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1.0 OVERVIEW

The Mr488A is a uni que hand-held | EEE 488 control | er which
i ncorporates a C programrabl e m croprocessor and a pl ethora of input
and out put capabilities.

The | EEE-488 interface fromwhich the MI488A gets its nane,

i npl ements the Tal ker/Listener/Controller functions of the | EEE 488
interface, a.k.a. the General Purpose Interface Bus (GPIB). See
Figure 1, MI488A Bl ock Diagram The | EEE-4888 bus is designed to
allow up to 15 instrunents within a localized area to comuni cate

wi th each other over a conmmpn bus. Each device has a uni que address,
read froma set of address switches at power up, that it responds to.
Data is sent byte serial/bit parallel and consists of device
dependent and interface nessages.

In addition to the 488 interface the MI488A al so supports two RS-232
communi cation ports at 9600 Baud. The RS-232 interface is an
asynchronous serial interface. One port is used for progranmng the
Mr488A and the other interfaces to the LCD and keypad interface.

The MI488A's digital 1/Ois capable of 32 Bits of bi-directional
digital input/output. The four 8 bit ports can be optically isolated
fromthe m croprocessor and the comruni cati ons interfaces.

The Mr488A incorporates a mcroprocessor nmodule from zZ-Wrld

Engi neering which provides a conpact and powerful Central Processing
Unit (CPU). The SmartCore features a Z180 CPU running at 9.216 Mz.
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The Smart Core onboard nmenory consists of:
a. SRAM 128K Battery Backed
b. EPROM 128K
c. EEPROM 512 bytes

O her SmartCore peripheral s are:

d. Real-tine Cock
e. Reset and Power Failure Mnitor
f. Serial Interface for program devel opnent
g. Serial Interface for the application.
h. Two programmbl e tiners.
i. Two DMA channel s.
J. Menory decoding for external devices (/CS1-/CS6).
P1 P22 P22 75162 210 OPTO A/D P3
IEEE-488 z180 [ |
. ANALOG
L 75160 swaryl 010 DA 1,0
Pt CORE |
) RIBBON Eé
RS232 CABLE RS232 : =
OPTO DIGITAL DIGITAL
L] <1 1-0
P1RSH83 P1 RS232 L
RS485 PGM[ Pe
SPUOPNPELRY | | 115VAC

Figure 1, MI488A Bl ock Di agram

Page 2



MI488A Techni cal Manual Rev 2 March 2000

2.0 Specifications

2.1 The IEEE-488 Interface

Specification: | EEE-488.1 and | EEE-488.2 (partial)
Controller: NEC uPD7210 or National Instrunments 7210
Controller Ck: 8 Mz

Transcei vers: 75160 and 75162 (Texas |nstrunents)

Address Capability: 0 to 30

SRQ generation: ESE, SRE masks (See section 5, programm ng)

2.2 RS232 Interface

RS232 commruni cati ons

Baud Rate: 9600 Baud

Data Size: 8 bit

Parity: None

Stop bits: 1

Connector Configuration: 9 Pin D Sub, |BM Pinout

2.3 Digital /0

Par anet er

Ports 4 eight bit ports
(32 bits total)

Type Quasi Bi-directional

Port P/ N Phillips PCF8574

Qut put Vol t age 5.0 VDC typ.

I nput Vol t age Range -0.5to 5.5 VDC

Qut put Current Low 10 ma M n.

Qut put Current Hi gh 30 uA Mn

I nput Vol tage Low 1.5 VDC Max

I nput Vol tage Hi gh 3.5 VDC M n

| sol ation: 2500 VAC (Between CPU and 1/ 0
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2.4 SmartCore(tm) Specifications

The Mr488A incorporates a mcroprocessor nmodule from zZ-Wrld

Engi neering which provides a conpact and powerful Central Processor
core nodule (Figure 2, SmartCore block diagranm). The Smart Core(tm
features:

Z180 CPU running at 9.216 WMhz.

Static Ram (SRAM, 32K to 128K (Battery Backed) for data
st or age.

Er asabl e Programmabl e Read Only Menory (EPROM), 32K to 128K for
program st or age.

El ectrically Erasable PROM (EEPROM), 512 bytes, for non-volatile

storage without a battery.
Real -tinme Clock, for tinme calcul ations.

Reset and Power Failure Supervisor to provide reset to the
m croprocessor if power is out of range and to switch in the
battery back-up if there is a battery install ed.

Serial Interface for program devel opnent, Port 1(
Not used with EPROM .

Serial Interface for the application, Port O.
Two programmble tiners used as interval tiners.

Two Direct Menmory Access (DMA) channels for high speed transfers

to internal (Serial Ports) and external 1/0Q
Menory decodi ng for external devices (/CS1-/CS6).

Serial 1O <%= 2180
2) PRT:

DMA Request —"’ﬁ Ez; Seﬂasl Ponts -~
DMA End Q}— (2) DMA Channels SRAM EPROM
IMorrupt s>t MMU 32K-512K 3AC-S12K DEEPAY

1 Y -——— GND
Supervisor VRAM ATC
Watchdog Timer

VBAT — 3 pPowar Fariure Waming A

Reset Control ¢S
Battery Backup Control

/5 AM

Figure 2, SmartCore Bl ock D agram
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2.5 Indicators and Controls

a. Run/Program Switch
This switch controls the node of operation of the MI488A and is
read during power on. The MI488A will run the stored programin
the run position. The MI488A will nonitor the progranm ng port
for communications with the Dynam c C program

Not e: Cycle MI488A power after changing the Run/Programsw tch
setting.

b. Power Swi tch
This rocker switch controls power to the MI488A.
c. DC Power connector
Thi s connector accepts a 2.5mm DC barrel plug froma wall
transfoner producing 9 to 24 VDC.
d. VFD Displ ay
The VFD display is a 4 line X 20 Character Vacuum Fl uorescent.
Alternatively, a simlarly configure LCD display is offered.
e. Menbrane Switch Assenbly, 4 X 6 array

2.6 Pin Descriptions
a. Pl | EEE-488 Connect or

Pin Nanme/ Descri ption Pin | Name/ Descri ption
1 DO/ Data |ine 13 Dl 0o/ Data |ine
2 Dl O2/Data |ine 14 Dl O6/ Data |ine
3 Dl O3/ Data |ine 15 Dl O7/Data |ine
4 DlO4/ Data |ine 16 Dl O8/Data |ine
5 EO /End or ldentify 17 REN/ Renot e Enabl e
6 DAV/ Data Valid 18 DAV Gnd

