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PREFACE

This manual provides general information, installation, programming information, principles of operation, and service information
for the Intel SBC 711] Analog Input board. Additional information is available in the following document: farel MULTIBUS [nrer-
facing, Application Note AP-28,

The information in this manual is subject to change without notice. Intel Corporation makes no warranty of any kind with regard to this

material, including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose. Intel Corporation

assumes no responsibility for any errors that may appear in this manual and makes no commitment to update nor to keep current the
information contained in this manual,

Mo part of this manual may be copied or reproduced in any form or by any means without the prior writtcn consent of Intel Corporation.
The following are trademarks of Intel Corporation and may be used to describe Intel products:
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CHAPTER 1
GENERAL INFORMATION

1-1. INTRODUCTION

The SBC 711 Analog Input board is 8 member of a complete
line of Intel SBC BO |system expansion modules. The SBC 711
is a analog input subsystem which, under microprocessor con-
trol, performs the basic functions of data acquisition for analog-
to-digital conversion. There are three programmable modes of
operation for the acquisition of analog inputs: repetitive single
channel input. sequential channel scan input, and random
channel input.

1-2. DESCRIPTION

The SBC 711 (figure 1-1) is designed to be plugged into a
standard SBC 604/614 Modular Backplane and Cardcage to
interface directly with an Intel SBC 80 Single Board Com-
puter or used with the Intel Intellec Microcomputer Develop-
ment System (MDS).

The SBC 711 multiplexer can accommodate 8 differential or 16
single-ended analog input channels. Sockets are provided so
that the multiplex capability can optionally be expanded to
accommodate an additional 8 differential or 16 single-cnded
channels by installing two 16-pin dual in-line package (DIF)
multiplexers. All input channels are protected o =28V by
clamping diodes and fusible current-limit resistors; this in-
sures the board against potentially destructive overloads under
fault eonditions,

The differential input channels have provisions for the in-
stallation of discrete 250-ohm =1.0% 1/4W resistors in order
to accept 4- o 20-mA current loop inputs. The temperature
eoefficient of these resistors must be <0.01%"C.

The selected differential or single-ended input is applied to the
analog-to-digital converter (ADC) via a programmable gain
amplificr which, under program control, provides gains of 1, 2,
4, or 8. The ADC 15 a 12-bit, 35.7-microsecond, successive

(ROT USED|

(MULTIBLE)

LLER

(AMALDG INPLTS)
M

[AMALDG INPUTS)

TALRNFLIARY POWER]

Figure 1-1. SBC 711 Analog Inpui Board




General Information

approximation device with an intermal sample-and-hold (S/H)
amplifier. The ADC can be jumper-selected for +5V, + 10V,
=5V, and =10V full-scale inputs. The A/D conversion pro-
cess can be initiated by an external trigger, intemal pacer clock,
or by programmed command. System interrupts can be pener-
ated by (1) end-of-conversion, (2) end-of-scan, or {3) intemnal
pacer clock.

The external trigger is useful when the A/D conversion is to be
synchronized to some external event. The internal pacer clock
(jumper-selectable intervals from 975 microseconds to 1
second) allows precise, evenly spaced A/D conversions where
signal reconstruction is required.

SBC 711

1-3. EQUIPMENT SUPPLIED

The following are supplied with the SBC 711 Analog Input
board:

a. Schematic Diagram, dwg no. 2001397
b.  Assembly Drawing, dwg no. 1001395

1-4, SPECIFICATIONS

Specifications for the SBC 711 Analog Input board are listed
in table 1-1.

Table 1-1. Specifications

POWER REQUIREMENTS:

ENVIRONMENTAL REQUIREMENTS
Operating Temperature;
Relative Humidity:

PHYSICAL CHARACTERISTICS

ANALOG INPUT
MNumber of Channels:

Voo = +5V 5%,
lge = L.7A maximum.

0° to 55°C (32° to 131°F),
To 9¥%, without condensation,

Width; 30.48 cm (12,00 inches).
Depih: 17.15 cm (6,75 inches).
Thick ness: 1.27 em (0,50 inch).
Weight: 454 gm (16 ounces),
ADDRESSING: Reserves a block of 16 contiguous memaory locations relative to a jumper-

selectable memory base address. Programming information is pro-
vided in Chapler 3.

8 differential or 16 single-ended; expandable to 16 differential or 32
single-ended using two plug-in &:1 multiplexets (Harris HIZ1BA or
equivalent),

Resolution: 12-bits (0.025%), bipolar or unipolar.

S5/H Aperature Time: < 2 panoseconds.

S5/H Uncerainty: 5 nandseconds.

Muluplexer Input Voltage Ranpges: Crain A/D Input Range Jumper
X T3sv [ vwv | =sv | =wv i
| +5% + 10V =5V =10V

1 2 +25V | +3¥ + 1 5 =5V e e

4 [ 125V | +25v [=125v | =25V i
) 0625V | +1.25V | 200625V | =125V

Input Impedance: Power Off: 680 ohms.

Input Current Range:

Source Impedance:

Power On: = 100 megohms.

4 10 20 mA using customer-installed discrete 250-chm = 1'% 1/4W
resistors; resistor temperature coefficient must be <0.01%/7C

Balanced: <5000 ohms.

Unbalanced: < 1000 ohms.
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Table 1-1. Specifications (Continued)

Common Mode Rejection (CMR): 60 dB (differential input).

Comman Maode Yoltage (CMY ) + 10,24V (signal plus common mode).
Input Overvoltage Protection; *28V (de); 28V peak ac.

Owerall Accuracy (25°C): 0.05% FSR +£1/2 LSB (gain X1).

0.07% FSR =1/2 LSB (gain X2, X4, X8).
{Includes 3o noise, linganty, offset gain, and dynamic response emors. )

Temperature Coefficient: 0.0025% FSRSC (Gain X1).
0.0030% FSRC (Gain X2, X4, X8),
A/D Conversion Speed: 28 kHez.
THROUGHPUT*|
Sample Rate (Single Channel): 17 kHz.
Channel-to-Channel Rate: 16 kHz.
EXTERNAL TRIGGER: TTL compatible; 1.5 psec (minimum) pulse width, better than 50 nsec
rise fime.
INTERNAL PACER CLOCK: Crystal-controlled accuracy 0.05%; divider provides range of

L LT
—msec  where n = 0 through 110,

2"
INTERFACE CONNECTORS: =
Interface N”_' ot I_)m e Mating Connectors
Pins 1. [
Pl Multibus a6 0.156 | 3.96| CDC VPBOIE43AODDA |
P2 =15V o (0. 2.54 | CDC VPBOIBAGAMDAZ
Aux Power TI H3-11130
J2 st B/16 50 0.1 2.54 [ 3M 3415-0000 or
Input T1 H3-12125
Channels
13 Expander 50 |01 2.54 | Same as J2
816 Input
Channels

* Assuming 2-MHz CPU clock. Includes time reguired to transfer data from the SBC 711 to system memory.

1.3/1-4
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CHAPTER 2
PREPARATION FOR USE

2-1. INTRODUCTION

This chapter provides instructions for installing the SBC 711
Analog Input board. These instructions include unpacking and
inspection; installation considerations such as power and ¢coal-
ing requirements, physical dimensions, and bus interface
requirements; jumper configurations; optional auxiliary power
connections; multiplexer channel expansion; current loop inpat
resistor installation; analog input cabling; and board installation.

2-2. UNPACKING AND INSPECTION

Inspect the shipping carton immediately upon receipt for evi-
dence of mishandling during transit. [f the shipping carton is
severely damaged or waterstained, request that the carmer’s
agent be present when the carton is opened. If the carmmier's
agent is not present when the carton is opened and the con-
tents of the carton are damaged, keep the carton and packing
material for the agent’s inspection.

For repairs to a product damaged in shipment, contact the Tniel
Technical Support center (see paragraph 5-10) to obtain a
Retumn Authorization Number and further instructions. A pur-
chase order will be required to complete the repair, A copy of the
purchase order should be submitted to the camier with vour
claim.

It is suggested that salvageable shipping cartons snd packing
material be saved for future use in the event the product must

be shipped.

2-3. INSTALLATION CONSIDERATIONS

The SBC 711 is designed for interface with an Intel SBC B0
Single Board Computer based system or an Intel Intellec
Microcomputer Development System (MDS). Important in-
stallation and imerfacing criteria are presented in following
paragraphs.

1-4. POWER REQUIREMENT

The SBC 711 requires +5V (£0.25V} at 1.7A maximum. For
installation in an SBC 80 Single Board Computer based system,
ensure that the system power supply has sufficient +5V current
overhead to accommodate the additional requirement. For in-

stallation in an Intellec MDS, calculate the total +3Y% current
reguirement for the standard modules and all instafled optional
modules, Ensure that the additional 1.7A (maximum) current
requirement will not exceed the capacity of the +5V supply.

2-5. COOLING REQUIREMENT

The SBC 711 dissipates 121 gram-calories/minute (0.49
Biw/'mintite) and adequate circilation of air must be provided to
prevent a temperature rise above 55°C (131°F). The system
80 enclosures and the Intellec MDS include fans to provide
adequate intake and exhaust of ventilating air,

2-6. PHYSICAL DIMENSIONS
Physical dimensions of the SBC 711 are as follows:

a. Width: 30.48 cmi (12.00 inches)
b, Height: 17.15 cm (5.75 inches)
¢. Thickness: 1.27 cm (0.50 inch)

2-.7. BUS INTERFACE REQUIREMENTS

The SBC 711 is designed for installation in a standard
Intel SBC 604/614 Modular Backplane and Cardcage or in the
Intellec MDS motherboard, As shown in figure 1-1, edge
connector P1 provides interface to the Multibus, Connector P1
pin assignments are listed in table 2-1 and descriptions of the
signal functions are given in table 2-2; an altemative mating
connector for P1 is specified in table 1-1. Edge connector P2
is an auxiliary power input/output connector as described in

paragraph 2-15.

The ac and de characteristics of the SBC 711 are presented in
tables 2-3 and 2-4, respectively. The bus exchange timing for
memory read and write operations s shown in figure 2-1.

2-8. JUMPER CONFIGURATIONS

Instruction for configuring jumpers for various control functions
of the SBC 711 are provided in following paragraphs.
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Table 2-1. Multibus Connector P1 Pin Assignments

SBC 711

PIN*® | SIGNAL FUNCTION PIN* | SIGNAL FUNCTION
I GND Ground 44 | ADRF/
2 | GND 45 | ADRC/
3 | +5 ¥DC 46 | ADRDY
B +3 WDC Poseriimat 47 | ADRA/
5 | +5 VbC P 48 | ADRB/
& | +5 VDC 49 | ADRS/
7 50 | ADRY
8 51 | ADR&/ Address bus
9 52 | ADRT
10 53 | ADR4Y
1 | GND G 54 | ADRS/
12 | GND 55 [ ADRY
13 56 | ADRY
14 | INIT/ Swstem Initialize 57 | ADRLY
15 58 | ADRY
16 50
17 Gl
18 il
19 [ MEDC/ | Memory Read Command 62
20 | MWTC/ | Memory Wnite Command 63
21 64
2 65
13 | XACKS | Transfer Acknowledge 66
24 | INHIf Inhibit BAM &7 | DATH
23 &8 | DATY
26 | INH2/ Inhibir RO 649 | DATH
27 10 | DATS/
28 71 | DATY ks
29 72 | DATY
30 73 | DATH
il | CCLKS | Constant Clock 74 | DATY/
n 15 | GND Cirotsid
i3 76 [ GND
34 7
35 | INTS Interrupt request on level & 78
36 INTY! Interrupt request on level 7 79
17 | INTH Interrupt request on level 4 Bl
38 | INTSS Interrupt request on level 5 81 | +5¥DC
39 | INTZY Interrupt request on level 2 82 | #5VDC Power |
| INTH Interrupt request on level 3 B3 | +5 VDC g e
41 | INTOY Intermupt request on level O B4 | +5 VDO
42 | INTH Intermupt request on level 1 85 | GND Grokingd
43 | ADRE/ l B6 | GND

“All unassigned pins are reserved.

22
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Table 2-2. Multibus Signal Functions

SIGNAL FUNCTIONAL DESCRIFTION

ADRN-ADRF/ Address. These 16 lines transmit the address of the ADC and various registers on the SBC 711,
ADRF/ is the most significant bit.

