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QIC CARRIER V1 MANUAL

1 INTRODUCTION

The QIC Carrier boards offer many useful functions integrated into one convenient
package. Various accessories such as the power supply, motor drivers, encoder counters
and other peripherals have been combined into one board that allows rapid development
of new projects. Designed to be coupled with the QIC Core Processor boards, the two
units form a standard development package for robotics, control and signal conditioning
applications.

1.1 CARRIER V1 FEATURES

The QIC Carrier board V1 has the following integrated features:

+  On board power supply designed for use with 12VAC power, or 2 separate 12 volt
batteries.

+ Signal conditioning on 4 A/D channels'.

+ Signal conditioning on the PWM outputs. PWM signals can be low-pass filtered to
provide clean analog output signals.

« Two quadrature encoder channels for measuring HEDS series compatible optical
encoders.

«  PWM Peripheral drivers rated 12V, 500mA per channel (4 channels total).
+  PWM H-Bridge drivers rated 24V, 3A per channel (2 channels total).

1.2 CARRIER V1 FEATURE LOCATIONS

The following diagrams are designed to familiarize the user with the locations of the
connectors on the board and the placement of the various sub-systems integrated into the
carrier board.

1 The analog signals are level shifted from the range [-5, +5] volts to [0, 5] volts and sent to the
A/D pins of the QIC Processor Core.
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Figure 1. QIC Carrier Board layout.

The QIC Header located to the left of the board pictured in Figure 1 is designed to
accept the QIC Processor Core. Note that the header connections are staggered to permit
the processor core to be inserted in only one direction. Be sure that the correct
orientation is noted when inserting the processor core.

When the QIC Processor Core is inserted into the carrier board, power will be
provided to the core from the carrier board. There is no need for a second power supply.
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2 POWER SUPPLY

The QIC Carrier Board is designed to accept a wide range of voltage options. The
board is designed to accept both an AC power supply as well as a dual (+/-) DC supply.

GND

j;; %/V <& Regulated DC power available here

-12v

GND|, ~ <¢—— AC Power applied here
+15

-15V

A1ddng 10mo0(g

Figure 2. Connecting an AC supply.

GND

iéiv - Regulated DC power available here

-12v

GND|
+15 H ~ Apply unregulated DC (+/- 15V)
- to the +15V and the -15V terminal

-15V .4—— to obtain regulated power.

A1ddng 1omo(

Figure 3. Connecting a DC supply.

When applying AC power to the carrier board be certain not to exceed 12VAC. Doing
so may cause permanent damage to the board. AC voltage should be applied to the pins

GND and +15V only.

Alternatively, unregulated DC power (+/- 15V) may be applied to the +15V and the
—15V terminals. The ground pin (GND) should be the common point between the power
supplies.

Regulated power may be applied to the regulated power connections without causing
damage to the power supply circuitry. Be certain not to apply power to both the
unregulated inputs and the regulated inputs at the same time.

© Quanser Consulting Inc., 2002 Power Supply - Page 3




QIC CARRIER V1 MANUAL

U7
VDD MC7805T EVCC
1 Vin +5V 3
g
+
——C20 ==Cl6 © ==C7 L¢3 —co P10 Vief
0.1uf | 0.1uF 47uf 7T R 0.1uf |
o
1 Vref Enable
D2 VDD U5 MC7812T 12V o Vref u13
) 3 T2 3
+ Vin +12V H . 1 V+ NC
[ V-
=} Lcu L.CIS —L—_
14 Z 20 uf ouf = LM4040A1Z5.0(3)
1
2 — =L L L
3 - o - -
4 U6 12V
Power Suppl D3 79L12 —
—— z—m ! Z N out 3
) IN4005
C13 Cl4
+| 470 uf +| 220 uf
Power Supply

Figure 4. Power supply schematic (simplified).
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Power Supply Specifications

Parameter Value Comments

Minimum AC input voltage 12VAC Power supply must be able to
provide 100mA current.?

Maximum AC input voltage 18VAC

Minimum DC input voltage® +/-15 VDC Dual (split supplies) are required.
(100mA minimum)?

Maximum DC input voltage +/-24VDC The user may need to add heatsinks
for continuous operation.

Maximum Current 1 Amp Maximum of 1 amp on each of the
+12V, -12V and the +5V power
supplies.

Table 1. Power supply specifications.

2 Power supplies must be able to provide power for the on board circuitry, plus any additional
external demands.
3 Power may be provided by two 12 volt batteries, but the regulators may fail to regulate

properly.