7 NRFD/ Not Ready For Data 19 NRFD Gnd

8 NDAC/ Not Dat a Accept ed 20 NDAC Gnd

9 IFC/ I nterface C ear 21 | FC Gnd

10 SRQ Servi ce Request 22 SRQ Gnd

11 ATN/ Attention 23 ATN Gnd

12 Shield 24 G ound

b. P2 RS-232 Interface Connector

Pin /0O Nanme/ Descri ption Vol t age Level
1 I Gnd Ref

2 I RX/ Recei ve Dat a -8 to +8 VDC
3 O] TX/ Transmt Dat a -8 to +8 VDC
4 I CTS/Cl ear to Send -8 to +8 VDC
5 @) RTS/ Request to Send -8 to +8 VDC
7 I Gnd Ref

c. P3 Power

Pin Nanme/ Descri ption

1 7-24 VDC
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d. P4 Digital

I / O Connect or

Pin /0O Name/ Descri ption Vol t age Level
1 O +5 VDC Power +5 VDC
20 /0 DO-LSB Data O I/ 0O +5 VDC
2 /0O DO Data 1 1/0 +5 VDC
21 /0 DO Data 2 1/0O +5 VDC
3 /0 DO Data 3 1/0 +5 VDC
22 /0O DO Data 4 1/0O +5 VDC
4 /0 DO Data 5 1/0 +5 VDC
23 /0 DO Data 6 1/0O +5 VDC
5 /0O DO- MSB Data 7 1/ 0O +5 VDC
24 /0O D1-LSB Data O I/ 0O +5 VDC
6 /0O DL Data 1 1/0 +5 VDC
25 /0O DL Data 2 1/0O +5 VDC
7 /0O DL Data 3 1/0 +5 VDC
26 /0O DL Data 4 1/0 +5 VDC
8 /0 DL Data 5 1/0 +5 VDC
27 /0O D1 Data 6 1/0O +5 VDC
9 /0O D1-MSB Data 7 1/ 0O +5 VDC
28 /0 D2-LSB Data 0 I/ 0O +5 VDC
10 /0O D2 Data 1 1/0 +5 VDC
29 /0O D2 Data 2 1/0O +5 VDC
11 /0 D2 Data 3 1/0 +5 VDC
30 /0O D2 Data 4 1/0 +5 VDC
12 /0O D2 Data 5 1/0 +5 VDC
31 /0 D2 Data 6 1/0O +5 VDC
13 /0O D2-MSB Data 7 1/ 0O +5 VDC
32 /0O D3-LSB Data 0 I/ 0O +5 VDC
14 /0 D3 Data 1 1/0 +5 VDC
33 /0O D3 Data 2 1/0O +5 VDC
15 /0 D3 Data 3 1/0 +5 VDC
34 /0 D3 Data 4 1/0 +5 VDC
16 /0O D3 Data 5 1/0 +5 VDC
35 /0 D3 Data 6 1/0 +5 VDC
17 /0 D3-MSB Data 7 1/ 0O +5 VDC
36 @) Power Return 0 vDC
2.7 Physical Description

Di mensi ons: 10. 20" X 4.72" X 1.89”
Vi ght : 1.5 I b.

Power Requirenents: 6 VA, 5 W

Operating tenperature:

0 to 50 °C.

Page 6
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3.0 Functional Description

3.1 IEEE-488 Interface

The | EEE-488 bus is designed to allow up to 15 instrunents within a

| ocalized area to communi cate with each other over a comron bus.

Each device has a uni que address, read froma set of address sw tches
at power up, that it responds to.

In general, data may be sent by one device (the tal ker) and received
by any nunber of listeners. The |EEE-488 interface is managed by the
NEC uPD7210 type Application Specific IC (ASIC). The interface
consists of eight data |ines (Dl O0-DIG8) and ei ght handshake/contro
lines. These signals are handshaking |ines DAV, NRFD, NDAC and
control lines IFC, ATN, SRQ REN and EQ .

VWhen the ATN line is true, all devices listen for the comand coni ng
over the bus. Wen the ATN is false, only addressed devices can
participate in transfers.

The Service Request Line (SRQ allows any device on the bus to
request service and “interrupt” the controller.

The End or ldentify line (EQ) is signaled by the tal ker when the

| ast data byte has been put on the bus. The | EEE-488 interface
(henceforth referred to as the 488) is inplenmented by an NEC uPD7210
specific controller and two 488 specific transceivers.

3.2 RS-232 Interface

In addition to the 488 interface the MI488A supports RS232
communi cati ons at 9600 Baud.

The UART (Universal Asynchronous Receiver/Transmitter) is an

i ntegrated peripheral on the Z180 M croprocessor. The Z180 has two
UART ports, 0 and 1. The UART channel 0O is used for this
application. The UART signals are passed through the 5 Volt only
RS232 transcei ver U85. U85 has an onboard charge punp circuit to
generate the +/- 9 volts required by the RS232 interface. The RS232
port is also interrupt driven and generates an interrupt when it
requires attention.

The RS232 interface connects externally through a 9 Pin D Sub-

m ni ature connector (P4) PCB nmounted on the MI488A. Note that the
CTS signal (RTS at the IBM should be driven true to enable
conmuni cati ons.
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3.3 Digital 1/0

The MI488A's digital 1/O provides up to 32 Bits of Bi-directiona
digital input/output. The four 8 bit ports are isolated fromthe
m croprocessor and the conmuni cations interfaces with high speed
opto-isolators affording a 2500 VAC isol ation barrier.

The digital 1/Oport 1Cs, Us1-U53, are Phillips PCF8574 chips.

These parts are renote 8 bit 1/0 expanders for the 12C bus. Their 12C
interface is a two wire serial interface which sinplifies optica

i sol ation.

The interface signals consist of:

a. Serial Gk SCL (Us1-14)
b. Serial Data SDA (U51-15)

The 1?C interface incorporates a serial addressing system whereby data
can be witten to or read froma specific port anbng up to 8 ports

whi ch are connected in parallel. The port address is configured by
three pins on each chip, A0 (Pin 1), Al (Pin 2) and A2 (Pin 3).

