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Welcome to E-XFL.COM

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
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NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
5. Block diagram

 

6. Pinning information

6.1 Pinning
 

Fig 1. LPC112x block diagram
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NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
PIO0_9 27 [6 ] I ; PU ye s I/O PIO0_9 — Genera l purpo se port  0 input/output 9.

I/O SSP0_MOSI — Master Out Slave In for SSP0.

O CT16B0_MAT1 — M atch output 1 for 16-bit timer 0.

- R — Re served.

I ADC_PIN_TRIG3 — ADC pin trigg er inpu t 3.

SWCLK/PIO0_10 28 [6 ] I ; PU ye s I/O SWCLK — Seri al wire clock.

I/O PIO0_10 — Gene ral purp ose port 0 input/outpu t 10.

I/O SSP0_SCK — Serial clock for SSP0.

O CT16B0_MAT2 — M atch output 2 for 16-bit timer 0.

R/PIO0_11 30 [3] I; PU ye s I R — Re served. Configu r e for an alte rnate functi on in 
the IOCON block.

I/O PIO0_11 — Gene ra l purpo se port  0 input/output 11.

AI ADC_7 — A/D converter, input 7.

O CT32B0_MAT3 — M atch output 3 for 32-bit timer 0.

R/PIO1_0 31 [3] I; PU ye s I R — Re served. Configu r e for an alte rnate functi on in 
the IOCON block.

I/O PIO1_0 — Genera l purpo se port  1 input/output 0.

AI ADC_6 — A/D converter, input 6.

I CT32B1_CAP0 — Capture input 0 for 32-bit timer 1.

R/PIO1_1 32 [3 ] O; PU n o O R — Re served. Configu r e for an alte rnate functi on in 
the IOCON block.

I/O PIO1_1 — Genera l purpo se port  1 input/output 1.

AI ADC_5 — A/D converter, input 5.

O CT32B1_MAT0 — M atch output 0 for 32-bit timer 1.

R /PIO1_2 35 [3 ] I ; PU no I R — Re served. Configu r e for an alte rnate functi on in 
the IOCON block.

I/O PIO1_2 — Genera l purpo se port  1 input/output 2.

AI ADC_4 — A/D converter, input 4.

O CT32B1_MAT1 — M atch output 1 for 32-bit timer 1.

SWDIO/PIO1_3 38 [3 ] I ; PU no I/O SWDIO — Serial Wire Deb ug I/O. SWDIO is enable d 
by defau lt on thi s pin. 

I/O PIO1_3 — Genera l purpo se port  1 input/output 3.

AI ADC_3 — A/D converter, input 3.

O CT32B1_MAT2 — M atch output 2 for 32-bit timer 1.

Table 3. Pin description

Symbol

LQ
F

P
48

Reset 
state
[1]

Start 
logic 
wake-up 
pin

Type Description
LP C112x Al l info rm atio n prov ide d in thi s docu ment is su bje ct t o le gal dis cl ai mer s. © NX P Semi co nduc tor s N.V. 2015. All ri ghts res e rv ed.

Product data sheet Rev. 1. — 24 February 2015 7 of 63



NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
PIO2_2 2 5 [6 ] I ; PU no I/O PIO2_2 — Genera l purpo se port  2 input/output 2.

I U0_DCD — Da ta Carri er Detect input for UART0.

I/O SSP1_MISO — Master In Slave Out for SSP1.

PIO2_3 3 7 [6 ] I ; PU no I/O PIO2_3 — Genera l purpo se port  2 input/output 3.

I U0_RI — Ring Ind icator inpu t for UART0.

I/O SSP1_MOSI — Master Out Slave In for SSP1.

PIO2_4 19 [6] I ; PU no I/O PIO2_4 — Genera l purpo se port  2 input/output 4.

O CT16B1_MAT1 — M atch output 1 for 16-bit timer 1.

I/O SSP1_SSEL — Slave Select for SSP1.

PIO2_5 20 [6] I; PU no I/O PIO2_5 — Genera l purpo se port  2 input/output 5.

O CT32B0_MAT0 — M atch output 0 for 32-bit timer 0.

PIO2_6 1 [6] I; PU no I/O PIO2_6 — Genera l purpo se port  2 input/output 6.

O CT32B0_MAT1 — M atch output 1 for 32-bit timer 0.

PIO2_7 11 [6] I; PU no I/O PIO2_7 — Genera l purpo se port  2 input/output 7.

O CT32B0_MAT2 — M atch output 2 for 32-bit timer 0.

I U0_RXD — Re ce iver inp ut for UART0.

PIO2_8 12 [6] I ; PU no I/O PIO2_8 — Genera l purpo se port  2 input/output 8.

