


UA RTs
The XA- G 3 in c lud e s 2 UART p o rts th a t a re c o m p a t ib le w ith the e n h a n c e d UART

us e d o n the 8xC 5 1FB .
Ba ud ra te s e le c t io n is s o me w ha t d iffe re nt d ue to the c lo c kin g s c he me us e d fo r the
XA t ime rs .

S o me o the r e n ha n c e me nts have b e e n m a d e to UART o p e ra t io n .
The firs t is tha t the re a re s e p a ra te inte rrup t ve c to rs fo r e a c h UARTs tra n s m it a n d
re c e ive fun c t io n s . The UART tra n s m itte r ha s b e e n d o ub le b uffe re d , a llow in g p a c ke d
tra n s m is s io n o f d a ta w ith n o g a p s b e twe e n byte s a n d le s s c rit ic a l inte rrup t s e rvic e
ro ut ine t im in g .
A b re a k d e te c t fun c t io n ha s b e e n a d d e d to the UART . Th is o p e ra te s in d e p e n d e nt ly
o f the UART its e lf a n d p rovid e s a s ta rt - o f - b re a k s ta tus b it th a t the p ro g ra m m a y
te s t . Fin a lly , a n Ove rru n Erro r fla g ha s b e e n a d d e d to d e te c t m is s e d c h a ra c te rs in
the re c e ive d d a ta s tre a m .

The d o ub le b uffe re d UART tra n s m itte r m ay re q uire s o me s o ftw a re c h a n g e s in c o d e
writte n fo r the o rig in a l XA- G 3 s in g le b uffe re d UART .

Ea c h UART b a ud ra te is d e te rm ine d by e ithe r a fixe d d ivis io n o f the o s c illa to r (in
UART m o d e s 0 a n d 2) o r by the t ime r 1 o r t ime r 2 ove rflow ra te (in UART m o d e s
1 a n d 3) .
Time r 1 d e fa u lts to c lo c k b o th UART0 a n d UART1 . Time r 2 c a n b e p ro g ra m me d to

c lo c k e ithe r UART0 thro ug h T2CO N (via b its R0 C LK a n d T0 C LK) o r UART1 thro ug h
T2 MO D (via b its R1C LK a n d T1C LK) .

In th is c a s e , the UART n o t c lo c ke d by T2 c o uld us e T1 a s the c lo c k s o urc e .
The s e ria l p o rt re c e ive a n d tra n s m it re g is te rs a re b o th a c c e s s e d a t S p e c ia l

Fun c t io n Re g is te r S n BUF . Writ in g to S n BUF lo a d s the tra n s m it re g is te r , a n d
re a d in g S n BUF a c c e s s e s a p hys ic a lly s e p a ra te re c e ive re g is te r .
The s e ria l p o rt c a n o p e ra te in 4 m o d e s :

Mo d e 0 : S e ria l I/ O e x p a n s io n m o d e . Se ria l d a ta e nte rs a n d e xits thro ug h RxDn .
TxDn o utp uts the s h ift c lo c k . 8 b its a re tra n s m itte d/ re c e ive d (LS B firs t) . (The b a ud
ra te is fixe d a t 1/ 16 the o s c illa to r fre q ue n cy .)

Mo d e 1 : S ta n d a rd 8 - b it UA RT m o d e . 10 b its a re tra n s m itte d (thro ug h TxDn) o r
re c e ive d (thro ug h RxDn) : a s ta rt b it (0) , 8 d a ta b its (LS B firs t) , a n d a s to p b it (1) .
O n re c e ive , the s to p b it g o e s into RB8 in S p e c ia l Fun c t io n Re g is te r S n CO N. The
b a ud ra te is va ria b le .

Mo d e 2 : F ix e d ra te 9 - b it UA RT m o d e . 11 b its a re tra n s m itte d (th ro ug h TxD) o r
re c e ive d (thro ug h RxD) : s ta rt b it (0) , 8 d a ta b its (LS B firs t) , a p ro g ra m m a b le 9th
d a ta b it , a n d a s to p b it (1) . O n Tra n s m it , the 9th d a ta b it (TB8_ n in S n CO N) c a n
b e a s s ig ne d the va lue o f 0 o r 1 . Or, fo r e xa m p le , the p a rity b it (P , in the PSW)
c o u ld b e m ove d into TB8_ n .



