Chapter 6
Frequency and Baud
Rate Generation



FREQUENCY GENERATION

The AmS513 is capable of synthesizing frequencies with & high
degree of precision. For square wave oulputs, the cournter's
Mode register should be sat for 2 TC Toggled output. In this
configuration, the output will gencrate a complete cycle for every
two TCs the counter generatas. Thus, if the spacing between TCs
is controlled by the Laad ragister, the TC Toggled output periad (in
riumber of source pulses) will be twice the | oad register contents.

A 50% duty cycle output can be generated by operating the
courter in Mode D. In this mode, the time between TCs & con-
sroliad by the | oad register contents. TheHold register is notused
in controling the courter_ Figure 6-1 shows an AmB0OSOA/BOB5A
toutine for configuring Counter 3 as a baud rate genaraton

Some applications require square wave outputs with variable
duty cycles. This can be achisved by operating the courter n
Mode .1 In this mode the refoad sources altemate between the
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Figure &-t. Baud Rate Generation with the Am9513 in an AmS0BDA/SDB5A System
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Figure £&-2. Updating Load and Hold Register Values in ReakTime
comterts 1o adiust the penod of the next output cycle. Updating
the registers by means of an interrupt routine ensures the register
AmUSIIA/ PRSI conternts are stable when the counter reaches TC and reloads
from the register.

SOURCE SOURCE The Am3513 has provisions for synchronizing a counter's output
COUNTER T frequency to an external signal. To accomplish synohronization,
pveerr GaTE the courter should be operated in Mode Q, a5 shown in Figure
FGHAL &-3. For normal counter operation the gate input is held active.
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Figure &-3. External Synchronization of Frequency
Counters: Method 1

Lead and Held regicters. This allows one polarity of S oulput 1o
be controlied by the Load register contents and the other output
polarity to be cantrolied by the Hokdregister. Fine reseiution of the
output duly cycle can be achieved by adjusting the relative values
of the two registers.

In some apphcations it is necessary to adjust the output frequency
in real fime. Figure -2 shows a circuit which generates an inter-
fupt on each adge of the output waveform. The host microproces-
sor's intermupt routine would update the Load and/or Hold register
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While the gate is active, the counter will court to TG repeatedly.
When it is necessary to synchronize the counter to an extemnal
signal, the gate should be driven inactive, which will stop count-
g, and then driven active again. On the active-going gate edge,
the cumrent counter conterts will be saved in the Hold register.
This value may be used by the microprocessor as an indication of
how out-of-gyne the counter was, On the first source adge after
the gate edge, the counter will be reloaded from the Load register.
Counting will start (assuming the gate remains active) on the
sechnd source edge after the gate edge. It can be seen that the
gate edge effectively resets the counter, synchronizing it 1o the
gate signal

Synchronization of the counter to an extenal event ¢an also be
accarnplistied by tssuing & LOAD command to the courrtes. This
will cause the Laad or Hold register contents to be ransferred into
the counter. The selection of whether the: Load or Hold register is
used as a refoad source depends on the counter's operating
mode. Note that data sheet pzrameters TEHWH, TWHEH,
TGVWH and TWHGVY must be met to ensure successful syn-
chropization. See Appendix A for furnher details,

Applicatons which need to generate Frequency-Shift Keying
ouiputs can achieve this function by operating the counter in
Mode V. This rode uses the leved of the gate input to select the
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Figure 6-4. Frequency Shift Keying

counter reload source for each TC. For Fregpensy-Shift Keying
{FSK) applications, the serial bit stream should be input to the
cotintet's gate and the counter output periods (a5 set by the Load
and Hold regicter contents) should be selectad to be less than the
shortest high or low time on the incoming bit stream. The FSK
output can be shaped by a low-pass filter 1o remove high order
harmonics. The output can then be transmitted over & telecom-
mdnicatons link or stored on an audio tape recorder for a low-cost
data acquisiion system. Demodulation of the FSK signal ¢an be
performed using standard techniques.

