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SECTION 1

INTRODUCTION

1.1 GENERAL

The TM 990/310 is a uU8-bit input/output board designed for use with the TM
990/ 1XX series of Texas Instruments microcomputers. Figure 1-1 is a
photograph of the board identifying the edge connectors and principle
components of the board.

The TM 990/310 board offers the following features:

48 bits individually programmable as inputs or outputs; 27 of these
bits may be programmed as logic-zero-sensitive interrupts, rather than
inputs or outputs.

- Three negative edge-triggered interrupts and three positive edge-

triggered interrupts; each of the six interrupts are edge-detected,
stored, and have unique software resets. The edge inputs are pulse
shaped by Schmitt trigger circuits.

Backplane interrupt priority is determined by wires installed on two
16-pin platforms.

Board CRU base address is changed by altering the contents of 351, a
four-switch DIP.

All 48 input/output signals may be echoed back into the CRU via STCR
instructions.

Compatible with TM 990 CRU bus.
CRU addressing provided for up to 14 cards per system.

In multiple card I/0 systems, CRU addressing can be switch selected
such that all CRU addresses are consecutive.

Contains three programable interval timers.
Plugs into TM 990/510 or equivalent* chassis.
Inputs and outputs are TTL compatible.

May be used with wire-wrap, solder, or ribbon cable edge connectors.

1.2 SPECIFICATIONS

Power requirements: +5 V, +5%, 800 mA.

Temperature Requirements:

Operating Temperature 009 ¢ to 70° ¢
Storage Temperature -65° C to 150° C

# PFquivalent chassis include the TM 990/520, /530, /510A, and /520A.
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Physical Characteristiecs:

Width: 28 cem (11 inches)
Height: - 19 cm (7.5 inches)
Thickness: 0.16 cm (0.062 inch)

Component height: 12.7 mm (0.50 inch) maximum

Edge Triggered Interrupt Inputs:

Positive-going threshold voltage: 1.9 V max.
Negative-going threshold voltage: 0.5 V min.
Hysteresis: 0.4 V max.

Allowed voltage range: -0.3 V&to7.0V

Input current: -2.72 mA & Viy = 0.4V

-1.22 mA @ Vgy = 2.7 V
Programmed Inputs:
High-level input voltage: 2.0 V, minimum
Low-level input voltage: 0.8 V, maximum
Allowed voltage range: -0.3Vto TV
Input current: - 1.01 mA maximum € 0.4 V

Programmed Outputs:

High-level output voltage: 2.4 V, minimum @ -300 uA

2.0 V, minimum @ -460 uA
Low-level output voltage: 0.56 V, maximum € 2.3 mA
Maximum user current sink: 2,2 mA

1.3 APPLICABLE DOCUMENTS
¢ TMS G900 Microprocessor Data Manual

e TMS 9901 Programmable Systems Interface Data Manual (provided in
Appendix E).

e TM 990/40171 TIBUG Monitor Listing
e TM 990/100MA User's Manual

® Model 990 Computer, TMS 9900 Microprocessor Assembly Language
Programmer's Guide (P/N 943441-9701)

e TM 990/507 Cable and 5MT System User's Guide
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SECTION 2

INSTALLATION AND OPERATION

2.1 GENERAL
This section describes:
e Equipment required for TM 990/310 board operation.

® Switch array S1 on the TM 990/310 board used to select TMS 9901 CRU
base address.

e Jumper platforms Ul and Ub used to select interrupt level when an
interrupt occurs at one of the three TMS 9901's on the board.

e Installation of the board into a microcomputer system.

e Programs to check out board operation.
It is presumed that the user is familiar with the TMS 9901 as well as the
hardware and programming aspects of the host microcomputer. This data is
available in the following manuals:

e TMS 990/1XX Microcomputer User's Guide

e TMS 9901 Programmable Systems Interface Data Manual

A copy of the latter manual can be found in Appendix D.

2.2 REQUIRED EQUIPMENT

To use the TM 990/310 effectively, the user must also supply the following
equipment:

e Power Supplies:

+5 V +5%, 3 A
+12 V +5%, 0.5 A
-12 V +5%, 0.5 A

e Host Microcomputer: One of the TM 990/1XX series; in the following
examples, the TM 990/100MA-1.

e Chassis: TM 990/510 card cage (or equivalent)

e Edge Connectors: Three 40-pin (0.1 inch centers) PCB edge connectors.
Will mate to TI H421111-20 (wire-wrap), Viking 3VH20/1JN5 (solder), 3M
3464-0001 (ribbon cable), or equivalent. A three-connector kit TM
990/521, is available from Texas Instruments.

® Terminal Device: Any RS-232-C device operable at a baud rate of 110,

300, 1200, or 9600 baud or an ASR33 Teletype modified for 20 mA
current loop operation.



2.3 BOARD SWITCHES, JUMPERS, CONNECTORS
2.3.1 CRU Address Selection and Switch Array S1

The three TMS 9901's on the TM 990/310 board are addressed through the
system's address bus when a CRU instruction is executed (LDCR, STCR, TB, SBO,
and SBZ). Before execution, a CRU software base address is placed into
register 12; the resulting bits 3 to 14 (4 to 14 on the TM 990/180M) contain

the CRU hardware base address as further explained in your microcomputer
user's guide.

Switch S1 allows you to select the CRU hardware base address in increments of
C01g that you can use to address a particular TMS 9901. Figure 2-1 shows the
switch S1 settings and the resulting CRU hardware (B) and software base
addresses. The resulting CRU base address is the one that addresses the no. 1
TMS 9901 (accessed through edge connector J2). As shown at the bottom of
Figure 2-1, the other TMS 9901's are addressed using the base address plus a
designated displacement.

The first 32 CRU bits addressed are bits 0 to 31 (0 to 1F4¢) at the TMS 9901
which select:

e Interrupt or clock mode {(bit 0 select)
e Interrupt mask or clock interval (bits 1 to 15)
e Data output or input (bits 16 to 31)
Further data is available in the TMS 9901 data manual (Appendix E).

As shown in Figure 2-1, two of the next 16 bits addressed will reset
edge-triggered interrupts (INT5- and INT6-) that have been triggered at the
TMS 9901. INT5- is a negative edge-triggered interrupt , and INT6- a positive
edge-triggered interrupt. Edge-triggered interrupts will remain active until
reset by an LDCR instruction of prescribed address (e.g., a pulse at CRU base
address B + 0024 4¢ resets interrupt 5 at no. 1 TMS 9901 and B + 00251¢ resets
interrupt 6 at the same TMS 9901).

As shown in Figure 2-1, the next 16 bits can be read (echoed) in order to test
a bit pattern output from the TMS 9901. The bit pattern output is stored in a
buffer that can be read (using the STCR instruction) and compared to the bit
pattern sent. For example, the following code will read the value output at

no. 1 TMS 9901 location at CRU software base address 020016 (as selected at
switch S1):

LI R12, >0260 Set CRU address
STCR R1,0 Store 16-bits output in R1

2.3.2 Interrupt Level Selection on Jumper Plugs U1 and U6

When any interrupt is recognized at a TMS 9901 on the TM 990/310, a signal
(INTREQ-) is issued from the TMS 9901 on the I/0 board to the backplane and
then to the TMS 9901 on the microcomputer board. There it is monitored for
priority, and, if enabled, a signal is issued to the microprocessor to obtain
Workspace Pointer (WP) and Program Counter (PC) values from interrupt traps in
lower memory.
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The user can select the interrupt level or levels (up to 3 are possible) by
wiring jumpers at platforms U1 and U6, shown in Figure 1-1 in the lower left
corner of the board. Note that each TMS 9901 may be jumpered to unique
backplane priority levels, or all three may be jumpered to the same backplane
priority level (the TM 990/310 is initially jumpered for all three TMS 9901's
dedicated to backplane priority interrupt 4).

UPINDICATESON —— |

S1SWITCH SETTINGS EQUALS

OFF OFF

DEVICE

No. 1 TMS 9901 (P2)
Edge-triggered INTS reset
Edge-triggered INT6 reset
Echo

No. 2 TMS 9901 (P3)
Edge-triggered INT5 reset
Edge-triggered TNT6 reset
Echo

No. 3 TMS 9901 (P4)
Edge-triggered INTS reset
Edge-triggered INT6 reset
Echo

R

1 2 3

4

AN

S1.

3

ON
ON

OFF
OFF

CORRESPONDING
REGISTER

TM 310 BOARD 12 CONTENTS
CRUHARDWARE (B) (CRU SOFTWARE

BASE ADDRESS BASE ADDRESS)

— DOWN INDICATES OFF

4  BINARY (BASE 16) (BASE 16)

ON 0 0100 0200

OFF 1 01Co 0380

ON 2 0280 0500

OFF 3 0340 0680

ON 4 0400 0800

OFF 5 04Co 0980

ON 6 0580 0800

OFF 7 0640 0C80

ON 8 0700 OE00

OFF 9 07Co OF80

ON A 0880 1100

OFF B 0940 1280

ON C 0A00 1400

OFF D 0ACO 1580

ON E NOT USED NOT USED

OFF F NOT USED NOT USED
ADDRESSED USING CORRESPONDING

CRU HARDWARE CRU SOFTWARE

BASE ADDRESS (B) BASE ADDRESS
AND DISPLACEMENT R12 CONTENTS (BASE 16)
*B + 0000to B + OO1F R12 + 0000 to R12 + 003E

B + 0024 R12 + 0048

B + 0025 R12 + 004A

B + 0030 to B + 003F R12 + 0060 to R12 + 007E

B + 0040 to B + 005F
B + 0065
B + 0066
B + 0070 to B + 007F
B + 0080 to B + 009F
B + 00A4
B + 00A5
B + 00BO to B -+ 00BF

*B is the hardware base address computed in the table in the middle of this figure.

FIGURE 2-1.

R12 + 0080 to R12 + 009E
R12 + 00CA
R12 + 00CC
R12 + 00E0 to R12 + OOFF
R12 + 0100 to R12 + 013F
R12 + 0148
R12 + 014A
R12 + 0160to R12 + 017E

USE OF SWITCH S1 TO SET CRU ADDRESS MAP
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OF BITS

32
1
1
16
32
1
1
16
32
2
1
16



16 15 14 13

12

1 2 3 4 5
INT1.B U1 U6-16
INT2B U6-2 U6-15
INT3B U6-3 U6-14
INT48B U64
INT5S.B  U65

w Y INTEB U66
Z ] INT7B  U67
3 < INTS.B U6-8
b4
2 ) iInToB ut1  ut-te
g INT10.B U1-2 U115
~ f INT11B U1-3 u1-14
INT12.B U14
INT13.B U15
INT14.B U16
INT15.B U1-7
u1s8
EXAMPLE 1

6 7 8

TMS 9901 #3INT
TMS 9901 #2 INT
TMS 9901 #1INT

TMS 9901 #3INT
TMS 9901 #2 INT
TMS 9901 #1 INT

1" — — — —— — —

Select interrupt level 4 for TMS 9901 no. 1; level 2 for TMS 9901 no. 2 and 3.

EXAMPLE 2

TR

Select interrupt level & for all three TMS 9901's on I/0 board.

NOTE: TM 990/310 is factory wired to priority 4 for ail three TMS 9901 °s.

FIGURE 2-2. INTERRUPT PRIORITY JUMPER WIRING AT U1 AND U6
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As shown in Figure 2-2, a wire is attached to pins 16, 15, and 14 to respec-
tively select the interrupt level sent by the no. 1, and no. 2, and no. 3 TMS
9901's on the I/0 board. Note that pins 14, 15, and 16 of Ut are connected to
pins 14, 15, and 16 of U6. Thus the configuration in the second example of
Figure 2-2 will cause interrupts at all three I1I/0 board TMS 9901's to go to
INT4 at the TMS 4901 on the microcomputer board. This is the configuration as
wired at the factory.

As explained in the microcomputer user's guide, vector addresses have been
programmed into TIBUG EPROM for interrupt traps 3 and 4 on the TM 990/ 100MA.
The user can program these RAM locations for use as an interrupt handler as
described in the microcomputer user's guide. On the TM 990/180M, vector
addresses have been programmed into EPROM for interrupts 1 and 2.

2.3.3 Edge Connectors P1, P2, P3, and P4
Edge connectors P2, P3, and P4 interface directly to the 1/0 board TMS 9901's
through onboard series resistors. TMS 9901 signatures at these connectors are

listed in Table 2-1.