I CT32B0_MAT3 — M atch output 3 for 32-bit timer 0.

O U0_TXD — Tr a n s m i tt e r output for UART0.

PIO2_9 2 4 [6 ] I ; PU no I/O PIO2_9 — Genera l purpo se port  2 input/output 9.

I CT32B0_CAP0 — Capture input 0 for 32-bit timer 0.

PIO2_10 - [6] I: PU no I/O PIO2_10 — Gene ral purp ose port 2 input/outpu t 10.

PIO3_0 36 [6 ] I ; PU no I/O PIO3_0 — Genera l purpo se port  3 input/output 0.

O U0_DTR — Data Termi nal Ready outpu t for UART0.

O CT16B0_MAT0 — M atch output 0 for 16-bit timer 0.

O U0_TXD — Tr a nsmitt er Outp ut for UART0.

PIO3_2 - [6] I ; PU no I/O PIO3_2 — Genera l purpo se port  3 input/output 2.

I U0_DCD — Da ta Carri er Detect input for UART0.

O CT16B0_MAT2 — M atch output 2 for 16-bit timer 0.

I/O SSP1_SCK — Serial clock for SSP1.

PIO3_3 4 8 [6 ] I ; PU no I/O PIO3_3 — Genera l purpo se port  3 input/output 3.

I U0_RI — Ring Ind icator inpu t for UART0.

I CT16B0_CAP0 — Capture input 0 for 16-bit timer 0.

PIO3_4 18 [6] I ; PU no I/O PIO3_4 — Genera l purpo se port  3 input/output 4.

I CT16B0_CAP1 — Capture input 1 for 16-bit timer 0.

I U0_RXD — Re ce iver inp ut for UART0.

PIO3_5 21 [6] I; PU no I/O PIO3_5 — Genera l purpo se port  3 input/output 5.

I CT16B1_CAP1 — Capture input 1 for 16-bit timer 1.

O U0_TXD — Tr a n s m i tt e r output for UART0.

Table 3. Pin description

Symbol

LQ
F

P
48

Reset 
state
[1]

Start 
logic 
wake-up 
pin

Type Description
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NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
[1] Pin state at re set for defaul t functi o n : I = Input; AI = Anal og Input; O = Output; PU = intern a l pu ll-up ena ble d (pins pu lle d up to fu ll V DD  
leve l (V DD  = 3.3 V)); IA = inactiv e, no pull-up/down enab led.

[2] W hen the syste m oscilla t o r is not used, connect XTALIN and XTALOUT as fo llows : XTALIN can be left floatin g or ca n be grou nde d 
(grounding is prefer red to reduce su sceptibilit y to no ise). XTALOU T should be left floatin g.

[3] 5 V tolera nt pad providin g digita l I/O functio ns with conf ig u r a b l e pull-up/pull-down resist o r s, config u r a b l e hyste re s i s, and  an alog input. 
When configur e d as a AD C in put, digital sect ion of the pad is disabl e d and the pin is not 5 V tolera n t (see Figure 2 7 ).

[4] P ad pr ovidi n g digital I/O function s with  configura ble pu ll-up/pu ll-down resistor s, config u r a b l e hyster e s i s, and analog input . Whe n 
confi g u r e d as a ADC inpu t, digital se ctio n of th e pad is disabl e d (see Figur e 2 7 ). In deep powe r-dow n mode, this pin ser ves as the 
wake-up pin.

[5] Hig h-cur ren t out put drive r. Pad provid i n g digita l I/O func tions with config urable pull-up/ pull-down resist o r s and config u r a b l e hyste re s i s 
(see Figu re 27 ).

[6] Sta n d a r d dig ita l I/O pin. Pad provid i n g digital I/O function s wit h con figur able pull-up/pull-down  resis t o rs and confi g u r a b l e  hystere s i s (see 
Figur e 2 7 ).

[7] I 2 C-bu s pins comp lian t with the I 2 C-bus specification for I 2 C stand a r d mode, I 2 C Fa st-mode, and I 2 C Fast-mode Plus. The pin req uir es 
an exter nal pull-up to provide output func tionality. When pow er is switch ed off, this  pin is floatin g and doe s not disturb the I 2 C lines. 
Open-drain con fig u r a t i o n applie s to all functions on this pin.

[8] 5 V tolera n t pad. RESET  functi o n a l i t y is not availa b l e in Deep powe r-dow n mode. Use the WAKEUP pin to reset the ch ip and wake up 
from Dee p pow er-down mo de. An ext erna l pull-up resisto r is required on this pin for the Deep power-down mode. See Figur e 2 8  for the 
reset pad configu ra t i o n.

