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Chapter 1
Introduction

1.1 Functional Description

The PowerDrive™ from TERN is a compact, reliablghhperformance, low cost, complete solution for
many data acquisition and control applications.vemi by a V25-Engine™ or a C-Engine™, the
PowerDrive™ features numerous peripherals on desiREB measuring 7.9x5.6 inches. In additional to
the features of the V25-Engine™ or C-Engine™, tbev@Drive™ features 8 channels of high-speed 12-
bit ADC (LTC1272, 3/5/8us, on-chip sample-and-halt reference), 4 channels of fast-settling 12-bit
DAC (MAX527, 5us settling, 1 LSB error), 7 chanmégh voltage/current driver that can sink 300 mA
each channel, 16 digital inputs, 10 digital outp@&scomparator inputs which take either analogkitO-
resolution) or digital inputs, 6 power relays witbrmal-open, normal-close, and common pins conmgcti
to terminal blocks that can handle at least 5Aenirr8 opto-couplers which take either AC or DChhig
voltage inputs, two RS-232 serial ports, one RS-g8%al port for networking, and two HP quadrature
decoders (HP2020), which can directly interfaceexernal optical encoders for motion control. The
decoders (HP2020) also can be used as high-spebid d@unters up to 10MHz. Schmitt-trigger invester
are provided for high-speed counter inputs, togase noise immunity and transform slowly-changing
input signals to fast-changing, jitter-free outpignals. The on-board power supply converts a siimgut
12V voltage to +5V, -12V, -5V, +7V, and referenadtage, to operate the on-board hardware. An analog
signal-conditioning circuit provides the user whchannels of configurable gain, filter and bufps.
The output signal from the signal-conditioning aitcmay be used to construct eight channels of ifL.0-b
ADC without using the 12-bit ADC. A LCD interfaca,5x8 keypad interface, and a PDC (Portable Data
Carrier) port is on-board. The 72-position termibkick allows easy access to PowerDrive™ signals.

You can use your favorite Borland or Microsoft CACeompilers to program the PowerDrive™ from a
PC. Your program can be remotely debugged on thleeFRrive™ using Paradigm DEBUG over a serial
link at 115,000 baud rate. TERN provides I/O lilmar sample programs, target EPROM, batch filed, an
all the hardware necessary for users to quickhebigvtheir application software. For more detalksape
see the data sheet and Technical Manual for V25n€efY or C-Engine™.

1.2 Minimum Requirements

The minimum hardware requirements are:

[JPowerDrive, including a V25-Engine™ or C-Engine ™MMWDEBUG EPROM (C-Core-0-xxx-E).
A serial cable (PC-V25) with a DB9 connector and2810 connector.

Al center negative wall transformer (+9 V, 500 mAjgda PC or PC compatible computer.

The minimum software requirements are:

Microsoft C/C++ or Borland C/C++ , or Turbo C/C+#3
Paradigm DEBUG,LOCATE; and TERN System Disk inchglPD.LIB.
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Fig. 1.1 Functional block diagram of the PowevBr

1.3 Features

¢ 7.9x5.6x0.8inch

* Power consumption: 190 mA at full speed (16MHz)

e Low power version: 50 mA standby

¢ 16-bit CPU (V25 NEC), 16MHz, Intel 80x86 compadbl

¢ 32K-512K EPROM, 32K-512K SRAM
¢ 256 bytes built-in RAM, DMA, 5 external

interrupts

* Two 16-bit timers, 16-bit time base counter

e 24 bidirectional 1/O lines in the V25 CPU
« Eight V25 comparators for analog or digi

¢ Analog MUX (DG508) and signal conditioning circuit

tal inputs

¢ Fifteen(7+8) channels of 10-bit analog inputs
¢ Two RS-232 serial ports and one RS-485 UART

¢ Real-time clock, lithium coin battery

« EEPROM 512 bytes (up to 8KB), supervisor chip (691)

¢ Onechannel 10-bit DAC output
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« Six high voltage/current outputs
¢ Sixteen digital inputs and 10 digital outputs

« Six power relays with NO, NC and COM terminals
¢ Beeper, LCD, keypad and PDC interface
e 72-position terminal block and expansion port
* Eight channels 12-bit ADC
e Four channels 12-bit DAC
* Two channels quadrature decoder/counters

« Eight opto-couplers accept either AC or DC inputs

1.4 Physical Layout

Fig. 1.2 shows the physical layout of the Power®ri A V25-Engine micro-computer core
module is the main part of the PowerDrive. T1-Td terminal block connectors (18x1). All smallobés
close to jacks or headers in Fig. 1.2 indicatepihenumber 1 of the corresponding connectors.