CCLK/ Constant Clock. A clock signal of constant frequency supplied by the system controller. The
frequency, period, and duty cyele of CCLK/ depends on which controller is employed.

DATO-DATI/ Dara. These eight bidirectional lines transmit and receive data to and from the addressed
register on the SBC 711,

INIT/ Initialize. Clears certain registers on the SBC 711.

INHI/ Inhibit RAM. Generated when the SBC 711 is addressed to prevent any RAM sharing the same
address from responding.

INH2/ Inhibir ROM. Generated when the SBC 711 is addressed to prevent any ROM {or PROM)
sharing the same address from responding.

INTOAINTT Interrupt. These cight lines input intermipt requests to the system controller, INTO has the
highest priority and INT7/ has the lowest priority.

MRDC/ Memory Read Cowmmand. Indicates that the address of the SBC 711 is on the Multibus address
lines and that the output of the addressed register is to be read (placed) onto the
Mulrtibus data lines.

MWTC/ Memory Write Command. Indicates that the address of the SBC 711 is on the Multibus
address lines and that the contents on the Multibus data lines are to be loaded into the
addressed register.

XACK/! Transfer Acknowledge, Indicates that the SBC 711 has completed the specificd Memory Read
or Memory Write operation. That 15, data has been placed onto or accepted from the
Multibus data lines.

Table 2-3. SBC 711 AC Characteristics

T
PARAMETER SRR | MATIME DESCRIPTION REMARKS
(figec) { msec)
tAs S0 Address Setup to Command
Ins S0 Write Data Setup to Command
*txack 0 1500 Command to Transfer Acknowledge | JTumper seleciable. See para-
graph 2-14,

IwemMD [N Write Command Pulse Width
LAl 30 Address Hold Time
Inn 50 Write Data Hold Time
IDHR 0 Read Data Hold Time
im0 G5 Acknowledge Tum Off Delay
tace 200 Access Time to Read Data
lRCMD 250 Read Command Pulse Width
LCCLE 10 Constant Clock From system controller

*Assuming a CCLK frequency of 9.216 MHz.

2-3
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Table 2-4. SBC 711 DC Characteristics

SBC T11

SIGNALS SYMBOL | PARAMETER DESCRIFTION | TEST CONDITIONS | MIN. | MAX. | UNITS
ADRN-ADRF/ Vi Inpur Low Voliage 0.8 v
MRDC/ Viu Input High Voltage 2.0 v
MWTC/ In, Input Current at Low V ¥in = (L4 =04 mA

i Input Current at High V Yo =27 20 mA
*CL, Capacitive Load 1% pF
XACK/ VoL Cutput Low Voltage loL = 32 mA 0.4 v
Vol Output High Voltage Igg = =52 mA 2.4 v
L Output Leakage High Vg=24 40 WA
Ipg Output Leakapge Low Vo =04 —40 A
*Cy, Capacitive Load 15 pF
DATO/-DATTS VoL Output Low Voltage loL = 55 mA 0.6 v
You Outpur High Voltage log = — 10 mA 24 "
V. Input Low Voltage (.95 v
Vig Input High Volage 3.0 v
Iy, Input Current at Low V Vin = 0.45 0.25 mA
iy Output Leakage High Vo = 3.25 100 HA
1 Capacitive Load 18 pF
INITY ¥ Input Low Voltage 0.8 ¥
Vi Input High Voliage 2.0 v
I Input Current at Low V Viy = 0.4 =16 ma
I Input Current at High V Vi =24 400 A
g, Capacitive Load 18 oF
INHI/-INHY VoL Output Low Voltage Igr, = 16 mA 0.4 ¥
INTO/INTTS Vou Output High Voltage OPEN COLLECTOR
Vi Input Low Voltage 0.8 W
Vig Input High Voltage 2.0 ¥
ITH Input Current at Low V Vg = 0.4 —1.6 mA
I Input Current at High V Y =24 400 LA
*Cy, Capacitive Load 22 pF

*Cupacitance values are approximations.

2-4
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=2 bWEMD ot 1.!!-!-!
t-—lg—n--l—mm—- = tro-a=f |
ADDRESE X X
e b 71
- tos— fre-tou—+|

DATAS X

VALID DATA

A, WRITE T0 REGISTER

ADDHESS X

A

MRDG
——IRCMD-
HEiapn

KACK

m \/—

T

U

CATA X

447.2

B, READ T0 REGISTER

Figure 2-1. Bus Exchange Timing

2.9. MEMORY BASE ADDRESS

The system processor communicates with the SBC 711 by
issuing Memory Read and Memory Wrile commands. The
memory addresses nsed for these commands are relative to a
16-bit base address that must lie on 3 16-byte boundary; this
memory base address is assigned by the user by means of
Jumper wires installed in a 16-pin DIP header. The header is
then installed in IC socket M4 as shown in figure 5-1
Zone B7,

The 16-pin DIP header is configured at the factory for memory
base address F700; i.e., the SBC 711 will recognize memory
addresses FT00-FT0F. Figure 2-2 shows two examples of how to
configure the desired memory base address. Figure 2-2A shows
the jumpers as configured at the factory, figure 2-2B shows
as an example how to configure the jumpers for u memeory
base address of 1230, Note that each of the address bits
ADRF/-ADR4 must be jumpered either 1o GND or +5V

B




Preparation for Use SBC 711
A FACTORY CONFIGURATION B ALTERNATE CONFIGURATION EXAMPLE
.
FURCTION  FIN i i Pisl FUNCTION FUNCTION  PIN PIN FUNCTION
ME 1 | - T KE 1 LR
pry 2 | b— ] | 5 e ADRY 2 15 ADRF
ADRS/ 3 — +— 14 ADRE! ADRS 3 1 ADRES
see + | —8 +—] 13 KDRDJ ADRE 4 13 ADRDI
ADRT, S I—! e 12 ADAL/ MR 8 12 ADRE
aoms: 5 | —¢ $#— | n Ao ADRE/ 1§ 1 ADRN/
e = | o soes NE 7 1 ADRY
w8 | — - 9 ADRE BAD 8 9 ADAS
FII0-FTOF
£H7-3
NOTE:
Pin connected to + 5V allows (recognizes) a logic **1°".
Pin connecred to GMD allows (recognizes) a logic (0",

Figure 2-2. Memory Base Address Jumper Block

2-10. MULTIPLEXER INPUT

The muitiplexer can accorhmadate 16 single-ended or 8 differ-
ential input channels, and can be expanded to accommodate
an additional 16 single-ended or 8 differential input channels
described in paragraph 2-16. The SBC 711 is shipped with
jumpers configured for single-ended channel operation as
shown in figure 2-3A. If differentiazl channel operation is
required, reconfigure the jumpers as illustrated in figure 2-3B.
The jumpers shown in figore 2-3 are illustrated for clarity;
in practice, keep the jumpers as shori as possible.

2-11. ADC CONFIGURATION

The ADC is configured at the factory to convert the analog
input voltage to a straight binary coded outpur. If an offset
hinary-coded output is desired, reconfigure the jumpers as
listed in table 2-5.

Table 2-6 lists the jumpers required to select the desired full-
scale input voltage range and polarization. As indicated in
table 2-6, the ADC is configured at the factory for =10V
full-scale voltage operation. The ADC should be recalibrated
each time it is reconfigured for a different full scale voltage
range. (Refer to Chapter 5.)

If the current range is used, precision resistors must be installed
as described in paragraph 2-17. Also if the current range is used,
the multiplexer input must be configured for differential channel
operation as described in paragraph 2-10.

26

Tahle 2-5. ADC OQutput Binary Code Jumpers

FUNCTION JUMPERS!

Straight Binary Code *66-67
Offser Binary Code (2's Complement) 67-70
NOTES:
1. Refer wo figure 5-1; terminals 66-=70 are located in

zone C3,

*Factory configuration; remove jumper if reconfig-

uring for offset binary code.

2-12. ADC TRIGGER

A trigger pulse (TADCY), which is required to start the A/D
conversion at precise intervals, may be obtained from the on-
board pacer clock or from an external TADC! clock. If the
on-board pacer clock is used, select and jumper the desired
TADC! clock rate as listed in table 2-7. If more precise timing
is required than supplied by the on-board pacer clock, an
external TADC/ clock may be input via pin 42 of connector 12,
Figure 2-4 provides the external TADC/ clock characteristics
and jumper connections.
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Table 2-6. ADC Range and Polarization Jumpers

FULL-SCALE VOLTAGE RANGE' FULL-SCALE CURRENT RANGE®
5V + 10V =5V =10V 4-20 mA
JUMPERS? JUMPERS®
38-59 58-71 38-71 *58-11 58-59
6061 6061 60-62 *60-62 60-61

NOTES:

Wb =

Configure multiplexer jumpérs as required for single-ended or differential channel operation; refer to paragraph 2-10.

Configure multiplexer jumpers for differential channel operation; refer to paragraph 2-10.
Refer to figure 5-1. Terminals 58 through 62 are located in zones C4, C3; terminal 71 is located in zone C2.
* Factory configuration; remove jumpers if reconfiguring for a different voltage range or for cument range.
After interrupt **A"" andfor Interrupt “*B"" jumpers have been
A SINGLE-ENDED CHANNELS connected, these intermipts can be individually connectsd to
separate Multibus interrupt lines or OR-tied to one Multibus
interrupt line. (Refer to table 2-9.) To connect Interrapt
1 “A’ o Multibus INT7/, for example, connect a jumper
I | between terminals 78 and 81; to OR-tie horh Interrupt **A"
§1 5 ﬁjﬂ' and "B'" to Multibus INT3/, connect a jumper between
e terminals 78, 79, and 85.
% Lo
[::“ il O | 2-14. TRANSFER ACKNOWLEDGE DELAY
The SBC 711 generates a Transfer Acknowledge (XACK/)
signal in response to Memory Read and Memory Write
i Commands from the system computer. As listed in table 2-10,
B DIFFERENTIAL CHANNELS the XACK/ response from the SBC 711 may be delayed for
50 nanoseconds to 1.5 microseconds after the receipt of a
command in order to ensure compatability with the system
iryea computer timing. (Refer to paragraphs 4-11 and 4-12.)
G
51 [s [s5 8
8 Table 2-7. Internal TADC! Clock Rate Jumper
0% 2 o
E s 2 S B CLOCK RATE JUMPER!
o
| sec 428
AP o S06) () msec 40-31
NOTE: 25000 msec 40-30
Refer 1o figure 5-1. Terminals 23 through 27 are located in :T‘;g m::: ﬁ_;;
zone C4; terminals 51 th T located in 7 B5. sty i
i AL Sy T s e 15.63 msec 40-35
7.813 msec i34
Figure 2-1. Multiplexer Input Selection Jumpers 3.006 msce 40-37
1.953 msec 40-36
O76.6 e *40-38
2-13. INTERRUFPTS NOTES:
The SBC 732 provides two jumper selectable intermupts which . Terminals are located in figure 5-1 zone C7,
may be interfaced to the system computer via the Multibus. 5 : ; - :
Select imterrupt A" andfor interrupt “'B"" by connecting the me[ﬂf configuration; remove jumper if reconfiguring
jumipers as specified in table 2-8. for differemt clock rate.