TABLE 2-1. EDGE CONNECTOR (P2, P3, P4) PIN ASSIGNMENTS

PIN NUMBER SIGNATURE

P2, P3,P4-20 PO \
22 P1
14 P2 NOTES
16 P3
18 P4
10 P5 1. Connector P2 connects to the lowest addressed
12 P6 TMS 9901, P3 connects to the next addressed
24 INT15/P7 >TMS%N1 TMMS 9901, and PU4 connects to the highest
26 INT14/P8 1JO Signals addressed TMS 9901.
28  INT13/P9
30 INT12/P10
32 INTT1/P11 2. If you want to make your own cable, be aware
34 INT10/P12 that the connector plugs of various vendors,
36  INT9/P13 including TI, do not necessarily use the
38 INT8/P14 ) numbering schemes on the board edge
40 'NTUMS . connector. ALWAYS refer to the board edge
6 Negative edge-triggered INT5 ..
8 Positive edge-triggered INT6 when wiring a connector.
1 +12v
2 —12v
3 4BV
4 Spare

All Remaining Pins Ground

TMS 9901 pins PO to P5 act as data out or data in lines, depending on how the
TMS 9901 is programmed (input or output mode).

2=5



If programmed to the interrupt mode, an active low signal to even-numbered
pins 24 to 40 will cause activation of signal INTREQ- to the TMS 9901 on the
microcomputer board. The level to the microcomputer board is selected by the
jumpers at U1l and U6 as described in paragraph 2.3.2.

A negative-going signal to pin 6 or positive-going signal to pin 8 will also

cause INTREQ- to be active.
i CAUTION |

The voltage at pins 1, 2, and 3 goes through 2.2 ohm, 0.5W series
limiting resistors. Power in excess of this rating could destroy the
resistors; thus caution should be taken to prevent excess current
(250 mA maximum recommended).

Table 2-2 is a list of the signals at connector P1 which interfaces to the
backplane of the TM 990/510 chassis.

TABLE 2-2., TM 990/310 CHASSIS INTERFACE CONNECTOR (P1) SIGNAL ASSIGNMENTS

P1 P1

PIN SIGNAL PIN SIGNAL
57 A0.B 13 INT2.B-
58 A1.B 15 INT3.B-
59 A2.B 18 INTY.B-
60 A3.B 17 INT5.B-
61 A4.B 20 INT6.B-
62 A5.B 6 INTT7.B-
63 A6.B 5 INT8.B-
64 AT.B 8 INT9.B-
65 A8.B 7 INT10.B-
66 A9.B 10 INT11.B-
67 A10.B 9 INT12.B-
68 A11.B 12 INT13.B-
69 A12.B 11 INT14.B-
70 A13.B 14 INT15.B-
71 A14.B 3 +5V

72 A15.B 4 +5V

24 $3.B- 97 +5V

&7 CRUCLK .B- 98 +5V

30 CRUOUT.B 1 GND

29 CRUIN.B 2 GND

88 IOKST.B- _ 99 GND

16 INT1.B- 100 GND
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2.4 INSTALLATION

The following procedure is for a TM 990/310 module used with a TM 990/ 100MA-1
CPU (with TIBUG installed on EPROM):

Ade

Attach jumper J1 to the P1-18 position on the TM 990/ 100MA board.
This provides interrupt level 4 from the backplane to the TM 990/310.

Wire the voltages into the terminal strip in the chassis, switch on
the power supplies, and check the voltages. Switch off power. Set
all switches on S1, the dual in line package (DIP) on the TM 9390/310

board, to the ON positions (CRU software base address of 02001g) .

Install the TM 990/ 100MA-1 and TM 990/310 circuit boards in the
chassis. Attach the terminal connector to J2 on the TM 990/100MA-1.

Note that the TM 990/310 board has only one ejector in order to
accomodate three external connectors.

Power up the terminal device and switch on the power supplies.
Actuate the RESET switch on the TM 990/ 100MA-1 board and press the

letter A key or a carriage return (CR) on the terminal device. TIBUG,
the debug monitor program, will output an initialization message.

2.5 BOARD CHECKOUT

Software routines that can be loaded and executed by the user, using the TIBUG
monitor, are provided in Section 5.



SECTION 3
THEORY OF OPERATION

3.1 GENERAL

This section describes the theory of operation for the TM 990/310 I/0 board.
The block diagram in Figure 3-1 defines the basic blocks that comprise the TM
990/310.

3.2 CRU ADDRESS DECODING

Figure 3-2 is a schematic of CRU address decoding. The following terms are
generated by the CRU address coding

MUXENO-

MUXEN1-

MUXEN2- Echo multiplexer enables
MUXEN3-

MUXENL4-~

MUXEN5-

9901SEL.0-

9901SEL. 1- TMS 9901 enables

990 1SEL.2-

IR.00-

IR.01-

IR.02-

IR.03- Buffered interrupt resets
IR.0U-~

IR.05~

These terms are combinational functions of the address lines, and vary with
tne settings of switch S1. Three Ti4S287's generate the terms SEL1, SEL2, and

SEL3 which provide enable inputs to the combinational logic that generates the
device enables.

The address lines to the T#4S287's are provided by the four switch outputs and
backplane address lines A5 through A8. Individual 74S287's are enabled,
depending on the state of address lines A3 and A4. Since each switch setting
represents 192 (CO14) CRU addresses, the T4S287's are programmed to generate
three outputs (SEL1, SEL2, SEL3) which individually enable 64 different CRU

addresses. Each group of 64 encompasses one TMS 9901, the I/0 echo and
interrupt resets.

3.3 TMS 9901 LOGIC

The three TMS G901's are enabled by CRU address decoding logic outputs. As
shown in Figure 3-3, the select inputs, SO through S4, are connected to
backplane address lines A10, A11, A12, A13, and A14, These TMS 9901 inputs
select the individual data bits and control functions within the TMS 9901.
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The CRU interface signals CRUOUT, CRUCLK, and CRUIN control input and output
between the TMS 9901 and the CRU. The INTEQ- output of each TMS 9901 is an
input to the 7407 open collector buffers. The backplane reset signal is
connected to each TMS 9901 reset input, and the backplane phase-1 clock is
connected to each TMS 9901 clock input.

Each of the 16 I/0 bits of each TMS 9901 is connected to a 10K ohm pullup
resistor and an echo multiplexer input as well as a 68-ohm series resistor
connected to the appropriate pin of one of the three board edge connectors.
The INT5- and INT6- inputs of each TMS 9901 are connected to latched interrupt
lines.

It should be noted that since the TMS 9901 interfaces to the serial CRU, the
TMS 9901 lines, when outputting data, will assume their output state one bit
at a time.

3.4 DATA ECHO LOGIC

The data echo logic shown in Figure 3-4 is implemented with six T4LS251
multiplexers. Each multiplexer is enabled by a CRU address decoding output.
The appropriate data bit is switched through the multiplexer onto the CRUIN
line by the state of backplane address bits A14, A13, and A12.

74L8251
A14 PO
BUFFERED A Do )
BACKPLANE A13 B D1 P1
OUTPUTS A12 c D2 P2
CRU ADDRESS MUXEN X ———Q)J EN D3 P3
DECODE LOGIC D4 P4
D5 | P5
Dé P6
< CRUIN —v 07 Py
FROM ONE
> OF THREE
74L5251 TMS 9901'S
BUFFERED A4 A Do P8
BACKPLANE A13 B D1 P9
OUTPUTS A12 c D2 P10
CRU ADDRESS MUXENY —} Ol EN D3 P11
DECODE ‘
LOGIC D4 ] P12
DS P13
D6 p—— P14
Y D7 f———— P15 J

FIGURE 3-4. ECHO LOGIC (TYPICAL OF 3 CIRCUITS)



3.5 INTERRUPT BUFFER LOGIC

The interrupt buffers are composed of TULST4 D flip-flops as shown in Figure
3-5. Each interrupt input from the appropriate edge connector is pulse shaped
through Ti4LS132 Schmitt trigger circuits. For the three negative-edge INT5-
inputs, the TULS132 output provides the clock input to the THLST4. The D
input is tied high and the CLEAR input is the logical NOR of the appropriate
software reset bit and the backplane reset signal. The TULSTY4 clock inputs
for the positive-edge triggered INT6- interrupts are TULSOY4 ouputs. The
TULSOY4 input is provided by the Schmitt trigger output. Each TMS 9901 INT5-
and INT6- input is provided by the false TULSTH outputs.

INTERRUPT RESET
VIA CRU [:>°
+5y
PULLUP p R | 740874
VOLTAGE
USER INPUT | | LCLK 6_____—-ﬁ§ﬁ%?i§§ﬁ¥
(P2, 3, 4-6) :::)o Lr
PULLUP VOLTAGE ——4
7418132 ReTx
INTERRUPT RESET E:,;
VIA CRU
+5y
PULLUP TLR
voLTAGE — D 74L574
user INPUT LK aj— TIOTTT6MSIN9P9UOT1
(P2, 3, 4-8) }OD__UT
PULLUP VOLTAGE —
7408132 (4LS04
RSTY
FROM CRU} . 74LS00 741504
ADDRESS DECODING ‘IRx_dr\ Dc RSTX
BUFFERED}IIORST |/
BACKPLANE RESET 241500 241504
FROM CRU . N, [:>c RSTY
ADDRESSl > IRY AQL_./’

DECODING

FIGURE 3-5. INTERRPUT STORAGE LOGIC



3.6 INTERRUPT PRIORITY LOGIC

The three TU0T7 open collector interrupt outputs are connected to two 16-pin
platforms as shown in Figure 3-6. Wires installed on these platforms
determine the backplane priority of the three TMS 9901 interrupts. All three
TMS 9901 interrupts are initially jumpered to interrupt priority level 4.

16-PIN JUMPER

PLATFORM
18 . INTSB
L7 e INT7B
6
|~ » INT6.B
S > INTSB
us 4 )
r:fi» l - INT4.B
PINT.2 14 3 > INT3B
iNTREQ % 15 12 > INT2B
OUTPUTS { pynT 9 16 | 1
FROM . ——————» |INT1.B
EACH
TMS 9901 PINT.O 15 PRIORITY
16-PIN JUMPER LEVELS AT BACKPLANE
PLATFORM
7 > INTISB
6 = INT14B
S e INTI3B
U1 |4 » INT12B
18 = INTI1B
14 2
NOTE J = —» INTI0B
Jumpers installed on platforms dictate 15 —1—-———> INT9.B
the backplane interrupt priority of each 16
TMS 9901. The 7407 outputs may be
dot ORed.

FIGURE 3-6. INTERRUPT PRIORITY LOGIC

3.7 HARDWARE INTERFACE

The TM 990/310 user interface is implemented through three identical U40-pin
edge connectors. (See Section 1.2 for signal characteristics.) Each of these
connectors provide data 1/0, interrupt inputs, and power (Table 2-1 lists
these functions).

3.7.1 TMS 9901 I/0 Lines

Sixteen TMS 9901 lines are individually programmable as inputs or outputs.
Nine of these lines (INT15/P7 to INT7/P15) may be programmed as either
unbuffered, logic-zero-activated interrupts or as inputs or outputs. A IMS
9901 I/0 line, when in output mode, buffers the data output from memory and
this data remains stable until changed. Since the TMS 9901 interfaces through
the serial CRU, the I/0 lines programmed as outputs assume their programmed
state in serial fashion if data is output via a LDCR instruction that
addresses successive bits.
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The timing diagram in Figure 3-7 illustrates the timing for an LDCR utilizing
all 16 I/0 lines as outputs. Data input via the TMS 9901 I/0 lines is
accepted serially, one bit at a time; therefore, since there is no input data
storage, the system timing must ensure that the input data remains stable
until the software has read the data via a TB or STCR instruction. Figure 3-8
illustrates the timing for a 16-bit STCR operation.
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3-8



3.7.2 Edge-Triggered Interrupts

There is one positive edge-triggered (connector pin 8) interrupt and one
negative-edge triggered (connector pin 6) interrupt. These interrupt lines
pass through Schmitt trigger circuits.

3.7.3 Power Qutlets at Connectors

5V, 12V, and -12 V are available at the connectors. Each voltage is in series
with a 2.2 ohm, 0.5 watt resistor to limit maximum current drawn from these

lines.
; CAUTION ¢

Excessive current drawn from any of these supplies will cause a
significant voltage drop across the resistor or, if large enough,
will destroy the resistor. If the user wishes to utilize current
from tnese voltages, the required current must be added to the
specified value for the appropriate backplane power supply. User
circuits must allow for the resulting voltage drop across these
resistors.
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SECTION 4
APPLICATIONS

4.1 GENERAL

For the user requiring high ouput power drive or input/output optical
isolation, the TM 990/512 prototyping board may be utilized for the required
circuitry.

