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NXP Semiconductors P89LPC933/934/935/936

P8ILPC933_934_935_936

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

2.2 Additional features

A high performance 80C51 CPU provides instruction cycle times of 111 ns to 222 ns
for all instructions except multiply and divide when executing at 18 MHz. This is six
times the performance of the standard 80C51 running at the same clock frequency. A
lower clock frequency for the same performance results in power savings and reduced
EMI.

Serial flash In-Circuit Programming (ICP) allows simple production coding with
commercial EPROM programmers. Flash security bits prevent reading of sensitive
application programs.

Serial flash In-System Programming (ISP) allows coding while the device is mounted
in the end application.

In-Application Programming (IAP) of the flash code memory. This allows changing the
code in a running application.

Watchdog timer with separate on-chip oscillator, requiring no external components.
The watchdog prescaler is selectable from eight values.

Low voltage reset (brownout detect) allows a graceful system shutdown when power
fails. May optionally be configured as an interrupt.

Idle and two different power-down reduced power modes. Improved wake-up from
Power-down mode (a LOW interrupt input starts execution). Typical power-down
current is 1 pA (total power-down with voltage comparators disabled).

Active-LOW reset. On-chip power-on reset allows operation without external reset
components. A reset counter and reset glitch suppression circuitry prevent spurious
and incomplete resets. A software reset function is also available.

Configurable on-chip oscillator with frequency range options selected by user
programmed flash configuration bits. Oscillator options support frequencies from

20 kHz to the maximum operating frequency of 18 MHz.

Oscillator fail detect. The watchdog timer has a separate fully on-chip oscillator
allowing it to perform an oscillator fail detect function.

Programmable port output configuration options: quasi-bidirectional, open drain,
push-pull, input-only.

Port ‘input pattern match’ detect. Port 0 may generate an interrupt when the value of
the pins match or do not match a programmable pattern.

LED drive capability (20 mA) on all port pins. A maximum limit is specified for the
entire chip.

Controlled slew rate port outputs to reduce EMI. Outputs have approximately 10 ns
minimum ramp times.

Only power and ground connections are required to operate the
P89LPC933/934/935/936 when internal reset option is selected.

Four interrupt priority levels.

Eight keypad interrupt inputs, plus two additional external interrupt inputs.
Schmitt trigger port inputs.

Second data pointer.

Emulation support.
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NXP Semiconductors P89LPC933/934/935/936

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

3. Product comparison overview

Table 1 highlights the differences between the four devices. For a complete list of device
features please see Section 2 “Features and benefits”.

Table 1.  Product comparison overview

Device Flash memory Sector size ADC1 ADCO CCuU Data EEPROM
P89LPC933 4 kB 1 kB X - - -
P89LPC934 8 kB 1kB X - - -
P89LPC935 8 kB 1kB X X X X
P89LPC936 16 kB 2 kB X X X X

4. Ordering information

Table 2.  Ordering information

Type number Package

Name Description Version
P89LPC935FA PLCC28 plastic leaded chip carrier; 28 leads SOT261-2
P89LPC933HDH TSSOP28 plastic thin shrink small outline SOT361-1
P89LPC933FDH package; 28 leads; body width 4.4 mm
P89LPC934FDH
P89LPC935FDH
P89LPC936FDH
P89LPC935FHN HVQFN28 plastic thermal enhanced very thin SOT788-1

quad flat package; no leads;
28 terminals; body 6 x 6 x 0.85 mm

4.1 Ordering options

Table 3.  Ordering options

Type number Flash memory Temperature range Frequency
P89LPC933HDH 4 kB -40 °Cto +125 °C 0 MHz to 18 MHz
P89LPC933FDH 4 kB —-40 °C to +85 °C

P8I9LPC935FA 8 kB

P89LPC934FDH

P89LPC935FDH

P89LPC935FHN

P89LPC936FDH 16 kB

P89LPC933_934_935_936 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Table 5.

Special function registers - PBOLPC933/934
* indicates SFRs that are bit addressable.