7.9,5.6

CHB2

CHA2
IDX2

CHB1

ICHAL
IDX1

T1 TL T2 T
Pin 18 HV Outputs ADS Pin 1Pin 18 8 CH. AD12 DA12 Pinl
+12V GND +7V_485- 485+ O1 02 O3 O4 O5 06 CIB CI7 CI6 CI5 Cl4 CI3 Cl2 Cll DA AD8 AD7 AD6+AD5+AD4+AD4- AD3+AD3- AD2+AD2- AD1+AD1-DA1 DA2 DA3 DA4
SIMNINNIMINIMNININVNINISVINNIN I VISE NIV IV SIS
LED|© 0o 0|0 0 0|0 © 0|0 0 0|0 0 0|0 © 0|0 0 0|0 0 0|0 © 0|0 0 0|0 O0 0|0 © ©
O L1 H7 39 J7
.o DG
[ s RERHHRRH S B I
127 Ho' 36 38 H21'
Connector DA°°3 u1s
@RESET H10e 4ch59 Us7 BATTERY
Push Button 74ch73 U1l H1l4[eee]
s HCTL 2020,U20 H20°
K1 His[eee][ees] _OJ _EHZH:J I:IO'LL—
for SERO . D 3B a4 BT e
: .= : s |
: V25 CPU U2 .
i .; il
.o . luaART}[[ | [+~
.o *H4 v25- i R R
3 Enghe | il
® o | Digital Inputs 74HC257,Ud1 |;4chs9,u43 q . [ ('E)l .
oo ) ‘e
- BEEPER pina_lo: (JDQQ]l@OJ(SEIE 7 AT
e Keypad H13 pin 2 —J2E||j1 PAL U5 el:llMAXGQI* ue |b RTC U4 |r|—
e [coeeeeeseeccoo | O . O
oo
Digital Outputs
RELAY6 RELAY5 RELAY4 RELAY3 RELAY2 RELAY1
e H17
COOIOAOOIOOOIOOOCIOCRIOCOIOOOIOOOIOOOIOO0IOO0IOOQ
© 0o 0o 0 0|l]o o 0o|]o 0o 0|0 0 0|0 0 0|0 0o 0|0 0 0|0 0 0|0 0 0|0 ©0 O|O 0 ©
0.0 0.0 NC6 GND [7- 16- I5- 14- Com2 13- I3R+ 12- I2R+ I1- I1R+ I0- I0R+ VCC GND/RSTGND C1 NO1 NC1 C2 NO2 NC2 C3 NO3 NC3 C4 NO4NC4 C5 NO5 NC5 C6 NO6
S T3 T3 T4 Relay Outputs T4
Pin 18 OPTO Inputs Pin1 Pin18 youp Pin 1

Fig. 1.2. Major components used in the Powem®ri
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Chapter 2
Installation

2.1 Software Installation
See V25-Engine™ or C-Engine™ manual for softwastaltation.

2.2 Hardware Installation
1. Connect the IDC10 connector of the RS232 serhle to JK1 of PowerDrive™, with the red side of

the cable corresponding to pin 1 of JK1 (a smatlleiclose to JK1 indicates pin number 1), and echn
DB9 connector of the serial cable to COM1 or CORM2, PC serial port, as shown in Fig. 2.1.

S N S R R R N S SRR
oo olooolocalosolooolooooooloooloooloooloonlonoa
ED 5 5 07
J1 &9 Bel 35,
Powe yH12 BBEREEEE
Jack [rFH1 EREEREEE HS 6 38,1
[ui7 LcD EegH11 H1lges e.
. . Connector H10@es Battery
Red side of the serial RESET . Hi6 Hid E
To COM1 cable corresponding IDC10 Push Buto HiSETIEw i H2q
or COM2 in 1 of connector i g1 5
to pin 1 of JK1 = for SERO H3 H
E 55
'JZ v25
. i 5.
Enging
Digital Inputs ) )
Beeper | pin 4100 D0
FH22 Keypad H13 pin & I
.............
Digital Outputs
DB9
connector -
R RN S RN R N S R R
IH30[e o 0|0 0 0|0 0 0[0o 00|00 0l0ooa 90 o0looofooolooo0foo0alooo0
e
PC

Fig. 2.1. Connection of the PowerDrive with PC

3. Connect the output of the center negative waligformer (+9V DC) to the PowerDrive™ DC power
jack J1 (Fig. 2.2).
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Fig. 2.2 Connection of the center-negative walhsformer to the PowerDrive™

2.3 Simple Test

You can run a simple sample prograpa "led.c' under your default directory "c:\samples\pd" to
test the software and hardware installation. TE® lon the PowerDrive™ should blink if everything is
fine. The procedure involved in the test is simt@athat for the simple test prograted.c' described in

the V25-Engine™/C-Engine™ Manual.
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Chapter 3
Hardware

3.1 V25-Engine™ or

The PowerDrive™ uses a V25-Engine™ or a C-Engines™samicroprocessor core module. Please refer

C-Engine™

to the V25-Engine™ or C-Engine™ Technical Manualrfore information.

3.2 PowerDrive I/0 Map
The following tables list the 1/O address of then@Drive™, together with their Data Bits, Chip-
Select Symbol and Functions. The layout and phy$ications of those devices are in Fig. 1.2.

Table 3.1. Write devices

Address| Data  |Chip-Select Function
Bits Symbol
0x60 DO-7 /IDAC Write D@-to 74HC273 (U11), which is the input buffer foADO8 (U13). Full sca|
(0-0xff) corresponds to output range 0-5V at DAG@poit pin
0x64 DO al /KEYH \Write DO to one of the eight registers in 74HC2634),
data, D13
as addr D3 D2 D1 Register D3 D2 D1 Register
0 0O HOI1 100 HOI5
0 01 HOI2 101 SCL1
010 HOI3 110 DO17
0 11 HOl4 111 EN485
where HOI15 are control lines for the keypad drive, SCL1hs tlock signal for th
serial EEPROM , EN485 is the chéglect signal for LTC485 (U5), and DO17 is usg
RTS1 signal to 1488 (U4) and is available at HR23
0x68 DO 8 /[HV \Write DO to one of the eight registers in 74HC289),
data, D13
as addr D3 D2 D1 Register D3 D2 D1 Register
0 0O DR1 100 LED
0 01 DR2 101 DR7
010 DR4 110 DR5
0 11 DR6 111 DR3
where DR1-6 are registers for high voltage/cur@rtput O16, LED is the signal lir|
turning the LED on and off, and DR7 is reservedftibure use.
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0x6¢c DO al] /CON \Write DO to one of the eight registers in 74HC2637),
data, D13
as addr D3 D2 D1 Register D3 D2 D1 Register
0 0O MUXO0 100 /RST1
0 01 MUX1 101 /IRST2
010 MUX2 110 B1
0 11 MUEN 111 B2
where MUEN is the chip-select and MUXO0-2 the addsignals for MUX (U1), /RE1
RST2 for HCTL2020 decoders (U20 and U44), andBlare reserved for future use.
0x70 DO asdat{ /OUT1 Write DO to one of the eight registers in 74HC26@5),
D1-3 a
addr D3 D2 D1 Register D3 D2 D1 Register
0 0O DO1 100 DO5
0 01 DO2 101 DO6
010 DO3 110 DO7
0 11 DO4 111 DO8
0x74 DO asdat{ /OUT2 Write DO to one of the eight registers in 74HC2623),
D1-3 a
addr D3 D2 D1 Register D3 D2D1 Register
0 0O DO9 100 DO13
0 01 DO10 101 DO14
010 DO11 110 DO15
0 11 DO12 111 DO16 where DOY
DO14 control relays B; respectively, DO15 controls the Beep, and DQ1&vailable
H22 pin 1.
0x78 DO -3 /DAMSB Write MSB D8-D11 toet 12-bit DAC MAX527 (U31).
0x7c DO-7 /DALSB Write LSB DO-D7 toeti2-bit DAC MAX527 (U31).
0x080 DO-7 LCD1 Write DO-7 to LCD1 (H1
0x0a0 DO-7 LCD2 Write DO-7 to LCD2 (H1
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Table 3.2 Read Devices