4.2 OUTPUT SIGNAL CONDITIONING, MEDIUM POWER

This is shown in Figure 4-1. For TM 990/310 outputs requiring current drive
greater than 2.6 mA but less than 40 mA, the SN7U406 hex open collector
inverting buffer is recommended. Note that this device will withstand a
maximum pullup voltage of 30 volts. A typical application of the SNTU406 is
driving LED's.

To condition TM 990/310 data bits O through 5 as buffered outputs, the
circuitry shown in Figure 4-1 is recommended.

SN7406

INPUT 1 {7- EE}——————————-VCC1=+5V
LOAD 1
veez ——{2H o et
INPUT 2 -———————————{E: 12 —— Vce2

LoAD2
Ve NN\ 4 11 INPUT 5
C2 l__{ |—
LOADS
meutTs — | 10— A— Veez
LOAD 3
vecz —A—6 | o }—— iUt
LOAD 4
_.| 7 8 l——'\/\/\,— Vcez

Vee2 max. = +30V
I load max. = 40 mA

]

FIGURE 4-1. MEDIUM-POWER OUTPUT SIGNAL CONDITIONING CIRCUIT
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4.3 OUTPUT SIGNAL CONDITIONING, HIGH POWER

For TM 99%0/310 outputs requiring more current drive than supplied by the
SN7T406 but less than 300 mA, the SN75460 open collector power buffer is
recommended. The device will withstand a pullup voltage of 30 volts.

To drive 24-volt relays with TM 990/310 data bits O and 1, the circuitry shown

in Figure 4-2 is recommended. The 19 V Zenier diode prevents damage to the
SN75460 if the 5V supply is inactive while Veeo is active.

Veez = 124V

VCC1 = +8V o———w»——b}' ANN
19v 5000

LOAD 2

INPUT 1
[?;] |13| |12i i11| 10 9 8

“é S—, sus

2) GND
B b

LOAD 1

INPUT 2

Vcc2 = +24V

FIGURE 4-2., HIGH POWER OUTPUT SIGNAL CONDITIONING CIRCUIT

4.4 OUTPUT SIGNAL CONDITIONING, OPTICAL ISOLATION

For the user who requires TM 990/310 output isolation, the TIL 111 optical
coupler is recommended for current output drive up to 20 mA. If more current
drive is required, the optical coupler output must drive a buffer circuit such
as the SNT5460 to provide the current drive. It should be noted that the
optical coupler output breakdown voltage is 30 volts.

Figure 4-3 illustrates a 20 mA optically isolated circuit. To condition TM

990/310 data bit 0 as an optically-coupled 300-mA output, the circuitry
illustrated in Figure U4-4 is recommended.
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4.5 LOGIC TESTING

ILoAD max. = 300 mA
Vcez max. = 40V
1LoAD max. = 20 mA

HIGH POWER OPTICAL ISOLATOR CIRCUIT

The TM 990/310 provides an ideal method to check circuit boards and other

logic networks.
with the capability to generate and check a total of 96 bits.

The diagram in Figure 4-5 illustrates a circuit board tester
For example,

the tester could be programmed to output patterns on 80 pins and check

resulting signals on 16 pins.

follows:

A typical software sequence would be as

a. Set all 96 bits (all three TMS 9901's) to input mode (set bit 15,
RST2, to zero at each TMS 9901).

b.

bit automatically switches the bit to output mode).

the board being tested.

4-3

Output a test pattern to the selected 80 bits (outputting data to a

Echo the output data, and verify that no output bits are shorted on



d. Input the resulting output signals from the board being tested, and
compare for valid operation.

e. Repeat steps b, ¢, and d for as many test patterns as required.

Note that this test configuration will provide 2.2 mA per bit to the board
under test. If more current drive is required, high current amplifiers should
be implemented on a TM 990/512 prototyping board.

TM 990/610 OEM
CHASSIS

—r e - — A

TM990/1 a

MICRO-
COMPUTER

|
I
I
I
I
I

T™ 990/310 )>

|
I
I
I
|
|
| v
|
|
I
|
I
I
I

TEST
FIXTURE

T™ 990/310

L

|

|

I
T™M 990/201

MEMORY I

l EXPANSION l

]

FIGURE 4~5. TYPICAL TESTING CONFIGURATION

4,6 5MI INPUT/OUTPUT SYSTEM
For industrial automation applications involving programmable control of ac
and dc switches, solenoid valves, or pilot lights, the TM 990/310 will
interface to 5MT I/0 modules installed on a mounting baseplate. The 5MT
system features the following characteristics:

. 3.8 kVdc optical coupler isolator

e LED indicator lights

° Plug-in modules

° Terminal strip on mounting baseplate for field-wired devices

4y



® Designated to meet UL50B spacing requirements

) Meets NEMA ICS2-230 noise immunity standard for industrial controls
and MIL-STD-461A, conducted and radiated susceptibility

) Module-to-module isolation
The 5MT uses a baseplate which may contain up to 16 plug-in modules.
Connection between the TM 990/310 and 5MT is by a TM 990/507 cable as shown in

Figure 4-6. Further information is available in the TM 990/507 and 5MT System
User's Guide.

37 PIN D TYPE

ey
— P1 L MODULE BASE)
[ TM 990/5M743 BASE
avA
TOP VIEW z
TMM99O/3’|0 £
ODULE o
w3 © o} O
Hle
IR
MODULE MODULE
0 15

TM 990/507 CABLE

FIGURE 4-6. 5MT CIRCUITRY

° SMT 14-30CL DC Output Module - enables the TM 990/310 to control high
power dc outputs.

° 5MT 12-40AL AC Output Module - enables the TM 990/310 to control high
power ac outputs.

° 5MT13-DO3L DC Input Module - converts high voltage dc inputs to
voltage inputs compatible with the TM 990/310.

° 5MT11-AO5L AC Input Module - converts high voltage ac inputs to
voltage inputs compatible with the TM 990/310.

The following operational characteristics must be considered when using the
5MT module:

a. The reset signal (from the logical OR of power-up reset, the RESET
switech on the microcomputer board, or the RSET external
instruction) will force all 48 I/0 bits to the high state;
therefore, all 5MT outputs will be initially active. The user who
finds this feature undesirable may use an output-data-clear
instruction in the reset interrupt subroutine. This would require
the user to modify TIBUG, the debug monitor, or replace the TIBUG
entirely.
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b. The user may supply a 7-9 volt V..o voltage.

Table 4-1 indicates the requirements for the cable between the TM 990/310 and
the 5MT baseplate. Further information on the 5MT series may be obtained
from:

Texas Instruments Incorporated
Industrial Controls

34 Forest

Attleboro, MA. 02703

TABLE 4-1. S5MT CONNECTOR WIRING

SIGNAL 5MT D CONNECTOR TM 990/310 EDGE CONNECTOR
Data Bit/Module 5 1 10
Data Bit/Module 4 2 18
Data Bit/Module 2 3 14
Data Bit/Module 0 4 20
Data Bit/Module 7 5 24
Data Bit/Module 9 6 28
Data Bit/Modute 11 7 32
Data Bit/Modute 13 8 36
Data Bit/Module 15 9 40
Ground/Module 2 10 13
Ground/Module 0 11 19
Ground/Module 5 12 2]
Ground/Module 7 13 23
Ground/Module 9 14 27
Ground/Moduie 11 15 21
Ground/Module 13 16 35
Ground/Moduie 15 17 39
Ground/Module NC 18 —
Ground/Module NC 19 —
Ground/Module NC 20 —
Data Bit/Module 3 21 - 16
Data Bit/Module 1 22 22
Data Bit/Module 6 23 12
Data Bit/Module 8 24 26
Data Bit/Module 10 25 30
Data Bit/Module 12 26 34
Data Bit/Module 14 27 38
Ground/Module 3 28 15
Ground/Module 1 29 21
Ground/Module 4 30 17
Ground/Module 6 31 11
Ground/Module 8 32 25
Ground/Modute 10 33 29
Ground/Moduie 12 34 33
Ground/Module 14 35 37
VCC2 36 —
AC Common 37 —

NOTE: 5MT D CONNECTOR IS AMP 205713-1
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SECTION 5
™ 990/310 PROGRAMMING
5.1 GENERAL

This section describes how to use the CRU to access the TM 990/310 and how to
do the following:

e Set and use input and output
e Use the clock
e Use interrupts

5.2 PROGRAMMING CONSIDERATIONS

The following sections contain points which should be kept in mind while
writing software for the TM 990/310 or while studying the examples.

5.2.1 Input/Output

The 16 I/0 pins of the TMS 9901 will be set to the input mode by any of the
following:

1. Activating the RESET switch on the microcomputer board (TM 990/1XX).

2. Completion of a powerup reset.

3. Execution of the RESET external instruction.

4, Writing a zero to CRU bit 15 of a TMS 9901 while it is in the clock
mode.

All 48 I/0 bits on the TM 990/310 will be reset by 1, 2 or 3 above. Only one
specified TMS 9901 will be reset by number 4 above.

Bits are set as output bits by writing a value to them. Once addressed as
outputs, bits remain outputs until reset.

Since all 48 I/0 bits have pullup resistors, all bits wired as outputs (to
relays, solenoids, LED's, etc.) will be put in the logic one state by any
reset condition, until changed by user software.

M o o o

CAUTION ¢

PSP PP

Once a bit is set as an output, do not attempt to use it as an input
pefore it is reset or the output buffers may be damaged.

5.2.2 Interrupts

At each P2, P3 and P4 connector, nine of the 16 I/0 lines can be used as logic
zero interrupts (active low). These are the INT7-/P15 through INT15-/P7 1lines
at the TMS 9901.



The TMS 9901 responds to a negative-edge-triggered interrupt at its INT5-
input and a positive-edge-triggered interrupt at its INT6~ input. The
edge-triggered interrupts, levels 5 and 6 of each TMS 9901, must be software
reset with CRU output instructions (see Table 5-1).

NOTE

INT1-, INT2-, INT3-, and INTY- to each TMS 9901 are unused.
(INT5~ and INTb6- are edge-triggered interrupts, and INT7- to
INT15- are shared with I/0 ports P15 to P7 respectively.)

A backplane reset or execution of the RSET external instruction resets all
edge-triggered interrupts and sets all three TS 9901's to input mode.

Jumper platforms U1l and U6 are wired at the factory so that all interrupts at
P2, P3 and P4 will result in a level 4 interrupt input to the TMS 9901 on the
microcomputer board. 1t might be advantageous, from a software point of view,
to have the individual TMS 9901's dedicated to three different interrupts.
They can be changed as explained in paragraph 2.3.2.

The interrupt levels of the three TMS Y9Y01's should not be confused with
backplane priority. bkach TMS 9901 has a maximum of fifteen interrupt levels
(four are always unused) which may be enabled or disabled by the TM 990/310
software. Backplane priority refers to the TMS 9900 priority levels. For
example, all interrupt levels of the TM 990/310 are initially wired to
backplane priority 4 (connect to bus pin INT4-).

5.3 EXAMPLe PROGRAMS

The following switch S1 settings are assumed for all of the following
examples:

Switch No's = 1 2 3 y
ON UN OFF ON (Hexadecimal)

This setting corresponds to CRU base addresses (hexadecimal) as follows:

Hardware Software
Port ™S 9901 Base Address | Base Address
p2 TMS 9901 No.1 0280 0500
P3 TMS 9901 No.Z2 02C0 0580
Py TMS 9901 No.3 0300 0600

A complete CHU map of the three ports is given in Table 5-1.

NOTE

Bach port uses an address space of 64 CRU bits. As shown in Table
5-1, port addresses are contiguous with port P2 the lowest address
followed by P3 which is followed by Pi.



