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Introduction Introduction

1. Introduction

1.1. General Description

The MF 614 multifunction 1/O card is designed for the need of connecting PC
compatible computers to real world signals. The MF 614 contains a 100 kHz
throughput 12 bit A/D converter with sample/hold circuit, four software selectable
input ranges and 8 channel input multiplexer, 4 independent 12 bit D/A converters,
8 bit digital input port and 8 bit digital output port, 4 quadrature encoder inputs
with single-ended or differential interface and 5 timers/counters. The card is
designed for standard data acquisition and control applications and optimized for
use with Real Time Toolbox for MrLAB®. Because of the small size and low
power consumption MF 614 can be used not only in desktop computers but also in
portable computers.

1.2. Features List

The MF 614 offers following features:

. 10 ps 12 bit A/D converter with sample & hold circuit

. 8 channel single ended fault protected input multiplexer

. Software selectable input ranges +10V, +5V, 0-10V, 0-5V

. Internal clock & voltage reference

. 4 D/A converters with 12 bit resolution and +10V output range

. 4 quadrature encoder inputs with single-ended or differential interface
. Software selectable digital input noise filter (0.2 - 50 ps)
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. Quadrature input frequency up to 2 MHz

. Software selectable index pulse operation

. 9513A 5 channel timer/counter with 50 ns resolution

. 8 bit TTL compatible digital input port

. 8 bit TTL compatible digital output port

. Interrupt

. Requires one PCI slot and optional second slot for second connector
. Power consumption 400 mMA@+5V, 50 mMA@+12V, 50 mMA@-12V

. Operating temperature 0°C to +70°C

1.3. Specifications

1.3.1. A/D Converter

Resolution: 12 bits

Number of channels: 8 single ended

Conversion time: 10 us

Input ranges: +10V, £5V, 0-10V, 0-5V, software selectable
Input protection: +16.5V

Input impedance: > 10

1.3.2. D/A Converter

Resolution: 12 bit

Number of channels: 4

Settling time: max. 10 ps (1/2 LSB)
Slew Rate: 10 V/us

Output current: min. £5 mA

Short circuit current: +30 mA
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DC output impedance:
Load capacitance:
Differential nonlinearity:
Gain drift:

Zero drift:

0Q

max. 500 pF
+1LSB
typ. £5 ppm/K
typ. £5 ppmFSR/K

1.3.3. Digital Inputs

Number of bits:
Input signal levels:
Logic O:

Logic 1:

8

TTL

0.8 V max.
2.0V min.

1.3.4. Digital Outputs

Number of bits:
Output signal levels:
Logic O:

Logic 1:

8

TTL
0.5V max. @ 24 mA (sink)
2.0 V min. @ 15 mA (source)

1.3.5. Quadrature Encoder Inputs

Number of axes:
Resolution:
Counter modes:
Index input:

Inputs:

Input noise filter:
Input frequency:
Quadrature modes:

4 independent
24 bits

binary, BCD
programmable
differential with Schmitt triggers
digital, programmable (0.2 - 50 ps)
max. 2 MHz

X1, X2, X4
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1.3.6. Counters/Timers

Counter chip:
Number of channels:
Resolution:

Clock frequency:
Conter modes:
Triggering:

Clock source:
Inputs:

Outputs:

CTS9513A
5, 4 of them available on |/O connector
16 bits, cascadable up to 80 bits
20 MHZ
up, down, binary, BCD
software, external
internal, prescalers, external
TTL, Schmitt triggers
TTL
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2. Installation

2.1. Board Installation

MF614 has no switches or jumpers and you can install it in any free PCl expansion
slot of your computer. Follow the steps outlined below:

. Turn off the power of the computer system and unplug the power cord.

. Disconnect all cables connected to the computer system.

. Using a screwdriver, remove the cover-mounting screws. These screws
are at the rear side of the PC.

. Remove the computer system's cover.

. Find an empty expansion slot in your computer for MF 614 card. If the

slot still has the metal expansion-slot cover attached, remove the cover
with a screwdriver. Save the screw to install the MF 614.

. Hold the MF 614 firmly at the top of the board, and press the gold edge
connector into an empty PCI expansion slot.

. Using a screwdriver, screw the retaining bracket tightly against the rear
plate of the computer system.

. In case of using also quadrature encoder inputs or timer/counters install

also the aditional connector with metal slot cover to the neighbouring
slot. Otherwise you can disconnect the aditional connector from the
board and save it for future use.

. Replace the cover of the computer, and plug in the power cord.
. Reconnect all cables that were previously attached to the rear of the
computer.
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2.2. Driver Installation

Once you have installed MF 614 to PCI slot you can install Windows driver.
Follow the steps outlined below:

Turn on the computer, boot Microsoft Windows. MF 614 is detected by system
automatically. In Add Hardware Wizzard mdow click Next.

Add Hardware Wizard

Welcome to the Add Hardware Wizard

This wizard helps pou:

+ Install soltware to support the hardware you add to your
computer.

* Troubleshoot problems you may be having with your
hardare.

& If your hardware came with an installation CD,
it is recommended that you click Cancel to
close this wizard and use the manufacturer's
CD to install this hardware.

To continue, click Next

Cancel

Insert installation floppy into drive a. In Found New Hardwarez¥érd select
Install the software automatically and click Next.

Found New Hardware Wizard

‘Welcome to the Found New
Hardware Wizard

This wizard helps you install software for

Humusoft MFET4

{+)_ I your hardware came with an installation CD
&2 or lloppy disk. insert it now.

“what do pou want the wizard to do?

@install the seltware i
O Install from & list ar specifc location [Advanced]

Click Mext to continue.,
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When prompted for driver location type a:\and click Next. Click Finish to complete
installation.

Fo New Hardware Wizard

Please choose your search and installation options.

(2) Search for the best driver in thes locations.

Use the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best diver found wil be installed

Search removable media (floppy, CO-ROM...)

Include this location in the search:

At v

(O Dont search. | will chaose the driver ta install

Choose this option to select the: device diver from a lst. Windows does not guarantes that
the driver pou choose will be the best match for your hardware.

<Back | Mew> | [ Cancel

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the scftware for

Humusoft MFE14

The hardware pou installed will not work until pou restart
your computer,

Click Finish to close the wizard.

