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ABSTRACT

This special project proposes a development of spectrometer control system by
microcentroller. A manual operation model spectrometer can be improved to a computerized
spectrometer by this method. Five phases stepping motor was coupled to a axis of grating angle
tuning mechanic of spectrometer. Phototransister was used for light intensity measurement. The
stepping motor was driven by Super Vextra 5 phases driver model UDK5107N and controlled by
PIC 16F877 microcontroller. Measured light intensity signals from phototransister could be
converted to digital signals by 10 bits analog to digital converter in the microcontroller.
Spectrometer control commands were transferred to microcontroller via USB port of personal
computer. The personal computer was controlled by a program which developed by Microsoft
Visual Basic compiler language. By this program the light intensity digital signals which were
transferred to the personal computer would be processed and a measured light spectrum could be
displayed. The wavelength scale of 350-650 nm region of the spectrometer was calibrated using
365.0, 404.7, 435.8, 546.1, 577.0 and 579.1 nm spectrum lines of mercury lamp as a wavelength

standard. The maximum error of the calibrated scale is less than 0.2 %, The accuracy of the



spectrometer was also tested by measuring the wavelength of helium-neon laser. The measured

wavelength was 631.3 nm. An error of the measured wavelength is 1.5 nm or 0.2 %.
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Energy ,J Wavelength Frequency , Hz

X-ray 2x10™ —2x107" 107- 10 nm 3x10 ~3x10'
Vacuum ultraviolet | 241077 =9.9x10™° 10 -200 nm 3x10" —-1.5x10"
Near ultraviolet 9.9x10™"° -5x107" 200 — 400 nm 1.5x10" -7.5x10"
Visible 5%107? —2.5x10™" 400-800nm | 7.5x10" —3.8x10"
Near infrared 7 5%107"° —6.6x 107 0.8-2.5 um 3.8x10" ~1x10"
Fundamental 6.6x1072° —4x1072 2.5-50 um 1x10" —6x 10"
infrared
Far infrared 4x1072 —6.6x1072 50 - 300 pm 6x10" —1x10"
Microwave 6.6x10%2 ~4x10% | 03 mm-05m 1x10% -6x10°
Radiowave Ax1075 —6.6x107% 0.5-300m 6x10% ~1x10°
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2.5 AUMIINIAAY (Grating Equation)
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] {y 11 4 . . \ = 11 a o a
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mA = d(sina +sin 5) (2.3)
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R=— (2.10)
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Ry =— (2.15)

2.8.2 MSLENTA
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Option Explicit

Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)

"Excel
Private x]App As Object ‘excel.Application
Private xIBook As Object  excel.workbooks

Private x1Sheet As Object 'excel.WorkSheet

'Data
Private num_start As Long, num_stop As Long, num_step As Long

Private num_count As Long

'Graph

Private graph As Curve
Private x(25000) As Single
Private y(25000) As Single

Private z(25000) As Single

'Calibrate

Private a As Single, b As Single

Private Sub Commandl_Click() 'Export_Excel
Dim i As Long
Dim j As Long

Static Sheet As Integer



If Sheet = 0 Then
Set xIApp = CreateObject("Excel. Application")
Set xIBook = x]App.workbooks.Add

End If

x1App.Visible = True

Sheet = Sheet + 1

If Sheet < 4 Then

Set xISheet = x1Book.worksheets(Sheet)
Else

Set xISheet = xIBook.worksheets.Add

End If

x1Sheet.Select

i=0

i = num_start

Forj= 1 To num_count
'Forj =1 To num_loop
xISheet.cells(j, 1).Value = x(i)
x1Sheet.cells(j, 2).Value = y(i)
i=i+1
Next j

End Sub

Private Sub init_graph()

Plot.DataCurves.RemoveAll



Plot. Axes. X Axis.From = num_start - 20
Plot.Axes. X Axis.To = num_stop + 5
Plot. Axes.Y Axis.From =0
Plot.Axes.Y Axis. To =15

Plot.Cursors.Enable.State = False

Set graph = Plot.DataCurves.Add("Graph_Spectrometer”, X, y, 1, False).Curve
End Sub

Private Sub Command5_Click()
End
End Sub

Private Sub move_forward_Click()
1f Flag_ USB Then usb_close
Flag USB = usb_open()

If Not Flag_USB Then Exit Sub
Call clear_usb_buffer

tx ="F"
byte2write = 1

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

If Flag_USB Then usb_close
End Sub

Private Sub move_reward_Click()
If Flag_USB Then usb_close
Flag_USB = usb_open()



If Not Flag_USB Then Exit Sub

Call clear_usb_buffer

tx ="R"
byte2write = 1

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

If Flag_USB Then usb_close

End Sub

Private Sub Open_Click()
Open_File
End Sub

Private Sub S_Num_Step_Click()
Dim buff As String
Dim step As Long
Dim i As Long, num_loop As Long

Dim s As String

Open "C:\Documents and Settings\Toshiba\My Documents\WORKMADC\ADC. txt" For
Input As #1

Input #1, 5

b = CSng(s)

Input #1, s

a = CSng(s)

Close #1

If Flag_USB Then usb_close
Flag_USB = usb_open()



If Not Flag_ USB Then Exit Sub

Call clear_usb_buffer

num_start = (txt_start.Text - a}/ b
num_stop = (txt_stop.Text-a) /b
num_step = txt_step.Text

num_count = 1 + (num_stop - num_start) / num_step

rx = Space$(7000)
byteZread = 0

byteread =0

tx = IISPI
byte2write = 1

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

tx = Right("00000" & num_start, 5)
byte2write = 5

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

buff = Right("00000" & num_count, 5}
txt_count.Text = buff

tx = buft

byte2write = 5

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

tx = Right("00000" & txt_step.Text, 5}
byte2write = 5
IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)



tx = Right{"00000" & txt_delay.Text, 5)
byte2write = 5

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

z(0) = CLng(num_start)
y) =0

x(0)={(b*z(0) +a

step = CLng(txt_step.Text)

init_graph

tmr_err.Interval = 50000

Fori=0 To num_count - |

FlagErr = False
tmr_err.Enabled = True
Do

DoEvents

IngRetVal = FT_GetQueueStatus(IngHandle, byte2read)
Loop Until (byte2read >= 4) Or FlagErr
tmr_err.Enabled = False
If IngRetVal = FT_OK And Not FlagErr Then
IngRetVal = FT_Read(IngHandle, rx, 4, byteread)
buff = LefiS(rx, 4)
y(i) = Val("&h" & buff)

y(i) = y(i) ¥ 5 /1023

z(i) = step * i + z(0)



x(i)=Mb*z(D)+a

graph.UpdateData x, y,i+ 1
Plot. Axes.Autoscale
End If

Next i

If Flag_ USB Then usb_close

End Sub

Private Sub Open_File() "Fxcel
Dim1 As Long

Dim s As String

CommonDialogl.Filter = " txt]* txt*"

CommonDialogl.ShowOpen

Open CommonDialogl.FileName For Input As #1

Input #1, s

num_count = CLng(s)

Fori= 0 To num_count - 1
Input #1, s

x(i) = CSng(s)

Input #1, s

y(i) = CSng(s)

Next i

Close #1



init_praph
For i =0 To num_count - 1
graph.UpdateData x, y, i+ 1

Plot.Axes.Autoscale

'Print #1, x(i) & "," & y(i)
Next i

End Sub

Private Sub Save_File_Click()
Dim i As Long
CommonDialog1.Filter = "¥.txt** txt"

