| ‘ Chapter 2
Am9513A/Am9513 Interfacing



Amasi3 — CPU INTERFACING

The AMS513 is designed to interface easily to botk the
AmE0E0A/B0E5A B-bit family of CPUS and fo the AMZB000 16-bit
family of CPUs. Master Mode register bit MMIS allows the user to
program the Am9513 data bus for either an & or 16-bit widlh,
allowing the Am3513's data bus to be tailored to match that of the
host CPLL

Figure 2-1 shows an interface between the AmS513 and an
AMBOBSA CPU. The Am9513 is configured to appear in the
CPU's VO space; connesting the 10/M cutput of the CPU to the
G2A input of the decoder and tying G1 high will memory-map the
Amasiz, In the configuration shown, the AmS513 operates with
an &bt data bus. Master Mode register bit MMIS shoudd be 0 and
data bus pins DE13-DB15 should be fied high as shown in the
diagram.

Figure 2-2 shows a suggested conpeclion diagram between the
Ar&i513 and an AmZ3001* or AmZE002* CPU. In this diagram
the AM@513 appears in both Regular and Special I/0 space, by
virue of the decoding of stais ines ST1-ST3. Stalus fine STO
should be decoded also i it is necessary o separate the Regular
ang Special /O spaces. The AmZB136 is a latched decoder
which siores the address information_on the rising edge of A5,
providing the Am9513 with a stable CS for the duration of the
transfer. The AM25LS158 muliiplexer gencrates RD and WR
from the CPU's DS and R/W lines. For masdmum data
bandwicth between the CPL) and the Am$513, Master Mode re-
gister bit MM13 shoukd be set to 1 1o configure the AmS8513 for a
16-bit data bus width. This can be accomplished by writing
command opcode FFEF (hex) to the Am513 foliowing each
raset and powsr-up.

CLOCK GENERATION

An intermnal oscillator ks provided on the AmS513 for genaration of
and the sourca for thie FOUT pin. Note that a dock signal is not
requh'edformadsandwﬁmmﬁwmw.happﬁcatmwhich

28001 and ZB002 are trademarks of Jlog, Inc.

do riot use the internal osciliator, the X2 input should be ied either
bﬁghoermprewmaccumMaﬁnnofstaﬁcmarga.mXi
oulput is daven by an inverter contained in the Am9512 and
accorcingly, X1 should be laft floating to. avoid damaging the
inverar's oulput stage. :
Appiications using the intarnal oscillator can drive the X1 and X2
inputs with an RC network, an external non-TTL level
squarewave or a crystal Figure 2-3 shows the recommended
methods of connecting different frequency sources to the intemal
osillators nput.

A ¢rystal provides a highly accurate frequency source at moder-
ate cost, and will usually be the praferred method of operation.
The AmS513 is designed to use a crystal in paraflel-resonant
fungamental mode operation using the connection diagram
shown in Figure 2-3a. Most senes-resonant crystals can also be
used, but the oscillator frequency will be different by up 1o a few
percent from the series resonant crystals rated frequency. Two
caramic capacitors shouid be conhecied between X1 and X2 to
ground 1 enstre proper crystal leading. {The arysial lpading s
the capacitance the crystal should be criving to ensure on-
frequency operation and refiable: oscillator startup). Although the
ystal sees the capaciiors on X1 and X2 n seres, and negladts
magmundmnmcﬁonmmcenter,mauseoft\vOcapadwfs
stabiizes the bias on the crystal by referencing it to ground and
provides superior parformance over the one capacior equivalert
circuit, Ceramic capacitors are the best type for this application
because of their stability over fime and temperaiume and their
superior high frequency characteristics.

