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INTRODUCTION

DESCRIPTION

The TMS 99024 Asynchroneus Communications Controller {ACC) is a peripherat device designed for use with the
Texas Instruments 9900 family of microprocessors, The TMS 9902A is fabricated using N-channel, silicon gate, MOS
technology, The TMS 9902A is TTL-compatible on all inputs and outputs, inciuding the power supply (+% V} and
single-phase clock. This controller provides the interface between a microprocessor and a serial, asynchronous,
communications channel, The ACC performs the timing and data serialization and deserialization functions, facili-
tating microprocessor control of the asynchronous channel. The TMS 9902A ACC accepts £/A4 Standard A3-232-C

protocol.

KEY FEATURES

> Campatible with TMS 9900 and TMS 9935

- Law cost, serial  asychronous interface

® Programmabla, five-to-eight-bit, 1/0 character length

. Programmable 1, 1°4, and 2 stop bits

- Even, pdd, or no parity

. Fully programmable data rate generation

. Interval timer with resolutien from 64 to 16,320 micraseconds
- TTL-compatibility, including power supply

L Standard 18-pin piastic or ceramic package

> M-channel, silicon gate technology

TYPICAL APPLICATION

Figure 1 shows a general block diagram of a system incorporating a TMS 9902A ACC. Following is a tutorial dis-
cussion of this application. Subseguent sactions of this Data Manual detail most aspects of the ACC use.

The TMS G902A interfaces with the CPU through the communications register unit (CRU). The CRU interface
consists of five address select lines (30-54), chip enabie (CE), and three CRU lines (CRUIN, CRUQUT, CRUCLK).
An additional input to the CPU is the ACC interrupt line {INT). The TMS 9902A occupies 32 bits of CRU space;
each of the 32 bits are selected individually by processor address lines A10-A14, which are connected to the ACC
select fines S0-54, respectivaly. Chip enable (CE) is generated by decoding address lines AD-AD far CRU cycles,
Under certain conditions the TMS 9802A causes interrupts. The interrupt logic shown in Figure 1 can be a TMS 9901,

The ACC interfaces to the asynchronous communications channel on five lines: request to send (RTS), data set
ready (DSR}, clear to send (CTS!), serial transmit data (XQUT), and serial receive data (RIN). The request to send
{RTS) goes active {LOW) whenever the transmitier is activated. However, before data transmission begins, the clear
to send (CTS) input must be active. The data set ready (DSR) input does not affect the receiver or transmitter.

When DSH or CTS changes level, an interrupt is generated,
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The controller is designed to provide a low cost, serial, asynchronous interface to the 9900 family of microprocessors. = = :E z E X R IR -
The TMS 9902A ACC, diagrammed in Figure 2, has five main subsections: CRU interface, transmitter section, : e IED FIE: 55
receiver section, interval timer, and interrupt section, ‘ E T § E':Lj g - E B
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2.1 CRU INTERFACE

N
1

The CRU is the means by which the CPU communicates with the TMS 9902A ACC. The ACC occupies 32 bits of '
CRU read and write space. Figure 3 illustrates CRLU interfaces between 2 TMS 9902A and 9900, 9981 and 9985 |
CRU's, The CRU lines are tied directly to each other as shown. The feast significant bits of the address bus are
connected to the select lines, in a TMS 8900 CPU system A14-A10 are connected 1o 54-50 respectively. The most

significant address bits are decoded to select the TMS 9902A via the chip enable (CE) signal. When CE is inactive -~ "
(HIGH}, the CRU interface of the 9802A i5 disabled.
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Figure 3(c) illustrates 8 TMS 9395 CRU interface. The WE/CRUCLK line from the 9995 needs to be inverted for

the 9902A. The A10-A14 lines are connected to S0-54 respectively on the 9902, Selection of the 9902 is possible by g = i
utilizing the AD-AB lines in canjunction with the MEMEN line. = § - f i;
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When CE is inactive [HIGH} the 9902A sets its CRUIN pin to high impedance and disables
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CRUCLK from coming on chip. This means the CRUIN line can be used as an OR-tied bus,
The 99024 is stiil ahle to see the select lines even when CE s high,
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For those unfamiliar with the CRU concept, the following is a discussion of how to build a CRU interface. The CRU
is a bit addressable, synchronous, serial interface over which a single instruction can transfer between one and 16
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bits serially. Each one of the bits of the CRL space has a unique address and can be read and written to, During

multi-bit CRU transfers, the CRU address is incremented at the beginning of each CRAU cycle to point to the next
consecutive CRU bit.
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When a TMS 9900 series CPU executes a CRU Instruction, the processor uses the contents of Workspace Register 12
as a hase address. {Refer to the 9900 Microprocessor Data Manual for a complete discussion on how CRU addressas
are derived.) The CRU address is brought out on the 15-hit address bus; this means that the least significant bit of
R12 is not brought out of the CPU. During CRU cycles, the memory controd lines IMEMEN, WE, and DBIN) are
all inactive; MEMEN being inactive (HH3H) indicates the address is not a memaory address and therefore is a CRU
address or.external instruction code. Also, when MEMEN is inactive {HIGH) and a valid address is present, address
bits AQ-A2 must all be zero to constitute a valid CRU address, If address bits AD-A2 are other than all zeroes, they
are indicating an external instruction code. In summary, address bits A3-A14 contain the CRU address to be
decoded; address bits AD-A2 must be zero: and MEMEN must be inactive [HIGH} to indicate a CRU cycle.

211 CPU Qutput For CRU

The TMS 9902A ACC occupies 32 bits of output CRU space, of which 23 bits are used: 31 and 21-0. These 23 bits
are employed by the CPU to communicate command and control information to the TMS 9902A, Table 1 shows the
mapping betwean CRU address select (5 lines) and ACC functions, Each CRU addressable cutput bit on the ACC is
described in detail follaowing Table 1,

TABLE 1
THS 9802A ACC OUTPUT EELECT BIT ASSIGNMENTS

{8} TMS 8981 CRU

TMS 9902A ACC TMS 9995
|
) CLKOUT
CRUOUT ATS/CRUOUT
CRUIN CRUIN
CRUCLK -o———oq We/ERUCLK
S0 -1 A1D
$1 I ar
52 { a1z
$3 A13
54 { A
CE AD-AB

[C} TMS 9966 CRU

FIGURE 3 — TMS 9202A CRU INTERFACES
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- ETADD:EESSZ - ADDRESS 0 NAME DESCRIFTION
1 1 1 1 1 31 AESET Heset device
30-27 Not used
] 0 | a 1 21 DSCEME Data Set Status Change Interrupt Enabie
i 0 1 a v 20 TIMENB Timer Interrupt Enable
1 0 0 1 1 19 XBIENB Transmitter Interrupt Enable
1 4 0 1 0 18 RIEND Receaiver Interrupt Enable
1 0 o 0 1 17 BRIKON Braak On
1 ) o 0 (M 16 RTSON Request to Send On
0 T 1 1 1 15 TSTMD Test Mode
D 1 1 1 a 14 LDCTRL Load Control Register
1) 1 1 0 ] 13 LOIR Load Interval Register
0 1 1 0 Q 12 LRDRA Load Heceiver Data Rate Ragister
1 1 O 1 1 i1 LXDHR Load Transmit Data Hate Register
100 Comral, Interval, Receive Data Rate, Transmit Data Rate,
and Transmit Buffer Registers
Bit 31 (RESET) — Reset, Writing a one or 2ero to it 31 causes the device to reset, conseguently
disabling all interrupts, initializing the transmitter and receiver, setting RTS
inactive (HIGH), setting all register load control flags (LOCTRL, LDIR, LRDR,
and LXDR} to a logic one level, and resetting the BREAK flag. No other input
or output operations should be performed for 11 ¢ clack cycles after issuing the
RESET command.
Bit 30-Bit 22 — Not used.
INTERRUPT SELECT INTERRUPT INTERRUHT
ENABLE BT FLAG ENABLED
SCENSG 21 DSCH DECINT
TIMENS 20 TIMELP TIMINT
XIENS 19 XHRE XINT
L RIENS 18 RERL RINT




Bit 21 (DSCENB) —

Bit 20 {TIMENB) —

Bit 19 {XBIENB} —

Bit 1B {RIENB) —

Bit 17 {(BRKON) —

Bit 16 {RTSON) —

Bit 1 ([TSTMD]) —

Data Set Change Interrupt Ensble, Writing a one to bit 21 causes the INT out-
put to be active (LOW) whenaver DSCH {Data Set Status Changsl is a logic one.
Writing a zero to bit 21 causes DSCH interrupts to be disabled. Writing either 3
one or zere ta bit 21 causes DSCH to reset. {Refer also to Section 2.9.)

Timer Interrupt Enable. Writing a one to bit 20 causes the INT cutput to be
active whenever TIMELP {Timer Elapsed} is a logic one, Writing a zero to hit 20
causes TIMELP interrupts to be disabled, Writing either a one or zero to bit 20
causes TIMELP and TIMERR (Timer Error) to reset. {Refer also toc Sections
2.4 and 2.5.)