Address Data Bits | Chip-Select Function
Symbol
0x60 DO-D7 /ADC Reads data from the 12-bit ADC (U2phportb (0x60) reads the low byte DO-D7 dateg|
0x61 inportb (Ox61) reads the MSB D8-D11.
0x68 DO0-D7 ICI D4-D7 are read from the quadrupgko-1 selector 74HC257 (U38) and D@ fronf
0x69 74HC257 (U41). The address 0x68 selects the "Altsypnd 0x69 selects the "B" inputs.
DO D1 D2 D3 D4 D5 D6 D7

"A" V1 V3 V8 V6 U42A U36A U36B U42B

"B" V2 V4 V7 V5 U42D U36D U36C U42C
\where U42 and U36 are comparator LM339's, and
IV1-V8 are the vertical lines of the keypad (H13).

0x6¢ D0-D7 /INS D4-D7 are read from 74HC2822) and D0-D3 from 74HC257 (U46).
0x6d U22 selects signals used by other components dgdsElects the optoeupler inputs. T
addres 0x6c¢ selects the "A" inputs and 0x6d sethetSB" inputs.
DO D1 D2 D3 D4 D5 D6 D7

"A" I5A 16A I7A I8 HO5 IDX2 U/D2 U/D1

"B" 15B 16B 7B 8B IDX1 /INT1 /BSY PR
where IxA and IXB are outputs of the opto-coup[es2506's (U51 and U52);

HOS5 is the horizontal line 5 of the keypad (H13);

U/D1 and U/D2 are upper or down signals of HCTL282020 and U44);

INT1 reads CAS, the overflow /underflow signalrfr&20 when H10 pins 1 and 2 are
connected (U44 's CAS signal CAS2 is not readaliiésbconnected to /INT2 to generate
interrupts when H14 pins 1 and 2 are connectedjbmper);

/BSY is a busy signal of the 12-bit ADC LTC12722);

IDX1/IDX2 is the input from the index pulse of seraptical encoders,
which is generated once per full rotation of tbdewheel;

PR is a status bit for a configuration jumper &t H

0x70 DO-D7 /IN1 Reads H22 digital inputs

0x74 /LDAC Inportb(0x74) transfers thentents of each of the four input registers to

its respective DAC register of 12-bit DAC data intitage output stage.

0x78 D0-D7 /HP1 Inportb(0x78) reads the Higte of the results from HCTL2020 (U20), and
0x79 inportb(0x79) reads the low byte.
0x7c D0-D7 IHP2 Inportb(0x7c) reads the higte of the results from HCTL2020 (U44), and
0x7d inportb(0x7d) reads the low byte.

0x80-9f DO-D7 LCD1 Reads H1 D0O-D7.

0xa0-bf D0-D7 LCD2 Reads H1 D0O-D7.
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3.4 12-Bit Analog Input Channels (8)

The 12-bit analog input channels (8) consist afyaa conditioning stage (8 channels), a multiptexad

a 12-bit ADC. The multiplexer selects one of thghtianalog input channels at one time, and theasign
conditioning stage provides adequate signal caritg including preamplifying and filtering.

Multiplexer

An 8-to-1 analog multiplexer (HI-508A or DG508A,dg-i3.1) selects one of the 8 analog input channels
according to control signal MUX0-2 and the enabignal MUEN = 1. The output signal of the
multiplexer is ADI, which is buffered by an op-arfig54, OP07). The gain of this op-amp is calculated
according to (1 + R51/R50) (R50 and R51 are resisteed by U54, see Fig. 3.1). R51 has a defalleva
of 2002, and R50 a value of 20K therefore the default gain is approximately la@jing R51 changes
the gain. AIN, the output signal of the op-ampgasnected to the input of a 12-bit ADC (LTC1272,)U2
or one of the channels of the comparator inputd \®Y setting a jumper on J9. The typical on-resise

of the multiplexer is 1.5 R.

When MUEN = 0, the multiplexer is disabled, and @imalog signals are isolated from the ADC.

AD1+ |
AD1-—__|

MUEN Al

AD2+___| DG508A LTC1272

AD2—__|

AD3+ |
AD3-__|

AD4+___|
AD4-_|

ADI opo7

AIN cio | Lm339 U36

Us. O O
GND COMPARATOR

R50=20K *R51

AD5+___|
GND_—

AD6+ |
GND_—_|

YYYYYY

MUXO0
MUX1
MUX2

AD7

AD8

Fig. 3.1. The multiplexer selects one of the emydlog input channels

3.4.2 Signal Conditioning

Four differential op-amps (Fig. 3.2) and two nowerting op-amps (Fig. 3.3) with configurable gaamal
filters constitute a preamplifier stage for the HiR-analog input channels. A pull-up resistor netwo
(RN9) may be installed to provide +7V DC power dyppr some sensors. Channel 1 to channel 4 are
differential op-amp channels with optional low-pdi¢ters. The gains of these channels in the pasdb
(approximated by the ratio of RP3/RP1 or RP5/R2,Hg. 3.2,) can be configured by changing theeval
of RP3 or RP5 (RP1 and RP2 are fixed). By def&®M3 = RP5 = RP1 = RP2 = 10K, and R51=0. &4in
Capacitors C4-C7 are set by users, and the cuteduiéncy can be estimated according toTlRR@xCx),
with RPx = RP3 or RP5, and Cx = C4 to C7.