An BC network. provides a very low cost frequency source but
ey extﬁbﬁlargaﬁaquencyvaﬁaﬁorsmermmmmendedpower
supply and temperature ranges, negating much of the precision
available in the Am9E1 s counters, The RC connaction is shown
in Figure 2-3b. Note that aithough there is an intemal resistor
beitweet X1 and X2, because this interna! resistance is quite high,
an extemat resistor should atways be used in the RC operating
configurations.
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Figure 2-1. Am2513 — AmBE08S Imterfacing
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Figure 2-3. Driving the X1 :nd X2 Inputs

The Ama513 intemal asciilator can also he driven by an external
signal as shown in Figure 2-3c. The Am2512 Blectrical Specifica-
fion should be consulted for the voltage levels required on the X2
input to guarantee proper oscillator operation in this confiqura-
Hon., Mosteireuits san genarate this non-TTL lavel using a pull-up
resizior and & 74504 mvertar, or equivalent. In some Casas a
pull-up resistor can bo used to increase the Righ level output
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voitage of an MOS device, such as on the AmS0E5A CLK output,
without the need for a bipolar buffer. Care raust be taken m this
bufferiess circuit i choose a puli-up resistor iow enoagh 1o Meet
the Am@513’s high leve! voitage neads without choosing a resis-
tor valug so low that the AmB085A, has 1o sink excessively large
cuments when puling the CLK signal low.



REGISTER ACCESS
information Transfer Protocols

“The control signal configurations for ail information transfers on
the AMS513 data bis are summarized in Figure 2-4. The interface
conirot logic assumeas these conventons:

1. RD and W are never active 2t the same time.

2 HD, WE and C/D ame ignored unless TS is Low.

The following discussion provides software ofenied examples of
Ama513 registor accesses. Software examplies are given for an
AMBOBS CPL! with an 8-bit Am3513 data bus interface and for an
AmZB002 CPU with 2 16-bit Am3513 data bus interface. The
descriptions assome that the Am513 Controi port (CMDPRT) is
located at address 12 (hex) and the Am9513 Data port
{DATAPRT) is located at address 10 (hex). Later sactions of this
document present complate software Bstings for represantative
AmE513 applications.

Software Initiatization

Figure 2-5 shows 2 Z5000 Software Initiakzation Sequancs for
the 9513. It is important to note the “DUMMY™ LOAD COUNTER
COMMAND; this insures proper operation of the part. The 16-bit
mode commeand is not used for 8-bit CPUs. The sequence then is
o Reset the device; Load ail counters; Command 16-bit mode;
st Data Pointar to the Master Mode Register; set Master Mode
Register to.desired value; set Data Pointer fo counter #1 Mode
Hegister and inifialize counters 1o desired mode of operation.
Note GG must be high during power-up or the intemal reset
circuitry will not function comectly. This will result in part ignofing
afl commands issued o it except software reset.

Command Initiation

Commands are issued to the Am3513 by writing the appro-
priate command code 10 the Am8513 Control Port. Figure 2-6
stmsanexampleofmmﬁinﬂiaﬁm.inwscaseopmde

Signal

_._Cnul_imn_:ﬂou Data Bus

CS |G RD|WRH QOperation

ololol1 Transfer condents of register addressed
by Datz Pointer to the data bis,

oloitilo Transier contents of data bus to data
register addrassed by Data Pointer.

ol1loj Transter contents of Status regrster o
data bus,

ol1l1lo Transfer contents of dats s mito
Comimand reqister.

XiXl1]11 No transfar.

tIX XX No wansfer.

X{x)]olol mega Condition

Figure 2-4. Data Bus Transters

AD (hext), -which saves the contents of Counters 1, 3 and 4 in
their associated Hokl registers. in both the AmEDBOA/S0E5A
and AmZ8002 coding examples, the command 15 loaded nto
an imeenal CPU register and oulput 1o the appropriate port.
Note that in the AMZ2002 case since & 16-bit data bus inter-
face is assumed the upper byte of data outptt to the Command
port must be FF (hex).

The procedure: for executing & command is as follows:

1. Estabiish the appropriate command on the DBO-DEB7 Enes.
Figure 1-21 Hsts the command codes. When using the
AM3513 in 16-bit mode, data bus nes DB8-DR1S should be
st tagh during the wtite cperation. tny 8-hit data bus mode,
DE13-DB15 should be set high dixing the write operation.

MaCROSOOC: Vercion Z.0 19,80

HECZ PSLETHNIT SePsi sOrWsD

INLT

agoog HTHIS TS A SAMPLE INITTALIZATION SEGUENCE
i}i71]1) ¥FOR THE AMPS13 COUNTER TIMER

caoo

oRoo HMODULE "INIT'*¥

Bogo

qooe CONST CHOPRT=12H>~

oooo DaTAPRT=10H}

agao .