CommonDialogl.ShowSave

Open CommonDialog1.FileName For Qutput As #1

Print #1, Trim$(Str$(num_count))

Fori= 0 Tonum_count - 1

Print #1, x(1) & "," & y(i)

Next i

Close #1

End Sub

Private Sub tmr_err_Timer()
FlagErr = True
End Sub
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Option Explicit

Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)

"Exce!
Private xIApp As Object  'excel. Application
Private xIBook As Object 'excel.workbooks

Private xISheet As Object 'excel. WorkSheet

'Data
Private num_start As Long, num_stop As Long, num_step As Long

Private num count As Long

‘Graph
Private graph As Curve
Private x(25000) As Single

Private v(25000) As Single

Private Sub Commandl_Click() ‘Export_Excel
Dim i As Long
Dim j As Long

Static Shect As Integer

If Sheet = 0 Then
Set x!App = CreateObject("Excel. Application”)
Set x1Book = x1App.workbooks.Add

End If

*1App.Visible = True



Sheet = Sheet + 1

If Sheet <4 Then

Set x1Sheet = xIBook.worksheets(Sheet)
Else

Set xISheet = xIBook.worksheets. Add
End If

x1Sheet.Select

1i=0

I = num_start

Forj=1 To num_count

'For j =1 To num_loop

x1Sheet.cells(j, 1).Value = x(1)
xISheet.cells(j, 2). Value = y(i)
i=i+1
Next j

End Sub

Private Sub init_graph()
Plot.DataCurves.RemoveAll
Plot. Axes. X Axis.From = num_start - 20
Plot. Axes. X Axis.To = num_stop + 3
Plot.Axes.Y Axis.From = 0
Plot. Axes.Y Axis.To = 15

Plot.Cursors.Enable.State = False



Set graph = Plot.DataCurves.Add("Graph_Spectrometer”, X, y, 1, False).Curve
End Sub

Private Sub Command5_Click()
End
End Sub

Private Sub move_forward_Click()
If Flag_ USB Then usb_close
Flag_USB = usb_open()

If Not Flag_USB Then Exit Sub
Call clear_usb_buffer

tx = R
byte2write = 1

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

If Flag_USB Then usb_close
End Sub

Private Sub move_reward_Click()
If Flag_USB Then usb_close
Flag_USB = usb_open()

If Not Flag_USB Then Exit Sub

Cali clear_usb_buffer

tX - IIRl’I

byte2write = 1



IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

1f Flag_ USB Then usb_close

End Sub

Private Sub Open_Click()
Open_File
End Sub

Private Sub §_Num_Step_Click()
Dim buff As String
Dim step As Long

Dim i As Long, num_loop As Long

If Flag_USB Then usb_close

Flag_USB = usb_open()

If Not Flag_USB Then Exit Sub

Call clear_usb_buffer

num_start = txt_start, Text
num_stop = txt_stop.Text
num_step = txt_step.Text

num_count = 1 + (num_stop - num_start) / num_step
rx = Space$(7000)
byte2read = 0

byteread = 0

tx = l!SlI



byte2write = 1

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

ix = Right("00000" & txt_start.Text, 5)
byte2write = 5

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

buff = Right("00000" & num_count, 5)
txt_count. Text = buff

tx = buff

byte2write = 5

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

tx = Right("00000" & txt_step.Text, 5)
byte2write =5

IngRetVal = FT_Write(IngHandle, tx, byteZwrite, bytewrite)

tx = Right("00000" & txt_delay. Text, 5}
byte2write = 5

IngRetVal = FT_Write(IngHandle, tx, byte2write, bytewrite)

x(0) = CLng(txt_start. Text)
y(0)=0

step = CLng(txt_step.Text)
init_graph

tmr_err.Interval = 50000

Fori=0 To num_count - 1
FlagErr = False

tmr err.Enabled = True



Do
DoEvents

IngRetVal = FT_GetQueueStatus(ingHandle, byte2read)

Loop Until (byte2read >= 4) Or FlagErr
tmr_err.Enabled = False

If IngRetVal = FT_OK And Not FlagErr Then
IngRetVal = FT_Read(IngHandle, rx, 4, byteread)

buff = Left${rx, 4)

y(i) = Val("&h" & buff}

y(@) = y(i) * 5/ 1023

x(i) = step * i + x(0)

Print "X ("&i&") =" & x(i)
Print"Y (" &i&") =" & y(i)

graph.UpdateData x, y, i + 1
Plot. Axes. Autoscale
End If

Next i

If Flag_USB Then usb_close
End Sub

Private Sub Open_File() "Excel
Dim i As Long

Dim s As String

CommonDialog1.Filter = ".txt|*.{xt*"



CommonDialogl.ShowOpen

Open CommonDialogl .FileName For Input As #1

Input #1, s

num_count = CLng(s)

Fori= 0 To num_count - 1
Input#1, s

x(i) = CSng(s)

Input #1, s

y(i) = CSng(s)

Next i

Close #1

init_graph

Fori= 0 To num_count - 1
graph,UpdateData x, y,1+ 1
Plot.Axes.Autoscale

"Print #1, x(i) & "," & v(i)
Next i

End Sub

Private Sub Save File_Click()

Dimi As Long

CommonDialogl . Filter = "* txt*|*.txt"

CommonDialogl.ShowSave



Open CommonDialogl.FileName For Output As #1

Print #1, Trim$(Str$(num_count))

Fori= 0 To num_count - 1
Print #1, x(1) & "," & y(i)

Next i

Close #1
End Sub

Private Sub tmr_err Timer()
FlagErr = True
End Sub
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Private x(5) As Single, ¥(5) As Single

Private i As Integer

Private totalx As Single, totaly As Single, totalxy As Single

Private totalxx2 As Single, totalx2 As Single

Private b1 As Single, b2 As Single, b As Single, bl1 As Single, b22 As Single

Private al As Single, a2 As Single, a As Single

Private graph As Curve

Private Sub Commandl_Click()
Fori=0To 5
Print "x(" & i & ") =" & x(i)
Next i

End Sub

Private Sub Command?2_Click()
Fori=0To35
Print "y(" & i & "} =" & y(i}
Next i

End Sub

Private Sub init_graph()
PlotGraph,DataCurves.RemoveAll
PlotGraph. Axes. X Axis.From = 0
PlotGraph.Axes. X Axis. To = 7000
PlotGraph.Axes, Y Axis.From = 0
PlotGraph.Axes. Y Axis.To = 700

PlotGraph.Cursors.Enable.State = False



Set graph = PlotGraph.DataCurves.Add("Calibrate_scale", x,y, 1, False).Curve
End Sub

Private Sub Keep value_Click()
%(0) = Textl.Text
x(1) = Text2.Text
x(2) = Text3.Text
x(3) = Text4.Text
x(4) = Text5,Text

x(5) = Text6.Text

y(0) = Text7.Text
y(1) = Text8.Text
y(2) = Text9.Text
y(3) = Text10.Text
y(4) = Text11.Text
y(5) = Text12.Text

totalx = x(0) + x(1) + x(2) + x(3) + x(4) + x(5)

totaly = y(0) + y(1) + y(2) + y(3) + y(4) + y(5)

totalxx2 = x(0) * x(0) + x(1) * x(1) +x(2) * x(2) +x(3) * x(3) + x(4) * x(4) + x(5) * x(5)
totalx2 = totalx * totalx

totalxy = x(0) * y(0) + x(1) * y(1) + x(2) * y(2) + x(3) * y(3) =~ x(4) * y(4) + x(5) * ¥(5)
b1l = (totalx * totaly) / 6

b1 = totalxy - b11 'value b
bl1 = (totalx * totaly) / 6

b22 = totalx2 / 6

b2 = totalxx2 - b22

b=bl/b2



Text21.Text="b

al =totaly / 6 value a
a2 = (b * totalx) / 6
a=al-al

Text24.Text=a

Print
Print

Pl'mt " Y —_ n; b', "X + (n; a; ||)||

Open "C:\Documents and Settings\Toshiba\My DocumentssWORKINADC\ADC . txt" For Output