Name

ACC*
ADCONO
ADCON1

ADINS
ADMODA
ADMODB
ADODAT3
AD1BH
AD1BL
AD1DATO
AD1DAT1
AD1DAT2
AD1DAT3
AUXR1

B*
BRGRO
BRGR1
BRGCON
CMP1
CMP2
DIVM

DPTR
DPH
DPL

FMADRH

Description SFR
addr.
Bit address
Accumulator EOH
A/D control register O 8EH
A/D control register 1 97H
A/D input select A3H
A/D mode register A COH
A/D mode register B AlH
A/D_0 data register 3 F4H
A/D_1 boundary high register C4H
A/D_1 boundary low register BCH
A/D_1 data register 0 D5H
A/D_1 data register 1 D6H
A/D_1 data register 2 D7H
A/D_1 data register 3 F5H
Auxiliary function register A2H
Bit address
B register FOH
Baud rate generator rate low  BEH
Baud rate generator rate high BFH
Baud rate generator control BDH
Comparator 1 control register ACH
Comparator 2 control register ADH
CPU clock divide-by-M 95H
control
Data pointer (2 bytes)
Data pointer high 83H
Data pointer low 82H
Program flash address high E7H

Bit functions and addresses Reset value
MSB LSB Hex Binary
E7 E6 E5 E4 E3 E2 E1l EO
00 0000 0000
- - - - - ENADCO - - 00 0000 0000
ENBI1 ENADCI TMM1 EDGE1 ADCI1 ENADC1 ADCS11 ADCS10 |00 0000 0000
1

ADI13 ADI12 ADI11 ADI10 - - - - 00 0000 0000
BNDI1 BURST1 SCC1 SCAN1 - - - - 00 0000 0000
CLK2 CLK1 CLKO - ENDAC1 ENDACO BSAl - 00 000x 0000
00 0000 0000

FF 1111 1111
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
CLKLP EBRR ENT1 ENTO SRST 0 - DPS |0oM 0000 00x0

F7 F6 F5 F4 F3 F2 F1 FO

00 0000 0000
ool 0000 0000
0021 0000 0000

- - - - - - SBRGS BRGEN [002  xxxx xx00
- - CEl CP1 CN1 OE1l Co1 CMF1 00l xx00 0000
- - CE2 CP2 CN2 OE2 COo2 CMF2 |oolt xx00 0000

00 0000 0000

00 0000 0000
00 0000 0000
00 0000 0000
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Table 5.

* indicates SFRs that are bit addressable.

Special function registers - P89LPC933/934 ...continued

Name

RTCH
RTCL
SADDR
SADEN
SBUF

SCON*
SSTAT

SP
SPCTL
SPSTAT
SPDAT
TAMOD

TCON*
THO
TH1
TLO

TL1
TMOD
TRIM
WDCON

Description SFR
addr.

Real-time clock register high  D2H
Real-time clock register low D3H
Serial port address register A9H
Serial port address enable B9H
Serial Port data buffer register 99H
Bit address

Serial port control 98H

Serial port extended status BAH
register

Stack pointer 81H
SPI control register E2H
SPI status register E1H
SPI data register E3H
Timer 0 and 1 auxiliary mode 8FH

Bit address
Timer 0 and 1 control 88H
Timer 0 high 8CH
Timer 1 high 8DH
Timer 0O low 8AH
Timer 1 low 8BH
Timer 0 and 1 mode 89H

Internal oscillator trim register 96H
Watchdog control register A7H

Bit functions and addresses

MSB

9F
SMO/FE
DBMOD

SSIG
SPIF

8F
TF1

T1GATE
RCCLK
PRE2

9E
SM1
INTLO

SPEN
WCOL

8E
TR1

T1CIT
ENCLK
PRE1

9D
SM2
CIDIS

DORD

8D
TFO

TiM1
TRIM.5
PREO

9C
REN
DBISEL

MSTR

TiM2
8C
TRO

T1MO
TRIM.4

9B 9A
TB8 RB8
FE BR

CPOL CPHA

8B 8A
IE1 IT1

TOGATE  TOC/T
TRIM.3  TRIM.2

- WDRUN

99
TI
OE

SPR1

89
IEO

TOM1
TRIM.1

LSB

98
RI
STINT

SPRO

TOM2
88
ITO

TOMO
TRIM.O

WDTOF WDCLK

Reset value
Hex Binary
0ol 0000 0000
008l 0000 0000
00 0000 0000
00 0000 0000
XX XXXX XXXX
00 0000 0000
00 0000 0000
07 0000 0111
04 0000 0100
00 00XX XXXX
00 0000 0000
00 XxXx0 xxx0
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000

[6] [5]

7] [5]
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Table 6.