Channel 5 and 6 use non inverting op-amps withphss band gains RP7/RP6. The user can set
different gains by using different RP7 values. Bfadilt, RP6 = RP7 = 10K, and the pass band gdin
The cutoff frequency of the lowpass filters aréreated according to 1/{fRP7Cx) with Cx = C54 or C55.
Channels 7 and 8 are connected to the multipleixectty(Fig. 3.3).
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AD1 TO AD4 differential input OPs with Gain = RP3/RR RP5/RP2
Default RP1 = RP2 = 10K, RP3 = RP5 = 10K(user condigle), RN9 is not installed, R51=0(user configurable)

N
oy RN9.10 RP3B
RP1B MUX

AD1+ —N\ h D1 |
AD1- l AN - +7V

H91-2 RPIA RP3A |

Rx*=470
OP07 U54 Optional surface mount offset resistor

—| LTC1272

300
C14=0.01 uf *

2.7K

cs

AIN( TO ADC )

Buffer op-amp with passband gain equal to

RNO.8 RPS5B (1+R51/R50), R51 is user configurable Al™* = 5V, AD reading = 4095

+7V

Without Rx installed, AIN x 0.95 = Al**

iHQ 7-8 RP5D

Cc7

Fig. 3.2. Signal conditioning stage, four diffietial op-amps

AD5 and AD6 are single ended inputs with Gain = RPER

Default RP6 = 10K, RP7 = 10K(user configurable) AD1
+7v _ARNO.6 RP7B AD2
AD3
RP6B AD4 MUX
AD5+ — N\ + ADS
RP6A RP7A
CIFiS OP07 U54
7V RN9.5 RP7C LA AIN(TO ADC)
—
/5;\)3\0 R50=10K
ADG6 . + AD6 R51
RP6D I
RP7D cs
C54
RNO9.4 : : BUFFER OP with Gain = R51/R50, R51 is user configurable
+7V A
AD7
7V RN9.3
AD8

AD7 and AD8 are analog inputs directly to the nmidtker
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Fig. 3.3. Signal conditioning stage, two non inier op-amps
3.4.3 12-Bit ADC
A 12-bit ADC (LTC1272-3/5/8, Linear Technology)used to accept the output from the U54 Op and the
multiplexer. The LTC1272 is a 3/5{85, 250-kHz sample rate, 12-bit, successive appratkan sampling
A/D converter. It has the same pinout as the ingugtindard AD7572 and offers faster conversioretim
on-chip sample-and-hold, and single power supplgraion. The LTC1272 has an internal reference
voltage (2.42 V) which is also used by the 12-b&@on the PowerDrive™., LTC1273/1275/1282 are pin
compatible ADCs with different specifications.
The LTC1272 connects AIN input to the sample-antdtheapacitor through an internal 3RR.7K
resistor divider. This divider plus the external#200Q, allows the LTC1272 to convert OV to 7V input
signals. Corresponding to the analog input voltaigpin 1 of LTC1272, the output code is naturalaoyn
with 1LSB=FS/4096=5/4096=1.22 mV. The voltage datpR4 will cause approximately AIN x 95% =
Al** see Fig. 3.2. A simple calibration proceducan be used to calibrate the error of the signal
conditioning circuit. The factory default settirgy ivhile Adx- = GND, Adx+ = 5.25V input voltage thte
screw terminal, the AD reading is approximatelyudit counts, 4095. User may install different vadusf
gain resistors in the machine hole sockets toheetaquired gain for the application.
When the analog input voltage is taken below groiingill be clamped by an internal diode of LTCIZ27
It can handle, with no external diode, input cutsesf greater than 60 mA below ground without latigh
In order to prevent the analog input signal belowugd, an offset summing resistor Rx=47@ay be
added to the Al pin 1 of LTC1272, as shown in B@. Rx may be a surface mount resistor found en th
solder side of PowerDrive board. You may solderngmt it to the +7V as shown in Fig. 3.3a. The Rx
resistor will offset the analog input at pin 1 of€C1272 to 2.5V while the U54 Op. output is zerotvol
approximately While the U54 Op output is negatd/gV, the analog input at pin 1 of LTC1272 can be
zero volt. The Rx is not installed as default. Bopolar application, you may use LTC1275.
The 1/0O address for the LTC1272 is 0x60 and Oxedb(@ 3.2). A functionpd_ad12(), is available in the
PD. LIB for reading the ADC. The multiplexer cortpm_mux_en(char en); anghd_mux(char ch); must
be used to enable and select analog input sigfiateébasingpd_ad12();.

3.5 12-Bit DAC

MAX527A provides four channels of 12-bit voltagetput (unipolar mode, analog output range: 0-5 V).
Each channel has double-buffered interface logth wil2-bit input register and a 12-bit DAC registe
Data are loaded into the input register using twibenoperations with an 8-bit LSB and a 4-bit MSBtes
load. An asynchronous load DAC (/LDAC) input sigt@nsfers data from the input register to the DAC
register. Data in the DAC register sets the DA@ativoltage. Precision output buffer amplifiere ar
included on-chip. The MAX527A operates witBV power supplies. You can operate the 12-bit DAC
with pd_dal2(char ch, int dat); where ch = 1-4, dat=0-4095.

3.6 10-Bit DAC

An 10-bit high-speed DAC (DACO08, U13, Fig. 3.4) Wwitoltage/current outputs is available. J11 selects
the voltage or current output. With J11 pin 1 amd2connected, the DAC outputs a current (0-20 ratA)
the terminal block T2 pin 17 corresponding to tigitdl input (0-1023).

