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Introduction
It is possible to use the synchronous serid ports on the ADSP-21xx digital signal processors to perform bi-
directional RS-232 communications.

An RS-232 port has two data Sgnds (data transmit and data receive), and a host of hand-shaking signas
(DTR,DSR,CTSRTS). Thereis, however, no clock sgnd and no framing sgna which makesit difficult to
connect it to ports which require a clock and frame sync. This application note will present a method which
alows the synchronous serid ports to communicate in such amanner. To fully understand the content of this
document, it is recommended that the reader review Chapter 5, Serid Ports of the ADSP-21xx Family User’'s
Manual.

An Overview of RS-232 Communications

In atypicd RS-232 interface, data is transmitted at a predetermined bit rate — this is commonly referred to as
the BAUD rate (bits per second). Since there is no clock, both devices need to know this information before
data can be effectivdly communicated. There are dso framing and parity bits included in each data word.
These bits are commonly referred to as start-bits, stop-bits and parity-bits. RS-232 data can be between 5
and 8-bitsand is always sent LSB fird.

The start and stop bits occur at the beginning and end of the data transmission respectively.

A parity bit can be included in the transmission and there are 5 parity options in the RS-232 standard : even,

odd, mark, space or none. If even parity is used, then the last data bit transmitted will be alogicall if the data
transmitted had an odd amount of ‘1" bits. If odd parity is used, then the last data bit transmitted will be a
logicd 1 if the data transmitted had an even amount of ‘1" bits. If mark parity is used, then the last transmitted
data bit will aways be alogicd 1. If space parity is used, then the last transmitted data bit will dways be a
logicad 0. If no parity is used, then there is no parity bit transmitted.

There are 3 options for the stop-hit. Theseare 1, 1% and 2.
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o, for the sake of example, let’s examine what the transmission of the bit pattern ‘01010101" over the RS-232
port with atypical RS-232 set-up with 8 data bits, no parity, and one stop-bit. Here, we would see
LSB(1010101010) MSB

Or
(start-bit)(8 data bits)(stop bit)

Overview of DSP Interface

The diagram below shows the basic interface between the DSP and the RS-232 port.  This diagram does not
include leve-shifting devices (RS-232 uses 9 Volt Sgnds) nor does it make use of any handsheking sgnds
(DSR, DTR, RTS, CTS).

SCLK |
DR DT
RFS
DT DR
TFS —
ADSP- RS-232 Device

The serid ports require a dightly different configuration for tranamitting and receiving data, therefore, it will be
impossible to transmit and recelve data a the same time which is common amongst full-duplex serid port
communications sysems. This problem can be overcome by usng a combination of the handshaking sgndsto
ensure that datais not being sent to the DSP while it transmits. For example, we could de-assert the DSR (data
send ready) sgnd on the RS-232 port thereby ingtructing the device not to send and data while we are
trangmitting data.

Data Reception
For data reception, we will setup the seria port of the DSP to generate an interna clock, require externa frame
syncs.

As shown in the diagram above, the clock signd does not connect to anything. We are using the clock internaly
S0 that we can sample the incoming data on the RS-232 DR line & a multiple of the hit rate it is being sent at.
We are sampling each bit more than once to ensure correct data. Remember, we only know the rate that the
data is coming in but have no information regarding the phase relaion of the data to our clock. If we over-
sample the data with the serid clock, we'll dways be sure that at least 2 of the 3 bits we sample for each sent
bit isaccurate. So, if the RS-232 device we are communicating with is transmitting data at 9600 BAUD (9600
bits/second), we want to sample the data at 3x9600 bits/second, or 28,000 bits/second. The diagram on the
next page helpsto illugrate this concept.

As shown in the diagram above, the DT sgnd from the RS-232 port connects to both the DR and the RFS
ggnasonthe DSP. Thisis because we will be usng the start-bit of the RS-232 transmisson asthe RFS signdl.
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Remember, the DSP only pays attention to the RFS signd whileits waiting for a new word and when operating
in framed mode. While the word is being received, the RFS signd is not polled.