27
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SBC 111

CHARACTERISTICS

JUMPERS'

o 1.5 e

3940
4849+

NOTE:

1. Refer to figure 5-1. Terminals 39 and 40 are located in
zone C7; terminals 48 and 49 are located in zone O6.

L . | | *Factory configuration.
Figure 2-4. External TADC/ Clock Characteristics and Jumpers
Tahle 2-8. Board Interrupt Jumpers
INTERRUFT “A"" INTERRUFT “"B™
PACER EQC EOS PACER EQC EC}S
JUMPER' JUMPER*
63— 64496 *64-65 63-95 *05-06 65-935
$t4] _32 **4|_32
NOTES:
1. Refer o hgure 5-1; terminals are located in the following zones: 41 (C7), 63 (C4), 6465 (C3), 95 (C4), 96 (C3),
*Factory configuration; remove appropriate jumper if reconfiguration is required,
**Pacer intermupt factory set to 31_25 msec. If different interval is desired, disconnect jumper 41-32 and jumper terminal 41
o appropriate clock rate jumper listed in table 2-7.
Table 2-9. Multibus Interrupt Jumpers The tolerance of the XACK/ delay depends on the duty cycle
of the Constant Clock (CCLK/) signal generated by the system
FUNCTION TERMIMNAL' computer; i.¢., the shorter the duty cycle of CCLK/, the
greater the accuracy of the delay. The delay timer is advanced
SBC 711 Interrupt A" 78 on the leading edge of CCLK/, and XACK/ is generated on
Interrupt *'B" 79 the trailing edge of CCLK/.
INTOY 86 Terminals 72, 73, 77, and 76 must each be connected to
INTI/ 87 either terminal 74 or 75. For instance, o enforce a delay of
i) a4 1.0 microsecond, jumper terminals 73 and 76 1o terminal 74;
INTY 45 jumper terminals 72 and 77 to terminal 75. (Refer to table 2-10.)
MULTIBUS RN
: INT4/ 82 2-15. AUXILIARY POWER (SPECIAL)
INTS B3
INTE 80 The SBC 711 includes a de-to-de converter module (M3)
INTT/ 81 which supplies +15V and — 15V power at 150 mA to the
analog circuits. In some special applications the user may wish
NOTE: to power an external function from this converter or remove the
I. Refer to figure 5-1; terminals 78 through 87 are located converter and power the SBC 711 analog circuits from an
i zone Bh external regulated source. Table 2-11 lists the factory installed
Jumpers to accommodate auxiliary power inputs or outputs.

-8
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Table 2-10. Transfer Acknowledge Delay Jumpers

Preparation for Use

Table 2-11. Auxiliary Power Jumpers

Auxilisry power is input or output via edge connector P2.
Pin assignments are listed in table 2-12 and the required mating
connector is specified in table 1-1 (Specifications), Install the
mating conncctor for P2 in line with the backplane mating
connectar for P1. (See figure 1-1.)

JUMPERS! DELAY (TYF) FUNCTION JUMPER!
T2 73 7 76 (esec) +15V “a0-91
-15¥ 9293
74 T4 74 74 *0.05 et ®
74 14 74 75 ol Analog Return/Auxiliary Power Comman B8-89
74 14 75 74 0.2 %
74 74 75 75 0.3 PREEEy
74 75 T4 T4 0.4 I. Referto figure 5-1; terminals 88 through 93 are located
74 75 74 75 0.5 in one B2.
T4 T 5 4 0.6 + piniarattic)
74 75 75 75 0.7 Femptes s fackony. instaliec
75 74 74 74 0.8
75 74 EE] 75 (.9
75 74 75 T4 1.0
75 74 75 75 bl
T 5 74 74 12
4 2-16. MULTIPLEXER CHANNEL
75 75 74 75 1.3 ANSION
5 75 T3 74 1.4 EXPANSI
i [ i G The SBC 711 can be expanded by an additional 16 single-
: ended or B differential input channels by installing two Harris
S H1818A B:1 Muliplexers. Install the multiplexers in IC sockets
. Refer o figure 5-1; terminals 72 through 77 are located A2 and AS. Refer to figure 5-1 zone C4. Orient the multiplexer
in zone BT, IC's with the notched ends (pin 1) facing in the same direction
*Factory configuration; remove jumpers if reconfigur- as the other IC's on the board.
ing for different delay.

2-17. CURRENT LOOP INPUT RESISTORS

The SBC 711 can be adapted to accept 4- o 20-mA current
loop inputs by the installation of discrete 230-ohm =1%
1/4W resistors; one discrete resistor is required for each channel,
Refer to table 2-13 and install a resistor(s) in the appropriate
channel(s). It should be noted that the ADC must be operated
in the differential input mode for current loop applications.

Tahble 2-12. Auxiliary Power Connector P2 Pin Assignments

PIN® FUNCTION PIN® FUNCTION
Analog Return/Aux Par Common 22 Analog Retrn/Aux Pwr Common
+ 5% 24 +15¥
3 =13% 26 =13¥%
NOTE:

All odd-numbered pins (1, 3,. . . 59) are on component side of the board, Pin 1 is the left-most pin when viewed from the com-
ponent side of the board with the boand extractors at the top,

*Unlisted pins are reserved fior future use,
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Table. 2-13, Current Loop Input Resistors

DIFF . ; | DIFF :
CHAN RESISTOR CHAN RESISTOR
] R22 % R30
1 R21 9 RI9
2 R20 10 R28
3 R19 11 R27
4 RI1& 12 R26
5 R17 13 R25
6 R16 14 R24
) R15 15 R23

NOTES;

Referto figure 5-1. R15 through R22 are located in zone

[5; R23 through B30 are located in zone D4,

SBC 711

2-18. ANALOG INPUT CABLING

Connector J2 provides the interface between the 8 standard
differential analog channels (CH 0 through CH 7) or 16
single-ended channels (CH O through CH 13). Refer to
table 2-14.

Connector 13 provides the interface between the B user-
expanded differential channels (CH 8 through CH 15) or
16 single-ended channels (CH 16 through CH 31). Refer to
table 2-15.

Figures 2-5 and 2-6 illustrate methods of connecting single-
ended and differential voltage sources to the SBC 711 inputs.
Figure 2-7 shows single-ended sources connected as differ-
ential inputs to eliminate ground loops and thereby reduce the

2, Channels B-15 available only when H1818A multiplexers common-mode voltage. Figure 2.8 illustrates the method of
are installed. See paragraph 2-16. connecting Current SoURCe inputs.
Table 2-14. Analog Input Connector J2 Pin Assignments
PIN SINGLE-ENDED DIFFERENTIAL FIN SINGLE-ENDED DIFFERENTIAL
1 | Not Used Not Used 2 | Mot Used Not Used
3 | Analog Rewrn Analog Return 4 |CHO CHOHI
3 [} * 6 |CHB CHO LD
Fi E |[CH1 CH 1 HI
9 10 |CHY CH | LO
11 12 JCH 2 CH 2 HI
13 14 (CH IO CH 2 LO
15 16 |CH3 CH 3 HI
I I8 |CH 1] CH3ILO
19 20 |[CH4 CH 4 HI
21 22 |[EH 12 CH 4 LO
23 24 |[CHS CH 5 HI
25 26 [CHI13 CH3ILO
27 28 |[CHo CH 6 HI
29 in [(CH 14 CH 6 LD
31 Y 8 32 |CH7Y CH 7 HI
33 | Analog Return Analog Return 34 |CHI5 CH7LD
35 | Mot Used Not Used 36 | Mot Used Not Used
37 | Not Used Mot Used 38 | Not Used Not Used
39 | Digital Common Digital Common 40 | Clock Out Clock Out
41 42 | Ext. Trigger In Ext. Trigger In
43 44 | EOC Status Out EOC Status Oui
45 | Digital Common Digital Common 46 | EOS Status Out EOS Status Out
47 | Analog Retum Analog Return 48 | Analog Retum Analog Return
a9 | —15V -15V 50 | +15V +15V
NOTE:
All pdd-numbered pins (1, 3, . . . 49) are on component side of the board. Pin 1 is the right-most pin when viewed from the com-
ponent side with the board extractors at the top.
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Table 2-15. Analog Inpul Connector J3 Pin Assignments
PIM SINGLE-ENDED DIFFERENTIAL PIN SINGLE-ENDED DIFFERENTIAL
1 | Not Lised Mot Used 2 | Not Used Not Used
3 | Analog Return Analog Return 4| CH Is CH 8 HI
5 A A 6 | CH 24 CHSELO
7 8| CHIT CH % HI
9 1y | CH 25 CH S LO
B 12 | CH 18 CH 10 HI
13 14 | CH 26 CH 10 LD
15 16 | CH 19 CH |1 HI
17 18 | CHZ7 CH 11 LD
19 20 | CH20 CH 12 HI
21 22 | €H 28 CH 12 LO
23 24 | CH 21 CH 13 HI1
25 26| CH 29 CH 13 LO
27 28 | €H 22 CH 14 HI
29 30 | CH 30 CH 14 LO
3l Y Y 32 | CH23 CH 15 HI
33 Analog Return Analog Retum a4 CH 31 CH 15 LO
35 | Mot Used Mot Used 36 | Mot Used Mot Used
37 i a8
a9 40
41 42
43 44
45 | Not Used Not Used 46 | Mot Used Mot Used
47 | Analog Retum Analog Return 48 | Analog Retum Not Used
49 | —15V 15V 50| +15¥ 15V
NOTE:
All odd-numbered pins {1, 3, . . . 49) are on component side of the board, Pin 1 is the right-most pin when viewed from the com-
ponent side with the board extractors at the top,
= il et o - s OVERALL CABLE SHIELD
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Figure 2-5. Single-Ended Analog Input Cabling
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Figure 2-6. Differential Analog Input Cabling (Differential Sources)
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£
Ao >I> . = Y

Lo =
Eg Ig i
DIFF CH 1 (M} W —1|'|_— el
L P
Lo

[

FF CH 7 LD

= Eem fem
] BYSTEM RACK o .
cm
£ SRR
487-17
Figure 2-8. Current Source Input Cabling
2-19. BOARD INSTALLATION 1 and 2. Ensure that auxiliary connector P2 (if used)
mates with the user-installed mating connector. Attach the
analog input cable assembly to connectors 12 (and to connector
13 if vptional multiplexers have been installed)
Always turn off the computer before installing
or remuoving the SBC 711 board and before in-
stalling or removing device interface cables. IMPORTANT

Failure to take this precaution can result in

damage to the board. If the SBC T11 is installed in an Intellec

Syatem, the Advanced Write option of the CPU
board must be modified by removing jumper

In an SBC B0 Single Board Computer based system, C-D and installing jumper D-E. This will
install the SBC 711 in any slot that has not been wired for make the Intellec System CPU Memory Write
# dedicated function. In an Intellec Microcomputer Develop: timing compatible with the Multibes timing
ment System, install the SBC 711 in any slot except slots requirements.

2-13/2-14



Ig o o . '
-' . : R

1 JIIN : : Frdan pedn iy log
' ; .

B wi:;

T
e

i_ 1 ...4 S iinaes) _ R o
—

-
”-_"-ﬁ- e .-!'.

S
wi—y -
e
By ||—.E}1'
N - -

r 2
! 1
|
o
"

i 4
] |
il i

1
-4 1
e d I
L]




CHAPTER 3

PROGRAMMING INFORMATION

3-1. INTRODUCTION

This chapter illustrates and describes the command, status, and
data formats for programming the ADC channels. Also in-
cluded are several program examples for analog input operation.

3-2. MEMORY BASE ADDRESS

The system computer communicates with the SBC 711 through
a sequence of Read and Write commands, The memory ad-
dresses used for these commands are relative o 4 16-bit
memory base address (M) that must lie on a 16-byte boundary.
The memory base address (M) is configured at the factory to
FI00; however, the base address may be reconfigured as de-
scribed in paragraph 2-9,

3-3. MEMORY ADDRESS ASSIGNMENTS

Table 3-1 lists the individual commands associated with the
SBC 711 Analog-to-digital converter (AD(C). These commands
are addressed as! specific memory locations relative to the
memary base address (M), If, for example, the memory base
agdidress is FTO0, the address M+ 5 implics the specific memory
address: FT05.

3-4. READ/WRITE FORMATS
3.5. MULTIPLEXER ADDRESS AND GAIN

The multiplexer (MUX) address and gain format is shown in
figure 3-1, Bits 0-4 select the desired channel (starting channel
for a sequential scan), bit 5 is ignored, and bits 6-7 select the
desired Programmable Gain Amplifier (PGA) input voltage
gain. Table 3-2 lists the recommended programmable gain
versus the ADC full-scale input voltage range. (The ADC input
voltage range and polarization are jumper-selectable as de-
scribed in paragraph 2-11.)