© Quanser Consulting Inc., 2002 Power Supply - Page 5




QIC CARRIER V1 MANUAL

3 ANALOG INPUTS AND OUTPUTS

The QIC Carrier Board has circuitry designed to filter both analog inputs and outputs.
The analog input signal conditioning circuitry allows the user to measure a greater range
of input voltages. The analog output signal conditioning circuitry filters the PWM output
signals from the QIC Processor Core and makes them available as pure analog signals
(high frequency component removed). For detailed information on using the PWM
outputs or the A/D inputs of the PIC series of microcontrollers, please consult the
Microchip web site. Additionally, the example source code included with the distribution
software may be checked for examples suitable for tailoring to your application.

Pin 1 marking

Q
Analog Inputs = g
\ £ [OJa/mo
o [ (]IA/D1
2 [LA/D2
= [){)A/D3
>
2 (OJp/ao
/g' XID/A1
o z
Analog Outputs _é. )

Figure 5. Analog sub-section connections.

3.1 ANALOG INPUTS (A/D)

The QIC Processor Core by itself is capable of accepting voltages in the range of 0 — 5V.
To extend this range to include -5V, additional signal conditioning circuitry has been
added to permit this. The conditioning performs a level shift as well as amplification to
allow the 0 — 5V input to accept voltages in the range of [-5, +5] volts. Together with the
10 Bit A/D on the Processor Core, the inputs offer a complete data acquisition system.

© Quanser Consulting Inc., 2002 Analog Inputs and Outputs - Page 6




QIC CARRIER V1 MANUAL

Analog to Digital (A/D) Conversion Table
Input Signal A/D Conversion Register
Value
-5V 0
ov 511
+5V 1023

Table 2. Input voltage to conversion value result for a 10 bit A/D.

The pin connections for the signal conditioning circuitry is shown in Table 3 Note
that pin 1 of the connector is indicated on the board by a square index mark.

Analog Input (A/D) Pin Connections

Pin Signal Name Pin Signal Name
1 A/D Channel 0 2 GND
3 A/D Channel 1 4 GND
5 A/D Channel 2 6 GND
7 A/D Channel 3 8 GND

Table 3. Pin connections for the A/D inputs.

3.1.1 ANALOG INPUT (A/D) SIGNAL CONDITIONING
DETAILS

The analog input interface circuitry allows signals in the range of [-5, +5] to be
applied to an A/D capable of measuring between [0, +5]. This is accomplished by
subtracting an offset of Vrgr from the signal, and then dividing the result by 2. The Vggr
signal is obtained from the on board +5V reference. This signal is then passed on to the
QIC Processor Core. The signals connect to the A/D pins of the microcontroller on board
the QIC Processor Core.
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Figure 6. Analog input (A/D) signal conditioning schematic.

3.1.1.1ANALOG REFERENCE VOLTAGE ( VREgr)

The 5 volt reference Vrer can also be used as the reference for the analog
measurements. To enable this feature, JP10 should be installed to apply the Vggr signal
to the A/D reference input of the QIC Processor Core. In software, the user must specify
that RA3 (analog input channel 3) should be used as the reference signal for A/D

measurements. Code examples are included in the distribution to show details on how to
use the A/D functions.
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QIC header connection
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Jumper to enable V
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Figure 7. Vzer enable jumper location details.

3.2 ANALOG OUTPUTS (D/A)

The analog output interface circuitry is designed to provide analog signals from the
PWM outputs of the QIC Processor Core. This is accomplished by low-pass filtering the
PWM outputs. In addition, the signal is level shifted and amplified to provide a [-5, +5]
output signal. Note that to enable the output on the analog channels, JP3 and JP4 must be
installed in the 1-2 positions. See Figure 8 for details. The channels may be enabled

independently if desired.
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Digital to Analog (D/A) Conversion Table
PWM Register PWM Duty Cycle | DC Output Voltage
Value
0 0% -5V
511 50% ov
1023 100% +5V

Table 4. PWM output to DC voltage conversion (10 bit).

Analog Output (D/A) Pin Connections

Pin Signal Name Pin Signal Name
1 PWM Output 0 2 GND
3 PWM Output 1 4 GND

Table 5. Pin connections for the D/A outputs. See for Figure 5 connection details.

