LPC2292 Universal Asynchronous
Receiver Transmitter (UART)

» Two UARTs on LPC2292
» UARTO: TxDO, RxD0O, UART I: TxDI,RxD |
Pins: PO.0 PO.I P0.8 PO0.9

» Asynchronous serial communications protocol
» Conforms to “550 industry standard specification”

Built-in, programmable baud rate generator
| 6-byte transmit/receive FIFO

5-to-8 bit data formats

Programmable parity checking/transmission
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Interrupt-driven operation available



UARTO block diagram
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RxD,TxD pins

» Select RxD, TxD pin functions in pin connect block
register PINSELO (0xE002C000)
(Configures pins P0.0 — PO0.15)
PINSELO(1:0): 00 for GPIO P0.0,01 for TxDO
PINSELO(3:2): 00 for GPIO PO0.1,01I for RxDO
PINSELO(17:16):00 for GPIO P0.8,01 for TxD
PINSELO(19:18): 00 for GPIO P0.9,01 for RxDl|

v v VvV Vv

LPC2292 User Manual — Chapter 8



UARTO Register Map

n

All 8 bits — “unsigned char” in lpc22xx.]
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UARTO data registers

» Receiver buffer register (RBR)

» UORBR = 0xE000C000 (read only)

» read returns top byte of FIFO
oldest character received

» Transmitter holding register (THR)

» UOTHR = 0xE000C000 (write only)

» write stores byte as “newest” in the FIFO
to be transmitted

» RBR/THR accessible only if “divisor latch” access bit
disabled (DLAB=0) in UOLCR



UARTO line control register
UOLCR - OxEO00COO0C

Initialize data format & enable/disable divisor latch

UOLCR Function Description Reset
Value
00: 5 bit character length
10 Word Length | 01: & bit character length 0
| Select 10: 7 bit character length
11: & bit character length
) 0: 1 stop Lit
2 | StopBitSelect | 4 5 oion bits (1.5 if UOLCR{1:0]=00) 0
. 0: Dizable party generation and checking
3 Parity Enable 1: Enable parity generation and checking 0
00: Qdd parity
. 01: Even parity
c- o
=4 Parity Select | 41 Forced *1* stick parity 0
11: Forced “0° slick parity
0: Dizable break franzmission
G EBreak Contrel | 1: Enable break transmission. 0
Dutput pin UARTO TxD is forced to logic O when UOLCRE iz active high.
7 Divisor Latch 0: Dizable access to Divisor Laiches 0
Access Bit 1: Enable access to Divisor Latches

E Access Read/Transmit buffers only if DLAB =0



Baud Rate Generator

» UART sampling clock = 16 x baud rate

» over-sample input for reliable detection of start bit and
timing of data samples of received bits

» Sampling freq. = VLSI Peripheral Bus (VPB) clock (pclk)
divided by | 6-bit “divisor”
Fsampling = Fpclk / (MSB:LSB)
» UODLL (OxEO00CO000) = Divisor Latch LSB

» UODLM (0xEO00CO004) = Divisor Latch MSB
Accessible only when DLAB=1 in LCR



Example: divisor for 9600 baud

» Assume VPB clock Fpclk= 15MHz

» Fsampling = 16 x 9600 = 153,600 Hz
» Divisor = Fpclk / Fsampling

= |5MHz/153,600Hz

= 97.6 = 0x006 |

» Program: DLM = 0x00, DLL = 0x6 |



LPC2292 clocks

Configure in startup code

» uCdragon has 14,7456MHz crystal connected to pins
X1/X2 (Xtal frequency for LPC2292 must be 10MHz-25MHz)

» Oscillator: Fosc = 14.7456MHz

» Phase locked loop (PLL) can generate a higher CPU clock
frequency, ccllc (next slide)
» If PLL bypassed: cclk = Fosc

» Current-controlled oscillator frequency (Fcco) range =
|56MHz-320MHz

» Calculate cclk from programmable factors P & M
Fcco = cclk*2*P P=1,240r8
Fcco = Fosc*M*2*P M=1-32
» VLSI peripheral bus (VPB) clock (pclk) frequency derived
from cclk (programmable)
» pclk = cclk/N  (N=1,2,4%) *default N=4



PLL block diagram
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Example: UART initialization

Idr r0,=UOLCR ;point to control reg

mov  rl,#0x83 ;8 data, | stop, no parity, DLAB=I
str rl,[rO] ;write to control reg