As #l

Print #1’ b&""&a
Print #1,"Y ="; b; "X +"; "("; ; ")"

Close #1

init_graph

Fori=0To 5
y(i)=b*x(i)+a
graph.UpdateData x, y, 1+ 1
PlotGraph.Axes.Autoscale
Next i

End Sub
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#include <16F877.h>
#device ade=10

#include <stdlib.h>

#FUSES NOWDT
#FUSES HS

#FUSES NOPUT
#FUSES NOPROTECT
#FUSES BROWNOUT
#FUSES NOLVP

#FUSES NOCPD
#FUSES NOWRT
#FUSES NODEBUG

#use delay(clock=10000000}

/Mo Watch Dog Timer

//High speed Osc (> 4mhz)

/MNo Power Up Timer

/fCode not protected from reading

//Reset when brownout detected

{//No low voltage prgming, B3(PIC16) or B5(PIC18) used for
1’0

//No EE protection

//Program memory not write protected

/MNo Debug mode for ICD

#Huse r3232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_CT,bits=8)

#include <input.c>

#byte step_motor =0x06

char emd,
intl6 ijk;
char buffl6];

//define portb for driver motor

long m_start,m_cnt,m_step,m_delay;

signed int16 curr_step;



ff=mmmmmmamnn prototype neee

void home(void);

void move_forward(int16 step);
void move_reward(int16 step);
void get_input(void);

void preset_scan(void);

void scan(void);

void send_data(void),

void clear_usb(void);
int8 Read usb(void);
void Write_usb(int8);
void putHEX(int8 dat);
void putHEX8(int8 dat);

void putHEX 16(int16 dat);

1

void main()

{

setup_psp(PSP_ DISABLED);

setup_spi(FALSE);

setup_timer O(RTCC_INTERNAL|RTCC_DIV_1);
setup_timer _1(T1_DISABLED);
setup_timer_2(T2_DISABLED,(,1);
/fenable_interrupts(INT_RDA);
/fenable_interrupts(GLOBALY);



setup_port_a(ALL ANALOG);
setup_adc(ADC_CLOCK_INTERNAL);

set_adc_channel(1);

port_b_pullups(true);
set_tris_b(0x00);
step_motor=0;
curr_step=0;

clear_ush();

while(1){

emd = Read_usb();

switch (cmd){
case 'F': move_forward(10); break;
/fmove forward
case R': move_reward(10);  break;
reward
case 'S': get_input(};
preset_scan();
scan();
home();
//start scan
}
¥
}

it

/move

break;



void home(){
if(curr_step > 0){
while(curr_step > 0)

move_reward(1);

" -

void move_forward(int16 step){

intl6i;

for(i=0;i<step;i++){
step_motor=2;
delay ms(2);
step_motor=0;
delay ms(2);

curr_stept;

void move_reward(int16 stepH

int16 i;

for(i=0zi<step;i++)1{

step_motor=4;



delay ms(2);
step_motor=0;
delay ms(2);

curr_step--;

it

void get_input(void){
/fprintf("\r\nstart = ");
for(i=0; i<5; i++) //start motor position
buff[i] = Read usb();
buff[5] = 0;
m_start = atol(buff);

/fprintf("-->%ld\r\nCount = ",m_start);

for(i=0; i<5; i++) //motor counts
buff[i] = Read usb();

buff[5] = 0;

m_cnt = atol(buff);

Jprintf("-->%ld\r\nStep = ",m_cnt);

for(i=0; i<5; i++) //motor steps/count
buffl[i] = Read usb();

buff[5] = 0;

m_step = atol(buff);

/fprintf("-->%ld\r\nDelay = ",m_step);

for(i=0; i<5; i++) //motor delay



buffli] = Read usb();
buff]5] = 0;
m_delay = atol(buff);
{/printf("-->%]ld\r\nStart Preset”,m_delay);

void preset_scan(void){
while(curr_step < m_start)
move_forward(1);

delay_ms(m_delay);

{/printf("\r\nStart SCAN!");

I

void scan({void}{

intl6 i;

for (i=0;i<m_cot;i++){
move_forward(m_step);
delay ms(2);
send_data(};

}

/fprintf("\r\nSCAN! Comp...\r\n");

}



W

void send_data(void){
inti;

int16 adc_val,

adc_val=0;

for(i=0;i<60;i++){
delay_ms(1);
ade_val += read_adc();
}

putHEX 16{adc_val/60);
jiprintf{"%LX" adc_val/60);
#printf("r\n%ld" adc_val);

void putHEX(int8 dat)
{
if (dat > 9)
Write_usb(dat+55); // convert to ASCII for A-F

else

Write_usb(dat+48); // and for ASCII 0-9

void putHEX8(int8 dat)
{



putHEX((dat>>4) & 0x0f),
putHEX(dat & 0x0f);

void putHEX16(int16 dat}
{
putHEX8((dat>>8));
putHEX8(dat),

int8 Read_usb(void)
{
int8 dat:
while (inpui(pin_b4));
output_low(pin_b7); /fpin_b7 =RD
dat = input_d();

output_high(pin_b7);

return dat;

void Write_usb(int8 dat}
{
while (input(pin_b5));
output_high(pin_b6); /ipin_b6 = WR
output_d(dat);
output_low(pin_b6);



void clear_ush(void){

while (linput(pin_b4)){
output_low(pin_b7);
output_high(pin_b7);

}

/ipin_b7=RD
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MIicROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

» PIC16F876
* PIC16FB77

» PIC16F873
» PIC16F874

Microcontroller Core Features:

» High performance RISC CPU
= Only 35 single word instructions to leamn

» All single cycle instructions except for program
branches which are two cycle

» Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

» Up to BK x 14 words of FLASH Program Memory,
Up to 368 x B bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

+ Pinout compatible ta the PIC16C73B/74B/76/77
» Interrupt capability {(up to 14 sources)
+ Eight level deep hardware stack
+ Direct, indirect and relative addressing modes
« Powet-on Reset (POR)
« Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

+ Watchdog Timer (WDT} with its own on-chip RC
oscillator for reliable operatian

* Programmable code protection
» Power saving SLEEP mode
» Selectable oscitlator options

+ Low power, high speed CMOS FLASH/EEPROM
technology

+ Fully static design

+ In-Circuit Serial Pragramming™ (ICSP) via two
pins

» Single 5V In-Circuit Serial Pragramming capability

* In-Circuit Debugging via two pins

« Pracessor read/write access to program memory

« Wide operating voltage range: 2.0V ta 5.5V

« High Sink/Source Current: 25 mA

+ Commercial, Industrial and Extended temperature
ranges

« Low-power consumption:
- < (.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP

U 40 [] =—s RB7T/PGD

39 [] =+—» RBB&/PGC

38 [T +— ABS

37 [} -— RB4

36 [ —= RB3PGM

a5 [] w—s= RB2

34 [] =—= RB1

33 [] =—= RBO/NT

32 [] -—mv VDD

31 [] -— W¥ss

30 [] =—= ROVPSP?