3.2.1 ENABLING THE LOW-PASS FILTERS

The PWM output signal conditioning circuitry is fitted with low-pass filters to provide a
continuous analog signal. To enable the filters, jumpers must be placed on J6 and J7
(refer to Figure 8). This will enable both of the low-pass filters. Alternatively, only one
jumper can be installed as necessary. The filters remove the high frequency PWM signal,
and pass only the lower frequency signal, thus allowing the PWM output to emulate the
operation of a true switched digital to analog converter. The low-pass filters are
designed to be used with a PWM frequency of 19.5 kHz. This should be set up in the
user's software. The included code samples show details on how to do this.

© Quanser Consulting Inc., 2002

Analog Inputs and Outputs - Page 10




QIC CARRIER V1 MANUAL
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Figure 8. J6 and J7 location on the carrier board.

3.2.2 ANALOG OUTPUT (D/A) SIGNAL CONDITIONING
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= T_ R R30
Tok 10k
= UI12B
6 -_—
2 N uiaA 7
P3 1 5
R28 3 + 18
N " LMz IM347 7 3
16 —d 3 4
2 N Analog Output
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. 1ul .
+3v e Al
= Ul2D
ul2C 13 N
9 N 14
P4 8 12
R31 10 +
; 10k + LM347
3 i LM347
ENZ :
RC1 Filier2 ]—c24
0.1uf
= Analog Output(D/A)

Figure 9. Analog output (D/A) signal conditioning schematic.
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4 OPTICAL ENCODER INTERFACE

The QIC Carrier board is equipped with an optical encoder interface IC. The interface
IC is the LS7266R 1, by US Digital (http://www.usdigital.com). For further details on
using this IC and interfacing requirements, please see their document titled, “1s7266r1

Manufacturers' Data Sheet.” Some of the information has been reprinted here for
convenience.

- GND
3 INDEX
i —»g XA
(¢}
2 +5V
XB
- GND
3 INDEX
e YA
= +5V
YB

Figure 10. Encoder interface connections.

Connections to the encoders are made at connectors J11 and J12, as shown in Figure
10. Typically, the HEDS series* of optical encoders are directly compatible with the
encoder IC mounted on the QIC Carrier Board.

4 Currently, compatible encoder modules as well as parts and accessories are available from
Hewlett-Packard (HP) and US Digital.
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J11 - Encoder Channel 0 (X axis)
Pin | Signal Name Description
1 GND Digital ground
2 Index 0 Index signal, channel 0
3 Xa Encoder input signal A.
4 +5V +5V power for encoder
5 Xs Encoder input signal B.

Table 6. X axis encoder pin names.

J12 - Encoder Channel 1 (Y axis)
Pin | Signal Name Description
1 GND Digital ground
2 Index 1 Index signal, channel 1
3 Ya Encoder input signal A.
4 +5V +5V power for encoder
5 Yp Encoder input signal B.

Table 7. Y axis encoder pin names.

Tables 6 and 7 describe the connections for the encoders. These descriptions may
prove to be useful in determining if other types of encoders are compatible with the
interface circuitry of the QIC system.

4.1 ENCODER INTERFACE DETAILS

Table 8, together with Figure 11, detail the connections of the encoder interface IC to
the QIC Processor Core. Communicating with the encoder IC is similar to talking to a
device on the bus of a processor; all data transfer is controlled via the /RD, /WR, and /CS
signals. To access the device, the /CS pin must be brought low. This requires that pin
RE2 of the QIC Processor Core must be in a low state. Reads or writes can then be
accomplished by bringing the appropriate pin low, For a read, /RD or pin REO must be
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brought low (programmed from the QIC Processor Core). For a write, /WR or pin RE1
must be brought low (programmed from the QIC Processor Core). Both the read and
write lines should never be simultaneously low. This may cause permanent damage to
the IC, so the user should be aware of this condition. The included source code shows

details on accessing the encoder IC.

EVCC EVCC EVCC  EVCC

R10  PRI11 R12 Fl1
10k 10k 10k FUSE

U9 EVCC J1l
. D7 — | 1 B s
L D6 XC/XL o —O 4
| D5 XA —57 X253
D4 XB = Q2
! gg XAB/XCR EVCC EVCC EVCC — 1
| b1 X0
' DO
—_— EVCC R13 R14 R15
RD 10k Stk S10k
D/C YC/YL >
X YA —34 J2 D4
CS YB \LED
> 28 YB
) YAB/YCR Q5 N
CLK FCK Q 4
YA 5 3
Q_ENCODER d5
19 — 1 =
RB4 2 1 INDX0 —_— Yo
RB5 4 3 o—NDX1 | =

Index Enable

Figure 11. Encoder interface schematic details.