XTALIN 6 [2 ] - - - Inpu t to the osci llator circuit and inte rn al clock 
generator circuits. Inpu t voltage must not exceed 
1.8 V.

XTALOUT 7 [2 ] - - - Output from the oscilla to r ampl ifier.

VREF P 3 3 - - - Positive referen ce voltage for the ADC.

VREF N 3 4 - - - Negative reference vol tag e for the ADC.

V D D 8 ; 
44

- - - 3.3 V supply voltag e to the intern al regu lator and the 
external rail.

V D DA 4 3 - - - Analog supp ly voltage.

V SSA 40 - - - Analog grou nd.

V SS 5 ; 
41

- - - Ground.

Table 3. Pin description

Symbol

LQ
F

P
48

Reset 
state
[1]

Start 
logic 
wake-up 
pin

Type Description
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NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
 

7.5 Nested Vectored Inte rrupt Controller (NVIC)

T he Nest e d Vect or ed In te rr up t Con tro lle r (NVIC)  is an integ r al part of the Cort ex-M0. The 
tight coupl i n g to the CPU allow s for low inter r u pt late ncy and effic i en t proc ess i ng of late 
arriv i ng inte rr up ts.

7.5.1 Features

• C o nt ro l s syst em exce p t i o ns and peri ph e ra l inter ru p ts.

Fig 3. LPC112x memory map 
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NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
c a pa b i l i t y to both rece i v e and send infor m a t i o n (suc h as me mor y). Trans m i t t e r s and/or 
rec e i v e rs can ope ra t e in eit h er mas t e r or sl av e mod e, depen d i ng on whet he r the chi p has 
to initia t e a data tran sf er or is only add re sse d. The I 2 C is a multi-maste r bus and can be 
cont ro l l ed by more tha n one bus mas t er con ne c t ed to it.

7.10.1 Features

• T he I 2 C-inter f a c e is a stand a r d I 2 C-bus comp l i a n t inte r f a c e wit h open-drain pins. The 
I 2 C-bus inte rfa c e also suppo rts Fast-mod e Plu s wit h bit rat es up to 1 Mbit/s.

• E a s y to conf i gu re as mast e r, slav e, or mast er/slav e.

• P ro g ra m ma b l e cloc k s allo w vers a t i l e rate cont ro l.

• B i d i re c t i o na l data tran s f e r betw e e n mast er s and slav es.

• M ul t i-mast e r bus (no cent r al mas t e r).

• A rb i t r at i on betw e en simu l ta ne ou s l y tran s m i t t i ng mast e rs with o ut corr up t i o n of seria l 
data on the bus.

• Se ria l clo ck sy nc hr on iza tio n allo ws dev ice s with diffe re n t bit rate s to commu n i c a t e via 
one seria l bus.

• S e ri a l cloc k sync h ro n i z a t i on can be used as a han ds h a k e mec ha n is m to sus p e nd and 
resu m e seri a l tran s f e r.

• T he I 2 C-bus can be used for tes t and diag n os t i c purp os es.

• T he I 2 C-bus cont r ol l e r supp o rts mult i p l e addre s s reco gn i t i o n and a bus moni t o r mode.

7.11 Analog-to-Digital Converter (ADC)

T he ADC suppo r ts a resol u t i o n of 12 bit and fa st conve r s i o n rates of up to 2 Ms am p l e s/s. 
Sequ en c e s of analo g-to-digi tal con v e rs i on s can be trig ge r ed by mult i pl e sou rc e s. Poss i b l e 
tri gg er sou rc es are int er na l con ne c t i on s to th e 16-bit timer matc h outp u ts, five exte rn a l 
pin s, and the ARM TXE V int er ru p t.

The ADC inc l u de s a hard w a re thre s h o l d com pa r e fun ct i on wit h zero-cro ssin g dete ctio n. 

7.11.1 Features

• 12-bit succ e s s i v e appro x i m at i on anal o g to digi ta l conv er t e r.

• 12-bit conv er s i o n rate of 2 Msamp l e s/s.

• I n pu t mult i p l e x i ng amon g 8 pins.

• Tw o conf i gu ra bl e con v e rs i on seq u e nc es wit h ind ep e nd en t tri g g er s.

• O p t i o n al auto ma t i c high/low thres ho l d compar i s o n and zero-cro s s i n g dete c t i on.

• P o w er-dow n mod e and low-pow er ope r ati n g mod e.

• M ea s u re m en t rang e VREF N to VREF P (typi c al l y 3 V; not to exce e d VDDA voltag e 
lev el).