We end up sampling each bit 3 times, plus 2 samples for the start-bit (the I bit of the tart bit is interpreted as
the RFS, not data) plus another 3 samples for the stop bit. So, we need to capture 29 hits of data. The serid
ports on the ADSP-21xx family can only read in 16-bit words through the seria ports so we are going to bresk
it up over two words. To achieve this, we will switch the serid port into unframed mode after the first word
(word 0) is received and then set it back to framed mode after the second word (word 1) has been received.
This, in effect, will dlow us to recelve one contiguous block of bits from the serid port.

Received
bit-pattern

SCLK
(internal) B

A

5 [,
s 2 oo P if/\/m\}{/ Bit4 | Bt \B/é\

Word 0 = HWord 1 =
11:000:000:111:000:11)2 111: 000
< framed > < uriframed

frame has been received.

RFS is sampled by the DSP
on this edge. It will then be
ignored wuntil the current

Figure 2 :

Example RS-232 word reception using the ADSP-2Ixx serial ports.

Beow isasmple state-diagram to help illudtrate this process. ..
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receive . receive
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EN-60 Figure 3

. Receive State Diagram
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Data Transmission

The data tranamit side of this interface isfar ampler than the receive Sde. Again, we are usng the same
hardware configuration but on transmit sde, we have DT from the DSP connected to DR of the RS-232
device.

Wewill st up the serid port for internd clock, but dso internd frame sync. When tranamitting, the clock will
be st a the actud BAUD rate ingtead of a higher multiple. We will so need to manudly insart sart, stop and
parity bitsin aswell. So, if we want to tranamit the following bit pettern:

b#01010101
We would need to use the shifter to add the start and stop bits. What we end up with is:

B#1010101010
The start and stop bits here are underlined and we are using no parity.

Code Examples

The following code example was written for an ADSP-218x part but can be easily modified to support non-8x
parts like the ADSP-2101. This code performs RS-232 reads and writes and also caculates and generates
parity information.

A soft version of this code can be found on our ftp Ste at:

ftp.analog.com/pub/dsp/app note/UART

. MODULE/ RAM ABS=0x00 UART_21xx;

{ software uart state machine definitions }
#define Uart TxSt at el nacti ve 0
#define Uart TxSt at eWrrdl
#define Uart TxSt at eWdr d2
#define Uart TxSt at eWr d3
#define Uart TxSt at eError

A WN PR

#define Uart RxSt at eWrdl
#defi ne Uart RxSt at eWr d2
#define Uart RxSt at eError 2

= O

#define TxLowerLimt 0x30
#defi ne TxUpperLimt Ox7f

{ serial port control register stuff }
#defi ne I nvertRecei veFranmeSync 6
#define Internal Transm t FraneSync 9
#define Transm t FraneAl ternate 10
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#defi ne Transm t FraneRequi r ed 11

#defi ne Recei veFraneAl ternate 12
#def i ne Recei veFraneRequired 13
#define I nternal Serial d ock 14
#define Serial WrdLengt h_16bits 15
#defi ne Recei veAut oBuf f er Enabl e 0
#define Transm t Aut oBuf f er Enabl e 1

{ processor specific stuff }
{ memory mapped core registers of the ADSP2181 }

. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST
. CONST

SYSCNTL

MEMMAI T

TPERI CD

TCOUNT

TSCALE

Sport O_Rx_Wordsl
Sport O_Rx_Wor dsO
Sport0_Tx_Wordsl
Sport 0_Tx_Wor dsO
Sport0_Ctrl _Reg
Sport 0_Scl kdi v
Sport O_Rf sdi v

Sport O_Aut obuf _Ctrl
Sportl _Crl_Reg
Sport1_Scl kdi v
Sportl Rfsdiv

Sport1l Autobuf _Crl

{ miscellaneous definitions }

#defi ne
#defi ne

#defi ne
#defi ne

ZERO no
ONE L
TRUE ONE
FALSE ZERO

{ m0=0
{ ml=1

= Ox3fff;
= Ox3ffe;
= ox3ffd;
= ox3ffc;
= 0x3f f b;
= 0Ox3f f a;
= 0x3ff9;
= 0x3ff8;
= ox3ff7;
= 0x3f f 6;
= 0Ox3f f 5;
= Ox3f f 4;
= 0Ox3f f 3;
= 0Ox3f f 2;
= 0Ox3ff1;
= 0x3ff0;
= Ox3f ef ;
always }
always }