With J11 pin 2 and pin 3 connected, a voltage {3 output at T2 pin 17 corresponding to the @ilyi

input (0-1023). A software functigod_dal0 (dat) is available irPD.LIB.
J11

louT
D0-7
[\ 74Hc273 ﬂ DAC0800 DA
o T2.17
DAC (IOWR 0x60) 30
vouT
Csofull| uil u13
B0 —
1

3-6



PowerDrive™ Ch. 3 Hardware

Fig. 3.4. The DAC10 channel

3.7 Comparator Inputs

There are eight channels of voltage comparator @912J36 and U42) inputs on the PowerDrive™. The
user can use these comparator inputs at the terblogk T1 pin 1-7 and T2 (Fig. 1.2). An additioriaiv-
cost 8-bit ADC can be constructed using these lost-precision comparators and the 8-bit DAC on the
PowerDrive™. The DACO08 output may be connectedn® af the comparator inputs. To detect the analog
input signal voltage level at another input pirg IMAC08 needs to be programmed to step up or dbhen t
output, which acts as a variable reference voltag¢he comparator input. If the DAC output voltage
lower than the analog signal input, the comparatdput 1, and this bit value is recorded. Othernibe
comparator outputs 0, which is also recorded. tiAdl bit-values recorded form a value corresponding
the measured analog signal level. The referendag®| DAV, of the comparator can also be set igetf
voltage level RR, which is the output of a resistimider (R27 and R33). H16 is used to set DAVueaio
that of DA (connecting H16 pins 2-3) or to thatRRR (connecting H16 pins 1-2). A block diagramtod t
comparator circuits is shown in Fig. 3.5. A funetipd_ad10(int* ad) reads the ADC and puts readings
into an integer array.

cl
DACO08 + cib

*N_— 1 — GND
R33=10k R27=10k
Fig. 3.5. Comparator inputs

3.8 Opto-Couplers

The opto-coupler is an optically coupled logic g#tat combines an LED and a photon detector. The
output of an opto-coupler can be interfaced tonteroprocessor digital circuit, while the LED inpcan

be connected to a high voltage signal line. Iréegfiently used to prevent a microprocessor system f
being interfered by voltage transients on a sigjnel or isolate a microprocessor system from highage
inputs. On the PowerDrive™ the opto-couplers amdufor isolation of the high voltage inputs frome t
microcomputer system. Eight channels of opto-cagp(@S2506, NEC) are available at the terminal
blocks T3 pin 4-16. The opto-coupler input chanr®8 have independent positive inputs (IxR+) and
negative inputs (IxR-) (Fig. 3.6). The user musivide both IxR+ and IxR- to channel 0-3. The epto
coupler channels 4-7 use a common positive inpubZ¢at T3 pin 12, Fig. 1.2) and individual negative
inputs 14-, 15-, 16- and 17- (at T3 pins 13-16, Fiig2). 4.3-K resistors are used to limit the inputrent to
the LED in the opto-coupler.

3.9 HCTL2020

Two quadrature decoder/counter interface chips, TIERD20, Hewlett Packard, U20 and U44) are
included on the PowerDrive™. The quadrature dectesed to interface incremental motion encoders
with the microprocessor system or to improve sygpenfiormance for digital close-loop motion control
systems. The HCTL2020 includes a quadrature decadis-bit counter, and an 8-bit bus interface. It
features full 4x decoding, 14-MHz clock operatibigh noise immunity due to the use of schmitt teigg
inputs and digital noise filters, quadrature decad#put signals, up/down signal, count signals, an
cascade output signal. Many types of optical immetal encoder modules, such as HEDS-9000, HEDS-
9100, and HEDS-9200 from HP, can be directly irstesfl to the HCTL2020. Channel A, B, and index
pulse signal from some optical encoders (CHAx, CHBXX, with x = 1 or 2) are input at pins 3, 5,can

2 on headers H20 and H21 of the PowerDrive™ (Fig). All inputs to the HCTL2020 are buffered by
Schmitt triggers (74HC14, U39, fig. 3.7). The HCTZ® has built-in filters which allow reliable
operation in noisy environment. The PowerDriveogisovides an option for the HCTL2020 to be used as
a high speed digital counter, if the function bk guadrature decoder is not used. When H8 pinéot-2
pins 5-6) are connected, U20 (or U44) is used @sadrature decoder, with its inputs being CHA1 and

3-7



PowerDrive™ Ch. 3 Hardware

CHB1 (or CHA2 and CHBZ2). When H8 pins 3-4 (or pi8) are connected, U20 (or U44) is used as a 16-
bit counter for counting high-speed digital inpatsCHAL (or CHA2). Two functions are available to
operate the quadrature decoders: unsignepllifiip_rd(char ch); and voigd_hp_reset(char ch);

Terminal Block.Pin Numb TTL Inputs Terminal Block.Pin Numbi TTL Inputs

I0R+(T3.4) +5v Com2 (T3.12) iy

3KS, PS2506 U51 4.3kS PS2506 U52 10K

I7A
10-(T3. 5) % %

11R+(T3.6) +5V Com2 (T3.12) +5V
.3 % PS2506 U51 4. K% PS2506 U52 10K
178
11+
11-(T3.7)
I2R+(T3 8) Com2 (T3.12) +5V
. K PS2506 U51 4. PS2506 U52 10K
16A 18A
12-(T3. 9) %Z d6- (T3. 15??7
13R+(T3.10) +5V Com2 (T3.12) +5V
PS2506 U51

4.3K PS2506 U52 10K

? 18B
13-(T3. 11) %Z %

Fig. 3.6. Eight opto-coupler input channels.