* indicates SFRs that are bit addressable.

Special function registers - P89LPC935/936 ...continued

Name

TL2
TMOD
TOR2H
TOR2L
TPCR2H

TPCR2L

TRIM
WDCON
WDL
WFEED1
WFEED2

Description

CCU timer low

Timer 0 and 1 mode

CCU reload register high
CCU reload register low
Prescaler control register high

Prescaler control register low

Internal oscillator trim register
Watchdog control register
Watchdog load

Watchdog feed 1

Watchdog feed 2

SFR

addr.
CCH
89H
CFH
CEH
CBH

CAH

96H
A7TH
C1H
C2H
C3H

Bit functions and addresses

MSB
TIGATE TIC/T  TIM1  TIMO TOGATE TOC/T  TOM1
- - - - - - TPCR2H.

1
TPCR2L. TPCR2L. TPCR2L. TPCR2L. TPCR2L. TPCR2L. TPCR2L.

7 6 5 4 3 2 1
RCCLK ENCLK TRIM5 TRIM4 TRIM3 TRIM2 TRIM.1
PRE2 PRE1  PREO - - WDRUN WDTOF

LSB

TOMO

TPCR2H.

0

TPCR2L.

0
TRIM.O
WDCLK

Reset value
Hex Binary
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
00 XXxx xx00
00 0000 0000
[6] [5]
7151
FF 1111 1111

[1] Unimplemented bits in SFRs (labeled ’-’) are X (unknown) at all times. Unless otherwise specified, ones should not be written to these bits since they may be used for other
purposes in future derivatives. The reset values shown for these bits are logic Os although they are unknown when read.

[2] All ports are in input only (high-impedance) state after power-up.
[3] BRGR1 and BRGRO must only be written if BRGEN in BRGCON SFR is logic 0. If any are written while BRGEN = 1, the result is unpredictable.

[4] The RSTSRC register reflects the cause of the P89LPC933/934/935/936 reset. Upon a power-up reset, all reset source flags are cleared except POF and BOF; the power-on reset
value is xx11 0000.

[5] After reset, the value is 1110 01x1, i.e., PRE2 to PREO are all logic 1, WDRUN = 1 and WDCLK = 1. WDTOF bit is logic 1 after watchdog reset and is logic O after power-on reset.

Other resets will not affect WDTOF.

[6] On power-on reset, the TRIM SFR is initialized with a factory preprogrammed value. Other resets will not cause initialization of the TRIM register.

[7]1 The only reset source that affects these SFRs is power-on reset.

9100 TGD08 X00]2-0M] PaleIa[229e YlIM J13[|0J1U0I04DIW 1I0-8

9€6/9E6/7E6/£€60d168d

SJ1012NpuodlwasS dXN



NXP Semiconductors P89LPC933/934/935/936

8.7

8.8

8.9

8.10

P8ILPC933_934_935_936

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

CCLK wake-up delay

The P89LPC933/934/935/936 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 992 OSCCLK cycles
plus 60 us to 100 us. If the clock source is either the internal RC oscillator, watchdog
oscillator, or external clock, the delay is 224 OSCCLK cycles plus 60 us to 100 pus.

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.

Low power select

The P89LPC933/934/935/936 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.

Memory organization
The various P89LPC933/934/935/936 memory spaces are as follows:

* DATA
128 bytes of internal data memory space (00H:7FH) accessed via direct or indirect

addressing, using instructions other than MOVX and MOVC. All or part of the Stack
may be in this area.

¢ IDATA

Indirect Data. 256 bytes of internal data memory space (00H:FFH) accessed via
indirect addressing using instructions other than MOVX and MOVC. All or part of the
Stack may be in this area. This area includes the DATA area and the 128 bytes
immediately above it.

* SFR

Selected CPU registers and peripheral control and status registers, accessible only
via direct addressing.

¢ XDATA (P89LPC935/936)

‘External’ Data or Auxiliary RAM. Duplicates the classic 80C51 64 kB memory space
addressed via the MOVX instruction using the SPTR, RO, or R1. All or part of this
space could be implemented on-chip. The P89LPC935/936 has 512 bytes of on-chip
XDATA memory.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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NXP Semiconductors P89LPC933/934/935/936

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

These external interrupts can be programmed to be level-triggered or edge-triggered by
setting or clearing bit IT1 or ITO in register TCON.