Encoder Interface

Table 8 Shows the connection details and the associated pins for convenience. The
included source code examples show details on using the interface routines to to access
the encoder and simplify programming.
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Encoder Interface to QIC Processor Core Connections

QIC Core Encoder IC
Pin Signal Signal Description
Name Name

[28-35]| PORT D Data Bus | The data bus interface to the encoder IC. This is
input/out depending on the direction of data flow
(/WR, /RD)

9 REO (/RD) RD Read input. At the trailing edge of a low going
signal, the Flag or the Output latch registers will

be transferred to the data bus.

10 RE1 (/WR) WR Write input. At the trailing edge of a low going
input signal, control/data bytes are written.
24 RCS5 (/D/C) D/C Control/Data input. When low, reads and writes

will reference the data register. When high, reads
and writes will reference the control register.

23 RC4 (/X/Y) XY Selects between the X axis and the Y axis. When

low, the X axis is selected. When high, the Y axis
is selected.

11 RE2 (/CS) CS This pin selects the encoder IC (enables it). When
low, the IC is enabled. When high, the encoder IC
is disconnected from PORT D.

Table 8. Interface connections from the QIC to the encoder IC.

4.1.1 ENCODER PROGRAMMING AND READING

For easier programming of the encoder interface, utility functions have been written
to do all the necessary tasks of reading, writing and setting up the encoder IC. The two
functions,

void init encoder (void)

float read encoder (int axis)
are specifically designed for this purpose. The functions are contained in qic.h. The user
should include this file in their C source code in order to make use of the functions.
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The function init encoder () should be called first to initialize the registers to zero
and to setup the proper functions. After that, the function read encoder (axis)
should be called, where axis is either X _AXIS, or Y AXIS as defined in the same header
file.

The function will return a floating point value representing the number of counts that
the encoder wheel has advanced. To calculate degrees from this count value, the count
value should be divided by the appropriate scaling factor. Determination of this factor is
as follows.

AngleDegrees = _360_ X EncoderCount

(N x4)

Where N is the encoder wheel resolution in counts per revolution,
the factor of 4 is for quadrature mode,

and the EncoderCount is the value read from the encoder using the
function read encoder (axis).

For further details on programming, the user is directed to the information in the
following pages, or the included source code. Alternatively, the user may go directly
to the US Digital web site to obtain additional programming information and generic
examples written in C.
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4.1.2 ENCODER REGISTER ACCESS

Chip Access
WR X/Y CS [Function
X Disable chip
Write to XRLD
Write to YRLD
Write to both XRLD and YRLD
Write to XCMR
Write to YCMR
Write to both XCMR and YCMR
Write to XIOR
Write to YIOR
Write to both XIOR and YIOR
Write to XIDR
Write to YIDR
Write to both XIDR and YIDR

Write to X Preset register, increment address

D7 D6 D5 C/D
X X

>

<

RD
X
1
1
1
1
1
1
1
1
1
1

X —lojlo—~|locolo ~ oo~ o o X
MHMHHHP—OOOOOO
Hlim, | —m o 00 ~ — = o o ©
I N e B e N R I S I e
T I e s

O K| — oKX —~ o K —~ o K ~ o
S NO O OO0 O ol oo —

counter

>~
>~
o
)
e
)

Write to 'Y Preset Register, increment address
counter

X X X 0o Vo1 0 | 0 |[Read X Output latch, increment address
counter

X X X 0o Vo1 1 0 |Read Y Output latch, increment address
counter

X X X1 Lo 0 | 0 [Read Y FLAG register
X X X 1 ¢ 1 1 0 |ReadY FLAG register

Table 9. Registers of the LS7266R1.

5 | Indicates a low going signal, triggered on the falling edge.
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4.1.3 ENCODER PROGRAMMING INFORMATION

The Following Section is Reprinted from the LS7266R1
Documentation:

LS7266R1 Registers:

LS7266R1 has a set of registers associated with each X and Y axis. All
X-axis registers have the name prefix X, whereas all Y-axis registers
have the prefix Y. Selection of a specific register for Read/Write is
made from the decode of the three most significant bits (D7-D5) of the
data-bus. CS input enables the IC for Read/Write. C/D input selects
between control and data information for Read/Write. Following is a
complete list of LS7266R1 registers.

Preset Registers: XPR and YPR
Each of these PRs are 24-bit wide. 24-bit data can be written into a PR,
one byte at a time, in a sequence of three data write cycles.

