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HANDLING PRECAUTIONS

STATICELECTRICITY

The CMOS integrated circuits on the 4130 can be damaged by exposure to electrostatic
discharges. The following precautions should be taken when handling the 4130 to prevent
possibledamage.

A.Leavethe4l30initsantistatic bag until needed.

B. All work should be performed at an antistatic workstation.

C. Ground equipment intowhich 4130will beinstalled.

D. Ground handling personnel with conductivebracel et through 1 megohm resistor
toground

E. Avoidwearing syntheticfabrics, particularly Nylon.
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INTRODUCTION

GENERAL

The MESA 4130 is astackable PC/104 card with four 32 bit up/down counters with quadrature
count inputs and per channel index inputs. The 4130 is intended for robotic, motor control,
measurement, and i nstrumentation applications.

The4l30hasselectable TTL or RS-422 levelsonitsquadratureand index inputs. TTL or RS-422
operation isjumper selectablein groups of two channels. The TTL inputs have pullup resistors and
RC / Schmitt filtering. The differential RS-422 inputs are suited for longer cable lengths and have
optional termination. Eachtimealogic transition occursat one of the quadratureinputs, the count is
incremented or decremented, providing aresol ution of four timestheline count of theencoder used.

The 4130 counters may cleared individually, or all counters may be cleared simultaneously.
Each counter has aseparate programmabl e count enabl e/disable with external index input. The 4130
can be programmed so that the count is synchronized with the external index signal. Index signal
polarity isjumper selectable.

Maximum count rate of the 4130is 1.5 million counts per second. Count rangeis-214748368 to
+214748367 or 0t04,294,967,295. One counter may be configured to provideatiming referencefor
velocity cal culationsinstead of quadratureinput. Thistiming referenceisa32 bit up counter running
at 500 KHz +-.01%.

The 4130 uses a50 pin header for 1/0 connections. The encoder inputsare arranged in groups of
10 pins per encoder. Each 10 pin group includes power and multiple grounds. 5V power onthel/O
connectorsisfused onthe4l30.

All 4130 model s can usethe 16 bit stack through type PC/104 bus architecture. Four layer circuit
card construction is used to minimize radiated EMI and provide optimum ground and power
integrity. The4l30requiresonly +5V for operation

The 4130 base address is set with jumpers, and can be located at four separate I/O locations
within the 1024 byte 1/0O address space of the PC/104 bus. Up to four 4130 cards may be used in a
system.
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CONFIGURATION

GENERAL

The4130 port addressand various other optionsare set with jumpers. Each group of jumperswill
be discussed separately by function. In the following discussions, when the words "up"”, "down",
"right", and "left" areused it isassumed that the 4130 1/O card is oriented with its bus connectors J1

and J2 at the bottom edge of the card (nearest the person doing the configuration).

DEFAULT JUMPER SETTINGS
Factory default 4130 jumperingisasfollows:

FUNCTION JUMPER(S) SETTING

4130 Baseaddress W5,W6 up,down-0210H

[nput type W1w3 right, right-TTL typeinputs
Chan 3timer option w2 right - Not enabled

Index polarity w7 right - Activelow

Clock option w4 right - Not implemented
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CONFIGURATION

DEFAULT JUMPER SETTINGS

X1

) 2 U;}EE(&* Wh
I N m f
us U6 DW'T D
577 H% H % ‘u USE UBE
||, 1., 0
e U g L
g UR1NBR u17 [Mesml] v20 ]
DZS utg 19
7m | ] m m u21

Page 9




4130 USER'S MANUAL

CONFIGURATION

BASE ADDRESS SELECTION

The base I/O address of the 4130 is selected by placing shorting jumpers on jumper blocks W5
and W6. Jumper blocksW5 and W6 havethree pinsand two valid shorting jumper locations, up, and
down. Thefollowing table showsthe base address settings:

BASE ADDRESS W5 W6

0200H down down
0208H down up
0210H (Default) up down
0218H up up

INPUT LEVEL SELECTION

JumpersW1landW3select TTL or RS-422levelsonthequadrature and index inputs. W1 selects
the input option for channels 2 and 3 while W3 selects the input option for channels 0 and 1. When
W1 or W3 areintheright hand position, TTL input levels are selected. When W1 or W3 arein the
left hand position, RS-422 levels are selected. Input levels for counter pairs 0-1 and 2-3 can be
sel ected independently, allowing amix of encoder types.