M1 ol o L

ITIEITlilﬂl-’lllﬂl

| CHARNEL

SELECT

{1 al 323
myojo
KZEp0
i1 |a
XEL1 ]|
fain
Saletl

487-10

Figure 3-1. MUX Address and Gain Format

Table 3-1. Memory Address Assignments

MEMORY

ADDRESS COMMAND FUNCTION
M0 Write Load Command Register
M+0 Rad Fead Status Register
M+ | Write Load MUX Address Register and Gain Register
M+ 1 Read Read MUX Address Register and Gain Register
M2 Write Load Last Channel Register
M+3 Write Clear Intermapls
M+4 Read Read Lower Byte of ADC Value
M3 Read Read Upper Byie of ADC Value

3-1
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Table 3-2. Programmahle Gain Vs ADC Full-Scale Range

ADC FULL-SCALE RANGE
GAIN
5V + 10V +=5V *= 10V
+ 5% +10Y =5y =10V x1
— 15V +5V =25 =5y X2
< .25V | +2.5V Hi1.25 +2.5 X4
+0.625Y |[+1.25V =625 | =1.25 e

The MUX address and gain are established by performing a
Write 10 M+ 1; the MUX address and gain may be verified
by performing 4 Read of M+1.

3-6. LAST CHANNEL

For sequential channel scan operation, the starting address is
written into the MUX Address Register (M+ 1) and the ending
address 5 written into the Last Channel Register (M+2), The
formeat of last sequential address is illustrated in figure 3-2,

M2

2 gy

[2]efs]afafz]+]0]

L] LAST CHAMMEL
AODRESE

ART- 11

Figure 3-2. Last Channel Register Format

3-7. COMMAND

The Command Register, which is associated entirely (either
directly or indirectly) with the A'D conversion process, is
loaded by a Write Command to M+ 0. Bit Omust be set before the
AfD conversion can occur, bit | is set only when a sequential
scan is desired, and bit 2 is set when an external tngger is used
to start the conversion process. Bil 3 is used to clear the “"busy
status'' bit. Bits 4 and 5, when set, enable the End-of-Scan
{EOS) and End-of-Conversion (EOC) interrupts, respectively.
The Command Register format 15 shown in figore 3-3; notice
that bits 6 and 7 are not used.

SBC 711

3-8. STATUS

The contents of the Status Register, which contains the status
of the ADC and the functions associated with the AD con-
¥ersion process, are accessed by a Read Command to M+0, As
shown in figure 3-4, bits O through 5 essentially verify the last
commind word written into M+0. (See figure 3-3) Bat 3
{Board Busy), however, has a special function. The first ime a
Read Command to M+0 is performed after the Busy Status
bit is cleared by a Write to M+ 0, the Board Busy bit will be
read as a ‘0. Each time thereafter that the Status Register is
read, the Board Busy bit will be returned true, This function is
useful for multiprocessor systems in which two or more pro-
cessors are sharing the SBC 711 and require a *'semaphore. ™
Note that the Board Busy bit can be cleared only by Write Com-
mand o M+0 with bit 3 clear.

M+0

[rfsfsafafafr]u]
L 1 [ B A

1 = CONVERSIOM DONE

1 - SCAN DONE

1 -~ EOC INTERRIEPT ERABLED

1 - EOS INTERRLAPT ERASLED

1 - BDAAD BUSY

1 = EXTERNAL TRIGGER ENABLED

1 = AUTD-INCREMENT EMABLED

1 - CONVERSION EWABLED

4A7-13

Figure 3-4. Status Register Format

Bits 6 and 7 are for use primarily in non-interrapt driven pro-
grams to determine when valid ADC data is ready to be read
{Conversion Done) and when the last channel has been con-
verted (Scan Done).

19, CLEAR INTERRUPT BIT

Interrupt bits may be individually or collectively cleared by a
Write Command to M+ 3 using the format shown in figure 3-5.

M+0

Lrlefsfafaje]rfo]
_ - 3

| | T
X X
1 ENABLE EDC INTERRUPT

1 = ENABLE EQ5 INTERRUPT——

0 = CLEAR BUSY STATUS

1 = EMABLE EXTERMAL TRIGGER

1 = ENABLE AUTO-INCREMENT

1 = EMABLE CONVERZIDN

Figure 33, Command Register Format

3-2

M+3
[le]slefaz]]u]
e i ==
0 - CLEAR EOT INTERRLPT
0 - CLEAR EOS INTERRLFT
£ET14

Figure 3-5. Clear Interrupt Bit Format

310. ADC DATA

After the A/D conversion is complete, the data word is obtained
by a Read Command to M~+4 and a Read Command to M+35.
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As shown in figure 3-6, M-+ 4 contains the ADC bits 0 through M+ 5 HIGH BYTE M+ LOW BYTE
3 and M+ 5 contains ADC bits 4 through 11.
|

_ M8 | L8
3-11. PROGRAMMING EXAMPLES ELEGERD] | FEELEEDRE
Table 3-3 provides examples of an assembly language program ] t T ZEROE
that includes both imtermupt driven and pon-interrupt driven sub- AL A | ADC ADC
routines for controlling the A/D conversion process. An as- sad as | ewa it
sembly language program used only for calibration of the ADC |
15 presented in Appendix A. The calibration program is pro- 447-15 i
vided to support the calibration procedures contained in
Chapter 5. Figure %6. ADC Data Format

3-3
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Table 3-3. Programming Examples

PUBLIC PANCHN (HREAD BANDOM CHANNEL.
PUBLIC RPSCHN REPETITIVE SINGLE CHARNEL, INTERRUPT.
PUBLIC SCAN ; SEQUENTIAL CHANNEL, NON-INTERRUPT.
FUBLIC SEQCHN ;SEQUENTIAL CHANNEL, INTERRUFT.

BASE EQU OF7T90H ;BASE ADDRESS OF INTERFACE.

sca EQU BASE+® A-D COMMAND REGISTER.

STAT EQU BASE+8 ;A-D STATUS RECISTER.

FCR Eau BASE+1 ;CGAIN, MUX ADDRESS RECISTER.

LCR EQU BASE+2 ;LAST CHANNEL REGISTER(WRITE ONLY).

CLRI EQu BASE+3 CLEAR INTERRUPTS.

ADDATA EQU BASE+4 ;A-D DATA REGISTER.

GO G 1 j CONVERS 1ON-ENABLE IN COMMAND REGISTER.

AlE EQu 2 § AUTO- INCREHENT ENABLE BIT.

ETE EGU 4 i EXTERNAL-TRIGGER ENABLE BIT.

BUSY EQU a8 i MIULTI-FROCESE0R BUSY BIT.

EOSIE  EQU 19H {E0S INTERRUPT ENABLE.

EDCIE EQU 20H {EOC INTERRUPT ENABLE.

EO0s EQu 40H { EOS BTATUS.

EOC EQU BOH 1+ EOC STATUS.

CHANG  EQU @ 1CHANNEL ®.

X1 EQU o tGAIN = 1.

b v EQU o40H tGAIN = 2.

Kb EQu oBeH $GAIN = 4.

xo EQU QCoOH iGAIN = 8.

i1 THE FOLLOWING IS A LIST OF ALL PUBLIC VARIABLES USED IN THIS MODULE.
DSEG

GAIN:
FSTCHN:
LSTCHN:
DATI"IR:
ISREV:

bs
s
ns
ns
s

1 i{9,1,2, OB 3)

1 j(0-41)

1 s (8=-31)

2 1 POINTER TO DATA FIELD.

2 s POINTER TO INTERRUPT & SERVICE ROUTINE.

§ R R R R R R R R R R R R R R R R R R R R R R R RN R
; THE FOLLOWIRCG IS A LIST OF ALL THE INTERAUPT PROCEDURES USED.
R s s e s R F SR SRR SR SR P e S s o E PR S S S

R o e e e L2
1 ISR6 I8 USED TO SERVICE EOC INTERRUPTS. THE USER MUST STORE THE
i ADDILESS OF THE ACTUVAL ISR IN " ISRG6V",

ISHG

S R p e E e RS S PR E e SR s e R e e e SR R e e e

ORG
PUSH
LHLD
HTHL
RET

aeH 1 INTERRUPT 6 (EOC ISR)

H {SAVE HL.

1888V  ;LOAD POINTER TO SUBROUTINE.
{ NESTORE HL.

jJIMP “TO SEAVICE ROUTINE.

+ ISR? I8 USED TO SERVICE E0S INTERRUFTS FOR SEQUENTIAL CHANNEL MODE.

ISRY:
EOSISR:

DRE

PUSH
LXI

EHLD
FOF

FUSH
MVI
85TA
FoFr

El
RET

aau i INTERRUPT 7 (EO2 ISIU

H i BAVE HL.
H, ISR6B ;FPOINT TO ALTERHATE 18§,

1SReV ; CHANGE [NTERRUPT 6 SERVICE ROUTINE.

PSW ;SAVE FLAGS.
A,HOT EOSIE ;CLEAR EOS INTERRUPT.
CLRI
PSW ; RESTORE FLAGS.
: RE-ENABLE INTERRUPTS.
{EXIT ISR7.

34
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Table 3-3. Programming Examples (Continued)
§ R R R R R R R R R R R R R R R R R R R R R R R Rk
(SUBHOUTINE ISH6A [S THE EOC INTERRUPT SERVICE ROUTINE THAT IS
i USED WHEN MORE CHANNELS ARE TO BE CONVERTED, SUCH AS IN
i REFETITIVE SINGLE CHANNEL MODE, OR IN SEQUENTIAL CHANNEL MODE.
CSEG
ISReA: PUSH H 1 SAVE REGISTERS.
PUSH D
FUSH PEW
LX1 H,CLRI ;CLEAR EOC INTERRUPT.
MVI M, NOT EOCIE
CALL LDDATA ; LOAD CONVERTOR DATA INTO MEMORY.
POP PEW s RESTORE NEGISTERS.
FOFP D
Por H
El ; RE-ENAELE INTERRUPTS.
RET s EXIT IER6A.

R R R R R R R R
1 ISHGE IS THE EOC INTERRUPT SERVICE ROUTINE THAT IS8 USED

s FOiL READING THE DATA FROM THE LAST CHANNEL THAT IS TO BE

i CORVERTED 1IN SEQUENTIAL CHANNEL MODE.

CEEG
IER6B: PUSH
PUSH
PUSH
LEI
MVI
CALL
POF
FOP
POP
RET

iR R R R R R R R R R R R e S R R R R R R R R R

g 1+ BAVE REGISTERS.

PSW

H, BCA { CLEAR COMMAND REGISTER BEFORE
M, 8 ; LOADING A<D DATA INTO MEMORY.
LDDATA ; LOAD CONVERTOR DATA INTO MEMORY.
ESH : AESTORE REGISTERS.

H

s " IBNECY I8 THE EOCC SERVICE ROUTINE FOR THE REPETITIVE-SINGLE-
i CHANNEL NODE PRUCEDURE, 'HPSCHN'.

CSEG
IShsE:  PUSH
FUSH
LiLD
RCHG

LHLD
MOV
INX
MOV
FoT
FOP

PUSH
MVI
BTA
FOP
El
RET

§ SRR R R R R R R R R R R R R Rk R R R R R R R R R R R
1 SUBROUTINE RANCHN USES THE CLOBAL VARIABRLES *FSTCHN'

H ; BAVE REGISTERS.
I
ADDATA G LOAD CONVERTOR DATA.

DATFTR LOAD FOINTER TO DATA FIELD.

M,E i LOAD CONVERTOR DATA INTO HEMORY.
H
M, D
i i RESTORE REGISTERS,
H
PEW i SAVE FLAGS.
A .ROT EOCIE;CLEAR EOC INTERRUPT.
CLRI
PSW ; RESTORE FLAGS.
s ENABLE INTERRUPTS.
sEXIT ISR6C

1 TO DEFINE THE CHANNEL AND GAIN TO BE USED IN THE CONVERSION

;OF THE ANALOG

{ POINTED BY

INFUT. THE RESULT IS STORED AT THE LOCATION
'DATPTR' .

AND 'GAIN®
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Table 3-3. Programming Examples (Continued)

CEEG
RANCHN: LXI
LA
LAY
LA
ORA
MoV

DCX
MVI

HAN1: MoV
LG
JHC

MV
CALL

RET

H, FCR
GAIN
C,A
FSTCHN
c

M, A

H
M, GO

A M
RAN1

M,0
LIMFATA

{POINT HL TO FIRST CHANNEL REGISTER.
; LOAD GAIN.

; LOAD CHANNEL.

;ADD CAIN BITS.
; LOAD FIRST CHANNEL REGISTER.

sPOINT TO COMMAND-STATUS REGISTER.
1 8TANT A-D CONVERSION.

s READ STATUS.
1 CHECE EOC STATUS.
1JMP 1IF CONVERSION NOT DONE.