• B u rst conv er s i o n mode for sing l e or mult i pl e inputs.
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NXP Semiconductors LPC112x
32-bit ARM Cortex-M0 microcontroller
7.12 General purpose externa l event counter/timers

T he LPC112x incl u de two 32-bit coun t e r/ti m er s and two 16-bit cou nt e r/tim e rs. The 
coun t e r/tim er is desi g ne d to count cyc l e s of  the syste m deriv e d clock. It can optio n a l l y 
gen er at e int er ru pts or perf o rm oth e r act i on s at spec i f i ed time r val ue s, base d on fou r 
mat ch regis te r s. Each count e r /time r also incl u de s up to two capt ur e inp uts to tra p the 
time r valu e when an inpu t sign al tran s i t i o ns, opti on a l l y gene ra t i n g an inte rr up t.

7.12.1 Features

• A 32-bit/16-bit time r/coun t e r wit h a progr am m ab l e 32-bit/16-bit pres c a l er.

• Co un te r or tim e r oper a tion.

• U p to two capt ur e chan ne l s per timer, that can take a snaps h ot of the time r valu e 
when an inpu t sign al tran s i t i o n s. A capt ur e ev en t may also gene ra t e an inter ru pt.

• T he tim e r and pre s c a l er may be confi g u re d to be clea re d on a des i g na t e d capt ur e 
ev en t. This feat ur e per mits easy pulse width measu r em e nt by cle a rin g the time r on 
the leadi n g edge of an input puls e and capt u r i n g the time r valu e on the trai l i n g edge.

• F ou r matc h regis ter s per tim er tha t allow :

– C on t i n u ou s oper at i on with opti o na l inte rr up t gener at i on on matc h.

– Sto p tim er on mat c h wit h opt i o n al int er ru pt gen er a t i on.

– R es et tim e r on matc h wit h opt i o na l int e rr up t gene ra t i o n.

• Up to fou r ex ter n al outp uts corr es po nd in g to mat ch regis te rs, wit h the follo win g 
capa b i l i t i e s :

– S et LOW on matc h.

– S et HIG H on match.

– Tog g l e on matc h.

– D o not h i n g on mat c h.

7.13 System tick timer

T h e ARM Cort e x-M0 inclu d e s a syst e m tick time r (SYSTI C K) that is inte n d e d to gene r a t e 
a ded ica ted SY ST ICK exc ep tio n at a fi xed time inte rva l (typic a l l y 10 ms).

7.14 Windowed WatchDog Timer 

T he pur p ose of the wat c h do g is to res e t the contr o l l e r if softw a r e fails to perio d i c a l l y 
serv i c e it with in a prog ra m ma b l e time wind o w. 

7.14.1 Features

• I n t e rn al l y res e ts chi p if not peri od i c a l l y rel o a de d durin g the progr am m ab l e tim e-out 
per iod.

• O p t i o n al wind o w e d oper at i on req u i re s rel o a d to oc cu r bet w e en a mini mu m and 
max i mu m tim e per i od, both pro gr am m a bl e.

• O p t i o n al war n in g int e rr up t can be gen er at ed at a prog ra m ma b l e tim e pri or to 
watc h d og time-out.

• E n ab l ed by softw a re but requ i re s a hard w a re res e t or a watc h d og res e t/int e rr up t to be 
dis ab l e d.
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7.15.1.1 Internal RC oscillator

T he IRC may be use d as the clo c k sou rc e for th e WDT, and/or as the cloc k that driv e s the 
PLL and subse q ue n t l y the CPU. The nomi n al IRC freq ue n c y is 12 MH z. 

Upon power-up or any chip res e t, the LPC112x use the IRC as the cloc k sou rc e. Softw ar e 
may lat er sw itch to one of the othe r av aila ble clock sou rce s.

7.15.1.2 System oscillator

T h e sy ste m oscil l a t o r can be used as the cloc k sourc e for the CPU, with or witho u t using 
the PLL. 

The syste m osci l l a t o r oper a t e s at frequ e n c i e s of 1 MHz to 25 MH z. This freq u e n c y can be 
boos t e d to a high er frequ e nc y, up to the maxi m u m CPU opera t i n g freq ue nc y, by the 
sys tem PLL. 

Fig 4. LPC112x clock generation block diagram 
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7.15.1.3 Watchdog oscillator

T h e watc h d o g osc il l a t o r can be used as a clock sourc e that direc t l y drive s the CPU, the 
watc h d o g time r, or the CLKO U T pin. The watc h d o g osc il l a t o r nomin a l frequ e n c y is 
pro gr am m ab l e bet w e en 9.4 kHz and 2.3 MHz. Th e fre qu en c y spr ea d ove r pro c es s i n g and 
tem pe ra t u re is �r 40 %.