TIMER OPTION
To facilitate velocity calculations, counter 3 may be configured to provide atiming reference
instead of quadratureinput. Thistiming referenceisa32 bit up counter running at 500 KHz +- .01%.
To select thistiming reference W2 isplaced in theleft hand position. If W2 isplaced in theright
hand position, counter 3functionsasa the quadrature counter.
INDEX POLARITY SELECTION
Polarity of the index signals are selected by W7. When W7 isin the right hand position index
levelsareactivelow. When W7 isintheleft hand positionindex levelsareactivehigh.
RS-422 TERMINATION
The RS-422 differential inputs are normally always terminated. If termination is not desired
resistor networksRN3, RN 7, and RN 11 may be unplugged.
COUNTER SIZE OPTION

The counter word size option is not yet implemented and W4 must be placed in the right hand
position.
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INSTALLATION

GENERAL

When the 4130 has been properly configured for its application, it can beinserted into aPC/104
stack. Thestandoffsshoul d then betightened to securethe4130initsplace. Whenthe4130issecured
inthestack thel/O connectorscan bepluggedinfromtheside.

/O CONNECTOR ORIENTATION

The 50 pin connector on the 4130 have their pin one ends marked with a white square on the
circuit card. Thisis at the bottom (near the PC/104 connectors). (Note: Some early cards have pin
one mismarked. See page 7 for correct location). This correspondswith the red stripe on typical flat
cable assemblies. If more positive polarization is desired, center polarized IDC header connectors
should beused. These connectorswill not fully matewiththepinsonthe4130if installed backwards.
A suggested center polarized 50 pin IDC header isSAMP PN 1-746285-0.

The connectionsto each encoder isagroup of 10 pins. These 10 pin groups can be split off from
the 50 conductor flat cableandindividually terminated with 10 pin headers.
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OPERATION

CONNECTOR PIN-OUT

The413050 pin /O connector pinoutisasfollows:

PIN

O N o1 w

13
15
17
19

21
23
25
27
29

31
33
35
37
39

41
43
45
47
49

P1 CONNECTOR
SIGNAL PIN SIGNAL
ENCAO 2 /ENCAO
GND 4 ENCBO
/ENCBO 6 GND
IDXO0 8 /IDX0
GND 10 +5V Fused power
ENCA1 12 /ENCA1
GND 14 ENCB1
/ENCB1 16 GND
IDX1 18 /IDX1
GND 20 +5V Fused power
ENCA2 22 /IENCA2
GND 24 ENCB2
/IENCB2 26 GND
IDX2 28 /IDX2
GND 30 +5V Fused power
ENCA3 32 /IENCA3
GND 34 ENCB3
/ENCB3 36 GND
IDX3 38 /IDX3
GND 40 +5V Fused power
GND 42 GND
GND 44 GND
GND 46 +5V Fused power
+5V Fused power 48 +5V Fused power
+5V Fused power 50 +5V Fused power
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OPERATION

ENCODER POWER

The 4130 can supply +5V to power external encoders or other external devices. If these external
devicesare powered remotely do not connect tothe +5V onthe4130. +5V power onthe4130isfused.
Note that the +5V fuseisrated at 1 Amp and can be replaced without soldering. Replacement part
number isLittleFuse PN 250001.

CONNECTING TTL ENCODERS

When using TTL output encoders, select the TTL input type for the counter using W1 and W3.
Connect the"A" output of the encoder to /ENCAN, the"B" output to /ENCBnN, and the "I" output to
/IDXn (where n is the counter number). As an aternative, if the terminator resistors are installed
(RN3, RN7,RN11), theactive high input can a so be used. Nominal input filter time constant on the
4130 TTL inputsis 220 nS. If it is desired to increase the R/C time constant, a higher value of
terminator resistor can be substituted.

CONNECTING OPEN COLLECTOR ENCODERS

When using open collector output encoders connect for TTL input as above. A 3.3K pullup
resistorisprovided. If thisvalueisnot suitabletheresistor networks RN4 and RN8 may bereplaced
with an appropriate value. RN8 isthe pullup for channel 0 and 1, RN4 isthe pullup for channels 2
and 3. Thepullup resistor networksare 10 pin SIP's 9resistor with pin 1 common. Pin one points
down.

CONNECTING RS-422 ENCODERS

When using RS-422 output encoders select the RS-422 input type for the counter using W1 and
W3. Connect the "\A" output of the encoder to/ENCAX, the"A" output of the encoder to ENCAX,
the"/B" output to/ENCBX", the B",output to ENCBX, the"/I" output to/IDXx, and the"/I" output to
[IDXx (wherex isthecounter number). If terminationisnot desired remove RN3, RN7,and RN 11.

