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Chapter 1. Introduction

1.1 Functional Description

Measuring 4.4 x 3.1 inches, tR52is an I/O expansion board designed for and driverm G ern host
controller. A 16-bit external data bus is requitedrun the parallel ADC and DAC on tli#52 Many
embedded applications demand high speed ADC and Wi#Cbuffered operational amplifiers supporting
variable gains or offset for analog signals. TR&E2 supports four 16-bit, parallel DACs (DAC8544)
buffered by 4 ops with gain=2 (hardware adjustalpedviding +5V analog output by default. A resisto
pot is used to adjust the DAC analog output offsét.also supports eight 16-bit parallel ADC inputs
(AD7655).

The P52 can buffer PIOs with 16 sourcing drivers (UDN298@),14 sinking drivers (ULN2003). These
drivers can source or sink 350 mA at 50V per linairectly drive solenoids, relays, or lights. Bidfigh
isolation voltage photocouplers (PS2701, NEC) caimbtalled to provide optically isolators to PIJsvo
quadrature decoders, (HCTL2020, Hewlett Packard) loa installed to interface incremental motion
encoders. In addition, 24 bi-directional TTL PRD4$/(82C55) are software programmable and freedo us

> Quadrature Serial Port 0 100M BaseT
Ul
fr
. :
A : o |
IS L 26.000 B
+12V input
) < e @_ GND
14 High 8 Opto- DAC offset- 4 16-bit DAC 8 16-bit ADC
Voltage coupler adjusting POT ouputs inputs
outputs inputs
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A 100M BaseT Ethernet controller (Wiznet) can bgtalled to provide network connectivity. A softwar

stack library is available, supporting network puals like ARP, DHCP, UDP, ICMP, and of course TCP

over the Ethernet network.

Two channels of RS-232 drivers and a 5V linear l&gu are on-board. An optional RS232 or RS485

driver can be installed for the optiona! BIART of the host controller. THe52 requires 8.5V to 12V DC

power supply with linear regulator, or up to 30V [POwer input with an optional switching regulator

without generating excessive heat.

TERN host P52 —<— ra

——

High speed
parallel
ADC

High speed
parallel
DAC

HP2020
Quad.
Decoders

controller
586-Engine g \ > AN >
or A-Engines6, - \ A -
i386-Engine adaress,
data bus +> oStgf](;aonunpeklesrs 100M base-T|
CPU PIOs Ethernet
data bus sinking/sourcing interface
H.V. drivers

Figure 1.1 Functional block diagram of the P52

1.2 Features

P> 4.4x3.1x0.5 inches.

» Driven by586-Engine™, i386-Engine™, A-Engine86™
» Power consumption: < 200 mA @ 9V-12V

» 2 channels RS-232 serial communication

» 24 PPIs, 14 high voltage sourcing or sinking dve

» Wiznet 100M Base-T Ethernet Controller

» 8 ch. 16-bit ADC( AD7655) x 2

» 4 ch. 16-bit DAC (DAC8544) with buffer ops*.

» 8 opto-isolators and 2 quadrature decoders*

» 5V switching regulator*

» RS-232/485 for optionalBUART on controlling ‘Engine’*
*optional
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Chapter 2: Installation

2.1 Connecting the P52 and the host ‘Engine’ to the PC

Using P52 COM Ports:
The following diagram (Figure 2.1) illustrates tennection between tig52and the PC via a serial cable.

A host controller must be installed on ti®52 via J1 and J2 headetsefore power on The host
communicates through SERO for debugging by defatitis, the 5x2 IDC connector must be installed on
the SERO of thé52 (header H2). IMPORTANT: Note that the red side of the cable must point to pin 1

of the H2 header. The DB9 connector should be connected to one of fglls COM Ports (COML1 or
COM2).

Red edge of

Serial Port 0 Debug Cable
(Debug Port)

-----------------------

) | ] [ :
| (e - b
J3o0 od0
J8 o G ollo-old] m‘“
3 3 L VE ee)

i — . 89 | 12V Power
S e Plug (Center
Negative)

0205-D-QF
BU-FCYET

RDC
R8830

........