Transmit Buffar Interrupt Enable. Writing 2 one to bit 19 causes the INT output
to be active whenever XBRE (Transmit Buffer Register Empty} is a logic one.
Writing a zero to bit 19 causas XBRE interrupts to be disabled, The state of
XBRE is not affected by writing to bit 19. (Refer also to Sections 2.2 and 2.b.)

Recaiver Interrupt Enable. Writing 2 one 1o bit 18 causes the INT output to be
active whenever RBRL {Heceiver Buffar Register Loaded) is a logic one. Writing
a zero to bit 18 disabies RBRL interrupts. Writing either a ane or zero to bit 18
causes RBRL to reset. (Refer also to Sections 2.3 and 2.5.)

Break On, Writing a one to bit 17 causes the XOUT {Transmitter Serial Data
Output} ta go to a logic zera whenever the transmitter is active and the Transmit
Buffer Register (5BR) and the Transmit Shift Register (XSR) are empty, While
BRKON is set, loading of characters into the X8R is inhibited. Writing a zero to
bit 17 causes BRKON to reset and the transmitter ta resume normal operation,

Reguest To Send On, Writing a one to bit 16 causes the RTS output to be active
(LOW). Writing 2 zero to bit 16 causes RTS 10 go 10 a logic ane after the X5SR
(Transmit Shitt Register] and XBR (Transmit Buffer Register) are empty, and
BRKON is reset. Thus, the RTS output does not become nactive {HIGH] until
after character transmission is completed.

Test Mode. Writing a one to bit 15 causes RTS to be internally connected to
CTS, XOUT to be internally connected to RIN, DSR to be internally held LOW,

and the Interval Timer to operate 32 tirmes its normal rate, Writing a zero to bit

15 re-enables normal device operation. There seldom is reason to enter the test
mode under normal cireumstances, but this function is useful for diagnestic and
Inspection purposes,

Bits 14-11 — Hegister Ltoad Control Flags. Output bits 14-11 determine which of the five
registers are loaded when writing to bits 10-0. The fiags are prioritized as shown
in Table 2,
TABLE 2
TM= 99Q02A ACC REGISTER LDAD SELECTION
REGISTER LOAD CONTROL FLAG
sTATLUS _ REGISTER ENABLED
LOCTRL LDIR LRDR LXDR
1 X X x Contral Aesgister
0 1 X A irterval Aegister
0 | 1 X Raceive Data Rate Register *
0 ! 0 X 1 Transmit Data Rate Register *
0 1 0 H 0 Transmit Buffer Register

*1f both LRDA and LXDR bits are 3et, hoth reglstars are {oaded, sssuming LOCTRL and LDIA are dizabled; if only ong of thaas

reglsters is to be iosded, oniy that regicter bit |s set, and the othar register bit reset,

2.1.2

2121

Bit 14 (LDCTRL) -

Bit 13 (LDIR) —

Bit 12 (LRDR} -

Bit 11 {LXDR) —

Bits 14-11 {All Zeroes) —
Bits 10-0 {(Data} —

Registers

Control Register

Load Control Register. Writing a one 1o bit 14 causes LDCTRL to be set to a
logic one, When LDCTRL = 1, any data written to bits 0-7 is directed to the
Control Register. Note that LOCTRL is also set to a logic ane when a one ar
zero is written to bit 31 {RESET). Writing a zero to bit 14 causes LDCTRL to
reset to a logic zero, disabling loading of the Control Register, LDCTRL is also
automatically reset 1o logic zero when a datum is written to bit 7 of the Control
Register. Reset normally occurs as the last bit is written when loading the
Control Register with a LDCH instruction.

Load Interval Hegister. Writing s one to bit 13 causes LDIR to set to a logic one,
When LDIR = 1 and LDCTRL = 0, any data written to bits (-7 is directed ta the
Interval Register. Note that LDIR is also set to a logic one when a datum is
written to bit 31 (RESET); however, Interval Register ioading is not enabled
untii LDCTRL is set to a togic zero, Writing a zero to bit 13 causes LBIR ta be
raset to logic zero, disabling loading of the Interval Register, LDIR is also auto-
matically reset to togic zero when a datumn is written to bit 7 of the Interval
Register, Reset nomally occurs as the last bit is written when Ivading the
Interval Register with a LDCR instruction.

Load Receiva Data Rate Register, Writing a one to bit 12 causes LRDR to set to
a logic one. When LRDR = %, LDIR =0, and LDCTRL = Q. Any dats written to
bits 0-10 is directed to the Recaive Data Rate Register, Note that LROR is also
set to a logic one when a datum is written to bit 31 {RESET): however, Receive
Data Rate Register loading is not enabled until LDCTRL and LDIR are set 10 a
logic zero, Writing a zere bit to 12 causes LRDR to reset to a ogic zera,
disabling loading of the Receive Data Rate Register. LRDR is also autamatically
reset 10 lagic zerc when a datum is written to bit 10 of the Receive Data Rate
Register. Reset normally occurs as the last bit is written when loading the
Receive Drata Rate Register with a LDCR instruction,

Load Transmit Data Rate Register. Writing a one to bit 11 causes LXDR to set
to a logic one. When LXDR =1, LD!R =D, and LDCTRL = 0, any data written
to bits 0-10 is directed to the Transmit Data Rate Fegister, Note that loading af
both the Receive and Transmit Data Rate Registers is enabled when LDCTRL =
O, LDIR =0, LRDOR =1, and LXDR = {; thus these two registers may be loaded
simultaneously when data is received and transmitted at the same rate. LXDR is
also set to a logic one when a datum is written to bit 31 (RESET}; however,
Transmit Data Rate Register loading is not enabled until LDCTRL and LDIR are
at logic zero. Writing a zero to bit 11 causes LXDF to reset ta logic zero, con-
sequently disabling loading of the Transmit Data Rate Register. Since hit 11 is
the next bit addressed after loading the Transmit Data Rate Register, the register
may be loaded and the LXDR flag reset with a single LDCR instruction in which
12 bits {Bits 0-11} are written and zero written to Bit 11.

Load Transmit Buffer Register. See Section 2.1.2.5.

Data. Information written to bits 10-0 is loaded into the controlling registers as
indicated by LOCTRL, LDIR, LRDR, and LXDR isee Table 2), The different
register bits are described in Section 2.1.2 below,

The Control Register is taaded to select character length, device clock operation, parity, and the number of stap bits
tar the transmitter; control register loading ogours when LDCTRL is active {see Table 2], Tabie 3 shows the hit
address assignments for the Cortrol Register.




TABLE3

CONTROL REGISTER BIT ADDRESS ASSIGNMENTS

ADDRESS g NAME DESCRIPTION
7 SB51 % i} Stop Bit Select
& SB52
o PENB Parity Enable
4 FODD Qdd Parity Select
d CLK4AM ¢ Input Divide Select
2 — Mot Used
RCL1
1 il Character Length Select
0 RCLO
7 B 5 4 3 2 1 1]
=B51 SBS2 PENH FODD CLK4M NOT USED RCL1 RCLD
MEH LSB
Bits 7 and B

(SBS1 and SBS2) —

Stop Bit Selection. The number of stop bits 1o be appended to each transmitter
character is selected by bits 7 and 6 of the Control Register as shown below. The
receiver only tests for a single stop bit, regardless of the status or bits 7 and 6.

STOP BIT SELECTION
5851 5852 NUMBER CF TRANSMITTED
BIT7 BIT B STOP BITS
0o ¥ 1%
"0 1 Z
1 0 ]
1 1 1
Bits b and 4
{FENB and PODD) —- Parity Selection, The type of parity generated for transmission and detected for

reception is setected by bits 5 and 4 of the Control Register as shown below.
When parity is enabled (PENB = 1), the parity bit is transmitted and received in
addition to the number of bits selected for the character length, Odd parity is
such that the total number of ones in the character and parity bit, exclusive of
stop bitls), are odd, For even parity, the total number of anes are even.

PARITY SELECTION

PENBA PODD
PARITY

BITH BIT 4

Qg Q Mone

0 1 None

1 Q ! Even

1 i { Quc

B

Bit 3 (CLK4M) —

‘¢ External Input

Bits 1 and O
(RCL 1 and RCLD} —

@ Input Divide Select. The ¢ input to the ACC is used to generate internal
dynamic {ogic clocking and to establish the time base for the Interval Timer,
Transmitter, and Receiver. The ¢ input is internally divided by either 3 or 4 to
generate the two-phase internal clocks required for MOS logic, and 1o estabiish
the basic internal operating frequency {finy) and internal clock period (tjned.
When bit 3 of the Control Register is set to a logic one (CLK4M = 1), ¢ is inter-
nally divided by 4, and when CLK4M = 0, ¢ is divided by 3. For example, when
f¢ = 3 MHz, as in a standard 3 MHz TMS 3900 system, and CLKAM = 0, ¢ is
internalty divided by 3 to generate an internal ciock period tjnp of 1 us. The
figure below shows the operation of the interpal clock divider circuitry, The
internal clock frequency should be no greater than 1.1 MHz; thus, when TE}
3.3 MHz, CLK4M should be set to a logic one,

- l &1 int
rn=4 if CLK4m=1 -
+nf 62 » 1o internal logic
_- - 1 _
k n=3 if CLK4m=D - o1
_.J nt = -
i
tint=— = —
fint e

INTERNAL CLOCK DIVIDER CIRCLUITRY

NIZTE: f@ denores frequeney of .