Schmitt-trigger Schmitt-trigger
74HC14 74HC14
H20 CHA1 H21 CHA2
CHA CHA
ISHIFT REQ. ISHIFT REQ.
U20 HCTL2020 U44 HCTL2020
74HC174 74HC174
H8 H8
3 4 7 8
O
H20 CHB1 H21 CHB2
o) CHB CHB
1 2 5 6

Fig. 3.7. Quadrature decoders for motion detactio high speed counters

3.10 Keypad

H13 on the PowerDrive™ is a 13-pin header for fiaiging with a matrix keypad. It can support upx85
= 40 keys. HOL1-5 are horizontal control lines &1d8 the vertical input lines of the keypad. Youyma
use intpd kb_scan (void); to read keycodes. The V1 to V8 lines ardlgn high with on board 10K
resistors. You may read in DO-D3 for the V1-8 frahe 74HC257 U41 withinportb(0x68); and
inportb(0x69);. See Schematics and Table 3.2 for detdidst may set all HO1-5 high first, then set one
line low at one time for scan. If any key is pressene of the V1 to V8 lines will be pulled low bye of
the HO1-5 line. You may decode the key from the FBOdnd V1-8 information. A sample keypads
application is shown in Fig. 3.8a.
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3.11LCD
H1 on the PowerDrive™ is a 2x8 header for interfgavith a 16x2 character LCD (M1632, Seiko) or a
40x8 character LCD (M4024, Seiko). Functions ar@lable in LCD.LIB.

3.12 Beeper and LED

The beeper and the LED on the PowerDrive™ can healed with software functions:

void pd_beep (int,int); and voidpd_led (int);

3.13 Use of the 74HC259 8-bit addressable latches

Five 74HC259 8-bit addressable latches (U9, U347,UB43, U45) are used for general purpose digital
output (see Table 3.1). They are used for drivivgkeypad, EEPROM SCL1 signal, EN485 signal (U34);
high voltage/current output; LED (U9); MUX selectisignal, /RST1 and /RST2 for the HCTL2020;
DO1-8 for the digital output at header H17; relaysl the beeper control (U43). The detailed latalress

is listed in Table 3.1. D1-3 of the V25 data bus ased to select one of the eight addressableektich
74HC259, and DO of the data bus writes the datanf0the latch selected by D1-D3 .

For examplesputportb (0x68, 0x09 will turn the LED off andoutportb(0x68, 0x08 will turn the LED
on, where 0x68 is the address of 74HC259 and Ox&isddress of the latch for the LED.

74HC259

b—

DI |so

D2 |s1

D3 |s2 Q4
IHV(OWR 0x68) |
/JRST___| CLR

TR

Fig. 3.8. Use of 74HC259, the addressable latch
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74HCO05
HO1

< <
(@] (@]
L AVAVE-B SAVAVEE:

S

<

(¢

<
Q
o

X
X
X
X
X
X
X
X

+\V\-8
X
X
X
X
X
X
X
X

HO5

Vv VOV YV
br

Vi V2 V3 V4 V5 V6 V7 V8

74HC257
u41

Fig. 3.8a. A sample keypads application.

3.14 Digital inputs

Eight channels of TTL digital inputs are connectedi22, a 8x2 header (H22 is located at the leftelo
corner of Fig. 1.2), as shown in Fig. 3.9. Thegmuta can be read at I/O address 0x70 and Ox71llygca
inportb function or the function ait pd_di(void);. It returns an integer with a low byte witatus of H22
I1a=bit 0, 12a=bit 1, 13a=bit 2, 14a=bit 3, |1b="Hit I12b=bit5, I3b=bit6, 14b=bit7
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H22
GND_OO_IAB
0o 1A
0o 138
L— 00O 13A
B o o 128
11A o Xe)
GND o o DO17
G.N.DoolD016
GNR O O pog
GNR 0 O poy
GNR O O pog
GNR O O pog
GNR © O poy
GNR © O po3
GNR © O pop
GND.OO H17

DO1

1
GNR 0 QXL g
1

Fig. 3.9 Digital inputs and outputs at H22.

3.15 Digital Outputs

Eight channels of TTL digital signal outputs DOXi& available on H17 (located at the left lowemeor

of Fig. 1.2). DO16 and DO17 are on H22 (pin 1 aimd3 Fig. 3.9.). You may ugal_dout(int p, int s) to
control DO1-8. For example, to control DO3 pin autthigh/low, usepd _dout(3, 1); /pd_dout(3,0);.

The digital outputs on H17 use the 74HC259 addi#sdatches (U45) to store the data. DO1-DO8 also
may be controlled by calling the routinatportb(addr, data), where addr = 0x70 (See Table 3.infane
details). For DO16, addr = 0x74 and data = Ox0dxdre. For DO17, addr = 0x64 and data = 0x0d or 0x0c
DO17 is also used as /RTS1 signal for 1488 (U4).

3.16 Power Relays

The PowerDrive™ supports upto six power relays. e fiormally open pin, normally close pin and
common pin of the power relays are connected tdetrainal blocks with heavy trace, supporting aiste
5A current. They are also controlled by callmgportb (addr, data), where addr = 0x74, data = 0x00 to
0x05. You may use the function:

void pd_relay(int r, int s); where r=1 to 6 for 6 power relagsd s=1/0 for relay on/off.

3.17 RS232C and RS485

The V25 internal serial channel 0 (SERO) and sehahnel 1 (SER1) are supported with RS232C drivers
The SERO signals are on the phone jack (JK1) oRtkeb header (JK2). The SERL1 signals are on H4.
SER1 can be connected to RS232 driver or RS48®rdrishe 485+ and 485- signals can be accessed on
the terminal blocks T1 pin 14 and pinl5.