......

Figure 2.1 P52 driven by host controlleA-Engine-40
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Using Host Controller COM ports:

In the case where the host controller already pies/iSerial Ports 0 and 1, such asSehown below,
P52header H2 (Ser 0) will be blocked off. To negatiaith this change, we can use the debug port (Ser
0) on the host controller and avoid Serial porés@ 1 on thé52,as shown below with theP as host.

Serial Port 0
Red edge of on5P

Debug Cable

—————

12V Power Jack
Adapter (Center
Negative)

T SR RO EE S S SR AR A SR B AR

s Pl o e e L R

Figure2.2 P52 driven by host controlles86-Engine-P.

The P52 must be powered by an unregulated +12 Volts (ortaip-30V with an optional switching

regulator). A 2x1 screw terminal is installed taeyt this +12V input. See schematic for orientatdén

screw terminal. Using the power jack adapter predidith a TERN EV-P or DV-P Kit, connect the outpu
of the wall transformer to yol®52 (as seen in above diagram).
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Chapter 3: Hardware

3.1 Engine controllers

The P52 was designed to be driven by a Tern host contralising the 16-bit external data/address bus to
drive the parallel ADC and DAC, as well as othemponents. Any ‘Engine’ used will be installed opt
of theP52 via 20x2 pin headers J1 and J2, and can be sebyree #4-40 mounting screws.

3.2 Serial PortsDrivers

The P52 can provide up to 3 channels RS-232/485 driversd@wgult, two RS-232 drivers are ready for the
two asynchronous serial UARTSs from the installedjiBe controller via 20x2 pin header J1 and J2. One
optional 3 RS232 or RS485 driver can be installed to supiperbptional UART SCC2691 on the Engine
controller.

The default debug serial port SERO is routed at$ER1 at H3, and SCC port at H4.

H2 Serial Port 0 - ”
(Debug Port) H3 Serial Port H4 3° UART Por

Note: H4 is hidden beneath the Wiznet Ethernet Modifiehe Ethernet is installed while H4 is needed, a
angled header should be considered.

H4 hidden
under ethernet
module.
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3.31/0 Mapped Devices

3.3.11/0 Space

External I/O devices can use /O mapping for accéss can access such I/O devices withortb(port) or
outportb(port,dat). These functions will transfer one byte of datdh® specified 1/0 address. Refer to the
software chapter of the controlling Engine’s techhimanual for additional information on 1/O spacel
access.

The tables below shows more information about I/&pping,

I/O space Select Signal Location Usage
0x00,02,04,06 /PP1 U1 pin 7 /PPI for PPI
0x10 /RD /AD U15 pin 31 /AD for AD7655
0x20 /RD /AD1 U22 pin 31 /AD1 for AD7655
0x10 /WR LD U3 pin 27 LD for DA8544
0x20 /WR /DA u3 /DA for DA8544
0x30 /WR /ADR U2 pin 11 /ADR for ethernet
0x40 /RD /RDT Ul6 pin1l /RDT read optos
0x48 /RD /HP1 U6 pin 4 read HP2020 (U6)
0x50 /HP2 U8 pin 4 read HP2020(U8)
0x60 /WR /HV1 u23 pin4 write HC259 (U23)
0x68 /HV2 U24 pin 4 write HC259 (U24)
0x70 IcV U15 pin 35 /CV for AD7655 (U15)
0x78 /CV1 U22 pin 35 /CV1 for AD7655 (U22)

