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NXP Semiconductors P89L PC9201/9211/922A 1/9241/9251

P8ILPC92X1

8-bit microcontroller with 8-bit ADC

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, nominal 400 kHz, calibrated to + 5 %,
requiring no external components. The watchdog prescaler is selectable from

eight values.

High-accuracy internal RC oscillator option, with clock doubler option, allows operation
without external oscillator components. The RC oscillator option is selectable and fine
tunable.

Clock switching on the fly among internal RC oscillator, watchdog oscillator, external
clock source provides optimal support of minimal power active mode with fast
switching to maximum performance.

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 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.

High current sourcing/sinking (20 mA) on eight I/O pins (P0.3 to P0.7, P1.4, P1.6,
P1.7). All other port pins have high sinking capability (20 mA). A maximum limit is
specified for the entire chip.

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.

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
P89LPC9201/9211/922A1/9241/9251 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.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2012. Al rights reserved.
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NXP Semiconductors P89L PC9201/9211/922A 1/9241/9251

8-bit microcontroller with 8-bit ADC

7. Functional description

Remark: Please refer to the P89LPC9201/9211/922A1/9241/9251 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 ‘O’ when read.
— ‘1’ must be written with ‘1’, and will return a ‘1’ when read.

P89LPC92X1 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2012. Al rights reserved.
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Table 4.

Special function registers - P89LPC9201/9211/922A1
* indicates SFRs that are bit addressable.

Name

PCON

PCONA

PSW*

PTOAD

RSTSRC

RTCCON
RTCH

RTCL

SADDR

SADEN

SBUF

SCON*

SSTAT

SP
TAMOD

Description SFR
addr.

Power control 87H
register
Power control B5H
register A

Bit address
Program status DOH
word
Port 0 digital F6H
input disable
Reset source DFH
register
RTC control D1H
RTC register D2H
high
RTC register D3H
low
Serial port A9H
address
register
Serial port B9H
address enable
Serial Portdata 99H
buffer register

Bit address
Serial port 98H
control
Serial port BAH
extended
status register
Stack pointer 81H
Timer 0 and 1 8FH

auxiliary mode

Bit functions and addresses

MSB
SMOD1

RTCPD

D7
CY

RTCF

9F
SMO/FE

DBMOD

SMODO

D6
AC

BOIF

RTCS1

9E
SM1

INTLO

VCPD

D5
FO

PTOAD.5

BOF

RTCSO

9D
SM2

CIDIS

BOI

D4
RS1

PTOAD.4

POF

9C
REN

DBISEL

TiM2

GF1

I12PD

D3
RSO

PTOAD.3

R_BK

9B
TB8

FE

GFO

D2
ov

PTOAD.2

R_WD

9A
RB8

BR

PMOD1

SPD

D1
F1

PTOAD.1

R_SF

ERTC

99
Tl

OE

LSB
PMODO

DO

RTCEN

98
RI

STINT

TOM2

Reset value

Hex Binary

00 0000 0000
oot 0000 0000

00 0000 0000

00 xx00 000x
€]

606 011x xx00
oolel 0000 0000
oolél 0000 0000

00 0000 0000

00 0000 0000

XX XXXX XXXX
00 0000 0000
00 0000 0000
07 0000 0111
00 XxX0 xxx0

DAV 110-8 YIM 13]|0J1U0I0IDIW 11G-8

SJ1012Npuodlwas dXN
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Table 6.

* indicates SFRs that are bit addressable.

Special function registers - P89LPC9241/9251

Name

ACC*
ADCONO

ADCON1

ADINS

ADMODA

ADMODB

ADOBH

ADOBL

ADODATO

ADODAT1

ADODAT2

ADODAT3

AD1BH

AD1BL

AD1DATO

Description SFR
addr.