29 [} =—= RDEPSPS

26 (] =—= RDS/IPSPS

27 [} == RD4/PSP4

26 [] =— RCTRX/DT

26 [] =—a RCETX/ICK

24 [] «+—= RC&SDO

RCISCKISCL ~—e[] 23 [] =— RC4/SDISDA
ROD/PSPO w—e ] 72 [] w—+ RDUPSP3
RD1/PSP1 =—[] 20 21 [ =—= RD2IPSP2

WMCLRver — [
RADANO a— []
RATANT w— ]

RAZ/ANZVREF- e []

" RAZIANIVREF+ s—a- ]
RA/TICK] —w- []
RAS/AN4/5S +—w []
RED/RD/ANS w—s- ]
REA/WRUANG =[]
REZ/CS/ANT +— ]

VDD ——= []

VEs — o ]

OSCH/CLKIN — []
OSC2CLKOUT w—o T
RCAYT1QSOTICK] w—e [
RCAT1OSHCCP2 w—e [
RC2/CCP1 - [

® ~N Do R wGR -

= D
=1

PIC16F877/874

-

Peripheral Features:

TimerQ: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incramented during SLEEP via external
crystal/clack

Timer2: 8-bit timer/counter with 8-hit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max, resolution is 12.5 ns

~ Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCH) with 9-bit address
detaction

Parallel Slave Port (PSP) B-bits wide, with
extarnal RD, WR and CS controls {(40/44-pin only)
Braown-out detection circuitry for

Brown-out Reset (BOR)

@ 2001 Microchip Technology Inc.
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PIC16F87X
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Pin Diagrams
PDIP, SOIC
moLrvep—= C° 1 ~ 28[] = RB7/PGD
Rao/aND=— [ 2 2707 == RB&PGC
RAUANT +— [ 3 - 26[] <= RB5
RAZIAN2/VReF-=— ] 4 i 25[] <= RB4
RaANVRer+ ] 5 g 24[] = RBAIPGM
RA4ToCK ==L & ~ 23[] = RB2
RAS/AN4/SS <[] 7 i 22[] = RB1
vss— =[] 8 © 21[7] =+ RBOINT
OSC1/CLKIN=—[] © o 20[] +— voo
osc2/cLKouT=—[] 10 T 19[} =—vss
RCOT10SOMICK =] 11 18] ==+ RCHRX/DT
RCHT10SKCCPZ =[] 12 171 < RCBTXICK
RE2/CCP1=—[13 16[] =— RC5/SDO
RCY/SCKBCL =14 15[] == RC4/SDISDA
+ .
[THy '
E 7]
Zizs! 9
< oo
PLGC 995 34 S
Q
Se5399ppERe
RA - ' DWW N : "v’ cqu
ot B = e
RED/RIVANS s RB1
REIMWR/ANG +—n <+ RBO/INT
RE2.’CS.'Q,N7 - P'c 16F877 - DD
(&)
Ves —1 PIC16F874 517 Ripser
OSCUCLKN — <+ RDE/PSPG
0SC2ICLKOUT — ~ . RDS/PSP3
RCOITIOSOITICK! w—s - RD4/PSP4
NC «—= RC7RX/DT
0 M O N O MO P o
= = O OO OO N BN EN
) O
3 EERRERRRE!
o
=4 5‘ 8 NrJoTNOIOX0
» 4 o= AADLA R
So2r3Eg2Ed $8a6hpaBRR<
ROQQBAGBD QD ™ QOEE&N‘EBE
Emm&n.n.n.ggob_ ZROSSARDGE
8833858380, 8228RRR3EY
QFP FPERECEEECKEZ E g g
o
PHILLLLELS ¢
/FeYT 835883 )
RCTRX/DT =TI 1 k]anms NC
RD4/PSPs ~—CTH 2 32 [T =—= RCOT10SOMACKI
RD5/PSPS =+ 3 390 — OSCHCLKOUT |
RDG/PSPE 1T 4 30T ~— OSCI/CLKIN
RD7/PSP7 =—=[TI§ PIC16FB877 2T ~— V55
vss —=ETO6  PICAGFBT4 e ResaNtES
vpp = I 7 27HIT0 == REANTICS.
RBOJINT =—=CIT 8 26T == RE1/ANSWR
RB| =—=CTH4 250 =—+= RED/ANS/RD
RB2 <+~ I 10 24T «—= RAS/ANA/SS
RBIPGM *— T 1 o s < 1 10 re 0 6 23T == RA4/TOCK]

NC

NC
B4 -
RBS =—
RBG/PGC =
MCLR/VPP —
RAWAND =+
RAT/ANT «+—=
RAZ/ANZAREF- -w—

RB7/PGD -+

RAMANIVREF+4—am
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PIC16F87X
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Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16FBTT
Manual (PS33023)
Operating Frequency DC - 20 MHz DG - 20 MHz DG - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASH Program Memory 4K 4« 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memary 128 128 256 256
Interrupts 13 14 13 14
11O Ports Ports A,B,C Ports A,B,C,D,.E Ports AB.C Ports A.B,CD,E
Timers 3 K} 3 3
Capture/Compare/PWM Modules 2 2 2 2
Sertal Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP USART
Paraliel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | B input channels | 5 input channels | 8 input channels
Instruction Set 35 instructions 35 instructions 35 instructions 35 instructions

@ 2001 Microchip Technology Inc.
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1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website, The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

PIC16F87X

There are four devices {PIC16F873, PIC16F874,
PIC16F876 and PIC16FB77) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1+1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Program Data
Data
Device FLASH Memory |  ggproM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
i3 Datapus 8 PORTA
<={Program Courer ; 157 Ao
FLASH = RA1/ANY
Program i | RAZ/AN2/VREF-
Memory RAM ] 404 RAZANIVREFS
8 Level Stack File
1561 H RAMTOCKI
(13-bit) Registars 1 RAS/ANA/SS
Program
Bus o ° RAM Addr") PORTH
/ H RBOANT
nstruction rag : Eg;
} Diract Addr 7 | Indirect 4 RE3/PGM
g ! oy a RB4
FER reg ¥ RBS
n RB&/PGC
o STATUS reg M RB7/PGD
= PORTC
4 RCOMOSO/TICKI
Power-up » RCYT10SI/CCP2
Timer | RC2/CCP1
3 i Oscillator [ RC3/SCKISCL
'Btégggog (=t | Start-up Timar a RC4/5DIISDA
Control Fower-on o RCE/SDO
Reset » RCBTX/ICK
w i
Timing ) Watchdog RC7/RX/DT
E@ Generation Timer
QSC1CLKIN Brown-out
OSC2/CLKQUT Resst
In-Circuit
Debugger
Low Valtage
Programming
MCLR VoD, Vss
l Timer0 Timer1 Timer2 10-bit AJD
T it it it
| v b L
Synchronous
Data EEFROM CCP1,2 Serial Part USART
Note 1: Higher order bits are from the STATUS register.