10
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3. Programming Guide

3.1. 1/0O Port Map

I/O space of MF 614 card consists of 5 regions:

Region Function Size
(bytes)

BADRO Board programming registers 32

(I/O mapped)

BADR1 Reserved 4

(I/O mapped)

BADR2 0X9162 local configuration 32

(I/0 mapped) registers

BADR3 0X9162 local configuration 4096

(memory mapped)| registers

BADR4 Board programming registers 409¢

(memory mapped)

Table 9. Base Address Register Regions

11
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Address Read Write
BADRO+0 | ADLO - A/D data low ADCTRL - A/D control
BADRO+1 ADHI - A/D data high
BADRO+2 9513A- Data read 9513A- Data write
BADRO+3 9513A- Command read 9513A- Command write
BADRO+4
BADRO+5
BADRO+6 DIN - Digital input DOUT - Digital output
BADRO+7
BADRO+8 DALE - D/A latch enable | DAOLO - D/A O data low byte
BADRO+9 DAOHI - D/A 0 data high byte
BADRO+A DA1LO - D/A 1 data low byte
BADRO+B DA1HI - D/A 1 data high byte
BADRO+C DA2LO - D/A 2 data low byte
BADRO+D DAZHI - D/A 2 data high byte
BADRO+E DA3LO - D/A 3 data low byte
BADRO+F DA3HI - D/A 3 data high byte
BADRO+10 | IRCO - Data read IRCO - Data write
BADRO+11 | IRCO - Command read IRCO - Command write
BADRO+12 | IRC1 - Data read IRC1 - Data write
BADRO+13 | IRC1 - Command read IRC1 - Command write
BADRO+14 | IRC2 - Data read IRC2 - Data write

12
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Address Read Write

BADRO+15 | IRC2 - Command read IRC2 - Command write

BADRO+16 | IRC3 - Data read IRC3 - Data write

BADRO+17 | IRC3 - Command read IRC3 - Command write

BADR2+10 | STATUS - Status register
Table 2. I/O Port Map

3.2. A/D Converter

All functions of A/D converter are accessible through four registers.
A/D control registeADCTRL is used to select input channel, input range and to
start conversion. For ADCTRL bit assignment see table 3.

D7 D6 D5 D4 D3 D2 D1 DO
(MSB) (LSB)
0 1 0 RNG BIP A2 Al AO
BIT NAME DESCRIPTION
7 Must be always 0
6 Must be always 1
5 Must be always 0
4 RNG Selects 10V input range (see table 4)
3 BIP Selects bipolar input range (see table 4)
2,1,0 A2, Al, AO Selects input channel (see table 5)

Table 3. A/D Control Byte Format

13
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RNG BIP INPUT RANGE (V)
0 0 Oto5
1 0 O0to 10
0 1 +5
1 1 +10
Table 4. Input Range Selection
A2 | A1 | AO | CHO | CH1 | CH2 | CH3 | CH4 | CH5 | CH6 | CH7
0 0 0 *
0 0 1 *
0 1 0 *
0 1 1 *
1 0 0 *
1 0 1 *
1 1 0 *
1 1 1 *

Table 5. Input Channel Selection

Conversion is initiated with a write operationA®DCTRL register (located at

address BADRO+0) which also selects the input multiplexer channel and input

range. When the conversion is complete bit 2 in status reds§tem
(BARD2+10) is set to zero. Then the data is ready and can be readNDii®

andADHI registers (BADR0+0, BADRO+1). The read operatiorA®fiLO and
ADHI registers sets the conversion complete bBTAT register back to one.

Writing a new control byte during conversion cycle will abort current

conversion and start a new conversion cy€l€. can generate system interrupt

14
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if CCINTE bit in Status register is set.

D20 - D31 D19 D18 D4 - D17 D3 D2 DO - D1
(MSB) (LSB)
Res. T5INTE| CCINTE Res. T5 CcC Res.

Table 6. Status Register Format

D7 D6 D5 D4 D3 D2 D1 DO

ADLO D7 D6 D5 D4 D3 D2 D1 DO

ADHI Oor | Oor | Oor | Oor | D11 | D10 D9 D8
D11 D11 D11 D11
Table 7. A/ID Data Registers Format

The output data format is binary in unipolar mode and twos-complement binary
in bipolar mode. When readir@DLO the lower eight bits are read. When
readingADHI the upper four MSBs are available and the output data bits D4-
D7 are either set 0 (in unipolar mode) or set to the value of MSB (in bipolar
mode) as described in Table 7.

A/D converter voltage reference can be adjusted by R7.

Sample code for A/D conversion:

unsigned short BADRO, BADRZ2,;
int ch;

short ad,;

char Gain[8];

15
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/I start conversion on channel ch
outp(BADRO, ch | (Gain[ch]<<3) | 0x40);
/[ wait until conversion completed
while (ISBIT1(inp(BADR2+10),0x04));
/l read data
ad=inp(BADRO)+(inp(BADRO0+1)<<8);
/I convert to bipolar range
ad-= Gain[ch] & 0x1 ? 0 : 0x800;
/I convert to double
return(ad/(double) (1<<11));

3.3. D/A Converters

D/A converters are accessed through eight datati latch registerdJAOLO,
DAOHI, DA1LO, DA1HI, DA2LO, DA2HI, DA3LO, DA3HI ). D/A
converters do not require any initialization. All analog outputs are updated
simultaneously by read from D/A latch regisi2ALE (BARO+8).

D7 D6 D5 D4 D3 D2 D1 DO

DALO D7 D6 D5 D4 D3 D2 D1 DO

DAHI 0 0 0 0 D11 D10 D9 D8
Table 8. D/A Data Registers Format

Output voltage ranges of D/A converters are +10V. After power-on or hardware
reset the output voltage is set to OV.

16
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Digital input Output Voltage
OxFFF 9.9951V
0x800 0.0000 V
Ox7FF -0.0049 Vv
0x000 -10.0000 V

Table 9. D/A Outputs

3.4. Digital I/O

MF 614 contains one 8-bit digital input port and one 8-bit digital output port.
Digital input port can bexccessed directly by read frdiN register

(BADR+6). Inputs are TTL compatible. Digital output port candmeessed by
write to DOUT register (BADR+6). Outputs are TTL compatible. After power-
on or hardware reset digital outputs are set to O.