7.15.2 System PLL 

T he PLL ac ce pts an input clo c k fre q ue n c y in the rang e of 10 MHz to 25 MH z. The inpu t 
freq u e n c y is mult i p l i e d up to a high freq u e n c y with a Curr e n t Cont r o l l e d Osc i l l a t o r (CCO). 
The mult i pl i e r can be an integ e r val u e from 1 to 32. The CCO ope ra t e s in the ran g e of 
156 MHz to 320 MHz, so there is an addi t i o n al divi d e r in the loop to keep the CCO with i n 
its fre qu e nc y ran g e whi l e the PLL is pro v i d i n g the des i re d out p u t fre qu e nc y. The PLL 
outp u t fre q ue nc y mus t be lowe r than 100 MHz. The outp u t divi d e r may be set to divi d e by 
2, 4, 8, or 16 to produ c e the outp u t cloc k. Si nc e the minim um out pu t div i de r val u e is 2, it is 
ins ur ed tha t the PLL out pu t has a 50 % duty cycl e. The PLL is turn e d off and bypa s s ed 
follow i ng a chip rese t and may be ena b led by soft wa re. The prog ra m mus t con fig ur e and 
ac tiv a t e the PLL, wait for the PLL to lock, and then conn ec t to the PLL as a cloc k sour c e. 
The PLL sett l i n g time is 100 �Ps.

7.15.3 Clock output

T h e LPC112x featu r e s a cloc k ou tp u t func t i o n that rout e s the IRC os cill a t o r, the sy stem 
os cil l a t o r, the watch d o g os cil l a t o r, or  the main clock to an outpu t pin. 

7.15.4 Wake-up process

T he LPC112x begi n ope ra t i o n at pow er-up and when awa k e ne d from Dee p pow e r-dow n 
mode by using the 12 MHz IRC os ci l l a t o r as the cloc k sourc e. This allo w s chip oper a t i o n 
to resum e quick l y. If the sy ste m os cil l a t o r or the PLL is need e d by the appli c a t i o n, 
softw a r e will need to enab l e th es e feat u r e s and wait for them to stabi l i z e befo r e they are 
us ed as a cloc k sou rc e.

7.15.5 Power control

T he LPC112x suppo r t a varie t y of pow er con t ro l fea t u re s. There are thr ee spe c i a l mod e s 
of pro c e s s o r pow e r redu c t i on : Sle e p mod e, Deep-slee p mod e, and Dee p pow e r-down 
mod e. The CPU cloc k rat e may als o be cont ro l l ed as need e d by chan g i ng clo c k sour c e s, 
reco nf i gu ri n g PLL value s, and/or alte ri n g the CPU cloc k divi d e r valu e. This allow s a 
trad e-off of powe r versu s proc ess i ng spe ed bas e d on appl i c a t i o n requ i re m en ts. In 
addi t i o n, a regis t e r is prov i d ed for shut t i n g down the cloc k s to indiv i du a l on-chip 
per iph er als, allo wing fine tun ing of powe r con su m pt ion by elim ina tin g all dy na m i c pow er 
us e in any perip he r al s tha t are not requ i re d fo r the appl i c at i on. Sele c t e d peri p he ra l s have 
their own clo ck div ide r which prov i de s even bett e r power cont r ol.

7.15.5.1 Power profiles 

T he pow er con s u mp t i o n in Act i v e and Slee p mod e s can be opt i m i z e d for the appl i c a t i o n 
thro ug h simp l e calls to the power prof i l e. The powe r conf i g u ra t i o n rout i ne conf i g ur es the 
LP C112x for one of the foll ow i ng power mode s :

• De fa ult mod e corr es po nd in g to powe r conf igu ra tio n aft er rese t.

• C P U perf o r m a n c e mode co rr e s p o n d i n g to opti m i z e d proc e s s i n g capa b i l i t y.
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In addit i o n to the three CRP lev el s, sampl i n g of pin PIO0_1 for vali d use r code can be 
dis ab l e d. For deta i l s see the LPC112x user manual.

7.16.5 APB interface

T h e APB peri p h e r a l s are loca t e d on one APB bus.

7.16.6 AHBLite 

T he AHBL ite con n ec ts the CPU bus of the ARM Cort ex-M0 to the flas h mem o ry, the main 
stat i c RAM, and the Boot ROM. 

7.16.7 External interrupt inputs

A l l GPIO pins can be level or edge sens i t i v e inter ru pt inpu ts. In addi t i on, star t logi c inpu ts 
serv e as ex te rn al inte r ru pts (see Secti o n 7.16.1 ).

7.17 Emulation and debugging

D e bu g func t i o ns are integ r ate d into the ARM Cort ex-M0. Seria l wire debug with four 
bre ak p o i nts and two wat c h po i n ts is supp or t e d.