Character Length Select. The number of data bits in sach transmitted and re-
ceived character is determined by bits 1 and O of the Control Register as shown
below:

CHARACTER LENGTH SELECTION

RCL1 RCLO CHARACTER
BIT 1 EITO LENGTH

0 0 5Bis

d 1 G Rits

1 O F Bits

1 1 5 Ens

21.22 Interval Register

The tnterval Register is anabled for loading when LDCTRL =0 and LDIR = 1 {see T=hie 2}. The Interval Register is
used to select the rate at which interrupts are genesated by the TMS 9902A Inte. rat Timer. The figure befow shows
the kit assignments for the Interval Aegister when enabling for laading,

7 B 5 4 3 Z L b
TMRY? TMRG TMRA5 TMR4 TMR3 TMRZ TMR1 TMRD
M5B L5B

INTERVAL REGISTER BIT ADDRESS ASSIGNMENTS




The figure nelow illustrates the establishment of the interval for the Interval Timer, For example, if the [nterva!
Register is toaded with a value of 809g {128 the interval at which Timer |nterrupts are generated is tigy| =
tine - 84 - M = {1 us) {64} (128) = 8,192 ms when tine = 15 tipt = nffdwheren=4 if CLK4M = 1, 3 if CLKAM =0,

¢ int _ L m TIMELP
signal >~ B4 * = (TMR7—TMRO} hl
frequency fint finy'64
tint/(64) {m}
time tint (64) tine {64} (imHt;n )

TIME INTERVAL SELECTION

2 1.2.3 Receoive Data Rate Register

The Receive Data Ratre Register {RDR) is enabled for loading when LDCTRE = 0, LDIR = 0, and LROR = 1 {zee
Table 2). The Receive Data Rate Register is used to select the bit rate at which data is received, The diagram shows
the bit address assignments for the Recefve Data Rate Register when enabled for loading.

10 9 B 7 & 5 4 3 2 1 D

ADVE HDRS ROAZ ADR7Y RDORG % RORS ROR4 ! ADR3 RDR2Z ADRT RDAQ

MEB LEB
RECEIVE DATA AATE REGISTER BIT ADDRESS ASSIGNMENTS

The diagram below itlustrates the manner in which the receive data rate is established. Basically, two programmable
counters are ysed to determine the interval for half the bit period of receive data. The first caunter divides the inter-
nal system clock frequency {finy) by either 8 (RDV8 = 1) or 1 {RDVB = 0). The second counter has ten stages and
may be programmed to divide its input signal by any value from 1 {RDRS — RORY = 00GO0C000T) to 1023 (RDRS
= RDRO = T111111111). The frequency of the output of the second counter {fwp) is double the receive-data rate,
Far example, assume the Receive Data Rate Register is loaded with a value of 11000111000: RDVS = 1, and RDRY
— RDAG = 1000111000 = 23816 = 56810. Thus, for fint = 1 MHz, {see Contral Register, hit 3) the receive data rate
= frew = ({1 x 106 + 8) + 568] + 2 = 110.04 bits per second.

f: i - m =N 4
. - ARHBT froy
W ———— = m.g@ADVE-1 [~ n-(RDRY . RDRO) > 2

orm - 1{ROVE - [

fimn Firt tRHBT
= — = frHBT —
T {rmy i} z

frequency tine

RECEIVE CATA RATE SBELECTION

Quantitatively, the receive-data rate Ry is described by the following algebraic EXPressinn:

tRHBT fint Fint
fl‘[‘:'u’ = — - S
2 (2) {m) (n) (2) {8ADVB} (RDRY — RORD}

-

10

2 1.24 Transmit Data Rate Register

The Transmit Data Rate Ragister (XDR) is enabled for loading when LDCTRL = 0, LDIR = 0, and LXDR = 1 {see
Table 2). The Transmit Data Rate Register is used to select the data for the transmitter, The figure below shows the
bit address assignments for the Transmit Data Rate Register when enabled far leading.

14 q | 7 & 5 4 3 2 1 D

XDV | XDF9 | XDRE | XDR7 | XDRE | XORS E XDR4 | XDR3 | xpkz | xDrR1 | xpmRO

M5B LSE

The transmit data rate is selected with the Transmit Data Aate Register in the same manner the receive data rate js
selected with the Receive Data Rate Register, The algebraic expression far the Transmit Data Rate fy gy is

IHBT fint

fxmt = =
2 (2) (8XDVB) (XDRY — XDRO}

For example, if the Transmit Data Rate Register is loadad with a value of 00110100001, XDVS8 = (0, and XDR9
— XDRO = 1A115=41710. If finy = 1 MHz, the transmit data rate = fymt = [{1 x 106 = 1) + 417] + 2 = 1199.0 bits
per second.

2 1.25 Trarmmit Buffer Register

The transmit Buffer Register (XBR) 15 enabled for 1cading when LOCTRL =0, LDIR =0, LRDR =D, LXDR =0,
and BRKON = 0 {see Table 2], The Transmit Buffer Register is used to store the next character 1o be transmitted.
When the transmitter is active, the cantents of the Transmit Buffer Reqgister are transferrad to the Transmit Shift
Register {XSR) each time the previous character has been completely transmitted {XSR becomes empty}. Thea bit
address assignments for the Transmit Buffer Register are shown below:

7 & 5 4 3 2 1 0
XBR7 XBRE XHRS XBR4 XBR32 XBR?  XBR1 XBAC
MSB | LSB

TRANSMIT BUFFER REGISTER BIT ADDRESS ASSIGNMENTS

All eight bits should be transferred into the register, regardless of the selected character length. The extraneous high
order bits will be ignared for transmission purposes; however, toading of bit 7 is internally deiected, which causes
the Transmit Buffer Register Empty {XBHE) status flag to reset.

2.1.3 Input To CPU For CRLU

The ACC occupies 32 hits of input CRU space. The CFL rpads the 32 bits from the ACC to sense the status of the
device. Table 4 shows the mapping betwean CRU bit address and ACC read data, Each CRU addressable read bit is
described following Table 5, :

Status and data information is read fram the ACC using CE, S0-84, and CRUIN. The fallowing figure illustrates the
relattonship of the signals used to access four bits of data from the ACC,

CE I
S0-S4  don't care [ n n+ 1 n+ 2 n+3 don‘t care
Hi - ‘ Hi-Z
CRUIN - Z bit n bitn+1 | h|1n+2_l bitn+3 |} :