1 RESET CONVERS ION-ENABLE IN COMMAND REGISTER.
s LOAD CONVERSION DATA INTO DATFTR.

{EXIT RANGHN.

B T T e e T P o S R P R R R S S R S

; SUBROUTINE

"SCAN' USES

THE CLOBAL VARIABLES 'FSTCHN', 'LSTCHN®,

tAND "GAIN' TO DEFINE THE FIRST CHANNEL, LAST CHANNEL AND CGAIN
:TD BE USED FOR THE SERUENTIAL CHANNEL MODE. THE DATA 1S STORED
1 IN CONSECUTIVE MEMORY LOCATIONS, STARTING WITH THE LOCATION

(FOLNTEDR BY 'DATPTR .

CEEG
SCAN: LX1

LDA

eV

DCX
LA
1oV

LDA
Oonn
MUV

DCH
MVI

BCANW1: MOV
RAL
nAL
JG
AAR
JHNC

CALL
LXI
JHF

SCANZ2: MOV
RLC
JHC

MVI
CALL
RET

H,LCR
LETCHN
i, A

H

Galn
A

SCAR2

SCANI

LDDATA
H, 8TAT
SCAN1

AN
ECANZ

M, o
LODATA

sPOINT HL TO LAST CHARNEL REGISTER.
sLOAD LAST CHANNEL.

sPOINT HL TO FIRST CHANNEL NEGISTEI.

 LOAD FIRST CHANNEL.
1 ADD CAIN BITS.
i LOAD FIRST CHANNEL RECISTER.

sPOINT TO COMNMARD-STATUS REGISTER.
AIE OR ETE:START SCAN MODE W/EXTERNAL TRIGCER.

t READ STATUS.
i CHECK EOS,
iJMP IF MAR=LCR.

i CHECK EOC,
tJMP IF CONVERSION NHOT DOKE.

; LOAD DATA FROM CONVERTOR.
s POINT HL TO STATUS REGISTER.
i START NEXT CONVERSION.

j CHECK FOR LAST CHANNEL EOC.
tJHP IF LAST CHANNEL NOT DONE.
i TURN OFF CONVERTOR.

1+ LOAD DATA FROM CONVERTOR.
tEXIT SCAN.

& S o e o o e s o S R e e e e o e e g e e e o e o e s o

1 SUBROUTINE 'LDDATA®

TAKES THE A-D CONVERTOHR DATA AND

fLOADS IT INTe THE MEMORY LOCATIONS POINTED BY 'DATPTR®.
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Table 3-3. Programming Examples (Continued)

CBEG

LODDATA:| LULD ADDATA LOAD CONVERTOR DATA I[NTD HL.

HCHG { PUT DATA INTOD DE.

LHLD DATFTR ;LOAD POINTER TO DATA FIELD,

MOV M.E (STORE DATA IN MEMORY.

INX H

MOV M,D

INX H

SHLD DATPTR (SAVE NEW POINTER.

BET i EXIT LADATA.

st oo s s el ot e el e ot ot sl el st el e el s S ap  o
1SUBROUTINE *SEQCHN' I8 AR EXANPLE OF AR INTERRUPT-DRIVEN

1 PROCEDURE WHICH WILL LOAD DATA FROM THE A-D COWVERTOR USING
4 THE SEQUENTIAL-CHANNEL MODE. JUMPERS (95,96) AND (38,40)
1TIUST BE CONNECTED TO ALLOW THE CHRYSTAL CLOCK TO GENERATE

s TRIGGENL COMMANDS. JUMPER (79,81) MUST BE CONNECTED TO ALLOW
;EOC TO GENKRATE AN INTEHRUFT ON INTe-, AND JUMNPER (70,20)
(MUST BE CORNECTED TO ALLOV E0S TO CENERATE AN INTERIWPT

s THTRA.

{SEG
SEQCU: L¥I W, ISNGA ; INITIALIZE ISR6 VECTOR ADDRESS.

SHLD 1504V

| e | o, LOR (POINT TO LAST CHANNEL REGISTER

LDA LETCHN ;LOAD LAST CHANNEL,

BV M, A

Doy H s POINT TD MU ADDRESS REGISTER.

LbA GAIN tLDAD GAIN BITS.

MOV O, A

LDA FETCHN ;LOAD FINST CHANNEL.

OnA C tADD GAIN BITS.

MOV M, A + LOAD MUX ADDIESS REGISTER.

DOX 1| tPOINT TO COMMAND REGISTER.

MVl M,CO O AIE ORL ETE OR EOCIE OR EOSIE; LOAD COMMAND.

El t ENAHLE INTERRUPTS.

RET i WAIT FOR EOC.

E ittt st B bR R PR P e R H s e
EUBROUTINE *RPSCHN® 18 AN EXAMPLE OF AN INTERRUPT-DRIVIN

i PROCEDURE WHICH PERFORIS REPETITIVE-SINGLE-CHANNEL CONVERSIONS.

; JUMPERSE (38,40} AND (95,96) NUST BE CONRECTED 10 ALLOW THE CLOCK
:TO TRIGGER A-D CONVERSIONS, AND JUMPER (79,81) MUST BE CONNECTED
sTO ALLOW EOC TO GENERATE INTERRBUPTS ON INTG-.

CSEG
RPFSCHN: LXI H, [SR6C ;INITIALIZE ISR6 VECTOR ADDRESS.
SHLD ISRaV
LXI H,FCR POINT TO NMUX ADDRESS REGISTER.
LI GAIN 1 LOAD CAIN BITS.
v C.A
LA FSTCHN ;LOAD CHANNEL <
GRA c sADE GAIN BITE.
Hov M, A sLoAD MUK ADDALEES NECISTEIL
BeX " sPOLIHT TO COMTIAND RESISTER.
vl M, G0 OR LTE OF EOCIL; ETART FIRST CONVERSION.
El s EITABLE INTERRUPTS.
nrT
ENTx
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CHAPTER 4

PRINCIPLES OF OPERATION

4-1. INTRODUCTION

This chapter provides a functional description and a circuit
analysis of the SBC 711 Analog Input Board.

4-2. FUNCTIONAL DESCRIPTION

The SBC 711 consists of the following seven functional
blocks (refer to figure 4-1):

a. Analog Input Multiplexer

b, Programmable|Gain Amplifier (PGA)
c.  Sample-and-Hold (S/H) Amplifier

4. Analog-to-Digital Converter (ADC)
DC/DC Converter

Control and Bus Interface Logic

i I ]

43, ANALOG INPUT MULTIPLEXER

The Analog Input Multiplexer is located in the ADC module and
may be configured by the user to provide either & differential of
16 single-cnded analog input channels. Sockets are provided so
that the multiplex capability can aptionally be expanded to ac-
commadate an additional 8 differential or 16 single-ended
channels by installing two 16-pin dual in-line package (DIF)
multiplexers (Hamis H1818A%s or equivalent). All input
chanmels are protected (o = 28Y by clamping diodes and fusible
current-limit resistors; this insures the board against potentially
destructive overoads under Tault conditions.

The differential input channels have provisions for the installa-
tion of discrete 250-ohm =1.0% 1/4W resistors in order 1o
agcept 4- 0 2-mA current loop inputs., The temperature co-
efficient of these resistors must be <0.01%/°C.

There are three programmable modes of operation for the ac-
guisition &nd conyersion of analeg inpwts: random channel
input, repetitive single channel mput, and sequential channel
scan input, The multiplexer address is selected by writing 1o the
Multiplexer Address Register, which is physically located
inside the ADC maodule. (The most stgnificant bit of the mult-
plexer address is stored in a separate register).

The selécted analog output signal is applied wo the input of the
Programmable Gain Amplificr.

44, PROGRAMMABLE GAIN AMPLIFIER

The sclected analog channel from the multiplexer is applied 1o
the inpul of the Programmable Gain Amplificr (PGA). The out-
put of the PGA, which provides program-conirolled gains of
X1, X2, X4, and XB, is applied to a Sample-and-Hold {5/H)
amplifier contained in the ADC module.

4-5. SAMPLE-AND-HOLD AMPLIFIER

The S/H Amplifier, which is physically located inside the ADC
module, tracks the PGA output voltage until a trigger signal is
received, This trigger signal can be input from the on-boand
pacer clock or from an external source, or can be program ini-
tiated. When the trigger signal is received, the S/H Amplifier
swilches from the sample (racking) mode to the hold mode and
the A/D conversion process starts.

4-6. ANALOG-TO-DIGITAL CONVERTER

The ADC uses the successive approximation technique, imple-
menting a high-speed, closed-loop servo (o arnve at a digital
output representing the value of the input signal. The 12-hit
A/D conversion cycle is completed in approximately 35.7
microseconds, The ADC module outputs an End-of-Conversion
signal o indicate when the conversion is complete. After the
mast-significant data byte has been read, the ADC module is
ready for a néw CONVErsion process.

47. DC-DC CONVERTER

The DC-DC Converter converts the +3V logic supply input to
regulated and filtered = 15V required by the analog circuits. For
special applications, the SBC 711 may be configured to operate
in a low-power mode. The low-power mode is useful when the
SBC 711 is being used in systerns with the +5V logic supply
operating al near full capacity. The DC-DC Converter module
may be removed and an external = 15V regulated power supply
may be used o power the analog circuits.

4-8. CONTROL AND BUS INTERFACE

The Bus Interface logic consists of those circuit elements most
directly associated with the Multibus. These circwit elements in-
clude memory base address detection logic, memory Read and
Wnite decoders, transfer acknowledge peneration logic, input
and output data buffers, interrupt drivers, and ROM and PROM
inhibit drivers.

The control logic receives outputs from the Read and Write de-
coders and input data buffers w provide control signals for the
various registers and timing logic,

4-9. CIRCUIT ANALYSIS

The schematic diagram for the SBC 711 is given in figure 5-2.
The schematic diagram consists of two sheets, each of which
includes grid coordinates. In the following paragraphs, a ref-
erence such as 2ZF5 will locate the subject circuit on sheet 2 in
Zone F5.

Both active-high and active-low signals are used. A signal
mnemonic that r:n_'qiwil.h a slash (e.g., MWTC) or includes an
overscore (e.g., STR) denotes that the signal is active-low . Con-
versely, a signal without a slash or an overscore denotes that
the signal is active-high.
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No detailed discussion is included for the ADC and DC-
DC modules, These modules are replacesble as o unil part.

4-10. INITIALIZATION
System Inmialize signal INIT/ is driven low on the Multibus
when power is initially applied to the system or whenever the

computer '‘reset’’ function is performed. The INIT/ signal is
buffered bwv A33-11 (1XHRB) to clear Command Register A36.

4-11. BASE ADDRESS DECODING

The system processor communicates with the SBC 711 by
issuing Memory Read and Memory Write Commands. As de-
scribed in paragraph 2-9, the memory addresses used for these
commands are relative to a 16-bit address that must lic on a 16-
byte boundary; this memory base address is assigned by the user
by means of jumper wires installed in a 16-pin DIP header. The
configured DIP header 15 then installed in IC socket M4 (1ZF3)
to-contral an amray of 12 open-collector exclusive-OR gates con-
tained in A22, A32, and A33.

Address bits ADR4 through ADRFS are decoded by the ex-
clusive-OR gates. When the memory base address is true (ie.,
matches the jumper configuration of M4), the output of cach &x-
clusive-OR gate remains high to generate the Base Address
Enable (BAE) signal, The BAE signal is inverted to produce the
BAE/, INHY/, and INH2/ signals. The BAES signal is applied as
un enable mput to A13-10 and A13-13 (1E16) to allow these
NOR-gates to respond respectively to Memory Read and
Memory Write Commands. The BAE/! signal also holds one
input low o cach of NOR-gate input data buffers A2S5 and A26
{1ZH 16).