O n re c e ive , the 9th d a ta b it g o e s into RB8_ n in S p e c ia l Fun c t io n Re g is te r S n C O N,
w h ile the s to p b it is ig n o re d .
The b a ud ra te is p ro g ra m m a b le to 1/ 32 o f the o s c illa to r fre q ue n cy .

Mo d e 3 : S ta n d a rd 9 - b it UA RT m o d e . 11 b its a re tra n s m itte d (th ro ug h TxDn) o r
re c e ive d (thro ug h RxDn) : a s ta rt b it (0) , 8 d a ta b its (LS B firs t) , a p ro g ra m m a b le
9th d a ta b it , a n d a s to p b it (1) .

In fa c t , Mo d e 3 is the s a me a s Mo d e 2 in a ll re s p e c ts e xc e p t b a ud ra te . The
b a ud ra te in Mo d e 3 is va ria b le .

In a ll fo ur m o d e s , tra n s m is s io n is in it ia te d by a ny in s truc t io n tha t us e s S n BUF a s
a d e s t in a t io n re g is te r. Re c e p t io n is in it ia te d in Mo d e 0 by the c o n d it io n RI_ n = 0
a n d REN_ n = 1 . Re c e p t io n is in it ia te d in the o the r m o d e s by the in c o m in g s ta rt b it
if REN_ n = 1 .

S e ria l P o rt C o n t ro l Re g is te r
The s e ria l p o rt c o ntro l a n d s ta tus re g is te r is the S p e c ia l Fun c t io n Re g is te r S n C O N,

s how n in Fig ure 12 . Th is re g is te r c o nta in s n o t o n ly the m o d e s e le c t io n b its , b ut
a ls o the 9th d a ta b it fo r tra n s m it a n d re c e ive (TB8_ n a n d RB8_ n) , a n d the s e ria l
p o rt inte rrup t b its (TI_ n a n d RI_ n) .

T I F la g
In o rd e r to a llow e a sy us e o f the d o ub le b uffe re d UART tra n s m itte r fe a ture , the

TI_ n fla g is s e t by the UART ha rdwa re u n d e r tw o c o n d it io n s . The firs t c o n d it io n is
the c o m p le t io n o f a ny byte tra n s m is s io n .

Th is o c c urs a t the e n d o f the s to p b it in m o d e s 1 , 2 , o r 3 , o r a t the e n d o f the
e ig hth d a ta b it in m o d e 0 . The s e c o n d c o n d it io n is w he n S n BUF is w ritte n wh ile
the UART tra n s m itte r is id le .

In th is c a s e , the TI_ n fla g is s e t in o rd e r to in d ic a te tha t the s e c o n d UART
tra n s m itte r b uffe r is s t ill a va ila b le .

Typ ic a lly , UART tra n s m itte rs g e ne ra te o ne inte rrup t p e r byte tra n s m itte d . In the
c a s e o f the XA UART, o ne a d d it io n a l inte rrup t is g e ne ra te d a s d e fine d by the
s ta te d c o n d it io n s fo r s e tt in g the TI_n fla g . Th is a d d it io n a l inte rrup t d o e s n o t o c c ur
if d o ub le b uffe rin g is byp a s s e d a s e xp la ine d b e low . No te tha t if a c ha ra c te r
o rie nte d a p p ro a c h is us e d to tra n s m it d a ta thro ug h the UART , the re c o uld b e a
s e c o n d inte rrup t fo r e a c h c ha ra c te r tra n s m itte d , d e p e n d in g o n the t im in g o f the
w rite s to S BUF . Fo r th is re a s o n , it is g e ne ra lly b e tte r to byp a s s d o ub le b uffe rin g
w he n the UART tra n s m itte r is us e d in c ha ra c te r o rie nte d m o d e . Th is is a ls o true if
the UART is p o lle d ra the r tha n inte rrup t d rive n , a n d whe n tra n s m is s io n is c h a ra c te r
o rie nte d ra the r th a n me s s a g e o r s trin g o rie nte d .
The inte rrup t o c c urs a t the e n d o f the la s t byte tra n s m itte d whe n the UART