These three address pins allow 8 devices to be individually addressed
on the sane serial bus. In the MI488A system U51 is at address O,

Us52 is at address 1 , Us3 is at address 2 and U54 is at address 3.

Each pin on these ports can sink up to 10 ma and source up to 30 uA
Addi ti onal source current can be provided by the pull up resistor
networks RN21 thru RN24. The ports are quasi bi-directional which
means they can be used as inputs or outputs. The m croprocessor can
read any pin by first setting the port to high, which engages a high
i npedance pull -up, and then the processor read the pins.

The digital signals, SDA and SCL are nmni pul ated by the

m croprocessor via the 8 bit addressable latch, U61 and are isol ated
by opto-isolator U47. The interrupt and read data are isolated by
opto-isolator U48. The read data is connected to input port U71
(74HC541) .
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3.4 Smart Core Features

The Smart Core(tm features a Z180 CPU runni ng at

4, Smart Core bl ock diagram.

The Smart Core onboard nmenory consists of:

a.
b.
cC.

O her

——TQ 0o

DMA Request == (@) PRTs

SRAM 32K to 128K Battery Backed.
EPROM 32K to 128K .
EEPROM 512 bytes.

Smart Core peripherals are:

Real -time C ock
Reset and Power Failure Supervisor.

Serial Interface for program devel opnent.

Serial Interface for the application.
Two programmabl e tiners.
Two DMA channel s.

March 2000

9.216 Mhz. (Figure

Menory decodi ng for external devices (/CS1-/CS6).

Serial 1O <%= 2180

DMA End et g;g:;‘:l(f;?nels SRAM EPROM

IMorrupt s>t MMU 32K-512K 32K~512K -—— +5V

1 Y -——— GND
Supervisor VRAM ATC
Watchdog Timer

VBAT — 3 pPowar Fariure Waming A

CS

Reset Control

/5 AM

Battery Backup Control

Figure 3, SmartCore Bl ock Di agram

3.5 Power Supply Features

The Mr488A features a swi tching power supply.

provi des power to the conputer

sections.

Page 9
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4.0 Operating Instructions

4.1 Unpacking

If the shipping carton is damaged on receipt call the carrier

i mredi ately. Then inspect the MI488A for danmmged or | oose
conponents. If there is any damage notify your sales agent to obtain
RMA aut hori zati on.

4.2 Setup and Configuration

The MI488A is ready to operate without any calibration or setup. To
begi n programm ng the MI488A for your application put the Run/Program
switch in the Program position and apply power (See figure 5). Then
connect up the progranm ng port to your |IBM PC compati bl e conputer
and start Dynam c C on your PC.

|EEE 488 Port Power Port

7-24VDC

— VFD

Keypad

——— Run/Program
Switch

Programming

Port Digital 1/O

Port

Figure 4 MI488A Interfaces
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4.3 Software Installation

4.3.1 Dynamic C

a) Install Dynamic C per the installation directions included with
your Dynam ¢ C docunentation

432 Libraries

a) Copy the MI488AV2 Library (Mr488Av2.LIB) fromthe supplied disk to
your Dynamic C library subdirectory (\LIB).

b) Add the MI488AV2.LIB library entry to the LIB.DIR file in your
Dynami ¢ C sub-directory using notepad or other text processor.

4.3.3 Example Programs

a) Copy the exanple programs fromthe supplied disk to an exanple
directory on your hard drive.
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pge Dynamic C Deluxe 5.20
File Edit Compile Bun Inspect Optionz  Window Help

[o]eB 2] (& em] []edEe] (¥ [l %] [ Edit [compile] [Assemb]| Regs | stack || €

D:AJOBS\MTA488A~1\RCALCRYA.C

TATnit() ; =]
hitwdi);

JEEEEERET ipitialize the MT4G8A I/0 sweswssass;
init_iaof):

ui=re; SAdt=dumb terminal, de=dynamic ¢ stdio, kleod=kevboard and LCD, re=infrared r
FEEEEEEE Tnitialize the serial port FFFFwFaFww/
reload wec(ld,Del_circ_int); Fithis line always recquired before initializing seri
Dinit_z0(srbuf,stbuf ,FEUFIIZE, TEUFSIEZE, MODE, IBAUD, HNO_MODEM, ECHO ):
FEEEEEEE Bet the MT4584 GPIE address 17 F#Fa&Fsass/

add4dgg=17; SANT4884 address
JEEEEEF® Tnitialize the National Instruments GPIE AZIC FFFFawsas/
Bt (init_ass()==-1) {
sprintf (buf,"VECould not initialize Natational Instruments IEEE 435 43IC™);
tprintf (buf); _I

'

JEEEREEE Ber the scope to GPIE address § 2 #F#a&*&as)
PADL =6;
JSEEREEEEE Tpnitialize the driwer for the scope FEREREEREER S
if ({osc = ibdew(0, PAD_, O, Tl0s, 1, O0)) < 0O) {
gprintfibuf,"\£Could not open 03C_01 dewice™):
tprintf (buf):
'

JSEEEREEE pur the scope in Bemote REN ####s&ass/f

ibreniozc): I

Ali—Camtl7i—Cambnffli—Cemlaff?i—Cedalasri—2atimai—0s hd
AT v
n int 8 (0x0008) =]
L: 176 C:4
add48s int 17 (0x@811)
n int 8 {0x0808) _

-

A aw

Line 176 | Col 4 | Insert | Stopped  |IntOn |
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5.0 Programming

The Dynamic C libraries included with the MI488A devel opnent package
have interfaces for all of the Smart Core standard peripherals
i ncl uding EEPROM Serial Ports, Real time clock, etc.

The Mr488A specific drivers provide a high level interface to all of
the MIr488A specific peripherals.

The follow ng are the device specific commands fromthe M488AV2. LI B
file.

Ti dal Engi neering Copyri ght 1997-1998
| EEE 488 and peripheral driver routines for the MI488A Mnitest controller.