3.5. Quadrature Encoder Inputs

MF 614 contains four quadrature encoder inputs with single-ended or
differential interface and index puls inputs. Inputs are differential TTL
compatible with Schmitt triggers. Two LS7266R1 chips with 20 MHz clock are
used, first for channels IRCO and IRC1, second for IRC2 and IRC3. For detail
low-level documentation please refer to LS7266R1 documentation in Appendix
of this User’s Manual.

MF 614 can be used either wit single-ended or differential encoder outputs. In
case of single-ended encoder outputs use + signal inputs and leave - inputs

17
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disconnected. If differential encoder outputs are used use both + and - inputs of
MF 614. In both cases connect encoder signal ground to GND on X2 connector
of MF 614.

Each IRC channel has one data register and one command register allowing you
to access all internal data and control structures. As intemaiters are 24 bit

wide Byte Pointers BPwith autoincrement function are used to address 3 bytes
sequentially. Each counter can be loaded flmset Register PRand latched

to Output Latch OL .

The Read and Write operations on an OL or PR always accesses one byte at a
time. The byte that is accessed is addressed by BP. BP is autoincremented at the
end of every Read or Write cycle on OL or PR, lower bytes are accessed first.

BP can be reset bireset and Load Decoder RLD

Each counter hasFilter Clock Prescaler PSCwhich is a programmable
modulo-N 8-bit counter driven by chip clock (20 MHz). The divider N can be
downloaded to PSC from PR low byte register udReset and Load Decoder
RLD. Filter clock frequency = 2xI0(n+1) where n = PSC = 0 to OxFF.

RLD allows tranfer PR to CNTR, transfer CNTR to OL, reset CNTR, BP and
FLAG.

18
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716 5] 4] 3| 2| 1 O Command register bit

0 | No operation

1| Reset BP

oo No operation

01 Reset CNTR

110 Reset Borrow, Carry, Compare, Sign flag

1)1 Reset Error flag

oo No operation

01 Transfer PR to CNTR (24 bits)

110 Transfer CNTR to OL (24 bits)

1|11 Transfer PRO to PSC

0j0]|0 Select RLD
Table 10. Command register bit assignments for RLD access

Counter Mode Register CMR allows programming of counter operational
mode.

19
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Command register bit

Binary count

BCD count

0]0 Normal count
01 Range limit
110 Non-recycle count
111 Modulo-N
oo Non-quadrature
01 Quadrature X1
110 Quadrature X2
111 Quadrature X4

0101

Select CMR

Table 11. Command register bit assignments for CMR access

For detail description of Range Limit, Non-Recycle and Modulo-N modes refer
to LS7266R1 documentation.

Input/Output Control Register IOR controls programmable input and output
pins. As MF 614 does not use these pins this register can be used to

enable/disable A and B inputs only.

Command register bit

Disable A and B inputs

Enable A and B inputs

0j1|]0|0|0OfO

0

Select CMR

Table 12. Command register bit assignments for IOR access

20
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Index Control Register IDR allows programming of index operation. Index input
is connected to RCNTR/ABG pin and bit 2 of IDR must be set to 1 for correct

index operation.

Command register bit

Disable index

Enable index

Negative index polarity

Positive index polarity

0

1

1

0

0

1

Select CMR

Table 13. Command register bit assignments for IDR access

Sample code for IRC operation:

/* initialize IRC */

for (i=0; i<IRC_INPUTS; i++)

outp(BADRO+0x11+2*i,0x01);

outp(BADRO+0x10+2*, 0); /I
outp(BADRO+0x11+2*i,0x18);
outp(BADRO+0x11+2*i,0x01);
outp(BADRO+0x10+2*i,0x00);
outp(BADRO+0x10+2*i,0x00);
outp(BADRO+0x10+2*i,0x00);
outp(BADRO+0x11+2*i,0x08);
outp(BADRO+0x11+2*i,0x38);
outp(BADRO+0x11+2*i,0x41);
outp(BADRO+0x11+2*i,0x65);

}

/l reset BP

PRO=0

/I PRO -> PSC
/] reset BP

/I reset PR

/l PR -> CNTR
Il CMR

I1OR

/' 'DR

21
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[*read IRC */
ad=BADRO0+0x10+2*ch;
outp(ad+1,0x11); // CNTR -> OL, reset BP
irc=inp(ad);
irc+=inp(ad)<<8;
irc+=inp(ad)<<16;
return(irc);

3.6. Timer/Counter

MF 614 contains CTS9513 timer/counter chip with 20 MHz input clock. The

first four timers are accessible through exterraimector X2 while the fifth

timer can generate system interrupt (if enabled@BINTE bit in STATUS

register), read by5 bit in STATUS register, or can be used as a clock source

for other timers or for similar internal functions. Gate and clock inputs are
connected together and sharing the same input pin (TxIN) on I/O connector.
Therefore this pin can be used either as a clock source or as a gate source. Inputs
and outputs are TTL compatible, Schmitt triggers are at all inputs to improve
noise immunity. CTS9513 timer is connected as 8-bit device. Do not program it

to 16-bit mode.

CTS9513 is a powerfull counter/timer chip offering wide range of operation
modes allowing:

. up/down, binary/BCD counting

. internal or external clock and gate sources
. binary/BCD prescaling

. one shot/continuous outputs

. software/external triggering

. programmable gate and output polarities

22
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. time of day and alarm functions
. pulse counting

. frequency measurement

. pulse generation including PWM
. programmable clock source

For detail low-level documentation describing all modes of operation please
refer to CTS9513 documentation in Appendix of this User’'s Manual.

Sample code for programming timer 1 as 1 kHz frequency generator:

/* master reset disables all counters/timers, loads
0x0000 to Master Mode register and all Load and
Hold registers, loads 0x0OBOO to all Counter Mode
registers, does not reset counter values */

outp(BADRO+3, OxFF); // master reset
outp(BADRO+3, 0x5F); // resets all counters loading
// 0x0000 from Load registers

[* write 0x0B22 to Counter 1 Mode register to select
binary mode, counting down without gating, output
toggle on terminal count, repeat mode, using F1
clock source (20 MHz) */

outp(BADRO+3, 0x01); // select Counter 1 Mode reg.
outp(BADRO+2, 0x22); // write Counter 1 Mode reg. LO
outp(BADRO+2, 0x0B); // write Counter 1 Mode reg. HI

/* write 10000 (0x2710) to Counter 1 Load register
will cause counter owerflow and output toggle
every 0.5 ms and produce 1 kHz squre wave on
timer/counter 1 output after arming the counter */

outp(BADRO+3, 0x09); // select Counter 1 Load reg.