40460 2101 FFFF INTT: Lo R1+¥#FFFF ¥

2004 IEl1& o1z our CHDPRT2RLF ZSEND RESET

gage . 2101 FFSF LB Rl+¥$FFoF #

gooc 3B1s 0012 OuT CHDPRT»RL> #LOAD ALL COUNTERS
agie Zi0i FFEF 1Ex R1-¥FFEF ¥ )

G614 381s 0012 ouT CHDPRT»R1 % sCOFMaND 146 BIT MODE
ol Z1G1 FFL7 LD R1+FHFL7+

gpic 3Elés 0012 BuT CHMDPRT «RLF YEQINT TD HMASTER MODE REG
agra 2101 ZCEF LD Ri+EZLEF

0024 2B1& D010 out ATAPRT+R13 YMASTER MODE SETTING
aGzE zZiol FFO1 LD Ri+#-FOL+

171 7 2p1s8 0012 ouT CHDERT»RILS ZFOINT TO CNTR 1 MODE REG
gozo

aozo EMND .

Figure 2-5. Am3513 Initialization
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0100 ORG 100H
:
: AN9S13 PORT ADDRESSES
0012 = CMDPRT EBU o12H
0010 = DATAFRT EGU 010H
: ANTS1T CONNAND INITIATION
;
2100 3EAB WUT A,0ADH :SAVE CTRS. t 3 & 4
0102 B312 auT CHOPRT
;
FAGE
a) 8080 Code
AMP513_EXAMPLES MACROBOOO AMZROOO Assembler 1.0.1  Page 1
0000 PROGRAM AMPS13_EXAMPLES:
0000 DRIGIN OH;
0000 z
0000 x
0000 z AN9S51Z PORT ADDRESSES
0000 z
0000 CONST  CHDPRT=12H,
0000 DBATAPRT=10H:
0000 z
0000 AMSS13_EXAMPLES:
0000 ¥
0000 z ANS1S COMMAND INITIATION
0000 z
0000 2102 FFAD Lo R2,0FFADH; ISAVE CTRS. 1 3 & 4
0004  IE26 0012 ouT CMDPRT,R2;
0008 z
0008 z
0008 EJECT:
b} AMZE0DE Code

Figure 2-6. Command Initiation Software

2. Establish a High or the O/D input.

3. Establish a Low on the CS input.

4. Establish a Low on the WH inpit.

5. Sometime after the minimum W low pulse duration has been
achieved, drive WR high, taking care the CS, C/D and data
setup times are met (oo Tuming Diagram).

6. After meeting the required &S, CfT and data hold times, these
sigrals can be changed (seo Timing Diagram).

A new read or write operafion to the AmS513 should not be

performed until the wiite recovery ime is met (see Timing Dia-

qram inn Elecirical Specification.)

Safting the Data Pointer Register -

The Data Pointer register selects which internal Am9S13 register
is 10 ba accessed through the Data pont, Setting the Data Pointer
register automatically sets the Byte Pointer te 1, indicating a least
significant byte ks expected for 8-bit data bus interfacing. if Master
Mode ragister bt MM14 = 0, the Date Peintar will astomaticaily
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sequence through one of the cycles shown in Figure 1-11 after
reading or writing each register, allowing sequential access to
intesna registers._ If MMI4 = 1, auo-sequencing is disabled and a
gingle intetmnal register can be repatitively accessed without re-
loading the Data Pointer. For convenience, bit MM14 can be sator
cleared by software command.

The Pointer is set as folows:

1. Using Figures 1-§ and 1-10, salect the appropriate Data
Pointer Group and Elaerment codes for the ragister to be ac-
cassed. Note that two caddes are provided for the Hold regis-
tars, to acoommodate both the Hokd Cyele and Element Cycle
autosequencing modes shown in Figure 1-11. If aute-
zaquencing ig dizabled, either Hold code may be usad.

2. Using the “Whiting to the Command Register” procedure
given above, write the appropriate "Load Data Pointer™ com-
mand to the Command register.