ENCODER DIRECTION

If it is desired to reverse the count direction on a particular channel, interchange the A and B
signals.
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OPERATION

REGISTER MAP

Thel/O registers on the 4130 occupies 8 contiguous bytes. These 8 bytes start at the I/O address
set by jumpersW5 and W6.

ADDRESS READDATA WRITEDATA
BASE+0 Latched counter bits[0..7] XXX XXX XX
BASE +1 Latched counter bits[8..15] XXX XXXXX
BASE +2 Latched counter bits[16..23] XXX XXX XX
BASE+3 Latched counter bits[24..31] XXX XXX XX
BASE+4 Enableregister Enableregister
BASE +5 Index register XXX XXX XX
BASE +6 Enableregister Command regi ster
BASE+7 Index register XXXXXXXX

COMMAND REGISTER

All accessto the 4130 countersisdoneby first writing acommand byte to the command register.
Thecommand register islocated at the 4130 baseaddress + 6. When the command byteiswritten, the
busy bit is set, indicating that the command is being executed. This applies to all clear and read
counter commands. When the busy bit is clear, the operation is complete. The typical time to
complete a command is 3 uS. The maximum time is 4 uS. After issuing a command, interface
software can poll the busy bit to determine when the requested operation is complete, or wait 4 uS
after thecommand beforeissuing another command or reading acounter.

Commandsthat accessindividual counters specify the counter with the 2 least significant bits of
thecommand register.

COMMAND REGISTER

BIT7|BIT6|BIT5| BIT4 | BIT3|BIT2|BIT1| BITO

BSY | XXX | LED [CLRA| CLR | READ| SEL1 | SELO
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OPERATION

4130 COMMANDS

Thesearethevalid command bytesin hex:

COMMAND COMMANDBYTE
READ COUNTERO 84H
READ COUNTER 1 85H
READ COUNTER 2 86H
READ COUNTER3 87H
CLEARCOUNTERO 88H
CLEARCOUNTER1 89H
CLEARCOUNTER?2 8AH
CLEARCOUNTERS3 8BH
CLEARALL 90H
LEDON 20H
LED OFF OOH
BUSY BIT

Once a command is written, interface software can poll the busy bit in the status register to
determine when the command is complete. The busy bit isbit 7 at register offsets 4,5,6 and 7. All
commandsthat have theBSY bit set takebetween 2 and 4 uSto compl ete.

READING A COUNTER
Thesequenceof eventsfor reading counter Oisasfollows:
1. IssuetheREAD COUNTER 0 command (Write84H to 4130 address +6)

2. Waitfor busy bitto beclear (Poll bit 7 of 4130 address+6 until low)
3. Read latched counter data (Read bytesfrom 4130 address+0,+1,+2, +3)

Successive bytes of the 32 bit count value arelocated at successive I/O locations. Thismakesit
possible to read the counter asfour individual bytes, two 16 bit words, or asingle 32 bit value (386
processors and above) using four, two, or a single input instruction. When reading counters, the
latched datawill remainvalid until thenext read counter command isissued.
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OPERATION

INDEX OPERATION

It ispossibleto synchronize each counter on the 4130 with an external index input. Each counter
channel hasan associated count enablebit. These bits can be set and cleared by software, and set by
theexternal index inputs. By initially clearing an enable bit, and clearing the associated counter, the
counter is 'primed' such that it will begin counting when the index input becomes active and both
input phases are 0. Software cannot clear the enableflip flopsif theindex input is active. Once the
counter isenabled, further changesin theindex input have no effect. Both the enableflip flopandthe
real timeindex input statuscan beread from the4130.

ENABLE REGISTER

Theenablebitsareaccessibleat 4130 base address+ 4. The enableregister isa4 bit, read-write
register. TheBSY bitisaread onlybitintheenableregister.

BIT7|BIT6|BITS5| BIT4 | BIT3|BIT2| BIT1 | BITO

BSY | XXX | XXX | XXX [ ENA3 | ENA2 | ENA1 | ENAO

Setting an enabl e bit high enables counting on the associated counter. Setting an enable bit low
disables counting. When counting is enabled, the quadrature decoder circuitry waitsuntil both input
phases are low before starting to count. The enable inputs are unconditionally set by active index
inputs.

If the associated index inputs are inactive, counting can be enabled and disabled under software
control by setting or clearing the appropriate enablebits.

NOTE: ThereisaBUG in the current hardware for the enable register that makes writes fail
occasionally. To write datato the enable register you must write the data, and read back the enable
register andretry until thedesired bitsare set.