23



Programming Guide

outp(BADRO+2, 0x10); // write Counter 1 Load reg. LO
outp(BADRO+2, 0x27); // write Counter 1 Load reg. HlI
outp(BADRO+3, 0x61); // loads and arms counter 1

24
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4. 1/0 Signals

4.1. Output Connector Signal Description

The MF 614 multifunction I/O card is equipped with an on-board 37 pin D-type
female connector X1 and with an aditional 37 pin D-type female connector X2
on cable extender. For pin assignment refer to Tables 15 and 16. TB 620
Terminal Board can be connected to both connectors.

ADO-AD7 Analog inputs

DAO-DA3 Analog outputs

DINO-DIN7 TTL compatible digital inputs
DOUTO-DOUT7 TTL compatible digital outputs

IRCO-IRC3 Quadrature encoder A, B and Index inputs
TOIN-T3IN Timer/counter gate and clock inputs
TOOUT-T30UT Timer/counter outputs

+12V +12V power supply

-12v -12V power supply

+5V +5V power supply

AGND Analog ground

GND Digital ground

25
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ADO 1

20 | DAO
AD1 2

21 DAl
AD2 3

22 | AGND
AD3 4

23 DA2
ADA4 5

24 | DA3
AD5 6

25 | AGND
AD6 7

26 | -12v
AD7 8

27 +12V
AGND 9

28 | +5V
AGND 10

29 | GND
GND 11

30 | DOUTO
DINO 12

31 DOUT1
DIN1 13

32 DOUT2
DIN2 14

33 DOUT3
DIN3 15

34 | DOUT4
DIN4 16

35 | DOUT5
DIN5S 17

36 DOUT6
DIN6 18

37 DOUT7
DIN7 19

Table 15. X1 Connector Pin Assignement

26
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IRCOA+ 1

20 | IRC3A+
IRCOA- 2

21 | IRC3A-
IRCOB+ 3

22 | IRC3B+
IRCOB- 4

23 | IRC3B-
IRCOI+ 5

24 | IRC3I+
IRCOI- 6

25 | IRC3I-
IRC1A+ 7

26
IRC1A- 8

27
IRC1B+ 9

28 | +5V
IRC1B- 10

29 | GND
IRC1I+ 11

30 | TOIN
IRC1I- 12

31 | TOOUT
IRC2A+ 13

32 | T1IN
IRC2A- 14

33 | T1IOUT
IRC2B+ 15

34 | T2IN
IRC2B- 16

35 | T20UT
IRC2I+ 17

36 | T3IN
IRC2I- 18

37 | T30OUT
GND 19

Table 16. X2 Connector Pin Assignement

27
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Contact address:

HUMUSOFT s.r.o.

Novakovych 6

180 00 Praha 8

Czech Republic

tel.: + 420 2 84011730

tel./fax: + 420 2 84011740

E-mail: info@humusoft.com
Homepage: http//www.humusoft.com
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| SI/CS| = [Ls7266R1

)
|
J LS| Computer Systems, Inc. 1235 Walt Whitman Road, Melville, NY 11747  (516) 271-0400 FAX (516) 271-0405

24-BIT DUAL-AXIS QUADRATURE COUNTER

. PIN ASSIGNMENT - TOP VIEW
FEATURES: 28-Pin Package

30 MHz count frequency in non-quadrature mode,

January 1998

17MHz in X4 quadrature mode. _
« Dual 24-bit counters to support X and Y axes in vienTrivioL [1] pe] vRenTRIvABG
motion control applications FCK E E YFLG1
» Dual 24-bit comparators VOD (+5V) E E YELG2
« Digital filtering of the input quadrature clocks
» Programmable 8-bit separate filter clock prescalers po E E YA
for each axis o1 [5 | e] ve
« Error flags for noise exceeding filter band width D2 E E YFLG2
* Programmable Index Input and other programmable I/Os.
« Independent mode programmability for each axis o3 [7] ® 2] e
» Programmable count modes: e 5] N br] xe
Quadrature (X1, X2, X4) / Non-quadrature, s E S @ YA
Normal / Modulo-N / Range Limit / Non-Recycle, o [
Binary / BCD. s E E XLCNTR/XLOL
« 8-bit 3-State data I/O bus o7 ] i8] XRoNTRixABG
* 5V operation (VDD-VSS) vss GND) [12 | 7] v
¢ TTL/CMOS compatible I/Os _ —
« 28-Pin SOIC, 28-Pin PDIP (300mil, 600mil) e 2] o] Ro
W [14] bs] cs

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 of7 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.

oL
[7 of7 of7 o]
HI BYTE | MIDBYTE | LOBYTE
(oL2) (oL1) (0L0)

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] 6] 5] 4] 3] 2] 1] o

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

L———  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 active level.

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 load-
ed into a PSC from the associated PR low byte register PR0O. The PSCs provide the ability to generate in-
dependent filter clock frequencies for each channel.

Final filter clock frequency frckn = ( frck/(n+1) ), where n = PSC = 0 to FFH

Reset and Load Signal Decoders: XRLD and YRLD
Following functions can be performed by writing a control byte into an RLD: Transfer PR to CNTR, Transfer
CNTR to OL, reset CNTR, reset FLAG and reset BP.

RLD

[7lels]e]a]2[2]0]

b 0: NOP
1: Reset BP

0
0

]:NOP

1 .
0] : Reset CNTR

2 : Reset BT, CT, CPT,S
1

J : ResetE

0

0] : NOP

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)

1] : Transfer PRO to PSC

0] . Select RLD

I 0 : Select the RLD addressed bfx/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.

CMR
7] o] s[ 4] 3] 2[ 1] of

0:
1:

o]

1
0

7
]
o]

1]

1

-]

1

o]

DEFINITIONS OF COUNT MODES:

Binary count
BCD count

- Normal count

: Range Limit

: Non-recycle count

: Modulo-N

: Non-quadrature

: Quadrature X1

: Quadrature X2

: Quadrature X4

: Select CMR

0: Select CMR addressed by7><lY input
1: Select both XCMR and YCMR together (Note: D7=1 overrides X/Y input)

Range Limit. In range limit count mode, an upper and a lower limit is set, mimicking limit switches in the me-
chanical counterpart. The upper limit is set by the content of the PR and the lower limit is set to be 0. 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 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 di-

rection of counting for same N and does not require the complement of N in the UP instance. In frequency di-

vider application, the modulo-N output frequency can be obtained at either the Compare (FLG1) or the Borrow

(FLG2) output. Modulo-N output frequency, fn=(fi/ (N+ 1) ) where fi = Input count frequency and N=PR.