Table3.1 186-Engine Mapping

I/O space Select Signal Location Usage
0x1080,82,84,86  /PP1 U1 pin 7 /PPI for PPI
0x1090 /RD /AD U15 pin 31 IAD for AD7655
0x10A0 /RD /AD1 U22 pin 31 /AD1 for AD7655
0x1090 /WR LD U3 pin 27 LD for DA8544
0x10A0 /WR /DA u3 /DA for DA8544
0x10B0 /WR /ADR U2 pin 11 /ADR for ethernet
0x10C0 /RD /RDT U16 pin 1 /RDT read optos
0x10C8 /RD /HP1 U6 pin 4 read HP2020 (U6)
0x10D0 /HP2 U8 pin 4 read HP2020(U8)
0x10EO0 /WR /HV1 u23 pin4 write HC259 (U23)
O0x10ES8 /HV2 U24 pin 4 write HC259 (U24)
0x10F0 IcV U15 pin 35 /CV for AD7655 (U15)
O0x10F8 /ICV1 U22 pin 35 /CV1 for AD7655 (U22)

Table 3.2 586-Engine Mapping
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3.3.2 Programmable Peripheral I nterface (82C55A)

The Ul PPI (8255) is a low-power CMOS programmadaeallel interface unit for use in microcomputer
systems. It provides 24 I/O pins that may be iidiglly programmed in two groups of 12 and used in
three major modes of operation.

In MODE 0, the two groups of 12 pins can be progreeah in sets of 4 and 8 pins to be inputs or outputs
In MODE 1, each of the two groups of 12 pins carplegrammed to have 8 lines of input or output. Of
the 4 remaining pins, 3 are used for handshakird iaterrupt control signals. Finally, MODE 2 is a
strobed bi-directional bus configuration.

C T T T T T T T 1
|—J GROUP 1
Port 2 0 Output
(Lower)

1 Input

Port 1 0 Output

1 Input

Mode 0 Mode 0

1 Mode 1

GROUP 2

Port 2 0 Output

(Upper)

1 Input

Port 0 0 Output

1 Input

Mode 00 Mode O

01 Mode 1

1X Mode 2

Command 0 B it
Select manipulatior
1 Mode

Selec:

Figure 3.1 Mode Select Command Word

P52 maps U1, the PPI 8255, at base I/O address PP1880x(586-Engine) and 0x00 (186-Engine).
All ports/registers are offsets of this I1/0 basedrags.

The Command Register address = PPI+6; Port 0 ssldr®PI+0; Port 1 address = PPI+2;

and Port 2 address = PPI+4.

The following code example will set all ports tatjout mode:
out port b(PPI +6, 0x80); /* Modde O all output selection. */

And then write to specific pins after setup:
out port b(PPI +0, 0x55); /* Sets port O to alternating high/low 1/O pins. */
out portb(PPI +2, 0x55); /* Sets port 1 to alternating high/low 1/O pins. */
out port b(PPI +4, 0x55); /* Sets port 2 to alternating high/low /O pins. */

To set all ports to input mode:
out port b(PPI 1+6, 0x9f ) ; /* Mode O all input selection. */
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You can read the ports with:

i nportb(PPI+0); /* Port 0 */

i nportb(PPI+2); /* Port 1 */

i nportb(PPI+4); /* Port 2 */
Theseinport(PPI+i); statements return an 8-bit value for each poith wach bit corresponding to the
appropriate line on the port.

There are 24 TTL level 1/O pins free to use for iyapplication. These I/O lines are specified asA m
driving current capability. PPI outputs are raute J3.1-24 See schematics for PPl connection header J3

3.3.3 HCTL2020

Two quadrature decoder/counter interface chips, TERD20, Hewlett Packard, U6 and U8) can be
installed on theP52. The quadrature decoder is used to interface rimengal motion encoders with the
microprocessor system or to improve system perfocador digital closed-loop motion control systems.
The HCTL2020 includes a quadrature decoder, a tLéehinter, and an 8-bit bus interface. It featdtdis

4x decoding, up to 14 MHz clock operation, highsecimmunity due to Schmitt-trigger inputs and dilyit
noise filters, quadrature decoder output signgiédawn signal, count signals, and cascade outgu@ki
Many types of optical incremental encoder modugegh as the HEDS-9000, HEDS-9100, and HEDS-
9200 from HP, can be directly interfaced to the HE020.