PR
‘ 7 o‘ 7 0‘ 7 o‘
HI BYTE | MIDBYTE | LOBYTE
(PR2) (PR1) (PRO)

Counters: XCNTR and YCNTR

Each of these CNTRs are 24-bit synchronous Up/Down counters. The
count clocks for each CNTR is derived from its associated A/B inputs.
Each CNTR can be loaded with the content of its associated PR.

Output Latches: XOL and YOL

Each OL is 24-bits wide. In effect, the OLs are the output ports for the
CNTRs. Data from each CNTR can be loaded into its associated OL
and then read back on the data-bus, one byte at a time, in a sequence
of three data Read cycles.
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oL
7 ol7 of7 0
HI BYTE | MIDBYTE | LOBYTE
(oL2) (oL1) (OL0)

Byte Pointers: XBP and YBP

The Read and Write operations on an OL or a PR always accesses one
byte at a time. The byte that is accessed is addressed by one of the
BPs. At the end of every data Read or Write cycle on an OL or a PR,
the associated BP is automatically incremented to address the next
byte.

Flag Register: XFLAG and YFLAG

The FLAG registers hold the status information of the CNTRs and can
be read out on the data bus. The E bit of a FLAG register is set to 1
when the noise pulses at the quadrature inputs are wide enough to be
validated by the input filter circuits. E = 1 indicates excessive noise at
the inputs but not a definite count error. Once set, E can only be reset

via the RLD.
FLAG

[ 7[ e[ 5] 4] 3 2] 2] o]

L BT: Borrow Toggle flip-flop.
Toggles every time CNTR underflows.

———  CT: Carry toggle flip-flop.
Toggles every time CNTR overflows.

CPT: Compare toggle flip-flop.
Toggles every time PR equals CNTR.

S: Sign flag. Set tol when CNTR underflows.
Reset to 0 when CNTR overflows.

E: Error flag. Set to 1 when excessive noise is present at the count
inputs in quadrature mode. Irrelevant in non-quadrature mode.

u/D: Up/Down flag. Set to 1 when counting up
and reset to 0 when counting down.

IDX: Index. Set to 1 when selected index input is at

0.  Notused. Always reset to 0.

Filter Clock Prescalers: XPSC and YPSC
Each PSC is an 8-bit programmable modulo-N down counter, driven by
the FCK clock. The factor N is down loaded into a PSC from the
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associated PR low byte register PRO. The PSCs provide the ability to
generate independent filter clock frequencies for each channel. The
PSCs generate the internal filter clock, FCKn used to validate inputs
xA, xB, YA, YB in the quadrature mode.

Final filter clock frequency ckn = ( trcK/(n+1) ) , where n = PSC = 0 to
FrH. For proper counting in the quadrature mode, frcKn > 8fqa (or 8faB),
where faA and faB are the clock frequencies at inputs A and B. In non-
quadrature mode filter clock is not needed and the FCK input (Pin 2),
should be tied to Vbp

RLD

[7]e]s]4]a]2[2]0]

e—— 0: NOP
L 1. ResetBP

) g] : NOP

——— 1
0] : Reset CNTR

«
0] . Reset BT, CT, CPT,S
1
1
1] . Reset E
r— O
] . NOP
0

1

] . Transfer PR to CNTR
0 (Note: All 24-bits are transferred in parallel)
0

: Transfer CNTR to OL
1 (Note: All 24-bits are transferred in parallel)

i : Transfer PRO to PSC

0
O] : Select RLD

T 0 : Select the RLD addressed b)fX/Y input

1 : Select both XRLD and YRLD together
(Note: D7 = 1 overrides X/Y input)

Counter Mode Registers: XCMR and YCMR
The CNTR operational mode is programmed by writing into the CMRs.
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CMR
HEEREERT

0: Binary count
1: BCD count

: Normal count

1 .
: Range Limit
0 ]

: Non-recycle count

j : Modulo-N

o ] : Non-quadrature

¢ 1
: Quadrature X1
ol 0

- 0
j : Quadrature X2

1 ] . Quadrature X4

1 j . Select CMR
0

L 0: Select CMR addressed b)TX/Y input
L 1: Select both XCMR and YCMR together (Note: D7=1 overrides X/Y input)

DEFINITIONS OF COUNT MODES:

Range Limit. In range limit count mode, an upper and a lower limit is
set, mimicking limit switches in the mechanical counterpart. The upper
limit is set by the content of the PR and the lower limit is set to be O.
The CNTR freezes at CNTR=PR when counting up and at CNTR=0
when counting down. At either of these limits, the counting is resumed
only when the count direction is reversed.