The information included herein is believed to be
accurate and reliable. However, LSI Computer Systems,
Inc. assumes no responsibilities for inaccuracies, nor for
any infringements of patent rights of others which may
result from its use.




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

IOR

[zlelslalalola]o]

: Disable inputs A and B

: Enable inputs A and B

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

r o PO

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

[N

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

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

LT 29

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

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

i] : Select IOR

{ 0: Select IOR addressed by7X/Y input _
1: Select both XIOR and YIOR together (Note: D7=1 overrides X/Y input)

i

INDEX CONTROL REGISTERS: XIDR and YIDR

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 in-
dexing function can be performed in any given set-up. The index function must be disabled in non-
quadrature count mode.

IDR
1ol 4] ] 2[ 1] o]

. Disable Index

: Enable Index

: Negative Index Polarity
: Positive Index Polarity

» O PO

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

R o

} © Not used

1] : Select IDR
1

0: Select IDR addressed byile input _
L 1: Select both XIDR and YIDR (Note: D7=1 overrides X/Y input)

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



REGISTER ADDRESSING MODES

D7 D6 D5 C/ID RD WR XY Cs FUNCTION

X X X X X X X 1 Disable both axes for Read/Write

X X X 0 1 ] 0 0  Write to XPR byte segment addressed by XBP (Note 3)
X X X L 0  Write to YPR byte segment addressed by YBP (Note 3)
o 0o o 1 1 L] o 0  Write to XRLD

o o o 1 A I | 0  Write to YRLD

1 0 0 1 1 L X 0  Write to both XRLD and YRLD

0 0 1 1 1 LI o 0  Write to XCMR

0 0 1 1 1 r 1 0 Write to YCMR

1 0 1 1 1 I X 0  Write to both XCMR and YCMR

0 1 0 1 1 U 0 0  Write to XIOR

0 10 1 1 LI 1 0 Write to YIOR

1 1 0 1 1 U X 0  Write to both XIOR and YIOR

0 1 1 1 1 0 0  Write to XIDR

0 1 1 1 1 U 1 0 Write to YIDR

1 1 1 1 1 1 X 0  Write to both XIDR and YIDR

X X X 0 0 1 0 0 Read XOL byte segment addressed by XBP (Note 3)

X X X 0 0 1 1 0 Read YOL byte segment addressed by YBP (Note 3)

X X X 1 0 1 0 0 Read XFLAG

X X X 1 0 1 1 0 Read YFLAG

X = Don't Care

Note 3: Relevant BP is automatically incremented at the trailing edge of RD or WR pulse

Absolute Maximum Ratings:

Parameter Symbol Values Unit
Voltage at any input VIN Vss-.3 to VDD+.3 \%
Supply Voltage VDD +7.0 \%
Operating Temperature TA -25 to +80 ocC
Storage Temperature TsTG -65 to +150 oC

DC Electrical Characteristics. (TA= -25°C to +80°C, VDD = 4.5V to 5.5V)

Parameter Symbol Min. Value Max.Value Unit Remarks

Supply Voltage VDD 45 55 \% -

Supply Current IbD - 800 HA All clocks off
Input Logic Low ViL - 0.8 \% -

Input Logic High VIH 2.0 - \% -

Output Low Voltage VoL - 0.5 \% loSNK=5mA
Output High Voltage VOH VDD-.5 - \% losrc=1mA
Input Leakage Current liLK - 30 nA -

Data Bus Leakage Current IDLK - 60 nA Data bus off
Output Source Current losrc 1.0 - mA Vo = VDD-.5V

Output Sink Current loSNK 5.0 - mA Vo = 0.5V

7266R1-111196-5



Transient Characteristics. (TA=-25°C to +80°C, VDD = 4.5V to 5.5V)

Parameter Symbol Min. Value Max.Value Unit Remarks
Read Cycle (See Fig. 1)
RD Pulse Width tr1 50 - ns -
CS Set-up Time tr2 50 - ns -
CS Hold Time tr3 0 - ns -
C/D Set-up Time tra 50 - ns -
C/D Hold Time tr5 10 - ns -
XIY Set-up Time tre 50 - ns -
X/Y Hold Time tr7 10 - ns - _
Data Bus Access Time tr8 50 - ns Access starts when both RD
and CS are low. _
Data Bus Release Time tro - 25 ns Release starts when either RD
or CS is terminated.
Back to Back Read delay tr10 60 - ns -
Write Cycle (See Fig. 2)
WR Pulse Width twi 30 - ns -
CS Set-up Time tw2 30 - ns -
CS Hold Time tws 0 - ns -
C/D Set-up Time twa 30 - ns -
C/D Hold Time tws 10 - ns -
XIY Set-up Time twe 30 - ns -
XIY Hold Time twz 10 - ns -
Data Bus Set-up Time tws 30 - ns -
Data Bus Hold Time two 10 - ns -
Back to Back Write Delay twio 60 - ns -
Quadrature Mode (See Fig. 3-5)
FCK High Pulse Width t1 14 - ns -
FCK Low Pulse Width t2 14 - ns -
FCK Frequency frek - 35 MHz -
Mod-n Filter Clock(FCKn)Period t3 28 - ns t3 = (n+1) (t1+t2), where
n=PSC=0to FFH
FCKn frequency frckn - 35 MHz -
Quadrature Separation ta 57 - ns ta22t3
Quadrature Clock Pulse Width t5 115 - ns t5 2 4t3
Quadrature Clock frequency foa, foB - 4.3 MHz foa = foB = 1/8t3
Quadrature Clock to Count Delay  to1 5t3 6t3 - -
X1/X2/X4 Count Clock Pulse Width tq2 28 - ns tQ2=t3
Index Input Pulse Width tidx 85 - ns tidx > 3t3
Index Skew from A tai - 28 ns tai<ts
Carry/Borrow/Compare Output Width Q3 28 - ns tQa=1t3