Channel A and B signals buffered with Schmitt tegignputs (U7, 74HC14, CHA1/2, CHB1/2) are routed
at pins 31, 32, 35, and 36 on headerT¥8 HCTL2020 has built-in filters, which allowlieble operation
in noisy environments.

3.3.4 Four channd, 16-bit ADC (AD7655)

Two AD7655 ADC’'s may be installed on ti#2. The unique 16-bit parallel ADC (AD7655, 0-5V)
supports ultra high-speed (1 MHz conversion ratglag signal acquisition. The AD7655 contains two
low noise, high bandwidth track-and-hold amplifi¢ghst allowsimultaneoussampling on two channels.
Each track-and hold amplifier has a multiplexefront to provide a total of 4 channels analog isputhe
parallel ADC achieves very high throughput by reiqgi only two CPU 1/O operations (one start, orgede
to complete a 16-bit ADC reading. With a preciseternal 2.5V reference, the ADC accepts 0-5V apalo
inputs at 16-bit resolution of 0-65,535. U22 irpate found on J5.7-1While U15 inputs are on J5.11-14

See sample progranp52_ad.& in \tern\186\samples\p52 or \ter n\586\samples\p52 for details on reading
the ADC. The sample program is also included in fe-built sample project p52.idé in
\ter n\186\samples\p52 and\ter n\586\samples\p52.

Refer to the data sheet for additional specificetjdtern_docs\parts\ad7655.pdf.

3.3.5 Four channd, 16-bit DAC (DA8544)

The DA8544 is a parallel 16-bit D/A converter. ThHisvice supports 4 voltage output channels buffesed
ops with hardware configurable gain (default galpg®ving default output range of £5V. An on-boarot
allows for adjustable analog output voltage. The£Aequires an external 5V reference given by a
precision reference installed at UO.

The P52 uses data bus D15 to DO to directly interface ®@@AC’s full 16-bit data bus for maximum data
transfer rate. Four outputs are routed to J5.17-20

A sample programp52_da.c”is in the\tern\186\samples\p52 and\ter n\586\samples\p52 directory.
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3.3.6 100 MHz Base-T Ethernet

An WizNet™ Fast Ethernet Module can be installegrmvide 100M Base-T network connectivity. This
Ethernet module has a hardware LSI TCP/IP stadékgtements TCP/IP, UDP, ICMP and ARP in
hardware, supporting internet protocol DLC and MAtas 16KB internal transmit and receiving buffer
which is mapped into host processor’s direct membmg host can access the buffer via high speed DMA
transfers. The hardware Ethernet module releasesat connectivity and protocol processing from th
host processor. It supports 4 independent stackemiions simultaneously at a 4Mbps protocol
processing

speed. An RJ45 8-pin connector is on-board for eoting to 10/100 Base-T Ethernet network. A
software

library is available for Ethernet connectivity.

3.3.7 Opto-couplers

There are 8 opto-couplers on tRB2. These opto-couplers provide optical isolation aad be used for
digital inputs, relay contact monitor, or powerlimenitor. These optos have a 3 micro-second ON &nue

5 micro-second OFF time. The on-board input pingehea 1K pullup, so a low input signal will turn the
coupler ON. Opto-coupler intputs are routed tsRiA.1-8

3.3.8 High-Voltage, High-Current Drivers

ULN2003 (U13 and U14) are high voltage, high curi@arlington transistor arrays, consisting of Tcsih
NPN Darlington pairs on a common monolithic sulistréll channels feature open-collector outputs for
sinking 350 mA at 50V, and integral protection diedor driving inductive loads. Peak inrush cursewit

up to 600 mA sinking are allowed. Outputs may belbeled to achieve high-load capability, althowgith
driver has a maximum continuous collector curreating of 350 mA at 50V. The maximum power
dissipation allowed is 2.20 W per chip at 25 degr€e The common substrate VS is routed to J4 pin 31
All currents sinking in must return to the J4 pib, 3vhich should be shorted to GND. A heavy gage(20)
wire must be used to connect the GND terminal t@@dernal common ground return. K connects to the
protection diodes in the ULN2003 chips and shoddied to highest voltage in the external loadesystK
can be connected to an unregulated on board +WU2W2003 is a sinking driver not sourcing driver.
Typical application wiring is shown below.