CAUTION

If level three Code Rea d Pro tectio n (CRP3) is  selecte d, no future factory testing can be 
performed on the devi ce.
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Condi t i o n s : V D D  = 3.3 V; sleep mode enter e d from fl ash; all per ip heral s disabled in the 
SYSAH B C L K C T R L regis t e r (SYSAH B C L K C T R L = 0x1F); all periph er a l clocks disab le d ; inter n a l 
pull-up resistor s disable d; BO D disable d ; low-curr ent mode.

3 MHz - 6 MHz: system oscilla t o r en abled; PL L, IRC disabled.

12 MHz: IRC enable d ; system oscill a t o r, PLL disabl e d.

24 MHz - 48 MHz: IRC disa bled; syst em oscillator, PLL ena bled.

Fig 6. Sleep mode: Typical supply current I DD versus temperature for different system 
clock frequencies
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Con di t i o n s : V DD  = 1.8 V; standa r d por t pins and 
high-drive pin PIO0_7.

Condit i o n s : V DD  = 3.3 V; stand a r d por t pin s and 
high-drive pin PIO0_7.

Fig 13. Typical LOW-level output current I OL versus LOW-level output voltage V OL 
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C o n d i t i o n s : V DD  = 1.8 V; standa r d por t pins. Condit i o n s : V DD  = 3.3 V; stand a r d por t pin s.

Fig 14. Typical HIGH-level output voltage V OH versus HIGH-level output source current I OH
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11.5 I2C-bus
 

[1] See the I 2 C-bus specification UM10204 for details.

[2] P ar a m e t e rs are valid over operat i n g temp e ra t u r e range unless otherw is e specif i e d. 

[3] t HD;DAT  is the data hold time tha t is measured from the fa llin g edge of SCL; applie s to data in transm i s s i o n 
and the acknow l e d g e.

[4] A device must int erna l l y pr ovide a hold time of at least 300 ns for the SDA signal (with resp ect to the 
V IH (min) of th e SCL signal) to bridge the und efine d region of the fallin g edge of SCL.

[5] C b  = total capacita n c e of one bus line in pF.

[6] The maxi m u m t f  for the SDA and SCL bu s lin es is specified at  300 ns. The ma ximu m fall time for the SDA 
outpu t stage t f  is specified at 250 ns. This allow s se ries prote cti o n resistor s to be connecte d in betw een the 
SDA and the SC L pin s and the SDA/SCL bus lines  withou t exceed i n g the maximu m specif i e d t f .

[7] In Fa st-mode Plu s, fall time is spe cifi e d the same for bo th output stage an d bus timing. If series resisto r s 
are used, designer s should allow for this when consider i n g bus timing.

[8] Th e maxi m u m t HD ;D AT  could be 3.45 �P s and 0.9 �Ps for Standar d-mode and Fast-mode but must be le ss than 
the maxim u m of t VD;D AT  or t VD; A CK  by a transit i o n time (see UM10204). This ma xi m u m must only be me t if 
the device do es not str etch the LOW period (t LOW ) of the SCL sign al. If the clock stre tches the SCL, the 
data must be valid by the set-up time before it relea se s the clo ck.

[9] t S U; DAT  is the data set-up time tha t is measure d with res pect to the rising ed ge of SCL; app lies to data in 
transm i s s i o n and the ackno w l e d g e.

[10] A Fast-mod e I 2 C-bus device can be used in a Standa r d-mode I 2 C-bus system bu t the req uir ement 
t SU; DAT = 2 50 ns must then be met. This will autom a t i c a l l y be the case if the device does no t str etch the 
LOW period of the SCL signal. If such  a device does str et c h the LOW per iod of the SC L signal, it must 
outpu t th e next data bit to the SDA line t r(max)  + t SU;DAT  = 1000 + 250 = 1250 ns (accord in g to the 
Standard-mode I 2 C-bu s specification) befor e the SCL lin e is  releas e d. Also the ackno w l e d g e timin g must 
meet this set-up time.

Table 13. Dynamic characteristic: I 2C-bus pins [1]

Tamb = �� 40 �qC to +105 �qC.[2] 

Symbol Parameter Conditions Min Max Unit

f S C L S C L clock 
frequ ency

Stand ard-mode 0 100 kHz

Fast-mode 0 400 kHz

Fast-mode Plus 0 1 MHz

t f fal l time [4 ] [5 ] [6 ] [7 ] of both SDA and 
SCL signa ls

Stand ard-mode

- 300 ns

Fast-mode 20 + 0.1 �u C b 300 ns

Fas t-mode Plus - 120 ns

t LO W L OW period of 
the SCL cloc k

Stand ard-mode 4.7 - �Ps

Fast-mode 1.3 - �Ps

Fast-mode Plu s 0.5 - �Ps

t HIG H HIGH peri od of 
the SCL cloc k

Stand ard-mode 4.0 - �Ps

Fast-mode 0.6 - �Ps

Fast-mode Plu s 0.26 - �Ps

t H D ; D AT d ata hold time [3 ] [4 ] [8 ] Stand ard-mode 0 - �Ps

Fast-mode 0 - �Ps

Fast-mode Plu s 0 - �Ps

t S U ; D AT d ata set-up 
time 

 