AUTO BAUD RATE GENERATOR

Many systems require an asynchronous data link that is fypically
implemented using an Am9513 System Timing Controller and
AmB251/AmE551 USART. Since these sysiems are oiten
shipped without accompanying CRT consoles, thoy may be set at
an arbitrary baud rate to cater for common terminals, usually by
means of a btffered bank of dip switches and associated address
decode logic. A system capable of aulomatically sensing the
attached terminal baud rate at power-up would save not only
switch adjustment by the end user (frequently after dismantiing
the processor) but also reduce component count, board space
and assembly effort 2t the expense of a few ines of code. Such an
example tsage of the Am9513 is presented here, using about 160
bytes of code (AMBOSOAMBAES).

The principle of the baud rate determination algorithm is unre-
fined but effective. The AmM9513 baud rate generator is st 1o
provide the maximum rate anticipated, perhags 18,200baud. The
system user first enters a camiage retum, thos allowing the termi-
nal rate to be measured by counting the pseudo characters
received by the system within a short ime frame. Some of these
characters will be flagged with framing errors by the AmB251/
Amg551, although these emors may be safely ignored for our
PUTDOSES.

The pseudo characters gean by the systern, Tor a given terminal
baud rate and asynchronous character format, may be accurately

predicted in advance, For example, a 4800 baud terminal wili
produce the four-character sequence (78 (7E) (00} (7E}. How-
ever, if the number of pseudo characters raceived is used as the
primary parsmeter the measurernent becomes much more toler-
ant to skew and varation in the number of bits per word. In
practice, many other characters in addition to a camage return
provide commect measurement. The "capture range™ of characters
enered may be increased by reducing the number of allowable
baud rates.

AmBOEN/AmBOES SAMPLE LISTING

The AmS080/AMBO8S code sequance shown in Figure 6-5 ini-
tiafzes the AmB251/AmS55T and the AMY5I3 to provide an
asynchronous data link at 19,200 baud. The received characters
ara decoded and the new baud rate ime constant caietiated by
wusing an indexed saquential search. Ta raduce coda, the entire
inttialization of the AmS513 and AmB251/AmS551 is then recalled
using the calculatad baud rate time constant. Notice that this
practice gvoids problems with asynchronous changes of the
AmS513 load reqister when counting in close proximity to TC.

AmZE000 SAMPLE LISTING

The ZB000 code sequence shown n Figure 6-6 parforms the
same aclion as the provious example with the addiional faclity of
changing the AmB251/AmA551 Mode control word for differing
baud rates. For example, at 9600 baud frequently 10 bits per byte
are uiiized compared to 11 bits per byte at 110 baud.

For both exampies, successful decoding of the baud rate is
indicated by the appearance of the prompt ()" on the users
termital.

Additional baod rates may be aliowad by entering the appropriate
data in the twio data tables (TABLE and RATES). Reducing the
number of baud rates avaflable will aliow a greater number of
characters 1o give comect oparation, although the progiam is
destgned to receive a camage retum. As Isted, the 11 standard
baud rates between 75 and 19,200 baud are allowed.



Coded for AmBEAZ/AmBERS — slso Tuns on ZEG

1)

A_LATA EQU @DSE y Am93513 date port
L CTRL EQU @LAE y AmSE13 command port
E DATA EQU EDCE 3 AmZ251/AmG551 data pert
E_CTRL EQU 2LLH 3 AmE251/AmG551 command port
EX_EDY EQU 2 ; Am8251/Am89551 rx ready mask
IZ_EDLY EQU 1 5 AmEE51/AmES51 tx ready mask
MAITIM EQU by U] y Time for werst-—case reception 2r, 75 bapd
FESETTG EQU @4GH § Official AmBECLI/EmSEDS] toftwaTe TIeset
MODE EQU GCEH y 2 stop, /1€, no parity, £ dzte bits
COMND EQU GSTH 7 tx/rx enable, 4tr, Tis
INCLUDE B:EQUS.MAC 3 Listed in Appendix 7
INCLUDE E:80680.440 s Listed in Apperdix &
BADE:
i The system moniter calis “BATL” to set up comcsole ic
LELD RATES 7 Start with max rate koown {¢ Erogram
CALL INIT } Set up Am®513, AmBES1/AmOSS1
BAUGD 1:
IN  E_CTEL ; read console siztus
ANI BX_RDY
JZ BAUD_1 5 wait for 1st chraracter
MYI E,E j Zero character counter
LYI EB,MAXTIM { Tnitialise timer
RAUD_2:
ICY ® . ¥ Move and test timer status
MOT AR
CEt ¢C
JZ BAUD 5 7 Timeout, go deccde data
IN B CTRL i Eead consele status
ANI RI_RDY
JZ BAUD 2 ;3 Wait for a character
IN B_DATA y Discard pseudo character
INR B y kdjust cheracter counter
JMF BAUD 2 i+ Repeat
FAUD_3:
; Perform serial index search for regd baud rate const
¥
+ Eotry: E bolids # pseude characters recelived
MOV AR
LXI H,TARLE-l1 ; Byte polnter, decode iztle
LX1 D,RBATES-2 ; Word peinter, rate constaut table
BAUD_4: -
INE D i Move the pointers
I D
INT E
CMP M } Check the decode entry
4dNC BAUD_4 3 Not found yet