@ 2001 Microchip Technology Inc.
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PIC16F87X
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FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Devica FLASH Data Memory EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 BK 368 Bytes 256 Bytes
13 S DataBus B PORTA
FLASH rograrm Countar ‘ [ 4 RAGAND
oL g RA1/AN1
Ay
::ggnsgrr: -+ RA2/AN2/VREF-
3 Lowel Stack RAM L[] RAZANIVREF+
; Flie * RA4/TOCKI
(13-bit) Registers RASAN/EE
Prggram 14 PORTB
ue RBO/NT
Instruction reg . Eg;
Direct Addr gt RB3/PGM
|— RB4
RB5
4 RBB/PGC
RB7/PGD
3
1 - PORTC
= RCO/T10SOITICKI
Pawer-up N MuX > RC1T10SICCP2
Timer ‘ [ RC2/ICCP1
Instruct; Qscillator > ] RCA/SCHISCL
nstruction ld
Decnde|& K= | Start-up Timer ALU b Qg;:ggsw&
Contre
0 P%wer-on 8 » RCBITX/CK
eset - RC7/RX/DT
Timing Watchdog _
Bd= Generatian [ Timer Wreg PQRTD
OSC1/CLKIN Brown-cut ‘ q RDO/PSPO
OSC2/CLKOUT Reset B RD1/PSP1
In-Circuit - 232’;:2
Debugger 4
Low-Voltage Y RD;": ::g::;
Programming Parallel Slave Portf: ~ Sgamsps
|
4 RD7IPSP7
PORTE
MCLR Voo, Vss 4—[ REQ/ANS/RD
> 40 RE1/ANSWR
= RE2/ANTICS
Timer0 Timer1 Timer2 10-bit AD
T i I
[
; I b b
Synchronous
Data EEPROM CCP1.2 Serial Port USART
Note 1: Higher order bits are from the STATUS ragister.
_
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PIC16F87X
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TABLE 1-1:  PIC16F873 AND PIC16F876 PINOUT DESCRIPTION

pip SOIC rore Buffer

Pin Name Pin# Pin# Type Type Description
OSC1/CLKIN ] 9 I STICMOS!3 | Oscillator crystal Input/external clock source input.
QSC2/CLKOUT 10 10 o} —_ Osciliator crystal output. Connects to crystal or resonator in

crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.

MCLR/VPP 1 1 IfP ST Master Clear {Reset) input or programming voltage input. This
pin is an active low RESET to the device.

PORTA is a bi-directional 1/O port.

RAD/ANDG 2 2 110 TTL RAD can also be analog input0.

RA1/AN1 3 3 o] TTL RA1 can also be analog input1.

RAZ/AN2/VREF- 4 4 le TTL RAZ can also be analog input2 or negative anaiog
referance voltage. _

RAJ/ANI/VREF+ 5 5 IO TTL RA3 can also be analag input3 or positive analog
reference voltaga.

RA4/TOCKI 8 8 110 ST RA4 can also be the clock input to the Timer(
module. Qutput is open drain type.

RAS/SS/AN4 7 7 o TTL RAS can also be ansleg input4 or the slave select

for the synchronous serlal port.

PORTH is a bi-directional /O port. PORTB can be software
programmed for internal waak puli-up on all inputs.

REO/NT 21 2 WO TTLIST RBO can also be the external interrupt pin.

RB1 22 22 [l{e] TTL

RB2 23 23 11O TTL

RB3/PGM 24 24 o TTL RB3 can also be the low voltage programming input.

R84 25 25 e} TTL interrupt-on-change pin.

RB5 26 26 e} TTL Interrupt-on-change pin.

RBSIPGC 27 27 o TTLSTR Interrupt-on-changa pin or In-Circuit Debugger pin. Serlal
programming clock.

RB7/PGD 28 28 1o TTUSTR Inte rrupt-on-change pin or In-Circuit Debugger pin. Serial

pregramming data.

PQORTC is a bl-directionat {/Q port.

RCOT10SO/TICKI 11 11 o ST RCO can also be the Timer1 oscillator output or Timer1
clack input. ’

RC1/T10SI/CCP2 12 12 lie} ST RC1 can also be the Timer1 oscillator input or Capture2
input/Compare2 output/PWM2 output.

RC2/CCP1 13 13 /(o] 1) RC2 can also be the Captura1 input/Compara1 output/
PWM1 output.

RC3/SCK/SCL 14 14 fie} 1) RC3 can also ba the synchronous serlal clock inputioutput
for bath 8P| and 1*C modes.

RC4/SDI/SDA 15 156 I{e] ST RC4 can also ba the SPI Data In {SPI mode) or
data 110 (1°C mode).

RC5/SDO 16 16 l{e} ST RCS can also be the SP| Data Out (SP1 mode}.

RCB/TX/CK 17 17 11Q ST RCE can also be tha USART Asynchronous Transmit or
Synchronous Clock.

RCT/RX/DT 18 18 I{s} 8T RC7 can also be the USART Asynchronous Receive or
Synchronous Data.

Vss 8,18 8,19 P — Ground reference for logic and /O pins.

Voo 20 20 P -— Pasltive supply for logic and VO pins.

Legend: 1=input Q = output [/Q = Input/output P = power

— = Notused TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger Input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger Input when usad In Serial Programming moda.
a: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

S

© 2004 Microchip Technology ‘nc. D530292C-page 7




PIC16F87X
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION

pIP | PLCC | QFP | IOIP Buffer

Fin Name Pin# | Pin# | Pin# | Type |  Type Description
OSCT/CLKIN 13 14 30 I ST/ICMOS™ | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 khl o — Oscillator crystal output. Connects to crystal or resonator

in crystal osclllator mede. In RC mode, QSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

MCLRNPP 1 2 18 WP ST Master Clear {(Reset) input ar programming voltage input.
This pin is an active low RESET to the device.

PORTA Is a bi-directional I/O port.

RAO/ANO 2 3 19 I{e] TTL RAQ can also be analog input0.

RA1/ANT 3 4 20 e} TTL RA1 can also be analog input1.

RAZ/ANZ/VREF- 4 5 21 fie] TTL RAZ can also be analog input2 or negative
analog reference voltage,

RA3J/AN3NREF+ 5 6 22 lie} TTL RA3 can also be analog input3 or positive
analog raference voltage.

RA4/TOCKI 6 7 23 1o 8T RA4 can also be the clock input to the Timer0 timer/
countar. Qutput is open drain typa.

RAS/SS/AN4 7 8 24 I} TTL RAS can also be analog input4 or the slave selact for

the synchronous serial port.

PORTE is a bi-directional IfO port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.

RBO/INT 33 a6 8 o] TTUST RBO can also be tha external interrupt pin.

RB1 34 a7 9 lle} TTL

RB2 35 38 10 f{e] TTL

RB3/PGM 36 39 11 o TTL RB3 can also be the low voltage programming input.

RB4 37 41 14 fe: TTL Interrupt-on-change pin.

RBS 38 42 15 fe] TTL Interrupt-an-change pin.

RB6/PGC a9 43 16 1o TTUST® Interrupt-on-change pin or In-Gircuit Debugger pin.
Serial pregramming clock.

RB7/PGD 40 44 17 Tle) TTUSTE Interrupt-cn-change pin or In-Circuit Debugger pin.
Serial programming data.

Legend: | =input 0O = output /O = inputfoutput P = pawer

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note +: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/O and a TTL input when used in the Parallel
Slave Port made (for interfacing to a microprocessor bus). _
4: This huffer is a Schmitt Trigger input when configurad In RC oscillator mode and a CMOS input otherwise.