Bit address

Accumulator EOH

A/D control 8EH

register O

A/D control 97H

register 1

A/D input A3H

select

A/D mode COH

register A

A/D mode AlH

register B

A/D_0O BBH

boundary high

register

A/D_0O A6H

boundary low

register

A/D_0 data C5H

register O

A/D_0 data C6H

register 1

A/D_0 data C7H

register 2

A/D_0 data F4H

register 3

A/D_0 C4H

boundary high

register

A/D_0 BCH

boundary low

register

A/D_0 data D5H

register 0

Bit functions and addresses

Reset value

MSB
E7

ENBIO

ENBI1

AIN13

BNDI1

CLK2

E6

ENADCIO

ENADCI1

AIN12

BURST1

CLK1

ES

TMMO

TMM1

AIN11

SCC1

CLKO

E4

EDGEO

EDGE1

AIN10

SCAN1

INBNDO

E3

ADCIO

ADCI1

AINO3

BNDIO

ENDAC1

E2

ENADCO

ENADC1

AINO2

BURSTO

ENDACO

E1l

ADCS01

ADCS11

AINO1

SCCO

BSAl

LSB
EO

ADCSO00

ADCS10

AINOO

SCANO

BSAO

Hex Binary

00 0000 0000
00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 000x 0000

FF 1111 1111

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

00 0000 0000

FF 1111 1111

00 0000 0000

00 0000 0000

DAV 110-8 YIM 13]|0J1U0I0IDIW 11G-8
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Table 6.

* indicates SFRs that are bit addressable.

Special function registers - PBOLPC9241/9251 ...continued

Name

AD1DAT1

AD1DAT2

AD1DAT3

AUXR1

B*
BRGRO0Z

BRGR1Z

BRGCON

CMP1

CMP2

DIVM

DPTR

DPH

DPL

Description SFR
addr.

A/D_0 data D6H
register 1
A/D_0 data D7H
register 2
A/D_0 data F5H
register 3
Auxiliary A2H
function
register

Bit address
B register FOH
Baud rate BEH
generator O
rate low
Baud rate BFH
generator O
rate high
Baud rate BDH
generator O
control

Comparator1  ACH
control register

Comparator 2  ADH
control register

CPU clock 95H
divide-by-M

control

Data pointer

(2 bytes)

Data pointer 83H
high

Data pointer 82H
low

Bit functions and addresses

MSB

CLKLP

F7

EBRR

F6

ENT1

F5

CE1l

CE2

ENTO

F4

CP1

CP2

SRST

F3

CN1

CN2

F2

OE1l

OE2

F1

SBRGS

Cco1

CO2

LSB

DPS

FO

BRGEN

CMF1

CMF2

Reset value

Hex Binary

00 0000 0000
00 0000 0000
00 0000 0000
00 0000 00x0
00 0000 0000
00 0000 0000
00 0000 0000
0oLz XXXX XX00

00L xx00 0000
0oL xx00 0000
00 0000 0000
00 0000 0000
00 0000 0000
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Table 6.

* indicates SFRs that are bit addressable.

Special function registers - P89LPC9241/9251 ...continued

Name

FMADRH

FMADRL

FMCON

FMDATA

I2ADR

[2CON*

I2DAT

12SCLH

12SCLL

I2STAT

IENO*

IEN1*

SFR
addr.

Description

Program flash  E7H
address high

Program flash  E6H
address low

Program flash ~ E4H
control (Read)

Program flash ~ E4H
control (Write)

Program flash  E5H
data
I12C-bus slave =~ DBH
address
register

Bit address

I2C-bus control D8H
register

I2C-bus data DAH
register

Serial clock DDH
generator/SCL

duty cycle

register high

Serial clock DCH
generator/SCL

duty cycle

register low

I2C-bus status  D9H
register

Bit address

Interrupt A8H
enable O

Bit address

Interrupt E8H
enable 1

Bit functions and addresses

MSB

BUSY

FMCMD.7

I2ADR.6

DF

STA.4

AF
EA

EF
EAD

FMCMD.6

I2ADR.5

DE
I2EN

STA.3

AE
EWDRT

EE
EST

FMCMD.5

I2ADR.4

DD
STA

STA.2

AD
EBO

ED

LSB

- HVA HVE SV Ol

FMCMD.4 FMCMD.3 FMCMD.2 FMCMD.1 FMCMD.O

I2ADR.3 I2ADR.2 I2ADR.1 I2ADR.0 GC
DC DB DA D9 D8
STO SI AA - CRSEL

STAl STA.O 0 0 0
AC AB AA A9 A8

ES/ESR ET1 EX1 ETO EXO

EC EB EA E9 E8
- - EC EKBI El2C

Reset value

Hex Binary

00 0000 0000
00 0000 0000
70 0111 0000
00 0000 0000
00 0000 0000
00 x000 00x0
00 0000 0000
00 0000 0000
F8 1111 1000
00 0000 0000
00L 00x0 0000

DAV 110-8 YIM 13]|0J1U0I0IDIW 11G-8

SJ1012Npuodlwas dXN

15¢6/1726/1Vcc6/11¢6/1060d168d



199ys elep 19npoid

gT0Z Isnbny Lz — T'2 'nay
*s1awreasip [efal 03 193[gns s uBWNIOP SIy) Ul papiroid uoewloul ||y

Gl 10¢€e¢

TX260d168d

‘pansasal sIybu IV 'ZT0Z ‘A'8 dXN @

Table 6.