Idr r2,=UODLL ;point to divisor latch (low)
mov  rl,#0x6 ;low byte of divisor

str ri,[r2] ;write to UODLL

mov  rl,#0x00 ;high byte of divisor

str rl,[r2,#4] ;write to UODLM

mov rl,7#0x03 ‘DLAB=0

str rl,[rO] ;write to control reg



C example

void init_serial() {
pinsel0 = 0x00005000; //enable TxD,RxD

UILCR = 0x83; [[DLAB=1
UIDLL = 97, //divisor low
UIDLM = 0; //divisor high
UILCR = 0x03; [[DLAB=0

}



Line Status

UOLSR =
OxEO00CO014

WILSR

Function

Description

-
Reset

Receiver Data Ready

RDR=1 if new char
available in RBR

Receive error bits

Transmitter Holding
Register Empty

/
/

THRE=1 if OK to write

new char to THR

read and fhere are no subsequent errors in the UARTO FIFO.

Value
. 0: UORER. is empty
0 DEEG;EEL 1: UDRER contans valid data 0
ROR ¥| UOLSRD is set when the UDRBR holds an unread character and is cleared when the
' : UARTOD RER FIFO is empiy
0: Cwerrun emor stabus is mactve.
Ciwemm 1: Owermun emor status s actwe.
- The owerrun error condition s set 35 soon as it ocours. An JOLSR read cears JOLER 0
.‘E;E— JOLER1T is setwhen UARTO R5R has a new characier assembled and the UARTD RER
L) FI=3 s full. In this case, the UARTD RER FIFD will not be cvenamtten and the character
in the UARTO RSR will be lost.
0: Parity ermor siatus is inactive.
Parity Error 1: Parity ermar status is ac’.i'!re. _ _
2 . ¥When the panty bit of a received character iz m the wrong state, a parity error occurs. An [
v JOLER read clears LIOLSR2. Time of parity emor detection is dependent on UDFCRO
/ & parity emor is associated wih the character beng read from the UARTD RBR FIFD.
0: Framing error status is inactive.
1: Framing error status is active.
Framing ¥When the stop bit of a received character is a legic 0, a framing emor cocurs. An UOLSR
- read clears UILSR3. The time of the framing error defection s dependent on UJIFCRD. 0
.'I:I'E:\.:- A framing error is associated with the character being read from the UARTO RER FIFC.
v Jpon detection of a framing error, the RBx will attempt to resynchronize 1o the data and
/ assume that the bad stop bit is actually an early stam bit. However, it cannot b2 aszumed
that the next received byte wl be cormect even if there s no Framing Emor.
0: Break interrupt status is mactwe.
1: Break interrup? status is active.
reak VWhen RxD0 is held in the spacing state (all 0's) for one full character transmission (start,
4 Itermumt data, pEI.'il.'g.'. stop), & break interrupt ocours. Dn-:.:ethe- break condtion has been detzcted, 0
I M ;“ the recener goes e unt! Rx0C0 goes to marking state (37 1's). An UILER read clears
R this status bit. The time of break detecton is dependent on UOFZRD.
The break interrupt is associated with the characier being read from the UARTD REBR
FIFO.
ﬁgﬂ}_‘;er 0: UOTHR F:Drr.ains, vatd data.
5|, Register 1: UOTHR is empty. 1
- Empty TH_?E i3 setimmad ately upon detection of an empty UARTD THR and s cleared on a
(THRE) | VOTHR write.
- . 0: UOTHR andlor the WITSR contains vatd data.
"";:I“““EF 1: UDTHR and the UOTSR are emgty. :
|'TEﬁr'I!|'I'- TEMT is setwhen both UITHR and UDTSR are empty; TENMT = cleared when either the
A JOTER or the UOTHR contain valid data.
4 0: UDRER contains no UARTD R emrors or UOFCRO=0
Ermorin Bx | 1: UARTD RER contains at least one UARTD Fx emor.
7 FIFD JOLERT is set when a character with a Rx error such as framing emor, panty emor or [
(RXFE break intermupt, is loaded into the JORBR. This bit is cleared when the WILER regster =




Example: receiver “busy-wait”

Ildr  r0,=UOLSR ;point to LSR
wait Idr  rl,[rO] ;read LSR

ands rl,rl #l ;test RDR

beq wait ;wait until RDR=1

|dr rO,=UORBR ;point to RBR

Ildr  rl,[rO] ;read data

Transmitter busy-wait similar



Receive “busy-wait” in C

/* Read character from Serial Port */

char getchar (void) {
while ((UOLSR & 0x01) == 0); //wait until character ready
return(UORBR); //return char from RBR

}



UARTO FIFO control register
UOFCR - OxE0O00CO008

Rx “trigger level” = 1, 4, 8, or 14 characters

Reset

UOFCR Function Description
Value

Active high enable for both UARTD Rx and Tx FIFCs and UOFCRT:1 access. Thiz it
0 FIFO Enable | must be set for propger UARTO opesaration. Any transition on this bit will autcmatically 0
clear the UARTD FIFOs.