Figure 6-5. AmB030/8085 Auto Baud Rate Generator




BAUD_S:

INIT=

; DE points to the required time constact

LDAT D

MOV L,k
IN D

LDAX

D

MOY E,A

CALL

L

INIT

IN B_CTRL
ANI TT_RDY
JI BAGD 5

M¥I &,7>°
CUT B_DATA

HET

IR TR TR IR L 1)

Ent
EESET

MODE_REG

POINT

L 1]

-
]

.
¥
0

-
¥

Put time constapt in EL

Be—program bothk AmS513Z and AmS251/AmObE51

{ Print a log—on prowr . %o indicate success

Read consele status
Wait till ready - good practice

Send the prompt

Eeset and set Amg513 channel 1 to baud rate gemeraler-

Mode: TC togegle, Mode I, court bic/down, SRC 1

Note: Por AmS513 crystal use F1. SEC 1 used bere for testing.
Reset and set Am8251/Am9551 to wsval async uvart

ry: EL contains band rate time comstant

MOV A,L
OUT A_DATA

MGV
ogT
LOAD
ARM

+ Safe now to set

MYI1
ouT
00T
QuT
MVl
ouT
MYI
ouT
Myl
QUT
IN

FET

LH
A_DATA
kX

1

A0
B_CTRL
B_CTRL
B_CTRL
A RESETU
B_CTRL
ATMODE
B_CTRL
A7COMND
B_CTEL
B_DATA

-

PTRTE T

-
*

L L}

1,2C_TOGGLE,DOWN,BINARY ,MODE_LEF,SRC_1,RISE,NC GATE
1,LOAD_

Set up counter 1 LOAD reglster

That was the upper byte
Transfer the value

Tar2 on the baud rate generater
ur the AmB251/LimoDh1 uant

Ensure no syngc problems

AmS251/4m9551 sofiware reset
Set uart mode
Set uart command register

Clear any rubbishk around

Flgure 6-5. AmB080/8085 Aute Baud Rate Genurator (Cont)
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TARLE:
3 Conversion table — used to galculate an lndex from the
; number of pseudso characters received by the system.
7 Entries may be adjusted for conveuience of use.
DR 2 } 19200 baud, oominally 1 char: ie mateh if < 2
)3 - ; GEPE gnom 2
P . 5 } 4800 nom 4
LE 7 } 24806 pom S
DB 9 ; 188¢ nom S
DB 13 3 1266 nom O
e 23 ; 608 nem 1g
1} 45 ; Ip8 nom 34
DE 75 ;7 15@ nom 68
DB 128 7 119 nom 93
L3 255 HE nom >139

BATES:
3 Baud rate constapt conversioz teble. The indexed entry
; corresponds to the value required for the Am8513 LOAD
y register if a Z2.4570MHz crystal is used. Notice the one to
; one correspondence beitween the entries in RATES aspd TABILE.
L
3 talcrlate new rates (or differeunt crystals) by:
H
H entry := ({crystal/32)/baud_rate)
¥
3 All1 values in Hz. The factor 32 comes from /1€ mode iz
; the AmB251/Am955% uart and /2 from the AmS513 TC toggle mede.
L} 4 7 19266 baud
0¥ g8 ; 0606
W 16 ; 4B84@
2} 3z ; 2400
v 43 7 1806
¥ 654 7 1288
i) 128 ; 600
¥ 256 7 e
¥ 512 3 158
v 698 ;j 110
i) 1g24 i 75