In edge-triggered mode, if successive samples of the INTn pin show a HIGH in one cycle
and a LOW in the next cycle, the interrupt request flag IEn in TCON is set, causing an
interrupt request.

If an external interrupt is enabled when the P89LPC933/934/935/936 is put into
Power-down or Idle mode, the interrupt will cause the processor to wake-up and resume
operation. Refer to Section 8.15 “Power reduction modes” for details.

IEO
EXO0
EX1

BOF
EBO k
wake-up
RTCF KBIF (if in power-down)
ERTC EKBI

(RTCCON.1)

WDOVF EWDRT 4D—
CMF2
CMF1
EC
EA (IE0.7)
ETO
TF1 :' )
ET1
T 1 )
ES/ESR

Tl interrupt
EST to CPU
Sl
El2C

any CCU interrupt(1) :D_
ECCU
EEIF(@
e | —
ADCI0®

ENADCIH

ADCH

ENBIO(2)
BNDIO(?2)

BNDI1
EADEE (P89LPC935)
EAD (P89LPC933/934)

002aab081

(1) See Section 8.19 “CCU (P89LPC935/936)"
(2) P89LPC935/936

Fig 9. Interrupt sources, interrupt enables, and power-down wake-up sources
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8.13

8.13.1

8.13.1.1

8.13.1.2

P8ILPC933_934_935_936

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

I/O ports

The P89LPC933/934/935/936 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 8.

Table 8. Number of I/O pins available

Clock source Reset option Number of I/O pins
(28-pin package)

On-chip oscillator or watchdog No external reset (except during 26
oscillator power-up)

External RST pin supported 25
External clock input No external reset (except during 25

power-up)

External RST pin supported!(] 24
Low/medium/high speed oscillator No external reset (except during 24
(external crystal or resonator) power-up)

External RST pin supportedl 23

[1] Required for operation above 12 MHz.

Port configurations

All but three I/O port pins on the P89LPC933/934/935/936 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/TO) and P1.3 (SDA/INTO) may only be configured to be either input-only or
open-drain.

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.

The P89LPC933/934/935/936 is a 3 V device, but the pins are 5 V-tolerant. In
quasi-bidirectional mode, if a user applies 5 V on the pin, there will be a current flowing
from the pin to Vpp, causing extra power consumption. Therefore, applying 5V in
quasi-bidirectional mode is discouraged.

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

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 Vbp.-

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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8.15.3

8.16

8.16.1

P8ILPC933_934_935_936

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

Total Power-down mode

This is the same as Power-down mode except that the brownout detection circuitry and
the voltage comparators are also disabled to conserve additional power. The internal RC
oscillator is disabled unless both the RC oscillator has been selected as the system clock
and the RTC is enabled. If the internal RC oscillator is used to clock the RTC during
power-down, there will be high power consumption. Please use an external low frequency
clock to achieve low power with the RTC running during power-down.

Reset

The P1.5/RST pin can function as either a LOW-active reset input or as a digital input,
P1.5. The Reset Pin Enable (RPE) bitin UCFG1, when set to logic 1, enables the external
reset input function on P1.5. When cleared, P1.5 may be used as an input pin.

Remark: During a power-up sequence, the RPE selection is overridden and this pin will
always functions as a reset input. An external circuit connected to this pin should not
hold this pin LOW during a power-on sequence as this will keep the device in reset.
After power-up this input will function either as an external reset input or as a digital input
as defined by the RPE bit. Only a power-up reset will temporarily override the selection
defined by RPE bit. Other sources of reset will not override the RPE bit. When this pin
functions as a reset input, an internal pull-up resistance is connected (see Table 11 “Static
characteristics”).

Reset can be triggered from the following sources:

¢ External reset pin (during power-up or if user configured via UCFG1).
* Power-on detect.

* Brownout detect.

¢ Watchdog timer.

* Software reset.

UART break character detect reset.

For every reset source, there is a flag in the reset register, RSTSRC. The user can read
this register to determine the most recent reset source. These flag bits can be cleared in
software by writing a logic 0 to the corresponding bit. More than one flag bit may be set:

¢ During a power-on reset, both POF and BOF are set but the other flag bits are
cleared.
* For any other reset, previously set flag bits that have not been cleared will remain set.