Non-Quadrature Mode (See Fig. 6-7)

Clock A - High Pulse Width te 16 - ns -

Clock A - Low Pulse Width t7 16 - ns -
Direction Input B Set-up Time tes 20 - ns -
Direction Input B Hold Time t8H 20 - ns -

Gate Input (ABG) Set-up Time tes 20 - ns -

Gate Input (ABG) Hold Time teH 20 - ns -
Clock Frequency (non-Mod-N) fa - 30 MHz fa=(1/(te +t7))
Clock Frequency (Mod-N) fan - 25 MHz -

Clock to Carry or Borrow Out Delay to - 30 ns -
Carry or Borrow Out Pulse Width  t10 16 - ns tio=tr7
Load CNTR, Reset CNTR and

Load OL Pulse Width t11 20 - ns -

Clock to Compare Out Delay t12 50 - ns -



X-AXIS 1/Os:
XA (Pin 20)
XB (Pin 21)

XLCNTR/XLOL
(Pin 19)

XRCNTR/XABG
(Pin 18)

XFLG1 (Pin 22)

XFLG2 (Pin 23)

Y-AXIS 1/Os:

INPUTS/OUTPUTS

X-axis count input A 7| Either quadrature encoded clocks or non-quadrature clocks can be applied
X-axis count input B | to XA and XB. In quadrature mode XA and XB are digitally filtered and decoded
— for UP/DN clock. In non-quadrature mode, the filter and the decoder circuits are

by-passed. Also, in non-quadrature mode XA serves as the count input and XB
as the UP/DOWN direction control input, with XB = 1 selecting Up Count mode
and XB = 0, selecting Down Count mode.

X-axis programmable input, to operate as either direct load XCNTR or direct load XOL or synchronous

load XCNTR or synchronous load XOL. The synchronous load mode is intended for interfacing with

the encoder Index output in quadrature clock mode. In direct load mode, a logic low level is the active

level at this input. In synchronous load mode the active level can be programmed to be either logic

low or logic high. Both quarter-cycle and half-cycle Index signals are supported by this input in the in-

dexed Load mode. The synchronous function must be disabled in non-quadrature count mode (See

description of IDR on P. 4)

X-axis programmable input to operate either as direct reset XCNTR or count enable/disable gate or
synchronous reset XCNTR. The synchronous reset XCNTR mode is intended for interfacing with the
encoder Index output in quadrature clock mode. In direct reset XCNTR mode, a logic low level is the
active level at this input whereas in synchronous reset XCNTR mode the active level can be pro-
grammed to be either a logic low or a logic high. Both quarter-cycle and half-cycle index signals are
supported by this input in the indexed reset CNTR mode. The synchronous function must be disabled
in non-quadrature count mode (See description of IDR on P. 4). In count enable/disable mode, a logic
high at this input enables the counter and a logic low level disables the counter.

X-axis programmable output to operate either as XCARRY (Active low), or XCOMPARE (generated
when XPR=XCNTR; Active low), or XIDX (XFLAG bit 6) or XCARRY/XBORROW (Active low).

X-axis programmable output to operate as either XBORROW (Active low) or XU/D (XFLAG bit 5)
or XE (XFLAG bit 4).

All the X-axis inputs/outputs are duplicated for the Y-axis with similar functionalities.

YA (Pin 25)
YB (Pin 24)

YLCNTR/YLOL (Pin 1)
YRCNTR/YABG (Pin 28)

YFLG1 (Pin 27)
YFLG2 (Pin 26)

COMMON 1/Os:
WR (Pin 14)

RD (Pin 16)
CS (Pin 15)
C/D (Pin 13)
D0-D7
(Pins 4-11)

FCK (Pin 2)
XIY (Pin 17)

VDD (Pin 3)

\/ac (Pin 12\

Write input. Control/data bytes are written at the trailing edge of low level pulse applied to this input.
Read input. A low level applied to this input enables the FLAGs and OLs to be read on the data bus.
Chip select input. A low level applied to this input enables the chip for Read and Write.

Control/Data input. This input selects between a control register or a data register for Read/Write.
When low, a data register is selected. When high, a control register is selected.

Data Bus input/output. The 8-bit three-state data bus is the /O port through which all data transfers
take place between the LS7266R1 and the host processor.

Filter clock input in quadrature mode. The FCK is divided down internally by two 8-bit programmable
prescalers, one for each channel.

Selects between X and Y axes for Read or Write. X/Y = 0 selects X-axis and X/Y = 1 selects Y-axis.
X/Y is overridden by D7 =1 in Control Write Mode (C/D = 1).

+5VDC

GND
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FIGURE 3. FILTER CLOCK FCK AND QUADRATURE CLOCKS A AND B

Note 4: FCKn is the final modulo-n internal filter clock, arbitrarily shown here as modulo-1.
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FIGURE 4. QUADRATURE CLOCK A, B AND INDEX INPUT

Note 5: Shown here is positive index with solid line depicting 1/4 cycle index and dotted line depicting 1/2 cycle index.
Either LCNTR/LOL or RCNTR/ABG input can be used as the INDEX input.

Note 6: X1, X2 and X4 clocks are the final internal Up/Down count clocks derived
from filtered and decoded Quadrature Clock inputs, A and B.

Note 7: IDX is the synchronized internal "load OL" or "load CNTR" or "reset CNTR" signal based on LCNTREL
or RCNTR/ABG input being selected as the INDEX input, respectively. This signal is identical with
FLAG register bit 6.
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FIGURE 5. CARRY, BORROW, COMPARE, CARRY TOGGLE, BORROW TOGGLE AND
COMPARE TOGGLE IN X4 QUADRATURE, NORMAL, BINARY COUNT MODE.