[9] [10] Stand ard-mode 250 - ns

Fast-mode 100 - ns

Fast-mode Plu s 50 - ns
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Pin names SC K, MISO, and MOSI refer to pins for both SSP perip h e r a ls, SSP0 and SSP1.

Fig 21. SSP slave timing in SPI mode
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Fig 23. ADC input impedance
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13. Application information

13.1 ADC usage notes

T he foll o w i n g guide l i n es show how to incre a s e the perf or ma n c e of the ADC in a nois y 
envir on m en t beyo nd the AD C speci f i c a t i o n s lis te d in Tab le 6 :

• T he ADC inpu t trac e must be short and as clos e as poss i b l e to the LP C112x chip.

• T he ADC inpu t trac e s must be shie l de d from  fast swit c h i n g digi tal signa l s and nois y 
powe r supp ly lin e s.

• B e c a use the ADC and the digita l cor e sha re the sam e pow e r supp l y, the pow er sup p ly 
line must be adeq ua t e l y filt e re d.

• To imp ro v e the ADC perf or ma n c e in a very noisy env iro nm e nt, put the devic e in Sle ep 
mod e dur in g the ADC conv er s i o n.

13.2 XTAL input

T h e inpu t volta g e to the on-chip osci l l a t o r s is limi t e d to 1.8 V. If the os cil l a t o r is drive n by a 
cloc k in slav e mode, it is recom m en d ed that th e inp ut be coup l e d thr ou gh a capa c i t o r wit h 
C i  = 100 pF. To limi t the inp u t vol ta ge to the spe c i f i ed ran ge, choo s e an addit i on a l 
capa c i t o r to groun d C g  whic h att e nu at es the inp ut volta g e by a fact or C i /(C i  + C g ). In slav e 
mod e, a minim u m of 200 mV (RMS) is need ed. 
 

In slav e mode the input cloc k sign a l shou l d be  cou pl e d by mea ns of a capa c i t o r of 100 pF 
(Figur e 24 ), with an ampl i t u d e bet w e e n 200 mV (RMS) and 1000 mV (RMS). This 
corr es po nd s to a squa re wav e sign a l wit h a sign al swi n g of betw e en 280 mV and 1.4 V. 
The XTALO U T pin in this conf i g ur a t i on can be left unc o n ne c t ed. 

Exter n a l compo n e n ts and model s used  in oscil l a t i o n mode are show n in Fig ur e 25  and in 
Table 17  and Tab le 18 . Since the feed ba c k resi s ta nc e is inte g ra t e d on chip, only a crys tal 
and the capa c i ta nce s C X1  and C X2  need to be conne c t e d exte rn a ll y in case of 
funda m e n ta l mode osc il l a t i o n  (the fund a m e n ta l freq u e n c y is repres e n ted by L, C L  and 
R S ). Capa cita nc e C P  in Fig u re 2 5  rep re s e nts the para l l el pac k ag e capa c i ta n c e and shou l d 
not be larg e r tha n 7 pF. Para m et er s F OS C , C L , R S  and C P  are supp lied by the cry stal 
man uf ac t u re r (see Table 17 ).

Fig 24. Slave mode operation of the on-chip oscillator
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or d er to kee p the noise coup le d in via the PCB as small as poss ible. Also para sitic s 
shoul d stay as small as  poss i b l e. Value s of C X1  and C X2  shou ld be cho se n smalle r 
ac cord i n g l y to the inc rea s e in paras i t i c s of the PCB lay out. 

13.4 Connecting power, clo cks, and debug functions

F i gu re 2 6  show s the bas i c boa r d con n ec t i on s us ed to power the LPC112x and pro v i d e 
debu g capa b i l i t i e s via th e seria l wire port.
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13.5 Termination of unused pins

Ta bl e 19  sho ws how to term in at e pins tha t are not  used in the appl i c a t i o n. In many cas es, 
unus e d pin s may sho u ld be conn e c t e d ext e rn al l y  or conf i g ur e d cor re c t l y by soft w ar e to 
minim i z e the overa l l powe r cons um p t i o n of the part.