5.1 MT488A IEEE 488 User Functions

ibloc <MT488A.LIB>
SYNTAX: int ibloc(ud);
KEYWORDS: i b, |ocal

DESCRI PTI ON: Set the specified GPIB device to | ocal,
RETURN VALUE: None.

ibren <M T488A.LIB>

SYNTAX: int ibren(int ud);

KEYWORDS: renote enabl e, GPIB,|EEE 488

DESCRI PTI ON: Renote enabl e the specified GPlI B device
RETURN VALUE: None.

ibdev <MT488A.LIB>

SYNTAX: int ibdev(int boardl D, int pad, int sad, int tno, int eot, int eos)
KEYWORDS: GPI B, | EEE 488
DESCRI PTI ON: Opens a GPIB device. Wite paranters to the device structure as
follows. Only pad is used currently.

devi ce[ devi ces] . pad=pad,;

devi ce[ devi ces] . sad=sad,;

devi ce[ devi ces] . eot =eot ;

devi ce[ devi ces] . t np=t no;

devi ce[ devi ces] . eos=eo0s;
RETURN VALUE: The handle to the device, else -1 if failed. (15 devices
maxi mum .

ibclr <MT488A.LIB>

SYNTAX: void ibclr(int ud);

KEYWORDS: device clear, GPIB,|EEE 488

DESCRIPTION: Clears a GPIB device. Ud is the device handl e assi gned by i bdev.
RETURN VALUE: None.

init_488 <MT488A.LIB>
SYNTAX: int init_488()
KEYWORDS:  Initialize GPIB,|EEE 488

DESCRIPTION: Initializes the MI488A GPIB control |l er.
RETURN VALUE: None.
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ibrd <MT488A.LIB>

SYNTAX: int ibrd(int ud, char *buffer, long cnt)

KEYWORDS: GPI B read

DESCRI PTI ON: Read data fromthe specified device at address ud
Data stored at buffer
cnt is the nunber of characters to rd.

RETURN VALUE: None. Sets ibsta is there is an error during this operation.

ibwrt <M T488A.LIB>

SYNTAX: int ibwt(int ud, char *buffer, long cnt)
KEYWORDS: GPIB wite
DESCRIPTION: Wite data to the specified device at address ud
Data is stored at buffer
cnt is the nunber of characters to rd.
This operation is synchronous, it doesn’t return until the transfer is
conplete or a time-out has occurred
RETURN VALUE: None. Sets ibsta is there is an error during this operation.

ieee send <MT488AV2LIB>

SYNTAX: void ieee_send();

KEYWORDS: | EEE 488 data, GPIB

DESCRI PTI ON:  Send data out the | EEE 488 port
RETURN VALUE: none

5.2 MT488A IEEE 488 Internal Functions
The follow ng functions are not directly called by the user program

wait_sync <MT488AV2.LIB>*

SYNTAX: void wait_sync(void)

KEYWORDS: wait GPIB

DESCRI PTION: Wit for GPIB data to be finished
RETURN VALUE: None.

wait4co <M T488AV2.L|B>*

SYNTAX: int waitd4co(void)
KEYWORDS: wait GPlI B command
DESCRI PTION: Wait for GPIB command to be fini shed
RETURN VALUE: Returns 0) for Tinmeout
-1 for Error
1 if successful

ieee_cmd <MT488AV2.LIB>
SYNTAX: int ieee_cnd(int cnd)
KEYWORDS: send GPlI B command
DESCRI PTI ON: Send a GPlI B command
RETURN VALUE: Returns 0) for Tinmeout
-1 for Error
1 if successful

ieee 488 <MT488A.LIB>*

SYNTAX: void i eee_488();
KEYWCRDS: GPIB Interrupt, Interrupt
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DESCRI PTI ON: I nterrupt handler for |EEE 488 (GPIB) interface. Should not be

called directly by user program used only by library.
RETURN VALUE: None.

dspCIC <MT488AV2.LIB>

SYNTAX: void dspC ()

KEYWORDS: Control | er-in-Charge

DESCRI PTI ON: Becone Controller in charge
RETURN VALUE: None.

5.3 MT488A Peripheral Functions

eef rd  <MT488AV2LIB>

SYNTAX: float eef_rd(int address)
KEYWORDS: eef rd float EEPROM

DESCRI PTI ON: Does a read of a float fromthe EEPROM 4 bytes used.

requested is int address.
RETURN VALUE: Returns the float val ue.

eef_wr <MT488AV2.LIB>

SYNTAX: void eef_w (int address, float data)

KEYWORDS: eef w fl oat EEPROM

DESCRI PTION: Does a wite of a float to the EEPROM 4 bytes used.
to be witten is int address. The data is float data.

RETURN VALUE: none

read_a2d <MT488AV2.LIB>

SYNTAX: int read_a2d(int chan)

KEYWORDS: ADC, Analog to Digital Converter
DESCRI PTI ON: Read Analog to Digital Converter
RETURN VALUE: ADC result

dac_wr <MT488AV2.LIB>

SYNTAX: void dac_w (int address,int data)

KEYWORDS: dac_w, Digital to Anal og Converter
DESCRIPTION: Wites the data to the addressed dac channel
RETURN VALUE: none

wr_pio <MT488AV2.LIB>
SYNTAX: void w _pio(int port);
KEYWORDS: pi o, parallel data port
DESCRIPTION: Wite to digital port
RETURN VALUE: none

rd_pio <MT488AV2LIB>
SYNTAX: int rd_pio(int port);

KEYWORDS: pio, parallel data port
DESCRI PTI ON: Read digital port

RETURN VALUE: none
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rs232_send <MT488AV2.LIB>

SYNTAX: void rs232_send();

KEYWORDS: RS232 dat a

DESCRI PTI ON:  Send data out the RS-232 port
RETURN VALUE: none

hand_C64 <MT488AV2.LIB>*

SYNTAX: voi d hand_C64 ()

KEYWORDS: hand_C64

DESCRI PTI ON:  Hand shakes with C64 peripheral controller
RETURN VALUE: none

i2c_write <MT488AV2.LIB>

SYNTAX: void i2c_wite(int data)

KEYWORDS: i2c_ wite

DESCRI PTI ON: Does an 12C wite through the C64 peripheral controller
RETURN VALUE: none

i2c_read <MT488AV2.LIB>

SYNTAX: void i2c_read(int flag)

KEYWORDS: i 2c_read

DESCRI PTI ON: Does an 12C read through the C64 peripheral controller. The flag
is set to 1 if nore bytes will be read. Flag is set to O if this is the |ast
byte to be transferred.