ACC DATA ACCESS SIGNAL TIMING

11




16
ATS0ON

17

BREKON

18
RIENE

19
ARIENE

20
TIMEREB

TABLE S
TMS 8802A ACC INPUT SELECT BIT ASSIGNMENTS

21
DSCENE

75 24 23 22

7B

WNOT USED
17

TAELE 4. CRU OUTPUT BIT ADDRESE ASSIGNMENTS

31

27

28
17

29
13

an
14

RESET
15

ADDRESS: ADDRESS1p NAME DESCRIPYION
=0 §t S§2 53 &4
1 | 1 1 1 31 INT Interrupt
~ ~ - - 1 1 1 1 L1 30 FLAG Register Loagd Control Flag Ser
= . = 2 = 2 1 1 1 0 1 29 DSCH Data Set Status Change
W E ? wow "~ @ = e 2 E 1 1 1 0 g 28 CTS Clear to Send
w , - T 1 ¢t 27 DSR Data Set Ready
& AN EEEE z ¥ 5 - 1 1 0 1 0 26 i RTS Request to Send
o g1 1 E £ g = 5-'-'? T 1 6 0 1 25 TIMELP Timer Elapsed
b v 1 1 0 © © 24 TIMERR Timer Evrar
5 i E T i 1 0 1 1 1 23 MIRE Transmit Shift Register Empty
2 .
= = 2 - E E % * 1 D 1 1 ¥ 22 XBERE Transmit Buffer Registar Emoty
% " V e E E 1 0 1 0 1 21 RERL Recaive Buffer Register Loaded
— w
: W g - R x ©|g Nt e - t ot 0 ¢ 20 DSCINT Diata S#t Statws Change Interrupt {DSCH - DSCENB)
Wl t 1 - w 1 s .
o 3ld| <3 HE 8 ele| ! . B A2 - B i o o 1 3 19 TIMINT Timer Interrupt (TAMELP * TIMENB)
¥ < ~ -5 = "‘EE- . — F— O — S — = 2 t 0 o 0 18 - Not Used {atways = O
. o - E h
G z |3 v < x|z T a3 . o2 . D e 0 0 0 1 17 XBINT Transmitter [nterrupt (XBRE - XBIENB)
E % g = § S ﬁ E =z ; E 2 2 E % 3 a x 'E t 0 0 4 0 16 REINT Receivar interrupt (RERL - RIENB]
” Lt . 'E — - —_ = E . S - S E-—- n o 0 1 1 ¥ 1 15 AIN Receive Input
o Q X o — L T o [ o ) ] ! |
= 2 o o= - o | . < |w : @8 B 0 1 1 L 4] 14 RSED Raceive Start 8it Dorect
— =f= —
= Y 2 = 2 L[ r Zlx 2 o 1 1 0 1 13 RFBD Receive Full Bit Detect
E 4-— — — — — il — % — 1 — Z s 0 { 1 4] 0 12 RFER Recaive Framing Error
. e T £ EE2F-: E Frel B 6o 1 0 1 1 11 AOVER Recelve Overrun Ercor
kil I - —— =
. 2l |, 5 & - z T g 2 s o 1 0 1 o0 10 RPER Receive Parity Error
5 ?- ui — — — —_ — — — v 0 L; 0 0 1 q RCVEHRR Receive Error
! e . - T I - Q 1 0 0 0 8 ot Used {always
W] o )
- & E x 2 7-0 REBRY - RBERAG Receive Buffer Ragisier {Received Datal
w P — —_— o — — — E
Lt 41
i ® @ E Bit 31 {INT) — | INT = DSCINT {Data Set Status Change Interrupt) + TIMINT {Tirner Interrupt)
3 T * T + XBINT {Transmitter Interrupt) + RBINT (Receiver Interruptl. The interrupt
2 — — — — = — —: output {INT) is active [LOW) when this status signal is a logic ane. {Refer also-
L1y 1 C .
at = ol £ to Section 2.8.)
= T L f n
= L C ' ]
3 ) 1 2 Bit 30 (FLAG) — FLAG = LDCTRL + LDIR + LRDR + LXDR + BRKON. When any of the
E: — — — — — — — — _.-l‘ — — —ﬂ“l— — — ;-"
= 3% N register load control flags or BRKON is set, FLAG = 1 [see Section 2.,1.1).
O o e
- & = § Bit 29 (DSCH} — Data Set Status Change, DSCH is set when the DSR or CTS input changes stata.
. e S I — z To ensure recagnition of the state change, DSR or CTS must remain stable inits
c b new state for 3 minimum of two internal clock cycles. DSCH is reset by an out-
- - — - ]
’ " 5k put to bit 21 (DSCENB). .
L)
—_ - =~ = — z . . ] —— )
« - Bit 28 {CTS) - Clear To Send. The CTS signal indicates the inverted status of the CTS device
c x x - x o = input
1 ¥ .
- L -
— — = = — - - = = = — e Bit 27 {DSR) - Data Set Ready. The D5R signal indicates the inverted status of the DSR device
T £ input,
] = — ) = L] E -
_-.-I 1 . . - . —— -
. S 2 Bit 26 {RTES) — Request To Send, The RTS signal indicates the inverted status of the RTS device
F‘_;' - output.
- LLd
8 - 7 - K Bit 25 {TIMELP) — Timer Elapsed. TIMELP is set each time the Interval Timer decrements to O
— — < v TIMELP is reset by an output to bit 20 {TIMENE].
o
=
-
“
13

12



Bit 24 (TIMERR) —

Bit 23 (X5RE} —

Bit 22 (XBRE} —

Bit 21 (RBRL} —

Bit 20 (DSCINT} —

Bit 19 (TIMINT} —

Bit 17 {XBINT} —

Bit 16 (ABINT} —

Bit 15 {RIN) —
Bit 14 {RSBD) —

Bit 13 (RFBD) -

Bit 12 {RFER) —

Bit 11 (ROVER} —

Bit 10 (RPER] ~

Timer Error. TIMERR is set whenever the Interval Timer decrements to O and
TIMELP (Timer Elapsed) is already sat, indicating that the occurrence of
TIMELP was not recognized and cleared by the CPU hefore subsequent intervais
elapsed. TIMERR is reset by an output to bit 20 {TIMENB, Timer Interrupt
Enatle},

Transmit Shift Register Empty, When XSRE = 1, no data is currentty being
transmitted and the XOUT output is at logic one unless BREKON {see Section
2.1.1) is set, When XSRE = (), transmission of data is in progress,

Transmit Buffer Register Empty. When XBRE = 1, the Transmit Buffer Register
does not contain the next character to be transmitted, XBRE is set each time
the contenis of the Transmit Buffer Hegister are transferred to the Transmit
Shift Register, XBRE is reset by an cutput to bit 7 of the Transmit Buffer
Register {(XBR7), indicating that a character has been loaded.

Receive Buffer Register Loaded. RBRL is set when a complete character has
been assemoled in the Receive Shift Register, and the character is transferred to
the Receive Buffer Reqgister. RBRL is raeset by an autput to bit 18 [RIENB,
Receiver interrupt Enabile}.

Data Set Status Change Interrupt, DSCINT = DSCH {Data Set Status Change)
AND DSCENB {Data Set Status Change Interrupt Enable}, DSCINT indicates
the presence af an enabled interrupt caused by the ghanging of state of DSR
or CTS.

Timer Interrupt. TIMINT = TIMELP (Timar Elapsed) AND TIMENB {Timer
Interrupt Enatle). TIMINT indicates the presence of an enabled interrupt caused
by the intervai timer.

Transmitter Interrupt. XBINT = XBRE (Transmit Buffer Register Empty)] AND
XBIENB [Transmit Buffer Interrupt Enable), XBINT indicates the presence of
an enabled interrupt caused by the transmitter.

Receiver Interrupt. RBINT = RBRL {Receive Buffer Register Loaded] AND
RIENEB (Receiver Interrupt Enable}. RBINT indicates the presence of an enabled
irterrupt caused by the receiver.

Receive Input. BIN indicates the status of the RIN input to the device,

Receive Start Bit Detect. RSBD 15 set a half hit time after the 1-t0-0 transition
of RIM, indicating the start bit of a character. If RIN is not stilt O at such time,
RSBD is reset. Otherwise, RSBD remains true until the complete character has
been received. This hit is normally used only for testing purposes.

Receive Full Bit Detect. RFBD is set one it time after RSBD is set ta indicate
the sample point for the first data bit of the received character. RSBD is reset
when the character has been compiletely received, This bit is normaily used oniy
for testing purposes,

Receive Framing Error. HFER is set when a character is received in which the
stop bit, which should be a {ogic one, is a logic zero. RFER shauld only be read
when RBRL (Receive Buffer Register Loaded) is a one. RFER is reset when a
character with the correct stop bit is received,

Receive Overrun Error. ROVER is set when a new character is received befare
the RBAL (Receive Buffer Register | aaded) flag is reset, indicating that the CPU
faided to read the previous character and reset RBRL before the present character
i5s completely recetved, ROVER is reset when a character is received. RBRL is O
when the character is transferrad to the Recejve Buffer Register,

Receive Parity Error, RPER is set when a character is received in which the
parity is incorrect, RPER 15 reset when a character with correct parity is received.
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2.2

2,21

2.2.2

2.2.3

git 9 {(RCVERR} — Receive Error, RCVERR = RFER (Receive Framing Errorl + ROVER (Receiver
Overrun Error) + RPER (Receive Parity Error). The RCVERR signal indicates
the presence of an error in the mast recently received character,

Bit /-Bit 0

{RBR7-REBRQ} — Receive Buffer Register, The Receive Buffer Register contains the most recently
received character, For character lengths of fewer than eight bits, the character
is right-justified, with unused most significant bit(s) all zerojes}, The presence of
valid data in the Receive Buffer Register is indicated when RBRL {Receive

Buffer Register Loaded) is a logic one.

TRANSMITTER OPERATION

The operation of the transmitter is diagrammed in Figure 4. The transmitter is initialized by issuing the RESET
command {output 1o it 31}, which causes the internal signals XSRE (Transmit Shifr Register Empty] and ABRE
{Transmit Buffer Registar Empty] to set, and BRKON to reset. Device outputs RTS and XOUT are set, placing the
transrritter in its idle state, When RTS50N {(Request-to-Send On) is set by the CPLU, the RTS output becaomes active
{LOW) and the transmitter becomes active when the GTS input goes LOW.,

Data Transmission

If the Transmit Buffer Register contains a character, transmission begins. The contents of the Transmit BuHer
Register are transferred ta the Transmt Shift Register, causing XSRE to reset and XBRE to set, The first bit trans-
mitted {start bit} is always a logic zero. Subsequently, the character is shifted out LSB first, Oniy the number of bits
specified by RCL1 and RCLO (character length select) of the Contral Register are shifted. |f parity is enabled, the
correct panity it is next transmitted. Finally the stop bit{s) selected by SBS1 and SBS0 of the Control Register are
transmitted. Stop bits are always lagic one, X5RE is set to indicate that no transmission is in praqgress, and the trans-
matter again tests XBRE to determine if the CPU has yet loaded the next character. The timing for a transritted
character is shown belaw.