{*****'k*******'k*******'k******************************* }

{ }
{ Vari abl e definitions }
{ }

{***************************************************** }

.var/dmram TxState; {

uart 0 tx state variable }

.var/dmram TxData; { data byte to tx }
.var/dmramRxState; { uart O rx state variable }
.var/dmram RxData; { data byte to rx }

.var/ramdnicirc TestBuffer[32];
. VAR RAM DM RxUpper Wr d;

. VAR RAM DM RxLower Wor d;

. VAR RAM DM TxUpper r Vor d;

. VAR RAM DM TxLower Wor d;

{ test capture buffer }

{ To select which serial port to use, either define SPORTO_UART or SPORT1_UART }
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#define SPORT1_UART { use sportl as the UART }

{ Here is where we set the BAUD rate for our system}
#def i ne BAUD 2400

{ Set the systemclock frequency here - 33.3MWhz for 2181}

.CONST CLKFREQ = 33333333;
.CONST  UARTCLK=( CLKFREQ ((3*BAUD)*2)) - 1;

{ CODE STARTS HERE }

junmp STARTUP; rti; rti; rti; {00: reset }
rti; rti; rti; rti; {04: IR }
rti; rti; rti; rti; {08: IRQ1 }
rti; rti; rti; rti; {Oc: IRQ.O }
junmp Uart Tx; rti; rti; rti; {10: SPORTO tx }
junp Uart Rx; rti; rti; rti; {14: SPORT1 rx }
rti; rti; rti; rti; {18: IRQE }
rti; rti; rti; rti; {1c: BDMA }
jump Uart Tx; rti; rti; rti; {20: SPORT1 tx or IRQL }
jump Uart Rx; rti; rti; rti; {24: SPORT1 rx or IRQ }
rti; rti; rti; rti; {28: tiner }
rti; rti; rti; rti; {2c: power down }
STARTUP
call InitStuff; { setup various registers }

call InitUart;

| FC = 0x00; {dear any pending interrupts }
#i f def SPORTO_UART
ay0 = 0x060
#el se
ay0 = 0x006
#endi f
ar = | MASK
ar = ar OR ay0; { enable sport tx and receive ints }
| MASK = ar
ar=0xffff; { start serial transmt - all 1's }

#i f def SPORTO_UART
t xO=ar;

#el se
txl=ar;

#endi f

Mai nLoop: { dummy | oop, interrupts handl e everything }
nop;
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j unmp Mai nLoop;

InitUart:

#i f def SPORTO_UART
ar =0;
ar=SETBI T Internal Serial d ock of ar;
ar=SETBI T Recei veFraneAl ternate of ar;
ar=CLRBI T Recei veFraneRequi red of ar;

ar=SETBI T I nternal Transm t FrameSync of ar;
ar=SETBI T Transm tFraneAl ternate of ar;
ar=SETBI T Transm t FraneRequi red of ar;

ar=SETBI T | nvert Recei veFranmeSync of ar;

ayO=Seri al Wor dLengt h_16bi t s;
ar=ar or ayo;

dm(Sport0_Ctrl _Reg)=ar;
ar =UARTCLK;
dm( Sport 0_Scl kdi v) =ar;

ar =dn{ Sport O_Aut obuf _Ctrl);

ar=CLRBI T Transm t Aut oBuf f er Enabl e of ar;
ar=CLRBI T Recei veAut oBuff er Enabl e of ar;
dm( Sport 0_Aut obuf _Ctrl)=ar;

dm( TxSt at e) =ZERQ, { uart state machi ne counter }
dm( RxSt at e) =ZERQ,

ar = TxLowerLimt;
dm( TxDat a) =ar ;

ar =dn{ SYSCNTL) ; { enable serial port 0}
ar=setbit 12 of ar;
dm( SYSCNTL) =ar ;