Non-Recycle. In non-recycle count mode, the CNTR is disabled,
whenever a count overflow or underflow takes place. The end of cycle
is marked by the generation of a Carry (in Up Count) or a Borrow (in
Down Count). The CNTR is re-enabled when a reset or load operation
is performed on the CNTR.

Modulo-N. In modulo-N count mode, a count boundary is set between
0 and the content of PR. When counting up, at CNTR=PR, the CNTR is
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reset to 0 and the up count is continued from that point. When counting
down, at CNTR=0, the CNTR is loaded with the content of PR and
down count is continued from that point.

The modulo-N is true bidirectional in that the divide-by-N output
frequency is generated in both up and down direction of counting for
same N and does not require the complement of N in the UP instance.
In frequency divider application, the modulo-N output frequency can be
obtained at either the Compare (FLG1) or the Borrow (FLG2) output.
Modulo-N output frequency, w = (i/ (N+ 1) ) where 7= Input count
frequency and N=PR.

Input/Output Control Register: XIOR and YIOR
The functional modes of the programmable input and output pins are
written into the IORs.

IOR

‘7‘6‘5‘4‘3‘2‘1‘0‘

: Disable inputs A and B

: Enable inputs A and B

: LCNTR/LOL pin is Load CNTR input
: LCNTR/LOL pin is Load OL input

s

: RCNTR/ABG pin is Reset CNTR input
1: RCNTR/ABG pin is A and B Enable gate

o

8] : FLG1 pin is CARRY output; FLG2 pin is BORROW output

: FLG1 pin is COMPARE output; FLG2 pin is BORROW output

T

: FLG1 pin is Carry/Borrow output and FLG2 pin is U/TZ) (FLAG register bit 5)

Crre

: FLG1 is IDX (FLAG register bit 6); FLG2 is E (FLAG register bit 4)

Oj : Select IOR
1

T 0: Select IOR addressed byile input B
1: Select both XIOR and YIOR together (Note: D7=1 overrides X/Y input)

INDEX CONTROL REGISTERS: XIDR and YIDR
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Either the LCNTR/LOL or the RCNTR/ABG inputs can be initialized to
operate as an index input. When initialized as such, the index signal
from the encoder, applied to one of these inputs performs either the
Reset CNTR or the Load CNTR or the Load OL operation
synchronously with the quadrature clocks. Note that only one of these
inputs can be selected as the Index input at a time and hence only one
type of indexing function can be performed in any given set-up.

The index function must be disabled in non-quadrature count
mode.

IDR
[716] 5[ 4] 3] 2[ 2] o]

: Disable Index (See Note 3)
. Enable Index(See Note 3)

. Negative Index Polarity
: Positive Index Polarity

P O B O

: LCNTR/LOL pin is indexed (See Note 1)
. RCNTR/ABG pin is indexed (See Note 2)

= o

] Not used

l] : Select IDR
14:

* 0: Select IDR addressed byj(/Y input o
LA* 1: Select both XIDR and YIDR (Note: D7=1 overrides X/Y in

Note 1: Function selected for this pin via IOR, becomes the operating INDEX function.

Note 2: RCNTR/ABG input must also be initialized as the reset CNTR input via IOR

Note 3: “Enable Index” causes the synchronous mode for the selected index input (as described in Pin 18
and Pin 19 sections of the 1/0 Description) to be enabled. “Disable Index” causes the
non-synchronous mode to be enabled. The input, however, is not disabled in either selection.
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5 MEDIUM CURRENT PERIPHERAL DRIVERS

The QIC Carrier Board is equipped with a 4 channel, medium current driver. This
device is capable of continuously sinking / sourcing up to 500mA of current at voltages
up to 18 volts. With a peak current output of 1.2A (each channel), the peripheral drivers
are ideal for driving small DC motors, or small stepper motors.

TC4469  Vpp TC446X
D14 VoD
1A O 13 ﬁ
=20 1v
s D Dlon |
3
2A O 12 3—0 OUTPUT
220 2v
2B OiD_D
o] J'
3A 11
=20 3y
oD )
8
4A O 10
220 4y
4B OiD_D

é?

GND
Figure 12. Peripheral driver details.

The 'B' inputs are grounded to allow the outputs to be driven by the 'A" inputs alone. The 'A’
inputs are connected to PORT C of the QIC Processor Core (RC0O — RC3). Table 10
shows the connection details.