Special function registers - P89LPC9241/9251 ...continued
* indicates SFRs that are bit addressable.

Name

P3M1

P3M2

PCON

PCONA

PSW*

PTOAD

RSTSRC

RTCCON
RTCH

RTCL

SADDR

SADEN

SBUF

SCON*

SSTAT

Description SFR
addr.

Port 3 output B1H
mode 1
Port 3 output B2H
mode 2
Power control 87H
register
Power control B5H
register A

Bit address
Program status DOH
word
Port 0 digital F6H
input disable
Reset source DFH
register
RTC control D1H
RTC register D2H
high
RTC register D3H
low
Serial port A9H
address
register
Serial port BOH
address enable
Serial Portdata 99H
buffer register

Bit address
Serial port 98H
control
Serial port BAH
extended

status register

Bit functions and addresses

MSB

SMOD1

RTCPD

D7
CY

RTCF

9F
SMO/FE

DBMOD

SMODO

D6
AC

BOIF

RTCS1

9E
SM1

INTLO

VCPD

D5
FO

PTOAD.5

BOF

RTCSO

9D
SM2

CIDIS

BOI

ADPD

D4
RS1

PTOAD.4

POF

9C
REN

DBISEL

GF1

I12PD

D3
RSO

PTOAD.3

R_BK

9B
TB8

FE

GFO

D2
ov

PTOAD.2

R_WD

9A
RB8

BR

(P3M1.1)

(P3M2.1)

PMOD1

SPD

D1
F1

PTOAD.1

R_SF

ERTC

99
Tl

OE

LSB
(P3M1.0)

(P3M2.0)

PMODO

DO

RTCEN

98
RI

STINT

Reset value

Hex Binary
03 xxxx xx11
00 xxxx xx00
00 0000 0000
ool 0000 0000
00 0000 0000
00 xx00 000x
[El]

60L6]  011x xx00
oolel 0000 0000
oolel 0000 0000
00 0000 0000

00 0000 0000

XX XXXX XXXX

00 0000 0000

00 0000 0000

DAV 110-8 YIM 13]|0J1U0I0IDIW }1]-8
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Table 6.

* indicates SFRs that are bit addressable.

Special function registers - P89LPC9241/9251 ...continued

Name

SP
TAMOD

TCON*

THO
TH1
TLO
TL1
TMOD

TRIM

WDCON

WDL
WFEED1

WFEED2

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

Description SFR
addr.

Stack pointer 81H
TimerOand1  8FH
auxiliary mode

Bit address
Timer 0 and 1 88H
control
Timer O high 8CH
Timer 1 high 8DH
Timer O low 8AH
Timer 1 low 8BH
Timer 0 and 1 89H
mode
Internal 96H
oscillator trim
register
Watchdog A7H
control register
Watchdog load C1H
Watchdog C2H
feed 1
Watchdog C3H
feed 2

Bit functions and addresses

MSB

8F
TF1

T1GATE

RCCLK

PRE2

8E
TR1

T1C/T

ENCLK

PRE1

8D
TFO

TimM1

TRIM.5

PREO

T1iM2 -
8C 8B
TRO IE1

TiMO TOGATE

TRIM.4 TRIM.3

8A
IT1

TOC/T

TRIM.2

WDRUN

89
IEO

TOM1

TRIM.1

WDTOF

LSB

TOM2

88
ITO

TOMO

TRIM.O

WDCLK

[2] 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.

[3] The RSTSRC register reflects the cause of the P89LPC9241/9251 reset except BOIF bit. Upon a power-up reset, all reset source flags are cleared except POF and BOF; the
power-on reset value is x011 0000.

[4] 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.