b e c o me s id le .
Am o n g o the r th in g s , th is a llow s a p ro g ra m to d e te rm ine whe n a me s s a g e ha s

b e e n tra n s m itte d c o m p le te ly . The inte rrup t s e rvic e ro ut ine s ho u ld ha n d le th is
a d d it io n a l inte rrup t .



The re c o m m e n d e d me th o d o f us in g the d o ub le b uffe rin g in the a p p lic a t io n
p ro g ra m is to have the inte rrup t s e rvic e ro ut ine ha n d le a s in g le byte fo r e a c h
inte rrup t o c c urre n c e . In th is m a n ne r the p ro g ra m e s s e nt ia lly d o e s n o t re q uire a ny
s p e c ia l c o n s id e ra t io n s fo r d o ub le b uffe rin g . Un le s s h ig he r p rio rity inte rrup ts c a us e
d e lays in the s e rvic in g o f the UART tra n s m itte r inte rrup t , the d o ub le b uffe rin g w ill
re s ult in tra n s m itte d byte s b e in g t ig ht ly p a c ke d w ith n o inte rve n in g g a p s .

9 - b it Mo d e
P le a s e n o te th a t the n inth d a ta b it (TB8) is n o t d o ub le b uffe re d .

Ca re m us t b e ta ke n to in s ure th a t the TB8 b it c o nta in s the inte n d e d d a ta a t the
p o int w he re it is t ra n s m itte d . Do ub le b uffe rin g o f the UART tra n s m itte r m ay b e
byp a s s e d a s a s im p le me a n s o f syn c h ro n iz in g TB8 to the re s t o f the d a ta s tre a m .

By p a s s in g D o ub le B uf fe rin g
The UART tra n s m itte r m ay b e us e d a s if it is s in g le b uffe re d . The re c o m me n d e d

UART tra n s m itte r inte rrup t s e rvic e ro ut ine (IS R) te c h n iq ue to byp a s s d o ub le
b uffe rin g firs t c le a rs the TI_ n fla g up o n e ntry into the IS R , a s in s ta n d a rd p ra c t ic e .
Th is c le a rs the inte rrup t tha t a c t iva te d the IS R . Se c o n d ly , the TI_n fla g is c le a re d

im me d ia te ly fo llow in g e a c h write to S n BUF . Th is c le a rs the inte rrup t fla g th a t wo uld
o the rw is e d ire c t the p ro g ra m to write to the s e c o n d
tra n s m itte r b uffe r .

If the re is a ny p o s s ib ility th a t a h ig he r p rio rity inte rrup t m ig ht b e c o me a c t ive
b e twe e n the w rite to S n BUF a n d the c le a rin g o f the TI_ n fla g , the inte rrup t s ys te m
m a y h ave to b e te m p o ra rily d is a b le d d urin g tha t s e q ue n c e by c le a rin g , the n s e tt in g
the EA b it in the IEL re g is te r .

B a ud Ra te fo r UA RT Mo d e 0 :
Ba ud_ Ra te = Os c/ 16

B a ud Ra te c a lc u la t io n fo r UA RT Mo d e 1 a n d 3 :
Ba ud_ Ra te = Time r_ Ra te / 16
Time r_ Ra te = Os c/ (N* (Time r_ Ra n g e – Time r_ Re lo a d_Va lue ))

whe re N = the TC LK p re s c a le r va lue : 4 , 16 , o r 64 . a n d Time r_ Ra n g e = 2 56 fo r
t im e r 1 in m o d e 2 .
65 536 fo r t ime r 1 in m o d e 0 a n d time r 2 in c o unt up m o d e .
The t ime r re lo a d va lue m a y b e c a lc ula te d a s fo llows :
Time r_ Re lo a d_Va lue = Time r_ Ra n g e – (Os c/ (Ba ud_Ra te * N*16))