RETURN VALUE: none

i2c_start <MT488AV2.LIB>

SYNTAX: void i2c_start()

KEYWORDS: i2c_start

DESCRI PTI ON: Does an 12C start through the C64 peripheral controller
RETURN VALUE: none

i2c_stop <MT488AV2.LIB>

SYNTAX: void i2c_stop()

KEYWORDS: i 2c_stop

DESCRI PTI ON: Does an 12C stop through the C64 peripheral controller
RETURN VALUE: none

adc rd <MT488AV2.LIB>

SYNTAX: int adc_rd(int ad_add)

KEYWORDS: adc_rd Analog to Digital Conversion

DESCRI PTI ON: Does an ADC read through the C64 peripheral controller. The

sel ected channel is ad_add (typically O thru 2).

RETURN VALUE: The integer value of the result 0 to 4095 for 12 bit converter.

dio_wr <MT488AV2.L1B>

SYNTAX: void dio_w (int add, int dd)

KEYWORDS: dio_w Wite to digital 1/0 Port

DESCRI PTION: Does a wite to digital 1/0 Port through the C64 peripheral
controller. Add is the port address, O thru 3. Dd is the data, O thru 255
RETURN VALUE: none
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rd_pio <MT488AV2LIB>

SYNTAX: int rd_pio(int ad_add)

KEYWORDS: rd_pio Read fromdigital /0O Port

DESCRI PTI ON: Does a Read fromdigital I/0O Port through the C64 peripheral
controller. Ad_dd is the port address, O thru 3.

RETURN VALUE: The value is returned (0 thru 255)

rd_pic <MT488AV2LIB>

SYNTAX: int rd_pic(int address)

KEYWORDS: rd_pic C64

DESCRI PTI ON: Does a read fromthe C64 peripheral controller. Address
requested is int address.

RETURN VALUE: Returns the value of the nenory |ocation or port addressed.

wr_pic <MT488AV2.LIB>

SYNTAX: void w _pic(int address, int data)

KEYWORDS: w _pic C64

DESCRI PTION: Does a wite to the C64 peripheral controller. . Address to be
witten is int address. The data to be witten is int data.

RETURN VALUE: none

5.4 MT488A Other Functions

delay ms <MT488AV2.LIB>

SYNTAX: void delay_ns(int ns)

KEYWORDS: del ay_ns

DESCRI PTI ON: Del ays ns m | liseconds (approxi mate based on 9. 18MHz processor)
RETURN VALUE: none

init_io <MT488AV2.LIB>

SYNTAX: void init_io()

KEYWORDS: init_io

DESCRI PTION: Sets up the I/Oin the MI488A. Initializes wait states. N dears
the C64 controller.

RETURN VALUE: none
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6.0 Example Programs
6.1 Example Program Source(RCALECRY.C)
/1 This programruns on the MI488A- RC
//the Infrared Renote Controlled | EEE 488 Controller.
/***************************************************
Ti dal Engineering (c) 1998
www. gti.net/tidal eng
1- 800- 877- 0510
RCALECRY. C
Infrared (IR) Renpte Controlled Oscill oscope
Lecroy 9310
Scope GPI B address should be set to 6
****************************************************/
#use vdriver.lib
#use driver.lib
#use MI488AV2. LI B
/************ HardV\Bre Setup ***************/
#define C64_ADD 7 //from sbc488an
#define C64_DAT 8
#define WR 16 /1 from sbc488an
[ R F kKK kK ok kK Buf fer setups and gl obal defines FoRok Kk Kk k ok ko k ok kK
#defi ne TBUFSI ZE 384 /'l size of transmt buffer
#defi ne RBUFSI ZE 384 /'l size of receive buffer

#define ieee_in_len 128
#define ieee_out _len 128
#define false 0

#defi ne true -1

[*rxxxxxxxxkx User | nterface codes defined ****x*x*xrdxs]
#define kil cd 1 /| keyboard and LCD

#defi ne dt 2 //dunb term nal,

#define dc 3 //dynamc ¢ stdio

#define rc 4 /linfrared renote control

[*FFxx&xxxA**%X Communi cation paranmters defined **x**xxkkxksx)
#defi ne | BAUD 9600/ 1200 /! baud rate

char MODE = 4; /! 8 data, no parity, 1 stop
char NO_MODEM = O; // we don't want nodem
char ECHO = 0; // we do not want character echo

int sys_cont;
char key[1];

char ui;
i nt devices,ibsta, add488, stb, esr;
[FrRxxxxxxxxkx GP|IB tineout and device structure ****xx*xxkxrdxsk]
#defi ne t o488 2 // timeout in 2 seconds
t ypedef struct{
i nt pad;
i nt sad;
int tno;
int eot;
i nt eos;
} gbi bdev;
gbi bdev devi ce[ max_dev];

char ieee_in[ieee_in_len],*ieee_in_ptr;
char st buf [ TBUFSI ZF] ; /1 transmt buffer
char srbuf [ RBUFSI ZE] ; /'l receive buffer

March 2000

char buf[ RBUFSI ZE+1] ; /1 dummy buffer for receiving a conpl ete comand
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char s, t,data;
char tbuf[ieee_out_len], rbuf[ieee_in_len];

/************ Inkey fUnCtIOﬂ ****************/

int in_key(char *data){ //n=in_key(key);//n=Dread_z0Olch(key); int
int n;
*dat a=0;

n=Dr ead_z0lch(data);
if (strlen(data)==0)
n=0;
el se
n=1;
return (n);

/************** tprlntf (not used |n RC) *************/
void tprintf( char *buft) {
char buff[40], * gg;
i nt del;
gg="\f";
switch(ui) {
case klcd: Dwite_z0 (buft,strlen(buft)); break;

case dc: printf(buft); break;
case dt: Damite z0 (buft,strlen(buft)); break;
defaul t:

/1 do not hing when ui=rc
}

/************** NBII"I FUnCtIOﬂ *************/
/************** NBII"I FUnCtIOﬂ *************/

mai n() {
int i;
i nt osc;
unsi gned int chan;
int ii,n,j,z,v,PAD;

char tenp[25];

/* The followi ng character strings set the Lecroy delay tinme */
char *del ay[] ={"TRDL 0\ Oxa",
"TRDL 20\ Oxa"
"TRDL 40\ Oxa"
"TRDL 60\ Oxa",
"TRDL 80\ 0xa",
"TRDL 100\ Oxa"};
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Dread_zOlch(char *data);