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

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

CLKCON register reset value comes from UCFG1 and UCFG2. The reset value of CLKCON.2 to CLKCON.0 come from UCFG1.2 to UCFGL1.0 and reset value of CLKDBL bit
comes from UCFG2.7

Reset value

Hex Binary

07 0000 0111
00 XXX0 xxx0

00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
00 0000 0000
[51i6]

[416]

FF 1111 1111
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NXP Semiconductors P89L PC9201/9211/922A 1/9241/9251

8-bit microcontroller with 8-bit ADC

HIGH FREQUENCY

XTALL
MEDIUM FREQUENCY RTC
XTAL2 LOW FREQUENCY >
ADC
(P8ILPC9241/9251)
- 0SCCLK CCLK
DIVM » CPU
RC OSCILLATOR RCCLK [ :
WITH CLOCK DOUBLER =]
(7.3728 MHZ/14.7456 MHz + 1 %) PCLK .
WATCHDOG > woT
OSCILLATOR
(400 kHz +5 %) PCLK
TIMER 0 AND )
TIVER 1 12C-BUS UART

Fig 8. Block diagram of oscillator control

002aae428

7.10

7.11

7.12

P8ILPC92X1

CCLK wake-up delay

The P89LPC9201/9211/922A1/9241/9251 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 us. If the clock source is the internal RC
oscillator, the delay is 200 us to 300 us. If the clock source is watchdog oscillator or
external clock, the delay is 32 OSCCLK cycles.

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 P89LPC9201/9211/922A1/9241/9251 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.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2012. Al rights reserved.

Product data sheet

Rev. 2.1 — 27 August 2012 28 of 75
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8-bit microcontroller with 8-bit ADC

IEQ
EXO
EX1

BOIF
EBO K
wake-up
RTCF KBIF (if in power-down)
ERTC EKBI

(RTCCON.1)

WDOVF EWDRT 4i )
CMF2
CMF1
EC

EA (IE0.7)
ETO
TF1
ET1
Tl and RI/RI :D_
ES/ESR
Tl interrupt
EST to CPU
sl
El2C
e | )
ADCI0()
ENADCI1(1)
ADCI1(1)
ENBIO(M)
BNDIO(L)
o | —
BNDI1(1)
EAD()

002aae429

(1) P89LPC9241/9251.

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

P89LPC92X1 All information provided in this document is subject to legal disclai © NXP B.V. 2012. Al rights reserved.
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NXP Semiconductors P89L PC9201/9211/922A 1/9241/9251

7.28.2

7.28.3

7.28.4

7.28.5

P8ILPC92X1

8-bit microcontroller with 8-bit ADC

programming mechanisms. The P89LPC9201/9211/922A1/9241/9251 uses Vpp as the
supply voltage to perform the Program/Erase algorithms. When voltage supply is lower
than 2.4 V, the BOD FLASH is tripped and flash erase/program is blocked.

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.

Flash organization

The program memory consists of two/four/eight 1 kB sectors on the
P89LPC9201/9211/922A1/9241/9251 devices. Each sector can be further divided into
64-byte pages. In addition to sector erase, page erase, and byte erase, a 64-byte page
register is included which allows from 1 byte to 64 bytes of a given page to be
programmed at the same time, substantially reducing overall programming time.

Using flash as data storage

The flash code memory array of this device supports individual byte erasing and
programming. Any byte in the code memory array may be read using the MOVC
instruction, provided that the sector containing the byte has not been secured (a MOVC
instruction is not allowed to read code memory contents of a secured sector). Thus any
byte in a non-secured sector may be used for non-volatile data storage.

Flash programming and erasing

Four different methods of erasing or programming of the flash are available. The flash
may be programmed or erased in the end-user application (IAP) under control of the
application’s firmware. Another option is to use the ICP mechanism. This ICP system
provides for programming through a serial clock/serial data interface. As shipped from the
factory, the upper 512 bytes of user code space contains a serial ISP routine allowing for
the device to be programmed in circuit through the serial port. The flash may also be
programmed or erased using a commercially available EPROM programmer which
supports this device. This device does not provide for direct verification of code memory
contents. Instead, this device provides a 32-bit CRC result on either a sector or the entire
user code space.

Remark: When voltage supply is lower than 2.4 V, the BOD FLASH is tripped and flash
erase/program is blocked.
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9. Limiting values

Table 11.

Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134).[

Symbol
Tamb(bias)
Tstg

loH(0)
loLgio)

I 1/Otot(max)
thal

Vi

Ptot(pack)

VEsD

Parameter Conditions
bias ambient temperature
storage temperature

HIGH-level output current per
input/output pin

LOW:-level output current per
input/output pin

maximum total input/output current
crystal voltage on XTAL1, XTALZ2 pin to Vsg
voltage on any other pin except XTAL1, XTAL2 to Vss

total power dissipation (per package) based on package heat
transfer, not device power
consumption

electrostatic discharge voltage human body model; all pins  [2

charged device model; all
pins

Min Max
-55 +125
-65 +150
- 20

- 20

- 100

- Vpp + 0.5
-0.5 +5.5

- 1.5
-3000 +3000
-700 +700

Unit
°C
°C
mA

mA

mA

[1] The following applies to Table 11:
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.

[2] Human body model: equivalent to discharging a 100 pF capacitor through a 1.5 kQ series resistor.

P8ILPC92X1

system frequency
(MHz)

2.4 2.7 3.0

Fig 16. Frequency vs. supply voltage
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e 12. Static characteristics ...continued

Vpp = 2.4 V to 3.6 V unless otherwise specified.

Tamb = 40 T to +85 < for industrial applications, unless otherwise specified.

Symbol  Parameter Conditions Min Typlll Max Unit

ITHL HIGH-LOW transition all ports; V=15V at 1] _30 - -450 A

current Vopp=3.6V

RrsT ngny  internal pull-up resistance pin RST 10 - 30 kQ

on pin RST

Vret(bg) band gap reference voltage 111 1.23 1.34 \%

TChyq band gap temperature - 10 20 ppm/

coefficient °C

[1] Typical ratings are not guaranteed. The values listed are at room temperature, 3 V.

[2] The Ipp(oper) Specification is measured using an external clock with code while(1) {} executed from on-chip flash.

[3] The Ipp(die) Specification is measured using an external clock with no active peripherals, with the following functions disabled: real-time
clock and watchdog timer.

[4] The Ippq) specification is measured using internal RC oscillator with the following functions disabled: comparators, real-time clock, and
watchdog timer.

[5] The Ippgpa) Specification is measured using an external clock with the following functions disabled: comparators, real-time clock,
brownout detect, and watchdog timer.

[6] See Section 9 “Limiting values” for steady state (hon-transient) limits on lo_ or loy. If o /lon €xceeds the test condition, Vo /Voy may
exceed the related specification.

[7] This specification can be applied to pins which have A/D input or analog comparator input functions when the pin is not being used for
those analog functions. When the pin is being used as an analog input pin, the maximum voltage on the pin must be limited to 4.0 V with
respect to Vgs.

[8] Pin capacitance is characterized but not tested.

[9] Measured with port in quasi-bidirectional mode.

[10] Measured with port in high-impedance mode.

[11] Port pins source a transition current when used in quasi-bidirectional mode and externally driven from logic 1 to logic 0. This current is
highest when V| is approximately 2 V.
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16 002aae365
18 MHz
(mA)
12
12 MHz
8
| ] L 8 MHz
| 6 MHz
_/ /—/—
4 I | —— 4MHz
2 MHz
1 MHz
0 32 kHz
24 2.8 3.2 3.6
Vpp (V)

Test conditions: normal mode, code while(1) {} executed from on-chip flash; using an external
clock.

Fig 19. Ipp(oper) VS. frequency at +85 °C

002aae366
5.0 18 MHz
Ipp
4.0
/ / 12 MHz
3.0
| _— L 8 MHz
2.0
// | —— 6MHz
I
// | _ — 4MHz
1.0
2 MHz
1 MHz
32 kHz
0.0
2.4 2.8 3.2 3.6

Vop (V)

Test conditions: Idle mode entered executing code from on-chip flash; using an external clock with
no active peripherals, with the following functions disabled: real-time clock and watchdog timer.

Fig 20. Ippgadie) VS. frequency at +25 °C
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11. Dynamic characteristics

Table 14.

Dynamic characteristics (12 MHz)

Vpp = 2.4 V to 3.6 V unless otherwise specified.
Tamb = 40 T to +85 < for industrial applications, unless otherwise specified.[12]

Symbol Parameter

fosc(rC) internal RC oscillator
frequency

foscwp) internal watchdog
oscillator frequency

fosc oscillator frequency

Tey(clk) clock cycle time

feLkip low-power select clock
frequency

Glitch filter

tyr glitch rejection time

tsa signal acceptance time

External clock

tcHex clock HIGH time
tcLex clock LOW time
tcLcH clock rise time
tcHeL clock fall time

Shift register (UART mode 0)