END EBAUD

A>

Figure 6-5. AmS080/8085 Auto Baud Rate Generator {Cont.)
AmZB000 SAMPLE LISTING Additional baud rates may be caterad for by entering the appro-

The ZB000 code sequence shown in Figure 6-6 performs the
same action a5 the previous example with the additional facility of
changing the Am8251/AmS551 Mode control word for differing
baud rates. For example, at 9600 baud frequenty 10 bits per byte
are utifized compared to 11 bits per byte at 110 baud.

For both examples, successful decoding of the baud rate is
indicated by the appearance of the prompt (")™) on the users
termirrl.

priate data in the two data tables (TABLE and RATES). Reducing
the number of baud rates available will allow a greater number of
characters to give comect operation, atthough the program is
designed to receive a camiage retum. As lisied, the 11 standand
baud rates between 75 and 19,200 baud are catered for.



y4 This file allows 2uto baud-rate sensing of ar attached termipal
% by looking at the date returned from a user entered carriage retoro.
% It assumes the use of ap AmMGS513, Am8231/&m@551 combination.

CONST
A _DATA
A_CTRL
E DATA
¥ CTRL
BX RDY
TX_RDY
MaXTIM
EESETU
MODE_1
MODE_Z=
COMND
INDET
TIMER
CCUNT

INCLULE
INCLUDE

RBAUD:

IAUL_1:

BATD_2:

BAUD_3:

BAUD_4:

= ¢F¥Dh8E, ¥ Am8S13 data pert

= 2¥TDAL, ¥ AmSS1E command port

= ZFFDCH, % AmB251/AmS3551 data port

= ¢¥¥DDE, ¥ AmSES1/Am9S5l command port

= i, 2 Em8251/Am3551 rx ready bit

= B, T Am8251/Am3551 tx ready bit

= L5808, ¥ Time for worst—case reception =r, 75 taud
= G4PH, 2 Cfficiel AmRRS1/AmA55]1 seftware Tesetl
= 2CER, % 2 stop, /16, no parity. 2 data bits

= @D¥H, % 2 stop, /16, odd parity, 8 data bits
= B37H, % tx/rx enable, dir, ris

= k1, 2 Common index for TABLE 2nd RATES

= Rz, Y Timer for worst case receplion

= RL3; ¥ Input pswedo character counter
"BR:EQUSZ.ZSC” 1 % Listed in Appendix 7
“B:Z8@@AGMAC.ZSC” 3 Z Listed in Appendixz ©

% The system meritor calls "BAOLD ™ to Set up consele io

CL® INDEX 5 ¥ 3tart vwitk mex rate knowr to program
CALE INIT 3} Z Set up AmS51Z, AmER251/8mB3I501
IN E¢,B_CTRL 7 % Head conscle status

BIT E@,RXI_RLY H

JE ZE,BAUD_1 - ; ¥ Wait for 1si character

CLRE CCUNT $ % Zero tharacter counter

LD TIMER,MAITIM 7y Z Imnitialise timer

DEC TIMER,1 3 ¢ Move and test timer status
JE  2ZR,BRUR_3 $ % Timeout, go decode dats

IN ka,B_CTRL } % Read conscle status

BIT EO,RI_EDY H

JR ZR,BATUD_2 3 2 Wait for & charaeter

IN R%,E_DATA $ % Discard pseudo character
INCE COUNT,1 ;7 % Adjust character counter

JE BAUD_Z 3 % Repeat

: % Perform serial index searck for reqd baud ratle comst
: ¥ Fntry: COUNT holds # psevde characters recelved

LD INDEX,-2 ? % ¥ord inpdex

ING INDEX,Z } ¥ Move the index

CPE COUNT,TABLE{INDEX)} ; % Check the decodz entry
JE  NC,3AUD_4 ; % Not founrd yet