/* The followi ng character strings set the Lecroy's channel 1 Volts/Division */

char *chil[]={ "Cl: VDI V 50m\\ Oxa",
"Cl: VDIV 100mWA\ Oxa",
"Cl: VDIV 200nm\ Oxa",
"Cl: VDI V 500m\\ Oxa",
"Cl: VDIV 1W 0Oxa",
"Cl: VDI V 2W Oxa",
"Cl: VDIV 5\\ Oxa"};

/* The followi ng character stri ngs set the Lecroy's channel 2 Volts/Division */

char *ch2[] { C2: VDI V 50n\W\ Oxa"
VDIV 100mW Oxa"
VDIV 200mW\ Oxa"
VDIV 500mA Oxa",
VDIV 1W Oxa",
VDIV 2W Oxa",
VDIV 5M\ 0xa"};

ééééés

/* The followi ng character strings set the Lecroy's channel 1 offset voltage */

char *choffl[] ={"Cl: OFST -5W 0Oxa",
"Cl: OFST -.2W 0xa"
"Cl: OFST -.1W Oxa"
"Cl: OFST OV\ Ooxa",
"Cl: OFST . 1W\ 0xa",
"Cl: OFST .2W 0xa",
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"Cl: OFST .5\ 0xa"};

/* The followi ng character strings set the Lecroy's channel 2 offset voltage */

char *choff2[] { C2: OFST -5W 0xa",
: OFST -. 2V Oxa"
:O:ST . IV Oxa"

1 OFST OV\ Oxa",

: OFST . 1V Oxa",

: OFST . 2\W\ Oxa",
:OFST .5\\W0xa"};

ééééés

/* The followi ng character strings set the Lecroy's sweep */
char *tinmg[]=
{"TDIV . 0lns\ Oxa",
"TDIV . 02ns\ Oxa",
"TDI V . 05ns\ Oxa",
"TDI V . 1ns\ Oxa",
"TDIV . 2ns\ Oxa",
"TDI V . 58\ Oxa",
"TDI V 1ns\ Oxa",
"TDI V 2ns\ Oxa",
"TDI V 5ns\ Oxa",
"TDI V 10ns\ Oxa",
"TDI V 20ns\ Oxa",
"TDI V 50ns\ Oxa",
"TDI V 100ns\ Oxa"
"TDI V 200ns\ Oxa"
"TDI V 500ns\ Oxa"
"TDI V 1s\0Oxa",
"TDI V 2s\ 0xa"};

int chli,ch2i,choffli,choff2i,tinei,donel, del ayi;

[**xx%%x*x injtialize the Dynamic C virtual driver ****xx%¥xxx/
vdlnit();
hi twd();

[rxxxxxx% jnjitialize the MI488A |/ Q **xxxxxxxx/
init_io();

ui=rc; //dt=dunb term nal, dc=dynami c c stdio, klcd=keyboard and LCD,

[***x%%* |njitialize the serial port ***xx%¥*xx/

rc=infrared renpote

rel oad_vec(14,Dz0_circ_int); //this line always required before initializing serial

port O

Di ni t _zO(srbuf, st buf, RBUFSI ZE, TBUFSI ZE, MODE, | BAUD, NO MODEM ECHO );

[ ****xxx% Gat the MI488A GPI B address 17 *x***x*%x/
add488=17; /| MT4A88A addr ess
[*****x** |nitialize the National Instrunents GPIB ASIC *****x*xx/
if (init_488()==-1)

sprintf(buf,"\fCould not initialize Natational Instrunents |EEE 488 ASIC'");

tprintf (buf);

[***xx%%x Sat the scope to GPIB address 6 **xx**xxx%/
PAD_=6;
[***xx%%x |njitialize the driver for the scope R |
if ((osc = ibdev(0, PAD, 0, T10s, 1, 0)) < 0) {
sprintf(buf,"\fCould not open OSC 01 device");
tprintf (buf);

[*****%x Pyt the scope in Renbte REN ******xxxx/
i bren(osc); /1
chli =5; ch2i =5; chof f 1i =5; chof f 2i =5; del ayi =3; ti mei =0;
i bwrt(osc, chlfchli], strlen(chl[chli]));
if (ibsta & ERR) tprintf(" Could not wite to device\n\r");
i bwrt(osc, ch2[ch2i], strlen(ch2[ch2i]));
if (ibsta & ERR) tprintf(" Could not wite to device\n\r");
ibwt(osc, time[tinei], strlen(tine[tinei]));
if (ibsta & ERR) tprintf(" Could not wite to device\n\r");
Dreset _zOrbuf ();

/******* NBII"I |00p ****************************/
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while(1) {
[**xx%x%x \Watch for a key press on the IR Renpte ****x**xx/
n=i n_key(key); // *key=getchar(); use this line to enable stdio control

if (n==1){
switch(*key) {

case 'a': /1 Step up through Channel 1, V/IDiv table
i f(++chli <7) ibwt(osc, chl[chli], strlen(chl[chli]));
el se chli =6;
br eak;

case 'd': /'l Step down through Channel 1, V/Div table
if(--chli>=0) ibwt(osc, chl[chli], strlen(chl[chli]));
el se chili =0;
br eak;

case 'b': /1 Step up through Channel 2, V/IDiv table
i f(++ch2i <7) ibwt(osc, ch2[ch2i], strlen(ch2[ch2i]));
el se ch2i =6;
br eak;

case 'e': /1 Step down through Channel 2, V/Div table
if(--ch2i>=0) ibwt(osc, ch2[ch2i], strlen(ch2[ch2i]));
el se ch2i =0;
br eak;

case 'c': /1 Step up through sweep table
if(++tinei!=17) ibwt(osc, tine[tinmei], strlen(time[tinei]));
el se tinei=16;
br eak;

case 'f': /1 Step down through sweep table
if(--tinmei>=0) ibwt(osc, tinme[tinei], strlen(tine[tinei]));
el se tinei=0;
br eak;

case 'g': /'l Step up through Channel 1, offset table
i f(++choffli<7) ibwt(osc, choffl[choffli], strlen(chl[choffli]));
el se choff 1i =6;
br eak;

case 'j': /1 Step down through Channel 1, offset table
i f(--choffli>=0) ibwt(osc, choffl[choffli], strlen(chl[choffli]));
el se choff 1i =0;
br eak;