TABLE 5~1. CRU MAP (SHEET 1 OF 2)

Sof'tware Displacementm1

TMS 9901 TMS 9907 T™S 9901 P2/P3/P4 | CRUZ CRU3 CRUS
No.1 (P2) | No.2 (P3) | No.3 (P4)| Pin No. Bit Read Write
0 80 100 - 0 Control Control
Bit Bit
2 82 102 - 1 - /CLK1 MASK1/CLK1
g 84 104 - 2 - /CLK2 MASK2/CLK2
6 86 106 - 3 - /CLK3 MASK3/CLK3
8 88 108 - y - /CLK4 MASK4/CLK4
A 84 10A 6 5 INT5/CLK5 MASK5/CLK5
C 8C 10C 8 6 INT6/CLK6 - MASK6/CLK6
E 8E 10E 40 7 INTT7/CLK7 MASK7/CLKT
10 g0 110 38 8 INT8/CLK8 MASK8/CLKS8
12 92 112 36 Y INT9/CLK9 MASK9/CLK9
14 9y 114 34 10 INT10/CLK10 MASK10/CLK10
16 96 116 32 11 INT11/CLK11 MASK11/CLK11
18 98 118 30 12 INT12/CLK12 MASK12/CLK12
1A gA 11A 28 13 INT13/CLK13 MASK13/CLK13
1C gC 11C 26 14 INT14/CLK14 MASK14/CLK14
1E 9E 11E 24 15 INT15/INTREQ MASK15/RST2-
20 AO 120 20 16 INO QuTO
22 A2 122 22 17 IN1 ouT1
24 A4 124 14 18 IN2 ouT2
26 Ab 126 16 19 IN3 ouT3
28 A8 128 18 20 IN4 OUTY4
2A AA 12A 10 21 1IN5 OUT5
2C AC 12C 12 22 1IN6 oUT6
2K AE 12E 24 23 IN7/INT15%  OUTT
30 BO 130 26 24  IN8/INT14 ouT8
32 B2 132 28 25 IN9/INT13 OUT9
34 B4 134 30 26 IN10/INT12 OUT10
36 B6 136 32 27 IN11/INT11 oUT 11
38 B& 138 34 28 IN12/INT10 ouT12
3A BA 13A 36 29 IN13/INT9 0OUT 13
3C BC 13C 38 30 IN14/INT8 OUT 14
3E BE 13E 40 31 IN15/INTT OUT 15
40 Cco 140 - 32 - -
g ce 142 - 33 - -
yy cy 144 - 34 - -
46 Co 146 - 35 - -
ug (o] 148 - 36 - INT5 Reset (P1,P3
only)
4A CA 144 - 37 - INT6 Reset(P1,P3)
INT5 Reset (P2)
4¢ CcC 14C - 38 - INT6 Reset (P2
only)
4K CE 14E - 39 - -




TABLE 5-1. CRU MAP (SHEET 2 OF 2)

Software Displacement161
TMS 9901 | TMS 9901 | TMS 9901 | P2/P3/P4 | CRUZ CRU3 CRUS
No.1 (P2) | No.2 (P3) | No.3 (P4) | Pin No. Bit Read Write
50 DO 150 - 40 - -
52 D2 152 - 41 - -
54 D4 154 - 42 - -
56 D6 156 - 43 - -
58 D8 158 - 4y - -
54 DA 15A - 45 - -
5¢C DC 15C - u6 - -
5E DE 15E - 47 - -
60 EO 160 20 48 Echo OUTO -
62 E2 162 22 49 Echo OUT1 -
64 El 164 14 50 Echo OUT2 -
66 E6 166 16 51 Echo 0UT3 -
68 E8 168 18 52 Echo OUTY4 -
64 EA 16A 10 53 Echo OUT5 -
6C EC 16C 12 54 Echo OUT6 -
6E EE 16E 2y 55 Echo OUTT -
70 FO 170 26 56 Echo OUT8 -
72 F2 172 28 57 Echo OUT9 -
T4 Fif 174 30 58 Echo OUT10 -
76 F6 176 32 59 Echo OUT11 -
78 F8 178 34 60 Echo OUT12 -
74 FA 174 36 61 Echo OUT13 -
TC FC 17C 38 62 Echo OUT14 -
TE FE 17E Sy 63 Echo OUT15 -

1This column represents the value to be added to the software base address,
as determined by switch S1, to access a given block of bits (e.g., add 2014
to the software base address to place values on OUTO through OUT15 with a
LDCR instruction loading 16 bits).

2Tnis column represents the displacement to be used with a CRU single bit
instruction (e.g., SBO, SBZ, TB) with no displacement added to the base
address.

3When Control Bit = 1, the top 16 bits of this column represent the CLK Read
register or the INTREQ bit. When Control Bit = 0, the top 16 bits of this
column represents the incoming interrupts (if enabled).

UThe following 9 bits represent I/0 bits unless the interrupt mask is set
{enable= 1) for the corresponding INTX.

5When Control bit = 1, writing to the CLK bits sets the clock and writing to

RST2- causes a reset. When Control Bit = 0, writing a 1 to a MASK bit enables
the corresponding INTX.
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5.3.17 Input/Output Example Program
This program demonstrates using the I/0 and Echo bits. A cable as shown in
Figure 5-1 will be needed for this program. The cable connects P2 (TMS 9901
no. 1) and P3 (TMS 9901 no. 2) so that the output bits of no. 1 TMS 9901
connect to the input bits of no. 2 TMS 9901.

e Reset the TMS 9901's.

e Set TMS 9901 no. 1 as output; output a test pattern.

e HRead TMS 9901 no. 1 Echo bits and compare with test pattern; output
error message if not the same.

® Read TMS 9901 no. 2 input bits and compare with test pattern; output
error message if not the same.

e If both tests pass, print message and branch to monitor.

|
_ fTIPFRRRERITTITITIIT|  fTPPPreesrTafsarrry|

FIGURE 5-1. CABLE FOR EXAMPLE PROGRAMS
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Foo0

FOO00

F020
F022
Fo2u
F026
F028
FO2A

Foac
FO2E
FO30
F032

FO34
F036
FO38
FO3A
FO3C

FO3E
Fou40
FOy2

FO4U
FOu46
FO48
Foua
FO4C

0500
0520
0540
0560

02E0
F000
020C
0500
1D00
1EOF

020C
0580
1D00
1EQF

020C
0520
0202
AAAA

3002

3403
80C2
1606

020C
0580
3404
8102
160F

t22 2222222222222 22222222222 2222222222222 2222222222222 22222222 LLd

* *

* INPUT/OUTPUT EXAMPLE PROGRAM *

* *

3 36 6 3 % 36 3 3 3 3 % 3 3 3 I K % ¥ % Wk 3 3 I 36 I W Ik WK WK I I K I I I W I K W I I K I I K I W KN KA KK KK KEER

* MAIN PROGRAM *

* *

3 36 36 3 36 3 36 3 3 3 3 3 3 36 3 3 I 36 3 36 I 36 36 36 3 3K 3¢ 3k b I I 3 I 3 3 I K 3k W W I I I I I I I I I I K I Ik W A I H ¢ K K KN
AORG >F000

*

* DEFINITIONS

*

INTT EQU >0500 CRU ADDRESS OF 9901 NO.1 - INTERRUPT SECT.

PORT1 EQU >0520 CRU ADDRESS OF 9901 NO.1 - PORT SECTION

INT2 EQU >0580 CRU ADDRESS OF 9901 NO.2 - INTERRUPT SECT.

PORT2 EQU >05A0 CRU ADDRESS OF 9901 NO.2 - PORT SECTION
WSP BSS 32 WORKSPACE
*
* INITIALIZATION
*
* RESET 9901 NO.1
*
LWPI WSP
INIT LI  R12,INTH LOAD CRU ADDRESS OF 9901 NOG.1
SBO O SET TO CLOCK MODE
SBZ 15 RESET

»

RESET G901 NO.2

LI R12,INT2 LOAD CRU ADDRESS OF 9901 NO.2
SBO O SET TO CLOCK MODE
SBZ 15 RESET

*

SET PORT 1 (9901 NO.1) AS OUTPUT; OUTPUT PATTERN

LI R12,PORT1 LOAD CRU ADDRESS OF PORT 1

LI R2,>AAAA LOAD BIT PATTERN '1010101010101010"
LDCR R2,0 SETS PORT 1 = OUTPUT, OUTPUTS PATTERN
*
* ECHO PATTERN AT TMS 9901 NO. 1; COMPARE WITH TEST PATTERN
* AT R12,>40 SET CRU ADDRESS TO ECHO CHARACTERS
STCR R3,0 ECHOS PORT 1 OUTPUT BACK TO R3
C 2,3 IS OUTPUT AND ECHO THE SAME?
JNE ERR1 IF NOT, OUTPUT ERROR MESSAGE

E 3

READ PATTERN AT TMS 9901 NO.2; COMPARE WITH TEST PATTERN

LI R12,PORT2 SET CRU BASE ADDRESS TO PORT 2 (9901 No.2)

STCR R4,0 READ PORT 2 INPUTS
c 2,4 PORT 2 INPUTS EQUAL PORT 1 OUTPUTS
JNE ERR2 IF NOT, OUTPUT ERROR MESSAGE
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FO4E

FO50
F052
FO5H
FO506
F058
FO5A
FO5B
FO5C
FO5D
FOSE
FOSF
F060
F061
F0b62
F063
FO6Y4
F065
FO6b6
FO67
F068
FO6A

Fo6C
FO6E
FO70
FO72
FOT4
FO76
FOT77
FO78
FOT79
FOTA
FOT7B
FO7C
FOTD
FO7E
FOTF
r080
F081
F082
F083
Fo8y
F085
F086
F088

101D

2FAQ
F058
o460
0080
0D0A
45
52
52
YF
52
2D
20
4E
4F
20
45
43

4fF
0DOA
0000

2FAO
FO74
0460
0080
0DOA
45
52
52
4F
52
2D
20
4E
yg
20
49
4E
50
55
54
53
OD0A
0000

IF BOTH TESTS PASS, GO TO FINISH

JMP FIN TESTS PASSED, GO TO FINISH

BN RN NN R RERRI R RRRNRN AR R R R RRR R R R R RN RERRRRN R ERRE
* ERROR MESSAGES

*

*
*

3300030 90 90 36 96 36 30 36 36 36 96 96 3 36 36 36 36 36 96 36 36 36 36 36 96 96 36 96 96 36 36 36 3 3 36 36 36 36 26 3 6 06 36 36 36 36 36 36 36 30 96 36 30 36 36 36 3 3 % % 3 X

*

*
*

ERR1

MESS1

ERR2

MESS2

ERROR MESSAGE 1 - ERROR- NO ECHO
XOP @MESS1,14 OUTPUT ERROR MESSAGE 1
B @>80 BRANCH TO MONITOR

DATA >0DOA CARRAGE RETURN/LINE FEED
TEXT 'ERROR- NO ECHO!'

DATA >0D0OA CARRAGE RETURN/LINE FEED
DATA >0000 END OF MESSAGE TAG

ERROR MESSAGE 2 - ERROR- NO INPUTS
XOP @MESS2, 14 OUTPUT ERROR MESSAGE 2
B €>80 BRANCH TO MONITOR

DATA >0DO0OA CARRAGE RETURN/LINE FEED
TEXT "ERROR- NO INPUTS!

DATA >0DOA CARRAGE RETURN/LINE FEED
DATA >0000 END OF MESSAGE TAG
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*

* MESSAGE 3 - TESTS PASSED
*

FOBA 2FA0 FIN XOP @MESS3,14

FO8C F092

FOBE 0460 B @>80 BRANCH TO MONITOR

F090 0080 '

F09z 0DOA MESS3 DATA >0DOA CARRAGE RETURN/LINE FEED
Fo94 54 TEXT 'TESTS PASSED!

F0Y5 45

FO96 53

FO97 54

F098 53

F0g9 20

FOog4a 50

FO9B 41

FO9C 53

FO9D 53

FOSE 45

FO9F Ly

FOAQ 0ODOA DATA >0DOA CARRAGE RETURN/LINE FEED
FOA2 0000 DATA >0000 END OF MESSAGE TAG

5.3.2 Clock Example Program (Polling)

This program demonstrates how to set and use the clock on no. 1 TMS 9901 on
the TM 990/310 module. After a period of five seconds, a message is written.

This example requires no TM 990/310 cable or connectors. The steps of this
program are as follows:

1. Reset the TMS 9901,

2. Go to the interrupt mode and enable INT3 (the clock issues INT3, and
INTREQ goes high when finished counting down).

3. Go to the clock mode and set the clock to a 250 ms count (for 3 MHz
system clock).

4. Poll the INTREQ bit (see Table 5-1) until the clock is finished (do not
poll INT3 for a clock countdown).

5. HRepeat countdown 20 times for a 5-second delay.

6. Output message after 5-second countdown.
NOTE

After the TMS 9901 clock register is decremented down to zero, it
is reinitialized with the original count value automatically, and the
countdown begins again. The clock is disabled by writing all zeroes
to the 14 clock bits or by a hardware (external) reset (not a
software reset to bit 15 in the clock mode). Writing a one or a zero
to the INT3 interrupt mask (bit 3) clears the interrupt; however,
writing a one to this bit re-enables the clock interrupt.