INTSR:

s INTERRUFT SERVILE ROUTINE

: DIGABLE INTERRUPTS
3
0104 F3 DI
: SET DATA POINTER TO COUNTER 1 HOLD RES
¥
0105 IEL9 MUT A,01F7H
0107 D312 ouT CMEPRT
: ENABLE AUTO-SERUENCING
5
0109 3EEC VT A, OEOH
O10E D312 out CHTPRY
: CODE TG ACCESS REGISTERS
¥
; DISABLE AUTO-SEQUENCING
010D IEES AL A,0ESH
010F P312 cuT CHIPRT
i ENABLE INTERRUPTS AND RETURN
7
0111 FEB ET
0112 ©9 RET
;
3
PABE
a) BOBD Code
AMPS1T_EXAMPLES MACROS000 ARZE000 Assembler 1.0.1  Page 2
0008 z '
0008 INTSR: I INTERRUPT SERVICE ROUTINE
0008 z
o008  7C00 BI NVI,VI;
000k z
000A z SET DATA POINTER TO COUNTER 1 HOLD REG.
0006 z
oO0DA 2102 FF19 LG R2,0FF19H;
O00E  3B26 0012 ouT CHDPRT ,R23
coL12 4
0012 z ENABLE AUTO—SEQUENCING
0012 z
0012 2102 FFEO LD R2, OFFEOH;
001&  3IB26 0012 ouT CMIOPRT ,R2;
0014 x
001A z EODE TO ACCESS REGISTERS
0014 z : .
001A z DISABLE AUTO-SEQUENCING
0014 z
0014 2102 FFEB Lr R2, OFFESH;
00iE 326 0012 ouT CNDPRT,R2:
0022 z
0022 z ENABLE INTERRUPTS AND RETURN
DO22 x
Qo222 704 EE NUI VI
D024 7ROO IRET:
0028 z
0026 z
Q026 EJECT:

b}y Am2ZB000 Code

Figure 2-7. Am3513 Interrupt Service Routine
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In many systems the AmZ513 courters will be serviced by inter-
nt routines. In such systems, it is important that the AMS513
senvice routines not be interrupted by another AMSST3 senice
routine white register accesses are cccunting. Consider, for
example, an interrupt service routine which reads the Hold regis-
ter value in the Counter 1 logic group. This routine will setthe Data
Foirter register and read the Hold register value. Consider the
sequence of events which woukd oceur if, after this routine set the
Data Poiter registers, bt before it read the Hold register, it was
interrupted by 2 second AmS513 interrupt routine. This second
routine might, for example, read the Courter 3 ogic group Hold
register value. When this second irderrupt routine finishes, it
retume control to the iast hatf of the first interrupt routine. Becauce
the second routing has changed the Data Pointer register, the first
routine will not read the Hold register 1 contems. As can be seen
from the above scenario, the sequence of operations of setfing
the Data Pointer register and accessing intemal vegister ocations
must oot be interrupted by a2nother AmS513 service routine.
One way of ensuring that this restriction is met is o disable
rderrupts bekre setting the Data Pointer and not enabling inter-
rupts until the register accesses are parformed. Note that when
auto-sequencing is used, interruptsshould not be enabled urtil afl
registers have been accessed. An alternative method of maating
this restriction is to use software semaphores to pravert nesting
of Am85s12 sevice routings.

Figure 27 shows sample interrupt service routines which set
the Data, Pointer register to point to Counter 1°s Hold register
and enable Hold cycle auto-sequencing by clearing MM14. In
the AmZE002 cace, a 16-bit data bus mterface iz assumed,
requiring that the upper command byte be FF (hex). In the
coding exampies given intermupts are disabied and enabled by
software command. Since the AmZS002 architecture loads a
new Flag and Corttrol Word (FCW) when responding fo an

Irtermupt request, the FCW loaded can disable further inter-
rupts. Thiz provides an alternative intertupt inhibiting
mechanism for AMZS002 systemns and may be used in liey of
the software commands.

Reading the Status Register

The AM9513 Status register can be read either through the
Control port or through the Data port. Figure 2-8 shows sampie
programs reading the Status register contents through the
Control port into the accumulator (A registar) of an AmB0B0A/
8085A system or the RO register of an AMZR002 system. Itis
assumed that the AMZESD0Z system has 2 16-bit data bus;
since the status register is only eight bits wide, the fngh byte of
register RO is undefined.