Peripheral Driver Connection Details

oIc
Pin | Name Function Channel | J13 Pin

21 RC2 MO PWM Y1 1
(PWM1)

19 RCO DIR 0 Y2 2

20 RC1 M1 PWM Y3 3
(PWM2)

22 RC3 DIR 1 Y4 4

Table 10. Peripheral driver connection details.
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5.1 PERIPHERAL DRIVER CONFIGURATIONS

The configuration of the drivers is designed to allow bi-directional driving of motors,
driving of stepper motors, as well as driving relays or similar loads. Note that JP3 and
JP4 must be installed in the 2-3 position to enable PWM signals to pass to the drivers. In
positions 1-2, the PWM signals are sent to the D/A output filters.

NMOS PMOS NMOS PMOS
Q6 Q2 . Q5 Ql Motorl-a
H-Bridgel E Motorl-b
FUSE
+12V REG 'Vmotor
g GND
3 /ﬁ —~
=} MI-
CHE N
= ‘ 5 g:j M2-a /‘
a RS RO
PWMI Enable +5V REG e \
COe) | +12v
/]FM ] 45V Driver output
~_~ D/AD Motor 1 é v connection
IP3 PWM2 Enable o
) =}
Installed Ul o GNDJ,
+5V Ref < = +15
/Dﬁf\ﬁomr 2 -12V REG 21
S0 -15v
JP4 <
Installed . Motor2-b
H-Bridge2 E Motor2-a
Q38 Q4 Q7 Q3 E—
06D ©GGD ©6GGD
NMOS PMOS NMOS PMOS

Figure 13. Setup of the jumpers and the location of peripheral outputs.

5.1.1 SOLENOID DRIVER CONFIGURATION

The peripheral drivers can be used to drive loads directly. Simply connect the load to
the pin. Be certain not to exceed the device limits. In the case of inductive loads, the load
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should have a diode placed in reverse across it to prevent inductive spikes from
damaging the driver. Although the device has built in protection for this, large inductive
loads may temporarily exceed the 500mA inductive kickback rating for the device.
Exceeding this rating may cause permanent damage to the device.

Resistive Load
4469 Drivers

Inductive Load

7

Optional Diode (1N4001 or similar)

Figure 14. Driving resistive and inductive loads.

5.1.2 BI-DIRECTIONAL DC MOTOR DRIVER
CONFIGURATION

The peripheral driver is capable of driving small DC motors in an H-bridge
configuration. In this configuration, two channels are required to drive each motor in the
forward and reverse directions. One of the channels (RC1 or RC2), controls the PWM
speed signal to the driver. The other channel (RCO or RC3) controls the direction. See
Table 10 for the connection details on this. The speed is set by the PWM register value
in software. See the included program examples for details on this.
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DC Motor

PWM signal w

4469 Drivers

Direction control 4{

Figure 15. Connections for driving a small DC motor.

5.1.3 STEPPER MOTOR CONFIGURATION

The peripheral driver is capable of driving small stepper motors as well. In this
configuration, 1 stepper motor can be driven directly from the outputs of the driver. The
proper bit sequence will have to be written to PORT C to drive the stepper motor in the
desired direction. Using this configuration, both full-stepping and micro-stepping is
possible. The on board PWM is not used in this case. The included source code examples
have details on driving the stepper motor in software.

4469 Drivers

RCO Stepper Motor

RC1

RC2

RC3

Figure 16. Details for driving a stepper motor.
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6 HIGH CURRENT PERIPHERAL DRIVERS

The QIC Carrier Board is equipped with the option of installing MOSFETS to allow
the driving of higher current loads. The inputs to the MOSFETS are driven from the
outputs of the peripheral driver, so only one option is available at a time. The high
current peripheral drivers are intended to be used in H-Bridge (full or half)
configurations. The peripheral driver and the H-Bridge drivers may be used in any
combination. That is, the user may choose to use only one channel to drive an H-bridge
(half bridge configuration) section, or may select two channels (full bridge
configuration).

The configuration of the drivers is designed to allow bi-directional driving of motors,
driving of stepper motors, as well as driving relays or similar loads. Note that JP3 and
JP4 must be installed in the 2-3 position to enable PWM signals to pass to the drivers. In
positions 1-2, the PWM signals are sent to the D/A output filters. Figure 17 shows details
on this.