The SBC Ti1 fully supports the Multibus memory inhibit
capahility. This permits the SBC 711 to overlay any system
RAM or ROM, with only a shght loss in systetn speed. The
INH/ ilnhibit RAM) and INH2/ (Inhibit ROM) signals prevent
those memory addresses from responding to the same addresses
as the SBC 711,

The SBC 711 generites INHI/ and INH2/ whenever it is ad-
dressed within the range determined by the jumper wires in-
stalled in M4, These signals must be of sufficient duration (o
prevent the inhibited board from responding to the same. ad-
dresses. This time duration, which is solely a function of the
inhibited hoard, must be defermined from the specifications of

SBC T11

that board. Since INH1/ and INH2/ arc generated from the
address on the Multibus, the only way the SBC 711 can control
the pulse width of INH1/ and INHZ/ is by delaying the XACK/
signal in response to @ Memory Read (MRDC/) or Memory
Write (MWTC) command. Refer to table 2-10 for the connec-
tions required to gencrate the appropriate signal pulse widths for
INHIf and INHY'. Note that the SBC 711 35 set at the factory
for a minimum XACK/S delay, which assumes that it is to be used
in the non-overlapped mode.

4-12, COMMAND DECODING

A Transfer Acknowledge (XACKY signal is returned on the
Multibus by the SBC 711 to specify thal it has completed the
specified Memory Read or Memory Write operation. When
either an MRDC/ or MWTC/ is aceepted (i.e., BAE/ is true), the
output of Al3-4 (1ZB15) loads counter A3l and provides an
enable input to gate A15-11. The vajue loaded into counter AS1
i§ determined by the jumper wires installed as described in para-
graph 2-14. The counter is clocked by CCLK/ and, when the full
count of A3l is reached, the next high-to-low transition of
CCLE/ causes the CY output of A3 1o go low and penerate
XACK!. The CY output is also fed back to the input of A30-11
to inhibit further clock inputs to the counter until the counter is
reloaded when MRDC or MWTC! is inactive.

4-13. WRITE COMMANDS. All Memory Write Com-
mands relative 1o the base address ate decoded by A 13 (1ZD15).
The Memory Write Command (MRDC/) is inverted by A13-13
and applied o the fnputs of AI4-3 and Al4-11. Address bit
ADR3 controls the enable inputs o decoder A15: if ADRY i3
high, the output of A F4-3 pulls the 1 G input low and enables the
1Y0 through 1Y3 functions, (The 2%0 through 2Y3 functions
are not used.) With its 16 inpot low, ALS decodes address
bits ADRO/ and ADRIS and activates the appropriate signal
listed in table 4-1,

4-14, READ COMMANDS. All Read Commands (except
Read Multiplexer Address and Gain) relative to the base address
are decoded by Al16 (1ZF15). The Memory Read Command
(MRDC) is inverted by A13-10 and applied 1o the input of
Al4-8. If either ADR 1Y or ADR3/ (or both) is low, the output of
A13-10 goes low and enables A L6 at its 2G input. Address bits
ADRD and ADR2/ are then decoded as listed in table 4-2. The

Table 4-1. Write Command Decoder Al15 Output Signals

MULTIBUS ADDRESS BITS* SIGNAL L s
IGNAL DEFINITION
ADRY | ADRZ ADRI/ | ADRO MNEMONIC HERBET
1 1 I I WCR/ Write 10 Command Regisier
! 1 1 0 WMAR/ Write 1o Multiplexer Address Register
{includes channel gain)
| 1 1] I WLCRY Writg to Last Channel Register
I 1 0 i WINT/ Write (Clear) Interrupt
*Address bits are tomplernented by the system processor before placing them on Multibus, Address bit ADRY is not relevant to
decoder A15. All commands require MWTC/ 1o be active.
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SBC 1

Table 4-2. Read Command Decoder Al6 Output Signals

Principles of Operation

MULTIBUS ADDRESS BITS* SIGNAL SIGNAL DEFINITION
ADRY ADR2/ ADRI/S ADRO/ MNEMONIC
1 | I I RCR/ Read Status (Command) Register
i ] I 1 RADCL/ Read ADC Leasi-Significant (Low) Byte
1 ] 1 Ll RADCM/ Read ADC Most-Significant (High) Byte

* Address bits are complemented by the system processor before placing them on Multibus, All commands require MRDC/ 1o

be active,

Muitiplexer Address and Gain is read by performing a Read
Command to M+ 1 as described in paragraph 4-18.

4-15. DATA BUFFERS

When & Write Command is received, data bits DATO through
DATT are gated onto the board and inverted by to A25 and A26
to produce Input Data Transfer signals 1IDTO through [DT7.
When a Read Command is received, Output Data Transfer sig-
nals ODTY through ODTT/ are driven through buffers A34 and
A3S5 onto Multibus data lines DATO through DATT/. (Refer to
IZH16.)

4-16. REGISTERS

4-17. COMMAND REGISTER. The Command Register
(CR) is loaded by & Write Command to M+0, which activates
the WCR/ output of decoder A15. The leading edge of the WCR/
signal, which is driven through inverter A17-8, clocks the
command word present on [DT0 through IDTS into Command
Begister A36 (1ZHR). Output signals from the Command
Register arc as follows:

1. GO (Enable Conversion)—This signal sets TADC flip-flop
A19-11 when clocked by the trailing edge of the WCR/
signal or by the trailing cdge of the RADCMY/ signal. The
TADC flip-flop and associated gates allow the AD con-
version to be controlled by the on-board Pacer Clock, an
external trigger, or by the GO bit itsell.

b. AIE {Auto-Inerement Enable}—This signal generates (via
A28-11) the STR signal, which is applied to the multi-
plexer address counter in the ADC module,

¢. ETE {External Trigger Enable)—This signal is used in the
TADC circuit to allow the ADC to be triggered by the
meemal Pacer Clock (CLOCK OUTY) or by an external
trigger (ET IN/).

d. EOSIE (End-of-5can Inierrupt Enable)—This signal
removes the inhibit (reset) input at pin 1 of INTA flip-flop
Al12-3, This allows A12-3 to be clocked by an BOS (End-
of-Scan) signal or an RTC (Real Time Clock) signal to
generale @ system interrpt.

e, EOCIE (End-of-Conversion Interrupt Enable)—This sig-
tid] rermovies the inhibit (reseth input at A12-13 of the INT B
flip-flop. | This allows Al2-11 to be clocked by an EQC
(End-of-Conversion) signul o generate s system intermup.

The Clear Busy status bit (hit 3) of the command word is not
latched into Command Register A36, With the TDT3 bit False,
the WCRY signal inhibits A28-6, which clears BUSY flip-flop
Al9-3 (1ZC8).

4-18. MULTIPLEXER ADDRESS REGISTER. The
Multiplexer Address Register (MAR) is contained in ADC
module M3 (2Z7D6), The MAR is loaded by a Write Com-
mand 1o M+ 1, which activates the WMAR/ output of decoder
ALS5. When WMAR/ goes low, the contents of IDTO through
IDT3 are loaded into M3, The WMAR signal also clocks the
LI input of register A18 which latches in IDT4, 1IDT6, and
IDTT. The outputs of A8 are used as follows:

a. GO and G1, developed from IDT& and IDTT, contrel the
gain of Programmable Gain Amplifier A4 (2719).

B. MAR CH16, developed from T4, is decoded by ATl
{Z£17) to extend the addressing capability 1o 32 channels
(assuming multiplexers A2 and A5 are installed).

The contents of the MAR is read by a Read Command to M+ 1.
Bit ADRO is inveried by A23-4 1o hold pin | high 1o multi-
plexers A37 and A3B (1ZE13); bit ADRY is inverted by A23-12
1o hold pin 15 low at A3T and A38. With pins | and |13 thus
enabled, the "'B™" inputs supplicd by the MAR arg selected,
complemented, and driven onto the Multibus.

4-19, LAST CHANNEL REGISTER. The Last Channel
Register (LCR) 1s loaded by a Write Commund to M+ 2, which
activates the WLCRY output of decoder A15. When WLCR/
goes low, the eontents of TDTO through [T4 are loaded into
register A2T (1Z111). The cutputs of A27 are applied to com-
parator A29.

4-20. STATUS REGISTER. Command Register A36 als
serves as part of the Status Register. The status of the SBC 711
is ascertained by a Read Command o M+ 0. Bit ADRO is in
verted by A23-4 to hold pin | low at multiplexers A37 and AJE;
bit ADR2/ is inverted by A23-12 to hold pin 15 low at A37-A38,
With bath pins 1 and 15 of A37-A38 low, the A" inputs sup-
plied by the Command Register are selected., complemented,
and driven onto the Multibus.

The Read Command 1o M40 is decoded by A6, which acti-
vates the RCR/ output, The trailing edge of the RCR/ signal
clocks flip-flop A19-3 (FZCB) and clears the BUSY status
signal, The first time a Read Command to M+0 is performed
after the BUSY status sipnal is ¢leared by a Write Command 1o
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M-=0, the BUSY status will be read as **("". Each time there-
after that the Status Register is read, the BUSY status will be
returned true. This function is useful for multiprocessor systems
tn which twe) or more processors are sharing the SBC 711 and
require a *“‘semaphore’’. Note that the BUSY stams can be
cleared only by Write Command to M+0 with bit 3 clear.

4-21. ANALOG INFUT OPERATION

The following paragraphs describe random channel, repetitive
single channel, and sequential channel scan operation for A/D
data acquisitipn; all channel references assume that the SBC 711
is configured for single-ended multiplexing.

4-21. RANDOM CHANNEL. Random channel operation
begring hy performing 8 Wrte Command to M+ 1. When the
BAE/ signal goes true, A15 decodes ADRO through ADR3Y/ and
drives its WMAR/ output signal low, The leading edge of the
WMAR/ signal (1) clocks register A8 1o laich in the guin
select bits (IDT6-and IDTT) and the most-significant channel
select-bit (IDT4) and (2) drives the ADC module (M3) Load
Enable input Jow, The WMAR/ signal is also driven through
A2l-11 and ipverter AL7-6 to develop strobe signal STR, On
the trailing edge of STR, the counter in the ADC module
latches in the multiplexer address bits specified by IDTO through
LT3, The counter, which is not incremented in random channel
operation, transfers the address intemally to the ADC module
multiplexer and externally to the user-installed multiplexers
(A2 and AS) via the MAR CHI through MAR CHE ootputs.

Register A8 putputs MAR CH16 (developed from IDT3) 1o
one input of decoder All: the second input to All is MAR
CHE from the |[ADC module. The MAR CHI16 and MAR CHE
inputs 10 All select one of four multiplexer blocks of eight
channels each. For example, if MAR CHI6 is high and MAR
CHS is low, the 2Y2 output of A1l is driven low and enables
miultiplexer A2 (channels 16-23): f MAR CHI16 and MAR CHE
are both low, the 2Y0 output of Al1 is driven low and (via in-
verter A 10-4) enables the HI EN input{channels 0-T) of the ADC
muodule,

If the multiplexer channels have been expanded by the installa-
tion of multiplexer A2 {channels 16-23) and AS (channels 24-
31}, the specific address of the enabled multiplexer is deter-
mined by the MAR CHI through MAR CHE outputs of the
ADC maodule.

The input of the selected multiplexer channel is applied  a
unity gain differential amplifier in the ADC module. The signal
15 then routed out of the ADC module to Programmable Gain
Amplifigr A4, the gain of which is controlled by the GO and G1
inputs o multiplexer All. Assuming a gain of X8 is pro-
grammed, GO and G1 will both be high and drive the 1Y'3 output
of A1l low. This causes o FET switch closure o occur inside of
A6 and connect the junction of R46 and R48 in a feedback loop to
the input of the PGA. The amplified output-of the PGA is ap-
plied to the input of S/H amplifier in the ADC module.

The Write Command to M+ | has now (1) selected the proper
multiplexer input channel and (2) amplified the input to the de-
sired level and applied it to the $/H amplifier for tracking. Next,

4-6
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a Write Command to M+0 is given to enable the A/D conver-
sion and specify the parameters for the conversion process, (Re-
fer to paragraph 3-7.) With BAE/ rue, A15 decodes ADRDY
through ADR3/ and drives its WCR/ output low to clock Com-
miand Register A36, The GO bit out of A36 is applied to the D-
input of the TADC flip-flop (AI9-12); the ETE (External
Trigger Enable) bit is applied to one input of A21-8. When the
WCR/ gocs false, the TADC flip-flop sets and allows the ADC
10y be triggered from Pacer Clock A7 or from an External Trigger
(assuming the ETE bit is true). I the ETE bit was clear when
the Write Command to M+0 occurred, the output of A9
goes low on the trailing edge of the WCR/ signal and inhibits
A21-6. This causes the TRIG signal to go high and enable A21-3
to trigger the A/D} conversion provess.