case 'h': /'l Step up through Channel 2, V offset table
i f(++choff2i<7) ibwt(osc, choff2[choff2i], strlen(choff2[choff2i]));
el se chof f 2i =6;
br eak;

case 'k': /'l Step down through Channel 2, V offset table
i f(--choff2i>=0) ibwt(osc, choff2[choff2i], strlen(ch2[choff2i]));
el se choff 2i =0;
br eak;

case 'i': /1 Step up through delay table
i f(++del ayi <6) ibwt(osc, delay[delayi], strlen(delay[delayi]));
el se del ayi =5;
br eak;

case 'I|": /1 Step down through delay table
i f(--delayi>=0) ibwt(osc, delay[delayi], strlen(delay[delayi]));
el se del ayi =0;
br eak;

case 'ni: /1l Auto sweep
i bwt(osc, "TRVMD AUTO Oxa", 10);
br eak;

case 'n': /1 Normal Sweep
i bwt(osc, "TRVD NORM Oxa", 10);
br eak;

case '0': /'l Single seep
i bwt(osc, "TRMD SINGLE\ Oxa", 12);
br eak;

defaul t:
br eak;

}
del ay_ns(250);
Dreset _zOrbuf();
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}//if character received, i.e. if (n==1)
Y/ I While(l) |oop
}// Main
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6.2 Example Program Source(MTALECRYC.C)
/1 This programruns on the MI488A hand-held | EEE 488 Controll er

/***************************************************
Ti dal Engineering (c) 1998
www. gti.net/tidal eng
1-800- 877- 0510
MIALECRYC. C
MI488A hand- hel d exanple, controls
Lecroy 9310

****************************************************/

#use vdriver.lib
#use driver.lib
#use MI488AV2. LI B

/************ HardV\Bre Setup ***************/
#define C64_ADD 7 //from sbc488an
#define C64_DAT 8

#defi ne WR 16 //from sbc488an

[ Rk KKk ke k kK Buf fer setups and gl obal defines FoRok kK ok k ok ko k kKK
#def i ne TBUFSI| ZE 384 /]l size of transmt buffer

#def i ne RBUFS| ZE 384 /1l size of receive buffer

#define ieee_in_len 128
#define ieee_out_len 128
#define false O

#defi ne true -1

[*rxxxxxxxxkx User | nterface codes defined ****x*x*xrdxs]
#define kil cd 1 /| keyboard and LCD

#defi ne dt 2 //dunb term nal,

#define dc 3 //dynamc ¢ stdio

#define rc 4 /linfrared renote control

[*FFxx&xxxx*x%X Communi cation paranmters defined **x**xx*kxksx)
#defi ne | BAUD 9600/ 1200 /! baud rate

char MODE = 4; /1 8 data, no parity, 1 stop
char NO_MODEM = 0; // we don't want nodem
char ECHO = 0; // we do not want character echo

int sys_cont;
char key[1];

char ui;
int devices,ibsta, add488, stb, esr;
[FrRxAxxxxkxkx GP|IB tineout and device structure ****xx*xxxrdxsk]
#defi ne t o488 2 // timeout in 2 seconds
typedef struct{
int pad;
int sad;
int tno;
int eot;
int eos;
} gbi bdev;
gbi bdev devi ce[ max_dev];

char ieee_in[ieee_in_len],*ieee_in_ptr;
char st buf [ TBUFSI ZE] ; /1 transmt buffer
char srbuf [ RBUFSI ZE] ; /'l receive buffer
char buf[ RBUFSI ZE+1] ; /1 dummy buffer for receiving a conplete comand
char s, t,data;
char tbuf[ieee_out_len], rbuf[ieee_in_len];
char bofer[45];

/************ Inkey functlon ****************/

int in_key(char *data){ //n=in_key(key);//n=Dread_zOlch(key); int Dread_zOlch(char *data);
int n;
*dat a=0;
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n=Dr ead_z0lch(data);
if (strlen(data)==0)
n=0;
el se
n=1;
return (n);
/************** tprl ntf (not used |n RC) *************/

void tprintf( char *buft) {

char buff[40], * gg;
i nt del;
gg="\f";
switch(ui) {
case klcd: Dwite_z0 (buft,strlen(buft)); break;
case dc: printf(buft); break;
case dt: Damite z0 (buft,strlen(buft)); break;
defaul t:
/1 do not hing when ui=rc
}
b
void input( char *buft) ({
switch(ui) {
case klcd: while (Dread_zO(buft, ENTER) == 0 ){}; break;
case dc: gets(buft); break;
case dt: while (Dread_zO(buft, ENTER) == 0 ){}; break;

}

/************** NBII"I FUnCtIOﬂ *************/

/************** NBII"I FUnCtIOﬂ *************/

mai n() {
int i;
i nt osc;

unsi gned int chan;

int ii,n,j,z,v,PAD, donel;

char tenp[25];

/************** Inlt Strl ngs for Lecroy 9310*****************/

char *chl[]="Cl: VD V 50m\ Oxa";

char *ch2[]="C2: VDV 50m\ Oxa";

char *tinme[]="TDIV 50ns\ 0xa";

/1 1 1 1 /1
char *nmenu= "\fMI488A DenonstrationTo Adjust Scope F1 = chl, F2 = ch2 F3 = tinme\n";
vdlnit(); /1 initialize the virtual driver

hi twd() ;

init_io();

donel=f al se;
ui =kl cd;

rel oad_vec(14,Dz0_circ_int);
port O

Di nit_zO0O(srbuf, st buf, RBUFSI ZE, TBUFSI ZE, MODE,

/] dt =dunb term nal,

dc=dyanam c c¢ stdi o, kl cd=keyboard and LCD
//this line always required before initializing serial

| BAUD, NO _MODEM ECHO );

tprintf ("\fTidal\nEngi neering\nPress ENTER key\nto continue");

i nput (buf);
add488=17;
tprintf ("\fEnter
i nput (buf);

if ((strlen(buf))!=0) add488=

if (init_488()==-1) {

sprintf(buf,"\fCould not
tprintf (buf);

/] MT488A addr ess

MI488A addr ess and\ nPress ENTER key\n(defaul t=17)");

at of (buf);

initialize Natational Instruments | EEE 488 ASIC');