INDEX STATUSREGISTER

The real time status of the index inputs can beread at 4130 base address+ 5. The IDX bits are
always high true regardless of the index polarity jumper setting. A high bit means that theindex is
active.

BIT7|BIT6|BIT5| BIT4 | BIT3|BIT2| BIT1| BITO

BSY | XXX | XXX [ XXX | IDX3 | IDX2 | IDX1 | IDXO
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OPERATION

USING THE INDEX INPUTS

Quadrature encoders are relative angle or distance measuring devices. Any system that needs
absol ute position measurement with quadrature encoders requires some kind of absolute position
reference. Somerotary encodershavea once per rotation index output. Linear encoders often havea
zero position reference signal. These reference signals can be used to synchronize the quadrature
counter with absoluteangleor position. Thisisusually doneat system power-up.

Tousethe4l30index inputs, you need to set theindex polarity such that thenormal index level is
inactive. On system start-up you need to ensure that theindex input isinactive (by polling theindex
statusregister of the4130 and moving themeasured deviceif necessary). When theindex isinactive
you disable counting by writing azero to the appropriate bit of the enableregister. Y ou then clear the
guadrature counter. Now the measured device is moved until the index signal becomes active. At
this point the quadrature countersare enabled, and will remain enabled regardl ess of further changes
intheindex input.

By using thisprocedure, theinactive- activetransition of theindex input effectively becomethe
zero count reference point.

A FINE POINT

When counting has been disabled and the re-enabled, the quadrature decoder does not begin
countinguntil the0,0input stateispresent. Thisisto allow some'slop'intheindex position detection
on the encoder. The reference position is quantized to a4 count interval meaning that the position
accuracy of the system isbased onthequadraturesignal s, not thelessaccurateindex signal .

TIMING REFERENCE

4130 counter 3 can beused asa time basefor velocity measurement if desired. If W2issettothe
left hand position, counter 3 nolonger respondsto the quadratureinputs, but simply countsup at 500
KHz. This frequency is crystal controlled and accurate to .01%. The procedure for reading and
clearing the counter are the same. When counter 3 isused asa timing reference, enable bit 3 and
index input 3 haveno effect onthe count.

MAXIMUM COUNT RATE

The4130 can count quadratureencoder inputsat upto 1.5 million edgesper second. Thisisahard
limit, determined by the 4130 counter state machine and its crystal clock. Input rates above 1.5
million counts per second will causethe 4130 to | ose counts, such that the maximum observed count
ratewill remain at 1.5 million per second. That is, the count rateisbounded at 1.5 million counts per
second.
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REFERENCE INFORMATION

SPECIFICATIONS
MIN MAX UNIT NOTES

POWER SUPPLY

Voltage 4.5 55 \%

Supply current (5V) 500 mA
BUSLOADING:

Input capacitance 15 pF

Input |eakage current 5 UA

Output drivecapability 150 pF

Output sink current 12 mA

INPUTS:

TTL input current 13 17 mA 3.3K pullups
RS-422 input sensitivity 200 mV Differential

ENVIRONMENTAL.:
Operating temperaturerange

-l version -40 +85 °C
-Cversion 0 +70 °C
Relativehumidity 0 90 Percent

Non-condensing
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REFERENCE INFORMATION

WARRANTY

Mesa Electronics warrants the products it manufactures to be free effects in material and
workmanship under normal use and service for the period of 2 years from date of purchase. This
warranty shall not apply to products which have been subject to misuse, neglect, accident, or
abnormal conditionsof operation.

In the event of failure of a product covered by this warranty, Mesa Electronics, will repair any
product returned to Mesa Electronics within 2 years of original purchase, provided the warrantor's
examination discloses to its satisfaction that the product was defective. The warrantor may at its
option, replacetheproductinlieuof repair.

With regard to any product returned within 2 years of purchase, said repairs or replacement will
be made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal
conditionsof operation, repairswill bebilled at anominal cost.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESS OR IMPLIED. INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY, FITNESS, OR ADEQUACY FOR ANY
PARTICULAR PURPOSE OR USE. MESA ELECTRONICS SHALL NOT BE LIABLE FOR
ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN
CONTRACT, TORT,OROTHERWISE.

If any failureoccur s, thefollowing stepsshould betaken:

1. Notify Mesa Electronics, giving full details of the difficulty. On receipt of thisinformation,
servicedata, or shippinginstructionswill beforwarded toyou.

2. On receipt of the shipping instructions, forward the product, in its original protective

packaging, transportation prepaid to Mesa Electronics. Repairs will be made at Mesa Electronics
and the product returned transportation prepaid.
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REFERENCE INFORMATION

SCHEMATICS
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