FARITY STOP

STARTI | 81T | BITIS)
| BIT | TRANSMITTED CHARACTER | | |
1 —— I |
XOouUT L5B |LSB+1 MSB
G
oo I i
NUMBER | I | i J
oF BiTe P 307 ORE |6 CR 1j 1,1-1/2, OR 2|
t -

TRANSMITTED CHARACTER TIMING

BREAK Transmission

The BREAK message is transmitted only if XBRE = 1, CTS = 0, and BRKON = 1. After transmission of the BREAK
massage baging, loading of the Transmit Buffer Register is inhibited and XOUT is reset. When BREKON is reset by the
CPU, XOUT is set and normal ocperation continues, |1 15 important to note that characters loaded inte the Transmit
Buffer Register are transmitted prior to the BREAK message, regardless of whether or not the character has been
Ioaded into the Transemit Shift Register befare BRKON is set, Any character to be transmitied subsequent to trans-
mission of the BREAK message may not be loaded into the Transmit Buffer Register until after BRKON is reset.

Transmission Termination

Whenever XSRE = 1 and BRKON = 0, the transmitter is idie with XOUT set to one. If ATSON is reset at this time,
the ATS device output will go inactive (HIGH), disabling further data transmission until RTSON is again set. RTS
will not ga inactive, however, until any characters loaded into the Transmit Buffer Register prior to resetting
RTSON are tramsmitted and BRKON = 0.
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SET XSAE
S5ET XBRE

SET XOUT

DISABLE ATS
RESET BREON

RTSON
1 DISABLE ATS
e h
ACTIVATE ATS
e

XEBR »X5R RESET XOUT |

RESE M X5HE

SET XBRE

XMIT START 1
BREDON
BIT (XDUT-0)

- [

XMIT A5R SET XOuUT

o> ,

1

AMIT PARITY
BT

:

XMIT STOF
BITIS) IXQUT=1;

SET X5HE

|

FIGURE 4. TMS 8902A TRANSMITTER OPERATION
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2.4

RECEIVER OQPERATION.

Recalver Initialization

Operation of tha TMS 9902A receiver is diagrammed in Figure 5. The receiver is initialized whenever the CPU issues
the HESET command. The RBRL {Receive Buffer Register Loaded) flag is reset to indicate that no character is
currently in the Receive Buffer Register, and the RSBD (Receive Start Bit Detect}l and RFBD (Receive Full Bit
Detect} flags are reset. The receiver remains in the inactive state until 2 one-to-zaro transitwon i detecied on the RN
device input.

Start Bit Detection

The receiver deiays a half bit time and again samples RIN to ensure that a valid start bit has been detected, If
RIN = ( after the half-bit defay, RSBD is set and data reception begins. |f RIN = 1, no data reception oceurs.

Data Reception

In addition to verifying the valid start bit, the haif-bit delay after the cne-to-zero transition also establishes the
sample point for all subsequent data bits in 2 valid received character, Thearetically, the sampte potnt is in the center
af each bit cell, thus maximizing the limits of acceptable distortion of data cells. After the first full bit delay, the
least significant data bit is received and RFBD is set, The receiver continues to delay one-bit intervals and sample
RIN until the seiected number of bits are received, F parity is enabled, one additianal it is read for parity. After an
additional bit delay, the received character is transferred to the Receive Buffer Register, RBRL i5 set, ROVER
{Receive Overrun Error) and RFER [Receive Parity Error) are loaded with appropriate values, and RN is tested for
a valid stop bit. If RIN = 1, the stop bit is valid. RFER {Receive Framing Error}, RSBD, and RFBD are reset, and the
receiver waits for the next start bit to begin reception of the next character.

¥ RIN = 0 when the stop bit is sampled, RFER is set ta indicate the accurrence of a frarming error. RSBL and RFED
are reset. but sampiing for the start bit of the next character does nat begin until RiN = 1. The timing for a received
character is depicted below.

FARITY

I5TART] | BiT | sTOP|
| BIT | RECEIVED DATA | | 8IT

RN LSE §LSB+ MS S

’

1

SAMPLE POINTS

NUMBER CF 8ITS 5 6, T ORHE

t -
RECEIVED CHARACTER TIMING

INTERVAL TIMER OPERATION

A flowchart of the operation of the Interval Timer is shown in Figure 6. Execution of the RESET command by the
CPU causes TIMELP {Timer Elapsed) and TIMERR {Timer Error} to reset and LDIR (Load Interval Register) to set.
Resetting LDIR causes the contents of the Intarval Register 1o be loaded into the Interval Timer, thus beginning the
selected time interval. The timer is decremented every 64 internal clock cyeles [every two internal clock cycles when
in Test Made) until it reaches zerg, at which time the Interval Timer is reloaded by the Interval Register and
TIMELP is set. 1f TIMELP was already set, TIMERR is zet to indicate that TIMELP was not cleared by the CPU
hefore the next time period etapsed. Each time LDIR is reset, the contents of the Interval Reqister are |oaded into
the Interval Timer, thus restarting the timer {refer also to Section 2.1,2.2),
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+ HRESET ABRL

RESET RSBD

RESET RFBOQ

DELAY /2 BIT

SET ASBD

PENB

1
0

i

1

DELAY 1 8T

i

UFDATE PARITY

!

DELAY 1 EIT

r

R5H — HER

RERL L
I}

-

SET HOVER

RESET ROVER

RIN 1
0

SET RBAL |
PARITY NO
VALID 4
YES SET RPER
RESET RPER

DELAY 1 81T

SET RFBD

SAMFLE BIT

STOPBIT

NG

VALID

%
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Lul f.; — e w "
MESCT

HESET TIMELF

ResStT TIMEAR

SET LR

'}-l

LELAY RECYCLES

|
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1
TIWELF
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i

-

t

SET TIk$ERD

i

SET TIMELF

LA IKTERN AL
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|

FIGUHE 6. TMS 9502A INTERV AL TIMER GFERATION

SET RFER

RESET AFER

FIGURE &, TMS 9902A RECEIVER OPERATION
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2.5

INTERRUPTS

The interrupt output [INT) is active (LOW) when any of the following conditions occurs and the cofrespanding
interrupt has been enablzd on the TMS 99024 by the CPU:

(1)

DSR or CTS changes tevels [DSCH = 1)

CRU
STATUS
LiNES

{2) A character has been received and stored in the Receive Buffer Register (RBRL = 1}
{3) The Transmit Buffer Register is empty (XBRE = 1}
(4] The selected time interval has efapsed {TIMELP = 1}
DSCH
\ OSCINT
DSCENE ! v A
8RL ™ RINT
RIENE I ¥
XBRE
\ AENT
X{ENE f .
TIMEILP
"1. TIMINTY
TIMENB —
INT
vy

~
\_~

...*

>

FIGURE 7. INT OUTPUT GENERATION

= OLUTFUT

Figure 7 illustrates the logical eguivalent of the ACC interrupt sectian, Table § lists the actions necessary to clear
those conditions of the TMS 9902A that cause interrupts.

TABLE 8

TMS 5902A INTERRUPT CLEARING

MMNEMONIC CAUSE ACTION TO RHESET
DSCINT T CTS or O5R change stats Write a bit to DSCENB (bit 21}*
RINT Hecaiva Bufter Full Write a bit to AIENE Bt 18}
XINT Transmit Buffer Regisier Ematy Load Transmit Buffer
TIMINT Timer Elapsed Write a bit to TIMENB (it 20)*

* Writing a zara to clear the interrupt will clear the interrupt and disstzle furthar interrvets.
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2.6 TMS 9902A TERMINAL ASSIGNMENTS AND FUNCTIONS

SIGNATURE | PiN | 1/O DESCRIPTION
iNT 1 O | Interrupt — when active (LOW}, the {NT output indi-
cates that at least one of the interrupt condilions has TMS 9902A
pecurred, 18-PIN PACKAGE
XouT 2 O | Transmitter Serisi Data Qutput line — XAWUT, re- — _
maing inactive {HIGH] when TMS 99020 2 not trans- INT E 1 9] Vce
miting. XOUT E 2 11llq} cE
RiN | | | Receiver Serial Data Input Line — ACY must be held  —
. . . - . RIN ] ! 16li e
in the inactive (HIGH) state when not receiving data.
. . " . ]
A transition from HIGH to LOW activates the receiver crRUIN [oll4 - E’ CRUCLK
circuitry.
— =
CRUIN 4 ) | Serial data output pin from TMS 9902ZA to CRUIN RIS E‘IE 4 E_ S0
input pin of the CPU., —_—a —
RTS 6§ | O | Reguest-to-3end output from TMS 9302A to madem, _ — -
RTS is enabled by the CPU and remains active {LOW) D3R E.. 7 12 E
during transmission from the TMS 9502A, CRUCUT E 2 1 1f E $1
TS g I Ciegr-to-Send input from modem to TMS 9340424, y . 4
Whnen active [LOW), it enebles the transmitier sec- 55 E 9 g0
tion of TMS 9902A. b
D5R 7 I Deta Set Ready input from madem ta TMS 98024, DSR generates an intervupt when it changes state,
CRUCUT g | | Serial data input line to TMS D902A from CRUAQUT line of the CPU.
Vg o ] Ground reference valtage.
54 (1L.58) 10 ) | Adcress Select Lines, The data bit being acoessed by the CPU intarface is specified by the 5-bit code appearing
23 i1 )} on 50-54,
52 12 I
S1 i3 |
504 14 |
CRUCLK 156 | CRU Clock, When active (HIGH}, indicates valid data an the CAUQUT iine for the 99024,
& 16 | 1 | TTLClock,
CE 17 I | Chip Enable — when CE is inactive (HIGH!, TMS 2802A CRU interface is disabled. GRUIN remains at high-
‘mpadance when CF is inactive (HIGH!.
Ver 18 | Supply voltage {+5 V nominal].
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3.1

3.1.1

3.1.2

VALLE

DEVICE APPLICATION

This section describes the software interface between the CPLU and the ACC and discusses same of the design gonsid-
erations +n the use of this device for asynchrenous communications applications.