Note 8: COMPARE is generated when PR = CNTR. In this timing diagram it is arbitrarily assumed that PR = 1.
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CTS9513
5 Chan 16 bit 50MHz Counter/Timer

FuncTions

Five 16 bit programmable up/down counters
Programmable Pulse Generation
Programmable Delay Generator

Pulse Measurement

Event Counting

Frequency Measurement

System Synchronization

Real Time Clock

APPLICATIONS

¢ Computer System Timing
Real Time Clock with Alarm
Watchdog Timer
Programmable System/Bus Clock
Wait State Generation

* Data Acquisition
Programmable Converter Clock
Pulse Measurement
Frequency Counter
Event Counter

* ATE
Programmable Stimulus Generator
Timing Extremes Generator

* Laser Systems
Timing Sequencer
Programmable Delay Generator
External Equipment Synchronization
Burst Mode Generator

¢ Industrial Process Control
Pulse Frequency Sensor conversion
System Timing/Synchronization

ExTenbep AM9513 FeaTURES (-5 DEVICE)

Up to 50 MHz Maximum input frequency
Extended Pre-scaling

Internal Interrupt Generation

Master Output Inhibit

Extended Count Source Selection

StANDARD AM9513 FEATURES

Five independent 16 bit counters

Up/Down, Binary/BCD Counting

Internal Binary/BCD Prescaling

One Shot/Continuous Outputs
Software/External triggering

Tri-state Outputs

Programmable output polarities
Programmable gate polarities/edges

Time of Day/Alarm Functions

Programmable Internal/External Counter Source
Fully AM9513 Hardware/Software Compatible
Dual count registers on each counter

Figure 1 - CTS9513 DIP-40 Package

CTS9513 OVERVIEW

For two decades the most flexible counter/timer pe-
ripheral device available was the Advanced Micro
Devices AM9513 Counter Timer. Until discontinued
in 1995 the AM9513 was a leading device in indus-
trial and scientific timing controllers. Its only limita-
ton was its 7 Mhz maximum clock
speed... ... .... .until now............

Building on two decades of successful use as the
most flexible programmable counter/timer device, the
CTS9513 breaks the old limitations of the AM9513 in
a new technology device with over 5 times the
performance of the venerable 9513 with 16 bit coun-
ters. Sporting up to a 50 MHz Maximum Input clock,
the CTS9513 allows timing resolutions of 20 ns and
gate pulses as short as 10nS. This opens up a whole
new range of capabiliies and applications for this
device.

The CTS9513 is fully Hardware and Software com-
patible with the AM9513, allowing use of your present
software drivers. The CTS9513-5 Also features an
extended set of instructions for additional prescaling
of the input clock and internal interrupt generation
circuitry Standard Packaging for the CTS9513 is the
DIP-40, PLCC-44 PQFP-100 Package. Extended I/O
is available in the PQFP-100 package only. Both
Commercial and Industrial temperature ranges are
available in plastic packaging.

CTS95130

Also in the works is a full 5 x 32 bit implementation of
the 9513 capable of 33 Mhz clock speeds. Imagine
counter dynamic ranges of 30 nS to over 2 minutes
in a single counter. The 33 Mhz clock speed and full
32 bit data path make this a perfect PCI bus compati-
ble peripheral device.

PRELIMINARY INFORMATION - SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

Copyright 1997 Celeritous Technical Services Corp

Rev C November, 97
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CTS9513
5 Chan 16 bit 50MHz Counter/Timer

DEVICE DESCRIPTION

The CTS9513 is a custom, high speed gate array
implementation and extension of the AMD AM9513
System Timing Controller. The 9513 has long been
the most versatile counter/timer peripheral device,
featuring far more flexibility than competing timing
devices such as the Intel 8253/8254, Motorola 6840
or others. A large installed base of devices and
software drivers already exists.

The principal limitation of the AM9513 was its maxi-
mum frequency limitation of 7 Mhz imposed by its
late 19705 NMOS LSI design. The CTS9513 shat-
ters this barrier with a 50 MHz maximum clock
speed.

The CTS9513 Counter/Timer is capable of a wide
variety of applications including, but not limited to:

Event Counting

Event Sequencing
Programmable pulse generation
Programmable delay generation
Frequency counting

Frequency synthesis

Real Time Clock

Alarm Clock Functions
Watchdog Timing

Retriggerable Pulse Generation
Non-Retriggerable Pulse Generation
Frequency Shift Keying

Baud Rate Clock

Waveform Analysis

Interrupt Generation

Pulse burst generation

The user has total software control over key features
such as:

EXTENDED FEATURES

BAckwARDS COMPATIBLE

The CTS9513 maintains full backwards compatibility
with the AM9513. allowing continued use of your
existing software drivers. Data may be transferred in
8 or 16 bit increments. All internal data paths in the
CTS9513 are 16 bit. All9513 commands registers
and modes are supported. Timer commands are still
8 bit, with extended features making use of previ-
ously unused commands.

DEeviATIONS FROM THE 9513

The primary hardware feature NOT implemented
in the CTS9513 is the GATE1A-GATE5A input
lines, shared with the upper 8 bit data bus lines
due to their limited utility.

ExTenDED I/O

Interrupt Outputs (PQFP-100 Pkg only)

Five separate interrupt output lines are provided in
the CTS9513(PQFP-100 package only), driven by
the terminal count pulse of each counter. These lines
may be programmed to assert a pulse or a latched
level reset by software for use in a variety of proces-
sor and bus systems.

Timer Output Inhibit (PQFP-100 Pkg only)

In addition to the software programmable output
inhibit or tri-state command, the CTS9513 (PQFP-
100 package only) provides a hardware output inhibit
signal which overrides all software commands to
place the outputs in a high impedance state. This
allows external hardware interlock control over the
counter outputs. An extension to the Status register
allows software monitoring of the state of this line.

FEATURE EXTENSIONS

¢ Output Polarities

: lOutpu1t_ I_mped?zndce Polarii Auxiliary Master Mode Register

. I—Tpl:j[ rigger, /gg olarities An auxiliary Master Mode Register has been added

. Safrt ware ga_tmg/; triggering to accommodate programming of new features. The

: CO wta[Je IgDatlng triggering primary Master Mode Register remain the same as in

. Bglljjr;B' P ocwn . the 9513 for software compatibility. At power-on and

. Real Sinary Lounting d at reset both Master Mode registers are reset to all

o ea "Te count register rea 80 bi zeros. If no subsequent writes are made to the

. F?terna couglterfconcatenatlon (up tlo - its) auxiliary Master Mode register or as long as all writes

. Programmable _rt:quer:t:)l/ scl)<urce se el_ctlon are zero filled in the high word, there is no difference
rogrammable internal clock pre-scaling in operation from the 9513 as extended features will

not be enabled.