F0O00
F0O00
Fo20
F022
Fo24
F026
F023
FOcA
Fo2C
FO2E
FO30
FO32

FO34

F036

F038
FO3A
FO3C

FO3E
FO40
Fou4z
Fouy

FOuo
Fous
FO4A
Fouc

FO4E
F050
F052
FO54

02E0
FO00
0201
0014
0202
0800
0203
2DFC
020C
0500

0360

3102

1D00
05CC
3383

o64cC
1D00
1FOF
16FD

1E00
1D03
0601
16Fg

2FAO0
F056
0460
0080

336 36 3 36 3 % 3 % 3 36 36 3 3 3 3 3 36 3 3 26 3 3 3 36 3 3 3 3K I 2 36 36 96 96 96 36 3 36 36 3 36 3 3 36 3 3 3 36 3 3 I 3 3 3 N ¢ X K

%

* POLLING CLOCK EXAMPLE

*

3636 36 96 3 3 3 36 3 36 06 3 3 36 3 3 3 3 3 3 3 36 3 3 3 36 3k 3 3 36 36 36 36 96 6 36 b 36 30 36 30 96 36 36 36 36 36 36 6 3¢ 3 3¢ 96 3 96 X

*

* INITIALIZATION AND DEFINITIONS
*
AORG > F000
WSP BSS 32
LWPI WSP SET WORKSPACE POINTER

LI  R1,20
LI  R2,>0800
LI  R3,>2DFC

LI R12,>500

* RESET 9901'S
*
RSET
*
* ENABLE INTERRUPTS

START LDCR R2,4

*

* ENABLE CLOCK
SBO 0

INCT R12
LDCR R3, 14

*

LOOP COUNTS OF 20 250-MS PERIODS (5S)
CODE TO GO TO INT MODE AND SET INT3
COUNT FOR CLOCK REGISTER (250 MS)

CRU BASE ADDRESS OF NO. 1 TMS 9901

GO TO INTERRUPT MODE, ENABLE INT3

GO TO CLOCK MODE
SET CRU BASE UP TO FIRST CLOCK BIT
SET 250 MS COUNT, START COUNTDOWN

POLL INTREQ (BIT 15) WAITING FOR CLOCK TO FINISH

DECT R12 SET CRU BASE BACK TO CONTROL BIT
LOOP SBO O GO TO CLOCK MODE
B 15 HAS THE CLOCK FINISHED?
JNE LOOP IF NOT, WAIT FOR COUNT = O
* COUNTER TO COUNT 5 SECONDS
SBZ 0 GO TO INTERRUPT MODE
SBO 3 RE-ENABLE CLK INTRRPT, CLEAR INTRRPT
DEC R1 DECREMENT COUNTER OF 250-MS PERIODS
JNE LOOP IF NOT ZERO, RUN DELAY AGAIN

*

OUTPUT MESSAGE
XOP @MESS, 14

B >80

OUTPUT 5-SECOND DELAY MESSAGE

BRANCH TO MONITOR



F056 0DOA

FO58 46
F059 49
FO5A 56
FO5B 45
FO5C 20
FO5D 53
FOSE 45
FO5F 43
FO60  4F
F061 4E
FOb2 44
F063 53
Fo64 20
r065 Uy
FO66 45
FOo7 4c
Fo68 41
F069 59
FO6A 0DOA
FO6C 0000

MESS

DATA >0D0A

CARRIAGE RETURN, LINE FEED

TEXT 'FIVE SECONDS DELAY'

DATA >0DOA
DATA >0000
END

CARRIAGE RETURN, LINE FEED
END OF MESSAGE TAG



5.3.3 Example Using Interrupts

This example demonstrates how to enable and handle interrupts. Figure 5-2
shows the interrupt path from an external source through the TM 990/310 to the
CPU. The numbered steps described below are keyed in Figure 5-2., For this
example, the connector shown in Figure 5-1 e¢an be used, or a single wire
connecting P2-40 to P3-40 can be substituted. This example performs the
following steps:

1. Load the interrupt linking areas with the starting address of the
interrupt service routine (see your TM 990/1XX Users Manual).

2. Reset all 9901's. This places the I/0 bits to the input mode and resets
the interrupts on all four 9901s (three on the TM 990/310 and one on
on the CPU module).

3. Enable interrupt 4 on the TMS 9901 on the CPU module.

4, Enable interrupt 7 on the TMS 9901 no. 1 (P2) on the TM 990/310.

5. Enable interrupt levels 0 through 4 of interrupt mask on the TMS 9900.

6. Set I/0 bit 15 of TMS 9901 no. 2 on the TM 990/310 as an output with a
logic O level.

T. The interrupt service routine disables the interrupt, prints a message
indicating that the interrupt has happened, and returns to the main
program.

6. The main program prints a message that all steps have been successfully
completed and returns control to the monitor.

TM 990/1XX ' TM 990/310
TMS 9900 Q) TMS 9901 #1
INTERRUPT RESE IORST >
AD-AZ ! JUMPER i
MASK CIRCUITRY bl APER [-INTREQ-(:)—INT7 5545]
A A AR - T |
| 1C0-1C3 TMS 9901 #2 |
CODE FOR - G out1s _{P3-40]

|
|
I INT4-
I
I

TMS 9901 #3

r- — INT[&"
I
|

| |

L]

Pl

[ ]

| ]

L1 ]

L_L_LL_@L&I‘L+ _____

Y

A

TMS 9901

FIGURE 5-2. INTERRUPT PATH FOR EXAMPLE 5.3.3
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F0O00
Fo00
F020
Fo22
Fo24

F026
Fo28
Fo2A
rFoz2C

Fo2E
F030
032
ro3i

F036
1038
FO3A

FO3C
FO3&
FOL40
Foy2
Fouy
FOu46
FOou8
FO4A
Fouc
rFodae
FO50
F052
FO54
¥056
F058
FO5A

FFoBE
FF9h
FFAQ
FrFA2

02k0
F0O00
0360

020C
0100
1E00
1Do4

020C
0500
100
107

0300
0004

04Co

020C
0540
1uOF
1000
1000
€000
1603
2FAQ
FOBY
1002
2FAQ
Fo82
2FAQ
Fo9e
0460
0080

0420
FOT70
0380

996 36 3 3 26 36 3 9 3 3 3 3 36 3 3 36 3 3 3 3 I 3% I 3¢ 3 I I I 96 % 3% I %o 3 36 I I 3 3 I 3 I X K I o K 3 I 36 3k I3 3 % W 3K I K ;9K KN

* *
* INTEKRUPT EXAMPLE PROGRAM *
* *
I E T e T I I I A I T T I T T T YT T
* INITIALIZATION *
* *
EHERRRRREERRREEEERRRIRTRETRERERERRERR AR R R AR AR R AR AR RN RRERRE RN

AORG >F000
WSP BSS 32 RESERVE WORKSPACE AREA

LWPI WSP LOAD WORKSPACE POINTER

RSET RESET ALL 9901'S
*
* BNABLE THE INTERRUPTS ON THE CPU 9901, THE /310 g901
* AND THE INTERRUPT MASK ON THE 9900
*

LI  R12,>100 CRU ADDR OF 9901 ON CPU MODULE

SBZ 0 SET TO INTERRUPT MODE

SBO 4 ENABLE INT 4 ON CPU 9901
*

LI  R12,>500 CRU ADDR OF 9901 #1 ON /310

SBZ 0 SET TO INTERRUPT MODE

SBO 7 ENABLE INTERRUPT 7
*

LIMI 4 ENABLE INTERRUPT 4 - 0 ON 9900

CLR RO CLEAR RO

*

SIMULATE AN EXTERNAL INTRRRUPT

LI R12,>5A0 CRU ADDEK OF I/0 ON 9901 #2 - /310
SBZ 15 ACTIVATE INTT-
NOP TO ALLOW TIME FOR THE INTERRUPT
NOP TO OCCUR
MOV~ RO,RO DID INTERRUPT OCCUR
JNE OK IF YES JUMP
XOP @FAIL, 14 PRINT FAIL MESSAGE
JMP END GO TO EXIT
0K X0P @MESS1,14 OUTPUT INTERRUPT MESSAGE

END XOP @MESS2,14 PRINT 'PROGRAM FINISHED'

B @>80 RETURN TO MONITOR

*

LOAD INTERRUPT VECTOR VALUES

AORG >FF9E START AT INT4 VECTOR

BLWP €>F070 BRANCH TO INTERRUPT SERVICE ROUTIN
RTWP RETURN TO PROGRAM



FO70
FOT0
FO72
FOT4
FO76
FO78
FOTA
FQOT7C
FOTE
F080

1082
FO8H
FOB5
0o
F087
F088
F08y
FOBA
FO&B
Fo8C
FOBD
FOGE
FOSF
F090
FO91
roYe
F0g3
FO94
FOY5
F0Y6
FO97
FOy8
F099
FOYA
FOGC

FOO00
FO74
0200
FFFF
020C
0100
1E00
1E04
0360

0b0Aa
49
UE
54
45
52
52
55
50
5l
20
48
41
53
20
Y
43
43
55
52
52
U5
4y
ODOA
0000

3 36 36 3 % 9 % 9 3 % 3 36 96 36 3 I 9 I 3¢ 30 3 3 9k 3 9k 3 I 3k K o 9 3K I 3 3 3 e 36 3 36 3 36 3 36 3 36 3 96 3 36 3 of 3 36 96 36 26 36 96 3 3 K

#  INTERRUPT SERVICE ROUTINE *
Y 122 2322223212322 2322331332323 2332X322222232 223222222 222222 22222227
AORG >F070 START AT INTERRUPT SERVICE ROUTINE

DATA >F000 WORKSPACE POINTER FOR INT SERV ROUTINE

DATA >FOTU PROGRAM COUNTER FOR INT SERV ROUTINE

LL  RO,>FFFF SET INTERRUPT 'FLAG'

LI  R12,>100 CRU BASE ADDR OF 9901 ON CPU MODULE

SBZ 0 SET TO INTERRUPT MODE

SBZ 4 D1SABLE INTERRUPT AT 9901 ON CPU

RTWP RETURN
P Y1222 22223222322222232X3323323222 3222232222322 2332222222222z 2%}
* MESSAGE TEXTS *
RUBEXARRERREREEER RN ERRFEERERRRERRE AR R RRRRRRN RN RRRRERRELERRNRXN
MESS1 DATA >0DOA CARRIAGE RETURN, LINE FEED

TEXT 'INTERRUPT HAS OCCURRED'

DATA >0DOA CARRIAGE KETURN, LINE FEED
DATA >0000 END OF MESSAGE TAG



FOYE ODCA MESS2 DATA >0DOA CARKIAGE RETURN, LINE FLEED

FOAQ 50 TEXT 'PROGRAM FINISHED'

FOA1 52

FOA2 i

FQA3 47

FOAL 52

FOAS 41

FOA6 4D

FOAT 20

FOAS 4o

FOAS 4y

FOAA 4§

FOAB 49

"OAC 53

FOAD it}

FOAE )

OAF 4y

FOBO 0DOA DATA >0DOA CARRIAGE RETURN, LINE FEED

FOB2 0000 DATA >0000 END OF MESSAGE TAG
*

FOB4 ODOA FAIL DATA >0D0A CARRIAGE RETURN, LINE FEED

FOB6 49 TEXT '"INTERRUPT FAILED TO OCCUR!

FroB7 4E

FOB8 54

FOBY 45

FOBA 52

FOBB 52

FOBLC 55

FOBD 50

FOBE 54

FOBF 20

FOCO 46

FOC1 41

Foce 49

F0C3 4C

Focy 45

FoC5 4y

Foco 20

FOCT 54

FOCo 4F

FOCY 20

FOCA yg

FOCB 43

FoCC 43

FOCD 55

FOCE 52

FODO ODOA DATA >0D0A CARRIAGE RETURN, LINE FEED

FOD2 0000 DATA >0000 END OF MESSAGE TAG
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APPENDIX B

PARTS LIST

SYMBOL DESCRIPTION
C1,C31t0C12 Capacitor, 0.047 uF
C2 Capacitor, 22 uF
R3, R6 Resistor, 2.2K, 1/4 W
R10,R11,R12,R21 Resistor, 10K, 1/4 W
R22,R23,R24
R7,R8,R9 Resistor, 2.2 ohm, 1/2 W
S Switch, 4-position
U1, Uéb Platform, 16 pin, prewired/sockets (separate items)
u2,u28,U34 74LS00
U3, u4 74LS139
U5,U19,U20,U34 ) 10K resistor pack
U7,U13,U26,U36 74LS04
us,u22,U38 74LS74
U9,u15,U23, 7415251
U29,uU39,U45
u10,U24,u40 TMS 9901 /40-pin sockets (separate items)
U11,U16,U25,U30,U41,U46 68 ohm resistor pack
ui2 7407
U14,U33 7418132
U17,u21 74LS241
U18,U31,U32 745287 /16-pin sockets {separate items)
u37.uU43,u44 74LS10
u42 741820
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1.1

1.2

1.3

INTRODUCTION
DESCRIPTION

The TMS 9901 Programmable Systems Interface (PSI) is a multifunctional component designed to provide
low cost interrupt and I/0 ports and an interval timer for TMS 9900-family microprocessor systems. The
TMS 9901 is fabricated using N-channe! silicon-gate MOS technology. The TMS 9901 is TTL-compatible on
all inputs and outputs, including the power supply (+5 V) and single-phase clock.