— — -
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC18F877 PINOUT DESCRIPTION (CONTINUED)

. DIP PLCC QFP | IVO/P Buffer
Pin Name Pink Pin# Pin# | Type Type Description
PQRTC is a bi-directional |/ port.
RCOIT10SO/TICKI | 15 16 32 o 8T RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10SHICCP2 i6 18 35 lle] ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 [l{e} 1) RC2 can also ba the Capture1 input/Compara‘
output’PWM1 output,
RC3/SCK/SCL 18 20 a7 11O ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 o] ST RC4 can also be tha SPI Data In (SPl mode) or
data I/0-(1°C mode).
RC5/SDO 24 26 43 fle} ST RCS can alsc be the SP) Data Out (SPI mode).
RCB/TX/CK 25 27 44 I{e] “S8T RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock,
RC7/RX/DT 26 20 1 11Q ST RC7? can also be the USART Asynchronous Receiva
or Synchronous Data.
PORTD is a bi-directional l/Q pert or parallel stave port
when interfacing to a micropracessor bus.
ROD/IPSPO 19 21 38 1o STATLE
RD1/PSP1 20 22 g o | sTTL®
RDUPSP2 21 23 40 o] STATL®
RD3/PSP3 22 24 41 o] STTTLY
RO4/PSP4 27 30 2 ] STTL®
RD5/PSPS 28 3 3 1o STATLE
ROBIPSPE 29 32 4 Te] STTTLR
RD7/PSP7 3o 33 5 1o sTaTL®
PORTE is a bi-directiona! /O port.
REO/RD/ANS 8 9 25 1o STTTL® REQ can alse be read contral for the parallal slave
pom, or analog input5.
RE1/WR/ANG 9 10 26 1o sTATLE RE1 can also be writa contral for the parallsl slave
port, or analog inputé.
RE2/CS/AN? 10 ih| 27 ] sTTLE RE2 can also be select control for the paralis! slave
port, or analog input?.
Vs 12,31 13,34 6,29 P — Ground refarenca for logic and IO pins.
VDD 11,32 | 12,35 7,28 P e Posiltive supply for logic and 1O pins.
NC — [ 1,17.28, [ 12,13, -— These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: [=input O = output IfQ = inpuVoutput P = power
-~ = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an extemal Interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.,
3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Parallel
Slave Port moda {for interfacing to @ micropracessor bus},
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 2001 Microchip Technology Inc.
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ERE CO,, LTD. DIP232BM

DIP245BM

USB FT245BM MODULE

FEATURES

= Single Chip USB - Paralle! FIFO bi-directional
Data Transfer

- Transfer Data rate to 1M Byte/Sec

- 384 Byte FIFO Tx Buffer / 128 Byte FIFO Rx
Buffer for high data throughput.

- Support for USB Suspend / Resume through
PWREN and WAKEUP pins

- Support for high power USB Bus powered
devices through PWREN pin

- Adjustable RX buffer timeout

- In-built support for event characters

- Integrated level converter on FIFO and control
signals for interfacing to 5v and 3.3v logic

- Integrated 3.3v regulator for USB 10

- Integrated Power-On-Reset circuit

- Integrated 6MHz - 48MHz clock muitiplier PLL

-USB 1.1 and USB 2.0 compatible

The DIP245BM is USB to Parallel FIFO bi-directional data transfer module. It use FT245BM chip from
FTDI Chip for USB FIFO. Also DIP245BM has 93C66 on board for recording USB serial number and product
description strings that are written via USB. The DIP245BM is a complete plug and play solution. Module is
mounted in a standard 28 pin DIP socket for easy mounting on a pcb board.

BOARD LAYOUT

PIN1 PIN 28

PIN 14 PIN 13

ere co.,id. 4
wwwnere.cath
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ERE CO,, LTD. DiP232BM

HARDWARE FEATURES

Single Chip USB - Parallel FIFO bi-directional Data Transfer

Transfer Data rate to 1M Byte / Sec - D2XX Drivers

Transfer Data rate to 3,000 Baud - VCP Drives

Simple to Interface to MCU/PLD/FPGA logic with a 4 wire handshake interface

Entire USB protocol handled on-chip ... no USB specific firmware programming required
FTDF's royalty-free VCP and D2XX drives eliminate the requirement for USB driver development in most cases
384 Byte FIFO Tx buffer / 128 Byte FIFO Rx Buffer for high data throughput

New Send Immediate support via SENDI Pin of FT245BM for optimised data throughput
Support for USB Suspend / Resume through PWREN and WAKEUP pins

Support for high power USB Bus powered devices through PWREN pin

Adjustable RX buffer timeout ‘

In-built support for event characters

Integrated level converter on FIFO and control signals for interfacing to 5v and 3.3v logic
Integrated 3.3v regulator for USB 10

Integrated Power-On-Reset circuit

Integrated 6MHz - 48MHz clock multiplier PLL

USB Bulk or Isocronous data transfer modes

New Bit-Bang Mode allows the data bus to be used as an 8 bit general purpose 10 Port without the need for MCU
or other support logic

4.4v to 5.25v single supply operation

UHCI / OHCI { EHCI host controller compatible

USB 1.1 and USB 2.0 compatible

USB VID, PID, Serial Number and Product Description strings in external EEPROM
EEPROM programmable on-board via USB

Compact 28PIN DIP package

APPLICATION AREAS

Easy MCU /PLD / FPGA interface to USB
Upgrading Legacy Peripheral Designs to USB
USB Instrumentation

USB Industrial Control

USB Audio and Low Bandwidth Video data transfer
PDA - LUSB data transfer

USB MP3 Player Interface

USB FLASH Card Reader / Writers

Set Top Box (5.7.B) PC-USB interface

USB Wireless Modems

USB Digital Camera Interface

ere co.,hd. 2
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ERE CO,, LTD. DIP232BM
PIN SIGNALS

GND
GND
PWREN
vBuUs
DM
DP
RSEN
RSTOUT
vViouT
VCCIO
vCC
RESET
VSELF
GND

PIN 1 [GND]
Ground Supply Pin.

PIN 2 [SI/'WU]

The Send Immediate / WakeUp signal combines two functions on a single pin. If USB is in suspend mode
(PWREN = 1) and remote wakeup is enabled in the EEPROM, strobing this pin low will cause the device to
request a resume on the USB Bus. Normally, this can be used to wake up the Host PC. During normal operation
{PWREN = 0), if this pin is strobed low any data in the device RX buffer will be sent out over USB on the next
Bulk-IN request from the drivers regardless of the pending packet size. This can be used to optimise USB
transfer speed for some applications. Tie this pin high if not used.

PIN 3 [RXF]
When high, do not read data from the FIFO. When low, there is data available in the FIFO which can be read
strobing RD low then high again.

PIN 4 [TXE]
When high, do not write data into the FIFO. When low, data can be written into the FIFO by strobing WR high
then low.

PIN 5 [WR]
Writes the Data Byte on the D0..D7 into the Transmit FIFC Buffer when WR goes from high to low.

PIN 6 [RD]
Enabies Current FIFO Data Byte on DO0..D7 when low.Fetches the next FIFO Data Byte {if availabie) from the
Receive FIFO Buffer when RD goes from low to high,

PIN 7 [D7]
FIFO Data Bus Bit 7

PIN 8 [D&]
FIFO Data Bus Bit 6

ere co.lid. 5
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ERE CO,, LTD, DIP232BM

PIN 9 [D5]
FIFO Data Bus Bit 5

PIN 10 [D4]
FIFO Data Bus Bit 4

PIN 11 [D3]
FIFO Data Bus Bit 3

PIN 12 [D2]
FIFO Data Bus Bit 2

PIN 13 [D1]
FIFO Data Bus Bit 1

PIN 14 [DO]
FIFQ Data Bus Bit 0

PIN 15 [GND]
Ground Supply Pin.

PIN 16 [VSELF]
Filtered USB bus power.

PIN 17 [RESET] .
Can be used by an external device to reset the FT245BM. If not required, tie to VCC.

PIN 18 [VCC]
+4.4 yoltto +5.25 volt VCC to the device core, LDO and none-FIFQ interface pins.