DEVICE INITIALIZATION

The ACC is initialized by the RESET command from the CPU {output bit 31), followed by loading the Control,
interval, Heceive Data Bate, and Transmit Data Rate registers. Assume that the value to be loaded into the CRLU
Base Register (register 12) in order to point to hit O is C0401g. In this application characters have seven bits of data
plus even parity and one stop bit. The $ input to the ACC is a 3 MHz signal. The ACC divides this signal frequency
by three 1o generate an internal clock freguency of 1 MHz, An interrupt is generated by the Interval Timer every
1.6 milliseconds when timer interrupts are enabled. The transmitter operates at a data rate of 300 bits per second,
and the receiver operates at 1200 bits per second.

NOTE

To operate both the transmitrer and receiver at 300 bits per second, delete the “LDCR
@ROR, 11" instruction (see below). The “LDCR @XDR,12" instruction will cause both data
rate registers to be loaded and LRDR and LXDR to reset.

Initialization Program

The initialization program for the configuration described above is shown below. The RESET command disables all
interrupts, initializes all gontroflers, and sets the four register load contrel flags (LDCTRL, LDIR, LRDR, and
LXDR}. Loading the last bit of each of the registers causes the load contrel flag to reset automatically,

3.1.3  Interval Register

To set up the Interval Register to generate an interrupt every 1.6 milliseconds, load the value into the Interval
Register to specify the number ef 64-microsecond increments in the total interval desired.

7 g B 4 J 2 1 Q
TMR7Y TMHAB TMRE TMR4 TMR3 TMRZ TMHE1 TMRD
0 U 0 1 1 Q i 1
\. /

el
L 19,5 -254g
Z5 X pd MICROSECONDS = 1.6 MILLISECONDS

3.1.4  Raceive Data Rate Register

To set the data rate for the receiver to 1200 bits per secand, load the value into the Receive Data Rate Register a3
shown be{ow:

ROVB RDARY RORB RDAY RDRE RERE RLR4 RDR3 ROR2 RDR? RDAD

0 Q 1 1 0 1 h o D Q 1

v
—1a195 = 41740

106 - 1 - 417 + 2 = 1199.04 BITS PER SECOND

3.1.5  Transmit Data RHate Ragister

To program the clata rate for the transmitter for 300 bits per second, (oad the following value into the Transmit
Data Rate Reqister,

LI 12,240 INITIALIZE CRU BASE
SBO 31 RESET COMMAND
LDCH @ CNTRL.2 LOAD CONTROL AND RESET LDCTRL
LOCR @ INTVL.B LOAD INTERVAL AND RESET LDIR
LDCR & RDR, 11 LOAD RDR AND RESET LADR
LOCR @ XDR,12 LOAD XDR AND RESET LXDR
GCNTROL BYTE 2
INTWVL BYTE 1600/64
RDR DATA >1A1
XDR DATA, >4D0

10 9 8 7 6 5 4 3 2 1 0
XDVv8 | XDRI | XDR8 | XDR? | XDR6 | XDRS | xDR4 | XDA3 | XDR2 | XDA1 | XORD
1 0 0 1 1 0 t D 0 0 0
A - \y
B D0y g = 208
5XDVE - g

The RESET command initializes all subcontrollers, disables interrupts, and sets LDCTRL, LOIR, LADR, and LXDR,
enabling foading of the control register.

Control Ragister

The options listed in Table 3 in Section 2.1,2.1 are selected by loading the value shown below.

7 6 5 4 3 2 1 o
SBST SB52 PENG PODD ' CLEKAM RCL1 RCLO
1
MSR LSB
. 1 D N 1] 0 0 O 1 0 = AZyg
A L
Y- v v —" ' ’
i L 7 8IT CHARACTER
L % DIVIDE-BY-3

EVEN PARITY
— 15TAP BIT

22

1X108 .8 208 : 2 =300.48 BITS PER SECOND

3.2 DATA TRANSMISSION

The subroutine shown below demonstrates a simple loop for transmitting a black of data.

L RO, LISTAD INITIALIZE LIST POINTER

LI R1, COUNT tNITIALIZE BLOCK COUNT

|1 R12 CRUBAS iNITIALIZE CRU BASE

s80 16 TURN ON TRANSMITTER
XMTLFP T8 22 WAIT FOR XBRE = 1

JNE XMTLP

LDCR ‘RO+.B t OAD CHARACTER INCREMENT POINTER

RESET XBRE

DEC R1 CECREMENT COUNT

JNE XMTLP LOQP IF NOT COMPLETE

SBZ 16 TURN OFF TRANSMITTER

23

hHE —H PO ras

Loy piorfl | i

.- |



3.3

3.4

After initializing the list pointer, block count, and CRU base address, RTSON is set to cause the transmitter and the
RTS output to become active. Data transmission does nat begin, however, until the CTS input becomes active. After
the final character is loaded into the Transmit Buffer Register, RTSON is reset, The transmitter and the RTS output
do not become inactive untit the final character is transmitted.

DATA RECEPTION

The following software will cause a biock of data to be received and stored in memaory.

CARRET BYTE 0D
RCVBLK LI R2, RCVLST iINITIALIZE LIST COUNT
LI R3, MXRCNT INITIALIZE MAX COUNT
LI R4, CARRET SET UP END OF BLOCK CHARACTER
RCVLP T8 21 walT FOR RBRL =1
JNE RCVLP
STCR *R2,8 STORE CHARACTER
SBZ 18 RESET RBRL
GEC R3 DECREMENT COUNT
JEQ RCVEND END IF COUNT = (
CB "R2+,R4 COMPARE TO EOB CHARACTER, INCREMENT
POINTER
JNE RCVLF LOOP IF NOT COMPLETE
RCVEND RT END OF SUBROUTINE

REGISTER LOADING AFTER INITIALIZATION

The Control, Interval and Data Rate registers may be relpoaded after initiatization. For example, it may be desirable
ta change the interval of the timer. Assume that the interval is to be changed to 10,24 milliseconds; the instruction
SEQuUBNCe s,

SBQ 13 SET LOAD CONTROL FLAG
LDCR @ INTVLZ28 LOAD REGISTER, RESET FLAG
INTWVL2 BYTE 10240/64

When transmitter interrupts are enabled, caution should be exercised 1o ensure that a transmitter interrupt does not
occur while the load control fiag is set. For exampig, if 2 transmitter interrupt occurs between execution of the
“SBO 13* and the next instruction, the Transmit Buffer is not enabled for loading when the Transmitter Interrupt
service rodtine is entered because the LDIR flag is set. This situation may be avoided by the foliowing sequence:

BLWF QITVCHG CALL SUBROUTINE
ITVCPC LIMI 0 MASK ALL INTERALUPTS
MOV @24(R13),R12 LOAD CRU BASE ADDRESS
SBO 13 SET FLAG
LDCR @ INTVL2,8 LOAD REGISTER AND RESET FLAG

RTWP RESTORE MASK AND RETURN

ITVCHG DATA
INTVLZ BYTE

ACCWP, ITVCPC
10240/54

n this case all interrupts are masked, ensuring that all interrupts are disabled while the load centrol flag is set,
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3.5.1

3.5.2

INTERFACE TO A DATA TERMINAL

Foltowing is a discussion of the TMS 9902A interface to a T| Model 733 data terminal as implemented on the
TM 880/100M microcomputer module. Figure B diagrams the hardware interface, and Table 7 lists the software
nterface. The 733 data terminal is an ASCll-code, serial asynchronous, EIA device equipped with a keyboard,
thermal printar, and digital cassette tape. .