KEY FEATURES

° Low Cost

L 9900-Family Peripheral

) Performs Interrupt and I/0 Interface functions:
— Six Dedicated Interrupt Lines

— Seven Dedicated I/0 Lines

— Nine Programmabile Lines as |/O or Interrupt
— Upto 15 Interrupt Lines

— Upto 22 Input Lines

— Up1to 16 Output Lines

Easily Cascaded for Expansion

Interval or Event Timer

Single 5 V Power Supply

All Inputs and Outputs TTL-Compatible
Standard 40-Pin Plastic or Ceramic Package
N-Channel Silicon-Gate MOS Technology.

APPLICATION OVERVIEW

The following example of a typical application may help introduce the user to the TMS 9901 PSI. Figure 1isa
block diagram of a typical application. Each of the ideas presented below is described in more detail in later
sections of this manual.

The TMS 9901 PSl interfaces to the CPU through the Communications Register Unit (CRU) and the interrupt
control lines as shown in Figure 1. The TMS 9901 occupies 32 bits of CRU input and output space. The five
teast significant bits of address bus are connected to the S lines of the PSI to address one of the 32 CRU bits.of
the TMS 9901. The most significant bits of the address bus are decoded on CRU cycles to select the PS| by
taking its chip enable (CE) line active (LOW).

Interrupt inputs to the TMS 9901 PSI are synchronized with ¢, inverted, and then ANDed with the appropriate
mask bit. Once every ¢ clock time, the prioritizer looks at the 15 interrupt input AND gates and generates the
interrupt control code. The interrupt control code and the interrupt request line constitute the interrupt
interface to the CPU.

After reset all I/0 ports are programmed as inputs. By writing to any /0 port, that port will be programmed as
an output port until another reset occurs, either software or hardware. Data at the input pins is buffered on to
the TMS 9901. Data to the output ports is latched and then buffered off-chip by the PSI's MOS-to-TTL buffers.

The interval timer on the TMS 9901 is accessed by writing a ONE to select bit zero (control bit). which puts the
PSI CRU interface in the clock mode. Once in the clock mode the 14-bit clock contents can be read or written.
Writing to the clock register will reinitialize the clock and cause it to start decrementing.. When the clock
counts to zero, it will cause an interrupt and reload to its initial value. Reading the clock contents permits the
user to see the decrementer contents at that point in time just before entering the clock mode. The clock read
register is not updated when the PSl is in the clock mode.

c-1
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FIGURE 1- TYPICAL TMS 9901 PROGRAMMABLE
SYSTEM INTERFACE (PSI} APPLICATION

ARCHITECTURE

The architecture of the TMS 9901 Programmable Systems interface (PSI) is designed to provide the user
maximum flexibility when designating system 1/0 ports and interrupts. The TMS 9901 can be divided into four
subsystems: CRU interface, interrupt interface, input/output interface, and interval timer. Figure 2 is a
general block diagram of the TMS 9901 internal architecture. Each of the subsystems of the PSl is discussed
in detail in subsequent paragraphs.

CRU Interface

The CPU communicates with the TMS 9901 PSI via the CRU. The TMS 9901 occupies 32 bits in CRU read
space and 32 bits in CRU write space. Table 1 shows the mapping for CRU bit addresses to TMS 9901
functions.

The CRU interface consists of five address select lines (S0-S4), chip enable (G_E), and the three CRU lines
(CRUIN, CRUOUT, CRUCLK). The select lines {S0-S4) are connected to the five least significant bits of the
address bus; for a TMS 9900 system S0-S4 are connected to A10-A14, respectively. Chip enabie (CE) is
generated by decoding the most significant bits of the address bus on CRU cycles; for a 9900 based system
address bits 0-9 would be decoded. When CE goes active (LOW), the five select lines point to the CRU bit
being accessed. When CE is inactive (HIGH), the PSI's CRU interface is disabled.

NOTE

When CE is inactive (HIGH) the 9901 sets its CRUIN pin to high impedance and
disables CRUCLK from coming on chip. This means that CRUIN can be used as an
OR tied bus. When CE is high the 9901 will still see the select lines, but no command
action is taken.

In the case of a write operation, the TMS 9901 strobes data off the CRUOUT line with CRUCLK. For a read
operation, the data is sent to the CPU on the CRUIN line.
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FIGURE 2—TMS 9901 PSi BLOCK DIAGRAM

Several TMS 9901 devices may be cascaded to expand I/O and interrupt handling capability simply by
connecting all CRU and address select lines in parallel and providing each device with a unique chip enable

signat: the chip enable (CE) is generated by decoding the high-order address bits (A0-A9) on CRU cycles.

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 (4096 bits), synchronous, serial interface over which a single instruction can transfer
between one and 16 bits serially. Each one of the 4096 bits of the CRU space has a unique address and can
be read and written to. During muiti-bit CRU transfers, the CRU address is incremented at the beginning of
each CRU cycle to point to the next consecutive CRU bit.
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TABLE 1

CRU SELECT BIT ASSIGNMENTS

CRU Bit S, 5, S, 8,8, CRU Read Data CRU Write Data
0 000O0O CONTROL BIT!1) CONTROL BIT(1)
1 0.0 00 1 INT1/CLK1(2) Mask 1/CLK1(3)
2 000G 10 INT2/CLK2 Mask 2/CLK?2
3 00011 INT3/CLK3 Mask 3/CLK3
4 00100 INT4/CLK4 Mask 4/CLK4
5 001 01 INT5/CLKS Mask 5/CLKS
6 00110 INT6/CLK6 Mask 6/CLK6
7 00 1 11 INT7/CLK7 Mask 7/CLK7
8 01000 INT8/CLKS8 Mask 8/CLK8
9 01001 INT9/CLK 9 Mask 9/CLK9
10 01010 INT10/CLK10 Mask 10/CLK10
11 010 11 INT11/CLK 11 Mask 11/CLK11
12 01100 INT12/CLK12 Mask 12/CLK12
13 01 101 INT13/CLK13 Mask 13/CLK13
14 01110 INT14/CLK 14 Mask 14/CLK 14
15 01 1 11 iNT15/INTREQ (7 Mask 15/R5T2(4)
16 10000 PO Input!5) PO Output(6}
17 100 0 1 P1 Input P1 Output
18 1t 0010 P2 Input P2 Output
19 10 0 11 P3 input P3 Output
20 10100 P4 Input P4 Output
21 1 0 1 01 P5 Input P5 Output
22 101 10 P6 tnput P6 Output
23 10 1 1 1 P7 Input P7 Output
24 11 0 00 P8 input P8 Qutput
25 110 01 P9 Input P9 Qutput
26 11010 P10 tnput P10 Output
27 11 0 1 1 P11 Input P11 Qutput
28 11100 P12 Input P12 Output
29 11 1 01 P13 Input P13 Qutput
30 11110 P14 Input P14 Output
31 17 1 1 1 1 P15 input P15 Output

NOTES:

(1) 0 = Interrupt Mode 1 = Clock Mode
{2} Data present on INT input pin (or clock value} will be read regardiess of mask value. .
(3) While in the interrupt Mode (Control Bit = 0) writing a *’1’’ into mask will enable interrupt; a ‘0’’ will disable.

(4) Writing a zero to bit 15 while in the clock mode (Control Bit = 1) executes a software reset of the 1/O pins.
{5) Data present on the pin will be read. Cutput data can be read without affecting the data.

{8) Writing data to the port will program the port to the output mode and output the data.

{(7) INTREQ is the inverted status of the INTREQ pin.
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When a 99XX CPU executes a CRU Instruction, the processor uses the contents of workspace register 12 as
a base address. (Refer to the 9900 Microprocessor Data Manual for a complete discussion on how CRU
addresses are derived.) The CRU address is brought out on the 15-bit address bus; this means that the least
significant bit of R12 is not brought out of the CPU. During CRU cycles, the memory control lines (MEMEN,
WE, and DBIN} are all inactive; MEMEN being inactive (HIGH) indicates the address is not a memory 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; it address bits
AQ0-A2 are other than ali zeros, they are indicating an external instruction code. In summary, address bits
A3-A14 contain the CRU address to be decoded, address bits AO0-A2 must be zero and MEMEN must be
inactive (HIGH) to indicate a CRU cycle.

Interrupt Interface

A block diagram of the interrupt control section is shown in Figure 3. The interrupt inputs (six dedicated,
INT1-INT6, and nine programmable) are sampled on the falling edge of ¢ and latched onto the chip for one &
time by the SYNC LATCH, each ¢ time. The output of the sync latch is inverted (interrupts are LOW active)
and ANDed with its respective mask bit (MASK = 1, INTERRUPT ENABLED). On the rising edge of ¢, the
prioritizer and encoder senses the masked interrupts and produces a four-bit encoding of the highest priority
interrupt present (see Tables 2 and 3). The four-bit prioritized code and INTREQ are latched off-chip with a
sync latch on the failing edge of the next ¢, which ensures proper synchronization to the processor.

Once an interrupt goes active (LOW), it should stay active until the appropriate interrupt service routine
explicitly turns off the interrupt. If an interrupt is allowed to go inactive before the interrupt service routine is
entered, an erroneous interrupt code could be sent to the processor. A total of five clock cycles occur between
the time the CPU sampies the INTREQ line and the time it samples the ICO-IC3 lines. For example, if an
interrupt is active and the CPU recognizes that an interrupt is pending, but before the CPU can sample the
interrupt control lines the interrupt goes inactive, the interrupt control lines will contain an incorrect code.

The interrupt mask bits on the TMS 9901 PSi are individually set or reset under software control. Any unused
interrupt line should have its associated mask disabled to avoid false interrupts: To do this, the control bit
(CRU bit zero), is first set to a zero for interrupt mode operation. Writing to TMS 9901 CRU bits 1-15 will
enable or disable interrupts 1-15, respectively. Writing a one to an interrupt mask will enable that interrupt;
writing a zero will disable that interrupt. Upon application of RST1 (power-up reset), all mask bits are reset
(LOW), the interrupt code is forced to all zeros, and INTREQ is held HIGH. Reading TMS 9901 CRU bits 1-15
indicates the status of the respective interrupt inputs; thus, the designer can employ the unused (disabled)
interrupt input lines as data inputs (true data in).

Input/Output interface

A biock diagram of the TMS 9901 {/O interface is shown in Figure 4. Up to 16 individually controlled, 1/0 ports
are available (seven dedicated, PO-P6, and nine programmable) and, as discussed above, the unused
dedicated interrupt lines also can be used as input lines (true data in). Thus the 9901 can be configured to
have more than 16 inputs. RST1 (power-up reset) will program all 170 ports to input mode. Writing data to a
port will automatically switch that port to the output mode. Once programmed as an output, a port will remain
in output mode until RST1 or RST2 (command bit) is executed. An output port can be read and indicates the
present state of the pin. A pin programmed to the output mode cannot be used as an input pin: Applying an
input current to an output pin may cause damage to the TMS 9901. The TMS 9901 outputs are latched and
buffered off-chip, and inputs are buffered onto the chip. The output buffers are MOS-to-TTL buffers and can
drive two standard TTL loads.