PIN 19 [VCCIO]

+3.0 volt to +5.25 volt VCC to the FIFO interface pins 10..12, 14..16 and 18..25 of FT245BM. When interfacing
with 3.3v external logic connect VCCIO to the 3.3v supply of the external logic,otherwise connect to VCC to drive
out at 5V CMOS level.

PIN 20 [3V30UT]

3.3 volt Output from the integrated L.D.O. regulator. This pin should be decoupled to GND using a 33pF ceramic
capacitor in close proximity to the device pin. It's prime purpose is to provide the internal 3.3V supply to the USB
transceiver cell and the RSTOUT pin. A small amount of current { <=5mA ) can be drawn from this pin to power
external 3.3V logic if required.

PIN 21 [RSTOUT]

Output of the internal Reset Generator. Stays high impedance for ~2ms after VCC > 3.5V and the internal clock
start up,then clamps it's output to 3.3V output of the internal regulator. Taking RESET low will also force RSTOUT
to go high impedance. RSTOUT is not affected by a USB Bus Reset.

PIN 22 [RSEN]
Enumeration Power connect to RSTOUT for bus powered operation.

PIN 23 [DP]
USB Data Signal Plus.

PIN 24 [DM]
USB Data Signal Minus.

PIN 25 [VBUS]
USB bus power.

ere co,,lid. 4
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ERE CO,, LTD. DIP232BM

PIN 26 [PWREN]}

Goes Low after the device is configured via USB,then high during USB suspend.Can be used to control power
to external logic using a P-Channel Logic Level MOSFET switch. Enable the Interface Pull-Down Option in
EEFROM when using the PWREN pin in this way.

PIN 27 [GND]
Device-Ground Supply Pin.

PIN 28 [GND]
Device-Ground Supply Pin.

ere co.,itd. 5
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ERE CO,, LTD. DIP232BM
APPLICATIONS
USB Bus Powered Configuration
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ERE CO,, LTD. DIP232BM
USB Self Powered Configuration (2)
™ ®
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ERE CO., LTD. ' DIP232BM
BOARD DIMENSION
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§ Phase Stepping Motor and Driver

U PK Series

+ Standard Type + €lectromagnetic Brakes &tandard Type
+ High Speed Type * Electromagnetic Brakes High Speed Type
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2. Product Verification

2.1 Equipment Checklist

Confirm that the following equipment is included in your packags.

Contact your nearest sales office as listed at the back of this manual if something is either not included ar damagea.
o rMOLOT w1

DIVET (oo e |

= Drivet Mounting Brackets .. ....2 types, 2 brackets for each

= M3 Screws for Muuming Brackets ... 1

« Operating Manual ... 1

2.2 Model Numbers and Motor/Driver Combinations

The UPK series is a combined package which includes a stepping motor end driver.
This operating manual is designated for the following products,

Mator Driver
Product Type F'ac:zg:bh:fdel Model Ratad Mode! Output
Number Current Number Current
UPK543-NAC PK543-NAC
UPK543-MNBC PK543-NBC
UPK544-NAC PK544-NAC 0.75A/phase UDKS 107N 0.75A/phasa
UPK544-NEC PK544.NBC (max.)
UPKS45-NAC PK545-NAC
UPK545-NBC PK545-KNBC
UPK564-NAC PK564-NAC
UPK564-NBC PK564-NBC
UPK566-NAC PKS56&-NAC
Standard UPK566-NBC | PK566-NBC
UPK569-NAC FK58%-NAC
UPK569-NBC | PK5S5-NBC 1.4A/phase UDKST14N 1.4Aiphase
UPK5924-NAC PK5?6-NAC (max.)
UPK596-NBC PK5%6-NBC
UPK59%-NAC PKS99-NAC
UPK599-NBC PKS9-NBC
UPK5913-NAC PK5213-NAC
UPK5913-NBC PK5213-NBC
UPK549H-NAC PK56PH-NAC
UPKS&9H-NBC PK569H-NBC
UPK594H-NAC PK596H-NAC
[T [P0 | g | oo | e
UPK599H-NBC PK599H-NBC
UPK5%13H-NAC | PK5913H-NAC
UPK5913H-NBC | PK5913H-NBC




Mator Driver
Product Type Pacn“%"b";‘fde' Model Ratad Modsl Rated
v Number Current Number Current
UPK5464-NACM PKE64-NACM
UPKS544-NACM PK568-NACM
Elaclromagnetic Brake | UPKS69-NACM PX569-NACM 1.4Ajphase UDK5] 14N-M 1.4A/phass
Standard UPK574-NACM PKERS-NACM {max.}
LPKS9.-NACM PREIF-NACM
UPK5913-NACM | PK5913-NACM
UPKSE9H-NACM | PKS&FH-NACM
Elaciromagnetic Brake | UPK596H-NACM | PK596H-NACM 2 BA/phase UDK5128M-M 2.8A/phase
High Speed UPK5S99H-NACM | PKS99H-NACM {max.)
UPK5913H-NACM | PK5F13H-NACM
Note

» The driver and molor is precision sguipment and should not be dropped or subject to any physical shocks.

2.3 Interpreting the Model Number

UPK569

4: 42mm sq.
6: 60mm sg.
¥. 85mm sq.

L— 5 Phase

——5 Phase Stepping Motor!Driver Package
UPK Saries

H-NACM

LA; Single Shafi

—L M: With Electromagnetic Brake
Blank: Without Electromagnetic Brake

C: Cabtyra Cable

B: Double Shaft
N: New Pentagon Type Drive

——Product Type
Blank: Standerd
H: High Speed
— Motor Case Length
L Molor Frame Size



3. Names and Functions of Driver Parts

Driver Front Panel

Electromagnatic Brake
Standard Type Driver:  UDKS114N-M

Standard Type Driver:  UDKS114N Elsctromagnetic Brake

High Speed Typa Driver; UDK5S 12BN High Speed Type Drivar: UDKS128N-M
5-PHASE DRIVER 5-PHASE DRIVER
UDKS114M UDK5114N-M
1 —— 1(O) POWER
2 ——— 2|0 ew
31— 3|Q| cow
4 —1— «|O) H.OFF ——a —a
RN
5——s[0]Tm. @ —T+—b —b
g ©
aco [ ] ore Aco [Clll | OFF
C ———AHG| O | OFF C———7—AHO| OM | GFF
d —Fuil | om | HauF d——3-FuLL | Cm |FacF
B w2 | O | 1P g——t—zr| M |10
§ —NORM | Com [ TEST f——1NORM | [Ill | TEST
g ——sno| om | snc g———1~sno| CH | sne
h—1—ver | Ol | oFF
O——g e o——& [e
. . [ I— e e e
Standard Type Drivar: UDK5107N - 7 &
@——oc'ﬁ_h g &— ccEw_ b=
E-PHASE DRIVER l -
UDKS107N J— ] PRl
11—+ rower @ HOFF 1§ 3— W g
— =1 | e
] ow m
2 :; g @ @w-wM.ﬂ.FE_ o
ITAE. |8 @ -
a—tel for” 8 @ @— Mg (=] @—TMiING =]
—- 2_ J—'—‘ =] J_ =]
@——I: OHEAT o |S)] | @——i: oHERT |©
5— ™w |5 @
B— ol |8 W 6— -
BLUE =]
com @ J s i,
1@ == |6 =% e
RON 1] [a B)— 5 _ORANGE (=] B —T5 _ORanGE [S)
1@ gl e L 3 =9
o 2O e—® Back (O] | BLACK g
o[Dlljors + | [ah YV
e —— M.BRAKE
cd——:rul:-}?;5e BK @ = |©
e— 2 ||
f — - |Cm|r
g—1«olomjc = _e__. — -éq“
g 6] @ FG =) @ F& e
—Q —1——AC100/115V e —F+—ACT00/118V e
ACIOOITISY 4 ' 19__ 9\_
SUPER SUPER
EXT VEXTA VEXTA
llustration shows UDK51 14N, {llustration shows UDKST14N-M.