o1

I Solenoid +12V

Power Supply

]

GND/SuUB

XXX XXX

O O
K +12v
IGND/SUB

ULN2003 TinyDrive

Figure 3.2 Drive inductive load with high voltage/current drivers.
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3.4 Headers and Connectors

Two 20x2, 0.1 spacing sockets are installed orP8&

J3pinl H2pin 1 H3pin1l H4 pin 1

- ma m
ililli' Jlpinl
L L I | n
L LIl | L
Boczl ozt
mZES N mZasa
Bt 1 Hadt N
p3S8w m3SSn
%= 1 %= 0
¥ ne n ||
|
I e 1{1 [ ISt =T HO pin 1
H8pin1

J2pinl J4pinl J5pinl

Figure 3.3 Pin header locations
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3.4.1 Jumpers and Headers

The jumpers and connectors on the P50 are listiedvbe

Name | Size | Function Possible Configuration

J1 20x2 | main expansion port

J2 20x2 | main expansion port

J3 20x2 | PPITTL I/Os/ Q.D. signals PPI(U1), Q.D6(&hd U8)

J4 17x2 | HV and opto-couplers HV(U13 and U14), qjti-P8)

J5 10x2 | ADC and DAC lines ADC(U15), ADC(U22) , DACY)

HO 2x1 +12V Jumpers V+ from U19 to +12V. Boastlould not

take in any voltage higher than 12 Volts!

H1 2x1 +VI, GND Input voltage to board

H2 5x2 SERO (DEBUG), RS232

H3 5x2 SER1, RS232

H4 5x2 SCC2691: RS232/485 Install RS232 or RS485 driver fol"3JART on the
TXD, RXD, GND host controller

H7 3x1 Ethernet chip select selector 586-Enginapjer on pins 1&2

H8 2x1 VOFF Jumpers VOFF to Ground

3.4.2 Expansion Headers J1 and J2

J2 Signal J1 Signal
GND 40 39 VCC VCC 1 2 GND
38 37 IET MPO 3 4 CLK
36 35 RXD 5 6 GND
TXDO 34 33 /INT TXD 7 8 DO
RXDO 32 31 /IRTS1 VOFF 9 10 D1
30 29 11 12 D2
TXD1 28 27 D15 13 14 D3
RXD1 26 25 /IRST 15 16 D4
24 23 P22 RST 17 18 D5
/ICTS1 22 21 P21 /CS6 19 20 D6
20 19 D14 21 22 D7
18 17 D13 23 24 GND
16 15 25 26 A7
14 13 D12 27 28 A6
12 11 /WR 29 30 A5
10 9 /RD 31 32 A4
8 7 D11 33 34 A3
6 5 D10 35 36 A2
4 3 D9 37 38 Al
GND 2 1 D8 39 40 A0

Table 3.1 J1 and J2, 20x2 expansion ports for P52

Signal definitions for J1:

VCC
GND
CLK

+5V power supply
Ground

Software programmable clock output from host
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P52

Signal defi

RxD
TxD
MPO
VOFF
D0-D15
A7-A0
IRST
RST
/CS6
/WR
/IRD

data receive of UART SCC2691
data transmit of UART SCC2691
Multi-Purpose Output of SCC2691
real-time clock output

external data bus

lower address lines

reset signal, active low

reset signal, active high

8-bit chip select on the host
active low when write operation
active low when read operation

nitions for J2:

VCC
GND
Pxx
TxDO
RxDO
TxD1
RxD1
/ICTS1
/IRTSO
/IRTS1

+5V power supply

Ground

P10 pins
transmit data of serial channel 0
receive data of serial channel 0
transmit data of serial channel 1
receive data of serial channel 1
Clear-to-Send signal for SER1
Request-to-Send signal for SERO
Request-to-Send signal for SER1
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Appendix A: P52 mechanical dimensions
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