' The procedure for reading the Status register through the Controt

port is given in the folkswing.

1. Establish a High on the G/D input.

2. Establish 2 Low on the CS input.

3. After the appropriate S and C/D setup time (see Timing
Diagram} make RD Low.

Sometime after RD goos Low, the Status register contents will
appear on the daia bus. Thesa fines will contain the informa-
umaslnngasﬂnrsmw I the state of an OUT pin changes.
while FD is Low, this will be reflected by a change in the
information on the data bus.

HD can be driver: High to conclude the read operation after
meatngmemmmﬁbpu!sedurahun
CSandCchanmangeaﬂermeenngmeappmpnamhoid
time roquiraments (see Timing Diagram).

A new read or wiite operation to the Am9a513 should not be
atternpted until the read recovery fime is mot (ses Timing Dia-
gram in Electncal Specihcation).

4.

5.

6.

E) :
: CODE TO READ STATUS REGISTER
5
0113 DB12 N CMDPRT
¥
3
PAGE
a) 8080 Code

AMYSIE_EXAMPLES

HACROBOOC AmZBOOC Assembler

0025 r4

0026 z

Q0246 z
Q02& IEO4 Q012 IN
Q024 £
0026 z

Q024 EJECTS

b) AmZS000 Code

1.0.1 Fage 3

CODE TO READ FROM STATUS REGISTER

RO, CMDPRT;

Figure 2-8. Reading the Status Register
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Reading From the Data Port

The registars which can be read from the Data port ane the Load,
Hold and Countar Mode regrsters for Courtiers 1 through 5, the
Alarm registers for Courters 1 and 2, the Master Mode register
and the Status ragister. The Stahus register can aiso bé read from
the Control port. Reading the Status register with a 16-bit data bus
intorface will return undefined information on DES-DEIS.

The procedute for reading these registers s as follows:

1. Priorto parforming the attial read eperation, the Data Pointer
shouid be set to point to the register to ba read, as outined in
the “Sefting the Data Pointer” saction of this dotument. In
cases where auto-sequencing of the Pata Ponter is used, the
Pointer has to be set only once to the first register in the
ssuence. When aute-sequencing is disabled, repatitive ac-
casses can be mads tothe same register without retoacding the
Data Poirter aach ime. Special care must be taken 1o reset
the Data Pointer after issuing a command other than “Load
Data Fointer” to the Am3513 or when operating a cowurtét in
modes N, O, Q or B Sea the “Prefateh Gircuit” section of this
document for elaboration.
Establish a Low on the G/D input.
Establish a Low on the TS input.

4, Embhhammnbaﬂarwam“gformeappmpnaiecsam
CﬂDsmupuwmg__ cee Timing Diagram)-
Somatime after RD goos Low, the register contents will ap-
pear on the data bus. In both §- and 16-bit bus modes the low
vegister byvta will appesr on DBO-DEY. In addition, in 16-bit
bus miode, the upper register byt will appaar on the DB8-
DB15, For 8-bit bus mode, pins DES-DE1S are not driven by
tha AMSST3.

This information will remain stable as long as RD is Low. K the

register value is changed during the read. the change will not

be refiectsd by a change in fhe data being read, for the
reasons cutlined in the “Frefetch Circuit” section of this
gocument.

RD can be driven High to conclude the read opefation aftor

meeting the minimum RD pulse duration.

. €8 and G/D can change after meating appropriate hold time
requirements (see Timing Diagram).

. After waiting the minimum read recovely time (see Timing
Diagramy}, & new read of write operafion can ba started. For
8-hit bus mode, steps 2 through 7 should be repoated to read
out the high registar tyte on DB0-DET_ (if the Statis registor is
baing read in 8-bit mode, the two reads will refum the Siatus
ragister each time. in 16-bit mode, reads from the Status
register retam undatined data on DBS-DE15.) The user is not
reqmdmmcsormﬁlghbemsumvemadsor
wrtitas, although this s permissibla.

As described in the “Setting the Data Pointer” register section,

the Am9513 sorvice routines shoutd disable interrupts duting

Data port register accesses if the service routine could be in-

tarrupted by another service routing requiring eccess to Data

port registers.