Writing a logic 1 o UOFCRT will clear all bytes in UARTD Rx FIFD and resst the pointer
ogic. Thiz kit iz self-clearing.

Writing a logic 1 to UOFCR2 will clear all bytes in UARTO Tx FIFD and reset the pointer
ogic. Thiz kit iz self-clearing.

1 R FIFD Reset

2 Tx FIFD Resst

Fezened, user software should not write ones o reserved bitz. The value read from a

reserved it iz not defined. MA

53 Reserved

00 trigger level 0 (default=1 character or 0x01h)
01: trigger level 1 (default=4 characters or Ox0<h)
10: trigger level 2 (default=2 characters or Dx0Eh)
o Fox Trigger Level [ 11: trigger level 3 (default=14 characters or Oxleh)
: Select
Thesze two bits determing how many receiver UARTO FIFO characters must be written
before an intermupt iz activated. The four trigger levels are defined by the user at

compilation allowing the user to tune the trigger levels to the FIFO depths choszen.




Interrupt enable register
UOIER = OXxEO00C004*

4 Interrupt sources:

*received data available * character receive time-out
*transmitter holding register empty * Rx line error (bits 4-1 of LSR)
LIOIER Function Description Eﬁﬁﬁ:
0 Disahle the RDA interrupt.
0 RER Interrupt | 1: Enahle the RDA intermupt. 0
Enahle UDIERD enahbles the Receive Data Available interrupt for UARTO. It also confrols the
Character Receive Time-out intermupt.
0 Disahle the THRE intermupt.
1 THREE Interrupt | 1: Enahle the THRE intermugpt. 0
Enahle UOIER1T enables the THRE interrupt for UARTO. The status of this interrupt can be read
from UOLSRS.
0 Disahle the Rx line status interrupts.
5 Rx Line Status | 1: Enable the Rx line status interrupts. 0
Interrupt Enable | UDIERZ enables the UARTO Rx line status inferrupts. The status of this interrupt can be
read from UOLSR[4:1].
73 Reserved Reserved, _u;:er sﬂﬂwgre should not write ones to reserved bhits. The valus read from a NA
reserved hit is not defined.

* Accessible when DLAB=0 in Ine control register



Interrupt ID register
UOIIR = OxEO000CO008

Allows interrupt handler to determine that there is a

pending UART interrupt & cause of the interrupt

JOIHR Function Description Reset
Value
0: At least one interrupt iz pending.
0 Interrupt 1: Mo pending intemupis. 1
Fending HMote that UDIIRD is active low. The pending interrupt can be determined by evaluating
LIDIER3:1.
011: 1. Receive Line Status (RLS)
010: 2a.Receive Oata Available (RDA)
3-4 Interrupt 110: 28 Character Time-out Indicator (CTI) 0
| deniification 001: 3. THRE Interrupt.
UDIERS identifies an interrupt corresponding to the UARTD Bx FIFO. all other
combinations of UDIER2:1 not listed above are reserved {000,100,101,111).
54 Reserved Reserved, user software should not write ones to reserved bits. The value read from a NA
reservad bit is not defined.
76 FIFZ Enable | These bits are equivalent to UOFCRD. 0




Interrupt identification

Interrupt ID # of UOIIR indicates source & priority of interrupt

v
, - Interrupt Interrupt Interrupt
UDNR[3:0] Priority Type Source Reset
0001 - none none -
. B .
0110 Highest | " "'Eéﬁamsr OE or PE or FE or Bl UOLSR Read
UIRER Reador
0100 Second RxData | o sata available or trigger level reached in FIFO (UOFCRo=1)| WARTOFIFO
Available drops below
trigger lsve
Minimum of one character in the Rx FIFC and no character
input or removed during a time period depending on how many
- characters are in FIFC and what the trigger level iz set at (3.5
1100 Second | ChArECtEr TIMe- 1l o Character imes). U0 RER Read
out Indication ) . :
The exact time will be;
[lword length) x T - 2] £ 8 + {{irigger level - number of
characters) X & + 1] RCLK=
UDIIR Read (if
. source of
0010 Third THRE THRE interrupt) or
THR write
note: values "0000", *00117, *01017, “01117, “10007, “10017, 10107, “10117,"11017,"1110°,"1111" are reserved.