Unus ed pins wit h GPI O fun c t i on sho ul d be conf i gu re d as outpu ts set to LOW wit h the i r 
inter na l pull-up disa b l ed. To conf i gu re a GPIO pin as outp u t and driv e it LOW, sele c t the 
GPI O fun c t i on in the IOC O N reg i s t e r, sele c t out p ut in the GPI O DIR reg i s t er, and writ e a 0 
to the GPIO PORT regi s t e r for that pin. Di sa bl e the pull-up in the pin’s IOCO N regi s t e r.

In add i t i o n, it is rec om m en d ed to con f i g ur e all GPI O pin s tha t are not bond e d out on 
smal le r pac k a g es as outpu ts driv en LOW wit h their int er n al pul l-up disab l ed.
 

[1] I = Input, O = Output, IA = Inacti v e (no pull- up/pull-down en abled), F = floatin g, PU = Pull-Up.

13.6 Pin states in di fferent power modes
 

[1] Defa ul t an d progr a m m e d pin states are retain e d in sleep, dee p-sleep, and power-dow n modes.

Table 19. Termination of unused pins

Pin Default 
state [1]

Recommended termination of unused pins

R E SET /PIO0_0 I; PU In an appl icati on that does not use the RESET  pin or its GPIO function, the 
termin ation of this pin depend s on w hether Dee p powe r-down mode is use d:

• Deep power-down used : Con nect an exte rn al pull-up resistor and keep pin in 
defaul t sta te (input, pull-up enab led) duri ng all othe r power modes.

• Deep power-down not used and no external pull-up connected : can be left 
uncon nected if interna l pull-up is disabl ed and pin is driven LOW and 
configu re d as output by soft ware.

all PIOn_ m (not 
open-drain)

I; PU Can be left uncon nected if driven LOW and configure d as GP IO output with pull-up 
disab led by softwa re.

PIOn_m (I2C open-dra in) IA Can be left  uncon nected if driven LO W and configure d as GPIO output by soft ware.

VREF P - Tie to VDD. 

VREF N - Tie to VSS.

Table 20. Pin states in different power modes

Pin Active Sleep Deep-sleep/Power-
down

Deep power-down

PIOn_m pins (not 
I2C)

As configu re d in the IOCON [1] . Default: internal pull-up 
enabl ed.

Floating.

PIO0_4, PIO0_5 
(open-drain 
I2C-bus pins)

As configu re d in the IOCON [1] . Floating.

RESET Re se t function enabl ed. Default: input, internal pull-up 
enabl ed. 

Rese t function disable d; floa ti ng; if the part 
is in deep power-down mode, the RESET  
pin need s an extern al pul l-up to reduce 
power consumption.

PIO1_4/
WAKEUP

As con fig ured in the IOCON [1] . WAKEUP fun cti on inactive. Wake-up function ena ble d; can be disabl ed 
by software.
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13.7 Standard I/O pad configuration

F i gu re 2 7  show s the poss i bl e pin mode s for stand a rd I/O pins with anal og inpu t func t i on :

• D i g i ta l outp u t driv e r.

• D i g i ta l input : Pull- up enab l ed/disa bl e d.

• D i g i tal input : Pull-down enabl e d/disab l e d.

• D i g i tal inp ut : Rep e at e r mod e ena bl e d/dis ab l e d.

• Dig ital outp ut : Ps eu d o open-drain mod e ena ble/disa b l ed.

• A n al o g inp u t.
 

Fig 27. Standard I/O pad configuration

PIN

VDD VDD

ESD

VSS

ESD

strong
pull-up

strong
pull-down

VDD

weak
pull-up

weak
pull-down

open-drain enable

output enable

repeater mode
enable

pull-up enable

pull-down enable

data output

data input

analog input

select analog input

002aah159

pin configured
as digital output

driver

pin configured
as digital input

pin configured
as analog input
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16. Abbreviations

 

17. References

[1] Use r manu a l UM10839.

[2] E rr ata she et ES_ LP C112x.

[3] I2C-bus spec i f i c a t i o n UM10204.

[4] Tec h n i c a l note ADC desig n guide l i n e s : 
htt p://www.nxp.com/doc um e n ts /tech n i c al _ n o t e/TN00009.pdf

Table 21. Abbreviations

Acronym Description

ADC Ana log-to-Digital Con verte r

AHB Adva nced Hig h-performan ce Bus

APB Adva nced Perip heral Bus

BOD Brown Ou t Detection

GPIO Gene ral Purpose Inpu t/Outp ut

PLL Pha se-Locked Loop

RC Re sisto r-Capacitor

SPI Seri al Periph eral Interfa ce

SSI Seri al Synchron ous Interface

S S P S y n c h ro n o u s Serial Port

T EM Tran sve rse Electro Ma gne tic

UART Un iversal Asynchron ous Recei ver/Tra nsmitter
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