Figure 2-9 shows sample programs for reading a Data port

register. The AMBOSOA/B085A code reads the datz in two byte

reads (low byte first) and assembies it into the HL register pair.

The AMZB00Z program assumes that a 16-bit data imerface is

being used and reads the data into register RO in 2 single word

reaci. This code can be substiutad into the sample nterngt
service routines in Figure 2-7 In the place marked “Code to

COpE ToO READ FROM DATA PORT REG.

0115 DE1O IN TaTAPRT
Q117 &F MOy L&
0118 NE1O IN DATAPRY
0114 &7 Hov H, A

7

¥

FAGE

a} BO8O Code

AMPS13_EXAMNPLES

MACROBOOC ARZEDOC Assembler

Q02f z

QO2h 4

QV2A 4

OO24 3B24 0010 I
QO2E 4

002E FA

O02E EJECT:

b) AmZBOOO Code

1.0.1 Page &

CODE TO READ FROM DATA PORT REG.
RZ,DATAPRT;

Figure 2-9. Reading Through the Data Port
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Writiny to the Data Port

The registers which can be written to through the Data portare the
Load, Hold and Counter Mode registers for Counters 1 through 5,
the Alanm reqgisters for Counters 1 and 2 and the Master Mode
register. The procadure for writing to these registers is a5 follows:

1. Priorio perforrming the actual write operafion, the Data Pointer
should be set to point to the register to ba written to, 25 cutlined
above in the “Setling the Data Peinter” section of this docy-
ment. In cases whore auto-sequencing of the Data Pointer is
used, the Pointer has to be sat only once to the first register in
the sequencs. When aurto-sequencing is disabled, ropotitive
accogses can be made to the same reg:sharwrthoutreloadmg
the Data pointer each time.

2. Establish the appropriate data on the DBO-DB7 Fnes (8-bit
bus mode) or DBO-DE1S (16-bit bus mode). When using the
&-bit bus mode, data bus Enes DB13-DE15 should be set High
during the write operation and DB0-DB7 should be sot to the
lowsr data hyte for the first wtite and to the upper data byte for
the second write.

3. Estabhsh 2 Low on the C/D input.

4. Establizh a Low on the C8 input.

5. Establish a Low on tha WR input.

&. Drive WR High sometime after the rainkraan | WH low pulse
dummhasbeanamleved,tahngt:areﬂmcs G/ anet data
sotup times are met (see Timing Diagram).

7. After masting the required 5, C/D and data hold imes, these
signals can be changod (see Timing Diagram).

8. After meeting the write recavary ime (soe Tirming Diagram) a
new read or write operation can be perforrned. For the 8-bit
bus mode, steps 2 through 7 should be repeated, this time
placing the high data byte on pins DBO-DE7. The user is not
rexjuired to drive CS or C/D High between successive reads or
writes, atthough thig is permissible.

As described in the “Setting the Data Poinler” section, Am8513

service routines shoukd disable interrupts during Data port regis-

ter actesses if the service routing could be interrupted by another
service routine requiring access o the Data port rogistors.

Figure 2-10 shows sample programs for wiiting a 16-bit velue
to 2 Data port register. The AmB0S0A/B0E5A code loads the
register by making two byte fransfers (Jow byte firsty to the
AmE513 Data port. A 16-hit data bus interface is asswned for
the AMZE00Z coding example; accordingly, a single word
transfer can be used to load a register. This code can be sub-
siituted into the sample interrupt service routines in Figure 2-7
ity the: ptace marked “Code to Access Registers.”

011E 7D ROV a,L .
011C D310 OUT BATAPRT
01iE 7C MOV AH
011F D310 ouT DATAPRT

H
o121 ENDL -
A
a) 8080 Code

CODE TO WRITE TO PaTa PORT REG.

AMFS13_EXAMPLES

Q02E z
002E 4
QQ2E x
QO2E 3B2& 0010 ouT
Q032 4
Q032 z
QO3I2 4
Q032 END.

MACROGO0O AmZBOOO Assembler

k) AmZEO0D Code

1.0.1 Page S

CODE TQ WRITE TO DATA FRT REG.

DATAPRT,R2;

Figure 2-10. Writing Through the Data Port
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