}
tprintf ("\fEnter Scope GPlBaddress and\nPress ENTER key\n(default=6)");

i nput (buf);
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if ((strlen(buf))==0) {
PAD_=6;

el se {
PAD_=at of (buf);

if ((osc = ibdev(0, PAD, 0, T10s, 1, 0)) < 0) {
sprintf(buf,"\fCould not open OSC 01 device");
tprintf (buf);

}

i bren(osc); //Put GCscillator in REN

tprintf (menu);
i bwt(osc, chl[0], strlen(chl[0]));

if (ibsta & ERR) tprintf(" Could not wite to device\n\r");
i bwt(osc, ch2[0], strlen(ch2[0]));
if (ibsta & ERR) tprintf(" Could not wite to device\n\r");
ibwt(osc, time[0], strlen(tine[0]));
if (ibsta & ERR) tprintf(" Could not wite to device\n\r");
while(1) {
n=i n_key(key);//n=Dread_zOlch(key); int Dread_zOlch(char *data);
if (n==1){
i ++:
switch(*key) {
case 'A':
tprintf ("\fEnter volts/div\nfor channel 1\nthen press enter\n");
i nput (buf);

sprintf(bofer, "Cl:VDV %W O0xa", buf);
i bwt(osc, bofer, strlen(bofer));
br eak;
case 'B':
tprintf ("\fEnter volts/div\nfor channel 2\nthen press enter\n");
i nput (buf);
sprintf(bofer, "C2:VDV %W O0xa", buf);
i bwt(osc, bofer, strlen(bofer));
br eak;
case 'C:
tprintf ("\fEnter ns/div\nfor channel 1\nthen press enter\n");
i nput (buf);
sprintf(bofer, "TDIV % ns\0xa", buf);
i bwt(osc, bofer, strlen(bofer));
br eak;
defaul t:
tprintf ("\fUndefined key press\nPress enter key\nto continue\n");
i nput (buf);
br eak;

tprintf (nenu);
del ay_ns(250);
Dreset _zOrbuf();

}
i f (donel) break;
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FAULT CONDI TI ON PROBABLE CAUSE

CHECK, REMEDY

No | EEE- 488 Address errors
Conmuni cati ons Note 3

Term nati on

| EEE- 488 Cabl e
MT488A Power
Suppl i es

Smart Core Failure

7210 Chip failure

MIr488A Dip swtch.
Valid addresses are O
thru 30

Control program address
Check control program
term nation, CR, LF and
EO

Repl ace Cabl e

Check power supplies on
MT488A (U7).

Check data bus for
activity

Check Interrupt |ine out
of 7210 during
transm ssi on.

No RS-232 Address errors
Conmuni cati ons Note 3
Format error

RS- 232 Cabl e
MT488A Power
Suppl i es

Smart Core Failure

RS- 232 transcei ver
Chip failure

MI488A Dip switch. Vvalid
address is 31.

Term nal program set for
9600, N, 8,1

Repl ace Cabl e

Check power supplies on
MT488A (U7).

Check data bus for
activity

Check U85 RX and TX lines
during transm ssi on

D/ A out voltage D/ A power supply
error
Opt o- 1 sol at or
failure

Vol t age reference
DA IC failure
Control software

Check D/ A power supply
vol tage (Ul and W2)

Check U41 and W42 out puts
whi | e commandi ng vol t age
change.

Check U21 for 2.50 VDC
Repl ace Ull

Check data for errors

A/ D Readback A/ D power supply

error

note 1 Opt o- 1 sol at or
failure

Vol t age reference
AID IC failure.
Control software

Check A/ D power supply
vol tage (U5 and U3)
Check U43, W6 and U45
out puts whil e reading
vol t age over bus.
Check U22 for 2.50 VDC
Repl ace W90

Check data for errors
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FAULT CONDI TI ON PROBABLE CAUSE CHECK, REMEDY
Digital Readback Digital power Check power supply
error supply vol t age (U6)
Opt o- 1 sol at or Check U48 and WA7 out puts
failure whil e reading digital
over bus
Control software Check data for errors
Port IC failure Repl ace port 1C U51, U52
or US3
Vol t age | evel s Verify input voltage
| evel s are valid (See
section 2)
Digital set Digital power Check power supply
error supply vol t age (U6)
Opt o- 1 sol at or Check U48 and WA7 out puts
failure whil e reading digital
over bus
Control software Check data for errors
Port IC failure Repl ace port 1C U51, U52
or US3
| oad current Verify | oad current
note 2 | evel s are valid (See
section 2)
Not es:

1. A/D input voltages outside of specified input
ICto latch and fail

range may cause the
2. Digital output ports may require a pull up resistor for certain
| oads since the source current available is |ow

3. Always cycl e MI488A power after changing program run setting.
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7.1 Digital /0O Wrap Around Test Connector

The follow ng connector wiring can be used with MIADI GTS. C program to
test the operation of the optional digital input output port.

Connect Pin Name/ Descri ption Pin Nanme/ Descri ption
1 +5 VDC Power

1 24 D1-LSB Data 0 1/ 0O 20 DO-LSB Data 0 1/ 0O

2 6 D1 Data 1 1/0 2 DO Data 1 1/0

3 25 D1 Data 2 1/0O 21 DO Data 2 1/0O

4 7 D1 Data 3 1/0 3 DO Data 3 1/0

5 26 D1 Data 4 1/0O 22 DO Data 4 1/0O

6 8 D1 Data 5 1/0 4 DO Data 5 1/0

7 27 D1 Data 6 1/0O 23 DO Data 6 1/0O

8 9 D1-MSB Data 7 1/ 0O 5 DO- MSB Data 7 1/ 0O

9 32 D3-LSB Data 0 1/0O 28 D2-LSB Data 0 1/ 0O

10 14 D3 Data 1 1/0 10 D2 Data 1 1/0

11 33 D3 Data 2 1/0O 29 D2 Data 2 1/0O

12 15 D3 Data 3 1/0 11 D2 Data 3 1/0

13 34 D3 Data 4 1/0O 30 D2 Data 4 1/0O

14 16 D3 Data 5 1/0 12 D2 Data 5 1/0

15 35 D3 Data 6 1/0O 31 D2 Data 6 1/0O

16 17 D3-MSB Data 7 1/ 0O 13 D2-MSB Data 7 1/ 0O
36 Power Return
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