Symbol Description Min Max Units

Voo DC Supply Voltage -0.3 7 Volts

Vi Input Voltage at Any Pin -0.3 Voois Volts

Tor Operating Temperature AxC (AxI) 0(-40) [70(85) [ °C

Ter Storage Temperature -55 150 °C

Table 1. Absolute Maximum Ratings
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Auxiliary Counter Mode Register

The Auxiliary Counter Mode Register has been
added to accommodate extended feature program-
ming. The primary Counter Mode Register remains
the same as in the 9513 for software compatibility.
At power-on and at reset both Counter Mode regis-
ters are reset to all zeros. If no subsequent writes are
made to the auxiliary Counter Mode register there is
no difference in operation from the 9513 as extended
features will not be enabled.

Status Register

The Status register has been extended to 16 bits to
accommodate monitoring of the status of the com-
parators, interrupt outputs and the hardware output
inhibit line. The lower 8 bits remain the same as in
the 9513 to preserve software compatibility.

24 bit Extended Internal Prescaling

The original 9513 was limited to a maximum of 16

bits of prescaling (,10,000 BCD, ,65,536 Binary).
With a 50 MHz clock this would provide limited
prescaling to 5kHz in BCD mode or 763 Hz in Binary
mode. The CTS9513 extends the internal prescaling
counter to 24 bits (, 1M BCD, ,16.77M Binary),
adding two additional prescaler outputs. These two
new outputs may be programmed as count sources
for any of the five counters as well as the FOUT
dividers.

FOUT Prescaler

The FOUT counter has been extended to 6 bits. The
FOUT counter may now be programmed for divide
by 1 to 63 inclusive. The original four bit Master
Mode register counter program controls the least
significant four bits of FOUT to provide maximum
backwards compatibility. The auxiliary Master Mode
register contains the program bits for the additional
divider.

Command Registers

The command register remains the same as the
9513, with only the lower 8 bits used. Previously
unused commands in the 9513 are utilized for the
extended features such as Interrupt output control
and auxiliary register addressing. This preserves the
original two port address access for the timer.

INTERFACE SIGNALS

PACKAGING

Figure 2 illustrates the DIP-40 Package pinout of the
device which conforms to the original AM9513
pinouts.

Table 2 summarizes the pinouts of the PLCC-44
package illustrated in Figure 3 which conform to the

original AM9513 pinouts.

Table 3 summarizes the CTS9513 device pinouts
and signal names for the QFP-100 package illus-
trated in Figure 4. Pinouts are optimized for ease of
layout.

CTSC9513A X | x |- X

Package

Plastic DIP-40
Plastic PLCC-44
Plastic PQFP-100 Q

<~ T

Temperature Range
Commercial (0-70° C) C
Industrial (-40 - 85° C) |

Maximum Clock Speed
20 MHz 2
50 MHz 5

Table 2 - CTS9513 Ordering Information

vel 10 40[] ouT3
out2 [] 2 39 ] GATE2
out1 [ 3 38[ ] ouT4
GATEL1 [] 4 371 ouTs
x1 s 36 | GATE3
x2 e 35[ ] GATE4
FouT [} 7 341 GATES
cp []s 33[] SOURCE 1
WR [ 9 32[ ] SOURCE 2
cs [ 10 31[] SOURCE 3
rRD [ 11 30[ ] SOURCE 4
Do [} 12 29[ ] SOURCE 5
D1 [} 13 28 1 D15
D2 [ 14 2711 D14
D3 [] 15 26/ 1 D13
D4 [] 16 25[ ] GATE5A/D12
D5 [] 17 24[ ] GATE4A/D11
D6 [] 18 23] GATE3A/D10
D7 [] 19 22[ ] GATE 2A/D9
GATE 1A/D8 [] 20 2111 vss

Figure 2 - CTS9513 DIP-40 Package Pinouts
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PLCC-44 Package Pinouts

* Extended Function Pins

Pin Signal Pin Signal Pin Signal Pin Signal
1 VCC 23 D8 1 vce 51 vce
2 ouT2 24 VSS 2 DO 52 NC
3 NC 25 D9 3 D2 53 NC
4 OUT1 26 D10 4 D4 54 NC
5 GATEL 27 D11 5 D6 55 NC
6 X1 28 D12 6 D8 56 NC
7 X2 29 D13 7 D10 57 NC
8 FOUT 30 D14 8 D12 58 NC
9 NC 31 D15 9 D14 59 NC
10 C/D 32 NC 10 NC 60 NC
11 WR 33 SOURCE5 11 NC 61 IRD
12 Cs 34 SOURCE4 12 NC 62 ICS
13 RD 35 SOURCE3 13 NC 63 NC
14 NC 36 SOURCE2 14 NC 64 NC
15 DO 37 SOURCE1 15 NC 65 NC
16 D1 38 GATES 16 NC 66 NC
17 D2 39 GATE4 17 NC 67 NC
18 D3 40 GATE3 18 C/D 68 NC
19 D4 41 OoUT5 19 NC 69 NC
20 D5 42 ouUT4 20 IWR 70 NC
21 D6 43 GATE2 21 NC 71 NC
22 D7 44 ouUT3 22 NC 72 D15
Table 2. PLCC-44 Pinouts 23 NC 73 D13
24 NC 74 D11
6 __ __ 1 40 25 NC 75 D9
S 26 NC 76 D7
i pee 27 NC 77 D5
q i 28 NC 78 D3
E CTSC9513ADI-5 % 29 NC 79 D1
d i 30 Vss 80 Vss
i i 31 Vss 81 Vss
q i 32 NC 82 NC
i i 33 NC 83 X1
17E % » 34 NC 84 NC
35 NC 85 X2
il 36 NC 86 NC
37 NC 87 SOURCE 1
Figure 3. PLCC-44 Outline 38 INT 5* ER) SOURCE 2
" 39 INT 4* 89 SOURCE 3
SR 20 [INTw 9 | SOURCE4
== 41 INT 2% 91 SOURCE 5
= 42 INT 1 92 NC
= 43 OoUT5 93 GATE 1
= a4 OUT 4 94 GATE 2
= 45 OUT 3 95 GATE 3
= 46 OUT 2 96 GATE 4
= 47 OUT 1 97 GATE 5
. = 48 NC 98 NC
T 49 FOUT 99 IOUTEN*
O 50 [vee 100 [ vec

Figure 4. PQFP Package Outline

Table 3. PQFP-100 Package Pinouts - * New Signal
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