Reset vector

Following reset, the P89LPC933/934/935/936 will fetch instructions from either address
000O0H or the boot address. The boot address is formed by using the boot vector as the
high byte of the address and the low byte of the address = 00H.

The boot address will be used if a UART break reset occurs, or the non-volatile boot
status bit (BOOTSTAT.0) = 1, or the device is forced into ISP mode during power-on (see
P89LPC933/934/935/936 User manual). Otherwise, instructions will be fetched from
address 0000H.
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8-bit microcontroller with accelerated two-clock 80C51 core

8.19.7 Alternating output mode

In asymmetrical mode, the user can set up PWM channels A/B and C/D as alternating
pairs for bridge drive control. In this mode the output of these PWM channels are
alternately gated on every counter cycle.

TOR2

COMPARE VALUE A (or C)

COMPARE VALUE B (or D)

+«— TIMER VALUE
0

.
| i i i I PWM OUTPUT (OCA or OCC)

1 -ll 1 -ll PWM OUTPUT (OCB or OCD)
11 11

002aaa895

Fig 12. Alternate output mode

8.19.8 PLL operation

The PWM module features a PLL that can be used to generate a CCUCLK frequency
between 16 MHz and 32 MHz. At this frequency the PWM module provides ultrasonic
PWM frequency with 10-bit resolution provided that the crystal frequency is 1 MHz or
higher. The PLL is fed an input signal from 0.5 MHz to 1 MHz and generates an output
signal of 32 times the input frequency. This signal is used to clock the timer. The user will
have to set a divider that scales PCLK by a factor from 1 to 16. This divider is found in the
SFR register TCR21. The PLL frequency can be expressed as shown in Equation 1.

PCLK
(N+1)
Where: N is the value of PLLDV.3 to PLLDV.0.

PLL frequency = (1)

Since N ranges from 0 to 15, the CCLK frequency can be in the range of PCLK to PCLK/¢.
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8.25

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

Watchdog timer

The watchdog timer causes a system reset when it underflows as a result of a failure to
feed the timer prior to the timer reaching its terminal count. It consists of a programmable
12-bit prescaler, and an 8-bit down counter. The down counter is decremented by a tap
taken from the prescaler. The clock source for the prescaler is either the PCLK or the
nominal 400 kHz watchdog oscillator. The watchdog timer can only be reset by a
power-on reset. When the watchdog feature is disabled, it can be used as an interval
timer and may generate an interrupt. Figure 22 shows the watchdog timer in Watchdog
mode. Feeding the watchdog requires a two-byte sequence. If PCLK is selected as the
watchdog clock and the CPU is powered-down, the watchdog is disabled. The watchdog
timer has a time-out period that ranges from a few us to a few seconds. Please refer to the
P89LPC933/934/935/936 User manual for more details.

MOV WFEED1, #0A5H
MOV WFEED?2, #05AH

watchdog
oscillator ,
PCLK — |

232 PRESCALER _E_ 8 ‘g&ﬁ%‘g“ reset(!)

wocon (a7H) | Pre2 | pret | Preo | - | - |WDRUN|WD‘TOF|WDCLK|

sequence

8.26

8.26.1

8.26.2

P8ILPC933_934_935_936

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

Fig 22. Watchdog timer in Watchdog mode (WDTE = 1)

002aaa905

Additional features

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 AUXRL1 to avoid accidental software resets.

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

Data EEPROM (P89LPC935/936)

The P89LPC935/936 has 512 bytes of on-chip Data EEPROM. The Data EEPROM is
SFR based, byte readable, byte writable, and erasable (via row fill and sector fill). The
user can read, write and fill the memory via SFRs and one interrupt. This Data EEPROM
provides 100,000 minimum erase/program cycles for each byte.

¢ Byte mode: In this mode, data can be read and written one byte at a time.

* Row fill: In this mode, the addressed row (64 bytes) is filled with a single value. The
entire row can be erased by writing O0H.

* Sector fill: In this mode, all 512 bytes are filled with a single value. The entire sector
can be erased by writing O0OH.

After the operation finishes, the hardware will set the EEIF bit, which if enabled will
generate an interrupt. The flag is cleared by software.