In addition, power for the drivers must be supplied to the connections Vmotor and
GND (J16). This can be the same power supply used by the rest of your circuit if the
supply has sufficient capacity. Alternatively, this can be dedicated supply that powers
just the high current drivers.
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NMOS PMOS NMOS PMOS Driver output
connection
/
Q6 Q2 . Q5 Ql Motorl-a
H-Bridgel 8 Motorl-b
FUSE —
+12V REG /Tolvmotor Motor power
£ \JLJGND / applied here
3 S Ml
;_ o= [~ Mi-b
(] =
= Elel e e
o o 5 @ M2-a
A “ g M2-b
PWM%iable +5V REG j GND
ij +12V
+5V
/A0 Motor 1 = 1V
JP3 PWM2 Enable - :j
o
Installed : z || GND
nstatle ~ +5V Ref g ij 115V
/Dﬁ{\ﬁotor 2 -12V REG 210
S -15v
JP4 <
Installed . Motor2-b
H-Bridge2 Motor2-a
Q8 Q4 Q7 Q3 —_—
5GD 5GD  5GD AN
NMOS PMOS NMOS PMOS

Driver output
connection

Figure 17. Setup and connections for the high current drivers
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JP3

l _

2 RC2

3 !

Ml

EN1
JP4 RCO DIR1

l _

2 RCI M2

3 DIR2
EN2 RC3

J16 Vmotor
i —
i
Motor Supply —
Ule
1 vi 13
7 1A 13
3 1B 12
7 2A Y2 — 1
3 2B 2
3 3A 1 3
3B Y3 — 4
8 4A
9 CON4
4B 10
Y4
TC4469

Low Current Drivers &

Figure 18. Detailed schematic of the high current drivers.

Vmotor

QB
>1RF9540
X
—

A D5

Ql
E{ RF540pf D6

Q6
::l_; ) IRF9540N
e VA L

;
x RF9540
i I 0

J14

Motorl

J15

Motor2
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6.1 INSTALLATION OF MOSFETS

Figure 19 shows the details of installing the MOSFETS in their appropriate places on
the board. Recommended MOSFETS are the IRF9540N and IRF540N. Similar devices
may be use to suit the user's application. Care should be taken not to exceed the design
limitations of the circuit board. Currents less than 3A and voltages less then 25V should
be used. Exceeding these limitations may cause damage to the traces on the circuit board.

Diodes should also be placed in the locations marked on the board. The diodes are
intended to protect the MOSFETS from inductive turn-off spikes. Suitable general-
purpose diodes are 1N4002 or similar. Specialized diodes may be selected to better suit
the end application. When installing diodes, care must be taken to observe the polarity.

6.2 HIGH CURRENT DRIVER USAGE

Loads may be driven from the high current outputs in the same manner as from the
medium current outputs. The added benefit is that there is more power available to the
user. The section titled, “Medium Current Peripheral Drivers” should be read and
understood before attempting to use the high current drivers.
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NMOS PMOS  NMOS  PMOS
Q6 Q2 Qs Q1 T
R
'Vmotor
GND
—
2 21 s
g gi M2-a
Q1, Q2, Q3, Q4 are IRF540 or similar ‘g :j M2-b
Q5, Q6, Q7, Q8 are IRF9540 or similar GND
i +12V
] +sv
12V
g :j GND
g)><1
%_M -15V
<
@ o
Q8 Q4 Q7 Q3 —_—
O CORNE©0
NMOS PMOS _ NMOS __ PMOS

Figure 19. Installation of the MOSFETS for the high-current drivers.

6.2.1 HALF BRIDGE (SINGLE ENDED) USAGE

In the half bridge configuration, up to four loads may be independently driven. When
driving loads in the half-bridge configuration, the output should be taken from the motor
connectors, J14, and J15. The outputs will be available on pins 1 or 2 of the connector
and is referenced to ground. Loads attached to the outputs must not exceed the current
rating of the installed MOSFETS. For detailed examples, see the section titled “Solenoid
Driver Configuration” for connection examples and details.
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Vmotor

Load attched here

(referenced to GND)
Qs o /

D5

RCO0-3 (input)
Ql J
D6

Figure 20. Single ended output driver connection.

6.2.2 FULL BRIDGE USAGE

In the full bridge mode, the drivers are capable of driving two DC motors, or one
stepper motor.

To drive a DC motor, the power leads of the motor should be connected to J14 (or
J15), pins 1 and 2 The motor is able to change directions by reversing the current flow
through the motor, by turning on the appropriate section of the H-bridge. Detailed
descriptions of how H-Bridges function may be found in many texts covering basic
electronics. For software examples, see the included code for reference.
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Load connected between
pins 1 and 2 (J14 /J15)

Vmotor ‘ Vmotor

|
QS o o
D5 + D7 ZE
PWM Signal (RC1 /RC2) Q2
1
< D6 A

Direction control (RC0O /RC1)

Figure 21. Full bridge connection of high current output drivers.
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