TxxL serial port clock cycle
time

tovxH output data set-up to
clock rising edge time

txHox output data hold after
clock rising edge time

txHDX input data hold after
clock rising edge time

txHDV input data valid to clock

rising edge time

Variable clock
Min
7.189

Conditions
Max

nominal f = 7.3728 MHz 7.557
trimmed to + 1 % at

Tamb = 25 °C; clock

doubler option = OFF

(default)

nominal f = 14.7456 MHz;
clock doubler option = ON,
Vpp=2.7Vt03.6V

Tamb =25°C

14.378 15.114

380 420

see Figure 33

P1.5/RST pin - 50
any pin except P1.5/RST - 15
P1.5/RST pin 125 -
any pin except P1.5/RST 50 -

see Figure 33 33
see Figure 33 33
see Figure 33 - 8
see Figure 33 - 8

Tey(cik) — toLex

Tey(clk) — teHex

see Figure 32
see Figure 32
see Figure 32 -
see Figure 32 - 0

see Figure 32 150 -

fosc =12 MHz |Unit
Min ’ Max
7.189 7.557 MHz
14.378 15.114 MHz
380 420 kHz
- - MHz
- - ns
- - MHz
- 50 ns
- 15 ns
125 - ns
50 - ns
33 - ns
33 - ns
- ns
- ns
1333 - ns
1083 - ns
- 103 ns
- 0 ns
150 - ns

[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 O Hz.

P8ILPC92X1
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12.2 ADC/temperature sensor electrical characteristics

Table 18. ADC/temperature sensor electrical characteristics

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

Tamb = 40 T to +85 < for industrial applications, unless otherwise specified.
All limits valid for an external source impedance of less than 10 k.

Symbol Parameter Conditions Min Typ Max Unit
VDbDA(ADC) ADC analog supply voltage \%
Vssa analog ground voltage \%
Via analog input voltage Vgs—0.2 - Vpp + 0.2 \%
Cia analog 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 ADC enabled - - 13Teyapc) HS

Temperature sensor

Vsen sensor voltage Tamp = +0 °C - 890 - mV
TC temperature coefficient - 11.3 - mV/°C
tstartup start-up time - 200 - us

start trigger
adc clk J 1 2 3 4 5 6 7 8 9 10 11 12 13

clk

serial_data_out ( D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO )—

ADCDATA_REG < ADCDATA >

002aae371

Fig 35. ADC conversion timing
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255

offset
error error
Eo Ec

gain

254

253

252

code
out

‘ -

1LSB
(ideal)

1

I

offset error
Eo

7
VA (LSBigeal)

—

{ 1LSB=

(1) Example of an actual transfer curve.

(2) The ideal transfer curve.

Fig 36. ADC characteristics
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|
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13. Package outline

TSSOP20: plastic thin shrink small outline package; 20 leads; body width 4.4 mm SOT360-1
D -~ E— =T[4
| ol
_ | R AN
\ ' ! 1 i \
jiziaiaiainiaininial; R/ —
H S
Oly] | He =[v@lA]
»\Z
2°FHTH AHHHHAAR
I ‘
‘ [ L
| IS | E AZA [N A
pin 1 index 1
A Y !
O } %79
‘ <—|_p+
LR GEREE :
1 10
e Lsealx]
0 2.5 5mm
L TR ]
scale
DIMENSIONS (mm are the original dimensions)
A 1 2 1
UNIT | o | AL | Az | Ag bp c p® | E@| e He L Lp Q v w y z@ | o
0.15 | 0.95 0.30 0.2 6.6 4.5 6.6 0.75 0.4 0.5 8°
mm o) L1 005 [ 080 | %% | 019 | 01 | 64 | 43 | %% | 62 | T |os0| 03 | %2 | 013 01| g5 | go
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION

SOT360-1 MO-153 = @ et

Fig 37. TSSOP20 package outline (SOT360-1)
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Table 19. Abbreviations

Acronym Description

ADC Analog-to-Digital Converter

BOD Brownout Detection

CPU Central Processing Unit

CRC Cyclic Redundancy Check

DAC Digital-to-Analog Converter

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

PLL Phase-Locked Loop

PWM Pulse-Width Modulator

RAM Random Access Memory

RC Resistance-Capacitance

RTC Real-Time Clock

SAR Successive Approximation Register

SFR Special Function Register

UART Universal Asynchronous Receiver/Transmitter
WDT WatchDog Time
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