Flash program memory

General description

The P89LPC933/934/935/936 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 2 kB depending on the device) 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
P89LPC933/934/935/936 flash reliably stores memory contents even after 100,000 erase
and program cycles. The cell is designed to optimize the erase and programming
mechanisms. The P89LPC933/934/935/936 uses Vpp as the supply voltage to perform
the Program/Erase algorithms.

Features

* Programming and erase over the full operating voltage range.

* Byte erase allows code memory to be used for data storage.

* Read/Programming/Erase using ISP/IAP/ICP.

¢ Internal fixed boot ROM, containing low-level IAP routines available to user code.

¢ Default loader providing ISP via the serial port, located in upper end of user program
memory.

* Boot vector allows user-provided flash loader code to reside anywhere in the flash
memory space, providing flexibility to the user.

* Any flash program/erase operation in 2 ms.

¢ Programming with industry-standard commercial programmers.
* Programmable security for the code in the flash for each sector.
* 100,000 typical erase/program cycles for each byte.

¢ 10 year minimum data retention.
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8-bit microcontroller with accelerated two-clock 80C51 core

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 A/D operating modes.

Dual start immediately (P89LPC935/936)

Programming this mode starts a synchronized conversion of both A/D converters. This
start mode is available in all A/D operating modes. Both A/D converters must be in the
same operating mode. In the continuous conversion modes, both A/D converters must
select an identical number of channels. Any trigger of either A/D will start a simultaneous
conversion of both A/Ds.

Boundary limits interrupt

Each of the A/D converters has both a high and low boundary limit register. After the four
MSBs have been converted, these four bits are compared with the four MSBs of the
boundary high and low registers. If the four MSBs of the conversion are outside the limit
an interrupt will be generated, if enabled. If the conversion result is within the limits, the
boundary limits will again be compared after all 8 bits have been converted. An interrupt
will be generated, if enabled, if the result is outside the boundary limits. The boundary limit
may be disabled by clearing the boundary limit interrupt enable.

DAC output to a port pin with high output impedance

Each A/D converter’'s DAC block can be output to a port pin. In this mode, the ADXDAT3
register is used to hold the value fed to the DAC. After a value has been written to the
DAC (written to ADxDAT3), the DAC output will appear on the channel 3 pin.

Clock divider

The A/D converter requires that its internal clock source be in the range of 500 kHz to
3.3 MHz to maintain accuracy. A programmable clock divider that divides the clock
from 1 to 8 is provided for this purpose.

Power-down and Idle mode

In Idle mode the A/C converter, if enabled, will continue to function and can cause the
device to exit Idle mode when the conversion is completed if the A/D interrupt is enabled.
In Power-down mode or Total Power-down mode, the A/D does not function. If the A/D is
enabled, it will consume power. Power can be reduced by disabling the A/D.
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10. Limiting values

Table 10. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).[1

Symbol Parameter Conditions Min Max Unit
Tamb(bias) bias ambient temperature -55 +125 °C
Tstg storage temperature -65 +150 °C
loH(0) HIGH-level output current per - 20 mA
input/output pin
loLqro) LOW:-level output current per - 20 mA
input/output pin
liotoymaxy ~ Maximum total input/output current - 100 mA
Vytal crystal voltage on XTAL1, XTALZ2 pin to Vsg - Vpp + 0.5 \%
Vi voltage on any other pin except XTAL1, XTAL2 to Vss -0.5 +5.5 \%
Ptot(pack) total power dissipation (per package) based on package heat - 15 W
transfer, not device power
consumption

[1] The following applies to Table 10:

a) This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive
static charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated
maximum.

b) Parameters are valid over ambient temperature range unless otherwise specified. All voltages are with respect to Vgs unless
otherwise noted.
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Table 12. Dynamic characteristics (12 MHz) ...continued
Vpp = 2.4 V to 3.6 V unless otherwise specified.
Tamb = —40 °C to +85 °C for industrial, —40 °C to +125 °C for extended, unless otherwise specified.12]