3.1 LED Indicators

The LED indicators show the state of various input/ouipid signals atc.
Thay ara indicated on page 6 as 1+ € {1+ 7 for the electromagnetic brake type).
Information within the brackals [ ] refers to driver model UDKS107M enly.

_— L Paga
LED Name Indication | Color Condition Whan LED ON Raferance
Lights when singla phase 100V « «15% {50/60Hz) or
1 P Input o] —
ower inpui LED POWER | Groen single phase 115V + *15% (60Hz) is input.
. Lights when a CW pulse signal is input.
2 CW Pulse Signat Input LED cw G Page 2
uise o1 P reen {In 1 putse input mode, indicates a pulse signal is input.) age 22,23
Lights when a CCW pulse signal is input.
3 CCW Pulsa Signal Input LED Cw Graeen | {In 1 pulsa input mode, indicates a rotation direction Page 22, 23
signal is input)
4 Qutput Current Off Signal
pu 9 H.OFF | Gteen | Lights whan tha outpul current off signal is input. Page 24
input LED
5 Excitation Timing Signal - . .
Output LED TIM. | Grean | Lights when the excitation timing signat is output. —_—
6 Overheat Signal Output LED O .H. Red | Lights when tha overheat signal is ouiput, Paga 27, 28
7 Electromagnetic Brake Releassg Lights when the slect tic brake rel wnal i
Signal Input LED M.B.F. | Green ilg i when ectromagnelic Araxs relsase signalfs Page 25, 26
{For electramagnalic brake 1ype only) AUt

3.2 Switches

The switches are indicated on paga Bas a+« h (a+ ¢ for the elactromagnetic brake typs).
Information within the brackats [ ] refers to driver model UDK5107N enly.

Switch Name indication Z:?h‘i?g Function R a?;%ic a
a Motor Rurning Curreni The mator running currant can be adjustad with this digital
Adjustment Rolary RUN F swileh, Adjustmant is simple and an ammetar is not Page 3B, 39
Switch necessary.
b Motor Standstill Current The mator standstill current can be reduced with this digital
Adjustmeant Rotary STOP 7 switeh, Adjustment is simple and an ammeter is not nacessary, |Page 34, 39
Switch Ba sure to keep the switch sat to 7 or below.,
¢ Automatic Current OFf AHOIOFF AHO This funcl?on will automatically cut the |:ljower to the mator
Function Swilch [O/OFF] @ wh.sn the intarnal tempersture of the dnver.rlses. abm‘ae 40+ ¢+ |Page 18,19
This function can be anahlad or disablad with this switch.

d Step Angla Switch FUL[I;‘:;\LF FEJFIIL E:g,oi:co;'stap angla can be set to full stap or half step with Page 18, 19
e Pulse Input Mcde 2P/1P 2P | The pulse signal input mode can be set to 1 pulse input Page 18, 20
Switch [211] [2] |mode or 2 pulse inpul mode with this switch, ’

i Self Test Funclion NORMITEST | NORM This fun.ction allows for varification of c.orract wiring
Switch INT] N connactions betwean 1h.e rnoltnr ar.1d driver. The test canbe |Page 1B, 20
enabled and disablad with this switch.
This switsh sels the oulput logic for the overheat signal.
g Overheat Output Logic | SNO/SNC | SNO 1S8NO [O] : Normai open- Page 18, 21
Swilch [0IC] [0] |SNC[C]: Noermal closed : !
Match the setting to your equipment.
h Electromagnetic Brake This switch sets the electromagnetic brake operation mode.
Funclion Switch MBF: Narmally releasad, eangaged when power is off
{For electromagnatic brake MBF/OFF | MBF OFF: Normally engaged, releasad through the M.B.FREE Page 1. 21
type anly) signal




3.3 Terminals

The input and output terminals are indicated on page 6 as *+ » + +{* + + oor the electromagnelic brake type).
Infarmatian within the brackets | ] refers to drivar modal UDKS1C7M only.

Terminal Name Indication Function Page
Reference
The CW diraction command slgnal is input fo this terminal.
When a pulse is input to tha terminal the motor output shaft
* CW Pulsa Signal Input cwW will rotata one step in the clockwlse direction. Page 22, 23
Terminal {When in 1 pulsa input mode a pulse signal Is Input to this
tarminal )
Tha CCW direction command signal is input to this tarminal.
Whaen a puise is input to the taminal the motor gulput shaft
* CCWAPUISB Signal Input CCwW will rotate one step in the countarclockwise diraction. Page 22, 23
Terminal (When in 1 pulse input mode a rotation diraction signal is inpul
to this teminat.)
The ocutput current off signal is input te this terminal.
Whaen a signal is ingut to the terminal the driver will cut the
powar supply 1o the molar.
* Output Current Off Signal H.OFF The motor terque will then bea reduced to zero and the moator Pages 24
input Terminal shaft can be rotated freely for adjustmant.
This function is usad when manually setting the motor to the
home position etc.
o - . The excitation timing signal is output from this terminal,
« Excitation Timing Signal TIMING . \
X This signal is oulput when the motor excitation {current e
Qutput Terminal (TIM] running through the winding) is in the initial stage.
The overheat signal is output fram this terminal. This sighal is
« Cverheal Signal Qutput O.HEAT | output when the internal tempaerature of the driver rises above Page 27, 28
Terminal [O.H.] 80 » '
This is used to prevant axcess haat from damaging the driver.
. ’ MOTOR This is the ?ut.pui 1erminal.fnr the. motaor. Page
« Motor Connaection Terminal The colors indicated on this tarminal are matched to the motor
[1,2,3,4,5] ) \ 3n- 42
lead wires for connection,
This tarminal is usad to ground the driver casa.
« Framea Ground Terminal FG Make a one point ground between this tarminal and the Page 34
controller FG terminal.
+ Power Source Conneclion Connect this terminal to a powar source of elther single phase
Terminal AC100MISV 1 hov 4 5% 50/60Hz or 125\;- 5% 60Hz, Page 35
Tha elactramagnetic brake relesse signal is input to this
» Electromagnetic Brake tarminal.
Ralease Signel Input Terminal | M.B.FREE | Inpulting Ehis signal will release the slectromagnatic brake. Page 25, 26
{For electramaghstic brake lype only} This terminal is used 1o release and engage the brake by
means of an external signal.
+ Electromagnetic Brake This is the output tarminal fer the slectromagnstic brake. Page
Connection Terminal M.BRAKE | Connect it to the elactromagnetic breke. a0, 82
(For electramagnetic brake type only}




3.4 Connector

Two typaes of cambination connectors are used on the
driver.

These combination cannectars ara very easy io usa and
have the benefits of both a canventional terminal block and
a connector typa terminal. Simply ingart the signal lines,
molor lead wires, and power linas inta the cannector and
tightan the scraws. The combination connector incarporates
a mechanism to prevent loosaning, and |3 very dependable
without the use of 8 crimp terminal.

The connectors used for the molar leads (cabtyre cable)
and power line have a screw flange, Be sure to properly
tighten the flange screws.
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