3.18 High-voltage, High-current Drivers

ULN2003 has high voltage, high current Darlingtaansistor arrays, consisting of 7 silicon NPN
Darlington pairs on a common monolithic substradd. channels feature open-collector outputs for
sinking 350 mA at 50V, and integral protection disdor driving inductive loads. Peak inrush curseoit

up to 600 mA sinking are allowed. The outputs mayéralleled to achieve high-load capability, altfjio
each driver has a maximum continuous collectorenurrating of 350 mA at 50V. The maximum power
dissipation allowed is 2.20 W per chip at 25 degfeé’he common substrate G is routed to T2 pin 17
GND. All currents sinking in must be return from GND pin. A heavy gage(20) wire must be used to
connect T2 GND terminal to external power supplgugd return. K is connecting to the protection

3-11



PowerDrive™ Ch. 3 Hardware

diodes. K should be tied to highest voltage ingkternal load system. It has been connected to RV
board via H7. ULN2003 is a sink driver, not a sdugcdriver. A typical application wiring is shown i
Fig. 3.10

F 1

>GSE Solenoid +12V
>$SE Power Supply
>OSE GND/SUB

>osz HT

O O.
K +12Vv
IGND/SUB

ULN2003

Fig. 3.10 Drive inductive load with high voltagefeent drives.
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Chapter 4
Software

Please refer to the C-Engine™ Technical Manuahfore details.
Functions in PD.LIB Library
int pd_kb_scan (void); scan keypad to identifyethkey is pressed
Return: OFFh if no key is detected
1-0x0c if key is detected, 1 for top-left kdy, for lower-right key,
with TKA2200 4x3 Telephone Keypad LZR 301-92440

void pd_beep (int |, int f); Sounds the beepehwtiine length of "I" at frequency of "f".
Try pd_beep(200, 30);

void pd_led (int); On board LED control. pd_lef{arns on the LED.

void pd_relay(int r, int s); Power relay contrptl_relay(3, 1); will turn relay 3 on.

where r=1-6, s=0/1.
void pd_dal0(int dat); Output analog voltage at @A where dat=0-1023 for 0-5V output

void pd_dal2(char ch, int dat); Output 0-5V at DAdar the 12-bit DAC. where ch = 1-4, dat=0-4095

void pd_mux_en(char en); Enable/disable 8-1 miglkigr. where en=1/0
void pd_mux(char ch); Select one of the eight ag@hputs. where ch=1-8.
int pd_ad12(void); Return the 12-bit ADC readirfgle LTC1273 12-bit ADC.

User should enable the multiplexer and select ah@gight analog inputs before using this function
unsigned int pd_hp_rd(char ch); Returns the 16462020 quadrature encoder reading. where ch=0/1
void pd_hp_reset(char ch); Reset the HP2020. wttexd/1 for channel 0 or 1

void pd_ad10(int* ad); Return the 8 channels aghparator analog input reading in int* ad.
Use the on-board 10-bit DAC for reference.

void pd_hv(int ch, int k); Control high voltageivirs O1-6. where ch=1-6, k=0/1 for low/high
int pd_opto(int ch); Returns the status of thénehannel Opto-coupler inputs.
where ch=0-7. If returns 0, the "ch" opto-cleups ON

int pd_di(void); Returns a low byte of 8-bit statof digital inputs on H22.

I1a=bit 0, 12a=bit 1, 13a=bit 2, 14a=bit 3, |1bitH, 12b=bit5, I3b=bit6, 14b=bit7
void pd_dout(int d, int s); Output s to digitaltput Do1-Do8 on H17.
int pd_ee_rd(int address); Reads one byte fromreat EEPROM memory location of address.
int pd_ee_wr(int address, char datum); Writes datmexternal EEPROM at location of address
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Appendix A: PowerDrive™ Layout
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Appendix B: How to interface a graphic LCD(TLX711A/UG-24B-03GNBR) to the
PowerDrive™,

The PowerDrive™ LCD interface H1 is a 16 pin heatksigned for interfacing to character type LC2dily. The
H1 pin functions and the graphics LCD header fumndiare shown in the Fig. below.

This is the view at the component side of PCB
H1 on the Schematics is the mirror of layout on PCB
PowerDrive Modified H1

PowerDrive H1 TLX711A GRAPHIC LCD

GND. GND
o o o o i
) o - O o LCD2//IORD :'_/IOWR
D2 — D3 D2 D3 -/ 0
- O O - O o AO LCD1
DO — D1 DO D1 -/ 0 o
- O (@) - O o CAD/LRST
/IOWR — LCD1 /IOW LCD1 -/ 0 o
(@] (@) (@) D1 DO
VLC — A0 VLC A0 (@] (@)
(@] (@) (@] (@) D3 D2
VCC_O o— GND VCC_O o— GND D5 (@] (@) D4
+12V>< o LCD2 CAD/LRST. LCD2/IORD b7 O (o) D6
GND
— 0 o

STEP 1: Cut +12V trace to H1 pin 15
STEP 2: Use PAL PDP010 in U27
STEP 3: Add a wire between H14.2 to H1 pin 15

STEP 4: Provide correct VLC=-8.20 V to VLC with R48d R19. (R18+R19=10K)

VLC = -8V
?K 1K
VCC | I (@) | I -12v
R19 R18
STEP 5: Use PD_GLCD cable
. . Bottom view of the header at the component sid&&APHIC LCD
PowerDrive Modified H1
GND. —_GND
D6 D7 VvCC O_VLC
D4 D5 /IOWR —_LCD2/IORD
D2 D3 LCD1 O_AO
DO D1 _ CAD/LRST
/IOW LCD1 DO O_Dl
VLC A0 D2 O_D3
VCC_o o GND D4 _0 O_D5
CAD/LRST_o o D6 _° o0 D7
- O (O GND_O o
—0 o—

If the on-board negative power supply is not capablprovide negative voltage for ADC, OPs, RS282eds and the
graphic LCD VLC, use external negative adjustaloiegr supply for VLC.
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Appendix C: PowerDrive I/O Map