Symbol Parameter Conditions Variable clock fosc =12 MHz |Unit
Min Max Min Max

tspiLAG SPI enable lag time see Figure 29, 30

slave 250 - 250 - ns
tspICLKH SPICLK HIGH time see Figure 26, 28,

master 29,30 YeeLk - 165 - ns

slave YccLk - 250 - ns
tspicLKL SPICLK LOW time see Figure 26, 28,

master 29,30 %ecLk - 165 - ns

slave Yok - 250 - ns
tspipsu SPI data set-up time see Figure 26, 28,

master or slave 29,30 100 - 100 - ns
tspIDH SPI data hold time see Figure 26, 28,

master or slave 29,30 100 - 100 - ns
tspia SPI access time see Figure 29, 30

slave 0 120 0 120 ns
tspiDIs SPI disable time see Figure 29, 30

slave 0 240 - 240 ns
tspipv SPI enable to output data valid  see Figure 26, 28,

time 29, 30

slave - 240 - 240 ns

master - 167 - 167 ns
tspioH SPI output data hold time see Figure 26, 28, 0 - 0 - ns

29,30

tspir SPI rise time see Figure 26, 28,

SPI outputs 29,30 ) 100 ) 100 ns

(SPICLK, MOSI, MISO)

SPl inputs - - 2000 - 2000 ns

(SPICLK, MOSI, MISO, SS)
tspiE SPI fall time see Figure 26, 28,

SPI outputs 29,30 - 100 - 100 ns

(SPICLK, MOSI, MISO)

SPI inputs - 2000 - 2000 ns

(SPICLK, MOSI, MISO, SS)

[1] Parameters are valid over ambient temperature range unless otherwise specified.

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

Table 16. ADC electrical characteristics

Vpp = 2.4V to 3.6 V, unless otherwise specified.

Tamb = —40 °C to +85 °C for industrial, —40 °C to +125 °C for extended, unless otherwise specified.
All limits valid for an external source impedance of less than 10 kQ.

Symbol Parameter Conditions Min Typ Max Unit
Via analog input voltage Vsgs-0.2 - Vpp +0.2 V
Ciss input capacitance - - 15 pF
Ep differential linearity error - - +1 LSB
EL(adj) integral non-linearity - - *1 LSB
Eo offset error - - +2 LSB
Ec gain error - - +1 %
Eutot) total unadjusted error - - +2 LSB
McTte channel-to-channel matching - - +1 LSB
Olct(port) crosstalk between port inputs 0 kHz to 100 kHz - - -60 dB
SRin input slew rate - - 100 Vims
Tey(ADC) ADC clock cycle time 111 - 2000 ns
tapc ADC conversion time A/D enabled - - 13Teyapc) NS
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14. Package outline

PLCC28: plastic leaded chip carrier; 28 leads SOT261-2
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Fig 32. Package outline SOT261-2 (PLCC28)
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15. Abbreviations

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

P8ILPC933_934_935_936

Table 17. Acronym list

Acronym Description

A/D Analog to Digital

CPU Central Processing Unit

DAC Digital to Analog Converter

EPROM Erasable Programmable Read-Only Memory
EEPROM Electrically Erasable Programmable Read-Only Memory
EMI Electro-Magnetic Interference

LED Light Emitting Diode

PWM Pulse Width Modulator

RAM Random Access Memory

RC Resistance-Capacitance

RTC Real-Time Clock

SAR Successive Approximation Register

SFR Special Function Register

SPI Serial Peripheral Interface

UART Universal Asynchronous Receiver/Transmitter
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16. Revision history

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

Table 18. Revision history

Document ID

P89LPC933 934 935 936 v.8
Modifications:

P89LPC933_934_ 935_936 v.7
P89LPC933_934_ 935_936 v.6
P89LPC933_934_935_936 v.5
P89LPC933_934_935v.4

Release Data sheet status Change notice Supersedes
date
20110112 Product data sheet - P89LPC933 934 935 936 v.7

® Table 10 “Limiting values™ Changed V,, max to 5.5 V.
* Table 11 “Static characteristics”: Added Vpog.
* Table 16 “ADC electrical characteristics”: Corrected V5 max.

® Section 8.16 “Reset”: Added sentence “When this pin functions as a reset input....”

20081126 Product data sheet - P89LPC933 934 935 936 v.6
20050620 Product data sheet - P89LPC933_934_935_936 v.5
20041103 Product data sheet - P89LPC933 934 935v.4
20040209 Objective data - P89LPC933_934_935Vv.3
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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

18. Contact information

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.

17.4 Trademarks

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

12C-bus — logo is a trademark of NXP B.V.

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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