Figure §-6. 7ROD0 Auto Baud Rate Generator
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BAGD_5:

INIT:

# INDEZ ic offset for both baud réte constant and AmE251/Aim9551
% coemmend bdyte

CALR' INIT $ 2 Re-program bdoth AmO513 and Am8251/2m9551
% Print 2 log—on prompt to indicete success
IN R2,B_CTRL

;
BRIt BO,TI_RDY 3
Je  Z2,BAUD_5 ;

%2 Head console status
% Wait till rezdy - good practice
1LDB &RLE, >

CUT 3B _DAT:,RO
RET

% Send the prompt

WAy

% Resetl and set Am9513 charcnel 1 to bavd rate generator.

% Mode: TG toggle, Mode D, count bin/down, SRC 1

Z Note: For Am9513 crystal use Fi. SERC 1 used here for testing.
% Eeset and set Am&251/Am9551 to usumal async uart

%
% Entry: INDEX contains baud rate time constant index

RESET i ¥ Not neccessary if the AmO51Z already set
MODE REG 1,TC TOGGLE,DGEN,BIRARI,MGDE_DEF,SRC_l,RISE,HD_GLTE;
PCINT 1, LOAD

LD kg RLTES(INDEZ) y ¥ Get rate constant

CUT 4 DATA'RE
LOAD 1

ARM 1

LR L]

Z Safe now to set up the AmE251/Am3551 uart

CLR E@ .

0T E_CTRL,nP
QUT B_CTRL,RE
OUT 3B _CTRL.RD
1D  RE,RESETU
OUT B CTEL Re

5 % Ensure nro sync problems
?
H
H
H
i
1D RO TAELE(INDBX} ; % Set uwart mode
¥
x
H
H
H

% Am8251/EmS551 scftware reset

OUT B CTRL,E®
LD  RE,COMND  ;
OUF 3_CTRL,R®

IX  RB,B_DATA
RET

Set uvart command reglster

% Clear any rubbish arournd

Figure 6-6. 28000 Auto Baud Rate Generator (Gont.)
&8




PABLE:

RATES :

END.

A>

¥ tonversion table — used to calculate am index from the
% number of pseundo characters received by the systiem.

¥ Notice that a ¢ifferent mode byte may be defined for

¥ each separate baud rate ~ 11€ baud should vse 11 tits.

BYTE: 2, MODE 1 152892 baud, nominally 1 char.

BYTE: 4, MODE_1 9568 nom 2 Match < 2
BITE: E, MCDE_1 486€ nom £
BITE: 7, MOLE_1 248¢ nom 5
BYTE: &, MOLE _1 1868 nom &

BYTE: 13, MCODE_1l
BYTE: 23, MOIE 1
BYTF: 45, MQDE_1
BYTE: Vb, MODE_2
BYTE: 18, MOLE_=z
BYTE: 255, MODE_Z

1280¢ onom 9
cBe nom 1&
K32.17) nom 34
152 nom EE
112 ngm 93
d+) nom »>iTE

UL

2O 290 2 T 2L R IP 2R DR JL

TR TR T R T LR L L]

% Baud rate constant conversion table. The indexed eniry
¥ corresponds to the value required for the AmS513 LOAD
7 register if a 2.4576MHEz crystael is used. Notice the one to
¥ one gcorrespondence between the entries in RATES and TARLE.

4
% Calculate new rates (or different crystals) by:

z

% entry := ({(erystal/32)/bsud_rate)

4

¥ 211 values in Hz. The facter 32 comes from /1€ mode in
¥ the AmE251/Am8551 vart apd /2 from the Am@313 IC toggle mode.
¥ORD: 4 1 % 10268 baud

¥ORD: B 7 & 9cBE

WORD: 15 3 X 48200

WCRL: 3= 3 % z488

WORD: 43 } % 1508

WORD: 64 3 % 1298

WORD: - 1z8 ; ¥ Ep@

WORD: 256 ;% 36

wORD: 312 y X 159

¥ORD: 698 ;¥ 11¢

¥ORD: 1624 y £ W5

Figure 6-6. ZB000 Aute Baud Rate Generator (Cont.}
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