C=5
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TABLE 2

INTERRUPT CODE GENERATION

INTERRUPT/STATE PRIORITY ico Ic Ic2 Ic3 INTREQ
RST 1 - 0 0 0 0 1
INT 1 1 (HIGHEST) 0 0 0 1 0
INT 2 2 0 0 1 0 0
INT 3/CLOCK 3 0 0 1 1 0
INT 4 4 0 1 0 0 0
INT 5 5 0 1 0 1 0
INT 6 6 0 1 1 : 0 0
INT 7 7 0 1 1 1 0
INT 8 8 1 0 0 0 0
INT 9 9 1 0 0 | 0
INT 10 10 1 0 1 i 0 0
INT 11 11 1 0 1 f 1 0
INT 12 12 1 1 0 S 0
INT 13 13 1 1 0 1 0
INT 14 14 1 1 1 0 0
INT 15 15 (LOWEST) 1 7 1 1 0
NO INTERRUPT 1 1 1 1 1

TABLE 3

TMS 9980A OR TMS 9981 INTERRUPT LEVEL DATA

INTERRUPT VECTOR LOCATION INTERRUPT MASK VALUES
CODE FUNCTION (MEMORY ADDRESS DEVICE ASSIGNMENT TO ENABLE
HCo-iC2) IN HEX) (ST12 THROUGH ST15)

11 0 Level 4 00 10 External Device 4 Through F

1o 1 Level 3 0 0 0 C External Device 3 Through F

10 0 Level 2 0 0 0 8 External Device 2 Through F

¢ 11 Level 1 g 0 0 4 External Device 1 Through F

0 01 Reset 0 0 0 0 Reset Stimulus Don’t Care

0 1 0 Load 3 F F C Load Stimuius Don’t Care

0 0 0 Reset 0 000 Reset Stimutus Don't Care
i1 NoOp | b e
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2.5

Programmable Ports

A total of nine pins (INT7/P15-INT15/P7) on the TMS 9901 are user-programmabile as either /O ports or
interrupts. These pins will assume ali characteristics of the type pin they are programmed to be (as described
in Sections 2.2 and 2.3). Any pin which is not being used for interrupt should have the appropriate interrupt
mask disabled (mask = 0) to avoid erroneous interrupts to the CPU. To program one of the pins as an
interrupt, its interrupt mask simply is enabled and the line may be used as if it were one of the dedicated
interrupt lines. To program a pin as an 1/0 port, disable the interrupt mask and use that pin as if it were one of
the dedicated 1/O ports.

interval Timer

Figure 6 is a block diagram of the TMS 9901 interval timer section. The clock consists of a 14-bit counter that
decrements at a rate of f(¢)/64 (at 3 MHz this results in a maximum interval of 3439 milliseconds with a
resolution of 21.3 microseconds). The clock can be used as either an interval timer or an event timer. To
access the clock, seiect bit zero (control bit) must be set to a one. The clock is enabled to cause interrupts by
writing a nonzero value to it and is then disabled from interrupting by writing zero to it or by a RST1. The clock
starts operating at no more than two ¢ times after it is loaded. When the clock decrementer is running, it will
decrement down to zero and issue a level-3 interrupt. The decrementer, when it becomes zero, will also be
reloaded from the clock register and decrementing will start again. (The zero state is counted as any other
decrementer state.) The decrementer always runs, but it will not issue interrupts unless enabled; of course,
the contents of the unenabled clock read register are meaningless.

ﬂ CLOCK REGISTER

! DEC -0 CLOCK
r INTERRUPT

CRU CLK
LOGIC CLOCK DECREMENTER ¢

i

READ REGISTER

CLOCK MODE
=1}
6

FIGURE 6—-TMS 9901 INTERVAL TIMER SECTION

CLK

=Y

~
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2.6

The clock is accessed by writing a one into the control bit (TMS 9901 CRU bit zero) to force CRU bits 1-15to
clock mode. Writing a nonzero value into the clock register then enables the clock and sets its time period.
When the clock is enabled, it interrupts on leve! 3 and external level-3 interrupts are disabled. The mask for
level 3 in the PSI must be set to a one so that the processor will see the clock interrupt. When the clock
interrupt is active, the clock mask {mask bit 3) must be written into with either a one or zero to clear the
interrupt; writing a zero also disables further interrupts.

If a new clock value is required, a new 14-bit clock start value can be programmed by executing a CRU write
operation to the clock register. During programming, the decrementer is restarted with the current start value
after each start value bit is written. A timer restart is easily implemented by writing a single bit to any of the
clock bits. The clock is disabled by RST1 (power up reset) or by writing a zero value into the clock register;
RST2 does not affect the clock.

The clock read register is updated every time the decrementer decrements when the TMS 9901 is not in clock
mode. There are two methods to leave the clock mode : first, a zero is written to the control bit; or second, a
TMS 9901 select bit greater than 15 is accessed. Note that when CE is inactive(HIGH),the PSl is not disabled
from seeing the select lines. As the CPU is addressing memory, A10-A14 could very easily have avalue of 15
or greater — A10-A14 are connected to the select lines; therefore, the TMS 9901 interval timer section can
“think " it is out of clock mode and update the clock read register. Very simply, this means that a value cannot
be locked into the clock read register by writing a one to CRU select bit zero (the control bit). The 9901 must
be out of clock mode for at least one timer period to ensure that the contents of the clock read register has
been updated. This means that to read the most recent contents of the decrementer, just before reading, the
TMS 9901 must not be in the clock mode. The only sure way to manipulate clock mode is to use the control
bit (select bit zero). When clock mode is reentered to access the clock read register, updating of the
read register will cease. This is done so that the contents of the clock read register will not change while it is
being accessed.

Power-Up Considerations

During hardware reset, RST1 must be active (LOW) for aminimum of two clock cycles to force the TMS 9901
into a known state. RST1 will disable all interrupts, disable the clock, program all 1/0 ports to the input mode,
and force ICO-IC3 to all zeros with INTREQ held HIGH. The system software must enable the appropriate
interrupts, program the clock, and configure the 1/0 ports as required. After initial power-up the TMS 9901 is
accessed only as needed to service the clock, enable (disable) interrupts, or read (write) data to the I/O ports.
The 1/0 ports can be reconfigured by use of the RST2 software reset command bit.
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2.7 Pin Descriptions
Table 4 defines the TMS 9901 pin assignments and describes the function of each pin.

TABLE4
TMS 9901 PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE| PIN; 1/0 DESCRIPTION
INTREQ 11 | OUT| INTERRUPT Request. When active (low) RST1 1 (] U 4 vcc
INTREQ indicates that an enabled interrupt CRUOUT 2 [] ]38 so
has been received. INTREQ will stay active CRUCLK 3 [] 138 o
until all enabled interrupt inputs are re- CRUIN 4|: ]37 P1
moved. TE sl - U3 s1
1CO (MSB) 15 | OUT| interrupt Code lines. 1CO-IC3 output the INT6é 6 | 13 s2
1C1 14 [ OUT| binary code corresponding to the highest iNts 7 [ ] 34 iNT7/P15
1C2 13 OuT! Pnority enabled.interrupt. If no enabled iNTa 8 [ ] 33 TNT8/P1a
1C3(LSB) 12 OUT] interrupts are active IC0—IC3 = {1,1,1,1). iNF 9 E ] 32 INFoP13
CE 5 IN Chip Enable. When active {low) f:!ata may be a 10 [ ] 3 NT10/P12
transferred through the CRU nntgrface 10 INTREG 11 [ ] 20 INT1/P1Y
the CPU, CE has no effect on the interrupt —
) ic3 12 | 120 iNT12/P10
control section. [: ] 28 iNT13/P9
SO 39 IN Address select lines. The data bit being :gf :iE 027 iNTias
S1 36 IN accessed by the CRU interface is specified
S2 35 IN by the 5-bit code appearing on S0-S4. Ico 15 [ ] % P2
s3 25 IN Vss 16 [ :] 25 Ss3
sS4 24 | IN iNT1 17 (] 124 sa
CRUIN 4 | OUT| CRU data in (to CPU). Data specified by N7z 18 (] 23 iNT1s/P7
S0-S4 is transmitted to the CPU by CRUIN, P6 19 [] J22 p3
When CE is not active CRUIN is in a high- P5 20 21 pa
impedance state.
CRUOUT 2 IN CRU data out (from CPU}. When CE is active, data present on the CRUOUT input will be sampled during
CRUCLK and written into the command bit specified by SO-S4.
CRUCLK 3 N CRU Clock {from CPU). CRUCLK specifies that valid data is present on the CRUOUT line.
R3T1 1 IN Power Up Reset. When active {low) BST1 resets all interrupt masks to “0', resets ICO — IC3 = (0, 0, 0, 0),

INTERQ = 1, disables the clock, and programs all 1/O ports to inputs. RST1 has a Schmitt-triger input to
allow implementation with an RC circuit as shown in Figure 7.

Vee 40 Supply Voltage. +6 V nominal.

Vss 16 Ground Reference

I 10 iN System clock (93 in TMS 8900 system, CKOUT in TMS 9980 system).
TNT1 17 | IN )

iNT2 18 IN Group 1, interrupt inputs.

INT3 9 N When active {Low) the signal is ANDed with its corresponding
INT4 8 IN mask bit and if enabled sent to the interrupt control section.

INTS 7 IN TNT1 has highest priority.

INTs 6 IN

INT7/ P15 34 1/0
INT8/ P14 33 1/0
INT9/ P13 32 1/10
INT10/P12 31 /o

TNT11/P11 30 1/0 | Group 2, programmable interrupt (active low) or 1/O pins (true logic). Each pin is individuaily programmable as
INT12/P10 20 1o |len interrupt, an input port, or an output port.

INT13/P9 28| o

INT14/P8 27 /0

iNT15/P7 23 1/0

PO 38 1/0

P1 37 110

P2 26 /O

P3 22 1/0 b Group 3, 1/0 ports (true logic). Each pin is individually programmable as an input port or an output port.
P4 2 1o

P& 20 1/0

P& 19 1/0
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APPLICATIONS
Hardware Interface

Figure 7 illustrates the use of a TMS 9901 PSI in a TMS 9900 system. The TIM 9904 clock generator/driver
syncs the RESET for both the TMS 9901 and the CPU. The RC circuit on the TIM 9904 provides the power-up
and pushbutton RESET input to the clock chip. Address lines AO-A9 are decoded on CRU cycles to select the
TMS 9901. Address lines A10-A14 are sent directly to PSI select lines S0-S4, respectively, to select which
TMS 9901 CRU bit is to be accessed. :

Figure 8 illustrates the use of a TMS 9901 with a TMS 9981 CPU. No TIM 9904 is needed with the TMS 9981,
so the reset circuitry is connected directly to the system reset line. The clock (¢) then comes from the
TMS 9981. All other circuitry is identical to the TMS 9900 system.

TIM 9904 b
Q CLOCK GENERATOR L
- 2.

3

o1 -4 A0 — A9 DECODE CE
TMS T™MS
9900 9901
cPyU PSI SYSTEM
A10 S0 < : INTERRUPTS
ISR 3
A12 s2
A13 s3 <::> 1/0 PORTS
A CRUOUT s4
CRUCLK
CRUIN
RESET AST1

FIGURE 7~TMS 9900/TMS 9901 INTERFACE
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3.2

CRU
AO - A8 DECODE CE
™S ™S
9981 9901
CPU PSI
SYSTEM
AQ S0 INTERRUPTS
AlC s1
A11 s2
ar2 N <:> o vons
A13 sa
CRUQUT
CRUCLK
CRUIN
é ¢
RESET RST1

T e

FIGURE 8—TMS 9981/TMS 9901 INTERFACE

Software Interface

Figure 9 lists the TMS 9900 code needed to control the TMS 9901 PSI. The code initializes the PSI to an
eight-bit input port, an eight-bit output port, and enables interrupt levels 1-6. The six dedicated interrupt pins
are all used for interrupts; their mask bits are set ON. The nine programmabile pins are all used as 1/0 ports;
mask bits 7-15 remain reset. PO-P7 are programmed as an eight-bit output port, and P8-P15 are programmed
as an eight-bit input port.

Some code is added to read the contents of the clock read-register. The SBZ instruction takes the TMS 9901
out of clock mode long enough for the clock read register to be updated with the most recent decrementer
value. When clock mode is reentered, the decrementer will cease updating the clock read-register so that the
contents of the register will not be changing during a read operation.

The second section of code is typical code found in a clock interrupt service routine. All interrupts initially are
disabled by the routine. These functions are not necessary, but are usually done to ensure system integrity.
The interrupt mask should be restored as soon as the sensitive processing is complete. The interrupt is

- counted in the variable COUNT and is then cleared by writing a one to mask bit 3. If a zero is written to mask bit

3to clear the interrupt, clock interrupt will be disabled from that point onward, but the clock will continue to run.



ASSUMPTION:
® System uses clock at maximum interval (349 msec @ 3MHz)
® interrupts 1-6 are used
® Eight bits are used as an output port , PO —P7
® Eight bits are used as an input po;t ,P8 — P15
e RSTH (power-up reset) has been applied

® The most significant byte of R1 contains data to be output.