Hardware interface

The hardware interface between the TMS 2902A and the 733 data terminal is shown in Figure 8. The asynchronous
communication conforms to E14 Standard R5-232-C. The 75188 and 75188 perform the necessary leve| shifting
hetween TTL levels and RS-232-C levels, The ACC chip enable {3902SEL) signal comes from decode circuitry which
looks at AD-AS on CRU cycles. The interrupt output {INT) of the TMS 9902A is sent to the TMS 9801 for priori-
tization and encoding. When the B902A is communicating with a termin al, the RTS pin can be connectad to the CTS
pin because the terminal will always be in the clear-to-send {CTS) condition,

Figure 9 diagrams the hardware interface of a TM5 9995 to an ASRA 733 Data Terminal utilizing 2 TMS 9802A.
This schematic is very similar to the TMS 9900 interface diagram. WE/CRUCLK must be inverted before connecting
to CRUCLK input an the TMS 8802A,

Software

The software required to initialize, read from, and write to the TMS B902A ACC s listed in Table 7. These routines
are taken directly from TIBUG {TM 9390/402-1}, which is the monitor that runs on the T™ 930/100M boards, The
cading shown is part of 2 routine entered because of 3 power-up reset. Before this section of code was entered, not
shown, R12 is set to the correct vatue of the TMS 9902A CRU base address. The haud rate is detected by measuring
the start bit length when an A’ is entered via the keyboard. The variable COUNT is incremented avery time the
SPLOOP is executed. When a zero is seen at 990024 bit 15 (RIN}, the start bits are finished being received. The
value of COUNT is then compared against a table of Xnown values in TABLE to determine the baud rate.

TIBUG assumnes that a1l 1200-baud data terminals are T1 Madel 733 data terminals. The Tl Model 733 communicates
at 1200 baud, but prints at 300 baud; this means that bits travel the communications Vine at 1200 baud, but the
spacing between characters is 300 baud, A wait laop s included in the writa character routine to handle this spacing
requirement. The TIBUG T command is used to indicate that a 1200 haud terminal is true 1200 baud; i.&., not 2
TI 733,

Thi¢ code is taken from the middie af TIBUG: thus canstructs and symbols are used which are not defined here.
Lines 261 and 262 of the code contain XOP calls, The READ opcode is really a call to XOP 13 and the MESG
opcade is a call to XOP 14, which, in turn, calis XOP 12, This can be figured out if the assembled code for these
opcodes is examined, Following is a list of EQU staterments that appear at the braginning of TIBUG but are not
shown here:

COUNT EQU 3
POIMT EQU 7
LINK £ 11
CRUBAS EQU 12

Once again, these values could easily be obtained by inoking at the assembled code for the statement in which the
symbal is used.

25




o= e ke mp e aleae =SSR PR . T | -

TYNIWHIL Y.1vd EEL v OL AD¥4H3LNI YZ066/5666 SWL "6 3UNDII

wu/IH.._M HJ

TwLSAYD
= A S+ “ “
ZHN Z1
& 2L 4 L
J-ZEEEY — S8 A O3 A 21 LX L1 X
wid EB1SL
0z H50 L d LOOH
0z IXaCED ee ? . = 7 £
IYNINETL =L
SN
9 V1iv(0 a g a8l |m S1lH
anas . G fp—m 8 b Ply
OND TYNOIS A S+ DIV [l Bt G666 ~
TYNINYTL o vZose IS [ 1 VR ~
¥ 1vd g o SN LS B ol o0 LLY
e/ d50 . 0s aOlv
G 5 pL GE
HSY S10
£ ¢
z z
vivd LINSNVYHL Z wﬂ - Nid - LNOONYHGSLY
_ F . LNONYD o
L m ONE SAILIO3E0Ed M NI - 5 =
Ll NINY
= . ] YELE
T £l 0Z
(4 92 |
e
G666 SWL HOJ 3A023C LdNYHI LN 8E1bL
[
0L 4O /SLNdNI LdNYYALNI 1066 SW1 oL ™ 1as| word VOV SEIUAOV

TYNIAHAL Y1vd EEL HSY NV OL 22vdHILNI YZD66/0066 SNL "8 3d4ND1d

Jd {ETGH i3 _

. wawan | ™ - _ -—— w30 25 A — _ _
THNIAHT L ol e { . . m,
2\ =
gkl o—
_ by Lot =l
— £ e ]
—— ra A _uw._.__;i
e L g i
B I'ON=% 01 153r0as g o ’ n ‘L
TYNIWBIL 2 F- - ) p Fa] Sl
@ Lo ih RS TYNDIG = . £ ‘e
. | = R
LEL 9 =t ) A S : 52 o t oLy
5 . 2 G L. - S1d I Iﬁl i T
T4 E 7 | T - . N7
¢ W10 AA1303M k £ L1t 51 Alanuy 09 OO m
E [ vivn LinsnvaL z L r £ N H LK ar S#el
i TR TRy g x FLoES Tl | v AW LT
mmm._..ull_ J.. H_.u?__ ] _hr..—ﬂmﬁn
= fBIf E| B
6f Al | 2t
- - 1L . f_l
S1rARN . bOIL=E N3 - v N 1
Larbad LyN LOE {31 MDDy al |n_.
POaE L 5

| 8 P .
9 —— L H_l__._“w_w ﬁ




TIBUG
wRwCOMMAND SEARCH AND SYSTEM TINZ##%

) St

0140
0142
(r1 &4
0164
0148
CG1AA
oisaC
O1&E
0170

0172
0174
0174
0178
0174
037C

017E
01 &0
0182
184
0186
138
Ol18A
alac
NiISE
01 %0
Digz
o174
QL&
Q198
D19A
019C
O19E
O1Aa0
Ool1AZ
O1A4

10D31F

F2E0
O1A4 7
1 E:
D410
1FOF
13FE
og=
tFOF
1&F I

0207
0194~
SDC3
1202
O%C7
LOFC
O17E”
3%17
C107
0z87
01A0
1602
0720
FFF4
2F 455
2F A
02xB-
10DC
0040
00DO
G070
01A0
0200
04D
0400
06733

&2

ok ok koW kM

TSTSF

SFLOOP

®

LDUR

=B
CLK
ThH

AELD
INC
TB

w+HE

TABLE 7

TME 9902A SOFTWARE

@R =

1=
CVHINT
15
TSTSF
COLNT
15
SFLGOF

* TABLE SEARCH FOR

»

BOL OGP

MATCH

BAMNNER

TABIE

CR

LI

>

JLE
INCT
JIMP
ECH
LDCR
MOV
3 |

ANE
SETO

READ
ME =G

P
DATA

DRTA

DATA

DATA

BEYTE

FOINT. TABLE

COLNT , #FOINT +

MATCH
FPOYINT
BOLGP
+
#FOINT

INITIALIZE THZo~02 FoOR: «BRUL RATE

#7 BITS/CHARALCTER
#EVEN FARILTY
o ST RIS
#FLLLED OFERATION

RESET TMZ2%ar LART

INITIALIZE TM==202 CONTRIIL REN

[Ix NOT INT INTERVAL REG

RESET LU COUNT
SFACE™

N1, JUMP BACK

TIME THE START HIT
FALL. DMT DN A MARE

BALID RATE

MATCH™
YE=. SET BALD RATE
N, LIFDATE POINTER

112 INT. REC./XMT. DATA RAIE

#POINT, FOINT

FOINT. > 1AD

BANNER LEAVE ASR FLAG ALONL
A4Sk SET 723ASR FLAG

CHAR

&L DG FRINT (G ON HMHESSAGE
JHMONT TCO YOP OF MONT TOR
G, THD 2400 BALIO

270, >1A0 1200 BALIG

D, T+ 4IKD 300 BAUD

200, 43R 110 BRAUD

et N

1200 HAUD

28

SET FOINTER T TABLE

TTIBUG

#xrx WRITE _"HARALTER #xud

0290
U |
L
273
274
| PEr
et
227
D29
Qs
IECHD
cr=ciy
B

303

0204
Q305
020 £
N307
308
309
210
k211

=12
n313
0214
319
S B
nx17

a=le
1

Cr=20
Ay

LIC W,
0323

(34
3L

T LB

1RA
1Bz
1 RA
O RIC
CG1ERE
CHLEO
g
) FR
QIC&
o103
Q1CA
QLCC
O1CE
0100
LR E
O104
O DA
0108
O10A
o101
21 0E
O1ED
OlEZ
OlES
O1EA
OlE=
OIEA
O1EC
D1EE

C20R
OE AL
200
DOB0
IDic
IFi&
1&F<
3218
D20OE
1E1D
O9ER
Q2=2R
QOOT)
1408
CHR2A
1F1&
14FE
1F17
1AFLC
D&
1AFE
QRS
C2ED
FFF&
1203
CZED
FFF4
16F3
D30

TABLE 7 {Continued}

g g R ST EE T T R PR Y X T Y X

——-- NCORMAL RETURN

I# FHE CHARACTER IS A
THE ROLTINE WAITS Z00 MIEC FOR

IF THE TERMINAL I%

SET CRU BASE REG.