If the ETE bit was set when the Write Command to M+0
accurred, the Croutput of A 19-9 goes high on the trailing edgeof
the WCR/S signal and holds one input high to A30-6. The second
input in A30-6 15 from A9-6, whose inputs are controlled by the
CLOCK OUT/ signal from Pacer Clock AT and the ET IN/
sigrial from an external trigger source. (Refer to paragraph 2-12
for a description of the intermal and extemal trigper clocks.)
When either the CLOCK OUT/ or ET IN/ signal is driven low,
A30-6 and A21-% are inhibited and cause the output of A21-6 to
go high to penérate the TRIG signal.

When the A/D conversion is complete, the ADC module drives
irs EOC output low 1o clear TADC flip-flop A19-13, If Com-
mand Register bit 5 (EOCIE) is set, flip-flop A12-11 sets when
clocked by the Q output of A19-8 and is inverted by AI0-1210
generate the INT B/ signal to signify the end of conversion.

The program can either use the INT B/ inferrupt signal or read
the SBC 711 status to determine when the conversion is com-
plete (signified when EOC bit 7 is trug). To determine the status,
a Read Command o M+ 0 is performed as described in para-
graph 4-14. When the converted data 15 vahd, the lower and
upper bytes of data are transferred onto the Multibus by per-
forming a Read Command o M+4 and M+ 35, respectively.

When a Read Command 10 M+4.is performed. the RADCLS
output of decoder Al6 poes low and applies Enable signal
EN 9-1Z to pin 17T of the ADC module, The ADC miodule then
drives the lower (least-significant) byte of data onto the Multi-
bus. When 3 Read Command to M+5 is performed, the
RADCM/ output of decoder A 16 goes low and applies Enible
signals EN T4 and EN 58 10 pins 158 and 14T, respectively,
of the ADC module. The ADC module then drives the upper
(most-significant) byte of data onto the Multibus.

The EOC interrupt (if enabled) must be cleared afier each
random channel conversion. If operation from the present con-
trobler is not completed (e.g., another random channel resding
or another mode of operation iz to follow immediately) the
EQC internupt is cleared by a Write Command to M+ 3 with bit 5
clear, The WINT/ signal from decodér A 15 and IDTS bit inhibit
NOR-gate A20-4 and reset flip-flop A12-13 via A20-1.

If the present controller is finished with the SBC 711, a Write
Command to M+ 0 with and all zeros word dizables the inter-
rupts; clears the busy status; and disables the external trigger,
aute-increment, and conversion enable Munctions.



SRC 711

4-23. REPETITIVE SINGLE CHANNEL. Repetitive
single channel operation is almost identical to random channel
operation discussed in preceding paragraphs. First the multi-
plexer address and the PGA gain is set up by a Write Command
to M+ 1 and then the command (with the GO bit enabled and
the auto-increment bit disabled) is given by a Write Command to
M+0. After EOC (End-of-Conversion) is signified (EOC inter-
rupt or EGC status) for the first reading. the user may optionally
read the full data word (both lower and upper bytes) or read only
the upper byie.

If the full data word is reguired, the program must read the lower
byte first and then read the upper byte. When a Read Command
to M+ 5 (upper byte) is given, the RADCM/ signal goes low and
applies Enable signals EN 1-3 and EN 3-8 ta the ADC module.
The ADC mwdule then drives the upper byle of data onto the
Multibus, and the internal S/H amplifier goes to the sample
mode and tracks the signal on the same channel. The trailing
edge of the RADCM, signal clocks flip-flop A 198 and arms the
TADC cireuir.

After the first conversion data is obtained, subsequent conver-
sions are initiated by 4 Read Command to M+ 5. As previcusly
mentioned, if the full F2-bat word is desired, the lower byte st
be read first from M+4 followed by a read of the upper byte
from M+5. If only the upper byte is required, a read of M+5
will place the vpper byie on the Multibus and automatically
perform a new conversion on the same channel when RADCM/
goes high or, if the ETE bit is set in the Command Register,
when the CLOCK OUT/ signal or ET IN/ signal is driven low.

4-24. SEQUENTIAL CHANNEL SCAN. The sequential
channel scan operation converts the voltage on a specified stan-
ing channel to digital data, automatically advances to and con-
verts the next sequential channe] when the preceding channel
has been read, and repeats this process until the fast channel has
been converted and read. After each channel input has heen con-
verted to digital data, the SBC 711 generates an EQC (End-of-
Conversion) signal as previously described. When the last
channel has been converted, an EQC signal and an EOS (End-
of-Scan) signal are generated. Each of these signals may be
used to generate a unique system interrupt, or they may be read
as part of the status word. Much of the sequential channel scan
operation is identical with that already described for random
channel operation in paragaph 4-22. In the following discus-
sion, only those portions that are unigue to sequential channel
scan operation will he discussed in any detail.

The first step of a sequential channel scan operation is to load
the lasi channel register by performing a Write Command
M+2. Decoder AlS decodes ADROY through ADR3/ and drives
its WLCR/ vutput low at the clock input of Last Channel
Register AXT, Register A27 latches in the last channel address
(IDTO through IDTS) when WLCR/ goes high. The IDTO
through [DT3 (four leasi-significant address bits) outputs of
AT are applicd to one set of inputs of comparator A29 and
the IDXT4 bit is applied to one input of decoder Al16. The next
step is 10 set up the starting channel and PGA gain by performing
# Write Command to M+ 1. Finally, a Write Command to M+0
is given 1o enable the A/D conversion and specify the parameters

Principles of Operation

for the conversion process. [n the sequential channel scan mode,
the Enable Auto-Increment bit (bit 1) must be set in order to
clock the ADC channel counter, and the GO hit (hit () must be
el Loy arm the trigger circuit. The remaining bits of the command
word will depend on the program requirements; e.g., bit 2
(ETE) must be set if the CLOCK OUT/ or ET IN/ signal is used
to trigger the ADC, and bits 4 and 5 must be set if the program
i% interrupt driven.

When the A/D conversion is complete, the ADC module drives
its EOC owtput low o clear TADC flip-flop A19-13, If Com-
mand Register bit 5 (EQCIE) is set, flip-flop A12-11 sets when
clocked by the Q output of A19-8, and is inverted by A10-12 to
develop the INT B/ signal to signify the end of conversion.

The program can either use the INT B/ interrupt signal or read
the SBC 711 status to determine when the conversion is com-
plete (signified when BEOC bit 7 is true). To determine the
status, a Read Command to M+ 0 is performed. When the con-
verted data is valid, the lower and upper hytes of data are
transferred onto the Multibus by performing a Read Command
to M+4 and M+ 35, respectively.

When a Read Command to M+4 is performed. the RADCL/
output of decoder Al6 goes low and spplies Enable signal
EN 9:1Z to pin 17T of the ADC module. The ADC module
then drives the lower (least-significant) byie of data onto the
Multibus. When a Read Command to M +35 is performed, the
RADCM/ output of decoder A16 goes low and apphes Enable
signals EN 1-4 and EN 5-B to pins 158 and 14T, respectively,
of the ADC module. The ADC module then drives the upper
{most-significant) byte of data onto the Multibus.

The leading edge of the RADCM/ signal generates a STR signal
via MAND-gate A21-11 and inverter A17-6 to increment the
counter in the ADC module. The multiplexer switches to the
new channel and the S'H amplifier begins to track the new sig-
nal. The STR signal output of A21-11 is fed to decoder Al6and,
whenever STR goes false, the 1Y ouwlputs of decoder A16 are
activated. The trailing edge of WADCM/ clocks and sets
TADC flip-flop A19-11. The next trigger pulse to the ADC
mixlule is automatically gencrated if the ETE bit is clear; il the
ETE bit is set, the trigger pulse is generated when the
CLOCK OUTf or ET IN/ signal is driven low.

This cycle is repeated until the last channel is converted, at
which time the ADC module will generate the EOC signals as
previously deseribed. However, when the last channel is ad-
dressed, the Al through A3 and A=R IN inpuls o comparator
A29 will be high. Comparator A29 then drives it A=B
OUT status signal high and clocks flip-fop A 12-3. If Command
Register bit 5 is set, flip-flop A12-3 sets and, via A10-10, gen-
erates the INT A/ signal to signify the end of scan.

The EOC interrupt (if enabled) mwust be cleared after each
channel i converted. Both the EOC and EOS interrupt (if
enabled) must be cleared after the scan is complete. 11 apers-
tion from the present controller is not completed (e.g., another
sequential channel sean or another mode of operation is to
follow immediately), the EOC and EOS intermupes are cleared

4-7
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If the present controller is finished with the SBC 711, a Write

Command to M+ 0 with and all zeros word disables the inter-

rupts; clears the busy status; and disables the external trigger,
* auto-increment, and conversion enable functions.

by a Write Command to M+3 with bits 4 and 5 clear. The
WINT/ signal from decoder A 1S and TDT4 bit inhibit A20-10
and reset flip-flop A12-1 (EOS) via A20-13. Flip-flop A12B
(EONT) is cleared as previously described.
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CHAPTER 5
SERVICE INFORMATION

5-1. INTRODUCTION

This chapter provides calibration procedures, service diagrams,
and repair assistance instructions for the SBC 711 Analog Input
board.

5-2. CALIBRATION

The calibration procedures presented in following paragraphs
should be performed every 90 days or whenever the ADC full-
scale range jumpers are reconfigured. The calibration pro-
cedures are specifically related to the SBC 711 analog circuits
and associated edge connectors; no consideration is given to line
losses or comrection for transducer offset.

5.3. TEST EQUIPMENT REQUIRED

The following test equipment is required in performing the

calibration procedures:

a. Precision Voltage Source; 0 1o 15V de £0.001%, con-
tinuously adjustable; source impedance < 1.0 ohm,

b. Digital Multimeter; 0 to 15V dc £0.001%., 0 0 20 mA
20.001%,

54. PRELIMINARY PROCEDURE

Before beginning the calibration, place SBC 711 on a board
extender and verify the de supply voltages as listed in table 5-1.
If any of the supply voltages are out of tolerance, comrect the
condition hefore beginning the calibration.

Tabie 5-1. Power Supply Voltage Checks

i VOLTMETER
SUPPLY TOLERANCE e e
+ 15V + 39, Across C12
=15V *+3% Across C9
+5V +59 Across C44d

*Refer to figure 5-1. Capacitor €12 is located in zone C4,
capacitor C9 in zone C4, and capacitor C44 in zone B6.

55. ADC CALIBRATION PROCEDURE

The calibration procedure for the ADC circuits consists of a
three-step sequence which must be performed in the following
order: (1) PGA offset adjustment, (2) ADC offset adjustment,
and (3) ADC range adjustment. The following procedures
assume that a PGA offset adjustment (PGAADI) subroutine, an

ADC offset (ADCOFF) subroutine, and an ADC range
(ADCRNG) subroutine similar to those listed in Appendix A are
in the résident program.

5-6. PGA OFFSET. The Programmable Gain Amplifier
{PGA) provides extremely accurate, software-controlled,
amplification of the selected analog input. However, if the PGA
is not adjusted properly, significant errors will be introduced
when shifting from one gain setting to another. Adjust the PGA
as follows:

a. Shor inpul channel 0 by connecting J2 pin 4 to J2 pin 3,

(If differential input mode is used, also short J2 pin 6 to
J2 pin 4.)

b. Connect high lead of DVM to terminal 61 { figures 5-1 zone
C3); connect low lead of DVM to terminal 71 (figure 5-1
zone C2). Set DVM o most-sensitive ac volts scale

c. Call PGAAD] subroutine and adjust R 14 (figure 5-1 zone
D5} for minimum DVM indication.

NOTE

If DVM indicates 0V ac while PGAADI sub-
routing 15 running, the PGA is not switching
gain properly and comective action must be
taken. (Check the program first.)

5-7. ADC OFFSET. After the PGA offset has been adjusted
a5 descnbed in paragraph 5-6, adjust the ADC offset as follows:

a, Connect precision voltage source to channel O as listed in
table 5-2.