CPU Internal I/O registers Address Name Descriptia

00 CNTLAO Serial Ch 0 control register A

01 CNTLA1 Serial Ch 1 control register A

02 CNTLBO Serial Ch 0 control register B

03 CNTLB1 Serial Ch 1 control register B

04 STATO Serial Ch 0 status register

05 STAT1 Serial Ch 1 status register

06 TDRO Serial Ch 0 transmit data register
07 TDR1 Serial Ch 1 transmit data register
08 RDRO Serial Ch 0 receive data register
09 RDR1 Serial Ch 1 receive data register
0A CNTR Clocked serial control register
0B TRDR Clocked serial data register

oC TMDROL Timer data reg Ch 0, least

oD TMDROH Timer data reg Ch 0, most

OE RLDROL Timer reload reg Ch 0, least

OF RLDROH Timer reload reg Ch 0, most

10 TCR Timer control register

11-13 — reserved

14 TMDRI1L Timer data reg Ch 1, least

15 TMDR1H Timer data reg Ch 1, most

16 RLDR1L Timer reload reg Ch 1, least

17 RLDR1H Timer reload reg Ch 1, most

18 FRC Free running counter

19-1F — reserved registers

20 SAROL DMA source address Ch 0, least
21 SAROH DMA " " " most
22 SAROB DMA " " " exthits
23 DAROL DMA dest address Ch 0, least
24 DAROH DMA " " " most

25 DAROB DMA " " " extra bits
26 BCROL DMA byte count reg Ch 0, least

27 BCROH DMA " R " most
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28 MAR1L DMA mem address reg Ch 1, least
29 MAR1H DMA " " " " mos
2A MAR1B DMA " " " " exa bits
2B IAR1L DMA 1/0 address reg ch 1, least
2C IAR1H DMA " " " " most
2D — reserved

2E BCR1L DMA byte count reg Ch 1, least
2F BCR1H DMA " A " most
30 DSTAT DMA status register

31 DMODE DMA mode register

32 DCNTL DMA / WAIT control register

33 IL Interrupt vector low register

34 ITC Interrupt / Trap control register

35 — reserved

36 RCR Refresh control register

37 — reserved

38 CBR MMU common base register

39 BBR MMU bank base reg

3A CBAR MMU common/ bank area register
3B-3D — reserved

3E OMCR operation mode control register

3F ICR I/0 control register
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External I/O address :

Write Registers
Address Data bits Symbol Function

0x60 DO-7 /DAC Write DO-7 to U11 74HC273 and U13 ©@8. Full scale Oxff output +5V at
DA pin
0x64 DO as dat/KEYH Write DO to U34 74HC259. Keypad drive HOI1#5ey SCL1 and EN485
D1-3 as
addr
0x68 DO as dat/HV Write DO to U9 74HC259. High voltage/currenttput O1-6. Write 0x08 to
D1-3 as /HV for LED on, 0x09 for LED off
addr
0x6¢ DO as datdZCON Write DO to U37 74HC259. Select U1 MUX, RST1, R§0PHP decoder ar
D1-3 as B1, B2 for DACOS8 the least bits.
addr
0x70 DO as dat7OUT1 Write DO to U45 74HC259, for DO1-8 at H17
D1-3 as
addr
0x74 DO as dat/OUT2 Write DO to U43 74HC259, Relays and Beep @int
D1-3 as
addr

0x78 DO -3 /IDAMSB  Write MSB to 12 bit DAC U31 MAX52(as D8-D11) .

0x7c DO-7 /IDALSB Write LSB to 12 bit DAC U31 MAX52(&s DO0-7).

0x080 DO-7 LCD1 Write DO-7 to LCD1 (H1)

0x0a0  DO-7 LCD2 Write DO-7 to LCD2 (H1)

0x0200 DO-7 /101 Write DO-7 to /101(J08). For Infidtitput expansion
0x0280 DO-7 /102 Write DO-7 to /102(J08). For Infdititput expansion
0x04000 D0-3 ITIMER Write RTC72421 registers

0x06000 DO SCL Write DO to SCL of U40 EEPROM clock

0x08000 DO /SDAO Write DO to SDA of U40 EEPROM data

0x0c000 N/A HWD Write Operation to Hit WatchDog
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Read Registers

Address Data bits Symbol

Function

0x60 D0-D7 /ADC Reads U2 12 bit ADC data. Inpax§0) reads low byte DO-D7 AD data,
Inport(0x61) reads high byte D8-11 AD data.

0x68 Do-D7  /UI Reads U38 (D4-7)and U41 (D0-3) datdl inputs H13 Keypads vertical
inputs(V1-V8). U38 inputs LM339 compareter inputgport(0x68) reads "A"s
Inport(0x69) reads "B"s.

0x6¢ D0-D7  /INS Reads U22 (D4-7) and U46 (D0-3)6UMputs OPTO-coupler inputs. U22
inputs signals of HO5, IDX, U/D, BSY

0x70 D0-D7  /IN1 Reads H22 digital inputs

0x74 - /LDAC Inport(0x74) will load 4 channel bufésl 12 bit DAC data into voltage output
stage.

0x78 D0-D7 /HP1 Inport(0x78) reads U20 HP2020 t&bunter high byte. inport(0x79) reads
low byte.

0x7c DO-D7  /HP2 Inport(0Ox7c) reads U44 HP2020 &bunter high byte. Inport(0x7d) reads
high byte.

0x80-9f DO-D7 LCD1 Reads H1 D0-D7

0xa0-bf DO-D7 LCD2 Reads H1 D0-D7

0x0200 DO-D7 101 Reads D0-D7 for Input/Output exgian

0x0280 DO-D7 102 Reads D0-D7 for Input/Output exgian

0x04000D0-D3  /TIMER Reads U32 Real Time Clock RTC72421

0x08000 DO /SDAI Reads EEPROM U40 SDA data

0x0a000 DO /PFO Reads power failure status. If DU MAX691 PFI inputs < 1.3V

0x0c000 DO /WDO Reads Watchdog status. If DO=1,dM#dg time out
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