associated with their 
applications and products. 

NXP Semiconductors does not accept any liability related to any default, 
damage, costs or problem which is based on any weakness or default in the 
customer’s applications or products, or the application or use by customer’s 
third party customer(s). Customer is responsible for doing all necessary 
testing for the customer’s applications and products using NXP 
Semiconductors products in order to avoid a default of the applications and 
the products or of the application or use by customer’s third party 
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in 
the Absolute Maximum Ratings System of IEC 60134) will cause permanent 
damage to the device. Limiting values are stress ratings only and (proper) 
operation of the device at these or any other conditions above those given in 
the Recommended operating conditions section (if present) or the 
Characteristics sections of this document is not warranted. Constant or 
repeated exposure to limiting values will permanently and irreversibly affect 
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors 
products are sold subject to the general terms and conditions of commercial 
sale, as published at http://www.nxp.com/profile/terms, unless otherwise 
agreed in a valid written individual agreement. In case an individual 
agreement is concluded only the terms and conditions of the respective 
agreement shall apply. NXP Semiconductors hereby expressly objects to 
applying the customer’s general terms and conditions with regard to the 
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or 
construed as an offer to sell products that is open for acceptance or the grant, 
conveyance or implication of any license under any copyrights, patents or 
other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein 
may be subject to export control regulations. Export might require a prior 
authorization from national authorities.

Document status[1][2] Product status[3] Definition

Objective [short] data sheet Development This document contains data from the objective specification for product development. 

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification. 

Product [short] data sheet Production This document contains the product specification. 
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Non-automotive qualified products — Unless this data sheet expressly 
states that this specific NXP Semiconductors product is automotive qualified, 
the product is not suitable for automotive use. It is neither qualified nor tested 
in accordance with automotive testing or application requirements. NXP 
Semiconductors accepts no liability for inclusion and/or use of 
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in 
automotive applications to automotive specifications and standards, customer 
(a) shall use the product without NXP Semiconductors’ warranty of the 
product for such automotive applications, use and specifications, and (b) 
whenever customer uses the product for automotive applications beyond 
NXP Semiconductors’ specifications such use shall be solely at customer’s 

own risk, and (c) customer fully indemnifies NXP Semiconductors for any 
liability, damages or failed product claims resulting from customer design and 
use of the product for automotive applications beyond NXP Semiconductors’ 
standard warranty and NXP Semiconductors’ product specifications.

16.4 Trademarks
Notice: All referenced brands, product names, service names and trademarks 
are the property of their respective owners.

I2C-bus  — logo is a trademark of NXP B.V.

17. Contact information

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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