Tahle 5-2. ADC Offset and Range Adjustment Test Input

VOLTAGE INFUT MODE
SOURCE
CONNECTION | SINGLE-ENDED | DIFFERENTIAL
High 12 pin 4 12 pin 4
Low 12 pin 3 12 pin 6
Ground 12 pin 3 12 pin 3

b. Set precision voltage source for appropriate offset input as

required for ADC range being used. Refer 1o table 5-3.

e.  Call ADCOFF subroutine and adjust OFFSET trimpot (on

edge of ADC module near J3 pin 29) until console readings
alternate between the two values listed in 5-4.

5-1
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Tahle 5-3. Voltage Source Input Reguired for
ADC Offset and Range Adjustment

VOLTAGE SOURCE INPUT

ADC

RANGE OFFSET ADI RANGE AD)

+5v 0.00061Y 40082V
+10V 000122V 99963V
=5V 0.00122% 49963V
=10V 0.00244V 49927V
4-20 mA™* 0.00061 ¥ 49982V

*250-ohm resistors must be installed as described in para-
graph 2L17. Voltage source must be capable of supplying
20 mA.

E-B. ADC RANGE. After the PGA offzet and ADC offset have
been adjusted as described in paragraphs 5-6 and 5-7, adjust the
ADC range as follows:

a. Connect precision voltage source to channel 0 as listed in
table 5-2.

b.  Set precision voleage source for appropriate range input as
required for ADC range being used. Refer to table 5-3.

c. Call ADCRNG subroutine and adjust RANGE trimpot (on
cdge of ADC module near I3 pin 49) until readings alter-
nate between the two values listed in table 5-4.

5-9. SERVICE DIAGRAMS

The SBC 711 parts location diagram and schematic dia-
gram are givén in figure 3-1 and 5-2, respectively. On the
schematic diagram, a signal mnemonics that ends with a slash
(e.g., MWTLC/) is active low. Conversely, a signal mnemonic
without a slash (e.g., EOC) is active high.

SBC 111

5-10. SERVICE AND REPAIR ASSISTANCE

United States customers can obtain service and repair assistance
from Intel by contacting the MCD Technical Suppont Center
in Santa Clara, California at one of the following numbers:

Telephone:
From Alaska or Hawaii call -
(408) 98T-BOR0
From locations within California call 1oll free -
(RO 6723507
From all other U, 8. locations call ol free —
(BO0) 538-8014
TWX:  910-338-0026
TELEX: 34-6372

Always contact the MCD Technical Support Center before
returning a product to Intel for service or repair. You will be
given a “*Repair Authorization Number”', shipping instructions,
dnd other important information which will help Intel provide
you with fast, efficient service. If the product is being returned
because of damage sustained during shipment from Intel, or
if the product is out of warranty, a purchase order s necessary
in order for the MCD Technical Support Center to initiate
the repair.
In preparing the product for shipment to the MCD Technical
Support Center, use the original factory packaging material,
if available. If the original packaging is not available, wrap
the product in 2 cushioning material such as Air Cap TH-240
{or equivalent) manufactured by the Sealed Air Corporation,
Hawthome, N.J., and enclose in a heavy-duty corrugated
shipping carton, Seal the carton securely, mark it ** FRAGILE™"
to ensure careful handling. and ship it to the address specified
by MCD Technical Support Center personnel.
NOTE

Customers outside of the United States should

contact their sales source (Intel Sales Office

or Authorized Intel Distributor) for directions

aft obtdining service or repair assistance.

Tahle 5-4. ADC Offset and Range Adjustment Readings

OFFSET ADI REANGE ADJ
ADC CODE® LOW READING HIGH READING LOW HIGH
BIPOLAR | UNIPOLAR | BIPOLAR | UNIPOLAR READING READING
Straight Binary B0 D000 8010 0010 FFEQ FFFQ
Offset Binary ) B0 o0ol10 BO10 TFED FEED
*Refer to paragraph 2-11.
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APPENDIX A
CALIBRATION PROGRAM

The calibration program presented on this and following pages is required when calibrating the ADC as described in Chapter 5. This
program presumes the SBC 711 to be configured for a memory base address of F700 and the console data port and status port to be
F6 and F7, respectively.

FUBLIC PGAADJS| ;PGA ADJUSTMENT.
PUBLIC ADGCOFF | ¢ ADC OFFSET ADJUSTMENT.
FUBLIC ADCHNG | ;ADC BRANGE ADJUSTMENT.

PUBLIC RANCHN | ; READ RANDOM CHANNEL.

BASE EQi GrveeH | ;BABE ADDRESS OF [NTERFACE.

S0A EQU BASE+® | A/D COMMAND REGISTER.

STAT EQD BASE+® [;A-D STATUS REGISTER.

FCR Eil BASE+1 [GAIN, MUX ADDRESS REGISTER.

ADDATA EQO BASE+4 | ;A<D DATA REGISTER.

G0 EQ 1 | s CONVERS ION-ENABRLE IN COMMAND REGISTER.

EQC EQI] 80H | s EOC STATUS.

CHANG® EQT) a i:GRﬁHNEL 0.

X1 EQU 7] s GAIN = 1.

X2 EQr B40H sCGAIN = 2,

. ] EQU egeH ;GAIR = 4.

X8 EQU aceH 1 GAIN = 8.

CRT EQu BF6H | 1 CONSOLE DATA PORT. -

CRTS EcU arvH |  CONSOLE STATUS PORT.

BRXRDY EQI 2 I+ RECEIVER READY BIT

THERDY EQU 1 | s TRANSMITTER READY BIT.

LF EGU BAH | :ASCII LINE FEED.

CR EQU aDH +ASCII CARRIACE RETURN.

; THE FOLLOWING IS A LIST OF ALL FUBLIC VARIABLES USED IN THIS MODULE.
DEEG

CAIN: ns 1 (@, 1,2, OR 3)

FSTOHN: DS 1 1 (9-31)

LETOHN: D= 1 1 (0-31)

DATPTH: DS 2 | s POINTER TO DATA FIELID.

BUFR: = 2 l : BUFFER FOR *ADCOFEF* & *ADCHENG®.

|
—_— o |

§ Rk A R R R R R R R R RN R kR Rk R R R R e R R R R

( SUBHOUTINE "PGAADT' SWITCHES THE FPGA GAIN FROM X1 TO X8 TO

(ALLDW THE USER TO ADJUST THE FPCGA OFFEET POT (R14) . THE

f PHOGERAM WILL RUN UNTIL THE OPERATOR PRESSES A EEY ON THE CORSOLE.

CEEG

|

PGAADJ:| LXI H,FCR| ;POIINT TO CAIN RECISTER.
FGAl: | MVI M,¥1 | :SET CAIN TO ¥i.

MVI M., ¥8 | +SWITCH TO XB.

i CRTS | ;SEE IF HALT.

ANT RXRDY |

JZ PCAl

HET !

Ty ETEEETER R RN R R e i bk Rkl Rk kR e R R Rk
iSUDROUTINES *ADCGFF' AND *ADCRNG' CONVERT THE ANALOG INPUT ON
tCHANNEL @ AND DISPLAY THE RESULT ON THE CONSOLE, FOLLOWED BY A
i CARRIAGE RETUBN-/LIRE FLED. TAE DISPLAY I8 CONTINUOGUSLY UPDATED
fUNTIL THE OPERATOR FRESSES A EEY ON THE CONSOLE TO HALT.

—_—

~ LSEG
ADCORF:
ADCING: VI A, CHAND FPOINT TC CHANNEL 9.
BTA FETCHN




MV AyXl ;8ET GAIN TO XI.

STA CAIN ||
ADC1:  LXI H,BUFR; POINT TO BUFFER.
SHLD DA’ :SET BUFFER POINTER FOR *RANCHN'.
CALL RANCHN/, ; CCNVERT CHANNEL @ .
EX1 H, BUFR; ; POIN TO POINTER.
103 H ' sPOINT TO MSBYTE.
MOV C.M ; LOAD MSBYTE.
CALL DBYTE | ;DISPLAY NSBYTE ON CONSOLE.
PCX H sPOINT T0 LSBYTE.
MOV C.M | ;LOAD LSBYTE.
CALL DBYTE | ;DISPLAY LSBYTE ON CONSOLE.
MV C.CR +PRINT CR ON CONSOLE.
CALL co
MV1 C,LF | {PRINT LINE FEED ON CONSOLE.
CALL co
IN CRTS ;SEE IF OPERATOR WANTS TO HALT.
AN RXRDY
JZ ADGL | 4JMP 1F OPERATOR CONTINUES.
RET |

pERdUkE R R kR e R R e R R R R R R R R R

(SUDNOUTINE RAFNCHN USES THE GLODBAL VARIABLES *FETCHN' AND 'CAIN®
1 TO DEFINE TBE CHANNEL AND GAIN TO BE USED IN THE CONVERSION

1 OF THE ANALOG INPUT. THE RESULT IS8 STORED AT THE LOCATION

i FOINTED BY *DATPTR' .

CEEG

RARCHN: LXI H,FCR :POINT HL TO FIRST CHANNEL NEGISTER.
Lixa GAIN ;s LOAD GAIN.
MOV C,A
LA FSTCHN ;LOAD CHANNEL.
OFRA C +ADD GAIN BITS.
MOV M. A ; LOAD FIRST CHANNEL REGISTER.
DCE H ;POINT TO COMMAND-STATUS REGISTER.
MVl M, GO s START A-D CONVERS ION.

RART: MoV AN : READ STATUS.
H{iEH { CHECK EDC STATUS,
JHE RAN1 (JMP IF CORVERSION NOT DONE.
MVI M, a8 { AESET CONVERSTON-ENABLE IN COMMAND REGISTER.
CALL LDBATA  {LOAD CONVERSION DATA THTO DATITR.
RET 1 EXIT RANCHN.

§ S S S R o U T R O R O R R A O R R s e o

sBPLHOUTIRE "LDDATA® TARKES THE A-D CONVERTOR DATA. AND
tLGADE IT INTO THE HEHORY LOCATIONE PFOIRTED DY *DATITR®.

CREG
LODATA: LILD ADDATA ;LOAD CONVERTOR DATA INTO IL.
HONe ;PUT DATA INTO DE,
LIILD DATPTR ;LOAD POINTER TO DATA FIELD.
MOV M, E ;STORE DATA IN MEMNORY.
INX H
MOV M,D
INX H
SHLD DATFTR ;SAVE NEW POINTER.
RET ;EXIT LADATA.

§ RERER R R R R R Rk R e R R R R R R R R R
{SUEROUTINE "DRYTE' CONVERTS THE BINARY CONTENTS OF REG. € TO
1ASCIT ARD DISPLAYS THE RESULT ON THE CONSOLE.
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Calibration Program

SBC 711

CEEG
DBYTE: PUSH B +SAVE REG. C.

MOV A,C ; LOAD DATA.
HEC ; SWAP LOW NIBBLE
RRC :WITH HIGH NIBELE.
RRC
RRC
oV C.A
CALL HEASC +CONVERT HIGH NIBBLE TO ASCII.
MoV C,A
CALL Co + DISPLAY RESULT ON CONSOLE.
FoP B +LOAD EXTRA COPY OF DATA.
CALL H¥ASC + CONVERT LOW NIBBLE TO ASCII.
MOV C,A
CALL co ;+DISPLAY LOW NIBELE ON CONSOLE.
RET sEXIT DBYTE.

R R R R R R R ek R R R
(BUBROUTINE *HXASC' CONVERTS THE LOW NIBBLE OF NEG. C INTO
1 IT8 ASCI] EQUIVALENT. RESULT RETURNED IN REG. A.

CSEG
HXASC: MOV A,C s LOADY DATA.

AN OFH iCLEAR HIGH NIBBLE.

CPI 10 iSEE IF < 9,

JG HX1 1JMP IF < 9,

ADI T s CORRECT FOR A-F.
HX1: ADI ‘0° s ADD ASCI1 ZONE.

RET s EXIT HXASC.

PREEEE R R R R R R e R R R R R R
i SUBROUTINE 'CO0° DISPLAYS THE CONTENTS OF RIG. C ON THE CONSOLE.

CSEC
Co: I CRTE 18EE IF TRAKSMITTER IS READY.
AN THERDY
JZ co 1JJIIP IF RKOT READY.
1oV A, G 1 LOADT QUTPUT DATA.
ouT CHID 1 BISPLAY DATA 08 CONSOLE,
RET ;EXIT CO.
END
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