#el se { sport 1 uart setup }
ar =0;
ar=SETBI T Internal Seri al d ock of ar;
ar=SETBI T Recei veFraneAl ternate of ar;
ar=CLRBI T Recei veFranmeRequi red of ar;

ar=SETBI T I nternal Transm t FrameSync of ar;
ar=SETBI T Transm t FraneAl ternate of ar;
ar=SETBI T Transm t FraneRequi red of ar;

ar=SETBI T | nvert Recei veFranmeSync of ar;

ay0=Seri al Wr dLengt h_16bi t s;
ar=ar or ayo;
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dm(Sportl_Cirl _Reg)=ar;
ar =UARTCLK;
dm( Sport1_Scl kdi v) =ar;

ar =dn{ Sport 1_Aut obuf _Ctrl);

ar=CLRBI T Transm t Aut oBuf f er Enabl e of ar;
ar =CLRBI T Recei veAut oBuf f er Enabl e of ar;
dm(Sport1_Autobuf Crl)=ar;

dm( TxSt at e) =ZERQ, { uart state machi ne counter }
dm( RxSt at e) =ZERQ,

ar = TxLowerLimt;
dm( TxDat a) =ar ;

ar =dn{ SYSCNTL) ; { enable serial port 0}
ar=sethit 11 of ar;
ar=sethit 10 of ar;
dm( SYSCNTL) =ar ;
#endi f
rts;

Uart Tx:
{ use this as the entry point for the tx isr }
ena sec_reg;

n7=dm( TxState); { renmenber that nv, i7 are used }
i 7="Uar t TxConmands;

modi fy(i7,nv);

call (i7);

rti;

Uar t TxComrands:
jump Uartlnactive;
jump UartWordi;
junmp Uart Wor d2;
junmp Uart Wor d3;
jump UartError;

Uart| nactive:
ar=0xffff; { send out all stop bits... }
#i f def SPORTO_UART
t xO=ar; { stay in state 0 - inactive }
#el se
txl=ar;
#endi f
rts;

Uar t Wor d1:

{ call xmt; hereis where the other stuff gets called }

cal | PrepareTxWrds;
ar = Uart TxSt at eWbr d2;
dm( TxSt at e) =ar ; { nove on to tx next word }
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#i f def SPORTO_UART
t xO=dm{( TxUpper r r d) ; { wite the word out... }
#el se
t x1=dm( TxUpper r or d) ;
#endi f
rts;

Uar t Wor d2:
ar = Uart TxSt at eWbr d3;
dm( TxSt at e) =ar; { nove on to tx next word }
#i f def SPORTO_UART
t xO=dm( TxLower Wor d) ; { wite the word out... }
#el se
t x1=dm( TxLower Wr d) ;
#endi f
rts;

Uar t Wr d3:
ar = Uart TxSt at el nacti ve;
dm( TxSt at e) =ar; { nove on to inactive tx state when done }
ar = Oxffff; { send out dummy stop bits }

#i f def SPORTO_UART
t xO=ar ;

#el se
txl=ar;

#endi f

rts;

UartError:
dm( TxSt at e) =ZERQ, { just clear the state machine... }
ar=0Oxffff;
#i f def SPORTO_UART
t xO=ar;
#el se
tx1l=ar;
#endi f

rts;
Pr epar eTxWr ds:

ar =dm( TxDat a) ;
sr=lshift ar by -8 (hi); { sr=0000xx00 data byte to xmt }

nT 0=sr O; { mO contains byte to shift out }
sr=lshift ar by 32 (l0); { clear sr }

ar =8; { process 8 bits }

af =pass ar; { bit counter in af }

nt 1=0; { parity counter }

txMrrorl nmage:
ay0=nr 0; { get the byte... }
ar =nr O+ayO0; { mrO=nr0<<1 }
nr O=ar ;
if ac junp txltsACne;
ar=srl;
junmp t xGaon;
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t xI t sAOne:

ar =nr 1+1,;
nr 1=ar; { increnment parity count if it's a 'one' }
ay0=0xe000;
ar=srl or ay0O; { ar=111 in nsb's this is a 'one' }
t xGnon:
sr=lshift sr0 by -3 (10); { 32 bit shift right 3 bits }
sr=sr or Ishift ar by -3 (hi);
af =af - 1; { decrenent bit counter }

if ne junp txMrrorl mage;

dm( TxUpperrWord)=sr1; { upper word to transfer }
ar =sr0; { get lower word }
ar=setbit 0 of ar;
ar=setbhit 1 of ar; { set the stop bits }
txParity:

af=tsthit 0 of nm1; { test the parity even/odd }
if eq junp prepareDone;

ay0=0x001c; { xxxx xxxx xxxP PP11 }

ar=ar or ayo;

pr epar eDone:
dm( TxLower Wor d) =ar ;
rts;