TRANSMIT BUFFER REG, EMPTYY

W, WAIT LINTIL IT IS
CHARAZTER TO UART

RESET RTSON

CARRIAGE RETLIRN

WAIT FOR XMISSION TO END

IN DiIMF ROUTINE 77

YES: IGNORE ASR FLAG

YES:, WAIT 3 NULLS

¥ WRITE CHARALTER —-— XiWF HR.12
2
¥
¥ TRAMSMIT THE CHARACTER IN THE LEFT BYTE aF
# LUSER REGISTER R.
¥ CARRIAGE RETURN,
# THE IZORRIAGE T2 RETLHEN,
& A 733ASR &5 DENOTED IN THE T COMMANLC. EACH
* CHARACTER IS PADLDED WITH 2% MSEC 10 RCEDUCE
# THE TRANSFER RATE TO Z00 RBalUD.,
HEE RN AR TR RS ERREFEARAEREEERARERARAERN
WENTRY LT R1G, 2750
LI CRUIBAS, >80
™
SO0 14 SET RTSON
TH Pllis
JNE  WENTRY
LIOACHR *L_IMK,:3
MOVE »t TNK, LINE
SR 14
SRL.  LINK.Z
B | L INE . =000
JNE ASRTEZ N0 =EIF
LA R10.3
WLHF1 TH Py
JME WLILPL
TR 22
JNE WLOOFL
WLOOFZ? DEC RICG WAIT LODOF
JNE  WLODFZ?
RTHWf
ASR73Z MOy eDUMFFG. L INK
JEG WEXIT
MOy @4SR. L ITNK ASR733 7
JONE WLOIOF] .
WEXIT RTwWF

s44 READ CHARACTER #%»

271
027
Q273
274
0275
Q2T A
i ar
Q273
27
Y230
=) |

OZ2e2
2373
02ed
Nnz8%S
O 2848
0287

OlAL
(11 A
Ol RA
D1AC
O1AE
0180
0182
D1B4

2O
Crz)
1F1S
146F
D4DE
3&1B

1E12
Q330

pagrgrgrger g py ¥ R T F R E R L R E R E S R b kb Rk b R

THE LIART,

¥ o % 3k k Kk %

READ CHARACTER —- XOF Ry 1

- — L

NORMAL RETURN

READ WAITS FOR A CHARACTER TO BE ATZSEMELED IN

THE CHARACTER {35 FLAZED IN THE LEFT

BYTE OF USER REGISTER K. THE RIGHT BYTE IS
IERDEDR. ALL ERRORS ARE IGNORED.

**i*il'*****Ii****Il***i*I*I*i****i*!li*li**!i**i

*
RENTHY L1

TE
ME
CLK
STCR
SHZ

RTHF

CRUBAS, FE0
21
RENTRY
#L INK
#LINEG D
18

29

SET CRU BASE REG.

RECEIVE BUFFER REG. FLLELY
M3, LO0OF




4, TMS 9902A ELECTRICAL SPECIFICATIONS

4.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE

(UNLESS OTHERWISE NOTED}*

SURREY YOITAE, Y . o i e e e e e e e e
All imputs and cutput voiltages . . . . L e e e e e e
Continuous power dissiDatin L . s s e e e e e e e e e e e e e e e
Dnerating Free-air TeMPeFatUrE FANLE . . . .ttt e e e e e e e e e e e e
STOrage TamMPRraTUrE TATIDE . . . i i e i et e e e e e e e e e e e e e e e e

* Stragzes bheyvond thos2 lidtad uncer “Absaiute Maxirnum Ratings" may cause pgrmanent damage to tha device, This is a strass rating only and
functionsl aperation of the device at these or any other conditions beyond thosa indicated in the “‘Aecommendesd Cparating Conditions'
saction of thisspecification is notimplisd, Exposure 1o absglute max imam rated candltions for axtended periods may affect device rallability,

4.2 RECOMMENDED OPERATING CONDITIONS

PARAMETER TMS 99024 UNIT
MIN NOM MAX
Supply voltage, Ve L W .
Supply voitage, Veg 0 v
High-level input voltage, V|4 2 Voo v
lLow-level inpul voltage, V| Wgg—0.3 0.8 W
Operating Free-air temperature, Ta O 70 °C

4.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

(UNLESS OTHERWISE NOTED}*

4.4 TIMING REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIONS

-03VtoiQV

—03VtoioV

055 W

0°Cta 70°C

~65 C to 160°C

PARAMETER TS 89024 UNIT
MIN TYP MAX

Linl Clock cycle time f 300 333 500 ; ns
trig) Clock rise time 12 30 ' ns
i) Clock fall time 12 W'| ng
Ty [pH) Clock pulse width (high tevel} _ABL, =25t ns
vt ) Clack pulse width [low {evel] A8 -55t.|| ns
LT} Setup tirma for CE before CRUCLK 150 | ns
teu2 Setup time for 50-54, CRUQUT 180 ) ns

before CRUCLK

Hold time for CE, 50-54, ar : a
th 25 ns

CRUOUT after CRUCLK
twer CRUCLK pulse width -3 ns

TEST TMS 93024,
PARAMETER UNIT
CONDITIONS MIN TYP MAX
I = - Y00 pA 2.4 W
Vo High-lswval output voliage O+ . CC v
gy = —200 uA 2.2 Vi
VoL Low-levet output voltage g =3d.2mA Vag 0.4 v
I Input current {any nput) Vi=0VtoVepe 10 | uA
lcciay) Average supply current from Vg | tg(g) = 330 ns, Ta = C 100 | mA
Cj Small signal inpul capacitance 1= 1 MHz 15 | pF

* All voltages are referenced to Vgz.

30

4.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

T

PARAMETER TEST S 2 uNiT
CONDITIONS | MIN TYP MAX
tpdt  Propsgation delsy, CF to valid CRUIN | ] 240,
tpd2 Propagation delay, S0-54 ta vatid CRUIN | L 10 P 260
j

Tl |

by

S NS N N

FRCHM 9965 I CAu B| DD:!EE;H x CAUBIT AaDDRESS m + 1 : x ﬁ _x CAU BIT A?DHEEIM _\JC
I. tyug -t ——pl IF— ™ IIH— £y il
CE i, I 33 H |
{0 i| , A a N ; S
fot— "2 I | | | | |
| wiiE _—| b r
I r-_-ll g —d
/"—J\ 1 I !
CRUCLK —b J [ B N 3 | l
| i I ™ ;
H IsuE H | I 1
l | P! 2] !
A1 B RUOUT * CRU DATAOUT n p_ 4 CRLUE CATA CAFT n o+ 1 X % - "5 Ry _}(_
1
|
|
|
CRLUIN DO T DAHRE "fl DONT CARE ) 4 b 4
st VALID IMPUT

NOTE: ALL SWITCHING TIMES ARE ASSUMED TO BE AT 10% OR 90% VALUES.

SWITCHING CHARACTERISTICS
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TMS 9802A
ERRATA

Substitute the following timing requirements for those currently in the TMS 9902A
ASYNCHRONOUS COMMUNICATIONS CONTROLLER Data Manual (SPPS5Q09) :

PUT
EQUIVALENT OF 1fO INPUTS EQUIVALENT OF IJO OUT S

—— e e b s = memes

Vi Vee Veo
Page 30
_F C N
| QUTPUT 42  RECOMMENDED OPERATING CONDITIONS
-, »—"_ _— —_ - _
| ER THIS BEOZA UNST
FARAMET - T
INPUT 15 | - ] H MIN  NOM  MAX
| - — rar . - -
&, l:l_ )_I - Supu_l_-.,r un!tage, Vo | | 45 _ o 4.5 L
= =) — Suppry woltage, Vo £ W
;. _Ihgh-la-..vel It wrltage, Vi 2 Vi W
L Lowe-ievel input voltage, Vi Weg 0.3 ) {1.8 W
INFUT AND QUTPUT ECUIVALENTS Operating frea-air temperature, @4 G ] 0 €
Page 31
5. MECHANICAL SPECIFICATIONS 4.4 TIMING REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIONS
TMS 9902 A
TMS 9902A NL PARAMETER i 1ve max |UN'T
18 pin plastic packages Lela) F Cloek cyclhe time F 300 333 500| s
tf"‘i’j Clock rise time 12 J0 s
18 300 POIP {TPY B Clock fall time 12 30| ns
N Tl H ) Clock pulse width (high level 0.45t,, 055t ns
PSR lnloL) " Crock pulse vidth (Iow Fevell 0.451, 0.56t| ns
D (0 | tyul Setup time for CE before CRUCLK 150 s
I O G 2 ol D G Setup time far S0-54, CRUOUT
tgy? 180 Mg
EITHER OR BOTH =4 before CRUCLK
\NCHE XES —" .
HQ Hald time for CE, SG.54 or 25 ns
D O D POy A S i T CRUOUT after CAUCLK
@ r® teer . CRWUCLEK pubse wigkh (.37, ns |
¢ € o300 - 0010
(7,62 * 0,26}
0020 (0,51} MIN { : o7 (5 11 MAX
— SEATING PLANE : l...._¥7
ﬁ ? 0,125 (321 MIN
9011 - 0.003 2,078 : 0.003 |II Kk ] : —_;ﬂ';:!lIH] Ty
jri 029 GOl 0wy rn.ﬂ?ﬁl_.”-_ i ] _J 6.060 - 0070
‘ * 1.2 - as
PIN SPACING 0.100 12 54] TP 0.060 11621 MM
{ G M &)
MOTES: A Esch pin centird o bocmmd within 0810 10,261 DF ity 1rus ongiud b oo ition .
B. A |irviar darmramard Brw in mvchys el panmnihatecally i miliprerprs ok dEmarniom gov .

iz SPPS5005

AR