NOT ES :
1 . The m axim um b a ud ra te fo r a UART in m o d e 1 o r 3 is Os c/ 64 .
2 . The lowe s t p o s s ib le b a ud ra te (fo r a g ive n o s c illa to r fre q ue n cy a n d N va lue )
m a y b e fo un d by us in g a t ime r re lo a d va lue o f 0 .
3 . The t ime r re lo a d va lue m a y ne ve r b e la rg e r th a n the t im e r ra n g e .
4 . If a t ime r re lo a d va lue c a lc ula t io n g ive s a ne g a t ive o r fra c t io n a l re s ult , the b a ud



ra te re q ue s te d is n o t p o s s ib le a t the g ive n o s c illa to r fre q ue n c y a n d N va lue .

B a ud Ra te fo r UA RT Mo d e 2 :
Ba ud_ Ra te = Os c/ 32

P in D es c rip t io n

P in Na m e Ty p e D es c rip t io n
c lo c k In p ut m a in c lo c k p in
re s e t In p ut m a in re s e t p in

ri_ff_o ut In p ut RI_x in SxCO N re g is te r
s m 2 In p ut RI in SxCO N re g is te r

s m o d In p ut S M0 , S M1 in SxCO N re g is te r
re n In p ut REN_x in SxC O N re g is te r

t ime r1_ov In p ut t ime r1 ove rflow p in
t ime r2_ov In p ut t ime r2 ove rflow p in

rc lk In p ut re c e ive c lo c k
tc lk In p ut tra n s m it c lo c k

s b uf_w r_e n In p ut s e ria l b uffe r write e n a b le p in
s b uf_r_e n In p ut s e ria l b uffe r re a d e n a b le p in

tb 8 In p ut TB8_x in SxCO N re g is te r
int_d a ta_b us In p ut d a ta b us p in s

Pro g ta m e dAd d re s

s
In p ut a d d re s s b us p in s

rxd_p in_ in In p ut fro m e xte rn a l (RxDx) p in

ri O utp ut RI_x (in p ut e n a b le ) in SxCO N re g is te r
ri_ lo a d O utp ut RI_x (w rite e n a b le ) in SxCO N re g is te r
rb 8_ in O utp ut RB8_x (in p ut e n a b le ) in SxCO N re g is te r

rb 8_ lo a d O utp ut RB8_x (w rite e n a b le ) in SxCO N re g is te r
s b uf_o ut O utp ut s e ria l o utp ut b uffe r

t i O utp ut TI_x (in p ut e n a b le ) in SxCO N re g is te r
rx_c lo c k O utp ut SxSTAT Bit write e n a b le (FE ,BR ,O E)
t i_ lo a d O utp ut TI_x (w rite e n a b le ) in Sx_CO N re g is te r

txd O utp ut Exte rn a l o utp ut p in (Syn c . c lo c k o utp ut)
FE O utp ut FEx in SxSTAT re g is te r
BR O utp ut BRx in SxSTAT re g is te r
O E O utp ut O Ex in SxSTAT re g is te r

s m o d 0_rxd O utp ut Da ta o ut o n Mo d e 0 (rxd_p in_in 's o ut)



P ro to ty p e m e th o d

ua rt .vhd a n d tb_ ua rt .vhd c o m p ile to ve rifie d s im ula t io n re s ult file (c fg_ ua rt_s im) .
※ Co m p ile r To o l : Syn o p s ys Co m p ile r

Re s u lt S im ulat io n Gra ph (Tra ns m itter pa rt)

Tra ns mitte r pa rt mode 0



Tra ns mitte r pa rt mode 1

Tra ns mitte r pa rt mode 3 ( tb=0 )



Tra ns mitte r pa rt mode 3 ( tb=1 )

Re s u lt S im u la t io n G ra p h (Re c e iv e p a rt)

Re ce ive pa rt mode 0



Re ce ive pa rt mode 1

Re ce ive pa rt mode 3