LI R12, PSIBAS Set up CRU base to point to 9901

LDCR @CLKSET,0 16-bit transfer, set clock to max interval

LDCR @INTSET, 7 Enter interrupt mode and enable interrupts 1 — 6

LI R12, PSIBAS+32 Set CRU base to |/0 ports — output

LDCR R1,8 Output byte from R1, program ports 0 — 7 as output
LI R12, PSIBAS+48 Set CRU base to 1/0 ports — input

STCR R2, 8 Store a byte from input port into MSBT of R2

LI R12, PSIBAS Set CRU base to 9901

SBZ 0 L eave clock mode so decremented contents can be latched
INCT R12 Set CRU base to clock read register

SBO 1 Enter clock mode

STCR R3, 14 Read 14-bit clock read register contents into R3

CLKSET DATA  >FFFF
INTSET BYTE >7E

CLKINT S Clock interrupt service routine — levet 3
LMY 0 Disable interrupts at CPU
INC @COUNT Count the clock interrupt
LI R12, PSIBAS Set CRU base to point to 9901
SBZ 0 Enter interrupt mode
SBO 3 Clear clock interrupt

FIGURE 9 — TMS 9900 SAMPLE SOFTWARE TO CONTROL THE TMS 9901
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33

Interval Timer Application

A TM 990/100M microcomputer board application in which every 10 seconds a specific task must be
performed is described below. The TMS 9901 clock is set to interrupt every 333.33 milliseconds. This is
accomplished by programming the 14-bit clock register to 3D09,s (15,625,0). The TM 990/100M micro-
computer board system clock runs at 3 MHz, giving a clock resolution of 21.33 microseconds. A decrementer
period of 21.33 microseconds multiplied by 15,625 periods until interrupt gives 333.33 milliseconds between
interrupts. The interrupt service routine must count 30 interrupts before 10 seconds elapses:

¢ o) T 1 B 64
(oec) (PEC) = F hec) 3,000,000

— =21.3333 us

64 :

Figure 10 is a flowchart of the software required to perform the above application, and Figure 11 is a listing of
the code. Following the flowchart, the main routine sets up all initial conditions for the 9901 and clock service
routine. The interrupt service routine decrements a counter in R2 which was initialized to 30. When the
counter in R2 decrements to zero, 10 seconds have elapsed, and the work portion of the service routine is
entered. Note carefully that the work portion of the service routine takes longer than 333.33 ms which is the
time between clock interrupts from the 9901. Therefore, recursive interrupts are going to occur and some
facility must be provided to handle them. Loading a new workspace pointer and transferring the saved WP,
PC, and ST (R13-R15) from the interrupt workspace to the new workspace allows one leve!l of recursion.
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START

SET UP 9901 CLOCK
AND INTERRUPTS
CLOCK = >3D09

R2 = 30
>
MAIN CLEAR
PROGRAM INTERRUPTS INTERRUPT
e FOR CLOCK
RETURN

* THIS BRANCH REQUIRES LONGER TO EXECUTE THAN
THE INTERRUPT TIME (333.3 ms); THEREFORE, CODE
TO ALLOW ONE LEVEL OF RECURSION IS INCLUDED

NO

LEVEL 3
INTERRUPTS

DECREMENT
R2

SETR2=30

LOAD WP

1

TRANSFER
SAVED R13 - R16
FROM INTERRUPT

WORKSPACE

I

CLEAR
INTERRUPT
FOR CLOCK

]

-
INTERRUPTS

—_—

SUBROUTINE

FIGURE 10—TMS 9901 INTERVAL TIMER APPLICATION FLOWCHART
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FEOD OZED LWFRI
FEOZ FFZI

DOl LI =12s 2100
100

Foll

Nz LI FZe30
HIE

A LI =12s-1000
10
EICTIG B
100
1003 SR

FDOO OZED LRl FFON
FLIDZ FFROD

FOoad 0z00 LiMI =
FOOE D0ns

DEVICE INITIALIZATION

P01 CFD BRIE RDDREZE

DARTAR FUR 2333, 33M5 CLOCE
I SEATLEEME = 1 0TE

F301 CRU BAYZ ADDRERE

LasD 2301 CLACE
ZET #2301 TO INTERRUPT MODE
IMTEERUPT =2

MAIN PROGRAM
MAIM PROGEAM WOREZPACE

EMAEBLE IMT u-3

|
. " INTERRUPTS

MAIN PROGRAM

NOTE: This code was assembled using the TM 990/402 line-by-line assembler.

FIGURE 11-INTERVAL TIMER
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LD

INTERRUPT 3 SERVICE ROUTINE
(WP = FF68)

COuUMT DOw 20 IM R2
! [F ZERQO THEM JUMP
RO =

S Ll F2e20
il E

AN B EFOED
FIgn

ROUTINE TO BE PERFORMED EVERY 10 SECONDS, IT TAKES
LONGER THAN 333.33 MS WHICH 1S 9901 CLOCK PERIOD’

NZED LWFD FF20

) MOV #:FFEd.R14 IMT 3 WORKIPACE
MOW 3 FFS6.R1S
1Dz k0O

azon LInl =2
Dz

[}

EMAELE IMT 0-3

SUBROUTINE

P Tur

FIGURE 11-(CONCLUDED)
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BRAMCH TO SUEBROUTINE

MOY FF3Z2yF13 TRAMIFER ZAYED WRFPOD

: CLEAR 3901 CLOCKE IMTERRUFT
FTUE FETURM TO IMTERRUFTED
RELOARD RE FOR 10 ZEC

FOUTIHE
COUMT  DOWM

WOREZPACE FOR SUBROUATINE

=T FROM

CLERR #2301 CLOCE INTERRURT

f—————

INTERRUPTS



4.1

*Stresses beyond those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device

TMS 9901 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings Over Operating Free Air Temperature Range (Uniess Otherwise Noted) *

Supply voltage, VOG- -« o
Allinputs andoutputvoltages ............... ... ...
Continuous power dissipation . ... ... ... ...

Operating free-airtemperaturerange .................... ... .. ... ..
Storage temperaturerange ............... e

This is a stress rating only and functional operation of

-03Vtoi10V
-03Vto10V
0.85W
0°C to 70°C
-65°Cto 150°C

the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section of this specification is not implied. Exposure to
absolute maximum rated conditions for extended periods may affect device reliability.

4.2 Recommended Operating Conditions *
PARAMETER MIN NOM MAX | UNIT
Supply voltage, Vo 475 50 525} V
Supply voltage, Vgg 0 \
High-level input voltage, V|H 20 vVee | V
Low-level input voltage, V) Vgg—-.3 08| Vv
Operating free-air temperature, Tp 0 70 | °C
4.3 Electrical Characteristics Over Full Range of Recommended Operating Conditions
(Unless Otherwise Noted) *
PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
IoH = —100 24 v Y
VOH High level output voltage OH #h cc
: loH = —200 A 2.2 Vee | V
VoL Low level output voltage loL =32mA Vsg 04 ] V
Iy Input current (any input) Vi=0VtoVce +100 | uA
ICC(av) Averagesupply current from Voo te(d) = 330 ns, Ta=70C 150 | ma
Ci Small signal input capacitance, any input f=1MHz 15 | pF
44 Timing Requirements Over Full Range of Operating Conditions
PARAMETER MIN  TYP MAX | UNIT
te(d) Clock cycle time 300 333 2000 ns
tr(¢) Clock rise time 5 40| ns
(o) Clock fall time 10 40| ns
tw(dH) Clock puise width (high level) 225 ns
tw(pl) Clock pulse width (iow level) 45 300 | ns
tw(CC) CRUCLK puise width 100 185 ns
tsut Setup time for CE, S0-S4, or CRUOUT before CRUCLK 100 ns
tsu2 Setup time for interrupt before ¢ low 60 ns
tsu3 Setup time for inputs before valid CRUIN 200 ns
th Hold time for CE, S0-S4, or CRUOUT after CRUCLK 60 ns

*NOTE: Al voltage values are referenced to Vgs
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4.5 Switching Characteristics Over Fuill Range of Recommended Operating Conditions

PARAMETER TEST CONDITION MIN  TYP MAX | UNIT
tpd1 Propagation delay. CE to vatid CRUIN CL - 100pF 300 | ns
tod2 Propagation delay. SO-S4 to valid CRUIN CL - 100 pF 320 | ns
pd3 Propagation delay. & low to vahd INTREQ. ICO-IC3 CL - 100pF t10 | ns
bd Propagation delay. CRUCLK to vaiid data out (P0-P15) CL - 100pF 300 [ ns

e R o e
1" Uy
o l P e “’|| |
_’1 r_ ’ —*l }4'— "su? '
INTERRUPT v | J{ |
|
[ |
—’I "_ 1013 'pd3 "’l l'<'—
INTREQ !l ! l
l“_—’"—' Yol
——\; i I}'— fpdl —‘-_51
CE ’ !
i |
—"l }‘_ e CC [
{"““"x I
CRUCLK |
T
l ! |
—>' sl fe— }4— " —-b' | A —— Y — ]
W VALID ADDRESS m VALID ADDRESS 1' x
S0 -sa f | | |
: [
i nmmmommmoommmwwmmo X

ALTDINPUT DATA
)

INT1 - INT15 PO P15 |

‘o'o'o00oo'o'»n‘0»o00000oo0‘0'0ommmmmmm mmm

CRUIN

W A DATA

CRUGCU

I | 1

( .
™ -~

T

TG UV EASUREMENTS ARE RROA 1)

o 90

PUIN

[

VALID CRUIN

b

s

FIGURE 12—-SWITCHING CHARACTERISTICS
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5. MECHANICAL DATA

5.1 TMS 9901 JL — 40 Pin Ceramic Package -

ceramic packages with side-hrazed leads and metal or epoxy or glass lid seal

2.020 (51.3) MAX -I

© - @

PN W W .1

e L J

0.6Q0 * 0.010
(15.24 * 0.26} 0.020 {0.50} MIN

—

0.150 + 0.030 (3.81 + 0.77}

0.032 {0.81} NOM
0.050 + 0.020

4
0.018 £ 0.003
10.46 + 0.08) _,{ -
0.010 {0.25) NOM PIN SPACING 0.100 (2.54) TP

{See Note A} 0.050 + 0.010
{1.27 + 0.26)
NOTES: a. Each pin centerline is located within 0.010 (2,54) of its true longitudinal position.
b. A linear dimensions are in inches and parenthetically in miilimeters. Inch dimensions govern.
c. The index is placed in this area to identify pin 1 and to provide other information as follows:

127+05%)

1 Pin 1 connectad to chip-mounting pad.

AXX  Pin XX connected to chip-mounting pad.

L] No connection to chip-mounting pad.

Other symbaols may indicate any combination of up to 4 pins to the chi ing pad.

DM PINS 16 8 20 22 24 28 40
A - 0.010(0,26) 0.300 (7,62 0.300 (7,621 0.300 (762} 0.400 (10,16} | 0.600 (15 24; | 0600 11524) | 0.600 {1524)
B8 MAX 0.840 (21,4) 0.910 (23, 1) 1.020 (258! 1.100 (28,0} 1,290 (32,81 1.415 (36,0 I 2.020 (51,3}
C NOM 0.290 {7 4} 0.296 (7,4} 0.290 17,41 0.390 9.9} 0.590 15.0¢ 0590 115,00 I 0.590 (15,00
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5.2

TMS 9901 NL — 40 Pin Plastic Package

plastic packages

2.090 (53,1) MAX

g

LA raacirs LA Cr A1l

EITHER-—+__)

INDEX
~
S S 0 ) 6 ) 3 S 0 D i
® -®
& oe00:00100 &
(15,24 = 0,26)
0.020 (0,51)
MIN - X3
4 0.200 (5,08) MAX
. — SEATING PLANE -4
19%? ¥ 0.125 (3,17} MIN
0.011: 0.003 0.018 + 0.003 _pyte —r—
{0,279 + 0,076)-’\r (0,457 = 0,076) 1-0.033 (0,84) MIN
PIN SPACING 0.100 (2.54) TP. [ 0.095 (2.42)
(See Note) 0.055 (1,39}
0.060 (1,52) NOM —»{
NOTE: Each pin centerline is located within 0.010 (2,54} of its true longitudinal position.
T
oM PINS ‘ 8 16 18 20 22 24 28 a0
A 00101026/ | 0.300(7,621 | 0300 7,62 | 0.30017.621 | 0.30017.621 | 0.400 10,167 | 0-600 115241 | 0.600 115.241 | 0.600 110.24]
B WAX [ 0390199 0870:122,11 | 09201234 | 1070272 110012800 | 1290(3281 | 14401366 | 209053 1
Cc ~NOM | 0.250 5.4) 02501641 | 0250641 | 0265167 | 035089 | 0.550 1140 | 0.550 11401 | 0550 14.0) |
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