{ generate sone test data - increnent byte to send out }

TxTest Dat a:
ar =dm( TxDat a) ;
ar =ar +1;
ayO=TxUpperLimt;
af =ar - ay0;
if le junp rel oad;
ar=TxLowerLimt;
rel oad:
dm( TxDat a) =ar ;
dm( TxSt at e) =ONE;
rts;

Uar t Rx: { isr for sport O rx interrupts }
ena sec_reg;

ar =dn{RxState); { get the present state }
af =pass ar;
if ne junp rxWrdz,

#i f def SPORTO_UART

dm( RxUpper Wor d) =r x0; { store upper word - 1st word received }
#el se
dm( RxUpper Wor d) =r x1; { store upper word - 1st word received }
#endi f
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dm( RxSt at e) =ONE; { advance rx state machine - word 2 }

ar =dn{ RxUpper Wr d) ;
dm(i 2, nl) =ar;

#i f def SPORTO_UART
ar=dn(Sport0_Ctrl _Regq); { set up frane sync to re-sync next byte }
ar =SETBI T Recei veFranmeRequi red of ar;
dm(Sport0_Ctrl _Reg)=ar;
#el se
ar=dn(Sportl _Crl _Reg); { set up frane sync to re-sync next byte }
ar=SETBI T Recei veFrameRequi red of ar;
dm(Sport1l_Cirl _Reg)=ar;
#endi f

rti;
r xWor d2:

#i f def SPORTO_UART

DM RxLower Wor d) =r x0;
#el se

DM RxLower Wor d) =r x1;
#endi f

ar =dm( RxLower Wr d) ;
dm(i 2, nl) =ar;

cal | unpackRxWr ds;
! call Receive; { main reci eve processor... }

dm( RxSt at e) =ZERQ, { have unpacked rx byte, get ready for next one }

#i f def SPORTO_UART
ar=dn{Sport0_Crl _Reg); { frame sync not required for 2nd word }
ar=CLRBI T Recei veFranmeRequi red of ar;
dm(Sport0_Ctrl _Reg)=ar;
#el se
ar=dn(Sportl _Crl_Reg); { frame sync not required for 2nd word }
ar=CLRBI T Recei veFraneRequi red of ar;
dm(Sportl Crl_Reg)=ar;
#endi f

rti;

rxl nactive:

ar =r x0; { flush rx buffer }
rti;
unpackRxWor ds:
si =dn{ RxLower Wr d) ;
nT 0=dm( RxUpper Wr d) ; { get the rx words }

ar=tstbit 14 of mrO; { check start bit... }
if ne junp startBitError;
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ar =8;

ay0=0;

af =pass ar, ar=ayO0; { bit counter }

nr 2=0;

nT 1=0; { clear parity counter, etc. }

se = -3;

sr=lshift si by -3 (l10); { nove center parity bit to Isb}

ar=tstbit 0 of sroQ;
if eq junp rxParityZero;
nr 2=ONE; { parity bit is set, else nr2=0 }

rxParityZero:
sr=sr or Ishift nmO (hi);
si =sr0; { entire 32 bits shifted }
nr 0=sr1;

ar =0;
rxMrror:
sr=lshift si by -3 (l10); { nove next bit to |Isb of sr }
sr=sr or Ishift mO (hi);
si =sr0;
mr O=sr 1,
ar =ar +ay0; { ar=ar<<1 }
ayO=ar ;
ar=tstbit 0 of sro0; { bit to shift into formbyte }
if eq junp rxltsAZero;

ar =nr 1+1; { increment parity counter }
ar=pass 1 ; nrl=ar;

rxltsAZero:
ar=ar or ayo;
ayO=ar ; { newbit is installed }
af =af - 1; { check bit counter }
if gt junp rxMrror; { do all 8 bits }

dm( RxDat a) =ar ;
ar=tglbit 5 of ar;
dm( TxDat a) =ar ;

dm( TxSt at e) =ONE;
dn(i 2, mL) =ar;

rts;

startBitError:
dm( RxSt at e) =ZERQ,
dm( RxDat a) =ZERG, { null for start bit error... }
rts;

{ InitStuff - setup various processor registers and initial conditions... }

InitStuff:

I CNTL = 0x000; {Configure interrupt format }
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i2 = "TestBuffer;
| 2 = %WdestBuffer;
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